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Como resultado del Examen de Fondo realizado, con fundamento en el Articulo 45 de
la Decisién 488 de ia Comision de la Comunidad Andina, se comunica:

1 ‘Documentos estudiados

Descripcion: Folios 48a74 27/Abril/2010
Reivindicaciones: Folies 75a77 27/Abril2010

. Dibujos: Folios 79 a 87 27/Abril/2010
Prioridad: US 60 979 643 12/0ctubre/2007

2. Anilisis de la Prioridad

Se acepta la relvindicacién de prioridad porque esta solicitud fue presentada dentre
del plazo establecide (Art. 9 D 486) y su contenido técnico corresponde con el de la
prioridad rejvindicaga.

3. Ohjeto de la invengién

Titule de la solicitud: "Forma cristalina 1 de 2-((R)-2-metil-pirrolidin-2-ii)-1H-
benzimidazol-4-carboxamida”.

El problema planteado en esta solicitud consiste en la necesidad de suministrar
formas cristalinas de 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-carboxamida
(ABT-888) que se puedan elahorar de manera reproducible”.

Para resolver este problema técnico la solicitud en estudio proporciona la forma
cristaline 1 de 2-((R)-2-metli-pirrolidin-2-il}-1H-benzimidazol-4-carboxamida, la cusl,
cuando se mide a -100°C en el sistema cristalino tetragonal y grupo espacial P43212
con radiacién a 0,7107 A, se caracteriza por los pardmetros de valores reticulares a,
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bycde8.218A % 0.00ZA, 8.218 A+ 0.002A y 36.06 A + 0.002A , respectivamente y
valores a, B y y de 80°,

El objeto' de la presente Solicitud se relaciona con la Clasificacion Internacional de
Patentes (CIP). CO7D487/04, AB1K31/4184, A61P35/00,

4. Excepcion a la Patentabilidad (Art 20 D 486 literal (d))

El objeto de la reivindicacién 4 no es patentable del acuerdo con el Art citado.
5. De la Solicitud de Patente

Reivindicaciones (Art 30 D 486, Art 22 PCT)

La reivindicacioén 1 presenta un error en la traduccién, porque contiene la palabra
“and”. Se solicita realizar la correccién correspondiente.

Las reivindicaciones 1 - 3 y § no son claras cuando emplean el término
“aproximadamente” porque es impreciso, por lo cual no permite distinguir la invencién
del estado de la técnica.

La reivindicacion 2 no es clara porque se refieren a una forma cristalina pero esta no
se caracteriza apropiadamente debido a que no presenta el patrén de difracclon de
rayos X en mone cristal, el patrén de difraccion de rayos X en polvo (DRXP) con por
lo menos los 20 picos correspondientes a las intensidades de los haces difractados o
a los espacios interplanares dyg segin los indices de Miller (hkl) medidos de acuerdo
con el angulo de difraccion de Bragg 26 en el intervalo mas representativo
com prendldo entre 5° hasta 90°, las espectroscoplas Raman e IR, la espectroscopia
RMN-C", o, los métodos de analisis termico: TGA, DTA y DSC. Se solicita
caracterlzar Ia forma cristalina de acuerdo a'lo que se encuentre debidamente
soportado en la descripcion.

Las reivindicaciones 3 y 5§ no son claras porque aunque hacen referencia a la
eomposicién farmacéutica y al proceso de obtenclén de la forma cristalina de la
reivindicacién 1 respectivamente, no se encuentra declarada la dependencia a esta
reivindicacién; ademas, se encuentran definidas por caracteristicas técnicas
esenciales de una forma cristalina sin que corresponda a lo encabezado en cada una
de ellas. Se sugiere declarar la dependencia de las reivindicaciones 3 ¥y 5 a la
reivindicacion 1, eliminando de elias la descripcién de la forma cristalina.

La reivindicacion 5 no es clara cuando define e! proceso de obtencién de la forma
cristalina de 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-carboxamida por la
disolucién del compuesto en un solvente, sin definir el solvente, lo cual es impreciso,
no permite distinguir la invencién del estado de la técnica, asf como tampocoindica la
manera, el método o las condiciones esenciales en que se deba realizar esta etapa
del proceso. Se solicita definir claramente los solventes empleados en esta etapa, as|
como las condiciones en que debe realizarse, de acuerdo a lo que esté soportadoen
la descripcidn.

L.a reivindicacion & no es clara cuan emplea la expresion "hacer que la forma
cristalina 1 de 2-((R)-2-metil-pirrolidin-2-i)-1H-benzimidazol-4-carboxamida exista en
la mezcla, dicha forma cristalina 1 de 2-((R)-2-metil-pirrolidin-2- -il)-1H-benzimidazol-4-
carboxamida, cuando se aisla y se mide a aproximadamente -100°C en el sistema
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cristalino tetragonal y grupo espacial P43212 con radiacién a 0.7107 A, se caracteriza
por los pardmetros de valores reticulares a, by ¢ de 8.218 A + 0.002A, 8.218 A ¢
0.002Ay 38.08 A £ 0.002A , respectivamente y valores @, By y de 80°", porque es un
resultado a alcanzar, no definen al proceso porque la invencién no queda definida por
el resultado a alcanzar, puesto gue la reivindicacion incluiria no sdlo la solucion
nropuesta por el solicitante, sino todas las alternativas presentes o futuras que
lleguen a ese resultado. Ademas, no describe el proceso por sus caracterlsticas
@esenciales como una etapa o alguna condicién especlifica en la que debiera
realizarse. Se sugiere reemplazarlo por las caracteristicas esenciales, estructurales o
funcionales, que contribuyen a la obtencion de ese efecto, de acuerdo a io soportade
en la deseripcion.

La reivindicacion 6 no es clara cuando emplea el térming “aislamiento de la forma
cristaling” porque es Imprecise, no perite distinguir la invencién del estado de la
técnica, no indica la manera, el método o las condiciones esenclales en que se deba
realizar esta etapa del proceso. Se solicita definir claramente el método de
aistamiento de la forma cristalina de acuerdo a lo que esté soportado en Ia
descripcion.

La relvindicacion 7 no es clara porque aunque hace refarencla al proceso de
obtenclén de la forma cristalina de la reivindicacién 1, no se encuentra deciarada la
dependencia a esta reivindicacion. Ademéas, emplea los términos “cristalizar” y
‘recristalizar” sin definir, las condiciones como los solventes, sus proporciones, entre
otras, que permitan a la persona del oficioc versada en la materia reproducir la
invencion, Se golicita declarar la dependencia de la reivindicacion 7 a la 1, asi como
definir elaramente |las condiciones en las que se debe llevar a cabo la cristalizaclén o
la re-cristalizacién para llegar al objeto de la invencién, de acuerdo a lo que esté
debidamente soportado en la descripcién.

8. Determinacién dsl Estado de la Téenica
El estado de Ia técnica se determiné con base en la fecha de presentacion de la

solicitud de prioridad 12 de octubre de 2007 y se encontraron los siguientes
documentos que anticipan el objeto de esta solicitud:

item | Documento . Titulo _ Fecha de Publicacion
) 1T ' " 1H-benzimidazola-4-carboxamides '
D1 LS2008/220289 |  Substituted with a quaternary 12/0ctubre/2008

carbon at tha 2-position are potent
: —_— PARP inhibitors
D2 | Adiculo Crystaline solids oo

D1

http:/Aworldwide espacenet.com/publicationDetails/blblio?CC=US&NR=20062202898&
KC=&FT=E&localemeng_EP, divulga (reivindicaciones 11y 17).el compuesto 2-((R)-2-
metil-pirrolidin-2-il)-1H-benzimidazol-4-carhoxamida, y composiciones farmacéuticas
que lo contienen.

