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JOSÉ LUIS REYES VILLAMIZAR, mayor de edad, identificado como aparece at 

pie de ml firma, abogado en ejercicio, titular de la tarjeta profesional nómero 44655 

del Consejo Superior de Ia Judicatura, obrando en calidad de apoderado de la 

sociedad TECNOQUIMICAS S.A., dentro del trÆmite de la referencia, en ejercicio 

de lo dispuesto por el articulo 42 inciso 20 de la Decision 486 de 2000, por medio 

del presente escrito, procedo a sustentar y complementar la oposiciôn presentada 

en los siguientes tØrminos: 

I. COMPLEMENTO DE INFORMACION. 

La solicitud colombiana 06-106-511 en trªmite, que se refiere a la obtenciôn de [as 

formas polimôrficas A, B, C, D, E y F de metil(+)-(S)-ct_(2-clorofeniD-6,7-

di hid rotieno[3,2-c]pi rid ina-5(4H)-acetato Naftaleno-,1,5-disulfonato a uno de sus 

hidratos y10 solvatos, con un perfil caracteristico de cristalografia de difracciOn de 

rayos X, una formulaciôn farmacØutica que contiene dichos polimorfos y tin 

Carrera 17 No. 88-23 Of. 205 Tels.: +57 1 655 7795, +57 1 621 2631, Fax: +57 1 621 2542 
inforeyes-abogados.com - www.reyes-abogados.com - Bogota, Colombia. 



2k 
mØtodo de inhibiciôn de la agregaciôn plaquetaria Util en el tratamienta de 

episodios ateroscleroticos; carece de los requerimientos fundamentales para 

otorgÆrsele el beneficia de patente de invención, tal y coma se puede evidenciar a 

travØs de los siguientes argumentos: 

> La solicitud colombiana en tramite, especiflcamente 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 (+)-(S)-cc-(2-clorofeniD-6,7-di hid rotieno[3,2-c}pi rid ina-5(4H)-

acetato de metilo o uno de sus hidratos y/o solvatos. como es de amplia 

reconocimiento por este despacho, el polimorfismo, en los tØrminos de la 

Farmacia PrÆctica de Remington’, es "Ia capacidad de cualquier elemento o 

compuesto de cristalizar en mÆs de un sistema cristalino". 

Los solidos 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 disposiciôn interna ordenada, sino que se 

encuentran distribuidas a! azar. Par el contrario, en las formas cristalinas se 

presenta un arreglo interna ordenado y regular de las particulas, que implica la 

apreciaciôn de formas geomØtricas definidas. Es importante resaltar que dicha 

apariencia cristalina a amorfa depende de factores manipulables como son 

temperatura, presiôn, velocidad de cristalizacion, concentración de saturación, 

e inclusive, la influencia de sustancias extranas y campos de fuerza exteriores 

al cristal2 

Coma 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 farmaceutico Martin Enrique Klaproth 

en 1798, asI mismo, la tesis segUn La cual los mismos elementas quimicos 

pueden adoptar formas sOlidas diversas - polimorfos - y mostrar propiedades 

fisicas diferentes, se atribuye a Louis Jacques Thenard (1777-1857) y Jean 

Baptiste Biot (1774-1862), lo que indiscutiblemente demuestra que el 

encontrar a el atribuir a un compuesto "nuevas" formas polimorficas no es alga 

Farmacia PrÆctica de Remington, VII - Preparados farmaceuticos y su elaboraciOn, Robert E 
King, Paginas 1912 y 1913 
2 J. Garrido. Forma y estructura de los cristales, (obra citada), capitula V, pÆgina 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 molecula y 

que estÆ influencia par el media y las condiciones en el que se encuentre. 

De igual manera, la caracterización de dicha forma cristalina (polimorfo), dada 

par los patrones de difracción de rayos X en polvo y coma consta en algunas 

de las reivindicaciones de la salicitud colombiana 06-106-506, carece de nivel 

inventivo, pues es bien sabido que a difracciOn de rayos X corresponde a una 

tØcnica analItica Util y rutinaria en Ia caracterización de formas cristalinas. En 

otras palabras, la caracterizaciôn hecha de las formas cristalinas par el 

solicitante, en función de sus patrones de difracción de RX (metado de 

identificacion que data de 1912 4) permite a cualquier persona versada en la 

materia identificar y caracterizar diversas variaciones en la estructura cristalina 

de una molØcula. Los resultados de un procedimiento de caracterizaciOn por 

difracciôn de Rx son una manifestación del comportamiento natural de una 

molØcula, en funciôn de las condiciones ambientales y demØs variables a que 

esta sea sometida, incluyendo desde luego la orientación e intensidad de los 

rayos, sin que dichos resultados constituyan de manera alguna aporte inventivo 

de quien realiza el procedimiento de identificaci6n5. 

En conclusion, el reporte de las formas polimOrficas A, B, C, D, E y F de metil 

(+)-S-ct-(2-clorofeniD-6,7-dihidrotieno[3,2-C]piridina-5(4H) acetato, naftaleno, 

1,5-disulfonato es un hallazgo previsible y no una invenciOn, en el sentido que 

es una propiedad inherente a la materia en su estado sOlido y dicho reporte es 

el simple encuentro de caracteristicas fisicoquimicas que ya se sabIa podian 

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

farmaceutico. 

Ahora bien, Si tenemos en cuenta que la sal de naftaleno 1,5-disulfonato no 

habla sido revelada con anterioridad paEa este principlo activo, no lo es menos,,k,,_ 
que Østa no es mÆs que un tipo de sal, o una sal màs que se puede formar deli 

compuesto Clopidogrel bajo condiciones tipicas de formación de sales, es 

decir, la reacciôn de un Æcido con una base en soluciÆn en un solvente 

Ver "Remington - The Science and Practice of Pharmacy", 20th Edition, Philadelphia, PA, USA, 
2000, PÆginas 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 
fulfill the bragg condition for reflection from every possible interplanar spacing 5"  



adecuado y posterior precipitaciôn 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 Ostas cristalizan en el agua y retieren moleculas de 

dicho disolvente en la red de cristalizaciôn, y solvatos cuando el solvente es 

diferente del agua; y es por ello que se debe considerar aplicable at caso la 

misma carencia de nivel inventivo que envuelve la caracterizaciOn fisicoquimica 

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

de cristalizaciôn, tanto a lo que refiere a su forma de presentaciÆn polimôrfica 

coma a sus posibles solvataciones. 

Ahora bier, para lograr una mayor comprensiôn y evidente revelacion dsaIes 

y/o polimorfos ya existentes para el compuesto Clopidogrel, y desvirtuar asi 

mismo el nivel inventivo de lasolicitud colombiana en trÆmite par el hecho de 

sugerir ibbli la sal naftaleno 1 ,5-disulfonato y sus formas polimÆrficas, me 

permito citar to revelado en: 

I Si bier es cierto, la patente US 4,529,596 de tItulo "Thieno [3,2c] pyridine 

Derivatives and their therapeutic application" y publicaciOn 16-06-1985, 

describe mezclas racØmicas de derivados de tiero [3,2-c] piridina tal 

coma el compuesto methyl ct-(4,5,6,7-tetrahydro-thieno (3,2-c) 5-pyridyl)-

a.chloropheryl- acetate, se debe tener en cuenta no solo que Clopidogrel 

posŁe un carbano asimØtrico en su estructura, y que par tanto puede 

existir en forma de dos enantiomeros (dextro y levorrotatorio), sino que en 

dicho documento tambiØn s&incluye la posibilidad de formar sales de1 

adicion de Æcidos orgânicos o minerales farmacØuticamente aceptablesl 
v 

por tal razôn podria pensarse que Ia sal de naftaleno 1 ,5-disulfonato 

pueda estar contenida dentro de Østa generalidadT1. 

/ La patente americana US 4,847,265, titulada "Dextro-rotatory enantiomer 

of methyl alpha-5 (4,5,6,7-tetrahydro (3,2-c) thieno pyridyl) (2-

chlorapheny-acetate and the pharmaceutical compositions containing it’ 

y publicada el 11 de Julio de 1989; en este documento seYveian las 

formas enantiomØricas dextrorotatorias de Clopidogrel y de sus sales, / 
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cuya actividad farmacologica es la inhibiciOn de la agregaciªn 

plaquetaria; mÆs especificamente se refiere a las sales hidrogenosulfato, 

taurocolato e bromhidrato de las formas enantiomØricas dextrorotatorias 

de methyl alpha-5 (4,5,6,7-tetrahydro (3,2-c) thieno pyridyl) (2-

chloropheny-acetate, obtenidas de manera convencional. 

AsI mismo, en la columna 1 lineas 55 a 62, se evidencia la gran cantidad 

de sales que 5� sugieren y que pueden ser formadas para Ia forma 

dextrorotatoria de Clopidogrel con Æcidos de distintos tipos, veamos: 

This, the salts of carboxylic acid 

and sul–’onic acids classically used in pharmacy have 
been prepared, acids such as acetic, benzoic, fusric, 
maleic, citric  tartaric, geulisic, methane-sulfonic, 
ethanesulfonic, benzetaiflbnic and laurylsnffonic acids 
as well as the salts of dabesilic acid (rn.p.7Oä (1)and 
para-toluenesulfonic acid (atp.Sl° C), the purifica-
tion of which proved to be difficult. 

/ La publicación internacional WO 99/65915 de titulo ’Polymorphic 

Clopidogrel Hydrogenesulphate Form" y publicada el 23 de diciembre de 

1999, revela formas polimorlas de la sal hidrogenosulfato de Clopidogrel 

designadas como formas 1 y 2, Utiles como antitrombôticos. 

I La publicación internacional WO 03/051362, titulada "Polymorphs of 

clopidogrel hidrogensulfate" y publicada el 26 de junio de 2003 revela 

formas cristalinas de la sal hidrogenosulfato de Clopidogrel designadas 

como formas Ill a IV. 

En cuanto a la existencia de las sales 1,5-naftalenodisulfonato me permito citar 

la patente americana US 4,558053 de tItulo "Naphtalene-2,5-disulfonate salts 
. of dimeric indole-dihydroindole�C  alnalords’, y publicada en 10-12-1985, en donde 

se revela: 

EXAMPLE I 

Preparation of vinzolidine 1,5nnphthalePethsuIronAtc 

Naphthalene-LS-disuTfonate silts were also prepared 
from vmblasnne, vjncrjMine and vindesjne. The salts 
were stable, white solids sparingly soluble in Mater. 



We claim; 
1. A 15naphchalcnedisülFonate  salt of an 

dihydroindole alkaloid of the formula 

2. A compound according to claim V. said compound 
being the 14-aaphthttlenedisuitonte nit of vthzolidine. 

3. A compound according to claim L said compound 
bcing vincrtsttne I $-naphthatenediMslibnate. 

eL A compound according to claim 1, said compound 
bdng ulubbisrine :I.5.naphthaIeneAisuWnnatt 

5. A compound according to claim 1, said compound 
being vindesine 14.naphthalcn&Iisu!fonzta 

&A pharmaceutical Formulation for oral administra-
tica in dosage unit form containing per dosage unit an 
oncolytic amount of vinzolidine 1,5-naphthAienedisul-
[Onaite pLus an Inert pharmaceutical excipient.. 

