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1. Yo, Luz Clemencia DE PAEZ, en mi condicién de apoderada de la sociedad solicitante
de la patente de la referencia, por el presente escrito me refiero al recurso de reposicion
presentado por la sociedad LAFRANCOL S.A.S opositora en el asunto de la referencia
contra la Resolucion de Concesion No. 60077 del 17 de Octubre de 2013 emitida por su
Despacho.

2. Respuesta a las pretensiones

Me opongo a las pretensiones de la sociedad opositora y en consecuencia, solicito a ese
Despacho que con fundamento en las consideraciones de hecho y de derecho que se
presentan en éste escrito se declare sin fundamento el recurso presentado por la
sociedad LAFRANCOL S.A.S y en consecuencia, se confirme la concesién del invento
titulado “SALES DE ADICION DE TROMETAMINA CON DERIVADOS DE ACIDO
AZABIFENILAMINOBENZOICO COMO INHIBIDORES DE DHODH”, toda vez que el
mismo cumple con los requisitos exigidos en el articulo 14 de la Decision 486 de la

Comision de la Comunidad Andina y demas normas concordantes.
“EXCELENCIA LEGAL EN UN MUNDO SIN FRONTERAS”
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3. Fundamento factico del recurso

3.1 A continuacién procederé a enumerar de manera resumida los argumentos que la
opositora la sociedad LAFRANCOL S.A.S considera pertinentes para presentar recurso
de reposicidn contra la Resolucion No. 60077 del 17 de Octubre de 2013:

3.1.1 “Es evidente que el solicitante y la Resolucién cometen un error cuando afirman que
la oposicion presentada por mi representada no muestra ningun tipo de argumento
soportado técnicamente, ni desvirtlia la patentabilidad del objeto de estudio, declarandola
infundada por cuanto, al momento de presentacion del escrito de oposiciéon se dejo en
claro que para el presente caso nos encontramos frente a una combinacion de
compuestos, lo cual indudablemente afecta el requisito del nivel inventivo, éste mismo
indispensable para acceder a cualquier beneficio patentario”.

“Asi las cosas, me permito reiterar que la concesion de patente objeto del presente escrito
se ve afectada por los documentos del estado del arte que fueron presentados
inicialmente en el escrito de observacion, por lo cual, basado en lo siguiente, solicito
respetuosamente a este Despacho dar anadlisis completo y a cabalidad sobre los
siguientes documentos, los cuales sin lugar a dudas objetan Ia concesién en mencion,
toda vez que develan de manera expresa y sucinta lo que se pretende proteger en la
presente solicitud”.

3.1.2 “Dicho asi, me permito manifestar que agentes tales como Infliximab, Etanercept,
Adalimumab, Rituximab, Tacrolimus, entre muchos otros, han sido ampliamente
divulgados en el sector quimico-farmacéutico, y concretamente se han develado materias
muy similares en el sector quimico-farmacéutico y concretamente se han develado
materias muy similres, las cuales ruego a ese Despacho analizar, en los siguientes
documentos: WO09216553, WO09406476, US5605690, WO9729131, US6090382,
W09411026, US5763137, EP184162”.

“Asi como resulta imprescindible manifestar que los anteriores documentos deben ser
analizados a profundidad y cabalidad para asi determinar finalmente si afectan o no la
novedad y nivel inventivo de la presente solicitud, toda vez que en nuestra opinion se
revelan materias muy similares, también es necesario reiterar que la solicitud de la
referencia pretende proteger mediante el derecho patentario objetos que no son
considerados invenciones. Es claro que una invencién es toda creacion humana que .
permita transformar la materia o energia que existe en la naturaleza, para su
aprovechamiento por los seres humanos y satisfacer sus necesidades concretas. De igual
modo, como ya se menciond, segun los parametros de la Decision 486 y normas
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concordantes, seran patentables las invenciones que cumplan con los requisitos de
novedad, nivel inventivo y aplicacién industrial. No obstante, puede observarse que la
solicitud en comento pretende reivindicar combinaciones, las cuales no se consideran
invenciones. En este sentido, la mezcla (Combinaciones) de productos (Moléculas)
conocidos y su variacién, bien sea en uso, forma, dimensiéon o de materia, NO se
consideran invenciones por cuanto no son susceptibles de aplicacién industrial, nivel
inventivo y novedad, luego NO pueden acceder a beneficios patentarios”.

3.1.3 “Y sobre el particular, es imprescindible sefialar que un efecto sinérgico nuevo no se
considera inventivo como tal, dado que puede ser obvio para una persona versada en la
materia, cosa que sucede en el presente caso”.

3.1.4 “En estos términos, esta claro que nos encontramos frente a un tema totalmente
sensible que merece toda la evaluacion por cuanto las combinaciones deben considerarse
excluidas de beneficios de patente”.

3.1.5 “Adicionalmente, valga sefialar que las moléculas propuestas en la presente
solicitud son comtnmente utilizadas en las formulaciones igualmente descritas. Dicho asi,
debe enfatizarse en que las formulaciones gque involucran moléculas como las propuestas
son totalmente conocidas y obvias por lo cual se ven afectados los requisitos de novedad
y nivel inventivo”.

4. Respuesta a los argumentos presentados por la parte opositora.

A continuacion presento a su Despacho las razones que demuestran que contrario a lo
sefialado por el apoderado de la sociedad opositora, el invento para el cual se solicita la
proteccién a través de la concesion de la patente en el expediente de la referencia,
cumple cabalmente con los requisitos de los articulos 14, 16 y 18 y demas normas
concordantes de la Decision 486 de la Comision de la Comunidad Andina.

Ademas, los argumentos que aqui se presentan demuestran que los fundamentos de la
opositora carecen de fundamento valido y por tanto, no pueden ni deben ser tomados en
cuenta para revocar la resolucion de concesién No. 60077 del 17 de Octubre de 2013.
Veamos:

4.1 Con respecto a la novedad.

A este respecto resulta pertinente poner nuevamente de presente que en la oposicion
presentada por la sociedad opositora en el asunto de la referencia no se ha efectuado un
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adecuado analisis sobre la novedad de la patente solicitada, que permita demostrar que
en efecto ésta no cumple con el requisito previsto en el articulo 16 de la Decision 486 de
la Comisién de la Comunidad Andina.

En efecto, tal y como esta previsto en el “INSTRUCTIVO EXAMEN DE SOLICITUDES DE
PATENTES DE INVENCION Y MODELO DE UTILIDAD” de su Despacho, el examen de
novedad se efectua de la siguiente manera:

e Definir cuales son las caracteristicas técnicas esenciales de la primera
reivindicacion independiente.

e Comparar, elemento por elemento, las caracteristicas técnicas esenciales con
las caracteristicas de la materia divulgada en cada documento del estado de la
técnica.

e Verificar, segun la comparacion anterior, si la invencion reivindicada es idéntica
a lo revelado en el estado de la técnica, en cuyo caso se considera que no
tiene novedad.

e Examinar de la misma manera las otras reivindicaciones independientes, y

¢ Revisar si las reivindicaciones dependientes mencionan elementos nuevos.

Tal y como podra apreciar este Despacho de acuerdo con una revision del escrito de
oposicion presentado, el apoderado de la sociedad LABORATORIO FRANCO
COLOMBIANO LAFRANCOL S.A.S. simplemente se limité a afirmar que la presente
solicitud se refiere a “practicas y eventos totaimente conocidos en la industria
farmacéutica”, y al respecto destacé una serie de documentos que, en su opinion,
permitirian demostrar tal aseveracion.

Sin embargo, es evidente que la sola afirmacion anterior no constituye fundamento valido
suficiente para desvirtuar la novedad de la invencién solicitada, ya que es necesario
demostrar que la invencion solicitada “esta comprendida en el estado de la técnica” tal y
como lo prescribe el articulo 16 de la Decision 486 de la Comisién de la Comunidad
Andina; para el efecto, los parametros sefialados en el manual de solicitudes de patente a
que se ha hecho referencia con anterioridad, constituyen una guia fundamental en el
estudio que se requiere efectuar para lograr tal demostracion.

Se debe tener en cuenta que la reivindicacion 1 de la presente solicitud de patente se
refiere a:

“Una sal de adicién cristalina de (i) trometamina con (ii) un derivado de acido
azabifenilaminobenzoico de férmula (1)



(1)
en la que
R’ se selecciona del grupo que consiste en alquilo C+-C,, cicloalquilo C3-C4y CF;,
G! se selecciona de &tomos de nitrégeno y grupos CH, C(CHs) y C(CF3), y
G? representa un grupo fenilo opcionalmente sustituido con uno o dos
sustituyentes  seleccionados de cloro, fluoro, metoxi, etoxi, iSOpropoxi,
trifluorometoxi, CF5, y CONR’R® en donde R’ es hidrégeno y R es ciclopropilo o
R” y RE junto con el 4tomo de nitrégeno al que estan unidos forman un grupo de
férmula

- /\sz)n
donde nes 1
y sus solvatos farmacéuticamente aceptables”.

Ahora bien, la parte opositora (LAFRANCOL S.A.S) indica que compuestos tales como
infliximab, etanercept, adalimumab, rituximab o tacrolimus ya son conocidos. Para ello,
cita solicitudes de patente y patentes relacionadas con estos compuestos.

Sin embargo, segun el “Manual para el examen de solicitudes de patentes de invencién
en las oficinas de propiedad industrial de los paises de la Comunidad Andina”, segunda
edicion de junio de 2004, Capitulo lll, apartado 4.4 (Categorias de reivindicaciones),
existen dos clases categorias de reivindicaciones: las que se refieren a un producto y las
que se refieren a un procedimiento.

La categoria de producto (apartado 4.4.1) incluye sustancias y composiciones asi como
entidades fisicas tales como articulos, maquinas, mecanismos, sistemas, sistemas de
aparatos que cooperan entre si como combinacién de aparatos, etc.
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Por lo tanto, resulta evidente que las reivindicaciones dirigidas a composiciones o
combinaciones son aceptables, siempre y cuando sean nuevas, tengan nivel inventivo y
sean susceptibles de aplicacién industrial (Art. 14 Titulo I, Capitulo | de la Decisidn 486).

Tal y como se describe en la pagina dos de la memoria descriptiva, el documento
WO02009/021696 describe nuevos derivados de acido azabifenilaminobenzoico como
inhibidores potentes de DHODH. Los compuestos descritos en WO02009/021696
presentan la siguiente formula estructural:

R N_ G2
and
G1

AN

en la que:

R, se selecciona del grupo consistente en atomos de hidrégeno, atomos de
halégeno, alquilo Cy4, cicloalquilo C;4, -CF3 y -OCF;,

R; se selecciona del grupo consistente en atomos de hidrogeno, atomos de
haldégeno y grupo alquilo C,

R; se selecciona del grupo consistente en grupos —COORs, -CONHRs, tetrazolilo, -
SO,NHR;s y -CONHSO,Rs, seleccionandose Rs del grupo consistente en un atomo
de hidrégeno y grupos alquilo C1-4 lineales o ramificados,

R4 se selecciona del grupo consistente en un atomo de hidrégeno y un grupo
alquilo C1-4,

Rq se selecciona del grupo consistente en un atomo de hidrégeno y un grupo
fenilo,

G, representa un grupo seleccionado de N y CR¢s donde R; se selecciona del
grupo consistente en atomos de hidrégeno, atomos de haldégeno, grupos alquilo
C1-4, cicloalquilo C;4, alcoxi Cy4, -CF;, -OCF3;, heteroarilo C5-7 que contiene N -
monociclico, heterociclilo C5.; que contiene N monociclico y un grupo arilo Ce.19
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que esta opcionalmente sustituido con uno o mas sustituyentes seleccionados de
atomos de halégeno y un grupo alquilo Cy4,

G, representa un grupo seleccionado de:

. un atomo de hidrégeno, un grupo hidroxi, un atomo de halégeno, un grupo
cicloalquilo Cs4, un grupo alcoxi C,4 y —-NRaRb, donde

Ra representa un grupo alquilo C,4 y Rb se selecciona de un grupo consistente en
grupo alquilo C,_4 y grupo alcoxi C4_4-alquilo C14, 0

Ra y Rb junto con el atomo de nitrégeno al que estan unidos forman un anitlo
heterociclico de 6 a 8 miembros saturado que opcionalmente contiene un atomo
de oxigeno como heteroatomo adicional.

