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DILIA RODRIGUEZ D’ALEMAN, en mi condicion de apoderada de la sociedad
solicitante, por el presente escrito doy respuesta a su auto notificado por estado de 18
de febrero de 2005, para el cual se presentd solicitud de prorroga y vence el 18 de

agosto de 2005 y me permito presentar las siguientes aclaraciones:

La solicitud de patentes en cuestion se dirige a un proceso de obtencion de un producto
y se titula “PROCESO PARA PREPARAR CLOPIDOGREL". EI objetivo de un proceso
quimico es siempre desarrollar un proceso mejor o mas eficiente, con una alta
productividad, una mayor simplicidad operacional (por ejemplo, cristalizando el isémero
deseado en el primer paso), lo cual se logra reduciendo el nimero de pasos incluso
alterando la secuencia de los pasos ya conocidos, incrementando la produccién global
al igual que mejorando la produccién de cada paso individual, supérando los
inconvenientes del proceso existente, disefiando condiciones de reacciéon moderadas,
proporcionando productos limpios con menos productos colaterales e impurezas,
suministrando un producto éptimamente puro sin ninguna contaminacién, reciclando los
isdmeros indeseables y por ende reduciendo la generacion de residuos lo que se
traduce en un prdceso amigable al medio ambiente, evitando tediosas cromatografias
de columna, disefiando condiciones de reaccién para reducir el tiempo de reaccion,

disefiando una combinacién de reaccién mas segura que usen menos reactivos al azar
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e igualmente las condiciones de reaccién sean menos severas, etc.

Cada uno de los objetivos mencionados anteriormente contribuye a una mejor
efectividad en los costos y hacen que el proceso quimico sea comercialmente viable.
Por consiguiente, el éxito en uno o mas de los anteriores objetivos son considerados
mejoras significativas sobre cualquier proceso existente. Si uno o mas de los objetivos
citados son logrados por un proceso no obvio se considera que el proceso tiene un
merito inventivo y por tanto se convertirian en materia sujeto de patente. Asi las cosas,
a continuacién suministramos nuestros argumentos para establecer la no obviedad del
proceso inventado y reivindicado en la solicitud 03-055750.

El opositor PROCAPS afirma que la presente invencion carece de nivel inventivo y
deberia ser considerada obvia basandose en los documentos:

D1: Burgos et al. Journal of Labelled Compounds and Radiopharmaceuticals.
Volumen 43, No 9, August 2000, Pages: 891-898.

D2: Patente US4.529.596.'

El articulo D1 describe un método para preparar [benceno —-U-13C]-rac-clopidrogrel
por orto-metalacion/clorinacion de derivados &cido benzoico usando la sintesis de
Strecker.

Aunque podria parecer que el documento D1, ensefia la invencion reivindicada, lo que
se plantea a continuacién deja en claro que dicho documento se encuentra lejos de
ensefar las caracteristicas novedosas de la invencion reclamada.

Si bien es cierto que en la solicitud en analisis, los inventores han utilizado la sintesis
de Strecker como base para preparar el compuesto de férmula (IV), lo que hace que
aparentemente tal proceso parezca haber sido ensefiado por el documento D1, concluir
que el documentos D1 preveia la invencion solicitada, como lo establece PROCAPS

resulta un juicio a priori e incorrecto como se demuestra a continuacion.

Basandose en dicha similitud, PROCAPS argumenta que dicho documento describe un

método para producir Clopidrogel por reaccion de un aldehido con tienopiridona en la
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presencia de acetona cianohidrina para formar el compuesto que es hidrolizado y
esterificado con MeOH, y que D1 menciona que la acetona cianohidrina esta en
equilibrio con acetona y el HCN. De acuerdo con lo expuesto, PROCAPS establece
que la diferencia de D1 con la presente solicitud es el paso extra de resolucion (paso
4), y al respecto sefiala que ese paso no hace que la invencion sea inventiva toda vez
que segun PROCAPS éste es un método general en el estado de la técnica para
separar enantiomeros por resolucion.

Contrario a lo expuesto por PROCAPS, consideramos que tal correlacion no es
correcta y el nivel inventivo de la presente invencién se vincula a algunas
modificaciones Unicas y no obvias en el proceso de preparaciéon y no en el paso de
resolucién como lo establece el opositor. En este orden de ideas, centraremos nuestra
discusion en las modificaciones relacionadas con la sintesis de Strecker, la conversion
de nitrilo a ester via amida y el paso de resolucion.

1. Sintesis de Strecker

La reaccién de Strecker es una reaccion ampliamente conocida como se puede
apreciar en los escritos:

1. Strecker, Ann, 75, 27 (1850)

2. Strecker, Ann, 91, 349 (1854)

3. Liebigs Ann.Chem., 1565, 177 (1870)

Ver Anexo l.

Una primera diferencia entre el documento citado y la invencion es que en el proceso
reportado en D1 la- acetona cianohidrina ha sido usada como fuente de cianuro
mientras la invencién reivindicada se refiere a un proceso que usa NaCN o KCN como
fuente de cianuro. El uso de NaCN y KCN como fuente de cianuro también es
conocido desde hace mucho tiempo. Incluso, el uso de NaHSO3 en tales reacciones

es también conocido desde hace algunas décadas en el estado de la técnica.

Sin embargo, el citado estado de la técnica D1 presenta algunos serios inconvenientes
como son:
A. Baja productividad. 31%

MY
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B. Presencia de impurezas formadas a partir de amina ciclica y acetona
cianohidrina (paginas 894-895)
C. Uso de columna de cromatografia por separacion

D. Escalamiento de la sintesis. El producfo aislado es solo 744 mg.

@ Por el contrario, la invencion reivindicada supera estos problemas y tiene las siguientes
ventadas:
. A. Muy alta productividad. 97% como se observa en el ejemplo 1.
B. No hay formacion de impurezas partir la fuente de cianuro.
C. No requiere columnas de cromatografia. |
D. Escalamiento de la sintesis. 24g de producto aislado (ver el ejemplo 1). De
hecho la sintesis ha sido hecha a nivel de kilogramos.

Ei solicitante igualmente ha empleado variaciones de la sintesis de Strecker (ver

ejemplos 1 a 9) con reactivos, solventes y cada una de ellos reportaron una prodi;lcci(’)n

diferente pero todos coinciden en que dicha productividad es mucho mayor que la

.l) reportada en el estado de la técnica. Por consiguiente, es posible afirmar que el

% N ") solicitante ha usado de manera ventajosa ideas y conceptos ya conocidos parg

oo desarrollar un mejor proceso, el cual de manera sorprendente, inesperada y no obvia

tiene una mayor productividad, no presenta impurezas y reduce los pasos necesarios

para la obtencién del producto ya que no requiere que se realice la etapa de una
cromatografia en columna como necesita el proceso reportado en D1.

Teniendo en cuenta lo expuesto la invencion reivindicada muestra propiedades
mejoradas inesperadas que no estan presentes en el estado de la técnica. (Patent Law
Basic. Rosemberg. West Group, paginas 6 a 7; Anexo ll) Claramente se puede
apreciar que las propiedades mejoradas del proceso de la invencion reclamada son,

mejor produccién, reacciones mas limpias sin impurezas y simplicidad operacional.

Partiendo de lo expuesto subrayamos que el hecho que un proceso mejore
considerablemente la productividad o reduzca la presencia de impurezas en el producto
deseado medianfe modificaciones menores de sus reactivos, condiciones de reaccion,
etc es un motivo suficiente para que el proceso reclamado sea considerado no obvio y

por tanto, patentable como se puede corroborar en los siguientes ejemplos de patentes

B\

IS
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concedidas para procesos que con una pequefia variacion mejoran su productividad y/o
sus propiedades.

Anexo lll.  US 6.355.827, Komoschinski et al, describe un proceso mejorado para la
preparacion de 2-cianoindan-1-onas donde el solvente MeOH ha sido reemplazado por
DMF:H,0 y la produccion fue mejoradas de 70% a 95%.

En la presente invencion, la produccion ha sido mejorada de 31% a 97%.

Anexo IV. US 6.201.135, Maywald et al, describe un proceso de separacion de
impurezas a partir de 3(2'-acetoxi-etil-dihidro-2(3H)-furanona, basado en un proceso
conocido pero que usa un proceso de purificacién distinto para obtener el producto
puro.

De manera similar, a través de la presente invencion, se obtiene un producto puro sin’

que el proceso incluya un paso adicional de purificacion.

Anexo V. US 6.037.503, Oren et al, describe un proceso para la preparacion de p-
fluorofenol, donde la fuente del idn hidroxil ha sido cambiada de Ca(OH): a NaOH con
miras a minimizar impurezas, y de manera inesperada se logro una alta conversion y
una reaccién limpia.

La invencion reivindicada también basa su aporte en el cambio de la fuente de CN de
aetona cianohidrina como reporta el estado de la técnica mas cercano a NaCN o KCN
con el fin de eliminar impurezas y el resultado logrado de manera inesperada es que se

alcanza una alta conversién y por ende, una mejor productividad y una reaccion limpia.

Anexo VI. US 6.107.490, Murthy et al., describe un proceso para prepara 4-metil-5-
hidroximetil imidazole, donde el medio de reaccion ha sido cambiado de base/agua a

K2CO3/isopropanol y de este modo se mejora la produccion.

El opositor cita los comentarios del autor del documento D1 sobre el hecho que la
acetona cianihidrina permanece en equilibrio la acetona con HCN, con este comentario

el opositor probablemente trata de establecer que es el grupo CN® el grupo reactivo y
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como dicho grupo estad presente tanto en la anterioridad como en la solicitud en

analisis, la invencion resulta obvia.

Nuevamente, el solicitante desea enfatizar en la obviedad y el conocimiento de que en
la reaccion Strecker es bien sabido que el grupo reactivo es CN®. Pero este no es el
conocimiento que reivindica la solicitud 03-055750. La diferencia entre estos procesos
no esta dada por CN® que es el grupo reactivo, la diferencia la marca una apropiada
seleccién de la fuente del i6n CNY, que al utilizar como fuente NaCN o KCN
proporciona efectivamente resultados inesperados como los que se mencionaron

anteriormente.

2. Conversion de nitrilo a ester via amida
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De acuerdo con Burgos (documento D1), la conversion no fue llevada a cabo a traves
de la saponificacion del nitrilo a amida, ya que el autor de dicho articulo plantea que
esta ruta tiene problemas de reaccion retro-Strecker (ver pagina 895 del documento
D1). De ahi que Burgos realiza una hidrélisis promovida por HCI a amida en orden de

evitar la reaccion retro-Strecker y finalmente produce una menor cantidad de producto.

De manera contraria, la invencién reivindicada define un proceso modificado donde la
saponificacién del nitrilo (1) con KOH-t-BuOH produce amida (ll) y aumenta la
productividad (94%) y sin ninguna reaccion retro-Strecker (ejemplo 10 de la solicitud

colombiana). La alta productividad y la limpieza de la reaccion es un hecho

o
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sobresaliente. También, el ejemplo 18 (con KOH/isopropanol) de la solicitud en analisis
describe un proceso donde el producto precipita puro a partir de la mezcla de reaccion
sin extraccion, simplemente adicionando agua, lo cual ofrece una ventaja de
simplicidad operacional.

Ademas, el problema que plantea el proceso de Burgos es que requiere de largo
tiempb (48 horas) y secado azeotrépico de la masa de reaccion (ver pagina 497),
mientras el pfesente proceso de reaccion requiere tan solo de 3 horas (ejemplo 10 de
la descripcién) y ofrece considerables ventajas de simplicidad operacional, donde el
producto deseado precipita por simple adicion de agua y sin necesidad de ninguna
etapa de extraccion. Todos estos temas: tiempo, simplicidad operacional, pureza y

eliminacion de etapas de extracciéon indudablemente marcan un factor importante en

. relacién con la productividad y la viabilidad comercial. Como se puede apreciar tales

ventajas de simplicidad operacional no fueron divulgadas en ninguna referencia del
estado de la técnica.

En este orden de ideas, nos gustaria llamar la atencién sobre el hecho que la invencion
reivindicada en la solicitud 03-055750 soluciona los problemas visualizados en el
estado del arte y mejora significativamente el proceso mediante modificaciones a las
reacciones que en el estado de la técnica habia sido establecidas como no viables, y
por ende, dicho estado de la técnica habia tratado de evitar. Esto claramente es la
antitesis de lo obvio, pues no obvio seguir el cami.no que el estado de la técnica habia
declarado no viable y mediante dicha via mejorar el procedimiento. Ademas, para que
la presente invencion sea obvia debe haber indicios razonables para esperar o prever
el resultado, y a partir del estado de la técnica descrito lo que preveia es que no
funcionaba utilizar este procedimiento. Es decir, en el presente caso el estado de la

técnica desanima el uso de saponificaciéon para obtener la amida.

3. Resolucion:

PROCAPS sostiene que el paso de resolucion (paso 4) es obvio y puede ser llevado a
cabo por cualquier persona versada en la materia. Dicha afirmacién es errada como se
aprecia a partir de los siguientes argumentos:
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Un principio quimico bien conocido por cualquier experto en el estado de la técnica es
que una mezcla racémica puede ser resuelta en sus antipodos épticos. Asi que no hay
novedad en el hecho que la mezcla sea resuelta. La novedad se liga al establecimiento
del agente de resolucién adecuado.

Ademas, las técnicas de resolucion son bien conocidas en el estado de la técnica. Sin
embargo, predecir cual isémero sera resuelto con cual agente y las condiciones de
reacciéon es una tarea ardua, como se expresa en las paginas 201-202 del anexo VI
que establece que el disefio de agentes que resuelvan estas mezclas representa una
mayor complejidad comparada con el disefio de medicamentos desde que el disefio de
agentes de resolucion debe predecir el cristal, algunas veces es mas complejo que el
disefos de interacciones medicamento/receptor. Respecto a la prediccion para escoger
el agente de resolucién correcto, Sheldon concluye que un analisis objetivo del estado
actual de la técnica lleva a la inevitable conclusion que aungue hay considerables
progresos en este sentido, falta un largo camino para lograr racionalizar los disefios de
resoluciones, por ahora todo se limita a una cuestion de intuicion.

La resolucidon como ciencia no ha sido perfeccionada a un nivel donde uno pueda
extrapolar o predecir el resultado de una u otro. Aunque uno podria estar motivado a
tratar algiin agente de resolucion estandar para la resolucién, basado en el estado de la
técnica, porque “es obvio” ensayarlo, pero el estado de la técnica también sugiere que
no hay garantias de éxito en tales ensayos. Ademas, el estado de la técnica no da
ninguna indicacién sobre cuales son los parametros. (solventes), con o sin agua,
temperatura y duracién del calentamiento, rata de enfriamiento, etc, y finalmente,

cuales agentes de resolucién son criticos.

En el mundo de los compuestos activos opticamente/quiralidad, la probabilidad de no
poder predecir es tan alta, que es imposible predecir cual antipoda quiral de la pareja
nitrilo (dextrogiro o levogiro) o cual antipoda quiral de la pareja amina (dextrogiro o
levogiro) podria resultar en S (+)-Clopidrogel dextrogira, porque no hay una conexion
directa entre la orientacién espacial de los grupos y la direccién de la rotacion optica.
Entonces, fue necesario resolver la amida racémica en isémeros dextrégiros puros (+)
(ejemplo 31 de la descripcion) e isomeros levégiros puros (-) (ejemplo 34 de la
descripcién) e idear que la amida destrogira (+) produzca clopidrogel (+) (ejemplo 35 de
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la descripcion)

Este aspecto de la invencién no tiene precedentes y es impredecible basado en el
estado del arte.

A continuacién hacemos referencia a literatura que soporta nuestros argumentos

relativos a la extrapolacion debida a la naturaleza analoga de los sustratos:

En el libro de Sheldon, anexo VII, pagina 190, donde la fenil glicina es resuelta con el
acido alcanfor sulfénico (CSA) en el famoso proceso Andeco para D-fenil glicina, pero
una simple sustitucién de p-hidroxi en la fenil glicina (pagina 200), la resolucion requirio
de un nuevo y Gnico agente de resolucion (+) acido fenil etano sulfénico (PES), ademas
inventando un medio de reaccion de resolucion totalmente diferente (solvente,
concentracién, temperatura, etc). Esto claramente soporta el argumento que uno no
puede extrapolar o predecir la resolucion mediante la naturaleza analoga de los
sustratos.

Similarmente, la estrategia de resolucion de compuestos de cadena abierta no puede
ser extrapolada a partir de sus analogos de cadenas cerradas. Entonces, en el caso de
resolucion de varios intermediarios de Dlitiazem, resolucione exitosas son reportdas
para los compuestos de cadena abierta, por ejemplo con Lisina y a-metil benzil amina
respectivamente, mientras ninguna resolucién es reportada par productos ciclicos
(Anexo VIII).

Nuevamente se encuentra que aun cuando haya sido reportada la resolucion para
analogos de cadena abierta en el estado de la técnica, no es posible extrapolar que la
resolucion de sus analogos ciclicos sera exitosa.

De otra parte, PROCAPS establece que la reivindicacion 4 de la presente invencion
carece de novedad por la informacion del ejemplo 5 de la patente US 4.529.596. Sin
embargo, el citado ejemplo describe un proceso para preparar el acido a-[4, 5, 6, 7-
tetrahidro-tieno-[3,2-c]-5-pirridil]-o-clorfenilacético a partir del correspondiente
compuesto éster usando hidrolisis alcalina. Sin embargo, nuestro método de preparar

el acido (lll) como se reivindico en la reivindicacién 5 de la descripcion, es por hidrélisis

76?
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del correspondiente ciano compuesto (IV) en presencia de un apropiado catalizador

acido/basico, en un adecuado solvente.

CN v ‘ COOH
N i ' o - %)
s - 8

W @a@ae) | A @ar(er

Como se obra en las reivindicaciones, la solicitud no reivindica propiedad sobre el
compuesto de formula (Ill), que por cierto es am'pliamente conocido como el primer
metabolito del Clopidrogrel. El proceso de preparacion del (lll) de acuerdo con la
presente solicitud no es en ninguna forma ensefiado por el ejemplo del estado de la
técncia. Asi que ninguno de los documentos citados afectan la novedad del proceso

reclamado, el cual es unico. |

PROCAPS sostiene que la hidrélisis de ciano a acido es ensefiada por dicho ejemplo
que muestra la hidrélisis del correspondiente acetato, tornandolo en obvio para
cualquier persona versada en la materia. En efecto PROCAPS sostiene que los grupos
acetato y ciano son intercambiables y reemplazables, y un experto en la materia podria

l6bgicamente reemplazar uno con el otro para obtener los mismos resultados.

El solicitante se opone rotundamente a dichos argumentos puesto que el procedimiento
puede parecer un mero reemplazo, cuando cualquier persona experta en sintesis
quimica responderia que es todo lo contrario, como se puede establecer a

continuacion:

El grupo ciano y el grupo éster son de clases totalmente diferentes aunque ambos
experimenten hidrélisis para producir un acido, ellos difieren significativamente en su
mecanismo de hidrélisis, su cinética de hidrélisis, sus selectividad y especificidad y en
su habilidad para sufrir hidrélisis en una condicién particular.

Asi las cosas, discutiremos a continuacién cada uno de estos puntos:

=  Mecanismo de hidrélisis.
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Es bien conocido que un grupo éster hidroliza directamente a un acido, por ejemplo
RCOOMe + OH =~ RCOO" (Anexo IX, pagina 378)

De otra parte, la hidrélisis del grupo ciano ocurre a través de la formacion de un

intermediario de una amida:
R-C=N +H,0 _H'°O%H” _ RCONH,
Que subsecuentemente es hidrolizado al correspondiente acido carboxilico. (Anexo X)

Entonces, es claramente evidente que el mecanismo de hidrélisis es diferente para un
éster que para un grupo ciano, incluyendo diferente intermediario. En realidad, es

posible controlar la hidrélisis y obtener una amida, que es lo discutido a continuacion.

Adicionalmente, también es conocido que el equilibrio de hidrélisis éster es hacia el

producto mientras el equilibrio de hidrélisis ciano es hacia el reactivo.
= Cinética de la hidrdlisis.

Ya que la hidrélisis del grupo ciano ocurre a través de la formacion de un intermediario
de la amida se apreciara que la rata de hidrélisis de la mida determinara inicialmente la
rata de hidrélisis del grupo ciano.

Se encuentra bien establecido que la reactividad relativa del grupo amida es casi 100
veces meson que la correspondiente al grupo éster. (Pagina 472-473 del Anexo Xl)
Entonces, la facilidad y reactividad de ciano hacia la hidrélisis son menores
comparadas a la del grupo éster. Por lo tanto, la afirmacién de que si un sustrato
particular experimenta hidrélisis por su grupo éster y por tanto, debera tener una
hidrélisis similar en correspondiente grupo ciano no es correcta desde el punto de vista
de la cinética de la reaccién. De hecho, cualquier persona experta en quimica organica
confirmaria que en la mayoria de los casos la hidrolisis del grupo ciano es dificil y
presenta problemas, y si el grupo ciano es hidrolizado, esto requiere de condiciones

drasticas.
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Nuevamente, la reaccion de hidrélisis esta caracterizado cinéticamente por valores pp
Pm, P Y P°R. Los valores para el grupo ciano son sustancialmente diferentes a los
valores del grupo éster (Anexo XI). Esto también soporta nuestra afirmacion que los
dos grupos acttan diferente durante la hidrélisis y el mero hecho que el grupo éster de
un sustrato particular sufra hidrélisis no permite extrapolar que un derivado ciano del

correspondiente sustrato también sufra hidrolisis.
= Selectividad y especificidad.

En general, un grupo ciano no puede ser remplazado por un grupo éster. En un solo
sustrato donde ambos grupos estan presentes, el grupo éster reaccionara
preferiblemente en muchas circunstancias. Entonces, en un sustrato donde estén
presentes tanto el grupo ciano como el grupo éster, el éster puede ser removido’
preferencialmente (Anexo Xll) Esto soporta nuestro argumento que el grupo ciano y el
grupo éster son dos unicos y especificos sustitos, que reaccionan con diferentes
reactivos de manera diferente y normalmente la reactividad de los grupos éster es mas
alta que la del grupo ciano.

= Habilidad para sufrir hidrélisis en una condicién particular.

Una prueba adicional de que un grupo éster y un grupo ciano no hidrolizan
similarmente y que uno no puede remplazar el uno por el otro sobre el mismo sustrato
es suministrada por la sintesis clasica de vitamina B12 (Anexo XIll). En la pagina 132
el esquema de sintesis para la preparacion de la vitamina B12 (-) es descrito. Al inicio
el material es acido cobirinico abcdeg hexametiléster f nitrilo (96), que contiene 6
grupos éster (CO2Me) y un grupo ciano sobre la parte externa del esqueleto alquilo.
Sin embargo, como puede observarse en este sustrato, una hidrélisis acida usando
H,SO, concentrado lleva a que solo el grupo ciano consiga hidrolizarse al
correspondiente &cido a través de la formacion del intermediario amida (97),

manteniendo todos los seis grupos éster intactos.

Entonces es claro que un grupo ciano y un grupo éster cuando estan presentes en el
mismo sustrato sufren hidrélisis diferentes y uno no puede sustituir un grupo con otro
para obtener el mismo resultado.
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En este orden de ideas y sin animo de instruir sobre como debe realizarse el examen
de patentabilidad, nos gustaria establecer que muchas de las invenciones parecen ser
obvias una vez han sido hechas. Sin embargo, si se miran los problemas que existian
antes de su desarrollo y la solucién ingeniosa que permitié superarlos es evidente que
se encuentran lejos de resultar obvios. Estudiosos de este aspecto, como Lord Russel
(Anexo XIV) dicen que “No hay nada mas facil que decir, luego del hecho, que la cosas

era obvia y no incluia invencion”.

En el presente caso es claro que en circunstancias normales, la hidrélisis del grupo
ciano no es muy superficial y requiere de condiciones drasticas. Sin embargo, el
presente invento ha mostrado un método superficial y facil de hidrolizar un sustrato,
que tiene algunos efectos benéficos para la totalidad del proceso para la preparacion
del Clopidrogel como se describié anteriormente.

Asi las cosas, qué tan facil hubiera sido mejorar el proceso sin las modificaciones que
se reivindican en esta solicitud? Posiblemente se hubiera podido lograr pero
seguramente de otra manera pues para empezar el estado de la técnica mas préximo
lo que ensefaba era que la via saponificacion usada por el solicitante no era la ideal.
Siendo asi, como podria resulta obvio modificar una reaccion que no era la mas
conveniente, justo con los cambios que investigd y desarrollé el solicitante y que dichos
cambios permitirian potencializar la productividad del proceso. Claramente no era
posible dicha prediccion. Por consiguiente, el proceso no es obvio y la solicitud cumple

con la totalidad de los requisitos de patentabilidad, incluso el tener altura inventiva.

También nos gustaria destacar algunas otras caracteristicas mejoradas de la presente

invencion:

Nuestro proceso de resolucion de () amina (VIl), con S (+) CSA es no solo
impredecible sino que es tecnolégicamente mas deseable desde la perspectiva del
proceso, ya que el deseado isdmero dextrogiro de amida (+) precipita cuantitativamente
en el primer intento como diasteroisémero, sin ninguna contaminacion de isdmeros no
deseados como isémeros (-) o (+). (Ejemplo 31de la descripcion). La pureza 6ptica del

producto logrado mediante el proceso reivindicado es de 99.5%. No se requiere de
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etapas para la remocion de impurezas.

Llamamos la atencién sobre el hecho que las patentes US 4.546.201, US4.515.811,
GB 1.426.186 y GB1.422.015 (Anexos XV, XVI, XVII y XVH) se relacionan con
procesos de resolucion optica de A&cido (+) 2-(6-metoxi-2'-naptil) propanoico
(NAPROXEN). El objetivo de todas estas patentes ha sido establecer los agentes de
resolucion e identificar los parametros criticos del proceso que eviten multiples
cristalizaciones y permita obtener una mayor proporcién de los deseados d-isémeros
en un solo paso de cristalizacion con una mejorada calidad (es decir sin

contaminaciones de isémeros indeseables).

Una vez mas, la resolucion de la mezcla racémica de (+) Naproxen en cuatro patente
confirma nuestro tesis que aunque conceptualmente uno puede argumentar que
basado en el estado de la técnica es “obvio ensayar”’, la experiencia sugiere que nadie

podria garantizar que tal experimento podria haberse esperado que suceda.

Finalmente hay otras caracteristicas no obvias del proceso reivindicado como son:

El agente de resolucién para amida (VII) es (+)CSA, que no ha sido reportado para
esta sintesis.

» La resolucidén de dicha amida no tiene precedentes y sus propiedades por ejemplo,
SOR (especifica rotacion optica) del diasteroisomero de VII con S (+) CSA=+51°
(C=1, MeOH) y SOR de (+) amida (VIl)=+41° (C=1,MeOH son hasta el momento
desconocidas. (ver ejemplo 31).

= La invencion en donde (+) nitrilo (IV) produce solo (+) amida (V) y (+) amida solo
produce (+) éster es nueva y no obvia. Ninguin documento del estado de la técnica

puede predecir esto.

= FEl proceso para convertir (+) amida a (+) éster es tanto altamente productivo como

sin racemizacion.

En este contesto, es notorio que en el estado de la técnica reportado por Burgos (D1)
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para la conversién de amida racémica a éster racémico donde se requiere una drastica

condicién de reflujo por 144horas para llevar a cabo tan solo la conversion parcial del

material inicial y con una baja productividad (7% segu la pagina 895) de éster, con 26%

de amida que no reacciona y es aislada por cromatografia de columna.

= El proceso de conversion de sal diasteroisomérica de (+)amida/(+)CSA a (+)
ester sin ninguna racemizacién en 97% del producto en 26 horas (ejemplo 37)
es efectivamente Gnico e impredecible. Incluso el mismo proceso de convertir
una sal diasteroisomérica a un compuesto deseado es nuevo, novedosos e
inventivo.

Basandonos en las razones técnicas expuestas nos permitimos citar los apartes de la
Interpretacién Prejudicial correspondiente al PROCESO 15-IP-2004 donde se realizan
las siguientes consideraciones en relacion con el nivel inventivo: “Segun el tratadista
Goémez Segade, el inventor debe acreditar los méritos que le tornen al invento
susceptible de ser amparado por una patente; en tal sentido, sélo si la invencion fruto
de su investigacion y desarrollo creativo constituye “un salto cualitativo en la
elaboracion de la regla técnica” -actividad intelectual minima que le permitira que su
invencion no sea evidente (no obvia)- le posibilitara alcanzar tal propésito. Es decir que
con el requisito del nivel inventivo, lo que se pretende es dotarle al examinador técnico,
de un elemento que le permita concluir que a la invencién objeto de estudio no se
habria podido llegar a partir de los conocimientos técnicos existentes en ese momento
dentro del estado de la técnica, con lo cual la invencion se constituye en un “paso” mas
alla de lo existente.” ‘

Como se puede observar, los argumentos técnicos expuestos por el solicitante en
relacién a las diferencias que existen entre el proceso reivindicado y aquellos que se
encuentran en el estado de la técnica acreditan los méritos de la invencion para que
ella sea amparada por una patente, ya que ellos son claros en evidenciar que dichos
procesos no solo son distintos en el paso de resolucién como lo afirma el opositor, sino
que el proceso reclamado en la solicitud 03055750 presenta otros puntos que lo
distinguen de del proceso empleado en el articulo de Burgos, como son las
modificaciones relacionadas con la sintesis de Strecker y la conversion de nitrilo a ester

via amida.



Clarke, Modet & C°

COLOMBIA

Las modificaciones realiza al proceso son el fruto de investigacion y desarrollo creativo
constituye y sin lugar a duda, ellas no son variaciones menores que el solicitante ha
planteado para separar el proceso reivindicado del existente en el estado de la técnica,
sino que marcan la diferencia entre una muy alta productividad (97%) no formacion de
impurezas partir la fuente de cianuro, no requiere columnas de cromatografia y un
escalamiento de la sintesis a 24g de producto aislado, donde de hecho la sintesis ha
sido hecha a nivel de kilogramos; constituyéndose en un salto cualitativo y cuantitativo
en el proceso.

Adicional a los efectos inesperados, dichos cambios no eran evidentes puesto que las
reglas existentes en el estado de la técnica ensefiaban que la saponificacion del nitrilo
a amida, via tomada por el inventor, no era la 6ptima ya que Burgos explicitamente
indica que dicha ruta tiene problemas de reaccion retro-Strecker. De ahi que Burgos
realiza una hidrélisis promovida por HCI a amida en orden de evitar la reaccion retro-
Strecker y finalmente produce una menor cantidad de producto. Contrario a los
lineamientos dados por D1, el inventor modifica justamente la saponificacién del nitrilo
a amida que Burgos habia establecido que no funcionaba, de tal manera que potencia
el proceso llevandolo a una mayor productividad, lo cual sin duda constituye un “paso”
mas alla de lo existente.”

Retomando la informacién de la Interpretacion Prejudicial 15-1P-2004, el mismo autor
antes citado ha dicho:

“Se reconoce que hay invento cuando se utilizan medios ya conocidos, pero
combinados por primera vez en forma tal, que de su combinacién deriva un resultado
distinto del dado por cada uno de los medios, o por otras combinaciones conocidas...
También existe la posibilidad de que el resultado sea conocido, pero se llegue a él a
través de nuevos medios. El titular de una patente no tiene el derecho de evitar que un
tercero obtenga el mismo resultado por medios distintos” [3].

En concordancia con lo expuesto por el sefior Gémez Segade el proceso que se
reivindica en la solicitud 03055750 parte de una reaccién ya conocida, a la cual se le

han efectuado algunas modificaciones para que su novedosa combinacion de reactivos
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y etapas se derive en un resultado distinto en cuanto a productividad y calidad del
producto del que ha sido reportado para la reaccién de Strecker y para la reaccion que
divulg6 Burgos.

Tal como lo precisa Gomez Segade, el alcance de la invenciéon esta dado por las
reivindicaciones y ellas claramente limitan dicha invencion al proceso modificado y al
Clopidrogel producido mediante dicho proceso. En ningin momento es la intencion del
solicitante extender su solicitud a procesos ya conocidos en el estado de la técnica
como el revelado por Burgos ni a moléculas de Clopidrogel sintetizadas mediante
dichos procesos.

Ante estos hechos es evidente que la solucién planteada en la invencién reclamada en
la totalidad de las reivindicaciones de la solicitud CO 03-055750 no solo cumple con el
requisito de novedad, sino que no es evidentemente derivada del estado de la técnica y
por ende, cumple con el requisito de nivel inventivo requerido en virtud del el articulo 14

y definido en el articulo 18 de la Decision 486 de la Comision de la Comunidad Andina.

Por lo tanto, se solicita respetuosamente a.la Oficina de Patentes Colombiana declarar

infundada la oposicion presentada por PROCAPS y conceder el privilegio de patente.
Agradezco continuar con el presente tramite.

Sefior Jefe,

{

ILIA RODRIGUEZ D'ALEMAN

MRO/srch
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SUMMARY ' ‘ o

Directed ortho-lithiation is used to form [benzene-U-13C]-2-chlorobenzaldehyde, the
key building block for preparation of labelled racemic Clopidogrel ([benzene-U-
B3C}-rac-SR25990C).  Some practical observations are reported concerning the
metalation of some derivatives of benzoic acid.

Keywords: 2-Chlorobenzaldehyde, 'brrho—MetaIaIion, Strecker Synthesis, Plavix, R
Clopidogrel, SR25990 : : -

INTRODUCTION
Clopidogrel sulfate (Plavix™, SR25990C, 1) is an orally active inhibitor of platelet

aggregation, now marketed as an antithrombotic agent.!:2 As part of studies of the
metabolism of SR25990, a synthesis of stable isolopically-iabelled SR25990 for use
as a mass spectroscopic standard was required. Although Clopidogrel is a single
enantiomer, the Jabelled racemate (2) would suffice as a standard; this was therefore
the synthetic target, and was approached by means of a Strecker reaction, with
{benzene-U-13C]-2-chlorobenzaldehyde (3) as the pivotal intermediate. In turn, the
obvious approach to 3 was by directed ortho-mctalation and chlorination of a
derivative of commercially available [benzene-U-13C}-benzoic acid, and sﬁbsequcnt

reduction.

Copyright © 2000 John Wiley & Sons, Lid. Received 17 March 2000
Accepted S April 2000
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RESULTS AND DISCUSSION
The ortho-metalation of benzoic acid? and of a number of amides4 and subsequent

chlorination with hexachloroethane is known. However, following the method

described by Snieckus for ortho-metalation of diethylbenzamide, no metalation was
observed (Table 1). In view of this, the stability of s-butyllithium in the medium was
examined; when s-butyllithium was added to one equivalent quantity of TMEDA in
THF, 1,2-dimethoxyethane, or terr-butyl methyl ether and the base concentration

checked by double titration, it was found that s-butyllithium was consumed within

15 minutes at -780C,

Table 1. ortho-Metalation Reactions of Diethyl- and Diisopropylbenzamidesa

CONRy ™ Bl CONR, CONR, CONR, CO-s-Bu CONR, 7
TM’EDA @ @ @/COPI\ @ U
R Conditions Et(E) a (%) [b(%) [c (%) d (%) }e (%) [{
EU' |THF, 7800 C:Cls (C)) - 78 [176 |- - ’
Et I Toluene,-780C |D20 (D) 48 12 27 13 - |
Toluene, -780C | DO (D) ca. 70 (ca. 20 |- - ca. 10 |
Toluene, -780C | C2Clg (CY) 68¢ 15 - - 13

a. Yields and product identification by GC-MS. 5. isolated yield. ¢. 40% isolated.

Similar observations have been reported by Stanetty and Mihovilovic,’ and the base-
induced cleavage of tetrahydrofiran to give acetaldehyde enolate and ethylene,6 and
of 1,2-dimethoxyethane 1o give methy| vinyl ether and methoxide,? are well known.
A similar process can reasonably be postulated for cleavage of TBME. This process

was avoided by using toluene as the reaction solvent. Under these conditions

Copyright © 2000 John Wiley & Sons, 114,
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metalation occurred but was both slowl and incomplete, with the result that

significant amounts of starting material remained, with which a proportion of

lithiated species reacted to give a benzophenone. Moreover, the process was

complicated by nucleophilic addition of s-butyllithidm to the amide and by bis-

; metalation (Table 1).  Side-reactions were suppressed effectively by?using
* diisopropylbenzamide as the substrate (Table. ). However, metalation still dxd not
proceed to completion and attempts to separatibn of the product from starting

* material were unsuccessful. Better results were obtained using the oxazoline 4 (in
unlabelled forrﬁ, Table 2),8 in which case the efficiency of metalation was sufficient

that it was not necessary to complex the base with TMEDA.

Table 2. ortho-Metalation of unlabelled 4.2

31 S
2. E |
a Z e
: b c

RLI conditions E*(E) a(%) |b(%) |c(%)
‘ [BuLi  [By0, 00C D,0 (D) : 34 13
‘ i-ProNLi THF, -780C D,0 (D). 100 |0 0
v s-BuLi Toluene, -780C | D20 (D) 0 3 97
C,Cls (C1) 43 3 ¢ |

a. Yields and product identification by GC-MS.

Given the efficiency of the metalation of 4, the yield of chlorinated product was
.d‘isappointing‘. In the absence of any other proton source, it can only be surmised
that excess s-butyllithium reacts with hexachloroethane more rapidly than does the
ortho-metalated intermediate, and that the resulting 2-chlorobutane is a better
electrophile (as a proton source) than is hexachloroethanc. Suppression of this
process was, however, difficult since the addition -of a smaller amount of base

resulted in incomplete lithiation and, where the reaction time was extended, a

Copyright ©@ 2000 John Wiley & Sons, Lud. J. Labelled Cpd. Radlophdnn. 43, 891-898 (2000)
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Signiﬁcantly increased level of the undesired addition product. Nevertheless, this

dppeared to be the best methbd available.

The route used to prepare [benzene-U-lJC]-Z-chIorobenzaldehyde (3) is shown ip

Scheme 1. (benzene-U-13C}-Benzoic acid was converted to the oxazoline 4 using the

literature method.9 Lithiation and chlorination of 4 gave S in 60% vyield after. -

separation from unreacted starting material. An advantage of the chosen approach
was that 5 could be reduced,’0 and the resulting oxazolidine hydrolysed readily to
‘give 3 directly.  This product, although isolated, was not purified since
chromatographic loses were significant and better overall results were obtained by

carrying out the Strecker synthesis directly using the crude material.

+ +

N Q N 0]
COOH X S
: .. Cl
(i) = (i)
—_— -
» NS
q 5
where * represents (3¢
! (i)
CHO :
Mc"N o
C! .
(i) i
3

Scheme 1. Preparation of[benzene-U—13C]—2-Chlorobcnzaldehydc 3)
Reagents: (i) a.. SOCly; b. H;NCMe,CH,0H: c. SOCL,.
(ii) a. s-BuLi, toluene, -78°C. b, C,Clg, -40°C to R.T.
(iiiya. Mel, R.T.: b. NaBH,, EtOH, R.T. (iv) 2N HCL, R.T.

Assembly of the desired material was carried out using Strecker methodology as
planned: treatment of labelled aldehyde 3 with the thienopyridine 6 and acetone
cyanohydrin gave the nitrile 7 in 319 overall yield from S. Despite the poor overall

yield, the last process appeared relatively clean, with the only impuritics detected by

Copyright © 2000 John Wiley & Sons, i4d. J. Labelled Cpd. Radiopharm. 43, 891-898 (2000)
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GC-MS of the crude product being small quantities of adducts formed from 6 and
acetone cyanohydrin which were not isolated. Conversion of the resulting nitrile 7
to the final product 2 Tequired a two-step process; saponification of 7 was not an
g}ztion, since a retro-Strecker reaction occu.rred in preference to hydrolysii, but
h&drochloric acid-promoted hydrolysis gave the amide 8 in Quantitative yield.
Methanolysis of 8 proceeded directly to the ester 2, which was isolated as its sulfate.
R This step required strongly acidic conditions and the yield was only modest
(although most of the unreacted starting material was recovered); alternative
methods, using Meerwein's reagent!! and dimethylformamide dimethyl acetal!2 were

examined but these represented no improvement upon the method used. The process

[
as described provides [benzene-U-13C]-rac-SR25990 (2) in an overall 7% vield from
labelled benzoic acid.
, CN
CHO ) N
A O —— e
a S . $ c
3 6 7
e
COOMc CONH,
N (iii) N A
“ s cl S ol =
- H,50, 8
- 2
- Scheme 2. Elaboration of [benzene-U—'3C]-2-Ch[orobcnzaldchydc to 2

Reagents: (i) acetone cyanohydrin, MgS0., 45°C, toluene.
(ii) HCI, MeOH, R.T. (iii)a. 2 €q. H,§04, MeOH, reflux; b. H,S0,, E,O, R.T.

EXPERIMENTAL

'"H n.mr. spectra were recorded using a Jeol GSX-270 instrument. Gas
chromatography and mass Spectrometry were perfonned using a Hewlett-Packard
chromatograph (HP 5890) fitted with a mass-selective detector (HP $970MS D)ona

capillary column (HP-1, 23 m x 0.2 mm x 0.33 um), using decane as an internal

Copyright © 2000 John Wiley & Sons, Ltd. J. Labelled Cpd. Radiopharm. 43, 891.898 (2000)
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standard for quantitative measurements. High-resolution mass ‘spectra were recorded
using a VG Autospec magnetic sector instrument at the University of York.
Reagents were obtained commercially, {benzene-U-13C)-benzoic acid in particular

being obtained from Cambridge [sotope Laboratories.

[benzene-U-13C ]-2—(2—Chlérophenyl)-4, 4-dimethyl-4,5-dihydrooxazole (5). Oxazole

4 (prepared using the method of Shono et al.9 from (benzene-U-13C)-benzoic acid in

"" 82% yield; 2.19 g, 12 mmol) in anhydrous toluene (10 ml) was added during 15 min
under nitrogen at -789C to a solution of sec-butyllithium (1.3M in hexanes; 11.1 ml,

” 14 mmol). After 30 mi.n, hexachloroethane (8.6 g, 36 mmol) in toluene (20 ml) was
s added by means of a cannula following which the mixture was allowed to warm to

room temperature during 40 min. The reaction was quenched with aqueous
ammonium chloride and re-extracted with toluene (3 x 50 ml), and the combined
extracts were dried (MgSQ,) and concentrated under reduced pressure to give an oil.
The crude material was purified by chromatography on silica gel in hexane - ethyl
acetate (85:15) followed by preparative HPLC of the mixed fractions in the same

N systemn to give 5 (1.5 g, 58%). SH(CD:C13) 1.39 (6H,5),4.12 (2H, s), 7.0-7.2 (2H, m),
7.5-7.75 (2H, m), 8.1-8.4 (1H, m).

[benzene- U-”C]—rac-Z—(Z—.Ch[orophenyl)~(6, 7—dihya’ro-4H—th1.'eno[3, 2-cJpyridin-5-

“; Ylacetonitrile (7). A solution of § (1.50 g, 8.3 mmol) in methyl iodide (3.1 ml) was

: heated at reflux for 16 h. Upon cooling, excess methyl iodide was removed under
\ vacuum and the pale yellow solid was redissolved in anhydrous ethanol (15 ml).
Sodium borohydride (461 mg, 12 mmol) was added in portions during 10 min, and
the rﬁixmre stirred for 2 h. Ethanol was removed under reduced pressure, water (25
ml) was added followed, after 30 min, by 2N hydrochloric acid (50 ml). After &
further 30 min, the mixture was extracted with toluene (3 x 25 ml), and the combined
extracts were washed with aqueous sodium hydrogencarbonate (40 ml) and dried
(MgSOy). To this solution of 3 were added 6 (1.40 g, 10 nmunol),2 anhydrous
magnesium sulfate (1.4 g) and, after § minutes, acctone cyanohydrin (850 mg, i0
mrﬁol). The suspension was stirred under nitrogen at 450C for 48 h, following
which volatile materials were removed under vacuum, and the residuc purified by

Copyright © 2000 John Wilcy & Sons, Lid. J. Labelied Cpd. Radiopharm. 43, 891-898 (2000)
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column chromatography on silica gel in hexane - ethyl acetate (85:15) followed by
crystallisation from hexane to give.7.(744 mg, 31%). du(CDCl3) 2.75-3.05 (4H, m),
3.64 (1H, d), 3.79 (1H, d), 5.29 (1H, m), 6.79 (1H, d), 7.07 (1H, d), 6.95-8.1 (4H,
m); m/z (E1) 2947296 (M), 156, 110 (100%).

[benzene-U-/3CJ-rac-2-(2-Chlorophenyl)-(6, 7-ditydro-4H-thieno(3,2-c Jpyridin-5-
Y)acetamide (8): A solution of 7 (729 mg, 2.5 mmol) in anhydrous methanol (10 L
ml) saturated with hydrogen chloride was stirred for 48 h.  Volatile material .was
rcmov‘ed under vacuum and the residue was .azeotropically dried with

dichlorometbane.  The residue was partitioned between aqueous sodium

ol
4
o

b hydrogencarbonate and dichloromethane. The aqueous phase was re-extracted with

dichloromethane and the combined organic fractions were dried (MgSOq¢) and
concentrated to give 8 (729 mg, 94%). 6u(CDCl;) 2.8-3.0 (4H, m), 3.59 (1H, d),
3.69 (14, d), 4.91 (1H, m), 6.07 (1H, m), 7.06 (1H, m), 6.8-8.0 (4L, m); m/z (EI)
312/314 (M), 268/270 (100%), 138.

Merhyl [benzene-U-/3CJ-rac-(2-Chlorophenyl)-(, 7-dikydro-4H-thieno[3.2-c)-
pyridin-S-ylacetate Sulfate (2). A solution of 8 (729 mg, 2.3 mmol) in methanol
containing sulfuric acid (1 ml) was heated at reflux for 144 h. The solvent volume
was reduced under vacuum, and the mixture partitioned between ethy] acetate and

aqueous sodium hydrogencarbonate. The aqueous phase was re-extracted with ethyl

acetate and the combined organic phases were dried MgSOs) and concentrated
under reduced pressure. Column chromatography of the residue in hexane - ether
(85:15) on silica gel gave the free base of 2 (366 g, 50%) followed by 8 (190 mg,
26%). Addition ofa | g/l solution of sulfuric acid in ether to a stirred solution of the
free base of 2 in ether, followed by filtration after 10 min gave 2. &y (CD,0D) 3.7-

~ 3.85 (2K, m), 2.87 (3H, s), 4.1-4.55 (2H, m), 5.87 (1H. q), 6.80 (1H, d), 7.2-7.45

' (2H, m), 7.40 (1H, d), 7.8-8.05 (2H, m); m/ (FABY) 328, 330 (IMH)*), 286, 154
(100%}), 137, 136. HRMS 328.0869:; calc. for C10"3CeH9CINO,S 328.0870

Coovriatk © 2000 John Wiley & Sons, Ltd. J. Labelled Cpd. Radiopharm. 43, 891-898 (2000)
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Organic Name Reactions /} 3
Reviews: W. S. Johnson, G. H. Daub, Org. React. 6, 1 (1951); H. O. House, Modern Synthetic Reactions (W. A. Ben-

jamin, Menlo Park, California, 2nd ed., 1972) pp 663-666; R. J. Hart, H. G. Heller, Perkin Trans. 11972, 1321; N. R,

El-Rayyes, J. Prakt. Chem. 315,295 (1973); V. B. Bagos et al., Helv. Chim. Acta 62,90 (1979). Cf. Perkin Reaction.

363. Stollé Synthesis
R. Stoll¢, Ber. 46,3915 (1913); 47, 2120 (1914); J. Prakt. Chem. 105, 137 (1923); 128, 1 (1930).
Formation of indole derivatives by the reaction of arylamines with o-haloacid chlorides or oxaly! chloride, followed
by cyclization of the resulting amides with aluminum chloride:

R CI_R A R
HCI 3 ,
—C-R T I R
©\ v C—g-R ©\ IH - HClI ©;_1E
NH  CI—C=0 N0 N0
R

R R

‘ W. C. Sumpter, Chem. Rev. 34, 396 (1944); 37, 446 (1945); P. L. Julian et al., Heterocyclic Compounds 3, 142, 209
(1952); A. H. Beckett et al., Tetrahedron 24, 6093 (1968). Cf. Hinsberg Oxindole Synthesis.

364. Stork Enamine Reaction
G. Stork et al,, J. Am. Chem. Soc. 76,2029 (1954); G. Stork, H. Landesman, ibid. 78, 5128 (1956).
Synthesis of a-alkyl or a-acyl carbonyl compounds from enamines and alky! or acyl halides:

)

. N7% o]

%‘

Reviews: J. Szmuszkovici, Adv. Org. Chem. 4, 1 (1963); A. G. Cook, Ed., Enamines (Marcel Dekker, New York, N|
1969); H. O. House, Modern Synthetic Reactions (W. A. Benjamin, Menlo Park, California, 2nd ed., 1972) pp 570- .
580, 766-772; S. F. Dyke, Chemistry of Enamines (Cambridge University Press, New York, 1973): P. W. Hickmott,
Tetrahedron 38, 197§ (1982). . '

AN

“trecker Amino Acid Synthesis
s Strecker, Ann. 75727 (1850);°91,7349:(1854))

) = Synthesis of 0.-amino acids by reaction of aldehydes with ammonia and hydrogen cyanide followed by hydrolysis of
v the resulting o-aminonitriles. Safer, milder, and more selective reaction conditions have been developed, especially in
' regard to asymmetric synthesis. The scope of the reaction has been extended to include primary and secondary amines:

i KCN e H* )sz
RJ\H NH,CI R)\CN R” “COOH
0 NHR' . NHR'
)J\ + NH,R —NaCN/AcOH of )\ H /l\
RT H KCN/NaHSO; R” “CN R “COOH

Reviews: J. P. Greenstein, M. Winitz, Chemistry of the Amino Acids vol. 3 (New York, 1961) pp 698-700; G. C. Bar- |
rett, Chemistry and Biochemistry of the Amino Acids (Chapman and Hall, New York, 1985) pp 251, 261. Asymmetric |
synthesis using enantiopure sulfinimines: F. A. Davis et al., Tetrahedron Letters 35, 9351 (1994). Review of stereo-
selective synthesis: R. O. Duthaler, Tetrahedron 50, 1539-1650 passim (1993). Cf Bucherer-Bergs Reaction.
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Organic Name Reactions |

<366 Strecker Degradation™}
<AxStrecker, Ann. 123, 363 (1862))

Reaction of an o-amino acid with a carbonyl compound in aqueous solution or suspension to give carbon dioxide and an
aldehyde or ketone containing one less carbon atom. Inorganic oxidizing agents can also be used to bring about the transfor-

mation:
H
N
-
o)
h h

NH, NH

HsC._ _COOH HyC.__COOH 1,0

CchHO + NH3 + 002

Mechanism: Schonberg et al., J. Chem. Soc. 1948, 176. Reviews: Schinberg, Moubacher, Chem. Rev. 50, 261
(1952); N. van Chuyen et al., Agr Biol. Chem. 36, 1199 (1972), C.A. 77, 114855e (1972) Photo-promoted hypochlo-
rite oxidation:Y. Ogata et al., Bull. Chem. Soc. Japan 54,2057 (1981).

367. Strecker Sulfite Alkylation
A. Strecker, Ann. 148, 90 (1868).

Formation of alkyl sulfonates by reaction of alkyl halides with alkali or ammonium sulfites in aqueous solution in
the presence of iodide:

Nal

RX + M,;S0O3 RSO3M + MX

T -~

- ’
A. Collmann, ibid. 101; W. Hemilian, ibid. 168, 145 (1873); Ber. 6, 562 (1873); Swiss. pats. 105,845; 10x_

(1925); F. C. Wagner, E. E. Reid, J. Am. Chem. Soc. 53, 3409 (1931); C. Weygand, Organic Preparatiors (New York.

1945) p 306; M. Quaedvlieg, Houben-Wey!l 9, 372 (1955).

368. Suzuki Coupling Lt
N. Miyaura et al., Tetrahedron Letters 1979, 3437; N. Miyaura, A. Suzuki, Chem. Commun. 1979, 866. Pl

Palladium-catalyzed cross coupling of organic halides or perfluorinated sulfonates with organoboron derivatives
proceeding with high stereo- and regioselectivity:

' p
R'—BY, + R2—X %»R‘ R?

BY; = B(OR);, 9-BBN, B(CHCH3CH(CH3)s)a
X =1, Br; Cl, 0SO2(CF2n41). n=0,1,4
R! = aryl, alkeny!, alky!
R? = aryl, alkenyl, alkynyl, benzyl, allyl, alkyl e
[Pd] = Pd(PPhg)s, Pd(dppf)Cl, /
base = Na;CO3, NaOCH,CHg, TIOH, N(CHoCHa)s, K3PO4 - i_

Competition with Heck reaction, ¢.v., when using an alkenyl boronate ester: A. R. Hunt et al., Tetrahedron Letters
34, 3599 (1993). Alternative palladium catalysts: G. Marck et al., ibid. 35, 3277 (1994); T. 1. Wallow, B. M. Novak, J.
Org Chem. .59, 5034 (1994). Reviews: A. Suzuki, Pure Appl. Chem 63, 419-422 (1991); A. R. Martin, Y. Yang, Acta

Chem. Scand. 47 221-230 (1993). Cf. Hydroboration Reaction; Stille Couphng “
369. Swarts Reaction N
F.:Swarts, Bull. Acad. Roy. Belg. 24, 309 (1892). -
Fluorination of organic polyhalides with antimony trifluoride (or zinc and mercury fluorides) in the presence of )
trace of a pentavalent antimony salt: .y

SbCl
CIHC=CCICHCl, + Sbf; ————= CIHC=CCICF; + SbCls

A. L. Henne, Org. React. 2,49 (1944); M. Hudlicky. Chemistry of Organic Fluorine Compounds (MacMillan, New
York, 1962) pp 93-98.

370. Swern Oxidation (Moffatt-Swern Oxidation)
K. Omura, D. Swern, Tetrahedron 34, 1651 (1978).
Mild oxidation of primary and secondary alcohols. promoted by oxalyl chloride activation of dimethyl sulfoxide.
evidently involving the dimethyl alkoxysulfonium salts. Upon the addition of base, the intermedidtes rearrange in-
tramolecularly to generate aldehydes or ketones, respectively:

CH3
OH

é (o]ln 2°or 3°
)\ DMSO o7 \CH3 _amine base )l\
(COCI), /K
ONR-89
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are to be performéd' may- itself be of’ patentable significance.
 Thus, the patentability of a multi-step process may reside solely

LIS .

| SUBSTANTIVE REQUISITES

ts of more than a single step, the

ence in which these component steps

lin the arrangement of its constituent steps—each of the individ-
‘hal steps being old, the particular order constituting a new
ombination. On the other hand, the patentability of a process
nay reside in the rmaterials being employed, the physical manup-
lative steps being old.1#2 Weight must be accorded to the
particular ingredients that are combined with each other in a
\1aimed method, even though they are analogous to those of the
rior art.’® Method claims need not recite all of the operating
etails.?? |
' The patentability of a process may reside in a particular step

‘ 7 or in the order in which the constituent steps are performed.21

i Any difference in magnitude in any process parameter (e.g.,
time, temperature, pressure) between what 1s claimed and the
prior art should be deemed to render the process technically
novel, though not unobvious unless the difference is somehow
critical and/or the result unexpected. Nevertheless, a lower
court was of the opinion that a method of applying a composi-
tion to hair that differed from the prior art only in the time the
composition was left in contact with .the hair was not even
novel.22 It is conceivable that sufficient novelty and nonobvious-
ness may reside in a starting material as to sustain the
-patentability of 2 process claim, the steps themselves being old.
While the materials employed in a process cannot be ignored in
resolving the question of the patentability of process claims,®

18 In re Coleman, 621 F2d 1141, 205 U.S.P.Q. 1172 (C.C.P.A. 1980); Ex parte

MacAdams, 206 US.P.Q. 445 (P.O. Bd. App- 1980). Contra, Ludlow Corp- V-

Textile Rubber & Chem. Co., 636 F2d 1057, 1061, 209 US.P.Q. 281, 284
(C.C.P.A.1981).

19 Ex parte Glaister, 201 US.P.Q. 255 (P.O. Bd. App. 1976).

20 Ex parte Erlich, 3 US.P.Q2d 1011, 1017 (P.T.O. Bd. Pat. App. & Int. 1987).

21 William Gold Refining Co. v. Semi-Alloys, Inc., 434 F. Supp. 453,454,198
US.P.Q. 37,39 (W.D.N.Y. 1977).

22 Revlon, Inc. v. Carson Prods. Co., 602 F. Supp. 1071, 226 USF.Q. 51, 61
(S.D.N.Y. 1985).

23 Ex parte Klioze, 220 US.P.Q. 91 (P.O. Bd. App- 1983); Ex parte MacAd-

__ams, 206 US.P.Q. 445 (P.O. Bd. App- 1978); Ex parte Macy, 132 US.P.Q. 545

"7 Ti4Pp-0. Bd. App. 1960).
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 STATUTORY '§ijéJEcT MATTER i § 6.01(1]

‘vhere a process dlffers from the pnor At solely in that a different
but related:or analogous startmg matérial is employed, that pro-
cess, though novel, may be deemmed prima facie obvious,* unless
it is a biotechnological process within the purview of the
Biotechnological Process Patents Act of 1995, Pub. L. 104-41.2¢
Moreover, to be considered prima facie obvious, the prior art
apparently must define a fairly narrow class of ccmpounds that
would render obvious the use of a member of such narrow class
as a starting material in the prior art process.»#2 The novelty of
such a process resides in the fact that the materials are not
\dentical with those employed by the prior art{Failure of thé
priot att to teach the analogy between the materials should tend
o establish unobviousness, as would the existence of a different
§
«and unexpected result. JIn chemical cases, the starting materials
are often spoken of as reactants or reagents; and in mechanical
cases as the workpiece.

The materials subjected to treatment by the steps of a process
and the steps themselves are the parameters which define a
process. The nature and composition of the product are defined
by and necessarily flow from the foregoing parameters. Two
processes which treat the same starting material in the same
manner are identical and must of necessity give rise to the same
product. |

The steps of a method or process claim ‘are analogous to the
components of an apparatus claim. Both are “combination”
claims. It should be noted that many of the so-called one-step
processes actually involve several steps, the single step being
performed at a particular stage in a conventional series of steps.

Formerly, the nature of the steps themselves was of signifi-
cance in determining whether a process fell within the realm of
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statutory subject matter. At an early date, the courts distin- ‘

b
guished between processes involving the use of machines and
those involving the application of more fundamental forces,

holding that only processes involving the latter type of forces fell

2 [ re Durden, 763 F.2d 1406, 1410, 226 US.P. Q 359 362 (C.A.F.C.1985).

21 See §§9.03. 9.05(8)(c], infra.

22 |n re Ochiai, 71 F.3d 1565 (C.A.F.C. 1993) revg 24 USPQZd 1265
(P.T.O. Bd. Pat. App. & Int. 1992). See§905[8][c] mfrxL
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“patent owner hasb

S

. SUBSTANTIVE REQUISHES. -

B emed not determinative of what consh—
tutes relevant prior art!* “The amount of time and effort devoted |
to development do not contribute to patentability.'* The slow
but inevitable progress of an industry through trial and error
and the persistent and intelligent search for improvement are
insufficient to support a patent.'s Nevertheless, it is reversible
error for a court, in determining whether there has been compli-
ance with 35 U.S.C. §103, to give any weight to the fact that the

claimed subiject matter was arrived at by experimentation. !¢

(2] Proper Application of 35 U.S.C. § 103

Section 103 makes patentability depend upon, in addition to
novelty and utility, the nonobvious nature of the “subject matter
sought to be patented.” The first sentence of this section requires
that: (1) the scope and content of the prior art be determined; (2)
the differences between the prior art and the claims in issue be
ascertained; and (3) the level of ordinary skill in the pertinent art
be resolved. Against this background, the obviousness or nonob-
viousness of the subject matter is to be determined.!” - -

The Federal Circuit has added evidence of “secondary consid-
erations” as a fourth factual inquiry.1”1 According to the Federal
Circuit, the term “secondary considerations” includes evidence
of unexpected results and objective evidence of nonobviousness
and synergy.!72

13 Mannesmann Demag Corp. v. Engineered Metal Prods. Co., 605 F. Supp.
1362,1383, 226 U.S.P.Q. 466, 482 (5.D.N.Y. 1985).

14 Kalkowski v. Ronco, Inc., 424 F. Supp. 343, 351, 194 U.S.P.Q. 563, 569 (N.D.
111.1976). ' _

15 Picard v. United Aircraft Corp., 128 F.2d 632, 636, 53 U.5.P.Q. 563, 56667
(2d Cir. 1942).

16 Carter-Wallace, Inc. v. Gillette Co., 675 F.2d 10, 13-14, 214 U.S.P.Q. 497,
499 (1st Cir. 1982). '

17 Graham v. John Deere Co., 383 US. 1, 17, 148 U.S.P.Q. 459, 467 (1966}
M.P.E.P. 706, Rev. 49 (Julv 1976).

171 B.F. Goodrich Co. v. Aircraft Braking Svs. Corp., 72 I 3d 15377, 1582, 37

TIISP.Q2d 1314, 1318 (C.AF.C 1996).

2 Richardson-Vicks Inc. v. Upjohn Co, 122 F3d 1476, Tiss dn i s (O Ld
, 1187 (C.AF.C 1997) :

31

Foy



":"*3"'.NONUBVIOUSNEQé;z‘:i:i%.,,. * '-' 3 §9.03(2llallil

[a] Making;iﬁ\:ﬁ'tecedent Fag_,\tgal--D:e; Jﬁinations Under 35

U.S.C.§103

Questions of obviousness are not resolved in a vacuum but in
the perspective of the prior art.

[i] What Constitutes “Prior Art” Under 35 U.S5.C. § 103

Art applicable to a particular inquiry under 35 U.Ss.C. §103
must satisfy two conditions: (1) it must be deemed pertinent or
relevant to the claimed subject matter and (2) it must be deemed
prior in time to the date the claimed invention was made.

The scope of art pertinent or relevant to a 35 US.C §105
- determination includes within its purview not only subject mat-
ter falling into the same category of technology as that claimed
but extends to subject matter “analogous” thereto. What consti-
tutes analogous art is discussed in § 9.04, infra.

The content of prior art under 35 U.5.C. § 103 encompasses, but
is not limited to, all statutory prior art material named in 33
U.S.C. § 102 that would be considered in determining novelty. '
This includes prior invention under 35 U.S.C. §102(g).'® Evi-
dence adduced in support of a 35 U.S.C. § 102 defense can be
probative on the issue of level of skill in the pertinent art.*
Circumstances that have preceded, attended, and succeeded an
alleged invention have been said to be strong evidence of the
level of ordinary skill in the art.2!

18 National Rolled Thread Die Co. v. E.W. Ferry Screw Prods., Inc., 541 F.2¢
593, 596, 192 U.S.P.Q. 358, 361 (6th Cir. 1976).

19 Norris Indus., Inc. v. Tappan Co., 193 U.S.P.Q.521, 527 (C.D. Cal. 1976)

20 Orthopedic Equip. Co. v. United States, 702 F.2d 1005, 1012, 217 USPQ
193, 199 (C.A.F.C. 1983).

21 General Monitors, Inc. v. Mine Safety Appliances Co., 211 US.P.Q 1127
1141 (C.D. Cal. 1981). :

(Release #7,' 8/ 99)
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~..~lii] What Constitiutes a “Difference” Urider 35 U.S.C: §403

[n determining obviousness, the invention must be considered
“as a whole,” i.e., in its entirety rather than piecemeal.22 There-
fore,. the process of determining obviousness has been
characterized as not one of merely comparing the claims and the
accused embodiment detail for detail to see if they match, but _
rather one of examining the claimed subject matter as a whole to (N T
seeif, in light of the prior art, it would have been obvious to one R
skilled in the art.23

Determinations of unobviousness are to be predicated not
only upon what is literally recited in the claims, but also upon
those properties of the claimed subject matter that are inherent in
what is claimed and are disclosed in the specification.2s

While determinations of the obviousness or unobviousness of
a claimed invention are to be based upon “the subject matter as a;
whole,” where unobviousness is predicated upon an unusual or
surprising result or advantage, such result or advantage must at
least be mentioned in the specification.?s Accordingly, a prima
facie obvious product could not be rendered nonobvious by
resorting to product advantages not disclosed in the specifica-
tion.?® Similarly, it was held that the patentee could not support
the patent by the fact that the actual device, as made and sold,
was superior in ways neither related to nor shown on the record
to follow from the patent claims.?” Discovery of the source of the
problem is part of the “subject matter as a whole” inqujry.%‘\

22 W.L. Gore & Assocs. v. Garlock, Inc., 721 F.2d 1540, 154748, 220 U.S.P.Q.
303, 308-09 (C.A.F.C. 1983), cert. denied, 469 U.S. 851 (1984); Medtronic, Inc. v.
Cardiac Pacemakers, Inc., 721 F.2d 1563, 1567, 220 US.P.Q. 97, 101 (C.AFEC.
1983).

B Kirkland v. Western Fiberglass, Inc., 16 U.S.P.Q.2d 1892, 1893 (C.A.F.C.
1990).

4 In re Antonie, 559 F.2d 618, 619, 195 USP.Q.6,8(CCP.A.1977).

% Graham v. John Deere Co., 383 US. 1, 23, 148 US.P.Q. 459, 469 (1966);
United States v. Adams, 383 U.S. 39, 4849, 148 U.S.P.Q. 479, 482 (1966).

26 General Tire & Rubber Co. v. Jefferson Chem. Co., 497 F.2d 1283, 1289, 182
U.S.P.Q. 70, 74 (2d Cir. 1974), rev '§ 363 F. Supp. 871, 183 USPQ S1I3(SODNY
1973), cert. denied, 419 U S. 968 (1974).

27 Julie Labs., Inc. v. Guideline Instruments, Inc, 501 F.2d 1131, +135, 183

= USP.Q 1,4 (2d Cir. 1974).

*Inre Kaslow, 707 F.2d 1366, 1373, 217 US.P.Q. 1089, 1094 (C.A.F CL1983)




' NONOBVIOUSNESS , . § 9.03[2](allii]

T

Patentability may_not be based on an undisclosed “inherent”
icature that couldbe discovered only by biilding the assembly
Jescribed in the patent specification and testing it. To be enti-
1ed to consideration, the existence of a synergistic effect
apparently must be mentioned in the patent application. Putting
-uch forward for the first time when validity of the patent is
being tested in court will not suffice.s0 Where the inventor
\sserts nonobviousness based upon an unusual or surprising
result, such result must at least be mentioned in the specifica-
on.3t At least one court has gone so far as to strongly suggest
that the advantage or unexpected result upon which unobvious-
sess is based must not only be adverted to in the specification
ut must also be mentioned in the claims,3 although another
court has suggested that it will suffice if the advantage upon
which patentability is predicated 1s merely brought to the atten-
iion of the examiner during the course of prosecuting the
application before the Patent & Trademark Office.®

To illustrate how the scope and content of the prior art are to
be determined and any differences between such prior art and
the claims in issue are to be ascertained, it is instructive to con-
sider the technology involved in the first Supreme Court
interpretation of 35 U.S.C.§103,3¢ which s considered definitive
by the Federal Circuit,® by a majority of other federal courts,*
and by the Patent & Trademark Office.%"

29 Maclaren v. B-I-W Group, 535 F.2d 1367, 1374, 19° U.s.P.Q. 513,518 (2d

Cir. 1976).
30 Upjversal Elec. Co. v. A.O. Smith Corp., 643 F.2d 1740, 1248, 209 USPrQ.

1077, 1083 (6th Cir. 1981).
31 C. Van der Lely N.V. v. F. lli Maschio S.n.c., 222 115 P.Q. 399, 423 (S.D.

Ohio 1984).
32 Koppers Co. v.S &S Corrugated Paper Mach. Co .317F.2d 1182,1188, 182
U.SP.Q. 705, 710 (2d Cir. 1975).
53 Weather Eng’g Corp. of Am. v. United States, 20+

1979).
3¢ Graham v. John Deere Co., 383 US. 1,148 USPC 159 (1966).