7. A polymorphic form of compound according to 
claim Z said polymorphic form being vinzolidine I 5-
flaphthalenethsulfonate Form IL. 

.8. .A polymorphic form of a compound according to 
claim 2, said polymorphic form being vinzolidine Ii-
naphthalenedisuLfornte Form LU. 

Si bien es cierto no se refiere a clopidogrel, si to hace para otro tipo de 

färmacos que se encuentran en forma de sales 1,5-nafta lend isulfonato y en( 

formaspoIlimôrffàalos cuales tambiØn tienen su aplicabilidad en farmacologia 

(anticancerigenos) y demuestran sin mÆs que este tipo de sales (formadas a 

partir del acido 1,5-naftalendisulf6nico) existen y pertenecen al estado del arte 

\roveen compuestos estables7 

Asi mismo, es importante resaltar quea solicitud en trÆmite no resalta el efecto) 

inesperado o sobresaliente de tales polimorfos dentro de una formulacion con ’7 iv 

respecto a las formas ya existentes en el estado del arte, y si asi lo hiciera, es I 
del caso hacer notar que, para cualquier persona medianamente versada en la 

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

preformulacion es un estadio critico del desarrollo de in medicamento ya que 

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

los excipientes y at 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 parÆmetros fisicoqulmicos y, 

evidentemente, la elecciOn de la forma cristalina o polimórfica deberÆ estar 

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

almacenamiento se den cambios no deseables. 

> En adiciôn a los argumentos anteriores, podemos decir que la obtención de 

dicha sal de clopidogrel, tampoco representa de ninguna manera un motivo 

suficiente como para solicitar protecciOn ante la ley de patentes, ya que 

formaciôn de sales es un recurso que es ampliamente reconocido en la I 

industria farmacØutica, y que se aplica sobre diversos compuestos, ya sea 

para modificar sus caracteristicas de estabilidad durante el proceso de 

producciOn, de estabilidad en la formulaciÆn, de solubilidad, de V 

biodisponibilidad o de cualquier otro tipo de consideraciones biofarmacØuticas 

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

medicamento) 

En otras palabras, ia solicrwd colombiana en trÆmite puede reducirse a 18/ 

formulación de una sal de clopidogrel, para aplicarse en Ia prevenciôn de! ’ 

eventos ateroscieroticoj argumerito de la invenciôn que tambi(§n puede 

desvirtuarse si, como cualquier persona medianamente versada en la materia 

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

sumecanismo de acciôn que corresponde a un bloquec irreversible del 

receptor ADP en las membranas celulares de las plaquetas), el clopidogrel es 

utiflzadoy formulado con bastante anterioridad, para estey otros tipos de - 

trastornos cardiovasculares relacionados: Prueba de esto es la amplia 

cantidad de información de car actercientifico6 que demuestra Ia aplicacion de 

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

+ Clopidogrel Antiplatelet Activity Is Independent Of Age And Presence 

Of Atherosclerosis7. 

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 pears) 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 I to day 9; 2, 5, and 
24 hours after dosing on day 10; and on alternate days until day 24. The inhibition of 
platelet aggregation was expressed as the percent reduction in maximum platelet 

6 http://www.sinab.unal.edu.co:2080/muse/servlet/MusePeer 
Denninger MH, Necciari J, Serre-Lacroix E, Sissmann J. Semin Thromb Hemost. 1999;25 Suppi 

2:41-5. 
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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 I 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 prolongation 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 returned to baseline within 8 days after treatment. Based on 
A UC(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. 

4. Acute Aritithrombotic Effect Of A Front-Loaded Regimen Of 

Clopidogrel In Patients With Atherosclerosis On Aspirin8. 

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 clopidogrel 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 total thrombus area with the 
standard regimen was not significantly reduced. In contrast, at 2 hours, the mean total 
thrombus area with the front-loaded 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 
baseline. Simila fly, 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 53.269.391a). 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 clopidogrel in combination with aspirin in 
percutaneous coronary interventions. 

4. Clopidogrel: Hemorheological Effects In Subjects With Subclinical 

Atherosclerosis9. 

Gerard HeIft, Julio I. Osende, Stephen G. Worthley, Azfar G. Zaman, Oswaldo J. Rodriguez, Eli I. 
Lev, Michael E. Farkouh, Valentin Fuster, Juan J. Badimon and James H. Chesebro. Arterioscier 
Thromb. Arterioscier Thromb Vase Biol.2000;20:2316-2321. 

Giovanni Ciuffettil, Rita Lombardinhl, Matteo Pirrol, Graziana Lupattellil, Elmo Mandarino. 
Journal Clinical Hemorheology and Microcirculation Publisher lOS 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 Clopidogrel 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 theology and ultrasound evidence of 
atherosclerosis, 3-weeks treatment 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 (pcO.OI for all), 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 (pcO.Ol). 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 trâmite reivindica, especificamente en 

susfieivindicaciones41y42, un metodo para inhthirla agregación plaquetari 

que comprende la administraciÆn a un paciente necesitado de esta de una 

cantidad eficaz de uno de los compuestos descritos en reivindicaciones 

anteriores (polimonlos A, B, C, 0, E y F de naftalena-1 ,5-disulfonato de (+)-(S)-

ct(2-clorofeniu-6,7-di hid rotiena[3,2-c]pi rid ina-5(4H)-acetato de metila a uno de 

sus hidratos y/o solvatos, para reducir los episodios aterosclerÆticos; con Ic 

cual, dicha solicitud, [incurre directamente en una improcedencia de 

patentabilidad, ya que coma to expone claramente el literal d) del articulo_2O Y 

del capitulo 1 del titulo II "No serÆn patentables ( ... ) d) los metodos 

terapOuticos o quirôrgicos para el tratamiento humano o animal, asi como los 

metodos de diagnOstico aplicados a los seres humanos o a animales". 

AsI las cosas, y con fundamento en los argumentos expuestos a Ia 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. 

Ill. ANEXOS 

> Abstracts de los articulos cientificos mencionados en el acÆpite de Nuevos 

Argumentos. 

> La patente US 4,529,596 de titulo "Thieno [3,2c] pyridine Derivatives and their 

therapeutic application" y publicaciôn 16-06-1985. Documento completo. 
vi I 7 

> La patente americana US 4,847,265, titulada "Dextro-rotatory enantiomer of P 
methyl alpha-5 (4,5,6,7-tetrahydro (3,2-c) thieno pyridyl) (2-chloropheny-



acetate and the pharmaceutical compositions containing it" y publicada el 11 de 

Julio de 1989. Portada. 

> La publicación internacional WO 99/65915 de titulo "Polymorphic Clopidogrel 

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

> La publicación 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 "Naphtaiene-2,5-disulfonate salts 

of dimeric indole-dihydroindole alnaloids" y publicada en 10-12-1985. 

Documento completo. 

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

hftp://www.sinab.una1.edu.co:2080/muse/servlet/MusePeer relacionados a 

Clopidogrel y aterosclerosis. 

Seæor Superintendente, 

JOSE LUIS REVES VILLAMIZAR 
C.C. 79.152.473 de Usaquen 
T.P. 44655 del C. S de la J. 



Clopidogrel antiplatelet activity is independent o.JSemin Thromb Hemost. 1999] - Pu,., PÆgina I de I 

11 1: SeminJbrnth.li!n21. 1999;25 Suppl 2:41-5. 

- ------------------------------- ... ---------------- .... -----Rel2tc.n) trttlet 
Clopidogrel antiplatelet activity is independent of age and presence of 
atherosclerosis. - - ..<Ad;..)rJ :rcI .:r;;r TO! -if’. 

-----------------------------------

Den ninçier -MIt Necciari, LcrpiaI, Sissmann2. 

Department of Hematology, HOpItaI Beaujon, Clichy, France. 

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 S 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 until 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, S 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 S?°/a by day? in the three groups, with no 
statistically significant difference between groups. A moderate, statistically 
significant prolongation 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 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) 

I)isplai AbslractPlus . Show 20 Sort By Send to 

rcc,:rr,t 
I.:t1nF f:fF’cY?dt 

F -----. ecE-<.:.n ::� a::.cr,:::. :: -,’-:t ’: ;ct...d::c:cr: 

lns?lot  

P:1ivit Dreg lrfonrsiion - - 

1’ l:r):.’ t;:-"d,,io.r.:"n 

trc-k rep’) :,x’t-iierm-: :1 

n::ed i:hr:e rI::jrrS’. 
r’cxver.i  

NCtI I NLM I NIH 

Denartrnent of Hearth. & -lumen Seivcez 

Pi"ac’ Str’ir-;rr:er:t lrned::i o :ferniatnru Ad ’J:sdIi,nle 

liup.//w%vw.ncbi.nlm.nih.gov/pubmed/10440422 16/06/2008 



t 

American Heart 
0 

La’ 
Associ.ationfilJPt 

Learn and Live.,... 

Acute Antithrombotic Effect of a Front-Loaded Regimen of Clopidogrel in 
Patients With Atherosclerosis on Aspirin 

Gerard Helft. Julio I. Osende. Stephen C. Worthicy. AzfarG. Zaman, Oswaldo J. 
Rodriguez, Eli 1. Lev, Michael E. Farkouh, Valentin Fuster, Juan J. Badimon and 

James 1-I, Chescbro 
Arierioscier. Thromb. Vase. Biol. 2000;20;2316-2321 

Arteriosclerosis. Thrombosis, and Vascular Biology is published by the American Heart Association. 
7272 Greenville Avenue, Dallas, TX 72514 

Copyright 02000 American Heart Association. All rights reserved. Print ISSN: 1079-5642. Online 
ISSN: 1524-4636 

The online version of this article, along with updated information and services, is 
located on the World Wide Web at: 

htip://atvh.aF1aiorrtais,oT2/cgi/contet1/iil/20J 0/23 16 

Subscriptions: Information about subscribing to Arteriosclerosis. Thrombosis, and Vascular 
Biology is online at 
htp://uvbarj.iais.org!sscrir.tion/ 

Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, a division of Wolters 
Kluwer Health, 351 West Camden Street, Baltimore, MD 21202-2436. Phone: 410-528-4050. Fax: 
410-528-8550.13-mail: 

Reprints: Information about reprints can be found online at 

I 

Dowiiloadcd from tvb...hrioror by on June 16. 2008 



U 

Acute Antithrombotic Effect of a Front-Loaded Regimen of 
Clopidogrel in Patients With Atherosclerosis on Aspirin 

(krard Heift, Julio I. Osende, Stephen G. Worth]ev, Athr G. Zarnan. Oswaldo J. Rodriguez, 
Eli I Lc% Michael E Hrrouh kntin htstcr  han I Brhmon  James H Chtsbto 