. un anillo heteroaromatico de 5 a 10 miembros monociclico o biciclico que
contiene uno o mas atomos de nitrégeno que esta opcionalmente sustituido con
uno o mas sustituyentes seleccionados de atomos de halégeno, alquilo C1-4,
alcoxi C1-4, cicloalquilo Cs.4, cicloalcoxi Cs4, -CF;, -OCF; y -CONR;Rs, donde R7 y
Rs se seleccionan independientemente de atomo de hidrégeno,Agrupo alquilo C1-4
lineal o ramificado, grupo cicloalquilo C;7, 0 R; y Rg junto con el atomo de
nitrégeno al que estan unidos forman un grupo de férmula

. /\;(CHz)n

~ enla que n es un numero entero de 0 a 3,
y

. un grupo fenilo que esta opcionalmente sustituido con uno o mas
sustituyentes seleccionados de atomos de halégeno, grupos alquilo C1-4, hidroxi,
alcoxi C.4, cicloalquilo Cj.4, cicloalcoxi Cs.4, ciano, -CF3, -OCF3;, —CONR/Rg,
oxadiazolilo, triazolilo, pirazolilo e imidazolilo, estando los grupos oxadiazolilo,
triazolilo, pirazolilo e imidazolilo opcionalmente sustituidos con grupo alquilo C;4 0
cicloalquilo C;.; y donde R; y Rq se seleccionan independientemente de atomo de
hidrégeno, grupo alquilo C4.4 lineal o ramificado, un grupo cicloalquilo C;7, 0 R; y
Rs junto con el atomo de nitrégeno al que estan unidos forman un grupo de férmula

en la que n es un numero enterode 0 a 3

0, G; junto con R forma un grupo carbociclico Cs o no aromatico o un grupo arilo
C6-10;
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Por otro lado, el documento D1 (W02009/021696) también describe especificamente 118
compuestos.

Como resulta evidente, la presente invencion se basa en una seleccion entre varias listas
de los sustituyentes indicados en WO02009/021696, asi como en la seleccion de la
trometamina como base organica para obtener sales farmacéuticamente aceptables de
los compuestos de formuia (1) de la presente invencién.

Segun el “Manual para el examen de solicitudes de patentes de invencion en las oficinas
de propiedad industrial de los paises de la Comunidad Andina”, segunda edicién de junio
de 2004, Capitulo lll, apartado 9.4.4.1. (Novedad en Quimica), “si hay que hacer una
seleccién en dos listas 0 mas de sustituyentes para llegar al objeto de la reivindicacion,
entonces se considera que hay novedad.

De tal modo que, es claro que la materia de invencion recitada en la reivindicacién 1 de la
presente solicitud es nueva. Asimismo, vale la pena resaltar que debido a que las
reivindicaciones 2-12, bien sea por ser dependientes de la reivindicacién 1 o bien porque
incorporan los compuestos de la reivindicaciéon 1, también son novedosas.

4.2 Con respecto al nivel inventivo

4.2.1 De acuerdo con la parte opositora, un efecto sinérgico nuevo no debe considerarse
inventivo ya que resulta obvio para un experto en la materia. Ademas, utiliza como
argumentos el documento “Pautas para el examen de patentes farmacéuticas” de Carlos
Correa de la Universidad de Buenos Aires.

Tal y como se indica en la pagina iii del documento de Carlos Correa, éste es un
‘documento de trabajo con el propésito de facilitar un mayor nivel de entendimiento,
consultas y aportes de ideas”. Ademas, “propone un conjunto de pautas generales para la
evaluacion de algunas de las modalidades habituales de las reivindicaciones de patentes
farmacéuticas, y sugiere elementos para el desarrollo de directrices sensibles a los
intereses de la salud publica para la evaluacién y revisiéon de dichas patentes a nivel
nacional”.

Cabe senalar que dicho estudio es un documento para el debate y no debe considerarse
un documento vinculante, tal y como son el “Manual para el examen de solicitudes de
patentes de invencidon en las oficinas de propiedad industrial de los paises de la
Comunidad Andina”, segunda edicién de junio de 2004; o la Decision 486 de 2000 de la
Comision de la Comunidad Andina.



A este respecto también se hace necesario tener en cuenta la ausencia de un estudio por
parte del apoderado de la sociedad opositora, que permita demostrar que la invencion de
mi representada hubiese resultado obvia o se hubiese derivado de manera evidente del
estado de la técnica, de acuerdo con lo previsto en el articulo 18 de la Decisién 486 de la
Comision de la Comunidad Andina.

Segun el manual de solicitudes de patente de la Superintendencia de Industria y
Comercio, “La invencién no tiene nivel inventivo cuando la combinacién de los elementos
que proveen la solucion esta revelada en el estado de la técnica, es decir, no basta con la
existencia de los elementos de manera aislada o individualmente considerados para
concluir la falta de nivel inventivo, sino que ellos en su totalidad e integridad ensefien de
manera evidente la manera de llegar a la solucién al problema técnico.”

Tal y como se ha destacado con anterioridad, es evidente que la sola mencién de unos
documentos, que de manera aislada son puestos a consideracién de este Despacho por
parte del apoderado de la sociedad opositora, no son suficientes para demostrar la
presunta ausencia de nivel inventivo de la patente solicitada.

En efecto, no puede el opositor de la forma mencionada desplazar la carga de la prueba
de su afirmacién al Despacho, pues tal hecho sélo permite evidenciar la ausencia de
fundamento factico del argumento presentado en tal sentido.

De otro lado, tal y como se ha indicado con anterioridad, la invenciéon de mi representada
se diferencia de lo descrito en W02009/021696 en que los compuestos reivindicados son
sales de adicion cristalina de trometamina.

Esta forma cristalina especifica permite un incremento significativo en la solubilidad de los
compuestos de la invencién, tal y como se demuestra en los datos de solubilidad de la
Tabla 1 (pagina 17 de la solicitud internacional W02010/102825). Por lo tanto, el
problema a resolver por la presente invencion es proporcionar derivados de acido
azabifenilaminobenzoico con una solubilidad mejorada.

Segun el “Manual para el examen de solicitudes de patentes de invencién en las oficinas
de propiedad industrial de los paises de la Comunidad Andina”, segunda edicién de junio
de 2004, Capitulo lll, apartado 4.4.1., las reivindicaciones de producto incluyen
substancias y composiciones asi como entidades fisicas.
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Una sal es una entidad fisica con unas caracteristicas estructurales (determinadas a
través de difraccion de rayos X, etc.) y propiedades fisico-quimicas concretas (como por
ejemplo la solubilidad).Por lo tanto, las sales de la presente invencién estan dentro de la
clasificacion de producto segun dicho Manual.

Tal y como se indica en la solicitud de patente internacional, se han llevado a cabo
ensayos de cristalizacion de sales de algunos derivados de acido
azabifenilaminobenzoico de formula (I) con una amplia gama de bases farmacéuticamente
aceptables. Solo las sales de la invencién (trometamina) no eran higroscépicas ni
delicuescentes y tenian un punto de fusion relativamente alto, lo que ha permitido
micronizarlas y que tengan estabilidad a largo plazo y no presentaron fases polimérficas.

4.2.2 El hecho de seleccionar la trometamina para formacion de sales no es obvio para el
experto en la materia, tal y como queda reflejado en el documento GU | et al
(Pharmaceutical Research, Vol 4, No. 3, 1987), documento D2 citado en el Informe de
blusqueda internacional de la solicitud W0O2010/102825.

D2 describe un estudio de las propiedades fisico-quimicas de las sales de trometamina de
varios compuestos farmacéuticamente activos. Mientras D2 proporciona unas ciertas
reglas para la selecciéon de sales, no proporciona un motivo para que el experto en la
materia espere que las sales de trometamina de los compuestos de féormula (I) de la
presente invencién presenten una solubilidad mejorada. En realidad, los resultados
presentados en D2 demuestran lo impredecible que puede ser el efecto de la formacion
de sales de trometamina en la solubilidad.

Asi, en la pagina 275, columna 1, primer paragrafo, D2 indica que la sal de trometamina
de naproxeno fue aproximadamente 12 veces menos soluble que la sal sédica. Los otros
tres compuestos testados en D2, sin embargo, presentaron sales de trometamina con
solubilidad igual o mejor que la sal sédica. Estos resultados indican claramente que no se
puede esperar de manera general que una sal de trometamina presente una solubilidad
mejorada. Por el contrario, la solubilidad relativa de una sal de trometamina variara
ampliamente dependiendo de la identidad de la base libre.

4.2.3. El documento D3 (US 2003/004171) sélo se refiere a las sales del compuesto de
férmula (V) indicado en la pagina 3 de D3. D3 no pretende proporcionar una descripcion
general sobre la utilidad de las sales de trometamina de otros compuestos. Ademas, D3
no da ninguna indicacién de cémo la formacion de sales de trometamina podria afectar la
manipulacién de las propiedades de solubilidad de un compuesto de formula (I) de la
presente invencidn. Teniendo en cuenta los conocidos efectos impredecibles sobre la

10
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solubilidad de la formacién de sales de trometamina, la divulgacién en D3 no puede
considerarse que proporcione a una persona experta en la materia la comprensién de que
los resultados ventajosos que figuran en la presente solicitud se derivarian de la
formulacién de los compuestos de férmula (I) como una sal de trometamina.

4.2.4 El documento D4 (Stahl P H et al. "Tromethamine - Handbook of pharmaceutical
salts properties”), al igual que el documento D3 (US 2003/004171), se refiere a ciertos
ejemplos especificos de compuestos que pueden ser formulados como sales de
trometamina. En particular, la seccion “Uso y Ejemplos” (“Use and Examples”) en la
pagina 325 del documento 3 se refiere a seis compuestos especificos. En la seccion
“Comentarios” (“Remarks”) el documento 3 indica que las sales de trometamina son las
relativamente mejores sales solubles en agua. Sin embargo, un experto en la materia no
consideraria que esta frase signifique que las sales de trometamina de cualquier
compuesto tendrian una mayor solubilidad que cualquier otra forma salina. Esta drastica
generalizacién es claramente no creible. Esta sentencia en la seccién de comentarios sé6lo
debe considerarse que se refiere a los seis compuestos indicados anteriormente y no
proporciona ningun incentivo para formular los compuestos de férmula (I) como una sal de
trometamina.

4.2.5 Tal y como se ha indicado anteriormente, el hecho de seleccionar la trometamina
para formaciéon de sales no es obvio para el experto en la materia. Asi, el documento
O'Connor K M et al, International Journal of Pharmaceutics, 2001; 226; 163—179, describe
las propiedades fisico-quimicas de 6 tipos de sales diferentes del acido diclofenaco. Las
sales elegidas se describen en la Tabla 1 (pagina 165 del documento) y son: tert-
butilamina (tBA), 2-amino-2-metilpropanol (AMP), 2-amino-2-metil-1,3-propanediol
(AMPD), tris(hidroximetil)aminometano (TRIS o trometamina), benzilamina (BA) y 2-
(dimetilamino)etanol o deanol (DNL).

Como se puede apreciar en la Tabla 3 (pagina 172 del documento), la sal de trometamina
del acido diclofenaco es la que presenta la segunda mas baja solubilidad de todas las
sales ensayadas. En la Tabla 3 también se incluyen los datos de solubilidad de las sales
del acido diclofenaco con diethanolamina (DEA) y con hidroxietilpirrolidonio (HEP)
obtenidos en estudios anteriores.

Ademas, en la pagina 176, primera columna se indica claramente que de los datos de las
Tablas 2 y 3 de las sales preparadas con las 4 aminas primarias ensayadas: tert-
butilamina (tBA), 2-amino-2-metilpropanol (AMP), 2-amino-2-metil-1,3-propanediol
(AMPD), y tris(hidroximethyl)aminomethane (TRIS o trometamina) no existen tendencias

11
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generales entre las propiedades del contraion, hidroficidad, punto de fusion y pKa y la
solubilidad de la sal correspondiente.

Finalmente, también se indica que TRIS, el contraion mas hidrofilico de esta serie, result6
en la sal con la solubilidad mas baja.

4.2.6. Por otro lado, el documento David S E et al, Drug Development and Industrial
Pharmacy, 2012; 38(1): 93—103, describe un estudio sobre la influencia del contraion en la
solubilidad y propiedades fisico-quimicas de las sales de medicamentos con grupos
carboxilicos.

Para ello se partieron de los compuestos flurbiprofeno, ibuprofeno, etodolac y gemfibrozil
y se obtuvieron sus correspondientes sales con butilamina, hexilamina, octilamina,
benzilamina, tert-butilamina, 2-amino-2-metil-propan-1-ol, 2-amino-2-methylpropan-1,3-
diol y tris(hidroximetil)Jaminometano (tris o trometamina) (ver Tabla 1, pagina 94 del
documento).

Para los cuatro medicamentos testados, flurbiprofeno, ibuprofeno, etodolac y gemfibrozil,
las sales de trometamina se englobarian en la zona media de solubilidades (ver Tablas 2,
3, 4y 5; paginas 96-97 del documento)

4.2.7 Por lo tanto, tal y como queda patente en los documentos O’Connor K M et al y
David S E et al, no siempre la sal de trometamina un compuesto especifico tendré una
mayor solubilidad que otra forma salina del mismo compuesto. Ademas,

4.2.8 Tal y como se indica en el Manual para el Examen de Solicitudes de Patentes de
Invencién en las Oficinas de Propiedad Industrial de los Paises de la Comunidad Andina
(Manual Andino de Patentes), Capitulo lll, Apartado 10.7 (Informacién complementaria y
ejemplos comparativos), “Ante una objecién por falta de nivel inventivo, el solicitante
puede aportar pruebas para apoyar ese nivel en forma de argumentos o documentos, ...,
mediante ensayos especialmente comparativos para demostrar la presencia de un efecto
técnico o ventaja de la invencion, respecto del estado de la técnica mas cercano.”