35 Connell v. Sears, Roebuck & Co.. 722 F2d 1547 220 USPQ. 193, 19/
(C.C.P.A.1983).

36 Aluminum Co of Am. v Amerola Prods: Corp
USPQ. 1,6(3dCir 1977). e T

3 Notice, “Examination of Claims for P
949 O.G. 3(1976); M.P.E.P. 706

(Release 47,8/99)

1JSP.Q. 41,44 (Ct. CL

S F2d 1020, 1026, 192

atentabilin - nder 35 USC §102
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EQUISITES

The case involved# ole Specifically a
plow. Material to the issue of obviousness weretmt-'hree"compo-
nents of the plow: (1) the shank with an attached chisel; (2) the
hinge plate; (3) the plow frame. See Figure 9-1. The prior art
taught the use of these components, but arranged such that the
hinge plate was below the shank, the shank being disposed
between the hinge plate and the plow frame. The claims in issue
called for the disposition of the hinge plate between the shank
and plow frame, the shank being disposed below the hinge plate.
Although plows embodying the claimed combination of compo-
nents had improved flexing qualities over the aforementioned
prior art, the Supreme Court held the claims obvious and inva-
lid, perhaps because the greater flexing qualities of the claimed

fan agricultural implémeri

invention had not been urged in the course of the prosecution of
the application before the Patent Office.3s

The foregoing conclusion is reinforced by language in another
Supreme Court opinion that was handed down on the same day,
in which claims to a battery were held valid and infringed. In

‘that case, the court decided that what in effect amounted to the

substitution of magnesium for zinc and cuprous chloride for
silver chloride, as the battery’s electrodes, satisfied the nonobvi-
ous standard because such substitution resulted in a battery

having a number of operating advantages which could not be

predicted by resort to the prior art and because such advan tages
had been recognized and argued at the patent application stage

‘and'thus were said not to be “the afterthought of an astute patent

trial lawyer. "3

38 Graham v. John Deere Co., 383 US. 1,23,148 US.P.Q. 459, 465 (1966).
39 United States v. Adams, 383 U.S. 39,49, 148 U.S.P.Q. 479, 482 (1966).

9-18
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{a]™ Patent App‘li’c"atik(;n'-'?[?r‘(:)seeution-before the Patent-& 7"

'Trademark-OffiE?é .
[i] Prima Facie Obviousne'ss and its Rebuttal

That an applicant is prima facie entitled to a patent is estab-
lished by the prefatory Janguage of 35 US.C. §102. The Federal
Circuit, and its predecessor court, the Court of Customs & Patent
Appeals, have reconciled the prefatory language of 35 US.C.
§ 102, “A person shall be entitled to a patent unless— . . .” with
the requirement of nonobviousness expressed in 35 US.C.§103
by holding that an applicant for a patent has no obligation to
submit evidence of nonobviousness unless and until the Patent
& Trademark Office establishes a prima facie case of

obviousness. .
Evaluation of obviousness/nonobviousness in the examina-+

tion process ray be viewed as a two-step process:®

Step One—Whether a prima facie case of obviousness has
been established; and, if so, . . o

Step Two —Whether affidavits or declarations presented
are sufficient to overcome the prima facie case of
obviousness. "

§

Thus, the prmcipal significance of the prima facie case with

. respect to obviousness is that, unless the examiner establishes a

prima facie case, the applicant 1s not obliged to proffer any
evidence of nonobviousness.

The examiner bears the initial burden of presenting a prima
facie case of unpatentability, based on review of the prior art or
any other ground. If that burden is met, the burden of coming
forward with evidence or argument shifts to the applicant.®
After evidence or argument is submitted by the applicant in
response, patentability 1s determined on the totality of the
record, by a pr’eponderance of the evidence, with due considera-
tion to the persuasiveness of the argument.®

 In re Surrey, 319 F2d 233,235, 138 USP.Q. 67,69 {C.L.2 A 1963).
w1 in e Piasecki, 745 F.2d1468, 1472, 223 US.P.Q 785, 788 (CAF.L. 195441,
w2 o e Ootiker, 977 F.2d-1443, 1445, 24 USP.Q2d 1443, 1444 (CAFC.

9-30
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When isa 'p'rimd facie case of obviousness gtablished? According to

37 CE.R.§ 1.56(a):*° =3

A prima facic case of unpatentability is established when the infor-
mation compels a conclusion that a claim is unpatentable under
the preponderance of evidence, burden-of-proof standard, giving
cach term in the claim its broadest reasonable construction with
the specification, and before any consideration is given to evi-
dence which may be submitted in an attempt to establish a

contrary conclusion of patentability.

According to the Manual~of Patent -Exaiitiniing Procedures to
ostablish a prima facie case of obviousness, three basic critera
must be met:#

First, there must be some suggestion Or motivation, either in
the prior art references themselves Ot in the knowledge generally
available to one of ordinary skill in the art, t0 modify the refer-
ence or to combine reference teachings.®*

Secondthere:must be a_«-reasor\able -expectation’Gf succes

Third, the prior art reference (or references when combined)

ust teach or suggest all the claimed limitations.®”

A prima facie case of obviousness requires supporting objec-
tive evidence to be sustained.®® An examiner must substantiate
his or her “suspicions” or “hunches” on the basis of facts drawn
from paper prior art.#s A prima facie case of unpatentability is
not established merely by ‘speculation that claim limitations are

“probably satisfied” by the prior art.8-10

Evidence in rebuttal of prima facie obviousness. Once a prima facie /

ST

-

1992).

893 57 Fed. Reg. 2021 (Jan. 17,1992, March 16, 1992).

894 M_P.E.D. 2142 (Rev. 3, July 1997)-

895 In re Jones, 958 F.2d 347, 350, 21 US.P.02d 1941 (C.AFC.1992): & re

Fine, 837 F.2d 1071, 1074, 5 ys.r.Q.ad 1596, 1599 (C.A.F.C. 1988).
89.6 |n re Merck & Co., 800 F.2d 1091, 1096, 231 USP.Q. 375, 378 (C.~* C.

1986).
897 | re Royka, 490 F.2d 981,984, 180 US.P.Q. 580,582 (CC.P.A. 19745 7 re

Wilson, 424 F.2d 1382, 1385, 165 U.S.P.Q. 494,496 (CCPA. 1970).
Uus.P.Q 230 (P.T.O. Bd. Pat. App. & Int. 19&*

89.8 £x parte Chopra, 229
899 [, re Lunsford, 357 F.2d 385, 391, E48_'.U,,S:;P.Q. 721, _725 (CCPA 1=
g, P.Q2d 1935, 1957 (C - -C

1993).
(Release #7, 8/99)
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casé” of obviousness is_esfablished, it is incumbent “ijpon them
applicant to go forward with objective evidence of nonobvious- ™
ness.8%! Rebuttal evidence may include evidence that the
claimed invention yields unexpectedly improved properties, 2
or properties not present in the prior art,% or evidence of
secondary considerations.®!¢
A showing of unexpected results must be based on evidence,
not merely argument or-speculation. s Such evidence may be
present in the specification, 1 O be presented by way of affida- (
vit or declaration.s1” To overcome a prima facie case Off | g

RTAPR

obviousness on the basis of unexpected results, the applican 1w
must establish not only that the differences in results achieved in||

fact are unexpected, but also that the differences are of practical
significance.s®1® The claimed invention must be compared withj

4

the closest prior art.®*1? |

Rebuttal is merely “a showing of facts supporting the opposite
conclusion. "2

Evaluation of rebuttal evidence. The evidence of obviousness
upon which a prima facie conclusion of obviousness is based
must be weighed against the rebuttal evidence of nonobvious-
ness.®2! After a prima facie case of obviousness has been made
and rebuttal evidence submitted, all the evidence must be con-
sidered anew 2 Facts established by rebuttal evidence must be

89.11 [y re Ball Corp., 925 F.2d 1480, 18 U.5.P.Q.2d 1491, 1492 (C.AF.C1991);
In re Keller, 642 F.2d 413, 425,208 U.S.P.Q. 871, 882 (C.C.P.A. 1981).

89.12 [ re Murch, 464 F.2d 1051, 1054, 175 US.P.Q. 89,91 (C.C.P.A. 1972).

89.13 [y e Dillon, 919 F.2d 688, 692-93, 16 U.SP.Q.2d 1897, 1901 (C.AF.C.
1990) (in banc), cert. denied, 500 U.S. 904 (1991).

89.14 [, re Piasecki, 745 F.2d 1468, 1473,223 U.S.P.Q. 785,788 (C.A.F.C. 1984).

89.15 [n re Mayne, 104 F.3d 1339, 1343-44, 41 US.P.Q.2d 1451, 1455 (C.A.F.C.
1997); In re Huang, 100 F.3d 135, 139-40, 40 U.S.P.Q.2d 1685, 1689 (CAFC.
1996); In re De Blauwe, 736 F.2d 699, 705, 222 U.S.P.Q. 191,196 (C.A.F.C.1984).

89.16 [, re Soni, 54 F.3d 746, 750, 3¢ U.S.P.Q.2d 1684, 1687 (C.A.F.C. 1995).

89.17 I re Soni, 54 F.3d 746, 750, 34 U.S.P.Q.2d 1684, 1687 (C.A.F.C. 1995); In
e Piasecki, 745 F.2d 1468, 1474, 223 U.S.P.Q. 788, 789-90 (C.A.F.C. 1984).

89.18 Ex parte C, 27 U.S.P.Q.2d 1492, 1497 (P.T.O. Bd. Pat. App. & Int. 1993).

891 [ re Merchant, 575 F.2d 865, 869, 197 US.P.Q. 785, 788 (C.C.P.A. 1978).
2225 in re Heldt, 433 F.2d 808, 811, 167 U.S.P.Q. 676, 678 (C.C.P.A.1970)- .
8921 Ex parte Anderson, 21 U.S.P.Q:2d 1241,1258 (P.T.O. Bd. Pat. App, &lat.
991). T : " ST
~ 8922 | re Eli Lilly & Co., 902 F.2d 943,14 US.P.Q2d 1741, 1743 WCUARC
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a ‘test would '

) fthat patentability stermlﬁatlons based on’ th
" notonly-be contrary to thelstatute but result in.a marked deterio-
ration of the entire patent system as an incentive to invest in those

efforts and attempts which go by the name of “research.”

An invention is merely “obvious to try” where the prior art
gives no indication of which parameters are critical or no direc-
tion as to which of many possible choices is likely to be
successful. ™ It appears to be unsettled whether to constitute . :
obviousness the prior art must merely suggest which parameters ;
are critical” or in addition must indicate an expectation of

T
FEEY N

success.™ .
The mere fact that a prior art structure might possibly function

as claimed or be modified in a way that would render the claims ;
obvious does not render such claims obvious within the meaning %
of 35 US.C. §103.7 “Ought to be tried” is not the standard by

which obviousness is determined.” The-governing:standard=is- ,6"‘\/ "
trasparticular-approach-leading:-to-aninventionwouldy

cnot:whethefa
<beobvious-to-try; -butwhethersuchan: experlment -would-hat®

cbeencexpected-to:succeed™
Whether prior art renders an invention obvious depends upon

the specificity of its teachings.” Generally speakmg, there 1S
nothing unobvious in choosing “some” among “many” indis-
criminately.” This is particularly applicable where the class ot

possible alternatives is small.?

| 70 Merck & Co. v. Biocraft Labs.; Inc., 874 F.2d 804, 10 U.S.P.Q.2d 1843, 1845
(C.A.F.C. 1989); In re O’Farrell, 853 F.2d 894, 903, 7 U.S.P.Q.2d 1673, 1631
(C.AF.C.1988).
71 In re Q'Farrell, 853 F.2d 894, 903, 7 U.S.P.Q.2d 1673, 1681 (C.A.F.C. 19851,
72 [n re Dow Chem. Co., 837 F.2d 469, 5 U.S.P.Q.2d 1529, 1532 (C.A.F.C

1988).
3 Ex parte Seiler, 215 U.S.P.Q. 742 (P.O. Bd. App. 1982).

74 McDermott v. Omid Int’l, Inc., 723 F. Supp. 1221, 13 U.S.P.Q.2d 1141, 1140

(S.D. Ohio 1988).
75 In re Merck & Co., 800 F.2d 1091, 1097, 231 US.P.Q. 375 379—bO (C.ATLL

1986).
76 [n re O'Farrell, 853 F.2d 844, 7 U.S.P.Q.2d 1673, 1681 (C.A.F.C. 19588).
" [n re Lemin, 322 F.2d 839, 841, 141 U 5..Q. 814, 815 (C.C.>.A 1964). ».
also In re Rosicky, 276 F.2d 656, 659, 125 U.S.>.Q. 341, 344 (C.C.P.A. 1960).
. 78.See In re Morin, 405 [.2d 1313, 160 U. S.P.Q. 548 (C.C.P. A 1969 ftheres

qettnno vs. thermaoplastic).

9-58- | R
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(5] Superiority, Criticality, and Opﬁ

Superiority and unobviousness are not synonymous.® Superi-
ority, however, can be evidence of unobviousness.® The mere
fact that results attained are unexpectedly good is not control-
si A known or obvious composition does not become
ly because it has been described as somewhat
duct for the same use.8+* A refusal to
no more warranted by 35 U.S.C.§ 103
n with them.s2 Making something

stronger than the prior art is not the type of innovation for which
the patent monopoly is granted.® Making a known product
adjustable or merely adding a plurality of units to it is not patent-
able invention.®* Improvement resulting from changes in size,
proportion, Ot degree of an element contained in the prior art, no
matter how desirable or useful, does not constitute patentable
invention.®s A mere change in material cannot give rise to a
patentable invention if the properties of the materials are already
known and the result obtained was the one expected.s More

than a mere change of the form or rearrangement of parts is
ty.s” Even if better results are achieved,

ly occur when the'better results arise

ling.
patentable simp
inferior to some other pro
consider superior results is
than a total preoccupatio

necessary for patentabili
invention does not necessari

19 Brunswick Corp. v. Champion Spark Plug Co., 689 F.2d 740, 750, 216
US.P.Q. 1,9 (7th Cir. 1982); Sargent-Welch Scientific Co. v. ]/B Indus., 496 F
Supp. 972,978,210 U.S.P.Q. 948, 954 (N.D. Il 1980).

80 In re Hoffmann, 556 F.2d 539,541, 194 USP.Q. 126, 128 (C.C.P.A.1977).
Harig Prods., Inc. v. K.O. Lee Co., 195 US.P.Q. 292, 295 (N.D. L. 1976).

81 In re Szumski, 302 F.2d 753, 756, 133 US.P.Q.551, 553 (C.C.P.A. 1962).

811 [n re Gurley, 27 F.3d 551, 553, 31 U.SP.Q2d1130,1132 (CAFC 1994).

82 [n re Lindell, 385 F.2d 453, 455, 155 U.S.P.Q.521, 523 (C.C.P.A. 1967).

83 Brunswick Corp. v. Champion Spark Plug Co., 689 E.2d 740, 730, 216
USP.Q.1,9 (7th Cir. 1982); St. Regis Paper Co. v. Bemis Co., 549 F.2d 833, 839.
193 US.P.Q. 8, 11-12 (7th Cir.), cert. denied, 434 U.S. 833 (1977).

8¢ Trans-World Display Corp. v. Mechtronics Corp., 437 F. Supp. 692, 698,

195 US.P.Q. 588,593 (SD.N.Y. 1977).
85 Ward Mach. Co. v. Wm. C. Staley Mach. Corp., 192 US.P.Q.505, 512(D

Md. 1975).

86 Sinclair & Carroll Co. v. Interchemical Corp., 325 US.327,65US5.PQ. 297
(1945); Hotchkiss v Greenwood, 52 US. (11 How.) 248 (1850); Brunswick Corp
v. Champion Spark Plug Co., 689 I 2d 740, 750,216 USP.Q. 1, 9 (7th Cir. 1982)
677 F.2d 12}7, 1244, 215U S P.Q. 535. 841

87 Span-Deck. inc v. Fab-Con, Inc
(8th Cir. 1982)

(Release #7, 8/99) 9-59

o

L - _ ___ ___
TR P VTV AL ATy rrr cpt ey -

w—-.-“..l,.... e

-

ey



§9:05[5] e SUBSTANTIVE REQUISITES'

significantly different Teom-these elements when they are com-
bined in other than theiclaimed proportions: ‘_
Not infrequentlythé prior art wili teach that a certain general
result can be attained by doing something in a certain general
way. Someone then comes along asserting that by carrying out
such prior art process employing the specific values of the opera-
tive parameters being claimed, results demonstrably superior to
those indicated by the prior art will be attained. Such improved
results standing alone are insufficient to establish {
unobviousness: 100 '

RAAR LAk e b A

The prior art having taught generally the functional relationship

v. { described it does not rise to the dignity of invention to teach
i optimization of the function by making quantitative adjustments
; to achieve the most desirable or effective result, there being
q involved in such process no discovery but only the exercise of
e prudence and skill.

Thus, the discovery of the optimum dimensions in a method
of separating cheese slices was deemed obvious.

The fact that the optimum conditions were arrived at by rou-
tine experimentation does not in and of itself negate
unobviousness.!92 An exception to the rule that the discovery of
the optimum value of a variable in a known process is normally
obvious'® occurs when the parameter optimized was not recog-
nized to be a result-effective variable.1% Another exception
occurs where the results were unexpectedly good. 15

% In re Waymouth, 499 F.2d 1273, 182 US.P.Q. 290 (C.C.P.A. 1974); In re¢
Russell, 439 F.2d 1228, 169 U.S.P.Q. 426 (C.C.P.A. 1971); Becket v. Coe, 98 F.2d

332,38 U.S.P.Q. 26 (D.C. Cir. 1938). o (
5 "% AR, Inc. v. Electro-Voice, Inc., 311 F.2d 508, 512, 136 U.S.P.Q. 46, 50 (7th .
. : Cir. 1962). :
é 101 L. D. Schreiber Cheese Co. \".'Clca rfield Cheese Co., 540 F. Supp. 1128, 214
U.S.P.Q. 285 (W.D. Pa. 1982).

E 192 [ny re Fay, 347 F.2d 597, 602, 146 U.S.P.Q. 47,51 (C.C.P.A. 1965).

i 1900 re Aller, 220 F.2d 454, 456, 105 USP.Q. 233, 235 (C.C.P.A. 1955).

3 Compare tn re Yates, 663 F.2d PO, TOS7, 211 US.P.Q. LY, 113 (7ih Cir. 1981 ).

N e Antonie, 559 1.2d 618, 620, 195 USMQ. 6, 8 (CC 1A 1977,
9% In re Wavmouth, 499 F.2d 1273, 1276, 182 US.P.O. 200 263 1C.C P A
1974).
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(6] “Teaching Away From”

1 -

That the prior art teaches away from what is claimed militates
against a finding of obviousness.1 The Federal Circuit has indi-
cated that one important indicium of nonobviousness is
“teaching away from” the claimed invention by the prior art.!®’
Although prior art that teaches away is a significant factor to be
considered in determining unobviousness, the nature of the
teaching is highly relevant, and must be weighed in sub-
stance.9=Doing-what the prior-art-references try t0 avoid-istthe

.WObviou-sne$,198 Prior art that suggests the \Wl
method or means claimed would produce unacceptable results is -
the very antithesis of obviousness.1%® Proceeding contrary to the
accepted wisdom is strong evidence of unobviousness. '

“Teaching away from” is not dispositive, however, particu-

Jarly where there is no evidence that the inventor was aware of

[

r@ TU_NW- any of the purported obstacles standing in the wav of his inven-

A

e

e
. V‘C\zb&vb/

%

-

tion.11! Where the prior art taught the use of a base to effect th /] \
desired chemical reaction, the substitution of an acid therefofv ¥
was characterized as the epitome of unobviousness.!'z However,
a prior art warning to “be careful” was not deemed equivalent to
uniform prior art teaching that any investigation would be .
purposeless.’*®

The skepticism of an alleged infringer as to the success of a
patented device, which proves to be successful, has been taken as
an indication of nonobviousness.** Closely related to—and even

106 W L. Gore & AsSSOCS. V. Garlock, Inc., 721 F.2d 1540, 1551-53, 220 LSPQ.
303, 311-13 (C.A.F.C. 1983), cert. denied, 469 U.S. 851 (1984).

107 [n re Braat, 918 F.2d 185, 16 U.S.r.Q.2d 1812, 1814 (C.A.F.C.1990); In re
Dow Chem. Co., 837 E.2d 469,473,5 U.S.P.Q.2d 1529, 1532 (C.A.F.C. 19838).

107.1 [ re Gurley, 27 F.3d 551, 553, 31 US.P.Q.2d 1130, 1132 (C.AF.C.1994).

108 |n re Buehler, 515 E.2d 1134, 1141, 185 US.P.Q.781,787 (CCP.A.1973).

109 [n re Rosenberger, 386 F.2d 1015, 1018, 156 US.P.Q. 24, 26 (CCP.A
1967).

110 Iy re Hedges, 783 F.2d 1038, 228 US.P.Q. 685, 687 (C.A.F.C. 1986,

111 Brunswick Corp. v. Champion Spark Plug Co., 689 F2d 740, 7. 216
US.P.Q.1, 8 (7th Cir. 1982).

112 |n re Hughes, 550 F.2d 1273, 1277, 193 US.P.Q. 141 (CCPA 9

113 Airtex Corp. v. Shelley Radiant Ceiling ‘Co., 530 F2d 145 70 i@
US.P.Q.6,13(7th Cir. 1976). C

114 Kaiser Indus. Corp. v. Jones & Laughlin Steel Corp. 181USPQ 5 2=

(Release #7, 8/99) e G-65
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US 6,355,827 B1

1

PROCESS FOR PREPARING 2-
CYANOINDAN-1-ONES

This application is a 371 of PCT/EP/98/05142 filed Aug.
13, 1998.

BACKGROUND OF THE INVENTION

The present invention relates to an improved process for
preparing 2-cyanoindan-1-ones from corresponding
2-halogenoindan-1-ones by reaction with cyanide salts.

2-cyanoindan-1-ones are precursors for active compounds
as described, for example in WO 96/20151 and WO
95/29171.

Itis already known that 2-cyanoindan-1-one and 2-cyano-
5-methoxyindan-1-one can be obtained by reacting the cor-
responding 2-bromoindan-1-ones with the aid of cyanide
salts. Thus, J. Am. Chem. Soc. 66, 220 (1944) and 67, 1751
(1945) describe the preparation of these cyanoindan-1-ones
by admixing 2-bromoindan-1-one and 2-bromo-5-
methoxyindan-1-one, respectively, sodium cyanide or potas-
sium cyanide, ethanol and waler, and boiling this mixture at
reflux. The yields obtained here are at best 52 and 73%,
respectively. Moreover, a 10-fold molar excess of cyanide is
employed, involving considerable work-hygienic expense
during work-up.

DESCRIPTION OF THE INVENTION

We have now found a process for preparing
2-cyanoindan-1-ones of the formula

M

CN,

X—

AN
|

P
in which

X represents hydrogen, halogen, methyl, trifluoromethyl

or methoxy,
from 2-halogenoindan-1-ones of the formula

an

in which

X is as defined under formula (D and

Hal represents chlorine or bromine,
by reaction with a cyanide salt, characterized in that the
cyanide salt is initially charged dissolved in a dipolar aprotic
solvent or in a water-miscible ether and the
2-halogenoindan-1-one of the formula (I1) is metered into
this solution.

Halogen is preferably fluorine, chlorine or bromige.

In the formulae (1) and (1), X preferably represents
chlorine, in particular chlorine in the 5 or 6 position. Hal in
formula (II) preferably represents chlorine. :

Suitable cyanide salts are, for ¢xample, alkali metal
cyanides and tetraalkylammonium cyanides. Examples
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include sodium cyanide, potassium cyanide, lithjum
¢yanide, rubidium cyanide, tetracthylammonium cyanide
and tetrabutylammmonium cyanide. The cyanide salt in ques-
tion can be employed, for example, in an amount of from 1.5
to 6 mol, based on 1 mole of the compound of the formula
(D). This amount is preferably from 1.6 to 5 mol, in
particular from 1.8 to 3 mol.

Suitable dipolar aprotic solvents are, for example,
N-mcthylpyrrolidonc, dimethylformamide,
dimethylacetamide, dimethyl sulfoxide, hexamethylphos-
phoric triamide, sulfolane and acetonitrile, and suitdble
water-miscible cthers are, for example, tctrahydrofuran and
diglycol dimethyl ether. Preference is given to
dimethylformamide, dimetbylacctamide,
N-methylpyrrolidone and dimethyl sulfoxide.

Based on 1 mole of cyanide salt, for example from 200 10
2500 m! of dipolar aprotic solvent or water-miscible ether
can be,employed. This amount is preferably from 300 to
1500 ml. :

The 2-halogenoindan-1-one of the formula (lf{")'“/('ef'er-
ably metered in such that it is added in the disso. ,.d form
and a little at a time to the cyanide salt solution which has
been initially charged. Suitable solvents for the
2-halogenoindan-1-one are likewise dipolar aprotic s~vents
and water-miscible ethers, as described in more deta pve.
Prefercnce is given to using the same solvent for di‘&gﬁ'ing
the cyanide salt and for preparing the solution of the
2-halogenoindan-1-one.

Preference is furthermore given to employing the
2-halogenoindan-1-one as a 10 to 30% by weight strength,
in particular as a 15 to 25% by weight strength, solution.

The cyanide salt solution and/or the 2-halogenoindan-1-
one solution may, if appropriate, contain water. For example,
based on the solvent, up to 30% by weight of water may be
present. This amount is preferably from 2 to 10% by weight.

The process according to the invention can, if appropriaté,
be carried out with addition of acids to control the pH. At a
high pH, there is the risk that, in addition to (he exchange of
halogen for cyano, an elimination of hydrogen halide takes
place. Accordingly, it is advantageous to control the pH, if
appropriate, by addition of a strong acid, and to keep it, for
€xample, in the range from 4 to 11, preferably from S to 10.
Excessive acidification should be avoided, since this leads to
the formation of hydrogen cyanide from the cyapide salt.

The acid can be added to the reaction mixturc i _poaple
as such, but also, for example, together m‘ith the
2-halogenoindan-1-one or its solution. ~

Suitable acids are, in particular, aqueous acids of met ,,
to high strength, such as aqueous hydrochloric acid, hy o/

bromic acid, sulfuric acid, phosphoric acid, formic acid :ﬁvcf
acetic acid. i

The process according to the invention can be carried out,
for example, at lemperatures in the range from 10 to 70° C.
Preference is given to temperatures in the range from 20 1o
60° C.

The reaction mixture that is present after the process.
according to the -invention has been carried out can be
worked up, for example, in that it is cooled, any solvents ;
present are stripped off under reduced pressure, the crystal
slurry that remains is mixed with water and acidified slightly
and the solid which is then present is filtered off and washed
with water. If appropriate, the resulting 2-cyanoindan-1-one
of the fotmula (I) can be purified further, for example by
recrystallization from an organic solvent.

Using the process according to the invention, it is possible
to obtain 2-cyanoindan-1-ones of the formula (I) in surpris-
ingly high yields of 95% and more, employing considerably
lower amounts of cyanide than in the prior-art process.



141

US 6,355,827 B1

3

The invention is further described in the following illus-
trative examples in which all parts and percentages are by

weight unless otherwise indicated.

EXAMPLES

Example 1

10.4 g of sodium cyanide were dissolved in a mixture of
100 m! of dimethylformamide and 6 ml of water and initially
charged. This solution was heated with stirring to 50° C., and
20.4 g of 2,5-dichloroindan-1-one, dissolved in 100 ml of
dimethylformamide, were then added dropwise over a
period of 60 minutes. After the addition had ended, stirring
was continved at 50° C. for 1 hour. The mixture was then
allowed to cool to room temperature and the solvent was
stripped off using a rotary evaporator, The resulting crystal
slurry was mixed with 200 ml of water and acidified to pH
4.5 using 10% by weight strength aqueous hydrochloric

¢+ acid. The precipitated solid was filtered off with suction,

washed with water, recrystallized from toluene and dried in
a vacuum drying cabinet. This gave 18.5 g of 2-cyano-5-
chloroindan-1-one (yield: 97% of theory).

Example 2

Example 1 was repeated using 2,6-dichloroindan-1-one
instead of 2,5-dichloroindan-1-one. This gave 2-cyano-6-
chloroindan-1-one in a yield of 95.5% of theory.

Example 3
(For Comparison)

Asolution of 42 g of 2,5-dichloroindan-1-one in 140 ml
of methanol was admixed first with 9.6 g of sodium cyanide
and then with sufficicnt water to give a homogeneous
solution. This mixture was boiled under reflux on a water
bath for 45 minutes and then cooled to room temperature.
After dilution with more water, the mixture was exiracted
twice with diethyl ether. The aqueous solution that remained
was acidified with cold hydrochloric acid. The crude
2-cyano-5-chloroindan-1-one was separated off and taken
up in chloroform. This solution was then clarified using
Norit and subsequently extracted with small portions of a

“5% by weight strength aqueous sodium hydroxide solution

" Puntil no more precipitation was observed on acidification of

S

'y

<~y a sample. Acidification of the combined aqueous phases

gave 2.85 g of product which, after recrystallization from
toluene, afforded 2.7 g of 2-cyano-5-chloroindan-1-one
(yield: 70% of theory).

Although the present invention has been described in
detail with reference to certain preferred versions thereof,
other variations are possible. Therefore, the spirit and scope
of the appended claims should not be limited to the descrip-
tion of the versions contained therein.

What is claimed is:

1. Process for preparing a 2-cyaniondan-1-one of the
formula (1)
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CN,

A
=

F

wherein X represents hydrogen, halogen, methyl, trifluo-
romethyl or methoxy, comprising reacting
A) a 2-halogenoindan-1-one of the formula an

am

Hal,

N
r
=7
wherein
X is as defined under formula (I) and
Hal represents chlorine or bromine, with

B) a cyanide salt,
wherein the cyanide salt is initially charged and dissolved in
a dipolar aprotic solvent or in a watcr-misciblc cther and the
2-halogenoindan-1-one of the formula (II) is metered into
this solution.

2. Process according to claim 1, wherein in the formulac
X and Hal each represent chlorine.

3. Process according to claim 1, wherein from 1.6 to 6 mol
of cyanide salt are employed per mole of a compound of the
formula (II).

4. Process according to claim 1, wherein the dipolar
aprotic solvent or water-miscible ether used is selected from
the group consisting of N-methylpyrrolidone,
dimethylformamide, dimcthylacetamide, dimcthyl
sulfoxide, hexamethylphosphoric triamide, sulfolane,
acctonitrile, tetrahydrofuran and diglycol dimethyl cther.

5. Process according to claim 1, wherein the
2-halogenoindan-1-one of the formula (D) is added in the
dissolved form and a littlc at a time to the cyanide salt
solution which has been initially charged.

6. Process according to claim 1, wherein the
2-halogenoindan-1-one of the formula (II) is employed as a
10 to 30% by weight strength solution.

7. Process according to claim 1, wherein based on the
solvent, up to 30% by weight of water are present.

8. Process according to claim 1, wherein the pH is kept in
the range from 4 to 11 by addition of a strong acid.

9. Process according to claim 1, wherein the process 1s
carried out at from 10 to 70° C.

10. Process according to claim 1, wherein the reaction
mixture which is present after the reaction is worked up in
that it is cooled, and any solvents present are stripped off
under reduced pressure, and the crystal slurry that remains
is mixed with water and acidified slightly and the solid is
fltered off and washed with water.

* * * * »
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1
METHOD FOR SEPARATING
CONTAMINANTS FROM 3-2-ACETOXY-
ETHYL-DIHYDRO-2(3H)-FURANONE

The preseat invention relates to a process for removing
undesirable impurities from 3-(2'-acctoxyethyl)dihydro-2
(3H)-furanone of the formula |

0]

0 OY

@]

3-(2'-acetoxyethyl)dihydro-2(3H)-furanone is a starting
material for preparing methyl tetrahydropyran-4-
carboxylate, which for its part is an intermediate in the
preparation of crop protection agents.

3-(2-Accloxyethyl)dihydro-2(3H)-furanone is prepared,
for example, by processes that are known per se and
described, for example, in U.S. Pat. No. 5,350,863, starling
from methyl acetoacetate and cthylene oxide. Another pro-
cess variant by which 3-(2r-acctoxyethyl)dihydro-2(3H)-
furanone is obtainable is described in Dokl Akad. Nauk
SSSR 27 (1940), 956-959 and U.S. Pat. No. 5,283,326.

In both variants, the desired 3-(2'-aceloxyethyl)dihydro-
2(3H)-furanonc is formed as a mixture with a number of
undesirable byproducts, in particular the isomeric dihydro-
3-(2-methyl-1,3-dioxolan-2-yl)-2(3H)-furanone 11

n

(¢]
(0] O

o}

If [ contaminated ia this manner is reacied 1n a continu-
ous gas phase rcaction with methanol in the presence of
acidic <atalysts 10 -give -methyl -tetrahydropyran-4-
carboxylale, considerably lower yields and shorter catalyst
onstream limes are obiained than when a product of high
purity without the byproducts is used. This is probably due
to the fact that most byproducts contain sensitive aceial
groups which decompose on the surface of the catalyst to
oligomeric and polymeric producls.

The removal by distllation in particular of Il from
mixtures comprising | and Il can be realized only with
difficulties and at high cost, owing 10 the boiling points,
which are very close.

It is an abject of the present invention 10 provide a
process by which undesirable byproducts, in particular 1I,
can be removed from mixtures with I without changing | in
the process.

We have found that this object is achieved by a process
for removing impuritics from 3-(2'-acetoxycthyvl)dihydro-2
(3H)-furanone (1), which comprises initially preparing the
3+(2-acetoxyethyl)dihydro-2(3H)-furanone contawning the
undesirable impuritics in a manner known per se by acely-
lating 3-(2"-hydroxyethyl)-dihydro-2-(3H)-furanone, subse-
quently treating 1t with strong mineral acids and finally
removing the decomposttion products of the undesirable
impurities from 1.

Surpasingly, the desired | is not degraded duning treal-
ment with mincral acids and can thercfore be obtained in
good yield and high purity.

Preferred cmbodiments of the process according to the
invention are disclosed in the subclaims and the description
below.

s
A
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The process according o the invention starts with the
mixture of 3-(2"-hydroxyethyl)dihydro-2(3H)-furanone and
undesirable impurities which can be obtained by known
processes which were described in the introduction.

This mixture is initially acerylated as completely as
possible. Preferred acetylating agents are acetic anhydride or
acetic acid iself; in principle, however, all acctylating
agents known (o the person skilled in the art for correspond-
ing acetylations are suitable. The acetylation is generally
carried oul al lemperatures in the range from 40° C. (0 200°
C., preferably from 60 10 140° C., over a period of from 0.5
10 10, preferably from 0.8 to 5 and in particular from 1 1o 3,

To ensure complete acetylation, the acetylating agent is
generally employed in a molar excess of from 5 to 50%,
preferably from 5 10 20%, based on 3-(2-hydroxyethyl)
dihydro-2(3H)-furanone present in the mixture.

In the subsequent step, the acetylation product is treated
with strong mineral acids. Preferced minceral acids ace hydro-
chloric acid, nitric acid and, particularly preferably, sulfuric
acid. This 1s employed preferably at at least 80% strengih
and in particular in the form of concentrated sulfuric acid.

The amount of sulturic acid used can be varied within
wide ranges; 10 some cases, it was found to be advantageous
10 use a molar ratio of strong mineral acid, based on the
amount of acctylating agent used in the preceding step, in
the range of from 1:20 10 1:3, preterably from 1015 10 1:7
and 1n particular from 1:8 to 1:12.

[For the treatment with the miacral acid, the lemperature
is gencrally in the range of from 10 10 80, preferably from
20 to 60 and 1n particular from 30 10 50° C. The duration of
the treatment s generally in the range of from 0.3 10 10, in
particular from 1 10 3, h, but can. n principle, be varicd
within wide Iimuis.

Afier the treatment with strong mineral acids. the decom-
position products of the undesirable impurities, in particular
of dill}'drd-B-(?-mcll1yl~l,3-di0xo|an-2-y|)-.2(3ll)-lhranonc
Il, can be removed ta a simple manner. '

According 10 a preferred variant, the mineral acid 18
initially neutrahized by addition of base, preferably aqueous
alkali metal hyvdroxide, and the acetic acid formeds ad
coproduct in the acetylauon is subsequently, if appropriate,
distilled ofl. Phasc separation is subsequently cacried out by
addition ol a sunable organic solvent and water, and the
organic phasc 1s then extracted. Suitable organic solvents are
1 particular aromatic hydrocarbons and especially alkylated
benzene derivanives, such as xylene or toluene. The organic
extracts arec combined and the solvent is removed, and the
residue can then be rectified under reduced pressure, giving,
i good yicld and high purity, the destred peoduct, which
may subscquently be processed further. The degree of purity
of I can be increased even further by carrying out more than
onc rectifications in succession. The conditions for the
recufication arc known per se to the person skilled i the an
and descnibed iy the Titerature, so that further details are not
required here

Afer the process according o the vention has been
carried vut, the puniy of Lis generallyv at least 98, preterably
at deast 985 wnd particalarly preterably at feast 99%. by
weght

The [ obtamable by the process accordimg 1o the mven-
nos can be reacicd ma manoer Known per scoan ieh yicid

and with good catalyst onstream times 1o methyl

[SRARE
tetrabvdropyran-i-carboxvlate This s an important inter-
mediate 1 the preparation ol crop prolechion agenis
EXAMPLE |
Companson
[na 3.5 1 pressure vessel, a mixture of 1009 ¢ (8.7 mal)
of methyl accroacctate, 1218 ml (969 g) of methanol and 110

—
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g (0.61 mol) of 2 30% strength solution of sodium methox-
ide in methanol was initially charged, and 765.6 ¢ (17.4 mol)
of cthylene oxide were subsequently pumped in at 60° C.
with stirring over a period of 8 hours, The mixture was then
stirred at 60° C. for 24 h. The reaction discharge was
repeatedly flushed with nitrogen and subsequently trans-

ferred into a stirred apparatus having an attached column. .

‘The catalyst was then neutralized by addition of 29.6 g (0.3
mol) of sulfuric acid (96%). The low-boiling components,
essentially methanol, methyl acetate and methy! glycol,
were distilled off at 10 mbar (1013 Pa) up to a bottom
temperature of 100° C. At 100° C., 806 g (7.9 mol) of acetic
anhydride were added over a period of one hour with stirring
to the distillation residue, and the mixture was then stirred
at 100° C. for 2 h. The excess-acetic anhydride and the acctic
acid, which is formed as coproduct during the acetylation,
were subsequently distilled off, and the crude discharge was
cooled. After addition of 726 g of toluene and 300 g of waler,
the phases were scparated and the agueous phase was

v~ cxtracted twice with 200 mi of toluene each time. The

*
"

organic extracts were combined and the solvent was stripped
off under reduced pressure using a rotary evaporator. The
residue was reclified batchwise under reduced pressure at 10
mbar (b.p. 161° C./10 mbar). This gave 1077 g (72%) of
3-(2'-acctoxyethyl)dihydro-2(3H)-furanone (calculated
100%}).

Composition:

3-(2-acetoxycthylydihydro-2(3H)-furanone
dihydro-3-(2-methyl-1,3-dioxolan-2-y1)-2(3#)-furanonc
3-(2-hydroxyethyl)dihydro-2(3H)-furanon

others ’ :

EXAMPLE 2
Single Batchwise Rectification

Ina 3.5 1 pressure vesscl, a mixture of 1009 g (8.7 mol)
ol methyl acetoacetate, 1218 ml (969 g) of methanol and 110
2 (0.61 mol) of a 30% strength solution of sodium methox-
ide in methanol was initially charged, and 765.6 ¢ (17.4 mot)

of ethylene oxide were subsequently pumped in at 60% C.

with stirring over a period of 8 hours. The mixture was then
ystirred ai 60° C. for 24 h. The reaction discharge was

2

t

Het
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- repeatedly flushed with nitrogen and subsequently trans-
ferred into a stirred apparatus having an attached column.
The catalyst was then neutralized by addition of 29.6 ¢ (0.3
mol) of sulfuric acid (96%). The low-boiling components,
essentially methanol, methyl acetate and methyl glycol,
were distilled off at 10 mbar up 1o a botlom temperature of
100° C. AL100° C., 806 g (7.9 mol) of acetic anhydride were
added over a period of one hour to the distillation residuc,
and the mixture was then stirred at 100° C. for 2 h. To
decompase the dibydro-3-(2-methyl-1,3-dioxolan-2-v1)-2
(3H)-furanone, the recaction mixture was cooled 10 40° C..
72.5 g (0.73 mol) of sulfuric acid (96%) were added and the
mixture was then stirred at this temperature for 2 hours. To
neutealize the sulfuric acid, 127.5 g (1.59 mol) of 30%
strength NaOH were subsequently added at 40-45° C. 'I'he
acctic scid which was [ormed as coproduct during the
acetylation was distilicd off and the crude discharge was
cooled. Alier addition of 726 g of 10luene and 850 ¢ of watcr.
the phases were separated and the aqueous phasc was
extracted twice with 200 ml of toluene cach time. The
organic extracts were combined and the solvent was stripped
oll under reduced pressure using a rotary evaporator. The
residue was rectified batchwise under reduced pressurc at 10
mbar (b.p. 161° C./10 mbar). This gave 1056 g (71%) of
3-(2"-acetoxycthyl)dihydro-2(3H)-furanone (calculated
100%).

20

" low-boiling components, essentially
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. was distilled off and the crude disct

Composition:

3-(2'-acetoxyethyl)dihydro-2(3H)-furanone 98.5%

dihydro-3-(2-methyl-1,3-dioxolan-2-yl)-2(3M)- furanone 0.3%

3-(2'-hydroxyethyl)dihydro-2(3H)-furanon 0.3%

others 0.9%
EXAMPLE 3

Three-Fold Continuous Rectification

Ina 1 m® pressure vessel, a mixture of 348 kg (3.0 kmol)
of methyl acetoacetate, 420.1 1 (334.2 kg) of methanol and
37.9 kg (210.3 mol) of a 30% strengih solution of sodium
mcthoxide in methanol was initially charged and 2641 kg
(6.0 kmol) of ethylene oxide were suhsequently pumped in
with stirring at 60° C. over a period of § hours. The mixture
was then stirred at 60° C. for 24 h. The. reaction discharge
was repeatedly flushed with nitrogen and subsequently
transferred into'a 1 m3 [sic] stirred apparatus having an
attached column. The catalyst was then neutralized by
addition of 10.2 kg (103.5 mol) of sulfuric acid (96%). The
methanol, methyl
acclate and methyl glycol, were distilled off at 10 mbar
(1013 Pa) up to a bottom temperature of 100° C. At 100° C.,
278 kg (2.7 kmot) of acetic anhyvdride were added with
slirring over a period of one hour to ihic distillation residue,
and the mixture was then stirred at 100° C. for 2 h. To
decompose the dihydro-3-(2-methyi-1,3-dioxolan-2-yl)-2
(3H)-furandne, the reaction mixture was cooled to 40° C.,
25.0 kg (251.8 mol) of sulfuric acid (26%) were added and
the mixture was then stirred at this emperawre for two
hours. To neutralize the sulfuric acid. +39.7 kg (548 mol) of
30% strength NaOH were subsequentiv added at 40—45° C.
The acetic acid tormed as coproduci during the acetylation
¢ was cooled. After
addition of 250.4 kg of toluene and 293.2 kg of water, the
phases were scparated and the aquedius phase was exiracied
twice with 100 kg of toluene cach tinie. The organic extracts
were combined and processed furtin: This gave 375.3 kg
(73%) of 3-(2-acetoxyethyl)diliv.iro-2(3H)-furanone
(calculated 100%).

Composition:

A-(2-acetoxvethyl)di
dibydie-3-(2-methy
3-(2-hvdroxyethyldi
athers ’

ro-2(3H)-furanone
-diexolan-2-vD)-2(31i- hone
hvdre-2(3H)-furanon

To investigate the effects of the degi. . ol purity of Ton the
subsequent reaciion, the products obi. . ~d by Examples 1 1o
svran-4-carboxylate

Jwere converted into methyl etraby

according to the following gencral o iion:
0
o} +CH,01:
O Y (ALO;:
0
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-continued

OClH,
(1

Per hour, a solution consisting of 172 g of 3-(2'-
acetoxyethyl)dihydro-2(3H)-furanone and 192 g of metha-
nol was evaporaied and passed in a tubular reactor at 250°
C. over 2000 g of a y-aluminum oxide catalyst (Pural SB™,
formed into 2 mm strands, dried for 16 h at 120° C. and
calcined for 3 h at 520° C.). The gaseous reaction discharge
was condensed and the resulting tetrahydropyran-4-
carboxylate ester was purified by batchwise distilation (b.p.
117° C./30 mbar).

The results of the reactions of 3-(2"-acetoxyethyl)dihydro-
2(3H)-furanone | with different proportions of dihydro-3-
(2-methyl-1,3-dioxolan-2-yl)-2(3H)-furanonc Il arc summa-
rized in Table 1: :

TABLE 1
Yield of  Yicld of  Yieid of Yield of
Proportion Conver- tL, at (1, after  {l, aftes ., atier
of ll in % sion (%) the start 60 h 1200 h 1440 h
3.5 (Ex.1) 100 5% 39% — —
0.3 (Ex.2) 100 63%; 63% 63% 57%
<0.1 (Ex.3) 100 63% 68% 68% 68%

25
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The results of the table above show the strong effect of the
content of impurities, in particular I, on the further pro-
cessing of 1.

We claim:

L. A process for removing impurities from 3-(2-
acctoxyethyl)-dihydro-2(3H)-furanone (1), which comprises
initially preparing the 3+(2"-acctoxyethyl)dihydro-2(3H)-
furanone containing the undesirable impurities in a manner
known per se by acetylating 3-(2-hydroxyethyl)-dihydro-2-
(3H)-furanone, subsequently treating it with strong mineral

acids and finally removing the decomposilion products of

the undesirable impurities from .

2. Aprocess as defined in claim 1, wherein the acetylating
ageot used 1s acetic anhydride or acetic acid.

3. A process as defined in claim 1, wherein the strong,
mincral acid used is sulfuric acid.

4. A process as defined in claim 1, wherein the treatment
with sulfuric acid is carried out at temperatures of from 20
to 70° C.

5. A process as defined in claim 1. wherein the decom-
posttion products are removed by phase scparation, subse-
quent extraction and distillation or rectification.

6. A process as defined in claim 3, wherein a multi-step
distillation or rectification is carried out.
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PROCESS FOR THE PREPARATION OF
PARA-FLUOROPHENOL

This s the U.S. National Stage Application of PCT/1L97/
00019 filed Jan. 14, 1997 now W097/26235 published Jul.
24,1997

1. Field of the Invention

This invention relates to a process for the preparation of
p-fluorophenol by the hydrolysis of p-bromofluorobenzene.
[t parucularly refers to a process which yields highly pure
p-fluorophenol, obtained from a crude p-fluorophenol reac-
tion product, which has an extremely low content of phenol
and a low content of heavy by-products.

2. Background of the Inveation

Aromatic fluorine compounds based on fluorobenzene
are important inlermediates for the manufacture of
agrochemicals, pharmaceuticals and speciality polymers.
One such Hluorine compound is p-fluorophenol (hercinafter
PFP). Various processes for the preparation of PFP are
knowa in the ari. Among them the following may be cited:
direct fluorination of phenol, fluorination of p-aminophenol,
hydroxvlation ot Huorobecnzene, diazotization of
p-fluoroaniline tollowed by hydrolysis of the diazonium salt,
dealkylation of fluoroanisole or fluorophenctole, and
hydrolysis of p-chlorofluorobenzene. A process which has
recerved considerable attention in the art is the hydrolysis of
p-bromofluorobenzene (hereinafter PBFB). Said hydrolysis
has been carried out under basic conditions, under pressure,
with or without a catalyst. The problems inherent in the
prepacation of PIFP by the hydrolysis of PBFB are the low
selectivity regarding PFP and the formation of phenol
by-product. Phenol 1s not the only by-product formed; other
by-products arc, [or instance, 4,4'-difluorodiphenyl cther
(hereinatier DEFDPE) and 4-fluoro-4'-hydroxydiphenyl ether
(hereinatier FHDPL). Phenol, however, is a particularly
undesirable by-product, because 1t 1s practically impossible
10 remove by chsuliauion, and other methods knowa for 1ts
removal, such as melt crystallization or treatment with
plithalic anhydnide/M580,, require an extra process siep,
which 15 detrimemal 10 the economics of the process.
Therefore considerable attlention bas been devoted in the art
to the reduction of the amount of phenol formed, but the
results have not been completely satisfactory.

Thus, US. Pat. No. 2,934,569 and GB 850888 disclosc
the hydrolysis of PBFB with Ca(OH), as a base, and in the
presence of a catalyst, whereby it 1s attempted 1o reduce the
tormation of phenol, but PFP is obtained in yields of only
50-70¢% and large amounts of DFDPE (10-15%) arc
formed

Russian Patent 143404 describes the hydrolysis of PBEB
using an alkah fluonide, such as NaHF; or KOAc, as a base
and Cu-O as the catalyst. The reaction takes place a1 250° C
tor 4 hours with a PEP vield of 73%.

DE 3430554 discloses the hydrolysis of PBEFB in the
presence of Ba(OH) . with Cu powder as a catalvst and a
qQuaternary ammomum cocatalyst. Yields of up to 94.6% arc
mennoned

U.S. Pat. No. 2,930,325 deseribes the basic hydrolysis of
PBEB wath alkaline carth metal oxides or hydroxides, which
are said 10 avord the formation of by-products such as
phenol, “which aie frequently formed when the stronger
alkalioe agent, c¢.g., potassium hydroxide or sodium
hydroxide, 1s coaployed in the reaction™.
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In conclusion, the prior art teaches that the best way of

carrying out the basic hydrolysis of PBFB comprises using
a copper compound catalyst, and calcium or barium hydrox-
ide as a base. Stronger bases, such as in particular sodium
hydroxide, arc said to produce bad results. The combined
use of calcium hydroxide and copper catalysts, according to
prior art, provides yiclds that may rcach 70-75%.

Itis a purpose of this invention 1o provide a process for
the production of PFP which gives this product in high
yields and 2 very low amount of pheno! by-product.

[t is a particular purpose of this inveation to provide such
a process which compases the hydrolysis of PBFB and
permits a reduction in the formation of phenol to amounts in
the order of 0.1% and cven below that amount.

It 1s a further purpose of this invention to provide such a
process which docs not involve the production of large
amounts of heavy by-products, such as DFDPE and FHDPE.
Any such heavy by-products are casily removed during the
work-up, which includes extraction with an organic solvent,
followed by tractional distillation.

Itis a sull further purpose of this invention to achieve the
aforesaid purposes by a simple and economical process,
which does not involve the use of expensive reagents.

Itis a sull further purpose of this invention to provide a
process for the production of PFP having increased produc-
tivity together with high selectivity.

Other purposes and advantages of this invention will
appear as the description proceeds.

SUMMARY OF THE INVENTION

The process according to the invention is characterized in
that PBFB is hvdrolyzed with a mixture of NaOH and
Na,CO; as the base, and.using a copper catalyst.

[t 1s known that the use of NaOH alone as base produces
PP with a phenol content of ~0.7%. We have found _that
under the preferred condinions, the hvdrolysis with NaOH
together with Na.CO; as the base, succeeded in producing
PFP wuh a lower amount of phenol and a relatively low
amount ol hcavy by-products relative 1o the prior art pro-
cesses

The hydrolysis s carricd out on pure PBFB at tempera-
tures from 180 10 240° C., and preferably at a tempceraturce
of 200-210° C An increase in the temperature leads 1o an
wcrease 0 the rate of the reacuon, but also 1o an increase in
the aniount of phenol formed and the amount of F~ in the
reachion imxtuse A lower temperature increases the reaction
lime

The molar rane NaOH/PBEB 1s compnsed between 0.8
and 2 G and preterably between 1.4 and 2.4, The Na,CO
PBEBR molar rato s comprised between 0.25 and 1.6, and
preferably between 0.25 and 1.2 The copper catalyst s
chosen Trom smiong Cu.0, CuO and CuSO,*5H, 0. and 18
preferabiv an ovide. Cu. O or CuO. The molar ratio of PBER
10 Cu.Oix from 4 10 16 and the molar ratio of PBEB 10 Cu0)

I from 2o N

DETAILLD DESCRIPTION OF PREFERRED
EMBODIMENTS

When the reaction 1s carried out in a batch process, the
NaOH and Na.CO, arc used in aqueous solution and the

T
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total base concentration (NaOH+Na,CO,) in said solution
varies from 10 to 30% and preferably from 20 to 25% wiw.
The preferred molar ratio NaOH/PBFB is comprised
between 1.4 and 1.6. The preferred Na,CO,/PBFB molac
ratio is comprised between 1.1 and 1.2. The bases are
charged together with the PBFB and the catalyst into a
reactor, which is sealed and heated to reaction temperature
for the required period of time. The use of a higher concen-
tration of basc raises the efficiency of the reactor, but as the
base concentration increases, more phenol and heavy
by-products (DFDPE and FHDPE) are -formed. Thus,
NaOH/PBFB in a molar ratio pf ~1.4, together with
Na,CO,/PBFB in a molar ratio of ~1.1, gave a product with
a low amount of phenol (~0.1%) and rclatively low amounts
of heavy by-products (~6-8%).

The preferred molar ratio of PBFB to Cu,0 is between 6
and 12, and the preferred molar ratio of PBFB to CuQ is

between 3 and 6. The larger amounts of catalyst accelerate

the reaction and reduce the formation of phenol by-product.

The reaction time is about four hours at 205£5° C. Under
the aforesaid conditions, low amounts of phenol and heavy
by-products are obtained, with high conversions of PBFB
(>99.5%). PFP yiclds of 85-90%, before distillation, arc
achieved.

25

The reaction product is subjected to work-up, comprising

filtration of the reaction mixture, acidification 10 pH 3-7
with concentrated aqueous HCI, then exiraction with an
organic solvent. The solvent is chosen from .among loluenc,
n-butyl acetate (n-BuAc) and methyl isobutyl ketone
(MIBK). '

The organic phases from the extraction are combined and
subjecied (o fractional distillation. The fractional distillation

- is carried out with about 5-10 theoretical stages and the pure
PFP codmes off at 123-125° C. at 100 mm Hg.

The foregoing advantages of the invention may be betier
undersiood through the following illustrative and non-
limitative examples.

Examples 1 to 23 illustrate embodiments in which the
iavention is carried out in a balch process.

EXAMPLE 1

Preparation of PFP using a mixwre of Na,CO; and
NaOH as the base

A one liter autoclave was charged with 620 g water, 50.6
g NaOH (1.26 mol), 105.2 g Na,CO4 (0.99 mol), 157.5 g
pure PBFB (0.9 mol) and 11 g Cu,O (0.076 mol). The
autoclave was sealed and heated to 205° C. over 45 minutes,
then mainiained at 205° C. for 4 hrs. The contents of the
autoclave were cooled 10 room temperature and filiered. The
composition of the reaction mixture was determined by GC
and GC/MS.

The conversion of the PBFB, determined by titrating the
filirate for Br~, was >99.5%. The filtratc was carcfully
acidificd with 188 ¢ 32% HCl 1o pH 3-7 and extracted with
2x250 ¢ tolucne.

Four cxperiments were carried out under these conditions.
The extraction was performed counter-current, i.e. organic
phase from the second extraction scrved as the extractant for
the first extraction of the following batch,

All the organic phases were combined and then distilled
in a laboratory column, 1" diameter, about 5 theoretical
stages. The solvent was distilled at atmospheric pressure,
and can be recycled. Practional distillation was then per-
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formed. The pure PFP was obtained at 123-123° C. at 100
mm Hg. The main fraction contained 320 g PFP in a purity
of 99.5% and a phenol content of 0.1%. Off-spec fractions
containing ~25 g PFP can be transferred to the next distil-
lation.

Based on these results, the yicld of PFP is ~85%, based on
starting PBFB.

EXAMPLES 2 AND 3

The preparation of PFP was carried out as described in
Example 1, but under the following conditions and with the
results shown in Table [:

aq. (NaOH+Na,C0,)—20%
NaOH/PBFB molar ratio—1.4
Na,CO,/PBFB molar ratio—1.1
PBFB/Cu,0 molar ratio—06.0
Temperature—205+5° C.
Time—4 hours

TABLE |
F~ in aq.
Example Composition (GC. area $¢)” reaction mixture
\ }
h‘lo. FB  PBFB PFP DFDPE FHDPE ppm  mole %
13 L1 01 940 29 17 70 42
3 16 0.2 92.8 . 3.0 1.6 700 8

*PhOH n.d. < 0.1%

It should be pointed out that under said conditions, the
level of F~ in the reaction mixture is ~700-800 ppm, which
is lower than obtained with the use of NaOH alonc. The
yield of PFP in the crude reaction mixwre is 85% or more.

Pure PFP is obtained by filtration of the reaction mixture,
acidification to pH 3-7 by aqueous (1. followed by extrac-
tion with one of the following solvents: nBuAc, MIBK,
toluene, then fractional distillation.

EXAMPLES 4 AND) 5

The preparation of PFP was carric:d out as described in
Example 1, but using CuQ as catalyst and under the fol-
lowing conditions and witl the resuits shown in Table 11

aq. (NaOH+Na,CO,)—20%
NaOH/PBFB molar ratio—1.4 .
Na,CO,/PBFB molar ratio—1.1
PBFB/CuQ molar ratio—3.2
Temperature—20525° C.
Time—4 hours

TABLE 1l
7 ag.
reaction
Example Composition (GC. area = mixture
No. FB  PBFB  PFP DEDPE HDPE ppm ok B
4 1.3 0.1 932 24 RS 880 4.8
3 0.8 0.3 938 3.3 P4 860 4.7

*PhOH nd. < 0.1%

'l.!u'
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EXAMPLES 6 TO 11

The comparative behavior of different catalyslts is iltus-
trated by the following hydrolyses shown in Table {11:
aq. (NaOH+Na,CO,}—23%

5
Temperature—205+5° C.
Time—4 hours
TABLE 111
Molar Ratio
Ex. NaOH/ Na,COy PBFB/ Catalyst Composition (GC, arca %)
No. PBFIB3 PBFB Cat. used FB PBFB  PhOH  PFP DFDPE FHDPE
6 15 1.16 6.5 Cu,0 1.4 1.4 0.1 90.3 5.0 1.6
7 13 1.16 6.5 1.1 0.6 0.12 91.7 3.2 1.4
8 1.5 1.16 3.6 CuO 1.4 02 0.09 91.2 39 20
9 15 1.16 36 1.7 0.2 0.09 90.8 39 20
10 1.6 1.20 6.0 CuSO,5H,0 1.6 0.3 0.06 &7 4.1 8
11 1.6 1.00 6.0 2.9 0.3 0.06 879 5.1 34

EXAMPLES 12, 13 AND 14

The following examples, carried out under the following
conditions and with the results shown in Table IV, illustrate =
the effect of tempcerature variations within the range 205+5°
C.
aq. (NaOH+Na,C0,)—20% wiw
NaOH/PBFB molar ratio—1.5 .
Na’CO?PBFB molar ratio—1.2 30
PBFB/Cu0O molar ratio—13

TABLE Vv
Ex. Temp Time Conv. Composition {(GC. area %)
No. °C. he by B % FB PBFB  PhOH PFP DFDPE FHDPE i
12 200 45 96.0 1.8 2.9 0.1] 934 16 0.2
13 205 4.0 97.6 10 09 0.15 95.1 20 0.6
14 210 30 98.5 — 0.1 017 972 1.9 05

The reaction can be carried out at lower and higher
temperalures, e.g. from 180 to 220° C. However, as the
temperature is lowered, the reaction proceeds more slowly;
and as il 1s increased, more phenol by-product tends 10 form.

EXAMPLES 15 AND 16

The amounts of bases used can vary within relatively 30
wide limits and still produce satisfactory results, as shown
by the following cxamplcs in Table V:
aq. (NaOH+Na,CO;)—20% w/w
PBFB/Cu,0 molar ratio—13
Temperature—205+5° C.

TABLE V
Molar Ratio Conv. by
Exampie  NaOH/  Na.COy Bro Time Main fmpantics
No. PBEB PBEB % hr PhOH  DFDPE FHDPE
15 1.5 12 96.0 4.5 0.1] 1.0 02
16 08 1.6 989 37 0.05 37 4.4

et Ny
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The use of Na,CO, alonc would give small amounts ol
phenol, but at the expense of large amounts of DFDPE and
FHDPE.

EXAMPLES 17 TO 20

8

The use of a higher concentration of base raises the
cfliciency of the reactor, but the results show that the higher
the basc concentration, the lower the selectivity of the
hydrolysis for PFP. Higher base concentrations led to the

s formation of more phenol and heavies (DFDPE and
The total concentration of the bases in their aqueous FHDPE).
solution can also be varied considerably. Non-limitative
examples are given in the following shown in Table VI:
NaOH/PBFB molar ratio—1.4
Na2CO*/PBFB molar ratio—1.1 10
Temperature—20525° C. EXAMPLES 21 TO 23
Time—4 hours
TABLE V1. 5
The ratio of PBFB 1o catalyst has an influence on the
— Camlyst - results of the reaction. Examples 21 1o 23, shown in Table
Molar VI, relate to hydrolyses carricd out under the following
Ratio conditions:
Example PBFB/ Conc. of Main {mpurities .
No. Type cat base % FB PhOH DFDPE FHDPE
- - - aq. (NaOH+Na,C0,)—20%
17 Qu,0 6.5 25 24 013 6.1 3.4 . _
18 o 6.5 20 23 0.09 4.4 1.9 NaOH/PBFB molar ratio—1.5
19 Quo 36 25 15 04 62 23 Na,CO,/PBFB molar ratio—1.2
20 O 36 20 13 008 3z L0 25, N
lemperature—205+5° C.
Time—4 hours
TABLE VI
Conv,
Example  PBFB/ by Composition (GC area %)
No Cu,0 B % FB PBFB  PhOH  PFP DFDPE FHDPE
2) M 853 15 139 048 830 10 0.1
2 13 976 10 09 015 951 20 0.6
23 6 991 07 05 009 954 20 11
4 Alarge amount of catalyst produces a {aster rcaction and
less phenol by-product, as shown by ihe tabulated results.
The following examples illustraic cmbodiments whercin
the invention is carricd out in a scmi-batch process. By
semi-batch process is meant a process in which the NaOH is
_ slowly added to the reaction mass during the course of the
2 reaction.
In the semi-batch process, the witer, the Na,CO;, the
PBFB and the catalyst arc charged into a reactor, which is
sealed and heated to reaction temperaivre. NaOH solution is
then added at a constant flow ratc over a few, preferably 3
30 10 5, hours, whereafter the temperature is maintained for an
additional time, e.g. about onc hour. i permit the reaction
to be completed. When the reaction s carricd out in this
manner, the preferred catalyst is (.0 and the preferred
molar ratio of PBFB to Cu,0 is from: < 10 6.3. The reaction
35 temperature is from 200° 1o 2204° C.. preferably about 210°
C. The preferred molar ratio Na,CO, PBEB is 0.25-0.50
and the preferred molar ratio NaOH PEIFB is 1.8-2.2.
EXAMPLE 2
6)  An S-litre reactor was loaded wit: 1919 g H.0O, 283 ¢
Na,CO,, 1847 g PBFB and 369 ¢ (...O. The mixture was
heated 1o 210° C. 1738 g of 48% Nl was then slowly
added 1o the reactor by means of = Gaphragm pump, the
tcmperature in the reactor being maiizaned at 210° C. The
65 NaOH was added at a constant tlow r.ie over 5 hours. The

temperature was maintained for an wilitional hour. During

)
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this hour, a drop in the pressure of about 1 atm from -20 to
19 atm was observed, which indicated climination of the
vapor pressure of the PBFB and completion of the reaction.

The mixiure was then cooled to 70° C. The mixture was
filtered to remove the catalyst and the filtration line washed
with 1000 g water. The mixture was acidified to pH=6.5 and
cooled to ambient temperature. The product was extracted
with 1850 g butyl-acetate. A second extraction was then
done with 927 g butyl-acctate. The two extracts were mixed

o

10

3. Process according to claim 1, wherein the hydrolysis is
carried out at temperatures from 180 to 240° C.

4. Process according to claim 1, wherein the hydrolysis is
carried out at temperatures of 200-210° C.

5. Process according to claim 1, wherein the molar ratio
of sodium hydroxide to p-bromofluorobenzene is comprised
between 0.8 and 2.6.

6. Process according to claim 1, wherein the molar ratio
of sodium hydroxide 1o p-bromofiuorabenzene is comprised
between 1.4 and 2.4,

i 10 ) . .
together. The l(.)lal weight of lt?c .lwo tt.xlracls was 401? & 7. Process according to claim 1, wherein the molar ratio

3941 g of this extract was dxslfllcd in two fractions, in a of sodium carbonate 1o p-bromofluorobenzene is comprised
waler-heated rotavapor and then in an oil-heated rotavapor. between 0.25 and 1.6.

Thc ﬁ{sl distillcd.f'raclion weighed 3680 g and had the 8. Process according to claim 1, wherein the molar ratio
tollowing composition (GC arca %): BuAc: 72.2%, PFP: s of sodium carbonate to p-bromofluarobenzene is comprised
27.4%, DFDFE: 0.4%. The PFP assay as detered by acid ! between 0.25 and 1.2.

" ditration was 9. Process according to claim 1, wherein the sodium

26.0%. 85 g of a two-phase mixture of BuAc and water hydroxide and the sodium carbonate are used in agueous
was collected in the trap. solution with a total concentration from 10 to 30%.

‘The second distilled fraction weighed 28.6 and had the 5 10. Process according 1o claim 9. wherein the sodium
following concentration: BuAc: 1.3%, PFP: 81.4%, DFDFE: hydroxide and the sodium carbonale are used 0 aqueous
16%. The PFP assay was of 84.5%. solution with a total concentration of 20 to 25% w/iw.

Teer ; Y marr: : ol

The recovered PFP in the two distillation fractions gave a whtlrgpr(ljtfzss a;cc;or(‘i’lln(% l? ?Id'flld“.’ Ldr{;}“’ OT" n b{":;h’
yield of 83%, relative to the PBFB feed. The residue of in -copper calalyst 15 uscd 1n suc a‘n amoun a

P < . S the molar ratio of p-bromofluorobenzene 10 Cu,0 is trom 6
distillation represents 85.3 g. The balance on the distillation 25 . - .
X 1o 12 and the molar ratio of p-bromotiuorobenzene 10 CuQ
was 98%. .
is from 3 to 6.
EXAMPLES 25-29 12. l’roccs§ according 1o claim 2, carned out in semi-
batch, whercin the copper catalyst is Cu,O and is used in

The same operations of Example 24 were carried out in 10 such an amount that the molar ratio of
the following Examples, but with the amount of reagents and p-bromofluorobenzene 10 Cu,O is from 4 10 6.3.
catalyst and the composition of the final product set forth in 13. Process according to claim [, carried out in semi-
the following Table VIII. batch, wherein the molar ratio of sodium hydroxide to

TABLE Vili

Detailed resuits of semi-baich reaction in the 81 reactor

Feed
Example  PBFB Molar qatio Cu,0  Temp Composuion (GC area %)
No (moles) ‘PBFB  NaOH Na,CO, (wt %) (dex. C) FB OFP  PBFB PhOH  PKP  PFPAc  DFDPE  FDHPE
23 9.59 ] 2.4 0.25 20 210 0.7 006 001 0088 97§ 01 0.3 0.6
26 9.59 ] 2.3 0.25 20 220 0.5 006 007 0120 8§73 03 78 35
27 9.59 ! 2.4 0.5 20 210 0.1 1.44 nd 0240 966 0 0.0 13
8 10.55 ) 2 0.28 20 210 nd. 0.03 n.d 0082 979 0.2 03 in
29 134 } 2.2 0.25 13 210 0.2 0.08 nd. 0126 979 0.1 01 b3
The productivity of the process is increased by the semi- <0 p-bromofluorobenzence is comprised between 1R and 2.2
baich operauon. In Examples 24 10 29 the PBFB loading of ™ and the molar ratio of sodium carbonate (o

the reactor, calculated on the basis of its final content, after
NaOH addition, tree of catalyst, varied from 16 10 38 wt %

‘The process can be carried out, if desired, in a continuous
manner

While embodiments of the invention have been described
by way of illustration, it will be apparent that the mvention
may be carnied out by persons skilled in the art with many
maodificanons, varistions and adaptations, without departing
from s spint or exceeding the scope of the claims

We claim:

I Process for the preparation of p-fluorophenol, which
comprises hydrolyzing p-bromofluorobenzene with a nux-
wre of NaOll and Na,CO, in the presence of a copper
catalyst.

2. Process according to claim 1, wherein the copper
catalyst i1s chosca from amoag Cu,0, CuO and
CuSO5H.0.

60
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p-bromofluorobenzene 1s comprised between (125 and 0.3

14. Process according to claim 1, carried out m scin-
batch, wheren the sodium hydroxide s slowly added 10 a
mixture of p-bromofluorabenzene, sodium carbonate and
catalyst, at the reaction temperature and at such a flow rate
that the addition lasts from 3 to 5 hours

15. Process according 1o claim 14, whercin ihe reaction
mixture s kept at the reaction lemperaire, after ihe wddition
of sodium hydroxide, until the reaction s completeid

16. Process according to claim 1, further comprsing
subjecting the reaction product 1o work-up, exteaction wuh
a suitable solvent and disullation

17. Process according 1o claim 16, wherein the solvent for
extraction 1s chosen from among 10lucne, n-bulyl accrate
and methyl isobutyl kcione.

