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1. Me refiero al auto dictado por ese Despacho notificado por fijacién en lista de 15 de
Julio de 2011.

2. Con el fin de responder a las objeciones expuestas por el Sefior Examinador en su
Concepto Técnico No. 1575 bajo los acapites de claridad, reivindicaciones relativas a un
uso o un segundo uso vy nivel inventivo, atentamente me permito presentar los siguientes
argumentos técnicos y las siguientes modificaciones en el capitulo reivindicatorio de la

solicitud, por medio de lo cual se superan completamente dichas objeciones.
3. MODIFICACIONE LA SOLICIT

Inicialmente me permito sefialar ante ese Despacho que el solicitante ha decidido
realizar las siguientes modificaciones en el capitulo reivindicatorio de la invencion:

. Eliminar la posibilidad de que en la reivindicacién 1 la variable R* represente
un grupo Cp.4 alquinil, asi como la posibilidad de que los posibles grupés
quimicos representados por la variable RS puedan estar opcionalmente
sustituidos con un grupo C,., alquinil;

. Eliminar la posibilidad de que en 1a reivindicacién 1 la variable RS pueda

representar un grupo de férmula (A);

. En la reivindicacién 20, eliminar la posibilidad de que la variable R* pueda
representar un grupo C=CH;
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. Eliminar las reivindicaciones 23, 24, 25, 35, 50 a 62 y 112 a 124 actualmente
presentadas y modificar {a numeracidon del nuevo capitulo reivindicatorio de
conformidad con o anteriormente mencionado;

. Eliminar la posibilidad de que en la reivindicacion 63 (nueva reivindicacién 46)
la variable R? represente un grupo C,.4 alquinil, asi como la posibilidad de que
los posibles grupos quimicos representados por la variable R® puedan estar

opcionalmente sustituidos con un grupo C,_, alquinil;

. Eliminar la posibilidad de que en la reivindicacién 63 (nueva reivindicacion 46)
la variable R® pueda representar un grupo de formula (A); v,

. En la reivindicacion 76 (nueva reivindicacion 59), eliminar la posibilidad de
que la variable R* pueda representar un grupo C=CH,

Finalmente y de conformidad con lo expuesto previamente, me permito manifestar
antes ese Despacho que las modificaciones realizadas en el capitulo reivindicatorio de la
solicitud de patente en cuestion de ninguna manera constituyen una ampliacién en el
alcance de la invencidn presentada originalmente, cumpliendo por lo tanto a cabalidad
con las disposiciones de patentabilidad establecidas en el articulo 34 de la Decision 486
de 2000.

4. CLARIDAD DE LA SOLICITUD

Ahora bien, el sefior Examinador ha objetado la claridad del capitulo reivindicatorio
aduciendo lo siguiente:

. "No se encuentran sustentados los solvatos e hidratos del compuesto

de formula 1 y sus reivindicaciones dependientes en la descripcion"

Frente a éste particular me permito sefialar que la persona medianamente versada
en la materia reconoce y se encuentra en plena capacidad de poner en practica los
procesos expermientales de rutina que son requeridos para obtener los hidratos y

solvatos de una molécula organica determinada.

Asi, por ejemplo, es claro que para obtener los hidratos y solvatos de un compuesto
organico es necesario poner en contacto una muestra de dicho compuesto con agua u
otro solvente organico, de manera que una vez los hidratos o solvatos se han formado,
éstos pueden ser facilmente analizados mediante ensayos de rutina como analisis
termogravimétrico, calorimetria de barrido diferencial, titulacion Karl Fischer, difracciones
de rayos-X (en polvo o de cristal sencillo), espectroscopia infrarroja, microscopia de luz

polarizada, microscopia de platina caliente (ver por ejemplo la pagina 18, columna
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derecha de! articulo cientifico: Vippagunta et al., Advanced Drug Defivery Reviews 48
(2001) 3-26 (Anexo b) u otras técnicas de rutina para detectar y cuantificar la presencia
de moléculas de hidratos o solvatos en una muestra.

Ahora bien, en este sentido es absolutamente claro que la exposicion de un
compuesto organico a agua o cualquier otro solvente se lleva a cabo a través de métodos
experimentales simples, tales como permitir que la muestra entre en contacto con aire
durante periodos de tiempo especificos, asi como fluidificar y/o cristalizar las muestras a
partir de una solucién con agua u otro solvente. Otros, procedimientos tipicos para
obtener e identificar hidratos y solvatos son descritos en las paginas 202 a 209 del
documento K. 1. Guillory, "Generation of Polymorphs, Hydrates, Solvates and Amorphous
solids”, en el libro titulado "Polymorphism in Pharmaceutical Solids, ed., Harry G. Britain,
Vol. 95. marce! Dekker, Inc., New York, 1999 (Anexo c).

Por lo tanto, debido a que la preparacién de hidratos y sclvatos implica el uso de
métodos de laboratorio plenamente conacidos Y que no requieren un esfuerzo excesivo,
es claro que la inclusidon dentro del alcance de la solicitud de patente en cuestién de los
solvatos e hidratos de los compuestos revelados de ninguna manera implica una falta de
claridad de la invencién o una ampliacién en el alcance de la solicitud presentada y
soportada por la descripcidn. En consecuencia, atentamente me permito solicitar al sefior
Examinador la reconsideracién de ias objeciones realizadas a éste respecto.

Por Gltimo y aparte de lo sefialado previamente, considero de gran importancia
destacar ante ese Despacho que la Oficina Europea de Patentes ha reconocido la
patentabilidad de los solvatos e hidratos de los compuestos revelados en la presente
invencién (ver patente EP 1 911 756).

. "Las reivindicaciones 57-62 y 118-124 se encuentran caracterizadas
por el uso”

En respuesta a lo anterior y de conformidad con lo mencionado previamente en el

numeral 3 del presente memorial, el solicitante ha decidido eliminar_las reivindicaciones

27 a 62y 118 a 124 presentadas originalmente, con lo cual se superan completamente

las objeciones realizadas por el sefior Examinador a éste respecto,

. "Se sugiere restringir los compuestos de la solicitud presentada a

aquellos que se encuentren sustentados en 13 descripcion”

Frente a éste particular, inicialmente me permito destacar ante ese Despacho que
el solicitante ha decidido restringir drasticamente el alcance del capitulo reivindicatorio al
limitar las definiciones para las variables R4 ¥ Rg, tal y como fue descrito en el numeral 3
del presente memorial.
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De otro lado, considero de gran importancia sefialar que los compuestos quimicos
abarcados por el nuevo capitulo reivindicatorio de la solicitud encuentran pleno soporte
en la descripcion, especificamente en los ejemplos revelades por el solicitante en la Tabla
A (paginas 27 a 46). Adicionalmente, es claro que en las paginas 95 a 137 de la
descripcion también se describen una serie de procedimientos experimentales que
permiten sintetizar diversos compuestos representativos de la invencion, tales como los
compuestos 10, 20, 24, 27, 30, 31, 47, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85,
86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98 (ambos enantiémeros), 99, 100, 101,
102 y 103 de ia Tabla A. Asi mismo, me permito sefialar que en las paginas 82 a 95, 137
y 138 de la descripcion se describen en detalle una serie de ensayos bioldgicos

relacionados con la respuesta de los compuestos de la invencidn frente a la proteina
RUP3,

Ahora bien, con respecto al ejemplo 10 (paginas 137 a 139 de la descripcidn), es
claro que los compuestos alli empleados fueron evaluados mediante un ensayo de
dispersion de melandforos, divulgandose los resultados experimentales obtenidos
{valores ECsp) en la Tabla 3 de la descripcidn, donde se observa que algunos compuestos
muestran una actividad ECsy menor a 20 uL. Adicionalmente, es claro que las
realizaciones de la invencion estan relacionadas con una serie de compuestos quimicos
que han demostrado presentar una capacidad de enlace a RPU3 cerca de 100 veces

mayor a aquella mostrada por el receptor de corticotrofina liberador de factor-1.

Como consecuencia de lo anterior, me permito manifestar que el nuevo capitulo
reivindicatorio de la solicitud de patente en cuestibn cumple a cabalidad con las
disposiciones de patentabilidad establecidas en el articulo 30 de la Decisién 486 de 2000,

toda vez que es claro, conciso y encuentra pleno sustento en la descripcion de la
invencion.

5. EIVINDICACIONES RE N USO UN SEGUN

De otro lado, el sefior Examinador ha objetado la patentabilidad de las
reivindicaciones 50 a 56 y 112 a 117 aduciendo lo siguiente:

"Ef uso de las reivindicaciones 50-56 y 112-117 no es patentable de acuerdo con
fos Art. citados”

En respuesta a lo anterior y de conformidad con lo mencionado previamente en el
numeral 3 del presente memorial, me permito manifestar que el solicitante ha decidido
eliminar las reivindicaciones 50 a 56 y 112 a 117 presentadas originalmente, con lo cual

se supera completamente la objecion realizada por el sefior Examinador a éste respecto.
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6. OBJECIONES FRENTE AL NIVEL INVENTIVO DE LA SOLICITUD

Finalmente, el sefior Examinador ha objetado el nivel inventivo de las
refvindicaciones 1 a 49, 57 a 111 y 118 a 124 basandose en las ensefianzas del siguiente
documento:

(D1) - WO 2004/065380

En este sentido, el sefior Examinador argumenta bésicamente que la diferencia
entre los compuestos de la invencién definida en la reivindicacién 1 y los compuestos
ensenados en D1 consiste en la presencia especifica de sustituyentes R> como C;.
sacilsulfonamida, Cy..alcoxi y el grupo A. Sin embargo, de acuerdo con el sefior
Examinador, D1 ya resolvia el problema de obtener compuestos Utiles como moduladores
del metabolismo puesto que tienen una actividad ciclasa IC50 de 0,05, 0,129 y 0,241
uM, respectivamente, de tal forma que no se evidencia un efecto técnico inesperado en
dicha actividad para los compuestos de la solicitud, en comparacion con los de Di.
Adicionalmente, el sefior Examinador asevera que la reivindicacion 1 es obvia porque el
experto en la materia enfrentado al problema de "cdmo modificar el compuesto conocido
en D1 para obtener compuestos con una actividad de EC50 en el ensayo de melanéforos
de menos de 10 uL que sean Utiles como moduladores del metabolismo"”, emplearia el
grupo farmacoférico ya conocido en dicha anterioridad y variaria las diferentes
sustituciones de acuerdo con su conocimiento medio en quimica organica, logrando los
compuestos objeto de la invencién bajo andlisis.

Visto lo anterior y con el adnimo de demostrar ante ese Despacho que los
compuestos quimicos revelados en la solicitud de patente en cuestion presentan un
Inequivoco cardcter inventivo frente a las ensefianzas del documento D1, atentamente
me permito presentar ante ese Despacho las siguientes consideraciones técnicas:

(a) El documento D1 divulga compuestos que presentan la siguiente estructura
quirmica general:

Ry
Xy
AN N | A
Ar1 W N - \
Z \B/D

Donde los posibles significados de las variables Ary, V, W, X, Y, 2Z,R;,A,ByD
se encuentran debidamente mencionados en las paginas 5 a 8 de dicha
anterioridad.
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(b)

De acuerdo con los autores de D1, los compuestos previamente sefalados se
caracterizan porgue eniazan y modulan la actividad de la proteina RUP3 y por
lo tanto son utiles en la profilaxis o tratamiento de desdrdenes metabdlicos y

complicaciones de los mismos, incluyendo diabetes y obesidad.

Por su parte, en la solicitud de patente en cuestion se revelan compuestos
que presentan la siguiente estructura quimica general:

Re R,
Rs _~# ' Ry M N/R1
Ry Rs
(Ia)

donde los posibles significados de las variables Y, X, 2 y R; a Ry son los
siguientes:

X es N o CRg, donde Rg es H o halégeno;

Y es NH u O;

ZesCHoON;

R; es carbo-C,.g-alkoxi, oxadiazolilo o pirimidinilo

donde dicho carbo-C,.¢-alkoxi, oxadiazolilo y pirimidinilo estdan cada uno
opcionalmente sustituidos con 1 o 2 sustituyentes seleccionados
independientemente del grupo que consiste de C,., alquilo, C,4 alkoxi y Ci.s
cicloalquilo;

R, es H o C,., alquilo;

R; es C,.4 alkoxi, O-C,.;-alquinilo o hidroxilo;

R, es seleccionado del grupo que consiste de H, Cy.4 alkoxi, C;4 alquilo y
halégeno;

R;s es seleccionado del grupo que consiste de:

C,.4 acilsulfonamida, C,., alcoxi, C;.4 alquilo, C;.4 alquilamino, Ci.4
alquilsulfonilo, C;.4 alquiltio, ciano, heterociclile, di-C,.4-dialquilamino vy
sulfonamida, donde dicho Ci.4 alcoxi, Ci.4 alquilo, C;., alquilamingo, Ci.4
alquilsutfonilo, Ci.4 alquiltio, di-C;-4-dialquilamino y heterociclilo estan cada
uno opcionalmente sustituidos con 1 o 2 sustituyentes seleccionados
independientemente del grupo que consiste de C,, alcoxi, C;4
alquilcarboxamida, Ci.4 alquilsulfonil, Cs.s ciclealguilo, Css cicloalquiloxi, di-C;.
s~alquilcarboxamida, hidroxi! y fosfonooxi, donde dicha C,., alquilcarboxamida
esta opcionalmente sustituida con hidroxilo;

Rs €5 H o halégeno; y

R; es H o C,.4 alquilo.
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(c)

De acuerdo con los autores de la presente invencién, los compuestos quimicos
previamente mencionados se caracterizan porque enlazan y modulan la
actividad de la proteina RUP3 y por lo tanto son utiles en la profilaxis o
tratamiento de desérdenes metabolicos y complicaciones de los mismos,

incluyendo diabetes y obesidad.