En la memoria técnica de la presente solicitud se indica que se llevaron a cabo ensayos
de cristalizacion de sales de algunos derivados de acido azabifenilaminobenzoico de
formula (I) con una amplia gama de bases farmacéuticamente aceptables (comprendiendo
entre otras amoniaco, L-arginina, colina, lisina, metéxido de magnesio, meglumina,
metoxido de potasio y trometamina) en una gama de diferentes disolventes
farmacéuticamente aceptables (incluyendo entre otros acetona, acetonitrilo, acetato de

12
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etilo, cloroformo, N,N-dimetilformamida, etanol, isopropanol, nitrometano, carbonato de
dimetilo, metanol, metil terc-butil-éter, tetrahidrofurano, diisopropil éter, ciclohexano,
butanol, agua, 3-pentanona, tolueno, clorobenceno y acetato de isobutilo).

Las sales de L-arginina, colina, metéxido de magnesio y metéxido de potasio eran
cristalinas pero higroscépicas. Adicionalmente, algunas de dichas sales tenian fases
polimérficas diferentes. Por otro lado, las sales de lisina y meglumina produjeron o bien
aceites o solidos amorfos. Finalmente, todos los sodlidos obtenidos con amoniaco
correspondieron al acido, lo que sugiere una descomposicion de la sal durante el proceso
de cristalizacion.

Tal y como se indica en la memoria técnica, las sales de colina, a pesar de ser cristalina,
eran higroscdpicas, hecho que las hace poco estables para su posterior manipulacion.
Las sales de lisina y meglumina, que con el acido fenofibrico se obtienen sales cristalinas,
con los derivados de acido azabifenilaminobenzoico produjeron bien aceites o sdlidos
amorfos.

De esta manera, se hace evidente que, a pesar de que la literatura describa sales de
adicién de compuestos concretos con bases concretas, no se puede generalizar que con
estas bases se puedan obtener sales cristalinas estables con otros compuestos (por
ejemplo los derivados de acido azabifenilaminobenzoico).

Debido a todas estas razones, se considera que la presente invenciéon presenta nivel
inventivo.

Teniendo en cuenta lo anterior y toda vez que se han atendido a cabalidad las
observaciones hechas por la Superintendencia de Industria y Comercio sobre la presente
solicitud de patente, respetuosamente solicito se confirme la concesion del expediente de
la referencia.

Ademas, vale la pena resaltar que D2 como todos los demas documentos del estado de
la técnica, no ensefian o sugieren un aparato en el cual el segundo rodillo también tiene
una superficie rugosa aun cuando la parte superior de la primera superficie es removida
durante la unién de las capas debido a fuerzas abrasivas, por cuanto la sub-capa
localizada fuera de la superficie de la capa de caucho también comprende particulas
duras.

13
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Asi entonces, es claro que la materia de invencion revelada en la presente solicitud de
patente se debe tener como novedosa e inventiva frente a las ensefianzas del estado de
la técnica toda vez que los mismos no ensefian ni sugieren como un todo las
caracteristicas técnicas esenciales del aparato de la presente invencién.

5. Peticiones
Con fundamento en lo anterior solicito a ese Despacho lo siguiente:

5.1 Confirmar la concesiéon del invento titulado “SALES DE ADICION DE
TROMETAMINA CON DERIVADOS DE ACIDO AZABIFENILAMINOBENZOICO COMO
INHIBIDORES DE DHODH” para el cual mi representada solicita el otorgamiento de la
patente de invencién que cumple con los requisitos del articulo 14 de la Decision 486 de
la Comision de la Comunidad Andina.

6. Anexos

- O’Connor K M et al, International Journal of Pharmaceutics 226 (2001) 163-179.
- David S E et al, Drug Development and Industrial Pharmacy, 2012; 38(1): 93—103.

7. Notificaciones

Mi representada y yo recibiremos notificaciones en la Secretaria de su Despacho o en mi
oficina de abogado ubicada en la Carrera 42 No. 72-35 de la ciudad de Bogota, D.C.

Sefior Superintendente,

Nea @bre . eble 2

LUZ CLEMENCIA DE PAEZ
C.C. 35.456.344 de Usaquén
T.P.A. No. 23.555
COLO-17153-0841-022-5

N

MGM\MGM\ID-262168\WPC17153
No. M-2014-262168\MGM
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Abstract

Physicochemical properties of diclofenac salts prepared using eight different counterions and including five novel
salts, obtained with the bases 2-amino-2-methyl-1,3-propanediol, 2-amino-2-methylpropanol, tert-butylamine, benzy-
lamine and deanol, were compared. Four of the bases used to prepare these salts were related in their chemical
structure, differing only in the number of hydroxy groups. Characterisation techniques included X-ray diffraction,
differential scanning calorimetry, thermogravimetric analysis, thermomicroscopy, Karl Fischer titration, FT-IR
spectroscopy and elemental analysis. In the case of salts prepared from 2-amino-2-methylpropanol and benzylamine,
two polymorphic forms of each salt were identified. For the 2-amino-2-methyl-1,3-propanediol salt, a pseudopolymor-
phic form was identified. The aqueous solubilities of the salts studied ranged from 3.95 mM (tris(thydrox-
ymethyl)aminomethane salt) to 446 mM (deanol salt), corresponding to a 113-fold difference in solubility. The
solubility of diclofenac deano! was higher than the solubilities for diclofenac salts reported earlier. Correlation was
found between the inverse of the salt melting point and the logarithm of salt solubility. A log—log relationship was
observed between salt solubility and hydrogen ion concentration in the salt solution. Relationships between the
properties of the salt-forming agents and those of the resulting diclofenac salts were explored. Reasonable correlation
was found between the free base melting point and the salt melting point. © 2001 Elsevier Science B.V. All rights
reserved.

Keywords: Salts; Diclofenac; Tris(hydroxymethyl)aminomethane; 2-Amino-2-methyl-1,3-propanediol; 2-Amino-2-methylpropanol;
tert-Butylamine; Benzylamine

1. Introduction the properties of a drug having ionisable func-
tional groups in order to overcome some undesir-
able feature of the parent drug (Anderson and
Conradi, 1985). The physicochemical characteris-
tics and resultant biological performance of a

Salt formation is a simple means of modifying

* Corresponding author. Tel.: + 353-1-608-2782; fax: + drug can be dramatically altered by gonverswn to
353-1-608-2783. a salt form (Berge et al., 1977; Bighley et al.,
E-mail address: ocorrign@tcd.ie (O.1. Corrigan). 1996).
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Salt-forming agents are often chosen empiri-
cally. The preferred salt form is selected after
considering the practical issues such as cost of
raw materials, ease of crystallisation and percent
yield and other basic considerations such as sta-
bility, hygroscopicity and flowability of the re-
sulting salt form (Berge et al., 1977).

Ideally, it would be useful to be able to pre-
dict the salt properties from the properties of
the counterion used. Several studies have de-
scribed the dependence of salt properties on the
nature of the counterion used (Chowhan, 1978;
Gould, 1986; Pandit et al., 1989; Forbes et al.,
1995). In addition, studies have been carried out
to investigate quantitative relationships between
counterion characteristics and properties of the
resulting salt form (Anderson and Conradi,
1985; Gould, 1986; Rubino, 1989; Thomas and
Rubino, 1996). Unfortunately, no reliable way
of predicting the influence of a salt-forming
agent on the behaviour of the parent compound
has been reported. Only qualitative ‘rules of
thumb’ are generally found. For example, in-
creasing the hydrophilicity of the counterion has
been proposed as a means of increasing the wa-
ter solubility of the resultant salt, as reported
for a series of erythromycin salts (Jones et al.,
1969). However, these qualitative rules may not
be very reliable (Anderson and Flora, 1996).
Therefore, selection of an appropriate counte-
rion to produce a salt with the desired combina-
tion of properties is still being carried out on an
empirical basis.

Diclofenac, 2-[(2,6-dichlorophenyl)amino]-
benzeneacetic acid (D), is a potent non-steroidal
anti-inflammatory drug, therapeutically used in
inflammatory and painful conditions of
rheumatic and non-rheumatic origin. It is an
acidic compound (pK, 3.80 at 25 °C) with very
low aqueous solubility (6 x 10=° M at 25 °C) in
the unionised form (Chiarini et al., 1984). Many
studies have been carried out on the modifica-
tion of the solubility and dissolution rate of di-
clofenac by the preparation of salts from a
variety of inorganic and organic bases (Fini et
al., 1991a,b, 1993a,b, 1994a. 1995a, 1996). How-
ever, no trends have been established between

counterion characteristics and the properties of
the resultant salt forms.

In order to advance our understanding of di-
clofenac salts, a range of salts was prepared and
examined. Six basic organic compounds were se-
lected for salt formation. These are listed, with
the abbreviations used and the chemical struc-
tures, in Table 1.

The study included four primary amines, each
having four carbons and zero, one, two or three
hydroxyl group(s), respectively: tert-butylamine
(‘BA), 2-amino-2-methylpropanol (AMP), 2-
amino-2-methyl-1,3-propanediol (AMPD) and tr-
is(hydroxymethyl)-aminomethane (TRIS). In
addition, salts of the four-carbon, tertiary
amine, deanol (DNL), and the aromatic primary
amine, benzylamine (BA), were included in the
study.

Tris(hydroxymethyl)aminomethane is used as
an alkalising agent in the treatment of metabolic
acidosis (Martindale, 1999). It is a commonly
used base in the preparation of salts (Roseman
and Yalkowsky, 1973; Gu and Strickley, 1987;
Wang and Chowhan, 1990; Gabr and Borg,
1999), including some commercially marketed
salts (Berge et al., 1977). It has been used earlier
to preparc a salt with diclofenac (Fini et al,
1996). The four-carbon primary amines selected
(tBA, AMP, AMPD and TRIS) were used by
Anderson and Conradi (1985) in a study involv-
ing the preparation of a series of salts of the
non-steroidal anti-inflammatory drug, flurbipro-
fen. The study investigated possible relationships
between the solubilities of the salts and their
melting points and cation hydrophilicities.
Deanol and benzylamine were used previously
by Hirsch et al. (1978) to form salts with
fenoprofen in an attempt to increase the stabil-
ity of the drug.

Relevant physical properties of the six bases
selected are outlined in Table 2. The salts
formed using these counterions were character-
ised by differential scanning calorimetry (DSC),
thermogravimetric analysis (TG), thermomi-
croscopy, X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FT-IR) and el-
emental analysis.

‘s
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2. Materials and methods

2.1. Materials

Salts were prepared from diclofenac acid
(AMSA) and the following bases: AMP (Sigma),
AMPD (Sigma), DNL (Sigma), BA (Sigma),
TRIS (Aldrich) and ¢BA (Aldrich). The solvents
used for salt preparation were acetone (BDH),
methanol (Riedel-de Haén) and ethyl acetate
(Riedel-de Haén).

Table 1
Bases selected for the preparation of diclofenac salts

2.2. Preparation of diclofenac salts

Salts were prepared by dissolving diclofenac
acid in an appropriate solvent and mixing in an
equimolar amount of base dissolved in the sol-
vent. Initial attempts to prepare each salt were
carried out using acetone. If acetone was found to
be inappropriate, preparation was carried out us-
ing methanol or ethyl acetate. The resulting
product was recovered by filtration under vacuum
in cases where a precipitate resulted. If no precip-

Name Abbreviation Chemical Structure log P
tert-butylamine tBA (I:H:’ ' 1.19
CH;——C—NH,
CHj
. CHj
2-amino-2-methylpropanol AMP | 1.04
CH;—C—NH,
CH20H
CH20H
2-amino-2-methyl-1,3-propanediol AMPD | 0.89
CHz~——C—NH,
CH20H
CHoOH
tris(hydroxymethyl)aminomethane TRIS 0.74
HOCH2—— C—NH,
CH20H
benzylamine BA @ CH,—NH, 1.69
2-(dimethylamino)ethanol DNL c|: Hs 0.92
or deanol CH;—N

CH 2CH 20
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Table 2

Properties of bases selected for the preparation of diclofenac salts

Base Molecular pK, Melting point Boiling point Solubility/miscibility ?
weight (8] (°C)

tBA 73.14 10.69 —66.9° 44-° Miscible with alcohol

AMP 89.14 9.69P 25.5¢ 165.5¢ Miscible with water; soluble in alcohols

AMPD 105.14 8.80" 109-11172 151-1522 250 g dissolved in 100 ml water at 20 °C; soluble
in alcohols

TRIS 121.14 8.30°® 171.5° 219-220¢ Solubility in water: 550 mg/ml at 25 °C; soluble in
alcohol, acetone, methanol

BA 107.2 9.35° 10° 185¢ Miscible with water, alcohol, ether

DNL 89.14 9.26° —59°C* 134¢ Miscible with water, alcohol, ether

DEA 73.14 10.84¢ —49.8° 55.5¢ Miscible with water, alcohol

HEP 115.18 9.72°¢ <—60° 79-81¢8 -

2 From Merck Index (1996).

® From Dean (1987).

