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Re: Expediente No. 06.023.325 |
Solicitud de patente a nombre de ALFA WASSERMAN S.P.A.
Respuesta a la oposicién presentada por PROCAPS S.A.

Yo, DILIA RODRIGUEZ D’ALEMAN, identificada como aparece al pie de m
firma, domiciliada en la carrera 11 No. 86-53 piso 6, obrando como apoderada de
la sociedad ALFA WASSERMAN S.P.A. doy respuesta al oficio No. 3487
notificado por fijacién en lista el 7 de marzo de 2008, por medio del cual se
corrié traslado de la oposicién presentada por la sociedad PROCAPS S.A.,,
contra la solicitud de patente de la referencia, correspondiente a la invencién
titulada “Formas polimorfitas de Rifaximina como antibidticos”.

2. PRETENSIONES DE LAS OPOSICIONES:

Me opongo a la pretensién del escrito de oposiciones por cuanto, como se
demuestra mis adelante, la invencién presentada por mi mandante cumple con
los requisitos de novedad, nivel inventivo y aplicacién industrial.  En
consecuencia, se debe otorgar el privilegio de patente de invencion y expedir el
titulo correspondiente.

21 Argumentos presentados por el opositor en el acapite fundamentos
de hechos. '

El opositor manifiesta que: “Laos paises miembros otorgardn patentes para las invenciones
sean de productos o de procedimientos en todos los campos de la tecnologia, siempre que sean

nuevas, tengan wivel inventivo y sean susceptibles de aplicacién industrial”.

“Bien, pues antes de la fecha de prioridad de esta solicitud se encuentran (SiC) el siguiente
documento que afecta la patentabilidad de la presente solteitud:

. D1: EP0161534, publicada el 21 de noviembre de 1985

De otra parte, el opositor manifiesta que “/... 7 ¢/ documento D1, particularmente en la
descripeidn, revela métodos de obtencion de la forma cristalina de rifaximina. Los ejermplos
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revelan  formas cristalinas de rifaximina fales como  4-deoxi4-metil-piridof[1°,2°1,2]
imidazo[3,4-c] rifamicina SV/'; 4-deoxi-isoquinolino[2°,1°:1,2]imidaze (5 4-c] rifamicina SV
3 "bromo-4-deoxci-pirido  [17,2:1,2]imidazo[5,4-c]  rifamicn SV, y  4-deoxi4’-melil- 77
pirido[1°,2°:1,2 imidazo 5, 4-c[rifamicina SV entre otros. Ast las cosas, la presente solicitnd —_ fo- g

no es novedosa pues las formas cristalinas de rifixamina aquf resvindicadas no son diferentes a -
aguellas reveladas en el estado de la técnica, particnlarmente en el documento D1.” oA vt

e
En este sentido, me permito decir que el articulo 16 de la Decisién 486 de la J\(
Comusién de la Comunidad Andina establece que la invencién se considera como |
nueva cuando no esti comprendida en el estado de la técnica. Si de acuerdo con

el espiritu de la norma legal indicada, la invencién no se considera como nueva si

estd “comprendida” en el estado de la técnica, dicha fiotma se esta refinendo, }\

naturalmente, a la totalidad del invento_y no a algum))o a algunos de los o
componentes. 7 \

Para que la invencién pierda su calidad de novedosa, es claro que ella, TODA a8-1p-70
ELLA, ha de estar contenida en el “comunto de comocimientos existentes que son
aplicables al proceso industrial” como define el estado de la técnica el Tribunal de
justicia del Acuerdo de Cartagena (Proceso No. 6-IP-89, sentencia de 31 de
octubre de 1989, publicada en Jurisprudencia del Tribunal de Justicia del Acuerdo
de Cartagena, Tomo 11, BID-INTAL, Buenos Aires, 1994, pagina 60).

Esto se conoce como NOVEDAD ABSOLUTA, de conformidad con lo cual,
para desvirtuar el requisito de novedad de una invencién serd necesario que lo
reivindicado por la invencién bajo estudio corresponda de forma total con lo
revelado en un documento o anterioridad sefalada, conclusién a la que se llega . ,
después de un anilisis exhaustivo mediante una comparacién entre el capitulo
reivindicatorio de la invencién en estudio y la divulgacién D1.

Ahora bien, si un determinado elemento, condicién o circunstancia de la nueva
creacién va hace parte del estado de la técnica no quiere ello decir, desde luego,
que la invencién deba ser rechazada por carecer del requisito de novedad. No sin
razén ha dicho el mencionado Tribunal: “hay gue advertir gue toda creacion es en
cierta forma, producto del estado de la técnica existente, en ¢l sentido de que ef
inventor bha de temer en cuenta un conjunto de comocimtentos técmicos que le permitan crear
nuevos procedimientos aplicables a la industria” (Ibidem, paginas 53 y 54) (el subrayado
es mio).

Por lo tanto, como minimo la novedad debe contemplar los siguientes aspectos:

-Que la invencién en estudio esté contenida de forma TOTAL y ABSOLUTA en
el documento que se menciona como anterioridad o de forma independiente en
los documentos que se mencionan, si son varios,
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-Que la invencién en estudio puede partir de conocimientos conocidos, caso en
el cual habrd que hacer la comparacién no de lo conocido sino de lo médito y
novedoso, teniendo que analizarse el valor agregado que aporta la invencién
con sus nuevas caracteristicas al campo técnico al cual pertenece la invencién en
estudio.

Aplicando lo anterior al caso concreto, para que las razones que aduce el opositor
para desvirtuar la novedad fuesen ciertas, serfa forzoso que se demostrara que
cada uno de los elementos que definen la invencién en estudio esté comprendido
en el estado de la técnica de forma TOTAL, lo cual no sucede como ahora se
demostrari.

En primer lugar nada en D1 ensefia o sugiere que se trate de las mismas formas
cristalinas de la presente solicitud, particularmente porque los compuestos de D1
no comparten los mismos patrones de difraccién de rayos X que los compuestos
de la invencién en cuestién. Al respecto resulta importante citar el “Manual para
el excamen de Solicitudes de Patentes de Invencidn en las Oficinas de Propiedad Industrial de los
Paises de la Comunidad Andina” del 2004, especialmente al numeral 9.1 de novedad,
donde se manifiesta que: “Una descripcién especifica afecta la novedad de nna general, pero
no a la inversa.”. Por lo tanto los compuestos ensefiados por D1 no afectan de
ninguna manera la novedad de la solicitud, ya que dichas ensefianzas son
claramente generales frente a las caracteristicas especificas divulgadas por la
solicitud en cuestidn.

Por otro lado el mismo manual en el numeral 9.4 también manifiesta que: “Para
determinar la novedad de la invencidn, se debe comprobar si existen anticipaciones del estado de
la técnica que contengan explicitamente todas Ias caracteristicas técnicas
esenciales de Ia invencion. E/ examen de novedad se efectiia comparando elemento por
elementa de la invencion tal como estd definido por las reivindicaciones con los del estado de la

técnica.” (El subrayado es mio).

La anterioridad D1 ensefia compuestos de rfaximina, pero no ensefia
explicitamente los compuestos de rifaximina de la presente solcitud,
particularmente en lo relacionado con los patones de difraccién de rayos X.

En D1 se manifiesta la intencién de llevar a cabo la cristalizacién de rifaximina
pero no hay indicio alguno de que el proceso aplicado haya sido exitoso. De
hecho, no hay evidencia de que el material sélido que resulta del proceso sea
cristalino.  La tnica evidencia en D1 es que los compuestos obtenidos se
encuentran en forma sélida, pero no necesariamente dicho material sélido se
encuentra en estado cristalino.
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La cristalizacién es el proceso de formar cristales sélidos a partir de una solucién
uniforme. El cristal se define como un sélido en el cual los 4tomos, moléculas o
iones que lo constituyen estin empacados en un patrén regularmente ordenado y
repetitivo que se extiende en las tres dimensiones. El material que no tiene un
orden definido a largo plazo no es cristalino. Los materiales pueden clasificarse
como amorfos, vitreos, o materal vidrioso. La cristalizacién no es un proceso
inevitable. Es sabido en el estado del arte que los intentos para obtener formas
cristalinas pueden no ser exitosos.

En caso de un material en polvo, en particular cuando el polvo esta constitmdo
por particulas finas, la cristalinidad del material puede determinarse solo por
medio de técnicas analiticas apropiadas, tal como, por ejemplo, la medici6n de la
difraccién de rayos X. En caso de un polvo de particulas finas la inspeccién
visual simple del material no proporciona informacién confiable sobre su
cristalinidad.

En la literatura cientifica la cristalizacién también se reporta como una técnica de
separacién con el fin de obtener material de una solucién o de obtener material
purificado. En este respecto el término precipitacién puede emplearse como
sinénimo. En estos dos propésitos la naturaleza del material que viene del
denominado proceso de cristalizacién, en otras palabras el matenal cristalino o
no cristalino, no es relevante.

En D1 la cristalizacién es explicitamente descrita con el fin de lograr los dos
propésitos antes mencionados: i) como alternativa a la extraccién con solventes
orginicos para recuperar la rifaximina después de la reaccién, i) y para obtener
matetial de rifaximina purificado, de ser necesario. La obtencién de estos dos
logros se llega en el primer caso obteniendo rfaximina sélida separable de la
solucién, en el segundo caso obteniendo rifaximina con suficiente pureza. En
ninguno de los casos tiene que ver la cristalimdad.

De hecho, en ese momento no habia evidencia de la cristalinidad de la rifaximina
como lo sustenta el escrito de Brufani, M. y colaboradores “X-ray crystal
strycture  of  4-deoxy-3’bromopyridol[1’,2>-1,2]imidazo[5,4-c]rfamycin S, J.
Antibiot. 1984, 37(12), 1623-1627 en la cual se ha elucidado la estructura de un
anilogo de bromo para plantear una hipétesis sobre la estructura molecular de la
rifaximina.

En vista del documento citado, EP 0161532, también quisiéramos sefialar que en
términos del potencial terapéutico del antibiético rifaximina, la identificacién de
las formas polimérficas es una novedad, ya que EP 0161534 solo introduce una
ruta novedosa de sintesis de rifaximina, pero se refiere a US 4.341.785 en lo
relacionado con lo concemiente a las actividades antibacteriales i# #itro € in vivo.
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De hecho, las formas polimérficas de rifaximina descritas en la presente solicitud
que muestran rangos de valores de biodisponibilidad significativamente
diferentes respecto a los valores reportados en US 4.341.785, deben ser
consideradas desde el punto de vista terapeutlco como novedosas y mis ttiles. El
logro obtenido por la presente invencidn, que es la capacidad de modificar la
biodisponibilidad de la  rifaximina, debe ser considerado como una mejora
técnica significativa comparado con US 4.341.785 y EP 0161534, ya que ahora es
posible proporcionar un beneficio mejorado a los pacientes al tratarlos
oportunamente con una forma polimérfica de rifaximina, seleccionada de entre
aquellas desarrolladas, con el fin de optimizar el equilibrio de la eficacia de la
terapia con los posibles efectos adversos.

En conclusién, la anterioridad D1 no contiene una divulgacién explicita de todas
y cada una de las caracteristicas ensefiadas por la presente solicitud por lo que
dicha anterioridad no cumple los requerimientos establecidos por la Decision 486
asi la misma no puede afectar la novedad de la matenia objeto de la invencién en
cuesuodn.

¥

En consecuencia, solicito a ese despacho no tener presente la argumentacién del
opositor y continuar con el trimite administrativo en el presente caso.

