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I. RECURSO ViA GUBERNATIVA

Yo, Luz Clemencia DE PAEZ, en mi condicién de apoderada de la sociedad.
ALMIRALL, S.A. solicitante de la patente de la referencia, por el presente escrito
atentamente manifiesto a usted que debidamente notificada de la Resoluciéon No. 56752
del 27 de septiembre de 2013, interpongo en su contra el recurso de REPOSICION, para
que sea revocada y en consecuencia se conceda el privilegio de patente de invencién
para “SAL DE SOoDIO DE ACIDO 5-CICLOPROPIL-2-{[2-(2,6-
DIFLUOROFENIL)PIRIMIDIN-5-ILJAMINO}BENZOICO COMO INHIBIDOR DE DHODH”
a favor de ALMIRALL, S.A..
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Il. OPORTUNIDAD DE LA IMPUGNACION

La Resolucién No. 56752 del 27 de septiembre de 2013, con fecha de publicaciéon

listado 01 de octubre de 2013, fecha de vencimiento 01 de noviembre de 2013, y fecha

del término legal 12 de noviembre de 2013.

3.1

3.1.1

3.2

lll. LA DECISION RECURRIDA

Mediante la Resolucion objeto de la presente impugnacién, el Superintendente de

Industria y Comercio decidié:

Denegar la patente de invencion a la creacién titulada: “SAL DE SODIO DE
ACIDO 5-CICLOPROPIL-2-{[2-(2,6-DIFLUOROFENIL)PIRIMIDIN-5-
ILJAMINO}BENZOICO COMO INHIBIDOR DE DHODH”

En la parte motiva de la providencia, se mencionaron los siguientes fundamentos:

3.2.1 “Como se dijo anteriormente, el documento D1 es considerado el estado de
la técnica cercano a la invencién definida en la reivindicacion 1 porque divulga el
compuesto acido 5-ciclopropil-2-{[2-(2,6- difluorofenippirimidin-5-ilJamino}benzoico
(Reiv. 25y 28, Pag. 160, linea 8 y Pag. 14, linea 12). La anterioridad ensefia que
este compuesto puede estar en forma de sales formadas a partir de metales
alcalinos como el sodio (Pag. 8, lineas 22 a 23). Por otra parte, la anterioridad
ensena que el compuesto acido 5-ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-
illamino}benzoico y sus sales farmacolégicamente aceptables, son Utiles en el
tratamiento de enfermedades mediadas por dihidroorotato deshidrogenasa
(DHODH).”

3.2.2 “La diferencia entre la invencion, definida en la reivindicacién 1 y lo divulgado
en el documento D1, consiste en que la anterioridad no describe de manera
especifica la sal de sodio del acido 5-ciclopropil-2-{[2-(2,6- difluorofenippirimidin-5-

illamino}benzoico.”



3.2.3 “Por su parte, el documento D2 ensefia la importancia de la formacion de
sales de los compuestos farmacéuticos, en donde la formacién de sales involucra
una reaccion acido-base, tedricamente cada compuesto que exhibe caracteristicas
acidas o basicas puede participar en la formacién de sales. Las diferentes sales de
un mismo compuesto a menudo se comportan de manera muy diferente debido a
las propiedades fisicoquimicas y termodinamicas que le imparten al compuesto
original (Pag. 003 tabla 1, sales potencialmente utiles).”

3.2.4 “La diferencia entre la invencion, definida en la reivindicacion 1 y lo descrito
en el documento de D2, consiste en que no hay una divulgacion especifica de la
sal de sodio del acido 5-ciclopropil-2-9-(2,6-difluorofenippirimidin-5-

inamino}benzoico.”

3.2.5 “El efecto que logra el seleccionar la sal sodica del compuesto sal de sodio
del acido 5- ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-iljamino}benzoico consiste
en un incremento en la solubilidad del compuesto segun se evidencia en el ensayo

de solubilidad acuosa.”

3.2.6 “Por lo tanto, el problema técnico objetivo que pretende resolver esta
invencién se puede formular asi: ;cémo seleccionar una de las sales de adicion
previamente sugeridas en D1 para el compuesto acido 5-ciclopropil-2-{[2-(2,6-
difluorofenil)pirimidin-5-iljamino}benzoico?.”

3.2.7 “Sin embargo, la formacion de sales con la finalidad de modificar las
propiedades fisicoquimicas y termodinamicas de los compuestos farmacéuticos ya
se habia discutido en D2 (Pag. 003 tabla 1, sales potencialmente utiles), el cual
divuiga el catién alcalino sodio como farmacéuticamente aceptable. Igualmente, es
conocido que una forma salina imparte mayor solubilidad en agua, es menos toxica
o disminuye la velocidad de disolucién lo que podria beneficiar a los quimicos y
formuladores (Pag. 003).”



3.2.8 “En consecuencia, la persona del oficio normalmente versada en la materia
se veria motivada a partir de la informacion sobre las ventajas y efectos de la
formacién de sales de D2 en seleccionar la sal sadica del compuesto acido 5-
ciclopropil-2-112-(2,6- difluorofenippirimidin-5-inamino}benzoico sugerida en D1
para llegar asi al objeto de la reivindicacion 1 de la solicitud, por lo cual se

considera obvia.”

3.2.9 “Por su parte, la composicién objeto de la reivindicacion 2 carece igualmente

de nivel inventivo toda vez que el compuesto que la caracteriza no es inventivo.”

3.2.10 “Con respecto a la afectacion interpuesta por esta Superintendencia en
relacion con la falta de nivel inventivo de la presente reclamacion la solicitante
indica que "...la presente invencion se basa en una seleccién de uno de los 118
compuestos concretos descritos en W02009/021696, asi como en la seleccién del
contraién sodio para obtener la sal de la presente invencidn." Agrega la solicitante
que "...el problema técnico a resolver es proporcionar inhibidores DHODH que
sean fisica y quimicamente estables, con niveles aceptables de higroscopia y

punto de fusion relativamente ato.”