* * * * *

[ N T T T T



UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENTNO. : 6,037,503
DATED : March 14, 2000
INVENTOR(S) :  Oren et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby
corrected as shown below: - '

Col. 7, line 1 1,.7'.NaiCO3'; should read -- Na,CO,--.

Col. 7, in Table VI, line 23, "CuQ" should read --Cu,0--.
. Col. 9, line 15, "detered" should read --determined--.

Col. 9, line 20, after "28.6" insert --g--.

Cols. 9 and 10, in-Table VIII, under Example No. 27, "nd" should read --n.d.--

Signed and Sealed this

Twenty-seventh Day of February, 2001

Holis P Gutli:

NICHOLAS P.GODICI

Attesting OfﬂCL’I‘ Acting Director af the Uniied States Patent and Teacemurk Office

A

ooy

..‘....,.n{m,,....... .

2 it



AN RYURR -\

._—————’——_,’—_———_——/
US006107490A
United States Patent 19 (1) Patent Number: 6,107,490
Murthy-et al. 45 Date of Patent: Aug. 22,2000
[54] PROCESS FOR THE MANUFACTURE OF 4- (56} References Cited
METHYL-5-HYDROXYMETHYL- . e
IMIDAZOLE U.S. PATENT DOCUMENTS
4,189,591  2/1980 Muelier et al. ..coovvirciene 548/342
[75] Inventors: K. S. Keshava Murthy; Gamini 4,275,216  6/1981 Hubert-Brierre .....o.coccrvvereennees 542/342

Weeratunga; Derek John Norris, all

Primary Examiner—Patricia L. Morris
of Brantford, Canada Y

Attorney, Agent, or Firm—ivor M. Hughes; Neil H. Hughes;

[73] Assignee: Brantford Chemicals Inc., Brantford, Marcelo K. Sarkis
Canada (57] ABSTRACT

A process is provided for the manufacture of 4-lower-alkyl-

> .
(2] Appl. No.: 08/571,779 5-hydroxymethyl-imidazole comprising reacting (4)-lower-

(22] Filed: Dec. 13, 1995 alkyl imidazole with formaldehyde in an alkanol solvent
_ having from 2 to 5 carbon atoms in the presence of a solid

[51] Inte CL7 C07D 233/64 mild base suspended in the solvent.

(52] US.Cl i . 548/341.1

[58] Field of Search ..o 548/341.1 9 Claims, No Drawings

)

oy



6,107,490

1

PROCESS FOR THE MANUFACTURE OF 4.
METHYL-5-HYDROXYMETHYL-
IMIDAZOLE

FIELD OF THE INVENTION

This invention relates to the manufacture of 4-methyl-5-
hydroxymethylimidazole.

BACKGROUND OF THE INVENTION

As indicated in US. Pat. No. 4,189,591, 4-methyl-5-
hydroxymethylimidazole was discovered by WINDAUS in
1909 and was made by the reaction of formaldehyde with
4-methylimidazole. This product is a suitable intermediate
for making Cimeudine.

U.S. Pat. No. 4,189,591 was purportedly direcied to
maKking this product by an improved process. The improved
process was purportedly carried out in aqueous rcaction
media. The Patent specifies the reaction must be carried out
under closely controlled conditions (column 1, fines 31 -32).
The patent also specifics that when the water 1s replaced by
methanol, only trace amounts of 4-methyl-5-
hydroxymethyl-imidazole was found inthe reaction mixture
(column 2, line 67—column 3, line 1). According o the
patent, “the other common solvents arc no better . = .7
(column 3, lines 1-2).

With each of the processes, there are deficiences relating
10 rcaclants, conditions of reactions and yields

In U.S. Pat. No. 4,275,216, a process is provided by which
4(5)-hydroxymethyl- 5(4)-lower- alkyl imidazolcs may be
manufactured. The process reacts 5(4)-lower alkyl imida-
zole with formaldehyde in the presence of a strong base (for
example, 2 mineral base such as sodium hydroxide, tertiary
amine, quarternary ammomnium hydroxide and atkaline meial
alcoholates) and at a reaction temperature of 60-95° C

{t is thercfore an object of this invention to provide an
improved process which is casier 1o use and more environ-
mentally friendly providing the ability to separate casily and
recover non-reactant malerials (such as the solvent and mild
base) used in the process.

Further and other objects of the invention will be realized
by those skilled in the art from the following Summary of
Invention and Dectailed Descripion of Embodiments
Thercof.

SUMMARY OF INVENTION

Unexpectedly, we have found that by carrying out the
reaction of the 4-methylimidazole with formaldehyde in an
alkanol (other than methanol) and preferably 1sopropanod,
good yiclds are achieved in the manufacture of 4-mcihyl-
S-hydroxymethylimidazole. Preferably anhydrous potas-
sium carbonate (K.CO;) or other such mild base is added in
solid form and suspended in the reaction mixture 1o catalvze
the reaction.

After the reaction is completed the suspended potassium
carbonate when used is removed by filtration

Therefore according 1o one aspect of the vennon, o
process ftor the manutacture of 4-lower-aikyl-5-
hydroxymethylimidazoles such as 4-mcthyl-5-
hydroxymethylimidazole is provided comprising reacuive
tormaldehyde (whose source may be paraformaldehyde
which when heated degrades into formaldehyde) with
4-methyl-imidazole in an alkanol solvent (other than
mcthanol) (for example having 2-5 carbon atoms) for
example isopropanol in (he presence of a solid mild base (for

40

30

65

2

example, a base of a weak-acid such as potassium carbonate)
suspended 1n the solvent.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS OF THE INVENTION

EXAMPLE 1
Preparation of 4-methyl-5-hydroxymethylimidazole hydro-
chloride

B
( + (CHy0), + anhy.K;CO; +
N
- H

[PA —— OH

A mixture containing 4-methylimidazole (30 g, 365
mmol), paraformaldehyde (12 g, 402 mmol), potassium
carbonate (55 g, 402 mmol) and indusirial isopropanol (150
mL) is heated 10 50° C. for 20 h. The reaction mixture is
cooled 1o room temperature and filtered. Hydrogen chloride
gas is bubbled through the filirate at 25° C. until the solution
becomes acidic. Acetone (200 mL) was added and cooled to
15° C. for ¥ h. The precipitate was filtered, washed with
Acelone/IPA (1:1) mixture (30 mL) and dried to give 32.4 ¢
of the hydrochloride salt of the aimed product (60%).

EXAMPLE 2

A mixture coanlaining 4-methvlimidazole (100 g),
paraformaldehyde (40 g), potassiur carbonate (193 g) and
isopropodal (500 ml) is bheated to 50° C. for 20h. The
reaction mixture is cooled 1o room temperature and filtered
to remove the potassium carbonate. Concentrated HCl (35%

-HCl-in water) (230 ml) is added (o the filirate (solution) with

cooling (below room termperature—tor example, less than
20° C.). The solution was stirred at room temperature for 1
hour and the solvent removed 1o give 258 g of the crude
product.

The recovered product is recrysiallized from n-butanol
acetone mixture (2:4) o vield the hvdrochloride salt of the
pure product (50% yicld after purificauion).

EXAMPLE 3

A mixture containing 4-methvhimidazole (10 a, 122
mmol), paraformaldeliyde (4 g, 134 mmot), poiassium car-
bonate (1.7 g, 12.2 mmol) (catalytic amount of mild basc)
and isopropanol (20 mL) is heated to 30-55° for 20 hours.
The reaction mixture is cooled to room temperatlure and
filtered. Concentrated Hydrochlornie acid s added 1o the
filtrate with cooling until the solution becomes acihe. The
mixture was stirred al room temperature for 1 hour and the
solvent was removed under reduced pressure The product
was crystallized from an accione: McOFL(0:1) muixture (70
mb) 10 give 8.9 g of the expected product (49%)

As many changes may be made o the cmodiments
without departing from the scope of the invention, it s
intended that all material contained herein be interpreted as
illustrative of the invention and not w a limiing seosc.

The embodiments of the invention in which an exclusive
property or privilege is claimed are as follows:

MARDRSIALLALIA IS V) 15t ve s -
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1. A process for the manufacture of 4-lower-alkyl-5-
hydroxymethylimidazole comprising reacting (4)-lower-
alkyl imidazole with formaldehyde in an alkanol solvent
having from 2 to 5 carbon aloms in the presence of a solid
mild basc suspended in the solvent.

2. The process of claim 1 wherein the alkanol is isopro-
panol.

3. The process of claims 1 or 2 wherein the solid mild base
suspended in the solvent is potassium carbonate.

4. The process of claims 1 or 2 wherein the process further
comprises recovering the 4-lower-alkyl-5-hydroxymethyl-
imidazole.

5. The process of claim 3 wherein the process further
comprises recovering the 4-lower-alkyl-5-hydroxymethyl-
imidazole.

4

6. The process of claims 1 or 2 whercin the process for the
production of the 4-lower-alkyl-5-hydroxymethyi-imidazole
produces 4-methyl-5-hydroxymethylimidazole.

7. The process of claim 3 wherein the process for the
production of the 4-lower-alkyl-5-hydroxymethyl-imidazole
produces 4-methyl-5-hydroxymethylimidazole.

8. The process of claim 4 wherein the process for the
production of the 4-lower-alkyl-5-hydroxymethyl-imidazole
produces 4-methyl-5-hydroxymethylimidazole.

9. The process of claim 5 wherein the process of recov-
ering the 4-lower-alkyl-5-hydroxymethyl-imidazole recov-
ers 4-methyl-5-hydroxymethylimidazole.

* * * * *
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H ) H D
HCN/NH Q
‘©—&:o © MNHs | &—coom ;
(ii) Hydrolysis r!m /

2
(oL)-PG
. .
CAS
N el I -
1 1
(0)-PG-CAS (L)-PG-CAS (soln)
g
HO™ . ' . HO"™
L_{cas (soin) | | (0)-(-)-PG O-(#)-pc 1§ | [cas (soiny | .
PG = Phenylglycine Racemization

CAS= (+)-Camphorsulfonic acid (oL) - PG

’ = precipitate

[E_lgure.G-J 7._Andeno process for D-phenylglycine (5-PG). )

L-(+)-Tartaric acid (5) NH, )
: /\/\OH — Ty
_ w, H ’CH20H
N Ho HOH,C, M
cl N (S) N >
‘ %, | (s)

(S,S)-Ethambutol

Figure 6-18. Industrial route to (S,S)-ethambutol.
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O,N
2
NH2
OH
COOH O . © /\(®)
X resolution via “COOH
(dl)-trans- diastereomer crystallization
: chrysanthemic acid
. several steps . Br K o /@'
' : ' 0

0 H“CN =

R ' Deltamethrin
Figure 6-19. Roussel-Uclaf synthesis of deltamethrin.

R

A good example of an industrial process employing classical resolution is the
manufacture of the important antibiotic intermediate D-phenylglycine. The latter
is produced on more than a thousand tons per annum scale [25] by Andeno using
optically pure camphor sulfonic acid in aqueous medium as the resolving agent
(Figure 6-17); the L-isomer is racemized in a separate step.

In another example, (S)-2-aminobutanol, the key intermediate in the manufac-
ture of the tuberculostatic drug ethambutol, is resolved with L-tartaric acid in
methanol as solvent (Figure 6-18) [26]. Similarly, processes have been described
for the resolution of naproxen using cinchonidine [27), dehydroabietylamine (28],
and N-methyl-D-glucamine [29]. Which of these resolving agents is actually used
by Syntex for the industrial production of naproxen is not clear.

Optically pure intermediates in existing large-scale industrial processes often
constitute a good source of synthetic resolving agents. Sometimes a particular
company may use an intermediate from one process as a resolving agent in another.
A good example of this is the use of the chloramphenicol intermediate as the
resolving agent in the Roussel-Uclaf synthesis [30] of the optically active pyreth-
roid insecticide deltamethrin (Figure 6-19).

C. Criteria for Good Resolving Agents

Although classical resolutions are not predictable there are certain empirical
guidelines, based largely on experience, that can be used as criteria for selecting
existing or developing new resolving agents [31]. These are:
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ArCHO Q)Z
1< D
O
HO _
L-HPG
SO5H
ASYMMETRIC
TRANSFORMATION ]
AP e T R T N =
(+)-PES
HOAc / H,0
\

D-HPG-(+)-PES |
(85% yield)

ArCHO= Salicylaldehyde

Figure 6-28. Crystallization-induced asymmetric transformation of p-hydroxyphenyl-
glycine (HFG) salts with (+)-phenylethanesulfonic acid (PES).
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diastereomer interconversion can be used to convert the readily available L-isomer
to the D-isomer. A case in point is the synthesis of (R)= D-proline from the readily
available (§)= L-proline [42]. Independent experiments showed that the L=(25,35)-
tartaric acid salt of D-proline is less soluble than the corresponding salt of L-proline.
5 Consequently, heating equimolar amounts of L-tartaric acid and L-proline at

. ’ 85°C in the presence of 10% m n-butyraldehyde in n-butyric acid, followed by
f cooling in an ice-bath, deposited crystals of the D-proline-L-tartaric acid salt in :

; 93-95% yicld and 93-95% optical purity (Reaction 6-6). Subsequent recrystalliz- 3
ation from aqueous ethanol afforded optically pure D-proline in 85% overall yield. ;

&

R N

- —— ———— s e

i

— B o : f \ H (+)-L-Tartaric acid
S —_— 3 N "cooH [RCHO | N" H
I\ Co H &

(S) = L-Proline (R) = D-Proline

.
:
ey

TONH VS EFE AR R

(@]
o
(@}
I

93-95% yield;
93-95% optical purity (6-6)
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Similarly, asymmetric transformations have been reported for diastereomeric
salts of amino acid emides {43] and amino acid esters [44] in the presence of a
catalytic amount of & carbonyl compound (Reactions 6-7 and 6-8, respectively).
The efficient synthesis of the commercially important antibiotic intermediates,

D-phenylglycine and D-p-hydroxyphenylglycine, by asymmetric transformation of
the diastereomeric salts of the corresponding amino amides with, for example,
L-mandelic acid appears to be economically attractive [43).

H

— ' _ | L-Tartaric acid Ar COOFt
4 A S Ar —C—COOEt >
lm, [ PhCHO HONH, (6-7)
3
L-Mandelic acid At _CONH )
Ar —('%—CQNHQ > 2
YNHz [ PhCHO } H NH, (6-8)

Ar= Phenyl, p-Hydroxyphenyl

V. THE FUTURE: RATIONAL DESIGN OF RESOLUTIONS

The chiral phosphoric acid resolving agents were designed on the basis of intuition
and empirical guidelinss derived from years of resolution experience. The ultimate
goal is, of course, the rational design of resolution processes. In other words, being
able to correlate resolving capability with molecular structure. Bearing in mind the
considerable progress that has been made in the rational design of drugs and
enzyme inhibitors with the aid of computer assisted modeling (CAMM) of drug- -

- receptor interactions and enzyme inhibition, one might expect analogous studies

s oo of pairs of diastereomeric salts to provide the necessary clueszHowever;the desigm

cof-resolvingTagents: represents.a_higher_order. of-complexity Compared:toTdrug!

éesngn since:the ‘modelling of. rcso]vmg agenits. must- -predict the-crystal-packing)

| ) cpattern, something thais’ far -more complex-than.the. rr}o’(icilllng of drug-receptor

' . cinteractions=Several studies have attempted to correlate the crystal structures of

y pairs of diastereomeric salts with the outcome of resolutions [35,45—49]. The Y

overall conclusion appears to be that the insoluble diastereomer has a dramatically

different crystal packing arrangement to the soluble one. For example, the crystal

| -

. structures of the two pairs of diastereomeric salts formed from ephedrine and the
U A o chiral phosphoric acids (XII) and (XIII) were analyzed [48] in detail with the aim

of providing an answer to the questions:

Canthe observed resolution behavior be rationalized from the observed crystal
. structures ?




g (Y )\
202 CHAPTER 6

Can any relationship between resolving capability and crystal structure be
expressed in a quantitative model?

oH ﬁ |
N 0= ~oH
CH, S
CHy
X
Ephedrine (X1); X=H
T3 17 S HIT T H S o (X1, X= Cl

Of the four salts, only the diastereomer formed from (IR,2S)-ephedrine and
(R)-(XIII) was insoluble. Interestingly, the (R)-(XIII) salt did not exhibit the
isostructural crystal packing pattern shown by the other three saits. The insoluble
salt showed far more favorable van der Waals interactions as a result of more
efficient packing. Apparently, the presence of the artho-chloro substituent in (XIII)
triggers, upon crystallization, a completely different hydrophobic packing pattern
with the (/R,25)-base than with (15,2R)-base.

Furthermore, it was concluded that the observed [49] correlation between
solubility and heat of fusion data, on the one hand, and lattice energy differences
on the other, opens the way to predicting resolution efficiency (by simulation,

. modelling, and lattice encrgy calculations) in a series of related compounds.
t’ ’ However, one cannot help feeling that these studies merely confirm, in hindsight,
. what was intuitively recognized, namely that the less soluble salt is the one with
“ ‘ the higher heat of fusion and that the latter correlates with a larger number of
g}lm,”} == B nonbonded interactions in the crystalline state. This still does not provide the
answer to the crucial question: how can the number of nonbonded interactions be
predicted from a knowledge of molecular structures~<Thus;-an objective analysisD
e ————— <of:the -current-state-of :the: art-leads"to"the- inevitable-conclusion-that-although
' cg_cinsxderablc progress.has.been.made we are still-a-long-wayfrom the-goal "of)
crational design-of-resolutions. For the time bemg we shall still-have to rely onGur—
<=old friends intuitionand experienceD

OI!
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A potentially attractive route to (R)<camitine would appear to be the Ru-
BINAP-catalyzed asymmetric hydrogenation (see chapter 7) of 4-chloroacetoacetate
ester (XVIII) which yields the (R)-hydroxy compound (XIX) in 97% ee {45).
However, to our knowledge, this route has not (yet) been commercialized. 4-
Chloroacetoacetate esters can also be reduced to the corresponding (R)-hydroxy
compound using baker's yeast [46] but enantioselectivities and productivities are
substantially lower. Yet another approach is through the (R)-epoxy acid (XX)
which has been prepared by Sharpless epoxidation of homoallyl alcohol (47] or via
enzymatic resolution of the racemic acid {48). However, both routes suffer from
being too long and/or relatively low optical yields and productivities.

As mentioned earlier, many Cj chirons, such as (R)-epichlorohydrin, (S)-
glycidol, and (R)-isopropylidene glycerol ((R)-IPG), are suitable precursors for
(R)-camitine (Figure 9-25). However, none of these routes can compete with the

‘Sigma Tau or Lonza routes due to the high price of the chiral synthons and/or

lengthy procedure. In conclusion, (R)-camitine production is dominated by routes
involving classical resolution or precursor fermentation with catalytic asymmetric
synthesis as a possiblz future contender.

VIli. CALCIUM ANTAGONIST: DILTIAZEM

The calcium antagonists are another group of highly successful antihypertensive
agents having largely unrelated structures. One of these drugs, diltiazem, is
included in the ‘chiral top ten.’ (See chapter 2, Table 2-2.) The original synthetic
route, developed by Tunabe, involved late resolution by diastereomeric salt crystal-
lization. (See chapter 7, Figure 7-30.) This route is gradually being displaced by
one developed by Andeno that involves an early resolution of a common inter-
mediate, the glycidate ester, (XXI) (Figure 9-26). The early resolution route is more
economically attractive despite the fact that the maximum theoretical yield of the
key step is 50%. This is more than compensated for by the overall route being 2-3
steps shorter and by avoiding the transport of isomeric ballast through the process.

ICT scientists {49) have reported an asymmetric synthesis of diltiazem in which
the key step employs the osmium-catalyzed enantioselective olefin dihydroxyi-
ation pioneered by Shurpless and coworkers. (See chapter 8.) However, this route
is unlikely to be competitive as it involves two additional steps starting from
anisaldehyde, compared to the enzymatic route and gives material of lower optical
purity (88% versus 100%) (Figure 9-27). It also suffers from the fact that it does
not ‘connect’ very well with the established route.

A potentially attractive asymmetric synthesis route is one comprising enantio-
selective catalysis of Darzen's condensation. If successful, this would give the key
optically active glycidate ester in 100% theoretical yield and would connect well
with the established routes. Unfortunately, reported examples [50] employ stoichio-
metric quantities of expensive chiral auxiliaries or chiral bases and give mediocre

03
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MeO 0 Darzen's
ca o e
) CHO OMe condensation )
MeOQ enzyme
0 _—_ s
&.
H COOMe !
(XXI) :
4 . 1o
MeO MeO ?‘:
@ cHo * CO, + MeOH - 3
COOM(’ ' :
trans (2R,3S) ca. 100% de
Q. |
' NH2 .. 3
OMe
\6@/ 3 steps H
COOMe N
' |
CHZCHzN(CH3)2
DILTIAZEM
Figure 9-26. Enzymatic resolution route to diltiazem. £
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Meo\@\/. 0sO4 / NMO Meo OH
. .. e o OR
/\COOMe dihydroquinine \/

acetate
(2R 35) COOMe
80% yield; 88% opt. purity

_MeC(OMe); - Me0 Me,SiCl
—_—_—
T ar S/\éwe [ E4;NHCI |

inversion

ca 100% COOMe

SK OMe
e
QAc NH2 S

—— OH
COOMe
MeO _ DMF COOH
inversion H2
ca. 100%
ca. 100%
OMe

3 steps @

o

CH CH2N(CH3)2

DILTIAZEM
Figure 9-27. Asymmetric synthesis of diltiazem.
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374 | CHAPTER 9

enantioselectivities. Nevertheless, a catalytic asymmetric Darzen's condensation
remains an important synthetic challenge.

IX. BETA-LACTAM ANTIBIOTICS

The beta-lactam antibiotics account for five of the top ten drugs and are probably
the single most important group of drugs. They comprise the penicillins, cephalo-
sporins and, more recently, the penems, carbapenems, and monobactams (Figure
9-28). Penicillin G and cephalosporin C, the key raw materials for the synthesis of
penicillins and cephalosporins, are produced by de novo fermentation. (See chapter
4.) They are converted by enzymatic and/or chemical transformations to 6-amino-
penicillanic acid (6-APA), 7-aminocephalosporanic acid (7-ACA), and 7-amino-
deacetoxycephalosporanic acid (7-ADCA). (See chapter 4).

Several of the commercially more important penicillins and cephalosporins
contain D-phenylglycine or D-p-hydroxyphenylglycine as the acyl side-chain. (See
chapter 4, Figure 4-14.) Since they are unnatural amino acids, they are not available
from de novo fermentation. Interestingly, two processes compete for the manufac-
ture of these commercially important chiral intermediates: classical resolution and
enzymatic kinetic resolution. As noted in chapter 7, the hydantoinase process-—a
subtractive, precursor process with in situ racemization—is more economical than
other enzymatic resolution methods. '

In the production of D-phenylglycine (Figure 9-29) most manufacturers, such
as DSM-Andeno, employ a classical resolution of the racemate which is readily
available from a Strecker reaction on benzaldehyde. Kanegafuchi probably uses
enzymatic resolution of the DL-hydantoin that is also prepared from benzaldehyde.

N nH o
R\”/N R R\((N R S
0 ]/:L;)< 0 ];h’l/ J\ |
0] o) j R
H COOH CooH
penicilting cephalosporins
OH OH
1 H R2
R \H/N
R
N O e 0 j;(
© 0 Y SO H
COOH COOH 3
carbapenems - penems monobactams

Figure 9-28. Structures of beta-lactam antibiotics.
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Dilevalon (Shionogi; 1989
as hydrochloride); wfm
Levadil (Schering Corp.; :
1990 as hydrochloride); g
wfm

tozoal

Diloxanide furoate D Qb
'y j

Diloxanide furoate

k4
K

Trade Name(s):
J: Entamide (Boots)

jé7v

ATC: PO1AX
Use:  antiamoebic, antiprotozoal

RN: 3736-81-0 MF: C,H,,CI,NO, MW 328.15  EINECS: 223-108-1
CN:  2-furancarboxylic acid 4-[(dichloroacetyl)methylamino]phenyl ester

(‘:H3| 0 a pyridine ?HSC]
D/Nh/im + U/U\m —_— 0 /@/N%CI
0] 0 0
HO \ ) ©
diloxanide 2-furancarbony! Oiloxanide furoate
chloride

Reference(s):
GB 855 556 (Boots; prior. 6.5.1958, 4.6.1958, 14.4.1959).

Formulation(s):  tabl. 500 mg .

Trade Name(s):
GB:  Furamide (Knoll)

\/il’tiszem@ ATC: CO8DBOI
Use:  coronary therapeutic (calcium

antagonist)

RN:  42399-41-7 MF: CpHN,O,& MW: 41453 EINECS: 255-796-4

LDsy: 61 mg/kg (M, i.v.); 740 mg/kg (M, p.o.) -

CN:  (25-cis)-3-(acetyloxy)-5-[2-(dimethylamino)ethyl]-2,3-dihydro-2-(4-methoxyphenyl)- 1,5-benzothiazepin-
4(5H)-one

monohydrochloride
RN:  33286-22-5 MF: C,,HyN,0,8 - HCl, MW: 450.99 EINECS: 251-443-3
LDy 58 mgkg (M, @) 508 mg/kg (M, p.o.);

38 mg/kg (R, i.v.); 560 mg/kg (R, p.o.)

f

/CH3 o) NaoOCH O/CHS
o
5 e,
CHO
00—, 0
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\CH3
4-methoxy- methyl (+)-trons-methyl 3-(4-

benzaidehyde chioroacetate methoxyphenyi)-

glycidate (1)
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O—CHy O—CHjy
1. NoOH
4 (:[SH ) S OH 2. L-lysine (resc;:lulion)> S OH
CH [ :[
3
NO, NO?O o~ NO, COOH
2-nitro- (t)-threo form (25.35)- (1) ;
[ORANNA
thiophenol
0 0 -
O—CHy nycoten, M 0—CH,
1. HZ' Pd e
2.8, xylene pyridine
H o— S _—_ S
oW o
N N CH
H O H 00 °
(25.35)-2.3-dihydro- 3-hydroxy- v) )
2-(4-methoxypheny!}-1,5- -
benzothiozepin-4(SH)-one (I11)
1. NoH O—CH;
2 s
C'/\/N\CH A S
2. 2-(dimethylomino)- Z N »“CHJ
ethy! chloride (V1) — 00
H;C—N
|
CHy
‘Ddtiozem)
@ O—CHy O—CHjy
7\
SH S - NaOH S
O O P, OO
# H
NH, NH, g7 3 NH, COOH
2-omino- {*)-threo-methy! 2-hydroxy- (-(._)-lhreo-fo_rm ?I-X) >
thiophenot  (VII} 3-(2-ominophenylthio)-
3-(4-methoxyphenyl)-
propionote  (V1II)
0—CHy
a-methylbenzylamine or cinchonidine
X >
L Y
NH, COOH
(25.35) (X)

1. IV |, pyridine

2. NgH N
8, xylene 3.Vl
X —_— m ———— > [ Ortiozem

1+ VIl > I

4. xylene, Tos-0-~

lipose or protecse

m g

Re:zference(s):
Kugita, H. et al.: Chem
DE 1 805 714 (Tanabe: :
US 3562 257 (Tanabe. ;
a' US 4420628 (Tanz-
" Inoue,H.etal.: J. C-
 Inoue, H.etal.: J. C2
b US4416819 (Tanz~
US 4 438 035 (Tana-
¢ US 5144025 (Zamn
EP 669 327 (Zambo:

d US 5274307
- US S 24 .
: Gentile, A" Gord

| Rossy, G. et al

alLernalive synihie Y
glycidic ester via chior:

US 5081 240 (Sanofi: --

L’/r'gnlioselccurc Darze:
Schwartz, A et al.: J. O

condensation of cxclic x.

Lohray, BB ctal : !} O
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2. NaH
4, xylene, Tos—OH vl -
X1 » Il —» Diltiazem
o
lipase or protease v A, xylene, Tos-0H m
! nd —>q —»
~-H C-—O—Q—CH -CHO
3 2 o %'//o
- €O,. = CHyOH o
CHJ

(2R,35)-methyl
3-(4-methoxypheny!)-

glycidote
1. IV, pyridine
. 2.NoH
3. V1
I —_—— Diltiazem
Reference(s):

Kugita, H. et al.: Chem. Pharm. Bull. (CPBTAL) (Tokyo) 18, 2028, 2284 (1970); 19, 595 (1971).

DE 1 805 714 (Tanabe; appl. 28.10.1968; I-prior. 28.10.1967, 17.6.1968).

US 3 562 257 (Tanabe; 9.2.1971; J-prior. 28.10.1967, 17.6.1968).

a US4 420 628 (Tanabe Seiaku; appl. 13.12.1983; J-prior. 27.2.1981, 22.5.1981).
Inoue, H. et al.: J. Chem. Soc., Perkin Trans. I (JCPRB4), 1984, 1725.
Inoue, H. et al.: J. Chem. Soc., Perkin Trans. 1 (JCPRB4), 1985, 421.

b US 4416 819 (Tanabe; 22.11.1983; appl. 9,7.1982).

US 4 438 035 (Tanabe; 20.3.1984; app. 1.12.1982; J-prior. 7.12.1981).

¢ US 5 144 025 (Zambon Group S.p.A.; 1.9.1992; [-prior. 2.4.1990).

EP 669 327 (Zambon Group A.p.A.; appl. 12.4.1990; I-prior. 13.4.1989).

d US 5274 300 (Sepracor; 28.12.1992; appl. 10.2.1089; prior. 26.10.1988).
US 5244 803 (Tanabe; 14.9.1993; appl. 7.9.1990; J-prior. 13.9.1989).
Gentile, A.; Giordano, C.: J. Org. Chem. JOCEAH) 57, 6635 (1992).
Rossy, G. et al. (Synthelabo): Manuf. Chem. (MCHMDI) 1993 (4). 20.

alternative synthesis:
glycidic ester via chlorohydrin route:
US 5081 240 (Sanofi; 14.1.1992; F-prior. 18.7.1989).

enantioselective Darzens condensation:
Schwartz, A. et al.: J. Org. Chem. (JOCEAH) 57, 851 (1992).

condensation of cyclic sulfite with 2-aminothiophenol:
Lohray, B.B. et al.: J. Org. Chem. JOCEAH) 60, 5983 (1995).
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further routes:

DOS 3 337 176 (Ist Lusofarmaco; appl. 12.10.1983; I-prior. 15.10.1982).
DOS 3 415 035 (Shionogi; appl. 19.4.1984; J-prior. 21.4.1983).

EP 158 303 (Abic; appl. 5.4.1985; IL-prior. 13.4.1984).

combination with dihydropyridines:
US 4 504 476 (A. Schwartz et al.; 12.3.1985; appl. 16.9.1983).

inhalative formulation:
EP 133 252 (Gddecke AG; appl. 19.7.1984; D-prior. 20.7.1983).

slow and controlled release formulations:

EP 315 197 (Godecke AG; appl. 4.11.1988; D-prior. 6.11.1987).

EP 318 398 (Ethypharm; appl. 25.11.1988; F-prior. 26.11.1987).

EP 320 097 (Elan Corp.; app!. 14.10.1988; IE-prior. 16.10.1987, 20.11.1987, 18.3.1988).
EP 340 105 (Sanofi; appl. 25.4.1989; F-prior. 27.4.1988).

US 4 859 470 (Alza Corp.; 22.8.1989; appl. 2.6.1988).

US 5 000 962 (Schering Corp.; 19.3.1991; appl. 25.8.1989).

amp. 10 mg, 100 mg; cps. 60 mg, 90 mg, 120 mg, 180 mg, 240 mg; lyo. 25 mg; s. r. cps.
90 mg, 120 mg, 180 mg, 240 mg; s. r. tabl. 120 mg, 180 mg; tabl. 30 mg, 60 mg, 90 mg

Formulation(s):

Trade Name(s):
D: Corazet (Mundipharma)
Dilicardin (Azupharma)

Mono-Tildiem (Labs.
Synthélabo)

Diladel (Delalande Isnurdi)
Dilem (Ist. Chim. Inter

Dilsal (TAD) Tildiem (Labs. Synthélabo; Dilzene (Sigma-Tau)

Dil-Sanorania (Sanorania) 1980) Tildiem (Synthelabo)
Dilta (AbZ-Pharma) GB:  Adizem XL (Napp) Zilden (Schiapparelli)
Diltahexal (Hexal) Angitil SR (Trinity) IR Clarute (Santen)

Gadoserin (Toho)
Helsibon (Tobishi)
Herbesser (Tanabe; 19%7)
Pazeadin (Taiyo)

Tiaves (Rorer)

Britiazim (Thames)
Dilzem SR (Elan)
Slozem (Lipha)
Tildiem (Lorex; 1984)
Viazem XL (Du Pont)

Diliaretard (betapharm)
Dilti (ct-Arzneimittel)
Diltiuc (durachemie)
Dilzem (Godecke; 1981)
dilzereal (realpharma)

F: Bi-Tildiem (Labs. I Altiazem (Lusofarmaco; Ziruvate (Choseido-
Synthélabo) 1984) Kayaku)
Deltrazen (Pharmacia & Angizem (Inverni defla USA: Cardizem (Hoechst Marion
Upjohn SA) Beffa) Roussel; 1982)
Diacor (Labs. Houd¢) Carzem (Rottapharm) Dilacor XR (Watson)
Dilréne (Dakota) Citizem (CT) Tiazec (Forest)
Dimazole ATC. DO1AE17
(Diamthazole) Use:  antifungal

RN: 95-27-2 MF: CsH;N,0S -MW: 293.44 EINECS: 202-406-5
CN:  6-[2-(diethylamino)ethoxy]-N,N-dimethyl-2-benzothiazolamine

dihydrochloride
RN:  136-96-9 MF: C,H,;;N;0S - 2HClI MW: 366.36 EINECS: 205-270-5-
LDy 98 mg/kg (M, 1.v.); 430 mg/kg (M, p.o.); i

880 mg/kg (R, p.o.)

HyC._O - HyC. O s. M3 e cno,  HCL_O s s
T, M e e
A
NCS CHJ . H CH.B\ N CHJ 4
4-ethoxyphenyt dimethy!- 6-ethoxy-2-dimethyl-
isothiocyonate amine

aminobenzothiozole (1)
N

a

2-gimethylamine
6-hydroxybenza-
thiozole

Reference(s):
US 2 578 757 (Hoffman

Formulation(s).  topic
Trade Name(s):

GB:  Asterol (Roche)
I: Asterol (Roche):

Dimemorfan

RN 36309-01-0 Mf
CN:  (9a,13a.140)-3.1

phosphate )

RN 4067870 g
€
\\("ﬁ.

2-meinyt-56,7,5-
“2irghyd-orsoquing -

iwgm dromide

Reference(s) ,
DOS 2 128 607 ( Yamai

formulation(s) dro>
Trade Namels):

3 * Gentus (Gentil.
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TIPLE BONDS REACTI

(EACTION 6.5 F%W"I Ie/‘(\’d Mur~ A~ -

The conversion of nitro tompounds to aldehydes or ketones has been carried
1 petter yields and fewer side reactions by several alternative methods.

. - weatment of the nitro compound with aqueous TiCly,50 cetyltrimethyla
H* ' !
~— R—NH, + C0,

lates

t with
Among these are

mmonium perman-
M canate,! tin complexes and NaHSO;,% activated dry silica gel, 53 or 309, H;0,-K,CO,,

YW ,nd treatment of the conjugate baseSS of the nitro compound with KMnO,,% +-BuOOH and
\ary amines involves the hydrolysis of jg, R .mtalyst,” ceric ammonium nitrate (CAN), 38 MoO5—pyridine—HMPA,59 or ozone. %0
nore slowly and more vigorous COnditjo,,{ ' When primary nitro compounds are treated with sulfuric acid without previous conversion
; or;iaﬁl In this case simple additionh B (o the conjugate bases, they give carboxylic acids. Hydroxamic acids are intermediates and
d-give-an N-substituted carbamic acjg (). can be isolated, so that this is also a method for preparing them.5! Both the Nef reaction
to carbon dioxide (or COS in the Case A | d the hydroxamic acid process involve the aci form; the difference in products arises from
B ) higher acidity, e.g., a difference in sulfuric acig concentration from 2 M to 15.5 M changgs .
¥ he product from the aldehyde to the hydroxamic acid.¢? The mechanism of the hydroxamic
scid reaction is not known with certainty, but if higher acidity is required, it may be that
the protonated aci form of the nitro compound is further protonated.
OS VI, 648; VI, 414. See also OS IV, 573,

> RNH, + CO, 2

66 Hydrolysis of Nitriles

H or OH"

R—C=N 4 g0 oo, R—C—NH,

NN-Dihydro-Goxo-biaddition

co .

4

R=C=N3 10 2%, g oH o R—ﬁ—O‘ j

can % ydrolyzed, respectively, 10,

o Ty
basesS.uth sulfuric acid. This js called iV} L, L it
s do not give the reaction bccauég Hydrow,oxo-de-natrllo-tersubstltutaon ? 1 B
€ 6-2, this reaction invblv_es hydrql .
' ‘ 3 Nitriles can be hydrolyzed to give either amides or carboxylic acids, The amide is formed |
—pe¢ HO , tnitially, but since amides are also hydrolyzed with acid or basic treatment, the carboxylic
-H’

B‘djd'h the more common product. When the acid is desired,

the reagent of choice s

\ : ]
OH "NCMurry; Melton J. Org. Chem. 1973, 38, 4367: McMury Ace. Chem. Res. 1974, 7. 281-286, Pp. 282-284. Sec
% Kicchhof( Tetrahedron L ey, 1976, 2513,
.Vlﬁhf: Rathore; Chandrasckaran Synth. Commuyn. 1987, 17. 195,
- ;Vll;‘nm Tetrahedron Ley 1990, 31, 7499,
’ i Mazur ) Am. Chem, 2 .
H m. Chem. Soc 1977, 99, 3861

g Nah; i, Vankar; Prakash Synthesis 1980, 662.
Rk R—t g . NO & 'ﬁﬂher methods, see Barton: Motherwell; Zard Tetrahedron e 1983, 24. 52

“ %4:Commun. ‘1984, 695.
™ Me,, t Williams /. Org. Chem. 1962, 27, 3699: Freeman; Yeramyan J. Org. Chem 1970, 35, 2061; Freeman:
I 0;: Chem. 1971, 36, 1335; Kornblum; Ericks

27: Yano: Ohshima; Sutoh J.

. on: Kelly: Henggeler 5. Org. Chem 1982, 97. 4534; Steliou;
2 Org. Chem. 1985, 55 4971, '
X ¢ Oreen: Webb Tetrahedron [ ey 1977, 331.
W.Oupu

fon Synthesis 1989, 44 oo
®: M’r  Pionick Tewranedyon (oo 1981, 22. 5235,

] L "~~ : Melton; Padgeur . Org. Chem. 1974, 39, 259 See Williams; Unget: Mooce /. -Org. Chem. 1978, 43,

1. Chdwy. Soc. . Pertiin Trans. 2 1985, . e of singjeq OXygen instead of ozone., .
s auclcophiles. see Satcheli: Satchell o -y 9%, aclds can a)5q be prepared from primary nitro compounds with SeQ, and EON: Sosnovsky: Krogh

p ., » . . .

i ool o Kertie, i Brown 4 . 4 A
Methods for the Oxidation of Organic (9 . w Con s, Onpy isézf’ f;h;':é;";‘;g%g;g;- 1742. See also Cundali: Locke - Chem Soc 81968, 98; Edward:

echanism. but with some slight diffe e ; u' ’.’{:"'ﬁ";;g'»'hcnnan Russ. Chem. Rev. 1984, 33, 900-912: Compagnon Miocque Ann. Chim., (Paris)
4. 2615 Sce also Sun: Folliard Ten : ™ oit'runn" :

“ith referenices. see Larock Comprehensive Organi¢ Transy
. . ;

ormanons; VCH: New York,
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378 ALIPHATIC NUCLEQPHILIC SUBSTITUTION

® e
CH,—("I—O—(”I—CH, + — CH,—(”:—N () +%—c—cn,
0 0o N 0

[C] ®
CH,—C—N O + H0 — CH,—~C—OH, + Q
; FS

Many other nucleophiles similarly catalyze the reaction.
OS 1, 408; 11, 140, 368, 382; IV, 766; V, 8, 813.

0-10  Hydrolysis of Carboxy!lc Esters
(Hydr?iyfdﬁlkoxylati&rj

R—ﬁI—OR'
J 0

-sensitive. Ester hydrolysis can also be ca
cyclodextrins,® by enzymes, 510 and by nucleophiles (see 0-9).
used to cleave carboxylic esters have been methanesulfonic acid 5! guanidine 32 Dowey.
50,513 Me,Si] 514 MeSiCly-Nal 515 and KOSiMe;.%!6 Phenolic esters can be siriiilar[y'clea\féd;
in fact the reaction is usually faster for these compounds.®*"’ Lactones also undergo the
reaction®'® (though if the lactone is five- or six-membered. the hydroxy acid often sponta-

ers (RCOSR') give thiols R'SH_ Sterically hindered esters
340), though this can be accomplished at room temperature
) genéralcd via the reaction of 2 moles of -BuQK with | moie

talyzed>® by metal ions, by
"7 Among other compounds

are hydrolyzed with difficulty (p.
with “anhydrous hydroxide,’

tcrase. see Zhu: Tedford Terrahedron 1990, 600h387
. 1-55. For reviews

of enzymes as catalysts in synthetic organic che”
scc Wong Chemiracts- Org. Chem. 1990, 3. 91-111. Science 1989, 244 11as 182

- Whitesides: Wong Angew - _5
fnt. £d. Engl 1985, 24, 617-638 {Angew. Chem. 97. 617-638]. ; :
ocv Chem. ind. (London) 1964, 193, :
*Kunesch: Miet: Poisson Tetrahedron Len. 1987, 28. 3569 ] .
*“Basu: Sarkar; Ranu Synth. Commun. 1989, 19, 627 A
*Ho: Olah Angew. Chem. Int.

Ed. Engl 1976, 15. 774 [Angew

Soc. 1977, 9. 968. For a review of this reagent. sce Olah; Narang 7Terr . 382228 -
*8Olah: Husain. Singh; Mehrotra / Org. Chem. 1983, 48, 3647

*“Laganis. Chenard Tetrahedron Len. 1984, 25, 583]

*"For a method of hydrolyzing p

Svnthesis 1989, 438.

*For a review of the mec

hanisms of lactone hydrolysis. scc Kaiser.
267 pp. 254.265.

Kezdy, Frog Bioorg Chem 1976, & .

prereronce o

s
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ETHYL (1-PHENYLETHYLIDENE)CYANOACETATE 463

\ University of Pennsylvania, Philadelphia, Pennsylvania.

2 Org. Syn. Coll. Vol. 2, 1955 (1943).

3 Wallingford, Jones, and Homeyer, J. Am. Chem. Soc., 04, 576 (1942); Testa,
Fontanella, Christiani, and Fava, Ann., 614, 158 (1958).

ETHYL (1-PHENYLETHYLIDENE)CYANOACETATE

(Cinnamic acid, a-cyano-3-methyl-, ethyl ester)

. CH,;CO;NH;

CsHsCOCH; + CHy(CN)CO,CoH; c:{,c;,n
CH;C=C(CN)CO0,CyH;5 + H;0

CeHs

Submitted by S. M. McELvaIN and Davip H. CLEMENS.!
Checked by W. E. ParuaM, PErRrY W. KIRKLIN, JR.,
and Wavranp E. Noranp.

1. Procedure

In a 1.1 three-necked round-bottomed flask fitted with a
Hershberg stirrer and a constant water separator (Note 1) sur-
mounted by a reflux condenser are placed 120 g. (1 mole) of
acetophenone, 113 g. (1 mole) of ethyl cyanoacetate (Note 2),
15.4 g. (0.2 mole) of ammonium acetate, 48.0 g. (0.8 mole) of
glacial acetic acid, and 200 ml. of benzene. The reaction mixture
is stirred and heated under reflux for 9 hours during which time
28-33 ml. of lower layer is collected in the water separator (Note
3). To the cooled reaction mixture is added 100 ml. of benzene,
and the whole is extracted with three 100-ml. portions of water.
The combined aqueous layers are extracted with 30 ml. of ben-
zene, which i3 then added to the organic layer from the previous
extraction. Anhydrous magnesium sulfate (15 g.) is added, and,
after swirling occasionally for 10 minutes, the mixture is filtered
by suction and the magnesium sulfate washed with two 25-ml.
portions of benzene. The benzene is removed by distillation at
.reduced.pressure.and .the.residual oil distilled rapidly through a
15-cm. column. The yield of ester is 113-125 g. (52-58%,), b.p.
135-160° (0.35 mm.) (Note 4).

%
gl
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2. Notes

1. A typical water separator has been described by Cope
et al.2

2. Eastman Kodak white label grade acetophenone and ethyl
cyanoacetate are used without further purification. The checkers
used Matheson, Coleman, and Bell acetophenone and ethyl
cyanoacetate without further purification.

3. The checkers used ammonium acetate which was slightly
moist ; consequently 33.5-34.5 ml. of lower layer was collected.

4. The checkers report the refractive index of the product to be
nE1 1.5468-1.5469.

3. Methods of Preparation

The above procedure is essentially that described by Cope
et al? Ethyl (1-phenylethylidene)cyanoacetate has been pre-
pared also by condensing acetophenone with ethyl cyanoacetate
in the presence of zinc chloride and aniline,® and other catalysts.*
Additional aralkylidenecyano esters have been prepared by the
present procedure.®

! University of Wisconsin, Madison, Wisconsin;

? Cope, Hofmann, Wyckoff, and Hardenbergh, J. Am. Chem. Soc., 63, 3452 (1941).

3 Scheiber and Meisel, Ber., 48, 238 (1915).

¢ Cragoe, Robb, and Sprague, J. Org. Chem., 15, 381 (1950).
% McElvain and Clemens, J. Am. Chem. Soc., 80, 3915 (1958).

ETHYL N-PHENYLFORMIMIDATE
(Formimidic acid, N-phenyl-, ethyl ester)

+
C¢HsNH. + (C,H;0);CH il C¢H;:N=CHOC,H; + 2C,H;0H

Submitted by RoysToN M. ROBERTS and Paut J. Voer.!
Checked by T. L. CaIrNs and J. J. DrYSDALE.

1. Procedure

A 500-ml. flask is equipped with a capillary through a side
opening, and 94 g. (1.01 moles) of aniline and 1 ml. of concen-

—————— =
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¢ Farbenfabriken Bayer A.-G., Ger. pat. 908,023 [C. 4., 52, 10201 (1958)}; Arita
and Odawara (to Asahi Chemical Industries Co.), Jap. pat. 1130 (1950) {C. 4.,
47,2214 (1953)}.

¢ Kuwada ct al. (to Nippon Petroleum Qil Co.), Jap. pat. 3730 (1951) [C. 4., 47,
8096 (1953)].

7 Terai et al. (to Noguchi Research Institute, Inc.), Jap. pat. 1111 (1951) [C. 4
47,3883 (1953)].

GLUTARIC ACID* AND GLUTARIMIDE

1. FROM y-BUTYROLACTONE

cl:ozx (|:02H
CH,—CH -
L KON 2 (CHy)y 2 (CH),
0 CH, |
A4 CN CONH,
C
||
0
H.0, HY
’ co2 H —2-" HO,C—(CHy);—CO,H + NH,*
X <CH2>3 0
] v
CONH, CH,—C
\‘“ " ] Heat / \
. | Heat cH, NH + H,0
CH,—C
- AN
o)

Submitted by G. Paris, L. BERLINGUET, and R. GauDry.!
Checked by James CasoN and Epwin R. HaRrris.

1. Procedure

Caution! This preparation should be carried out in a good hood since

poisonous hydrogen cyanide may be evolved.

In a 500-ml. three-necked flask fitted with a sealed mechanical stirrer
o and a reflux condenser are placed 86 g. (1 mole) of y-butyrolactone
PR (Note 1) and 72 g. (1.1 moles) of potassium cyanide (Note 2). Asthe
contents of the flask are stirred, the mixture is heated in an oil bath
for 2 hours at a temperature of 190-195° (Note 3). There is an initial

Q
| /g/ﬁ oo
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vigorous reaction which soon subsides. After the completion of the
heating period the mixture is cooled to about 100°, and the potassium
salt of the cyano acid is dissolved in about 200 ml. of hot water. The
warm solution is cautiously acidified to Congo red by the addition of
about 90 ml. of concentrated hydrochloric acid. The resultant solu-
tion, which contains glutaric acid monoamide and potassium chloride,
is used to prepare glutaric acid or glutarimide.

A. Glutaric acid. To the solution of monoamide is added 200 ml. of
concentrated hydrochloric acid, and the mixture is heated under re-
flux in the hood for 1 hour. The reaction mixture is evaporated to
dryness under reduced pressure, and the residue is dried by brief
heating on a steam bath at reduced pressure. The residual crystalline®
solid is broken up, ground in a mortar, and extracted with four 206-ml.
portions of boiling chloroform. The combined hot extracts are filtzred
by gravity through a fluted paper on a heated funnel and then concen-
trated to about 400 ml. After the solution has been cooled in water to
effect crystallization, the glutaric acid is collected by suction filtration,
washed with cold chloroform, and dried. The yield of slightly dis-
colored glutaric acid, suitable for many purposes, is 105-110 g. (79.5-
83.59,), m.p. 95-97°.

If a pure grade of glutaric acid is desired, it is decolorized by boiling
for about 1 hour with 10 g. of charcoal in water solution. The char-
coal is removed by filtration (Note 4), the water is evaporated under
reduced pressure, and the dry residue is recrystallized from chloroform.
The yield of white glutaric acid, m.p. 98-99°,is 94-99 g. (71-75%).  p

B. Glutarimide. The solution containing the monoamide is extracted
with six 50-ml. portions of ether. The ether solution is dried over
anhydrous sodium sulfate (or by filtering by gravity through a layer
of the drying agent), and then the ether is evaporated by heating on a
steam bath; the last portion is removed at reduced pressure. The oily
residue of glutaric acid monoamide is placed in a 300-ml. round-bot-
tomed flask which is fitted with a bent tube attached to a short con-
denser, and the flask is immersed in a bath (Note 5) held at 220-225°.
Heating is continued until water no longer distils (34 hours). The
cooled glutarimide is dissolved in about 200 ml. of water, and the
solution is boiled for about 30 minutes with about 2 g. of charcoal.
The charcoal is removed by filtration, water is removed by di
tillation at reduced pressure, and the dry residue is crystallized from™
about 125 ml. of 959, ethanol, with final cooling in an ice bath. The
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yield of glittering white crystals of glutarimide, m.p. 152-154°, is
65.5-73.5 g. (58-65%,) (Note 6).

2. Notes

1. Butyrolactone from Eastern Chemical Corporation, 34 Spring

‘Street, Newark 2, New Jersey, was used without purification.

‘2. Satisfactory results were obtained with potassium cyanide, 96—
989, purity, from General Chemical Company or with material in-
dicated as of 95%, minimum purity, from Merck & Co., Inc. If
potassium cyanide pellets are employed, they should be pulverized
before use.

3. Since the reaction rhixture is acidified after the heating period,
it is most convenient to carry out the reaction in a forced-draft hood
in order to provide protection against hydrogen cyanide. If higher
temperatures than those specified are used, the reaction may get out
of control during the initial vigorous reaction.

4. If filtration by gravity through a fluted paper fails to remove the
last traces of charcoal, the filtrate should be refiltered by suction
through a thin mat of filter aid such as Supercel.

5. The submitters used an oil bath. The checkers used a salt bath
consisting of an equimolar mixture of potassium nitrate and sodium
nitrite (Heat Transfer Salt). A salt bath should be handled only with
proper precautions, which include wearing goggles and gloves and
supporting the bath on a stand bolted to th° bench.

6. This material is suitable for preparation of N-bromoglutarimide,
as follows. In a 1-1. beaker, provided with a mechanical stirrer, 65 g.
of potassium hydroxide is dissolved in 200 mi. of water. The vigorously
stirred solution is cooled to about —3° and as the temperature is
maintained below 0° there is added gradually 113 g. (1 mole) of glu-
tarimide and cracked ice. To this mixture is added in one portion
160 g. (1 mole) of bromine; then stirring is continued for 1 minute.
The mixture is filtered by suction, and the precipitate is dissolved in
hot water. On cooling, there crystallizes about 94 g. (49%,) of N-bro-
moglutarimide which melts at about 165°. This product is usually
suitdble for use as a brominating agent. Pure N-bromoglutarimide,
m.p. 180-185°, is obtained only after several recrystallizations from
water.

| I + H0
CH, CH

OCHC]
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CHAPTER 8
REACTIONS OF
CARBONYL
COMPOUNDS

Under both basic and acidic conditions, the aldol adduct can proceed to dehydrated
product.

i i PAe i
R—C~C—C—R’ —= RCH=CHCR’ R—C—-C—C—R’ —= RCH=CHCR’
[ [ =
OH HwB {OH H
H*
base-catalyzed dehydration acid-catalyzed dehydration

The dehydration reactions have somewhat higher activation energies than the addition step
and are not usually observed under strictly controlled kinetic conditions. Detailed kinetic
studies have provided rate and equilibrium constants for the individual steps in some cases.
The results for the acetone—benzaldehyde system in the presence of hydroxide ion are
given below. Note that K, is sufficiently large to drive the first equilibrium forward.

i A T
&, ky
CH3CCH; + PhCH=0 === CH3CCH,CHPh === CH;CCH=CHPh
ka ka (Ref. 26)
¢ K, =083 M Ky=24
k=017 M2s! ky=7.5%x 103 Mg
ky=14x%102 M5! ka=32x10% M5!

8.4. Reactivity of Carbonyl Compounds toward Addition

We would like at this point to considsr some general relationships concerning the
reactivity of carbonyl compounds toward addition of nucleophiles. The discussion in
Sections 8.2 and 8.3 indicates that many factors influence the overall rate of a reaction
under typical conditions. Among the crucial factors are (1) the role of protons or other
Lewis acids in activating the carbonyl group toward nucleophilic attack, (2) the reactivity
of the nucleophilic species and its influence on the mechanism which is followed, and (3)
the stability of the tetrahedral intermediate and the extent to which it proceeds to product
rather than reverting to starting material. Because consideration of all of these factors
complicates the interpretation of the inherent reactivity of the carbonyl compound itself,
examination of an irreversible process where the addition product is stable is the most
direct means of comparing the reactivity of carbonyl compounds. Under these conditions,
the relative rates of reaction of different carbonyl compounds can be directly compared.
One such reaction is hydride reduction. In particular, reduction by sodium borohydride in
alcohol solvents is a fast, irreversible reaction that has provided a convenient basis for
comparing the reactivity of different carbonyl compound;27

i OBH4~ (|)H
RCR’ + BHy ——~ R(I:R' -— RCHR’
H

26. ). P. Guthric, J. Cossar, and K. F. Taylor, Can. J. Chem. 62:1958 (1984).
27. H. C. Brown. O. H. Wheeler, and K. Ichikawa, Tetrahedron 1:214 (1957): H. C. Brown and K. Ichikawa,
Tetrahedron 1:221 (1957).
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Table 8.3. Rates of Reduction of Aldehydes and Ketones
by Sodium Borohydride

Carbonyl compound ky x 104 (M~ s71)®

Benzaldchyde 12,400"
Benzophenone 1.9
Acetophenone 2.0
Acetone 15.1
Cyclobutanone 264
Cyclopentanone 7
Cyclohexanone 161

a. In isopropyl alcohol at 0°C.
b. Extrapolated from data at lower temperatures.

The reaction is second-order overall, with the rate given by k[R,C=0][NaBH,] The
interpretation of the rate data is complicated slightly by the fact that the alkoxyborohy-
drides produced by the first addition can also function as reducing agents, but this has little
apparent effect on the relative reactivity of the carbonyl compounds. Table 8.3 presents
some of the rate data obtained from these studies.

Reductions by NaBH, are characterized by low enthalpies of activation (8-
13 kcal/mol) and large negative entropies of activation (—28 to —40eu). Aldehydes are
substantially more reactive than ketones, as can be seen by comparison of the rate data for
benzaldehyde and acetophenone. This relative reactivity is characteristic of nearly all
carbonyl addition reactions. The reduced reactivity of ketones is attributed primarily to
steric cffects. Not only does the additional substituent increase the steric restrictions to
approach of the nucleophile, but it also causes larger steric interaction in the tetrahedral
product as the hybridization changes from trigonal to tetrahedral.

Among the cyclic ketones, the reactivity of cyclobutanone is enhanced because the
strain of the four-membered ring is decreased in going from sp? to sp® hybridization. The
higher reactivity of cyclohexanone as compared to cyclopentanone is quite general for
carbonyl addition reactions. The major factor responsible for the difference in this case is
the change in torsional strain as addition occurs. As the hybridization goes from sp? to sp?,
the torsional strain is increased in cyclopentanone. The opposite is true for cyclohexanone.
The equatorial hydrogens are nearly eclipsed with the carbonyl oxygen in cyclohexanone,
but the chair structure of the addition product allows ‘all bonds to attain staggered
arrangements.

f

H
H O H H O
; ' 2 H — ; ' 2 OH / ‘! 2 H ——
H Hl "y eclipsed H H
H H H H

The borohydride reduction rate data are paralleled by the rate data for many other
carbonyl addition reactions. In fact, for a series of ketones. most of which are cyclic, a
linear free-energy correlation of the form '

staggered

logk = A logky, 4+ B
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exists for nucleophiles such as NH,OH, CN~, HOCH,CH,S™, and SO,~.** These
nucleophiles span a wide range of reactivity and represent nitrogen, carbon, and sulfur
atoms acting as the nucleophile. The free-energy relationship implies that in this series of
ketones the same structural features govern reactivity toward each of the nucleophiles. To a
good approximation, the parameter A4 is equal to I, which reduces the correlation to

log(k/ky) = B

This equation implies that the relative reactivity is independent of the specific nucleophile
and that relative reactivity is insensitive to changes in position of the transition state. Table
8.4 lists the B.values for some representative ketones. The parameter B indicates relative
reactivity on a log scale. Cyclohexanone is seen to be a particularly reactive ketone, being
almost as reactive as cyclobutanone and more than 10 times as reactive as acetone.

The same structural factors come into play in determining the position of equilibria in
reversible additions to carbonyl compounds. The best studied of such equilibrium
processes is probably addition of cyanide to give cyanohydrins.

R

|
R,C=0 + HCN =—= NEC——CI—OH

R

For cyclopentanone, cyclohexanone, and cycloheptanone, the K values for addition are 48,
1000, and 8 M, respectively.?® For aromatic aldehydes, the equilibria are affected bythe
electronic nature of the aryl substituent. Electron donors disfavor addition by stabilizing
the aldehyde whereas electron-accepting substituents have the opposite effect.

; j
X
x@—cn=o + HON === x—@—c—OH
’ in “(Ref. 30)
Kis lated by H. quation with ¢*, p = 1.01

k, is correlated by Haramett equation with 6*, p = 1.18

Table 8.4. Relative Reactivity of Some Ketones toward
Addition of Nucleophiles

Kctone B =log relative reactivity”
Cyclobutanone 0.09
Cyclohexanone . ¢ 0.00
4-1-Butylcyclohexanone —-0.008
Adamantanone -0.46
Cycloheptanone -0.95
Cyclopentanone -1.18
Acetone -1.19
Bicyclo[2.2.1)heptan-2-onc —1.48
3,3,5,5-Tetramethylcyclohexanone -1.92

a. A. Finicls and P. Geneste, J Org. Chem. 44:1577 (1979): rcactivity
relative 1o cyclohexanone as a standard. :

28. A. Finicls and P. Geneste, J. Org. Chem. 44:1577 (1979).
29. V. Prelog and M. Kobelt, Helv. Chim. Acta 32:1187 (1949).
30. W. M. Ching and R. G. Kallen. L Am. Chem. Soc. 100:6119 (1978).
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There are large differences in reactivity among the various carboxylic acid deriva-
tives, such as amides, esters, and acyl chlorides. One important factor is the resonance
stabilization provided by the heteroatom. This decreases in the order N > O > Cl. Electron
donation reduces the electrophilicity of the carbonyl group, and the corresponding
stabilization is lost in the tetrahedral intermediate.

R\ R R\ R\ R R\
C=0Q = \C—O' -~ C—0 C=0 =-— \&—O‘ -— C—0

/ ’ Z / / 7

H,N H,N - HoN, RO RO RO,

The high reactivity of the acyl chlorides also reflects the polar electron-withdrawing effect
of the chlorine, which more than outweighs the small n-donor effect.

Another factor which strongly affects the reactivity of these carboxylic acid
derivatives is the leaving-group ability of the substituents. The order is Cl> OAr >
OR > NR; > O~ so that not only does the ease of forming the tetrahedral intermediate
decrease in the order Cl> OAr>OR > NR, > O", but the tendency for subsequent
climination to occur is also in the same order. Because the two factors work together,
there are large differences in reactivity toward the nucleophiles.

Approximate relative reactivity
toward hydrolysis

| RCOCI 10"

‘\ RCO,R’ I
RCONR}, 1072
RCO," «l

Table 8.5 lists the enthalpies for a series of isodesmic reactions involving conversion
of carbonyl derivatives to the methyl ketones. The AH of the reactions is given both from
thermodynamic data (AH,,) and as calculated at the MP3/6—31+4++G* level. These
values show that NH,, OH, and F all provide significant stabilization to carbonyl groups. A
major component of this stabilization is = donation of a lone pair from the substituent. This
effect is diminished for X = ClI and is absent for X = CN. The cyano substituent is
destabilizing because of a Coulombic repulsion of the adjacent positively charged carbons.
The trifluoromethyl group has a similar effect.®' Figure 8.5 shows bond orders and charge
densities for a number of carbonyl derivatives. :

~-1.17 -1.08 -1.21 -1.21
. o O O 0O
+0.19 || -0.66 «0.14 || -0.14 +0.15 || -056 +007 || 043
CH;‘C—F CH;‘C'CFJ CH3_C_OH CH;’C'NHZ
~+1:64 +1.08 +1.63 +1.57
Charge Density
O 0o 0o o) O 0
i 056 i 06l 1| 064 H 063 It 053 Il 052
CH}‘C_F CH}‘C“C] CH]_C_CN CH}“C_CH] CH;_C'—OH CH;-C— NHz
0.13 0.14 0.04 004 021 028

n-Bond order

Fig. 8.5. Charge density and bond orders for carbony! dervatives,

31. K. B. Wiberg, C. M. Hadad, P. R. Rablen, and I. Cioslowski. J 4m Chem. Soc. 114:8644 (1992)
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REVIEWS

Synthetic Applications of Dealkoxycarbonylations of Malonate
Esters, f-Keto Esters, a-Cyano Esters and Related Compounds /}

in Dipolar Apr.otic Media - Part Il

A. Paul KRAPCHO

Department of Chemistry, The University of Vérmont, Burlington, Vermont 05405, U.S.A.

Continued from page 822.
S. p-Keto Esters

In our original publication it was reported that the f-
keto esters 180, 181 (mixture of methyl and ethyl es-
ters), and 182 (mixture of methyl and ethyl esters) un-
derwent dealkoxycarbonylations on being heated in
wet DMSO containing sodium chloride (130-150 °C, 2-
4 h) to yield the respective ketones in excellent
yields®. '

n-CLHg
AN (o] 0
H3C—ﬁ
0
180 181 182

It was then shown that some f-keto esters undergo
dealkoxycarbonylations on being heated in aqueous
DMSO without added salts>”%. On the other hand, -
keto esters with noia-hydrogens require the presence of
a salt to effect dealkoxycarbonylations.

A Monosubstituted Substrates

5.1.1. Mono-dealkoxycarbonylations

The acyclic substrates 180, 183, 184a, and 184b un-

dergo deethoxycarbonylations to the respective ketones

(70-80% yields) on being heated in aqueous
DM‘SOB"'N_
Q R
CeHg = C — CH,— COOC Hg SCH=CO0C Hs
HyC=¢
0]
183 184a r: cH,
bp:n-C‘Hg

I-HmenOne EAEN

g”'yl Z-acetythexanoate (184b; 6.12 g, 0.03 mot) and water {1.08 g
06 mol) are dissolved in DMSO (25 ml) in a 2-necked round bottom
iGSk fitted with a condenser and magnetic stirrer. The reaction: vessel
S placed in a pre-heated oil bath at 210 °C and the mixture heated for

0039.7881/82/1132-0893 $ 03.00

iy

"”-?‘1"

4 h. The reaction mixture is cooled and the product distilled: yield:
3.62 g ("H-N.M.R. analysis shows the presence of ~33% ethanol:
overall yield of ketone: 70%); b.p. 150-153 °C.

The f-keto ester 185 on heating in DMSO containing a
little water (165°C for 6 h) yields ketone 186
(75%)' " '

CH3 CH3 . DMSO/
H,0, %
COOC ,Hg
185
Hac/\/\/\)\/\)\\o
186

6-Methyl-2-tridecanone (186)''>:

The keto ester 185 (980 mg, 3.4 mmol) is heated in DMSO (10 ml) con-
taining water (1 g, 56 mmol) for 6 h. After cooling, the mixture is
poured into water (40 ml) and the product extracted with pentane
(4 x 10 'ml). Evaporation of the pentane and distitlation under reduced
pressure gives the ketone 186; yield: 550 mg (75%); b.p. 110°C. i3
torr (bath temperature).

Deethoxycarbonylations of the f-keto esters 187 and
188 can readily be accomplished by heating in wet
DMSO (155°C for 4 h) to give 189 (95%) and 190

(R}

(96%), respectively''”.

}:1 COOC ,He OMSO/ H
H,0.9
e (e
H H
187 189
H COOCzHS H

DMSO/

H,0 ¥
0 —_— 0

H H
188
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cis-Bicyclol4.3.0F-3-nonen-8-one (189) ' :

The cis-fi-keto ester 187 (10.4 g, 50 munol) is heated al 155 °C for 4 h
with water (2 g, 111 mmol) in DMSO (45 ml) under an argon atmo-
sphere. After cooling, the mixture is poured into water (150 ml), ex-
tracted with light petroleum (4 x 25 ml), the extracts are dried, and
concentrated. The product is obtained by distillation under reduced
pressure: yield: 6.2 g (95%); b.p. 50-53 °C/0.3 torr.

In a similar manner, cis-191a on heating in wet DMSO
yields cis-193a (49%, based on keto ester 187 which was
methylated to prepare 191a). This product was contam-
inated with 189 (12%). trans-192a reacts similarly to
yield 194a [S0%, contaminated with 190 (4%)]. The de-
ethoxycarbonylation of cis-191b gives 193b (50%), con-
taining 190 (12%) from unethylated 188. trans-192b
reacts to give 193b (79%)''>.

C,H
HOLOO0CHs e H
H
@;o 0.V @o
H R ok
181a,b 193 a,b
L Ly M
o R,0 v (j:}:o
H R H R
192ab 194 a,b

ar:CHy bR: C,H

Heating 195 in aqueous DMSO yields ketone 196
(74%, based on acid chloride derived from 195)''e.

0 /0
0 0
‘ 0] OMSO/ ‘ C
H,0.V
Hyco B — " Hgeo X
O COOC, Hg-t O
H4CO H,CO
0CH, OCH,
195 196

The deethexycarbonylation -of 197 on heating -with
DMSO containing water (170°C, reflux, 4 h) and
quenching with water gives the isocoumarin 198
(58%)'"7. This is the enol lactone of the keto acid
formed on deethoxycarbonylation.

H,C
02N3 /O OyN
OMSO/ CH3
CO0C,H, H;0.9 N
COOK 0
6]
197 198

Demethoxycarbonylation of 199 (DMF/water/sodium
chloride, reflux, 4 h) yields 200 ( ~70%)%°.