Abstract�There is a rical liar a rapid anfilhromhntic effect after the administration of antiplaielet drugs in the selling of 
acute coronary syndromes and percucaTteCitiS inten’entron.s. Ckpidogret, a new hienopvridine derivative, is an efficient 
antiplatelet agent. However, he standard regimen of clopidogrel (75 mg/tI) requires 2 to 3 days heliare sitzmf cant 
antithromhotic effects. Patients with stable arterial disease on chronic- aspirin therapy (n20) were treated with 
clopidogiel either with a front-loaded regimen, 300 mg the first by and 75 tngid the next 7 days, or with a standard 
regimenn 75 m/d Air S cia ....Blood thrombonenicity was assessed by quanisttt;ation 01 platelel-thi’ombr.s lornintion in 
an cx viro Per tusion chamber, by ADP --induced platelet aggregation, and by ADP -induced librinoeen binding. At 2. 
hours, mean total thrombus area with the standard regimen was not significantly reduced. in contrast, at 2 hours, the 
mean total thrombus area with the front -loaded regimen was significantly decreased by 23.1 1 8.5% versus baseline 

ADP-induced platelet aggregation (w hh 5 and to gmo(/L) was also significantly (P<0.05) reduced with the 
front -loaded regimen at 2 tours, with the mean plalelet aggregation being 82.2–4.4% and 81 3–4.50 respectively, 
versus baseline. Similarly. flow cytometrv demonstrated a significant decrease (P’<0.(’15) in the ADP-ir,duced fibrinogen 
binding (with 0.2 and 0.6 gmol/L) at 2 hours in this front -loaded regime!) group (36.] e2.0% and 53.2–0.3%). With 
the standard reimen. platelet acabby was not significantly reduced at 2 hours. Our data suggesi that a iron -loaded 
t’eg!men ofc(opidogrel added to aspirin achieves a significant ancitliroinhotic elkct at 2 how’s in patients vttli known 
atherosclerotic disease on chronic aspirin therapy. This provides a rationale for using front-loaded clonidogrel in 
combination with aspirin in percutaneous coronary interventions. (..drteriosc’kr Throm/; Vase Jib!, 
21111),11:21023161321.) 

Key Words: platelet aggregation inhibitors a thxornhus Natherosclerosis 

r"Fhccentral role of platelets in arterial thrombosis is well 
established) Ptai.rtet activity and thrombin and 

thromhoxane generation are markedly increased after rnyc-- - 
carciiat inh.rction., throraholyss. unstable irng;nn, and perch-
taneous coronary interventions. Numerous studies have 
shown that antinlatelet aecnts like aspirin or Ldopidinc arc 
ciTheti cc for secondary prey cation of coronary and eerehro-
vascular cvents. Combined antiplateict therapy with aspirin 
and ticlnpidine improves clinical Otiledhinc agcr slant iniplan-
tation compared with aspirin alone or aspirin plas hilt 
anticc’acttlatioir.- N4e’,’ antiniatetet drugs. irit:lixliag elycc’-
protein Ph/lila antaeonists and clonidogrer_ a new ADP 
ret’etitorantiigonist, also reottee coronary eveats.’° 

Aspirin inh:biis cyclocixygenase, whereas cropidogrel in-
hibits to binding ofA.DP to its platelet receptor,  wifiGa leads 
to retiticcu biriditi, of fihrinoccn to gtyCnprotein lb/lila 
rcccptors. ’-’ (liven the dihlbrenr mechanisms of action and 
r0’drhi satety of these continued drum. combined therapy 

appears logical and has already given encouraging results in 
nonranda:isxed comparisons in patients undergoing coronary 
stenaiig.’ 

There is a need for rapid efficacy after the administration of 
aniip]atc-let drugs in the scttiug ofpci’cutaneous tuteiventhons 
and acute Coronary svndri tomes. I-to we v(’r the standard rec i-
men of c]onrdogrel (75 mg/tI) requires 2 to 3 days hetbrc 
sigmtreant ct’fecis occur ill platelet agitgatrcrn." 

The major objective of this study was to investigate 
th wheer a 11cm-loaded regimen of clopidogrel added to 

aspirin courd achieve a significant anuthrontnotiv.....tiviv 2 
hours-after its administration. Antrmtiromnoue activity was 
assessct] by evaluating (I) the quantirative growth of lhromn-
bus in a welt-valideted cx vivo perfusion chamber, (2) ADP -
induced platelet aggregation. and (3) ADP-induced tibrine-
gen binding by flow eytonictrv in patients with 
athcrscicros is receiving citron mc aspirin therapy. ’ 

No cI utica I or cx pen tie nra I study, has assessed, in patients 
with ottterosc krosis. the acute anti t brombot hi effect of ille 
combination of clopi dogrel and aspirin (load and no- lend) 
compared with aspid a alone. There flee, the seconda iv nbjer:t iv 
was to compare the antirhrornbotic effect at day S of tire standard 
ieginieit of elnpit]ogtel versus thy’ antitrirombotic died 

Pe-ccRei May 22. 21100; rcvkion atcp1ed June 7.2000 
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base! sac as Pon the r;lpv awe ’Ti m1moselandc patients on 

chronic aspirin therapy. 

Methods 

Patient Population 
- II a sic-dc  poptl4oion ate] uecd flat cents with stable c rot:tay or 

N n thera I artcrJa I di tease in :20). All pat rot were reei:;v mg 
ron IC aim in no therapY (325 "&d) for 03 inontl is. The orese flee Of 

coronary artery disease was documented by coronary angiognaphy. 
histors’of pro cious nis’oeau dial intiiretion, or typical angina peetor us 
It a posjtive stress test. The existence of peu’iphe.ral disease was 
doeun’enied by lower --extremity ciaudic:atcen, previe-tis peripheral 
aiupr:raias ry, by pa ss gm-a lb rig, Or 50% sttaios is in any riflery distal to 
tl’se aortic hitiirec:tion lay angiogm’a pi-v or ultrascrund. Exclusion 
c:riteriit included isentogioltin < i 2 g% history suggestive Of recur -
tent blood Inr- s, or poot I c- c onl -ol ]ed ln perten sm on t 80! 
100 rain 11 0, ’[he study was app: o ved by the in slituti o:ual Review 
Board, and dl Fitlients signed intonned consent to participate, 

The selected patients ’c-crc rund,mitked to I of 2 treatment gtoups 
in a don bk’ -lab id placebo-cot Iloi led oksign, - ’he iron F- loanico rote i-
n-jon groip reed cod :m loading dose of 300 rag (four 75- trig t:apsattosl 
of elotndrmgt’ei on die first clay. ibllowed by 75 mg/cl her the next 7 
days. The str-.ridacct regimen group i-cool eon a loading dose of 3 
ide::tical piaceho capsules plus a 7.S-ii-,g cionidogrd capsule on the 
ft----, day tbilc.wcd by 75 rng!d of elopiclogrel 

her the next 7 ttays. All 
p-utica U; wwwwal taking 325 mWd of aa:n h -in to the dc,irat inn o the 
study, rho CAPRII2 Trial used a dose of 75 ingd ciopidogret, which 
its rppcove:t by the ELSA.5 The effects of the 2 treatments we ’c 
studied at serial now points throughout the study and ’cere compared 
with their respective pretreatment values--his design allowed each 
patient to serve as his or her own control, The investigators 
pertonlaing the perlu:sson and platelet studies, descrIbed tiinther 
below, were hi inded as to treatmne oF ass igilarian 

Quantiticatiora of Platelet-Thrombus Formation 
Quasirnof nlatciet-ihronahus tbnnauon was assessod at base 
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nicasund by eon uterized pl:uu i cetry us’ rig lottie’: P i-o-prus soIl-
;;’ace (Media Cyb(rnenc). ("stilt" are, gi sect as the as erace of the 
analyzed sections (11-151 per chamber and e,xtii’itssed as the percent --
age of thron,bns a u-ca compared with baseline- 1!i,! Sheds urenients 
we-re perhenued by a single investigator hi ode-cl to the assigned 
therapy, 

Platelet Aggregation 
Platelet aggrogat;on was pei’rorrned at baseline, 2 lionis, 6 hours, dcv 
2, and day 8. Blood (16 uL) was d-o"o From an aitet:uortai \’ttili 

through a i9--gauge needle him 2 ’is L ol’lIt.i rim "T I risc i di urn 
eiti’alc sulfate" - Plarelel--rich plasma and p late let--000r alas na a’’erc 
prepared by ditICj’eatiid ecu tt-i lu gatiort. Platelet coneent ’alort in 
pta Ic let- rich pl a-:scuia was adic- sled to 2.3 c to / 1, by ’its- -i,."di c ions ri 
platelet-poor plasma- At)[’ I( hivjmiolog) at eonL’unnutions: of ’S and 
10 amol/L served as all agonist to trigger platelet aegrega! ion. ’t’tte 
agg’reteti.t cci tesponsa- wits recorded 1or 6 in ic uk-s a tier add i on sf th I: 
agori; Si in an 0g1U’ego meter (Chrano- lag niece] 44th Ph cane- log 
Carp). Platelet oggmg,ition was expressed as the inc-an percentage of 
max imtors platelet aggregation compared with baseline, 

Flow Cytoinetry 
Platelet act i vauc,ni svasotses sod at base Ii rte, 2 houm’s, day 2. ttutd dcv 
5. Samples were pi epared with inilhiour i’d  collection - F I I (’ - 
conjugated chicken anl i-ti hrinogeu a at hotly (I I) 1iL; Wa I’ -(hem i 
Medicat Gnih[-l) was added to   tubes containing 230 pt. I thiPES 
ha for ot H El’ 58-- ED IA hu tThr ti Sr the negative eo ntroi,o ihematter. 
2i.) p.{. plate let- rich pl an a was added and iris: ubated At iq Know 
at mom temperature. Twenty nu cmli tens of a ;c’h it i coed AD I‘ in 
it ISP ES ha tier (fi, OA 2, 2. and (1.6  t idded to vach salt vile 
tube, and 20 cl, of 11Ei’l’iS-ED’t’A buffer was added to the ricoanve 
amid. Alter exactly 10 in i out es of incubation 2 iitl. of ice--cs fid 
I USPES bailer was added to cacti tube. -Sancoles wet’:: aitatvze<i 
within the nt-xt3 hours in a H ectori - I) uk’ in son ’t]o’ecvii.stnetrie 
anao,zsir,Act;v sited plate ie:s am "Mood as a pc.n:eittagn and the 
I esu Its we expressed as the to lc,ti ye tub, i noec;’ SWAT con) pa rcci 
;vath basel joe-tome_an_i 2 hours and on a-_i)’ X. tUG COOs_S UI _iUpiU’.)CiOi Oil 

rut-i-ia i iii Urn bus toni-tat ton was assessed by uneagn ni rag the runs of  
tiirotnbus formation inn perfusion chamber. i’he description, valid-- Blood Samples 
it. and rI celia hi tity of Die Badin ton pert’mts ion s tent to study Blood was collected a; bosch ni e and day Ii iii’ corn [etc Iii sod 
thron’ibij S Fit -mi cation Oct defi :ucd It: roiriboycca V; substrates arid o’ stable czar nitriation 