3.2.11 “Al respecto, esta Superintendencia se permite aclarar que en una invencién
de seleccion se considera que hay nivel inventivo si el compuesto seleccionado
presenta un efecto o actividad técnica no descrita en el estado de la técnica y
ademas, es inesperada. En el caso de la presente solicitud el compuesto
seleccionado acido 5-ciclopropil-2-9-(2,6-difluorofenil)pirimidin-5-illamino}benzoico
y su sal sadica poseen el mismo efecto y actividad descrita en el documento D1,
siendo un inhibidor DHODH por lo cual no puede considerarse inventiva.
Igualmente, la solicitud carece de informacion que sustente las afirmaciones de la
solicitante con relacién a que la sal reclamada sea fisica y quimicamente mas
estable y a que posea "niveles aceptables" de higroscopicidad. En consecuencia,
se reitera a la solicitante que la sal reclamada y las composiciones que la

contienen carecen de un efecto técnico inesperado o sorprendente.”



3.2.12 “Indica la solicitante que "...la sal sodica del acido 5-ciclopropil-2-9-(2,6-
difluorofenil)pirimidin-5-illamino}benzoico es una forma cristalina especifica que
presenta un incremento significativo en la solubilidad frente al compuesto en forma

de acido tal y como se demuestra en los datos de solubilidad de la Tabla 1".”

3.2.13 “En relacién a estos argumentos esta Oficina reitera que el documento D1
divulga de materia previa que el compuesto acido 5-ciclopropil-2-([2-(2,6-
difluorofenil)pirimidin-5- ilJamino}benzoico puede formar sales tales como la sal
sadica (Pag. 8, lineas 22 a 23). Por su parte, el documento D2 ensefia que los
agentes formadores de sales se seleccionan generalmente empiricamente, de Ia
muchas formas sintetizadas la forma preferida es seleccionada por el quimico
farmacéutico principalmente por factores como el costo de los materiales, facilidad
de cristalizacién, porcentaje de produccidn, estabilidad e higroscopicidad (Pag.
002). Del mismo modo, la anterioridad D2 también indica que diferentes sales de
un mismo farmaco raramente difieren farmacolégicamente, la diferencia entre las
sales se basan usualmente en sus propiedades fisicoquimicas que incluyen
principalmente velocidad de disolucién, solubilidad, estabilidad e higroscopicidad,;
estas propiedades pueden afectar la disponibilidad y las caracteristicas de
formulacién del farmaco. En consecuencia, es conocido que la industria
farmacéutica realiza extensos estudios de preformulacion de las propiedades
fisicoquimicas de cada nueva entidad farmacéutica para determinar la mas
adecuada para la formulacion del farmaco (Pag. 006, col. izquierda). Dicha
anterioridad también indica que como regla, una sal farmacéutica exhibe una
mayor velocidad de disoluciéon que su correspondiente conjugado acido o base al
mismo pH (Pag. 007, Col. izquierda). Por lo tanto, los resuitados del estudio
comparativo de solubilidad de la tabla 1 de la sal sadica reclamada frente al acido
son evidentes de acuerdo a la divulgacion realizada en el estado de la técnica y

simplemente son una ratificacién de lo indicado en las anterioridades.”

3.2.14 “Concluye la solicitante que "...D2 no se refiere de ninguna manera a los
derivados del acido azabifenilamino benzoico descritos en D1. Asi, una persona

versada en la materia no habia considerado que partiendo de D2 se podria mejorar



la solubilidad de los compuestos descritos en D1 mediante la formacién de una sal
de sodio, y menos aun mejorar la solubilidad del acido 5-ciclopropil-2-(12-(2,6-

» »

difluorofenil)pirimidin-5- iljJamino]benzoico”.

3.2.15 “Con relacion a los anteriores argumentos cabe resaltar que este Despacho
no deja de reconocer que el desarrollo y caracterizacién de sales de compuestos
farmacéuticos es un problema en la industria; también es cierto que solamente
algunas sales presentan propiedades farmacotécnicamente deseables. Sin
embargo, en este caso particular la sal sddica y las composiciones reivindicadas
son el resultado de un trabajo rutinario o habitual, en el cual el cometido inicial del
investigador (en este caso preformulador), es determinar las propiedades
fisicoquimicas de Ila sal de sodio del acido 5-ciclopropil-2-{[2-(2,6-
difluorofenil)pirimidin-5-illamino}benzoico, entre las que se encuentran Ila
solubilidad y estabilidad, aplicando las metodologias de desarrollo de sales
divulgadas en D2, en donde el trabajo del investigador se centra en establecer las
condiciones en que se pueden producir cada sal y sus ventajas y desventaja.
Igualmente, segun D2 la preparacion de sales usando acidos farmacéuticamente
aceptables es una estrategia comun para proporcionar biodisponibilidad (Pag. 006,
Col. izquierda). En consecuencia, la presente solicitud corresponde a una sal
sédica del compuesto acido 5-ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-
illamino}benzoico que logra el mismo efecto técnico que la base previamente
conocida ya que la solicitud no evidencio la solucién de un problema técnico
mediante dicha sal y los resultados de ensayo presentados por el solicitante
corresponde simplemente a una caracterizacién de una propiedad fisicoquimica
como lo es la solubilidad que como era de esperarse varia con respecto al tipo de

sal y al compuesto acido divulgado en D1.”

IV. OBJETO DEL RECURSO

De acuerdo con los argumentos que expongo a continuacion, solicito atentamente

a su Despacho lo siguiente:



1. Revocar la Resoluciéon No. 56752 del 27 de septiembre de 2013.

2. Conceder el privilegio de patente de invencion para “SAL DE SODIO DE ACIDO
5-CICLOPROPIL-2-{[2-(2,6-DIFLUOROFENIL)PIRIMIDIN-5-ILJAMINO}BENZOICO
COMO INHIBIDOR DE DHODH?” a favor de ALMIRALL, S.A.

V. FUNDAMENTOS DEL RECURSO
Respetuosamente me permito disentir de lo expuesto por ese Despacho en la
Resolucion objeto del presente recurso, toda vez que la presente solicitud si cumple con
los requerimientos de novedad y nivel inventivo exigidos en la Decisién 486, como se

demostrara a continuacion:

Argumentos a favor del nivel inventivo

Con respecto a nivel inventivo, el articulo 18 de la Decision 486 sefiala lo siguiente:

Articulo 18.- Se considerara que una invencion tiene nivel inventivo, si para una persona
del oficio normalmente versada en la materia técnica correspondiente, esa invencion no

hubiese resultado obvia ni se hubiese derivado de manera evidente del estado de la técnica.