H3C00C

OMF/H,0/
NaCl v
o CHIOCH;), g CHIOCH;,),
CH{OCH4I, CH(OCH4),
199 200

S - 2
i f’ .
SYNEHESK November

Treatment of the fi-keto ester 200 with sodium chloride Tre;un;;
in wet DMSO (160 °C, 9 h) yiclds 202 (56%)"'%. DMSO
SO/ )
CH3 CH3 . (\\\\ /0)
/K/ICOOC?HS DMS0/H,0/ H\/\/L
~ NaCl © N
{H3C0),CH e 0 (H3CO),CH e o
201 202 #-CH00
The cthoxycarbonyl group in 203 can readily be re-
moved by heating in wet DMSO containing some so- The dec
dium chloride (170 °C, 8 h) to yield 204 (70%)'**. In a eb -
similar manner, 205 can be converted into 206 can be &
(60%)'2° ing soci
] b
0 DMSO/H,0/ 9 @/\
CH NaCl, @ .
COOC,Hy 0 )
H;C o] 213
HyC” TCH, HyC  CHy
4(1-Cyclo
203 204 A mixturs
0 oy '
Hil3 o omso/H,0r  HIC C\
I0 NaCl. ¥ 0
I
CH, CH,
COOC ,Hg \
205 206 )

Treatment of 207 with wet DMSO containing sodium
cyanide (160-165 °C, 3 h) not only effects the deethoxy-

carbonylation but displaces bromide to yield the cyano
ketone 208 (28%)'?".
: e
. e I B e
Br—(CHZ)g—(':H—C ~CHy —————=  NC ~(CH,),;—C~CH,
COOC,Hq
207 ) 208 ,
The deelHoxycarbonylalion of 209 (prepared from me-
thyl oleate by condensation in the presence of sodium
hydride) with sodium chloride in wet DMSO (145°C,§ .
h) leads to 210 (95%). Intermediate 210 was utilized in
the preparation of civetone (as 4 mixture of Z- and E- ATne d:-
isomers)'?*. TS0
e
H\C_C/H (I:OOCHJ \f‘(‘ﬂ.'//'" '
AT CH {CH,} CgHyop-n
n-CgHyy (CHag” C” ?7\C—C/ o
| VRN
0 H H ! 2
209 '
; | I
OMSO/H,0/ H H 0 H H .
NaCN Vv c=c (1:' \C:C/ I
7 N\ PN 7
n-CgHy, (CH,), (CHSlg CoHir |
l
210 |
18-Oxopentatriaconta-8,26-diene (210)'*°:
The crude fi-keto ester 209 (22.3 g, 40 mmol) is added to a solution of
sodium chloride (2.3 g, 40 mmol) and wuter (2.1 g, 116 mmol) io
DMSO (30 ml). The solution is heated at 145 °C under an inert atmo- .
sphere for 8 h and then cooled. Workup by quenching and extraction Deme::
gives the ketone 210 yield: 19 g (95%): homogeneous by T.L.C. in wet




s Te-
. SO-
Ina
206
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Treatment of diketo ester 211 with sodium chloride in
DMSO (no water added, 160°C, 20 h) led to 212
(880/0)|23-

H4C 0 DMSO/H,0/ HiC o
0 @ NaCi, ¥V @
-C,Ha00C
ERTEEE e M Hye P
211 212

The deethoxycarbonylation of 213 to yield 214 (92%)
can be accomplished by heating in wet DMSO contain-
ing sodium chloride'**.

. DMSO/H,0/
0] NaCl, ¥ 0

213 214

4«1-Cyclohexenyl)-2-butanone (214)'**:

A mixture of 213-(44.8 g, 0.2 mol), sodium chloride (14.6 g, 0.25 mol),
water (11 g, 0.6 mol), and DMSO (150 ml) is heated with stirring for 10
h at 140-150 °C. The mixture is cooled, poured into water (500 ml),
nd the product extracted into pentane (5x 100 ml). The pentane ex-

wcact is washed with saturated aqueous sodium hydrogen carbonate

and sodium chloride solutions. Concentration and distillation under
reduced pressure gives 214 ; yield: 28 g (92%): b.p. 81-83 °C/6 torr.

e methoxyketone 215 on treatment with DMSO con-
taining water and sodium chloride (6 h at reflux) led to
216 in a poor yield'?.

COOC,H¢
OCH,4 CH, OMSO/H 0/
NaCl, ©
0
HyC

HiC CH,

215
OCH, CH,

0
H,C
HyC™ CHjy

216

f deethoxycarbonylation of f-keto ester 217 (wet
-oMSO/sodium chloride) gives 218 (no yield listed)
and 219 (from a retro-Michael reaction)'2¢.

0]
6]
DMSOQ/H,0/
NaCl, Vv
HCO €OO0C,Hg
217
0]
PP iy
¢ C Ly e
H,yCO HyCO

218

f)emethoxycarbonylalion of 220 with lithium chloride
't wet DMSO gives the cyclopentanone 221 (70%) "7,
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COOCH3  pMsorH,01 '
HyC Licl, v )
° 0
HaC HaC ; d
220 \/\/Y\Q:o
H,C

0
221
3-(6-Methyl-2-oxoheptyl)-cyclopentanone (221)'%":
The crude 2-methoxycarbonylcyclopentanone 220 (118 mg, 0.46
mmol) is dissolved in DMSO (2 ml) containing water (10 ul) and |i-
thium chloride (58 mg, 1.4 mmol). The mixture is placed in a pre-
heated oil bath at 120 °C for 1.5 h, cooled, and ether and water added.
The ether phase is washed with water, and dried with magnesium sul-
fate, and the solvent removed by distillation through a 15-cm glass-
packed column. The product is Kugelrohr distilied; yield: 64 mg
(70%); b.p. 60 °C/0.3 torr (bath temperature).

The demethoxycarbonylations of the pj-keto esters

222a'%® and 222b'® on heating in DMSO and lithium -
iodide yield the cyclopentanones 223a (76%) and 223b

(61%), respectively.

" \§

0 0 By
/ .
Qcoocsz o QH R .
Ha _R —_— N/
>c=cg =<
C H H
- v
CeHsS™ Y CeHsS™
222 aR:CH, 223a,b
br- n-CgHy,

Deethoxycarbonylations of 224a, b, and ¢ with sodium
chloride in DMSO (120°C, 1.5-2.5 h) lead to the ke-
tones 225a, b, and ¢ in 90%, 70%, and 90% yields, re-

spectively'®.
2 DMSO/H,0/ g
COOCoHs  pacl W
—_————
R—R R-y—7~R
NC'H NC H
224 a-c 225a-c
a b c

(O OC,Hg
O >

Intramolecular Michael addition of 226 (sodium meth-
oxide in methanol) leads to 227 which can be deme-
thoxycarbonylated (sodium chloride in wet DMSO) to

x

give the cis-2,6-indandione 228 (~45% overall
yield)'“. .
H NaOCH,/ H
0 CHOH
0
H5C00C 0 0
H4C00C
| =
CH, H,C
226 227
DMSO/H,0/ H
NaCl @ N
0
N
H;C/
228

RS R,
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The B-keto ester 229 was deethoxycarbonylated by re-
fluxing with a mixture of wet DMSO and sodium chlo-
ride to yield 230 (40%)'32.

(o} 0
H.COOC DMSO/H,0/ H.COOC
: COOCH;  Naclv g
9 C
H3CO HyCO
229 230

Demethoxycarbonylation of 231 can readily be accom-
plished by heating with sodium chloride in DMF/water
(10:1, 120°C, 3 h) to yield 232 (94%)'**.

HCOOC 1 CHy om0 H £Hs
NaCl. ¥ o o
.
HZC\ 0
231 232

Deethoxycarbonylation of 233a with wet DMSO con-
taining some sodium chloride yields ketone 234a (72%).
In a similar experimental manner, 233b was converted
to 234b (19%)%°.

CH,— CH c CH,—X  DMSO/H,0/
NaCl Vv
I T Lo
233a x:nu
b x - ocHs

il
CH,—CH,—C — CH,— X

NC. _N
AT
234 a,b

2-Amino-3-cyano-5-(2-ethoxycarbonylethyl)-pyrazine (2342)%°:

The f-keto ester 233a (10.2 g, 0.039 mol), sodium chloride (2.8 g, 0.048
mol), and water (2.8 g, 0.156 mol) in DMSO ( ~ 300 ml) are placed in a
three-necked 50-ml round bottom flask fitted with a thermometer, con-
denser, and magnetic stirrer. The mixture is heated at 155-170 °C for 6
h. cooled, and ‘poured into water (50 ml).-The-aqueous-solution is-ex-
tracted with chloroform (4 x 10 ml). The extracts are dried with so-
dium sulfate, filtered, and evaporated. Crystallization from benzene
gives a white crystalline solid; yield: 5.3 g (72%). m.p. 130-131 °C.

Demethoxycarbonylation of 235 with sodium chloride
in hot, wet DMSO gives 236 (74%)"'**. Treatment of 237
with lithium diphenylcuprate gives 238 which on being
subjected to demethoxycarbonylation (sodium chlo-
nde, hot, wet DMSQO) gives 239 (65% overall conver-
sion). Reaction of 237 with diethylaluminum cyanide
in toluene gives 240 which on demethoxycarbonylation
as above gives 241 (69%)'*.

OCH4

HyC €=0 COOCH,  oMs0/H,0r H3C COOCH3

OH NaCl ¥ -0

HCHCH3 HCHEM
235 236

0cH, ocH,
H C OCOOCH3 CgHg c:OCOOCH3
LCuICeHg);
HCHEMS HMCHa
237 238
DMSO/H,0/ COOCH,
NaCI. ¥ o
HCHEHs
239
NG ¢= 0coocH, omsormpor NG COOCH;
OH NaCl. v 0
HCHy M HCHEHS
240 241

Treatment of 242 (unspecified regio- and stereochemis.
try) with sodium chloride in wet DMSO gives 243
(85%)"*°.

0]
H,C DMSO/H,0/
H C7ko‘> 0CHs  wao1 9
3 H-- H
0 COOCH,4
242

244 has been effected by heating in wet DMSO con-
taining sodium chloride to give 245 (unspccnﬁed
yield)'*®.

HyC O

@. COOC ,H,
H

DMSO/HK,0/

H,C
NaCi v

Reaction of 246 with wet DMSO containing sodium
chlonide (180 185°C.. 3.5 h) leads to (3R)-2,2-dimelhyl-
3-deuteriocyclohexanone (247) in ~ 50% yield'*’.

He § 0
3 COOC ;Hy OMSO/H,0/ H,C
H,C Hav H3C
0 D
246 247

In a synthesis leading to chiral 3-substituted cyclopen
tanones and cyclohexanones following a cyclizatiof

The deethoxycarbonylation of the steroid S-keto ester

l

effect
methe
to cru
yield

conve

Thz.d

photo

4-Cyano
A solutic
dium ct
130°C
poured
The comr
sodium
solvent .
nol: vie
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route, the dealkoxycarbonylation of f-keto esters was
effected with sodium chloride in wet DMSO. The de-
methoxycarbonylation of chiral 248 in this manner led

1o crude 249 which was converted into acetal 250 (67%.

yicld,from 248). In a similar fashion chiral 251 was
converted into 252 '

9 COOR™* DOMSO/H,0/ 9
————— .
; ~CH : N
H 2 g CH,
248 249 )
—_
. . 4 ~CH,
"DMSO/H,0! 250
&KCOOR“ NaQl ¥ 2 Q
\ ————
CH3 CH3
251 252
CH,
Rz
e cH,

The demethoxycarbonylation of 253 (wet DMSO with
sodium chloride present) yields 254 (68%). This com-
pound was converted into 255 which was used in a
photochemical study'*. '

4-Cyano-4-phenylcyclohexanone (254)'*9:

A solution of 253 (85.5 g, 0.333 mol), water (18.5 g, 1.02 mol), and s0-
dium chloride (20.97 g, 0.36 mol) in DMSO (300 ml) is heated to
130 °C in an oil bath at 160 °C for 2 h. The cooled reaction mixture is
poured into water (500 mi) and extracted with benzene (5x 100 mi).
The combined extracts are washed with water (100 ml) and saturated
sodium chloride solution (100 ml) and dried with calcium sulfate. The
solvent is removed in vacuo and the ketone recrystallized from etha-
nol; yield: 45.2 g (68%): m.p. 115-117°C.

0 0
COOCH,4 DMSO/H,0/
NaCl, VvV
CeHg CN CeHe CN
7 253 254
{- 0
,
CBHS |
CHa
255

C.ompound 256 can be deethoxycarbonylated with so-
dium chloride in wet DMSO 10 yield cyclohexanone
257 (95%)'4°.

OH fo)

COOC,Hq
o] ‘ DMSO/H;,()/ 0
¢ O CN NaCl & (

0 o}

256
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Treatment of 258 with sodium chloride in wet DMSO
at 165 °C yields diketone 259 (no yield listed)'".

COOCH .
0 3 OMso/H,0/ 0
0 NaCl,¥ @O:o
Hyd CMa Hy,d CHa
258 259

The Dieckmann cyclization of 260 to 261 can be ac-
complished by use of sodium hydride in DMSO and
the resulting sodium salt of the 5-keto ester 261 was
neutralized with concentrated hydrochloric acid. The
DMSO reaction mixture was degassed with nitrogen
and heated at 150 °C for 3-6 h. After workup, 65-88¢
yields of 262 could be obtained'*?. The addition of po-
tassium cyanide also effected demethoxycarbonylation
while-other inorganic salts (lithium chloride or sodium
acetate) had a deleterious effect on the demethoxycar-
bonylation. In DMF, however, lower yields were ob-
tained. Similarly, the one-pot procedure to 264’ from
263, via intermediate 264, was also reported %,

COOCH,

©*COOCH, O ek,
. —_ /
@\/\g(cm)n COOCH;  Nan/ \
” N
H H
260 n:2 261 (m:1)
263 n:3 264 (m:2)
(CH,)-
., N\
N
H
f 262 (ot
264 im:2

The f-keto ester 265 on refluxing with DMSO contain-
ing a little water (170-180 °C for 6 h) and sodium chlo-
ride undergoes a smooth deethoxycarbonylation (o give
266 (85%)'*.

0
coocy  zonn
0 0
H3C ] H4C ]
H3C 0 H3C 0
265 266

Treatment of 267 with sodium hydride in dimethoy.
ethane leads to the annelated product 268. This lutie:
compound on heating with sodium chloride in we-
DMSO yields a crude product which consists of 269,
270, and 271 in 56%, 23%. and 21% yields, respective.
ly

144

<

Y

R

S

o
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H 0
COOCH¢ B:E/ COOC;Hg
/(:L/rCOOCZHS
H,C H,C
oL
Tl C3H7‘I
267 268
0
OMSO/H,0/ M
NaCl. ¥
H,C M
H C3H7‘I C H7 '
269 270
C 3H9-1
27

The demethoxycarbonylation of 272 with dry sodium
cyanide in dry DMSO (107°C, 40 h) leads to 273

(58%)'*°.
~
OMSO/ /H/‘ N/\
NaCN. v H

272

273

Treatment of 274 with sodium chloride in wet DMSO
(160 °C) affords 275 (no yield given)'*.

SYNTHES[g ‘
OH
H3C00C 0
COOCH; H,0/0MSO/NaCt
0O _— 0]
RO RO
RO RO
278 R R : ~(CHlp~ 280
279 r : ch, 281

The bis-deethoxycarbonylation of 282 with sodium -

chloride in wet DMSO yields 283 (54%)'°.

COOC;Hs 0
* H,0/DMSO/NaCl
—_—
~ COOC,H;s a

282 283

The stereoisomeric diketo diesters 284a and 284b yield
thc diketones 285 on heating in DMSO containing wa-
r'°% Similarly 286 reacts to yield 287.

H3C (CH,),—COO0CHs
212 2

C,H,00C 0
274

DMS0/H,0/
NaCl. ¥

H3C, (CH,),~C00C Hg

& R? H3C
o. M on H,0/DMSO0/ 0 3 0
NaCl
_
:lf :COOCH3 :HI:
284 a R' - H, R? = COOCH, 285
b rR': coOCH; R? : H
H3Grac §O0CHs H,0/0MS0/ Hat ch,
OH NaCl
COOCH; o
286 287

0
275

tn the preparation of deuterated cycloheptanoncs,
dealkoxycarbonylations have played a significant role.
The f-keto ester 276 on heating in wet DMSO contain-
ing sodium chloride leads to 277 (85%)'*". The 3.3.,6.6-
*H. system corresponding to 277 could be prepared in
a similar manner in 75% yield.

0 0]
COOCH3 OMSO0/H,0/
NaCl, v

D )
op O

276

op O
277

S.1.2. Bis-dealkoxycarbonylations

The bis-demethoxycarbonylation of 278 and 279 (so
dium chloride in wet DMSO) leads to 280 and 281 1n
79% and 67% yields, respectively'®. This 15 4 uselul
synthetic route to bicyclo{3.3.1]Jnonan-3,7.9-triones and
their acetals.

5.1.3. Vinylogous fi-Keto Esters

The deethoxycarbonvlation of Hagemann's ester (288)
can be effected with lithium chloride in wet DMSO to
prepare 3-methyl-2-cvclohexenone (289, 70%)'>".

0 H,0/DMSO/ 0
LiCt @\
P —
CH,

289

CHj3
COOCH;

288

Reaction of 290 with wet DMSO containing sodium -

chloride at 150 "C unul the evolution of carbon dioxide
stops leads to 291 (3670 '

CH,—CO0C,H: CH;

C,HO 1,0/0MS0/ CoHeO
2 NH, N;Cl T NH?
N - -— !
N 0 N fe)

Com
293

dium

H ‘CO

. {-43(:4

Trea:
done:
enes

N

2-Oxo;
The ke
mmol)
.bezied
juer

. g

N)

t
;

~a

E_:-_;
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5.1.4. Heterocyclic Substrates

Ccompound 292 can be quantitatively converted into
293 by heating in DMF containing some water and so-

dium chloride'.
2 H,0/0MF/ 9 ‘
H3CO COOCHs  yac H3C0:©(—‘<
HC T H3C '}‘)
Tos : Tos
292 293

Treatment of a mixture of the methoxycarbonylpyrroli-
dones 294 with sodium chloride in DMSO at 140°C

gives the pyrrolidine 295 (65%)'*".
0
NaCl/DMSO,
gw,mm)e,—coocrq3
N

140 °C

0
1 {CH;)g—COOCH;
R o
N
vO-O 00
11 1 —
0 0 -

COOCH;, R2 = H 295

b R' = H, R? = COOCH,

The bis-demethoxycarbonylation of 296 (sodium chlo-

ride/water/ DMF) yields ketone 297 (56%)°°. The facile .

synthesis of 296 and the conversion of 297 into two la-
dybug defensive alkaloids coccinelline and precoccinel-
line make this an attractive synthetic route.

H H,0/DMF/ H
COOCH;, NacCl
2, .
o] 0
H coocH, H
296 297

2-Oxoperhydro-9b-azaphenalene (297)%°:
The keto ester 296 (1 g, 3.23 mmol), sodium chloride (0.2 g, 3.42
mmol), and water (2 ml, 11.1 mmol) are dissolved in DMF (15 ml) and

. \llcalcd at reflux under nitrogen for 4 h. The solvent is removed in va-

10 and the residue taken up in dichloromethane (10 ml) and filtered
~trough a short column of ncutral alumina. Purification is accom-
plished by chromatography on neutral alumina by eluting with ethyl
acetate/hexane (1:1) to give 297 yield: 0.35 g (65%): m.p. 83 °C.

In syntheses of indoloquinolizines, the deethoxycaibo-
nylations of lactams have been important. Deethoxy-
Carbonylation of 298 (an epimeric mixture) by heating
in wet DMSO containing water and lithium chloride

leads 10 299 (89%)'*".
\ Njo
(g

COOCH; N

H,0/0MS0/
Licl

299

Deethoxycarbonylation of 300 occurs on heating in wet
DM 10 give 301 (95%)'%.
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cl o/ome cl
_ H20/0OMF, —

ct COOCH, v c/

H4C 0~ —_— H3C o
H3C : H3C 0

300 301

4-(2,2-Dichloroethenyl)-5,5-dimethyltetrahydrofuran-2-one (301)'*:

A suspension of lactone 300 (267 g, 1 mol) in dimethylformamide (60¢
ml) and water (27 ml, 1.5 mol) is heated under reflux for 4-12 h. When
the reaction is complete, the water and DMF arc removed under re-
duced pressure. Methanol (500 ml) is added to the residual lactone
and then water (100 ml). Cooling induces crystallization to occur. The
crystals are filtered and a second crop is collected from the filtrate:
yield: 198 g (95%); m.p. 116-119 °C [crystallized from hexanc/ethanoi
(2:1).

Treatment of butyrolactone 302a (as the methyl ester)
with sodium chloride in wet DMSO (170-210°C, 3 hi
gives 303a (87%)'*’. Deethoxycarbonylations of lac-
tones 302a, 302b, and 302c¢ can also be effected by
heating in wet DMSO for 40 h at 140 °C to yield 303a.
b, and ¢ (73-90% yields)™. When 302d was heated with
sodium chloride and wet DMSO at 170 °C, no 303d
could be obtained. However, the use of potassium
cyanide in wet HMPT yielded 303d (60%).

Ry

G L coOCHs  Ha0/OMSO/ R
0 6]
w1l © Hyd O
302ar- () 303
b R = n-C3H,
C R = CHs
dr- @—CHZ

On heating 304 in wet DMSO, the products 305 (63%).
306 (14%), and the unsaturated lactone 307 (17.5%;
were isolated™. Treatment of 306 with sodium cyanide
in DMSO at room temperature leads to 308 and elimi-
nation of the ethoxycarbonyl group by reaction with -
wet DMSO gives 309 (98%)%. -

H H
CeHsCHy—S, i i LCOOC; Hs
DOMSO/H,;0
—

HyCn..
¢ O
304
CeHsCH,—S COOC,Hq
o) 0 07"
HyC 0 Hyd O HiC
305 306 307
COO0CHs  pmsos
HJC\‘ - NaCN
H]C 0
NC. COOC;Hs OMSO/ NC
306 H3C. o, H3C...
H4C H3C
308 309
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Deethoxycarbonylations of the a-ethoxycarbonyl-y-lac-
tones 310a or 310b with sodium chloride in wet DMSO
(170 °C, 6 h) lead to 311a and 311b, respectively, in 30-
40% yields'*®,

C,Hs00C
? 0
H;C g DMSO/H,0/ H1C g
H3C NaCt {
#
310aRr:q-H 311
br:p-H

Reaction of the heterocyclic lactone 312 with sodium
cyanide in DMSO (80 °C, 48 h) leads to the demethoxy-
carbonylated lactone 313 (80%)'°.

NaCN/ /f :
OMSO H
Omso | Mo
6]
312 313

5.2. Disubstituted Substrates

In order to effect dealkoxycarbonylations of disubsti-
tuted f-keto esters the use of a salt such as lithium chlo-
ride or sodium cyanide is necessary in the dipolar
aprotic media.

The demethoxycarbonylation of 314 with sodium cyan-
ide in HMPT (110 °C, 4 h) yields 315 (56%). Under sim-
ilar experimental conditions 316 can be converted into
317 (43%)'%°.

0 NaCN/ 0
OThp HMP1 OThp
H3C ——  HC
H3C COOC,Hs CH;
314 315
0 NaCN/ [¢]
_CH, HMPT L
H3C —  HyC
H3C COOCH, CHs
316 317

On heating 318 wuh sodium cyanide in DMSO
(160 °C, 4 h) a mixwure of products was formed which
consisted of the deethoxycarbonylated product 319
(80%) and the deacvlated product 320 (20%). The mix-
ture can be separated by G.L.C. to give pure 319
(70%)*.

H CH CH
? ? oMS0/ ] 2 | 2
0 NaCN 0 . o]
CH, CH 0C,H
- 3 2Hs
! C3H7 COOC;HS I‘C3H7 I‘C3H7
318 319 320

SYNTHES[g

The demethoxycarbonylation of 321 has been effecteq
by lithium iodide dihydrate in dry 2,4,6-collidine (re-
flux 19 h) to yield 322 (72--76%)'°".

9 COOCH; 9

B, By
CH7CgHg

322

321

It was then shown that treatment of 321 with lithium
chloride (2-fold excess) in HMPT (75 °C, 24 h) leads to
322 (90%). With sodium cyanide (2 fold excess) in
HMPT (75°C, 1 h), 322 could be obtained in an 80%
yield'®2,

In an experiment in which 2-methyl-2-methoxycarbonylcyclopentan.
one was reacted with sodium cyanide in HMPT, acetonitrile was iso-
lated (70% yield). In HMPT, it" was shown that the reactivity of the
salts sodium cyanide, lithium chloride. or lithium bromide towards
321 are 65, 2.45 and 1.0, respectively. Sodium cyanide in DMF i
about 1/30 as reactive as sodium cyanide in HMPT towards 321. The

methyl ester 321 is about 72 times more reactive than the correspond-

ing ethyl ester (sodium cvanide/HMPT)'*’.

The substituted cyclopentanone 323 on being heated in
a sealed tube with sodium chloride in wet DMSO at
180°C for 3 h leads to 2-n-pentyl-1-cyclopentanone
(324, 35%)'%.

0 DMSO/K,0/ 0
CSH”-n NacCl Can‘"
COOCHy
323 324

Attempts to demethoxycarbonylate 325 in acidic media
lead to extensive decomposition. However, on heating
a solution of. 325 in HMPT with tetramethylammonium
acetate (2 equivalents) at 100 “°C (12 h), the demethoxy-
carbonylated product 326 can be obtained in a 72%

yield'®

0] 0
COOCH; chy
~\CH3 -
C/CHB ﬁ/CHB
Il
CHZ CH?

325 326

Tes

3-1sopropenyl-2-methylcyclopentanone (326)
A solution of 325 (1.05 g. 5.37 mmol). tetrumethylammonium acetate
(2.66 g, 20.0 mmol) and anhydrous HMPT (5 ml) 15 heated to 100°C
for 12 h. The cooled reaction mixture 15 exhaustively extracted with
ether, the ether extracts are washed with water, saturated agqueous so-
dium carbonate solution. dried with sodium sulfate, and concentrated
by distillation through a 10-cm Vigreux column The residual o1l ts dis-
tilled at reduced pressure: yield: 033 ¢ 7577°C/15
torr

~
(o 2Ma),

bp

Deethoxycarbonylation of 327 was effected with so-
dium cyanide in HMPT (70 °C.  h. drv argon) to yield
328 (90%)'*. This keto ester 15 the thermodyvnamically
more stable product and may be the result of equilibra-
tion under the experimental conditions.
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0 HMPT/ 0
c00CH; NaCN ..-[CH3)g~COOCH;
{CH7}g—CO0C;Hs :
CHIOCH3); CHIOCH3);
327 328

The demethoxycarbonylation of the f-keto ester 329
was effected in refluxing DMF in the presence of li-
thium iodide to yield 330 (70%)'%.

Y OMF/ 0
COOCH
3 Li ..-{CH2)g— COOCH,
(CH3)g—COOCH; -—
CHy~S—CgHsg CHy—S—CgHsg
329 330

Demethoxycarbonylation of 331 with sodium iodide in
HMPT yields 332 (88%)'*".

B 18,

o COOCH; HMPT/ o
NaJ CsHyy=n
Can-n _—
CH=CH; CH=CH,
331 332

"y Reaction of 333 with lithium chloride in HMPT

(100 °C, 6 h) yields the demethoxycarbonylated product
334 in a 92% conversion "%,

. 0
HMPT/
COOCH; Lot _[CH7)g—COOCH;
(CHz)e‘COOCH:; —_—
."\/CsH”’n ,r'\/CSHH—n
Ce¢Hg—S H CgHg—S H
333 334

In a study dealing with the structure-activity relation-
ship on rice seedling growth, jasmonic acid and related
compounds have been prepared for inhibitory evalua-
-don'®. Compounds 335 (a, b, <, or d) -on heating in

R DMSO containing sodium chloride (180°C, 4 h)
(" 18d to the acids 336 (a, b, ¢, or d) in yields of 28% to
60% (workup involved a saponification procedure).

0 COOC,Hs DMSO/H,0/ o
NaCl R
[~4 e r—————
CH,—COO0C,Hsg CH,— COOH
335a r : -Cytiy 336
bR :n-CHy

C R = n-CgHpy
d R : p-CoHyg

Demethoxycarbonylation of 337a with sodium chloride
inwet DMSO (180 °C, 3-4 h, sealed tube) yields methyl
dihydrojasmonate (338a; 70%)'*’. In a similar experi-
Mmental fashion 337b and 338¢ lead (o 338b (56-86%)
and 338c (86%), respectively'®.

Synthetic Applications of Dealkoxycarbonylations of Esters in Dipolar Aprotic Media - 11

9 COOCH; DMSO/H,0/ 0
Q NaCl . GAR ) )
R —_—
CH,—COOCH; “CH,—COOCH;
337 a R = n-CgHy, 338
b R : (2)-C;Hs—CH=CH—CH,

'C R CHy—C=C—CH,

Methyl di-Dehydrojasmonate (338¢) '*°:

A solution of 337¢ (24 mg, 0.086 mmo!) and sodium chloride (10 mg)
is mixed with DMSO (1.5 ml) and water (20 mg) and heated in 2a
scaled tube at 180 °C for 3-4 h. The cooled mixture is poured into ice-
cold brine and extracted with hexane. The hexane extracts are washed
_with saturated sodium chloride solution, dried with sodium sulfate,
and the solvent removed under vacuo. The product is distilled: vield:
16.3 mg (86%); b.p. 102-103 °C/3 torr.

The demethoxycarbonylation of 339 in wet DMSO
containing sodium chloride in a sealed tube (170-
175 °C, 4 h) affords a mixture of 340 and 341 ina 2:1
ratio, respectively, in an overall 46% yield'®®®. Isomeri-
zation of the double bond also partially occurs under
the demethoxycarbonylation conditions used.

Cahs
0 Y DMSO/H, 0/
H NaCl

COOCH,

CH,—COOCH,

339
CaHsg CoHs
0 /H 0 )

H . H

CHZ_COOCH:; CHZ_COOCH:
340 341

It had préviously been reported that 342 on treatmeni
with:sodium chloride in wet DMSO at 160 °C leads to
343 (32%)"7°.

0 0
CHy—CZC—CyHg  OMSO/HO/ _
NaCl CHZ—C=C-—C2H;
COOCHs
CH3 CH;
342 343

In another synthetic procedure to cis-jasmone, it has
been shown that 344 on being heated in aqueou-
DMSO containing sodium chloride (180 °C. 8 h, sealed
tube) also leads to 343 (33%)'"'. Catalytic hydrogena-
tion of the triple bond of 343 (palladium on harium
carbonate/hydrogen) gives cis-jasmone (63%).

CH,—C=C—CyHs ::‘;0“*70’
COOC,Hs
H;c00¢"  CHs 0
_CHy=C=C-1.-.
344
CHy
343

-
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When 345 was heated in wet DMSO containing sodium
chloride an incomplete reaction occurred. This f-keto
ester was converted into 346 by heating in a mixture of
acetic acid and concentrated hydrochloric acid'’2.

0
11 Il
HyC—C C—CHy
—_—
CaHs00C MQHS

et

The demenhoxycarbonylatlon of 347i can be readily ac-
complished hyheating in BMSO: sl presence of so-
dium cyanide to produce 348 (92%)'7*. Autempts to ef-
fect this transformation under the usual alkaline condi-
tions were unsatisfactory as ring-opening occurred.

H3C H3C
CH
@O.// 2 pMso/Nacw d:/LOA
—_—
T 'COOCH, N
C3H7‘/ C3H7-/.
347 348

The application of the sodium chloride/wet DMSO
procedure for the preparation of a-arylcyclohexanones
350 from the readily available a-arylated -keto esters
349 is suggested but no specific experiments are giv-
enl74.

9 coocH, o
Ar
O — O
349 350

Treatment of 351 with sodium chloride in DMSO and
water under nitrogen gives 352 (trans :cis isomeric mix-
ture of 2:1), the product from the chemoselective re-
moval of the methoxycarbonyl group adjacent to the
carbonyl group'”.

COOCH;,3 DMSO/H,0/ COOCH;
NaCt
H3C00C 0 0
351 352

5.2.1. Heterocyclic Substrates

Demethoxycarbonylation of 353 with lithium iodide in
DMF yields 354 (45%)'7°.

0 DMF/ 0
COOCH, Lil ...[CH,)g—COOCH;
{CH3)g—CO0CH;
O- o}
CHy;—OC Hg-t —OCLHQ'Y
353 354

Deethoxycarbonylation of 355 using lithium chlonde
in wet DMSO (reflux, 4 h) leads to two lactams 356
{(major product in 51% yield and a minor lactam)'™".

R

!—' No*

SYNTHESIg

DMSO/H,0/

0 Lict

COOC,Hs
CaHs

N
355 H

Iz

NP
CZHS
356

The demethoxycarbonylation of 357 was attempted by
heating in DMSO/water at 180-190 °C in the presence
of sodium chloride. The products were the aldehyde
358 (~70%, major) and a small amount of (*)-4-0x0-
protoemitine (359, ~ 10%). It was also shown that de.
acetalization of 357 occurred on heating in DMSO ip
the absence of water and the salt'”’".

358 359

Deoxybrevianamide E (361) can be obtained in a 59% .-

yield from 360 by heating at 130-140°C (2.5 h) in the

presence of magnesium chloride hexahydrate in DMSO .
along with the C-9 epimer 362 (38%)'’®. It is noted that ~
the use of sodium chloride in wet DMSO was unsatis- :

factory for this conversion.

HAC00C O
w

oH
360 i
H 0] H o]
WN ) WN
HN HN
. WAD L VQ
0 (6]
CIH: 361 362
R : —(I:—CH:CH,
CH;

5.2.2. Bis-dealkoxycarbonylations

Reaction of 363 with sodium chioride in hot, wet
DMSO followed by a methanotic hydrogen chloride
workup leads to 364 (no yield listed)' ™.

CH;3 CH,
| IMSO/H,0/ |
O/_\O N_a(‘_! 0
H,5C COOC,H,, HC
0 COOC s o
363 364
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The bis-deethoxycarbonylation of 365 with sodium
chloride in wet DMSO at 165-170 °C for 4 h yields the
methyl ketone 366 (50%)'*.
CN CN
DMSO/H,0/
2 Hs 2 0OCyHsg NaCl 2 OCyHsg
> N N
i by 0~ CHICOOC,H¢), 0 CHs3
s 365 366
'));0_ it is of interest to note that when 367 was heated for 3 h
de- at reflux with a saturated aqueous solution of sodium
) in chloride, 368 (53%) was produced, the product of a
monodeethoxycarbonylation'®'.
?I (':00C2H5 H,0/
Cl=(CHy)3=C—~CH=CO0CoHs 2L, 0
- 367 : b Ci—={CH3)3—C—CH;—CO0OC,yHs
368
<6-a:Cyane Esters™)
The deethoxycarbonylation of ethyl cyanoacetate in
0 DMSO containing a little water (2 molar equivalents) at
oH . 135-165°C leads to acetonitrile (75-80%)%'%. It has
"CaHg j v also been shown that the monosubstituted cyanoace-
10 . oy~ tates 369a and 369b on heating in DMSO containing
some water (4 h) yield the corresponding nitriles 370a
v i and 370b, respectively, in 70-80% yields. In these
59% %’ cases, the presence of a salt such as sodium chloride is
| the' K unnecessary®.
1SO . .
that - *I?‘ ‘ 'l?'
atis- 3 NC-C—COOC,Hg ——> NC—CH
3 R? R?
369a Rr' = cHy, RZ = H 370

wet
)nde

2 Ry inie

o]

T
9
.

A

b R' = n-C,Hg, RZ = H
C R' = R? = CH;

On the other hand, 369¢ on being refluxed with DMSO
containing 2 molar equivalents-of water (4 h) leads only

R}

~recovered starting material. In the disubstituted sub-

_rate, the presence of a salt is necessary to effect a
dealkoxycarbonylation.

6.1. Monosubstituted Substrates *
The deniethoxycarbonylation of 371 by heating in
DMSO/water (9 :1) at 140-180 °C yields the rrans-keto
nitrile 372 (80%)'%2.

CN
CH COOCH;3- DMSO/
————>
CHy—CH=CH, CR,~CH=CH,
O
371 372

The c-cyano ester 373 on treatment with sodium cyan-
ide in DMSO (145 °C for 1.5 h) leads to the demethoxy-
Carhonylated product 374 (89%)'".
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OMSO/
NaCN
—_—

374

The deethoxycarbonylation of 375 with sodium chlo-
ride in aqueous DMSO yields 376 (67%)"'%.

CN DMSO/H,0/
H,N S COOCyHs o HaN._N<_CH,=CN
NC CN NC CN
NH, NH,
375 376

4',6’-Diamino-3',5'-dicyano-2'-pyridylacetonitrile (376) '**:

A solution of 375 (0.081 g, 0.3 mmol), sodium chloride (0.006 g, 0.1
mmol), water (0.011 g, 0.6 mmo!), and DMSO (1 ml) is hcated at 130-
150 °C for 2.5 h. The solution is cooled, poured into water (5 ml), and
the solid which precipitates is filtered. Recrystallization from aqueous
DMF gives the pure product: yield: 0.04 g (67%): m.p. >300°C.

The ethoxycarbonyl group in the a-cyano ester 377 was
removed by heating with wet DMSO containing some
sodium chloride (3 h, 160-180°C) to yield 378

(84%)'55.
H3CO CH, H3CO CHj
DMSO/H,0/
COOC3yHs NaCl
—_
HaC CN HsC . CN
377 378

The deethoxycarbonylation of 379 to yield 380 (63%;

can be accomplished in a similar manner'8¢.
HaC CHi DMSO/H, 0/ H3C CH3
H3CO COOCH; oo Ha
. e
CN CN
OCH; OCHjy
379 380

The a-cyano ester 381 can be deethoxycarbonylated by
heating with sodium cyanide in DMSO (6 h, 160-
170 °C) to give 382 (68%) "

CH CH
3cooc,Hs OMF / N :
SN o
COOCyHs COO0C,Hs
381 382

When 383 is heated under reflux in DMF containing hi-
thium i1odide dihydrate for 1.5 h, @ mixture of 384 and
385 ina 1:1.6 ratio is produced. Compound 385 arisc-

via methylation by iodomethane which is formed dur-
ing the deatkoxycarbonylation

I8N

T

il
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COOC,Hs
(CD-gron —
COOCH;
COOC,H
383 COOC2H5 25
OQ CHy—CN QQ CH-CN
Hj
384 385

If a little acetic acid is added to the lithium iodide dihy-
drate/DMF demethoxycarbonylation medium, 383
gives the desired product 384 in a 75% yield.

€6:2._Disubstituted-Substrates -

—_—

The a-cyano ester 386 can be deethoxycarbonylated by
heating with sodium cyanide in DMSO to yield 387
(54%)'¥.

H3C c00C,Hs OMS0/ CHs o
Xy CH3 NaCN S 3
/7 ~CN —_ CN
CH3 CHB
COO0C;Hs COO0C,Hq
386 387

Ethyl 6,11-Dimethyl-7-cyano-dodec-10-enoate (387) """ :

A mixture of 386 (20 g, 0.057 mol), dry DMSO (25 ml), and dry so-
dium cyanide (3.3 g, 0.067 mol) is heated at 160-170 °C in an oil bath
for 6 h. The mixture is cooled, poured into cold water (100 ml), and
extracted with petroleum ether (b.p. 60-80 °C). The extract is washed
with water and 10% aqueous sodium carbonate solution. The product
is distilled under reduced pressure: yield: 12 g (54%): b.p. 160-
165 °C/2 torr.

Demethoxycarbonylation of 388 by refiuxing in DMSO

containing sodium cyanide gives the nitrile 389
(91%)'#°,
OCH;  owmsor
NC O NaCN OCH3
: O COOCH, NG O
H4CO O
388 H3CO

389
Cyclopentanecarbonitrile (391, 75% yield) can be pre-
pared by reaction of 390 with sodium cyanide in
DMSO under reflux (2 h). The use of sodium chloride
in wet DMSO is reported as being unsuccessful in the
attempted conversion of 390 to 391'%°.

C,Hs00C, CN OMS0/ H_ CN
G NaCN
—_—
390 391

The 2,3-dicyano ester 392 can be deethoxycarbonylated
by heating in wet DMSO containing some sodium chio-
ride to yield meso- and racemic-393 (55%, based on the

L9l

preparation of 392 from ethyl cyanocacetate)'”'.

CN DOMSO/H,0/
| NaCl CZHS\ ,CN
CaHg— CH—C—CaHs SCH—CH]
/
CN  COOC,Hs NC CoMs
392 393

SYNTHEgg S

Reaction of 394 in wet DMSO containing sodium chig.
ride (175-200 °C, 0.5 h) gives poor yields of 395 (1-6%)
and many unidentified products*’. A 6% yield of 395 i
reported upon heating 394 at 175°C in anhydroyg
DMSO for 2 h.

(I:N OMSO/H,0/ (IZN

Cets —CHy=C=COOC;Hs 2 . CeHg—CH,—CH
O—CO—'CGHs 0] CO—CGHS
394 395

The demethoxycarbonylation of the cyclopropyl cyano
ester 396 with lithium bromide in undried DMF (sealed
tube, 24 h, 126 °C) leads to 397 (53%) and lactone 398
(23%) "2 If the reaction is performed in an open flask
(bromomethane can escape) only 397 and recovered
396 can be isolated. The product 397 probably arises
via an attack of the bromide ion on the methyl group of
ester 396 (B 2) to yield the carboxylate anion which
then decarboxylates (a concerted mechanism is also
posstble).

OMF/ ) CgHs
CgHs CN LiBr CgHs CN , CgHg CH
3
CeHg  COOCH; CeHs 0 oN
o]
396 397 398

The ring-opened intermediates such as 399 and 400 -are proposed to
rationalize the formation of lactone 398 and also the facile racemiza-
tion of chiral starting materials. The formation of 397 was much faster
in the presence of moisture and much faster relative to racemization of
(+)-396 in the absence of moisture.

CgHs
o CN CeHs
CoMe b ON — CeHsfp Yo, o T o: XCH’
CgHg COOCH, CgHs COOCH; B® 5 CN
399 400 398

The dealkoxycarbonylation of a-cvano esters in wet

‘DMSO in the presence of potassium cyanide has been

adapted to the synthesis of 2.3-disubstituted and 2-sub-
stituted succinodinitriles. Using DMSQ as the solvent,
the entire synthesis sequence can be performed in a
one-pot reaction as outlined in Scheme E'°'. The yields
of six dinitriles which were prepared by this route are
summarized in Table 8.

CN 2
COOR? ) (" @, COOR
R'-CH=0 - HzC: ©ken 2O, R"—CH—C: k®
CN CN
401 402 403
CN COOR’ CN CN
RYI-x | | . RRCIRTANY | | 3
—— R-CH-C-r® <o ®'~CH—CH-R
- KX | -C0.
CN 20
404 405
Scheme E A
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Table 8. Succinodinitriles 405 prepared via Scheme E''

Synthetic Applications of Dealkoxycarbonylations of Esters in Dipolar Aprotic Media - I1

R' R*—X Yield (%]
HyC HiC—)J 23°
CoHs CoHg—) 62°
i-CyHq i~CyHg=J 61¢
@- HyC—J 179
j-CyHg @CHZ—CI 53¢
i-C3Ha HClL 70

* Yields based on ethyl cyanoacetate.
b Mixture of meso and racemic forms.
¢ Racemate only (m.p. data).

¢ Mixture of erythro and threo forms.
¢ threo form only.

The "dealkoxycarbonylations of 2-cyano-2-alkenoates
with wet DMSO containing sodium chloride lead to
reasonable yields of unsaturated nitriles'®*. Examples
and products are tabulated in Table 9.

‘Table 9. Dcethoxycarbonylations of 2-cyano-2-alkenoates'*?

Substrate Products®
" CN CN
e bc

€00C,Hs ™
cN CN
b,c
*
H’Cﬁ\cooczns H!C‘Qa HyC cn
H4C HiC H,C
CN CN 0
oSN edIN¢ g e
CHy

CH,
WCN @‘CN .
COOC;Hs '

COOC,Hs

45

%5-66% yields excluding 20% of the corresponding carbony! com-
~oounds. '

* Ketone detected by formation of 2,4-DNP derivative.

© af:B.y ratio of 3-4:1.

af:fly ratio of 1:2.

o

!l is also noted that in the casc of entry 4 (Table 9) the sodium chloride
'S unnccessary. The conjugate addition of water leacs 1o 406 which
decthoxycarbonylates with elimination of hydroxide ion to yicld the
“«fl-unsaturated nitrile or it can undergo a retro-aldol reaction to yicld
some carbonyl product which is isolated as a by-product.

RI
RI—C—CH—COOC,Hs
HO N
406

P |

i |
R? 2
- £=0 ‘:C=CH—CN

905
7. a-Alkyl- or -Arylsulfonyl Esters

Demethoxycarbonylation of 407 (sodium chloride in

wet DMSO) yields the sulfone 408 (95%)'**. In a simi- Z\ *
lar fashion, 409 can be converted into 410 (48%), the
acid being formed by hydrolysis of the crude product
with methanolic potassium hydroxide solution.

H43CO00C COOCH3 DMSO/H,0/
H3C~S0, oK Nacl
3
OAc i
407
H3C~50, __COOCH;
OAc
408
N
H3C00C._ S~~~ _~_-COOCH;
|09 —
OAc CHs
409
o_.0
on CH4
410

Methyl 8-Methylsulfonyl-12-acetoxyheptadecanoate (408) '**:

A stirred mixture of the ester 407 (36.7 g, 0.077 mol), sodium chloride

(4.68 g, .08 mol), and DMSO (60 ml containing 1.6% water) is heated

under a nitrogen blanket in an oil bath (185 °C) for 5 h. The mixture is
concentrated in vacuo at 100 °C to yield an oily mixture which is di-

luted with water. This is acidified with 6 normal hydrochloric acid and ¢
then extracted with ether. The ether extract is washed with water, o
dried with sodium sulfate, and concentrated in vacuo to give 408:

yietdg 31 g (95%).

The a-phenylsulfonyl esters 411 and 412 on treatment
with lithium iodide trihydrate or sodium cyanide in
DMF at 120 °C for 17 h yield 413 and 414 in 59% and

19s

44% yields, respectively'”*.

H3CO_ O
HiC 7 CHy  CHy
MM/COOCW
H3C 0,
|
CeHg
41
H3C CH3 CH3
H,C ?OZ
CgHg

413
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H3CO_ O
N
HyC €7 CHy CH4 CH4
)\/‘\)\/\/K/\/‘\/COOCH3 —
H3C ?02
CeHs
412
H,C CH, CH3 CH3
~ ~ a~ . COOCH;
H
3C SIOZ
CeHs
414

Demethoxycarbonylation of 415 with lithium iodide
trihydrate and sodium cyanide in DMF yields 416
(78%)*'%. In a similar procedure 417 can be converted
into 418 (78‘Vo)'°7.

S0,;—CH3
HiC COOCH;  DMF/Liy/
NaCN
H3C x> X -H a
07 “CH,
415
S0,—CHjy
H3C
H
HaC x
416
H3CO0C CHj3 CHj3 CH;,
H3C—S0, X X 0
417
CH; CHj CH,
N N
H3C—-S0, 0
418

Demethoxycarbonylation of the a-methoxycarbonyl
phenyl sulfone 419 with tetramethylammonium acetate
in HMPT (100--105 °C, 15 h) vields 420 (78%)'"".

H SOZ_C6H5

CH3

H 3C‘

419

420

.phines .are known to undergo extensive racemization -’

stTl'jiESls :

Demethoxycarbonylation of 421 with tetramethylam. ;‘7

monium acetate in HMPT at 95°C yields 1;22
(86%)'%°. '
CHs CHy .
I 6o __. I 6o
H;CO0C
CeHs—S0, CeHs=S0;
421 422

Lactone 424 (n=1) can be prepared by heating 423
(n=1) with tetramethylammonium acetate in HMPT
(90-95°C, 76%). Similarly, 424 (n=3) could be pre:
pared from 423 (n=3, 82%)?%.

0] 0

0" "(CH;), 0" >"(CHy),, :
_ COOCH; — _ .
SOz—CsHs‘;

S07—CgHs
423 424

8. Phosphine Oxides

1.
One example of the use of a dealkoxycarbonylation |
which leads to an optically active phosphine oxide is
reported’®'. The dementhoxycarbonylation of (—)-
ethyl-(menthoxycarbonylmethyl)-phenyl-phosphine
(425; a single diastereoisomer and enantiomeric at
both the menthyl and phosphorus residues) can be ef-
fected by heating with lithium chloride in wet DMSQ -
to give 426 (60%). The reaction proceeds without ra- <
cemization at phosphorus. Attempted dementhoxycar- &
bonylation of 425 using chlorotrimethylsilane and so- :J;'-
dium iodide or alumina in dioxan and water were un-
successful. The use of 48% hydrobromic acid is also ef-:
fective in bringing about this type of cleavage but in
this case has to be avoided since optically active phos

.

A

i
A
i
1?

1
'»
=
2

under acidic conditions.
N ',CsHs‘ _ N CeHs
/F’ /-C3Hm — )
CaHs eH,—c00 CHy CoHs” ew,
425 426

9. Dealkoxycarbonylations in the Presence of Other
Electrophiles

The dealkoxycarbonylations of substrates such as gemi- :
nal diesters, ff-keto esters, and «-cvano esters involve .
carbanionic intermediates which are protonated by wa-
ter in aqueous dipolar aprotic media to yield esters, ke-
tones, and nitriles, respectively. In the presence of other
electrophiles in anhydrous dipolar aprotic media, the .
carbanions can be trapped and lead to other products

No*
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9.1. a-Sulfenylations

The dealkoxycarbonylative sulfenylations of geminal
diesters, fi-keto esters, and a-cyano esters in HMPT in
the presence of sodium iodide at 150-160 °C yield a-
phcnylthio esters, a-phenylthio ketones, and a-phenyl-
thio nitriles, respectively?*?. For example, on heating a
solution of diethyl malonate, diphenyl disulfide, and
sodium iodide in HMPT, ethyl phenylthioacetate and
cthyl phenyl sulfide can be isolated in 46% and 40%
yields, respectively.

HMPT/

,COOCHs Has

HZC\ + CgHg—S—S—CgHs
COOC,Hs

CsHS—S—CHz—COO(:sz + CgHg—S—CyHg

A variety of salts and solvents were investigated and the
highest yields of a-sulfenylated esters were obtained
- with molar ratios of diester : disulfide : sodium iodide
of 2:1:1-2 (82-84% yields based. on diphenyl disul-

Synt!’netig Applications -of Dealkoxycarbonylations of Esters in Dipolar Aprotic Media - 11
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Some cthyl 2-phenyithiobutanoate was also formed as a by-product
(8-9%). The formation of this product in thosc cases were excess di-
ethyl malonate is present has been rationalized by the following me-
chanistic pathway (Scheme F). Other examples of a-sulfenylations are
listed in Table 10.

—_—

LCOOCHs e e
HaC] H,C—COOC,Hs
COOC,Hs

e ,CO0C,Hg 9,C00C,Hs ~
HC—COO0C,Hs + HyC_ ——  H3C=CO0C,Hs + HE!
COOC,Hg COOC,Hs
’
©,C00C,Hs ,COO0C,Hs ~ -
< *+ CeHs—5—~5~CeHs —> CgHs—S—CH + CgHg—S< B
COO0C,Hs COOC,Hs .
CeHs—S© « CHg—~J —  CeHg—S5—C,Hg + JO
. ,CO0CHs ° F
CeHs—S—CH + J® —— CgHs—S—CH—COOC,Hs + C;Hs—J + CO, e

NCOO0C,Hs

CeHs =S

. o
fide). The use of DMSO or sulfolane as solvents with  CgHs—S—CH—COOC,Hg + CiHs—) —n CH=COOC,Hg + )€
; . S CoH
sodium iodide led to poorer yields of the a-sulfenylated s
-
esters. Scheme F
Table 10. Sulfenylations of Geminal Diesters, f-Keto Esters, and Ethyl Cyanoacetate?®?
Reactant® " Product Yield {%] -
,C00C, Mg n-CoHgy
a-C(Hy—CH CH—COOC,H; 40
NCOo0C;Hs CeHs—S
,C00C,Hg CeHs—CHy |
CeHs~CH,—CH JCH—COOC,Hs L6
NCOOC,H CgHs—S
n=CyHa,COOC Hg 0-C3Hq ,S—CeHs
c ' 60
HyC” NCOOC,Hs H;C7 MCOOCHs
HyC, ,COOCH; HyC ,5—CeHs -
. y Al
HyC7 NCOOCH, H3¢7 NEO0CH;
“ Wg—CH,, ,COOCHs cm-,—cnz\c,s—-:,;u5
. . 66
= CgHg—CH,” “COOC;Hs CeHs—CH,” NCOOC Hg
0 0
0 H,C—Ci/ H‘;C—Cf
HyC~C—CH,~ COOC ,Hs CHy ¢ SCH=5=CgHs L7 -8
CeHs—S CeHs—S
0 0 0
0l CsHs—Ci/ I
CHs—C—CH,~COOC,Hs JCHz + CgHg—C—Cl4y 36« 30
CeHs—S
R 9 0 s—cek
é,coocm S=CeHs 5( o 7 -5
S—CgHs
Q 0
CH, CHy
617 “COOCH, &s—cws 9
NC NC NC
NC—~CH,~COOC H, “cH, - TCH-S—CeHy - “CH=C,Hg 23 - 3+ 15
CeHs —5 CeH3~S CeHg—S7

* 2 mmol each of substrate, diphenyl disulfide, and sodium iodide in HMPT (2 m!) heated at

160-170 °C for | h.
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Methyl 2-Phenylthio-2-methylpropanoate 2°? :

A mixture of dimethyl dimethylmalonate (320 mg, 2 mmol), diphenyi
disulfide (436 mg, 2 mmol), sodium iodide (360 mg, 2 mmol) and
HMPT (2 ml, distilled from sodium hydride) is heated for 1 h at 165-
170 °C. The mixture is cooled to room temperature and poured into
water (50 ml). The product is extracted with ether (2 x 50 ml), and the
organic extract is washed with water, and dried with anhydrous so-
dium sulfate. The solvent is removed under reduced pressure and the
residue is separated by silica gel T.L.C. (hexane/cther, 6:1) to yield
the product; yield: 298 mg (71%). m.p. 41-43 °C.

9.2. a-Alkylations
9.2.1. Intermolecular Alkylations

In the presence of lithium chloride and benzyl bromide
or n-octyl bromide, B-keto esters, geminal diesters, and
ethyl cyanoacetate in HMPT react to yield a-alkylated
ketones, esters and nitriles, respectively?®®. Diethyl ma-
lonate in HMPT in the presence of lithium chloride and
benzyl bromide (160 °C, 1 h) yields 427 (51%) and 428
(26%). ‘

HMPT/LIiCt/
,C00CHs ¢ n—CR,—Br
HyCl R
CSHS—CHz\
CGHS_CHz—CHz_COOCZHS * /CH-COOCsz
CgHs—CH,
427 428

Table 11. Alkylative Dealkoxycarbonylations?®?

SYNTHEstg ¥

The ester 427 arises from C-benzylation of the intermediate carbap.
ionic intermediate 429. The bis-alkylated ester 428 could arise from
benzylation of carbanion 430 (formed from alkylation of the anion of
dicthyl malonate followed by deethoxycarbonylation) of from 431
(bis-benzylation of diethyl malonate) via a decalkoxycarbonylation.

,08 ,0® CeHs —CHz( ,COOC,k,
HyC=C_ CgHs— CH; —CH=C
0C;Hg YOC;H, CeHg —CH,” \COOC,HS
429 430 431

It is also noted that use of DMSO or sulfolane as solvents led to de.
creased deethoxycarbonylation rates. The salts lithium bromide, so.
dium chloride, potassium chloride, and tetramethylammonium brom.
ide gave poor yields of 427 and 428.

Dimethyl diethylmalonate on reaction with lithium
chloride in HMPT in the presence of benzyl bromide
(155°C, t h) gives 432 (30%) and 433 (18%). In this
case the carboxylate anion (formed from Bu, 2 cleavage
of C1°) is trapped before it decarboxylates. Additional
examples of the synthetic utility of this alkylative deal-
koxycarbonylation procedure are listed in Table 11.

HMPT/LiCl/

CeHs—CH,—Br
_ >

HiC_ ,COOCH;

N7

7/ N\
HyC” “COOCH,

-

HiC ,COOCH;—CeHs  H3C. ,COOCH,—CgHs
C c

7N\

H3C” “COOCHK, H3C” “COOCH,~CgHg

432 433

Substrate® Alkyl Halide Product Yield (%]
,COOC,Hs® n-CcHg n-CHg ,CHy—CgHg
n-CHg~CH CeHs — CH,—Br LCH-COOCHg + el 71+ 10
co0C,Hs CeHs— CH, CeHs — CH,” “COOC,He
i
0 ,CO0C ,Hs® HyC—C —NH_
H3C—C—NKR~CH CeHs—CH,—Br CH—COO0C,H, 52
7
€00CHs CgHg—CH, ‘
o] b It
i ,COO0C,Hs HC —C —NH,
HyC~C—NH—CH n-CgHyy—Br CHR—COOCHs 22
NC0OC, Hg n-CgHp” .
I o]
i it
H3C —C—CH, —COOC Hs® CgHy —CH, —Br CeHe —CH, —CH, —C—CHj 2
0] o] o]
é,coocu,‘ é,c»«,—csms a}(cm—cem,
CgHq—CH,—Br . CHjy — CgHe L7 - 10
0 . o
CH, CHy
COOCH, CgHg —CH, ~Br @CH;-CGHg 35
. Cehg—CH,
NC—CH,—COOC,H, CgHe— CH, — Br Cgttg~ CH, -CrH, ~CN - CH-CN 15 - 82
CeHg—CH,;”
5 CeHg —CH,
NC-CH,;—-COO0C ;Hq CgHg—CH, —Br CeHg —CH,—CH,—CN - ,CH-CN 30 - 6¢
CeHg—CH,
N n-Can\
NC —CH,- COOC;H, n-CgHyp—Br n-CgH;3 —CH,—CN - CH-CIN 15 . ¢
n-CgHy7”
Mol ratio of ester:alkyl halide lithium chlonde = 1.2 111 with HMPT as solvent

" 150-160 °C for 1-1.5 h.
C160°C for 0.3 b
¢ 140°Cfor 2 h
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9.2.2. Intramolecular Alkylations

A synthesis of cyclopropyl ketones 435 has been devel-
oped via intramolecular alkylations of a-acyl-y-butyro-
lactones effected by halide anions in dipolar aprotic
media (434—435)°, For example, heating 434a in the
presence of one molar equivalent of sodium bromide in
DMSO (160 °C for 6 h) leads to ketone 435a (92%). The
use of sodium chloride, sodium iodide, potassium chlo-
ride, or tetramethylammonium bromide in DMSO gave
435a in 50-76% yields, respectively. In refiuxing DMF
and in the presence of sodium bromide (6 h), 434a led
to 435a in a 73% yield.

RZO
[—ig—R‘ R?
—
0 () D<ﬁ_RI
0
434 a R'= CeHs, R2 = H 435

b R'= CHy, R2= H
C R'= CHy, R? = CH,

~

The conversion of 434b to 435b can be accomplished
by heating at 170°C for 1.5 h in HMPT (5 ml) in the
presence of sodium iodide (10 mmol)***. The product
435b distilled from the reaction mixture in an 86%
yield. Using lithium chloride in HMPT at 160-170 °C
for 2.5 h, 435b was obtained in a 42% yield. In a similar
manner, 434¢ and sodium iodide in HMPT at 180 °C
for 1.5'h gives 435¢ (81%).

The following mechanism was proposed for the overall reaction:

i i
CoHg~C, CeHs—C 2
;Z_) — S \.-; —=* CeHs—C—~C
07N ) e~ -c®
436 437 435a

")nsislenl with this mechanism is the observation tha: on treatment of
L+ <3a with sodium cyanide in DMSQ, 438 (17%) and a small amount
of 435a (3.6%) are formed..

o}
H oy DMSO! 0 0

(—ic—CSHS NaCN 1] il
—— CeHg—C—(CH;}3—CN « CgHs—C-
0% sHs 2)3 sHs <]

434 3

438 4352

Examples of other substrates which were converted
Into cyclopropy! ketones are tabulated in Table 12.

Cyclopropyl Phenyl Ketone (435a) 2%

A mixture of 434a (10 mmol) and alkali metal halide (11 mmol) in
DMSO (10 mli is heated at 160 °C under a nitrogen atmasphere. After
¢ooling the mixture, water is added and the product is extracted into
¢hloroform. The extract is washed with water, dried, and then concen-

trated. The residues is chromatographed over silica gel 10 yield pure
435a, :

Synthstic Applications of Dealkoxycarbonylations of Esters in Dipolar Aprotic Media - H
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Table 12. Conversion® of Lactones 434 to Cyclopropyl Ketones

435 203,204

R R? Yicld [%] of 435

H;C—@— R 69
@—cn, 100

H4C H 52
H
o ;

* Performed in DMSO (160 °C, 6-12 h) except for the last two entries
which were done in DMF (reflux, 55-59 h). The salt was sodium
chloride except in the last three entries which used sodium brom-
ide.

et g e

The regiospecific intramolecular alkylation of enolates
generated by halide-induced dealkoxycarbonylations of
w-halo-f-keto esters is a useful preparative route to spi-
rocyclic ketones?®®. Reaction of the cycloalkanone car-
boxylates 439 (n=5, m=1; n=5-7, 12, m=3) with li- -
thium chloride in HMPT (125-140 °C, 1-1.5 h) leads to

the corresponding ketones 440 in 64-75% yields. The )
use of N-methyl-2-pyrrolidone as a solvent leads to ;
similar results but DMF was less satisfactory.

0
{CH,)pCHp—CL fi'zl"” 2
COOCH3 (CH) .
(CH2)n-¢ {CHy - ¢ " 4
439 440

In similar procedures, annelation of the f-keto ester
441 leads to the acetylcyclopentane 442 (80%) while
the methyl lactone-carboxylate 443 gives the spirolac-
tone 444 (69%).

It HMPT/
HiC—Cipna~Cl LiC
VAR
CoHs  COOCH;

0
H3C—C><j
CaHs

441 442
0 HMP 1/ 6]
O\b(\/\/m Lict oﬁ§<:‘
COOCH;
444

. 443
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Demethoxycarbonylation of the f-keto ester 445 yields H COOCH3 H CH,
ketone 446 (86%) as a 9:1 epimeric mixture. This ke- ﬁgHZ_N(CWH °
tone can be converted into a mixture of f-vetivone and 0 0 ) ~0 °
epi-f}-vetivone, or f-vetispirene (and its epimer). H H

452 453

O coocH, Q CH
Cl 3 . .
| In a general synthetic route to a-substituted acryloni-
HiC CH,4 cH CHs triles, the quaternary ammonium salts 454 on being fecti
H3C 3 heated in DMF for 48 h at 80 °C yield 4552°. The re- £00,
i 3. ent
445 446 sults are tabulated in Table | ven
higf
e CH - NICH : we
The keto ester 447 on treatment with lithium chloride/  J¥ .~ ™2 NICH3)3 LCN B
HMPT lcads to the spiroketones 448 (98%, 9:1 epim-  *HsC=0=(=C—CN — HZC:C\R > .
eric mixture). Ketone 448a can be converted into ra- * R\
cemic f-vetivone in an excellent yield. 454 455 : Nod
0 COOCH; o HMPT/ Table 13. a-Acrylonitriles 455 Prepared from 454 %
. W e, R Yield [%] of 455 |
i=C3H7-0 H3C CH, 5
CH 0 :
447 °
n-CgHs 68
i~C3Hy : L

H,C=CH~CH, 66

Do

b R = H, R = CH, Several heterocyclic substituted malonate esters which g keym;
were previously discussed have been shown to undergo 3 1-C3H

9.3. Chlorodemethoxycarbonylations competitive ring-openings on dealkoxycarbonyla- hCct
tions**. = % ,ecyt
Dimethyl dichloromethylenemalonate (449) on reac- . . § i
tion with potassium fluoride in sulfolane at 150 °C in Dcchlqrodemethoxycarbonylaugn of 456 on heatmg % @
the presence of dicyclohexyl-18-crown-6 yields 450 potassium chloride in sulfolane in the presence of dicy- § N
(70% based on 2 mol of 449)?°°. The use of potassium cloh%(éyl-18-crown-6 (160°C, 30 min) yields 4575 F= :
. . . . . 0
chloride in place of potassium fluoride yields the same (7%) 7 @ .’
product. [N
HC00C,  ,COOCH; i
A mechanistic route t0-450- invelves.a demethoxycarbonylation.of 449 Cl/C—C\COOCH H;C00C=C=C=CO0CH; :
10 yield the vinyl carbanion 451 which then reacts with C1® to give 3 o
450. 456 457 T,
¢ COOCH KF /Crown ol ol In a similar fashion, 458 leads to 459 (16%). Several J ! \k :
Ne=¢” Pooether | Ne=c” other examples of saturated esters were also reported * 3 e
ct” NcoocH, ct’ NCOOCH; as, for example, vacuum distillation of 460 in the pres- = m‘aL
ence of tetraethylammonium chloride gives 461 (36%, - r
449 450 < acthy & CO% b hy e
mixture of isomers).
; was
Cl\c—ce : ride
v’ - \COOCHg 4517 NC\ /COOCH3 . give
/C:C e NC—-C=C-COOCH; ’
C “MCOOCH,
458 459 | o
10. Dealkoxycarbonylations of Substrates with ’
-Elimination 3 g
g NC §OOCH; H G . s
) . Cr-C-Cl — c=c j
On heating the salt 452 (DMF. 80 °C), the methylene- " [ NC” “COOCH, i\
lactone 453 is produced in high yield™’, a deaminode- 3 g 465
ethoxycarbonylation process. 460 461 :

IR TSI 21 <
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A procedure for the preparation of a,f-unsaturated ni-
triles has been developed which involves a denitrodeal-
koxycarbonylation effected in hot dipolar aprotic sol-
vents. The sodium salts of ethyl a-alkylcyanoacetates
462 are treated with a-bromonitroalkanes in HMPT at
room temperature to give the coupled products 463.
The resulting solution is heated at 120 °C for 1 h to ef-
fect the denitrodeethoxycarbonylation to yield 464 in
good yields (Table 14)*®. Other dipolar aprotic sol-
vents such as DMF or DMSO were also used but
higher temperatures (150 °C) and longer times (6 h)
were needed.

2
R' o R ,Br
NC—-C00CHg Na® « )c\ —_
ne” R “NO,
462
2
NG R R R?
[ N s
R-C-C-R} —— c=¢C
[ NeT RS
C,Hs00C NO,
o 463 464
-
Table 14. @.f-Unsaturated Nitriles 464 2%,
R R? R Yield (%]
i-CyHy CHy CHy 70
i~CaHy CHy CaHs 62 (£/Z = 1:3)
i-CyH, —(CHy)s— 63
a-CHy CH; ‘ CHy 72
n-CgHy CHs CH; 72
@—CHZ CHy CHy 75
CH, CHy CyHs 7S (£1Z = 1:2)
<:>»CH1 ~(CHy)s— 70

.

E
. w
vr)ﬂ.} “Related Reactions

The 1,3-dione 465a was deacylated to yield the isocou-
marin 466a (67%) by heating in wet DMSO (170 °C, 4
h) containing some sodium chloride''”. This product
was also obtained in the absence of added sodium chlo-
ride. Similarly 465b on refluxing in wet DMSO for 4 h
gives 466b (57%).

‘NO2 CO—R ) N02
éH—co—CH3 EZ;WHﬁ’ L AUR
—_— s
COOH Y
0
465a g - cn, 466
b Rr: e,
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The conversions of 465a and 465b to 466a and 466b

by water in DMSO represent a novel process for hydro-

Iytic cleavage of 1,3-diones. On the other hand, it was ¢ <
also reported that 467 on being heated in wet DMSQ \«/
(160-170 °C for 4 h) did not yield 468 in the presence

or absence of sodium chloride. The use of wet HMPT

was also unsuccessful.

DMSO/H,0/
N |O| {NaClt) 8
CeHg—C—CH;~C—CgHg CgHs—C—CHj
468

467

The cleavages of 465a and 465b are probably due to the strong elec-
tron-withdrawing character of the nitroaryl system which stabilizes the

intermediate carbanion. Compound 318 on deethoxycarbonylation x
with sodium cyanide in DMSO yields some deacylated product 320 -
(20%)°.

On heating the lactone 469 with sodium chloride in wet
DMF for 3 days, a product identified as gentianine
(470, 12%) was isolated?'°.

¥

fidy

COOC,Hs
Z~0 DMF /H,0/ o
o NaCl —
HyC=CH__I 5 2 HoC=CH,_L 5
. |
N N
469 470

Treatment of the 4-hydroxy-2-pyridones 471a or 471b
with sodium cyanide in DMSO (145-155 °C, 4 h) yields
the acids 472a (50%) or 472b (44%), respectively®''.
Heating these acids to 255 °C leads to decarboxylations
to afford the pyridones 473a and 473b, respectively.