Sefl Supenntendente,

ILIA RO GU% ALBMA

C.C. 41.654.882 de Bogoti

TP.20824

Cod. 008
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Bogota, D.C., 05 de mayo de 2009

Apoderado: Dilia Rodriguez D"Aleman

ASUNTO Radicacion 06-23325
Tramite 002
Evento 001
Actuacién 430
Oficio .
Folos . -6129
Patente de Invencién X
Via PCT (fase nacional) & Cap.| &® Cap. It ]
No. Sol. Internacional PCT/EP2004/012490

Fecha de Presentacion Internal. WQ2005/044823

Como resultado del examen de fondo, realizado con fundamento en el articuio 45 de
la Decision 486 de la Comisién de la Comunidad Andina, se le comunica:

Documentos estudiados

Descripcién: Folios: 04 a 35 Como se radico inicialmente.
Reivindicaciones: Folios 36 a 41 como se radicd inicialmente.
Oposiciones: Folios 99 a 148: Opositor PROCAPS S A.

Prioridad; Folio1: IT MI2Z003A002144, 07-nov.-2003

Respuesta del solicitante Folios: 152 a 156.

Objeto de la invencién

Titulo de la solicitud: FORMAS POLIMORFICAS DE RIFAXIMINA COMO
ANTIBIOTICOS.

E! objeto de la presente solicitud de patente de invencion consiste en tres formas
polimérficas de rifaximina denominadas «a, B, v.

-Reivindicacion 1. Polimorfo o de roximina.
-Reivindicacion 2: Polimorfo $ de roximina.
-Reivindicacién 3: Polimorfo y de roximina.

W
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-Reivindicaciones 7-4: Procedimiento para la produccién de los polimorfos o, B
-Reivindicacién 8: Procedimiento para la preparacion del polimorfo «.
- Reivindicacién 9: Procedimiento para la produccion del polimorfo f.
-Reivindicacién 10: Procedimiento para la preparacién del polimorfo y.
-Reivindicacion 11: Procedimiento para la preparacion del polimorfo f.

-Reivindicacion 8: Procedimiento para la preparacion del polimorfo a.
-Las reivindicaciones 13 a 20: Se refieren al uso

La invencién se catalogé, segun la Clasificacion Internacional de Patentes
(IPC):C07D498/22, AB1K31/437, A61P31/04
De la solicitud de Patente (segun el caso)

Reivindicaciones (articulo 30 D 486 de la C.A.N.)

-En las reivindicaciones no es claro lo que se quiere significar con el termino
“rifamixina cruda” , debe quedar claro que es la rifamixina obtenida cistalizada del
procedimiento origina! de sintesis sin que se le haya medido los patrones de
difraccion de rayos X, 6 en su defecto aclarar a que se refiere esos términos.

Reivindicaciones relativas a un uso o0 a un segundo uso (articulos 14y 21D 486
dela CAN.)

-Las reivindicaciones 13-20 La reivindicacion reclaman el uso, y de acuerdo con la
legislacion colombiana el uso reclamado no se considera para proteccion por
patente, como se lee en el articulo 14 de la Decision 486 de la Comision de la
Comunidad Andina”... Los Paises Miembros otorgaran patentes para las invenciones
sean de productos o procedimientos en todos los campos de la tecnologia...”; aqui
no se hace alusién al uso.

Los usos o segundos usos no son patentables, de conformidad con la sentencia del
TJAC 89-Al-2000, los usos en general no son patentables.

Entonces las reivindicaciones analizadas no se pueden considerar invenciones y
que por lo tanto no pueden obtener patente.

Analisis de la(s) Oposicion{es): (articulo 43 D. 486):

El documento que se presento dentro del memorial de oposicion EP0161534 es
donde aparece la sintesis y de derivados de rifamicina y por primera vez la
cristalizacién en etanolfagua en proporciones 7:3 referido en el ejemplo 1, que
corresponde a cristales de 4-deoxi-4"-metil-prido[1’,2":1,2]imidazo-[5,4-c]rifamicina
SV, materia que corresponde a lo que en la presente solicitud se le denomina
rifamicina, y particularmente es la forma como en la presente solicitud se denomina
rifamixina y. Por lo tanto se tomara en cuenta como uno de los documentos del
estado de la técnica mas proximo y se tendréa en cuenta la totalidad del documento
patente presentado en el memorial de oposicion, junto con la respuesta técnica del
interesado.
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Determinacion del Estado de l1a Técnica

La fecha que se ha tenido en cuenta para determinar el Estado de la Técnica es la
fecha de presentacion de la solicitud prioritaria 07-nov-2003.

N° | Documento Titulo Fe9ha de
publicacion®
New process for the synthesis of pyrido-
D1 | EP0161534 imidazo-rifamycins 21-vov-1985
Imidazo-rifamycin derivatives with
D2 | US4.341.785 antibacterial utility 27-Jul-1982
D3 | GB1580732 Method for preparation of rifamycins 10-jun-1981

Analisis de patentabilidad (segun requisito) (articulo 14 D486)

Novedad (articulo 16 D486 de la C.A.N.)

La solicitud en estudio reclama en las reivindicaciones 1,2,3 :

1-Se reivindica un polimorfo ¢ cristalino de rifamixina:

Presenta un contenido de agua menos de un 4.5% y un diagrama de difraccion de
Rayos X en polvo, que presenta picos en valores de angulos de difraccion 20:
6.6°, 7.4°, 7.9°, 8.8°, 10.5°, 11.1°, 11.8°, 12.9°, 17.6°, 18.56°, 19.7°, 21.0°, 21,4°,
22.1°,

2-Un polimorfo f cristalino de rifamixina:

Presenta un contenido de agua mucho mayor de un 4.5% y un diagrama de
difraccion de Rayos X en polvo, que presenta picos en valores de angulos de
difraccion 20: 5.4°,6.4°,7.0°,7.8°,9.0°, 10.4°,13.1°,14.4°,17.1°,17.9°,18.3°, 20.9°.

3- Un polimorfo y cristalino de rifamixina:
Presenta un contenido de agua entre 1.0% y 2.0% y un diagrama de difraccion de
Rayos X en polvo, que presenta picos en valores de angulos de difraccion 20:

-La anterioridad D1 (EP 0161534) especialmente en el ejemplo 1, describe la
obtencion cristalizacién y recristalizacion de 4-deoxi-4’-metil-pirido[1°,2":1,2]imidazo-
[5,4-c]rifamicina SV, que es lo que la solicitud en estudio denomina “rifamixina” ,
igualmente ensefia que los derivados de rifamicina se cristalizan y recristalizan en
solvente etanioifagua. El ejemplo 1 (D1) el solvente es etanol.agua 7:3(v/v) a
temperatura ambiente. Pero la anterioridad no reporta los valores de diagrama de
difraccion de Rayos X para los cristales obtenidos y tampoco para las
recristalizaciones, en eso se diferencia con ia presente solicitud.

-La anterioridad D2 (US4.341.785) en el ejemplo 6, describe la forma de obtencion
de de 4-deoxi-4’-metil-pirido[1',2":1,2]imidazo-[5,4-c]rifamicina SV, que es lo que la
solicitud en estudio denomina “rifamixina”, los solventes apropiados para las
cristalizaciones estan descritos en la columna 4, renglones 10-26, y también estan
los estudio de actividad sobre diferentes microorganismos. La diferencia con la
presente solicitud es que la anterioridad no reporta datos de difraccién de Rayos X
para los cristales obtenidos y tampoco para las recristalizaciones.
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En Cuanto a los procesos de obtencion a partir de rifamicina O la anteriorida
describe ese procedimiento en las pags 10-11, y otros procesos de cristalizacion y
recristalizacion estan descritos en toda la anterioridad. Sin embargo se diferencian el
proceso de cristalizacién de la solicitud porque se introducen datos de tiempos y
temperaturas, pero se llevan a cabo con los mismos solventes para la misma
sustancia a recristalizar. '

Nivel inventivo (articulo18 D486 de la C.A.N.)

-La solicitud reclama tres formas polimérficas de una sustancia del estado de la
técnica rifamixina (4-deoxi-4'-metil-pirido[1',2’:1,2]imidazo-[5,4-c]rifamicina SV), se
sabe por D1 y D2 que la sustancia ha sido cristalizada y recristalizada en
etanol/agua, pero no se reportaron los patrones de difraccidn de Rayos X, en
términos de los angulos interplanares, determinados mediante la técnica de
Difraccion de Rayos X, técnica que permite poner de manifiesto sélo una propiedad
fisica del estado sélido y no una definicion de la molécula, porque debe tenerse en
claro que la molécula es del estado de la técnica, al igual que el conocimiento de su
actividad farmacolégica como antibiético.

-D3 describe derivados de rifamicina y los métodos de cristalizar y recristalizar esta
clase de moléculas, que se obtiene en formas cristalinas y que se recristalizan en
etanol/agua, 1o que nos ensefa esta solicitud es que los derivados de rifamicina son
cristalizables y recristalizables en etanol/agua. Pero sin el reporte de patrones de
difraccion de Rayos X para elucidar cual fue la forma de cristalina espontanea que se
obtuvo de acuerdo con las condiciones termodinamicas en se desarrollo la
cristalizacion.

Dentro de estas formas, la ordenacion espacial de las moléculas puede ser diferente

y cualquier persona normalmente versada en la materia sabe que para obtencién de
polimorfos se deben manipular los siguientes parametros:

i} Manipulando adecuadamente los indices de cristalizacion
i} Naturaleza del solvente

iii) Temperatura

iv) Velocidad de enfriamiento

v) Agitacién

vi) Cantidad de solvente usado

vii) Pureza del solvente

Asi, si el formulador encuentra que la rifamixina o cualquier farmaco, se
requiere mejorar la velocidad de disolucion o cualquier propiedad mecanica
obviamente la formulara como cristal; si es velocidad de disolucion se
requieres que guarde humedad, porgue asi lo ensefia el acervo tecnolagico, no
es la primera vez que se obtiene un solido cristalino de rifamixina donde se
recristalice en agua/ alcohol. Los otros factores que afectan la cristalizacion
son eleccion del solvente, temperatura y control de la presion para hacer mas
lenta © mas rapida la cristalizacion, para no esperar a que cristalice en
condiciones ambientales, la eleccion de la 6ptima temperatura y del tiempo de
crecimiento de los cristales, son ensayos de prueba y error que siempre deben
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hacerse, pero cuyo resultado no es patentable, porque por recristalizacion
jamas se obtiene un compuesto diferente, siempre es la misma estructura
quimica y la misma actividad, para nuestro caso antibiotico y no parece
obtenerse una caracteristica nueva ni tampoco obtenida por el ingenio del
“‘inventor.”

Entonces asi las cosas en |la presente solicitud, no se observa el caracter
inesperado de la invencion, tampoco se observa la superacion de las
dificultades técnicas reales, o la solucién original al problema de la
biodisponibilidad.

Para una persona versada en la materia, las ensefianzas de D1, D2 y D3
individualmente tomadas, muestran que la rifamixina cristaliza y que se
recristaliza en mezcla de solventes etanol/agua. Los controles de las
condiciones termodinamicas de cristalizacién de rifamixina lo llevaran a
cristalizar de la manera mas estable a esas condiciones termodinamicas
controladas, o sea, se obtendra un empaquetamiento molecular espontaneo
para esas condiciones, y para saber que clase de empaquetamiento fue se le
| realizan patrones de difraccién de Rayos X, a la monocelda.

El procedimiento de cristalizacién de la presente solicitud no aporta nada al
acervo tecnolégico. Es decir una formas de empaquetamiento molecular de
rifamixina con contenidos de humedad, que se diferencia de otro cristal por el
patron de difraccion de rayos X, que se logra de acuerdo al solvente
recristalizar controlando las condiciones termodinamicas de temperatura,
velocidad de enfriamiento, agitacién y en cuanto al solvente, cantidad de
solvente usado y pureza del solvente; es evidente que el proceso de
cristalizaciéon no constituye un aporte a los procesos de cristalizacion.