¢ From CRC Handbook of Chemistry and Physics (1995).
9 From Albert and Serjeant (1984).

¢ From Fini et al. (1994a).

fInformation obtained by DSC: temperature reduced to —60 °C (2 °C/min), no thermal events observed.

& Supplier’s catalogue.

itate was formed, the product was recovered by
removing excess solvent using a Biichi Rotavapor
apparatus linked to a Biichi vacuum system. All
products were allowed to dry by exposure to
ambient conditions for 48 h. Salt formation was
confirmed by powder X-ray diffraction, differen-
tial scanning calorimetry, infrared spectroscopy
and elemental analysis.

2.3. Powder X-ray diffraction

Powder X-ray diffraction measurements were

carried out on a Siemens D500 X-ray powder

diffractometer. Powdered samples were mounted
in conventional cavity mounts; compressed discs
were mounted in a holder with a 13 mm diameter
aperture. Samples were scanned in the 26 range of
5-35° at a rate of 3°/min.

2.4. Differential scanning calorimetry

Differential scanning calorimetry was per-
formed on powdered samples (n = 3) using a Met-
tler Toledo DSC 821¢, with Mettler Toledo STAR®
software version 5.1. Unless otherwise specified,
each sample (5-10 mg) was run in sealed alu-
minium pans with three vent holes pierced in the

lid. Each run was carried out under nitrogen
purge at a heating rate of 10 °C/min (unless
otherwise specified). The onset temperature and
enthalpy change for each thermal event was
calculated.

2.5. Thermogravimetric analysis

Thermogravimetric (TG) analysis was carried
out on powdered samples (5-10 mg) using a
Mettler TG 50 linked to a Mettler MTS5 balance.
Data was processed using Mettler Toledo STAR®
software version 5.1.

2.6. Thermomicroscopy

Thermomicroscopy was carried out on a Re-
ichert hot stage with and without crossed polaris-
ing filters. Samples were mounted in air or in
silicone oil (to detect desolvation).

2.7. Karl Fischer titration

Karl Fischer titrations (KFT), for the determi-
nation of water content, were carried out on
powdered samples using Metrohm 701 KF Titrino
linked to a Metrohm 703 Ti stand. All analyses
were performed in triplicate.
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2.8. Elemental analysis

Elemental analysis (C, H, N) was carried out on
powdered samples ( ~ 2 mg) using an Exetor Ana-
lytical CE440.

2.9. Fourier transform infrared spectroscopy

FT-IR spectra were obtained from 32 scans
over the range of 4000-400 cm—! (Nicolet 205).
KBr discs were prepared by grinding 5-10 mg
sample with 100 mg KBr.

2.10. UV assay for the determination of
diclofenac concentration

Diclofenac was assayed by measurement of UV
absorbance at 4 =276 nm (Adeyeye and Li, 1990)
using a Hewlett—Packard 8452A diode array
spectrophotometer.

2.11. Solubility studies

Equilibrium solubilities were determined using
a modification of the sealed ampoule method of
Mooney et al. (1981). Excess solid (approximately
2-3 times the estimated solubility) was placed in 5
ml deionised water in a 10 ml glass ampoule,
which was then heat-sealed. Ampoules were
placed in a shaker water bath (Precision Scientific)
at 25 °C and agitated at 150 cycles/min. At 24, 48
and 72 h, samples were withdrawn from the am-
poules, filtered through a 0.45 um filter (Gelman
Sciences), diluted appropriately and assayed for
the drug content. The pH of the filtered solution
was determined using an Orion Model 520A pH
meter. Solubility determinations were carried out
in triplicate. Where relevant, at the end of a
solubility determination, the solid was recovered
for powder XRD analysis, to ascertain any possi-
ble phase changes.

2.12. Intrinsic dissolution rate determination

Intrinsic dissolution rate (IDR) studies were
performed using the USP 24 paddle method
(United States Pharmacopeia, 2000). Discs were

prepared by compressing 200 mg of powder in a
Perkin—Elmer hydraulic press, for 5 min under 8
ton of pressure, using a 13 mm punch and die set.
Analysis of the compressed discs by XRD confi-
rmed that the crystal form of the original powder
was retained following the compression proce-
dure. Paraffin wax was used to mount the discs in
stainless steel disc holders, leaving one face ex-
posed (surface area, 1.327 cm?). The dissolution
runs were carried out at 25 °C in 900 ml
deionised water at 50 rpm (Sotax AT7 dissolution
bath). Aliquots (5 ml) were withdrawn at 5, 10,
15, 20 and 25 min intervals, filtered through a
0.45 pm filter (Gelman Sciences), diluted if neces-
sary and assayed for drug content. The withdrawn
sample was replaced with 5 ml of deionised water.
All dissolution runs were carried out in triplicate,
in sink conditions. The initial linear portion of
each dissolution profile (0—15 min) was used to
derive the intrinsic dissolution rate.

3. Results and discussion

3.1. Characterisation of salt forms prepared

The XRD traces and DSC scans for the salt
products are presented in Figs. 1 and 2, respec-
tively. Using FT-IR, salt formation could be es-
tablished by: (a) the absence of the carboxylic acid
peak at 1684 cm—!' (Silverstein and Webster,
1998; Palomo et al.,, 1999); (b) the presence of
bands characteristic of carboxylic acid salts, at
1650—1550 and 1440-1335 cm~! (Socrates,
1994); and (c) absorption at 3350-3150 cm ™!,
attributable to NHj stretching of solid amine
salts (Socrates, 1994). The FT-IR spectra for each
of the products were consistent with salt
formation.

3.1.1. Diclofenac tert-butylamine (DtBA)

The DSC scan for D¢BA, the salt formed be-
tween diclofenac acid and ¢BA from acetone,
displayed an endothermic peak with an onset
temperature of 153 °C, followed by a larger en-
dothermic peak over the temperature range of
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160-200 °C. The TG trace showed a marked
increase in the rate of weight loss at a temperature
corresponding to the onset of the second en-
dotherm. Examination of the sample by ther-
momicroscopy revealed complete melting of the
sample in the temperature range of 145-155 °C,
corresponding to the first endotherm in the DSC
scan. No further events were observed. The broad
nature of the trace for the second endotherm and
the sharp increase in the rate of weight loss sug-
gested the occurrence of degradation at that tem-
perature. Therefore, the two endotherms in the
DSC scan (onset temperatures, 153 and ~
160 °C) may result from melting of the salt, fol-
lowed by degradation. The onset value of the first
endotherm, 153 °C, was considered to be the
melting point of D¢BA.

3.1.2. Diclofenac 2-amino-2-methylpropanol
(DAMP)

When the salt preparation procedure was car-
ried out using AMP as the basic counterion, two
different products were identified, DAMP-I and
DAMP-II, prepared using 35 and 7.5% w/v of
drug in acetone, respectively. The XRD patterns
(Fig. 1) were found to differ in their peak position
and relative intensities. The DSC trace for
DAMP-I showed a melting peak with an onset
value of 182 °C, followed by the broad volatilisa-
tion—decomposition peak characteristic of diclofe-
nac salts (Fig. 2). The TG trace revealed an
increase in the rate of weight loss from ~ 180 °C.
The DSC scan for DAMP-II displayed subtle
differences relative to that of DAMP-I. The peak
temperature of the endotherm was close to that of
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Fig. 1. XRD traces of the diclofenac salts prepared.
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Fig. 2. DSC traces for the diclofenac salts prepared.

the endotherm in the DAMP-I DSC scan
(188 °C). The onset value of 161 °C was consid-
erably lower than that for DAMP-I. Further in-
vestigation of the thermal properties of DAMP-II
was required to explain the presence of what
appears to be two overlapping peaks. Altering the
sample size or heating rate of DAMP-II resulted
in no greater resolution of the two peaks. A
sample of DAMP-II, when examined by ther-
momicroscopy, displayed melting from 130 °C, a
temperature approximately corresponding to the
onset of the endotherm in the DSC scan, followed
by re-crystallisation and subsequent re-melting.
Further investigation by DSC involved heating
the sample to 170 °C, cooling the sample to
25 °C and re-heating the sample to 250 °C (a)
after 10 min and (b) after 4 days. In each case, the
DSC and XRD traces obtained were identical to
those of DAMP-1. This suggests the existence of
two forms of DAMP: DAMP-I, which melts at
182 °C; and DAMP-II, which converts on heat-
ing to DAMP-I.

3.1.3. Diclofenac
2-amino-2-methyl-1,3-propandiol (DAMPD)

The DSC scan for DAMPD, the salt formed
from diclofenac acid and AMPD in methanol,
displayed a sharp endotherm with an onset value
of 180 °C (Fig. 2). Thermomicroscopic examina-
tion of the sample confirmed that this endotherm
was attributable to the melting of the salt form.
The broad endotherm from ~ 185 °C in the DSC

scan and the corresponding weight loss in the TG
trace was consistent with decomposition and/or
volatilisation of the molten drug.

Attempts to prepare a salt with diclofenac acid
and AMPD using acetone or acetone with differ-
ent quantities of methanol as the solvent resulted
in products that differed from DAMPD, the 1:1
salt described above. Analysis by XRD, DSC,
TG, thermomicroscopy, elemental analysis and
KFT revealed the presence of water of crystallisa-
tion in varying proportions in the products. Re-
crystallisation from water, by allowing slow
evaporation of water from a saturated aqueous
solution at room temperature, resulted in a new
form of DAMPD. This form was characterised
using XRD, DSC, TG, FT-IR, elemental analysis
and KFT and identified as DAMPD monohy-
drate (DAMPD-MH). The XRD trace and DSC
scan for the monohydrate are presented in Figs. 3
and 4, respectively.

3.1.4. Diclofenac
tris(hydroxymethyl)aminomethane (DTRIS)

The DSC scan for DTRIS, the salt formed
from diclofenac acid and TRIS in methanol, re-
vealed an endotherm with an onset value of
209 °C (Fig. 2). Thermomicroscopy confirmed
that this endotherm was attributable to melting of
the salt. This value differed from the melting
point of 194-196 °C reported earlier for DTRIS
(Fini et al., 1996). However, no XRD data was
given in the latter study.

3.1.5. Diclofenac benzylamine (DBA)

Attempts to prepare a salt from diclofenac acid
and benzylamine by precipitation from acetone
were unsuccessful. Combination of solutions of
diclofenac acid and benzylamine in methanol re-
sulted in the formation of a product after the
evaporation of the solvent. However, two prod-
ucts were identified when the procedure was car-
ried out in ethyl acetate: DBA-I or DBA-II (the
different products resulted from slight changes in
preparation conditions). DBA-II was identical to
the product prepared from methanol. The XRD
patterns for the two forms (Fig. 1) were found to
differ in their peak position and relative intensi-
ties. The DSC trace for DBA-I (Fig. 2) showed an
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endothermic peak with an onset value of 157 °C,
followed by the broad volatilisation—decomposi-
tion peak characteristic of diclofenac salts. Ther-
momicroscopy confirmed that the endotherm at
157 °C was due to melting of the salt. The TG trace
revealed an increase in the rate of weight loss from
a temperature corresponding to the onset of the
endothermic event in the DSC scan. This may be
attributed to the volatilisation of the sample as it
melted. The DSC scan for DBA-II (Fig. 2) differed
from that of DBA-I by the presence of a second
endothermic peak with an onset value of 137 °C.
The TG trace obtained was similar to that for
DBA-I. Thermomicroscopy, displayed melting at a
temperature corresponding to the onset of the first
endotherm in the DSC scan, followed by re-crystalli-
sation into acicular crystals. These crystals melted
at ~ 160 °C, a temperature corresponding to the
onset of the second endotherm in the DSC scan.
Further investigation by DSC involved heating the
sample to 143 °C(past the first endotherm), cooling
to 25 °C and re-heating the sample to 250 °C (a)
after 10 min and (b) after 2 days. In each case, the
DSC and XRD traces obtained were identical to
those of DBA-I. This suggests the existence of two
forms of DBA: DBA-I, which melts at 157 °C; and

DBA-II, which converts on heating to DBA-I. This
thermal behaviour is consistent with a Type 2
polymorphic transition (Giron, 1995).

3.1.6. Diclofenac deanol (DDNL)

The DSC scan for DDNL, the salt formed with
diclofenac acid and DNL from acetone, showed two
overlapping endotherms, the onset temperature of
the first endotherm being 105 °C (Fig. 2). Ther-
momicroscopy revealed melting from ~ 105 °C,
followed by crystallisation of crystals from the melt
and subsequent re-melting. This crystallisation and
melting of the newly formed crystals explained the
presence of the second endotherm (peak tempera-
ture, 120 °C) in the DSC scan. An exothermic
re-crystallisation peak may be masked because of
the occurrence of the two melting endotherms close
together. The TG trace showed an increase in the
rate of weight loss from 110 °C, resulting in a step
corresponding to a weight loss of ~ 6% w/w.
Analysis by KFT excluded the possibility of water
being present in the sample. The weight loss may
be because of the volatilisation of deanol (b.p.
135 °C) from the melt. In conclusion, two forms of
DDNL were shown to exist; one converted to the
other on heating.