¥

OH DMSO/NaCN OH
C,H500C ! 2% HOO )
zs ﬁR 145-155 °C 0oc | xR
————
H3C r}‘ 0 H]C N 0
R? b2
471a R' = CHg, R? = H 472a,b i
b R' = CgHsCH,, RZ = CeHg '
OH
255 °C K\I;‘
———p ,
H3C N“S¢
.I
R?
473a,b

The dealkoxycarbonylations of pyrazine N-oxides were
investigated as a route to 2-amino-3-cyano-S-subsii-
tuted pyrazines®'". The pvrazine N-oxides 474a and
474b on reaction with sodium chloride in wet DMSO
(170-185°C) lead to loss of carbon dioxide but none of’
the expected pyrazines 475a or 475b could be detected.
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On the other hand, on heating 474a or 474c¢ with li-

thium iodide in wet pyridine, the pyrazine N-oxides
475a or 475b could be isolated in yields of up to 21%.

NC]: j: NC]fN:rR
|
H,N"SN
L
0

COOR?
474 a R' = H;COlCH, R? = CH; 475
b R' = (H;CON,CH, R? = (-CiHq
C R' = RZ = CH,

Pyrazine N-oxide 476 on being refluxed with lithium
jodide in wet DMF for 1 h gives 477 (82%).

B

DMF/H,0/

NC._N._CH; o ‘
L | .o
D @ G
SN—CH=N" " C00CH; 2
HC 5 2
476 v g-y
e I e
“N-CH=N
HyC”
477

The dealkoxycarbonylations of the pyrazines 478a, b,
and ¢ were also studied. Attempted deethoxycarbony-
lation of 478a to prepare 479a by heating with lithium
iodide in wet DMF led only to products of apparent
decomposition. However, the reaction of 478b with Ii-
thium iodide in wet DMF (22 h) gives 479b. The more
sterically hindered ethyl ester 478¢ required more vig-
orous conditions and only gave a small amount of 479¢
(15%). .

ey

HaN” N7 COOR?

478 a r' - (H,C0N,CH, R? = CH, 479
b R': R? = cH,
C R' = CHy, RY = CH,

Treatment of ‘480, formed in situ at 40 °C in tetrahydro-
furan, with lithium chloride/HMPT for 2 h teads to the
unstable solid 481. On refluxing the solution of 481 in
tetrahydrofuran for 4 h, a quantitative evolution of car-
bon dioxide occurs. Decomposition of 480 by lithium
chloride/HMPT in the presence of 2,2 2-trifluoroetha-
nol yields chlorodifluoromethane. Reaction of 480 with
lithium chloride/HMPT in the presence of polyfluoro-
methyl ketones in tetrahydrofuran results in the forma-
tion of tertiary alcohols.

SYNTHESIg |7
|
HMPT/ |

LiCl
“~—s  H3C—Cl + Cl—CF,~COOLi-HMPT |

481

Ci—CF,—COOCH;

480

Addition of 480 to a refluxing solution of lithium chlo-
ride/HMPT and trifluoromethyl ketones 482 in tetra-

hydrofuran results in the formation of alcohols 4833 ' |

HMPT/
LicCt

OH

il |
Cl—CF,;—COOCH;3 + R—C~CF; F3C—C—-CF,-ct

480 482a-wr -

br:

CeHs
n-C¢Hg 1

12. Conclusions

The dealkoxycarbonylation procedures detailed here
should continue to find new applications in syntheti
chemistry. The reactions are easily performed and the
isolation of products can readily be accomplished

occur. The choice of experimental conditions is di
tated by the substrate structure. The use of lithiur
chloride in DMSO is recommended as an excellent sal

38

e

the hazardous nature of these reagcnts.
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1: vitamin By,

R. B. Woodward and A. Eschenmoser (1973)

. .";;1

Vitamin B>

jory

| 8.1 Introduction

: The total synthesis of vitamin B, the result of a close collaboration
‘" between the late Professor R. B.Woodward and his group at Harvard
= and Professor Albert Eschenmoser and his group at ETH Ziirich,

stands as one of the greatest achievements of synthetic organic

chemistry.!2-¢ Few natural product syntheses can match the perva-

sive impact that the total synthesis of vitamin B, has had on the

science of organic chemistry. Novel bond-forming strategies, inge-

nious .solutions to formidable synthetic problems, elegant applica-

tions of organic synthesis methodology, intriguing hypotheses about

the biogenesis of vitamin Bj,,2 and the principles of orbital symme- ==

try conservation? all issued from this landmark achievement. Me

The vitamin B, story began in 1956 with the impressive X-ray

crystallographic studies of Dorothy Crowfoot-Hodgkin and her colla-

borators which culminated in the elucidation of the complete struc- Me Me ' -

; ture of vitamin B2 (1).4 By virtue of the stereochemical and constitu-

tional complexity of the structure of vitamin B, these studies HO,C CoH

_ constituted, at the time, a great achievement in X-ray crystallography. 2: heme

N and they provided a firm footing for serious synthetic studies. There ;

- is an interesting homology between the structures of vitamin By (1).

| the blood pigment heme (2), and the leaf pigment chlorophyll a (3).
Each molecule possesses a macrocyclic nucleus comprising four five-
membered heterocyclic rings A, B, C. and D, and organized around a
central metal atom. As we shall see later, the binding of a metal atom
by the corrin nucleus of vitamin B, is a very useful property shared : 0w e .
by precorrinoid structures (i.e. uncyclized corrin precursors). The /J:MW/\)\N:
binding of a metal atom by linear precorrinoid intermediates pre-  ©7 © He
organizes their structure and facilitates cyclization reactions. 3: chlorophyll a

Me

1
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NH,

1: vitamin B,

NH,

NH,
4: cobyric acid

8 Vitamin By

Although there are gross structural similarities between these
three molecules, there is an important difference. Unlike the more
modestly functionalized relatives heme and chlorophyll a, vitamin
B> is rich in stercochemical detail. Organized around the periphery
of the nucleus of vitamin B, (1) are nine asymmetric carbon
atoms. Six of these are contiguous and are concentrated in the left
wing, or A-D sector, of the molecule, while the remaining three are
distributed between rings B and C. The spatial relationships among
the various sectors of vitamin B, are such that it would be very
difficult to use preexisting stereocenters in one sector to direct the
stereochemical course of reactions that create new stereocenters in
any of the other sectors. This situation mandates the adoption of a
synthetic strategy wherein each sector or building block s prepared
in enantiomerically pure form first and then joined with neighbor-
ing sectors. This convergent approach to the synthesis of vitamin
B2 could be highly efficient, and it could secure correct relative
stereochemical relationships. Another point of interest is the obser-
vation that six out of seven side chains attached to the periphery of
the vitamin B, nucleus terminate in a simple amide group, while
the seventh accommodates a sequence of isopropanolamine, phos-
phate, ribose, and dimethylbenzimidazole groups. The last of these
groups is also coordinated 10 the central cobalt atom.

When the Woodward-Eschenmoser synthesis began. 1t was
known from the work of Bernhauer er af.> that cobyric acid (4), a
naturally occurring substance, could be converted directly into vita-
min Biz. Thus, the synthetic problem was reduced to the prepara-
tion of cobyric acid, a molecule whose seventh side chain termi-
nates in a carboxylic acid group and is different from the other side
chains. Two strategically distinct and elegant syntheses of the coby-
ric acid molecule evolved from the combined efforts of the Wood-
ward and Eschenmoser groups and both will be presented.
Although there is naturally some overlap, the two variants differ
principally in the way in which the corrin nucleus is assembled.

8.2 Retrosynthetic Ana[ysis and Strategy

Scheme 1 outlines the retrosynthetic analysis of the Woodward-
Eschenmoser A-B variant of the vitamin B> (1) svnthesis. The
analysis begins with cobyric acid (4) because it was demonstrated
in 1960 that this compound can be smoothly converted o vitamin
Bi2.% In two exploratory corrin model syntheses to both approaches
to the synthesis of cobyric acid.® the ability of secocorrinoid struc-
tures (e.g. 5) to bind metal atoms was found to be central 1o the
success of the macrocychzation reaction to glv\c_»nll‘u'l corrnoid
structures. In the Woodwurd-Eschenmoser synthests of cobyric
acid. the cobalt atom sitaated i the center of intermediate 5 organ-
1zes the structure of the secocorrin, and promotes the cvchization

.~
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8.2 Retrosynthetic Analysis and Strategy 101 %

H,NOC

CONH,

CONH, H,NOC Ring closure . ]
| .
M 1

Bernhauer ot al.

—— CO,Me
CONH, [ref. 5]

4: cobyric acid

PN
Me T co,Me

CO,Me
7: thiodextrolin

o) L

10: (+)-camphor-

+
0 )
e quinone
19 18: pentacyclenone | Me

12
OMe

CocCl
Me d
< Me

Qe+
Me

21 (+)-22

Scheme 1. Retrosynthetic analysis of the Woodward-Eschenmoser synthesis of cobyric acid {4).




CO,Me
6: cyanobromide 7: thiodextrolin
MeO,C
MeO,C |
MeO,C

14

13

[} -corrnorsterone

8 Vitamin B2

reaction by bringing into spatial proximity the reactive functional
groups contained within rings A and B of intermediate 5. Retrosyn-
thetic disconnection of 5 is most productive, for it furnishes two
fragments of comparable complexity representing the left and right
wings of the molecule. Fragment 6, the left wing or A-D sector, is
referred to as cyanobromide, and it contains the six contiguous
asymmetric carbon atoms. This intermediate was the conquest of
Woodward's group at Harvard. The bromine atom in this intermedi-
ale is to serve as a leaving group in a reaction that will allow the
two halves of the molecule to be joined. In addition. it is tnteresting
to note that the side chain that is destined to terminate in a car
boxylic acid group is differentiated from the others. It is historically
significant that important observations were made during the course
of the synthesis of compound 6 that provided the impetus for the

development of the Woodward—Hoffmann rules for orbital symme-
try conservation.?

Thiodextrolin (7), an intermediate that was prepared by the

Eschenmoser group at ETH, represents the tight-wing portion of
cobyric acid, and it contains rings B and C. An interesting struc-
tural featurc of thiodextrolin is the thioamide grouping; this con-
spicuous function imparts nucleophilic character to intermediate 7.
In the synthetic direction (vide infra), the electrophilic cyano-
bromide 6 and the nucleophilic thiodextrolin (7) are joined by an
alkylative Eschenmoser sulfide contraction reaction.’ Retrosyn-
thetic simplification of thiodextrolin (7) is rather straightforward
furnishing rings B (8) and C (9). In contrast to the nucleophilic
thioamide in thiodextrolin, the thioamide present 1n B-ring inter-
mediate 8 is to be used as an clectrophile in an interesting oxidative
Eschenmoser coupling reaction’ with the nucleophilic enamide
present in C-ring intermediate 9. A clever sequence of reactions
commencing with a Diels—Alder reaction® between butadiene 11)
and f-methyl-f-acetylacrylic acid (12) could potentially furnish
intermediate 8, and a concise sequence starting from (+)-camphor-
quinone (10) could give intermediate 9.

A retrosynthetic analysis of cyanobromide 6 is much less
straightforward. The structural relationship between cyanobromide
6 and its predecessor, intermediate 13, is close. An oxidative scis-
sion of the thioenol ether double bond in 13 would furnish an S-
phenyl thioate at one terminus and an aldehyde at the other. A
straightforward sequence of functional group interconversions
could then complete the synthesis of cyanobronide 6. fi-Corrnor-
sterone (14), a key intermediate which derives its name from its
structural relationship to corrins and steroids, carries the six contig-
uous stereogenic centers present in the corresponding part of vita-
min B>, Although the homology between intermediate 13 and f-
corrnorsterone may secm vague, compound 13 could conceivably
be formed in one step from 14. In the cvent that methanol and thio-
phenol could be induced to react with 14 in a completely chemose-
lective fashion, then 13 would form after loss of 4 water molecule.
By far the most productive single-step transtormauon o the synthe-




8.2 Retrosynthetic Analysis and Strategy
al sis of cyanobromide 6 is the conversion of oxime mesylate 15 into
n- | a stereoisomeric mixture of a- and f-corrnorsterones. These two
/0 diastereomeric substances are epimeric at the stereocenter adjacent
ht to the ring A lactam carbonyl and, for clarity, only the desired iso-
is mer 14 is indicated. In this amazing transformation, the five-mem-
us bered ring that bears the oxime mesylate is converted into a six-
of membered lactam ring through a Beckmann rearrangement.® It is
- important to note that the stereochemistry of the oxime mesylate in
he 15 would ensure that the carbon—carbon bond trans to the mesylate
ng will migrate during the Beckmann rearrangement. Once the siX-
ar- membered lactam ring is formed, its nitrogen atom would find itself
Iy ‘ _.in proximity to the ketone carbonyl group. This nitrogen atom
se could then attack the ketone carbonyl group, and, at some point,
he the active methyl group of the ketone could attack the methoxycar-
ve- bonyl group. Thrée new rings could potentially be formed in this

very productive transformation. Ozonolytic scission of both car-
he bon—carbon double bonds in intermediate 17, followed sequentially
of by esterification, intramolecular cyclodehydration, and mesylation
Jc- reactions could conceivably furnish intermediate 16. Cleavage of
on- the carbon—carbon double bond in 16, again with ozone, followed
7. ) by treatment with diazomethane, was projected to give intermediate
10- 15.
an ‘ A sequence of straightforward functional group interconversions
yn- - leads from 17 back to compound 20 via 18 and 19. In the synthetic
ard " direction, a base-induced intramolecular Michael addition reaction
iic 7 could create a new six-membered ring and two stereogenic centers.
.CI- The transformation of intermediate 20 to 19 would likely be stereo-
ive selective; substrate structural features inherent in 20 should control
ide the stereochemical course of the intramolecular Michael addition
ms reaction. Retrosynthetic disassembly of 20 by cleavage of the indi-
11) cated bond provides precursors 21 and 22. In the forward sense,
ish acylation of the nitrogen atom in 22 with the acid chloride 21
«or- could afford amide 20. o :

. Scheme 2 outlines the retrosynthetic analysis of the. Eschenmo-
ess ser variant of the synthesis of cobyric acid (4). The approach out-
ide lined in Scheme 1 represents the A—B variant; it accomplishes the
zis- assembly of the macrocyclic corrin nucleus of cobyric acid by a
» S- cyclization reaction that creates a carbon-carbon bond between
LA rings A and B. An unconventional and equally elegant approach,
ons ne the A-D variant, was developed in Ziirich By the Eschenmoser
101- . group. The distinguishing feature of the A-D variant is the ring
its ] closure joining rings A and D via a metal template assisted,
ig-, ‘ photo-induced cycloisomerization of secocorrin. metal complex
ita- 8 23.'9 [t is noteworthy that this reaction 1s quite facile and it cre-
| B- ates the natural configuration at the A-D junction with 95%
ibly stereoselectivity. Since the Eschenmoser strategy solves both the
1no- trans A-D junction and the macrocyclization problems in one
)se- impressive step, the synthetic prablem is reduced to the synthesis
ile. of the four heterocyclic rings A (24), B (8). C (9). and D (25).
‘he- each one in enantiomerically pure form, and the development of
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8.3 Total Synthesis

efficient coupling strategies. An elegant feature of the A-D var-
iant is the recognition that all four heterocyclic rings could be
elaborated from a single racemic precursor! Rings A (24), B (8),
and C (9) could potentially be synthesized from dextrorotatory
dilactone (+)-26, while ring D (25) could be obtained from levo-
rotatory dilactone (-)-26. Compound 27, the projected product of
a Diels—Alder reaction between butadiene (11) and f-methyl-j-
acetylacrylic acid (12), is to be prepared in racemic form. The
enantiomers of 27 could then be obtained, in pure form, through
a classical resolution. Incidentally, the absolute configuration of
(+)-27 was established by the Eschenmoser group through correla-
tion of a derivative with a degradation fragment obtained from
vitamin Bi,.!* Independent treatment of both antipodes of 27 with
chromic acid could then furnish both enantiomers of dilactone 26.
As we will see later in the synthesis, both groups adopted the
same strategy for the synthesis of the B-ring of cobyric acid (4).

8.3 Total Synthesis

8.3.1 The Woodward Synthesis of Cyanobromide 6

Schemes 3-7 describe the synthesis of cyanobromide 6, the A-D
sector of vitamin B>. The synthesis commences with an alkylation
of the magnesium salt of methoxydimethylindole 28 to give inter-
mediate 29 (see Scheme 3a). The stereocenter created in this step
plays a central role in directing the stereochemical course of the
next reaction. Thus, exposure of 29 to methanol in the presence of
BF; and HgO results in the formation of tricyclic ketone 22 pre-
sumably through the intermediacy of the derived methyl enol ether
30. It is instructive to point out that the five-membered nitrogen-
containing ring in 22, with'its two adjacent methyl-bearing stereo-
centers; is destined to become ring A of vitamin By A classical
resolution of racemic 22 with a-phenylethylisocyanate (31) fur-
nishes tricyclic ketone 22 in enantiomerically pure form via diaster-
eomer 32. :

Intermediate 22 possesses several nucleophilic sites. Acylation of
the nitrogen atom in 22 with acid chloride 21, a substance that can
be prepared in enantiomerically pure form from (-)-camphor
according to Scheme 3b, furnishes ketone amide 20, and sets the
stage for.an intramolecular Michael addition reaction (Scheme 4).
Treatment of 20 with potassium zert-butoxide affords a ketone eno-
Jate which reacts intramolecularly with the a,f-unsaturated amide
to give intermediate 19 as a single diastereomer. The diastereose-
lection exhibited in this reaction is thought to be a consequence of
the concave nature of intermediate 20a, and the minimization of
nonbonding interactions in the transition state for the carbon-car-
bon bond forming reaction.
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OMe
COCI

Me

OMe

1. HO(CH,),0H, H®

OEt 2. Et;0BF,

1. NaOMe, dry MeOH
2. PhCHj, A

OMe-

—_——
—Me

OMe

t-BuOK,
-+-BuOH

18: pentacyclenone

l H,0®

-

Scheme 4. The Woodward synthesis of intermediate 17.
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When stable substitutes for senstive functional groups are used in
a synthesis, it is certainly advantageous to modify them in a useful
way rather than destroy them. Up to this point, the electron-rich
aromatic ring has served as a stable surrogate for a carbonyl group
and a propionate ester side chain. In order to make use of the car-
bon atoms that constitute the stable aromatic ring, it is obvious that
a reduction nceds to be performed. A dissolving-metal or Birch

reduction? can accomplish this task, but tntermediate 19 is not a
suitable substrate for such a reduction because it possesses other
easily reducible functional groups. After a conventional ketalization
of the ketone in 19. the oxygen atom of the amide carbonyl is
alkylated selectively with Meerwein’s salt (E:OBFEy) to give imi-
noester 33. A simple two-step sequence of reactions then gives
intermediate 34, a suitably protected molecule which is now a
viable substrate for a.Birch reduction. In the event, the aromatic
ring in 34 is reduced to the dihydro level (see 35) with lithium
metal in a solution of liquid ammonia and rerr-butanol. Interest-
ingly, the hydrolysis of two of the three acid-labile functional
groups in 35 with mild aqueous acid is attended by migration of
the tetrasubstituted C-C double bond into conjugation with the car-
bonyl (see intermediate 18). Note also that a new stercogenic center
is created in this step.

Pentacyclenone, the trivial name given to intermediate 18, con-
tains a single nitrogen atom which will eventually be expressed in
the A-ring of vitamin B,,. The synthesis of the targeted A-D sector
requires incorporation of one more nitrogen atom which is intro-
duced, in the form of an oxime, through a straightforward three-
step sequence of reactions. Not surpisingly, the action of aqueous
acid on pentacyclenone (18) induces cleavage of the dioxolane ring
and provides ketone 36. At this stage in the synthesis, it was hoped
that 36 could be converted directly into the desired monoxime 17.
Although oximation of 36 unavoidably leads to the formation of
dioxime 37, the unwanted oximino group can be readily and selec-
tively cleaved with nitrous acid- in acetic acid under mild condi-
tions to give the desired monoxime 17,

An important stereochemical, issuc requires comment at this time.
[t was anticipated that the oxime nitrogen in compound 17, which
is destined to become the D-ring nitrogen of vitamin B3, could be
introduced in_proper relation to the A-ring nitrogen through a Beck-
mann rearrangement.? As such is the case. the exclusive formation
of the indicated oxime stereoisomer in the oximation reaction is
significant because it ensures that migration of the desired carbon—
carbon bond situated trans 1o the leaving ¢roup will occur during
the Beckmann rearrangement.

Scheme 5 details the synthesis of fi-corrnorsterone (14) from 17
Oxidative scission of both carbon -carbon double bonds in 17 with
ozone, followed by two straightforward operations. furnishes inter-
mediate 38. The stability ot the oxime in these systems is note-
worthy. and is attributed 1o its hindered nature. At this juncture. it
1S instructive 1o note that substituted cvclopentene rings, like the

'
L Ot
boar
.‘4‘\1,
th
hi
(K%
n
m
' e

O

g

:u"u“'



fin
ful
ich
wup
ar-
hat
rch

her
ion
s
mi-
ves
/! a
Atic
um
St-
nal

iter

ec-

di-

8.3 Total Synthesis

1. O3, MeOH, -80 °C

ol

2. HIO, . ,
0 3. CH3N, “Me

Me

1. mesylation
2. O3, MeOAc, H,0
3. HIO,4
4. CHyN,
15
MeOH, polystyrenesulfonic acid,
170 °C

[~ CO,Me ]

CQ,Me

41 . 42: o - corrnorsterone
(major product)
§

Scheme 5. The Woodward synthesis of s-corrnorsterone (14).

one present in 17, can be regarded as latent cyclohexenones; the
application of oxidative cleavage and aldol cyclodehydration reac-
tions can accomplish the conversion of a substituted cyclopentene
nucleus into a cyclohexenone. Although oxidative scission of the
cyclopentene ring in 17 provides a methyl ketone at both ends of
the point of cleavage. it is possible 10 selectively convert the less
hindered of the two methyl ketones in 38 into an enamine with pyr-
rolidinjum acetate. The close spatial relationship between the
nucleophilic enamine grouping and the -electrophilic, but hindered.
methyl ketone function in 39 favors the desired cyclodehydration
reaction leading to 40. Mesylation ol the oxime hydroxyl in 40.
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18: pentacyclenone

8 Vitamin B2

followed sequentially by ozonolysis of the enone double bond,

treatment with periodic acid, and esterification with diazomethane,

provides compound 15.

Although it was anticipated all along that the latent reactivity of
the oxime could be unveiled in a Beckmann rearrangement, the dra-
matic productivity of the next reaction was not. When a solution of
15 and polystyrenesulfonic acid in methanol is heated to 170°C,
several useful transformations take place (see intermediate 41). As
expected, the Beckmann rearrangement proceeds in the desired way
to give a six-membered lactam ring. Located only five atoms away
from the lactam nitrogen atom is the clectrophilic carbonyl group
of the methyl ketone, and only four atoms intervenc between the
ketone methyl group and the electrophilic ester carbonyl. Under
these conditions, and owing to the proximity of these reactive
groups, the lactam nitrogen cannot resist attacking the neighboring
carbonyl group (the aldol reaction may precede the Beckmann rear-
rangement). Methanol and water are expelled during this remark-
able transformation giving a- and fi-corrnorsterone. compounds 42
and 14, respectively.

a-Corrnorsterone (42), the undesired diastereoisomer, is by far
the major product formed in the acid-catalyzed transformation of
oxime mesylate 15. The configuration of the methyl propionate-
bearing stereocenter constitutes the only difference between 42 and
14. It was observed at an earlier stage in the synthesis that the
action of alkaline rcagents on pentacyclenone (18) results in facile
cleavage of its six-membered lactam ring. Under the same condi-
tions, however, a very similar six-membered lactam in 42 was
found to resist hydrolysis. It was reasoned that if a-corrnorsterone’s
lactam ring were to be opened, then the resultant acetate chain
would occupy a much larger volume of space relative to the lactam
ring. This would introduce significant destabilizing steric interac- -
tions with the proximal propionate chain. Thus, to avoid such
interactions, a-corrnorsterone need only resist hvdrolysis. An
important breakthrough in the synthesis was achicved when a-corr-
norsterone (42) was treated with a large excess of concentrated
base (Scheme 6). Under these conditions. the six-membered lactam
ring in 42 is cleaved, and the stereogenic center next to the A-ring
amide carbonyl is epimerized. The equilibrium between compounds
43 and 44 in Scheme 6 is shifted strongly in favor of 44. Acidifica-
tion of the reaction mixture, followed by treatment with diazo-
methane furnishes pure fS-corrnorsterone (14) in 90 % vield together
with 6 % of recyclable a-cormorsterone. Interestingly. direct equili-
bration of the stereoisomeric corrnorsterones using methoxide ion
in dry methanol provides a 1:1 mixlure of the two substances
(Scheme 6).

In fi-cormorsierone (14), we have an intermediate that possesses
all six contiguous stercogenic centers occupying the left-hand por-
tion of vitamin B> Scheme 7 presents the straightforward and cle-
gant sequence ol reactions that led 1o the synthesis of cvanobro-
mide 6, and the observations that formed the busis for this
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Keqr 1

P

NaOMe, MeOH

CO,Me
42: o - corrnorsterone

CO,Me

concentratecl base (excess), A 1. H30®
2. CHyN,

co

Scheme 6. Base-induced conversion of 42 to 14.

expedient route. The carbonyl group highlighted by the arrow is
part of an unusual f-acylamino a,B-unsaturated system and Is,
therefore, rather reactive. During the course of studies relevant to
the . chemistry of f-corrnorsterone (14), it was observed that this
reactive carbonyl group can be readily converted into hemithioketal
47 (see lower right-hand portion of Scheme 7). What is very inter-
esting is that in the presence of trace quantities of trifluoroacetic
acid, a strikingly intense long-wavelength absorption at 388 nm is

" observed in the UV spectrum. Such an absorption is characteristic

of the unusual acylamino a,f-unsaturated thioketoné onium salt
present in 48. This experiment demonstrates that the carbon—oxy-
gen bond of the hemithioketal moiety is cleaved selectively in the
presence of acid. An oxonium ion irtermediate, which would have
formed in the event that the carbon-sulfur bond had cleaved, could
not be detected spectroscopically: its presence would have been
revealed by a characteristic absorption at 325 nm. The implication
of this experiment is that it should be possible to maintain a car-
bon-sulfur bond at that position while creating a carbon—oxygen
bond in another position. In a most impressive transformation,
treatment of f-corrnorsterone (14 with HCl and a mixture of

methanol and thiophenol results in the completely selective attack.

upon the §-lactam carbonyl by a molecule of methanol, and the
completely selective addition of the thiophenol to the reactive car-

©o,c

14: f - corrnorsterone (desiréd)
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8.3 Total Synthesis

bonyl group to give 13 (Scheme 7). When redrawn, the homology
between intermediate 13 and the ieft wing of vitamin Bi; is
obvious. Although the ozonolytic cleavage of the vinyl sulfide
function in 13 proceeds efficiently and gives 45, this reaction
deserves comment. A step earlier, we learned that, under acidic
conditions, the combined action of methanol and thiophenol on f5-
corrnorsterone (14) results in the smooth formation of compound
13. This reaction is, as it turns out, very general; a variety of thiols
can be substituted for thiophenol to produce compounds very simi-
lar to 13. Unfortunately, however, when ethane-, methane-, 2-

-methyl-2-propane-, or phenylmethanethiol is used, the subsequent

ozonolysis reaction produces significant quantities of a sulfur oxi-
dation by-product. Only in the case of thiophenol does the ozono-
lysis reaction proceed cleanly and in the desired way to give the
formyl thioester (i.e. 45).

Contained within 45 is one side chain that terminates in a phe-

.n‘ylthioester group. It was known, ai the time, that whereas oxygen-

based nucleophilés react with esters and thioesters with roughly
equal facility, nitrogen-based nucleophiles react more readily with
thioesters. Thus, treatment of 45 with liquid ammonia results in the
completely selective replacement of the thiophenol grouping by
ammonia to give formyl amide 46 in nearly quantitative yield.
Although the inherently reactive aldehyde grouping in 45 is
remarkably impervious to the action of liquid ammonia, it is readily
reduced by sodium borohydride to the corresponding primary alco-
hol. Treatment of this substance with rmethanesulfonic anhydride
and pyridine, followed by displacement of the resulting mesylate
with bromide ion, completes the synthesis of cyanobromide 6, a
suitably differentiated left-wing building block. It is important to
note that the employment of methanesulfonic anhydride in this
sequence is not arbitrary; the use of the more conventional metha-
nesulfonyl chloride or bromide to achieve the desired mesylation is
attended by the production of significant amounts of a halide by-
product. This complicating path can be easily circumvented through
the use of methanesulfonic anhydride. It will also be noted- that the
terminal hitrile function in 6 is formed through dehydration of the
primary amide grouping with methanesulfonic anhydride.

8.3.2 The Eschenmoser Synthesis of B-Ring Intermediate 8

Scheme § presents the sequence of reactions that led to the syn-
thesis of the B-ring of vitamin B, by the Eschenmoser group. An
important virtue of the Diels—Alder reaction is that it is a stereospe-
cific process wherein relative stereochemical relationships present
in the diene and/or the dienophile are preserved throughout the
course of the reaction.® Thus, when the doubly activated dienophile
12 (Scheme 8) is exposed to butadienz 11 in the presence of stan-
nic chloride, a stereospecific reaction takes place to give compound

27 in racemic form. As expected, the rrans relationship between
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Me
Me\nJ\/cozH . C/ PhH, SnCly (73% yield)
x
. i °H
° O  CoH
12 11: 1,3-butadiene

(1)-27
a - phenylethylamine i

Cr03,
- ————————— Me

stolv

(CHz),CO

(75% yield)

(+)-26 49 (+)-27

1. SOCI, [a]p +85.7
2. CH2N2 :

m.p. 51-52 °C
3. MeOH, Ag,0, 65 °C .
(69% overall)

NH;, MeOH, 25 °C

—

(55% yield)
CO,Me

Scheme 8. The Eschenmoser synthesis of B-ring intermediate 8.

the keto and carboxyl groups in 12 is reflected in Diels-Alder
adduct 27. The carboxyl group in 27 is an important feature
becausc it provides a simple meaps whereby this compound can be
resolved. Treatment of racemic ()-27 with optically active a-phen-
ylethylamine gives a readily separable mixture of diastereomeric
ammonium salts. Reconstitutién of the enantiomeric carboxylic
acids furnishes both in enantiomerically pure form. To reach vita-
min By, it is the dextrorotatory carboxylic acid (+)-27 which is
required. Oxidative cleavage of the carbon—carbon double bond in
(+)-27 with chromic acid produces an intermediate with a carboxyl
group on both sides of the point of cleavage (see 49). The spatial
proximity of two of the three carboxyl groups and the ketonic car-
bonyl group results in a facile intramolecular reaction to give dilac-
tone (+)-26. Arndt-Eistert homologation'! of the acetic acid side
chain in (+)-26 furnishes the dilactone propionic ester 50. The
selective formation of lactam 51 when dilactone 50 is treated with
ammonia is very interesting. Although ammonia reacts with both
lactonic carbonyl groups indiscriminately, it is possible to achieve
the selective formation of the desired lactam 51 through a simple
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8.3 Total Synthesis

equilibration process. The selective action of phosphorus penta-
sulfide (P2Ss) on lactam 51 affords enantiomerically pure thio-

lactam 8, a latent electrophile representing the B-ring of vitamin .

Bi..

8.3.3 The Woodward Synthesis of C-Ring Intermediate 9

It was known from the work of Manasse and Samuel that a tri-
methylcyclohexanone carboxylic acid 1s formed when camphorqui-
none (10, Scheme 9) is exposed to acidic reagents. Subsequent
studies by Simonsen and Chakravarti revealed the structure of the
trimethylcyclohexanone carboxylic acid, and it was Cornforth'?2
who recognized the structural relationship between this substance
and ring C of vitamin B)2. In the face of such precedent, the
approach to the C-ring building block logically begins with an
acid-induced conversion of (+)-camphorquinone (10) into enantio-
merically pure carboxylic acid 52 (Scheme 9). This interesting
BFs-induced skeletal reorganization presumably proceeds through
the cascade of reactions illustrated in Scheme- 9. Sequential treat-

ment of carboxylic acid 52 with oxalyl chloride and ammonia fur-.

nishes amide 53 and sets the stage for an unusual ozonolysis reac-
tion. Oxidative cleavage of the enol acetate in 53 (dotted line) with
ozone affords a mixed anhydride at one terminus and a ketone
oxide at the other. This mixed anhydride is, of course, quite electro-
philic, and it suffers attack by the primary amide nitrogen to give a
succinimide. One of the carbonyl groups of the succinimide is suit-
ably disposed with respect to the ketone oxide, and an intramole-
cular cycloaddition reaction takes place to give ‘the observed prod-
uct 54 (see presumed mechanism in Scheme 9). Reduction of 54
with zinc in methanol gives keto succinimide 55. Treatment of 55
with methanolic hydrogen chloride results in the formation of 56,
which, when pyrolyzed, gives unsaturated lactam 9, a latent nucleo-
phile representing ring C of vitamin B,». :

8.3.4 The Eschenmoser Synthesis of C-Ring Intermediate 9

From intermediate 51 (Scheme 10), the precursor of B-ring inter-
mediale -8, the Eschenmoser synthesis -of the C-ring building
block requires only three synthetic steps. Treatment of 51 with
diazomethane and a catalytic amount of sodium methoxide in a
mixture of ether and methanol leads to the formation of inter-
mediate 57. -In the presence of sodium methoxide, the amide
hydrogen in 51 is removed as a proton, and the delocalized anion

thus formed initiates opening: of the y-lactone ring. Esterification

of ‘the liberated acetic acid side chain with diazomethane and
simple enamide tautomerizaticn then gives intermediate 57. When
57 s wreated with hydrogen sulfide and trifluoroacetic acid. a

new thiolactone ring is' formed, and the bicyclof3.3.0]octane
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S
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Scheme 9. The Woodward synthesis of C-ring intermediate 9
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Me0,C

CH,N,, Et,0,

—
—J-

MeOH, NaOlie (cat.)
(92% yield)

H,S, TFA, 25 °C
(78% yield)

MeOQC

(Ph3P)3RhCI, PhCH;, 110 °C

Scheme 10. The Eschenmoser synthesis of C-ring intermediate 9.

framework is reconstituted, giving intermediate 58. In refluxing
toluene solution and in the presence of Wilkinson’s catalyst, 58
is transformed into C-ring intermediate 9. Although the Eschen-
moser synthesis of the C-ring building block is only three steps
from an intermediate already being used for the preparation
of the B-ring of vitamin B3, both groups found the camphor-
based route summarized in Scheme 9 to be more preparatively
useful.

8.3.5 The Eschenmoser Synthesis of Thiodextrolin (7)

It is instructive to digress at this point. Inherent in any venture with
the synthesis of a corrin as its objective is the challenge of con-
structing the vinylogous amidine system, the characteristic struc-
tural unit of the corrin chromophore (see Scheme 11). On its own,
the vinylogous amidine system is simply the diaza analogue of the
f-keto enol system, a grouping that is very familiar and very acces-
sible. However, ‘in"the context of a corrin chromophore, the vinylo-
gous amidine system can present a significant synthetic challenge.
During the course of extensive model studies relevant to the syn-
thesis of vitamin B,, Eschenmoser and his group at ETH devel-
oped a very elegant and general method for the synthesis of vinylo-
gous amidines which has had a lasting influence on the corrin field.
The method is known as the Eschenmoser sulfide contraction reac-
tion,” and its development was motivated by a very important prin-
ciple in organic synthesis which is enunciated in the following quo-
tation by Eschenmoser: “Whenever in the synthesis of complex
organic molecules one is confronted with a situation where the suc-
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cess of an intermolecular synthetic process is thwarted by any type
of kinetically controlled lack of reactivity, one should look out for
opportunities of altering the structural stage in such a way that the
critical synthetic step can proceed intramolecularly rather than
intermolecularly.””d ,

The key features of both alkylative and oxidative versions of the
Eschenmoser sulfide contraction are presented in Scheme 11. In
both versions, one of the two coupling partners is a thioamide. In
the alkylative Eschenmoser sulfide contraction, the nucleophilic
sulfur atom of generic thioamide 59 initiates an Sn2 displacement
of a suitable leaving group (i.e. the bromide in intermediate 60) to
give thioiminoester 61. In the presence of an enolizing base, the
nucleophilic character of the carbon atom situated between the sul-
fur atom and the carbonyl group in 61 is unveiled, and it obligingly
attacks the proximal electrophilic thioiminoester carbon (see
arrows). It is presumed that this event leads to the formation of an
episulfide which subsequently collapses in the presence of a phos-
phine or a phosphite thiophile to give vinylogous amide 62. O-
Alkylation of 62 with a trialkyloxonium salt (Meerwein’s salt), fol-
lowed by treatment with an amine, leads to the formation of vinylo-
gous amidine system 64. The latter transformation (63 — 64) can
be formulated as a Michael addition/elimination reaction.

In the oxidative Eschenmoser sulfide contraction (Scheme 11),
thioamide 69 is oxidized by benzoyl peroxide to give either a sym-
metrical disulfide or the O-benzoate of the thiolactam-S-oxide. In
any event, the once-nucleophilic thioamide sulfur atom is now
forced to adopt the role of electrophile; a reactivity umpolung has,
in effect, been achieved.!®> The nucleophilic enamide 65 attacks the
sulfur atom leading to the formarion of sulfur-bridged intermediate
66. The action of a phosphine or a phosphite thiophile on the puta-
tive episulfide then gives vinylogous amidine 67.

Schemes 8 through 10 describe the syntheses of two key inter-
mediates representing rings B and C. We now have the good for-
tune to witness the elegant means by which these intermediates
were combined to give the entire right-wing portion of vitamin B,
(see Scheme 12). When a solution of the thiolactam 8 and the
enamide 9 in CH>Cl, is treated with benzoyl peroxide and a catalyt-
ic amount of hydrogen chloride, the sulfur-bridged compound 69 is
formed. In this most interesting reaction, the thiolactam moiety in 8
is oxidized with benzoyl peroxide to give bisimidoyl disuifide 68
which reacts with enamide 9, in the expected way, to give 69. In
this reaction, a new carbon-sulfur bond is cfeated at the expense of
a weak sulfur—sulfur bond, while an equivalent of thiolactam 8 is
returned to the reaction. The carbon—sulfur bond contained within
intermediate 69 is a valuable structural feature. Its existence is tran-
sient but nevertheless crucial to the success of the synthesis of thio-
dextrolin (7); it permits the union of rings B and C of vitamin B
by bringing into proximity the two carbon atoms betwecen which a
bond must be formed. When a solution of 69 in xylene is heated in
the presence of the thiophile triethylphosphite, the sulfur atom.
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Scheme 12. The Eschenmoser synthesis of thiodextrolin (7).

which facilitates the carbon-carbon bond forming event by making
it intramolecular, is removed to give intermediate 70. Although the
mechanistic details of this reaction were not examined, the forma-
tion of a transitory episulfide which is subsequently collapsed by
triethylphosphite is presumed. The completion of the synthesis of
thiodextrolin (7) only requires the selective conversion of the !
amide function in 70 into a thioamide. To accomplish this task, the
methylmercury complex of the free amide in 70 is prepared first. |
This provides sufficient activation of the amide grouping, and

allows a smooth and specific O-alkylation with Meerwein’s salt.

Exposure of the resulting iminomethylester to hydrogen sulfide

then gives thiodextrolin (7). The synthesis of the right-wing por-

tion, the B-C sector, of vitamin B, is now complete.
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8.3 Total Synthesis

8.3.6 The Woodward—-Eschenmoser Macrocyclization Strategy

We have now reached a pivotal stage in the synthesis. We have
retraced the elegant sequences of rzactions that have led to synthe-
ses of both the left- and right-wings of vitamin B, in their correct
absolute stereochemical forms. We are now in a position to address
the union of cyanobromide 6 and thiodextrolin (7) (see Scheme
13). The reactivity potential of these two molecules complement
each other. Cyanobromide 6 is, in its most basic form, an alkylating
agent, albeit a very elaborate one. Thiodextrolin (7), on the other
hand, is a nucleophile by virtue of the presence within its structure
of the thioamide group. Under carefully controlled conditions and
in the presence of potassium tert-butoxide, it is possible to bring
about a quantitative union of intermediates 6 and 7 through the for-
mation of a carbon-sulfur bond. In the event, the thioamide proton
in 7 is removed by a base to give a nucleophilic thiolate ion which
subsequently attacks the bromine-bearing carbon in 6 in an inter-
molecular Sn2-type reaction. The product formed from the direct

t-BuOK,
—_
- -BuOH

6: cyanébrr':émide“-‘c“i.‘l: ‘thioclextrolin B 71: thioether type |

A Etegr

0. . Me0,C

:

INC(CH,),15P
Comre < nACTENISP

TFA, CH3NO,  me0,c™

CN CO,Me

~ 73: cyanocorrigenolide . 72: thioether type Il

Scheme 13. The Woodward=Eschenmoser A-B cyclization strategy.
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union of 6 and 7 is referred to as thioether type I, intermediate 71.
Upon purification and under a variety of conditions, it was found
that this substance undergoes ready conversion to a closely related
substance, thiocther type II, intermediate 72. This facile and seem-
ingly sinister transformation destroys the stercocenter in ring C,
and it presented a formidable stumbling block on the road to vita-
min By>. Although many attempts to join the A-D and B-C sectors
in 72 through a carbon—carbon bond were completely unsuccessful,
it was discovered that the combined action of tris-f-cyanoethyl-
phosphine and trifluoroacetic acid (TFA) on 72 effects a smooth
conversion to cyanocorrigenolide (73). In this reaction, it is pre-
sumed that the C-ring iminothioether is reconstituted, thereby set-
ting the stage for the Eschenmoser sulfide contraction. As in the
synthesis of thiodextrolin (7), the sulfur atom in 72 serves as a tem-
porary bridge between the A-D and B-C sectors: it brings the two
relevant carbon atoms together in space and allows the bond-form-
ing process to proceed intramolecularly. After sulfur extrusion,
cyanocorrigenolide (73) is obtained.

In 73, we have an intermediate that contains both halves of vita-
min Bi,. Before the synthesis of the corrin nucleus can be
addressed, 73 must be converted into a form amenable to cycliza-
tion. The conversion of the lactam carbonyl in ring A into a thio-
carbonyl and the concomitant conversion of the lactone attached
to ring B into a thiolactone can be achieved with phosphorus penta-
sulfide (see Scheme 14). Selective alkylation of the thiolactam sul-
fur atom in ring A with trimethyloxonium tetrafluoroborate then
furnishes S-methyldithiocyanocorrigenolide (74). Exposure of 74 to
dimethylamine in methanol results in smooth cleavage of the thio-
lactone ring to give a dimethylamide at one terminus and a carbon
atom which is now part of an exocyclic methylene group at the
other terminus. Direct trecatment of this labile intermediate with
cobalt chloride in THF then furnishes intermediate 5.

The stage is now set for the crucial cyclization event. There are
three structural features contained within 5 that are vital to this
transformation. First. the exocyclic methylene in ring B is special
because it is expressed in the form of an enamine, and it is there-
fore nucleophilic. Second, the fminothioester in ring A possesses
electrophilic potential that compliments the B-ring enamine. Third,
the central cobalt atom preorganizes the structure of the secocorrin
in a way that should facilitate the cyclization event. When a solu-
tion of 5 in dimethylacetamide is treated with diazabicyclononane
(DBN) at 60°C, the key intramolecular cyclization reaction takes
place and furnishes compound 75 in high yield (Scheme 14). In
this reaction. a new carbon—carbon bond linking rings A and B is
formed and the methylthio group is displaced.
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. Scheme 14. The Woodward synthesis of intermediate 75.

“formed stercocenter. in a yield exceeding 95%. Selective conver-
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8. 3 7 The Eschenmoser Synthesis of A-Ring Intermediate 24
and D-Ring Intermediate 25

CO,Me

Schemes 15 and 16 summarize the syntheses of intermediates that
represent rings A and D of vitamin B, by the Eschenmoser group.
Treatment of lactam/lactone 51, the precursor to B-ring intermedi-
ate 8 (whose synthesis has already been described. see Scheme 8),
with. potassium cvanide in methanol induces cleavage of the y-lac-
tone ring and furnishes intermediate 76 after esterification of the
newly formed acetic acid chain with diazomethane. Intermediate 76
is produced as i mixture of diastereomers, epimeric at the newly

51

sion of the lactum carbonyl in 7€ into the corresponding thiolactam 76
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1. KCN, MeOH, 25 °C P,Ss, THF, 25 °C

(57% after

2. CH3N,, Et,0, MecOH
separation)

CO,Me MeO,C

NC -'Me

51 76
(>95% as diastereoisomers,
epimeric at C , in favor of 76.)

Scheme 15. The Eschenmoser synthesis of A-ring intermediate 24.

with P,Ss completes the synthesis of intermediate 24, an appropri- i

ately functionalized representative of the A-ring of vitamin B),.
The path to D-ring intermediate 25 starts with levorotatory car-
boxylic acid (-)-27 (see Scheme 16). This molecule is one enantio-
mer of a substance readily assembled in racemic form from a Dicls—
Alder reaction between butadiene (11) and f-methyl-f-acetyl-
acrylic-acid (12), and it is easily obtained in stereochemically pure
form through a resolution of the racemate with enantiomerically |
pure a-phenylethylamine (see Scheme 8). At this juncture, a digres-
sion is in order. Those engaged in the synthesis of complex organic
molecules are frequently presented with situations requiring only
one enantiomer of a compound that can be prepared easily in race-
mic form. Once the desired stereoisomer is obtained through reso-
lution, it is common practice to discard the unwanted enantiomer.
Although wasteful, this practice is certainly acceptable. Neverthe-
less, it is most gratifying when a carefully planned synthesis uti-
lizes both enantiomers of a racemic starting material. Here, in the
Eschenmoser approach to the synthesis of vitamin B, the two-mir-
ror-image forms of a simple racemic starting material are used to
assemble all four rings of the natural product, each in its correct
absolute stereochemical form (see Scheme 2). Tt should also be
noted that in the Woodward synthesis of cyanobromide 6, the avail-
ability of the “unnatural” enantiomer of key intermediate 19 |
(Scheme 4) permitted the exploration of a number of alternative
synthetic pathways for further advance. In fact, almost all of the

transformations that were employed in the synthesis of the left- "
a.-
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wing sector were first discovered using substances that belong to

the cnantiomeric or “unnatural™ series. Thus, even though only one

enantiomer of intermediate 19 was ultimately incorporated into the

vitamin By synthesis. the “unnatural” enantiomer of 19 was not |

really wasted!'? . : '
As in the synthesis of (+)-26 (Scheme 8). treatment of (-)-27

with chromic acid accomplishes oxidative scission of the carbon-

carbon double bond, and provides (-)-26 after an intramolecular ;

bislactonization reaction (Scheme 16). By analogy to the conver- f

sion of 50 1nto 51 (see Scheme &), treatment of (-)-26 with ammo-
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Scheme 16. The Eschenmoser synthesis of D-ring intermediate 25.
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ma leads, through an equilibration process. to the formation of
intermediate 77 after esterification of the acetic acid side chain
with diazomethane. When a solution of 77 in methanol is treated
with potassium cyanide, the j-factone ring is opened, and a mole-
cule of hydrogen cyanide is incorporated giving intermediate 78.
The next three-step sequence of reactions is very interesting. After
Arndt-Eistert homologation'' of the acetic acid side chain in 78,
the active methylene group of the newly formed methyl propionate
side chain condenses intramolecularly onte the cyano group. To be
more precise, the propionate ester, in its enolic form, attacks the
electrophilic carbon of the nitrile group intramolecularly to give
intermediate 79. The action of acid on 79 accomplishes the hydro-
lysis of the vinylogous amide and methyl ester groupings, and
induces a decarboxylation reaction. Intermediate 80 is produced
after reesterification of the acetic acid side chain adjacent to the
lactam -carbonyl with diazomethane. After protection of the ketone
carbonyl in 80 in the form of a 1.3-dioxolane, the lactam carbonyl
is smoothly and selectively converted into the corresponding thio-
carbonyl group with P»Ss to give 81. Complete reduction of the
thiocarbonyl moiety in 81 with Raney nickel, followed sequentially
by acetylation of the nitrogen atom. hydrolysis of the 1,3-dioxo-
lane, and reacetylation of the nitrogen atom, results in the forma-
tion of ketone 82. Assembly of oxime 83 in two steps from 82 sets
the stage for an interesting variant of the Beckmann fragmentation
reaction.? Treatment of 83 with gaseous hydrogen chloride, fol-
lowed successively by thionyl chloride and piperidinomethylpolys-
tyrene induces a Beckmann fragmentation and furnishes intermedi-
ate 84 in 74 % yield. Bromination of the allylic methyl group in 84
using bromine in buffered methanol solution completes the syn-

thesis of D-ring intermediate 25.

8.3.8 The Eschenmoser Cyclization Strategy

One of the crowning achievements that emanated from the total
synthesis of vitamin B> was the development of the principles of
orbital symmetry conservatioh by R.B.Woodward and R.Hoff-
mann.? In Cambridge, MA. it was the observations made durning the
synthesis of the left-wing of vitamin B3 that provided the seeds for
this new theoretical advance. and. in Zirich, it was the recognition
by Eschenmoser that a new approach to the synthesis of the macro-
cyclic corrin nucleus of vitunun By~ could provide a stringent test
of a theoretical prediction made by the Woodward-Hoffmann rules.
[t was under these circumstances that the A-D variant, the efficient
and elegant contribution of  the Eschenmoser group. was
born.'4-60-74 The A—D vartant subjects a secocorrin structure. which
is organized in a helical lashion around a central metal atom. (o
vistble light and accamphshes both the crucial macrocyclization
reaction and the creaton of the natural rrans configuration at the
Junction between rings A and 1> (~ee Scheme 2). The recognition
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8.3 Total Synthesis

that the four optically active building blocks representing rings A
(24), B (8), C (9), and D (25) can be synthesized from the two
enantiomers of a single starting compound is most impressive, and
it seems to reflect underlying regularities in the biosynthesis of the
natural corrinoids.’® Schemes 17 and 18 present the synthetic
details of this approach.

The Eschenmoser A-D variant begins with the conversion of

- intermediate 70, the precursor of thiodextrolin (7}, into the corre-

sponding thiolactam thiolactone 85 with P»Ss. The sulfur atom of
the thiolactam in 85 is to serve as a nucleophile in a coupling reac-
tion with D-ring building block 25. This reaction 1s analogous to
the coupling of cyanobromide 6 with thiodextrolin (7) (see Scheme
13), a key operation in the Woodward/Eschenmoser A-B variant.
Treatment of 85 with tert-butoxide produces a thiolate ion which
subsequently displaces the ring D-bromide to give a sulfur-bridged
intermediate. As we have already seen in analogous systems, the
sulfur atom serves as a disposable tether; it forces rings C and D

. into neighboring regions of space and facilitates the key carbon-

carbon bond forming event by making it intramolecular. After it
has served its purpose, the sulfur atom is smoothly excised by the
phosphine thiophile. In the presence of dimethylamine, intermedi-
ate 86 is converted into exocyclic enamine 87. This intermediate is
not isolated; it is treated directly with N-iodosuccinimide to give
vinyl iodide 88. By employing a modified sulfide contraction pro-
cedure,’ the iodinated enamine 88 is coupled with the A-ring
building block 24 to give, after complexation with cadmium, the
sulfur-bridged complex 89. On the basis of observations made dur-
ing the synthesis of metal-free corphin derivatives,'” it is likely that
metal complexation assists the subsequent sulfide contraction.
Treatment of intermediate 89 (Scheme 18) with triphenylphosphine
and trifluoroacetic acid induces sulfide contraction, giving inter-
mediate 90 after recomplexation with cadmium.

In the Eschenmoser synthesis of A-ring intermediate 24 (see

Scheme 15), a cyano substituent was introduced as.a means of

masking the strongly nucleophilic enamide double bond so that the
thioamide function could adopt the role as nucleophile in the cou-
pling reaction with intermediate 88. Having served its purpose asa
protecting group, the cyano substituent in intermediate 90 is elimi-
nated in the presence of DBU giving, after recomplexation with
cadmium, key intermediate 23. The stage is now set for the crucial
macrocyclization event. Secocorrin complex 23, with its newly
formed exocyclic methylene group, is not isolated; upon irradiation
with visible light, it readily participates in an antarafacial sigmatro-
pic 1,16-hydrogen shift from the methylene group in ring D to the
exocyclic methylidene group in ring A, followed by an antarafacial
electrocyclic 1.15m— ¢ isomerization to corrin 75. This reaction
was studied in detail in the context of a simpler model system 7
and it is presumed that the path presented in Scheme 19 is taken.
The rate-limiting step in this process is the photo-induced shift of a
hydrogen atom from the D-ring methylene in 91 0 the A-ring

CO,Me

com
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P,Ss, 4-methylpyridine,

xylene, 130 °C (84%)

Meo,c_ H. /=N 1. +-BuOK, t-BuOH, :
{ DV Br THF, 25 °C s
2 (64% overall
Me k : yield)
3. [NC(CH,),]5P, ;
25 CN TFA, sulfolane, !
60 °C in

MezNH, ’
————
MeOH, 25 °C

‘N-iodosuccin-
“imide;, CH,Cly,
0°C

1. ‘ , NaHMDS,

PhH, 25 °C (A/B coupling)

-

2. Cd(ClOy4),, MeOH, 25 °C
(complexation)
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MeO,C \}\\/(/
1. PhsP, TFA, (-

PhH, 80 °C MeO,C~~
(sulfide contraction) Me*"’

. CA(CIOg),, FPrNEY,

PhH, MeOH, 25°C; meo,c” X DN Vol «Me
then NaCl workup Me
(recomplexation)
(46% overall from 86)

N CO,Me

r

N 1. DBUY, sulfolane, 60 °C
DBU = 2. AcOH, Cd(CIO,),, MeOH,
Y 25 °C; then NaCl workup

1. hv{(visible), 60 °C 1 MeO,C
2. CoCl,, 58 °C

A

3. KCN, air, H,0,
CHzClz, 0°C Meozc

(46% from 90)

CN CO,Me

75: bisnorcobyrinic acid
abdeg pentamethyl ester
c-dimethylamide f nitrile

Scheme 18. The Eschenmoser synthesis of intermediate 75.

. Scheme 19. Photochemical A-D cycloisomerization: presumed reaction path.
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methylidene carbon sixteen atoms away. Studies carried out on the
secocorrin palladium complex (91; @ = M = Pd) revealed that the
cyclization displays an isotope effect of about 7 when the D-ring
methylene hydrogens in 91 are replaced with deuteriums. Dunitz
and his group at ETH contributed X-ray crystallographic results
which revealed that the secocorrin structure (91; @ = M = CdCl) is
coiled around the central metal atom in a helical manner.'d The
Juxtaposition of the D-ring methylenc group and the A-ring methyl-
idene is a most gratifying consequence of such an arrangement; the
helical arrangement of the secocorrin structure around the metal
places the D-ring methylene group beneath (or above) the A-ring
methylidene n system and guides the stereochemical course of the
cycloisomerization cvent. Provided that the central metal ion is
inert with respect to the quenching of the excitation of the chromo-
phore, the photo-induced cycloisomerization proceeds very
smoothly and provides corrin complexes possessing the necessary
trans configuration between rings A and D. The trans A-D config-
uration found in cobyric acid (4) is thermodynamically more stable
than the alternative rrans configuration. The macrocyclization
event described in Scheme 18 provides the natural stereochemical
arrangement almost exclusively. You will note that both paths to
cobyric acid (4) have now converged on a common intermediate.
From bisnorcobyrinic acid abdeg pentamethylester ¢ dimethylamide
f nitrile (75), the journey to cobyric acid (4) was completed collab-
oratively by both groups.

8.3.9 Completion of the Woodward-Eschenmoser
Total Synthesis of Cobyric Acid and Vitamin B,

To complete the synthesis of cobyric acid (4) and therefore vitamin
B2 (1) from 75, three significant challenges remain: two methyl
groups. one at position 5 and the other at position 15, must some-
how be introduced; the three-carbon side chain attached to position
17 in ring D must eventually terminate in a carboxyl group; and the
remaining side chains must be made to terminate in primary amide
groups. Scheme 20 presents the solution to the first of these three
problems. By taking advantage of the nucleophilic character of an
amide oxygen atom, intermediate 75 is readily transformed into lac-
tone 94 on treatment with 1odine and acetic acid, presumably
through the intermediacy of a C-8 allylic iodide. At this juncture, it
was anticipated that the fully substituted carbon atoms at positions 8
and 12 would shield position 10 from attack by alkylating agents.
Trecatment of 94 with chloromethyl benzyl ether in sulfolane at
75°C. tollowed by exposure to thiophenol, results in the completely
selective incorporation of phenylthiomethyl groups at carbons 5 and
15: no attack on the hindered C-10 position is observed. It is
thought that this reaction affords a bis(benzyloxymethyl) ether
which 15 suhsequently converted o a bis(chloromethylated) inter-
mediate by hvdrogen chlonde. Displacement of both chloride substi-
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75: bisnorcobyrinic acid
abdeg pentamethyl ester
i hylamide f nitril . 1. CICH,OCH,Ph
c dimethylamide f nitrile culforane, 75 °C ‘E
2. PhSH

"

1. Raney Ni
—f————————————

2. CH,N,

96: cobyrinic acid abcdeg
‘hexamethylester f nitrile

Scheme 20. Synthesis of cobyrinic acid abcdeg hexamethylester f nitrile 96.

tuents by thiophenol then furnishes intermediate 95. Reductive re-
moval of both phenylthio groups with Raney nickel i§ accompanied Me0,C
by reduction of the lactone ring. Finally, esterification of the free
carboxyl group with .diazomethane affords cobyrinic acid abcdeg : COMe
hexamethylester f nitrile (96). The task of introducing the requisite
methyl groups at positions 5 and 15 has now been accomplished. Me
Scheme 21 presents the successful sequence of reactions that
solved the remaining two problems and led to the completion of the  weo,c
synthesis of cobyric acid. Exposure of €6 to concentrated sulfuric
acid for one hour brings about a clean conversion of the nitrile
grouping to the corresponding primary amide grouping. The stabil-

ity of the corrin nucleus under these rather severe conditions ix : CONH, CO;Me
noteworthy. This new substance. intermediate 97. is identified as 97: cobyrinic acid abcdeg
cobyrinic acid abcdeg hexamethylester f amide and it is produced hexamethylester f amide

along with a very similar substance which is epimeric to 97 at
C-13. The action of sulfuric acid on 96 produces a diastereomeric . ‘
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96: cobyrinic acid abcdeg
hexamethylester f nitrile

Bernhauer et al.
[ref. 5]

CONH, CO,Me

97: cobyrinic acid abcdeg !’ :
hexamethylester f amide "
N304, CCly, : |
NaOAc Iy
. !
MeO,C Te i !
CO,Me i
NH3 (|), MeOsz o '
HO(CH,),0H, e L
. CO,Me '
NHCL 75°C 0, y
"
COH CO,Me i
c-=u
o 98: cobyrinic acid abcdeg

NH, hexamethylester f acid

1: (-)-vitamin 812
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8.3 Total Synthesis

mixture of primary amides in a ratio of 72:28 in favor of the unde-
sired isomer. These stereoisomeric subtstances are, however, very
readily separable by high-pressure liquid chromatography and it is
possible to obtain the desired isomer (compound 97) in pure form.
Two problems stand between intermediate 97 and the target
cobyric acid (4). It is instructive at this point to closely examine the
structure of 97. Arranged around its periphery are six side chains
which terminate in methoxycarbonyl groups and one side chain
which terminates in a primary amide group. One problem requiring
a solution is the selective hydrolysis of the primary amide grouping
in this compound. At first glance, this problem may seem insur-
mountable by virtue of the fact that an amide is inherently less elec-
trophilic dand, therefore, less susceptiblz to attack by nucleophilic
reagents than esters. Nevertheless, deaminations of amides using
nitrous acid or some other nitrous derivative were well known, and
both the Woodward and Eschenmoser camps were certainly mindful
of these precedents. Although initial model experiments were uni-
formly unsuccessful, the Cambridge group eventually discovered
that when a solution of 97 in carbon tetrachloride is treated with
dinitrogen tetraoxide, in the presence of sodium acetate, the pri-
mary amide can be smoothly deaminated to cobyrinic acid abcdeg
hexamethylester f acid (98). This is one solution to the amide

" hydrolysis problem.

In Ziirich, however, Eschenmoser and his group developed an
alternative method that permits the selective hydrolysis of the pri-
mary amide function in 97 — a method that, in our opinion, is
among the most brilliant in this synthesis. Scheme 22 presents the
elegant series of transformations that constitute Eschenmoser’s
solution to the amide hydrolysis problem. For clarity, only the rele-
vant portion of intermediate 97 is illustrated. In the Eschenmoser
method, the cyclohexylnitrone 99 derived from chloroacetaldehyde
is treated, in the presence of amide 97, with silver tetrafiuoroborate.
This reaction produces the highly electrophilic species 100 which
reacts rapidly and selectively with the oxygen atom of-the primary
amide to give 101. Mild acid hydrolysis of both carbon-nitrogen
double bonds then furnishes formyl ester 102. The desired car-
boxylic acid 98 is produced in good yield when this formyl ester
is treated with dimethylamine in iscpropanol. Dimethylamine
attacks the more electrophilic aldehyde carbonyl and then, after an

equilibrium transfer of the acyl group, a situation is created that can

result in an irreversible release of carboxylic acid 98 (see
104 - 98). The six methoxycarbonyl groups are impervious to
these conditions.

To complete the arduous journey to cobyric acid (4), all that
remains is the conversion of all six ester groups in 98 into primary
amide groups (Scheme 21). Although this functional group trans-
formation is seemingly straightforward, it required a good deal of
careful experimentation. When a solution of 98 in liquid ammonia
and ethylene glycol is heated to 75°C in the presence of a catalytic
amount of ammonium chloride, cobyric acid (4) is obtained in

Lo - |
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M.
H:0® (mild) yye0.c
MeO,C
2 (o]
g"\ ~ “ Y @o\
x>
s Ve,
o 100
HN. Y H
97: cobyrinic acid abcdeg AgBF,
hexamethylester f amide
i@
SN
I
O@ :
99
-

98: cobyrinic acid ,'abcd'e.g
hexamethylester;f acid -

Scheme 22. Eschenmoser’s method for amide hydrolysis.

8 Vitamin By,

e .

nearly quantitative yield. You will recall that, in 1960, Bernhauer
et al. demonstrated that cobyric acid (4) is readily transformed into
vitamin By, (1).5 The formal total synthesis of vitamin By, (1) is
now, therefore, complete.'-'6 '

8.4 Conclusion

In this chapter, we have attempted to address one of the most sig-
nificant achievements in organic chemistry. Indeed. the total synthe-
sis of vitamin B2, the culmination of 12 years of ¢xtensive research
by two groups, has profoundly influenced the science of organic

chemistry. Although we have presented the salient accomplishments
recorded during the course of this remarkable synthesis. we strongly |

encourage students of organic synthesis to consult the original writ-

ings of Professors :Woodward'*=¢ and Eschenmoser'®' 79 for more |

.detailed and cef"tainLy more pedagogical accounts.

~
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From the perspective of the vitamin B,, synthesis, it would be
appropriate to contrast the traditional and contemporary roles of
organic synthesis.!® Before the advent of sophisticated physical
methods, X-ray crystallography in particular, organic synthesis
assumed the important role of confirming a constitutional hypo-
thesis which originated from a degradative assault on a natural pro-
duct. Indeed, during the classical period of natural products chem-
istry, an unambiguous synthesis played a decisive role in the
elucidation of a natural product’s structure. In addition, knowledge
about the chemical properties of new structures was obtained, in
many instances, as a result of chemical degradative studies. As phy-
sical methods matured, the importance of degradative work as a
means of elucidating new structures faded. Contemporary natural
products and synthetic  organic chemists are the beneficiaries of
powerful spectroscopic, crystallographic, and other physical meth-
ods. As impressive and necessary as these technological. develop-
ments have been, we have had to pay a substantial price. By dis-
posing of the archaic endeavor of chemicai degradation, we have
sacrificed an important source of information. Today, studies in nat-
ural product total synthesis most often commence with an estab-
lished structure, but with an ignorance of its chemical properties.
This fact confers much importance to synthetic work because it is
through synthesis that we are able to achieve an intimate familiarity
with the chemical propertiés of new molecules;'d synthesis must
shoulder the burden of acquiring the information that was once a
fortuitous by-product of chemical degradation studies. Of course,
even greater importance is conferred upon synthetic work in those
cases where a new substance is not amenable to chemical degrada-
tion; vitamin By is a conspicuous ‘example. We contend that target-
directed studies in organic synthesis are as important and perhaps
even more so today than they have been in the past.!”
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CHAPTER 7 GROUNDS OF REVOCATION

they have been made known it was difficult . .. not to believe that
they must have been obvious to everybody.”*'

There may be invention in what is merely simplification® or in recog-
nising that the entire industry was going in the wrong direction.®> But
matters of ordinary skilled ‘designing or mere workshop improvements
cannot be considered as requiring the exercise of invention.%

Ex post facto analysis

7.28 @1011-5}—1;7 _Mca?mch_al_yd z‘).tStmngJ‘.:‘ lthl,fZ_L()rd_Russem

“Whether there has or has not been an inventive step in constructing
a device for giving effect to an idea which when given effect to seems
' asimple idea which ought to or might have occurred to anyone, is
(- often a matter of dispute. More especially is this the case when many
! integers of the new device are already known. Nothing is easier than
\ to say, after the event, that the thing was obvious and involved no
invention. The words of Moulton L. in British Westinghouse v. Brau-
¢ 1ik% may well be called to mind in this connection: ‘I confess’ (he
i said) ‘that I view with suspicion arguments to the effect that a new

L‘ ! combination, bringing with it new and important consequences in

\r\g )

the shape of practical machines, is not an invention, because, when it

{, has once been established, it is easy to show how it might be arrived
: " at by starting from somiething known, and taking a series of appar-
ently easy steps. This ex post facto analysis of invention is unfair to the
| inventors and, in my opinion, it is not countenanced by English
[ patent law ... "

T\

In Technograph Printed Circuits Ltd v. Mills & Rockiey (Electronics) Ltd,%

customary skill the familiar ‘step by step’ course. 1 do not find it
persuasive. Once an invention has been made it is generally possible
to postulate a combination of steps by which the inventor might have
arrived at the invention that he claims in his specification if he
started from something that was already known. But it is only
because the inventionhas been made and has proved successful that

Lord Diplock said:
“The cross-examination of the respondents’ expert followed with
|
1

l
|

%3 See also Thierry v. Riekman (1897) 14 R.P.C. 105. )

* Pope Applicance Corp. v. Spanish River, etc. Mills Ltd (1929) 46 1.P.C. 23 at 55.. K

** Beloit Technologics Inc. v. Valmet Paper Machinery Inc. (No. 2) {1995] R.P.C. 705 at 750.

* See Safveans Aktie Bolag v. Ford Motor Co. (Eng.) Ltd (1927) 44 F.P.C. 49 at 61; Curtis & Son
v. Heward & Co. (1923) 40 R.P.C. 53 at 183; Shaw v. Burnet & Co. (1924) 41 R.PC. 432,

“7(1943) 60 R.P.C. 135 at 142. ’ . )

*{1910) 27 R.P.C. 209 at 230.

*[1972] R.P.C. 346 at 362.
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OBVIOUSNESS |
|
particular combination of steps the inventor could have arrived at his
invention. It may be that taken in isolation none of the steps which
it is now possible to postulate, if taken in isolation, appears to call for
any inventive ingenuity. It is improbable that this reconst'ruction a
posteriori represents the mental process by which the mventor in fact
arrived at his invention, but, even if it were, inventive mger\uny lay
in perceiving that the final result which it was the ob]ect of the
inventor to achieve was attainable from the particular startmg point
and in his selection of the.particular combination of steps which
would lead to that result.’ Lj \
- |
, : N
Technical not commercial obviousness |
Patents are granted for technical advances, not for appreciatin‘g that a
technically obvious development can be exploited commercially. In Hallen
Company v. Brabantia (U.K) Ltd, Aldous ]. stated: i
. |
“The word ‘obvious’ in section 3 is, | believe, directed to whilether or
not an advance is technically or practically obvious and, not to
whether it is commercially obvious. Although the law is er'l\capsu-
lated in section 3 of the Patents Act 1977, the law on obviousness
goes back many hundreds of years. The basis of the law is t‘lhat the
public are entitied to manufacture that which has been published, in
the sense of made available to the public, with obvious medifica-
tions. By ‘obvious modifications’ are meant that which techmclall_y or
practically would be obvious to the unimaginative skilled addressee
in the art. Such a skilled man should be assured that his actiolhs will
not be covered by any monopoly granted to another if he does that
which is part of the state of the art with modifications which are
workshop modifications or otherwise technically or practicall)‘ll obvi-
ous alterations. He does not and should not have to look further and
consider whether the step he is taking is obvious or not for cornmer-
cial reasons. The prize for a good commercial decision or idea is a

head start on the competition. and not a monopoly for twentv
years.”

i
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Obvious to try I,

In some cases, the final decision on whether or not an invention was
abvicus will depend upon whether it was obvious to put the teachmg of
A prior suggestion into practice which would, if done, reveal the mven
tion. The classic formulation of this aspect of the law is by Diplock L] an
lulns Mansville Corporation’s Patent~

195 and see Richardson-Vicks Inc.'s Patent
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1

PROCESS FOR THE OPTICAL RESOLUTION OF
(£)2-(METHOXY-2-NAPHTHYL)-PROPIONIC
ACID

This invention relates 10 a process for the optical
resolution of (%) 2-(6’-methoxy-2"-naphthyl)-propicnic
acid, hereinafter indicated conventionally as (%)
AMNP, by means of (S)-alpha-phenylethylamine, here-
inafter indicated conventionally as PEA.