- B cod (4.5 all-) "as also eol leered in SCAt’ u-ties 
rhee logical coist i dons were re-pouted previot, sly. ’V. " in hi’ief, a 

( 

-leniati stogie ’I ’eehnoiogtes me) corita; ii trig P ’AC K, It Di A - and 
u-ac-ge nec.;] Ic was care lid ly inserted ottt an antecub it il vein. ,ipmti oil - Repeated blood sa niples for nrothronihi n fiaor no or I -+2, a 

i\tter tlte No S ad. of b]e-od had been discaided, the needle was marker ofthrombin gencrat ton, were ohtaimaed ti-ant the 70 p:-itients a: 
lee "4 to lhc peifi.isc i ’-Ii ittiler "at m noun is i’ iltred b2selow,2 hours, set LI 3 5 Aliclunn, it 

r 

sets Sb Cr 

biood wfis sit coils infused fioull the an s_.il’ tat Win to the �"O°C uritti 0na C I i--.1 ,11,A F.wygnosf 11ade Itch ng 
pertius ion elmaunhem i: at a eoursta itt toss’ tutu w:tt; :1 net-i stal tie r-umi’.p 
(Mastertlex. (’ole-Parn:ec instruments) distal to the chambers, ’[he Statistical Analysis 
Ito> p mc pu-tm] ut-i c_him-nm (onsists ofa (-,Jjndl mcii flow channel MSitt--id-, me-c mind  the tudydesitni allolvede-11,11 pi ialt to or, t 

1 won chat IL,’Lr 21�cm cit_rim) th,.  alls"a the Ihod tot no LflJ i his or her t *tt ci rn-rI iptieumusn! laws i ctt cml icr i - Ow 
thni,mhnieei: mc suosu’ate. All peritistonis were net-f nrrnerc for a -.. - ’ Continuo ac armailes lvac e(prc_ cL  as 

N°°E’ 

it 
penod an rn,nutes at a tony i4or. n, itt m talon’: (calculated shear one 

- ’ - - ’ ’ - - - 

baseline:- SlaM and cormanared by a pat red Student 
s I 

lest t av:thin - - ’ ,, 
or : bOOcr: t(cvnolds nuniner 

i; I tiC: average blond ’I xi 1,2 
- ’ - - - - - ’ - -’ - ’ ,: - group cor!iptI]tsomtS;). Sratrstica: s:urutieariec was; esms,demecl at. a 

Crest Iselected hrm mum nnclit iris not I I i ii lfewogy 
- - __ 

s -caned circilcan :umv ’-(:05, - - - 
assa ci den 

wu It nit Id s srenoseo corona 
sy arteries. Previous work as - 

tie talon st ti ted that these theological conditions ret rut in c-tans isle ni 
levels of platelet deposition,’" Results 

’jo ronnie the in Vivo’ amiujatian of severe arterial ntfltry psiretne Study Population and Hematological Parameters 
I 

)rtto ninica n dii was us d as the substrate r trmgg’ term -ic-s I ccc 
at pi i._nls with stable corollary K p_c p1 rh 21! I ’a 

ci hod Seem It it Parana s_,,uta s’._r cut into ss_grnent 
P ’’<( S 

CM) and swomilyp s’a rr C expow tt deeper cc TO dice-iso ’’re styli cell all n!, Pit 1 dic "’iii "a ic 

’,t s of the arterial wait as previous sly described, reactivity data and to of them the pet’ iii si can ehautihe r 
- ’lit- si trol ugieal asses sri eta oF du-c.mnb-as t’e-nnatiori Wa S pc ’tori tic-cl 

I) a sal inc c-ha ra ci en stir: a of the-se Patients arc ii tin o -un zcti.i it] 
by litstom jo ’nh oratet ni as pt-ev inns 

ly 

dcsei-ibed - :2i’) In brief, after 
- -c_r 

bc t No 

’-Silo,othy significant ci It,i t t, oh I-hI
 F’ id-i ti n lit ’opus were rcn ci mcci 

I) 

claidxrs 
fixed its 4% pam’afs i-ma I tIe lan] e. and e :til’ed-;lci] in pam’aflin- Seol os Sc cv co her "veen tic 

go" uns. all 

pam lit: oat’, tOC (I: Li ui.i,: ng tad: 

;5 gm! were cut am 
si aisced Wi lit at conahi ned mason’s tr mebrottie- and ii ypol pi ci Olin 

C 

sir tugs <lid not di t’lCr hi: t ween groups, 
a-I a’:in t Li visual i7e the al,.J t hronihus formed on the cx no tied 

-I here sc-crc too adverse events; u’s-I it cr51 to Ctio o ted it: tm run. A I 
was!7a;cs. cit -ii netanalysis thrombus .vas eond,nicilat 

pa�lent  -’cot s.d asp rn (’L_" ingko wIll i]’ chopidigiol, 51 
460 -fold niligmification. mt waro Ut, it ’Ct, with a Sony Dks, pi 

It lam ns’ 51c_ochlrig _1strO I’C il I 5’ 2 I  wns itOt  arriva using Adobe Pliotontsop 40 ,c_iltwor no I’ns-oi 
Mac:tnttssh 8505) conmpotcr. The coil cctunt, and cii;ateiet Grunt were 
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Baseline Characteristics in Patients Randomized to Standard 
(n=10) Versus Front-loaded (n10) Regimen of Clopidogrel A 

Slatteartl Htiiirier Front -Loaded Recitnert 

Age, v, nre.an-rSLM 55.6- 2.4 
V 

Men.n 9 6 
V 

Coianary ar;scy dsease, n 8 8 

Diabetes, a 3 3 
Hynerteusioc. n 3 4 

Current staking, r 0 
Hypeipiderak: lutes, a fi 5 

p-Sleeker 5 4 

Ca-channel hieckar 1 2 

Long-acting titrate 1 1 B 

measured in EDTA -blood at baseline and at day 8 and did not 
haagesignilicatitly. 

Effects of C!opidogrel Treatments on 
Thrombus Area 
i’he etlects of the 2 regimens oil thrombus formation were 
assessed at 2 time points 12 hours and day 8) and compared 
with their respective baseline (aspirin -treated) values (Figure 
1), No signihc:tnt d;t(erence was observed in the mean 
tnrotnhus lorolatiorl netweert the 2 groups at baseline, irrdi-
eating the homogeneity of the study groups. At 2 hours. mean 
thrombus area with tile standard regimen was decreased by 
0,9–7.9% but was not sigiiificantiy different from baseline 
(aspirin atone., P’NS). in eorlrast, at 2 hours. the wean 
tigOilibus area in patients receiving the irettito-aded regimen 
was ....1 –8.5% less than the mean retreatntenl value 

As expeced. Us mean rhrornhtrs areas were 
significantly (P<06.5) reduced at day 8 iii both groups 
compared with the baseline (22.2– (J.9% with the stanoard 
regimen and 29.1 :1:9.M  with tire front-ioaded regimen). 

Effects of Clopidogrel Treatments oil 
Platelet Aggregation 
Mean Inammuln pereentases oF ADP tndtieed platelet aegre-
cation at baselinew eec eeriest rahle in both groups (F igum cA 

�a--Front loaded Regimen 

Standard Regimen 

0 

V 

-C 
C-

C 
V 

Front-loaded Regimen 

...  Standard Regimen 

t 

Bowline 2 Hours 6 Hours Day 2 Day 8 

Bowline 2 Hours 6 ’tours Day 2 Day K 

Figure 2. Effects of clopidogret treatments on platelet aggrega-
tion to ADP 5 Mrnol/L (A) and 10 imoVL (B). Results on maximal 
aggregation at baseline, 2 hours, 6 hours, day 2, and day 8 with 
the respective treatments. Data are expressed as mean percent-
age tSEM. *p<035 V5 baseline. tP<0.05 vs 2 hours. 

and 213). No significant inhthition of .A1)P-iridueed parteict 
aggregation was noted at. 2 and 6 hour:; with ADP 5 and 
10 pano[1L with the standard reginleta of elopidogrel (mean 
platelet aggregation: 86.9–8.0%. 950–4.7% and 

96.5–3.2%, respectively). Al day 2.signifie:iu, 
inhibition was achieved, the mean platelet aegregatioit with 
ADP 5 and 10 jjmoIL being 66.3:t6.2% and 82.6–6.7%. 
respectively. 

to contrast, a ;iitntlieant inhihilinn ot AE)l’-indueed platelet 
aggrecation ’was observed at 2 hours with the troitt-toacled 
mginaeml of  elopidogrel. At this time, the mean ptatetr.a 
aggt’eg;iton For Al)!’ 5 and It) p.rnol/L was %2.2r4.4% and 

resneetivehy. compared with haseiirre (aspirin 
atone). Further sigrilicant inhibition i’-c0.051 was observed 
at 6 hour-s, with a wear: platelet angregation of 63.5 –4.9% 
and frB.4t5.2% For both conectttxattons olAF)? used. Al (lily 
2 arid dcv 8, no tiirrher  sigrri6cant uthitirliort Di 

agtzreazation was noted. 

70 1 Effects of Clopidogrel Treatments on Fibrinogen 

I Binding to AJW-Activaied Platelets 
I.

 
’[here was no siimiticant difibrenee. at baseline between tire 2 
groups Figure 3A and 313t. With the front -loaded regmen, 

platelet activation, as determined by ADP-inducedaletet-
so-

Baseline 2 Hours Day fbtinogcn binding by ilow ey teuretri-. was signi lienni ly 
reduced (P<0.05) at 2 hours or .’\DP correenirarons of 11.12 

Figure I. Effects of clopidogrel treatments on thrombus area. Wid oj, the fihriaomzen hinchin’ being 3u. I :a7.fl% and 
Results on thrombus formation at baseline, 2 hours, and day 6 - - -. - withwith the respective treatments. Data are expressed as mean )3.2–9.35(, t-espeetrvelv, eompareo wtth baseitne. In COfl 

thrombus area tSEM Qm2. P<0.05’WMU& front t1’.b,oh;mjUint.4tiatg yaai1i ittiaAW$was not signifeantly nadmteed at 2 
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8fl 

60 
0 

40 

C 
20 

B 

�o-- Froni.IoadS Regimen 

��’ Standard Regimen 

Day   Day   

Baaeliiae 2 Item’s Day 2 Day   

Figure 3. Effects of clopidogrel treatments on ftbrinogen binding 
by flow cytornetry induced by ADP 0.12 gmovL (A) and 
0.6 grnol/L (B). Results on activated platelets at baseline, 2 
hours, day 2, and day 8 with the respective treatments. Data are 
expressed as the relative fibrinogen binding tSLM compared 
with baseline, P<0.05 vs baseline. 

hours, in the standard regimen. the, fibrinogen binding hasiniz 
90.4–7.1% all  74.6s: I .8%, respectively. 