Consecuentemente, una invencion se considerara inventiva si la misma no hubiese
resultado obvia a partir del arte previo, para una persona del oficio normalmente versada
en la materia. Esto a su vez implica que el Examinador a cargo de esta evaluaciéon debe
colocarse en el momento exacto en el que el inventor buscaba resolver el problema
técnico contemplado en la solicitud y para el cual poseia la literatura y el conocimiento

disponibles en dicho momento.

Siguiendo entonces los lineamientos de la Jurisprudencia aplicable al analisis del
nivel inventivo de una solicitud de patente, se considera que una anterioridad o una
combinacion de dos anterioridades puede afectar dicho requerimiento de patentabilidad, si

una persona medianamente versada en la materia encuentra ensefianzas o sugerencias



claras que, a partir de un conocimiento medio en dicho campo, le permitan llegar de
manera obvia a la invencién reivindicada. Adicionalmente se considera que una mejora
sustancial, un efecto inesperado o una ventaja con respecto al arte previo es un indicio de

nivel inventivo, por cuanto aporta un salto tecnolégico en la regla técnica.
Argumentos de la Superintendencia de Industria y Comercio

La Superintendencia de Industria y Comercio, mediante Resolucién No. 56752 de
fecha 27 de septiembre de 2013, ha denegado la concesion de la solicitud de patente de

referencia por falta de nivel inventivo.

La Superintendencia correctamente indica que “en una invencion de seleccion se
considera que hay nivel inventivo si el compuesto seleccionado presenta un efecto
inesperado o actividad técnica no descrita en el estado de la técnica y ademas, es

inesperada.” (pagina 6 de la Resolucion No. 56752).

Por otro lado, la Superintendencia considera que “a solicitud carece de
informacion que sustente que las afirmaciones de la solicitante con relacion a que la sal
reclamada sea fisica y quimicamente mas estable y que posea ‘niveles aceptables” de
higroscopicidad.” (pagina 6 de la Resolucién No. 56752).

Finalmente, la Superintendencia argumenta que “a solicitud no evidencio la
solucién de un problema técnico mediante dicha sal (sal sédica del acido 5-ciclopropil-2-
{[2-(2, 6-difluorofenil)pirimidin-5-illamino}benzoico) y los resultados de ensayo presentados
por el solicitante corresponde simplemente a una caracterizaciéon de una propiedad fisico-
quimica como lo es la solubilidad que como era de esperarse varia con respecto al tipo de

sal y al compuesto acido divulgado en D1.” (pagina 6 de la Resolucion No. 56752).
Argumentos del solicitante

El solicitante respetuosamente discrepa de la opinién de la Superintendencia de

Industria y Comercio.



Como ya se habia indicado en nuestro memorial de fecha 4 de septiembre de
2013 en respuesta al oficio 9978, D2 no contiene ninguna ensefianza que permita a un
experto en la materia concluir con seguridad que la sal sédica del acido 5-ciclopropil-2-{[2-
(2,6-difluorofenil)pirimidin-5-illamino}oenzoico descrito en D1 pueda presentar una
solubilidad mayor que la base libre. En realidad, D2 remarca las dificultades e
incertidumbres asociadas a la seleccion de la sal apropiada de un compuesto

determinado.

Sin embargo D2 no orienta en ninglin modo al experto en la materia hacia la
seleccion de la sal sodica de los compuestos descritos en D1 y, mucho menos, a la
seleccion del acido 5-ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-ilJamino}benzoico.

La Superintendencia considera que “la sal soédica y las composiciones
reivindicadas son el resultado de un trabajo rutinario o habitual, en el cual el cometido
inicial del investigador es determinar las propiedad fisico-quimicas de la sal de sodio del
acido 5-ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-illamino}benzoico, entre las que se
encuentran la solubilidad y la estabilidad, aplicando las metodologias de desarrollo de

sales divulgadas en D2...”

Sin embargo, la Superintendencia no indica por qué el experto en la materia
deberia de  partir del acido  5-ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-
illamino}benzoico (uno de los 118 compuestos descritos en D1) para posteriormente
determinar las propiedades fisico-quimicas de la sal sddica de este acido. Queremos
llamar la atenciéon que la Jurisprudencia indica que (Interpretacion prejudicial 36-1P-2012)
“El examinador no debe basarse en apreciaci'ones personales; toda objecion
respecto a la falta de nivel inventivo de una invencion debe probarse a partir del
estado de la técnica. Para juzgar si la invencion definida por las reivindicaciones
realmente se deriva de manera evidente del estado de la técnica, hay que determinar si

carece de nivel inventivo cuando se consideran las diferencias entre ésta y el estado de la



técnica méas cercano. El examinador tiene la carga de probar que la invencién carece

de nivel inventivo y no sélo limitarse a establecer las diferencias entre la solicitud y dicho
estado de la técnica...”. (Resaltado nuestro). En consecuencia es evidente que el examen
hecho por el examinador es invalido en la medida que no ha probado la existencia de
altura inventiva. Queremos llamar la atenciéon que frases como “la composicidén objeto de
la reivindicacion 2 carece igualmente de nivel inventivo toda vez que el compuesto que la
caracteriza no es inventivo” demuestran que el examinador se basa en apreciaciones
personales y no demuestran la falta de altura inventiva de la solicitud, yendo en contravia

del debido proceso y de los derechos de mi cliente.

Por otro lado, el documento Morris K R et al International Journal of
Pharmaceutics, (1994), 105: 209-217, que se presenta anexo al presente memorial,
describe un procedimiento para seleccionar la sal éptima de un inhibidor de la enzima
HMG-CoA reductasa. Como resulta evidente, se estudiaron las propiedades fisico-
quimicas y estabilidad quimica de 7 sales diferentes: sal de sodio, potasio, calcio, zinc,
magnesio, arginina y lisina. Las sales de sodio, potasio, calcio, y zinc fueron descartadas
debido a un exceso en la absorciéon de humedad (higroscopia). Finalmente se seleccioné

la sal de arginina para un desarrollo posterior.

Asi, el solicitante quiere dejar claro que no siempre una sal de sodio de un

compuesto especifico presenta las propiedades deseadas.