En cuanto a los patrones de difraccion de rayos X el método detecta un
fenémeno fisico, a través del cual se manifiesta ia interaccidén fundamental de
los rayos X con los cristales, que consiste en medir las intensidades de la
mayor cantidad posible de haces difractados del espectro tridimensional de
| difraccion, de tal manera que se puedan obtener de ellas los modulos de los
factores de estructura, y de sus valores mediante algun procedimiento de
asignacion de fases a cada uno de estos factores, también permite reconstruir
la distribucidon electronica en la celdilla elemental, cuyos maximos
corresponderan a las posiciones atdmicas y de esta manera obtener la
informacion de la estructura atdmica dentro de la celdilla unidad, si importar la
sustancia. Es decir el método permite una descripcién del patrén estructural
de la red cristalina de manera detallada mediante la cuantificacién de una
propiedad inherente al estado sélido de los cristales, descripcion que incluye
desde las dimensiones de la unidad de celda, el tipo de reticulo y el sistema
cristalino hasta la determinacion de los posibles grupos espaciales.

En este orden de ideas, si se reclama proteccidén para una misma estructura
guimica que cuenta con una capacidad particular de cristalizacion, es decir una
propiedad inherente a la naturaleza de las moléculas de rifamixina, resulta
ambiguo que al momento de reivindicar el habito cristalino de la estructura,
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éste se defina en términos de una propiedad fisica, cuando en sintesis se
pretende proteccidn para el mismo nucleo quimico pero caracterizado por un
habito particular de su estado sélido, en atencion a su capacidad intrinseca de
cristalizar como es conocido en D1, D2 y D3. Es decir, quimicamente se trata
del mismo nucleo estructural, solo que debido a su capacidad de estado sélido,
es capaz de cristalizar en formas particulares, determinadas Uunica y
exclusivamente por la naturaleza del compuesto y no es producto de un
predisefio ingenioso de agrupacién de moléculas.

N° Documento N° Rel\:?ecll::aadc;:nes Requisito que afecta
D1 | EP 0161534 112 Nivel Inventivo
D2 | US 4,341,785 112 Nivel Inventivo
D3 | GB 1530732 112 Nivel inventivo

Respuesta a los argumentos del solicitante:

-En cuanto a la materia contenida por la anterioridad ajunta al memorial de
oposicion, si bien es cierto que se trata de la rifamixina cristalizada e igualmente en
etanol/agua, alli no se midié los patrones de difraccién de rayos X, entonces nos falté
ese dato para decir que son consientes completamente, pero igualmente no esta
mostrado el efecto técnico inesperado en el que se basa el nivel inventivo, toda vez
que se sabe que la rifamixina y sus derivados son sustancias cristalinas y que para
su rectristalizacién se utilizo el mismo solvente hasta en las mismas proporciones, lo
tinico que falto fue establecer las condiciones termodinamicas de cristaizacion, pero
eso son del trabajo rutinario en recristalizaciones, por parte del formulador.

En cumplimiento del articuio 45 de la Decision 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de 60 dias contados
a partir de la fecha de notificacion de la presente comunicacioén. En caso de no dar
respuesta al presente requerimiento, o si a pesar de la respuesta subsistieran los
impedimentos para la concesion, se denegara la patente.

Notifiquese el presente oficio con e alodispuestoen el numeral 5.2, literal e), del
capitulo quinto del titulo grimer6 de Ja Circular Unica N° 10 de 2001.

ALIX CARMENZA ZESPEDES DE VERGEL
Jefe de Divisién dg Nuevas Creaciones

~ El anterior requerimiento fue notificado por fijacion en lista, de fecha
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IMIDAZO-RIFAMYCIN DERIVATIVES WITH
ANTIBACTERIAL UTILITY

BACKGROUND OF THE INVENTION

Rifamycin derivatives bearlng a heteracyclic ring
which is condensed at the 3.4-positions are known from
the art liternture, including the patent literature, As an
example, in South African Pat. No, 68/0903 there are
claimed pyrrolo [54-c] rifamycin SV derivatives,
whereas German Patent Publications Nos. 2,739.671
and 2,739,623 describe some imidazo [5,4-c] rifamycin
SV compounds which bear substituent at the positions 1
and 2. Thiazolo [5,4-c} rifamycin $V (rifamycin P) de-
rivatives are reported in the German Petent Publication
No. 2,741,066

SUMMARY OF THE INVENTION

The present invention refers to naw imidazo-rifamy-
cin derivatives of the following general formula

CH; CHj CHy EH

Ry

wherein:
A may be the structure

OH [+]
A1:©ot mmmA;:©
4 .

—x— i1 & chemical bond or nil;

R is hydrogen or acety!

Ry and Rz independently represent hydrogen, (C1.4)
alkyl, benzyloxy, mono- and di-{Cj.j)alkylamino-
{Cralalkyl, (Cpzjalkoxy- (Ci<Jalkyl, hydroxy-
metbyl, hydroxy-{Cz4)-alkyl, nitro or Ry and R;
taken together with two consecutive carbon atoms
of the pyridine nucleus form & benzeno ring option.
ally substituted by one or two methyl or ethyl
groups; R; i3 a hydrogen atom or nil;

with the proviso that, when A is Ay, —x=— is nil and R;
is a hydrogen atom; with the further provisa that, when
A i3 Ay, —3— i3 a chemical bond and Rj is nil.

The compounds possess antibacterial utility.

A preferred group of compounds comprises those
compounds of formula I wherein A may be the struc-
ture A or the structure Aj as ghove indicated, —x— is

%
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a chemical bond or nil, R is hydrogen or acetyl, R and
R; independently represent hydrogen, (C,4)alkyl, bea-
zyloxy, hydroxy (Ca4) alkyl, di{Cp.3) alkylamino-(Ci1.4)
alkyl, nitro or R| and Rj taken together with two con-
secutive carbor atoms of the pyridine nuclens form o
benzene ring nnd Rj is a hydrogen atom or nil; with the
proviso that, when A is A), —x— is nil ond Ry is a
hydrogen atom; with the further proviso that, when A
i3 A3, —x— is & chemical bond and Rj is nil.

A second preferred group of compounds comprises
these compounds of formula T wherein A may be the
structure A) or the structure A; as pbove indicated,
~—x~ is a chemical band or nil, R is acetyl, R| and Ry
independently represent hydrogen, (Ci4) alkyl or R;
ond Rz teken together with two consecutive carbon
atoms of the pyridine nucleus form a benzent ring and
Rjis a hydrogen atom or nil; with the proviso that,

-when A is A, —x— is nil and R3 is a hydrogen atom;

with the further proviso that, when A is Az, —~x— isa
chemical bond and Ry s nil.

As used herein the terms (Cr.3) alkyl, {(Cialkyl and
{Ci-4) alky| identifics linear or branched alkyl radicals
comtaining from 1 to 3.or 2to 4 or | ta 4 carbon atoms,
such as, for instance, methyl, ethyl, n-propyl, isopropyl,
o-butyl, sec.-butyl, isobutyl or tert-butyl, whereas the
term (Cr.3} alkoxy essentially refers to methoxy, ethoxy,
Propoxy r iSOpropoxy groups.

The compounds of the invention are prepared nc-
carding to methods which essentially depends on the
type of compound one wishes to obtain. Thus, for in-
stance, the compounds of formula I wherein A repre-
sents structure Ag, R, Ry and Rj are ns above defined,
—¥— i an ndditional bond and Rj represents nil are

.conveniently prepared by reacting a 3-halorifsmycin §

of formulz

CHy CH) CHy i}

wherein hal represents a halogen atom, preferably bro-
mine ar jodine, and R is defired as above, with a com-
pound of formula

R; Ry [

N NH;

whercin R, and Rz have the same meaning as before.
In the actual proctice, the reaction is carvied out by

contacting a molar amount of the compound of formula

II with 2 molar excess of the compound of formula I11.

United States Patent (9 1 4,341,785
Marchi et al. [45] Jul. 27, 1982

54] IMIDAZO-RIFAMYCIN DERIVATIVES
WITH ANTIBACTERIAL UTILITY

{75] Ioventors: Egidio Marchf; Lauretta Montecchi,
both of Casalecchio di Reno, Ttaly

[73] Assignee:  Alfa Parmacentici 5.p.A., Bologna,
Traly

{21} Appl No. 262123

(22] Filed: May 11, 1981

[30] Foreign Application Priotity Data
Moy 22, 1980 [IT] 1Y worrmersommennsnees 3429 A/ED

wherein:
A may be the structure

OH CIJ
C:] — Q
3 1

‘ Lo

Al Az

[$1] Int, €2...
[ Us.Q..
{58] Fleld of Search

.. A61K 31/44; COTD 491/22
. 424/256; 260/239.3 P
. :60/239.3 P; 424/256
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used in the therapy, are scarcely absorbed from animal
argans and Lissues when adminisiered by oral route, and
are found unaltered in the stool in a remarkable pereent-
age with respect to the sdministered dosage. Thus, for
instance, in a represeniative experiment carried out on
groups of four rats fasted and normally feeded, which
were arally given 100 mg/kg of the compound of Ex-
ample 6, it was found that, after four hours from the
administration only 0.2 pg/ml and 6.5 pg/g were nb-
s0orbed respectlvely by the serum and the Hver in the
fecded s, and only 0.1 up/tnl and 0.7 ug/g were
absarbed rapecuvely by the sernm and the Liver in the
fasted rats.

In a further representative experiments aiming at
evaluating the extent of the urinary and faecal ellmina-
tion of the compounds of the invention, gronps of six
rats were orally given 25 mg/kg of the compound of
Example 6, Stocls and urine were collected for 72
hours, then the conteni of compound was determined
by microbiological route.

After this period of time, atmost 60% of the com-
pound was found unaltered in the stools, whereas the
amount of said compound in the urine could not be
determined becawse of ity very low concentration.
These data, coupled with the remarkable in vitro activ-
ity of the compounds of the invention against Gram
negative bacterin present in the intestinal bacterial flora
in pathological situations indicate that the compound of
formula I are useful as intestinal antibacterial agents.
These propertics' were confirmed by experiments car-
ried out oo mats by determining the total number {total
bacterial charge) in stoct samples collected beth from
animals which received no compounds and from ani-
mals which daily received by oral route predetermined
amounts of the compounds of the invention.

The experiments lasted seven days and were con-
ducted on groups of slx animals, The choice of the
animal species {rat) is absclutely fustified, as rats have
an intestinal bacteriad flora similar to that of humans.

The obtained results ace reported in the following
table, wherein the total bacterial charge is expressed a9
the decimal logarithm of the ber of bacteria in ome
gram of collected fresh stools. As the representative

compounds, those of Examples 6 and 1| were teken into
consideration.
TABLE 2
Daose
Comv | mg/kgrdle 10 mg/kg/dic 30 mz/kg/din
pet o1 o1
of 10t4] hacterial total bacterial so1x] bacterial
Ex- charge charge charge
ample  asrobic ic  weroblc bic neroblc

The rcsults reported in this table are self-explanatory.
They clearly show that the compounds of the invention
cause a marked reduction of the bacterial intestinal flora
of the laboratory animals. ft was also discovered that
this action displayed by the compounds of the invention
18 even higher than thst possessed by neomyein, an
aminoglycoside antibiotic employed as intestinal anti-
bacterial agent (see, for instance, Remington's Pharma-
ceutical Sciences, page 1126, 16th Edition, Mack Pub-

hshing Company, Pennsylvania, 1980) which, however,

0
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displays a lot of dangetous side effects (sce again
Remigton's Pharmaceutical Sciences, page 1274).

These favorable biological properties are coupled
with a very low toxicity, being the L.I¥s values per os
both in rats erd in mice always higher than 2000 mg/kg.

The use of the compounds of the invention as antibac-
terial agents refers to all industrially applicable acts and
aspects of said use, including their incorporation into
pharmacentical compositions.

‘The pharmaceutical compositions containing the ac.
tive ingredient are in fact a forther specific cbject of the
invention.