Ahora bien, a partir del analisis detallado de los compuestos quimicos
divulgados en D1 y en la solicitud de patente en cuestion, es claro gue entre

dichos compuestos existen las siguientes diferencias estructurales:

Los compuestos ensefiados en D1 no presentan un oxigeno como atomo
enlazante al grupo piperidinilo. Contrario a lo anterior, los compuestos
de la solicitud en cuestion presentan un atomo de oxigeno entre el

grupo piperidinilo y el anillo piridinilo o pirimidinilo central:

R Re
A Rs
=
X ]
A e A ZEN
Ar1 W \
Estructura quimica general
Estructura quimica general de de los compuestos
los compuestos ensefiados en ensefiados en la presente
p1 invencidn

ii. Los compuestos ensefiados en D1 tienen un grupo heterociclo N-A-B-D
en el cual el atomo de nitrégeno estd enlazado directamente al grupo
arilo central, Contraric a esto, los compuestos revelados en la presente
invencion presentan un anillo piperidinilo en el que uno de los dtomos de
carbono esta enlazado a un atomo de oxigeno, y éste Ultimo a su vez

esta enlazado al anillo piridinilo o pirimidinilo central:

Re =
HS = | Ry N
Z
4 3
(1a)

— Estructura quimica general
Estructura quimica general de de los compuestos
los compuestos enseiados en ensefiados en la presente

D1 invencion
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Los compuestos ensenados en D1 presentan un grupo -W-, el cual es
escogido entre NR,, O, S, S{0), S(0}; ¢ un enlace simple. Contrario a lo
anterior, en la misma posicidn los compuestos de la presente invencion
presentan un grupo -Y- que Unicamente puede representar un grupo -

NH- & un atomo de oxigeno:

Ry Ro
A R
~ 1
XZ Ny N
|
Ar; N\’A\
z ~D
B (Ia)
Estructura quimica general
Estructura quimica general de de los compuestos
los compuestos ensefliados en ensefiados en la presente
D1 invencion
iv. Los compuestos ensefiados en el documento D1 presentan un grupo R,

que puede representar un grupo quimico seleccionado entre una amplia
variedad de posibilidades que incluyen H, alqueniloC,¢, alcoxiCi.4,
alquiloC,.s, alquilcarboxamidaC,.,, alquinilC,.e, alquilsulfonamidaC,.,,
alquilsulfiniloC,.4, alguilsulfoniloC,.4, alquiltioCy.4, alguilureilC,.4, amino,
algquilaminoC, .4, dialquilaminoC;.g, carboxamida, ciano, cicloalquiloCse,
dialquilcarboxamidaC,., dialquilsulfonamidaC;.s, halégeno, haloalcoxiC;.
4r haloalquiloC;.a, haloalquilsulfiniloC, .4, haloalquilsulfoniloC,_,,
haloalquiltioC,.4 e hidroxilo. Contrario a lo anterior, en la misma posicién
los compuestos de la presente invencién Unicamente pueden presentar

un atomo de hidrégeno:

OIS TP

| |
Ve | Z NG
z \B.'-'D R4 R3
(Ia)

— Estructura quimica general
Estructura quimica general de de los compuestos
los compuestos ensefiados en ensefiados en la presente

D1 invencion
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(d)

(e)

v. Finaimente, los compuestos ensefados en el documento D1 presentan
un grupo Ar; que se selecciona entre un radical arilo y un radical
heteroarilo opcionalmente sustituido con un amplio rango de posibles
sustituyentes, Contrario a lo anterior, en la misma posicién los
compuestos revelados en la presente invencién dnicamente pueden

presentar un grupo seleccionado entre fenilo y piridinilo:

Ry RQ
Ri
X7y N7
|
b4 B-"‘D
— Estructura quimica
Estructura quimica general general de los

de los compuestos compuestos ensefiados
ensefnados en D1 en la presente invencién

Con base en lo senalado previamente, me permito manifestar ante ese
Despacho que de ninguna manera es cierto que los compuestos revelados en
la solicitud de patente en cuestidn se diferencien de aquellos divulgados en el
documento D1 Unicamente por la presencia especifica de sustituyentes R
como Cj.,acilsulfonamida, C,.4alcoxi y el grupo A, tal como equivocadamente

fue afirmado por el sefior Examinador en su Concepto técnico.

Contrario a esto, se ha demostrado que los compuestos de la presente
invencién comprenden numerosas y marcadas diferencias estructurales con

respecto a aquellos compuestos ensefiados en el documento D1,

Por lo tanto, es claro que para la persona medianamente versada en la
materia de ninguna manera podria haber sido evidente que luego de llevar a
cabo todas las modificaciones estructurales necesarias para obtener los
compuestos de la presente invencidon a partir de aquellos compuestos
divulgados en D1 (insertar un atomo de oxigeno entre el grupo arilo central y
el grupo piperidinilo, enlazar dicho grupo piperdinilo al anillo central a través
de un atomo de carbono, limitar los posibles significados de la variable -W- en
D1 a -NH- y O, limitar los posibles significados de la variable Ry, en D1 a tan
s6lo un atomo de hidrégeno y limitar los posibles significados de la variable

Ar; en D1 a tan sélo un grupo fenilo o piridinilo), dichos novedosos
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compuestos también se caractericen por presentar una fuerte actividad
biolégica como moduladores de la proteina RUP3, y que por lo tanto sean
Utiles en el tratamiento y prevencién de desordenes del metabolismo, tal y
como se comprueba a partir de los datos experimentales divulgados por el

solicitante en la Tabla 3 de la descripcion.

Como consecuencia de lo anterior, me permito manifestar que la materia técnica
revelada en la solicitud de patente en cuestién presenta un inequivoco caracter
inventito frente a las ensefianzas del documento D1, cumpliendo por lo tanto a cabalidad
con las disposiciones de patentabilidad establecidas en el articulo 18 de la Decision 486
de 2000.

7. CONCLUSION

De conformidad con las modificaciones realizada en el capitulo reivindicatorio de la
solicitud de patente en cuestidn, es claro que dicho nuevo capitulo reivindicatorio cumple
a cabalidad con las disposiciones de patentabilidad establecidas en los articulos 21 y 30
de la Decisién 486 de 2000, toda vez que no comprende usos o segundos usos, es claro,

conciso y presenta pleno sustento en la descripcion de 1a solicitud.

Asi mismao, se ha demostrado a través de argumentos técnicos contundentes que
los novedoso compuestos y composiciones quimicas reveladas en la solicitud en cuestién
presentan un inequivoco caracter inventivo frente a las ensefianzas del documento D1

sefialado por el sefior Examinador durante el analisis técnico llevado a cabo.

Por lo tanto, es claro que se han superado las objeciones presentadas por el sefor
Examinador en su Concepto Técnico, y por lo tanto, dicha invencién es merecedora del
privilegio de patente solicitado.

8. Anexc al presente memorial me permito presentar:

a) Copia del nuevo capitulo reivindicatorio de la solicitud, el cual esta compuesto

por 94 reivindicaciones y reemplaza al documento actualmente presentado;

b} Copia del documento Vippagunta et al., Advanced Drug Delivery Reviews 48
(2001) 3-26

¢) Copia del documento K. 1. Guillory, "Generation of Polymorphs, Hydrates,
Solvates and Amorphous solids”, en el libro titulado "Polymorphism in Pharmaceutical
Solids, ed., Harry G. Britain, Vol. 95. Marcel Dekker, Inc., New York, 1999,

10
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9. En vista de lo anterior, ruego a usted proceder a estudiar nuevamente la

solicitud a la luz de los argumentos y modificaciones presentados y conceder el
f

privilegio de patente solicitado.

Sefior Superintendente,
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REIVINDICACIONES
1. Un compuesto de la Formula (Ia:

RG Rz

R R R
z
= v )\\]/l\ 0
Ry R
(1a)

y sales, solvatos e hidratos farmacéuticamente aceptables del mismo; en donde:

X es N o CRg donde Rg es H o halégeno;

Y esNHuO;

ZesCHoN;

R, es carbo-C,.¢-alkoxi, oxadiazolilo o pirimidinilo

donde dicho carbo-C,¢-alkoxi, oxadiazolilo y pirimidinilo estdin cada uno
opcionalmente sustituidos con 1 o 2 sustituyentes seleccionados independientemente del
grupo que consiste de C; 4 alquilo, C 4 alkoxi y C;.5 cicloalquilo;

R; es H o C,4 alquilo;

R; es C, 4 alkoxi, O-C;.4-alquinilo o hidroxilo;

R, es seleccionado del grupo que consiste de H, C_4 alkoxi, C,.4 alquilo y halégeno;

R; es seleccionado del grupo que consiste de:

Ci.4 acilsulfonamida, C,.4 alcoxi, C,4 alquilo, C4 alquilamino, C,.4 alquilsulfonilo,
C,4 alquiltio, ciano, heterociclilo, di-C1_4-dia]quilamin0‘y sulfonamida,

donde dicho C,4 alcoxi, Cy4 alquilo, Ci4 alquilamino, C,4 alquilsulfonilo, C;.4
alquiltio, di-C,s-dialquilamino y heterociclilo estan cada uno opcionalmente sustituidos con ]
o 2 sustituyentes seleccionados independientemente del grupo que consiste de C;4 alcoxi, Cy4
alquilcarboxamida, C,4 alquilsulfonil, Css cicloalquile, Css cicloalquiloxi, di-Cj.-
alquilcarboxamida, hidroxil y fosfonooxi,

donde dicha C_, alquilcarboxamida esta opcionalmente sustituida con hidroxilo;

Rg es H o hal6geno; y

R; es H 0 Cy.4 alquilo.

2. Un compuesto de acuerdo con la reivindicacién 1 donde X es N.

3. Un compuesto de acuerdo con la reivindicacion 1 donde X es CRs.

a)
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CH.

e

10.

11.

12.

13,

14.

15.

es H.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 3, donde Ry
esHoF.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 4 donde Y
es NH.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 4 donde Y
es O.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 6 donde Z ¢s

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 6 donde Z es

Un compuesto de acuerdo con una cualquiera de las reivindicaciones | a 8 donde R,

es carbo-C,¢-alcoxi opcionalmente sustituido con Cj.5 cicloalquilo.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 8 donde R,
es seleccionado de C(O)OCH,CH,;, C(OYOCH(CHs);, C(O)OCH(CH;)(CH,CH,),
C(O)OCH;-ciclopropilo y C(OYOCH(CH;)(ciclopropilo).

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 8 donde R,

es oxadiazolilo opcionalmente sustituido con un grupo C,4 alquilo.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 8 donde R,

es S-isopropil-[1,2,4]oxadiazol-3-ilo.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 8 donde R,

es pirimidinilo opcionalmente sustituido con un grupo Cy.4 alcoxi.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 8 donde R,

es S-metoxi-pirimidin-2-ilo.

Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 14 donde R;
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16.  Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 14 donde R,
£es CH3
17.  ~ Un compuesto de acuerdo con una cualquiera de las reivindicaciones | a 16 donde R,

es Cy.4 alcoxi.

18. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 16 donde R;
€S OCH3 u OCHQCH?,

19. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 16 donde R
es OH u O-C=CH.

20. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 19 donde R4

es seleccionado de H, OCH,, CH;, CH,CH,, F y Cl.

21. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 20 donde Rs
es scleccionado de: QCH,CH,CH;, OCH,CH;CH,OH, S(0)CHi;, CH,CH;5(0),CH;,
NHCH,CH,0H, ciano, CH,CH,0CH,, CH,CH,0OH, CH,CH,CH(CH;3)OH,
CH,CH,OP(O)(OH),, S(O),NHC(O)CH,CH,;, CH,CH,O-ciclopropilo, NHCH,CH,OCHj,

. OCH,CH,S(0),CH;, NHCH,CH(CH;)OH, CH,CH,CH,OH, CH,CH;CH,OP(O)(OH),,

NHCH,;CH(CH3)$(0),CH;, N(CH;)CH,CH(CH;)S(O),CHs;, 3-metanosulfonil-pirrolidin-1-
ilo, 3-metanosulfonil-piperidin-1-ilo, CH,C(O)N(CHj);, 3-metanosulfonil-azetidin-1-ilo,
CH,C(O)NHCH,CH,0H, SCH.CH,OH, S(0),CH,CH,OP(O)}OH);, S(O),CH,CHj,
NHCH;CH(OH)CH,0H, 5(0),CH,CH,0H, OCH,CH,OP(O)(OH),,
OCH,CH,CH,0OP(0)(OH); y S(O);NH,.

22. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 2 20 donde Rs
es seleccionado de OCH,CH,CH;OH, $(0),CH,, CH,CH,S(0),CH;, NHCH;CH,0H, ciano,
CH,CH,0OH,  CH.,CH,CH(CH;)OH, CH,CHOP(O)}OH),,  S(O),NHC(O)CH,CHj,
CH,CH,CH,;0OH, ${0),CH,CH,, NHCH,CH(OH)CH,OH, amino, NHCH,CH,3, NHCH(CH;),
y NHCH(CH;)CH,CHa.

23. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 22 donde Ry
es H.
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24. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 22 donde Ry
esF.

25. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 24 donde R
es H.

26. Un compuesto de acuerdo con una cualquiera de las reivindicaciones 1 a 24 donde R,
€5 CH3

27. Un compuesto de acuerdo con la reivindicacidn 1, seleccionade de compuestos que

tienen la Férmula (Ila), y sales, solvatos e hidratos farmacéuticamente aceptables del mismo:

Rs R,
Rs R7 NP> {\] N~ R4
Yo
R4 R;
(IIa)

donde:
YesNHuO;
R, es carbo-C; ¢-alcoxi opcionalmente sustituido con Cs5 cicloalquilo;
Ry es H o CHs;

Ry es C,, alcoxi;

R, es seleccionado de H, OCH;, CH,, CH,CH;, F y Cl;

R; es seleccionado de:

OCH,CH,CH;,  OCH,CH,CH,O0H, S(0),CH;, CH,CH,S(0),CH;,
NHCH,CH,OH, ciano, CH,CH,OCH;, CH,CH,OH, CH,CH,CH(CH;)OH,
CH,CH,0OP(O)}(OH),, S(0O)NHC(O)CH,CHj, CH;CH;O-ciclopropilo,
NHCH,CH,OCH,;, OCH,CH,S(0),CH;, NHCH,CH(CH;)OH, CH,CH,CH,CH,
CH,CH,CH,OP(O)(OH),, NHCH,CH(CH3)S(0),CHa,
N(CH,;)CH,CH(CH,)S(0),CH;, 3-metanosuifonil-pirrolidin-1-ilo, 3-metanosulfonil-
piperidin-1-ilo, CH,C(O)N(CHa),, 3-metanosulfonil-azetidin-1-ilo,
CH,C(O)NHCH;CH,0H, SCH,CH,0H, S(O),CH,CH,0P(O)(OH);, S(O),CH,CHj,
NHCH,CH(OH)CH,0OH, $(0),CH,CH,0H, OCH,;CH;OP(0)(OH),,
OCH,CH,CH,OP(Q)(OH); y S(O),NH;;

RsesHoF; vy
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28.

R',l esHo CH3

Un compuesto de acuerdo con la reivindicacién 1, seleccionado de compuestos que

tienen la Férmula (Ilc), y sales, solvatos e hidratos farmacéuticamente aceptables del mismo:

29,

Re Rz
Rs R7 N7 [ N/R1
Y
Ry Rs
(Ic)

donde:

R, eé carbo-C, 4-alcoxi opcionalmente sustituido con C;s cicloalquilo;

R;es H o CHj;

R es Cy.4 alcoxi;

R, es seleccionado de: H, OCH3, CH,, CH,CH;, F y Cl;

R; es seleccionado de:

OCH,CH,CH;, = OCH,CH,CH,OH,  S(O),CH,, CH,CH,S(0),CHs,
NHCH,CH,OH, ciano, CH,CH,OCH,, CH,CH,OH, CH,CH,CH(CH;)OH,

CH,CH,OP(O)(OH),, S(0);NHC(O)CH,CHs, CH,CH;O-ciclopropilo,
NHCH,CH,OCH,;, OCH,CH,$(0),CH;, NHCH,CH(CH;)OH, CH,CH,CH,0H,
CH,CH,CH,OP(O)(OH),, NHCH,CH(CH;)S(0),CH;,
N(CH;)CH,CH(CH3)S(0),CH;, 3-metanosulfonil-pirrolidin-1-ilo, 3-metanosuifonil-
piperidin-1-ilo, CH,C(O)N(CHs3),, 3-metanosulfonil-azetidin-1-ilo,
CH,C(O)NHCH,CH,0H, SCH,CH,0H, S(0),CH,CH,OP(Q)(OH);, S{0),CH,CHs,
NHCH,CH(OH)CH,OH, S(0),CH,CH,0R, OCH,CH,OP(O)}OH),,
OCH,CH;CH;OP(O)(OH), y S(O);NH,;

RsesHoF,y

R;esH o CH,.

Un compuesto de acuerdo con la reivindicacion 1, seleccionado de compuestos que

tienen la Férmula (Ile), y sales, solvatos e hidratos farmacéuticamente aceptables del mismo:
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30.

N
(Ie)
donde:
R; es carbo-C, ¢-alcoxi opcionalmente sustituido con Cy; cicloalquilo;
R; es Ho CHj;

R es Ci4 alcoxi;

R, es seleccionado de H, OCH;, CH,, CH,CH;j, F y Cl;

R es seleccionado de:

OCH,CH,CH;,  OCH,CH,CH,0H, S(O),CH;, CH,CH,S(0),CH;,
NHCH,CH,0H, ciano, CH,CH,OCH,;, CH,CH,OH, CH,;CH,CH(CH;)OH,

CH,CH,0P(O)(OH),, S(O),NHC(O)CH,CHj,, CH,CH,O-ciclopropilo,
NHCH,CH,OCH,, OCH,CH,S(0),CHs, NHCH,CH(CH;)OH, CH,CH,CH,OH,
CH,CH,;CH,OP(O)(OH),, NHCH,CH(CH,;)S(0),CHs,
N(CH,3)YCH,CH(CH3)S(0),CH;, 3-metanosulfonil-pirrolidin-1-ilo, 3-metanosulfonil-
piperidin-1-ilo, CH,C(O)N(CHs3),, 3-metanosulfonil-azetidin-1-ilo,
CH,C(O)NHCH,CH,OH, SCH,CH,0H, S(O),CH,CH,OP(O)(OH),, $(0),CH,CH,,
NHCH,CH(OH)CH,OH, 5(0),CH,CH,0H, - OCH,CH,OP(O)(OH),,
OCH,CH,CH,OP(O)(OH); y S(O);NH,;

R¢esHoF;y

R;,es Ho CHs,

Un compuesto de acuerdo con la reivindicacion 1, seleccionado de compuestos que

tienen la Férmula (He), y sales, solvatos e hidratos farmacéuticamente aceptables del mismo:

Re Ry
H
Ry R;
(ITe)

donde:

R, es carbo-C, s-alcoxi opcionalmente sustituido con Cy.5 cicloalquilo;
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31

R; es H o CH;;

R; es C,, alcoxi;

Ry es seleccionado de: H, OCH;, CH;, CH,CH;, F y Cl;

R; es seleccionado de:

OCH,CH,CH,0OH, S(0)CH;, CH;CH,S(0),CH;, NHCH,CH,OH, ciano,
CH,CH;OH, CH,CH,CH(CH;)OH, CH,CH,OP(O}YOH),;, S(O);NHC(O)CH,CH;,
CH,CH,CH,0H, §$(0),CH,CH;, NHCH,CH(OH)CH,0H y S(O),NH,;

RsesHoF;y

R;es H o CH,.

Un compuesto de acuerdo con la reivindicacion 1, seleccionado de compuestos que

tienen ta Férmula (Ilg), y sales, solvatos e hidratos farmacéuticamente aceptables del mismo:

Rg Ra
Rs._~# | R7 N7 | N’R1
Na N = o
H
R4 Rs
(11g)

donde:

R, es carbo-C,.¢-alcoxi opcionalmente sustituido con Cy5 cicloalquilo;

R;es H o CHy,

R; es Cy4 alcoxi;

R, es seleccionado de: H, OCH;, CH;, CH,CH3, F y CI;

R; es seleccionado de:

OCH,CH,CH;, = OCH,CH,CH,0H, S(0),CH;,  CH,CH,S(0),CH;,
NHCH,CH,0H, ciano, CH,CH,OCH;, CH,CH,OH, CH,CH;CH(CH;)OH,
CH,CH,OP(O}Y(OH),, S(OYNHC(O)YCH,CH,, CH,CH,O-ciclopropilo,
NHCH;CH,OCH;, OCH,CH,S(0),CH;, NHCH,CH(CH;)OH, CH,CH,CH,0H,
CH,CH;CH,OP(O)(OH),, NHCH,CH(CH3)S(0),CH;,
N(CH;)CH,CH(CH3)S(0),CHj;, 3-metanosulfonil-pirrolidin-1-ilo, 3-metanosulfonil-
piperidin-1-ilo, CH,C(O)N(CHa),, 3-metanosulfonil-azetidin-1-ilo,
CH,C(O)NHCH,CH,0H, SCH,CH,0H, S$(0),CH,CH,0P(O)(OH);, S(0),CH,CH,
NHCH,CH(OH)CH,0H, S(0);CH;CH,CH, OCH,CH,OP(O)(OH),,
OCH,CH,CH,0OP(O)(OH), y $(0),NH,;

RsesHoF;y
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32,
de:

R',v esHo CH3

Un compuesto de acuerdo con la reivindicacion 1 seleccionado del grupo que consite

isopropil éster del 4cido 4-[6-(4-Metanosulfonil-2-metoxi-fenilaming)-5-
metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-{5-Metoxi-6-[6-(2-metoxi-etil)-2-metil-piridin-3-
ilamino]-pirimidin-4-iloxi}-piperidina-1-carboxilico,

1-ciclopropil-etil éster del acido 4-{6-[6-(2-Metanosulfonil-etil)-2-metii-
piridin-3-ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-[6-(2-Fluoro-4-metanosulfonil-fenilamino)-5-
metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del 4cido 4-[6-(4-Ciano-2-fluoro-fenilamino)-5-metoxi-
pirimidin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-{6-[6-(2-Hidroxi-etil}-2-metil-piridin-3-ilamino]-
S-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{6-[6-(2-Metanosulfonil-etil)-2-metil-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico,

isopropil éster del acido 4-{5-Metoxi-6-[6-(2-metoxi-etilamino)-2-metil-
piridin-3-ilamino]-pirimidin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del acido 4-{6-[6-(2-Metanosulfonil-etoxi)-2-metil-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-<arboxilico;

isopropil éster del acido 4-{6-[6-(2-Hidroxi-propilamino)-2-metil-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{6-[6-(3-Hidroxi-propil)-2-metil-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico

isopropil éster del 4cido 4-{S-metoxi-6-[2-metil-6-(3-fosfonooxi-propil)-
piridin-3-ilamino]-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{6-[6-(2-Metanosulfonil-etilamino)-2-metoxi-
piridin-3-ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{6-[6-(2-Metanosulfonil-propilamino)-2-metil-
piridin-3-ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-[6-(6-Dimetilcarbamoilmetil-2-metil-piridin-3-

tlamino)-5-metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico;
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1sopropil éster del acido 4-(6-{2-Fluoro-4-[(2-hidroxi-etilcarbamoil)-metil]-
fenilamino}-5-metoxi-pirimidin-4-iloxi)-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{6-[6-(2-Metanosulfonil-etilamino)-piridin-3-
ilamino]-3-metoxi-pirimidin-4-iloxi}-piperidina-1 -carboxilico;

isopropil  éster del 4cido  4-{6-[2-Fluoro-4-(2-hidroxi-etilsulfanil)-
fenilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{6-[6-(2,3-Dihidroxi-propilamino)-2-metil-piridin-
3-ilamino]-5-metoxi-pirimidin-4-iloxi} -piperidina-1-carboxilico,

isopropil éster del 4cido 4-{6-[6-(2,3-Dihidroxi-propilamino)-2-metil-piridin-
3-ilamino]-5-metoxi-pirimidin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del A4cido 4-{6-[6-(2-Hidroxi-etoxi)-2-metil-piridin-3-
ilamino}-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{5-Metoxi-6-[2-metil-6-(2-fosfonooxi-etoxi)-
piridin-3-ilamino]-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{6-[6-(3-Hidroxi-propoxi)-2-metil-piridin-3-

ilamino]-5-metoxi-pirimidin-4-iloxi} -piperidina-1-acido carboxilico; y

isopropil éster del dcido 4-{5-Metoxi-6-[2-metil-6-(3-fosfonooxi-propoxi)-piridin-3-ilamino]-

pirimidin-4-iloxi}-piperidina-1-carboxilico;

o sales, solvatos e hidratos farmacéuticamente aceptables del mismo.