A
1000 CP
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- L\_,V,\»\._..J bu\NJ LJ m
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Fig. 3. XRD traces of DAMPD and DAMPD monohydrate (DAMPD-MH).
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Fig. 4. DSC and TG scans for DAMPD and DAMPD monohydrate (DAMPD-MH).

3.2. Solubility and intrinsic dissolution rate
studies of the diclofenac salts prepared

Of the two forms of DAMP, DAMP-I was
selected for the investigation of solubility and
dissolution rate because of: (a) its single melting
endotherm in the DSC scan; and (b) its easiness in
preparation relative to DAMP-IIL. For these same
reasons, DBA-I was selected over DBA-II for the
investigation of solubility and intrinsic dissolution
rate.

Of the diclofenac salts studied, DBA was the
only one for which a different XRD pattern,
relative to a powder sample, was obtained follow-
ing compression. An extra peak was observed at
20 =9.45° in the XRD trace for the disc. This
extra peak suggested a change in the solid-state
form of the salt due to the compression proce-
dure. Despite the existence of an additional peak
in the XRD trace, DSC analysis of disc re-ground
after compression at 8 ton for 5 min did not
reveal any change in the thermal behaviour of the
salt. However, when the compression time was
increased to 10 min, an additional endotherm was
observed at ~ 110 °C in the DSC scan of the
re-ground disc. This endotherm was observed to

increase in magnitude with an increasing compres-
sion time, e.g. the AH values for the endotherms
after 10 min and 12 h compression were 5.51 and
10.37 J/g, respectively. The changes in the solid-
state properties of DBA-I following compression
could not be accounted for by the conversion to
DBA-II. The additional peak in the XRD trace
following compression did not correspond to a
peak characteristic of DBA-II. The extra en-
dotherm in the DSC scan for the reground discs
occurred at a temperature (onset 110 °C) lower
than that of the first endotherm in the DSC scan
for DBA-II, which had an onset value of 137 °C.
Due to the effect of compression, the intrinsic
dissolution rate study performed on discs pre-
pared from DBA-I yielded a result (4.57 x
10-%+0.15 x 10~* mmol/min/cm?) which did
not relate to the salt in its original solid state.

The solubility and intrinsic dissolution rate val-
ues determined for the salts prepared are pre-
sented in Table 3. The solubility and intrinsic
dissolution rate values for diclofenac diethylamine
(DDEA) (O’Connor and Corrigan 2001) and di-
clofenac N-(2-hydroxyethyl)pyrrolidine (DHEP)
(Ledwidge and Corrigan, 1998) reported earlier
are also included in the table.
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Using anhydrous DAMPD as the starting ma-
terial, a solubility value of 6.77 +£0.03 mM at
25 °C was obtained. The XRD trace of the solid
in equilibrium with the saturated solution after 24
h (the first sampling time) was consistent with
that of the monohydrate form of the salt. There-
fore, the solubility of the salt is limited to that of
its monohydrate form, which forms in a solution
of the anhydrate. The intrinsic dissolution rate of
the salt in water at 25 °C was determined as
4.51 x 10744 0.07 x 10~* mmol/min/cm?. XRD
analysis of a disc after 5 min dissolution generated
a trace consistent with the monohydrate form of
the salt, indicating that the conversion of the
anhydrate to the monohydrate had occurred. The
intrinsic dissolution rate determined therefore re-
lated to the DAMPD monohydrate. Almost in-
stantaneous hydration of the solid on the surface
of discs upon immersion in water has been re-
ported earlier (Rubino 1989). The latter author
reported no differences in the dissolution rates
determined for the anhydrous, sesquihydrate and
4.6 hydrated forms of sodium sulfathiazole due to
hydration of the anhydrate and sesquihydrate
forms to the most hydrated form.

The measured solubility of DTRIS in water at
25 °C (3.89 mM) compared well with the value of
4.00 mM reported by Fini et al. (1996). The
solubility of DDNL in water at 25 °C (446.65
mM) was found to be considerably higher than
the solubilities determined for the other salts ex-

Table 3

amined. This salt also showed a superior aqueous
solubility to DHEP (273 mM, Ledwidge and Cor-
rigan, 1998), the most soluble salt form of diclofe-
nac available in pharmaceutical products.

Several studies have reported a direct relation-
ship between solubilities and intrinsic dissolution
rates for a large variety of substances (Parrott et
al., 1955; Hamlin et al., 1965; Higuchi et al., 1965;
Nelson and Shah, 1975; Shah and Nelson, 1975;
Tsuji et al., 1978; Nicklasson et al., 1981, 1982;
Sjokvist Saers and Craig, 1992; Forbes et al,
1995). This solubility—dissolution rate relation-
ships can be used to estimate solubilities where
limited amounts of material were available (Nick-
lasson and Nyqvist, 1983) and to aid salt selection
(Forbes et al., 1995).

According to the Noyes—Whitney equation
(Noyes and Whitney, 1897), under sink conditions
the following relationship should apply

G = KCs 1)

where G is the intrinsic dissolution rate, Cg is
the solubility and K is the dissolution rate con-
stant. When the solubilities are plotted against the
intrinsic dissolution rates on a log—log scale, a
linear relationship with a slope of 1.0 is expected,
in accordance with the following derivation of the
Noyes—Whitney equation

log G =log K + log Cg @)

Melting points, solubility and intrinsic dissolution rates for diclofenac salts in water at 25 °C

Salt Melting point Solubility
(°C) (mM) solution

PH of saturated

Intrinsic dissolution rate x 10% (mmol/min/cm?)

DrBA 152.37 +0.29
DAMP 183.21 +2.14
DAMPD 175.19 £0.70
DTRIS  208.92 £0.10
DBA 156.25 +0.58
DDNL 108.46 +0.35 447 +15 8.57

DDEA 124.65+0.35° 35.0+0.7° 8.19°
DHEP 101.95 +0.07 273¢ 8214

546+0.05 745
21.8+03 7.62
6.77+0.03 7.24
395+0.04 7.13
4.16 £0.04 721

3.86 £ 0.09
13.8+0.3
4.51+£0.07
2.45+0.06
457+0.15%
167 +3
18.74£04°
36.2¢

2 This value does not relate to the original solid form of the salt.

® From O’Connor and Corrigan (2001).
¢ From Ledwidge and Corrigan (1998).
9 From Ledwidge et al. (1996).
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The log—log plot of solubility against intrinsic
dissolution rate for the diclofenac salts is pre-
sented in Fig. 5. Also included in the graph are
the DDEA and DHEP data. The line of best fit
(R*=10.985, n=6) was found to have a slope of
0.84 +0.05. Deviation from the theoretical line
with a slope of unity (indicated by the dashed line
in Fig. 5) indicates lower dissolution rates than
expected for salts with higher solubilities. This
may be due to high viscosities of solutions of the
higher solubility salts or micelle formation, result-
ing in a reduction in their diffusion coefficients.
According to the Stokes—Einstein equation
(Flynn et al., 1974), the diffusion coefficient is
inversely related to the viscosity of the medium.
The influence of the viscosity of a salt solution on
diffusion through the aqueous boundary layer has
been reported earlier (Nelson, 1957; Morozowich
et al., 1962; Serajuddin and Jarowski, 1985a).

Previous studies have reported linear relation-
ships between log solubility and log dissolution
rate, with slopes of unity or close to unity: 1.02 +
0.04 (Nicklasson et al., 1981), 1.00 4 0.06 (Nick-
lasson et al., 1982) and 1.06 (Forbes et al., 1995).
Nelson and Shah (1975) and Shah and Nelson
(1975) reported slopes of 0.939 and 0.978, respec-
tively, for a plot of log Cg versus log G for a series
of alkyl esters of p-aminobenzoic acid. The au-
thors proposed that a small change in diffusivity

over the ester series might have contributed to the
reduced slope.

3.3. Relationships between salt melting point and
solubility for the diclofenac salts studied

Thomas and Rubino (1996) reported an inverse
linear relationship between the salt melting point
and the logarithm of salt solubility for a series of
secondary amine hydrochloride salts (n = 8). Led-
widge (1997) reported a similar relationship for a
series of salts of an experimental basic drug
CELS0 (n=7). Gould (1986), on examination of
data obtained from a range of salts of a basic
anti-malarial drug (Agharkar et al., 1976), re-
ported a direct relationship between the inverse of
the melting point and the logarithm of the solubil-
ity (n = 4). Anderson and Conradi (1985) reported
a non-linear relationship between the salt melting
point and log Kgp for a series of flurbiprofen salts
(n = 6). Conversely, Gu and Strickley (1987) con-
cluded that no simple solubility—melting point
relationship could be established for tris(hydrox-
ymethyl)aminomethane salts of four anti-inflam-
matory salts.

The melting point values for the diclofenac salts
studied, including DDEA and DHEDP, are listed in
Table 3. A trend was observed between the salt
melting point and the logarithm of the solubility
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(R?>=0.6651, n=_8) and between the inverse of
the melting point and the logarithm of the solubil-
ity (R?=0.7780, n=3).

3.4. Exploration of relationships between
properties of the salt-forming agent and those of
the resulting salt form

In accordance with the linear relationship be-
tween the conjugate acid and the salt melting
points reported for a series of salts of UK47880
(Gould, 1986), examination of the data for the
diclofenac salts revealed reasonable correlation
(R?=0.7518, n=17) between the base and salt
melting points (Fig. 6). However, no correlation
was observed between the base melting point and
salt solubility. This lack of correlation is in accor-
dance with the results obtained by Ledwidge
(1997) for a series of CELSO0 salts.

No correlation was found between base pK, and
salt solubility for the diclofenac salts, in accor-
dance with the reported poor correlation between
counter-acid pK, and salt solubility for a series of
CEL50 salts (Ledwidge, 1997).

Examination of the data obtained for the di-
clofenac salts revealed a linear log—log relation-
ship between [H*] and salt solubility (R* = 0.8957,
n=8). The pH of the saturated solution is plotted
against the logarithm of salt concentration in Fig.

7. This trend is consistent with the linear relation-
ship between the final solution hydrogen ion con-
centration, [H*], and salt solubility reported by
Ledwidge (1997).

The solubility and saturated solution pH values
obtained for each of the salts is plotted in relation
to the theoretical pH—solubility curves in Fig. 8.
The theoretical curves were derived from Eq. (3)
(Chowhan, 1978), using values of 0.037 mM and
5.02 for intrinsic solubility and pK, respectively
(Ledwidge and Corrigan, 1998).

K

Cs=[HA]s+[AT] = [HA]s<1 + [H3O+]> €)

Whereas the data points for most of the salts are
consistent with the expected pH-solubility rela-
tionship, the solubility values for DDNL and
DHEP are considerably higher than expected
given the pH of their saturated solutions. Similar
deviations from theoretical pH—solubility profiles
have been reported for the salts of acidic (Rose-
man and Yalkowsky, 1973; Chowhan, 1978; Sera-
juddin and Jarowski, 1985a) and basic (Serajuddin
and Rosoff, 1984; Serajuddin and Jarowski,
1985b; Serajuddin and Mufson, 1985) compounds.
As a result of these deviations, estimation of the
apparent pK, from the pH-solubility data would
result in a lower (in the case of an acidic com-
pound) or higher (for a basic compound) value
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Fig. 6. Base melting point vs. salt melting point for the diclofenac salts studied.
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Fig. 7. pH of the saturated solution vs. solubility of the salt for the diclofenac salts studied.

than the potentiometrically determined value for
the pK, of the acid or base.

In line with the previous findings, deviation of
the data points for DHEP and DDNL from the
theoretical line (Fig. 8) indicated an apparent pK,
value lower than 5.02. Eq. (3) was used to fit a
pH-solubility curve to the DDNL and DHEP
data. The value for intrinsic solubility was fixed at
0.037 mM (Ledwidge and Corrigan, 1998); a
value of 4.47 + 0.04 was obtained for the pK].

Roseman and Yalkowsky (1973) investigated
the pH—-solubility behaviour of the tromethamine
salt of prostaglandin F,, (PGF,,) and observed
that at pH values above 5, there was a marked
increase in solubility, significantly greater than
what would be expected from the ionisation con-
stant of the acid. This behaviour was attributed to
the formation of micelles that solubilise the drug
once critical concentration and pH values are
reached.