The compounds of the invention ¢an therefore be
administered by several routes, as an example by oral,
topic ot intramuscular route. For sech administrations,
the substances are embodied into conventional pharma-
ceutical dosage formulations. Theae formulations con-
tain, in admixture with the active ingredient, the usual
additives such as, for instance, sweetening, flavoring,
coloring, coating and preservative agents, inert diluents
such as, .for instance, calcium or sodium carbonate,
lactose and talc, binding agents, e.g. starch, getatin and
polyvinylpyrralidone, suspending agents, e.g. methyl-
cellulose or hydroxyethyleelhilose, and wetting agents
such as, for instance, lecithin, polyoxyethylene stearates
and polyoxymethylene sorbitan monooleate. The prep-
aration useful for the topical and intramuscular adminis-
tration may contain the active ingredient dissolved or
suspended in distilled #nd pyTogen-free water, [n admix.
ture with the commonly employed pharmacentical car-
IEeTs.

The invention ¢an be better illustrated by means of
ithe following examples which, however, must ie no
way be construcd s & limitation of the scope of the
invention irself.

The UV, specirn have been recorded in absolute
methanol with a Parkin-Elmer 332 spsctrophotomcter.

The LR. spectra have been recorded in KBr with a
Petkin-Blmer 281-B spectrophotometer.

The 'H-NMFE. and 3C-NMR, whert not expressly
specified, have been recorded in CDCly with a Varien
X1. 100 spectrophotometer, using tetramethylsilane as
the reference substance.

The reported data are in agreement with the pro-
posed structures,

BEXAMPLE 1
N-Dehydro-4-deoxy-2-imino-4'-methyl-pyridof1',2"1,»

2]imidazof3,4-¢lrifamycin S
A solution of 1.54 g (0.002 mole) of 3-bromo-rifamy-

- cin 8 dissolved 1a 10 ml of ethanol was added under

&0

65

stirring at room temperature with 0.430 g {0.004 mole)
of 2-amino4-methyl-pyridine, The¢ reaction mixture
was kept at this temperature for sbout two hours unti}
complete disappearance of 3-bromo-rifamycin 8 {TLC-
manitorage; eluting system CHCl/CH30H=40/1
{v/v)]. then 250 m! of ethyl acetate were added. The
organic- phase was separated, washed fimt with 5%
squecus citric acid, then with water until pH 7 and
subsequently dried over sodium sulfate. After evaporat-
ing to drymess, the obtained residue was taken wp with
ethanol from which the title compound separated
Yield: 1.35 g (86% of theoretical). M.p.: 228°-32* C.
(with decompaosition).

1.V, Spectrum: Amnax () E""E==

41 544
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This melar excess varies from sbout 2 10 about 8 or
ore equivalents calculated on the compound of for-
mula IL. The reaction is performed in the preseace of an
inert organic solvent such as, for instance, an aliphatic
alkano! centaining from 1 to 4 carbon atoras, a lower
balogenated hydrocarboa from 1 to 2 carbon atoms,
dioxane, tetrahydrofuran of mixture thereof, at o tem.
perature which may vary within wide limits, though the
room tempearature is the preferred one. The reaction is
completed within a period of time comprised between
about | and about 4 hours.

The so obtained compounds may undergo further
chemica] reactions having the purpose of preparing
ather substances falling within the scope of the shove
formula I. Thus, for instance, compounds of formula 1
can be cbtained where A is structure Ay, R, Ryand Ry
have the seme meanings as before, —x— represents nil
and Ry stands for & hydroger atom, by treating the
corresponding substance in which A represents struc-
ture Az with a suitable reducing ogent such as, for in-
stance, L{—)-ascorbic acid.

This step. which can even be performed without
isolating the compound deriving from the condensation

* of the starting substances of formula II and III, occurs

essentinlly at room temperature, though a gentle heat-
ing can sometimes favor the reaction course, for & per-
iod of time varying from about 10 minutes to about 1
hour, in an inert organic solveat again selected, for
instance, from an aliphatic alkanol from | to § carben
atoms, a lower halogenated hydrocarbon from L to 2
carbon atoms, dioxane, tetrahydrofuran or mixtures
thereef. In tum, the so obtained compounds of formuln
I wherein A is structure A, R, Ry nnd-Rj have the
above meanings, —a— represents nil and Ry stands for
a hydrogen atom, can b¢ teansfarmed into the corre-
sponding products in which A represents struciure A;
by treatment with an appropriate oxidizing agent such
as, for instance, mangancse diozide, lead totracetats,
dichloro-dicyano-benzoquinone,  2,3,4,3-tetrachloro-

o

4
in the presence of a solvent, generakly ag aliphatic alka-
nol from 1 10'4 carbon atoms, treating a molar atnount
of the seleeted compound with a molar excess of an
alkali agent, ¢.g. sodium or potassium hydroxide or
5 carbonate, at room temperature, for n period of time
varying from about | to about 5 hours, The so obtained
compounds of formula I in which R is hydrogen may in
turn undergo the above illustrated reduction or oxida-
tion reactions, depending on the structure A represents.
The substancges according to the invention are recov-
ered from the reaction medium by means of techniques
entirely familiar to a skilled technician. These tech-
niques comprise the extraction with a suitable organic
salvent, e.g. ethyl acetate, chloroform, methylene chlo-

15 ride and analogs or Mmixturés thereaf, the evaporation 1o

dryness of the organic extract znd taking up the residue
. with an appropriate solvent from which the final prod-
uct separates. Alteimatively, the reaction mixvure can be
directly evaporated to dryness and the obtained eesidue

10 is in turm taken up with a'suitable solvem from which

the final product separates Crysiallization solvents
which ¢an advantageously be employed are selected
from water, methanol, ethancl, n-propanol, isoprope-
nol, n-hexane, ethylacetats, methylene chloride, chlore-

25 form, ethylene glycol monomethyl ether or mixtures

thereof.

Aa stated sbove, the compounds of the invention are
useful antibacterial agents. More exacily, they pessess a
remarkable in vitro activity both against Gram positive

30 (as an example, various Staph. awureus strains) and Gram

negative bacteria, some of them from clinical isolation,
which can be found in the intestinal bacteriat flora in
pazhologic oondilio-m.

The results obtained with rep ive d:

35 of the invention arc summarized in the t’allowmg table.

'I'hey represent the mlmmum concentration of active

ble of inhibiting the growth in vitro of
the paﬂmgemc bacterium (M.1.C.} and are expreised ns
micrograms of substance per ml of culture medium

benzoquinone, 1,3,5.6-tetrachloro-benzoquinone and 40 (y/ml).
TABLE 1 (M.C.1)

COMPOUND OF EXAMPLE - -
STRAIN L k] ) 5 & 7 L) a 11 12
Staph. awreus 209 P FDA ‘0005 <0005 <0005 <0605 <0005 <0005 <O005 <O005 <0003 «0.008
Staph. aureus Colllva <0005 <0005 <0008 <0.005 <0005 <0005 <0005 <0005 <0005 <0.001
Preud ceruginars ATCC 10148 ed. nd od. ~i5  od a.d. od. 03+1.%5 6412 324
Exck. ¢oli Belttami 0.7 oy 013 ~11 0715 <0l 013 6+12 03 03+07
Exch eolf 4179 13415 -~12 12425 ~11 12425 6412 124325 12 6412 6412
Exch opfi ML/ 6411 6+11 (2429 ~25 —6 §+12  5+12 11423 336 146
Kieh prenmonice Ortavisni 12415 6442 (2433 -1 12425 6+12  13+23% §+12 36 4412

Prozeur vulgaris ATCC 9484 12+15 ~&
Sol puphy B (24t K Sclsvo 6411 12415
Solm.

od ~12 ~& 4412 ad 6412 8412
12 h XN ) —6 6412 §412 -3 I+6 8412

3+ 6412 &+12  3+6 J+& E+12 =3 -3

12+23 ad 242 -6 6412 od ~} 3+6
od. 6412 o nd. 12425 6411 6411 612
6412 ~12 B+12  13+25 612 6481 —L5 ~LS
16 nd. 6412 ~12 -4 nd. 346 I+6

Lphymarium ATOC 13311 wl2 36
Sale, p.eiphy & 12435 -4
Enter. cloacon ATCCI 347 nd. n.d.
Shigh. sonnei ATOC 9290 b412 12428
Shigh. flexneri o2 —12
<= heys thma

—~ - sboat

ad. = oo determined

analogs. This reaction s carried out in an inert crganic
solvent like those indieatad sbove, at temperature com-
prised between room temperaturc and the beiling tem-
perature of the reaction mixture. A period of time vary-
ing from about 10 minutes to about 1 hour is sufficient
for having the reaction completed.

60

The compound.s of the invention passess also a note-
worthy in vivo activity against the experimental infec.
tion provoked by, Sthaphplocoetus aureus when adminis-
tered by subcutnmus route. This in vive ectivity, ex-

Finally, the compounds of formula I wherein R is € pressed as an EDsg valuc, may vary between about .1

hydrogen are conveniently preparsd by hydrolyzing.
under alkaline conditions, the coreesponding com-
pounds whete R is acetyl. This hydrolysis is carried out

and about 0.5 mg/kg, |
It ‘hés alac been found. that the compounds of the
invention,” unlike other rifamycin derivatives widely
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mole) of J-iodowrifamyein § and 0.288 g (0.002 mole)
of 1-amino-isoquinoline. Yield: 0.510 g {62% of theo-
retical). M.p.: 198°-203" C. {with decomposition),

U.V. Spectram: Atk () E[®,
156 7%5
e 264
38 260
413 10

LR. Spectrum: charscteristic absorption bands were
obscrved at the following frequencies (in cm— ) 3460;
3120 (w); 3060 (w), 2980 (s); 2930 {s); 2880; 2820: 1735
(5); 1715 (8); 1660; 1625 (vw); 1600; 1525.

s=strong; w=weak; vw=very weak

'H-NMR. Spectruny; chamcteristic resonance peaka
were ohserved ar the following 5 (eapreised as p.p.m.):
0.06 (d, 3H); 0.22 (d, 3H); 0.5 (¢, 3H); 0.83 (d, 3H); 1.79
(s, JH}, 2.00 (s, 3H); 2.26 (3, IHY, 2.3 (5, 3H); 2.5-3.00 (m,
2H), 3.10 {s, 3H); 3.45 (s, 1H); 3.6 (d, 1H}; 4.00 (s, 1H);
4.76 (d, 1H); 3.39 (g, 1H); 6.8 (m, 4H} 7.3 (d, 1H)
7.6-7.9 (m, 3H); 9.00 {m, 1HY 9.20 (d, 1H).

s=singlet; d=doublet; gmquartet; memuliplet.

EXAMPLE 6
4-Deoxy-4'.methylpyrido[1',2'11,2]imidazo[ S 4-c]rifs-
mycin SV

1 Gram (0.00127 mole}) of the componnd of Example
1 was dissolved in 50 ml of absolute etharol and the
resulting solution was added with 20 ml of 0 5% aque-
ous solution of L{~)-nscorbic acid. The mixture was
kept at room temperature for about 1 hour until dizap-
pearance of the compound of Example 1 [TLC-moni-
torage; eluting system CHCl/CH3OH=23/2 {v/v)].
then it was cxtracted with 30 ml of e¢thyl acetate. Aftar
washing with water 1o pH 7 and drying over sodinm
sulfate, the solvent was evaporated off and the ohtained
residue was taken up with a 70/30 (v/v)} mixture of
glycol monomethyl ether/water. The tifle compound
separated, which was recovered by Gltration: Yield:
0.340 g (85% of theorctical). M.p.: 200°-5" C. {with
decomposition).

k1]

40

10
32.81; 36.93; 37.78; 38.59; 56.99% 72.65; 73.91; 76.7%;
77.86; 9783 103G 104.09; 10897 109.9% [12.0%;
114.96; 115.52; 117.61; 119.26; 122.99; 125.35; 128.44;
128.96; 136.21; 138.8%; 141.75; 14210 147.74; 155.1G;
170.63; 171.89; 182.19; 188.84.