33.
de:

Un compuesto de acuerdo con la reivindicacién 1 seleccionado del grupo que consiste

isopropil éster del acido 4-[2-(2-Fluoro-4-propoxi-fenilamino)-3-metoxi-
piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{2-[2-Fluoro-4-(2-hidroxi-etil)-fenilamino]-3-
metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil  éster del &cido  4-[5-Fluoro-2-(2-fluoro-4-metanosulfonil-
fenilamino)-3-metoxi-piridin-4-iloxi]-piperidina-1 carboxilico,

isopropil éster del 4cido 4-{2-[2-Etil-4-(2-metanosulfonil-etil}-fenilamino]-3-
metoxi-piridin-4-iloxi}-2-metil-piperidina-1-carboxilico;

isopropil éster del Acido 4-{5-Fluoro-2-[6-(2-hidroxi-etoxi)-2-metil-piridin-3-
ilamino]-3-metoxi~pifidin-4-iioxi} -piperidina-1-carboxilico;

isopropil  éster del 4cido  4-{2-[2-Fluoro-4-(2-metanosulfonil-etil)-

fenilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;
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isopropil éster del 4cido 4-{2-[6-(2-Hidroxi-etilamino)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil  éster del acido 4-[2-(4-Ciano-2-fluoro-fenilamino)-3-metoxi-
piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-[2-(2-Cloro-4-ciano-fenilamino)-3-metoxi-piridin-
4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(2-Metanosulfonil-etil)-2-metoxi-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(2-Metanosulfonil-etil)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del 4cido 4-{2-[6-(2-Hidroxi-etil}-2-metil-piridin-3-ilamino}-
3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del Acido 4-{2-[6-(3-Hidroxi-butil)-2-metoxi-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[2-Fluoro-4-(2-hidroxi-etoxi)-fenilamino]-3-
metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{3-Etoxi-2-[2-fluoro-4-(2-fosfonooxi-etil)-
fenilamino]-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-[3-Metoxi-2-(2-metoxi-4-propionilsulfamoil-
fenilamino)-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del dcido 4-[2-(2,5-Difluoro-4-propoxi-fenilamino)-3-metoxi-
piridin-4-iloxi]-piperidina-1-carboxilico;

(2-Fluoro-4-metanosulfonil-fenil}-{4-[1-(5-isopropil-[1,2,4]oxadiazol-3-il)-
piperidin-4-iloxi]-3-metoxi-piridin-2-il }-amina;

(2-Fluoro-4-metanosulfonil-fenil}-{3-metoxi~4-{ 1-(5-metoxi-pirimidin-2-il})-
piperidin-4-iloxi]-piridin-2-il}-amina;

isopropil éster del acido 4-{2-[6-(2-Ciclopropoxi-etil)}-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-[2-(2-Cloro-4-metanosulfonil-fenilamino)-5-
fluoro-3-metoxi-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil  éster del 4acido  4-[3-Etoxi-2-(4-metanosulfonil-2-metoxi-
fenilamino)-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del é4cido 4-[2-(5-Fluoro-2-metil-4-propoxi-fenilamino}-3-

metoxi-piridin-4-iloxi]-piperidina-1-carboxilico;
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isopropil éster del acido 4-{2-[6-(2-Metanosulfonil-etil)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-[2-(2-Fluoro-4-metanosulfonil-fenilamino)-3-
hidroxi-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-[2-(2-Cloro-4-propoxi-fenilamino)-3-metoxi-
piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{3-Metoxi-2-[2-metil-6-(2-fosfonooxi-etil)-
piridin-3-ilamino]-piridin4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(2-Metanosulfonil-etilamino)-2-metil-
piridin-3-ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-(2-{6-[(2-Metanosulfonil-etil)-metil-amino]-2-
metil-piridin-3-ilamino}-3-metoxi-piridin-4-iloxi)-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(3-Metanosulfonil-pirrolidin-1-il)-2-metil-
piridin-3-ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-[2-(3-Metanosulfonii-6'-metil-3,4,5,6-tetrahidro-
2H-[1,2']bipiridinil-5"-ilamino)-3-metoxi-piridin-4-iloxi]-piperidina-1 <arboxilico;

isopropil éster del &acido 4-{2-[6-(3-Metanosulfonil-azetidin-1-il)-2-metil-
piridin-3-ilamino]-3-metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del 4cido 4-[3-etiniloxi-2-(2-fluoro-4-metanosulfonil-
fenilamino)-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{2-[2-Fluoro-4-(2-fosfonooxi-etanosulfonil)-
fenilamino)]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico,

sec-butil éster del 4cido 4-[2-(4-Etanosulfonil-2-fluoro-fenilamino)-3-
metoxi-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(2,3-Dihidroxi-propilamino)-4-metil-piridin-
3-ilamino]-3-metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del 4cido 4-{2-[6-(2-Hidroxi-etilsulfanil)-piridin-3-ilamino]-3-
metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{2-[2-Fluoro-4-(2-hidroxi-etanosulfonil)-
fenilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4acido 4-{2-[6-(2-Hidroxi-etoxi)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{3-Metoxi-2-[2-metil-6-(2-fosfonooxi-etoxi)-

piridin-3-ilamino]-piridin-4-iloxi} -piperidina-1-carboxilico;
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isopropil éster del acido 4-{2-[6-(3-Hidroxi-propoxi)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{3-Metoxi-2-[2-metil-6-(3-fosfonooxi-propoxi)-
piridin-3-ilamino]-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-[3-Metoxi-2-(2-metoxi-4-sulfamoil-fenilamino)-
piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[2-Fluoro-4-(3-fosfonooxi-propil)-fenilamino]-
3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico,

isopropil éster del acido 4-{2-[6-(2-Hidroxi-etil)-2-metil-piridin-3-ilamino]-3-
metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del acido 4-{3-Metoxi-2-[2-metil-6-(2-fosfonooxi-etil)-piridin-
3-ilamino]-piridin-4-iloxi}-piperidina-1-carboxilico,

isopropil éster del &acido 4-{2-[6-(3-Hidroxi-propil)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1 -carboxilico; e

isopropil éster del acido 4-{3-Metoxi-2-[2-metil-6-(3-fosfonocoxi-propil)-
piridin-3-ilamino]-piridin-4-iloxi}-piperidina-1-carboxilico;

0 sales, solvatos ¢ hidratos farmacéuticamente aceptables del mismo.

34, Un compuesto de acuerdo con la reivindicacion lque es:1-ciclopropil-etil éster del
acido  (§8)-4-{6-[6-(2-metanosulfonil-etil}-2-metil-piridin-3-ilamino]-5-metoxi-pirimidin-4-
iloxi}-piperidin-1-carboxilico, o una sal, solvato o hidrato farmacéuticamente aceptable del

mismo.

35, Un compuesto de acuerdo con la reivindicacién 1 que es:
(2-fluoro-4-metanosulfonil-fenil)-{4-[ 1-(5-isopropil-[1,2,4]oxadiazol-3-il)-piperidin-
4-iloxi]-3-metoxi-piridin-2-il}-amina, o una sal, solvato o hidrato farmacéuticamente

aceptable del mismo.

36. Un compuesto de acuerdo con la reivindicacién 1 que es:
isopropil éster del écido 4-[6-(2-fluoro-4-metanosulfonil-fenilamino)-5-metoxi-
pirimidin-4-iloxi]piperidina-1-carboxilico, o una sal, solvato o hidrato farmacéuticamente

aceptable del mismo.

37. Un compuesto de acuerdo con la reivindicacion 1 que es:
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isopropil éster del acido 4-[6-(4-ciano-2-fluoro-fenilamino)-5-metoxi-pirimidin-4-
iloxi]-piperidina-1-carboxilico, o una sal, solvato o hidrato farmacéuticamente aceptable del

mismo.

38. Un compuesto de acuerdo con la reivindicacion 1 que es:
isopropil éster del 4cido 4-{6-[6-(2-hidroxi-etil}-2-metil-piridin-3-ilamino]-5-metoxi-
pirimidin-4;iloxi}-piperidina-l-carboxilico, o una sal, solvato o hidrato farmacéuticamente

aceptable del mismo.

39. Un compuesto de acuerdo con la reivindicacion 1 que es:
isopropil éster del acido 4-{6-[6-(2-metanosulfonil-etil)-2-metil-piridin-3-ilamino]-5-
metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico, o wuna sal, solvato o hidrato

farmacéuticamente aceptable del mismo.

40. Un compuesto de acuerdo con la reivindicacion 1que es:
isopropi! éster del acido 4-{2-[6-(2-metanosulfonil-etil)-2-metil-piridin-3-ilamino]-3-
metoxi-piridin-4-iloxi}-piperidina-1-carboxilico, o una sal, solvato o hidrato

farmacéuticamente aceptable del mismo.

41, Un compuesto de acuerdo con la reivindicacién 1 que es:
isopropil éster del 4cido 4-[6-(6-dimetilcarbamoilmetil-2-metil-piridin-3-ilamino)-5-
metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico, o una sal, solvato o hidrato

farmacéuticamente aceptable del mismo.

42, Un compuesto de acuerdo con la reivindicacion 1 que es:
isopropil éster del 4cido d4-{6-[6-(2-hidroxi-etoxi)-2-metil-piridin-3-ilamino]-5-
metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico, o wuna sal, solvate o hidrato

farmacéuticamente aceptable del mismo.

43, Un compuesto de acuerdo con la reivindicacidn 1 que es:
isopropil éster del acido 4-[6-(6-metanosulfonil-2-metil-piridin-3-ilamino)-5-metoxi-
pirimidin-4-iloxi]-piperidina-1-carboxilico, 0 una sal, solvato o hidrato farmacéuticamente

aceptable del mismo.
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44, Una composicién farmacéutica que comprende al menos un compuesto de acuerdo

con cualquiera de las reivindicaciones 1 a 43 y un portador farmacéuticamente aceptabie.

45. Un método de producir una composicion farmacéutica que comprende mezclar al
menos un compuesto de una cualquiera de las reivindicaciones 1 a 43 y un portador

farmacéuticamente aceptable.

46. Una composicion que comprende:
() un inhibidor de dipeptidil peptidasa IV (DPP-IV), y
(b) un compuesto seleccionado entre compuestos de la Formula (1a) y sales, solvatos

e hidratos farmacéuticamente aceptables de los mismos:

Re R,
Rs ra | Ry N&'\Ix N/R1
2Ny /%)\O
Ry R3
(Ia)

donde:
X es N o CRg donde Rg es H o halégeno,
YesNHuO;
ZesCHoN;

R, es carbo-C,.¢-alkoxi, oxadiazolilo o pirimidinilo

donde dicho carbo-C,4-alkoxi, oxadiazolilo y pirimidinilo estin cada uno
opcionalmente sustituidos con 1 0 2 sustituyentes seleccionados independientemente de Ci4
alquilo, C,.4 alkoxi y Cy.s cicloalquilo;

R; es H o Cy4 alquilo;

R; es C;.q alkoxi, O-C;.s-alquinilo o hidroxilo;

R, es seleccionado de H, C,.4 alkoxi, C, 4 alquilo y halégeno;

cada:

R; es seleccionado de:

C,.4 acilsuifonamida, C,4 alcoxi, C,.4 alquilo, Cy4 alquilamino, C,., alquilsulfonilo,
C..4 alquiltio, ciano, heterociclilo, di-C, 4-dialquilamino y sulfonamida,

donde dicho C4 alcoxi, Ci4 alquilo, C,.4 alquilamino, C,. alquilsulfonilo, Cy,4
alquiltio, di-C, 4~dialquilamino y heterociclilo estancada uno opcionalmente sustituidos con |

o 2 sustituyentes seleccionados independientemente de C,4 alcoxi, C,. alquilcarboxamida,
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Ci.4 alquilsulfonil, Cs s cicloalquilo, Cs.s cicloalquiloxi, di-C, 4-alquilcarboxamida, hidroxilo y

fosfonooxi,

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

donde dicha C, 4 alquilcarboxamida est4 opcionalmente sustituida con hidroxilo;
Rs es H o halogeno; ¥

R—,v esHo C]_4 alquilo.

Una composicion de acuerdo con la reivindicacién 46 donde X es N.

Una composicién de acuerdo con las reivindicaciones 46 o 47 donde Y es NH.

Una composicion de acuerdo con las reivindicaciones 46 o 47 donde Y es O.

Una composiciéon de acuerdo con una cualquiera de las reivindicaciones 46 a 49
donde Z es CH.

Una composicidén de acuerdo con una cualquiera de las reivindicaciones 46 a 49
donde Z es N.

Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 51

donde R, es carbo-C,.¢-alcoxi opcionalmente sustituido con Cs.s cicloalquilo.

Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 51
donde: R; es seleccionado de C(O)YOCH,CH;, C(OYOCH(CH;),,
C(O)OCH(CH;)(CH,CH3), C(OYOCH;~ciclopropilo y C(OYOCH(CHs)(ciclopropilo).

Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 51

donde R, es oxadiazolilo opcionalmente sustituido con un grupo C, alquilo.

Una composicidén de acuerdo con una cualquiera de las reivindicaciones 46 a 51

donde R, es pirimidinilo opcionaimente sustituido con un grupo C,.4 alcoxi.

Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 55
donde R, es H.