More particularly this invention relates to a process
which comprises (a) the addition of from 0.45 to 0.65
mole of (S)-alpha-phenylethylamine to each mole of the
acid in 3 parts *+15%, with regard to the acid, of chlo-
roform at from 0° to 58° C., (b) the subsequent cooling
of the reaction mixture to 0° C., (c) the filtration of the
thus obtained precipitate, (d) the suspension of the fil-
trate into chloroform at 15°-58° C., (e) the subsequent
cooling of the reaction mixture, (f) the filtration of the
thus obtained precipitate, (g) the further suspension of
the precipitate into chloroform and its treatment with
an aqueous alkaline solution, (h) the separation of the
chloroform phase from the aqueous phase, (i) the treat-
ment of the latter with acid to afford (+) 2-(6'-methoxy-
2'-paphthyl)-propionic acid and its recovery by usual
techniques.

(+) AMNP, whose non-proprietory name is Na-
proxen, is a known drug endowed with anti-inflamma-
tory, anti-pyretic and analgesic activity.

BACKGROUND OF THE INVENTION

The separation of the enantiomers of an acid or a base
or the formation of a salt with an optically active base
or acid respectively is an elementary knowledge in the
art. )

On the contrary, there are no further generally apphi-
cable pieces of information which allow the chemist to
anticipate what are the critical conditions which allow
one to separate the enantiomers of a given acid or of a
given base on an industrial scale in the most economical
way. The finding of these conditions is a largely empiri-
«cal science which involves overcoming technical preju-
dices and the original solution of specific technical
problems.

The parameters which must be taken into consider-
ation for evaluating if a process of optical resolution is
economical on industrial scale are the following:

1. optical purity of the obtained product;

2. yield of the optically active product;

. productivity (employed volume/amount of treated
product ratio);

. cost of the resolving agent which is used;

5. recoverability of the resolving agent which 1s used;

- cost of the recovery of the resolving agent which is
used;

- cost of the solvent or of the solvents mixture which
1s used;

. recoverability of the solvent(s) which is (are) used;

. cost of the recovery of the solvent(s) which is (are)
used.

Because of the large therapeutic importance of Na-
proxen, many methods have been suggested until now
for separating the optical isomers of (£) AMNP with
optically active bases.

Phenylethylamine or PEA is indicated in some
known publications as one of the optically active bases
which may be used for separating () AMNP.
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Among these publications, those which do not lndl-'
cate the experimental conditions represent mformallon'

devoid of any value to the artisan. |

On the contrary, those which indicate specific opera- -
tive conditions do not offer such an advantage as to
encourage further investigations. |

In U.K. Patent Specification No. 1,296,493, PEA is
mentioned in generic terms as one of the many opucal,
active bases which may be used for separating (+)
AMNP but there is no suggestion concerning thc
proper solvent, the specific operative conditions, Ithe .
optical purity of the thus obtained product, the produc-
tivity of the process or the recoverability of the sol\}cnt
and/or of PEA. i

U.S. Pat. No. 4,209,638 discloses a process for|in:'

creasing the amount of a desired enantiomer in a race-'
mic mixture of an arylpropionic acid. () AMNP andI
PEA are mentioned among the possible acids and bases
respectively. The solvent used is a petroleum fractlonl
which begins 1o boil at 112° C. In accordance wnth the.
aim of the patent, an AMNP is obtained which is only|
slightly enriched with respect to () enantiomer |and;
the specification does not mention what kind of and;
how many further treatments are necessary to obtaln a,
product having the desired optical purity. !
European Patent Application No. 82200512.0 |d|s-
closes a process wherein the resolution with PEA is
carried out in water. This process has an unfavourable!
low productivity (solvent/substrate ratio about 17)jand
requires repeated crystallizations before obtaining al
product having the required optical purity. |
Japanese non-examined application No. 50/55,135
conjectures the use of many solvents, inclusive of cllhlo-
roform, and.of a quantity of PEA from 0.5 to 1 molc
with respect to one mole of () AMNP but it mdncatcs
as preferred conditions the use of a mixture of melthylI
alcohol and ethyl acetate, as solvent, and of one mole of
PEA for each mole of () AMNP. With this conditlionsI
the productivity is about 13 and the vield of (+) AMNP
having an optical rotatory power of +66.0 (c—'l%
chloroform) 1s only 48% whereas the yield of AMNP
having an optical rotatory power of +63.4 is only 56%
Furthermore, the artisan appreciates immediately thd
disadvantages connected with the recovery of the. soll
vents. PEA and (—) AMNP. In fact. (=) AMNPjanc
PEA can not be recovered from the mother liquors by
simple addition of acids or bases until they contaln
methanol; on the other hand the removal of the l%(ter
by distillation, from the mother hquors involves also thé
removal of ethyl acctate because their boiling pointls are
very close and they form an azeotropic mixture. Tt 15
therefore self-evident that the low productivity, low
yield and high recovery costs do not make this pr(')ccsl's
economical on an industrial scale. Furthermore, thé fact
that in this patent application 1s pomung out theseicon"-
ditions as the best ones discourages the technician fromh
mvestigating all the other nnumerable condition’s
which are mentioned in generic terms in the Japanesk
Patent Application No. 50/55,133 |
Finally, it 1s known in the art thai the maximum ré-
solving power is usually reached when 1 mole of optical
active base 1s used for each mole of racemic acid of,
when using a less optically active base, by Lomplclmg
the salt formation by adding another base.
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DETAILED DESCRIPTION OF THE
INVENTION

It has been now surprisingly found that the behaviour
of PEA in chloroform and in the presence of (%)
AMNP shows an anomaly that has not yet been re-
ported. It is consisting in the fact that, by keeping the
volume of the solvent constant, the resolution capacity
increases as the amount of PEA decreases from I mole
10 0.45-0.65 mole for each mole of (=) AMNP without
requiring any adjustment of the missing quantity by
addition of another base.

This finding allowed us to develop the process of the
instant invention which offers the following advan-
tages:

high yield (70-80%) of (+) AMNP having a rotatory
power between +63.0and +66.0 (c=1%; chloroform);

high productivity (solvent/(%) AMNP ratio=3
I/kg15%); -

use of one base that at the end of the process is easily

to recycle;

- ‘” recovered (YieldZ90%) in chloroform solution ready

use of a single organic solvent which may be easily
recovéred and recycled;

casy recovery of the remaining mixture of AMNP
enriched in (=) AMNP from the mother liquors by
treatment with alkalies; after removal of the organic
phase, an aqueous alkaline solution is obtained which
affords, simply by heating, (£) AMNP which is recy-
cled. .

Hereinafter are given some Examples which intend to
illustrate this invention without limiting it. [n addition
are given other Examples concerning different experi-
mental conditions in order to show the advantages of
the process according to this invention.

DESCRIPTION OF THE PREFERRED
" 'EMBODIMENTS
More particularly Examples 1 and 2 show some typi-
cal procedures according to this invention.
Examples from 3 to 5 show the effect of the variation
of the PEA/(2)AMNP tatio-on the resolution capubil-

. ~ily when the solvent/(£)AMNP ratio is maintained

anstant. Using a ratio (PEA/(*=)AMNP) equal t0 0.45

.~Example 3) the resolution capability remains high but
the yield of (+) AMNP is drastically reduced: whereas
using a ratio equal to 0.75 (Example 4) and 1 (Example
5) the resolution capability tends to zcro.

Example 6 shows that when the ratio is | increasing

of the resotution capability causes a reduction of the 3

productivity.

Finally, Example 7 shows a process which corre-
sponds to that indicated as the preferred one by the
Japanese non-examined application No. 50/53,135. ex-
cepting that the PEA /(%) AMNP ratio is 0.6 instead of
1. The yield and the optical purity are dcfinitely lower
than those obtained with a ratio equal 10 1, therefore
this behaviour is sharply different from that observed
when chloroform is used.

EXAMPLE |

To a mixture of 460 g (2 moles) of () AMNP mn 1.4
| of chloroform at 40° C., 152.8 ml (1.2 moles) of PEA
were added in 30 minutes. The mixture was refluxed for
30 minutes, then cooled siowly to 0° C., filtered and
washed with 400 ml of chloroform. The humid salt
(which gives and acid having {a]p?’+54.4 (c=1%:
chloroform)) was treated at 40° C. with 900 ml of chlo-
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roform and then cooled to room temperature. After
filtration, the salt was suspended in 400 ml of chloro-
form and 1.3 1 of water and treated with 60 ml of a
solution of 30% sodium hydroxide up to pH 13-14, The
chloroform layer containing PEA was separated and
combined with the chloroform extracts obtained from
the aqueous phase. The latter was made acid up to pH
5-6 and, after filtration, 180 g (yield, 78%) of (+)
AMNP having [a]p?5+ 64.1 (¢=1%, chloroform) were
obtained. The racemization of the antipode was made
according to well known techniques, by heating the
aqueous/alkaline solution from which the remaining
PEA has been extracted with chloroform; 270 g
[a]p¥3—1.8 (c=1%; chloroform) (x) AMNP have
been thus recovered. PEA has been recovered in chlo-
roform solution with a yield of 90%.

EXAMPLE 2

To a mixture of 115 g (0.5 moley of (&) AMNP in 340
ml of chloroform, cooled to 0° C., 38.2 m! (0.3. mole) of
PEA were added in 45 minutes maintaining the temper-
ature of the reaction mixture at 0° C. After 30 minutes,
ihe mixture was filtered and washed with 100 ml of
chloroform. The humid salt (whic¢h gives an acid having

5 [a]p?S+45.5 (c=1%; chloroform)) was treated with

350 m! of chloroform at the refluxing temperature of the
mixture. After cooling to room temperature, the sait
was fillered and yielded, after hydrolysis and usual
treatment, 40.3 g (yield, 70%) of (+) AMNP
[a]p?+65.7 (c=1%; chloroform).

EXAMPLE 3

Following the procedure of Example 1, but using
114.6 m! (0.9 mole) of PEA, 92.3 g (yield, 40%) of (+)
AMNP having [a]p?S+65.1 (¢=1%: chloroform) were
obtained.

EXAMPLE 4

To a mixture of 115 g (0.5 mole) of (=) AMNP in 340
mi of chloroform at 40° C., 47.8 mi (0.375 mole) of PEA
were added in 30 minutes. The mixture was refluxed for
30 minutes and then cooled slowly to 0° C., filtered and
washed with 100 ml of chloroform. The thus obtained
salt was hydrolyzed and afforded 74.7 g of (+) AMNP

5 having [a]p*$4-26.5 (c=1%: chloroform).

EXAMPLE 5

Following the procedure of Example 4. but using
63 8 mi (0.5 mole) of PEA, 108 g of (=) AMNP (rota-
tory power practically equal to zero) were obtained
aftzr hydrolysis.

EXAMPLE 6

To a mixture of 100 g (0.438 mole) of () AMNP in
850 ml of chloroform at 40° C.. 37 mi (0.448 mole) of
PEA were added in 30 minutes. Afterwards, following
the procedure of Example 1, 37.1 g (vield. 74%) of (+)
AMNP having {a]pS+65.5 (¢ = %: chloroform) were
obtained.

EXAMPLE 7

To a mixture of 57.5 g (0.25 mole) of (=) AMNP in
250 ml of methanol, 19.1 mi (0.15 inole) of PEA dis-
solved into 800 ml of ethyl acetate were added in 15
minutes at 25° C. The mixture was left overnight at
20°-25° C., the sait was filtered and washed with 100 ml
of a (2/1 w/w) mixture of ethyl acetaic/methanal. 16.5
g of salt (which gives an acid having [a]p?>+58.1

o
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(c=1%; chloroform) were obtained, which recrystal- (i) treating the aqueous phase with acid to yield (+)
lized from a mixture (6/1) of ethyl acetate/methanol 2-(6'- methoxy 2'-naphthyl)-propionic acid and}rc-
|

afforded, after hydrolysis, 9.5 g (yteld, 33%) of (+) covering same.
AMNP having [a]p?5+62.5 (C= 1%,; chloroform). 2. The process according to claim 1 including the,
We claim: S additional steps of:
1. A process for the optical resolution of () 2-(6'- () treating the chloroform solution of preceding Step!
methoxy-2'-naphthyl)-propionic acid which comprises: (c) with an aqueous/alkaline solution, I
(a) adding from 0.45 to 0.65 mole of (S)-alphap- (k) separating the chloroform phase from the aqucOus
henylethylamine to each mole of the acid in 3 parts phase, and
+15%, with regard to the acid, of chloroform ar '© (1 heating the aqueous phase of step (k) to yield |(+)
;om 8; 1o 58° Cg ! 2-(6'-methoxy-2"-naphthyl)-propionic acid whl(':h IS
- . led.
(b) cooling of the reaction mixture to 0° C., 3. r;iic;roccss according to claim 2 mcludmo the
(c) filtering the thus obtained precipitate, ) additional step of: .

(d) suspending the filtrate in chloroform at 15°-58" ¢ (m) recycling the chloroform solution of preceding
step (f), without treatment, to carry out step (i (a)

C.,
(e) cooling of the reaction mixture, 4. The process according to claim 2 |nc]udmg thé
() filtering the thus obtained precipitate, further step of: .

(n) recycling the chloroform solution of (S)- allpha-
20 phenylethylamine obtained in preceding s(eps (h)
and (k) optionally after evaporation to the desxrcd

(g) again suspending the precipitate in chloroform
and treating this suspension with an aqueous alka-

65

line solution,
(h) separating the chloroform phase from the aqueous concentration. I .
phase, and oyt .
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‘.'2-(6:‘;

-7, . product s
T n’,aiih_th'yl)p.xjopionic acid. ;

-1 3,975,432, ‘
" . 'BRIEF SUMMARY OF THE INVENTION
o Ixi.".summar'y, the process of this invention comprissas -

~resolving mixtures of :d 2-(6-methoxy-Z-napht-hyl)pro,- -
30

. tially €
‘_ac;id,‘:'.t,he-pharmace'uti'cally.- active agent. Racemic mix. '
‘tures.of d and ] 2-(6-methoxy-z-napht'hyl)propionic acid

. PROCESS FOR THE RESOLUTION OF D,1

@ METHOXY-2-NAPHTHYL)PROPIONIC ACID
CROSS-REFERENCE TO.PARENT -
. APPLICATION ... . &

idnd 97,118, filed Nov.. 26, 1979, now U.S. Pat,
S2e193. T w
FIELD OF THE INVENTION'

-d ~2_"-(6-Me'thoxy-Z-napHt'hy'l)'pro;')'i'c:)ﬁic acid is a' well-

- 3,652,683;
3,658,863, 3,663,584; 3,904,682, 3,904,683 and

pionic - acid ‘and 1 ‘,2-(6-me‘thoxy-Z-ﬁaphthyl)propionic.

" acid-or’soluble salts thereof with N-R-D-glucamine or a_
* salt;théreof, where R is alkyl having 2 to 36 carben -

atoms,: preferably 2 to. 18 carbon atoms, or cycloalkyl

havinig'3 to 8 carbon atoms to yield a product substan-
ririched in d 2-(6—methoxy-2—naphthyl)propiom'c

n-dodecyl, n-octadecyl, n-docosanyl, n-hexa-
tricoritanyl, and the like; B T

~ The term “cycloalky!l” as used herein refers to and
includes ¢ycloaliphatic hydrocarbon groups having 3 to

cyclooctyl.”-Of ‘the

cycloalkyl groups, cyclohexyl is presently preferred. -

pphc:.at'idn is: a'c'énti'_hugt'ion-in-',bart of .'app'liéa- '
r.:Nos. 55,258, filed ‘July 6, 1979, now aban.-

‘ ention reélates to a process for resolving mix.
tures:of 4 27(6'Jméth0xy-2-néphthyl)pr‘opio‘nic acid and |
_e'thox;V-‘Lna'phthyl)propio‘nicf. acid - to. yield a _
Ct':Substantially- enriched. in.:d 2-(6-methoxy-2:.

o 4sIsgrn

‘m'eth‘ox-y.-z-haphthyl)prdpibnic acid wi
" agent and, accordingly; .upon ‘the coolin
- solution thereof, generally to.or about ambi;
‘temperature, such salt of d 2-(6-methio

* ;clude water, C; to .C;o-monoh'ydrjc alcohols, such'as; for"

- éxample, ?'methanol,':ethano}', n-propandl, isopropanol;. -
-butanol, - pentanol,’ hexanol, cyclohexanol, - 2-ethylhex- "
" anol, berizyl alcohol, furfuryl alcohiol, and the like, Cato ;

Cs dihydric alcohols, such’ as, for’example, ethylene.”
" glycol, 1,2-propyiene glycol, 'l','3—propylgne glycol, and . .
‘the'like, C3 to Cq trihydric alcohols, such as for exam. .
Ple, glyceral, and the like, C3t0'Cyj ketones, such as, for '

.. known anti:inflammatory, analgesic and. anti-pyretic .
" ageént which is described and. claimed in U.S. Pat. No.
. 3,904;682.. Processes for the. preparation of d:2-(6- -
S 'methc)g;y-Z-naphthyl)propionic -acid are described in
. U.S."~Pdt. . Nos. - 3,651,106;

20

3,658,858; - .

25

. propionic acid with’ the resolving agént:

refe

entially- crystallized thérefrom.’ Suitable'~§b] vénts®

' example, acefone, 'acetylace;,one, ethyl methyl ketone, -
. 'diethyl'kétone,‘di-n-propyl“ketoh_e-,, diisopropyl ketone, -
- diisobutyl ketone, and the like. Other solvents include” Lo
" mono- and di(lower)alkyl ether. of ethylene glycol and . .- Lo
diethylene glycol, ditnethylsulfoxide, sulfolanes, form:-

amide, dimethylfor.mami'de, N-methyl-pyrr,olidone,-'pyr-: -

idine, dioxane, dimethylacetamide, and the like. The C; - . -

to Cyalcohols, e.g. methano) and isopropanol, particu:. -
larly. methanol, . are the presently preferred solvents, =~ -
Sufficiefit water can be added to the solvent if needed to
solubilize all of the materials which have been added .

. thereto.
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*The stéfting material [i.é., the mixture of d ‘2-.(6- L

methoxy-2-naphthyl)propionic acid‘and | 2-(6-methoxy-

.2-naphthyl)propionic acid- or soluble salts thereof] is - -

heated to an elevated temperature, ‘generally to'a tem-
pérature in the range from about 60° C..to about 100° C,

or the reflux temperature of the solvent, in the presence -
‘of the resolving agent to solubilize.all of the ‘materials

‘which have. been added to the so]'veqt. If desired, the . -
. solvent can be held at, the elevated.temperature unti all .

- of the materials have gone into solution. After the solu-

as”they- occur after known chemiical synthesis are. the .
" preséntly preferred starting material for the resolution
. ‘method of this invention,: . - - , .

.. Theterm “alkyl” as used herein refers to and includes.
‘straight and branched chain. hydrocarbon groups hav-
- ing 2t0.36 carbon atoms; Typical alkyl groups include: -
' -propyl, i-propyl, n:butyl; i-butyl, n-hexyl, n- .

45

8 carbon atoms. Typical cycloalkyl groups include cy. -
‘clopr]'opyl,-' cyclobuty], ¢yclopentyl, cyclohexyl, ‘me-
-thylcyciohexyl, cycloheptyl -and

50

tion has béen held at the elevated -temperature for the
~'desired length of time, it is slowly. cooled to ambient.
temperature. During the cooling process, the solution is -
preferably seeded with a salt of d 2-'(6-methoxy-2-naph-. S
thyl)propionic: acid' and the. resolving agent [e.g., the - -
salt-of d 2‘-(6-methoxy-2-naphthyl)bropionic acid with

N-,n-propyl-D-glucamine]. "The crystalline -precipitate

which results is enriched in the salt of d.2-(6-methoxy-2-

naphthyl)propionic acid with the'fesolvin_g',agent'.- The

final temperature to. which' the solution is- taken is.

chosen. by practical considerations but generally. is se-
lected so that the temperature difference will .be suffi-

cient-to-provide a high yield of crystals. The crystalliz- .
ing mixture can be maintained at the lower temperature - g

. until crystallization is complete, or nearly'so, usually for

Presently preferred resolving agents within the scope

_of 1this : invention are. N-n-propyl-D-glp;:amine, N:n-
. bixltylénglu‘camine;‘ and N-n-octyl:D-glucamine,
" The résolution contemplated by this invention is con.

ducted.in:an inert organic solvent having a pronounced
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differénce between the. solubilities of the salt of d 2-(6+-
meth'bi(y'-z-naphthyl)propionici acid ‘with the resolving -

' '.'agént"_f-qhd_.‘the, salt of ] 2f(6-methoxy-z-naphthyl')pro-.
. pioniic acid with the resolving agent, :generally at tem-
" peratures.between room or ambient temperature and an

2-na;>_h.;h)'5])propionic'acidhwi.th the resolving agent (for

léss soluble "in the solvent ‘than is the salt of 1 2-(6-

60

about 30 minutes. to. about several. hours. or so, The

crystalline precipitate which results is.removed by fil- o

tration and washed. e S o
The crystalline material which is obtained. at this

stage in'the process [i.e., a material which is enriched in -

the salt of d 2—(6-methoxy-2-nap_hthyl)propiQnic acid

. With the resolving agent], after separation by filtration . -
and washing, can be .charged to water and heated, if-

- Mecessary, - to redissolve the crystalline material. For

" - ature'of the solvent utilized, The salt of d 2-(6-methioxy-
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; . example; N-n—propyl-D-glucamine, -N~n-,butyl_-.D-gluca- .
' mir;e:'Qr N-n-octy]-D-gluc'amine) should be significantly

those. N-R-D-glucamines which are soluble. in’ water, -

the resulting: solution is acidified, for example: with a
mineral acid, such as sulphuric acid or hydrochlotic

acid, or an organic acid such .as acetic acid, and the. .

crystalline precipitate so obtained is separated by filtra-

‘tion, washed and dried, There results a white crystalline .
product substantially 'enriched. in d 2-(6-methoxy-2-- .-




. 3. _
naphthyl)propionic acid. Alternatively, for those N-R-
D-glucamines which are. insoluble in water, the material
enriched in the salt of d '2-(6-methoxy-2'-naphthyl)pro-

o 4,515,811 -

additional starting material

pionic acid ‘with such a resolving agent can be treated

with a strong base, such as, )
hydroxide or other strong base having a pKa value
greater than 10, to cleave the salt, followed by filtration
to remove the resolving agent and acidification’ of the
filtrate with, for ‘example, a mineral acid such as hydro-
chloric acid or suifuric acid, or an organic acid such. as
- acetic acid, to give, after filtration,
a white crystalline product substantially enriched in d
2-(6-me,thoxy-2-naphthyl)ptopionic acid. . o

for example, potassium’

washing and drying, .

5

“basis relative to the d,1

‘this invention..

for fhe reso'l‘ution process of '

The amount of resqlving agexif' ,efnplbyed '[on'afm.élar; o

2-(6’-methoxy-2¢naphthyl)’pro-‘ -

pionic acid being resolved] in accordance with the pres- "~ -

ent invention ranges from ‘between about 50% -and .
- :100%. However, as only about 509

[on a molar basis.’

.. relative to the d,l 2-(67methoxy42-naphthyl)pr¢pionip- e
- acid being resolved] of the resolving agent is needed to’

10.

Prior to the cleavage of the material enriched in the

salt of d 2-(6-methoxy-2-naphthyl)propionﬁc acid with
the resolving agent to obtain d 2-(6-methoxy-2-naph-
thyl)propionic acid, it is generally desirable to redis-

- solve the enriched salt material in further solvent mate- ]
rial, heat the solvent to the desired (normally elevated) .

temperature, seed the resultant solution with the salt of
d 2-(6-methoxy-2~naphthyl)propionic acid with the re-
solving agent,

crystallization further increases the proportion of the
salt of d 2-(6-methoxy-2-naphthy1)propionic acid with
the resolving agent in the recrystallized material. N-n-
. propyl-D-glucamine, N-n-butyl-D-glucamine, and N-n-

‘ and cool the resultant solution to effect .
.1 «.0ne or more further recrystallizations. Each such re--

20
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hexyl-D-glucamine are particularly. suitable resolving -

agents.within the scope of this invention because, with
merely one recrystallization step prior to the redissolu-
tion of the resultant crystalline product and subsequent
- acidification, a
about 97-999% d '2-(6-me'thoxy-2-naphthyl)propionic
acid can be obtained. s
N-n-octyl-D-glucamine,",however, is -the ‘presently
preferred resolving agent because, with use of N-n-
octyl-D-glucamine, the salt of d 2(6-methoxy-2-n'aph-
thyl)propionic acid with
readily recoverable by filtration, d 2-(6-methoxy-2:
_naphthyl)propionic acid of acceptably high optical pu-
ity can be obtained without need for one or.more. re-
crystallizations prior to the cleaving step, and the re-
solving agent can be recovered. directly .and ‘in high
'vield (on the order of about 97-98%) by filtration. Ad-
ditionally, the cleavage can bé conducted-under either

alkaline or acidic: conditions. Alkaline cleavage results

30

product-having a purity on the order of -

N-n-octyl-D-glucamine is

40
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in.a precipitate of N-n-octyl-D-.glucamine while the.d -
i methoxy-2-naphthyl)propio,nic acid remains in so- -

¥ . _m'in the alkaline medium. Acidic cleavage results in

‘& precipitate of d 2-(6-me_thoxy-2-naphth‘yl)propionic
acid while the N-n-octyl-D-glucamine remains in solu-
tion in the acidic medium. : :

S0

The N-n~o_ctyl-D-glucamine is substantially. insoluble .
in water, thus permitting recovery thereof in high yields -.

from aqueous systems. This is also true for other resolv-

ing agents of this invention where R is alkyl having at

least 6 carbon atoms, e.g., those resolving agents where
R is alky!l having from 6 to 18 carbon atoms..

The ‘material enriched in | 2-(6-m¢thoxy-2-naphthyl)3

. propionic acid or the ‘N-R-D-glucamine sait thereof

(where R is as defined above) can be processed to re-

cover | 2-(6-methoxy-2-naphthyl)propion‘iq acid which

can then be racemized according to known techniques

to give a material having _

' methoxy-z-naphthyl)propiohic acid. ‘See, for example,

. . Ay

.‘2-(6-methoxy-2-napl.1thyl)propionic -acid,. to provide

Dyson U.S.. Pat. No. 3,686,183, This material can be.
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+ + Accordingly, the térm “N-R-D-glucamine" (where R js'
.. as defined above) is intended to include “thosé salts"

. " thereof which, when uséd with an a
a-higher’ content of d 2-(6- -

6

recycled, either alone -or in combination with other d,l -~

form the more insoluble salt thereof with thé d 2-(6-, . ..
'methoxy-Z'—naphthyl)propionic acid, the remainder of . -
the resolving agent (generally on the. order of ‘up-to :

about-40-50 molar ‘%) can be replaced, if desired, with: " .-

a more inexpensive base, including, . for example, an

inorganic base such as-an alkali metal hydroxide, such as. . -

sodium hydroxide or potassium hydroxide; ‘or an-or-:
ganic tertiary amine such
amine, tribtylamine, etc. _ : NI

The aqueous mother liquors resulting from.the isola-.

as triethylamine, tricthanol:- -~ .-

tion of d 2-,(6-methoxy-2-naphthy1)propionic acid.andd.. -

2-(6-methoxy-2-’naphth‘yl)propiqnic ‘acid contain,. for
" example, salts of the resolving agent: with the acid .uti-" - ..
step. Such mother liquors can

lized in the acidification

be treated with ‘an. inorganic base to form the corre«
sponding insoluble salt with the N-R-D-glucaming, -

such as, for example,
calcium ‘hydroxide to

treatment with a suspension of . - .
Precipitate the corresponding- - .
calcium salt, which is removed by filtration. The filtrate.

is concentrated under- vacuum at elevated temperatures’

to dryness, first removing any further salt,.e.g. the cal-. - .
cium salt, which is formed during the early stages of the - - -
concentration ‘process. The residue is dissolved in a" e

suitablé solvent at an elevated temperature up.to .the
reflux ‘temperature of ‘the solvent, ‘and 'then’ cooled to

‘Toom temperature, to thereby afford the resolving agent . e
‘as a crystalline precipitate ‘which can.be reused, either ;. :

“alone-or in combination . with new material, in the: reso.

" lution process of this invention’ Alternatively, the:re-; .-
" solving agent can be recovered through»usc of an anion.

exchange resin and recycled for reuse,

The terms “mixture of d 21(6-methoXy-2-i_1éphvthyrl):-"-l S

propionic acid and 'd' 2-(6-methoxy-3-naphthyi)pro-

pionic acid” is .also intended to .include. those. salts .

thereof which are soluble in..the'solvem utilized in'the: . - 3
resolution process of this invention. Such salts.include, -, -

for example, the corresponding sodium salts, potassium

.salts, lithium salts, and the like. Such salts can be :plf(?-,..'.': -
pared by the addition: of base, such as an alkali metal : .’

hydroxide, for example,
ide, to a solution of the

sadium or potassium hydrox- . |
mixture of the d and 1 2:(6: 0 .
me‘thoxy-z-naphthyl)propionic acid. The resulting mix-+

ture of d 2-(6-methoxy-'2-naphthyl)p:opionic‘acid andl ..

' 2-(6-methoxy-2~naphthyl)propionic acid. salts’ can..be

resolved according to the present invention by use of-a ' -

salt of the'resolving agent which will react to form.a salt -

of d 2_-(6~methoxy-2-naphthyl)propionic'acid-wizh the.

N-R-D-glucamine. Suitable glucamine salts include, for
| , and the acetate: salti . .
Other salts include thepropionat_e_'salt, butyrate salt, -

example, .the "hydrochloride salt

isobutyrate "salt, sulfate salt, nitrate salt;-and the like.

the mixture of d and 1
pionic acid, will
hereby. - :

appropriate. salt. of -
2-(6-methoxy-Z-naphthyl)prq-,' e
afford the" resolution - contemplated. .. * .. -

- The’ ~N-R-D-glucaminé. salté : of 'd .2;(6-rﬁéfho'xya2L-4 e

e P PRE KR

. haphthyl)propionic acid are .useful as: anti-inflamma- . .



- tory,

. gregation’ inhibitors, fibrinolytic agents and as'smooth

' elaxants. The aforésaid salts are also useful in .
the:treatment of dysmenorrhoea and: tire,age‘nts for .
alleviating post-menopausal symptoms. . o

.- Accotdingly, such salts would be useful in the treat- .

.. ment and’elimination of inflammation such as inflamma-

- lets, suppasitories, - pills, capsules,  sclu-
‘x';&p'ensions, creams, lotions, ointments, or the -
like; preferably in unit dosage forms suitable for simple,

- tions, -

“..’compositions will- include a convent

s
~

-muscl

a'mi,lgeéic, and/or an:tx;py_re_'tic agents, platelet ag-

-':'4.,5_115.,811~ S

- ‘The aforesaid saits are

relaxants and: thus are

- the: preghancy ‘of ‘pregnant

tory:conditions of the muscular skeletal system, skeletal. - .

Joints and other tissues, for. example, in.the treatment of
- inflammatory conditions .such. as :r,heumatisrr’x., .concus- -
ateration, arthritis, bone fractures, post-traumatic .-
.- .conditidns, and gout. In those cases in which the above

sion; 1

conditions’ include pain and pyrexia coupled with in-

-flammation, such salts would be useful for the relief of

these conditions as well as the inflammation. . ©
" -Administration of the aforesaid salts inan appropriate

pharmaceutical composition can‘be via any of the ac-
cepted-modes of administration of, agents for the treat-

ment-of inflammation, pain, or pyrexia. Thus, adminis-
‘tration tafi be, for example, .Oral_ly‘,:'pa;eri'terally'(as by,

| e.g., injéction), or topically, -in the form of solid, semi- -

solid or'liquid dosage forms, such as, for example,. tab-

powders, liquid scly-

administration of precise dosages. Such pharmaceutizal
ional; pharmaceuti-

" state for.an:indefi
instances, the pre
“prolonged”
ieither.the méther an
K "I‘he_afo'rcsg'aid ‘salts ar
- ing the onset of, or for
. in-this application,
- parturition”-
20" tion caused
. have begun. Thus, it is intended that the aforementioned .. - -
rtion prevention' early in pregnancy

cal ¢arrier, or excipient dnd a salt ©of N-R-D:glucamine. -

~with d .'2:(.6-methoxy-.2~naphthyl)propionic acid, and, in’

' addition, ay include other medicinal .agents, pharma-

ceutical'agents, carriers, ad ljuvants, etc..

10~

The preferred manner of -administration is: oral using”

a convenient daily dosage regimen which can be zd-

.-justed according to the degree of affliction. Generally,
" ardaily dose of from 2 mg. to 20 mg. of the aforesaid salt
- pér kilogram: of- body. weight is used.. For such oral -
: admihis’tﬁq{ion, a pharmaceutically acceptable non-toxic
- composition is formed by:an incorporation of any of the
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to be favorable,
/or the fetus, It
“certain. instances,
~already begun (i.e.

‘‘viable™. In either case,
‘Prophylatic agents:in'that
- brevent the onset of pa
“particularly useful'in; th
" history of' spontaneous:
" ture- delivery (i.é., deli
-administration is also

-'indications that ‘the p
“'prior to that tim,

useful ‘as agents f

~or more favorable, for the Mot
should be understood, however: -
for example where: ‘parturition - has .- .
, the mother is.experiencing uterine -
- contractions, especially near full tefm), that administra-.
: tion of the aforesaid salts ‘may.not maintain the pregnant - -
nite period of time. Ra : .
gnancy will, most probably, be slightly

also uterine smdpt

‘mammals;.

ther, in.such

,.2 factor ‘which may bé.ad‘vanpageous to

d/or the fetus. . - S
e also used as agents for delay-.; .
Postponing, parturition. Asused - -

the phrase “io delay the ‘onset of .
is, intendgd to cover that delay:in ‘parturi-

by the administration of one of the aforesaid’
. salts at any time before uterine ‘muscle’ contractions

" phtase covér abo
“(i.e., before the
*- prémature parturition,
- . with reference to that

" and/or fetus.

normally” employed excipients; 'such as, for example, -

" .pharmaceutical- grades of ménnitol, lactose; starch,

‘magresium stearate, sodium " saccharin,. talcum, cellu-
Iose’,,‘g]gi:ose, Sucrose, magnesium carbonate, and the

40

I.ike."Sﬁ,ch"compositibns‘take the form of solutions, ‘sus-. -

' -pensions;- tablets, pills, capsules, powders, sustained
", 'releasé formulations and the Tlike, . U
A ‘suppository using; for example, polyalkylene gly- .
cols, such as pol Ypropylene glycol, as the carrier can be
fdmu]a’tqd,. .Liquid - pharmaceutically administerable
- _ fompositions, can, for' example, .be prepared. by - dis-
""solvjhg,-'dispersing; etc. the aforesaid salt and optional
. . pharaceutical adjuvants in a-carrier, such as, for exam-
" .ple, water, saline, aqueous dextrose, glycerol, ethanal,
and.the like, to thereby form a solution.or suspension, If
. desiréd; the pharmaceutical composition to be ddminis- -
- tered.may also contain minor- amounts of non-toxie

.
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tion' caused

‘salts after u
condition o

severity of

the

* . As used' in- this. applicat
parturition”

.contraction

. tions have taken place wil

50
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~auxilidry *$ubstances such’ as wetting’ or émulsifying

agents, pH buffering agents and -the like, such as for

s ..,e‘xam';}ile, sodium acetate, sorbitan monolaurate, triethz- -
nqla.m‘i:ie.olleate,ctc.. R N o
* "Attual ‘methods of preparing such dosage forms sre

| event; ‘contain a quantity of thé aforesaid Salt(s) in a.

phatmaceutically effective amount for relief of the par-- *
" ticular ¢ondition being treated ‘in accordance with the .-

teachings hereof.

8
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- known;.or:will be apparent, to those skilled in this ary -
for examplé, see Remington’s Pharmaceurical Sciencer,
.. Mack, Publishing Company,. Eastor, -Pa., 14th Edition, - .1
'1970.. Thé ‘composition- to be administered will, in any’

For example, the
ind/or the dur

"of parturition
tractions altogether. I
prolong the. gestation
_the condition of the
“effect may either be sl

the mother, or to oc
‘-and/or place, - _ , e
' With respect to animals, this treatmient’ ¢ be
utilized to synchronize the deliveries from'a -group’of.
‘prégnant animals to happen at or abou

- In all cases, administrati
best'and/or accepted medi
$0. as to maximize the ‘be
fetus: For example,
* “ued so.long past full term

urt

A

being *

LS T i

on'should be consistent w :
cal (or verterinary) pactices " - L
nefits to the mother. and: the'!
administration should not. be.contin- "

fetus-is “‘viable™) as well as delaying .
on, -a term which sometimes is used

premature labor experienced later ;
~-in-the pregnancy which -the. fetus is vcé)nsid_ere.d.fto. be
the agents are administered as . -

such administration tends to -

rtutition. This administration s
e'treatment. of women having a
abortion, miscarriage or prema- . -
very prior to full term). Such
useful where there are’ clinical o
regnancy . mighit--be “terminated -
e considered favorable to the ‘mother . -

ipn,{ the phrase’ “bgsfpofﬁng

is intended to cover that delay in parturi-. " *
by the administration of one of the aforesaid "
terine muscle contraction have begiin. The. "
f the patient, including the time 'within}.fthe{
gestation period when the contractions have begun, ‘the'
s and-how long the.contrac.. -

1 affect the results achieved. -

- effect.can be to reduce the intensity .
ation of the contractions (the actualiact. .
prolonged”), or td.stop.the con- "
n either case, the effect willbeto . :
-period although, depending upon' .
patient as described . above;. the
ght or, under appropriate circum-. S
stances, somewhat greater, Such administration may be - - -
1o prevent spontaneous abortion, to catise .the' ]
"10-be more easily accomplished"and/or less p
CUT. at 8 more appropr,

t the same time,"

that the fetus dies in-utero.

that in " -

delivery - .




In the practice of this aspect of the present invention,
a therapeutically effective amount of one of the afore-

4,515,811

said salts or a pharmaceutical.co'mpositiori'containing' <

an aforesaid salt is administered to. the pregnant inam-
mal via any of the usual and acceptable methods kriown
in-the art. The salt can be administered either singly or

. in combination with another compound or compounds,

as defined above, or other pharmaceutical agents, carri-

ers, adjuvants, etc. Such salt(s) or compositions can be :

-administered orally or parenterally in the doses and .in
the forms (including oral, vaginal ‘or uterine tablets or

suppositories, etc.) as set forth above regarding anti-in- -

- flammatory, etc. activities, Administration can :te a.
single daily dose or up to 3 or 4 smaller doses regularly

given throughout the day. The dctual amount of the salt.
administered will, of course, depend -on its. relati'vel'ac--

tivity for this particular utility. O
DESCRIPTION OF SPECIFIC EMBOD,IMEN'JFS

The fbllowing' specific d,es‘cr'iption is given to enable 2

those skilled ini this art.to more clearly understand gnd
practice the present invention. It should not. be consid-

, © ered as a limitation upon the scope of the invention but

‘_,

#

(A

“imerely as being illustrative and representative thereof,
' © . PREPARATION 1

“~ 18 G. of D-glucose, 20 ml. of ' 70% ethylamine in

‘water and 1 g. of Raney Nickel in 140 m). of methanol

—

5
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1 and 30 ml. of water are treated with hydrogen at 160 psi.

for 2 hours at 60° C. The solution is filtered to remove

the catalyst, the solvent concentrated at low pressure, . .

the precipitate dissolved in 50 ml. of methanol, and the

resultant.solution filtered and cooled to give 15.5 g of -
N-ethyl-D-glucamine [m.p. :132°-134° C,; [a]u_— 15.4°.

(water)] as a precipitate.
o PREPARATION2 - - .
18 G. of D-glucose, 20 ml. of n-propylamine and 1 g.

35

of Raney Nickel in 140 ml.-of methanol and 40 ml. of .

water are treated with hydrogen at 160-psi for 2 hours
at 60° C. 40 ML. of water is added to'dissolve the precip-

itate, the solution.is filtered to- remove the catalyst, the'

solvent concentrated at low pressure, the residue dis-
solved in 100 ml. of methanol, and the resultant solution
cooled to give 14.6 g. of N.—’n-propyl-D-gluc’axﬁine [m.p.
141°-143° C; [a]p—15.2° (water)] ‘as a precipitate. -

. PREPARATION 3
mine for 2 hours, 5 ml. of -ethanol is added and the
mixture stirred overnight. The excess isopropylamine
~and the ethanol are removed at low pressure, the resi-,
due is dissolved in 180 ml. of methanol and treated
overnight at 50° C. with 1 8- of 5% Palladium on char-
coal and hydrogen (176 psi). The methanol solution is
filtered to remove the -catalyst, concentrated at low

pressure, and the resultant. residue fecrystallized from -

40

-and stored overnight at

- at low pressure, and the resultant residue recrystallized °

from ethanol to give 13.3 g. of N-.n-butyl-D-.'glu.cam_ir_le R

{m.p. 129°-131° C,; [alp—14.30° (water)]... -
~ PREPARATION § '

18 G. of D-glucose, :22'g..of iso-butylamine and'1 grof i
" Raney Nickel in 140 ml. of methanol and 40 ml. of water

are treated with hydrogen at 160 psi for 2 hours at 60°

C. The solution is filtered to remove.the catalyst, and- . L

is recovered by filtration. 6.6 G. of ‘N-iso-butyl-D-
sulfoxide) is obtained. .

" PREPARATION 6.

. 18 G. of D;giucoée,' 9.9 g. of .cyclohexylém_iri.'e' and 1.-

stored overnight at —10° C. to give a precipitate which . © .

" glucamine [m.p. 138’-143.°' C.; [a]Dfl&S‘." {difnethyl- . : o

8- of Raney Nickel in 140 ml: of methanol and 40 mlaof: -

water are treated with hydrogen at 160 psi for 2 hours
at 60° C. The solution is filtered to remove the catalyst,

yl-D-glucamine [m.p.
methylsulfoxide)) is obtained.. .

' PREPARATION 7

~10° C. to give.a precipitate-, ' -
which is recovered by filtration. 2.35 G. of N:cyclohex- -
144°-146° C,; [o]p+20.4" (di-

- 18 G. of D-glucose, 25'ml. of n-octylamine and 1 g.of .+
Raney Nickel in 140-m] of methanol and 40 ml of water "
-‘are treated with hydrogen at 160 psi for 3’ houts'at. 60° - -
C. The reaction mixture is'slurried with 300 ml.; of di-. -
chloromethane to dissolve most of the resultant precipi--: .
-tate, filtered to remove the catalyst, and concentrated at . -
low pressure to give 9.2 g. of N-n-octyl-D-glucamine .

[m.p. 120°-122° C; [alp—16.6" (dimethylsulfoxide)).. " -

PREPARATION 8

18 G. of D-glucose, '18.5.g. of n-dbdec’ylaxi:ine«,and 1. _'
g- of Raney nickel in 140 ml. of methanol and 40 ml.of

water are treated with hydrogen at’ 160 psi-for 2. hours - -

and stored overnight at

" at 60° C. The solution is-filtered to remove the c'ataiyst; o .
—10° C. The precipitate (20.35 . . -

" 8.)'which results is recovered by filtration. .10 'G: of the P
latter and 1 g. of Raney Nickel in.200 ml: of methanol- - -

© are treated overnight with hydrogen at 180 psiaté60° C. .
45

.. of D-glucose is mixed' with 9 g. of isb-propyla—' .

ethanol to give 5.7 g. of N-isopropyl-D-glucamine [mp. -

134°-136° C.; [a]p—13.15° (water)].
o  PREPARATION 4 ,
18 G. of D-glucose is mixed with 21.9 g. of n-butyla-

[

mine and 180 ml. of methanol at reflux for one hour, the -
excess n-butylamine and the methanol are removed at . -

low pressure, and the residue is dissolved in 180 ml. of
methanol and treated overnight at 60° C.-with 1.5 g. of
5% Palladium on charcoal and hydrogen (180 psi). The
solution is filtered to remove the catalyst, concentrated

65

" ature- for 2 hours,

with about 250 ml. of ‘methanol and J
‘vacuum (with a slight nitrogen bleed) at about 53°C.to’ .
thereby afford 39.5 8. of collected material. 2.0G. ofthe "~

The reduction with hydrogen is then COnti,ri.i;e_d}for.-. an

additional 3.5 hours at 180 psi and 105°.C..The reaction 5 B

mixture is heated to dissolve a precipitate which results,

and filtered to remove the catalyst. ’I‘he,react»ionvmix-.' S
ture is cooled to room temperature, held at that témper-: ...
then filtered to give 4.59 g of Nen- © .
[m.p. 122°-125¢ Cﬁ‘[a]D-f'M-O"f

dodecyl-D-glu‘caming
(dimethylgulfoxide)]. "

PREPARATION 9 - -

, 18.0 G. of glucose and 27.0 g of n-o&:tadeciylar_niné - R
are stirred in 500 ml. of methanol for approximately 60

hours. The precipitate which forms is collected; washed -~

then dried under

latter is mixed with 0.5 g of 5% palladium on charcoai - s

in 200 ml: of isopropanol and treated with hydrogen -
‘ precipitate which .
results is dissolved by heating the solvent. The reaction -
mixture is filtered through celite to remove the catalyst
. and cooled to'give 1.5 g. of N-nfdctadecylfDégl,uqamir‘xe‘ '?
(m.p. 1 24°-126° C.). 0.4 G. of the latter -iédiéso_lv'cd.ih" 20

(300 psi) overnight .at 50° C. The

ml. of Heated. isopropariol, filtered and cooled to give..



with-hydrogen (100 psi) overnight at
_Precipitate which forms is collected and redissolved in
- 200 ml: of methanol, filtered through celite to remove. -
- the cdtalyst, and cooled : ‘
glucamine. [m.p, 125°-126° C; [a]p—18.6° (dimethyl-

'4'.'60,G.;-“o‘f “,d;l 2-‘(6'-m'éthoxy'~2~naphthyl)propionic' '

acid.is"heated' with. 1.01 g. of triethylamine (0.5 equiva- -

of bhriﬁed N'-n-optadecy]’-D"-gllucam'inc' [m.b.
126° C., [a]p~10.6° (pyridine)]. - Lo

' PREPARATION. 10 .

7018 .,:?_C"i'._‘_jo'f'- glucose and-10.1 g. of ‘n-hexylamine. are -

stirred ‘at.room temperature in 145 mi.

of methanc¢ for

4515811

ap'prOxjmately 60 hours. The reaction mixture is mixed -

with-1:0.g. of 5% palladium. on ‘charcoal and treated
) 45°~50° C. The

to give 15.03 g. of N-n-hexy!-D-

sulfoXi'de_ﬂ as.a precipitate. .
" “* ' EXAMPLET -

Xl

lent) in 35 ml. of isopropanol‘to about the reflux temper-

‘ature of the solvent to-dissolve- the 4,1 2-(6-methoxy-2:-

0.50 G, of the first recrystallized materia
preceding paragraph [i.e. the material enriche
salt .of d 2-(6-methoxy-2-naphthyl)propjo ¢
N-ethyl,D-glucamine] is dissolved in.10 m| of
ous isopropanol and 0.5'ml. of water at aboi
temperature of the solvent. The solution i

room temperature to give 0.43 g. of a second-recrystal:

- lized-material '(m.lp. 169°-170° C.)..A sample of the latter

is treated with hydrochloric acid as set forth in the first
paragraph of this Example to give a material even fur..

. ther ‘enriched in d. 27(6-methoxy-2-naphthyl)propionic .

20

- naplithyl)propionic acid. 2:.09 G of N:ethyl-D-gluca- ‘

mine (0.5 equivalent) are added and  the solution is
cooled t6:room temperature -(i.e. about 20°-23° C) to

gived42'g of a material enriched in the salt of d 2-(6-

methoxy-2-naphthyl)propionic acid with N-ethyl-ID-

glucamine (m.p. 153°-161°C.). A sample of the latter is.

dissolved in about 25 ml. of water heated to about 8)°

' C., treated with hydrochloric acid unti] acidic at which

‘time a‘material enriched in

- 1.00 G. of the material enriched in the salt

‘ d 2'-(6-me,thoxy-'2-naphthyl)-
propionic acid precipitates

ered:by filtration ([a]p+27.7° (chloroform)).

out of solution and is recov- :

: of d 2-(¢- -
‘methqu72rpropionic acid with N-ethyI~D-glucar;iine'is C

- dissolved in 19.5.ml. ofisopropanol and 1.5 ml of water -

at about’the reflux temperature of the solvent, The

solution is cooled to room temperature to give 0.65 g. of

"a recrystallized salt (m.p. 167°~169° C.). This material i

treated with hydrochloric acid as set forth above in the

. preceding paragraph to give a material further eririched

in SadiE 2."(6-methoxy-z-naph;};y])p,-opipnic - acid
... (a]lp+56.0° (chloroform)). . - . T
SFUEL L EXAMPBLE2. C

. .4.60 G. of d,1 2'(,6'met.hc"xY*z'naphthyl)propioni c

‘acid i§ heated with 1.0]. g- of triethylamine (05 equiva-

lent).in- 30-ml. of isopropanol and. 1.5 ml of water to
about:the reflux temperature of the solvent to’ dissolve

the d,} 2_9(6-methoxy-2~naph,thyl)propion‘ic acid. 2.09 G; -

- of N-ét;hy}-Déglpcamine.arg added .and the solution ‘is -
e T cooled-to room temperature to give 4,32 8. of a material .
enriched in the salt of d

2-(6-mgt~hoxy—2-naphthy])pro-

: pionglé",h;id with N-ethyl-D:gluéamine (m.p. 149°-156°

£). A

. ‘water heated to'about 80° ‘'C., treatéd. with hydrochloric

i 2'-(6-n1e'thoxy¢24naphthyl)p;0pionic ‘acid

(lalp335.9%). .
7. 1.00 Gi-of the material

acid until acidic at which time a material enriched in d

out " of - solution and

. _'g]uc_:amjne‘ is dissolved in 20 ml. of 5% aqueous .isopro-
“ panol.and ;1.0 ml of water at about the reflux tempera-
ture‘of the solvent. The solution is cooled to.room tem- .

- with- }iydfgqh]o;ic acid
, paragraph.to give a material further enriched in
o Tm¢thpxy--2

s perature to give 0.70 g. of a first recrystallized material

(mip, 167°:168° C.). A sample of the latter is treated
as set forth in the preceding
: d 2-(6-
-naphthyl)propioni¢ acid ([a]p+55.4°).

: enriched in the salt of d 2.(6. . -
;mtho_'xy-ZTnaphth'yl)propioriic -acid - with N-ethyl-D:-

~ . latter is dissolved in' about 25

40
. is recovered by filtration (falp+38.1°).

" with Nfet.hyl_-D-glucamine] is

- to'room temperature to give

acid ({a]p+62.0%). : . :
0.33 G. of the second recrystallized material from the, . -
preceding paragraph [i.e., the material further.enriched -
in the salt of d 2-(6-metho:‘cy-2-naphthyl)pro'pidniq acid,
dissolved in 12 ml. of 59 - - -
aqueous-isopropanol and 1.0' ml. of water at about ‘the
reflux temperature of the solvent. The solution is.cooled
0.27g. of a third recrystal-
lized material. The latter is treated with hydrochloric -
acid as set forth in the first paragraph of this Example to -
give substantially pure d 2-(6-methoxy-2~naphthyl)pro- .
pionic acid ([a]p+67.1°).. . e

EXAMPLE 3

.1 72,30 G -'.of' d'",lA.2-(6-methoxy-2-na§hthyl)propi’dnic"’
* acid is heated with

05g. of triethylamine in 23 ml. of- |
denatured ethanol t6 about the reflux temperature of the
solvent t6 dissolve the d,r 2-(6-methoxy-z-naphthyl)pro-.- :

- pionic acid. 1.05 G, of 'N-éthyl-D-glucamine are added,

and the solution is seeded with a small amount of the .
salt of d 2-(6-methoxy-21naphthyl)propionic,'acid with®
-ethyl-D-glucamine and then cooled to room temper- °

' ature to-give 1.95 g. of a material enriched in the salt of .
.35

d -_2-(6-methoxy-2-naphthyl)propionic,, acid - with N-
ethyl-D-glucamine (m.p.-157°-160° C.). A sample of the '
( ml. of water heated to .
about 80° C., treated with hydrochloric acid until acidic. . . -
at which time & material enriched in d 2-(6-methioxy-2. )
naphthyl)propionic acid precipitates out of solution and .

- L0 G. of the material enriched in the salt of d i-(6- -
methoxy-zan_aphthyl)propionic acid with: N-ethyl-D. «:

. glucamirie is dissolved in 15 ml. of ‘the denatured etha. .

45

sample of the latter is dissolved in about 25 ml. of .

55

. precipitates -
'is- recovered” by filtration -
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_glucamine (m.p. 167°-168°

60

“glucamine (0.5 equivalent) are added
. cooled to room: temperature to

"nol at about the reflux ‘temperature of the solvent. The -
- solution.is slowly cooled, seeded with a small

amount of
the salt of d 2-(6'-me'thoxy-2-naphthyl)propionj¢ acid .
with N-eth’yl-D-glucamine, and then further cooled to":-
room temperature to give, after recovery by filtration;"

. 0.65 g. of 2 material -enriched. in the salt of .d 2-(6- ..

methoxy-2-naphthyl)propionic acid with N-ethyl:D-
' _ C.). A sample of the latter'is
dissclved in'about 25 ml. of water heated o about 80°%
C., treated with hydrochloric acid until acidic at which
time a material enriched in d 2-(6-methoxy-‘2-_n'aphthy.1)‘--
propionic acid precipitates out of solution and:is recov-
ered by filtration ([alp+61.6°). . .. T

'EXAMPLE 4 - :
1460 G. -of d| ic
acid is heated with 1.01 8. of triethylamine (0.5 equiva- -\ -

“lent) in-35 ml. of isopropanol to about the reflux temper- -

ature of the solvent to dissolve the d,1 2-(6-methoxy-2- -
naphthyl)propionic acid. 233 G. of N-n-propyl-D- -
and the solution is
 give 4.68 g. of a material
enriched in. the salt of d _27(6-'methoxy-2-nap'hthy1)pro-'-

- pionic. acid .with " N-n:propyl-D-glucamine (m.p..

o e
LRIV O

lee -« n
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 173°—175" C.). A sample of the latter is dissolved in
. about 25 ml. of water heated to about 80° C.; treated
with hydrochloric acid until acidic at which time a

material enriched in'd 2-(

pionic.acid precipitates out of solution and is recovered .

by filtration ([a]p+46.4°).
1.00 G. of the material en

D-glucamine is dissolved in

6-methoxy-2-naphthyl)prq-

riched in the salt of d 2<- :
methoxy~2-naphthyl)propionic acid with N-n-propyl-

19.5 ml. of isopropanol and

2.5 ml. of water at about the reflux temperature of the

solvent. The solution is cooled to room temperature to

give 0.82 g. of a recrystallized salt (m.p. 180°-181° C.).

This material is treated with hydrochloric acid as set
forth in the preceding paragraph to give substantially
pure 2-(6-metho,xy-27naphthyl)propioni.c o acid

' ([a]D-f-.68.(.)°).

EXAMPLE 5

460 G. of d, 2-(6-meth'dxy-2-n,aphthyl)p‘ropionic
acid is heated with 1.01 8. of triethylamine (0.5 equiva-

lent) in 35 ml. of isopropanol
ature of the solvent to disso
. naphthyl)propionic acid. 2.

to about the reflux temper- -

lve the d,1 2-(6-methoxy-2-
23 G. of N-iso-propyi-D-

b~ glucamine (0.5 equivalent) are added and the solution is
cooled to room temperature give 4.43 g, of a material

* of the latter is dissolved

>
1

.-

enfiched in the.salt of d 2+(

6-methoxy-z-naphthyl)prc'-

12

aqueous jsopropanol at.about the. reflux temperature of*

the solvent. The solution is cooled to room temperature - .
“to give 0.43 g, of a sécond recrystallized material (m.p: .- -

/

4

0.50 G. of the first recrystallized ‘material . from the " .
' preceding paragraph [i.e.-thevmaterial. enriched in the -~ .
salt of d 2-(6-methoxy-2-n_aphthyl)propio‘nic- acid-with -

' N-isopropyl'-D‘-quca;mine] is dissolved in 10 ml of 59 -

153°-154° C.). A sample of the latter is treated with - T
hydrochloric.acid as set forth in_the first paragraph of -

this Example to give a material even further enriched in A
d 2-(6-methoxy1Z-naph‘thyl)propior‘iig: I racid

" (alp+53.2%). T UL
0.32 G. of the second recrystailized material from the R
preceding paragraph [i.e. the material further enriched- . ° .

- of the solvent. The solution'is cooled to room:tempera- -
ture to give 0.29 g. of a third recrystallized material -
“(m.p, 153°-154° C.). The latter is treated -with hydro- -

- Example to give & material yet further enriched in d -

‘25

pionic acid with N-iso-propyl-D:ghicamine. ‘A sample -

to about 80° C.,, treated wi

in about 25 ml. of water heated

th hydrochloric acid until

acidic at which time a material enriched in d 2-(6-
methoxy-2-naphthyl)propioniq acid precipitates out of
soltition and is recovered by filtration ([a]p+28.8°),

1.00 G. of the material en

riched in the salt of d 2-(6-

meth’oxy-z-naphthyl)propionic -acid with N-iso-propyl-

D-glucamine is dissolved in
propanol at about the reflux

21 ml. of 5% aqueous iso-
temperature of the solvent,

The solution is cooled to room temperature to give 0,85

g. of a recrystallized salt.

The latter is treated with -
hydrochloric acid as set forth in the preceding para-
graph to give a material further enrich

‘ methoxy-2~naphthyl)propionic acid ([a]p-+42.7°). :
EXAMPLE 6 - .
hdxy-2.-naphthy_l)propionic '

4.60 G, of dl 2-(6-met
acid is heated with 1.01 g 0

f triethylamine (0.5 equiva-

lent) in 30 ml. of isopropanol and 1.5 ml of water to

about the reflux temperature of the solvent to dissolve .

2 d,] 2-(6-methoxy-2-naph;hyl)propionic acid. 2.23 G.
o N-iso-propyl-D-glucamine are added and the solu-

“Won'is cooled ta room temp
material enriched in the salt
thypropionic acid ‘with-

erature to give 4.38 g. of a
of d 2-(6-methoxy-2»naph-
N-iso-propyl-D-glucamine

(m.p.'146°~148° C.). A sample of the latter is dissolved

in about 25 ml. of water hea

ted to about 80° C., treated

with hydrochloric acid until acidic at which time a

material enriched in d 2-(

6-‘methoxy-2-naphthyl)pro-,

pionic acid precipitates ot of solution and is recovered

by filtration ([alp+26.9°).
1.00 G. of the material en

riched in the salt of ¢ 2-(6-

methoxy-2-naphthyl)propionic acid with N-iso-propyl-

D-glucamine is dissolved in
propanol at about the reflux

20 ml. of 5% aqueous iso-
temperature of the solvent.

The solution is cooled to room temperature to give.0.76
g. of a first recrystallized material (m.p. 151°-152° C.).

A sample of the latter is treated with hydrochloric acid -
as set forth.in the preceding; paragraph to give a mate--

rial further énriched in d 2+(
pionic acid ([a]p+43.0°). ,

6-methoxy‘-z-naphthyl)pro-

ed in d 2-(6-

30

35

40.

45

50°

.55

60

'2-(6-meth'oxy-2-naphthyl)propionic.acid ([a]lp+65.8%).

- in the salt of d -(6-methoxy-2’-néphthyl)pr’opi0ni'cl'acid o
- with N-is_opro_pyl-D-glucamine] is dissolved in 10'ml of " . ..

5% aqueous isopropanol at about the reflux temperature - R

chloric acid as set forth in the first paragraph of this.. .

2-(6-methoxy-2-r_xaphthyl)propionic acid ([a]pﬁ- 51950

EXAMPLE 7

4.60 G. of .d,l '2-(6-methoxy-2-naphthyljpropioriic. -
acid is heated with 1,01 g. of triethylamine (0.5 equiva- .
- lent) in 18 mL. of ethanol to about the reflux temperature S

of the solvent to dissolve the d,1 2-(6-methoxy:2-naph-

thyl)propionic acid. 2.37 G. of 'N-n-butyl-D-gluqamine- -

and an additional 18 ml. of ethanol are added and the .

solution is cooled to room temperature to give 4.28 g: of - -
a material enriched in the salt of d 2-(6-methoxy-2-naph--
thyDpropionic- acid with N-n-butyl-D-glucgmine- (m.p.-*

155°-156° C.). 1.0 G. of the latter is dissolved in about

25 ml. of water heated to about 80° C., treated. with. -
. hy_drochloric.ac;id until acidic at which time. a material - -
enriched in d '2-(6-methoxy-'z-na'phthyl)prop_ionic- acid -

precipitates out of solution and is recovered by filtration o

([alp+-27.4%).

3.0 G. of the material enriched in theisalt'df._d 2.6

methoxy-2-naphthyl)propionic acid with N-p-butyl-D-

-glucamine is dissolved in 48 ml. of ethanol and | ml. of . E
water at about ‘the reflux temperature of the solvent: .
The solution is cooled to room temperature to give 2.64-

" 8 of a recrystallized salt (m:p. 157.5°-158°.C.). 1.0 G. of
the latter is treated with hydrochloric acid as.set forth - -.

in the preceding paragraph to give substantially-pured . -

EXAMPLE 8.

0.28 G. of potassium hydroxide is dissolved in 18 m] ..

of methanol, then.2.30 g. of d,1 2-(6-m'ethoxy,#2-'naph-

thyl)propionic acid and 1.18.g. of N-n-butyl-D-gluca.”

‘mine are added and the ‘methanolic solution heated to . -
about the reflux temperature of the solvent to dissolve - -

the 'd,l 2-(6-methoxy-2snaph‘thyl)propionic acid. The .= . .

solution is slowly cooled, seeded with a small amount of

the salt of d 2-(6-methoxy-2-naphthyl)propionic -acid ¢
“with N-n-butyl-D-g_]u'camine,' and then further cooled. -
to room temperature to give, after recovery by filtration -

and washing, 1.18 g of a material enriched in the salt of.

d 2-(6-methoxy-2-n‘aphthyl)propionic _acid ~with" N-n-.. :
-butyl-D-glucamine. The latter is dissolved in 18 .ml of *
water heated to about 80° C.,-treated with hydrochloric © -

acid until acidic at which time 0.56 g of a material en-

ricl’,gd.' lin“d 24(6-methoxy-2-'naphthy'l)pro‘.pior'xi'c' acid: .

L L S T P



L (alp 56.8°). -

i

 EXAMPLEY -

©2.30-G:oof d,1 2-(6’-methoxy_-‘2-naphthyl)propibni'c, 5
thylamine (0.5 equivalent) are .
etone. 1.19 G. of N-n-butyl-D-
.. glucamineis heated in an additionial 25 ml, of acetone to. -

- 50°.C. 3.5 ML of water in 0.5 inl, increments is added to.

. acid: dand 0.50 g. of trie
dissolved ifi 25 ml. of ac

. solubilize_ the 'N-n-butyl~D-glucamin¢; The. N-n-butyl-’
D-glugamine - solution is added to ‘the- so]

10

ution of d,1 .

i 2=(6-in¢tho)c_y-2-naphthyl)propionic acid at 50° C, with."
stir',riqg", ‘then'cooled to room ‘temperature to give 1.83.¢:

of -a.material enriched.in the salt of d 2-(6-methoxy-2.,
naplithyl)propionic acid with Nen-butyl-D-glucamine

(m:p, 157°158° C, A sample of the latter is dissolved in
- -about 25 ml. -of water ‘heated to_about 80°C, treated:

-with-hydrochloric -acid
material : enriched in .4

-untilacidic at which time a
2.-(6'-methoxy-2‘-naphthyl)pro-

i pionic acid precipitates out of solution and is recovered

" byfi

E) G ‘of .'d,]

Itration ([a]b+61:. ). B
L 'EXAMPLE 10, .
,-(6-met_hoxy-2-naphthyl)px{opionic

* - deidlis heated with 1.01'g, of triethylamine (0.5 equiva-
lent).in 40 ml. of isopropanol and 2.0'ml..of ‘water to” .

"about, the reflux temperature of. the ‘solvent to dissolve:-

15

o 4,515,811 R
" precipitates out of solution and is recovered by filtration. . treated with hydrochloric acid as set' fo
o : oo Lo - paragraph of this Examplé to give a mateji

enriched in'd 2-(6-Ynethqu72;naphthy])’pl"é'p

(elp+54.3).

2.60 G. of d, 2r(‘6-méthoxy-2-naphthyl)prqpionic'
"acid is heated with 0.50 g. of triéthylamine (0.5'equiva-
lent). in 15 mi. of isopropanol and 0.5 ml of watér to - .
temperature of the solvent to dissolve -

about the reflux

s

EXAMPLE 11 - -,

the ,d,l'2-(6-methoxy.—2-naphthyl)propionic‘ acid. There. '

is an immediate‘.precipit’ate when 1.32.g. of N-tyclohex-.
(0.5 equivalent) is added to the heated .
itional 15 ml. of isopropanol and 1.5 ml. .
_of water ‘are added and. the mixture is heated. to about’

- yI-D-glucamine
solutioi. An add

"~ the reflux temperature of the- solvent -to ‘dissolve the

:to give 2.24 g, of a ‘materidl enriched in thesalt of d - -
2-(6~meth6xy-2-naphthyl)propioniq acid  with " N- :
ucamine (m.p. 157°-158° C.). A sample
ssolved.in about 25 ml. of water heated'

- ‘to"about 80° C., treated ‘with hydrochloric ‘acid until o
“acidic at which. time a material enriched in. d 2-(6-°

20.

precipitate. The

cyclohexyl-D-gl
of the latter is di

solution is cooled to room temperature

" ‘methoxy-'Z-naphthy])ptqpioniC acid precipitates out o}‘ . :
25 ‘solution and'is recovered by filtration’ (la]p+38.7°).

. me'thOxy-Z-naphthyl)'propionic acid with N-cyclohexyl- - -

the d-,l.,.:25(6-methq5xy-24naphthyl)ﬁropiqniq acid: 2.37 G, -

".of N-jiso;-butyl-D.-glucamixie‘ are-added. and the solution. -
" is cooled to.room-temperature to give 4.53 g. of a mate:’

30

rial‘enriched in the salt of d 2-(6-methoxy-2-naphthyl)-
propionic- acid with. ‘N*iso-,b'uty]-D-glucamin_e' (m.p.

. 150°%:152° C). A samip]

" with “hydrochloric .acid
, 'ma,treir.i.all ‘enriched in d

" 1.00.G. of the

D-glqcamine is dissolved in 20 ml. of 5% ‘aqueous iso-
; propanol at about the reflux temperature of. the'solvent.
] ooled to room temperature to give 0.79 .
'8: of a first recrystallized ‘material (m.p. -159°~160° C).

" The solution is ¢

material enriched in the salt of d'2-(6.

: A samplé of the latter is treated: with hydrochloric acig-

- ple of: the latier is dissolved. in.
" abaiit ‘25 ‘ml. ‘of ‘water ‘heated to about 80°.C,, treated-

until: acidic .at which time -a -
. 2-(61m‘ethoxy-2-napht_h':{l)prqé:.