D2 (Folios 116 - 121) ensefia el estudio del pelimorfisme como una tarea rutinaria
dentro del campo farmaceutico en la preformulacién de preparados farmacéuticos y
que la variedad de formas cristalinas de un compuesto permiten variar propiedades

' Vippagunta 8, at al; Crystaliine solids; Advanced Brig Delivery Réviaws: (48); 2001; 3 = 28: follos
118-121,
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como la solubilidad, estabilidad, velocidad de disoluclén entre otras, as! como su
caracterlzacion mediante los pardmetros de red a, b y ¢ y los reapactivos vaiores de

a,Byy.
7. Examen de Patentabilidad (Art 14 D488)

Nivel Inventivo {(Art18 D486)

La reivindicacion 1 consiste en la forma cristalina 1 de 2-((R)-2-metil-pirrolidin-2-il)-
1H-benzimidazol-4-carboxamida, la cual, cuando se mide a -100°C en el sistema
cristalino tetragonal y grupo espacial P4;242 con radiacién a 0.7107 A, se caracteriza
por los parametros de valores reticulares a, b y ¢ de 8.218 A + 0.002A, 8.218 A +
0.002A vy 36.06 A £ 0.002A , respectivamente y valores a, B y y de 80°.

Comparacién de las caracteristicas técnicas esenciales, con las del estado de la técnica:

‘ b2

_Caracteristicas esenciales D1
' Enseffa que el fendémeno de

Compuesto 2-((R)- | polimorfismo (formas crigtalinas)
2-metil-pirrolidin-2- | s la capecidad de cualguiar

Forms cristalina 1 de 2-((R)-2-metll-\ 1 4\ ponzimidazol- | elemento © compuesto pera

pirrolldin-2-il)-1H-benzimidazol-4-

. 4-carboxamida cristalizar en mas de un sistema
carboxamida {reivindicaciones 14 | cristalino y es un trabajo habitual
y 17) en el campo de preformulacién

farmacéutico.

Cuandec se mide a -100°C en el sistema
cristalino tetragonal y grupo espacial N
P4,2,2 con radiacion a 0.7107 A, se onr:;eaﬁsa c:;taﬁ?‘:mif;:':{; |g§
caracteriza por los parametros de valeres | No se menciona arametros de red &, b v € y 10§
reticulares a, b y ¢ de 8.218 A £ 0.002A, P i | p yey
8.218 A + 0.002A y 36.06 A + 0.002A | respectivos valores de a, By v.

respectivamente y valores a, B y y de 80°

Aproximacion método problema-solucion para polimorfos (formas cristalinas)

1. Determinacién del estado de la técnica mas cercano:
Eldocumento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindicacion 1 porque divulgan el compuesto 2-((R)-2-metil-pirrolidin-2-il)-1H-
benzimidazol-4-carboxamida (reivindicaciones 11y 17).

2. Determinacion de las diferencias técnicas de la invencién con respecto al
estado del estado de la téenica més cereano:

La diferencia entre la invencién definida en la reivindicacion 1 y el compuesto del
documento D1, consiste en que revelan de manara especifica una forma cristalina
caracterizada por los parametros de red del sistema cristalino monoclinico.

3. Determinacion del efecto técnico obtenido por las diferencias tecnicas de la
invencién con respecto al estado de la técnica mas cercano:

Segun la descripcion de la solicitud efecto técnico que logra la diferencia es
proporcionar una forma cristalina 2-((R)-2-matil-pirrolidin-2-il)-1H-benzimidazol-4-
carboxamida con distintas propiedades fisicas y mecanicas.

4. Establecimiento de! problema técnico objetivo a solucionar con base en el
astado de |a técnica mas cercano:

El problema técnico objetivo que pretende resolver esta invencién se puede formular
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como |2 necesidad de obtener formas cristalinas del eompuesto 2-((R)-2-metll-
pirrolidin-2-il}-1H-benzimidazol-4-carboxamida con distintas propiedades fisicas y
mecanicas.

§. Comprobacién de la solucion al problema téchico objetivo de la solicitud:

En ninguna parte de la descripcion se encuentra soporte de las propiedades fisicas y
mecanicas superiores de la forma ¢ristalina raspacto del compueste del estado del
arte. Por lo anterior, no se puede comprobar la solucion al problema técnice objetivo
planteado en la solicitud porque no se realiza una comparacion técnica de las
propiedades del compuesto de la invencién y del estado de la técnica mas cercano
que pueda ser reproducido por la persona del oficio versada en la materia.

Por lo tanto se puede cancluir que no existe un efecto técnico probado, perque no se
demuestra las ventajas relacionadas con las propiedades fisicas y mecdanicas
reclamadas en la actual solicitud, con respecto a la forma sélida de! compuesto
divuigado en D1,

Por lo tanto se puede concluir que no existe un efecto técnico probado, porque no se
demuestra las ventajas relacionadas con las propiedades fisicas y mecénicas
estabilidad de la forma cristalina del compuesto 2-((R)-2-metil-pirrolidin-2-il)-1H-
benzimidazol-4-carboxamida reclamada en la actual soligitud, con respecte a la forma
sélida del mismo compuesto divulgada en D1.

8. Evaluar si habria sido obvio solucionar @l problema técnico objetive por Ia
invencién reivindicada:

De tal manera que la solucidn al problema técnico planteado por la invencién
raclamada se considera obvia porque la anterioridad D2, ya divulga que las diferentes
formas cristalinas para un mismo compuesto difieren en sus propledades
fisicoguimicas tales como la solubllidad, estabilldad, velocidad de disoluclén,
higroscopicidad, biodisponibilidad entre otras, y es ademas una practica habitual en
estudios de preformulacién dentro de los cuales sa incluyen riguroses trabajos para
determinar su presencia en los medicamentos con el fin de evitar su inestabilidad o
falta de efectividad (fl 116, pg. 4). Una vez establecido que el compuesto (en este
caso aplicable al compuesto 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazo!-4-
carboxamida) presenta polimorfismo, existen procedimientos con los cuales el
preformulador puede preparar las diversas formas en cantidades més grandes para
su evaluacién adicional y adecuarlas para incorporar en las formas.

También es conocido en el campo técnico que los polimorfos son diferentes arreglos
estructurales dentro de un cristal de una misma molécula o sustancia, por lo tanto
una persona del oficio normalmente versada en la materia, conociendo que en D1 ya
se divuiga una forma sélida de 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-
carboxamida, y que en D2 se conoce que el fenémeno de polimorfismo se da
ampliamente en los medicamentos de uso farmacéutico, esta persona se encontraria
motivada a utilizar métodos como los revelados en D2 para identificar las formas
polimorficas de la molécula en cuestién, que ademas pueden ser analizadas por
métodos de cristalografia conocidos (fls 118 y 118, pgs. 5-6 y 13 - 14). De tal manera,
no es posible concluir que la identificacién de la forma cristalina 1 reclamada en la
actuai solicitud envuelva actividad inventiva, como quiera que la molécula misma ya
era conocida con antericridad; es decir, la identificacion de la forma cristalina
reclamada ya sea mediante los parémetros de red a, b y ¢ y los respectives valores
de a, By vy o caracterizada por {a técnica de DRX, no representa un avance técnico
real y tampaoco un salto cualitativo a la regla técnica porque el efecto asociado no fue
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demostrado en la descripcion de la solicitud, comoquiera que no se encontré alguna
ptueba o ensayo que permitiera determinar las ventajas reales de la forma cristalina 1
de 2-((R)-2-metil-pirrolidin-2-il)- 1H-benzimidazol-4-carboxamida con respecto a la
forma solida del mismo compuesto conocida con anterioridad que permita probar, un
efecto realmente inesperado asociado con las propiedades fisicas y mecanicas.

En consecuencia, una persona del oficio normalmente versada en la materia,
encentraria la sugerencia o motivacién suficiente aplicando les métodos vy
conocimientos que se tiene sobre el polimorfismo revelados en D2, a la forma sélida
de 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-carboxamida divuigada en D1, con
el fin de determinar la existencia de la forma cristalina 1 del mismo compuesto, tal
como |a reivindicada.