10

15

20

25

30

WO 2006/083491 155 PCT/US2006/000567

57.

58.

59.

60.

61.

62,

63.

Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 56

donde R; es C,, alcoxi.

Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 56
donde R; es OCH; u OCH,CH,.

Una composicion de acuerdo con una cualquiera de las reivindicaciones 46 a 58

donde R, es seleccionado de H, OCH;, CH;, CH,CH;, F y CL

Una composicion de acuerdo con una cualquiera de las reivindicaciones 46 a 59
donde R; es seleccionado de: OCH,CH,CH,, OCH,CH,CH,OH, S(0),CHs,,
CH,CH,5(0),CH,;, NHCH,CH,0H, ciano, CH,CH,OCH,, CH,CH,0H,
CH,CH,CH(CH,)OH, CH;CH,OP(O)}(OH),, S(O),NHC(O)CH,CH,;, CH,CH,O-
ciclopropilo, NHCH;CH,OCH;, @ OCH,CH,S{(0),CH;,  NHCH;CH(CH;)OH,
CH,CH,CH,0H, CH,CH,CH,OP(O)(OH),, NHCH,CH(CH,)S(0),CHs,
N(CH;)CH,CH(CH,)S(0),CH;, 3-metanosulfonil-pirrolidin-1-ilo, 3-metanosulfonil-
piperidin-1-ilo, CH,C(ON(CHs),, 3-metanosulfonil-azetidin-1-ilo,
CH,C(O)NHCH,CH,0H, SCH,CH,OH, S(0),CH,CH,OP(O)(OH),, S(0),CH,CHs,
NHCH;CH(OH)CH,OH, 5(0),CH,CH,0H, OCH,CH,OP{O)(OH),,
OCH,;CH;CH,0P(O)}(OH); y S(O);NH,.

Una composicidon de acuerdo con una cualquiera de las reivindicaciones 46 a 59
donde R; es seleccionado de OCH,CH,CH,OH, S(0),CH;, CH,CH,S(0),CH;,
NHCH,CH,0H, ciano, CH,CH,0H, CH,CH,CH(CH;)OH, CH,CH,OP(O)OH),,
S(0),NHC(O)CH,CH;, CH,CH,CH,OH," S(0),CH,CH;, NHCH,CH(OH)CH,0H,
amino, NHCH,CH,, NHCH(CH3), y NHCH(CH;)CH,CH;.

Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 61
donde R4 es H.

Una composicion de acuerdo con una cualquiera de las reivindicaciones 46 a 62
donde Ry es H.
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64. Una composicién de acuerdo con la reivindicacién 46, en donde el compuesto es
seleccionado de compuestos que tienen la Formula (IIa), v sales, solvatos e hidratos

farmacéuticamente aceptables del mismo:

Rg Ra
Rs Ry N ‘//\ll\l N~ Ry
N o
R4 Ra
(Ila)
donde:
Y esNHuO;

R, es carbo-C; ¢-alcoxi opcionalmente sustituido con Cy.g cicloalquilo;

R;es H o CHs;

R; es Cy.4 alcoxi;

R, es seleccionado de H, OCH,, CH;, CH,CH,, F y Cl;

R; es seleccionado de:

OCH,CH,CH;,  OCH,CH,CH,0H, S(O),CH;,  CH,CH,S(0),CH;,
NHCH,CH,0H, ciano, CH,CH,0CH;, CH,CH,OH, CH,CH,CH(CH;)OH,
CH,CH,OP(O)(OH),, S(0);NHC(O)CH,CH;, CH,CH;O-ciclopropilo,
NHCH,CH,OCH,, OCH,CH,S(0),CH;, NHCH,CH(CH;)OH, CH,CH,CH,0OH,
CH,CH,CH,OP(O)OH),, NHCH,CH(CH3)S(0),CHs,
N(CH;3)CH,;CH(CH5)S(0),CH,, 3-metanosulfonil-pirrolidin-1-ilo, 3-metanosulfonil-
piperidin-1-ilo, CH,C(O)N(CH3),, 3-metanosutfonil-azetidin-1-ilo,
CH,C(O)NHCH,CH,0H, SCH,CH,OH, S(0),CH,CH,OP(0)(OH),, S(0),CH,CHs,
NHCH,;CH(OH)CH,OH, 5(0),CH,CH,O0H, OCH,CH,OP(O)OH),,
OCH,CH,CH,OP(O)(OH), y S(0),NH;;

RsesHoF;y

R+ es H o0 CHs.

65. Una composicion de acuerdo con la reivindicacidn 46, en donde el compuesto es

seleccionado de compuestos que tienen la Formula (Ie¢), y sales, solvatos e hidratos

farmacéuticamente aceptables del mismo:
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Rg R,
Rs R7 N7 | N’R1
N Y o
R4 ; R3
(ILc)
donde:
R, es carbo-C, s-alcoxi opcionalmente sustituido con Cy.s cicloalquilo;
R, esHo CH;;
5 R; es Cy4 alcoxi;

R, es seleccionado de: H, OCHj3, CH,, CH,CH;, Fy Cl;
R; es seleccionado de:
OCH,CH,CH,;, = OCH,CH,CH,0OH, S(0),CH;,  CH,CH,S(0).CHs3,
NHCH,CH,0OH, ciano, CH,CH,OCH,;, CH,CH,OH, CH,CH,CH(CH;)OH,
10 CH,CH,OP(O)(OH)s,, S(0);NHC(O)CH,CH;, CH,CH,O-ciclopropilo,
NHCH,CH,0CH,;, OCH,CH,S(0),CH,, NHCH;CH(CH,)OH, CH,CH,CH;OH,
CH,CH,CH,0P(O)(OH),, NHCH,CH(CH;)S(0),CHs,
N(CH3)CH,CH(CH3)S(0),CH;, 3-metanosulfonil-pirrolidin-1-ilo, 3-metanosulfonil-
piperidin-1-ilo, CH,C(O)N(CH3),, 3-metanosulfonil-azetidin-1-ilo,
15 CH,C(O)NHCH,CH,0H, SCH,CH,OH, $(0),CH,CH,OP(O)(OH),, $(0);CH,CHj,
NHCH,CH(OH)CH,0H, S(0);CH,CH,0H, OCH,CH,0OP{O)OH),,
OCH,CH,CH,0OP(O)(OH); y S(O);NHa;
RgesHoF;y
R;es H o CH,.
20
66. Una composicion de acuerdo con la reivindicacion 46, en donde el compuesto es

seleccionado de compuestos que tienen la Férmula (Ile), y sales, solvatos e hidratos

farmacéuticamente aceptables del mismo:

Rs | R NN N
A
H
R4 Rs
(Ile)

25 donde:

R, es carbo-C,_¢-alcoxi opcionalmente sustituido con Cys cicloalquilo;
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R;es Ho CHj;

R; es C,4 alcoxi;

R, es seleccionado de H, OCH;, CH;, CH,CH,, Fy CI;

R; es seleccionadoe de:

OCH;CH,CH;, = OCH,CH,CH,0H, S(0O),CH;, CH,CH;S(0),CH;,
NHCHCH,OH, ciano, CH,CH,OCH,;, CH,CH,OH, CH,CH,CH(CH;)OH,

CH,CH,OP{O)(OH),, S(0),NHC(O)CH,CH;, CH,CH,0O-ciclopropilo,
NHCH,CH,0CH;, OCH,CH,S(0),CH;, NHCH,CH(CH;)OH, CH,CH,CH,;0OH,
CH,CH;CH,0P(O)(OH),, NHCH,CH(CH;)S(0),CH;,
N(CH;)CH,CH(CH,)S(0),CH;, 3-metanosulfonil-pirrolidin-1-ilo, 3-metanosulfonil-
piperidin-1-ilo, CH,C(O)N(CH3),, 3-metanosuifonil-azetidin-1-ilo,
CH,C(O)NHCH,CH,OH, SCH,CH,0H, S(0),CH,CH,OP(O)(OH),;, 5(0),CH,CH;,
NHCH,CH(OH)CH,OH, §(0),CH,CH,0H, OCH,CH,OP{O)Y(OH),,
OCH,CH,CH,0P(O)(OH); ¥ S{O),NH;;

RsesHoF;y

R;es H o CHa.

Una composicidén de acuerdo con la reivindicacion 46, en donde el compuesto es

seleccionado de compuestos que tienen la Formula (Ile), y sales, solvatos e hidratos

farmacéuticamente aceptables del mismo:

R5 Z R7 Ny”\N

N N o
H

donde:

R, es carbo-C, ¢-alcoxi opcionalmente sustituido con Cs.s cicloalquilo;

R; es H o CH3;

R; es Ci4 alcoxi;

R, es seleccionado de: H, OCH;, CHs, CH,CH;, Fy Cl;

R; es seleccionado de:

OCH,CH;CH,0H, S(0),CH,, CH,CH,S(0),CH,, NHCH,CH,0OH, ciano,
CH,CH,0H, CH,CH,CH(CH;)OH, CH,CH,0OP{O)XOH),, S(0);NHC(O)CH,CH,,
CH,CH,CH,0H, $(0);CH,CH;, NHCH,CH{(OH)CH,OH y S(O),NH,;

RsesHoF,y
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R',v esHo CH3

68. Una composicién de acuerdo con la reivindicacion 46, en donde el compuesto es

seleccionado de compuestos que tienen la Férmula (Ilg), y sales, solvatos e hidratos

farmacéuticamente aceptables del mismo:

Rs 2
Rs 2 R7 7 v
NS | NN | o}
R 1 Rs
(g)

donde:

R; es carbo-C,.¢-alcoxi opcionalmente sustituido con Cy.s cicloalquilo;

R; es H o CHj;;

R; es C_4 alcoxi;

R, es seleccionado de: H, OCH;, CH,, CH,CH,, Fy Cl,

R; es seleccionado de:

OCH,CH,CH;, OCH,CH,CH,0H, S(O)CHs, CH,CH,S(0),CHs,
NHCH,CH,0H, ciano, CH,CH,OCH;, CH,CH,OH, CH,CH,CH{CH;)OH,

CH,CH,OP(O)(OH),, S5(0),NHC(O)CH,CH;, CH,CH,O-ciclopropilo,
NHCH,CH,OCH,;, OCH;CH,S(0),CH;, NHCH,CH(CH;)OH, CH,CH,CH,0H,
CH,CH,CH,OP(O)(OH),, NHCH,CH(CH;)S(0),CH;,
N(CH;)CH,CH(CH;)S(0),CH;, 3-metanosulfonil-pirrolidin-1-ilo, 3-metanosulfonil-
piperidin-1-ilo, CH;C(O)N(CHjs),, 3-metanosulfonil-azetidin-1-ilo,
CH,C(O)NHCH,CH,0H, SCH,CH;OH, S$(0),CH,CH,OP(O)(OH),, S(0),CH,CH,,
NHCH,CH(OH)CH,OH, $(0),CH,CH,0H, OCH,CH,0P(O)(OH),,
OCH,CH,CH,OP(O)(OH), y S(O),NH,;
RsesHoF;y
R;es H o CH;.
69. Una composicién de acuerdo con la reivindicacion 46, en donde el compuesto es

seleccionado de los siguientes compuestos y sales, solvatos ¢ hidratos farmacéuticamente
aceptables del mismo:
isopropil éster del 4cido 4-[6-(4-Metanosulfonil-2-metoxi-fenilamino)-5-

metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico;
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isopropil éster del acido 4-{5-Metoxi-6-[6-(2-metoxi-etil)-2-metil-piridin-3-
ilamino]-pirimidin-4-iloxi}-piperidina-1-carboxilico;,
I-ciclopropil-etil éster del acido 4-{6-[6-(2-Metanosulfonil-etil)-2-metil-
piridin-3-ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico,
5 isopropil éster del 4cido 4-[6-(2-Fluoro-4-metanosulfonil-fenilamino)-5-
metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico;
isopropil éster del 4cido 4-[6-(4-Ciano-2-fluoro-fenilamino)-5-metoxi-
pirimidin-4-iloxi]-piperidina-1-carboxilico;
isopropil éster del acido 4-{6-[6-(2-Hidroxi-etil)-2-metil-piridin-3-ilamino]-
10 5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico,
isopropil éster del acido 4-{6-[6<(2-Metanosulfonil-etil)-2-metil-piridin-3-
ilamino}-5-metoxi-pirimidin-<4-iloxi} -piperidina-1-carboxilico;
isopropil éster del acido 4-{5-Metoxi-6-[6-(2-metoxi-etilamino)-2-metil-
piridin-3-ilamino]-pirimidin-4-iloxi}-piperidina-1-carboxilico;
5 isopropil éster del acido 4-{6-[6-(2-Metanosulfonil-etoxi)-2-metil-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;
isopropil éster del dcido 4-{6-[6-(2-Hidroxi-propilamino)-2-metil-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;
isopropil éster del 4cido 4-{6-[6-(3-Hidroxi-propil)-2-metil-piridin-3-
20 ilamino]-5-metoxi-pirimidin-4-iloxi} -piperidina-1-carboxilico;
isopropil éster del &cido 4-{5-metoxi-6-[2-metil-6-(3-fosfonooxi-propil)-
piridin-3-ilamino]-pirimidin-4-iloxi}-piperidina-1-carboxilico;
isopropil éster del acido 4-{6-[6-(2-Metanosulfonil-etilamino)-2-metoxi-
piridin-3-ilamino]-S-metoxi-pirimidin-4-iloxi}-piperidina- 1 -carboxilico;
25 isopropil éster de! acido 4-{6-[6-(2-Metanosulfonil-propilamine)-2-metil-
piridin-3-ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;
isopropil éster del 4cido 4-[6-(6-Dimetilcarbamoilmetil-2-metil-piridin-3-
ilamino)-5-metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico;
isopropil éster del acido 4-(6-{2-Fluoro-4-[(2-hidroxi-etilcarbamoil)-metil]-
30 fenilamino}-5-metoxi-pirimidin-4-iloxi)-piperidina-1-carboxilico;
isopropil éster del acido 4-{6-[6-(2-Metanosulfonil-etilamino)-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;
isopropil ~ éster del dcido  4-{6-[2-Fluoro-4-(2-hidroxi-etilsulfanil)-

fenilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxlico;
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isopropil éster del acido 4-{6-[6-(2,3-Dihidroxi-propilamino)-2-metil-piridin-
3-ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{6-[6-(2-Hidroxi-etoxi)-2-metil-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina-1-carboxilico,

isopropil éster del dcido 4-{5-Metoxi-6-[2-metil-6-(2-fosfonooxi-etoxi)-
piridin-3-ilamino]-pirimidin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{6-[6-(3-Hidroxi-propoxi)-2-metil-piridin-3-
ilamino]-5-metoxi-pirimidin-4-iloxi} -piperidina-1-dcido carboxilico; y

isopropil éster del 4cido 4-{5-Metoxi-6-[2-metil-6-(3-fosfonooxi-propoxi)-

piridin-3-ilamino]-pirimidin-4-iloxi}-piperidina-1-carboxilico.

70. Una composicién de acuerdo con la reivindicacion 46, en donde el compuesto es
seleccionado de los siguientes compuestos y sales, solvatos e hidratos farmacéuticamente
aceptables del mismo:
isopropil éster del &4cido 4-[2-(2-Fluoro-4-propoxi-fenilamino)-3-metoxi-
piridin-4-iloxi]-piperidina-1-carboxilico;
isopropil éster del acido 4-{2-[2-Fluoro-4-(2-hidroxi-etil)-fenilaminoj-3-
metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;
isopropil éster del 4cido  4-[5-Fluoro-2-(2-fluoro-4-metanosulfonil-
fenilamino)-3-metoxi-piridin-4-iloxi]-piperidina-1-carboxilico;
isopropil éster del acido 4-{2-[2-Etil-4-(2-metanosulfonil-etil)-fenilamino]-3-
metoxi-piridin-d-iloxi}-2-metil-piperidina-1-carboxilico;
isopropil éster del dcido 4-{5-Fluoro-2-[6-(2-hidroxi-etoxi)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;
isopropil ~ éster del acido  4-{2-[2-Fluoro-4-(2-metanosuifonil-etil)-
fenilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;
isopropil éster del acido 4-{2-[6-(2-Hidroxi-etilamino)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;
isopropil éster del acido 4-[2(4-Ciano-2-fluoro-fenilamino)-3-metoxi-
piridin-4-iloxi]-piperidina-1-carboxilico;
isopropil éster del 4cido 4-[2-(2-Cloro-4-ciano-fenilamino)-3-metoxi-piridin-
4-iloxi]-piperidina- I -carboxilico,
isopropil éster del Acido 4-{2-[6-(2-Metanosulfonil-etil)-2-metoxi-piridin-3-

ilamino]-3-metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;
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isopropil éster del 4cido 4-{2-[6-(2-Metanosulfonil-etil)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(2-Hidroxi-etil)-2-metil-piridin-3-ilamino]-
3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(3-Hidroxi-butil)-2-metoxi-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del acido 4-{2-{2-Fluoro-4-(2-hidroxi-etoxi)-fenilamino]-3-
metoxi-piridin-4-iloxi}-piperidina-1-carboxilico,

isopropil éster del acido 4-{3-Etoxi-2-[2-fluoro-4-(2-fosfonooxi-etil)-
fenilamino]-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-[3-Metoxi-2-(2-metoxi-4-propionilsuifamoil-
fenilamino)-piridin-4-iloxi]-piperidina-1-carbox(lico;

isopropil éster del 4cido 4-[2-(2,5-Difluoro-4-propoxi-fenilamino)-3-metoxi-
piridin-4-tloxi]-piperidina-1-carboxilico;

(2-Fluoro-4-metanosulfonil-fenil)-{4-[1-(5-isopropil-[1,2,4Joxadiazol-3-il)-
piperidin-4-iloxi]-3-metoxi-piridin-2-il}-amina;

(2-Fluoro-4-metanosulfonil-fenil)-{3-metoxi-4-[1-(5-metoxi-pirimidin-2-il)-
piperidin-4-iloxi]-piridin-2-il}-amina;

isopropil éster del é4cido 4-{2-{6-(2-Ciclopropoxi-etil)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-i-carboxilico;

isopropil éster del A4cido 4-[2-(2-Cloro-4-metanosulfonil-fenilamino)-5-
fluoro-3-metoxi-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-[3-Etoxi-2-(4-metanosulfonil-2-metoxi-
fenilamino)-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-[2-(5-Fluoro-2-metil-4-propoxi-fenilamino)-3-
metoxi-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(2-Metanosuifonil-etil)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-[2-(2-Fluoro-4-metanosulfonil-fenilamino)-3-
hidroxi-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-[2-(2-Cloro-4-propoxi-fenilamino)-3-metoxi-
piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-{3-Metoxi-2-[2-metil-6-(2-fosfonooxi-etil)-

piridin-3-ilamino]-piridin-4-iloxi}-piperidina-1-carboxilico;
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isopropil éster del 4cido 4-{2-[6-(2-Metanosulfonil-etilamino)-2-metil-
piridin-3-ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-(2-{6-[(2-Metanosulfonil-etil)-metil-amino]-2-
metil-piridin-3-ilamino}-3-metoxi-piridin-4-iloxi)-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(3-Metanosulfonil-pirrolidin-1-il)-2-metil-
piridin-3-ilamino}-3-metoxi-piridin-4-iloxi}-piperidina-[ -carboxilico;

isopropil éster del acido 4-[2-(3-Metanosulfonil-6'-metil-3,4,5,6-tetrahidro-
2H-[1,2"]bipirtdinil-5"-ilamino)-3-metoxi-piridin-4-iloxi]-piperidina-1 -carboxilico;

isopropil éster del 4cido 4-{2-[6-(3-Metanosulfonil-azetidin-1-il}-2-metil-
piridin-3-ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1 -carboxilico;

isopropil éster del 4cido 4-[3-etiniloxi-2-(2-fluoro-4-metanosulfonil-
fenilamino)-piridin-4-iloxi]-piperidina- 1 carboxilico,

isopropil éster del acido 4-{2-[2-Fluoro4-(2-fosfonooxi-etanosulfonit)-
fenilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

sec-butil éster del 4cido 4-[2-(4-Etanosulfonil-2-fluoro-fenilamino)-3-
metoxi-piridin-4-iloxi]-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(2,3-Dihidroxi-propilamino}-4-metil-piridin-
3-ilamino]-3-metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(2-Hidroxi-etilsulfanil)-piridin-3-ilamino]-3-
metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del 4cido 4-{2-[2-Fluoro-4-(2-hidroxi-etanosulfonil)-
fenilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil  éster del 4cido 4-{2-[6-(2-Hidroxi-etoxi)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi} -piperidina-1-carboxilico;

isopropil éster del acido 4-{3-Metoxi-2-[2-metil-6-(2-fosfonooxi-etoxi)-
piridin-3-ilamino]-piridin-d-iloxi}-piperidina-1-carboxilico;

isopropil éster del acido 4-{2-[6-(3-Hidroxi-propoxi)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico,

isopropil éster del 4cido 4-{3-Metoxi-2-[2-metil-6-(3-fosfonooxi-propoxi)-
piridin-3-ilamino]-piridin-4-iloxi}-piperidina-1-carboxilico,

isopropil éster del acido 4-[3-Metoxi-2-(2-metoxi-4-sulfamoil-fenilamino)-
piridin-4-iloxi]-piperidina-1-carboxilico;,

isopropil éster del acido 4-{2-[2-Fluoro-4-(3-fosfonooxi-propil)-fenilamino]-

3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;
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71.

isopropil éster del Acido 4-{2-[6-(2-Hidroxi-etil)-2-metil-piridin-3-ilamino]-3-
metoxi-piridin-4-iloxi}-piperidina-1-carboxilico;

isopropil éster del dcido 4-{3-Metoxi-2-[2-metil-6-(2-fosfonooxi-etil)-piridin-
3-ilamino]-piridin-4-iloxi}-piperidina-1-carboxilico,

isopropil éster del 4cido 4-{2-[6-(3-Hidroxi-propil)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}-piperidina-1-carboxilico; e

isopropil éster del 4cido 4-{3-Metoxi-2-{2-metil-6-(3-fosfonooxi-propil)-

piridin-3-ilamino]-piridin-4-iloxi} -piperidina-i-carboxilico.

Una composicién de acuerdo con la reivindicacion 46, en donde el compuesto es

seleccionado de los siguientes compuestos y sales, solvatos ¢ hidratos del mismo:

72.

1-ciclopropil-etil éster del 4cido (S)-4-{6-[6-(2-metanosulfonil-etil)-2-metil-
piridin-3-ilamino]-5-metoxi-pirimidin-4-iloxi}-piperidina- I -carboxilico,

(2-fluoro-4-metanosulfonil-fenil)-{4-[ 1 -(5-isopropil-[ 1,2,4]oxadiazol-3-il)-
piperidin-4-iloxi]-3-metoxi-piridin-2-il}-amina.

isopropil éster del é4cido 4-[6-(2-fluoro4-metanosulfonil-fenilamino)-5-
metoxi-pirimidin-4-iloxi]-piperidina-1 -carboxilico.

isopropil éster del 4&cido 4-[6-(4-ciano-2-fluoro-fenilamino)-5-metoxi-
pirimidin-4-iloxi]-piperidina-1-carboxilico.

isopropil éster del acido 4-{6-[6-(2-hidroxi-¢til)-2-metil-piridin-3-ilamino}-5-
metoxi-pirimidin-4-iloxi}- piperidina-1-carboxilico.

isopropil éster del Acido 4-{6-[6-(2-metanosulfonil-etil)-2-metil-piridin-3-
ilamino)-5-metoxi-pirimidin-4-iloxi} - piperidina-1-carboxilico.

isopropil éster del dcido 4-{2-[6-(2-metanosulfonil-etil)-2-metil-piridin-3-
ilamino]-3-metoxi-piridin-4-iloxi}- piperidina-1-carboxilico.

isopropil éster del dcido 4-[6-(6-dimetilcarbamoilmetil-2-metil-piridin-3-
ilamino)-5-metoxi-pirimidin-4-iloxi]- piperidina-1-carboxilico.

isopropil éster del Acido 4-{6-[6-(2-hidroxi-etoxi)-2-metil-piridin-3-ilamino]-

5-metoxi-pirimidin-4-iloxi}- piperidina-1-carboxilico.

Una composicion de acuerdo con la reivindicacion 46, en donde el compuesto es

seleccionado del siguiente compuesto y sales, solvatos e hidratos del mismo:

isopropil éster del acido 4-[6-(6-metanosulfonil-2-metil-piridin-3-ilamino)-5-

metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico.
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73. Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 72, en
donde dicho inhibidor de dipeptidil peptidasa I'V es seleccionado entre:
valina-pirrolidida,
3-(L-isoleucil}tiazolidina,
1-[2-[5-cianopiridin-2-il}amino]etilamino]acetil-2-ciano-(S)-pirrolidina
(NVP-DPP728),
3(R)-Amino-1-[3-(trifluorometil}-5,6,7,8-tetrahidro[ 1,2,4]triazolo[4,3-
a]pirazin-7-il]-4-(2,4,5-trifluorofenil)butan-1-ona (MK-0431),
(1-[[3-hidroxi-1-adamantil)amino]acetil]-2ciano-(S)-pirrolidina (LAF237),
(18,38,58)-2-[2(8)-Amino-2-(3-hidroxiadamantan-1-il)acetil]-2-
azabiciclo[3.1.0]hexano-3-carbonitrilo (BMS-477118), y
[1-[2(S)-Amino-3-metilbutiril]pirrolidin-2(R)-il]acido borénico (PT-100).

74. Una composicién de acuerdo con una cualguiera de las reivindicaciones 46 a 71, en
donde dicho inhibidor de dipeptidil peptidasa IV es 3(R)-Amino-1-[3-(trifluorometil)-5,6,7.8
— tetrahidro [1,2,4] triazolo [4,3-a] pirazin-7- il]4-(2,4,5-trifluorofenil)butan—1-ona  (MK-
0431).