2. Ejemplos comparativos

El solicitante presenta los siguientes ejemplos comparativos de acuerdo con lo
establecido en el Manual para el Examen de Solicitudes de Patentes de Invencion
(Manual Andino de Patentes, Titulo 3, Capitulo 10.7), que permite aportar pruebas para
apoyar el nivel inventivo mediante ensayos comparativos para demostrar la presencia de
un efecto técnico o ventaja de la invencién, respecto del estado de la técnica mas

cercano.
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Se seleccionaron algunos compuestos de los 118 descritos en D1 que presentan
una estructura quimica similar al acido 5-ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-
illamino}benzoico (compuesto 20). La estructura de los compuestos esta indicada en la
Tabla 1 (ejemplos comparativos). El acido 5-ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-

iflamino}benzoico también se ha incluido en la Tabla 1 (invencion).

Tabla 1 — Estructura quimica de algunos de los compuestos descritos en D1

Ejemplo de Estructura Nombre quimico
D1

20 acido 5-ciclopropil-2-{[2-(2,6-
difluorofenil)pirimidin-5-

illamino}benzoico

97 acido 5-ciclopropil-2-{[2-(2-
(trifluorometil)fenil)pirimidin-

5-illamino}benzoico

106 HOA° acido 5-ciclopropil-2-[6-(2-
N ~, fluorofenil)piridin-3-
- ilamino]benzoico

116 NG acido 5-metil-2-{[6-(2,3-
Ne A\ difluorofenil)piridin-3-
N F
P ¢ illamino}benzoico

De acuerdo con el procedimiento experimental descrito en la presente solicitud de

patente, se llevaron a cabo ensayos de cristalizaciéon de sales de los acidos 5-ciclopropil-
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2-{[2-(2-(trifluorometil)fenil)pirimidin-5-ilJamino}oenzoico (ejemplo 97 de D1), acido 5-
ciclopropil-2-[6-(2-fluorofenil)piridin-3-ilamino}benzoico (ejemplo 106 de D1) y acido 5-
metil-2-{[6-(2, 3-difluorofenil)piridin-3-ifJamino}benzoico (ejemplo 116 de D1) con hidréxido
de sodio en una gama de diferentes disolventes farmacéuticamente aceptables
(incluyendo entre otros acetona, acetonitrilo, acetato de etilo, cloroformo, N,N-
dimetilformamida, etanol, isopropanol, nitrometano, carbonato de dimetilo, metanol, meti
terc-butil-éter, tetrahidrofurano, diisopropil éter, ciclohexano, butanol, agua, 3-pentanona,

tolueno, clorobenceno y acetato de isobutilo).

Se observé que las sales sodicas de estos tres acidos son cristalinas pero

higroscépicas.

Queda manifiesto con estos ejemplos comparativos que la sal de sodio del acido
5-ciclopropil-2-{[2-(2,6-difluorofenil)pirimidin-5-ilJamino}benzoico presenta nivel inventivo
frente a D1 y D2 ya que se demuestra que si mejora sustancialmente una propiedad

respecto a otros compuestos descritos en el estado de la técnica.

La reivindicacién 2 también presenta nivel inventivo ya que el compuesto que la

caracteriza es inventivo. Por lo tanto, la presente invencién presenta nivel inventivo.

Conclusiones

Con respecto al nivel inventivo, consideramos que el Examinador esta excluyendo
el hecho de que el inventor en el momento de solucionar el problema técnico de la
solicitud tuvo que emplear habilidad inventiva, pues la presente invencién no resulta de la
mera extrapolacién de las ensefianzas del arte previo, como se afirma. Se esta
desconociendo el mérito investigativo empleado y que esta aportando una ventaja al arte

previo.
Por todo lo anterior, consideramos que la presente solicitud cumple a cabalidad

con los requerimientos de patentabilidad exigidos por la legislacién actual, por lo que

atentamente solicitamos en consideracion lo siguiente:
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VI. PETICION
Por todo lo anterior, solicito a ese Despacho lo siguiente:

6.1 Que al considerar las razones precedentes se revoque la decisién contenida en la
Resolucion No. 56752 del 27 de septiembre de 2013, en cuanto resuelve negar el

privilegio de patente de invencion.

6.2 Que se otorgue el privilegio de patente de invencidén para: que sea revocada y en
consecuencia se conceda el privilegio de patente de invencién para “SAL DE SODIO DE
AcCIDO 5-CICLOPROPIL-2-{[2-(2,6-DIFLUOROFENIL)PIRIMIDIN-5-
ILJAMINO}BENZOICO COMO INHIBIDOR DE DHODH” a favor de ALMIRALL, S.A.

Vil. NOMBRE Y DIRECCION
El nombre y la direccién del solicitante recurrente son los siguientes:

ALMIRALL, S.A.
Ronda del General Mitre 151,
08022 Barcelona,
Espafia

VIIl. NOTIFICACIONES
Atentamente manifiesto a usted que recibiré notificaciones en la Secretaria de su

Despacho o en mi oficina de abogada situada en la Carrera 42. No. 72-35, piso 4°, de esta
ciudad de Bogota, D.C.
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Abstract

A general method was developed to select the optimal salt form for BMS-180431, a novel HMG-CoA reductase
inhibitor and a candidate for oral dosage form dcvelopment, in an cxpeditious manner at the onsct of the drug
development process. The physicochemical properties such as hygroscopicity, physical stability of crystal forms at
different humidity conditions, aqueous solubility, and chemical stability of seven saits, e.g., sodium, potassium,
calcium, zinc, magnesium, arginine and lysine, were studied using a multi-tier approach. The progression of studics
among diffecrent tiers was such that the least time-consuming experiments were conducted earlier, thus saving timc
and effort. A ‘go/ no go’ decision was made aftcr each tier of testing the salts, thus avoiding gencration of extcnsive
data on all available salt forms. The hygroscopicities of all BMS-180431 salts werc evaluated at tier 1 and four salts
(sodium, potassium, calcium and zinc) were dropped from consideration due to excessive moisture uptake within the
expected humidity range of pharmaceutical manufacturing plants (30-50% R.H. at ambient tempcrature). The
remaining three salts were subjected to the tier 2 evaluation for any change in their crystal structures with respect to
humidity and the determination of their agueous solubilities in the gastrointestinal pH range. The magnesium salt
was dropped from further consideration due to humidity-dependent changes in its crystal structure and low solubility
in water (3.7 mg/ml at room temperaturc). Arginine and lysine salts, which were resistant to any change in their
crystalline structures under extremes of humidity conditions (6 and 75% R.H.) and had high aqucous solubilities
(> 200 mg/ ml), were elevated to ticr 3 for the determination of their chemical stability. Based on solid state stability
of these two salts under accelerated conditions (tcmperature, humidity, and presence of cxcipients), consideration of
ease of synthesis, case of analysis, potential impuritics, etc., and input from the marketing group with respect to its
prefcrence of counter ion species, the arginine salt was selected for further devclopment. The number of tiers
necessary to reach a decision on the optimal salt form of a compound may depend on the physicochemical properties
studied and thc number of salts avaiiable. This salt sclection process can be completed within 4-6 weeks and be
easily adopted in the drug development program.