De acuerdo ¢on lo expuesto, la reivindicacién 1y sus dependientes 2 - 3 no cumplen
con el requisito de nivel inventivo (Art. 18).

La reivindicacién 5 consiste en un proceso para hacer la forma cristalina 1 de 2-((R)-
2-metil-pirrolidin-2-il)-1H-benzimidazol-4-carboxamida, que comprende: proveer una
mezcla que comprende 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-carboxamida y
solvente, en donde la 2-((R)-2-metil-pirrolidin-2-if)-1H-benzimidazol-4-carboxamida se
disuelve completamente en el solvente.

Comparacién de las caracteristicas técnicas esenciales, con las del Estado de la Técnica:

Caractaristicas esanclales D1 D2

2-((R)-2-metil-pirrolidin-2-
il}-1H-benzimidazol-4-
carboxamida
{relvindicaciongs 14 y 17}

Proceso para hacer la forma cristalina 1 de
2-((R}-2-metil-pirrolidin-2-il}-1H-benzimidazol-
4-carboxamida), que comprende:

No se menciona

Proveer una mezcla que comprende 2-((R)- Los polimorfos se
2-matil-pirrolidin-2-il}-1H-benzimidazol-4- crean como
carbexamida) y soivente, en donde la 2-({R)- No se menciona consecuencia de un

2-matil-pirrolidin-2-il)-1H-banzimidazol-4- proceso de agregacion
carboxamida)} se disuelve completamente en en una solucién (fl 116,
sl solvents pg. 8)

Eldocumento D1 se considera el estado de la técnica cercano a la invencion definida
en |a reivindicacion 2 porque divulga el compuesto 2-((R)-2-metil-pirrolidin-2-i)-1H-
benzimidazol-4-carboxamida.

La diferencia entre la invencion, definida en la reivindicacion 5 y lo divulgado en D1
consiste en que ensefla el proceso para hacer |la forma cristalina 1 de dicho
compuesto.

El efecto que logra el incluir esta caracteristica es que proporciona un proceso para la
obtencion de la forma cristalina 1 de 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-
carboxamida.

Por lo tanto, el problema técnico objetivo que pretende resolver esta invencion se
puede formular como la necesidad de suministrar un proceso para la elaboracion de
una forma cristalina de 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-carboxamida.

Sin embargo, es de conocimiento comun para la persona del oficio versada en la
materia que |a formacién de formas cristalinag s& da por un proceso de agregacién
molecular del compuesto en una solucién del mismo, tal como también lo ensefia D2
(fl 116, pg. 5, col. derecha).
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En congecuencia, la persona del oficio normalmente versada an la materia, se veria
suficientemente motivada a disolver el compuesto 2-((R)-2-metll-pirrolidin-2-[1)-1 M-
benzimidazol-4-carboxamida, en un solvente, segln lo divulgade en D2, para llegar
as! al objeto de la reivindicacién & de la solicitud,, por lo cual se considera ebvia.

Conclusion: la reivindicacion 5 cumple el requisito de novedad (Art. 16), pero no
cumple eon el requisito de nivel inventivo (Art. 18).

Ademas, D2 ensefia que la forma cristalina se puede aislar por cristalizacién (fl 116,
pg. 5). Pueste que la reivindicacion dependiante 6 no mencione caracteristicas
inventivas adicionales tampoco se puede considerar inventiva.

La reivindicacion 7 consiste en un proceso para hacer a forma cristalina 1 de 2-((R)-2-
metil-pirrolidin-2-il)-1H-benzimidazol-4-carbexamida, que comprende hacer reacclén
de una sal acida o didcida de 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-
carboxamida y una base y cristalizar o recristalizar la 2-((R)-2-metll-pirrolidin-2-il)-1i-
benzimidazol-4-carboxamida en la forma cristalina 1 de 2-((R)-2-metil-pirrolidin-2-il)-
1H-benzimidazol-4-carboxamida, cristalizar o recristalizar |a forma cristalina 1 de 2-
((R)-2-metil-pirrolidin-2-il)-1 H-benzimidazoi-4-carboxamida a partir de un forma sélida,
semisdlida, cera © aceite de 2-((R)-2-metil-pirrolidin-2-il)-1H-benzimidazol-4-
carboxamida que se mezcla con uno o mas de un solvente de [a resccion de
desprotonacién.

Comparacion de 1as ¢aracteristicas técnicas esenciales, con las del Estade de la “T‘eonfea

caractoristneas esonclales D1 02

2-((R)-2-matil-pirrolidin-2-
)-1H-benzimidazol-4-
carboxamida
(reivindicacionas 14 y 17)

Proceso para hacer la forma cristalina 1 de
2-({R)-2-matil-pirrolidin-2-it)-1H-benzimidazol-
4-carboxamida), que comprende:

No se menciona

hassr reaceion de una sal acide o didcida de
2-{(R)-2-matil-pirrolidin-2-il)-1H-benzimidazol- | No se manciona No se manciona
4-carboxamida y une basg -

aristalizar o recristalizar A partir de un forma
sdlide, semistlids, cara o ageite de 2-((R)-2- Los polimorfos se
maetil-pirralidin-2-i)-1 H-banzimigazoi-4- £rean como
carboxgmida en i3 farma cristaling 1 de 2- Ne se manciona consacuencia de un
((R)-2-metli-pirrolidin-2-l1}-1H-benzimidazol-4- ’ preceso de agregacién

carboxamida que s& mezcla con uno o Mmas en una aclucidn (fl 118,
de un solvente de |a reaccion de : pg. 5)
desprotonagion

El documento D1 se considera el estado de la técnica cercano a la invencion definida
en la reivindieacion 2 porgue divuiga el compuesto 2-((R)-2-metil-pirrolidin-2-il)-1H-
benzimidazol-4-carboxamida.

La diferencia entre la invencién, definida en |a reivindicacion 5 y lo divulgado en D1
consiste en que ensefia e} proceso para hacer la forma cristalina 1 de dicho
compuesto en el medio de reaccidn da obtencién de! mismo compuesto por la adicién
de uno o mas solventes en donde cristaliza la forma cristalina 1, objeto de la
invencién.

El efecto que logra el incluir esta caracteristica es que proporciona un proceso para la
obtencién de |a forma cristalina 1 de 2-((R)-2-metil-pirrolidin-2-)-1H-benzimidazol-4-
carboxamida.

Por lo tanto, el problema técnice ebjetivo que pretende resciver esta Invencidn se
puede formular como la necesidad de suministrar un proceso para la elaboracién de
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una forma cristalina de 2-((R)-2-metll-pirrolidin-2-il)-1H-benzimidazol-4-carboxamida.

Sin embargo, es de conocimiento comun para la persona del oficio versada en la
materia que la formacién de formas cristalinas se da por un proceso de agregacion
molecular del compuesto en una solucién del mismo, tal como también lo ensefia D2
(fl 116, pg. 5, col. derecha). Es decir, aunque la obtencidn de la forma sélida del
compuesto sea por la reaccion de su sal con una base, e fundamento de la obtencién
de la forma cristalina sigue siendo el proceso de agregacion molecular en una
solucién del compuesto, por lo cual puede ser necesaria la adicién de uno o mas
solventes adicionales al madio de reaccién, lo cual daré las condiciones para la
obtencién dal polimorfo.

En consecuencia, la persona del oficio normalmente versada en la materia, se verla
suficientemente motivada a agregar un solvente al medio de obtencién del
compueste  2-((R)-2-metil-pirrolidin-2-il)- 1H-benzimidazol-4-carboxamida, en un
solvente, para disclver el compuesto 2-((R})-2-metii-pirrolidin-2-if}-1H-benzimidazol-4-
carboxamida y cristalizar una forma cristalina, segun lo divulgado en D2, para llegar
as! al objeto de la reivindicacién 7 de la solicitud., por lo cual se considera obvia.