EXAMPLES 7-18
The following compounds were prepared substan-
tinlly as described in Example 6.
EXAMFPLE 7
4-Deoxy-5-methyl-pyrido [1,2:1,2] imidazo [5.4c}
dfamyeir SV, from 1 g (0.00127 mole) of the com-

pound of Example 2. Yicld: 0.940 g (95% of theoreti-
cal). M.p.: 185°-90° C. (with decompasition).

U, V. Spectrum: Amar (my) el%,
217 470
3 st
261 13
73 301
21 93
320 208
%6 [
m 122
440 164
45t 166

LR. Spectrum: characteristic absorption bands were
observed a1 the following frequencies (in cm—!): 3440
(b), 3300 (b), 3200 (b), 2960 (s), 2920 (w), 2850 (vw),
1730 (), 1710 (w), 1640 (4), 1395 (s), 1580 (b), 1535 (w)

bmbroad; s=strong; w=wcak; vw=very wecak

1H-NMR. Spectrum: characteristic resonance peaks
were observed at the following S{expressed as p.p.m.):-
0.64 (d, 3H); 0.02 {d, 3H); 0.45 {d, IH): 0.90(d, 3H}; 1.75
(3, 3H); 1.94 (s, 3H); 1.97 (s, IH); 2.23 (5, IH); 2.45 (5,
JH); 2.95 (s, 3H); 2.6-5.8 (m, 5H); 4.5-5.25 (m, 2H);
5.5-7.0 (m, 4H); 7.25-7.75 (m, 2H); 8.27 (s, 1H); 8.47 (5,
tH); 14.86 (s, 1H); 16.77 (5, |H)

s=singlet; d e=doublet; m=multiplet

" EXAMPLE B

- o 4 Dooxy-3-methyl-pyrido (I7211,2] imidazo [5,4<)
LY Spectomy hooms () El #  rifamycin SV, from L5 g (0.00191 mole) of the com-
m e pound of Example 3. Yicld: 1.46 g (96.3% of theoreti-
291 295 cal). M.p. 193°-98" C. (with decomposition).
a0 116
30 ne
450 159 - 50 U.V, Spectrem: dmmaz (mp) E[*,
. 218 483
LR. Spectrum: charncteristic absorption bands were ;‘: gi
obscrved at the following frequencies (in cm— 1) 3440 b4 =
(b}, 2960 (s), 2920 (s), 2860 (W), 2820 (vw), 1705 (s), 1640 294 38
(), 1580 (s), 1500 {s) ss 0 m
b=broad; e=strong; w=weak; vw=very weak ;’g‘; :g
VH-NMR. Spectrum: characteristic resonance peaks s 156

were obscrved at the following & (expressed as pp.m.):
—0.56 (d, 3H); 0,14 (4, 3H); 0.74 (d, 3H); 0.94 (d, 3H);
1.94 (3, IH); 1.98 (s, 3H); 2.02 (s, 3IH), 2.26 (s, IH), 2.63
(s, 3H); 3.00 (s, JH}; 3.2-3.9 (m, JH); 4.15-5.20 (m, 2H);
5.9-6.9 (m, 4H); 7.06 (dd, 1H); 7.38 (s, 1H); £.39 (3, LH);
8.43 (d, 1H}; 11.0 (s, 1H), 13.12 (s, 1H).

s=singlet; d=doublet; m=mmultiplet; dd =doublet of

doublet.

3C-NMR Spectrum: characteristic resonance peaks
were observed at the following (expressed as p.p.m.):
6.98; 8.06; B.21; 10.76; 17.56; 20.43; 20.78; 21.44; 22.35;

63

LR. Spectrum: characteristic absorption bands were
observed at the following frequencies (in cm—1): 3340
{6),.3300 (b, 2960 (s), 2925 (5), 2870 (vw), 2650 (5), 1730
(8), 1710 (vw), 1650 (vw), 1640 (5), 1600 (vw), 1585 (s},
1365 (w), 1325 (wv), 1505 (5)

b=broad; s=strong; w=weak; vw=very weak

TH-NMR. Spectram: charscteristic resonence peaks
wero observed at the following S{expressed os p.p.m.):
0.7 (d. 3H); 0.05 {4, 3H); 0.68 (d, 3H); ¢.87 (d, 3H); 1.73

4,341,
7
~cantinued
1.V, Spectrum: Amas () BN

m 191

ue 04 5
Mz 90

375 16

43 116

LR. Spectrum: characteristic absorption bands weze
cbserved at the following frequencies {in cm—1): 3440
(b), 2960 (s), 2920 (w), 2860 (w), 2800 (w), 1728 (s), 1708
(5), 1635 (w), 1550 (2), 1500 (w).

b="broad; s=strong; w=weak.

IH-NMR Spectrum: characteristic resonance peaks |5
were observed at the following 8 (expressed as p.p.m.):
.02 {d, 3H); 0.04 (d, 3H); 0.53 (d, 3H); 0.91 (d, 3H); L.77
(s, 3H); 2.06 (s, 3H); 2.25 (5, 3H); 2.28 (5, 3H); 2.5¢ (s,
IH); 2.75-3.05 (m, 2H); 3.10 (s, 3H); 3.45 (s, 1H); 1.58 (4,
1H); 4.02 (d, 1H); 4.82 (d, 1H); 5.36 (dd, 1H); 6.32 (dd, 20
1H); 6.5-6.8 (m, 3H); 7.00 (dd, 1H); 7.80 {s, 1H); 9.32 (4,
1H); 13.4 (s, 1H).

s=singlet; d =doublet; m =multiplet; dd =doublet of

doublet

UC-NMR Spectrum: characteristic resonance peaks 25
were obsérved ot the following 8 (expressed as p.p.m.):
7.3% 8.18; 9.55; 10.61; 14.18; 20.69; 21.44: 21.80; 22.26;
34.23; 36.45; 37.05; 39.80; 57.30; 73.98; 76.18, 77.06;
7847, 108.20; 109.82; 110.45; 1112 117.63; 118.31;
118.89; 120.90; 125.13; 127.09; F28.44; 13283 138.6); 30
139.71; 142.03; 142.44; 146.45; 146.52; 150.00; 170.98;
172.57; 120.62; 181.92.

EXAMPLES 2-5

The following compounds were prepared substan- 35
tinlly nccording to the same procedure of the above
Examples, starting from an appropriote 3-halo-rifamy-
cln S of formula It and & predetermined compound of
formula 111

. EXAMPLE 2
N-Dehydro-4-deoxy-2-imino-3"-methyl-pyridof1”,2':1,-
2]imidazo]5,4-c]rifamycin &, from 1.54 g (0.002 moli)
of 3-bromo-rifamycina § and 0.432 g (0.004 moli) of
2-amino-3-methyl-pyridine. Yield: 1.2 g (78% of *3
theoretical).
M.p.: 208'-12* C, (with decomposition),

U.V. Spectrum hmay (M) . E® 50
18 1
270 0
nn 298
370 103
az 131
a4y 122 55

LR. Spectrum: charecteristic absorption bands were
obscrved at the following frequencies (in em—3): 3450
(b, 2980 (g), 2920 (g), 2870 (s), 2820 (), 1735 (3), 1710 g
{3), 1660 (s), 1630 (s}, 1600 (5), 1555 (s).

b=broad; s=strong.

!H-NMR Spectrum: characteristic resonance peaks
were observed at the following 8 (expressed as p.p.m.):
0.0 (d, 3H) 0.54 (d, 3HY; 0.88 (d, 3H); 1.3 (d, 3IH); 1.73 (s, 63
IH); 202 (s, 3H); 2.23 (s, 3H); 2.27 (s, 3H); 2.4 (s, 3H);
2.5-3.0 (m, 2H); 3.05 {3, 3H): 3.42 {s, 1H):; 3.52 (1, 1H);
3.9 (d, 1Hy; 4.74 (4, 1H); 5.3 (g, 1H); 6.3 (d, 1H); 6.4-7.0

785 8
(m, 3H); 7.35 (d, 1H); 7.58 (d, 1H), 9.22 (5, 1H); 13.25 (s,
1H).

i=singlet; d =doublet; g=quartet; m= multiplet
EXAMPLE 3

N-Dehydro-4-deoxy-z-imino-3'-methyl-pyrido{1',211,-
2jimidazo[5,4-c]rifamycin §, from 1.54 g (0.002 mole)
of 3-bromo-rifamycin S ¢ 0.432 g (0.004 mole) of
Z-amino-3-methyl-pyridine. Yield: 1.05 g (67% of

theoretical).
0.V. Spectram: Amaz {mp) E]®
242 439
274 362
322 260
us 153
M Ll
4 )
510 36

LR. Spectrum: characteristic absorption bands were
abserved at the following frequencies (in cm—1): 3410
(b), 3340 (b), 2960 (s), 2920 (s), 2880 (w), 2840 (w), 1735
(s}, E710 (w), 1655 {5), 1620 (ww), 1598 (s), 1505 (5)

$=8trong b=broad woweak vwmvery weak

IH-NMP. Spectrum: characteristic resonance peaks
were observed at the following 8 (expressed as p.p.m.):
0.04 (d, 3H); 0.55 (d, 3H); 0.93 (d, 3H); 1.1-1.5 (m, 4H);
1.8 (8, 3H); 2.09 (s, 3H); 2.23 {3, IH); 232 (s, 3H); 2.48 (s,
3H); 2.7-3.3 (m, 2H); 3.13 (g, 3H); 3.52 (s, 1H); 3.62 (d,
LH); 4.1 (¢, 1H); 4.5 (d, 1H); 3.45 (g, 1H); 6.48 {d, 1H);
6.6-6.9 (m, H); 7.55 (d, 1H); .08 (d, 1H); .55 (s, LHD;
13.35 {5, 1H).

s=singlet; d=doublet; m=multiplet; g=quartet.

EXAMPLE 4

5'-Benzyloxy-MN-dehydro-4-deoxy-2-imino-
pytido[1',2:1,2)imidazo[5 4-clrifamycin S, from i.54
g (0.002 mole} of 3-bromo-rifamycin S and 1.6 g
(0.008 mole) of Z-amine-3-benzyloxy-pyridine. Yield:
0.840 g (46% of theoretical). M.p..198°-203* C. (with

decomposition). :
U.V. Specirum: Amax {mp) E}®,
43 36
74 e
120 238
420 95

LR Spectrum: chamcteristic absorpiion bands were
observed at the following frequencies (in cm—1): 3450
(b), 2980 (w), 2970 (5), 2920 (x}, 2920 (vw), 1730 (8}, 1750
(s). 1655 (s), 1625 (vw), 1595 (g), 1545 (), 1505 (a)-

b=broad; s=strong; w=weak; vw=very weak

IH.NMR Spectrum: characteristic resonance peaks
observed at the following 5 (capressed as p.p.m.): 0.08
(d, 3H}; 0.53 (d, 3H); 0.94 (d, IH); 1.1-1.6 (m, 4H); 1.82
(5 3H); 1.12 (s, 3HY; 1.2 (s, IH); 1.34 (3, 3H); 2.7-3.2 (m,
IH}; 3.15 (s, JH); 3.3-3.8 {m, 2HY; 4.10 (d, 1H); 4.88 (d,

1H); 542 (g, 1HY;, 5.9 (s, 2H}; 6.42 (d, 1H); 6.5-6.8 {m, :
3H); 6.9-7.2 {m, 2H); 7.3-7.8 {m, 5H); 9.14 (q, 1H); 13.39 /
(s, 1H). ’ :

s=xinglet; d=doublet; m=multiplct; g=quartet J‘

EXAMPLE 5 ~,

N-Dehydro-d-deoxy-2-imino-isoquinoline{2’,1:1,- (A
2Jimidezo[5,4c]rifamycin S, from 0.820 g (0.001
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was obtained which was taken up with chleroform and
n-hexene, The title campound separated, which was
recavered by filtration. Yield: 1.45 g (97% of theorsti-
cal}. M.p. 207°-12" C. (with decomposition).