Effect of Clopidogrel Treatments on 
Thrombin Generation 
Baseline values ofprotttronibtn fragment P1-4-2 plasma levels 
were similar in both groups at baseline on aspirin (0,79–0,08 
nmOSJL with the from-loaded regimen arid 0.91 –0.09 nniol/L 
with the standard regimen). These values remained un-
changed when the patients werc treated, at 2 hours and day S 
(0.80-0.1 I and 0.80–0.06 nnaoiQ with the front-loaded 
regimen and 0.54–0.09 and 0.86–0.12 amol& with the 
standard regititen, respectively). 

asp:rin. To the best of our knowledge, this is the first report 
of quanfitati’ie reduction in thrombus fort-nation in a prztient 
population with docuniented atherosclerotic disease receiving 
aspirin. (’re vtcoois data in n orrna I subjects have i rid teat ccl that 
a dose of 300 to 400 rn produced a ratttd onset of tie 
pharniac.odynatnie activity of elopidogrel, with levels 01 

platelet inhibition close, to steadY state observed within the 
first hours ;o{ic.r dosing .2t Our findings cortlina and exterotl 
these results in patients with atherosclerotic disease receiving 
earortie aspirin therapy. But iffirl, importantly, we have 
shown that the antithrornhotic cfftet, assessed in a perfusion 
chamber itainiieki.no an arterial injury atop a mild StC.nOStS in 
a coronary artery, is -.oeh eyed as early as 2 hoot’s ntt.or 
front-loaded regimen administration. This provides evidence 
for the rapid onset 01’ an nntithromhotic elThet with a loading 
dose. 1300 mg) of elopidogi’el in the treatracoat 0! acute 
coronary syndromes and ill coronary stent itnplant;ttioot. This 
5 nnport;irot because the noedian time fl’oni stettt itrotlantatieitt 

to stem thrombosis in patients treated with ttcioptdtne and 
aspirin is 12. honrs2 To date, it appears that a standard 
regitnen of tieloniditte or elopidogrel dot-rs rant tehtevc a 
significant early anttthronthotie effect. 

We have also demonstrated that although a significant 
reduction in ADP-piacciet agegatioit is obtained with 300 
tngofeinpidogrclatter 2 hours, a further signilieant reduction 
is achieved an I, hours. This con  fitnis recent findings sltowirtg 
that a loading regimen of elopidogrel induces tilaxitani 
inhihition of platelet. agizreozationatshours.r 

The early alttltnrornhotie el)’tct on platelet activation we 
observ ccl with a loading dose of elopidogre!, as assessed liv 
now c-ytometry, is eortsisiertt with the reduction is tl?rotm)us 
formation. The reduction in the fibrinogen binding obtained 
with a front -loaded regæneta of clopidogrel is already signif-
icant at 2 hours. wheteas with the standard regiotien..:i 
significant reduction was observed only at day 2. Sitriilarly, 
an acceleration of platelet inhibition has been shown-anna 
:oading dose of a similar circa!, tie.iopidine (SIR) mgi. in 
ptienIs tanclergoiitte coronary aragiograplay at 24 hours, but no 
data at 2 hours were 1t’os’iciedJ-1 

Prothromhin fragment FE + 2 plasma levels were similar 
throughout the study and between the groans. TIi’ is c onsis-
tent With other published (tataras showing tOM tiot’cmahitt 
generation is not directly educed v, ith thiertopyridines. 

Discussion Atitifbrombol:ic Effect of (lopidogrel 
We have shown that a frontt-doaded regimen of elopidogrel Administration in Atherosclerotic Patients 
(30)0 tag) added to aspirin achieved a significant aratithrono- Reeching Chronic Aspirin Therapy 
botic- aeivitv as early as 2 hours alien its adtioirtisrration, as We showed that the antititmonobotie e.fibct of treattltent svtth 
assessed by reduction et thrntrtbus formation and platelet etopidogrel for 8 days (75 rtig/d) in patients with atheroselo-
reactivity. We [five also demonstrated that the antithrombotie t-osis receiving chronic aspirin themny is greater than the 
effect at day 8 of a standard regimen ofetopodogret (75 n-tg’cl) antithromhotic effect of chronic aspirin therapy :ilone in 
M patterats with atherosclerosis receiving ehronte asnoirin mutual models. :topidnerel has atatithroonhotic c-fleets itt halt 
therapy is greater than the antithrotnhotie effect of chronic arterial and venous tnroroahosis.’5’ ’-’ It) a porcine e. voco 

aspirin therapy alone. triodel of high sheet --induced steal tlirooabosis, i atrave-noas 
elop iuogrel produced to dose- depot ide ni ml at hut on of st en 

Acute Antit hro:tnhotic Effect of a Front-Loaded thronihrasis,.’O in notthuman primates. elopicloettl :edttcretl 
Regimen  of Clopi dog tel tttt’OtYtt?os it ira a baboon anOde I of a ri Cr] a t di can hos s. ’to the 
W;;1, a IT001-loaded ’egirtiert of clopidogrel (3010 tag), ii is best of our knowLedge, only I study Ibeused on the t’thihotion 
possible to aeheve a significant aatithrotnbotic effect at 2 of tlarombogenesis by clopadogre.l in hiamans.’ ui, this study, 
hews, an efliact root ottlairted with the standard regintera_ in a standard regimen nt clondogreE sietoihc.aottill irthrbtted 

patients with known athct’rasclerotie b.idwJo’.00mdhm’mhwcflhok4i ?OQaltl-ay nt-ole sutieets tiler 2 weeks of 
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0 V (I) 

C 

cil 

t[-j1111_f 
7’ 

in which: 
Y represents the OH group or an OR group in which R 

is a straight or branched lower alkyl radical, or Y 
represents a group 

in which R1 and R2 are each independently of each 
other, hydrogen or a straight or branched lower alkyl 
group; or Rj and R2 form together and with the nitro-
gen atom to which they are attached a heterocycle 
which may include a second heteroatom 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 

or with mineral bases if Y represents OH, as well 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 13,2-c) PYRIDINE DERIVATIVES AND 
THEIR THERAPEUTIC APPLICATION 

This invention relates to new thieno3,2-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: 

0 

’ 

Y (II C’CH’Q 
in which: 

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

RI 
/ 

N 

in which Ri and It2 are each independently of each 
other hydrogen or a straight or branched lower alkyl 
group: or It1 and R2 form together and with the nitro-
gen to which they are attached a heterocycle which 
may include a second heteroatom 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. 

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

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

or with mineral bases if Y represents OH. 
A lower alkyl radical is understood to mean a 

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-thieno[3,2-c)-
pyridine. having the following formula: 

with an a-chlorophenyl acetate having the following 
formula 

0 OR  

Ci 

10 
in which R and X have the above-defined meanings. 
Acids of formula (I), in which Y represents OH, are 
obtained by saponification. 

15 To prepare the amides, in which Y represents a group 

RI 
/ 

20 N 

a2 

in which Ri and R2 have the above.defined meanings or 

25 even some esters of formula (I), the acid of formula 
(I)(R=OH) is reacted, after activation if required, ei-
ther with the amine 

30 / 
RI
 

HN 

Ri 

35 or with the alcohol It�OH. 
The a-halogenated esters of the formula (Ill) are 

prepared using known methods (E. L. ELIEL, M. T. 
FISK and T. PROSSER, Organic Syntheses, Coil. Vol. 

40 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 (II) and (Ill), for economic reasons it is prefer-

45 able to prepare certain higher esters of the formula (1) 
from the acid of formula (I) and alcohol (k�OH). 

The condensation of the tetrahydro-thieno-pyridine 
with the ester of formula (Ill) is effected in the presence 

50 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 

55 the solvent. 
The saponification of the ester of formula (I) in which 

It is methyl or ethyl is effected by an alkali metal hy-
droxide such as sodium or potassium hydroxide in a 

60 hydroalcoholic solvent, at temperatures between iou’n 
temperature and the boiling point of the solvent. 

Activation of the acid of formula (1) may be obtained 
by treatment with ethyl chlorolorrnate in she presence 

65 
of a slight excess of triethylamnine at temperatures be-
tween �5’ C. and 0’ C. in an inert solvent such as 
chloroform, 1,2-dimethoxy ethane or cetrahydrofuran. 

A mixed anhydride having the following formula: 
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0 (IV) 
11 

0 O-C�O-Et 

C 

çCX  
CH 

r 

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 
(I) will be formed respectively. 

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

/ 
Ri 

NH 

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

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

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

EXAMPLE I 

Methyl 
a.[4,5,6,7-tetrahydro-thieno[3,2-c]-5-pyridyl]-
o.chlorophenylacetate (Ri ==�CH3; X2-Cl) 

derivative No. 1. 

EXAMPLE 3 

Methyl 
a_[4,5,6,7_tetrahydro-thieno(3,2-c]-5.pyridyl)-O.flUOro-

5 phenylacetate (R1 =-CHI; X=2-F) derivative No. 3. 

This compound is prepared by the same procedure as 
described in Example I by alkylation of 4,5,6,7-tetrahy-
dro thieno[3,2.c]pyridine with methyl 2-chloro-

I0 o.fluoro-phenylacetate. Hydrochloride; white crystals: 
M.p.= 1000 C. Yield: 76.5%. 

EXAMPLE 4 

Ethyl 
5 a-[4,5,6,7.tctrahydro.thieno[3,2.c]-5-pyridyl]-O.methyl 

phenylacetate. (Ri =�CH2�CH3; X=2-CH3) 
derivative No. 4. 

This compound is prepared by the procedure de-

20 scribed in Example I by alkylation of 4,5,6,7-tetrahydro 
thieno[3,2-c]pyridine with ethyl 2.chloro-o.methyl-phe-
nylacetate. Bisulphate; white crystals: M.P. = l88’-190’ 
C. (tsopropanol). Yield: 54%. 

25 EXAMPLE 

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

A mixture of 157.9 g of ethyl a.[4,5,6,7-tetrahydro-

30 thieno[32_c]-5-pyridyl]-o.chloro.phenYlacetate and 100 
ml of a 30% sodium hydroxide solution in 600 ml of 
ethanol is heated under reflux for 2 hours 30 minutes. 
After evaporation of the ethanol, the mixture is acidi-
fied with glacial acetic acid and extracted with methy-

35 lene chloride. The organic phase is washed with water, 
dried over sodium sulphate and then evaporated. After 
recrystallization in water, the product is isolated in 
monohydrate form. White crystals; Softening 
point= 125 C. (water). Yield: 46%. 

40 
EXAMPLE 6 

3.47 g (0.144 mole) of methyl 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 45 
4,5,6.7-te1rahydro 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 50 

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’-l40’ C. (ethylacetate, isopropanol). Yield: 
45%. 

EXAMPLE 2 

Methyl 60 
a.[4,5,6,7-tetrahydro.thieno[3,2-c]-5-pyridyl]pheny-

acetate (RI=�C113; X=H) derivative No. 2. 