Conclusién: la reivindicacién 7 cumple el requisito de novedad (Art, 16), pero no
cumple con el requisito de nivel inventivo (Art. 18).

8. Conclusién

Los requisitos de Patentabilidad de la presente Solicitud estan afectados asi:

ltem Documento _Reivindicaciones’ afectadas Requisito que afecta
D1 US2006/220288 1-3y5:7 Nivel inventive
D2 Articulo 1-3y5-7 ____Nivelinventivo

En cumplimiento de! articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (80) dias
contados a partir de la fecha de notificacién de la presente comunicacién. En caso de
no dar respuesta al presente requerimiento, o 8i a pesar de la respuesta subsistieran
los impedimentos para |la concesién, se denegaré la patente.

Notifiqguese el presente oficio conforme a lo dtspuesto en elnumeral 5.2, literal e), del
capltulo quinto del titulo primero de Ia Circular Unica No. 10 de 2001.

T A=

JOSE LUIS SALAZAR LOPEZ
Director de Nuevas Creaciones (C)

El anterior requenmlento fue notificado por fijacibn en lista, de fecha

go oc1. &

Elaborado por. Rubiela Pacanchique Vargas wj\
Revisado por:  Jagqueline Alfonso Rozo

Expediante 10-48261 1er Art 45
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interest 1 understanding the solid-sme properties
ard behavior of drug subsiances. For approval of a
new drug, the drug substance guideline of the US
Food and Drug Administration {FDA) states that
“appropriate”” analytcal procedures need to be used
1o detect polymorphs, hydrates and amaorphous forms
of the drug sub and alsa the impar-
tance of conirolling the erysiat form of the drug
substance during the various stages of product
development [1L]. It is very important to control the
crystal form of the drug during the various stages of
drug development, because any phase change due 1o
polymarph interconversions, desofvation of solvates,
formation of hydrates and change 0 the degree of
crysiatlinity can alier the bioavailability of the drug.
When going thiough a phase ransition, a solid drug
may undergo a change in its thermodynamic prop-
erties, with h in 1ts dissolution and
transport &E.__Dnﬂtnh [15].

Various pharmaccutical processes duning drug
development sigmficantly influence the final orys-
talline form of the drug in the dosege form. The
various effects of pharmaceutical processing an drug
polymarphs, solvates and phase transitions have been
deseribed tn desil by Bnttain and Fiese [16] and will
be discussed in imer chamers. Briefly, processes such
as lyophilization end spray drying may lead to the
formation of the amorpbous form of drug, which
1ends 10 be less stable and more hygroscopic than the
aystalline product Also, processing tresses, uch as
drying, grinding, milling, wet gmnulation, oven
drying and ¢conpaslion, ure reported to accelerate the
phase transitions in pharmaceutical solids. The de-
gree of polymorphic conversion will depend on the
relative stability of the phases in question, and on the
type and degree of mechanical provessing applied.
Kecping these factors in mind, it is desirable and
wsual 10 choose the most stable palymerphic form of
the drug in the beginning and to coutral the crystal
form and the distributions in size and shape of the
drug crystals during the entire process of develop-
ment The presence of a metastable focm dunng

processing or in the final dosage form ofien leads 10
instability of drug release as a result of phase
wransformation [17].

Crystallization plays 2 cnitical 1ole in controlling
the crystalline form and the distribution in size and
shape of the drug. The significance of crysiaflization

mechanisms and kinetics in directing erystallization
pathwzys of pharmaceutical selids and the faciors
affecting the formation of crystals have been re-
viewed n detail by various researchers [12,18,19] A
crysualline phase is created as a consoquence of
molocular aggregation processes in solution (hat lead
to the formation of nuclei, which achieve a cenain
size durinig the nucleation phase to enable growtk
inio macroscopic crystzls so take place during the
growth phase. The factors affectung the rate and
mechanisms by which crystals are formed are;
solubility, supersaturation, raie 8t which supersatura-
tion and desupersaluration oocur, diffusivity, tem-
permure, and the reactivity of surfaces towards
nuclestion. The various forces responsible for hold-
ing the organic erysalline solids wogether, such as
nonbonded interactions and hydrogen bending, have
been discussed in detail by By et al [2] and Erter
{20}

Vanous znalytical methods are being curently
used 10 characierize 1he crysatling foan of the drug
during the vanous steps of processing and develop-
ment. These methods have been reviewed recenmly in
detit by many authors [1,10.21-25]. The single
masi valuable piece of information abowt the erys-
talline solid, including the exi of palymorph
znd salvates, is the malecular and erymalline strue-
wwe. which is determined by singlecrystal X-ray
difftactometry (2. Powder Xeray diffractometry
provides o "“fingerpring™ of the solid phase wnd may
sometimes be used 1o detormine aystal sireciure
Once the existence of polymorphism (or solvate
formation) is definitely established by single-crystal
and powder X-ray diffractometry, speciral methods,
such a5 Founer transform infrared absarption (FTIR)
spectroscapy, Fowrier transform Raman scartering
{FT Raman) spectroscopy, solid-state nusclenr mug-
netic resonance (SSNMR) spectroscopy, ultravioket

and visible (UV-Vis) and/or fluorescence spectros-
copy [23] may be employed for further characteriza-
tron. OF special significmioc me tharmal methods,
such as differential scruning calarimetry (DSC),
thermogravimetnie analysis (TGA) and opuical micro-
scopy using o hot stage {24] These methods are
#lrmost always employed fos further charactenzation.
Modulated (temperature) ddTerential  scaoning
calorimetry (MDSC)} in combination with DSC and
optical microscopy are able to identify the glass

[ SR Vippegunia @1 of, § Advanced Drug Delivery Reviews 43 (3001} 3-26

transition of amorphous forms with much greater
clarity and allow unique insights mto the glass
transitional and polymorphic behavior of drug sub-
stances [26].

Because solid-state NMR spectioscopy can be
used to study crystalline solids, a3 well as pharma-
cewticsl dosage forms, ar.u voEE.m..__ methad is
finding i ing appls 1 i deducing the nature
of polymarphic variations —m.: sisch a5 varimions in
hydrogen bonding network and molocular conforma-
uons among pelymorphs {28.29] and for the de-

ter of maleculer conformations and mobility
of A_Emm in mixtures and dosage forms [2]. Solid-
state C-NMR in iy ion with the 1echniq

known as hkigh power proton decoupling, cross
polanization (CP), and magic-angle spinning (MAS)
offers information not obtained readily by other
techniques  Recently, two-dimensiona! ’C-solid-
state NMR speciroscopy has been used to study the
thiee conformationsl potymorphs of S-metiryl-2-{{2-
nitrephenyl Jamuno}- 3-thiophencearbonitile {30). Use
of two-dimensionasl NMR aad total suppression of
spicning side bands (TOSS) pulse sequenses allowed
the scparation of tsotropic and anisotropec chemical
shifts for whe three formg, This is a very powerful
method for anslyzing differcnces .: the chemical
environment 2nd is fnding i Licxion in

technigues, it was possible 10 detersine the scitahili-
ty of one or two forms for the development of
pharmaceutical oral dosage forms.