" pionic acid ‘precipitates out of sdlixtiqnandis-reccver.ed o

- ., by filtration. ({(a]p+30.2°).. o
o ' 1 enriched in the salt.of 4 2.(6- -

-1.00 G. of the materia
‘m'e,thgixy-zénaphthyl)pro

pionic. acid with. N-iso-butyl-

D-glucamine is dissolved.in. 20'ml. of 5% aqueous iso-

propanol at about the reflux temperature of the solvent,
: TOOM temperature to- give 0.85:
g- of &' first recrystallized material (m.p. 154°~156° C.). -

The solution is cooled to

. A’'sample of the latter is.

as set forth in the precedihg paragraph to give a mate-.

treated with hydrochloric acid

. rial furtl;e;}e‘nriched ind «2-(6~ineth_oxy-2—naphthyl)pro-

‘ »*’-._pionic_":vfaéid'([d]D+4O.'3‘i)v.‘ o i .
<" 0.80'G. of the first recrystallized material frcm. the

Q}. ~precéding paragraph [i.e., the material enriched in the

40

.-as'set forthin the preceding paragraph to give a mate-" .
_rial further enriched. in d H2-(6-me'tho;gy-2-:r‘x_aphtvhyl)'pi'd~. A

pionic-acid (fa]p+51.7°)."

..~ -0.20-G. of the.first recrystallized 'm'até'ria]'.f;mm the, .

_préceding paragraph {i.¢. the material enriched in the .

“salt of d- 2:(6-methoxy-2-naphthyl)propionic -acid ‘Wwith -
-glucamine] is dissolved in 4ml of 5% ..
‘agueous isopropanol at about the. reflux temperature of '

‘N-cyclohexyl-D

- - ‘the solvent; The

45

solution is cooled to room temperature. .
to give 0.18'g: of a second recrystallized material (m.p.."

160°-161.C). A sample of the latter ‘is-treated with . -

~ hydrochloric acid as.set forth in the. first paragraph of

this Example to give a material-even further entichéd in -
odiy '2-(6-metho;ry,—2-naphthy])pr'opionic.'_ - acid .
- (lalp+603%)... 7T o ' I

50

the solverit. The solution is cooled to room temperature
o 'to give 0.77g. of a second recrystallized materiaj (m.p.
L 156°-157¢ C). A sample :of the latter ‘is. treated with

hydrochloric. acid. as set

this Example to givé am

ST PR * " 2-(6-methoxy-2-
(d)p47.9%. -

* precéding paragraph [i.e

+ Cooled to room temperatiire to. give 0:39. g of 2 third..
recrystallized material (m.p. 157°~158° C)). The latter is

forth'in the first paragraph of .
ateria] even further enriched in.

n‘aphthYl)prppi‘qnic . acid

0.67:G. of the sec'ondf"'recrys_t'allilied, material from the

.55

60

-» the material further enriched -
_in_the salt of d 2-(6-methoxy-naphthyl)propionic acid
. ‘with""N-i.s.oﬁbut'y]-D-qucami»ixe] is dissolved in 16 ml. of
5% aqueous isopropanol. and 1.0 ml. of water at about
the ieflux temperature of: the ‘solvent. The soluzion is

65

0:15 G. of the

. second recrystallized material from the -
- preceding paragraph fi.e. the material further enriched:
in the'salt of d 2'-(6'-.methoxy-2-naphthyl)propionic acid .
- 'with N;Cyclohexyl-D-glixcamine] is dissolved in.5.m. of

5% aqueous isopropanol at about the reflux temperature . |

of the solvent: The solution is cooled to room tempera-.

3 g.of a third. recrystallized .material .
C.). The latter is treated with hydro: -
.chloric acid as set forth in-the first paragraph of this .

ture to give 0.1
(m.p. 161°~162°

Example :o"givg substantially pure d.2'-(6-m¢tho);y-2- . .:

‘naphthyl)propi'oni(: acid ([a]lp+ 65.5°).
o - EXAMPLE 12 .

460 G. of dl' 2-(6-methoxy-2-naphthylpropionic .

acid'is heated with- 1.01 g. of triethylamine. (0:5 equiva
~+lent).in. 30 ml. of isopropanol and 1.5'ml. of water.;

about the reflux
the d,1 2-(6-meth
“of N-n-octyl-D-

.and. the solution

442 g of a material enriched .in the salt. .of *

T AR T

ethe

.temperature of the solvent to"disso \
oxy¢2-naphthyl)pr0piohic acid, 2,93
glucamine (0.5 equivalent) ‘are*addi
is cooled to room. temperature

7




' " 15 . 4
methoxy-2-naphthyl)propionic acid. with N-n-octyl-D-
glucamine (m.p. 138°-140° C.). A sample of the latter is
dissolved in about 25 ml.
C., treated with hydrochloric acid until acidic at which
time a material enriched in d 2-(6-methqu-2-naphthyl)-

propionic acid precipitates out of solution and is recov-

ered by filtration ([alp+54.8°). . . . .

1.00. G. of the material enriched in the salt of d.2-(6~
methoxy-z-naphthyl')px"opionic acid with
glucamine is dissolved in 9.5 ml. of isopropanol and 0.5
ml of water at about the reflux temperature of the sol-
vent. The solution is cooled to room temperaturs to
give 0.85 g. of a recrystallized salt (m.p. 140°~141° C).

This mater-ial is treated with hydrochloric acid -as set -
forth in the preceding paragraph to. give substantially-:
2-(6-methoxy-2-naphthyl)propionic acid

pure d
({alp+65.8%, . .
o EXAMPLE 13. S
0.10 G. of the material enriched in the salt of d 2-(6-
methoxy-2-naphth‘yl)propionic acid with. N‘-n-,oct'yl_'-D'-
glucamine from the first paragraph of Example 17 and

of water heated to about 80°

N-n-octyl-D-

4,515,811

:* D-glucamine is dissolved

5

15

20

0.3.g. of potassium hydroxide in 25 ml. of water are- -

stirred for one hour at room temperature. The precipi-
tate is removed by filtration. The filtrate is treated with

25

hydrochloric acid until acidic at which time a material

enriched in d 2-,(6-methoxy-2-naphthyl)propionic,a'cid

precipitates out of solution and is recovered by filtration -
 ([alp+55.3%. o :

EXAMPLE 14

230 G. of d,l 2-(6-'methoxy~2-naphthyl)propionic .
acid is heated with 0.50 §. of triethylamine (0.5 ‘eqquiva-

lent) in 30 ml. of ethylene glycol to 90° C. to-dissolve
the d,1 2-(6-methoxy-2-‘naphthyl)p'ropionic acid. 147G,
of N-n-octyl-D-glucamine are added and the solution js
cooled to 40° C. and seeded with crystals of the salt of
d '2-(6~methqxy-2-'riaphthyl)propionic -acid ‘with N-n-
octyl-D-glucamine. The -reaction mixture is stirred

"overnight at room temperature to give 1.47 g. of & mate-

rial enriched in
propionic . acid . with N-n-octyl-D-glucamine ‘(m.p.
115%122° C), A sample of the latter is dissolved in
about 25 ml. of water heated to about 80° C., ireated
with - hydrochloric acid until acidic at which time .a
material enriched in .4 '2.-(6-m'ethoxy-2—naphth yDpro-

pionic acid precipitates out of solution and is recovered"

be“tration ((a]p+ 65.5°). o
~ EXAMPLE 15

N N
L

230 G. of d,

30

35

' ‘naphthyl)propionic acid, _

* glucamine (0.5 equivalent) are added; and' the solution.".
.. filtered while hot to réemove some . turbidity, cooled i
- 40 slightly, then seeded with a small amount, of the salt of ...
the salt of d 2-(6-me.thoxy-2-naplnthyl)-.‘ -

45

50

about the reflux temperature of the solvent to dissolve

the d,1 2-(6-methoxy-2-naphthyl)propionic acid. 1.75 G.

© o of N-n~dqdecyl-D-glucamine .5 equivalent) are added
and the solution is cooled to room temperature to give -

enriched in the salt
methoxy~2-naphthyl)propionic acid with N-n-clodecyl-

" D-glucamine (m.p. 133°-135° C.). A sample of the latter

is suspended in about 25 ml. of water at room tempera-

of d 2-(6-.

55

ture in the presence of 300 mg. of potassium hydroxide -

and held at that temperature for 60 minutes. The precip-

itate is removed by filtration. The filtrate is treated with -

" . hydrochloric acid until acidic at which time a material

enriched in d 2-(6-methoxy-2-naphthy])pro'pibn‘ic acid
precipitates out of solution and is recovered by filtration
([a)p+56.1°). - : ST oo

' - lOOMg of the

. give 0.95 g
60.

"([a]p+68.1°).
65 - :

1.00°G. of the material

The solution is'cooled to room temperature to give'0.88

. 8. of a first recrystallized material (m.p. 135°2137° Ch
- A-sample of the latter'is treated with potassium hydrox- -

enriched in-the salt of d 2-(6.".
methoxy-Z-naphthyl)propiqnic .acid with. N -n-dodecyl- -
in 20 ml. of 5% aqueous iso- . -
.propanol at about the reflux temperature of the.solvent. . -

ide then hydrochléric acid as set forth.in the Preceding .. ) - ‘
' paragraph to-give a material also enriched in d'2-(6-" " " -

methoxy-2-naphthyl)propionic acid ([a]lp+58.9). -
0.62 G. of the first
preceding paragraph [i.e:

recrystallized material:from. the -
the material also enriched in .-
the salt of d 2-(6-methoxy-z-naphthyl)p.rqp’ioni'cj acid -

with N-n-dodecyl-D-glucamine] is dissolved in 15 ml. .

of 5% aqueous isopropanol at about the-réﬂux;-;emp'eraf [
ture of the solvent. The solution is cooled to room tem- .

perature to give 0.59 g. of a second recrystallized mate.- - .-

-rial (m.p. 135°-137°C.). , . Lol
- 0.51 G. of the second recrystallized material from the.
preceding paragraph [i.e.; the material further enriched: " . -
in the salt of d 2-(6-methox‘y'—2-naphthyl)prdp‘iqﬁiq -acid .. .
with. N-n-dodecyl~D-glucamin¢] is dissolved:in 10 ml.

of'5% aqueous isopropariol at about the reflux tempera: ",

. ture of the solvent. Thé solutién is cooled to'room tem- - X
perature to give 0.43 g. of a third recrystallized material .. -

(m.p. 135°~137° C.). The latter is.treated with potassium - -

hydroxide then hydrochloric acid as set forth'in'the first - "

paragraph of this Example to give a material yét further .-
- enriched 'in d 2-(6-methoxy-z-naphthyl)propionic'acid.
([a]lp+67.6%). S Lo

EXAMPLE 16

115 G. of d|l 2-(6-methoxy-2-naphthyl)piGpionic

acid is heated with 0.25 8. of triethylamine (0.5 équiva-.

lent) in 10 ml. of isopropanol to about the reflux-temper-:
. ature of the solvent to dissolve the 'd,] 2-(6-méthoxy-2- L

1.09 G. of N:n

d 27(6-methoxy¢2-'naphthyl)propionic acid. with - N-p-
octadecyl-D-glucamine,

-octadecyl-D-

and then cooled to-room;tem:": .
perature to give 1.55 g. of a material enriched in the salt |

of d.2-(6-methoxy-2-nap'hthyl)propionic acid with N-n. .

octadecyl-D-glucamine (m:p. 123°-127° 'C.)::A sample .

of the latter is suspended in about 25 ml.-6f Water at-

room temperature in the-presence of 300-'mg._'of potas- '
.sium ‘hydroxide and’ held at-that temperature ‘for 60 *
‘minutes. The >
filtrate is treated with hydrochloric acid-until dcidic. at. -
d 2-(6-methoxy-2-.

naphthyl)propionic acid précipitates -out of solution and *

precipitate is removed by filtration, The
which time a material enriched in

is recovered by filtration (alp+57.9%. - - .
1.0 G. of the

material enriched in the salt of d 2460
methoxy-z-naphthyl)propionic acid with N-n-octade-
- ¢yl-D-glucamine is stirred in 10 ml. of isopropanol.at : - -

about the reflux temperature of the solvent.. The solu... .-

tion is cooled

to'room temperature over two hours.to .. -
of a first _recrystallized material . (m.p. -

129°-130° C.).. A sample of the latter is treated with .. -

potassium hydroxide then hydrochloric acid as set forth - o

. in the preceding -paragraph to give a. material  farther

enriched in d 2-(6-metho_xyaZ-naphthy])propionic‘-acid- . . A

"EXAMPLE 17.

LN 4ot T o ot

T,

' sodium ‘of d,l‘-Z-(G-me_thoXy-.Z_-nabH.—- Co
thyl)propionic acid is heated with 100 mg. of the hydro- el



- 'c.hquj.id.e, s:élt of N-n-butyl-D

thesolvent. The ‘reaction.

17
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-glucamine in 2 mi. of 59
" dgileous isopropanol to about the reflux temperature of
mixture is -slowly cooled,
seeded: with a small amount of the salt of d 2-(6. -

. methbxy-2-naphthyl)propionic acid with N:-n-butyl-D- 5
. 8lucamine, and then curther cooled to room tempera-
ture to’give, after recovery by filtration and washing,
. L10"g..of a material enriched in the salt of d 2-(6- . .
me;}i@,’;&y-z-naphthyl)propiqnic. acid- with N-n-butyl-D-

glueamine (m.p. 143°~145° C.). A sample of the latter is 10 :
and treated with hydrochloric acid - -

“dissolved in, water,

‘until acidic at which time 4 material enriched in d 2-(6-: .

- methQxy-,2-vna‘phthyl)propionic acid precipitates out of
solut;’on and is recovered by filtration. ([alp-+54.9%). -

EXAMPLE 18

15

perature for 1.5 hours. The r ipitat
- lected, washed with' 5 ml. of water,. and dtied"}

0.38 g. of N-n-hexyl-D-gl

‘D '2-(6-methoxy-2-naphthyl')p'ropio'nic' acid i

RIS T S
suspended in 10'ml. of water. 0,15 G. of potassiuy
- droxide are added and: the mixture stirred af roori fem.

sultant precipit:

ucamine (m.p. 12

from the filtrate by treatment with hydrochldric dcid’as .
set forth in-the first paragraph of Example 19,. . - P

1.00 G: of the material-
“méthoxy-z-naphthyl)p:op

’ glug‘amnfhe from the first
" .suspended in 8 ml. of wa

EXAMPLE 21 *

enriched:in the sait'of d 2:(6- "
ionic acid with-N-n-hexyl-D-
paragraph of Example 19 is

ter. 0.15°G. of potassium hy- ...

droxide are added and the mixture stirred at room tem-

perature for 45 minutes.

The resultant precipitate is .

overed .

‘methoxy-2-naphthyl)propionic acid with various N-R- .
".D-glucamines in methanol at Toom'temperature and at 20
‘:ef}u'x':a;e given in the following Table: . 7

-~ —al room’ temperature,

. meth_oxy-'z-naphthyl)pmpionic',acid, is recovered by
filtration ([alp+37.2%). : : S

" 1.00'G. of the material '
. metho;g'y;Z-‘naphthyl)propionic‘: acid with N-n-hexyl-D: .

. Thé édlubi]ities of the diastereoisomeric salt pairs of d -

2-(6-m'ethoxy-2-naphthy])prop'ionic acid -and 1 2-(6-
TABLE I
SOLUBILITY IN'MeOH

d 2-(6-methoxy- 1 2-(6-methoxy-

) 2-naphthyl)propionic 2-naphthyl)propionic . -
T acid with . ' - acid with L
R N—R—D-glucaminc : N—R—‘D-glucamine. o
R .7~ 23° C. reflux 23* C. " reflux’
. Cethylos 0.83 . 5.1 30
"o mepropyi: L7 0.31 1.7 6.8 L
“iso-propyl. - 2.3 6.4 6.7 95
nbutyl T 1.3 .92, sp 90,
iso-butyl © 2. : . 10.8 .
cyclohe’xyl,’i Sl ' . .. 231 o
n-octyl. . g 2217 o 3s
n-dodecyl " - (.32 © 8.7 K
EXAMPLE 19

. 230G of d,l 2-(6-meth6xy-2-naphz;hyl)propionic 40

acid is heated with0.45 g. of triethylamine (0.45 equiva-
lent) in 40.ml. of isopropanol and 1.0 ml. of water to
about"80° C. to. dissolve the d,] 2-(‘6—m¢;thoxy.-2-naph‘-
thyl)propionic acid. 1:46 G.of N—n-hexy’l-D'—glucamine

" (0.55 equivalent) is‘added and the solution is cooled to 45
' Toom temperature to give 2.48 g.ofa material enriched -

in the sailt of d 2-,(6-methoxy-2~naphthyl)propionic acid - -

~ * -with -N~n-hexyl-D-gluc'amine (m.p. 131°-132° C), A .

,g

sample of the latter is suspended in about'25 ml. of water .
The resultant precipitate, a material enriched in d-2-(6- ..

1.00.G. of the ‘material enriched in the salt'of d 2-(6-‘ 55

methoxy:2-naphthyl)propionic acid. with N-n-hexyl-D-

glucamine is dissolved in- 10 ml. of 5% aqueous isopro- -
panol at about the reflux temperature of the solvent..

. The sdlution is cooled to room temperature to give 0.75

&. of a first recrystallized salt (m.p. 130°-131° C.). This 60
material is treated with hydrochloric ecid as set forth in

the."-p_r_ecg:ding‘ paragraph to give substantially pure d.
' .’2-(6,§‘rr.1§thoxy'2-naphthyl)propidnic acid ([alp+66.2°).

EXAMPLE 20

- 65
enriched in the salt of d 2-(6-.

glucamine from the first paragraph of Example 19 is

(27100 ml. of solvent). - S '
ml. o solven _ 25

I acidified with hydrochloric acid 50
. and stirred at that temperature for about 60 minutes. -

‘about 60 minutes,

_collected, washed with 2 ml. of water, and dried under
© vacubm (with a slight nitrogen bleed) at'45° C; to give

0.47 g. of N'—n-hexyl-D-gllucamine--(iri,p.; 122°-124° C.).
D 2-(6-"méthoxy-2'maphthy])propionic acid is recovered .
from the filtrate by treatment with-hydrochloric acid as.

~ - setin the first paragraph of Example 19,

EXAMPLE22 = N
230 G. of d 2-(6-methoxy-2-naphthyl)propionic - -
acid.-is heated: with 1.46 g. of N-n'—hexyl-‘D-’.glucamine

. (055 equivalent) in 15 m], of water to about 80° C. 0.17 -

G. of potassium ‘hydroxide (0.45 equivalent) are added"

.

- and the pH of the solution adjusted to, 8 with potassium

carbonate. The solution is seeded with a small amount

* of the salt of d 2-(6'-methoxy-2-naphthy])prqpionic acid’
’ -', " with N-n-hexyl-D-glucamine and cooled to give 1.25 g

of a material enriched in the salt of'd 2(6-methoxy-2-.

EXAMPLE 23 -

. 460 G. of di 2-(6-methoxy-2-naphthylpropionic ..

acid is.heated with 0.91 g. of triethylamine (0.45 equiva-
lent) in 60 ml. of isopropanol to about the reflux temper-

. ature of the solvent to dissolve- the d,] 2-(6-méthoxy-2.- .
‘naphthyDprépionic acid: 3.22 G.of N-n-octyl-D-gluca-
..mine (0.55.equivalent) are added, the solution is cooled . . -

~ slightly'and then seeded with a simall amount Of thé salt -

* naphthyl)propionic acid with. N-n-hexyl-D-glucamine
A(m.p. 125°-127° C.). T o

of d 2-(6-methoxy-2-naphthylypropionic acid With' N o

octyl-D-glucamine to

give a precipitate.. The Tieactibn e

mixture is"aged at 60° C. for 1.5 hours; then: éooled: * -

Overnight to room temperature to give, v
with 20 ml. of isopropanol, 4.9 g. of a material enriched: .

after washing .

in the salt.of d 2-(6-methoxy-2,—naphthy])prop‘ionic.‘ac':jd s

with N-n-octyl-D-glucamine (m.p. 138°-139°+C.): A

sample of the latter.is suspended in about 25:ml. of witer .
- at'room temperature in. the presence of 300.mg. of POl
. tassium hydroxide and held at ‘that temperatiré. f :
The resultant precipitate- is'removed.. .-
by filtration. The filtrate is treated with hydrdchioric-.

for. . :

acid until acidic at which time a material’enriched,in‘'d .~ ' -

i 2-(6-methoxy-27naphthyl)p'ropio'nic acid precipitates-

out “of - solution and is 'recovered by filtration:

([a]D+64.3°)-I n.l.‘-.. . ‘ o
' EXAMPLE 24

4.60 G. éf d,} 2'(6',methoxy~2-néphth).'l)'pli;oﬁ' nie

- acid is slurried with 25 mi. of water and 0.60 g. of potas-

sium hydroxide (0.45. equivalent) at 70° C. for 10 m

utes. 3.22 G. of N-n-octyl-D-glucamine  (0.55 équival-.
~ lent) are'added and the solution is cooled slowly to'50° -

C. A small amount of the salt of d 2-(6-methoxy-2-nap

T ree ow, [N . et

B EEVI TR T (YT
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" thyl)propionic acid with N-n-octyl-D-glucamine is
added and. the solution cooled overnight, with stirring,
to room temperature to give,  after recovery by filtra-

tion, 4.0 g. of a material enfiched in

methoxy-2-naphthyl)propionic acid - with N-n-octyl-D- 5

the salt of d .2-(6-

glucamine (m.p. 138°-140° C.). A sample of the latter is '

suspended in about 25 ml. of water at

room temperature

in the presence of 300 mg. of potassium hydroxide and
held at that temperature for about 60 minutes, The re- -
sultant precipitate is. removed by filtration. The filtrate 10

is treated with hydrochloric acid until acidic at which

time a material enriched in d 2-(6-met

hoxy-2-naphthyl)-

propionic acid precipitates out of solution and is recov:. .

ered by filtration ([a]p-+62.9°).
EXAMPLE 25

18

The procedure of Exa'mplg 24 is repeated using 20 ml. -
- of water to yield 4.05 &. of a material enriched in the salt
of d 2-(6-methoxy-2-naphthyl)propionic acid with N-n-

-octyl-D-glucamine (m.p. 138°-140°
treated with potassium hydroxide t

acid as set forth in Example 24 to give a material en-

C.). The latter is 20
hen hydrochloric

, riched in d 2-(6-methoxy-Z-naphthyl)propionic acid

1" ([a]p+65.1°).
EXAMPLE 26

25

e The procedure of Exémple 24is repeatéd using 15 ml..
\ >f water to yield 4.45 g. of a material enriched in the salt .
2 Lofd 2-(6-methoxy-2~_naphthyl)propionic acid with N-n-

octyl-D-glucamine (m.p. 138°-~140°
treated with potassium hydroxide +
acid as set forth in Example 24 to g

C.). The lattér. is 30
hen hydrochloric
ive a material en- .

riched in d 2-(6-methoxy-2-naphthyj)propionic acid -

(lalp+63.5°).
. EXAMPLE 27
44.5 G. of a material enriched in

3
the salt of d 2-(6-

'methoxy-2-naphthyl)'propionic acid with N-n-octyl-D-
glucamine is tredted with 6.2 8. of potassium: hydroxide
in 445 ml. of water. The reaction mixture is siirred at 46° 40
C. for 2 hours, then cooled slowly to 36° C., with stir-
ring, over one additional hour. The reaction mixture is

. held at room temperature for about 60 housrs.

The resultant precipitate is collecte

d by filtration and

washed with 150 ml. of water to give 24.6 g.'(99% of 45
theory) of N-n-octyl-D-glucamine (m.p. 121°-123°'C.).,

The filtrate is treated with 12’ mi

. of concentrated -

b>~-ochloric acid to give a fine, thick precipitate. This

: mi=of water, then filtered, washed with water and dried 50
- at 45° C. to give 19.4 g (99% of théory) of d 2-(6-

l b pitate is aged, with stirring, with an additional 350 -

s methoxy-z-naphthyl)propionic acid
C). ' .

EXAMPLE 28

(m.p. 147°-150>

55

230 G. of d, 2-(6-meth0xy-2rnaphthyl)propionic

acid is heated in 27.3 ml. of isopropa

nol and 2.7 ml. of

water to about the reflux temperature of the solvent to -
dissolve the d,l 2-.(6-methoxy-2-naphthy1)propionic
acid. 2.93 G. of N-n-octyl-D-glucamine {1.0 equivalent) 60

are added and the solution is cooled

to room tempera-

ture to give, after washing with 2 ml. of aqueous isopro- "
panol, 2.57 g..of a material enriched in the salt of d -

2-(6-methoxy-2-nap‘hthyl)pi’opionic
octyl-D-glucamine (m.p. 138.5°-140°

actd  with Nen-
C.). A sample of 65

the latter is suspended in about 25 ml. of water at room

temperature in the presence of 300
hydroxide and held at that tempera

mg. of potassium.
ture for about 60

ERN

‘minutes. The resultantlb'recipitate is,remov‘é_d by. 'ﬁl't;a;. : R
“tion. The filtrate is treated with hydrochloric acid unti] " - -

acidic at which time a material enriched. in+ d_ 2:(6- - .

-methoxy-2-naphthyl)propionic acid: precipitates :ouf: of -
solution and is recovered. by filtration ([a‘]p+6l._7-°)."' ol

.EXAMPLE 29 o
2.0Kgofd,l 2-(6;meth0xy-2-naphthyl)'propionic4acid.

is added to a mixture of 9.08 1. of methanol and 0.92.]. of - .. .

toluene. This mixture is heated to 55° C. and.2.54 kg.of * .
. 'N-n-octyl-D-glucamine is added. The slurry is heated to. -
reflux, at which temperature all solids are in solution.- . -
The mixture is cooled to 56° C. and 2.5 g. of the sait of -

d 2-(6-methoxy-2-naphthyl)propionic acid with . N-n-
octyl-D-glucamine is added. After aging at 55°-56° C,

for one hour, the slurry is cooled t6-25° C, at a rate of -

10° C./hour.. 3.0 Kg. of a wet cake of the salt of d.2-(6-
methoxy~2-naphthyl)propionic acid with N-n-octyl-D-

glucamine is recovered by filtration.and washed with - '

6.0 L. of methanol.

‘The wet cake from the p'recedin‘g step is -charged toa .
+ mixture of 11.0 1 of water and 0.25 1. of hexane 'and .

. heated to 50° C. 300 G. of potassium hydroxide is added, . . -
and the mixture is held for one hour at 50° C. Theslurry..
is cooled t0 25°'C. at a rate of 10° C./hour. The precipi-

 tated N-n-octyl-D-glucamine is filtered, washed with 3 - -

L. of water and dried (vield: 1.11 kg.).

~The combined filtrate and washes from the.pr-ecéd.in'g

step are added to 100 ml. of toluene and 420 ml. of

concentrated hydrochloric acid (to a pH of less than-

1.0). The slurry is heated to 70° C., aged for. ons hour. - |

. and cooled to 25° C. at a rate of 10° C./hour. The pre- ..
cipitated 2-(6-meth<')xy-2-'naphthyl)propionic‘ acid is- .

recovered by filtration and washed with 2.0.1. of water. - §

This material is of sufficient purity that further recrys-
tallizations to increase the optical purity thereof are not
necessary. Lo )

The d 2-(6-methqu-2-naphthyl)prdpionic acid . is
dissolved in 4.40 1. of acetone and 22.5 g. of carbon are -
added. The solution is stirred for one hour, then filtered. -
-The filter is washed with 2.0 |. of acetone: The com-

bined filtrate and washes are concentrated under vac-

uum to a volume of about 1.0 1. and a solution of 60 ml. o
of concentrated hydrochloric acid in 400 ml. of water.is .

added, followed by a further addition of 5.3 1. of water.
The slurry is aged for one hour at 20° C. and the precipi-
tated d 2-(6-methoxy-2-naphthyl)propionic;acid recovs:, . -

ered by filtration, washed with 5.0 1. of water and dried

(vield 838.0.grams; 41.9% w/w based oni-d.l' 2.(6.
methoxy-2-naph'thyl)p_ropionic acid charged;: m.p.- -
153.5°-156.0° C.; {alp+66.6°). This recrystallization is.. .-

solely for the purposes”of removing extraneous ‘insolu- -
“ble material, if any, and improving the color of the -

precipitated product.

The filtrates and washes from the preceding step.are - -
' combined and distilled to a volume of 5.5 1. Distillation -
' is"continued, with water being.added to maintain the :
volume at 5.5 |. When all the methanol had distilled off, ..
.11 of water is added, followed by the addition of 334 g
of potassium hydroxide. The mixture is cooled to 60°- -
C., seeded with a small amount of N-n-octyl-D-ghica- -

mine and cooled to 25° C. The precipitated N-n.octyl-
D-glucamine"is‘recovered~by filtration, washed with

one 1. of water, followed by a second wash with 4 ' of "

water, and then dried (yield: 1.3] kg).: Overall’ N-n-

octyl-D-glucamine recovery (i.e., in this step and from_ .

kg. (95.29%). - -

the step in the second paragraph of this Example).is 2.42" - o

e L L R



preceding step

. - and ‘the ‘mixturé is heated to- 130°-C. The solution -is
_cooled 19:50° C. under 30 psi over three hours and 130

U ml: of toluene are added; followed by the addition of 1.4

- 1 of.’concentrated -hydrochloric ‘
:heated’to 80° C,, aged for orié hour at that temperature,

acid.. The_slurry is

-~ and cooled t0'25° C. at a rate of 10° C./hour, The pre-’
- cipitated d,l'2-(6-methox'y-2-naph‘thyl)'propio'nic acid is -

recovered by filtration, washed with 10.1. of. water and

'~ dried [yield: 1122 g (56.1%)]:

. PREPARATION i1

A

p,r,op'y!,zim_ipe‘ in 200 mk: of methanol is stirred at. 35° C, -

) _underfiitrogen for about 24 hours. An additional 6.0-g.

" stored.at —10° C. to

T d 2-(6-_r‘nethoxy-2'-naphthyl)propiqnic
~give 0.72 g.of an
" ‘from'7 ml of isopropanol and I m]. of water. 0.61 G. of °
a recrystallized. material is collected and washed, with 3 -
.-mk of isopropanol to give the. N-cycl’opropyl-D-glpca'-r a

stripped out and the resul tant'précipitate is slurried with

- 50.ml. of ‘ethylacetate. The precipitate is collected: and

washed with an additional 50 m: of ethylacetate.

4515811 -
DL 431.GRo Botassjum '}iydrofxidb is pha’rged to the com-
;. bined filtrates and first wash from" the.

" give a preci
-water."

0

ixture of 9.0 g. of D-glucose. and 6.0 4. of cyclo- - .

" of cyclopropylamine is added to the mixture which is .-
-then stirred. for an additional 24 days. The methanol is -

20.

- 016 G. of'd,

is filtered to remove the catalyst and w
ml. of methanol..300 M1, of water and 4'g. of.pota
hydroxide is added and the solution'conCeﬁ'gghpgq 0

pitate" which is collected. and-washed

_The precipitate is dissolved. in 50 ml. of A
filtered with charcoal and washed with 50 ml. of metha-

-. nol. .100 Ml. of ethylacetate is added and the solution ; S
. concentrated to'a low volume and éooled togive, after . .
collection and washing with 50 ml. of ethyl acetate, 4.66

g of N~gyglooc‘,tyl-D-glucamine rup. 133°-135° C,

[a]lp—18:4° (dimethylsulfoxide)].'
EXAMPLE 30

glucamine from. Preparation I1.in . ueou
isopropanol to about-the r_eﬂux.ltempt;ratur_e of the sol-.

vent -to dissolve the d,] '2;(6-r’nethox-y-2-ndphthyl)pro-" ‘

pionic acid. The solution is cooled to' room temperature

~ to give amaterial enriched in the salt of d 2-(6-methoxy-

. '1:0.G..of the latter is dissolVed in 25 ml. of methano] -

and-filtered to remove insoluble material. The solution

- and-tredited for about 18 hours.with 2.00 g, of platinum : -

.. on charcoal and hydrogen (30 psi) at room temperature.

. The sohition is filtered to Temove the catalyst, concen-

.. .trated to'a low volume, and stored. at -—10*-C.. The . -
- methanol is replaced with isopropanol and the solution -
give 0.2 g. of 'a miaterial which .

: inclix_ﬁ_gs -'Nf—cyclopropyl'—_D-g]ucamine., (m.p. -125°-140°.
N o R v A ST s

The Jatter is dissolved.in'§ ml. of isopropanel, heated -

25

30

is concentrated to.about 12 ml. and seeded with a very .

- minor amount of the material prepared in the p'rece,d_ing'.
. .paragraph to give 0.13 8. of a recrystzllized Taterial
.. containing
Y I'Z?vi;1'§5°,C;;.nmr spectrum-: in dimethylsulfoxide_ rel

N-cyc]oprqpyl-D-glucamine : (m.p.
a-

‘tive to; tetramethylsilane [Ppm(A)): 0.2-0.4. (multiplet,
- ‘Cyclopropyl), 0.75-0.95 (triplet, —CH3),

1.25-1.6 (mul-

" tiplet, frCHz—),«Z.O-z.l' (multiplet, cyclopropyl proton’

atoN ;atom),"2.35—2.474'(multiplet,;.meth:ylene'pro'tons a

to N atom), 3.1-3.6 (multiplet, protons on glucose side :
. chair’;),.arld 4.0-4.6 (broad absorption band, 5 OH);

5:7°(in water)fj . .
_ PREPARATION 12

35

2-naphthyl)propionic’ acid
-glucamine (m.p. 155°-165° C:). A sample of the latter.is

dissolved in-about 25 ml. of. water and treated with

‘hydrochloric acid until acidic at which time a material
‘enriched in d 2-(6-'methoxy-2-naphthyl)prqpioniq acid
precipitates out of solution and is recovered by filtration - '

(alp+42.9°). ’ .
. _EXAMPLE3!

230G of dI 2-(6-methoxy-2-naphthylypropionic -
-acid-is heated in 31.5 ml. of isopropano}.and 3.0-ml. of -
“Wwater to about the reflux temperature of the-solvent to" *

dissolve  ‘the d,] "2=(§3methoxyez-naphthyl)prqpionic
acid. 1.46 G. of N-.cy'cloocty]-D~glucamine isadded.and’

-the solution is cooléd to room-temperature to give 1.98
" goofa material enriched-in ‘the. salt of d 2-(6-methoxy-2--

40

_naphthyl)propionic acid

ethanol; . -

_ 2-(6-methoxy-2:naphthyl)propionic . -
acid 'is .heated with.0.08-g. of the:N-cyclopropykiD- -
1.6 ml. of 5% aqueous: a

- With  N-cyclopropyl-D- .

with N-cy'cl'ooctyl-D-gluca-;
mine-(m.p. 162°-163° C) A sample of the latter is dis-

solved in-about 25 ml. of aquéous potassium hydroxide . " -

" and treated with hydrochloric acid usitil acidié at which -

. time a material enriched in-d 2-(6-metho'xy-2-naphthyl)-'

45

1.0-G. of the materia] prepared ’aé'co'rd,ing' to the first .

for about 24 hours more. The

"....paragraph of Preparation 11 is dissolved. in 20 ml. of °
nethanol and treated for about 24 Lours with 1 g of5% -
} Platinum on charcoal and hydrogen (1 atm.). An addi- .
* -tional 1.0.g. of 5% platinum-on charcoal is- added and

- the reaction ‘¢ontinued - hydiochlo"ric acid as set forth. in the preceding ‘para- -

solution is filtered to remove the catalyst, and.1.0 g. of .

insoluble’ salt which is. recrystallized.

" _mine salt of .d 2-(6-meth6xy-2-ha‘phthyl)prdpio‘ni_c acid-

57°-158° C.). e
PREPARATION 13

- raised 10°50°~60°. C. and the reactior, continued for 8.
‘additional. hours. After standing overnight, the: solution;

acid is added to’

55

' "of‘ D§glucqsé‘ and 6.36 g. of cyéloqct'ylam‘ine in "'qd. :
cetic aci f “(alp¥53.29). . 7
s a

L ’Ifhe,'anti-i‘r'xﬂainmatory,'ac'tivity of each of the com-'.
‘pounds listed

‘hydrochloric acid

propionic acid precipitates, out of solution and is recov-- |

ered by filtration ([alp+32.5%). |
186G

give 1.19 g. of .
165°-168° C.)-- A sample ‘of the latter is treated. with'

graph to give a material further énriched in-d 2-(6-"

‘meth(')Xyg-z-naphthy’l)propionic acid ([a]p+47.0%),
L11 G. of the first recrystallized material from the -
-'preceding paragraph is dissolved in 25 ml. 6f 10% aque--
ous isopropanol at about the reflux temperature of the. . .
-solvent. The' solution is cooled to room temperature'to - - s

give 0.89'g. of a second recrystallized:'matérial {(m.p. .
A sample of ‘the latter is treated with .

167°2169° C.). A
as set forth in the first paragraph of
this Example to give a material even further enriched in
o 2-(6-methoxy-2‘-r'1aphthyl)propionic. o

‘i . .. EXAMPLE 3

below js compared with- the: activity of

. of the material enriched in the salt of d- 2-(6-
r'nethoxy-,2-naphthyl)vpropionic‘ acid with N-cyclooctyl- - ]
D-glucamine js dissolved in 40 ml. of i0% aqueous. .
isopropariol at about the reflux temperature of the sol- '’
~ vent. The solution is cooled to room temperature to .
a first recrystallized material (m.p.

“acid
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o S . _-‘a/g- af A Zhemrthav etk e,
. o S 4sisgr o T
phenylbutazone by means of the -carrageenin-induced’ (comprising six ‘Swiss-Webster male -mice - in. "egqh .
rat paw inflammation test described below.. - . . group) of mice are used. A single oral dose, by stomach

N A s g n s : Ty  tube, per kilogram of body weight, of either 750 mg., o
TIIJE'?;I‘_;ZOIII\{IC‘? gi%’fégéﬁgﬁ}gggégg IP‘X;I; 1500 mg., or 3000. mg. of N-cyclohexyl-D-glucamine - ‘
INFLAMMATION IN THE RAT < 5 galtofd 2~(6-methoxy-2-naphthyl)propionig-'jacid isad- - . ..
Lo . R ministered-t‘o the mice. (The fourth group is used as a. ..
Materials and Methods—Female rats weighing 80~90 control.) After administration the mice are.observed
grams are used. The test materials are given at hour 0 . daily for 21 days. ‘ g S
orally by gavage in 1 ml. aqueous vehicle. At hour 1 Using the above protocol, it is determined that the-
0.05 ml. ?f a l%hsolut;:)nh(mdos% I.\II.;CD qf carrageenin 10 -acute ordl L.Dsq of the N-cyclohexyl-D-glucamine salt .
is injected into the right hin paw. This injection causes . v’y . I e
an inflammation of the paw: The rats are sacrificed at ?}f dge(gorlr_zet.h%y 2 naphvthyl)Prpp fonic acid 1s.gr§:atlerv
hour 4, at which time both hind paws are removed and - an: 5000 mg. & .. L I -
weighed separately. - S . . . EXAMPLE 35
End point: % increase . paw size calculated as fol-'15 The protocol described in Example 34 is répeafed. .

lows: . . - . bt ! -pedl .
‘ o . - using the N-‘n-oc,tyl-D-gluqamme salt of: d 2-(6- -
Wt. of Right Paw — Wt of Left Paw . ... - methoxy-'Z-r}aphthyl)propionic~aci‘d as the test material. - :
T . Wt of Left-Paw .. . x 100 o It is determined that the.acutevgr‘a.l LDsp of -the. above;
’ : ’ . . . -material is greater than 3000 m Jkgooo o :
The results of these tests are summarized in the fol- 20 "8 ' o
lowing table:’ ' Co o S -ExAMgLE 36 .
T '/' Oral Anti- i . _ Ingredients =~ - : . Quantity per'kébl‘et, .mgs. .
L K Inflammatory Activity .25, N—sn-octyl-D-glucamine -~ . - ... - {400 .
Coe ) ) - (on’a molar equivalent basis) - ‘salt of d 2-(6-ethoxy-2- ‘ S
- Cqmpound - — __(Phenylbutazone == 1) . naphthyl)propionic acid . . o
The N—ethyl-D-glucamine 17 ‘ cornstarch (paste) Lo L0
salt of d 2-(6-methoxy-2- " . : . } " magnesium stearate . L 080
2 " naphthyl)propionic acid - ) : L . ' " lactose ) C L to 300
The N—n-propyl-D-glucamine . 20 30 = " B " N
salt of d 2-(6-methoxy-2- : S o ) . e e L I
naphthyDpropionic acid "+ , o Lo The above .ingredients ‘are thoroughly . mixed and ' -
;‘l‘fbl;‘d‘;:?s‘fg'e‘tﬁ;i;"_g*_‘m’"e : , 5. : pressed-into single scored tablets, . - . ° IR
naphthyl)propionic acid : : ' . \ )
The N—n-octyl-Dgquca'mine . . 17 o 35 : . EXA MPLE 27
salt of d 2-(6-methoxy-2- : ' ; : . ’ )
naphthyl)propionic acid | . . . ——— —— —— e e
The N—noctndecyl-D-glucaminc . .7 Ingredients ' C Quantity per tablet, mgs.
salt of d 2-(6-methoxy-2- = : ' o N—n-octyl-D. - Setow L 1ok ’
. s YT —n- -D-glucamine . .0 128
naphthyl)propionic acid ' ) . . .
The N—cyciohexyl-D-glucamine 131 . . salt of"ldlZ-(&n}et!loxy .2 ’
salt of d 2:(6-methoxy-2. ) 40 naphtt y )}froplonlc acid - 30 T
Sionic amid cornstarch | . .30
naphthyl)propionic acid * . gnesl 4 stecate e . e, .
’ polyvinylpyrrolidone e D25 v

T lactose i . to350
..~ EXAMPLE33 - . . A oL
,Thg car.rageenin-indixced'rat'. paw inflammation test 4° . Thé above ingi‘edieﬁts are thorbdghly mixed and. . -
described in Example 32 above is repeated using the - ‘pressed into single scored tablets. AR o

N-cyclopropyl-D-glucamine salt ‘of d 2-{6-methoxy-2- .. What is claimed is: ' . e S
-¥" hyl)propionic acid and the N-cyclooctyl-D-gluca-. 1. A diastereomeric-mixture of the salts of .d and | .
{ ewaltofd 2:(6-methlol)(y~2'-naphth.yl)proplomc acid 50. 2-(6-methoxy-2-naphthyl)propionic acid" with N:R-D-
»s"the test materials. The results of this test are summa- " glucamine, wherein R is cycloalkyl having 3 to 8 carbon
tized in the following table: - I . " .atoms. : o T e T
) L . ‘ -2. A pharmaceutical composition for the treatment of -~
Oral Anti-Inflammatory Activity inflammation, pain or pyrexia comprising a pharmiaceu: .. -
- (on-a molar cquivalent basis). 55 tically acceptable excipient and a pharmaceutically.
Compéund : ___(Phenyltutazone = 1) . . effective amount of a salt. of d 2-(6-methoxy-2-naph- .
N—cyclopropyl-D-glucamine 9 ' - thyl)propionic acid with NeR-D-glucaminé'wherg Ris .
sait of d 2-(6-methoxy.2. S C - . cycloalkyl having 3 to 8 carbon atoms, R
naphthyl)propionic acid . . . : f . : . . - P
* N—cyclooctyl-D-glucamine . 20 : 3. A method of treating inflammation, pain or pyrexia |
- salt of d 2.(6-methoxy-2- : ’ : " 60 in mammals. which comprises administering to & mams- -
" naphthyl)propionic acid = —— N mal . suffering therefrom a therapeutically'” effective” -

oo amount of ‘a salt of 'd 2-(6-methoxy-2-napht,hy'l)pro.-‘
: . pionic acid with N-R-D-glucamine, where Riscycloal- - .
S . EXAMPLE 34 R * kyl haying 3 to 8 carbon atoms. SRR
"Protocol: The test-material- is suspended in an aque- 65 4. A method of maintaining the pregnarcy of a preg-. - .
ous carboxymethyl cellulose suspending vehicle. Con- nant mammal comprising administering to'a pregnant ..
centrations are adjusted so that doses can be given in ° mammala therapeutically effective amount'of a salt.of d
volumes of 20 ml./kg. of body weight. Four groups - 2-(6-m'ethoxy-2_-naphthyl)propionic acid with .N-R‘-D.-.'



atoms

5 A salt of d 2- (6-methoxy 2.
' wnth N R-D g]ucamme where Ris cvc]oa]k

to 8;‘carbon atoms

‘ ‘gluééx‘nme, where R is cycloalkyl having 3 to 8 carbon

onaphthyl)proplomc acid

4, 515 811

yl havmg 3 5

20

25
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45
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55
60

65

hexy]

| 26
6. The mlxture of clalm 1 wherem cy
7. The. composmon of c]axm 2. wherem

8. The' rﬁethod of. clanm 3 wherem R

9. The salt of c]alm 5 wherem R is cycl
* *
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PATENT SPECIFICATION av 1426186

(21) Application No. 30268/73 (22) Filed 26 June 1973 19
(31) Convention Application No, 279 329 (32) Filed 10 Aug. 1972 in
(33) United States of America {US)

(44) Complete Specification published 25 Feb, 1976

(51) INT.CL: Co7C 65/14

(52) Index at acceptance

C2C 1233 222 227 22% 20Y 292 29X 29Y 302 30Y 321
32Y 364 366 367 36Y 618 620 624 628 658 660
662 790 79Y BU NK

(54) PROCESS FOR THE RESOLUTION OF D,L, 2-(6-METHOXY-2-NAPHTHYL)-
PROPIONIC ACID

ERRATA

SPFCIFICATION NO 1426186
Page 1, Heading (5¢) delete D, L insert d, 1

Page 1, line 42, delete brovided insert broviding

Page 2, line 92, for dehydro\abientyla.mine read dehydroabietylamine

Page 3, line 109, for 'dehydrobietyl- read dehydroabietyl-

THE PATENT OFFICE
23 June 1976 Bas 28320/13

A

have oeen tesusivey YA Vilvasvsasinncy e, ;
alone or in combination with an organic naphthyl)propionic acid and Crystallizing the
amine or an inorganic base, via procedures least Water-soluble salt of (. 2-(6-methoxy- 70
requiring multiple crystallizations in g lower  2-naphthyl)propionic acid from said aque-
alcohol, such ag methanol, ous ph_ase, and optionally dissolving said

It is the object of this invention to pro- - crystalline salt of d- 2(6-methoxy-2-naph.
vide a process for resclving mictures of d- t YDpropionic acid in 2 solvent, acidifying
and I 2..(6.methoxy-2-naphth_v1)propionic said solution with a mineral acid to yield 75
acid to yield a composition containing sub- d- 2-(6-methoxy-2-naphthyl)pmpionic acid,
stantially pure d-isomer, whicl has anti- and crystallizing substantially pure d- 2-(6-
inflammatory, antipyretic and analgesic acti- methox ~2-naphthyl)propionic ~ acid there-
vities, such process requiring a single crys- from., If desired, this procedure can be fol- .
tallization to remove the salf of the Lisomer lowed by one or more additional recrystalli- 80
produced and a single crystallization to zations to further increase the purity of the
obtain a salt of the d-isomer, which can d-isomer.
then be followed by cleaving of the salt . The 2-(6-methOXY-2-naphthyl)pr0pionic
moiety with an inorganic acid, whercupon acid and methads for jts preparation are des-
the d-isomer precipitates in its substantially cribed in British Patentg Nos. 1,211,134 and 85
pure form., 1,228,656, as briefly described bereinafter,

A process for separating d. 2-(]_'6.methoxy. One such method involves the reaction of
2-naphthyDpropionic acid from a mixture a 1-h.alo-.z-mqthoxy-naphtha]ene with acetyl
of d- and 1 2.(6.methoxy-2-na[phthy])pro- chloride in nitrobenzene in the Presence of
pionic acid comprises provided a heated two- 3 mplar equivalents of aluminium chloride 90
phase system having ‘water ag ap aqusous  to yield the corresponding 2-acetyl-5-halo-6-
phase and a water-immiscible, inert non-  methoxynaphthalene derivative. The result-
polar organic solvent as an organic phase, a  ing derivative is heated with morpholine in
salt of d- 2-(6-methoxy-z-naphthyl)propionic the presence of sulfur at 150°C, and the
acid and a salt of 1. 2.(6.methoxy.2.naph. resu]tmg product js refluxed with concen- 93
thyl)propionic acid being in sajd two-phase trated hydrochloric acid to furnish the cor-
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(21) Application No. 30268/73

(33) United States of America (US)

(44) Complete Specification published 25 Feb. 1976

(51) INT. CL.* . C07C 65/14
(52) Index at acceptance

C2C 1233 222 227 22X 22Y 292 29X 29Y 302 30Y 321
32Y 364 366 367 36Y 618 620 624 628 658 660

662 790 79Y BU NK

(22) Filed 26 June 1973 (19)
(31) Convention Application No. 279 329 732) Filed 10 Aug. 1972 in

Z

AR B
¢

(54) PROCESS FOR THE RESOLUTION OF D,L 2-(6-METHOXY-2-NAPHTHYL)-
PROPIONIC ACID

(71)  We, SYNTEX CORPORATION, a
Panamanian Corporation, of Apartado
Postal 7386, Panama, Panama, do hereby
declare the invention, for which we pray
that a patent may be granted to us,-and the
method by which it is to be performed, to
be particularly described in and by the fol-
lowing statement : —

This invention relates to a method for
resolving mixtures of d- and 1- 2-(6-meth-
oxy-2-naphthyl)propionic acid to yield a

composition containing substantially pure d-

isomer.

Prior to this invention, it was heretofore
known to use dehydroabietylamine as an
agent to resolve monocarboxylic acids (for
example, see United States Patent No.
3,454,626). In addition, mixtures of d- and
I-. 2-(6-methoxy-2-naphthyl)propionic acid
have been resolved with cinchonidine, either
alone or in combination with an organic
amine or an inorganic base, via procedures
requiring multiple ¢rystallizations in a lower
alcohol, such as methanol,

It is the object of this invention to pro-
vide a process for resolving mixtures of d-
and 1I- 2~(6-methoxy-2-naphthyl)propionic
acid to yield a composition containing sub-
stantially pure d-isomer, which has anti-
inflammatory, -antipyretic and analgesic acti-
vities, such process requiring a single crys-
tallization to remove the salt of the I-isomer
produced and a single crystallization to
obtain a salt of the d-isomer, which can
then be followed by cleaving of the salt
moiety with an inorganic acid, whereupon
the d-isomer precipitates in its substantially
pure form.

A process for separating d- 2-(6-methoxy-
2-naphthyl)propionic acid from a mixture
of d- and 1. 2-(6-methoxy-Z-naEhthyl)pro-
pionic acid comprises provided a heated two-
phase system having water as an aqueous
phase and a water-immiscible, inert non-
polar. organic solvent as an organic phase, a
salt of d- 2-(6-methoxy-2-naphthyl)propionic
acid and a. salt of ] 2-(6-methoxy-2-naph-
thy)propionic acid being in said two-phase

system, and a salt of dehydroabietylamine
which is soluble in said organic phase but is
essentially insoluble in said aqueous phase;
holding said two-phase system at a tem-
perature from 40—100°C to promote the
formation of the dehydroabietylamine salt
of I 2-(6-methoxy-2-naphthyl)prolpionic acid;
crystallizing said dehydroabietylamine salt
of |- 2-(_6-methoxy-2-naphthyl)propionic acid;
Separating .said crystallised salt from said
two-phase system to thereby provide a
mother liquor which is enriched in the water
soluble’ salt of d- 2~(6-methoxy-2-naphthy)-
propionic acid; separating said aqueous

hase from said organic hase; and salt-
ing out a salt of d- 2-(6-met] oxy-2-naphthyl)
propionic acid by adding to said aqueous
phase an inorganic salt which is more sol-
uble in said aqueous phase than is said
water-soluble salt of d. 2-(6-methoxy-2-
naphthyl)propionic acid and crystallizing the
least water-soluble salt of d- 2-(6-methoxy-
2-naphthyl)propionic acid from said aque-
ous phase, and optionally dissolving said
crystalhng salt of d-. 2(6-methoxy-2-naph-
thyl)propionic acid in a solvent, acidifying
said solution with a minera] acid to yield
d- 2-(6-methoxy—2—naphthyl)propionic acid,
and crystallizing substantially pure d- 2-(6-
methoxy-2-naphthy1)propionic acid there-
from. If desired, this procedure can be fol-
lowed by one or more additional recrystalli-
zations to further increase the purity of the
d-isomer.

The 2-( 6-methoxy-2-naphthy])propionic
acid and methods for its Preparation are des-
cribed in British Patents Nos. 1,211,134 and
1,228,656, as briefly described hereinafter,
One such method involves the reaction of
a l-halo-2-methoxy—naphtha]ene with acetyl
chloride in nitrobenzene in the presence of
3 molar equivalents of aluminjum chloride

to yield the corresponding 2-acetyl-5-halo-6-

methoxynaphthalene derivative. The result-
ing derivative is heated with morpholine in
the presence of sulfur at 150°C, and the
resulting product is refluxed with concen-
trated hydro'chloric acid to furnish the cor-
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responding 2-naphthylacetic acid derivative, hydroabietylamine, Upon liberation, the de-
The latter compound is then esterified such hydroabictylamine salt is free to react with
as by reacting it with an alkano] in the pre- an lisomer as is desired, Suitable salts of
sence of boron trifluoride, and the ester is  dehydroabietylamine include the acetate salt
treated with an alkali metal bydride in an and the hydrochloride salt, Other typical 70
ether solvent and then with an alkyl halide salts include the propionate salt, butyrate
such as methyl jodide to yield the corres. salt, sulfate salt, nitrate salt, and the lilke.
ponding 2-(6-methoxy-2-naphthy})-pmpion- The salt selected should be soluble in the
ate. The latter is hydrolyzed, for example  water-immiscible, inert organic  solvent
in an aqueous basic solution, to yield the selected, but should be insoluble o only 75
corresponding 2-(6-methoxy-2-naphthy'l)pro- sli%htly soluble in water, This not only en-
pionic acid. Other procedures for the pre-  ables recovery of these materials in subse-
paration of 2-(6-methoxy-2-naphthyl)]propi- quent processing, but insures that the de-
onic acid are shown, for example, by U.S, hydroabietylamine salt will be in the appro-
Patents Nos. 3,651,106; 3,652,633; 3,658,858; priate phase for bonding to the l-isomer. 80
3,658,863; and 3,663,584, : Since it is desired that the salt of dehydro-
Considering a typical process of the in- abietylamine be preferentially bound to the
vention in more detail, resolution by crys- l-isomer during this first crystallization, it is
tallization (i.e,, removal of g major propor- nNecessary to limit the amount of the de-
tion of the l-isomer by ciystallization) is hydroabistylamine salt added to the solu- 85
achieved by mixing d- and 1 2-(6-methoxy- tion so as to achieve that objective. Gener-
2-naphthyl)propionic acid in sufficient water ally about 1.0 to about 1.3 mole, preferably
to at least partially solubilize the compon- about 1.2 mole, of the salt of dehydroabietyl-
ents. The mixture of the d- and I- isomer amine is utilized per mole of the I-isomer.
will generally be & racemic mixture, although Accordingly, for a racemic mixture of d S0
this is not required. Thus, mixtares result- and 1 isomers, about 0.6 mole of the salt
ing from prior treatments, where the ratio of dehydroabientylamine will be used par
of d- and I- isomers has been altered from mole of the racemic mixture,
a racemic mix, may be used, if desired. The After the reaction mixiure is held at the
addition of base, for example, sodium hy- . elevated temperature for the desired length 95
droxide, yields a solution of the sodium salts * of time, it is slowly cooled to ambient tern-
of the d- and I- isomers. Other bases in- perature. The white crystalline precipitate
clude the hydroxides of the -alkali metals which results is principally the dehydro-
and alkaline earth metals, such as, for ex- abietylamine salt” of | 2-(6-methoxy-2-
ample, potassium, calcium, and magnesiom.  naphthyl)propionic acid. The final tempera- 100
A water-immiscible, inert organic - solvent, ture to which the solution is taken is chosen
such as toluene, benzene, xylene, or other by practical considerations, but generally is
non-polar solvent, is added and the solu-  selected so the temperature difference will
tion is heated to a temperature in the range be sufficient to provide a high yield of
from about 40°C to about 100°C,, prefer- crystals. The crystallizing mizture can be 105
ably from about 75°C. to about 85°C. While maintained at the lower temperatures uniil
the solution is held at the elevated tempera- cr[ystallization is complete, or nearly so, usu-
ture, a solution of a salt of dehydroabicty]l- al y for about 30 to about 60 minutes. Tha
amine is added dropwise with vigorous stirr- crystalline precipitate which results is re-
ing while the elevated temperature is main- moved by filtraticn, washed with water, and 110
tained. The reaction mixture js maintained the.washings combined with the original fil-
at the elevated temperature for about 3 to trate to provide a mother liquor enriched in
about 4 hours, generally for about 1. to the d-isomer. At this point the mother
about 2 hours, to promote the interchange liquor will generally contain about 70809,
of the salt of deh droabietylamine from the d-isomer and sbout 30—209 l-isomer. 115
d-isomer to the I-isomer. That is, as the The l-isomer which has been removed
salt of the dehydroabietylamine js added to from the two-phase system can be racemized
the solution of the salts of the d- and I- iso- by known techniques to give a material hay-
mers, it will react to form a dehydroabiety!- ing greater d-isomer content. This material
amine salt of the isomers, desirably the I- can be recycled, either alone or in combina- 126
isomer. To the extent that a dehydro- tion with othey d,l-isomer containing ma-
abietylamine salt of a d-isomer is formed, terial, to provide additional starting material
however, a corresponding molecule of the for.the. process of the present invention.
l-isomer will not have been bound, as de-  The aqueous phase of the mother liquor
sired, to the dehydroabietylamine salt. By is. treated .with a basic material, such as 125
holding the reaction mixture at an elevated sodium hydroxide, to cleave any residual de-
temperature, the selective solubilization of hydroabietylamine salts which may be pre-
the dehydrobietylamine salt of the d-jsomer sent. The organic phase, containing residual
in the aqueous phase is enhanced with the dehydroabietylamine, is separated from the
corresponding liberation of the salt of de. aqueous layer. The aqueous phase remain- 130
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ing is washed with portions of the wate;-
immiscible, inert organic solvent and the
washings combined with the original solvent
material. If desired, the combined organic
phase can be discarded; however, since this

hase contains residual dehydroabietylamine,
It is preferable to regenerate such materials
in suitable form for use in further resolu.
tion procedures;

The aqueous layer, is now saturated with
an inorganic salt, The salt selected must be
more water soluble then the salt of the d-
isomer present in the aqueous layer. Addi-
tionally, it should not be excessively soluble
S0 as to require the use of relatively large
?uantities in saturating the solution. Pre-
crably, the salt should have a reasonably
flat solubility curve between the temperature
limits to be encountered (i.e., about 10°C,
and 40°C.) so, as the solution thereof is
cooled, undue, and undesirable precipitation
of the inorganic salt will not occur, The
presently preferred salt is sodium chloride,
Other salts includes the halides, nitrates
and sulfates, for example, calcium chloride,
potassium chloride, lithium chloride and
magnesium chloride,

The solution is heated to a temperature
somewhat above room temperature, for ex-
ample, to a temperature in the range from
about 25°C to about 40°C, for example
35°C, at which point it should be ensured
that the solution is saturated with the in-
organic salt previously added. Excessively
high temperatures should be avoided to
ensure that the inorganic salt does not also
crystallize during the subsequent cooling
step. The solution is then gradually cooled
until a temperature somewhat above room
temperature, for example about 30°C, is
reached, whereupon a seed crystal of the
pure salt of the d-isomer is desirably added,
Since the addition of the more water soluble
inorganic salt reduceg the solubility of the
less soluble material (i.e, the salt of the d-
isomer), further cooling will cause the d-
isomer to preferentially crystallize from the
aqueous mother liquor. Accordingly, gradual
cooling is continued to a temperature in the
range of about 10°C to about 15°C. Once
again, the crystallizing mixture is majn-
tained” at the lower temperature until crys-
tallization is complete, or nearly so, usually
for about 15 to about 60 minutes, The
crystalline solid obtained, essentially the
sodium salt of d 2-(6-methoxy-2_-naphthyl)-
propionic acid is separated by filtration and
redissolved in water. The resulting solution
is acidified with a mineral acid, such as
hydrochloric acid, and the crystalline preci-
pitate so obtained separated by filtration,
washed with water and dried. There results
a white crystalline product comnvrising sub-
stantially pure d 2-(6-methoxy-2-naphﬂ1yl)-
propionic acid.

A&t

As will be seen from the Examples below,
this procedure, as described above and with-
out further recrystallization of the d-isomer,
yields a product having a purity of about
98—999%. If desired, this purity may be 70
further increased by one or more additional
recrystallizations from water solutions there-
of, or other solvents as found sujtable, None-
theless, the grocess of this invention, includ-
ing, in com ination, the use of a resolving 75
agent, such as the salt of dehydroabietyl-
amine, which yields a less soluble salt of the
undesired l-isomer, to enrich the concen-
tration of the d-isomer in the mother liquor
and the use of an inorganic salt to cause 80
the preferential crystallization of the d-iso-
mer from the mother liquor, yields a pro-
duct of high purity without the need for
tedious, time-consuming steps or numerous
multiple recrystallations to obtain the level 85
of purity obtained, in the first instance, by
this process,

The following specific description is given
to enable those skilled in this art to more
clearly understand and practice the present 90
invention. It should not be considered as
a limitation upon the scope of the invention
but merely as being illustrative and repre-
sentative thereof,

95
ExampLE 1

100 milliliters of water and 23 grams (0.1
mole) of racemic -(6-methoxy-2-naphthy1)-

ropionic acid are added to a one-liter flask, 100

he mixture is agitated and neutralized to a
pH of 9.5 by the addition of a 50% (weight/
weight) aqueous solution of sodium hyd-
roxide, to give a solution of the sodium salt
of d, 1 2-(6-mcthoxy-2-naphthy])propionic 105
acid.  After 200 grams of toluene are added
to the solution, the reaction mixture is
heated to 80°C. and an aqueous solution of
21.1 grams (0.06 mole) of dehydrobietyl-
amine acetate in 100 ml. of water is added 110
with, vigorous stirring during a 30 minute
period while the temperature of 80°C. is
maintained. After the addition of the de-
Lydroabietylamine acetate js -completed, the
reaction mixture is held at 80°C for one 115
hour and then cooled to ambient tempera-
ture over a period of 2 hours. The crystal-
line precipitate consisting of the dehydro-
abietylamine salt of the 1 2-(6-methoxy-2-
naphthyl)propionic acid ig removed by filtra- 120
tion and washed with 25 milliliters of water.
The washings are combined with the original
filtrate and transferred to a Lliter separa-
tory funnel. The aqueous phase is adjusted
to a pH of 10 with dilute sodium hydroxide 125
solution. The aqueous phase is separated
from the upper toluene layer,” and washed

‘twice with 50 milliliter portions of toluene

which are combined with the original tolu-
enz layer. 15 grams of sodium chloride are 130
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added to the aqueous layer which is then
warmed to 35°C. The aqueous layer is
cooled slowly over a 2 hour period. When
the temperature reaches 30°C the aqueous
layer is seeded with a pure crystal of the
sodium salt of d 2-(6-methoxy-2-naphthyl)-
Ppropionic acid, after which cooling is con-
tinued with agitation to a temperature of
13°C.  ‘The solution is stirred at this tem-
perature for 15 minutes, The c%s:talliue
solid which results is removed by filiration
and redissolved in 200 milliliters of water.
The resulting solution js acidified with
hydrochloric acid to a gH of 2. The white
crystalline precipitate which results is separa-
ted by filtration, washed with water ar 0°C.
until the washings are essentially necutral,
and dried in vacuuo at 50°C. for 2 hours to
vield 4 grams of d 2-(6-methoxy-2-
naphthyl)propionic acid [m.pt. 154°-155°C;
[2]*p=64.6 (1% in chloroform)].  This
c9>ptical rotation represents a purity of about
8.9%.

ExaMrLE I1

The procedure of Example I is repeated,
except 19.3 grams (0.06 mole) of dehydro-
abietylamine ~  hydrochloride  are sub-
stituted for the 21.1 grams of debydro-
abietylamine aceiate utilized in Example 1.
d-2-(6-Methoxy—2-naphthyl)propionic acid in
the same yield and of the same quality is
obtained.

In the presently preferred embodiment, the
inorganic salt utilized to saturate the aquzous
phase, after separation of the dehydroabictyl-
amine salt of the I-isomer from the two-
phase system, has the same cation as the
cation of the alkali metal or alkaline earth
metal salt of the d-isomer in tae aqueous
phase. The use of the common jon de-
creases the solubility of the salt of the d-
isomer whereby, as”the solution is ccoled,
and optionally seeded with g pure crystai of
the salt of the d-isomer being crystallized,
the salt of the d-isomer, which - is. more
abundant in the solution than the coryes-
ponding salt of the l-isomer, will prefersn.
tially crystallize from the solution thereby
yielding " d-isomer crystals of high purity.
However, it js contemplated that a salt not
having such a comon cation may be used in
the grocess of the present invention, where-
by the crystallization which occurs will be a
result of a difference in the solubilities of
the various salts in solution, .-

WHAT WE CLAIM IS:— . -
1. A process for separating d-2-(6-me-
thoxy-2-naphthyl) dpropionic acid from a
mixture of d- an l-2-(6-methoxy-2-napl?1-
thyl) propionic acid comprising providing a
heated two-phase system having water as an

NN N

aqueous phase and a water-immiscible, inert
Bon-polar organic solvent as an organic 65
phase, a salt of d-2-(6-methoxy-2-naphthyl)
propionic acid and a salt of 1-2-(6-methoxy-
2-naphthyl) propionic acid being in said two-
phase system, and a salt of dehydroabietyl-
amine which is soluble in said organic phase 70
but is essentially insoluble in said aqueous
phase; holding said two-phase system at a
temperature from 40—100°C to promote the
formation of the dehydroabietylamine sal(

of l-2(6-methoxy-2—naphthyl)-propionic 75
acid; crystallizing said dehydroabictylamine
salt of 1-2-(6-methoxy-2-naphthyl) propionic
acid; separating said crystallized salt from
said two-phase systera to thereby provide a
mother liquor which is enriched in the water S0
soluble salt of d-2-(6~methoxy-2-naph‘dx:,‘l)
Propionic  acid; separating said aqueous -
phase from said organic phase; and salting

out a salt of d-2-(6-methoxy—2-naphthy1) Ero-
pionic acid by adding to said aqueous phase 85
an inorganic selt which is more soluble in
said aqueous phase than s said water-soluble

salt of d-2-(6-methoxy-2-naphthyl) propionic
acid and crystallizing the least water-solubje

salt of d-2-(6-methoxy—2-naphthyl) propionic 90
acid from said aqueous phase, and option-

ally dissolving said crystalline salt of d-2-(G-
methoxy-2-naphihyl) propionic acid in 2
solvent, acidifying said - solution with a
mineral acid to yield d-2-(6-methoxy-2- 95
naghthyl) propionic acid, and crystallizing
substantially pure d-2-(_6-1uethoxy-2-naph-
thyl) propionic acid therefrom,

2. The process of Claim 1 wherein said
water-immiscible, inest, non-polar solvent is 100
selected from beizene, toluene and xylene.

The process of Claim 1 wherein the
two-phase system is kept at a temperature
from about 75°C to about 85°C.

- The process of Claim 1 wherein said 105
salt of dehydroabietylamine is selected from
dehydroabietylamine acetate and dehydro-
abietylamine hydrochloride. .

'« 5.1 The process of Claim 1 wherein about

1.0 to about 1.3 mole of said salt of dehydro- 110
abietylamine is added per mole of 1-2-(6-
methoxy-2-naphihy]) propionic acid in said
mixture,

6. The process of Claim 1 wherein said
inorganic salt is selected from halides, 115
nitrates, and sulfates of the alkali metals and
alkaline earth metals.

7. The process of Claim 1 wherein said
inorganic salt has a relatively flat solubility
curve between about 10°C and about 40°C. 120
«- 8. The process of Claim 1 wherein said
inorganic salt is sodium chloride. .

The process according to claim 1, as
described herein. '

10. d-2-(6-Methoxy—2-naphthy])propionic 125
acid or a salt thereof, whenever prepared by

; %1(
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(33) United States of America (US)
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(1) INTCL®* C07C 65/14 A61K 31/19
(52) Index atacceptance

C2C 222 227 22Y 302 30Y 364 3
662 790 79Y BU

(32) Filed 21 April 1972
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66 367 36Y 624 628 658

(54) RESOLUTION OF 2-(6~METHOXY-2—NAPHTHYL)—
PROPIONIC ACID

(71)  We, SYNTEX CORPORATION s
a Panamanian Corporation of Apartado Postal
7386, Panama, Papama, do hereby declare the
invention, for which we pray that a paterit may
be granted to us, and the method by which
it is to be performed, to be particularly
described in and by the following state-
ment: —

This invention relates to an improved
method for resolving mixtures of d and 1 2 -
(6 - methoxy - 2 - naphthyl) propionic acid to
yield mixtures containing a higher propor-
tion of the d-isomer.