75. Una composicion de acuerdo con una cualquiera de las reivindicaciones 46 a 71, en
donde dicho inhibidor de dipeptidil peptidasa IV es (1-[[3-hidroxi-1-adamantil)amino}acetil}-
2-ciano-(S)-pirrolidina (LAF237).

76. Una composicion de acuerdo con una cualquiera de las reivindicaciones 46 a 71, en
donde dicho inhibidor de dipeptidil peptidasa 1V es (18,38,58)-2-[2(S)-Amino-2-(3-
hidroxiadamantan-1-il)acetil]-2-azabiciclo[3.1.0]hexano-3-carbonitrilo (BMS-477118).

77. Un método para preparar una composicion de acuerdo con una cualquiera de las
reivindicaciones 46 a 76, el método comprende mezclar dicho inhibidor de dipeptidil
peptidasa IV (DPP-1V} y dicho compuesto.

78. Una composicién de acuerdo con una cualquiera de las reivindicaciones 46 a 76, que

ademés comprende un portador farmacéuticamente aceptable.
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79. Un método para preparar una composicién de acuerdo con la reivindicacion 78, el
método comprende mezclar dicho inhibidor de dipeptidil peptidasa IV (DPP-IV), dicho

compuesto, y dicho portador farmacéuticamente aceptable.

80. Una composicion de acuerdo con la reivindicacién 46, en donde:

el compuesto es seleccionado del siguiente compuesto y sales, solvatos e
hidratos farmacéuticamente aceptables del mismo:

isopropil éster del dcido 4-[6-(6-metanosuifonil-2-metil-piridin-3-ilamino)-5-
metoxi-pirimidin-4-iloxi]-piperidina-1-carboxilico; y

dicho inhibidor de dipeptidil peptidasa IV es 3(R)-Amino-1-[3-
(trifluorometil)-5,6,7,8-tetrahidro[ 1,2 ,4]triazolo[4,3-a]pirazin-7-il]-4-(2,4,5-
trifluorofenil)butan-1-ona (MK-0431).

81. Un método para preparar una composicién de acuerdo con la reivindicacién 80, el

método comprende mezclar dicho inhibidor de dipeptidil peptidasa IV (DPP-1V) y dicho

compuesto.

82. Una composicion de acuerdo con la reivindicacién 80, que ademds comprende un

portador farmacéuticamente aceptable.

83. Un proceso para preparar una composicion de acuerdo con la reivindicacion 82, el
método comprende mezclar dicho inhibidor de dipeptidil peptidasa TV (DPP-IV), dicho

compuesto, y dicho portador farmacéuticamente aceptable.

84, Un proceso de acuerdo con la reivindicacion 83, que ademas comprende el paso de

preparar una forma de dosificacién unitaria de la composicion.

85. Una composicidn de acuerdo con la reivindicacién 46, en donde:
el compuesto es seleccionado del siguiente compuesto y sales, solvatos e
hidratos farmacéuticamente aceptabies de! mismo:
isopropil éster del 4cido 4-[6-(6-metanosulfonil-2-metil-piridin-3-ilamino)-5-
metoxi-pinmidin-4-iloxi]-piperidina-1-carboxilico; y
dicho inhibidor de dipeptidil peptidasa IV es (I-[[3-hidroxi-1-
adamantil)amino]acetil]-2-ciano-(S}-pirrolidina (LAF237).
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86. Un método para preparar una composiciéon de acuerdo con la reivindicacion 85, el
método comprende mezelar dicho inhibidor de dipeptidil peptidasa TV (DPP-1V) y dicho

compuesto.

87. Una composicion de acuerdo con la reivindicacion 85, que ademas comprende un

portador farmacéuticamente aceptable.

88. Un método para preparar una composicion de acuerdo con la reivindicacidén 87, el
método comprende mezclar dicho inhibidor de dipeptidil peptidasa IV (DPP-TV), dicho

compuesto, y dicho portador farmacéuticamente aceptable.

89. Un método de acuerdo con la reivindicacion 88, que ademés comprende el paso de

preparar una forma de dosificacion unitaria de la composicidn.

90, Una composicién de acuerdo con la reivindicacion 46, en donde:
el compuesto es seleccionado del siguiente compuesto y sales, solvatos e
hidratos farmacéuticamente aceptables del mismo:
isopropil éster del acido 4-[6-(6-metanosulfonil-2-metil-piridin-3-ilamino)-3-
metoXi-pirimidin-4-iloxi]-piperidina-1-carboxilico; ¥

dicho inhibidor de dipeptidil peptidasa IV es (18,35,58)-2-[2(S)-Amino-2-(3-

hidroxiadamantan-1-il)acetil]-2-azabiciclo[3.1.0]hexano-3-carbonitrilo (BMS-
477118).
9l. Un método para preparar una composicién de acuerdo con la reivindicacion 90, el

método comprende mezclar dicho inhibidor de dipeptidil peptidasa 1V (DPP-IV) y dicho

compuesto.

92. Una composicién de acuerdo con la reivindicacién 90, que ademas comprende un

portador farmacéuticamente aceptable.

93. Un método para preparar una composicién de acuerdo con la reivindicacion 92, el
método comprende mezclar dicho inhibidor de dipeptidil peptidasa 1V (DPP-IV), dicho

compuesto, y dicho portador farmacéuticamente aceptable.
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94. Un método de acuerdo con la reivindicacién 93, que ademés comprende el paso de

preparar una forma de dosificacién unitaria de la composicion.
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Abstract

Meny drugs exist in the crystalline solid state due to reasons of stability and ease of handling during the various stages of
drug development. Crystalline solids can exist in the form of polymorphs, solvates or hydrates, Phase transitions such as
polymorph interconversion, desolvation of solvate, formation of hydrate and conversion of crystalline to amorphous form
may occur during various phermaceutical processes, which may alter the dissolution rate and transport characteristics of the
drug. Hence it is desirable to choose the most suitable and stable form of the drug in the initial stages of drug development.
The current focus of research in the solid-state area is o understand the origins of polymorphism at the molecular level, and
to predict and prepare the most stable polymorph of & drug. The recent advances in computational tools allow the prediction
of possible polymorphs of the dmg from its molecular structure. Sensitive analytical methods arc being developed to
understand the nature of polymerphism and to characterize the various crystalline forms of a drug in its dosage form. The
aim of this review is to emphasize the reoent advances made in the area of prediction and characterization of polymorphs and
solvates, to sddress the current challenges faced by pharmaccutical scientists and to anticipate future developments.
© 2001 Elgevier Science BV. All rights reserved.
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1. Introduction

Most organic and inorganic compounds of phar-
maceutical relevance can exist in one or more
crystalline forms. When applied to solids, the adjec-
tive, crystalline, implies an ideal crystal in which the
structural units, termed wunit cells, are repeated
regularly and indefinitely in three dimensions in
space. The unit cell has a definite orientation and
shape defined by the translational vectors, a, b, and
¢, and hence has a definite volume, ¥, that contains
the atoms and molecules necessary for generating the
crystal. Each crystal can be classified as a member of
one of seven possible crystal systems or crystal
classes that are defined by the relationships between
the individual dimensions, a, b, and ¢, of the unit cell
and between the individual angles, a, 8, and y of the
unit cell [1,2). The structure of a given crystal may
be assigned to one of the seven crystal systems, 10
one of the 14 Bravais lattices, and to one of the 230
space groups [1]. All the 230 possible space groups,
their symmetries, end the symmetries of their diffrac-
tion patterns are compiled in the International Tables
for Crystallography [3].

The common crystalline forms found for a given
drug substance are polymorphs and solvates. Crys-
talline polymorphs have the same chemical com-
position but different internal crystal structures and,
therefore, possess different physico-chemical prop-
ertics. The different crystal structures in polymorphs
arise when the drug substance crystallizes in differ-
ent crystal packing arrangements and/or different
conformations. The occurrence of polymorphism is
quite common among organic molecules, and a large
number of polymorphic drug compounds have been
noted and catalogued [4-7).

Solvates, also known as pscudopolymorphs, are

17
18
18
18
18
19
A
21
2
24

crystalline solid adducts containing solvent mole-
cules within the crystal structure, in either stoichio-
metric or nonstoichiometric proportions, giving rise
to unique differences in the physical and pharma-
ceutical properties of the drug. If the incorporated
solvent is water, a solvate is termed a hydrate.
Adducts frequently crystallize more easily because
two molecules often can pack together with less
difficulty than single molecules. While no definite
explanations can be given, possible reasons include
adduct symmetry, adduct-induced conformation
changes, and the ability to form hydrogen bonds
through the solvent molecules [2,8,9]. Desolvated
solvates are produced when & solvate is desolvated
and the crystal retains the structure of the solvate
[10). Desolvated solvates are less ordered than their
crystalline counterparts and are difficult to character-
ize, because analytical studies indicate that they are
unsolvated materials {or anhydrous crystal forms)
when, in fact, they have the structure of the solvated
crystal form from which they were derived [11].
Because different crystalline polymorphs and sol-
vates differ in crystal packing, and/or molecular
conformation as well as in lattice energy and en-
tropy, there are usually significant differences in
their physical properties, such as density, hardness,
tabletability, refractive index, melting point, enthalpy
of fusion, vapor pressure, solubility, dissolution rate,
other thermodynamic and kinetic properties and even
color [12]. Differences in physical properties of
various solid forms have an important effect on the
processing of drug substances into drug products
{13}, while differences in solubility may have impli-
cations on the absorption of the active drug from its
dosage form [14), by affecting the dissolution rate
and possibly the mass transport of the molecules.
These concerns have led to an increased regulatory
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interest in understanding the solid-state properties
and behavior of drug substances. For approval of a
new drug, the drug substance guideline of the US
Food and Drug Administration (FDA) states that
“appropriate™ analytical procedures need to be used
to detect polymorphs, hydrates and amorphous forms
of the drug substance and also stresses the impor-
tance of controlling the crystal form of the drug
substance during the varipus stages of product
development [11]. It is very important to control the
crystal form of the drug during the various stages of
drug development, because any phase change due to
polymorph interconversions, desolvation of solvates,
formation of hydrates and change in the degree of
crystallinity can alter the bioavailability of the drug.
When going through a phase transition, a solid drug
may undergo a change in its thermodynamic prop-
erties, with consequent changes in its dissolution and
transport characteristics [15].

Various pharmaceutical processes during drug
development significantly influence the final crys-
talline form of the drug in the dosage form. The
various effects of pharmaceutical processing on drug
polymorphs, solvates and phase transitions have been
described in detail by Brittain and Fiese [16] and will
be discussed in later chapters. Briefly, processes such
as lyophilization and spray drying may lead to the
formation of the amorphous form of drug, which
tends to be less stable and more hygroscopic than the
crystalline product. Also, processing stresses, such as
drying, grinding, milling, wet granulation, oven
drying and compaction, are reported to accelerate the
phase transitions in pharmaceuticai solids. The de-
gree of polymorphic conversion will depend on the
relative stability of the phases in question, and on the
type and dcgree of mechanical processing applied.
Keeping these factors in mind, it is desirable and
usual to choose the most stable polymorphic form of
the drug in the beginning and to control 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 form during
processing or in the final dosage form often leads to
instability of drug release as a resull of phase
transformation [17].

Crystallization plays a critical role in controlling
the crystalline form and the distribution in size and
shape of the drug. The significance of crystallization

mechanisms and kinetics in directing crystallization
pathways of pharmaceutical solids and the factors
affecting the formation of crystals have been re-
viewed in detail by various researchers [12,18,19]. A
crystalline phase is created as a consequence of
molecular aggregation processes in solution that lead
to the formation of nuclei, which achieve a certain
size during the nucleation phase to enable growth -
into macroscopic crystals to take place during the
growth phase. The factors affecting the rate and

- mechanisms by which crystals are formed are:

solubility, supersaturation, rate at which supersatura-
tion and desupersaturation occur, diffusivity, tem-
perature, and the reactivity of surfaces lowards
nucleation. The various forces responsible for hold-
ing the organic crystalline solids together, such as
nonbonded interactions and hydrogen bonding, have
been discussed in detail by By et al. {2] and Etter
{203.

Various analytical methods are being currently
used to characterize the crystalline form of the drug
during the various steps of processing and develop-
ment. These methods have been reviewed recently in
detail by many authors [7,10,21-25]. The single
most valuable piece of information about the crys-
talline solid, including the existence of polymormphs
and solvates, is the molecular and crystalline struc-
ture, which is determined by single-crystal X-ray
diffractometry [2]. Powder X-ray diffractometry
provides a "fingerprint” of the solid phase and may
sometimes be used to determine crystal structure.
Once the existence of polymorphism (or solvate
formation) is definitely established by single-crystal
and powder X-ray diffractometry, spectral methods,
such as Fourier transform infrared absorption (FTIR)
spectroscopy, Fourier transform Raman scattering
(FT Raman) spectroscopy, solid-state nuclear mag-
netic resonance (SSNMR) spectroscopy, uitraviolet
and visible (UV-Vis) and/or fluorescence spectros-
copy [23] may be employed for further characteriza-
tion. Of special significance are thermal methods,
such as differential scanning calorimetry (DSC},
thermogravimetric analysis (TGA) and optical micro-
scopy using a hot stage [24]. These methods are
almost always employed for further characterization.
Modulated (temperature) differential  scanning
calortmetry (MDSC) in combination with DSC and
optical microscopy arc able to identify the glass
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transition of amorphous forms with much greater
clarity and allow unique insights into the glass
transitional and polymorphic behavior of drug sub-
stances [26].