The present review aims to emphasize the recem
advances made in the aren of prediction and charae-
terization of polymorphs and solvalcs, aliempts to
address the current challenges and problems faced by
phermaceutical scicausts and intends 1o anticipate
future development This review does not attempt to
provide solutions to the probitms but attempis to
review comprehensively the advances made in necent
years 10 help address these problems,

2. Regent advances in the identifcestion,
prediction and characterization of pelymorphs

2.1. Types of polymarphisn

uﬂumosa&.ﬁﬁg.n%go&gng
n.nﬂ.vn_u.ao.ﬂwuﬂn izssified as esther

ropes a7 m pes, ding upon whether one
gnﬁﬂ&ggv_qanaﬂ;fﬂﬂaﬂnn
an enantiowopic system, a reversible transition be-
tweea polymosphs is possible 41 a defioite transiticn

wre below the melting point. [n a mono-

the study of conformational vo_q_ﬂﬁ.v_.:u.:

With advances in analytical methods, the current
focea of reseasch in the solid- n.nﬁ ares i to khder-
stand polymosphism and pacud hagm at the

vopic sysiein, no feversible tangition & obwnad
between the polymorphs below the meltng pount
Four useful niles have been developed by Burgoer and
Raml 132.33] w deermine qualictively the

molecular level. Vhai_&wn b._. En nJ_nE_ packing
avangements and the vanous mtermolecular forces
involved in the different packing srangemems will
helg in the presdliction and preparation of the most
siable polymarphs of 2 given compound well in
advance, to avoid surpnscs dummyg product develop-
ment, A currem emphasis is oo the develor of
software 1o predict crystal stnwctures of polymarphs
from molecular stuctures, A thomugh undsrsanding,
of the physicochemical propertics of palymaorphts and
solvates {hydrates) is of primary importance to the

selection of & sinble crysalline form and develop-
mend of 2 succesaful pharmaceutica] product. Bray et
al [31] have shoun that, by therough chacteriza-
tion of four differem arystailine forms of L-738,167,
& fibeinogen recepror antagonist by various analytical

enantiotropic or monatropic nuure of the rolaton-
ship between potymorphs. These rules are the hem of
ransition rtle, bem of fusion rule, infrared node and
density rule.

If, by use of the above rulex, it is established —rl
the polymorphs of a particular drug ae 3
E:E:nﬁonﬁ.ﬁgnﬁunﬁwg_unnnnmnnin
thermodyramically stable (or metastabk} domain of
each crystalline phase of a substance as o fanction of
vemperatute. The plot of the Gibbs frec cocgy
difference, A, against the absolute temperature, T,
gives the most compless and quantitmive informmion
on the sizbility relationship of palymorphs [22], wth
the mest sable polymorph having the Inwes Gibha
free enary. The AG between the palymorphs may
be obepined using several technigoes operating ot
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Fig. 3. Coafornalions of Lhe e indopendent wodecules of
proxicam phalac (I} in polymorph 2. Themal clipsoids an
dixwn a ihe 40% gobability kevel, snd H sioms px shown s
£phetes of arbitary sizc {[40], reproduced wilh the permission of
the American Pharmactical Aseocistion).

was obtained as a hemihydrate, and the other as the
solvate of isopropanol (2-propanot). In the unit cell
af the hemthydrae, one finds two protonated parox-
etine and two chloride ions tugether with one water
molecule. Interextingly, the two paroxeting

rn_duaanuun phase. Crystals of the isopropanol sol-

vale nonoavOuuu in the ovnn =/r Al room templra-
ture, b the isoprop lecules are el
easily through the channel The hemihydrate 15
telanvely stable.

in an impressive fundamental sudy, the poly-
morphism  of S-methyl-2-[2-{mrogheayl)aming]-3-
thicphenecarbonitrile {(Scheme |, struciure 11) has
been catalopued [42,43) and diseassed in detsil (2).
This compound was crystailized as six solvert-free
palymerphs, each of which differed in the mode of
packing and in molecutar conformetion. The differ-
ent conformers yielded sufficiemt perturbations on the
respective molecular orbite! so that a variety of
crystal colors (red, orange, and yellow) were ob-
served. Ta obtain a more detziled evaluation of the
relative stability, the authors considered a partition-
ing of polymorphie eneryy différences imto lattice
and conformational contributions, and were able to
deduce genersnl wends ther appeared valid in the
absence of hydrogen banding. The ot of crystallhiza-
tion was found (o Femuse an interplay of opposing
forces, with perpendicular molecular conformations
being favored in fluid sofutions, while a preference
for planar/high dipole conformers exisied tn most
crystal forms, #s shown in Fig 4 [42]. The unusual
polymorphizn displayed by this system may resalt
from one or inere of the following [actars. the

prefl for perpendicular conformations in solu-
ticns, the preference for planar/high dipole confor-
mers in crystals, the farmation of imes- end in-
trzmolecular hydiogen bopds, and the thamody-
namic tendency towards low energy and high en-
tropy.

2.4. Phase transformations in the sofid state
Studses of phase transformations in the solid state

Ed_iu_onﬁﬂ. because the sudden appearance or
dy of a crysilline farmm can threaten

#re conformationally nonequivalenl, and exhibil o
rumber of different bond angies and tarsion angles.
In the other form, the unit celi contams one proton-
aled paroxetine molecule, ane chloride ion, and one
moﬂ_.eue_ ol molecule disordered u_gm 2 molecular
1. Furth the conformation of the parox-
eline molecule in the isopropanol solvate is diferent
from either molecular conformation observed in the

vaomwu gﬁoﬂﬁﬂ:r and can lead to un._u__.a phar-
maceutical quences if the transi V OCCUTrS
in the dosage forms. :aoﬁn:i.ﬁnaﬂ&ﬁmom:ﬁ
kinetics and mechanism of phase transformations is
of practecal unp The rearreng of male-
citles ino a new struciure during phase cransforma-
tian may or may not involve & soivent or vapor
phase. To explain the mechznism of solid-solid
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Fig. 4. Complrisox of codfonmalional encrgics and orysa) 2nf-
gies of the vanows pobymorphs of  3-methyle2-{2-{nivo-
phenyHanming -3 thiophe necarbanitrile ((1). Form R {med prisms,

Enigy, kifimol
o

fa

Y

mp. 106.2°C), form Y (ycliom prisme, mp. 109 4°C}, form OP
{omamge plaes, mp. L12.7°C), form ON {omnge osedles, mp.
[14.5°C), form YN (vellow noodies, m.p. nol measurable) (J421,
repraduced wilk the permission of the American Cheniical Socie-
5L

physical transition, four steps have been proposed:
{2) molceslar loosening in the ital phase; (b}
formation of an intermediate solid solution; {c}
nuaclextion of the new solid phase and (d) growth of
the new phase [2]. In an interesting study,
Skwicrczynski [44) has proposed a two-environment
maodel to descnbe the decomposition reaction kinet

icsof z nJ.unu“__‘:n solid, aspartame The decompasi-

1100 reaction of aspariame is a stmple E.__Eo_nn_._._E

al. [2] bave reviewed bricfly the aspect of poly-
morphic intercooversions and the factors affecting
the trensformations. [n onc study, the conteibution of
hydrogen bonding s the a— f pluse change of
resortino! bas been dewuled {46] The o form s
more stable than the B form & roost lemperatuce, et
is less dense than the B farm The trangtion of
a—p al en cslimatled transitios ﬁuvﬂﬁgd of
13721 Kis paied by an i u crystal
density, with the uﬂcﬂ.ﬂnmwn?nmmﬂn!g
array of molecules (linked through hydrogen boend-
mg) to a denser structure vesembling molecula
crystals. Theough the use of s simple poteanal
model, it was concluded that, dunmg the phase
transformation, the energy of the bydrogen bonds
decreases atong with the cxuent of such bonding. The
energy liberated by this process 1s sknost offset by
the enhanced Van der Waals energies aszsocisted with
the tncrease m erystal deasity, and consequenaly the
transition enthzipy is rather small. Accompaoying
the shifis iz hydrogen bosding is & number of
effcctive vnﬁb transfers, zltering the covalent and
ionic portions of the crystal. It was also leamed the
the increzse in entropy produced fromthe redéstr
tion of protons wes of the same order of magnitude
as the entropy of the phase transition.