U.V. Spectrum: Amax {mp) pl®
3 419
m i
a3 45
42 s
410 116

LR. Spectrum: characteristic absorption bands were
observed at the following frequencies (in cm—!): 3460
(b), 3340 (b), 2960 (s), 2930 (2), 2880 {w), 2850 (w), 1735
(s), 1710 {vw), 1655 (3), 1625 (w), L60O (s), 1505 (s).

b=broad; s=strong; w=weak; vw=very weak

IH-NMR Spectrum; characteristic resonance peaks
were observed at the following &{(cxapressed as p.p.m.):
0.02 (d, 3H); 0.5 (d, 3H); 0.9 (d, 3H); 1.77 {s, 3H); 2.04 (3,
3H); 2,26 (s, 3H}; 2.29 (s, 3H); 2.75-3.05 (m, 2H); 3.10 (3,
3H); 3.42 (s, TH); 3.58 (d, 1H); 4,01 (d, 1H); 4.32 {4, 1H};
5.37 (g, 1H); 6.34 (dd, 1H); 6.45-6.3 (m, 3H); 7.18 (m,
{H); 7.58 (m, 1H); 8.04 {d, 1H}; 9.50 (d, 1HY; 13.28 (s,
1H).

s=singlet; d=doublet; dd=doublet of doublet;
m=multiplet; gmquartet

I3 NMR Spectrum: characteristic resonance peaks
were observed at the following 8{expressed in p.p.m.):
7.36; 8.22; 9.58; 10.71; 14.14; 20.70; 21.43; 22.25; 34.24;
3645, 37.01; 39.75 S131; 73.94; 76.2; 76.91; 78B.38;
108.19; 169.99; 110.36; 111.40; 116.52; 117.79; 119.55;
120.7%; 125.01; 128.01; 128.32; 130.0%; 132.67; 138.67%;
139.99; 14240, 146.31; 146.64; 149.48; 171.22; 172.46;
172.60; 180.26; 181.82; 192.93.

EXAMPLE 13

25-Desacetyl-4-deoay-4-merthyl-pyride 1'2:1,2)

Imidazo [5,4) rifamycin 5V

A solution of 1.57 g (0.002 mole) of the compound of
Example § and 0.240 g of NaOH in 60 ml of methanol
was kepl at room tempernture for about three hours,
until disappearance of the starting compound [TLC-
monitorage; eluting system: CHCly/CH3;0H=23/2
{v/¥)]. The reaction mixture was then cxtracted with
300 ml of CHCh and the organic extract was first
washed with & 10% agueous solution of citric acid and
then with water to neatrality. After drying over sodium
sulfate and removing the solvent by evaporation, the
obtained residue was taken up with ethyl acetate. The
titie compound separated, which was recovered by
filtration. Yield: 10T g (729 of theoretical). M.p.
199*-200" C. {with decomposition).

U.V. Spectram: Amas (hp) El,',',,
2 443
260 308
232 274
e 12
m 93
436 118

LR Spectrum: characteristic absorption bands were
abserved at the following frequencies (in em—!): 3420
(b), 3330 (b), 2960 {s), 2920 (3), 2830 (5), 1735 (vw), 1725
(s}, 1633 (w), 1650 (w), 1630 (vw), 1593 (s), 1585 (vw),
1505 (w).

5

30

35

43

35

14

b=broad; s=strong; w,32 weak; vw=very weak

'H-NMR Specirum: characteristic resonance peaks,
recorded in CDCl4+-CD;0D, were observed ar the
following H{expressed as p.p.m.): -0.68 (d, 3H}; -0.20 (d,
3HY, 0.74 (d, 3H); 0.92 (d. 3H); 1.88 (5, 3H); 2.03 (s, 3H);
2.20 (8, 3HY; 2.538 (3, 3H); 3.0 (s, 3H); 2.75-3.95 (m, 4H};
4.75-5.14 (m, 1H); 6.00-6.5 (m, 4H); 7.05 (d, 1H); 7.48 (d,
1H); 8.40 (d, 1H).

s=singlet; d =doublet; m— multiplet

EXAMPLE 14
25-Desacetyl-N-dehydro-teoxy-2-imino—4'-methyl-
pyrido [1',2":1,2] imidazo [5,4-c] rifamycin §

This compound was prepared substantislly as de-
scribed in Example 12, starting from 0.740 g (0.001
mole) of the compound of Example 13. Yield: 0.720 g
(97% of theoretical). M.p.: 200°~5* C, {with decomposi-
tion),

LV, Spectrum: mar {my) BI%
24 )
260 3as
m 74
1o 2
m 9
04 138

LR. Spectrum: characteristic absorption bands were
chserved ot the following frequencict (in cm—1): 3400
{b), 2960 (s}, 2920 (s}, 2870 (g}, 1725 (x), 1635 (w), 1645
{w), 1630 (vw), 1593 (s), 1585 (vw), 1505 (s)

b=broad; s:=strong; w=weak; vwes very weak;

TH-NMR Spectrum: charatteristic resonance peaks
werte abserved at the following S(cxpressed as p.p.m.):
0.25 (4, IH); 0.42 {(d, IH); 0.65 (d, 3H); 0.90 (d, 3H); 1.76
(8, 3H); 2.20 (s, 6H); 2.48 (s, 3H); 3.15 {8, IH); 2.8-4.1 (m,
THY; 5.24 (q, 1H); 5-8-6.75 (m, 4H); 6.94 (d, 1H); 7.12(d,
{H); 9.25 (d, 1H}); 13.25 (s, 1H).
s=singlet; d =doublet; m=multiplat; g=quartet

By operating substantinlly according 10 the proce-
dure illustrated in the sbove examples, the following
compounds falling-within the scope of the general for-
mula I can be prepared.

A a R % Ry Ry
Al nlt CHO H A'-CH y—CH;—OH H
Ap ol CHyO H 4'CHy—CHz—CH20H H
Al ol CH3CO H --CH—CH;—N(CE): H
Ay ol CH}CO N +-CHp—NICHa) H
Ay ol CHCO H ACH—CH;—CHz—-N(CHaz H
Ay nil CHyOO -YCHp 4CH;=UHp-CHp—N(CHyp I
Ay ol CHyCO «4'-CiHy -5-CH—CH;—CH—OH H
Ay ml CHyCO -5-CHy -Y-CHy—CHr—N{CHi» H
Ay nl H H -¥-CHCH2—N(CHsh H
Ay ol H 4CHy  -TCH;CHEz—N(CHsh H
Ay bond CHHCQ H ACHyCHz=N{CH3}z nil
Ay bood CH3CO H 4 CH—CH;—CHp—N(CHy); il |
Ajp nil CH;CO H ANy H
Az bend CHyCO H 4 .NDn nll

The compounda of formula 11 were prepared accord-
ing to the method described in U.S. Pat. No. 4,179,438,
The substances of formula 111 are commercial products,

We claim:

1. A compound of formula

4,341,785

11
{s, 3H); 1.92 (s, 3H); 1.97 (5, 3H); 2.23 (s, 3H); 2.63 (s,
3H); 2.92 (s, 3H); 3.25-4.00 {m, 5H); 4.6-5.10 {m, 2H);
5.9-6.8 (m, 4H} 7.13 (g, 1H); 7.6 (g. 1H); 8.48 (g, 1H);
14,14 (s, 1H}); 16.65 (3, 1H)
s=singlet; d=doublet; m=multiplet; g=quartet

EXAMPLE ¢

5-Benzyloxy-4-deoxy-pyrido [1',2:1,2] lmidazo [5,4-]
rifamyecis $V, from 1.5 g {0.00167 mole} of the com-
pound of Example 4. Yield: 1.6 g (96.4% of theoreti-
cal). M.p. 175°-80" C. (with decomposition).

UV, Spectrum: Aooax (mu) 313
- s6E°
Py jiod
282 P}
m 194
115 100
m 129
@ 153
451 167

LR. Spectrum: characteristic absorption bands were
observed at the following frequencies {(in cm—1); 3520
(w), 3410 {w), 3310 (w), 3210 (w), 3140 (), 3060 (vw),
2960 (3), 2920 (), 1730 (vw), 1730 {vw), 1710 (w), 1650
{8} 1600 (w), 1575 {8), 1505 (s)

s=strong; waweak; vw=very weak

TH-NMR Spectrum: characteristic resonance penks
were observed at the following ${expressed as p.p.m.;
the spectrum was recorded in CDCl3+ CD30D): -0.65
(d, 3H); -0.25 (d, 3H); 0.73 (d, 3H); 0.90 (d, 3H); 1.92(s,
3H); 1.97 (s, IH); 2.02 (s, 3H); 2,28 (s, 3H); 2.83 (d, 1H);
1.97 (5, 3H); 3.1-4.0(m, 1H}); 4.5.5.2 {m, 2H)); 5.4 (s, 2H);
5.8-6.95 (m, 4H); 7.0-7.73 {m, TH); 8.21 {d. 1H)

s=singlet; d=doublet; m=multiplet

EXAMPLE 10
4Deoxy-isoquinolino [2°,1%:1,2] imidezo {5,4-¢] rifamy-
cin SV, from 0.410 g (0.0005 mole) of the compound

of Bxample 3. Yield: 0.400 g (97.59% of theoretical).
M.P.: 181°-86" C. (with decomposition)

U.V. Specteum:  Amax {mp) E]%,
153 §32
k-1 363
300 M6
30 290
342 120
430 120

LR, Specirum: characteristic absorption bands were
observed at the following frequencies (in em—1): 3440
(b), 3140 (b), 2910 (s), 2850 (w), 1700 (s), 1630 (b), 1610
(b), 1580 {w), 1555 (vw), 1535 (vw).

b=broad; s=strong; w=weak; vw=very weak

'H-NMR Spectrum: characteristic resonance peaka
were obierved at the following B{expressed as p.p.m.}:
.65 (d, 3H); 0.04 (d, IH);, 0.7 {d, 3IH); 0.88 (d, 3H); 1.5
(s, 3H), 1.92 (s, 3H); 2.02 (3, 3H); 2.27 (s, IH); 2.77 (d,
LH); 2.94 (s, 3H); 3.00-2.90 (m, 4H); 4.78 (d, 1H); 4.93 (q,
LH); 5.753-7.00 (m, 4H); 7.34 (d, 1H); 7.6-8.0 (m, 6H);
16.6 {m, 1H).

s=singlet; d mdoublet; m=multiplet; g=quartet

EXAMPLE 11
4-Deoxy-pyeido [1',2':1,2] imidazo (5,4-] rifamycin 5V

~

5

#

“

L

65

12
A solution of 2.32 g (0.003 mole) of 3-bromo-rifamy-
cin § in 50 ml of ethanol was added at room temperature
under stirring with 141 g (0.015 mole) of 2-amino-pyri-
dinc, The resulting mixture was kept at the samc tem-
perature for 4 hours until complete disappearance of
3-bromo-rifamycin S (TLC-monitorage, cluting system:
ethyl acetate), then it was added with 300 ml of ethyl
zcetate, After washing the organic phase with a 5%
aquecus solution of ¢itric acid and, subsequently, with
water to pH 7, and drying over sodium sulfate, the
solvent was evaporated off, the obatined residue was
dissolved in same ethanol and the resulting solution was
added with 20 ml of a 5% aqueous salution of 1(—)
ascorbic acid. The reaction mixture was kept at room
temperature for 15 minutes, added with 50 mi of CHCl3,
and subsequently washed with water to pH 7. After
drying over sodium sulfate and evaporating off the
solvent, the obtained residue was taken up with ethyl
acetate. The title product separated, which was recov-
ered by fittration.
Yield: 1.8 g (77.7% of theoretical). M.p.: 170°-75" C.
(with decomposition).