Key words: Salt selection; HMG-CoA reductase inhibitor; BMS-180431; Hygroscopicity; Arginine salt; Lysinc salt
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1. Introduction

Berge ¢t al. (1977) reviewed various advan-
tages of using salt forms of drugs in pharmaceuti-
cal formulations, which include improved dissolu-
tion ratc and bioavailability of poorly water-solu-
ble compounds. For some drugs, preparation of
stable salts may not be feasible, and free acid or
basc forms may be preferred (Serajuddin et al.,
1986). In selecting the optimum chemical form of
a new drug candidate, one must, therefore, take
into consideration all physicochemical properties
which would influence its physical and chemical
stability, processability under manufacturing con-
ditions, dissolution rate, and bioavailability. Such
a selection of chemical form must be done at the
initial stage of drug development, Changing the
chemical form in thc middle of a developmental
program may require repeating most of the bio-
logical, toxicological, formulation, and stability
tests performed. On the other hand, continuing
the development of a nonoptimal chemical form
may lead to increased developmental and produc-
tion costs and even product failure.

Although the importance of using the optimal
salt form of a compound in dosage form design is
well-recognized (Berge ct al., 1977; Hirsch et al.,
1978), therc is no generally accepted procedure
of sclecting such a form during the drug develop-
ment process. More often than not, the medicinal
chemists select salt forms on a practical basis,
such as previous experience with the salt type,
easc of synthesis, percent yield, etc. (Berge et al.,
1977). 1t is, therefore, desirable that a procedurc
be developed for the selection of salt or other
chemical form of a drug candidate expeditiously
at the outset of the developmental program. We
have developed an integrated approach which
was successfully applied to the sclection of the
optimal salt forms of several compounds. Its ap-
plication in the selection of the salt form of
BMS-180431, a new HMG-CoA reductasc in-
hibitor which is a candidate for the development
as a solid dosage form, is described in this paper.

2. Development of salt selection strategy

Gould (1986) described a salt selection process
based on melting point, solubility, stability, wetta-
bility, etc., of various salt forms. However, in the
absence of clear go/no go decisions at any par-
ticular stage of the salt sclection process. this
approach would Icad to the generation of exten-
sive physicochemical data on all salt forms syn-
thesized. Gould concluded that “the balance re-
quired in assessing the correct salt form to
progress into drug development makes it a diffi-
cult semiempirical exercise.” A morc rational ap-
proach is, therefore, required to sclect the appro-
priate salt form cxpeditiously during drug devel-
opment. In the present method the physicochemi-
cal tests werc conducted at different tiers and a

go/no go decision was made after cach tier of

testing the salts, thus avoiding generation of ex-
tensive data on cach salt form synthesized. The
studies were plannced such that the least time-
consuming experiments which could still give a
go/no go decision were conducted at tier |I.
Progressively more time-consuming and labor-in-
tensive experiments were conducted at tier 2, tier
3, etc. In this way, many different salt forms
could be screened with the minimum of cxperi-
mental cffort,

Bascd on the review of literature (Berge et al.,
1977; Hirsch et el., 1978; Gould, 1986; Serajuddin
et al., 1986) and our experience in product devel-
opment, we identified low hygroscopicity, in-
tegrity of crystal form at different storage condi-
tions, agueous solubility, and chemical stability as
primary criteria for the sclection of BMS-180431
salts, and set limits for the acceptability of these
criteria. All salt forms of the compound which
were found to be crystalline were tested at tier |
for their hygroscopicity. A high degree of mois-
turc sorption or desorption by the salts under
expected ambicnt humidity conditions of pharma-
ceutical manufacturing plants may create han-
dling and manufacturing difficulties, such as
change in potency of the drug substance. change
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in the true density, variation in flow behavior, etc.
There may be batch-to-batch variability in the
potency of dosage forms if care is not taken to
ensure that the bulk drug substance maintained
its declared potency prior to batching. The change
in moisture content may also affect the physical
and chemical stability of salts. Therefore, at the
end of tier 1, all salt forms with excessive mois-
ture sorption / desorption behavior were dropped
from further consideration.

The salts which were considered to have ac-
ceptable hygroscopicity were then screened in
tier 2 for changes in crystal structure under ex-
tremes of humidity conditions by using combina-
tions of powder X-ray diffraction and thermal
analysis techniques. This would indicate any
propensity for pseudopolymorphic and solution-
mediated polymorphic changes which might occur
during manufacturing or accelerated stability test-
ing of the bulk material or the solid dosage form.
At this stage, the salts were also screened for
their aqueous solubilities to determine if there is
any potential dissolution and bioavailability prob-
lems and whether the formulation of a solution
dosage form, if required, is feasible. The go/no
go decision would depend on the consideration of
both the physical stability of crystalline structure
at different humidity conditions as well as the
solubility. The criteria for the selection of salts at
tier 2 may depend on the judgment of the drug
development scientists in consideration of the
type of dosage form and the expected dose of the
compound. A salt with lower solubility which can
still provide good dissolution rate in the judgment
of a formulation scientist could be selected over a
salt which is highly soluble but prone to crys-
talline changes. On the other hand, if the solubil-
ity is not acceptable in consideration of the disso-
lution rate or if a solution with high drug concen-
tration is required for oral or parenteral use,
another salt with some propensity for changes in
crystal properties under extremes of humidity may
be considered.

Finally, at tier 3, the selected salts were sub-
jected to accelerated thermal stability and photo-
stability screening. Since the stability testing of
salts required much time and effort, placing this
at tier 3 limited the number of salts on which

such tests were conducted and avoided genera-
tion of unnecessary data with other salt forms.
Compatibility screening with selected excipients
may also be conducted at this stage.