A number of spectroscopic techriques have been
used o study the prooesses associated with a poly-
morphic  tramsition  of 242 4-dintrobenzyl)-3-
methykryndioe [47]. The two inserconvening shuc-
tures coexiswd over 8 Lanperniie moge of &) least
8- o-ﬁ. .En phose change was associmed with a

thermally-induced aminolysis and the
proceeds wndea anhydious conditions, e, waler is
not a reactant {45]. This moded links the nrnu:nQ af
the solid-state reaction with the molecular mobiliry
of the reactant as the reaction proceeds. The advan-
uage of this moedel s that it can be used o determine
the shelf life of a product from kinetic data gathered
a1 elevaed emporatures. Apart from solid—solid
physical tensfonnations, solution-mediated physical
transfocmations among polymorphs are also known
to occur in processes, such as wet granulation and

zstion that transiated through the
noﬂ_oﬁnntﬁﬁo»n_.u_nnm e number of molecules,
yielding domains having definite shoct-vinge order.
The slowly evolving spectoscopy that took place
above the transition demperature was imterpreted as
the annealing of domairs ito & long-range ordered
sysien. The proocis of phasc wensformalion ap-
peared 10 coasist of an imitial fest redistribution of
the mole ratio af the coexisting phaaes, foliowed by
a much slower prowess involving a macroscopic
Jaxation of the systom. Ahhcugh local thermmo-

during dissolution testing.

While the majonty of studies have probed the
equilibrium properties of polymorphic and solid-state
soivabed Systems, velatively few have boen eoncerned
with the dynamics of phase transfc ion. Bym et

dynamic equitibrin was thooglt to eaist m io-
dividual dosaize, the msgnitude aced for the tem-
perature range af e plhase wansition wis proposed
w0 aisze from ponequilibrium conditions edstng
smong the varions trpes of donsain
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jormation obtmned from TEM diffraction patierns,

s
the unit cell parameters of the two forms of roxifiban e
were daermined [61]. Smmilarly, the threr modi-
ficatrons, i, I and ([T, of the nonsteroidzl antinflam- s \
maory drug, tizprofenic acid, could not be dis- s

tnguished by the: two toaditional spectrascopic meth-

Y
ods, FTIR and FT-Raman spectroscopy. The mad- b .—
fieations con ouly be distinguished by a combinacion X1
of thermoanalytical and powder X-ray diffracioenet- b

—IE
su.J
[ 1]
A\

ric methods [62].

Another exzmple, to which a combination of
techniques has been successfully spplied to idemify
the vanous coaformmationa! polymorphs of & dreg, 15
the characwerization of the salid forms of neotame
{2%]. Netame, N+(33-dimcthylbutyl)-1-aspartybs-
Fig. 7. Pawmiblc binding interacion of echamidosallamics i the [t growing Gaocs of () form 1 mad (b} Borm IV of sulfbiazole (159], phemylatanine metiyl estes, a3 new high-poteacy
reprodnced with (he permission of Ebcvier Sciczes). swevitner exists i the folowing phasepure erys-
tallice forms: monohydeate, the most stzble crys-
1atline form of neotame under ambient conditions, =
appearance-of the stable B potymonph of L-giutemic syachrotron Xeray diffraction techniques were mm- metenal + water solvzie [63), a methano! sobvaie

acid by interfering with either the nuclestion rates or ploved-to-characterize the. unix cells of the two forms, {64]. an amnrphous ankrydrase [297 and a naih._ﬂn
the growih rmes and thus siabilize the metasiable By cuupling the highly resolvad synchrotron powder H anhydrate {form A, [651). The suthors cond:
forin. These studies demonsirate clemly that the X—ay diffraction data shown in Fig. 8, with im- systematic sludy of the conversion umﬂ..nn.n!nww
moleculzr packing and intermolecular hydragen draie snder vacuum to & mixture of anhydmee forms
boods are the maim fe2tures, which make posstbic the followead by the reconversion of the anhydrete o the
conformational discrimination. The use moaamo.d.u. e monohydrme upos exposint w0 moisture under sm-
tionha! mimisty o sabil .?a ble sir o bient conditsons. No smgnificant changes were ob-
of conformational polymorphs now offers a powerful served in the powder X-ray diffmction paterns ppm
tood for the predsction and devel of robust dening part of the recomversion process, SwgEesting . sicma of . st cxtom (€-49) -
processes. for the cosdral mun:_«gaq:nsﬁaﬂ thet no choyg Euhunu had occened . ¥ Resomuzx -13) seactend
. Havsever, the solid-state 'C-CP-MAS NMR spectra, o e doms e ,_n.a..d.\_,w..qéuhﬂ..uh hrad
27. Characteriaation of potymorphs wsing a » indicated the presonce of several forms of érar mder vacmrmm {~ | Tom) for 3 days; (b—c) Sample atar
combination af analytical techniques - duming the fecorversion (Fig 9). This discrepansy in boing xmicd ta 2 jar for 2, 4. 6 and § dayt, scapoctively; ()
® the resuits betweea the two tachuiques was eitribted sxmple allcr being opoutd 10 3 miative Suidiy et ioame of
The common techniques often fail to differentite 10 E%E—.g of necame molecules 4% for 12 dayy (129, cepmadoced with de pormiser of S
definitively between two structurally similar poly- dunng reconversion, signifi chamge in Amcricen Cheamical Sacicty).
morphs. Hence more advanced techniques o & g \ E—:&_nﬂgnnﬂ This example indicates that both
cambination of techniques need W be used to avoid m salid-stmke n.n-..—.—_rmz!wutﬂﬂg and
errors of interpretadion and in the identification of powder Xray d y arc needed o anwyze
polymarnphs {24). Combinations of technigues = T 13 0 \ul'-rllllﬁ Eusca ..mo: nﬂ..ﬂa». T ionally Bexibl in the {. e mme, wherers fm B hes
being employed currently for the cherackerization of @ bes, such as bern peoposed %0 be m the keto-tatommic stake
aysalline phermaczutical solids. For exarnple, con- Fig. 5. A panial compacioes o 4 3 57 —— >8§Eﬂ&§:nﬁ§§ﬂ: Usiag NMR and erysiat srychme dam it was frnly
ventiomd singlecrysial X-ray Em.iﬂﬂ:ﬂa and U of coxiish s usisg 3 cagh copy and single arystel X-ray diffraciometry also bas established that both ibese ecetchexamite pobymer-
_E_!E& oucTascopy were Of 0o use in distinguish- A...uh.ac?» with (B2 BBE“_MHMHQEE.I boon used 10 examine the solid-siate tawadieriam of phic forms are present iR the ketofons Henoe the
ing .5« two _. arms 1 n:n Il of roxifiban, a very mdomion. @ 2 xgion ul = n-!_ie.ir . soetohexamide [6b,67f. Polymorphism of the mti- combination of sclid-state NMR spectroscopy aail
drug, b O the rela Tt e B e o seamn (i1 gighetic drug serohexamide has been invesigeted  X-ray erymaliography provided strong evideno St

cqﬂ_wm_ﬂ:n@.uﬁ:_ﬁuﬁﬁ of the polymorphs. g&sﬁﬁélﬂniﬁng by numerous teckoigues O ghe basia of FTIR dets, both forms of scwiobexerude exut i the kowm-
Hence, electron mi py (TEM) and Aswociucs). frm. & of ecetoheximtide bas bexnt proposed w exin sstnmenc stae < are truly podymorphic.
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Fig 11. Sohd-usc "C-NMR spoctea of LY2ITMUZ taateale ¥ + 3+
3 -{burylthio)-§,2.5-thiadix.col-4-y1]-1 azabicy clo[ 2 2 joctane
monobydrogentartrac] sfier woasr 2 0% Wwmiday ad before
and afier deying & clevued iemperatoses ([731, sopeodced wikk
1 permissios of the Amcrica Prastascouinal Associatiot).

methangl solvared forms of LH possessed similar
crystal structures, similar PXRD patterns, but dif-
fered in the crystal habit. The orysial siruepures of
LH hydrate and methano! solvate indicate thal one
molecule of methanol in the methano! salvate oc-
cupics mpproximately the same volume as the two
water molecules in .rnn_.&q&.n_n En&.«gg
in the presence of met a the crystall

medium, nﬁ—nnuomauunqaﬁniao_nﬂ:ﬂ
from ithe crysal fatice was compensated by the
gradual uptake of methanot into the orystl gructure
to satisfy the hydrogen bonding partern within the
lpitice with minor remrmungements, giving rse to
mixed solvztes The similarities of the crysta! Imtices
of the dihydrmte and monomethanol salvate explain
the similority of the PXRD paerns.