In the current study and the previous studies
(Roseman and Yalkowsky, 1973; Chowhan, 1978;
Serajuddin and Jarowski, 1985a), the apparent
reduction in the pK} value observed in the pH-
solubility profiles can be attributed to the tech-
nique used in estimating the pK, and
consideration of the equilibrium involved. The
apparent dissociation constant, K}, is given by

[H;0"]A™]

K =""HA]

4
where [X] denotes the concentration of species X.
The association of the ionised molecules, [A™],
into micelles resulted in the solubilisation of the
protonated acid, HA, causing an increase in the
effective concentration of HA. The method used
in this study to estimate pK, involved the applica-
tion of Eq. (3), which describes the pH-solubility
relationship for a weak acid at pH values less
than the pH,,,. This equation assumes that the
solubility of the free acid is limiting and that the
increase in solubility with an increasing pH is due
to the increasing [A~]. Solubilisation of HA due
to micelle formation resulted in an overestimation
of the contribution of [A~] to the total solubility,
Cs, and an exaggerated value for the ratio of
ionised to unionised forms of the acid, [A~]/[HA],
was obtained. From Eq. (4), it can be seen that
the calculated K, value is therefore an overestima-
tion, resulting in an observed pK, value lower
than the true value.

The octanol-water partition coefficient (log P)
of each base, an indicator of base hydrophilicity,
was estimated using fragment constants (Hansch
and Leo, 1979) and is presented in Table 1. No
correlation was found between the diclofenac salt
solubility and counterion hydrophilicity. This is in
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accordance with the results of the study by An-
derson and Conradi (1985) on a series of
flurbiprofen salts.

As can be observed from the data in Tables 2
and 3 for the salts prepared from the series of
four-carbon primary amines, tBA, AMP, AMPD
and TRIS, no general trends exist between coun-
terion properties, hydrophilicity, melting point
and pK,, and salt solubility.

The rank order of diclofenac salt solubilities
was found to be AMP > AMPD > ¢tBA > TRIS.
Anderson and Conradi (1985) prepared flurbipro-
fen salts using the same series of bases and re-
ported a rank order of AMPD > TRIS =~
AMP > ¢BA for their solubilities.

The most hydrophilic counterion within the
series, TRIS, resulted in the salt of lowest solubil-
ity. This is contrary to the expected trend of an
increase in water solubility with an increasing
hydroxylation, or hydrophilicity, of the base.

However, the hypothesis that greater hydrophilic-
ity of the counterion results in greater water solu-
bility of the resulting salt neglects the possibility
of stronger interactions in the crystal due to in-
creased polarity of the counterion. DTRIS has the
highest melting point (209 °C) within the series.
Therefore, its low water solubility can be at-
tributed to its strong crystal lattice. The strength
of the crystal lattice can be attributed to the
symmetry of the counterion (Gould, 1986; Ander-
son and Flora, 1996) and hydrogen bonding
within the crystal. Fini et al. (1995a) studied the
solubility of a range of diclofenac salts, including
salts prepared using monoethanolamine, di-
ethanolamine, triethanolamine and TRIS. They
reported that the presence of hydroxyl groups in
the ethanolamine cations did not result in an
improvement in salt solubility. Furthermore, the
increase in hydroxyl group number within the
group was not reflected in an increase in solubil-
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ity. TRIS, with three hydroxyl groups, resulted in
the salt of lowest solubility within the group.
These observations were attributed to intermolec-
ular hydrogen bond interactions existing in the
solid state. Also, in the case of diclofenac salts,
the influence of intramolecular hydrogen bonding
needs to be considered (Fini et al., 1996). In a
previous study, Dhanaraj and Vijayan (1987) ex-
amined the crystal structure of the meclofenamic
acid—-ethanolamine 1:1 salt in the solid state and
reported that the hydroxyl group of the cation
interacted via a hydrogen bond with the carboxy-
late group of the anion. Since meclofenamic acid
closely resembles diclofenac acid in molecular
structure, it was not surprising that this type of
hydrogen bond was found to exist in salts of
diclofenac containing cations carrying the hydrox-
yethyl moiety (Castellari and Sabatino, 1994).
Therefore, the overall hydrophilicity of the salts
was masked by internal interactions and their
affinity for polar solvents was reduced.

The salt displaying the highest water solubility
within the series (21.76 mM) is that of AMP, the
base with one hydroxyl group. The melting point
determined for DAMP (183 °C) is the second
highest of the four salts. Therefore, the high
aqueous solubility of the salt cannot be attributed
to either the hydrophilicity of the base or weak
crystal lattice forces in the salt.

The pK, of TRIS (8.30) is the lowest in the
series and the pH of a saturated solution of
DTRIS (7.13) is lower than the values obtained
for the other salts in the series. The low solubility
of DTRIS is therefore consistent with the linear
relationship between the pH of the saturated solu-
tion and the logarithm of the solubility of the salt
(Fig. 7). In accordance with this trend, the pH of
a saturated solution of DAMP, the most soluble
salt, is higher than the pH of the solutions of the
other salts in the series, despite the pK, of AMP
being one unit lower than that of tBA.

In summary, the solubility of the salts of di-
clofenac and the four-carbon primary amines was
not shown to be dependent on any one parameter,
but on a combination of factors such as salt
crystal lattice strength and the pH of the satu-
rated salt solution.
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Abstract

Aim: Salt formation is a widely used approach to improve the physicochemical and solid state properties of an active
pharmaceutical ingredient. In order to better understand the relationships between the active drug, the selected
counterion and the resultant salt form, crystalline salts were formed using four different carboxylic acid drugs and
a closely related series of amine counterions, Thirty-six related crystalline salts were prepared, characterized and
the relationship between solubility and dissolution behaviour and other properties of the salt and the counterion

studied.

Methods: Salts of four model acid drugs, gemfibrozil, flurbiprofen, ibuprofen and etodolac were prepared using
the counterions butylamine, hexylamine, octylamine, benzylamine, cyclohexylamine, tert-butylamine, 2-amino-2-
methylpropan-1-ol, 2-amino-2-methylpropan-1,3-diol- andtris(hydroxymethyl)Jaminomethane. Salt formation was
confirmed, the salts were characterized and their corresponding solubilities determined and rationalized with respect

to the counterions’ properties,

Results and conclusion: The properties of the salt highly dependent on the nature of the counterion and, although
there is considerable variation, some general conclusion can be drawn. For the alkyl amines series, increasing chain
length leads to a reduction in solubility across all the acidic drugs studied and a reduction in melting point, thus
contradicting simplistic relationships between solubility and melting point. Small, compact counterions consistently
produce crystalline salts with high melting point accompanied with a modest improvement in solubility and the
nature of hydrogen bonding between the ions has a major impact on the solubility.

Keywords: Salt selection, couﬁiérion, solubility, gemfibrozil, flurbiprofen, ibuprofen, etodolac, tris(hydroxymethyl)

aminomethane
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Introduction

Solid state modification is offers the opportunity to alter
unfavourable properties of active pharmaceutical ingre-
dients (APIs) that may impact on successful development.
Salification for ionisable drugs is a commonly employed
strategy'? as the formation of a salt from a weakly acidic
or basic drug will have a major impact on its properties
including solubility, dissolution rate, hygroscopicity,
stability, impurity profile and particle characteristics®.
Modern high throughput automated processes of drug
discovery are producing more lipophilic and increasingly

insoluble drugs* and there are a number of studies
focusing on streamlining the process of selection of an
appropriate counterion for salt formation, often driven
by physicochemical requirements, with non-optimal salt
forms being systematically eliminated until the choice
is narrowed down to likely candidates™”. Early identifi-
cation of potential salt forms within the preformulation
process can avoid delays and expense later in the devel-
opment process®, however, the relationship between
different solid crystalline forms and their properties is
generally poorly understood, thus their properties are
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difficult to predict® and conclusions regarding relation-
ships between physicochemical properties and solubility
have been contradictory and variable.

" The most desirable properties are usually high solubil-
ity and dissolution rate, stability and crystallinity with the
absence of polymorphic forms, usually followed by con-
sideration of the ease of manufacture, formulation and
processibility. For dosage forms wherein the drug forms
a large percentage of the formulation, the latter char-
acteristics become more important with drug-carrying
capacity of directly compressible tablets often limited to
25%°.

Inorganic counterions are most often used to modify
a drug'’s properties: sodium is the most common cationic
counterion used (65.3%"!!) but the trend toward abroader
diversity of counterions might be anticipated as more
challenging molecules are selected for development. The
solid state properties of crystalline salts depend largely on
the nature of the counterion and rational salt selection,
to optimize such properties based on predictive relation-
ships between counterion choice and desired properties,
has been suggested but only limited work exists in this
area’'2, Chowan'®, Anderson and Conradi" and Forbes
etal’,, investigated the effect of choice of counterions on
the solubility of different carboxylic acids while Cheong
and Choi'® sought to improve the physicochemical prop-
erties of piroxicam using ethanolamine. Only a small
number of studies involve comparative evaluations of
salts of weakly acidic drugs, including diclofenac'’-%,
flurbiprofen™ and tris(hydroxymethyl)aminomethane
salts of four anti-inflammatory drugs®.

The aim of this work was to conduct a systematic inves-
tigation of the impact of the counterion on salts of acidic
drugs with the view to understanding the role of the coun-
terion. Four carboxylic acids were selected due to their
limited solubility in the unionized state; flurbiprofen,
etodolac, gemfibrozil and ibuprofen (Figure 1). A range of
different organic counterions was used to form the salts
and the impact of the counterion on physicochemical
and technological properties was studied. Rather than
selecting only commonly used counterions, this study
employs a related series of counterions, thus the impact
of small structural changes on the properties can be stud-
ied in a systematic manner. The counterions used as the
salt formers were butylamine (butyl), hexylamine (hex),

octylamine (oct) benzylamine (benz), cyclohexylamine
(cyclo), tert-butylamine (tertBA), 2-amino-2-methyl-
propan-1-ol (AMP1), 2-amino-2-methylpropan-1,3-diol
(AMP2) and tris(thydroxymethyl)aminomethane (tris)
(Table 1).

Materials and methods

Materials

Gemfibrozil was supplied by DiPharma (Italy) and flur-
biprofen was supplied by Erregierre (Italy). Ibuprofen
was supplied by Sigma-Aldrich (Poole, UK). Etodolac
was supplied by Ulkar Kimya (Istanbul). Tert-butylamine,
AMP1, AMP2, tromethamine, benzylamine, cyclohexy-
lamine, octylamine, hexylamine and butylamine were
supplied by Sigma-Aldrich. Acetonitrile and methanol
were supplied by Fisher {(Loughborough, UK). All materi-
als were of pharmaceutical, analytical or HPLC grade as
appropriate.

Methods

Salt preparation

Crystalline salts were prepared by mixing equimolar
amounts of drug and counterion dissolved in acetonitrile
and the resultant crystals recovered by filtration under
vacuum or following cooling to-4°C until crystals

Flurbiprofen louprofen IS

T

Germfibroz}

Etodolac

Figure 1. Chemical structures of the four carboxylic acid drugs.

Table 1. General molecular descriptors of amines used as counterions. *pK, and logP values from the SPARC online calculator and ClogP

version 4.0.
Drug CLogP pkK, Counterion CLogP* pK* Counterion CLogP* pK*
Etodolac 3.52 4.33, Butylamine 0.92 10.33 Tert-butylamine 0.59 10.52
4.65° Hexylamine 1.98 10.33 AMP1 -0.59 9.20
Flurbiprofen 3.44 4.35 Octylamine 3.04 10.33 AMP2 -0.59 7.94
4.22° Benzylamine 1.09 9.36 Tris -0.94 6.44
Gemlfibrozil 4.16 4.72 Cyclohexylamine 1.37 10.52
4.70¢
Ibuprofen 3.68 4.55
4,314

Lee et al.*; PAnderson and Conradi'%; ‘Gerbino®; 9Slater et al.¥".
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appeared. For AMP1 and AMP2-containing salts, the
amines were dissolved in a warmed solution of methanol
which was added to a solution of the drug in acetonitrile,
and the crystals collected by filtration. Products were
dried overnight under vacuum and stored in sealed con-
tainers at room temperature until used.

Salt characterization

Nuclear magnetic resonance (NMR) and fourier-transform
infra red spectroscopy (FTIR). Formation of 1:1 monova-
lent salts was confirmed using NMR and FTIR. Samples
were dissolved in deuterated chloroform and chemical
shifts and 'H-NMR spectra were recorded on a Bruker
AC 250 NMR (250 MHz) and a MAC Quadra 800 PC using
WIN-NMR version 3.0 software was used to interpret the
results. FTIR analysis of the drug or salt in KBr was car-
ried out using a Unicam Mattson 3000 over 4000-400 cm ™
with Galaxy software.

Thermal analysis. Differential scanning calorimetry
(DSC) was performed using a Perkin Elmer PYRIS
Diamond DSC. Each sample (3-5mg) was accurately
weighted and heated under nitrogen in vented pans at a
scan rate of 10°C/min from 0°C to a temperature exceed-
ing the melt or a maximum of 250°C. Thermogravimetric
analysis (TGA) was performed on samples of between
5 and 10 mg using a Perkin Elmer Pyris 1 TGA over the
temperature range 25-250°C in a nitrogen atmosphere.