In the above scheme, the number of salt forms
available and the physicochemical properties con-
sidered important for the bulk drug substance as
well for the expected dosage forms will dictate
how many tiers would be necessary to select a salt
form. There may also be rare situations where all
salts progressed from a lower tier to a higher one
are unacceptable for development. For example,
the solubility of all salts at tier 2 may be unac-
ceptable or chemical stability of all the salts at
tier 3 may be poor. If this happens, additional salt
forms or free acids/bases should be considered
prior to reevaluating any salt that was dropped at
an earlier ticr. Also, the criteria of progression
from a lower tier to the next higher one may
depend on the physicochemical properties of the
available salts. If, for example, all salts arc found
to be highly hygroscopic, it might be necessary to
progress some of them to a higher tier, keeping in
mind that, if selected, they might require special
manufacturing and storage conditions.

F

3. Experimental
3.1. Materials

The following salts of BMS-180431 were used
during salt selection: sodium, potassium, calcium,
zinc, magnesium, arginine, and lysine. A few other
salts were also prepared; however, they were
found to be noncrystalline and, therefore, not
considered for salt selection.
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Fig. 1. Schematic diagram of the moisture sorption-desorption
apparatus.

3.2. Moisture sorption studies

The rate and extent of moisture sorption at
different humidity conditions were determined by
using a Cahn Digital Recording Balance fitted
with a system to maintain and monitor specific
relative humidity conditions. The system consists
of a tubular glass chamber surrounding the pan
of the balance, a flask for the humidity-control-
ling salt solution, a peristaltic pump to circulate
the saturated air, and an in-line chilled mirror
dew point meter for the determination of relative
humidity within the system. Saturated aqueous
solutions of MgCl,. Mg(NO,), and NaCl werc
uscd at room temperature to maintain 33, 52 and
75% R.H. conditions, respectively. Anhydrous
CaSO, (Drierite™, Hammond, OH) provided the
6% rclative humidity condition. Once assembled,
a closed system is formed wherein the desired
relative humidity condition can be readily at-
tained. The sample can be placed on the pan of
the balance through the access port with practi-
cally no perturbation of the humidity inside the
chamber. Once a sample ( ~ 10 mg) reaches equi-
Librium at a particular relative humidity, the envi-
ronment surrounding the sample may be changed
to a different humidity condition by changing the
flask containing the salt solution. The atmo-
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sphere within the glass chamber attains the new
humidity condition within 5 min of such a change,
and the sample then reaches cquilibrium with
this new atmospheric condition. Highly repro-
ducible moisture sorption data were obtained by
this method. In a separate study, when multiple
samples (15 mg each) from the same batch of a
drug substance were equilibrated at different hu-
midity conditions, the final weights at each hu-
midity condition were within +£0.02 mg. This
indicated that for a 2% moisture uptake, the
precision of the experiment would be +6.6%,
while for a 10% moisture uptake it would be
within 4 1.5%. Also, when the equilibrium mois-
ture contents of a sample measured at diffcrent
humidity conditions are compared, the influence
ot any artifacts such as the adsorption of mois-
turc to the sample pan is also minimal; for cxam-
ple, in a moisture uptake run without any sample
on the pan, the weight gain between 6 and 75%.
R.H was < (.01 mg. A schematic diagram of the
moisture sorption/ desorption apparatus is given
in Fig. 1.

3.3. Determination of moisture content

The moisture contents of samples exposed to
different relative humidity conditions were deter-
mined primarily by thermal gravimetric analysis
(TGA) using a DuPont 2000 Thermal Analyst
system. However, since the weight loss in the
TGA represents both water and any other volatile
material, initial moisturc contents of all samples
as well as moisture contents of specific samples
after cquilibration at different humidity condi-
tions were confirmed by coulometric titration us-
ing a Brinkman 684 Karl-Fischer Coulometer.
The TGA was performed by weighing accurately
about 10 mg of sample on an open sample pan
and then heating the samplc at a rate of 10°C per
min. During the experiment. dry nitrogen was
purged over the sample at a rate of 40 cm? per
min. For coulometric analysis, sample sizcs were
selected to yield 1-3 mg of water. The accuracy
of the system was ensured by titrating 2 mg of
water (10 ul of a 20% w/v solution of water in
methanol) where the results varied between 97.5
and 102% of thcoretical.
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3.4. Differential scanning calorimetric (DSC) anal-
ySIS

The energetics of the moisture-solid intcrac-
tion in samples, e.g., hydratc formation, was de-
termined by DSC analysis. A sample scaled in an
aluminum pan with a pin hole was heated at a
rate of 5 or 10°C per min from room temperature
to about 200°C using a DuPont 2000 Thermal
Analyst system.

3.5. Powder X-ray diffraction (XRD) analysis

Powder X-ray diffraction patterns of the sam-
ples werc collected using a Phillips APD 3720
powder diffraction system with a vertical go-
niometer in the 6 /260 geometry. The X-ray gen-
erator (model XRG 3100) was operated at 45 kV
with a copper radiation source. A scintillation
detector was used to scan the range between 2
and 32° 26. A sample was packed ina 1.5cm X 1.0
c¢m sample holder with a thickness of 2 mm and
its initial powder pattern was determined. The
sample holder was then stored overnight in a
desiccator with a particular relative humidity, and
the powder X-ray diffraction analysis was then
repeated. The top surface of the powder bed was
fully exposed to the atmosphere, and, since the
thickness of the powder bed was small, therc was
no barrier to the diffusion of moisturc into the
bed. By this procedure, it is also possible to
determine the change in crystal structure when a
sample equilibrated at one relative humidity is
reequilibrated at a different humidity condition.
Since the samples were not disturbed aftcr the
initial packing, the parameters such as size and
orientation of particles remained unchanged.

3.6. Determination of solubility

The solubilities of various salts under simu-
lated gastric and intestinal pH conditions were
determined by equilibrating excess of solid mate-
rial with 0.01 M HCI and water at room tempera-
ture using a Burrell® wrist action shaker. The
solids were equilibrated with water for 24 h:
however, since the preliminary studies showed
that the compound is relatively unstable in acidic

media due to the formation of its lactone form
(~5% degradation at pH 2 in 6 h at room
temperaturc) shaking with .01 M HCl was per-
formed for 2 h only. The pH values of the solu-
tions were recorded prior to their filtration
through 0.45 wm porc size Millipore filters. The
solutions were assayed for drug concentrations
using high-pressurc liquid chromatography
(HPLC).