13, Phase tremsformation of hndnaies and satvases

Phase changes due 10 hydiation/dehydration and
soivation/desolvation of phamacesncal compounds
during processing or in the final product may resutt
in an unstabfe systen: that would effeca the Laoavail-
ahility of drug from solid dosage forms. Varicus
types of phase changes are possible in solud-state
hydroted or soivated systems in respanse to changes
in environmentat conditions, such 23 relmive humdi-
ty, temperature and pressure. For example, some
hydrated compounds may convest t¢ an amosphous
phase upon dehydration and some may convent from
2 lower to a higher sate of hydmtion yielding forms
with lower solubility. Alternatively, a kineticaily
favared but thermodynemicaily unsishle form mzy
be converted dusing pharmaceutical processing to 8
more stable and less soluble form [8]. The phesc
tmnsitions in hydrues and solvaies can occur a
various stages of dosage form -development. Morris
19} has discussed the behavier of hydrmes during

processing, handling and starage of formulatoas in -

detail

The phase transformations sssocisled with cxpo-
swe 1o water, such s during solubility mensure-
ments, wet granulation processes, dissolution studies
and accelerated stability tests are likely to oceur via
solution mediation Solution meadisted phase trmns-
formations depend upen the solution phawe %o pro-
vide the mobility necessary to remmunge in the most
stable form and hence e much faster than solid-
nﬂng?—.ﬂizﬁﬁ The rate of & solution-mediated
ansic onal o the solubility of the
species inwv o_ mm .—.ﬁ:bﬂﬂﬁn.?ﬂhhﬂﬂﬂnﬁ_ﬁ_ﬁ
humidity may increase the rage of um_nun angforma-
uon of bydrates by inducing mobity in the system.

Sohuti demed  phase i i have
becn reparted for many hydeste systerms, such as
theophyliine crystals [§7], epensenan masylme [75]
ad Qen.uni_ uo&:a [76]. Q?nl. and Qul..» m
have add 4 with
:.nngnnnnaao_.uliﬂisnrﬂaﬂuﬂgn
the determination of solubilities of solvetes and of

nonsolvates that undergo phase transformatios a& the
presence of an i _._g:m-c?ﬁa.ﬁm_ﬂuﬁa.&g
of nonsobvates in the solvent of ysalthzaion e the
desolvation of solvates in wrizr. A thermeodynemic
eycle analogous to Hess's law but based on free

i2 S8 Vippapwnia ol o { Adovwed Dewg Delrvery Riviees £ (I3 326

energies has been developed 1o predict the thearttical

solubitities  of 1.2-dialkyl-3-hydroxyL-pyridones,
which form || formic acid solvaies in the presence
of formice acid, and of the t:1 forme acid solvaces
which produce the correspoading unsolvated com-
pounds in the presence of water. A good correlstion
was obtzined belween the solubility values measured
by the standard extrapoiation method and that calcu-
taied by means of the thennodynamic cycle,

Apart from identifying and cheractenzing the
phases duzing various stages of drug development, it
is very important to gain an understanding of the
dehydration/hydration mechanisms and  kinetics.
Many models have been develaped to aceount for the
dehydration kinetics. of the crystalline hydrates [78].
Nucleation is the mest sigaificant pheaownenon in
determining the transformation kinetics, that is, the
rate of formation of a new phase {8). The debydra-
tion kinetics to some extent will also depend upon
the ¢ menmnﬁrnaanuu.nhu» sgm_n&um
e_a_._mu._ulz_nw_.unﬂi phadogy. The p

for predicting the arysal sincneres of hydrates and
solvates.

3.5. Characicrization of kadrates ond sobvary

The eacthods for the ch izspon of
hydretes and solvaies zre polaized hight microscopy
wd hot stage microacopy, DSC, TGA, Karl Fischer
tidrimetry, Eur.ranlkiuwg pow-
der X-ray diffi Yy, 2 I
These methods bave been reviewed n&ﬂn-ﬁ.-é&
will also be disamxed iz detail in keer chapters.

Pressure DSC s gaining increasing popilarity in
the study of solvatas emd bycrates where delrydration
reactions oceur above of meer the boiling point of
water. Using oowrvestional BSC, it is very difficult to
measure the heats of debydration and hear of vapor-
ization sepayaiely, twt iff ooe conducts DSC experi-
ga!mﬁiﬁgﬁ.&ngﬂgﬂuﬂg
be ly The tzge of wsing
Umh_nmalﬁ_n_u.ﬂmﬁn!__unvaﬂua&.

of und ng the dehydration kinet-

‘..nm. as.. indicaged | by Zeza 9], wre mainly the

determination of the conditions for allowable £xpo-
uﬁoa;c?aam by En:m lop and

aanc__amuunnusﬂﬁsavaucwuﬂsﬂ_ﬂan
controlled temperaiure program while under substan-

-tially elevaied 1emperminres. The infuence of elz-

qﬁ&ﬂgsu.auuwm.ﬂunfwmsﬁ of ear-
b 1 &.Q&lnﬁ.ﬂ.é&ﬁnrq:!gn

pr g, proper packags
%qﬁ&:u?ﬂ.gsmﬂnrn_:m Twnmnu_
product, zad the imusl selection of & fonn for

development.

3.4 Prediction of the g
solvates

i of dods and

Prediciing the formation of solvates or kydremes of
& campound and the number of molecules of water
or solvent incorporated mio the erysal lates of a
oea,co und is complex !.L difficedt. Eack solid

d respords unigquely 1o the possible frma-
tion a.n.._ Eﬂnn_.w&lnn!arnﬂumﬂnﬂhﬁ_ugu
cannot be made for & senies of related compounds.
Certain molecular shapes and [leatixes favor the
formation of erystels without solvert, theae com-
pounds tend to be stabilized by efficien packiag of
molecules in the crystal isice, whereas aher orystal
forms are move stable m the presence of waler
ni_..ﬁoiegﬁ.?ﬂmgeoﬂoiwvoﬂb:ﬁﬂ

Suryanarzyanan {79]. In Fig. 12 it 5 shown that
pressure DSC can separste the dehydration and
vaparization endotbhonns of earh pine dikydrate
during its conversion *o the antrydrzte form. Also the
technique peromiged the water hiborated on dehydra-
ngsgﬁéaﬁsﬂrﬁh}&g
%mgiég&mégwimﬁuﬂ s

The bined phiysical anafytical techmiques of

thermogravimetry #ad infrared spectroscopy (TG/
[R) ezn permit idsntificaion of the solvenl incorpo-
cated into the crygsi famce. This combined toch-
nique has bees mwed o Sudy Sormulmed products,
such ¥s captules amd tablots [80].

4. Curvent chalieapss and fubture directions
4.\, Origins of tise cheBenyes

A series of fow chars ad decizmon treto bave

50 tha! no conyxites programs ard corrersly

been p 2 md & 4 [¢1.22] that can be
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ston of z crystalline phase to an amorphous state and,
because ihe amorphous sixe is metasiable with
respest to ke erystalline form, phase transformations
are fikefy to occur wimhin the sheli life of the
pharmaceutical product, nesubting i loss of quehty
and potency in the product [86]

In view of the significant effects tha the stme of
disorder in crystailine solids caused by pharmeceu-
tical processing can have on the propenies of
pharmacentical sobids, it is importamt to be able to
assess the extent of disorder in a solid quanicatively
down to very low levels. Various meahods have been
used to measure the pereem disorder, such ax using
peedetermined  muxtures, measurements of X-ray
powder diffraction, density and heats of crystalliza-
tion which revealed limits of deectability dovn to
ebout [0%. Using water vapor sorplion measure-
ments under very carefully convolled conditions, it
was possible to detect disorder as low =3 I% in
milled samples of sucrose [87]. A comparison of the
four methods mentioned above fir esumaming the

tion of the amorphous cootesit & elevaled tempera-
tures zrw] the effects of differences in hemt capacity.
Solution calorimetry has been Eevauumﬁu.nunoc
me mabod for anelysis of percem erystallinity
:_mmuou >§§5?§Q3 enthzlpy
ad n the crystaili af
E_n sample. However, Em..u,nnnﬂ in suface area
produced by grnding or by olther processing tech-

niques ¢ zlso resilr in changes in the hear of
wetting of a semple. Judicious choice of solvent can
be employed to reduce sech surfaes effacts, which
themaelves contribusc 10 the observed oy stallinity of
the sample.