Microscopy and powder X-ray diffraction. Crystal habit
was assessed using a Nikon polarized light microsope
over a range of magnification. Powder X-ray diffrac-
tion patterns of drug and salt samples and compacts
were analyzed using a Rigaku Miniflex diffractometer
(Rigaku, Sevenoaks, Kent, UK) with Cu Ka radiation at
30kV/15mA. All samples were scanned from 2 to 60° 26
at a rate of 2° min'. Verification or standardisation tests
for the instrument were conducted using mica and alu-
mina reference standards.

True density measurements. The densities of the drug and
salt powders were measured in triplicate using a Gemini
Helium Pycnometer (Micromeritics, Dunstable, UK) and
the pycnometer was calibrated before use.

Dynamic vapour sorption (DVS). Water vapour adsorp-
tion and desorption isotherms of the drugs and salts
were measured in triplicate using a DVS-1 (Surface
Measurement Systems, Alperton, UK). Samples (~10mg)
were dried at 0% RH until a constant mass was obtained.
Isotherms were constructed at 20°C over 0-100% humid-
ity increased in increments of 10% after the equilibration
of sample mass.

HPLC analytical method

High-performance liquid chromatography (HPLC) was
performed using an Agilent 1100 series HPLC system
(Agilent Technologies, Wokingham, UK) with a G1312A

© 2012 Informa Healthcare USA, Inc.
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Binary Pump, GI1313A ALS Auto-injector, GI1316A
COLCOM column section and a G1314A VWD variable
wavelength detector. An ODS-2 Hypersil 150 c x 4.6 mm
5 um column (ThermoScientific, Hemel Hempstead, UK
was used for all samples with a mobile phase of 65:35
acetonitrile;water {phosphoric acid 0.005% v/v), a flow
rate of 1 ml/min and injection volume of 1 ul. Gemfibrozil
and its salts were analyzed at 276 nm; flurbiprofen and
its salts were analyzed at 250 nm; ibuprofen and its salts
were analyzed at 225nm and etodolac and its salts were
analyzed at 254nm.

Determination of saturated solubility and intrinsic
dissolution rate

Excess solid was added to double distilled water in trip-
licate, the vials sealed and stirred for 48 h under ambient
conditions. Extracted samples were filtered through a
0.45 pm PTFE syringe filter, the pH measured and sam-
ples diluted as appropriate with mobile phase prior to
HPLC analysis. The saturated solubilities of model drugs
and prepared salts were also measured at pH 6 using
phosphate buffer.

Compressed tablets of drug or salt powder were made
using a Specac KBr press and 13 mm die using a pressure
of seven tonnes on a powder of weight 0.01 moles + 2mg
with a 5min dwell time and a 24h recovery time. This
was shown to provide a compact whose X-ray diffraction
pattern closely matched that of the raw powder (XRPD
not shown). The tablets were attached to PTFE holders®
which exposed only one face of the compact. USP appa-
ratus 2 (Hanson SR11 6-flask dissolution system) was
used at 50rpm for dissolution studies and phosphate
buffers at pH 6.8 and 7.2 were used for flurbiprofen
experiments and gemfibrozil experiments respectively
in order to achieve the equivalent degree of ionisation in
the solutions. According to the SPARC online calculator
(Table 1) there is a 0.4 unit difference in pK_ values which
is subsequently represented in the choice of pH values
that were used to run the experiments.

Statistical analysis

SPSS (version 12.0.1) statistical package was used to per-
form an analysis of variance (ANOVA) on the solubility
and intrinsic dissolution data. A one-way ANOVA test
was performed using a Tukey post hoc at a significance
level of 0.001 (P=0.05).

Results and discussion

Salt characterization

In order to develop an understanding of how the counte-
rion impacts the salt properties, we have used a number
of structurally related series of amine counterions which
will impact on the physicochemical properties of the
resultant salts formed. The estimated pK, and logP val-
ues from the SPARC online calculator and ClogP version
4.0 were calculated for all materials and are summarized
together with literature values in Table 1.
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The salts were formed by combining an amine
(R-NH,"} ion with the anion of an organic carboxylic acid
(COO). As the bases had sufficiently high pK_ values, the
salts were generally easily formed and precipitated from
organic solvents. NMR and FTIR were used to verify salt
formation with the total proton count in '"H-NMR stud-
ies confirmed that all the salts had the expected number
of hydrogen atoms present, had formed in a 1:1 ratio (as
expected from the valencies) and the ‘H-NMR traces had
an acceptable signal to noise ratio. A signal at 1684cm™
in the FTIR spectra for the parent drugs, attributed to a
C=0 stretching of the carboxylic acid group''®**, was
absent in the salts and was replaced by bands charac-
teristic of carboxylic acid salts, at 1650-1550cm™" and
1440-1335cm™(ref. 25). An additional band was pres-
ent between 3350-3150cm™, and is attributable to NH,*
stretching of solid amine salts®.

Salt forms of an API may be useful for reasons of purity,
thermal stability, manufacturability, and ease of produc-
tion and the goal is a solid, crystalline, stable material
with improved physicochemical and mechanical prop-
erties. Melting point relationships are complex when
considering salts, which are a combination of covalent
bonds, ionic bonds and intermolecular forces. Whereas
the melting points of covalently bonded molecules can
be related to aqueous solubility®, once another molecule
is added by ionic bonds, this alters the physicochemical

characteristics in an unpredictable way. Generally on
addition of the amine counterion to the carboxylic acid
drug, a crystalline product was formed with a sharp
melting point(s), confirmed by DSC and each salt had a
characteristic and unique XRPD pattern indicative of the
crystalline nature of the particular salt form. There was a
reduction in melting point and enthalpy of fusion as chain
length increased for the alkylamine homologous series of
salts of all drugs (gemfibrozil, etodolac, flurbiprofen and
ibuprofen; Tables 2-5). Some of the salts with longer alkyl
chain lengths, often associated with increasing mobility,
have lower melting points than the parent probably due
to an increased chain length creating disorder in the
crystal lattice®™?,

The melting points of all tertBA, AMP1, AMP2 and
tris salts are higher than the parent drug (Tables 2-5)
with the exception of Etodolac AMP2. A desolvation/
melt peak was seen using DSC with a concomitant
weight loss at 100°C upon TGA suggesting the salt may
be a solvate. DVS of this salt resulted in a mass change
of 0.05% w/w when the humidity was reduced to zero
which corresponds to the monohydrate form of the salt
(Figure 2). The extent of hydrogen bonding in crystal
lattices of tertBA, AMP1, AMP2 and tris salts will vary
with the number of hydroxyl groups in the counterions
impacting their melting point. The AMP2 salts have
lower melting points than the other salts in the series

Table 2. Measured physicochemical properties and solubilities of etodolac saits.

Etodolac
Mean density Enthalpy of fusion Aqueous Solubility pH of saturated
(g/cm?) £SD Mp (°C) (kJ/mole) {mol/L) aqueous solution
Drug 1.24+0.001 151-153 29.4 7.72x107 4,42
Butylamine 1.15+0.001 148-155 25.2 0.0489 6.78
Hexylamine 1.10£0.004 140-143 28.8 0.0151 6.79
Octylamine 1.08+0.013 111-113 27.6 3.69x107 6.42
Benzylamine 1.20+0.001 164-165 48.2 8.01x103 6.97
Cyclohexylamine 1.60+0.001 199-203 28.8 0.0126 7.30
Tert-butylamine 1.15+0.001 177-185 23.7 0.0435 7.34
AMP1 1.24+0.002 165-167 33.2 0.199 8.68
AMP2 1.25+0.001 116-122% 32.1 >0.510 n/a
Tris 1.240.001 159-161 58.2 0.248 7.26
*based on combined desolvation/melt peak.
Table 3. Measured physicochemical properties and solubilities of flurbiprofen salts.
Flurbiprofen
Enthalpy of fusion Aqueous Solubility pH of saturated
Mean. density (g/cm®) Mp (°C) (kJ/mole) (mol/L) aqueous solution
Drug 1.29+0.001 115-117 24.7 1.35x 10 4.20
Butylamine 1.16+0.002 139-141 23.6 0.0169 7.43
Hexylamine 1.12+0.001 87-91 27.5 0.021 7.20
Octylamine 1.10+0.002 103-104 33.8 6.93x 107 7.30
Benzylamine 1.21+0.001 136-138 38.9 8.12x10-3 6.44
Cyclohexylamine 1.20+0.002 197-201 47.8 1.08x10-? 6.50
Tert-butylamine 1.17 £0.002 193-198 46.7 8.74x10-% 7.00
AMP1 1.24+0.001 154-157 33.6 0.0268 7.56
AMP2 1.32+£0.033 123-126 36.4 0.0311 6.00
Tris 1.32+0.002 150-152 39.4 0.0304 6.70
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Table 4. Measured physicochemical properties and solubilities of gemfibrozil salts.

Gemfibrozil
Enthalpy of fusion Aqueous Solubility pH of saturated
Mean. density (g/cm?®) Mp (°C) (k}/mole) (mol/L) aqueous solution

Drug 1.09+0.001 62-64 22.3 8.79x10°° 5.40
Butylamine 1.07 £0.002 75-77 25.5 0.111 8.70
Hexylamine 1.05+0.002 70-72 22.7 0.0106 7.80
Octylamine 1.04+0.001 37-40 28.7 2.32x107® 7.50
Benzylamine 1.10£0.001 91-93 20.9 7.45% 1073 8.60
Cyclohexylamine 1.09+0.001 135-137 41.2 9.94% 10 7.10
Tert-butylamine 1.04£0.002 141-146 24.7 0.0243 7.60
AMP1 1.12+0.003 119-122 52.0 0.0353 7.70
AMP2 1.18+0.001 104-106 28.7 0.085 7.70
Tris 1,20+0.001 119-121 68.0 0.0228 7.50

Table 5. Measured physicochemical properties and solubilities of ibuprofen salts.

rrﬂontana on 07/24/13

Ibuprofen
Enthalpy of fusion Agqueous Solubility pH of saturated
Mean. Density (g/cm®) Mp (°C) (kJ/mole) {mol/L) aqueous solution

Drug 1.11+0.001 76-79 24.2 3.45x107 3.67
Butylamine 1.07+0.001 104-106 18.3 0.583 8.37
Hexylamine 0.98£0.004 91-94 20.3 0.0200 7.73
Octylamine 0.75+0.001 80-82 21.4 4.93x107 7.19
Benzylamine 1.08 +0.001 107-109 25.9 7.99x107 7.35
Cyclohexylamine 1.12+0.001 197-201 49.0 3.37x10° 6.43
Tert-butylamine 1.02+0.001 185-190 35.9 0.018 6.53
AMP1 1.11+0.001 130-134 51.1 0.458 8.21
AMP2 1.15+0.001 112-116 23.3 >0.643 n/a
Tris 1.20+0.001 160-164 60.8 0.0274 6.67
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Figure 2. DVS data for etodolac AMP2 representing weight change over time and RH%.

(Tables 2-5) and generally have lower enthalpy values The cyclohexylamine salts of all the drugs have high
(AHK]/moles) which, if a simple model were followed, melting points, relative to the other salts, and have high
would imply these would have the highest solubility enthalpies of fusion but the introduction of a benzylam-
within the groups®. ine group may increase the risk of polymorph formation,
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with both gemfibrozil benzylamine and ibuprofen ben-
zylamine showing evidence of polymorphism. The ibu-
profen benzylamine salt DSC analysis showed two peaks
between 100°C and 120°C, (Figure 3). On reheating the
sample under the same conditions a single peak was
produced at 109°C, Figure 2. DVS results for ibuprofen
benzylamine indicated that water was not present in the
molecule but TGA revealed a decrease in mass (-1.5%)
at a temperature exceeding the endothermic event on
the DSC scan. No weight was lost at the temperature cor-
responding to the onset of the first endothermic event,
therefore, two polymorphic forms of this salt may exist,
one of which converts to the other on heating.

Upon heating, the TGA of gemfibrozil benzylamine
reveals a loss of ~1% at a temperature exceeding the
endothermic events on the DSC scan, indicating pos-
sible polymorph formation. The two forms of gemfibrozil
benzylamine that are shown in Figure 4 resulted from the
same preparation conditions and production of poly-
morphs is common when crystallising salt forms and has
previously been described by O’Connor and Corrigan'®
for benzylamine and AMP1 salts of diclofenac.

Drug salts should normally be selected to be non-
hygroscopic, i.e. normally an upper limit of 0.5% at
90% RH™ although this figure has been reported to be
as high as 2% at 25°C/60% RH?3**, Without formation
of a stable hydrate, water uptake of more than 5% at
this condition will probably require major efforts in
formulation development and compound handling.
Despite the hygroscopic nature of some of the amine
counterions used (e.g. tris) salt forms were generally
stable to humidity as indicated by limited hysteresis
in the change in mass versus humidity graphs (data

not shown). The largest change in mass was observed
with gemfibrozil AMP1 and flurbiprofen AMP2 which
showed a slight hysteresis on desorption and over 1%
change in mass over the humidity range studied (2.00%
and 1.30%, respectively).