ULV, Spoctrm: Amax (mp) Bl

™ 321

258 il

291 b

I 122

30 160
L.R. Spectrum: characteristic absorption bands were
observed at the following frequencies (in cm—1): 3440

(b). 3300 (b), 3200 (b}, 2970 (5), 2930 (s), 2880 (w), 2820
(w), 1635 (3), 1605 (w), 1585 {w), 1575 (w), 1605 (3).
b=broad; s=strong; w=weak

IH-NMR Spectrum: characteristic resonance peaks
were cbserved at the following S{eapresscd a ppm):
-0.54 (d, 3H); 0.18 {d, 3H); 0.76 (4, 3H); 0.96 (d, 3H);
1.92 (s, 3H); 1.96 (3, 3H); 1.98 {3, IH); 2.27 (5, 3H); 2.88
(d, 1H); 3.00 (s, 3H); 3.34 (a, 1H); 3.66 (d, 1H}); 4.92 (4,
1H), 506 (m, IH) 3.5-5% (m, IH), 6.67.0 {m, IH)
7.1:74 (m, 1H); 7.6-8.0 (m, 2H); 8.39 (5, 1H); 8.66 (d,
TH); 13.8 (s, 1H); 154 (s, 1H).

s=ginglet; d=doublet; m=multiplet.

BCMNMR Spectram: characleristic resonance peaks
were olcrved at the following 8(expressed as p.p.m.}%:
6.98; 8.37; 10.84; 17.53; 20.41; 20.79; 21.29; 32.96; 36.93;
37.86; 33.56; $7.08; 71.82; 74.00; T6.8%; T1.87; 97.93;
104.23; 104.35; 108.94; 111.49; 11228; 114.96; 115.02;
115.31; 119.69; 123.33; 12542 128.31; 129.7%; 134.3);
137.06; 138.34; 141.97; 142.27; 135.14; 170.6]; 171.86;
171.98; 182.32; 188.79.

EXAMPLE 12

N-Dehydro-4-deosy-pyrido [1,2':1,2] imidaze (5.4<]

rifamycin 5

1 Gram of manganese dioxide was added to a sclution
of 1.5 g (0.00194 mole) of the compound of Example 11
in 30 ml of CHCly. The reaction mixture was Kcpt at
room temperature until disappearance of the starting
compound (TLC-monitorage; eluting system: ethyl
aoetate). The oxidizer was then removed by filtration,
the precipitate was washed with methanal, the metha-
nolic and chloraform phases were joined together and
washed with a 5% aqueoiis soluton of citric acid and
then with water to neutrality. After drying over sodium
sulfate, the solvent was evaporated off and a residue

N
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wherein hal stands for a halogen atom and R is
hydrogen or acetyl, with a molar excess of a com-
pound of formula

R’ Ry m

N NHz

where R and R; are 23 above deflned, in the pres.
ence of an inert organic solvent, at room tempera-
ture, for a period of time comprized between about
1 and about 4 hoors, whereby a compound of for-
mula 1 is obtained in which A is Az, R, R, and Rz
are 83 above defined, —x-~ is a covalent chemical
bond and R3 is ail, which can be transformed into
the carfesponding compounds of formuls 1
wherein A b8 A1, R, Ryand Rj are 23 above defined,
—x— {s mil and Rj stands for a hydrogen atom, by
tr with a soitable reducing agent, in an inert
organic solvent; said process being farther charac-
terized in that:

15"

30

40

45

30

6%
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{a) the compound of formula ] wherein A identifies
the structure Aj, R, R1amd R are as above de-
fined, —X— is nil and R} stands for a hydrogen
atom, is transformes into the corresponding
compounds of formula | wherein A isA, R, R,
and R acc a9 above defined, —zx— is & covalent
chemical bond and Rj represents nil, by treat-
ment wilth 4 suitable oxidizing agent selected
from manganese dioxide, lead tetracetate, di
chloro-dicuano-benzoquinone, 2.3,4,5-tetra-
chloro-benzoquinone,  2,3,5,6-tetrachioro-ben-
zoquinone and analogs;

(b} the compound of formula | whérein R i acetyl
and is converted mto the corresponding com-
pound of formula 1 whercin R is hydrogen, by
mild alkaline hyirolysis.

7. A process &3 defined in claim 6, wherein from
aboot 1 to about 8 molar equivalents of the compound
of formulp {II are used for each molar equivalent of the
rifamycin detivative of formula II

8. A prucess as defined in claim 6, whercin hal repre-
scats bromine or iodine.

9. A process as defined in claim §, wherein the or-
genic solvent is selected from the group consisting of
atiphatic alkanols from 1 to 4 carbon atoms and haloge-
nated hydrocarbons from [ to 2 carbon atoma.

10. A pharmaceutical antihacterial composition con-
taining, as the active ingredient, an antivacterial effec-
tive amount of a compound as defined In claim 1 in
admixture with one or more solid or liquid pharmaceu-
tically acceptabie carriers.

11. A pharmaceutical antibacterial composidon as
defined in clajm 10, wherein the active ingredient is
4-deoxy-4-methyl-pyrida[1°,2":1,2]imidazof4,5-c]rifa-
mycin SV.

12. A pharmaceutical antibacterial composition as
defined in claim 10, wherein the active ingredient is
4-deoxy-pyridof1’,2':1 2]imidazo[5 4-clrifamycin SV.

13. The method of trenting antibacterial diseases,
which comprises administering to mammals suffering
from said disease an antibacterial effective amount of a

compound as defined in claim 1.
@ & & w ¥

4,341,785

wherein:
A s

OH

=0

Ap ar Ap:
. 4

—x— i & covalent chemical bond or nil;

R is hydrogen of acetyl;

R and Rz independently represent hydrogen, (Cy-4)
alkyl, benzyloxy, mono- and di-{Cy_3} alkylamineo-
(C14) alkyl, (Ci-a)nlkoxy- (Cr4)alkyl, hydroxy-
methyl, hydroxy-{Ca4}-alkyl, nitro or R; and R,
taken together with two consecutive carbon atoms.
of the pyridine nucleus form a benzene ring unsub-
sututed or substituted by coe or two methyl or
ethyl groups; Rais a hydrogen atom or nil; with the
proviso that, when A is Ay, —x— is nil and Ryisa
hydrogen atom; with the furiher proviso that,
when A is A3, —x— is a covalent chemical bond
and Rjis nil,

2. A compound &3 defined in ¢laim 1, wherein A iz
A;or A3 as above indicated, —x— is a covalent ckemi-
cal bond or nil, R is hydrogen or acetyl, Ry and Rz
independently represent hydrogen, (Ci-a)alkyl, ben-
zylozy, hydroxy{Cas) alicy), diCi) alkylamino-
{C1) alkyl, nitro or Rj and Ry taken together with two
consecutive carbon atoms af the pyridine nucleus form
a benzene ring and R is & hydrogen atom or ail; with
the proviso that, when A is Ay, —%s— s niland Byit a
hydrogen alom; with the further proviso that, when A
is Ay, ~—x— is a covalent chemical bond and Rj i3 mil.

3. A compound as defined in chuire 1, whercin A is
A1 0r Aza3above indicated, «—~x— is a covalent chemi-
cal bond or nil, R is acetyl, R; and R; independeatly
represent hydrogen, (Ci1-4) alkyl or R and Rz taken
together with two consecutive carbon atoms of the
pyridine nuclcus form a benzene ring and Rj is a hydro-
gen atom or nil; with the provise that, when A i Aj,
—z~— is nil and Ry is 2 hydrogen atom; with the further
proviso that, when A I8 Az, —x— is a covalent chemical
bond and Ry is nil.
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35
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4. A compound as defined in claim 1, which is 4-
denxy-4'-methyl-pyrido{i*,2'-1,2]imidazo {3 4-cjrifamy-
cin 5V.
5. A compound zs defincd in cleim 1, which is 4
deoxy-pyrido [1°,2":1,2]imidazo [5,4-c) rifamycin 5V,
6. A process for preparing a compound of formula

Ry

wherein:
Al

on Q
n .
“ 4

—x— Is & cavalent ¢hemical bond or nil;

R is hydrogen or acetyl;

R and Rz independently represent hydrogen, (Ci)
alkyt, benzyloxy, mono- and di<{(Ci-3)al-
kylamino(Cr_galkyl, (Ci-s)alkoxy- (Cj-galkyl,
hydroxymethyl, hydroxy<Czy}alkyl, nitro or R;
and R3 taken together with two conscoutive carbon

atams of the pyridine nucieus form a benzene ring
unsubstituled or substituted by one or two methy]
ot ethyl groups; Rjis 2 hydrogen atom or nil; with
the proviso that, when A is Ay, —x— i n'.il and R3
is a hydrogen atom; with the further proviso that,
when A is A7, —X— is a covalent chemical bond
and R3 is nil, which consists of reacting a molar

amount of a 3-halorifamycin § of formula:
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(21) Application No. 10165/80  (22) Filed 9 Jul. 1977
(62) Divided Out of No. 1590731
(44) Complete Specification Published 10 Jun. 1981

(51) INT. CL*  CO7D 498/08
(COTD 498/08 273100 307/00)

(52) Index at Acceptance

C2C 1390 1450 1485 1530 1532 1590
1626 200 213 214 215 220 226
22Y 247 250 251 252 255 256 25Y
281 28X 30Y 313 314 31Y 323 326
327 328 32Y 332 338 339 342 346
34Y 351 352 354 355 360 362 364
365 366 367 368 36Y 373 376 37Y
385 394 396 39Y 510 51X 536 601
620 624 628 62X 62Y 643 650 656
657 658 667 672 677 67X 689 699
701 718 719 720 742 744 801 Fl
KN LY MB ME MF MG MV RR SF

(54) METHOD FOR PREPARATION OF RIFAMYCINS

(71) We, INTREPRINDEREA DE ANTIBIOTICE IASI, of Valea Lupului No. 1,
lasi, Romania, a Romanian body coporate do hereby declare the invention, for which we
g;ay that a patent may be granted to us, and the method by which it is to be performed, to

particularly described in and by the following statement:

This application relates to derivatives of 3-formylrifamycin 8V and to a method of
preparing same.

Many semisynthetic rifamycins are known but only one: 3-(4'-methyl-1'-
piperazinyliminomethyl)-rifamycin SV, known usually as rifampicin, has been applied in
therapy, exclusively as an antimicrobial agent and especially in tuberculosis treatment.

As far as is known, the clinical use of rifamycin has revealed a number of side-effects.
Research during prolonged treatment has revealed that in the liver, the selective solubility
of rifamycin in bile alters the hepatic cell content and raises the level of bilirubin in the
blood. At the same time resistance to rifampicin increases rapidly, thus restricting its use in
long term therapy such as is required in'antituberculous treatments.

Experimental investigations performed over the last few years have shown that
rifampicin has a limited potency in its antiviral, imunosuppressive and antileukaemic
properties, while other rifamycin derivatives exhibit higher potencies. :

From the literature are known many derivatives of 3-formylnfamycin 8V, which have in
position 3 of the rifamycin SV ring a -CH = N-R group, where R may be the group

R
—N< !
R,

or the group — NH — CO - R; or the group — O — R, where R;, Ry, Ry and R, may be the
same or different alkyl, acyl or aralkyl groups. :
These rifamycins can be prepared by condensing 3-formyl-rifamycin SV with a
nucteophilic reagent having an amino group, suitable for reaction with the carbonyl group,
the general formula of the nucleophilic reageng being IA: ‘

HN - R (1A)

where R is as defined above. U.S.A. Serial No. 3,342,810, and 3,865,812 and Canadian
Serial No. 966,481, Journal of Medicinal Chemistry Vol. 16 Nr. 10, pp. 1071-1075 and vol.
17, nr. 9 pp. 948-953). These procedures have some disadvantages.
Thus, using tetrahydrofuran as the reaction medium is disadvantageous by reason of its
high inflammability, and difficulty is encountered in the isolation of the final products.
Similarly, the use in some processes of a single solvent, such as tetrahydrofuran, benzene,
ethyl acetate, chloroform or dioxan as a reaction medium in which one of the two reactants
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famycin SV with a nucleophilic reactant of formula III or IV or V.