This compound is prepared by the same procedure 
described in Example I by alkylation of the 4,5,6,7-tet- 65 
rahydro thieno[3,2.c]pyridine with methyl 2-chloro-
phenylacetate. Hydrochloride; white crystals: softening 
point=200’ C. (ethanol). Yield: 50%. 

a.[4,5,6,7_tetrahydro.thieno3,2.e].5-pyridyl]phenyla. 
cetic acid. (Rj=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 sodium 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-el-5-
pyridyl].o.chloro phenylacetate. (R1 = �CH2�CH-
2�CH3; X:2-Cl) derivative No. 7. 

A stream of hydrochloric gas is bubbled through a 10 
g (0.0306 mole) solution of a-4,5,6,7-tetrahydro-
thieno[3,2.c]-5.pyridyl.o.chloropheoylaeetic acid 
monohydrate (Example 5) for 12 hours in IOU nil of 
n.propanol which is refluxed. The mixture is evapo-
rated and the residue is take,, up in water, basified with 
sodium bicarbonate and extracted with ethylic ether. 
The ether extracts are washed with water, dried over 
sodium sulphate and evaporated to give a yellow oil 
which is purified by means of its bisulphate. White crys-
tals: M.p.=14C C. (crude) Yield: 78%. 

rig 
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EXAMPLE 8 EXAMPLE II 

n-Butyl 
a-[4,5,6,7-tetrahydro-thieno[3,2-c]-5-pyrjdylj-o.chloro-

phenylacetate. (Rj =�Cl-J2-----CH2--CHI13 CH,; 
X°=2 -CI) derivative No. 8. 

This compound is prepared by the procedure de-
scribed in Example 5 by esterification of a-[4,S,6,7-tet. 
rahydro-thicno{),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-f 4, 5. 6, 7-tctrah ydro-thieno[3 ,2-c]-5.pyrid yl]-o 

chloro-phen ylacetate. 

CH, 
/ 

(R1 = -cu x = 1-00 derivadve No. 9. 

CH3 

N,N-dimethyl 
a-(4,5,6,7-tetrahydro-thieno(3,2-c).S-pyridyl)-ochloro-

5 phenylacetoinide. 

043 
/ 

(R = X = 2-0) derivalive No. It. 
10 Cit3 

$5 

20 

25 

2 ml of thionyl chloride are added dropwise to a I g 
(0.0031 mole) suspension of a-[4,5,6,7-tetrahydro-
thieno(3,2-c]-5-pyridylj.o.chloro-phenylacetic acid 30 

monohydrate (Example 5) in 20 ml of isopropanol 
cooled to - 10° C.  The reaction mixture is then refluxed 
for 6 hours. After evaporation, the residue is taken up in 
water, basified with sodium bicarbonate and extracted 35 
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. 40 

White crystals: softening point= 140°-I50’ C. 
Yield: 44%. 

EXAMPLE 10 

Ethyl 45 

a-F4,5,6,7-tctrahydro-thieno[3,2-c].5-pyaidyl).ochloro. 
phenylacetate. (Ri = C112�C1-13; X=2-Cl) derivative 

No. 10. 

4.86 ml (0-051 mole) of ethyichloroforniate are added so 

dropwise to a IS g (0046 mole) solution of a-[4,5,6,7-
tctrahydro.thieno[3,2.c1-5-pyridvlj-o.phenvlacetic acid 
monohydrate (Example 5) and 712 ml (0.051 mole) of 
triethylamine in 150 nil of chloroform, cooled ton tern- 55 
perature between -5’ and 0’ C. The mixture is then 
allowed to return to room temperature and is stirred for 
30 minutes. The reaction mixture is then cooled to a 
temperature of around 10° C. and 30 not of ethanol are 60 
added dropwise. The reaction mixture is stirred at room 
temperature for tine night and is then washed with 
water. The organic phase, dried over sodium sulphate, 
is evaporated to give a colourless oil which is purified 65 
by means of its hydrobromide. 

White crystals: M.p.= 180° C. 
Yield: 94%. 

9.72 ml (0.102 mole) of ethyl chloroformate are added 
dropwise to a 30 g (0.092 mole) solution of a-(4,S,S,7-
tetrahydro-thieno(3,2-c)-5-pyridyfl-o.chloro-phenyla-
cetic acid monohydrate and 14.24 ml (0102 mole) of 
triethylamine in 300 ml of chloroform, cooled to a tem-
perature between -5° and 0° C. The mixture is then 
allowed to return to room temperature and is stirred for 
30 minutes. The reaction mixture is then cooled to a 
temperature of around 10° C. and 4.57 ml (0102 mole) 
of dimethylamine are added dropwise to 60 ml of chlo-
roform and the mixture is stirred at room temperature 
for one night. Water is added, the mixture is decanted, 
and the organic phase is dried over sodium sulphate and 
evaporated. A colourless resin is collected, which then 
crystallizes. 

White crystals: M.p.=95°-100’ C. (isopropylic 
ether). 

Yield: 4976. 

EXAMPLE 12 

I -[(2-chioro 
phenyl)-(4,5,6,7-tetrahydro-thieno(3,2-c)-5-pyridyl-

)acetylj-pyrrolidine. 

(R = 
_NS 

: X = 2-Cl) derivative No. 12. 

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

White crystals: M.p.l30° C. (isopropylic ether). 
Yield: 61-5%. 

EXAMPLE 13 

l-[(2-chloro-phenyl)-(4,5,6,7.tetrahydro-thieno(3,2-c)-
5.pyridyl).acetyl]-murpholine. 

(R -N CI; X =- 2-0) derivative No. 13. 

2.67 g (0.031 mole) of morpholine are added to a 10  
(0.031 mote) solution of a-[4,5,6,7-tetrahydro-
thieno(3,2-c).5-pyridyt]-o.chloro-phenylacetic acid 
monohydrate and 13.3 g (0.064 mole) of dicyclohexyl-
carbodiirnide in IOU ml of 1,2-dichloro ethane and the 
mixture is stirred at room temperature for one night. 
The mixture is evaporated then taken up with 2N hy-
drochloric acid and elbylic ether. After filtering the 
dicyclohexylurea formed, the filtrate is decanted and 
the aqueous phase is basified with 2N sodium hydroxide 
then extracted with methylene chloride. The organic 
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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 

I -[(2-chloro 
phenyl).(4,S.6.7.tetrahydro-thieno(3,2-c)-5-pyridyl)-

acetyl]-piperidine. 

(a _N3; X = 2-cl) devativc Na 14. 

This compound is prepared by the procedure de-
scribed in Example 13 by condensing ct-[4,5,6,7-tetrahy-
dro_thieno(3.2-c)-5-pyridyi]-o.chloro.phenylacetic acid 
monohydrate with piperidine. 

White crystals: M.p.= 139’ C. (isopropanol). 
Yield: 51.501o. 
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.chlorophenylaeetamide. (R=�NH2; X=2-Cl). de-
rivative No. 15. 

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

Yield: 46%. 
4-bcnzvl-1-[(2-chloro.phenyl)-.(4,5,6,7.tetrahydro-

thieno(3.2-c)-5.pyridyl)acetyl]-piperazine. 

(It = -N N_CHr_-I; X = 2-0) derivative No. I& 

oxatate: white crystals: M.p.= 178’ C. (ethanol). 
Yield: 82.550. 
N,N-dimethyl[a-(4,S,6,7-tetrahydro-thieno(3,2-c)-5-

pyridyl)-o.fluoro-phenylacetamide. 

Cit3 
/ 

(R = �N : X = 2-17) derivative No. 17. 
\ 

Cit3 

Slightly yellowish powder; M.p= 125’ d. (isopropy-
lic ether-isopropanol). 

Yield: 41%. 
N.methyl-[a-(4,5.6,7-telrahydro--thieno(3,2-c).5-

pyridyl)-o.chloro-phenylacetamide. (R= Nl-1�CH3: 
X=2-Cl)�derivative No. IS. 

White crystals: M.p.= 137’ C. (isopropanol). 
Yield: 85.5%. 
N-butyl[a-(45,6.7-(etrahydro-thieno(3,2-c)-5-

pyridyl)-o.chloro-phcnylacctamidc. (R = �NH�(C1-12. 
)3-61›13; X=2-Cl)�derivative No. 19. 

White crystals: M.p.= tOV C. (isopropylic ether). 
Yield: 65%. 
N.N-dimethyl[a-(4,5.6,7.tetrahydro-thieno(3.2-c)-5-

pyridyl)phcnylacctamidc. 

CII, 
/ 

(R �N X HI derivative No. 20. 

5 Cl-I, 

White crystals: M.p.= 138’ C. (isopropylic ether). 
Yield: 39%. 
N,N-dimethyl[a-(4,5,6,7-tetrnhydrO-thienO(3,2-c)-5-

10 pyridyl)-o.methyl.phenylacetamide. 

Co3 
/ 

(R = �N : X = 2-CHI) derivative No. 21. 

is cit3 

White crystals: M. p. = 119’ C. (hexane). 
Yield: 15% 

20 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-

25 gregation and anti-thrombotic activity. 
Thus, the invention also relates to a therapeutic com-

position having in particular an inhibiting action on 
blood-platelet aggregation and anti-thrombotic action, 
wherein the active ingredient is a derivative of the for-

30 mula (I) or an addition salt thereof with a pharmaceuti-
cally acceptable mineral or organic acid if Y represents 
the groups OR or 

RI 
35 / 

N 

and with a mineral base if Y is OH. 
40 

TOXICOLOGICAL INVESTIGATION 

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

In addition, the tests carried out on acute, chronic, 
45 sub-chronic and delayed toxicity in various animal spe-

cies showed no local or general reaction, no disturb-
ances or abnormalities in the biochemical, macroscopic 
and microscopic examinations performed during this 

50 
experiment. 

PHARMACOLOGICAL INVESTIGATION 

(I) Inhibiting action on blond -platelet aggregation 

This experiment was performed on rats. The corn-
55 pound to be tested was administered orally in the form 

of a suspension in gum arabic to the rats over a 3-day 
period 48 hours, 24 hours and 2 hours before taking a 4 
ml blood sample from the animals using Renauds 
method from their jugular veins under anaesthetic. The 

60 citrated blood was used In the aggregation determina-
tions. 

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

2 ml of citrated blood were poured quickly into a 
65 small beaker placed in a magnetic stirrer, fitted with a 

magnetic bar. After a few seconds of agitation, 0.4 all of 
a solution containing 0.66 ug of adenosine-diphosphate 
(ADP) per ml was placed in the beaker. After 90 see-
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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 ml of a solution of 
EDTA only. 

The purpose of adding EDTA forenol is to stabilize 
the blood and thus to fix the aggregation whereas 
EDTA alone causes disaggregation of all the platelet 
clusters. 

After leaving the mixtures at rest for 10 minutes and 
centrifuging the two mixtures at low speed for 5 min-
utes 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: 

number of platelet; in EDTAfonnol 
X too = Percentage or number of platelets in EDTA non-aggregatS 

Platelets. 

The blood -platelet aggregation inhibiting action of 
the product tested improves as the ratio approaches 100. 