3.7. Determination of solid-state stability

Accurately weighed samples of salts (~ 10 mg
each) were stored at 40 and 50°C in closed 4 cm®
glass vials and at 40°C/75% R.H. in open glass
vials. For photostability studies, samples stored in
closed clear glass vials were exposed to 900 foot-
candle fluorescent light; the vials stored under a
similar condition with aluminum foil wrappers
around thcem served as controls. The stability
samplcs were assayed at different intervals by
HPLC.

3.8. Screening of drug-excipient compatibility

Drug-excipient compatibility screening studies
were performed on argininc and lysine salts of
BMS-180431 using a procedure reported earlier
(Serajuddin et al., 1991). Ternary or quaternary
mixtures of the drug and excipients (drug: excipi-
ent, 1:7) were weighed into 4 cm® glass vials,
approx. 20% water was added to the contents of
vials (70 w1 water to 320 mg powder in a vial), the
vials were sealed tightly, and stored at 50°C.
Samples stored at room temperature without
added water served as controls. Each drug-excipi-
ent mixture consisted of 40 mg of drug, 250 mg of
a diluent (tricalcium phosphate, mannitol or mi-
crocrystalline cellulose), and 30 mg of a third
component which was a disintegrant, binder or
lubricant. Duplicate samples of each mixture were
withdrawn, examined visually for any physical
change, and analyzed chemically using HPLC.

3.9. HPLC analysis

The samples were dissolved in a 40:60 v/v
mixture of acetonitrile and water, and analyzed
by HPLC using a 4.6 mm X 250 mm reversed
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Fig. 2. Moisture sorption by (a) potassium. sodium, calcium
and zinc salts, and (b) magnesium, lysine and arginine salts of
BMS-180431 at 33, 52 and 75% R.H. The initial moisture
contents were determined separately by TGA. The % R.IH.
was changed to the next higher value after the sample reached
equilibrium moisture content at the lower % R.H. The typical
changes in % R.H. are indicated by arrows.

phase column (YMC-CI8 column, S-3;: YMC, Inc..
Morris Plains, NJ), a Waters autoinjector and an
Applied Biosystems Spcctroflow 783 detector.
The mobile phase consisted of a 40:15:45 v/v
mixturc of acetonitrile, methanol and a phospho-
ric acid solution (0.1% H,P0, in water), and had
a final pH of 2.5. The flow rate of the mobile
phase was | ml/min and the run time after each
injection was 20 min. The sample volume was 20
wl, and the detection was by ultraviolet light
absorbance at a wavelength of 296 nm.

4. Results and discussion
4.1. Moisture sorption (tier 1)

Moisture sorption curves for various salts when
exposed to 33% R.H., followed by 52 and 75%

Table |
Moisture contents of various BMS-18(431 salts initially and
after equilibration at different humidity conditions

Salt % moisture relative to dry weight
Initial ~ 33% R.H.  52% R.H.  75% R.IL

Sodium 44 44 16.0 ND
Potassium 9.5 0.6 17.1 ND
Calcium 5.0 10.4 13.4 {6,
Zinc 4.1 29 6.5 N3
Magnesium 138 R 14.0 14.9
Arginine R RX{ 32 KB
Lysine R 36 4.0 6.0}

ND. not determined.

R.H., as determined by recording weight gain or
loss using a Cahn balance, are shown in Fig. 2.
The initial moisturce content varied from salt to
salt. Also, when multiple lots of the same salt
were received, the initial moisture content varied
depending on the extent of drying of the samples
(not shown in figure). As shown in Fig. 2. the
moisture sorption rates were very rapid: the sam-
ples reached equilibrium in < 1) min when cex-
posed to 33. 52 or 75% R.H. Initial moisture
contcents as well as equilibrium moisture contents
of various salts under these threc different hu-
midity conditions are tabulated in Table 1.

The energetics of the interaction of water with
thesc salts were examined by DSC. The loss of
moisturc from the metal salts (sodium. potassium,

Heat Flow, W/g

ot 1 v g M
20 40 60 80 100 120 140

Temperature, °C

Fig. 3. DSC scans of BMS-180431 calcium salt indicating its
dehydration behavior. Scan A shows the sample as received
for testing and scan B is for the sumple cquilibrated at 754
R.H.
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calcium, zinc and magnesium) occurred in two
stages, which is exemplified by the DSC scan of
the calcium salt as shown in Fig. 3A and B where
two dehydration endotherms at 59 and 97°C were
observed. The endotherm at 59°C disappeared
when the calcium salt was cquilibrated at 6%
R.H., indicating a lower energy of salt-water asso-
ciation than the endotherm at 97°C which repre-
sents more tightly bound, possibly cation-associ-
ated, water. The presence of a dehydration en-
dotherm for a metal salt at a relatively low tem-
perature (for example, 30-70°C temperature
range for the calcium salt in Fig. 3B) also sug-
gests the possibility that the loss of moisture may
occur when heat is applied or devcloped during
processing, e.g., drying of bulk drug substance,
compression of powders or granules in the tablet
press, etc. In contrast, the DSC scans of the
amino acid salts as received (Fig. 4) did not
indicate the presence of any hydrate. The DSC
scans remained essentially unchanged after the
exposure of samples to humidity conditions be-
tween 33 and 75% R.H., indicating that there was
also no hydrate formation during this humidity
challenge test.

Additionally, Table 1 shows that arginine and
lysine salts have very low fluctuations in moisture
content (0.4% or lower) within the range of 33~
52% R.H, which is prevalent under most manu-
facturing conditions. Although the magnesium salt
had high initial moisture content, it was relatively
nonhygroscopic between 33 and 75% R.H. For
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Fig. 4. DSC scans of arginine (A) and lvsine (B) salts of
BMS-180431 as received for testing.
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Fig. 5. Powder X-ray diffraction patterns of BMS-180431
magnesium salt as received for testing and after equilibration
at 6 and 75% R.H.

other salts, the fluctuation in moisture content
between 33 and 52% R.H. was > 3%. Based on
these considerations, arginine, lysine and magne-
sium salts were selected for the next stage (tier 2)
of evaluation.