Mear infrared (NIR) spectroscopy is another tech-
nique being wsed to measure the degrez of ays-
tallinity, and has also proved useful in studies of the
palymorphism and water content of sugars. The NiR
spectrum. of a sample comeins both physical and
chemical informetion, Being noainvasive, nondes-
rucdve end operuble & Toom temperawre, te
method “is # valoable ool with. which..to assess

percent disorder of milled ples of e

very consistent gesulrs, once the undedying factors
that make these techniques sensinve to the con-
cemration of amorphous conm wene (eongtuzed
aad taken into account

43 Degree of erysiedliniy

The previous section has emphasized ez wany
phammaceutical processes lead o a decrease in
aystallinity of drug phases Various studies have
concluded that the formation of amorphous custerial
during processing is highly undesirsble. The snor-
ghous manerial, beang in a thermodynsmically neeta-
stable stute, is susceptible to reconversion o the
crystafline state, affecting many physico~chemical
characteristics of the drug A later chapter provides
dewsiled coverage of amorphous matenals. An esti-
mation of the degree of crysmaliinity of a szmple
before and afier processng poses one of the lager
chailenges facing the pharmaceutical field. Powder
X-rzy diffractomenry 3 still the commonly used
wethod for determining the degree of coystallinity,
though this method suffers from some himitions
due to peak broadening, amorphous halo, ad pre-
fared orientaion which make imerpretmion and
quuntitatio n:mn._: DsC mey not be z sermitfve
nﬁ-.—:&wo_. erystathnity due (o crystalls

changes in the amorpbous od crystalline state of
factose [90]. NIR hey been used o follow the
chiges in te amorphius state, the onset of ays-
ta{lizztion, and the changes between a- and B-lac-
tose, which accompany the ensct of crystailization.
in mnother study, the cucleation and crysullization
kineizcs of smompbous lactose was mvestgaled by
gravimery in an autorRsled vaczumn moisture bale
antee. The combimaion of mothermal end nonisothes-
mal activation energies slowed the wrvestigatron of
both crystal growth and auclextion mechamsms and
led to the separation of sclivation ecnergies for
rucleation and growdh [91].

4 4. Characterization of mixtures of polymorpls

Anather bl d during
drug development is q:HE.!_i control of the
sroportion of polymorphic farms present in & m: ix-
ture. According te the US FDA regulations, the
method of analysis for the proportion of forms must
be validated, and also the proportion of forns dumt
remain within stated limits through the retest date of
the drug substamcc acd poizikiatly throughout the
shelf Bife of the produc This is 2 very onerous
requirernent, especially if 1be forms bave 8 wadency
to intercanvert. Bym ct al. [11] suggested that the
best way w deal with this problem ix probably by

) ER. Fippagmate o &l | Adworced Drey Dediers fleweiws 48 (2001) 3-26

developing methods 10 prepare oaly one crysa? farm
and mantaining this form throughout processing
Powdar Xay diffracsometry is olten a useful meth.
od 1o deterrune the percentages of palymrorphs in &
mixiwre. However, the detection limit 1s varizble
from cisc to case, and is sometimes as high as | 5%.
1t is therefore importat to develop senstive ana-
Iytical methods with & lowe limit of detection.
Attenumed total reflectance (ATR) FTIR spec-
troscopy has been shown 10 be valushle for the
quartitative anafysis of the polymerphic content of
bulk pharmaceutical materials The feasibility of
using ATR-FTIR for the qualnative and quantitztive
analysis of mixtwres of pharmaomsica! polymorphs
has been suxdied using three known polymorphs of
ganeiclovir os & model compound {92] Definitive
identification and quantiahion of all three poly-
marpis could be achieved usng ATR-FTIR spec-
woseopy it conjuncticn with panial leagt-squares
modeling. This lecEmiqoe has mzay adventages, such
25 speed, nondemtructivencss, relarive eaye of use,

-and mog. imporant, no sample preweatment before

measurement

Raman is h hnique tm is
being !:Eu. Ebnna A—HEE& estimae the
pa age of one polymomph in & mbawre of poly-

morphs. FT-Ranm specirometry offers many advan-
tages, the most prominent being, ntinimal sample
preperstion, seasilivity ¥ pofymarphism. end nonin-
tecfarence  from  water Two polymorphs  of
fuconurale were chuaracterized wsing FT-Raman
spectroscopry and principel compoacnls fegMEIION
using cross valdation provided quaizive snalysis
of the pereentage of one polymonphic form in the
wixture of other fores [93]. A aovel sample holder
was developed whercby the sample is held m an
NMR wbe which is rowated around iy axis and &t the
same time moved up and dowm. This method of
sanple presemaion teads to a large incresse in the
volume stndeed and s gmﬂgaaﬂ_aoﬁ

ples for which sub-samph blew. Pas-
sble degradanon _._rnu.ua..ni hesimg by
the Laser can also be avoided [94].

X-Ray powder diffractometry iy st the comteton
method for the quantitahve estimation of polymorphs
m & mixtart of polymocphs This meeshod reguires
nwﬂﬁ_ﬁuun?m?inﬁa.igﬁ!ﬂn:
form 1s avaiiable for i y st that

the plot af the pesk ictewsity rato as & fucwon of
the weight raho of the sompanents dowld remis 228
straight line Modemn compuier Sanauuu Xxuy
powder diffrac 3 AOW PETINL G el
ysis of mults osiag the comgh
powder mmm_.unnos profile rather then a Teancd
amount of kew-angle integrated intensity dna Arvik-
cial peural actworks (ANNS) o quanditaive X-ay
powder diffractometry were used sueocssfully w0
identify and queat:fy the two known madifications o
ranittdme hydrochlonide evim when the weighn fac-
tion of one pulymomh n the muxlure was as loow an
001 {95]. ;fnfﬁwgom&gfﬁ%
of patten gnitron and oy, =0l 15 therak
useful in gog?ggﬂggu
woiuo_iubaﬁaﬂﬁgﬁﬁu e ANN3 model pan-
dicted ion ly, fy, and aidh
BEEE&E-E?%&.E&&&
two known rortidine bydoochioride pelymceplas
forzms in 4 mixwwere (Fig. [4). This method minisim=
the probl izted with preferred on

and overlepping X-nay lines. The same grosp of

“researchérs has shown the potcatial of ANNg &

combiaation with DRIFT spestrmscopy to zoalyze tar
polymorphic purity of erystalline ranitidiee: tadse-
chloride as a bufc drog zod a5 2w active igredisat oF

g o
=
2
=
= =
b4
E
e
4 A
—&— axn
Q g g
L] .1 - - -
Percemtage of Form 2 %Y
Fig. 4. Pmdicmd ol e twp pai 4..\.-.

(Torm § and Z) -off cosltidies: Yoy daochbasade by G acip

mcthodology (RSM). & seiiicl mpdolmg sethol, wnd By the
axificial wewrl mctwedcs (ANNS) moteal, plobod agaet racn-
sured prmcnage of Facn 2 @951 wopeetaond with fhe g
ol Flacvier Scicace).
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