Prior to this invention, 2 - (6 . meth-
0%y ~ 2 - naphthyl)propionic acid had been
resolved with cinchonidine by a procedure re-
quiring multiple crystallizations in a lower
alcohol such as methanol. Because of the
time and expense required for this tedious pro-
cedure, process improvements in both quality
and quantity were desired. It is the object
of this invention to provide an improved pro-
cess for resolving mixtures of d and 1 2 -
(6 - methoxy - 2 - naphthyl)prapionic acid
to yield mixtures containing higher proportion
of the d-isomer, which process in a single
crystallization step provides improved quality
(greater enrichment) and improved through-
out.

In summary, the process of this invention
for resolving mixtures of d and } 2 - 6 -
methoxy -~ 2 - naphthyl)propionic acid com-
prises the steps of:

(a) preparing a mixture of cinchonidine, a
mixtures of d and 12 - (6 - methoxy - 2 -
naphthyl)propionic acid, an inert organic sol-
vent in whirﬁ the cinchonidine salt of 1 2 -
(6 - methoxy - 2 - naphthyl) - propionic
acid and inorganic base salts of d and 1
2 - (6 - methoxy - 2 - naphthyl’, - propionic
acid are soluble, and in which the cin-
chonidine salt of 12 - (6 - methoxy - 2 -
naphthyl)propionic acid is more soluble than
the cinchonidine salt of d 2 - (5 - methoxy-
2 - naphthyl)propionic acid, and an inor-
ganic base having a basicity, pKs, greater than
8, the solubility in the inert o:iganic solvent

of the salts of d and 1 2 - (6 - methoxy-
2 - naphthyl) propionic acid and said inorganic
base being more soluble than the cinchonidine
salts of d and 1 2 - (6 - methoxy - 2 -
naphthyl)propionic acid; and |
(b) crystallizing the cinchonidine salts of
dand 1 2 - (6 - methoxy - 2 - naphthyl)-
propionic acid from the mixture to yield a
salt mixture enriched in the salt of d 2 -
(6 - methoxy - 2 - naphthyl)propionic acid.
This procedure can be followed by one or
more recrystallizations to increase the purity
of the d - isomer. Finally, the salt is cleaved
to yield the d 2 - (6 - methoxy - 2 - naphthyl)-
propionic acid.
he 2 - (6 - methoxy - 2 - naphthyl)pro-
pionic acid and methods for its preparation
are described, for example, in U.S, Patents
Nos. 3,651,106; 3,652,683; 3,658,858;
3,658,863 ; 3,663,584; and 3,686,238. One such
method involves the reaction of a 1 - halo-
2 - methoxynaphthalene with acetyl chloride

in nitrobenzene in the presence of 3 molar

equivalents of aluminum chloride to yield the .

the coxresponding 2 - acetyl - 5 - halo - 6 -
methoxynaphthalene derivative. The resulting
derivative is heated with morpholine in the
presence of sulfur at 150°C, and the resulting
product is refluxed with concentrated hydro-
chloric acid to furnish the corresponding 2 -
naphthylacetic acid derivative. The latter com-
pound is then esterified such as by reacting it
with an alkanol in the presence of boron tri-
fluoride, and the ester is treated with an alkali
metal hydride in an ether solvent and then
with an alkyl halide such as methyl iodide to
yield the corresponding 2 - (6 - methoxy - 2 -
propionate. The latter is hydrolyzed, for ex-
ample, in an aqueous basic solution, to yield
a mixture of the d- and 1 - isomers of 2 -
(6 - methoxy « 2 - naphthyl)propionic acid.

The inorganic base used in the process of '

this invention has a basicity of pKa greater
than 8. The solubility in the inert organic
solvent of the salts of the inorganic base and
dand 12 - (6 - methoxy - 2 - naphthyl)-
propionic acid must be greater than the solu-
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bility of the cinchonidine salts of d and 1
2 - (6 - methoxy - 2 - naphthyl)propionic
acid. Suitable inorgamic bases include alkali
metal hydroxides and carbonates such as potas-
sium, sodium and lithium hydroxides und car-
bonates, alkaline earth metal hydroxides such
as caleium and magnesium hydroxides, and
ammonia. The particular choice of inorganic
base will depend upon the particular inert or-
ganic solvent system used for the crystalliza-
tion. The selection of the best inorganic base
in the process can be routinely determined
by applying the above criterion, In methanol
solvents, potassium hydroxide is the presently
preferred inorganic base.

The inert organic solvent system for the
process of this invention can use any inert
organic solvent in which the cinchonidine salt
of 12 - (6 - methoxy - 2 - napkithyl)-pro-
pionic acid and inorganic base salts of 2 -
(6 - methoxy - 2 - naphthyl)propionic acid
are soluble. Examples of such solvents in-
clude acetone, aceylacetone,  ediponitrile,
benzonitrile, benzylalcohol, benzyl mercaptan,
butyl alcohol, capyryl alcohol, diacetone
alcohol, mono- xamdp di(lower)alkyl ethers of
ethylene glycol and diethylene glycol, ethanol,
methanol, n - propanol, i - proparol, ethylene
glycol, 1,2 - propylene glycol, 1,3 - propylene
glycol, 2 - ethylhexanol, dimethylsulfoxide,
sulfolanes, dimethylformamide, N - methy]-
pyrrolidinone, formamide, furfuryl alcohol,
glycerol, isoamyl alcohol, isoamy] sulfide, iso-
butyl mercaptan, dibutoxytetraethylene glycol,
pyridine, trimethylene glycol, dicxane and di-
methylacetamide, The presently preferred sol-
vents are polar and are not acidic or strongly

"basic,

The mixture should preferably contain about
equal molar amounts of the 2 - (6 - methoxy-
2 - naphthyl)propionic acid and bases, includ-
ing both cinchonidine and the inorganic base.
The molar ratio of cinchonidine to inorganic
base is not critical for resolution to occur,
Cinchonidine to inorganic bas: molar ratios
of 2:3—=3:2 are operable, for example, For
optimum quality and quantity yields of d
2 - (6 - methoxy - 2 - naputhyl) propionic
acid, the molar ratio of cincheidine and inor-
ganic acid should be about 1:1. At lower
cinchonidine to inorganic base molar 1atios, the
quality of the product is not impaired but the
quanity or yield rapidly decreases. With higher
cinchonidine to inorganic base molar ratios,
the quanity or yield is satisfactory, but the
quality is impaired,

In general, resolution by crystallization is
achieved by mixing the d and 1 2 . (6 -
methoxy - 2 - naphthyl)propionic acids, cin-
chonidine, inorganic base and sufficient solvent
to solubilize the components, yielding a sus-
pension of predominately cinchonidine salt of
d 2 - (6 - methozy - 2 - naphthyl)pro-
pionic acid in nearly saturated solution of the
other components, cooling the mixture, and

separating the crystallized salts. Continued
cooling causes continued further crystalliza-
tion of the dissolved salts, Preferably, the
solution is seeded with small quantities of the
cinchonidine salt of d 2 - (6 - methoxy - 2 -
naphthyl)propionic acid during the cooling
since this insures good resolution and high
yields of the desired d acid salt. The initial
and final temperatures of the solvent are chosen
primarily by practical considerations as long
a8 the temperature will not significantly de-
grade the other components. For example, the
mixture can have an initial temperature of
from 50° to 100°C and can be cooled 10 a
final temperature lower than the initial tem-
perature, e.g. less than 40°C, preferably about
35°C, the temperature difference being suffi-
cient to provide a high yield of crystals. The
crystallizing mixture is maintained at the lower
temperatures until erystallization is complete
or mnearly so, usually for longer than 15
minutes and preferably over 0.5 hours, The
crystals are separated from the resultant mix-
ture, for example, by filtration.

The quality or percentage of the d-isomer
in the product can be increased, if desired,
by recrystallization of the above-obtained cry-
stals using the same solvents used in the initia]
crystallization or with different solvents as
found desirable, the recrystallization being
generally carried out as described above,

The combined mother liquors from each of
the crystallization steps can be reprocessed.
Either one or several recrystallizations can be
carried out, depending upon the product purity
1equired.

TChe salt product is cleaved with any organic
or inorganic acid not destructive to the pro-
duct to yield the d - isomer enriched 2 -
55 - methoxy - 2 - naphthyl)propionic acid.

Iternatively, according to the resently pre-
ferred technique, the cleavage o¥ the cinchon-
idine salt product can be effected by treating
the salt product with a strong base, such as
potassium hydroxide or other strong base hav-
ing a pKa value greater than 10, followed by
acidification, such as with hydrochloric acid,
to give d.2.- (6 - methoxy - 2 - naphthyl)-
propionic acid. When thjs cleavage "is per-
formed, for example, in a 3:1 (w/w) water-
methanol mixture, at room temperature, foam-
ing of the reaction mixture, which occurs
when the alkaline suspension of cinchonidine

is heated 0 83°-—86°C, is avoided and the

product is easy to filter.

The present invention is considered to be
an improvement over the resolution technique
described in U.S. Patent No. 3,683,015, The
present technique, using potassium hydroxide,
allows a significant increase in the concentra-
tion of the mixture of d and 1 2 - (6 - meth-
oxy ~ 2 - naphthylfpropionic acid charged
to the reaction vessel (for example, this en-
ables an increase from the 78 g of dl mixture
per liter of methanol—as shown in the afore-
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mentioned patent—to 320—37¢ g of dl mix-
ture per liter of miethanol as shown in the
Examples below). This highér input results
in greater throughput for a given size reac-
tion vessel, which is.translated into lower pro-
duction cost per quanity of product obtained.
Additionally, the use of potassivm hydroxide
Tequites only one slurry of the. mixture of d
and 1 2 - (6 - methoxy - 2. naphthyl)-
propionic acid in methanol to obtain a cin-
chonidine salt product having a satisfactory

- optical- ratation value (of the liberated acid),

15

20

25

35

55

60

that is, a salt mixture suitably enriched in the.

cinchonidine salt of d 2 . (6 - methoxy - 2 -
naphthyl)propionic acid. Generally this is on
the order of a product (egpressed jis the liber-
ated acid) which has an optical rotation value
of about 58°, with only one additional re-
crystallization with methano] being required to
attain an essentially pure salt having an optical
rotation value of about 66° (of the liberated
acid). This feature of the present invention
is also translatable into reduction ia the pro-
duction cost per unit quanity of the product
obtained. All this is obtained while achiey-
ing better resolution in slightly higher yield.
The present invention, therefore, is an overall
improvement in the process described in U.S,
Patent No. 3,683,015, .

The following specific description is given

to enable those skilled in this art to more

clearly understand and practice the present

invention. It should not be considered as &
limitation upon the scope of the invention
but merely as being illustrative and repre-
sentative therof, '

EXAMPLE 1. :
A mixture is prepared by adding, to a one
liter flask, 70 g (0.305 g mole) of dl 2 -
(6 - methoxy - 2 - naphthyl)propionic acid,

- A4 g-(0.150 g ‘mole) of cinchonidine, 8.67 g

(0.155 g mole) of potassium " hydroxide and
220 ml of methanol. These ingredients are
stirred, and "the mixture is refluxed for 4
hours. The mixture is then gradually cooled
to 25°C over five hours and maintaired at
that temperature for a further 12 hours. The
resultant suspension is then filtered, and the
solids are washetd with 100 ml of methanol
and -dried at 50—55°C. The yield of the
cinchonidine sait of d 2 - (6 - methoxy-
2 - naphthyl)propionic acid is about 90%,
(w/w). [a]s=57—58° (of the liberated
d S

acid),

EXAMPLE 2 '

‘Repeating the procedure of Example 1 but
replacing 8.67 g of potassium hydroxide with
7.6 g (0.136 g moles) of potassium hydroxide
also yields an improved yield of cinchonicline
salt of d 2 - (6 - methoxy ~ 2 - naphthyl)-
propionic acid compared with that obtainable
using 100 percent cinchonidine, .

hydroxide,

EXAMPLE 3
Repeating the procedure of Example 1 but
replacing potassium hydroxide with sodium
otassium carbonate, sodium car-
bonate, calcium. hydroxide and ammonia yields,

65

In each case, an improved yield of cinchon- .

idine salt of d 2 - (56 ~ methoxy -~ 2 -
naphthyl)propionic aci compared- with that
obtainable using 100 percent cinchonidine,

EXAMPLE 4

A 65 g portion of the cinchonidine salt of
d2- §6 - methoxy 1 2 - naphthyl)propionic
acid ([a]p=358.8; of the liberated acid) is
mixed with 195 m] methanol, and the mix-
ture is stirred and refluzed for 4 hours. The
solution is cooled to 25°C over five hours and
filtered. The filtrate is washed with 30 ml of
methanol having a temperature of 25°C and
dried at 45°—50°C. The yield of the cin-
chonidine salt of d 2 - (6 - methoxy - 2 -
naphthyl)propionic acid is about 95.29%
(w/w). [a]lp=66.1° (of the liberated acid).

EXAMPLE 35

The product of Example 4 (618 g) is
mixed with 450 ml of ethyl acetate and
300 ml of dilute hydrochloric acid (5:1 v/fv
water to acid), The ‘ethyl acetate layer is then
filtered, and the ethyl acetate js re laced with
isopropanol by distilling while adpding incre-
mental amounts of isopropanol, The product is
mixed with water, cooled to 20°C, filtered,
and the residue is washed with water to yield
d 2 - (6 - methoxy - 2 - naphthyl)propionic
acid. [a]p=66.1°. :

: EXAMPLE 6

To a suitably. sized vessel containing potas-
sium hydroxide (61.8 kg) dissolved in meth-
anol (1557 13 there is charged.dl 2 - 6 -
methoxy - 2.. naphthyl)propionic  acid
(500 kg) with constant stirring. Cinchonidine
(315 kg) is added and the batch heated under
reflux for about four hours. After cooling at
a rate of 8°C per hour 1o 25—30°C and aging
for five hours the batch is filtered and the
filter cake washed with methano] (1418 1).
The wet filter cake is charged in methanol
(1444 1) to 4 second suitably sized vesse] and
heated under reflux for four hours, After
cooling at a rate of 8°C per hour to 25—
30°C the batch s filtered and the cake @ -
cinchonidine salt) washed with methanol
450 1). The yield ‘of ‘the cinchonidine salt
ofd -2-(6- methoxy - 2 - naphthyl)-
propionic acid (d - cinchonidine salt) is about
86—92% w/w.

EXAMPLE 7
To a suitably sized vessel containing potas-
sium hydroxide (54 kg) dissolved in methano]
(730 1) there is charged d - cinchonidine salt
wet cake (455 kg), obtained as described in
Example 6, After stirring for twenty minutes
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at 20—25°C under nitrogen, water (2080 1)
is added and the stirring continued for a
further 2 hours. The precipitated cinchonidine
is filtered off and the filter cake wushed with
water. The combined filtrate and wash js ex-
tracted with' chloroform (3X416 1). The
agueous layer is then charged with hydro-
chloric acid (125 kgg in water (794 I) and
warmed to 35--40°C to remove aay chloro-
form. The batch is cooled to 25°C, aged for
one hour, and d 2 - (6 - methoxy - 2 -
naphthyl)propionic acid filtered off and washed
with water, .

' ' EXAMPLE 8

Acetone (2000 1), the wet cake of d 2 -
(6 - methoxy - 2 - naphthyl)progionic acid
of example 7 and activated carbon (e.g. that
supplied under the Trade Mark Darco G-60)
are charged to a suitably sized vessel and
the mixture stirred. for 5 minutes, The batch
is filtered and the filter cake washed with
acetone. The combined filtrate and washings
are vacuum distlled to a volume of 1000 1
and cooled to 25—30°C, Water S.’!OOO D is
charged, and the batch. aged for 30 minutes
at 5—0°C, and the precipitated d 2 - (6 -
methoxy - 2 - naphthyl)propionic acid fltered
off, washed with water and dried at about

45—50°C. The yield of d 2 - (6 - methoxy- -

2 - naphthyl)propionic acid is 34—38% w/w.
WHAT WE CLAIM IS:—

1. A process for resolving 2 - (6 - meth- -
"OXy - 2 - mphthyl)propion%c acid compx:ig-

35 .

ing the steps of: Sia

(a) preparing a mixture of cinchonidine,
an inorganic base having a basicity, pKa of
greater than 8, 'd and I 2 - (6 - methoxy-
2 - naphthyl)propionic acid and an inert
organic solvent in which the cinchonidine salt
of 12 - (6 - methoxy - 2 - naphthyl pro-
pionic acid and inorganic base salts of d and
12 - (6 - methoxy - 2 - naphthyl)ptopionic
acid are soluble, and in which the cinchonidine
saltof 12 - (6 - methoxy - 2 . naphthyl)-
propionic acid is more soluble than the cinchon-
idine salt of d 2 - (6 - methoxy - 2 -
naphthyl)propionic acid, the solubility in the

Inert organic solvent of salts of the d and
12 - (6 - methoxy - 2 - naphthyl )propionic-

acid and the inorganic base being greater than
the- solubility of the cinchonidine salts of the
dand 12 - (6 - methoxy - 2 - naphthyl)-
propionic acid, and

- (b) crystalizing the cinchonidina salts of
and I 2 - (6 - methoxy - 2 - naphthyl)-

propionic acid from the mixture to yield a
salt product enriched in the d 2 - (6 -
methoxy ~ 2 - naphthyl)propionic acid salt,

2.- The process of Claim 1 further includ.
ing the step of subjecting the enriched cin-
chonidine salt product to at least one further
crystallizaton to increase the percentage of
d - isomer in the product.

3. The process of Claim 1 further includ-
ing the step of subjecting the enriched cin-
chonidine salt product to only one further cry-
stallization to provide a substantially pure
cinchonidine salt of d 2 - (6 - methoxy -~ 2 -
naphthyl)propionic acid.

4. The process of Claim 1 further includ-
ing the step of cleaving the cinchonidine salt
product enriched in the d 2 - (6 - methoxy-
2 - naphthyl)propionic acid salt to yield 2 -

6 - methoxy - 2 - naphthyl)propionic acid
enriched in the d - isomer.

5. The process of Claim 4 wherein said
cleavage is effected by treating said salt pro-
duct enriched in the d 2 - (6 - methoxy-
2 - naphthyl)propionic acid salt with a strong
base at sbout room temperature in approxi-
mately a 3:1 (w/w) water-methanol mixture,
followed by acidification to yield d 2 - 6 -
methoxy - 2 - naphthyl)propionic acid.,

6. The process of Claim 5 wherein said

strong base is potassium hydroxide.

7. The process of Claim 5 wherein said
acidification is conducted with hydrochloric
acid. :

8. The process of Claim 1 wherein the molar
ratio of cinchonidine to inorganic base is from
2:3 10 3:2,

9. The process of Claim 1 wherein the in-
organic base is potassium hydroxide.

10. The process of Claim 1 wherein the
solvent is methanol,

11. A process for resolving 2 - (6 - meth-
oxy - 2 - naphthyl)propionic acid accord-
ing to Claim 1, substantially as herein des-
cribed. , ‘

12, A resolved optical isomer of 2 - (6 -

methoxy - 2 - naphthyl)propionic acid pre-

pared by the process of any one of the pre-
ing claims. :

13. A pharmaceutical composition compris-
ing a compound of claim 12 with a suitable
excipient,
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1

PROCESS FOR THE RECYCLE OF A WASTE
PRODUCT OF DILTIAZEM SYNTHESIS

The present invention relates to a method for the recycle

2 |
No. 5,144,025—Zambon Group S.p.A.) or by sponlancéus
resolution (U.S. Pat. No. 5,097,059—Zambon Grdup
Sp.A). !
In case of scparation at the level of the acid I, fhe

of a waste product of diltiazem synthesis and, morc 5 methods described in the literature provide for, inter alia, the
particularly, it relates to a method for the preparation of resolution with optically active bases such jas
threo-2-hydroxy-3-(2-aminophenylthio)-3-(4- a-phenylethylamine (European patent application 0 Q98
methoxyphenyl)propionic acid esters, intermediates useful 892—Tanabe Seiyaku Co. Lid) or I-lysine (U.K. patent
for the synthesis of diltiazem, starting from (2R,3R)-2- application 2130578—Istituto Luso Farmaco d'ltalia
hydroxy-3-(2-aminophenylthio)-3-(4-methoxyphenyl) 10 S.p.A.)or the acylation in the presence of a lipase (Européan
propionic acid or derivatives thereof. patent application 0 617 130—0Orion-Yhtyma Oy Fermidn).
Diltuazem, (+)-(2S,3S)-3-acetoxy-5-{2-(dimethylamino) It is cvident that the resolution methods have the disad-
cthyl]-2,3-dihydro-2-(4-mecthoxy-phenyl)-1,5- vantage of giving the desired (25,3S) isomer with a maxi-
benzothiazepin-4(5H)-one (The Merck Index, Xl ed., no. mum theoretical yield of 50% on the raceme and of giving
3247, page 541) is a known drug with calcium-antagonist 15 also the corresponding (2R,3R) isomer, at the same time.
activity described 1n the UK. patent 1236467 (Tanabe The isomers with (2R,3R) configurauon, unsuilablclfor
Seiyaku Co. L1d.). diltiazem synthesis, are then a wasie product in the industrial
Several methods for the preparation of diltiazem such as, synthesis. !
for example, those described in the above cited U K. patent As a consequence, a process for the reevele of Laid
1236467, in the European patent application 0 059 335 and 20 compounds in order 10 recover them for diliazem synthbsis
in the Japanesc patent no. 71/8982, all in the name of Tanabe should be usetul. I
Seiyaku Co. Lid,, are described in the literature As far as we know, the only mcthod described 1a]the
Most of these methods substantially provide for the hiterature for the recycle of an intermediate with (2R3R).
following synihetic scheme. configuration is the process claimed i the U.S. Pat. \No
!
Scheme 1 |
|
St COOR |
. [
' !
NH, \
[ CHyO
Il-trans |
[
| |
OCH, OCH; !
I
[
5 S !
[
on T —ou |
|
s, COOR N |
1i-threo O [V-cis |
U |
|
U |
I
Erliize 1
I
~ |

wherein R s a hydrogen atom or a lower alky! and the
asterisks mark the stereogenic carbon atoms

These methods use the compound of formula H-threo 1
racemic torm, as mmermediate. However, diluazcin shows
stereocenters with S configuration and then, follwing the
above reporied scheme, a step for the separation of the
(2S5,35) enanuomer from the (2R,3R) onc 15 necessary.

The separation of the two enantiomers can be carried out
on the interimediate (HI) in the form of an ester (R=alkyl) as
well as i the torm of acid (R=H).

For example, the separation of the (25,3S) and (2R,3R)
cnantiomers at the level of the ester 111 can be carried out by
using an optically active acid as resolving agent (U.S. Pat.

5,102,999 (Zambon Group S p ) which provides {ge Ui
racemization ol the mtcrmediate Voo (2R 3R) |

We have now found a process foi she converson &f the
itermediates HE-2RAR) o o minvue of avntiomets [H-

00 (2R,3R) and H-(2S.3S) wineh altoses 1o reuse the chanti-

omers with (2R3R) conhguration o the ntermediates of
tormula [ for diliazem svatiesis |

- - . L
Iherefore, object of the present v ention 15 a4 process lor

os the conversion of lhrco-(ZRf\R)-Z-hy(lr(),\:y-l_?-(l’—

aminophenylthio)-3-(4-methoxyphenvl)propionic’ acid

derivatives of formula |
I

14
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1H1-(2R,3R)
OCHj

S
.

wn QOH

1
i, COOR

wherein R? is a lincar or branched C,~C; alkyl or a
hydrogen atom;
into a mixwre of enantiomers HI-(2R,3R) and II1-(2S,3S),
comprising:
(a) the cyclization of the compound HI-(2R,3R) to aflord
the corresponding compound of formula

M IV-(2R 3R)
OCH,4
'"“"OH
N
M %

(b) the conversion 1o the compound of formula
\ ] ;

OCH,

S
i N
H O

wherein R” is a hydrogen atom or a C.-C, acy! group,
(¢) the reduction 10 afford the compound of formula

[V-cis

OCH,

S

C{ ol
N
o %

30

[
o

40

60

4

(d) the opening reaction by treating with a strong acid or

with a strong basc in an alcoholic or aqueous solvent.

The mixture of the two enantiomers [1-(2R,3R) and
111-(2S,3S) obtained with the process abject of the present
invention can be resolved according v the already reported
methods in order 1o separate the (2S, 35) enantiomer useful
for diltiazem synthesis.

In the present contexl, if not otherwise specified, the term
mixture of enantiomers means a subsizntially racemic mix-
ture (2R,3R:2S,3S ratio about 1:1) or « mixture wherein the
enantiomer 2S,3S prevails.

Analogously, if the absolute conlizuration of the com-
pounds of formuta IIl or IV is not Indreated, 1t means that
said compounds arc a substantially s.cmic mixture (2R,
3R:28,3S ratio about 1:1) or a mixture wherein the enanti-
omer 28,3 S prevails.

The term linear or branched C,~C . :ikyl means methyl,
ethyl, propyl, isopropyl and the i C,=C, acyl group
means acelyl, propionyl, butyrl, isobivrl.

The intermediates of formula H1-(2R.3R) used as starting
products in the process object of the =rusent invention are
known compounds and they arc abtaiied as waste products
in the optical separation processes for diliazem synthesis.

Generally the compounds of formui.: Hl are in the form of
acid (R*=H) or in the form of metti! R'=CH,) or cthyl
(R'==CH,—CH,) ester.

Preferably, in the process object @ i present invention
the compounds of formula Il are mcinyi esters.

The cyclization of the compound lii- 2R 3R) 10 afford the
compound of formula IV-(2R 3R) casi > carried out accord-
ing to the known methods [or'the ¢iv..~ation of the corre-
sponding (2S,38) enantiomer. For ¢x..i:le, the cyclization
of the esters of formula HI-(2R,3R) « 2 be carried out by
treating with fosfonic acids (U.S. i No. 5,223,012—
Zambon Group S.p.A.) or by treatiz:; with sulfonic acids
(European patent application 0 447 % -—Tanabe Sciyaku
Co. Lid.). Similarly, the cyclization . . e acid of formula
111-(2R,3R) can be carricd out by treai.. . with sulfonic acids
(Europcan patent application 0 395 . *-=Tanabe Seiyaku
Co. 11d ) or with bases (European p. @ application 0 450
705—Stamicarbon B.V.).

1n the process object of the presco
tion reaction is preferably carricd
methyl ester of formula TH-(ZR.3.

enhon the eychza-
sarting lrom the

treating with cis-

propenyl-fosfonic acid.

‘The subsequent conversion react: -+ the derivative \Y
can be carried out according to kr.
example, the methods described in bra.
8586-8590 or in the already cited U e
can be used.

methods wo. For
Chem., 1990,
No. 3,102,999

sresent nvention,
ARE=COCH,) s
mpound Va which

Preferably, in the process object o,
the acetyl derivative of formuls
prepared, then hydrolysed to afford !
will be in equilibrium with its tautom. B) as herein below

reported.
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OCH,

|

The subscquent ceduction reaction allows to obtain the
compound [V-cis.

Optionally, the hydrolysis and reduction reactions can be
carried out one-pot, that is in an unique reaction
covironment, without isolating the compound Va (or Vb).

The preparation of the acetyl derivative V is preferably
carried oul by trecating with acetic anhydride in
dimethylsultoxide, in the presence of catalytic amounts of
pyridine. The optional hydrolysis can be then carried out by
treating with bases such as sodium hydroxide or sodium
mesylate.

The reduction of the compound of formula V can be
carried out with known methods, for example by treating
with hydrides according to what reported in the already cited
U.S. Pat. No. 5,102,999.

The resultant compound [V-cis can be then converted into
the corresponding compound of formula I1-threo by treating
with a strong acid or with a strong base in an alcoholic or
agueous solvent.

The amount ol acid or basc is at least equimolar, prefer-
ably 1w excess, with respect to the compound [V-cis.

Generally the reaction is carried out by using an excess of
acid or base cqual 10 10%—-30% in moles with respect to the
compound [V.

The strong acids used in the process of the invention are
worganic acids such as hydrochloric, hydrobromic, sulturic
and fosforic acul or organic acids such as sulfonic acids,
preferably methanesullonic, p-toluenesulfonic and cam-
phorsulfonic acid.

Sodium hydroxide is preferably used as strong base.

In the process object of the present invention methane-
sutfonic acid is preferably used.

The reaction 1s carricd out in an alcoholic solvent such as,
for example. methanol or ethanol, preferably in methanol, or
n water optionally in admixture with a suitable co-solvent
such as dimethylsulfoxide.

Dependently on the alcohol used as solvent the corre-
sponding ester of formula lll-threo 1s obtained which can
then be used agam in the preparation of diltiazem according
to the synthetic route illustrated in the previous scheme 1.

When an agueous solvent is used, the acid (R'=H) of
formula Il-thrco 1s obtained and used according o the
synthctic route iHustrated 1n scheme 1 too.

The opemng reaciton of the compound of formula [V-cis
represents the most characterising feature of the process
object of the present invention.

ln fact, as far as we know, this reaction has never been
described in the literature

On the contrary, cvehizations of the compound Hi-threo 1o
atford the compound {V-cis by using acids or bases have
widely been described in the literature.

Furthermore, 1t is evident that the possibility of racemiz-
ing the waste products with (2R,3R) configuration of the
process for diltiazem preparation at the level of onc of the
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earlicst synthetic intermediates represents a relevant advan
tage from a practical and cconomic viewpoint.

A particularly preferred embodiment of the process objec
of the present invention is the following,.

The methyl ester of formula 111-(2R,3R), obtained by
resolution of the corresponding racemic mixture, is cyc ized
with cis-propenyl-fosfonic acid and then oxidised by treat!
ment with acetic anhydridc/dimcthylsulfoxide/pyridincl
obtaining the acetyl derivative of formula V. After basi¢
hydrolysis and reduction with sodium borohydride the ace!
mic compound [V-cis is obtained and (reated with an excessl
of methanesulfonic acid in methanol up to the obtainment ol[
the racemic methyl ester [Hl-threo.

The resolution of the racemic methyl ester iil-threo
allows to obtain the compound [11-(2S,3S) which is used for
dilhazem synthesis and the cnantiomer I11-(2R,3R) v hictl
can undergo a further recycle phasc according to the pmccss!
object of the present invention.

In order 1o better illustrate the present invention| the
following examples are now given. |

4

EXAMPLE |

A mixture of methyl (2R,3R)-2-hydroxy-31(2-
aminophenylthio)-3-(4-methoxyphenyvl)-propionate (5 g, I.I
mmoles) and cis-propenyl-tosfonic acid (0.183 g; 3
|

[

mmoles) 10 xylene (35 ml) was heated under retlux|and
stirring for 5.5 hours. |

After distilling a xylene/methanol mixture (about 3%}, the,
reaction mixture was cooled 10 15° C.

The resultant precipitate was filiered under vacuum),
washed with xylene (2x5 ml) and then dried in oven al| 63°
C. obtaining (2R,3R)-2,3-dihydro-3-hydroxy-2}(4-
mcthoxyphenyl)-1,5-benzothiazepin-4(5H)-one (42 .
89.6% yicld).

i

EXAMPLE 2

A catalytic amount of pyridine (197 g; 0.25 moles) [was
added 1o a solunion of (2R,3R)-2,3-dihydro-3-hydroxy-2-(4-
methoxyphenyl)-1,5-benzothiazepind(SH)-one (500 g, | 66
molcs) in dimethylsulfoxide (1100 g; 14.1 moles) and acctic
anhydride (425 g; 4.17 moles). After keeping the solution
under stirring at room temperature for 24 hours, water (1000
ml) was slowly added and the mixture was kept under
stirring, tor 30 minutes

The crystalhine precipitate was filtered oll, washed wab
mcthanol and dricd obtaiming 3-acctoxy-21{4-
methoxyphenyl)-1,5-benzothiazepin-4(SH)-one (481 6«
84.7% yicld)

EXAMPLE 3

A suspension of 3-acetoxy-2-(4-methoxyphenyl)-It .5-
benzothiazepin-4(SH)-one (17.1 g; 0.05 mmoles) in metha-

.
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nol (51 ml) was cooled in ice and then a solution of NaOH
(5 g; 0.125 mmoles) in water (63 ml) was added.

‘The solution was then kept under stirring for 2 hours al
room temperature.

After neutralisation with HCI 2N (50 ml) and extraction
with cthyl acetate, the organic phase was washed twice with
walcr, dricd and concentrated obtaining a viscous oil.

The oil was treated with cthyl ether obtaining 2-(4-
methoxyphenyl)-1,5-benzothiazepin-3,4(2H,5H)-dione
(12.98 g; 86.7% yield) as a crystalline solid.

EXAMPLE 4

Sodium borohydride (0.567 g; 15 mmoles) was added to
a solution of 2-(4-methoxyphenyl)-1,5-benzothiazepin-3,4
(2H;5H)-dione (4.25 g; 14.2 mmoles) in methanol (65 ml),
kepl under stirring, at 15° C.

After 1 hour the reaction mixture was poured into a buffer

solution (100 ml) at pH 7 and methanol was removed by
distillation under vacuum.

The resultant mixture was extracted with methylene chlo- 2

ride (2x30 ml).

After evaporation of the solvent under reduced pressure
cis-2,3-dihydro-3-hydroxy-2-(4-methoxyphenyi)-1,5-
benzothiazepin-4(SH)-one (4.15 g; 97% yield) as racemic
mixturc was obtained.

EXAMPLE 5

In a 500 ml flask, cquipped with thermomeizr and
condenser, cis-2,3-dihydro-3-hydroxy-2-(4-

methoxyphenyl)-1,5-benzothiazepin-4(5H)-one (50 ¢; 165.9 3

mmoles) was suspended in methanol (200 ml) and meth-
ancsulfonic acid (19.2 g; 200 mmoles) was added (o the
mixture. :

The rcaction mixture was brought to reflux and the
progress of the reaction was followed by TLC (elucnt
ethylacetate:hexane=6:4). After heating for 7 hours, the
content of starting product was about 1%.

The reaction mixture was then cooled al room tempera-
wre before adding, with a dropping funnel, a 8% solution of
sodium bicarbonate (208 g; final pH=7.0).

The resultant precipitate was filtered off and washed three

g:s with water (3x50 ml). The resultant solid was then
Fintd at 50° C. under vacuum up to constant weight obtain-
ing methyl threo-2-hydroxy-3-(2-aminophenylthio)-3-(4-
mecthoxyphenyl)-propionate (54 g; molar yield 94.2%;
HPLC titre 96.5%).

EXAMPLE 6

30% Sodium methylate in methanol (0.1 ml; 0.5 mmoles)
and, after 15 minutes, sodium borohydride (54 mg; 1.42
mmoles) were added to a suspension of 3-acctoxy-2-(4-
mcthoxyphenyl)-1,5-benzothiazepin-4(SH)-one (1 u; 2.9
mmoles) in methanol (5 ml).

After keeping the mixture under stirring at room tempera-
wre for 5 hours, methanesulfonic acid (0.6 ml; 9.3 mmoles)
was added and the mixture was heated under reflux for 3
hours. After cooling at room temperature, 8% sodium bicar-
bonate (9 ml) was added.

After adding toluene, the resultant solid was filtered off,
washed with water (3x1 ml) and dried at 50° C. under
vacuum obtaining methyl threo-2-hydroxy-3-(2-
aminophenylthio)-3-(4-methoxypheayl)propionate (0.92 ¢
molar yield 90%; HPLC titre 95%).

EXAMPLE 7

30% Sodium methylate in methanol (0.5 ml; 2.5 mmoles)
and, after 15 minutes, sodium borohydride (0.23 g; 7.35
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mmoles) were added to a suspension of 3-accloxy-2-(4-
methoxyphenyl)-1,5-benzothiazepin-4(SH)-one (5 g; 147
mmoles) in methanol (25 ml).
Aflter keeping the mixture under stirring at room tempera-
ture for 5 hours, a 6.5M solution of hydrochloric acid in
methanol (2.7 ml; 17.6 mmoles) was added and the mixture
was heated under reflux for 5 hours.
After cooling at room temperature, 8% sodium bicarbon- -
ate (16 ml) was added.

The resultant precipitate was filicred off, washed with
water (3x5 ml) and dried at 50° C. under vacuum oblaining

methyl threo-2-hydroxy-3-(2-aminophenylthio)-3-(4- 4
methoxyphenyl)-propionate (5 g; molar yicid 85%; :
TH-NMR titre 75%).

What is claimed is:

1. A process for the conversion of threo-(2R,3R)-2-

hydroxy-'3-(2-aminophenyllhio)-3-(4-melhoxyphcnyl)
propionic acid derivatives of formula - .

N

(2R 3R)
OCH,

WOl

i
NITH COOR

wherein RY is a linear or branched C,-C, alkyl or a
hydrogen atom;
into 2 mixture of enantiomers 1{1-(2R,3R) and 111-(28.35),
comprising; '
(a) the cyclization of the compound 111-(2R,3R) to afford
the corresponding compound of formula

IV-(3R3R)
OCH;

winnQH

(b) the conversion 1o the compound of formula

OCH4

wherein R® is a hydrogen atom or a C.-C, acyl group,
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(c) the reduction to afford the compound of formula

V.cis
OCH,

OH

H

(d) the opening reaction by treating with a strong acid or

with a strong base in an alcoholic or aqueous solvent.

2. A process according to claim 1 for the conversion of the

methyl ester of threo-(2R,3R)-2-hydroxy-3-(2-
aminophenvithio)-3-(4-methoxyphenyl)-propionic acid.

D

10

3. A process according 1o claim 1 wherein the compound
of formula V wherein R? is acetyl is used.

4. A process according to claim 1 wherein the opening
reaction s carried oul by ircaling with a strong acid.

5. A process according 1o claim 4 wherein the strong acid
is selected {rom the group consisting of hydrochloric,
hydrobromic, sulfuric, fosforic, methanesulfonic,
p-toluenesulfonic and camphorsulfonic acid.

6. A process according 10 claim 5 wherein the strong acid
is methanesulfonic acid.

7. A process according to claim 4 wherein an alcoholic
solvent 1s used.

8. A process according to claim 7 wherein the solvent is
methanol.

9. A method for the preparation of diltiazem, the method
comprising conducting the process according to claim 1 and
thereafter synthesizing the diliazem from the 111-(2S,3S)
enantiomer obtained in the process.

BT SRten «
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thaleneamine to cis-isomeric N-methyl-4-(3,4-dichloro-
phenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine is dis-
closed. The process.involves contacting trans-isomeric
N-methyl4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-
naphthaleneamine, or a mixture of same with up to
about an-equal part by weight of the corresponding

cis-isomer, with a basic equilibration agent like potas- - ’
sium tert.-butoxide in a reaction-inert polar organic

solvent to ultimately afford a cis/trans-mixture wherein
the amount of cis-amine present in said mixture achieves
a constant value of about 2:1 on a weight-by-weight
basis. The aforesaid resultant- mixture is useful as an
intermediate product that ultimately leads to pure cis-
(1S) (4S)-N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tet-
rahydro-l-naphthaleneamine (sertraline), which is a
known antidepressant agent.
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mine, said process comprising contacting trans-isomeric
PROCESS FOR RECYCLING AMINE ISOMER N-mcthyl-4-(3,4—dichlorophenyl)-l,2,3.4—tetrahydro-1_-
naphthaleneamine in the absence or presence of up to
TECHNICAL FIELD

about an equal part by weight of the corresponding
This invention relates to a process for recycling a > Cis-isomer with a basic equilibration agent, such as 1,3-
trans-amine to a cis-amine. More particularly, it is con-

diazabicyclo[5.4.0]undec-7-ene or an alkali metal lower
cerned with a novel method for converting trans-iso-  alkoxide (Ci-Cs) like potassium tert.-butoxide, in a
meric N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahy-  reaction-inert polar organic solvent system at a temper-
dro-1-naphthaleneamine to the corresponding cis-iso- ature that is in the range of from about 55° C. up to
meric product. The latter material is useful as an inter- !0 about 125° C. until the amount of the desired cis-amine
mediate that ultimately leads to the antidepressant agent  in the resultant cis/trans-mixture achieves a constant
known  as  cis-(1S)(4S)-N-methyl-4-(3,4-dichloro- value of about 2:1 on a weight-by-weight basis. In this
phenyl)-1,2,3,4-tetrahydro- l-naphthaleneamine (sertra- connection, it is to be understood that by the use of the
line). s term trans-isomeric N-methyl-4-(3,4-dichlorophenyl)-
1,2,3,4-tetrahydro-1-naphthaleneamine there is meant to
BACKGROUND ART be included not only the racemic trans-compound, but
Thcér;: is described in U.S. Pat. Nos. 4,536,518 and also the corresponding chiral trans-(1S)(4R)-enanti-
4,556,676 to W. M. Welch, Jr. et al,, as well as in the omer which is easily derived from same via resolution
paper of W: M. Welch, Jr. et al., appearing in the Jour- with L-(+)-mandelic acid and was first reported by W.
nal of Medicinal Chemistry, Vol. 27, No. 11, p. 1508 20 pyq Welch, Jr. et al. in the aforementioned Journal of
(1984), a multi-step method for synthesizing pure race- Medicinal Chemistry reference article.
mic cis-(15)(4S)-N-methyl-4-(3,4-dichlorophenyl)- More specifically, by the use of the process of this
l,2,3,4—tgtrahero-I-naphthalcncamme, starting from invention, a recycled starting material such as pure
the readily available 3,4-dichlorobenzophenone. In the racemic trans-N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-
last step of this synthesis, N-[4 -3,4 -dichloroph.enyy) 2 tetrahydro-1-naphthaleneamine or a 1:1by wcigh,l ;mx
rigu?::jyg;orsc(ir}\?o ;‘25{2‘1:f::??;}:ﬂ:;{gﬁ?:‘g”;‘;e‘h'é ture of said trans-isomer with the corresponding cis-iso-

‘ I hydride complex to N-methyl-4.(3 4. mer 1s convgncd to gboul a2:l by‘wcxght c1s/trans-mu§-
use oi a metal hy p Y ’ ture of the isomers in a most facile manner. As previ-
dichlorophenyl)-1,2,3,4-tetrahydro-1-naphthalenea- ly indicated, the latter 2:1 ltant mixture i ful
mine, which is actually a mixture of the cis- and trans- 30 ously ndicate  S1C Jatler £:1 resultant mixture 1s use .u
isomers in the form of a racemate. The aforesaid iso- as an intermediate produ.c( that leads to pure cis-

L. . . . (15)(4S)-N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tet-

meric mixture is then separated into its component parts . . . .

by conventional means, e.g., by fractional crystalliza- rahydro-l-qaphthalcnemme (senrglme), which 15 2
tion of the hydrochloride salts or by column chroma- known antidepressant agent. In like manner, chiral
tography on silica gel of the corresponding free base. 35 trans-(15) (4R)-N-methyl-4—(3,4—d1c§lor0phcnyl)-
Resolution of the separated cis- racemate free base com- 1,2,3,4.-(etrahydropheny].-l-naphl.halencarn_me or a 1:1
pound while in solution with an optically-active selec- by we‘lght mixture of s.a.xd trans-isomer with the corre-
tive precipitant acid, such as D-(—)-mandelic acid. in a sponding cis-isomer (viz., the chiral cis-(1S)(4S)-enanti-

classical manner then ultimately affords the desireq ~ Omer) is also converted to about a 2:1 by weight cis/-
cis-(1S)(4S)-enantiomer (sertraline).

40 trans-mixture of the isomers in a most facile manner.
Nevertheless, the above described production of pure However, in the latter case, the resultant 2:1 cis/trans-
cis-(1S)}(4S)-N-methyl-4-(3,4-dichlorophenyl)-1,2,3.4-

mixture of chiral isomers leads directly to sertraline
tetrahydro- l-naphthaleneamine is disadvantageous in  Since the resolution step is no longer required.
that largg amounts of the unwanted racemic trans-iso- DETAILED DESCRIPTION OF THE
mer (which ultimately leads to the unwanted trans- 45 INVENTION
(1S)(4R)-enantiomer) are co-produced and must even- . o )
tually be discarded, thereby lowering the overall yield I’_’ .acco.rdancc “{uh 'the process of ‘h'lS inventon, ic
of the desired cis-(1S)(4S)-enantiomer and increasing equilibration reaction is generally carried out by using
the costs of production. Therefore, it is an object of the

an excess in moles of the basic equilibration agent with
present invention to utilize the unwanted trans-isomer 50 fespect to the total amount of N-methyl-4-(3,4-dichloro-

that is co-produced in the aforesaid synthesis and so  phenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine starting
lower the total costs of production. Another and more ~ matenial (i.e., trans-isomer with up to about an equal
specific object of the present invention is to convert the  part by weight of the cis-isomer, etc.) and preferably by
aforesaid trans-racemate free base to the corresponding ~ using at least about one mole of said starting material

cis-isomer and thereby, in effect, recycle the previously s5 per mole of the basic equilibration agent, with the most
unwanted trans-isomer back into the present method of

preferred range being from about 1.0:1.0 to about
productiorn for the desired cis-isomer. Still another and 1.0:2.0, in order to effect the desired coaversion of the
even more specific object of the present invention is to trans-isomer to the cis-isomer as previously discussed.
convert the previously unwanted chiral trans-(1S)(4R)-

The process is normally conducted in a reaction-inert
isomer into the corresponding chiral cis-(1S)(4S)-iso- 60 polar organic solvent system at a temperature that is in

mer which is, of course, sertraline. the range of from about 55° C. up to about 125° C., and
preferably one that is in the range of from about 65° C.
DISCL.OSURE OF THE INVENTION

up to about 90° C,, until the desired conversion to the

In accordance with the present invention, there is constant 2:] (by weight) cis/trans-mixture is substan-

now provided a process for converting trans-isomenic 65 ually complete. Generally, the cquilibration reaction

N-methyl-4-(3 4-dichlorophenyl)-1,2,3,4-tetrahydro-1- will require a time period of at least about four hours,

naphthalencamine to cis-isomeric N-methyl-4-(3,4- although it is preferable in practice to carry out the
dichlorophenyl)-1.2,3,4-tetrahydro- 1-naphthalenea-

reaction for a period of about 40 hours. Preferred reac-
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tion-inert polar orgaric solvents for use in this connec-
tion include lower dialkyl (C)-Cs) ethers having a total
of at least five carbon atoms such as di-isopropyl ether,
di-n-butyl ether, methy} n-butyl ether and ethyl isopro-
pyl ether, cyclic ethers such as tetrahydrofuran and
dioxane, alkylated glycols having a total of from four to
eight carbon atoms, like 1,1-diethoxymethane, 1,2-dime-
thoxyethane, 2-ethoxyethanol, 2-n-butoxyethanol, the
dimethyl ether of butylene glycol and the di-n-propy:
ether of ethylene glycol, as well as lower N,N-dialkyl
lower alkanoamides having a total of up to six carbon
atoms (with at least one of said atoms always being
present in the N,N-unsubstituted alkanoamide- moiety)
like dimethylformamide, diethylformamide, dimethyl-
acetamide, diethylacetamide, dimethylpropionamide
and so forth. Preferred basic equilibration agents emi-
ployed for purposes of the invention process include
1,8-diazabicyclo{5.4.0)undec-7-¢cne, 1,5-diazabicy-
clo[4.3.0Jnon-5-ene, 1,4-diazabicyclo(2.2.2])-octane, lith-
jum di-isopropylamide and lithium tetramethylpiperi-
dide, as well as various metal lower alkoxides (C1-Cq)
. like the alkali metal lower alkoxides (C1-Cs), such as
sodium cthoxide and potassium tert.-butoxide. Opti-
mum results are generally obtained when dimethyl-
formamide and like alkanoamide solvents are employed
in conjunction with the first-three named basic equili-
bration agents, and tetrahydrofuran and the other ether-
type solvents are used in conjunction with the remain-
ing basic equilibration agents, such as potassium te:t.-
butoxide and the like. In the latter connection, espe-
cially when tetrahydrofuran is employed as the solvent
of choice in conjunction with the alkoxide-type equili-
bration agent, it has often been found most convenient

and advantageous in practice to use small amounts of

_the corresponding lower alkanol in order to *'spike™ the
aforesaid ethereal solvent and so aid in further increas-
ing the solubility of the starting materials and final prod-
ucts that are contained within the selected solvent sys-
tem. Usually, a minor amount of the alkanol “spike,”
say, for example, 5% by volume based on the total
volume of the ethereal solvent, is sufficient for such
purposes.

.~ Upon completion of the equilibration reaction, the
'sired product, viz., pure racemic cis-N-methyl-4-(3,4-
Whichlorophenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine

or the pure chiral cis-(1S)(4S)-enantiomer thereof (as

the case may be), is readily recovered from the reaction
mixture by conventional means such as, for example, by
first removing the solvent via evaporation under re-
duced pressure and then dissolving the resultant residue
in a chlorinated lower hydrocarbon solvent such as
methylene chloride, ethylene dichloride, s-tetrachlore-
thane, chloroform or carbon tetrachloride, followed by
successive washing and drying of the resulting solution
and subsequent evaporation of the solvent under re-

duced pressure to afford the previously discussed 2:1

(by weight) cis/trans-mixture (as detected by such ana-

lytical methods as thin layer chromatography, high

pressure liquid chromatography, nuclear magnetic reso-
nance spectroscopy, etc.) as the residual oil. When the
latier oil is thereafter dissolved in an ethereal solvent
such as tetrahydrofuran and treated with a dry hydro-
halide gas, like anhydrous hydrogen chloride, the de-
sired cis-amine precipitates from solution as the crystal-
line hydrohalide salt while the corresponding trans-
amine salt remains in solution. In this way, a starting
material such as unwanted racemic trans-N-methyl-4-
(3.4-dichlorophenyl)-1,2,3,4-tetrahydro-1-naph-

—_—

—
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thaleneamine or a 1:1{by weight) mixture of same with
the desired cis-isomer is conveniently converted to pure
crystalline  racemic  cis-N-methyl-4-(3,4-dichloro-
phenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine hydro-
chloride via the aforesaid 2:1 (by weight) cis/trans-mix-
ture. In like manner, the unwanted chiral trans-
(1S)(4R)-enantiomer is converted to the desired chiral
cis-(15)(4S)-enantiomer, viz., cis-(15)(4S)-N-methyl-4-
(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-naph-
thalencamine hydrochloride, as previously discussed.

The pure racemic trans-N-methyl-4-(3,4-dichloro-
phenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine starting
material that may be used for conducting the equilibra-
tion process of this invention, as well as the desired pure
racemic cis-amine final product are both reported as
hydrochloride salts in the paper by W. M. Welch, Jr., as
described in the Journal of Medicinal Chemistry, Vol. 27,
No. 11, p. 1508 (1984), along with the corresponding
free base compounds and an approximately 1:1 (by
weight) mixture of the racemic cis- and trans-isomers
(as the free amine base compounds) in crude form. The
pure racemic cis-amine hydrochloride is also reported
in U.S. Pat. No. 4,536,518 to W. M. Welch, Jr. et al,
along with crude mixtures of the two isomers as hydro-
chloride salts, while the pure racemic trans-amine hy-
drochloride is similarly reported in U.S. Pat. No.
4,556,676, also to W. M. Welch, Jr. et al. The pure
chiral trans-(1S)(4R)-N-methyl-4-(3,4-dichlorophenyl)-
1,2,3,4-tetrahydro-1-naphthaleneamine starting material
is also reported as a hydrochloride salt in the previous-
ly-mentioned paper by W. M. Welch, Jr. et al., along
with the corresponding free amine base compound.

As previously indicated, the 2:1 (by weight) cis/-
trans-mixture of racemic N:methyl-4-(3,4-dichloro-
phenyl)-1,2,3 4-tetrahydro-  l-naphthaleneamine isc-
mers afforded as a final product -of the process of this
invention is valuable as an intermediate product that
leads to the antidepressant agent known as sertraline or
cis-(15)(4S)-N-methyl-1,2,3,4-tetrahydro-1-naph-
thalencamine. More specifically, when the aforesaid 2:1
(by weight) resultant cis/trans-mixture of racemic N-
methyl-4-(3,4-dichlorophenyl)-1,2,3 . 4-tetrahydro-1-
naphthaleneamine bases is first converted to the corre-
sponding hydrochloride salts in an ethereal solvent
system such as pure tetrahydrofuran, the pure crystal-
line racemic cis-amine salt exclusively separates from
solution as a crystalline precipitate 10 afford pure race-
mic  cis-N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tet-
rahydro-1-naphthaleneamine hydrochloride, which is
then recovered and converted back 1o the pure racemic
cis-amine free base compound and subsequently 're-
solved in a classical manner using the methods de-
scribed by W. M. Welch, Jr. et al. in the aforesaid prior
art to ultimately yield the desired pure cis-(1S)(4S)-N-
methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-
naphthaleneamine (sertraline) as the hydrochlonde salt.
The corresponding 2:1 (by weight) cis/trans-mixture of
chiral N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahy-
dro-1-naphthaleneamine isomeric bases afforded as a
final product of the process of this invzntion is similarly
processed as an intermediate thai icads to sertraline,
except that the resolution step is noi required since the
desired pure chiral cis-(1S)(4S)-amine compound (ser-
traline) is obtained directly after isoiztion of the crystal-
line hydrochloride salt.

Hence, the novel process of the present invention
now provides a way to convert unwanted trans-iso-
meric N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahy-
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dro-1-naphthalencamine back to the desired pure cis-
isomer (racemic or chiral) and thus to effectively recy- EXAMPLE 3
cle the previously unwanted trans-isomer back into the
present method of production for obtaining said desired except that 5.0 g. (0.0164 mole) of a 1:9 (by weight)
cis-isomér. The latter accomplishment, in tumn, repre- 5 mixture of pure racemic cis-N-methyl-4-(3,4-dichloro}
sents a major improvement over prior art methods in phenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine

|

\

\
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and
view of the increased ease and simplicity of operation, ~ Pure racemic trans-N-mcthyl-4—(3.,4—dich]orophcnyl)-'i
and the concomitant decrease in the total costs of pro- 1,2,3 4-tetrahydro-1-naphthaleneamine is the starting
duction. material employed in lieu of the corresponding pure
10 trans-isomer alone, using the same molar proportions as

EXAMPLE 1

before. In this particular case, the corresponding final
A mixture consisting of 5.0 g. (0.0164 mole) of race- produgt qbtained is a 2:]. by WCighQ mix!urc 9f the
mic trans-N-methyl-4-(3 4-dichlorophenyl)-1,2,3,4-tet- racemic cis- and trans-amines, substantially identical in
rahydro-1-naphthaleneamine [W. M. Welch et al., Jour- cvery respect with the product_ of Example 1. Purcll
nal of Medicinal Chemisiry, Vol. 27, No. 11, p- 1508 15 racemic cxs-N-mcthyl-4—(3',4-dlchlorophcr?yl)-.l,2,3,4-|
. . - tetrahydro-1-naphthaleneamine hydrochloride is then
(]984)](1'5591%(1 in 60 ml. of tetrahydrofuran, which isolated from the aforesaid mixture in the same manner I
also contained 3.09 U.ll‘ of tcn"bm?m] and 3.68 g. as that already described for the identical product in \
(0.0328 mole) of potassium tert.-butoxide, was heated to Example 1.
reflux for a period of 48 hours. Upon completion of this 20
step, the solvent was removed by means of evaporation
under reduced pressure and the resulting residue was The procedure described in Example 1 is repeated
thereafter taken up in methylene chloride and washed except that 5.0 g. (0.0164 mole) of a 1:4 (by weight)
with three-successive 60 ml. portions of water, followed mixture of pure racemic cis-N-methyl-4-(3,4-dichloro-
by drying over anhydrous magnesium sulfate. After s phenyl)-1,2,3,4-tetrahydro- l-naphthaleneamine and
removal of the drying agent by means of filtration and pure racemic trans-N-methyl-4-(3,4-dichlorophenyi)-
the solvent by means of evaporation under reduced 1,2,3,4-tetrahydro-i-naphthaleneamine is the starting
pressure, there was finally obtained a residual oil which material employed in lieu of the corresponding pure
proved to be a 2:1 (by weight) mixture of the racemic r

trans-isomer alone, using the same molar proportions as
cis- and trans-amines, as attested to by nuclear magnetic 30 before. In this particular case, the corresponding final
resonance data. When the latter oil was dissolved in

tetrahydrofuran and subsequently treated with anhy-

drous hydrogen chloride gas, the cis-amine precipitated in every respect with the product of Example 1. pure
as the hydrochlonde salt, while the trans-amine hydro- racemic  cis-N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-
chloride remained in solution. In this manner, there 35 tetrahydro-1-naphthaleneamine hydrochlonde is then
were ultimately obtained 3.5 g. (62%) of pure racemic isolated from the aforesaid mixture in the same manner
cis-N-methyl-4-(3.4-dichlorophenyl)-1,2,3,4-tetrahy- as that already described for the identical product in
dro-1-naphthaleneamine hydrochloride (m.p. 275°-277°  Example 1.

C) i'n the form of the rgcovcreq crystalline salt. The EXAMPLE 5
melting points reported in the literature for the pure 40

‘

EXAMPLE 4

the racemic cis- and trans-amines, substantially identical

racemic cis-amine hydrochloride and pure racemic The procedure described in Example 1 is repeated
trans-amine hydrochlonde salts were 275°-277° C. and except that 5.0 g. (0.0164 mole) of a 23 (by weight)
214°-216° C., respectively, according to W. M. Welch mixture of pure racemic cns-N-mclh)']—4-(3,V4-d1chloro-
et al. in the Journal of Medicinal Chemistry, Vol. 27, No phenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine

and

11, p. 1508 (1984) 45 pure racemic trans-N-mcxhyl4—(3,4-dichlor0phcny])-
1,2,3,4-tetrahydro-1-naphthaleneamine is the starting

EXAMPLE 2 material employed in lieu of the corresponding pure

The procedure described in Example 1 was repeated trans-isomer alone, using the same molar proportions as

. . before. In this particular case, the corresponding final
cxcept that 5.0 ¢ (0‘0].64 mole) of a 1:1 (by .wc1ght) 50 product obtainfd is again a 2:1 (by weighx:? mixture of
mixture of pure racemic cis-N-methyl-4-(3,4-dichloro- A . . . i

. the racemic cis- and trans-amines, substantially identical
phenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine and . ith the product of Example 1 Pure
. o.N- . henyl)- in every rcspcct wit produc p
pure racemic trans-N methyl—4—(3.,4—dlchlorop v racemic  cis-N-methyl<4-(3,4-dichlorophenyl)-1,2,3 4-
l,2,3,§-!etrahydro-I-naphthalcncammc was thg starting tetrahydro- I-naphthaleneamine hydrochloride s then
material employed in place of the corrcspondmg PUT€ 55 isolated from the aforesaid mixture in the same manner
trans-isomer alone, using the same molar proportions as as that already described for the identical product in
before. In this particular case, the corresponding final Example 1. ]
product obtained was a residual oil which proved to be
a 2:1 (by weight) mixture of the racemic cis- and trans- EXAMPLE 6
amines, substantially identical in every respect with the g5 The
product of Example 1, as attested to by nuclear mag- except that 5.0 g (0.0164 mole) of pure chiral trans-
netic resonance data. Pure racemic cis-N-methyl-4-(3,4- (1S)(4R)-N-methyl-4-(3,4-dichlorophenyl)-1,2,3.4-tet-
dichlorophenyl-1,2.3.4-tetrahydro-1-naphthaleneamine rahydro-1-naphthaleneamine [W. M. Welch et al.. Jour-
hydrochloride (m.p 275°-277° C.) was then isolated nal of Medicinal Chemistry, Vol. 27, No 11, p. 1508
from the aforesaid mixture in the same manner as that 65 {1984)] is the starting material emploved in place of the
already described for the same product in Example 1. In pure racemic trans-N-methyl- 4-(3,4-dichlorophenyl)-
this instance, the yield of pure product amounted to 1,2,3,4-tetrahydro- 1-naphthalene, using the same molar
61%, based on the amount of starting material used. proportions as before. In this particular case, the corrc-

procedure described in Example 1 is repeated
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7 ,
sponding final product obtained is a 2:1 (by weight
mixture of chiral cis-(1S)(4S)-N-methyl-4-(3,4-dichloro.
phenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine - (sertra-
line) and chiral trans-(1S)(4R)-N-methyl-4-(3,4-
dichlorophenyl)-1,2,3,4-tetrahydro-1-naphthalenea-
mine. Pure chiral  cis-(1S)(4S)-N-methyl-4-(3,4-
dichlorophenyl)-1,2,3,4-tetrahydro-1-naphthalzneamine
hydrochloride (sertraline hydrochloride) is then iso-
lated from the aforesaid mixture in the same manner as
that described previously for the corresponding race-
mic salt reported in Example 1.

EXAMPLE 7

The procedure described in Example 6 is repeated
except that 5.0 g (0.0164 mole) of a 1:1 (by weight)
mixture of pure chiral cis-(1S)(4S)-N-methyl-4-(3,4-
dichlorophenyl)-1,2,3,4-tetrahydro-1-naphthalereamine
and pure chiral trans-(1S)(4R)-N-methy]-4-(3,4-
dichlorophenyl)-1,2,3,4-tetrahydro- 1-naphthaleneamine
is the starting material employed in place of the corre-
sponding pure trans-isomer alone, using the same molar
~proportions as before. In this particular case, the corre-
tponding final product obtained is a 2:1 (by weight)
-mixture of the chiral cis-(1S)(4S)- and chiral trans-

with the product of Example 6. Pure chiral cis-(1S)(4S)-
N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-
naphthaleneamine hydrochloride (sertraline hydrcchlo-
ride) is then isolated from the aforesaid mixture in the
same manner as that described previously for the corre-
sponding racemic salt reported in Example 1.

1 claim: ) .

1. A process for converting trans-isomeric N-methyl-
4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-naph-
thaleneamine to cis-isomeric N-methyl-4-(3,4-dichloro-
phenyl)-1,2,3 4-tetrahydro-1-naphthaleneamine, which
comprises contacting trans-isomeric N-methyl-4-(3,4-
dichlorophenyl)-1,2,3,4-tetrahydro- 1-naphthaleneamine

*(IS)(tiR)-amines, substantially identical in every respect

5

5.
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30

35

in the absence or presence of up to about an equal part -

by weight of the corresponding cis-isomer with a basic
equilibration agent in a reaction-inert polar organic
solvent system at a temperature that is in the range of
from about 55° C. up to about 125° C. until the amount
of the desired cis-amine in the resultant cis/trans-mix-
t  chicves a constant value of about 2:1 on-a weight-

" byrweight basis.

2. A process for converting racemic trans-N-methvl-
4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-naph-
thaleneamine to the corresponding cis-isomeric prod-
uct, which comprises contacting racemic trans-N-meth-
yl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-naph-
thaleneamine in the absence or presence of up to about
an equal part by weight of the corresponding cis-isomer
with a basic equilibration agent in a reaction-inert polar
organic solvent system at a temperature that is in the
range of from about 55° C. to about 125° C. until the
amount of the desired cis-amine in the resultant cis/-
trans-mixture achieves a constant value of about 2:1 on
a weight-by-weight basis.

3. A process for converting chiral trans-(1S)(4R)-N-
methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-
naphthaleneamine to the corresponding cis-isomeric
product, which comprises contacting chiral trans-
(1S)Y4R)-N-methyl-4-(3 4-dichlorophenyl)-1,2,3,4-tet-
rahydro-1-naphthaleneamine in the absence or presence
of up to about an equal part by weight of the corre-
sponding cis-isomer with a basic equilibration agent in a
reaction-inert polar organic solvent system at a temper-

40

45

50

55

65

8

ature of from about 55° C. to up about 125° C. until the

amount of the desired cis-amine in the resultant cis/-
trans-mixture achieves a constant value of about 2:1 on
a weight-by-weight basis.

4. A process as claimed in claim 2 wherein racemic
trans-N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahy-
dro-1-naphthaleneamine is the starting material em-
ployed in the absence of any substantial 2mount of the
corresponding cis:isomer.

5. A process as claimed in claim 2 wherein a 1:1 cis/-
trans-mixture consisting of about equal, parts by weight
of racemic cis- and racemic trans-N-methyl-4-(3,4-
dichlorophenyl)-1,2,3,4-tetrahydro-1-naphthaleneamine
is the starting material employed.

6. A process as claimed in claim 3 wherein chiral
trans-(1S)}4R)-N-methyl-4-(3,4-dichlorophenyl)-
1,2,3,4-tetrahydro-1-naphthaleneamine is the starting
material employed in the absence of any substantial
amount of the corresponding cis-isomer.

7. A process as claimed in claim 3 wherein a 1:1 cis/-
trans-mixture consisting of about equal parts by weight
of chiral cis-(18)(4S}-N-methyl-4-(3,4-dichiorophenyl)-
1,2,3,4-tetrahydro-1-naphthaléneamine and chiral trans-
(1S)(4R)-N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tet-
rahydro-1-naphthaleneamine is the starting material
employed.

8. A process as claimed in claim 1 wherein the basic
equilibration agent employed is 1,8-diazabicyclo[5.4.0}-
undec-7-ene.

9. A process as claimed in claim 1 wherein the basic
»quilibration agent employed is an, alkali metal lower
Alkoxide (Cy~Cy).

10. A process as claimed in claim 9 wherein the alkali
17etal lower alkoxide is potassium tert.-butoxide.

11. A process as claimed in claim 1 wherein an excess
i1 moles of the equilibration agent is employed with
r.:spect to the total amount of N-methyl-4-(3,4-dichloro-
pienyl)-1,2,3,4-tetrahydro-1-naphthaleneamine starting
material. .

12. A process as claimed in claim 11 wherein the
molar ratio of the N-methyl-4-(3,4-dichlorophenyl)-
1,1,3,4-tetrahydro- 1-naphthaleneamine starting mate-
riz] to the basic equilibration agent is in the range of
frcm about 1.0:1.0 to about 1.0:3.0, respectively.

13. A process as claimed in claim 12 wherein the
mc lar ratio of N-methyl-4-(3,4-dichlorophenyi)-1,2,3,4-
tet:iahydro-1-naphthaleneamine starting material to the
basic equilibration agent is about 1.0:2.0.

14. A process as claimed in claim 1 wherein the reac-
tior -inert polar organic solvent is a lower N,N-dialkyl
lower alkanoamide having a total of up to six carbon
atotas with at least one of said atoms always being pres-
ent . n the N,N-unsubstituted alkanoamide moiety.

1. A process as-claimed in claim' 14 wherein the
lower N,N-dialkyl lower alkanoamide is dimethylform-
amice.

16 A process as claimed in claim 1 wherein the reac-
tion-inert polar organic solvent is tetrahydrofuran or a
mixtire of same with a minor amount of tert.-butanol.

17. A process as claimed in claim 1 wherein the basic
equilisration agent is 1,8-diazabicyclo{5.4.0}undec-
7-ene and the reaction-inert polar organic solvent is
dimet aylformamide.

18. A process as claimed in claim 1 wherein the basic
equilit ration agent is potassium tert.-butoxide and the
reactic n-inert polar organic solvent is tetrahydrofuran
or a mixture of the same with a minor amount of tert.-
butanot
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y!4-(  3,4dichlorophenyl)-1,2,3,4-tetrahydro- | -naph-

thaleneamine hydrochlonde.
22. A process as claimed in claim 6 wherein pure
cis-(1S)(4S)-N-methyl-4-(3,4-dichlorophenyl)-
15 recovered

19. A process as claimed in claim 18 wherein the basic
equilibration reaction is conducted at a temperature of

from about 65° C. to about 90° C. for a period of at least hival
chira
1,2,3,4-tetrahydro-1-naphthaleneamine

20. A process as claimed in claim 4 wherein pure > from the resultant 2:1 cis/trans-mixture in the f
racemic  cis-N-methyl-4-(3,4-dichlorophenyl)-1,2,3,4- hydrohalide salt : rans-mixture in the torm éf a
tctrahydro-l-r?aphthalcn.eammé is recovered from the 23. A process as claimed in claim 20 wherein the
resultant 2:1 cis/trans-mixture in the form of a hydroha- hydrohalide salt recovered is pure chiral cis-(1S)(4S)-N-
10 methyl-4-(3,4-dichlorophenyl)-1,2,3,4-tetrahydro-1-

naphthaleneamine hydrochloride.
. L3 . * .

about four hours.

lide salt.
21. A process as claimed in claim 20 wherein the

hydrohalide sait recovered is pure racemic cis-N-meth-
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