~ R s ]
HN-NC H,H-NH-CO-R?; H,N-O-R

(1) (Iv) 2

in which R!, R?, R* and R* are as defined above, the method being carried out in an organic
liquid reaction medium selected from aliphatic alcohols of 1 - 5 carbon atoms, halogenated
aliphatic hydrocarbons of from 1 - 3 carbon atoms, water and mixtures thereof and in which
a solution .of the nucleophilic reactant is added to a suspension of the 3-formylrifamycin
$.V. in the reaction medium.

The 3-formylrifamycin S.V. is reacted in crystaline form with the reaction medium
containing the nucleophilic reactant.

Advantageously the molar ratio of the nucleophilic reactant to the 3-formylrifamycin
S.V. is from 1.05:1 - 1.25:1.

Preferably also the condensation reaction is conducted at a temperature of from 5°C., to
the boiling point of the reaction medium.

The nucleophilic reactant is suitably in the form of a salt in which case the condensation is
prleferably conducted in the presence of an organic base in equimolar amount to ‘the said
salt.

Attention is directed to our copending Application No, 27782/77 Serial No 1590731 which
describes and claims novel semisynthetic rifamycins having a chemical structure according
to general formula 11

where R is

R
N< '
R,

or -NH - €O - R? or -O-R* in which R! is a hydrogen atom;

R? is an arylpyridazinyl group of which the aryl group is unsubstituted or substituted by
one or more alkyl groups or halogen atoms; a benzthiazolyl group; a 4-sulphophenyl group;
a phenyl group, unsubstituted or substituted by one or more alkoxy or aryloxy groups, a
substitited or unsubstituted arylthio group, or an arylsulphonyl group, or a pipendinyl
group unsubstituted or in which the nitrogen atom is substituted by an alkyl or aralkyl
group; or R? is a 2-hydroxypropyl, a 2-dimethylaminoethyl, a 3-dimethylaminopropyl, a
2,5-dihydroxybenzoyl, a gx-dihydroxybcnzoyl or a 1-phenyl-2-benzyl-1,3,4-triazolyl-5-
mercaptoacetyl group. } -

R? is a phenyl group, unsubstituted or substituted by one or more, acylamino or
aminosulphonyl groups; a heteroaromatic group containing nitrogen; a phenoxyalkyl
group, unsubstituted or in which the phenoxy group is substituted by one or more halogen
atoms or alkyl, aminosulphonyl, alkylaminosulphonyl or dialkylaminosulphonyl groups; a
benzhydryl group unsubstituted or substituted by one or more alkoxy groups.or a
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triazolomercaptomethyl group; or an ethoxy group; and R* is a haloalkyl group: -

These derivatives are solid crystalline substances, which are various shades of orange or
red colours, and which lg‘enerally decompose on melting. They are highty scluble in aliphatic
hydrocarbons and halohydrocarbons, soluble or s|i§htly soluble in lower alkanols, ketones,
aliphatic esters, aliphatic ethers, cyclic ethers and dimethylformamide, and insoluble or
very slightly soluble in aliphatic hydrocarbons and water. ' :

The new method of preparing rilyamycins avoids the disadvantages of previous known
procedures by the following:

- crystalline 3-formylrifamycin SV is added directly to a reaction mediom which
contains the nucleophilic reagent suitable for the carbonyl group, or is suspended in a liquid
and then is added to the nucleophilic reagent solution; :

~ in order to increase the reaction rate, to obtain purer products and to reduce the
dangers related to inflammability, there are used as the reaction medium lower aliphatic
alcohols with 1 to 5 carbon atoms, especially ethyl alcohol, alone or in admixture with
halogenated aliphatic hydrocarbons with 1-3 carbon atoms (especially dichloromethane)
and 1n some cases water (up to 10% by volume), thus permitting high concentrations of the
reactants; . :

- in order to ensure the complete conversion of 3-formylrifamycin SV, the nucleophilic
reagent is used in a ratio of 1.05 to 1.25 mole to 1 mole of 3-formylrifamycin SV.

— the condensing step is conducted at a temperature range between 3°C and the reflux
temperature of the solvent until total condensation of 3-formylrifamycin SV is achieved;

- the nucleophilic reactant may be used also as the salt form, in which case an organic
base is added in an approximately stoichiometric quantity. '

- the isolation of high purity reaction products may be performed by precipitation from
the solvent system used, possibly modified by partial removal of one component and/or by
water addition.

The invention will now be described, by way of illustration, in the following Examples.

EXAMPLE 1
3-[3'-(3",4"-dimethylphenyl)-pyridazinyl-6'-hydrazonomethyl]-rifamycin SV.

To a solution of 257 mg (1,2 mmol) 3-(;’,4'-dimethylphenyl-ﬁ-hydrazinopyridazine in
10 ml ethanol, heated at 45°C, are added 34 mg of 3-formylirifamycin SV, 99% purity,
(1 mmol) with stirring; the solution is kept 5 minutes at 45°C at which time crystallization
begins. Cool to 20"(% and after 2 hours filter off the product. -

The crystalline product is washed with ethanol and dried. Results 790 mg crystalline, dark
red coloured product; the yield is 85%. ' -

The residual filtrate is treated with 3 ml water and yields 90 mg crystalline product,
similar in chromatogram to the main product; Overall yield is 95%. ~ ) v
A sample recrystallized from ethanol has melting point 200-203°C (with d(g’compositlon) and
sho“('s 1agtgsr:n*ptiﬁm)l maxima in U.V. and visible range at 356 nm (E;% = 331) and 487
nm (E, 7 = 168).

In alf;%ralle! experiment using 235.5 mg (1.1 mmol) of hydrazine compound, the final
product contains 3-formylrifamycin SV.

EXAMPLE 2 . , : ) .
3-[3'-(p-chlorophenyl)-pyridazinyl-6'-hydrazonomethyl-Jrifamycin §V.

The working procedure is similar to that described in Example 1, using 265 mg (1.2
mmol) 3-p-chlorophenyl-6-hydrazino-pyridazine; and there is obtained 740 mg cherry-red
or brown coloured product; the yield is 80%.

A sample recrystallised from ethanol has a melting point of 191 . . . . 203°C (with
decomposition) and shows absorption maxima in U.V. and visible range at 358 nm
(E% = 337) and 487 nm (E!Z = 168).

EXAMPLE 3

3-{3'-(p-isopropylphenyl)-pyridazinyl-6'-hydrazonomethyl]-rifamycin SV. -
The working procedure 1s similar with that described in Example 1, using 251 m% (1,

mmol) of 3-p-isopropylphenyl-6-hydrazinopyridazine; and there is obtamned 880 mg

crystalline red brick coloured product. The yield is 93%. :
A sample recrystallised from ethanol has a melting point of 202 . . . . 205°C and shows

absorption maxima in U.V. and visible range at 358 nm (E!% = 291) and 487 nm

(Bl = 164.5).

EXAMPLE 4
3-{Benzthiazolyl-2'-hydrazono-methyl)-rifamicin SV, .
In 7 m! of ethanol there are dissolved, in warm conditions, 173 mg (1.05 mmol) of
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benzthiazolyl-2-hydrazine, 734 mg of 3-formylrifamycin SV of 99% purity (1 mmol} are
added and after dissolution the reaction mass is kept for 5 minutes at 40°C. By subsequent
addition of 1.5 ml water, which is added stepwise over a period of time, a crystalline
roduct separates which, after cooling to room temperature and standing for 1 hour, is
ltered off, washed with aqueous ethanol, and dried under vacuum. There is obtained 720
mg of crystalline dark red cherry product: the yield is 82%.

The product has the melting range of 193-197°C (with decomposition) and shows
?Eﬁ%rpnon ;?jxima in U.V. and visible range at 360 nm (E.Z = 291.5) and 494 nm

m = 179.5). '

EXAMPLE 5
3-(phenoxyacetylhydrazonomethyl)-rifamycin SV
(reaction in ethanol) .

To a solution of 174 mg (105 mmol) phenoxyacctohydrazide in 5 ml cthanol at
approximately 40°C is added under stirrinE 726 mg 31 mmol) 3-formylrifamycin $V. Aftera
few minutes crystallisation of the product begins and the solution is kept for 3 hours at room
temperature before filtering. The Iproduc:t is then rinsed with alcohol and dried. There is
obtained 810 mg of dark red coloured product. The yield is 92%. ‘

A recrystallised sample from ethanol has a melting point at 160-164°C (with decomposition)
and shows absorption maxima at 336 nm (Ei% = 290) and 478 nm (E}% = 164).

EXAMPLE 6
3-(isonicotinoylhydrazonomethyl)-rifamycin SV
{reaction in methanol). :

To a solution of 151 mg (1.1 mmol) isonicotinohydrazide in 6 m! methanol at 45°C is
added 726 mg (1 mmol) 3-formylrifamycin SV, under stirring. o

The mixture is kept for 15 minutes, at 45 - 50°C, when the absence of 3-formylrifamycin
SV can be confirmed, and then cooled down slowly to room temperature.

The crystallisation is improved by gradually adding 1 m! water and stirring for 2 hours,
The mixture is filtered, then, the crystatline red coloured product. The yield is 85%. A
sample recrystallised from ethanol decomposes at 200 - 205°C and shows absorption
maxima at 337 nm (E}® = 287) and 483 nm (E|%X = 166.5).

- -After performing the condensation with an equimolar amount of hydrazide, one can
observe chromatographically the presence in the reaction medium of the dimethylacetal of

‘3formylrifamycin SV which disappears when extra amounts of hydrazide are added.

EXAMPLE 7
3-(nicotinoylhydrazonomethyl)-rifamycin SV.

The procedure is similar to that of Example 6, using 144 mg (1.05 mmol) nicotinohydra-
zide dissolved in 15 ml methanol, and for completion of crystallisation are added 3.ml
water. There is obtained 680 mg crystalline, bright red coloured product. The yield is 80%.

A sample recrystallised from dimethylformamide-ethanel-water has meitjné point at
200-24°C (with decomf)osition) and shows absorption maxima at 338 nm (E}% = 285)
and 483 nm (E}2 = 165).

EXAMPLE 8
3-(p-chlorophenoxyacetylhydrazonomethyl)-rifamycin SV.

The working procedure is similar to that described in Example 6. 210 mg (1.05 mmol) of
p-chlorophenoxyacetohydrazide is dissolved in 10 ml of methanol and the product is
precipitated with water (2.5 ml).

There is obtained 770 mg of crystalline, dark red coloured product. The yield is 84%.
Melting point is 156-160°C {with decomposition) and shows absorption maxima at 333 nm
(E}% ="270) and 486 nm (E}% = 152).

EXAMPLE 9
3-{o-chlorophenoxyacetylhydrazonomethyl)-rifamycin SV. _

The working procedure is as described in Example 5, using 210 mg (1.05 mmol) of
o-chlorophenoxyacetohydrazide. After cooling, the product is precipitated in crystailine
form by stepwise addition of 1.5 ml water.

A sample recrystallised from cthanol has a melting point at 191 - 193°C (with
cé;lri%mposli;i;))n) and shows absorption maxima at 335 nm (E!* = 277) and 477 nm

lem — .

EXAMPLE 10
3-(o-chloro-a-phenoxypropionylhydrazonomethyl)-rifamycin SV,
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