The results showing the mean percentage of non-
aggregated platelets in groups of 5 rats (treated and 
reference groups) are shown in Table I. 

TABLE I 

ADP TEST 
PRODUCT DOSAGE ngThg ROUTE RESULT 

Reference group 3 3<25 P.O. 16 
– 

4 
Derivative No. I 

- 94 
– 2 

Reference group 3 x 5 - 20 
– II 

Derivative No, I 
- 82 – I 

Reference group 3 )< 2.5 - 23 
– 

IS 
Derivative No. I - 56 

– 17 
Reference group - S 

– 0 
Derivative No. It) 3 5< 25 - 66 

– 2 
Derivative No, 10 3 

x 

12.5 - 49 
– II 

Reference group 35< 80 - 8 – I 
Derivative No. to - 24 

– 5 
Reference group 3 X 10 - II 

– 

0 
Derivative No. 9 - 65 

– 7 
Reference group 3 x 100 - 3 – 3 
Derivative No. 4 

- 89 – I 
Reference group 3 x 100 - 3 

– 

Derivative No. 4 
- 89 – 4 

ReI,rence group 3 
< 

IDD - 4 
– 

0 
Derivative No. 2 

- 72 – 82 
Reference group 33<800 4–0 
Derivative No. 12 - 27 

– 5 
Rrfrreit,r group - 2 – 0 
Derivative No. 17 3 x 100 - It – 3 
Derivative No .20 3 

x 

IW - 4 – I 
Reference group 3 x 100 - IS – I 
Derivative No. 6 - 22 

– 

4 

Rr,ute ofadniniutration 

10 

COLLAGEN TEST 
PRODUCT DOSAGE mg/kg ROUTE’ RESULT 

5 Reference group 3 x 25 P.O. 3.12 – 0.47 
Derivative No. I - 0.14 – 0.03 
Reference group 3 Sc 5 - 2.17 

– 0.64 
Derivative No. I . 0.19 

– 0.04 
Reference group 3 >< 2.5 

- 

5.00 – 1.02 
Derivative No. I - 0.60 – 0.20 

10 Reference group - 3.92 
– 063 

Derivative No. 10 3 
x 

25 - 0.16 
– 0.07 

Derivative No. tO 3 3< 12.5 
- 0.54 

– 

0.12 
Reference group 

- 2.00 
– 0.35 

Derivative No.7 3 3< tOO - 0.66 – 0.18 
Derivative No. 8 3 

x 

100 - 0.86 
– 

0,18 
15 Reference group 3 x 60 - 2.35 – 0.32 

Derivative No. 9 - Ott – 0.01 
Reference group 3 X 100 - 3.41 

– 0.55 
Derivative No.4 

- 0.12 
– 0.02 

Reference group 3 
x 

100 - 4.73 
– 0.55 

Derivative No, 4 
- 0,30 – 0.02 

20 Reference group 3 
x 100 - 

5.00 
– Lub 

Derivative No, 2 - 0.51 
– 0.18 

Reference group 3 
3< 100 - 

2.25 
– 0.32 

Derivative No. It 
- 0.83 – 0.02 

Reference group 3 3< tOO - 2.77 
– 0.33 

Derivative No. 14 
- .89 

– 

0.13 
25 Reference group 3 

x SW - 

3.99 – 0.40 
Derivative No, 87 - 2.22 – 0.10 
Reference group 3 x 100 - SOt 

– 0.79 

Derivative No. 28 
- 3.04 t 0.22 

Reference group 3 
x 00 - 18.35 1.01 

Derivative No 18 
- 80.82 = 0.81 

30 
’Route oe adminStration 

(c) Determination of bleeding time 
The study of the blood-platelet aggregation inhibiting 

35 action also concern.d the action of the compound of the 
invention on bleeding time. 

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

40 The experiment was performed on rats. The com-
pound to be tested was administered to the animals per 
Os itt suspension in ID ml/kg of a 5% aqueous solution of 
gum arabic 65 hours, 41 hours and 17 hours prior to 
determination. After anesthetizing the animals with 

45 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. 

Ilemostasis was reached when the bleeding stopped 
for one minute. 

50 The results representing mean bleeding times in sec-
onds, determined in each group of S rats (reference and 
treated groups), are given in Table UI. Times longer 
than 1200 seconds (20 minutes) were not counted. 

55 
TABLE lii 

(b) Determination of collagen-induced blood platelet 
aggregation 

0.10 ml of a solution containing 10 ug of collagen per 
ml was added to 1.5 ml of citrated blood. With the 60 
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 It. 

BLEEDING TIME 
PRODUCT DOSAGE mg/kg ROUTE RESUL 

Reference group P.O. 600 
Derivative No. tO 3 3< 200 - t 200 
Derivative No. 2 3 X 200 - I 200 
Reference group - 470 
Derivative No. 1 3 3< 25 - 200 
Derivative No I 3 x S - I OtO 
Reference group 3 x 12.5 - 435 
Derivative No. I - I 200 
Reference group 3 x 200 - 730 
Derivative No. 3 - I 2110 
Reference group 3 x 200 - 600 
Derivative No. 88 - I 200 
Reference group 3 3< 200 - too 
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TABLE 112-continued 
BLEEDING TIME 

PRODUCT DOSAGE mg/kg ROUTE’ RESULT 
Derivative No. 12 - 1200 

* Route a I adn,i,uistratio,, 

(2) Anti-thrombotic activity 
This activity was studied by the silk thread experi-

mental thrombosis method. 10 
The principle of this study is an adaptation of the 

experimental thrombosis method using cardiopulmo-
nary by-pass described by TERUIIIKO UMETSU and 
KAZUKO SANAI THROMB. HAEMOST., 39, I, 
1978). Ii 

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 20 
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 a wet silk thread was 
previously determined, the weight of the thrombus is 25 
determined by evaluation the difference. 

Thetreatment 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 ID ml/kg of 5% gum arabic, while only the 5% 30 
gum arabic solution is administered to the reference 
group. 

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

TABLE IV 
ANTI-THROMBOTIC ACTIVITY 

12 
1.00 g active ingredient according to the age of the 
patient and the severity of the disease to be treated. 

Non-limiting examples of pharmaceutical formula-
tions of the medicine of this invention are given below. 

(I) Tablets 

Derivative No. I - - - 0.050 g; 
Excipient: lactose, icing sugar. rice starch, alginic 

acid, magnesium stearate. 

(2) Coated tablets 

Derivative No. 10,. , 0.100 g 
Excipient; magnesium stearate, corn starch, gum ara-

bic, shellac, white sugar, glucose, white wax, carnauba 
wax, paraffin, new cochinealin. - 

(3) Capsules 

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

(4) Solution for injection 

Derivative No. 4 - - - 0M75 g 
isotonic solvent sufficient to make 3 ml 

(5) Suppositories 

Derivative No. 21 - . .0.100 g 
Semi-synthetic triglycerides sufficient to make I sup-

pository. 
We claim: 
1. A compound of the formula: 

PRODUCT DOSAGE mgltg ROUTE’ 
WEIG1F OF THROMBOSIS 

IN tog 
PERCENTAGE 

VARIATION 

Rererenc, group 3 x 200 P.O. 38.56 
– 

2.42 -22 
Derivative No. 8 - 29.99 – 3.05 
Reference group 3 x 200 - 42.65 

– 3.30 -94 
Derivative No. 3 - 2.60 – 0.24 
Reference group -_ 36.24 

– 2.05 
Derivat,ve No. I 3 x 25 - 6.56 

* 

0.5’ -12 
Derivative No. I 3 x 12.5 - 15.91 – III -56 
Reference group 3 x 5 - 40.86 – 2.01 -32 
Derivative No. I - 27.7 

– 

2.82 
Reference group - 40.61 

* 

1.74 
Derivative No. 2 3 x 200 - 8.42 – 3.28 --79 
Derivative No. 10 3 x 200 - 5.89 – 0.99 -86 
Reference group 3 x 200 - 35.76 

– 

1.76 -40 
Derivative No. II - 11.38 

– 

2.92 

Rouic *1 administration 

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. 

The drug of the invention may be orally administered 
in the form 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 dose contains advantageously 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 

0 V 

C 

55 
CH 

LIS 

X 

(I) 

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

Ri 
65 / 

N 



13 
in which K, and R, are each independent of each 
other and represent hydrogen era straight or branched 
lower alkyl group; or RI and K2 form together with the 
nitrogen atom to which they are attached a heterocycle 
selected from the group consisting of pyrrolidino, pi-
peridino, morpholino, piperazino, N-lower alkyl pipera-
zino and N-benzyl 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 represents OR groups or 

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

2. Methyl a-(4,5,6,7-tetrahydro-thieno(3,2-c)-5  20 -
pyridyl).o.chlorophenyl-acetate. 

3. Methyl a-(4.5,6,7-tetrahydro-thieno(3.2-c)-5-
pyridyl)phenylacetate. 

4. Methyl a-(4,5,6,7-tetrahydro-thieno(3,2-c)-5-
pyridyl)-o.tluoro-phenylacetate. 25 

5. Isopropyl a-(4,5,6,7-tetrahydro-thieno(3.2-c)-5-
pyridyl)-o.chloro-phenylacetate. 

30 

35 

40 

45 

50 

55 

60 

65 
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6. Ethyl a -(4.5,6,7- let rahydro.thienn(3,2-c)-5-
pyridyl)-o.chloro-phenylacetate. 

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

8. A therapeutic composition having blood-platelet 
aggregation inhibiting activities and anti-thrombotic 
activities containing an effective amount of a compound 
of claim I, or an addition salt thereof with a pharmaceu-
tically acceptable mineral or organic acid or with min-
eral bases, or one of the two enantinmers or their mix-
ture and a pharmaceutically 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 containing from 0.10 g to IOU g 
active ingredient. 

11. A method of inhibiting platelet aggregation in 
mammals which comprises administering an effective 
amount of a composition comprising a compound of 
claim I and a suitable pharmaceutically acceptable car-
rier. 

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

/ 
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EXAMPLE 2 

Alternate Preparation of Vinzolidine 1,5-Naphthalene 

Disulfonate in Three Steps 

a. Conversion of vinzolidine free base to vinzolidine 

sulfate 

To a 1% solution of free base in anhydrous ethanol, a 

stoichiometric amount of l.ON sulfuric acid is added in 

dropwise fashion with stirring (1.0 g. of free base 10 
(-.93% purity) requirc’s-2 ml. of iON sulfuric acid]. 

Stirring is continued until some opalescence appears. 

The solution is allowed to stand at room temperature 

for two additional hours followed by 2-3 hours at about 

0’ C. The precipitate is then filtered on a sintered glass IS 
funnel, washed with a small amount of anhydrous etha-

nol and dried in vacuo at 45"; yield= - 85%. Additional 

salt (ca. 1001o) 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 20 

obtained. 

b. Preparation of amorphous vinzolidine 
I ,5-naphthalenedisulfonate 

A 10% aqueous solution of 1,5-naphthalenedisulfonic 25 

acid disodium salt is added dropwise with stirring to a 

2% aqueous solution of vinrolidine sulfate. A 1090 ex-

cess of 1,5-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 30 

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 H20 (yield= >80 percent). 