4.2. Crystal structure and solubility (tier 2)

Arginine, lysine, and magnesium salts selected
because of their low hygroscopicity were further
evaluated for any change in crystal structure un-
der expected extremes of humidity conditions
during storage or accelerated stability testing: This
is important because changes in crystal form in
the bulk material may affect the physical (and / or
chemical) stability and performance of solid
dosage forms and must be controlled. For exam-
ple, Yamaoka et al. (1982) observed cracking of
tablets when the drug substances present changed
from an anhydrate to a hydratc under high-
humidity conditions.

The powder X-ray diffraction patterns of argi-
nine and lysine salts remained unchanged within
the humidity range of 6-75% R.H. However, the
magnesium salt showed changes in its powder
XRD patterns which could be attributed to a
change in the crystal form (Fig. 5). The sample
stored at 6% R.H. loses intensity in the higher
angle peaks as well as the major reflections at 11°
26, and gains intensity in the peak at 11.5° 26.
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The 75% R.H. pattern completely loscs the 11.5°
28 reflection while maintaining the [1° 28 peak.

As mentioned earlier, solubilities of the salts
of BMS-180431 werce also studied at this stage.
While the two amino acid salts were freely solu-
blc in water (> 200 mg/ ml as free acid content),
the magnesium salt was only slightly soluble (3.7
mg/ml as free acid content). The pH values of
the saturated solutions of these salts in water
were between 6.8 and 7.6, All three salts, how-
cver, exhibited comparable solubilitics under
acidic pH conditions due to the conversion of
BMS-180431 to the free acid (pK, = 4.4); the
solubilities at pH 2.5-2.9 varied between 0.61 and
0.67 mg/ml. These results indicate that these
salts would have adequate solubilities for their
complete dissolution of the expected dose of 25
myg under gastrointestinal pH conditions if formu-
lated as solid dosage forms. However, the limited
solubility of the magnesium salt in water could
present difficulties in the preparation of drug
solutions for oral and parcnteral use. Due to the
change mn crystal form and the limited solubility
of magnesium salt, it was dropped from further
consideration,

4.3, Solid-state stability and drug-excipient compai-
ibitity (tier 3)

The solid-state stability evaluation of arginine
and lysine salts for 4 wecks at a temperature as
high as 50°C and at 40°C /75% R.H. did not show
any significant degradation. Both salts, however,
showed some susceptibility to light; the potencics
of the arginine salt after exposure to 900 foot-
candle light for 1 and 2 wecks were 94.7 and
87.94%., respectively, while those of the lysine salt
stored under the same condition were 97.4 and
5.0, respectively. This difference in the light
stability of arginine and lysine salts may not be of
any practical significance because both salts would
require protection from light.

A short-term compatibility screen with some
excipients commonly usced in solid dosage forms,
namcly, tricalcium phosphate., mannitol, micro-
crystalline  ccllulose, croscarmelose  sodium,
cross-linked polyvinylpyrrolidone, and magnesium
stcarate, was conducted to further evaluate the

arginine and lysine salts. Lactose was not sclected
as onc of the excipients duc to expected incom-
patibility of amino acid counter ions with lactosc.
The stabilitics of the salts in the presence of
various excipients were comparable; the loss in
potency after exposure to 50°C for | week in the
presence of 20% water was < 29. Both salts
alonc and their drug-cxcipicnt mixtures devel-
oped slightly yellow color when exposed to 50°C
with 20%. added watcr, while placebo formula-
tions exposcd to similar conditions remained col-
orless. This indicated that color-masking of solid
dosage forms might be required if cither of the
salts was selected, and there would be no advan-
tage in the selection of one salt over the other.

4.4 Decision on salt selection

Based on low hygroscopicity, stable crystal
structure. and chemical stability including com-
patibility with excipicnts, cither the arginine or
the lysine salt of BMS-180431 could be the candi-
date for further development. For the final sclec-
tion of onc of these two salts, comments from
various departments involved in the drug devel-
opment process were sought. Upon consideration
of their comments with respect to case of synthe-
sis, case of analysis, marketing preference, clc.,
the arginine salt was selected tor further develop-
ment.

5. Summary

A systematic three-tier approach was applicd
to the sclection of the optimum salt form of
BMS-180431 in an expeditious manner. At tier |,
scven salts of BMS-180431 (sodium, calcium, zing,
magnesium, potassium, lysine and arginine) were
screened for their hygroscopicity and the nature
of moisture present. Four salts (sodium. potas-
sium, calcium and zinc¢) were eliminated at this
stage duc to their cxcessive hygroscopicity over
the expected ambient humidity range of pharma-
ccutical manufacturing plants. The remaining
three salts were clevated to tier 2 for the evalua-
tion of any change in their crystal structures
under extremes of relative humidity conditions
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and the determination of aqueous solubility. No
change in crystal structurcs of arginine and lysine
salts was observed when they were exposed to 6
and 75% relative humidity conditions. The two
salts were also freely soluble in water. On the
contrary, the magnesium salt exhibited humidity-
dependent change in crystal structure and it was
only slightly soluble in water. The magnesium salt
was, thercfore, dropped from further considera-
tion, and the amino acid salts were elevated to
the next tier. At tier 3. the solid-state thermal
and light stabilities and the drug-excipicnt com-
patibilities of arginine and lysine salts were shown
to be equivalent. It was concluded that arginine
and lysine salts of BMS-180431 have comparable
physicochemical properties and that both salts
arc supcrior to the others with respect to their
suitability for pharmaceutical dosage form design.
After careful evaluation of other factors such as
ease of synthesis, ease of analysis, marketing
preference, etc., the arginine salt was recom-
mended for development.

The hygroscopicity studies at tier 1 were com-
pleted in 2-3 days and the tier 2-studics took one
week. The most time-consuming part of the pro-
cess was the stability testing at tier 3, which
required four weeks of time; this could be com-
pleted in less time if the development schedule
was tighter. Thus, the entire salt selection process
may takc approx. 4-6 weeks. Since the prepara-
tion of salt form is the last step in a chemical
synthesis process, it has been our gencral experi-
ence that such a salt selection study can be com-
pleted while the chemists are still involved in

scaling up the chemical synthesis process, thus
avoiding any delay in the devclopmental program.
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