True density

The true density plays a critical role in determina-
tion of powder porosity* and particle mechanical
properties®®, indicating on a macro scale how the
crystal lattice is arranged. Differences in the true den-
sity between polymorphic forms can be attributed
to different packaging of molecules in the crystalline
structure. For the straight-chain alkylamine series, the
highest densities corresponded with the shortest chain
length (Tables 2-5).

A variety of crystal habits resulted from the speci-
fied crystallisation conditions which will influence
their pharmaceutical handling properties. Over 60% of
the 40 crystalline materials studied were either needle-
like crystals or agglomerated needle crystals, such as
Gemfibrozil AMP1 crystals (Figure 5A) and would be
predicted to have poor flow and poor compressional
properties. Flurbiprofen hexylamine and octylamine
salts formed plate-like crystals (Figure 5B) and gemfibro-
zil butylamine and tris salts formed prisms and tabular
crystals (Figure 5C), which could improve compression
and flow properties. Etodolac salts had different crystal
morphologies, e.g, the benzylamine salt formed prisms
while the tert-butylamine salt existed in plates. The
ibuprofen tris and hexylamine salts formed lath-like
crystals, whereas ibuprofen AMP1 salt existed as small
tabular crystals.
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Figure 3. DSC and TGA profiles for ibuprofen benzylamine. Ibuprofen benzylamine upper scan is the second repeat of the run.
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Figure 5. (A) Gemfibrozil AMP1 crystals x20. (B) Flurbiprofen octylamine crystals x10. (C) Gemfibrozil tris crystals x20.
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Effect of the counterion on solubility and intrinsic
dissolution rate

The molar solubilities of the salt forms vary over several
orders of magnitude, over four orders of magnitude for
ibuprofen salts. Solubility increases with chain length for
salts of all drugs of the homologous alkylamine series,
from highest to lowest (i.e. butylamine> hexylamine>
octylamine). As the chain length increases the lipophi-
licity of the counterion increases and aqueous solubility

© 2012 Informa Healthcare USA, Inc.

reduces. Combining these data with the melting point
information from the DSC identifies a trend such that
as melting point reduces, solubility is also reduced. This
contradicts the attractive notion that as melting point
reduces, solubility increases due to the reduced energy
required to break the crystal lattice’.

Over the range of amine salts studied here (etodolac
(n=10), flurbiprofen (n=11), gemfibrozil (n=10) and
ibuprofen (n=10)), no relationship was found between
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salt melting point and solubility. This implies that melting
point relationships are complex when considering salts,
due to the complex nature of association with the coun-
terion. Studies correlating solubility and melting point
for salts of acidic drugs have produced mixed results
including an inverse linear relationship between the
logarithm of salt solubility and melting point®*, a direct
relationship between the inverse of the melting point
and the logarithm of the solubility® while Anderson and
Conradi" reported a non-linear relationship between the
salt melting point and log K_ (stoichiometric solubility)
for a series of flurbiprofen salts. O’Connor and Corrigan'®
observed a trend between salt melting point and the
logarithm of the solubility and between the inverse of
the melting point and the logarithm of the solubility
for a selection of amine salts of diclofenac. Conversely,
Gu and Strickley? concluded that no simple solubility-
melting point relationship could be established for
tris(hydroxymethyl)Jaminomethane salts of four anti-
inflammatory drugs.

Within the extended range of amine salts studied here
for four different carboxylic acid drugs (etodolac (n=9),
flurbiprofen (n=9), gemfibrozil (n=9) and ibuprofen
(n=9)), no relationship was found between salt melting
point and solubility, and simplistic relationships based
on lipophilicity of the counterion have limited predic-
tive reliability and a deeper understanding of the role of
the counterion is required. Neither the cyclohexylamine
nor benzylamine is as effective at improving solubility as
the butylamine or the hydrophilic counterions (AMP],
AMP2 and tris). Benzylamine and cyclohexylamine are
closely related structurally counterions and all their salt
forms studied are more soluble than the acid (Tables 2-5),
and cyclohexylamine as a counterion results in a greater
enhancement of molar solubility (8-118-fold) in all cases.

Thus, cyclohexylamine salts have higher melting points,
are slightly more lipophilic and are yet more soluble than
corresponding benzylamine salts similar to the results of
Parshad et al®. who found that salt solubility increased
as lipophilicity increased for salts of benzylamine deriva-
tives with p-substituted benzoic acids.

The tert-butylamine counterion results in a over 50-
to over 225-fold increase in solubility across the range
of drugs (Tables 2-5). The presence of a single hydroxyl
group (AMP1 salts) in the four carbon amine series
increases the solubility compared to the parent drug from
200-fold to more than 1300-fold; a substantial enhance-
ment compared to the tert-butylamine salts. For AMP2
salts, there is a large increase in solubility, over 1800-fold
for ibuprofen AMP2, compared to the acidic drug, an
increase factor similar to that of the butylamine counte-
rion. For two salts within this study, etodolac AMP2 and
ibuprofen AMP?2, it was not possible to obtain a saturated
aqueous solution. As the concentration was increased
above 200mg/ml, “foaming” was observed, and these
materials were shown to demonstrate surfactant-like
properties and CMC values were determined (7.65x 1072
M for etodolac AMP2 and 6.43x102 M for ibuprofen
AMP2) (data not shown). For these samples a maximum
measurable solubility was used to demonstrate the effect
of the AMP2 counterion on solubility.

There is no further increase in solubility with addi-
tional hydroxyl groups (i.e. tris salts). Thus increasing
hydrophilicity of the counterion is beneficial in solubil-
ity enhancement up to two hydroxyl groups. A similar
result has been reported for diclofenac but solubility was
maximal with the AMP1 salt'® and the diclofenac tris salt
had the lowest solubility in the series®. As the number
of hydroxyl groups increases, the potential for hydrogen
bonding increases. We have previously shown that the
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Figure 6. Intrinsic dissolution profiles for gemfibrozil and its salts in phosphate buffer pH 7.2.
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Table 6. Solubility of selected salts in pH 6 buffer (#»=3; mean + SD).
Material Solubility (mg/mi) pH Material Solubility {mg/ml) pH
Etodolac 2.11£0.399 5.97 Flurbiprofen 0.480 +0.038 5.80
E butylamine 2.52+0.357 6.15 F butylamine 0.735+0.102 5.93
E hexylamine 1.32+0.223 5.75 F hexylamine 0.955 £0.086 6.40
EAMP1 2.19+0.156 6.12 F AMP1 0.569+0.159 5.88
E AMP2 2.51+0.346 6.22
Gemfibrozil 0.038+0.058 6.50 Ibuprofen 1.62+0.284 6.10
G butylamine 0.263 +0.020 6.48 I butylamine 1.33+0.130 5.89
G hexylamine 0.475+0.020 6.62 I hexylamine 1.93+0.041 6.35
GAMP1 0.232+0.056 6.28 IAMP1 1.58+0.110 6.05
IAMP2 4,71+0.034 6.55

Findicates salts of flurbiprofen and E, etodolac; G indicates salts of G, gemfibrozil and I, ibuprofen (n=3; G butylamine data represents

first three data points only).

free acid and t-butylamine, AMP1, AMP2 salts of gemfi-
brozil have a common crystal packing motif comprising
infinite H-bonded chains with cross-linking between
pairs of adjacent chains. The sets of chains interact via van
der Waals forces. The tris salt, with its increased capacity
for hydrogen bonding, forms a different crystal structure
comprising a two dimensional sheet-like network of
H-bonds with complex intermolecular forces which are
more difficult to break*. This accounts for the relatively
lower solubility of the tris salt*2.

O’Connor and Corrigan'® reported that there was a
linear log-log relationship between [H*] and salt solubil-
ity for a range of diclofenac salts including benzylamine,
tert-butylamine, AMP1, AMP2 and tris. In this study,
there was a linear relationship between the logarithm of
the concentration and the pH of the saturated solution,
(R*=0.71 n=9), flurbiprofen (R?=0.45 n=9), gemfibrozil
(R*=0.69 n=9) and ibuprofen (R?=0.71 n=9) was deter-
mined. When the pH of the vehicle is not controlled, the
diffusion layer model proposes that the pH of the satu-
rated solution represents the pH of the theoretical diffu-
sion layer surrounding the salt as it dissolves.

When using a buffer at a controlled pH, the diffusion
layer is maintained at that fixed pH, thus inhibiting the
dissolution of the drug-salt within the diffusion layer. The
saturated solubility of selected salts was therefore also
determined at pH6 and only a small increase in solubility
was observed and in some cases, there was a reduction in
solubility compared to the parent compound (Table 6).
DSC studies showed that incubation with aqueous buffer
did not lead to any phase changes in the material. The
solubility of gemfibrozil at pH 6.5 was lower than that of
the other acids, according to its very low intrinsic solubil-
ity (calculated here as 0.0038 mg/ml) and solubility has
been found to remain below 0.03 mg/ml until pH 5.5%.
The etodolac salt series showed no increase in solubility
for each salt and the hexylamine counterion reduced the
solubility. Only the ibuprofen AMP2 salt showed a 2.9-
fold increase in solubility, but this result could be due
to the elevated buffer pH compared to parent (Table 6).
From these data, it can be concluded that the increased
solubilities observed when the pH of the saturated solu-
tion was not controlled are due to the counterion affecting

© 2012 Informa Healthcare USA, Inc.
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Table 7. IDR results for flurbiprofen, gemfibrozil and its
cyclohexylamine, tert-butylamine and benzylamine salts,

Correlation
Material IDR (mg/min/cm?) coefficient r?
Flurbiprofen 0.00062 0.9886
F cyclohexylamine 0.00013 0.9945
F tert-butylamine 0.00046 0.9998
F benzylamine 0.00057 0.9998
Gemfibrozil 0.00032 0.9991
G butylamine 0.00890 0.9200
G tert-butylamine 0.00089 0.9976
G benzylamine 0.00041 0.9985

the pH of the solution. This explains why the solubility is
not elevated for all of the salts formed.

It was not possible to produce a full set of IDR results
due to the poorly compressible nature of the parent
drugs and some of the salt forms*. The IDR profiles for
both flurbiprofen and gemfibrozil and their salts are lin-
ear (Table 7) with the exception of gemfibrozil butylam-
ine which dissolved too rapidly to accurately determine
IDR (Figure 5). IDR rank order for the salts mirrors the
order of solubility i.e. flurbiprofen benzylamine>tert-
butylamine>cyclohexylamine. The salts of gemfibrozil
showthelargestenhancementin dissolution, significantly
higher for gemfibrozil butylamine (p=0.05), compared
to the other salts and gemfibrozil. Flurbiprofen has the
highest IDR at pH 6.8 but it is only significantly different
to the flurbiprofen cyclohexylamine salt (p=0.05), and is
similar to the other salts tested. For the flurbiprofen series,
the cyclohexylamine salt has a significantly different IDR
than benzylamine (p=0.05), and the tert-butylamine
salt has a similar IDR to the other salts (p=0.05). From
the IDR experiments it can be concluded that dissolu-
tion characteristics can be related to saturated aqueous
solubility data and that a rank dissolution order can be
elucidated from solubility data.

Conclusion

Modification of the molecular properties of a drug to
overcome a limiting factor, most often solubility, is com-
mon but the salt form will influence a range of other
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properties including dissolution rate, melting point, sta-
bility, hygroscopicity, crystal form and mechanical prop-
erties. Rational salt selection could therefore improve
dissolution rates, solubility, bioavailability and may
influence the mechanical properties of poorly soluble
compounds. This paper employs a series of amine coun-
terions with a selection of carboxylic acid drugs with the
view to understanding the role of the counterion in salt
formation.

Using a homologous series of amines, the significance
of the counterion in controlling salt properties was inves-
tigated and increasing chain length leads to a reduction
in melting point and a reduction in solubility across all
the acidic drugs studied.

Addition of hydrophilic groups within the amine
counterion increases solubility, reduces melting point
and increases the likelihood of surface activity, up to a
threshold of value of two OH groups in the counterion
series studied. Despite the additional hydroxyl group in
tris salts, solubility is not enhanced further as complex
intermolecular hydrogen bonding can contribute to a
strong crystal lattice.

Rational salt selection should begin with select-
ing small, compact counterions to improve solubility.
Addition of a hydrophilic group improves the solubil-
ity characteristics however, the presence of additional
H-bonding capacity can result in additional, possibly
undesirable properties; for example polymorphism and
hydrate formation. Benzylamine (unsaturated species)
salts are prone to polymorphs so should not be used for
salt formation. Cyclohexylamine and tert-butylamine
counterions (small, rigid and compact} consistently pro-
duce a crystalline product with a high melting point and
a modest improvement in solubility, which can improve
the characteristics of an unstable drug. These counteri-
ons do not have a tendency for polymorphism or hydro-
scopicity so may be a useful salt formers. The nature of
the hydrogen bonding between the anion and cation will
change for each counterion and this will have an impact
on the crystal structure and properties.
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