35 
c. Crystallization of amorphous material 

The amorphous material is added gradually to metha-

nol with stirring (I g. per 100 ml. of methanol). After 
the addition is complete, the suspension is stored in the 
refrigerator overnight. Subsequent handling is the same 40 

as in Example I. The salt crystallizes as a methanolate 
(Form I) by both methods and contains three molecules 
of methanol per molecule of salt. 

Vacuum drying removes the methanol but cquilibra 
don of the desired salt in air gives a hydrate (Form II); 45 

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 HI, is produced by 
recrystallizing the salt in boiling methanol and then 
drying the methanolate in air, which procedure yields a 50 

different hydrate containing about 6% water, The 
X-ray diffraction patterns of these three forms follow. 
The patterns were obtained using an X-ray tube with a 
copper target and a nickel filter. 

55 

FORM I 

d I/li 

12.15 .80 
lots 16 

9-SO Lm 
8.14 -16 
7_sR .28 
724 20 
652 .64 
618 .16 
5-90 -04 
5.55 -’6 
4-89 _44 
4.5_I .36 

60 

65 

4 
-continued 

4,42 .44 
4.17 .40 
3.97 .32 
376 .64 
3.56 .40 
3.34 -44 
3.26 .14 
3.08 .04 
2.95 .04 
189 .04 
2.77 .04 
2.67 .04 
2.54 .04 
2.46 .04 
2.40 .04 
2.28 .04 
2.22 .04 
115 .04 
2.08 .06 

FORM II 

12.65 .14 
10.54 .48 
9.47 1.00 

7.98 .07 
7.32 .17 
7.15 .59 
6.69 .21 
6.11 .17 
5.44 .41 
5.14 .31 
4.71 .52 
4.50 .10 

4.36 .28 
4.16 .14 
4.07 .14 
392 .07 
3.78 .14 
3.57 .07 
3.47 .28 
3.34 .17 
3.23 .07 
3.13 .07 
3.03 .03 
2.91 .03 
1.79 .03 
2.68 .03 
2.60 .02 
149 .03 
2.38 .02 
2.32 .02 
2.25 -03 
2.22 .02 
2.27 .02 
2.12 .02 

FORM III 

1)85 .55 
1016 .05 
9.26 I.l 

7.41 05 
6-76 -55 
6.28 ’to 
565 -20 
5.40 -20 
5.07 -10 
415 .40 
4_33 -30 

420 -IS 
4. .20 
3_IS 115 
342 IS 
530 .05 
3.15 .08 
302 - -05 
2.92 .08 
1.112 .05 
2.69 -05 

Naphthalene-1,54isulfonate salts were also prepared 

from vinblastine, vincristine and vindesine. The salts 

were stable, white solids sparingly soluble in water. 



4,558,053 

NAFHTHALENE4,54)ISULFONATE 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 

10 
clinical trial as anticancer agents. These alkaloids in-
clude vincaleucoblastine (vinblastine, VLB)�marketed 
as VELBAN, U.S. Pat- No. 3,097,137; vincristine 
(VCR, leurocristine)�marketed as ONCOVIN, U.S. 
Pat. No. 3,205,220; vindesine (VDS)�marketed as EL- 15 

DISINE, U.S. Pat. No. 4,191,688; vinzolidine, U.S. Pat. 
No. Re. 30,560; and vinepidine, 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 20 
napht halene-2.sulfonate. 

In general, the sulfate salts of the above dimeric in-
dole-dihydroindole alkaloids are favored during isola-
tion, synthesis, formulation, etc. The drugs are custom- 25 
wily 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  

30 
-

tine are prepared by neutralization of the base with 
dilute sulfuric acid (ethanol for example or other inert 
polar solvent may also be present to solubilize the base) 
followed by lyophiliration. With these alkaloids, the 
lyophilizcd salt had adequate stability, but with vinde  35 

-

sine, the lyophilized salt was not stable. Rolski, U.S. 
Pat. No. 4,259,242 addresses this problem and provides 
a method of preparing a stable inonosulfate salt of 
vindesine by precipitation during neutralization of 40 
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 45 
active drug and must be capable of being provided in 
solid formulations such as capsules and tablets. While an 
injectable product like vindesine or vincristine can be 
lyophilized and the lyophilized product sealed in a dry, 

so 
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 55 
considerably, none was found to be sufficiently stable 10 
meet the stability requirements of an oral dosage form. 

It is an object of this invention to prepare a vinzoli-
dine salt which is sufficiently stable for use in oral dos- 60 
age forms and which furnishes adequate vinzolidine 
blood levels on ingestion. 

SUMMARY OF THE INVENTION 
65 

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

/ 
CH3 

it’ 

wherein is OH or O�CO�C}13, R2 is CH3 or CHO; 
one of It’ and R4 is ethyl and the other is OH; when 
taken singly, It6 is OH and R7 is CO-0CH3 or 
CO-119, wherein V is N}12. Nil�CI.3 alkyl-X. 
wherein Xis hydrogen, chloro or bromo, or C1.3 lowe-
ralkanoyloxy; when R6 and R7 are taken together with 
the carbon atoms to which they are attached, they form 
a spiro-oxazolidinedione ring permissibly substituted at 
N," with C1.3 alkyl or chloro-substituted C1.3 alkyl. 

In the above formula, where R’ is aeetoxy, R2 is 
methyl, V is OH, R7 is CO�OH3, V is hydroxyl and 
K4 is ethyl, VLB (vincaleucoblastine, vinblastine) is 
represented; where R’ is acetcy, It2 is formyl, R6 is 
OH, R7 is CO�OCH,, R3 is hydroxyl and K4 is ethyl, 
vincristine (leurocristine, VCR) is represented; where 
K’ is ncetoxy, R2 is methyl, R6 is OH, R’ is CO�OCH3. 
K3 is ethyl and K4 is hydroxyl, leurosidine (vinrosidine) 
is represented; where V and K7, together with the 
carbon to which they are attached, form an ox-
azolidindione ring with a chloroethyt group at N3", R2 
is CH3, R’ is acetoxy, K3 is OH and K4 is ethyl, vinzoli-
dine is represented; and when It2 is CH,, R’, K6 and K’ 
are OH, R4 is ethyl, K7 is COR9 and It9 is NH,, vinde-
sine is represented. 

The preparation of vinzolidine 1,5-naphthalene distil-
fonate is illustrated below. 

EXAMPLE I 

Preparation of vinzolidine 1,5.naphtholenedisulfonate 

To 1% (w/v) solution of vinzolidine free base 
(95+% purity) in methanol i, added dropwise with 
stirring a stoichiometric amount (I mole per mole) of a 
2% methanolic solution of 1,5-napbthaienedisulfonic 
acid. The resulting solution was allowed to stand at 
ambient temperature for about two hours, during which 
time period crystallization of the vinzolidine 1,5-naph-
thalenedisulfonnte salt begins. The crystallizing solution 
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 vacuu overnight at ambient tempera-
ture. The salt is then allowed to stand in air for about 
two hours. The yield of vinzolidine 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 viruolidine sulfate. 

Dosage forms suitable for oral administration have 5 
more stringent requirements than do parenteral dosage 
forms; i.e., the drug must be stable when mixed with 
pharmaceutically-acceptable excipients customarily 
used in preparing solid dosage forms such as capsules or 
tablets. Any such modification of drug form must not 10 

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 IS 
below. 

In the first place, as regards stability, bulk vinzolidinc 
1,5-naphthalene disulfonate remained virtually un-
changed at one year at the following storage tern-
peratures-5’ C.; 25’ C.; 40° C. In addition, the bulk 20 
material was stable for one year at 40’ C. and 75% 
relative humidity. Vinzólidine  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- 25 
dons, both bulk and encapsulated vinzolidine sulfate 
were clearly less stable. 

Secondly, as regards toxicity, the LD50 in mice of 
vinzolidine 1,5-naphthalenedisulfonate is 68-7 mg./kg. 
compared to 37.7 mg/kg. for vinzolidine sulfate- 30 

Thirdly, as regards oncolytic activity, the 1,5-disul-
fonate salt shows good antitumor activity against traits-
planted tumors in mice. For example, using the 1,5-
naphthalenedisulfonate salt, against the 6C3HED lym-
phosarcoma, a single oral dose of II mg/kg. (in either 35 

acacia or empulphor suspension) gives about a 50% 
inhibition of tumor growth and single doses of 15-22.5 
mg-/kg- give 95-100% inhibition. 

Finally, vinzolidine 1,5-naplithalenedisulfonate is 
well-absorbed when administered by the oral route. For 40 

example, when each of six monkeys was given a single 
capsule containing a 1.5 mg-/kg. dose of vinzolidine 
base equivalent or about 2 mg./kg. of vinzolidine 1,5. 
naphthalenedisulfonate, excellent blood levels of vin-
zolidine were obtained. Table I which follows gives 45 

pooled mean serum concentrations of the drug in 
mg./ml for the six monkeys at given time intervals with 
the standard deviation. 

TABLE I 50 

Mesin Serum Concentration 
Time in I-loon Mg/MI. – SD 

1112 0 
I 0.46 – 0.28 

29.38 – 7.80 55 
4 19.53 – 3.25 
8 5.32 – 0.93 

24 0.66 – 0.21 
48 0.05 

– 

0.04 
72 0 
96 0 60 

The above serum concentrations are comparable to 
those obtained with vinzolidine sulfate orally. 

65 

Oral formulations of vinzolidine 1,5-naphthalenedi-
sulfoaate include telescoping gelatin capsules, tablets, 
suspensions and the like such that each capsule, tablet or 
unit 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-naphthalenedisulfon-
ate salt. 1,5-Naphthalenedisulforiate salts of other in-
dole-dihydroindole alkaloids represented by I above 
can be formulated similarly. 

We claim 
I- A 115-naphthalenedisuifonate salt of an indole-

dihydroiridole alkaloid of the formula 

"2 

wherein R’ is OH or O�CO--CH3, R2 is CH3 or CHO; 
one of R3 and It4 is ethyl and the other is OH; when 
taken singly, R6 is OH and It7 is CO�OCI-13 or 
CO�V’wherein R9 is NH2, NH�CI-3 alkyl-X, 
wherein Xis hydrogen, chloro or bromo, or C1.3 lowe-
ralkanoyloxy; when It6 and R7 are taken together with 
the carbon atoms to which they are attached, they form 
a spiro.oxazolidinedione ring permissibly substituted at 
Ni" with C1.3 alkyl or chloro-substituted Ci.i alkyl. 

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

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

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

S. A compound according to claim I, said compound 
being vindesine 1,5-naphthalenedisulfonatc. 

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

7. A polymorphic form of compound according to 
claim 2. said polymorphic form being vinzolidine 1.5-
naphthalenedisulfonate Form II. 

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