Because solid-state NMR spectroscopy can be
used to study crystalline solids, as well as pharma-
ceutical dosage forms, this powerful method is
finding increasing application in deducing the nature
of polymorphic variations [27], such as variations in
hydrogen bonding network and molecular conforma-
tions among polymorphs {28,29) and for the de-
termination of molecular conformations and mobility
of dru§s in mixtures and dosage forms [2]. Solid-
state "C-NMR in conjunction with the techniques,
known as high power proton decoupling, cross
polarization (CP), and magic-angie spinning (MAS)
offers information not obtained readily by other
techniques., Recently, two-dimensional C-solid-
state NMR spectroscopy has been used to study the
three conformational polymorphs of 5-methyl-2-[(2-
nitrophenyl)amino]-3-thiophenecarbonitrile {30]. Use
of two-dimensional NMR and total suppression of
spinning side bands (TOSS) pulse sequences allowed
the separation of isotropic and anisotropic chemical
shifts for the three forms. This is a very powerful
method for analyzing differences in the chemical
environment and is finding increased application in
the study of conformational polymorphism.

With advances in analytical methods, the current
focus of research in the solid-state area is to under-
stand polymorphism and pseudopolymorphism at the
molecuiar level. Knowledge of the crystal packing
arrangements and the various intermolecular forces
involved in the different packing arrangements will
help in the prediction and preparation of the most
stable polymorphs of a given compound well in
advance, to avoid surprises during product develop-
ment. A current emphasis is on the development of
software 1o predict crystal structures of polymorphs
from molecular structures. A thorough understanding
of the physicochemical properties of polymorphs and
solvates (hydrates) is of primary importance to the
selection of a suitable crystalline form and develop-
ment of a successful pharmaceutical product. Bray et
al. [31] have shown that, by thorough charactcriza-
tion of four different crystalline forms of L-738,167,
a fibrinogen receptor antagonist by various analytical

techniques, it was possible to determine the suitabili-
ty of one or two forms for the devclopment of
pharmaceutical oral dosage forms.

The present review aims to emphasize the recent
advances made in the area of prediction and charac-
terization of polymorphs and solvates, attempts to
address the current challenges and problems faced by
pharmaceutical scientists and intends to anticipate
future development. This review does not attempt to
provide solutiong to the problems but attempis to
review comprehensively the advances made in recent
years 1o help address these problems.

2. Recent advances In the identification,
prediction and characterization of pelymorphs

2.1. Types of polymorphism

Based on differences in the thermodynamic prop-
erties, polymorphs are classified as either enantio-
tropes or monotropes, depending upon whether one
form can transform reversibly to another or not. In
an enantiotyopic system, a reversible transition be-
tween polymorphs is possible at a definite transition
temperature below the melting point. In a mono-
tropic system, no reversible transition is observed
berween the polymorphs below the melting point.
Four useful rules have been developed by Burger and
Ramburger {32,33) to determine qualitatively the
enantiotropic or monotropic natwre of the relation-
ship between polymorphs. These rules are the heat of
transition nule, heat of fusion rule, infrared rule and
density rule.

If, by use of the above rules, it is established that
the polymorphs of a particular drug are enantiotropic
or monotropic, then the next goal is to define the
thermodynamically stable {or metastable) domain of
cach crystalline phase of a substance as 2 function of
temperature. The plot of the Gibbs free cnergy
difference, AG, against the absolute temperature, T,
gives the most complete and quantitative information
on the stability relationship of polymorphs {22], with
the most stable polymorph having the lowest Gibbs
free encrgy. The AG between the polymorphs may
be obtained using scveral techniques operating at
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different temperatures, such as solubility [34] and
intrinsic dissolution rate. Yu {35] has derived thermo-
dynamic equations to calculate AG between two
polymorphs and its temperature slope from the
melting data, This method is essentially an extension
of the hedt of fusion rule, which is based on
statistical mechanics. Extrapolating AG to zero gives
an estimate of the transition temperature, from which
the cxistence of monotropy or enantiotropy is in-
ferred. The integration of different types of data
provides the AG vs. T curve over a wide temperature
range and allows the consistency between techniques
to be checked [22]. Another approach to establish the
order of stability among various polymorphs has
been studied using pressure versus temperature plots,
e.g., for sulfanilamide and piracetam [36]. This
approach is based upon Ostwald's principle of least
vapor pressure, according to which the stable poly-
morph exhibits the lowest vapor pressure. The
accuracy of this approach to establish the stability
hierarchy among the polymorphs has been shown to
be very much dependent on the accuracy of the
experimental data.

In recent years, the main focus of research has
been the characterization of polymorphs arising from
structural differences in the crystal lattice. It has
been established for some time that organic mole-
cules are capable of forming different crystal lattices
through two different mechanisms. One of the mech-
anisms is termed packing polymorphism, and repre-
sents instances where conformationally relatively
rigid molecules can be assembled into different
three-dimensional structures through the invocation
of different intermolecular mechanisms. The other
mechanism is termed conformational pelymorphism
and arises when a nonconformationally rigid mole-
cule can be folded into different arrangements, which
subsequently can be packed into alternative crystal
structures. The distinction between packing poly-
morphism and conformational polymorphism s
somewhat artificial because different packing ar-
rangements impose different conformations on the
molecules, however slight, and different conforma-
tions will inevitably pack differentty. The structural
aspects associated with polymorphs have been re-
viewed recently 2], as have the analogous featurcs
of solvate and hydrate systems [9]. In the next

section, the results of some more recent investiga-
tions are discussed.

2.2. Packing polymorphism

An investigation into the structures and charge
densities of two polymorphs of p-nitrophenol has
been performed with the aim of deducing the differ-
ent modes of inter-molecular hydrogen bonding that
lead to the formation of the two structures shown in
Fig. 1a and b [37). A detailed analysis of the charge
density of the two forms indicates charge migration
from the benzene ring region to the nitro and
hydroxyl groups that accompanies the transformation
of one form into the other. In addition, polarization
of the oxygen lone-pair electrons was, found to be
substantially larger in the crystal forms than in the
free molecule, resulting in considerably larger dipole
moments in the solid state.

During the study of a new crystal form (form I) of

Fig. 1. Molecular packing diagrams of the (a) B polymorph of
p-nitrgphenol, (b) a polymorph of p-niteophenol, showing 50%
probability displacement clliptoids ({37), reproduced with the
permission of the American Chemical Society).
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chlordiazepoxide, it was found that the heat of
transition between the two forms (forms | and I} is
rather modest, and kinetic factors permit the exist-
ence of the metastable phase [38]. Both structures
contain four crystallographically independent mole-
cules linked in dimers through hydrogen bonding,
but the dimers are packed differently to yield the two
crystal forms. Because the dimers in the fundamemal
units are spaced differently in the two forms, it was
proposed that the solid-state enantiotropic trans-
formation entailed rearrangement of the dimer units.

A different approach has been taken during an
evaluation of the different structures formed by
sulfathiazole [39]. Using a graph set approach to
classify the known structural differences and simi-
jaritics among the various forms, it became possible
to identify packing motifs common 10 three of the
four crystal structures. Fig. 2 shows the unit cells of
the polymorphs I, 1i, 111 and IV, where molecules are
paired as hydrogen-bonded dimers. At the end of the
process, the authors were able to deduce possible
links between the observed patterns of hydrogen
bonding, processes of nucleation, and the crystal
growth observed from a number of solvent systems.
Interestingly, the analysis did not indicate a relation-
ship between the appearance of a particular poly-
morph from solution and the growth of its fastest

{a) Form 1
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Fig. 2. Unit cells of four polymorphs {1, iI. 1l and IV) of
sulfathiazole showing hydrogen bonds, with the dimer structure
clearly discernibie ([39), reproduced with the permission of the
Royal Sociely of Chemistry).

growing surface. Rather, it appeared as if the differ-
ent solvents affected the process of polymorph

formation through their effects on nucleation of the
various forms.

2.3, Conformational polymorphism

The conformational polymorphism of the two
forms of piroxicam pivalate has been studied in
detai} {40). This compound is distinctive in that the
high-melting form (polymorph 1) contains an un-
anticipated array of associated molecules bound as
centrosymmetric dimers through hydrogen bonding,
with the amido nitrogen atom acting as the donor and
the pyridine nitrogen as the acceptor (Scheme i,
structure 1). The low-melting form (polymorph 2)
contains molecules of two distinct conformational
states coexisting in the same crystal (Fig. 3), but
linked through different hydrogen bonding arrange-
ments. This latter finding represents another unusual
aspect of the crystallography of the substance.

The inclusion of different solvent molecules in &
crystal lattice can lead to the existence of different
packing patterns, and has also been found to in-
fluence the molecular conformation of paroxetine
hydrochloride in two solvate forms [41]. One form

N
o e
~- T/H‘,NH_ N. AN

ol rn
{/‘N(CH:CWCO:'CH:)z

Scheme 1. Molecular structure of piroxicam pivalate (1) (40},
5-methyl-2-[2{nitrophenylJamino]-3-thiophenccarbonitrile (11}
[30], 2'-acetemido-4’'-[{N,N-bis( 2-methykarhonyleihyl)amino]-4-
nitraazobenzene (111} [48).
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Fig. 3. Conformations of the two independent molecules of
piroxicam pivalate (I} in polymorph 2. Thermal ellipsoids ere
drawn at the 40% probability level, and H etoms are shown as
spheres of arbitrary size ([40], reproduced with the permission of
the American Pharmaceutical Association).

was obtained as a hemihydrate, and the other as the
solvate of isopropanol (2-propancl). In the unit cell
of the hemihydrate, one finds two protonated parox-
etine and two chloride ions together with one water
molecule. Interestingly, the two paroxetine molecules
are conformationally nonequivalent, and exhibit a
number of different bond angles and torsion angles.
In the other form, the unit cell contains one proton-
ated paroxetine molecule, one chloride ion, and one
isopropanol molecule disordered along a molecular
channel, Furthermore, the conformation of the parox-
ctine molecule in the isopropano! solvate is different
from either molecular conformation observed in the

hemihydrate phase. Crystals of the isopropanol sol-
vate decomposes in the open air at room tempera-
ture, because the isopropanol molecules are released
easily through the channel. The hemihydrate is
relatively stable.

In an impregsive fundamental study, the poly-
morphism of S-methyl-2-[2-(nitrophenyl)amino]-3-
thiophenecarbonitrile (Scheme 1, structure II) has
been catalogued [42,43) and discussed in detai] [2].
This compound was crystallized as six solvent-free
polymorphs, each of which differed in the mode of
pecking and in molecular conformation. The differ-
ent conformers yielded sufficient perturbations on the
respective molecular orbital so that a variety of
crystal colors (red, orange, and yellow) were ob-
served. To obtain a more detailed evaluation of the
relative stability, the authors considered a partition-
ing of polymorphic energy differences into lattice
and conformational contributions, and were able to
deduce general trends that appeared valid in the
absence of hydrogen bonding. The act of crystalliza-
tion was found to feature an interplay of opposing
forces, with perpendicular molecular conformations
being favored in fluid solutions, while a preference
for plenar/high dipole conformers existed in most
crystal forms, as shown in Fig. 4 [42]. The unusual
polymorphism displayed by this system may result
from one or more of the following factors: the
preference for perpendicular conformations in solu-
tions, the preference for planar/high dipole confor-
mers in crystals, the formation of inter- and in-
tramolecular hydrogen bonds, and the thermody-
namic tendency towards low energy and high en-
tropy.

2.4. Phase transformations in the solid state

Studies of phase transformations in the solid state -
are important, because the sudden appearance or
disappearance of a crystalline form can threaten
process development, and can lead to serious phar-
maceutical consequences if the transformation occurs
in the dosage forms, Hence, an understanding of the
kinctics and mechanism of phase transformations is
of practical importance. The rearrangement of mole-
cules into a new structure during phase transforma-
tion may or may not involve a solvent or vapor
phase. To explain the mechanism of solid-solid
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al. [2] have reviewed briefly the aspect of poly-
morphic interconversions and the factors affecting
the transformations. In one smudy, the contribution of
hydrogen bonding to the a—f phase change of
resorcinol has been detailed [46). The o form is
more stable than the B form at room temperature, but
is less dense than the B form. The transition of
@B at an estimated transition temperature of
3371 K is accompanied by an increase in crystal
density, with the structure shifting from an open
array of molecules (linked through hydrogen bond-
ing) to a denser structure resembling molecular
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Fig. 4. Comparison of conformational energies and crystal cner-
gies of the various polymorphs of 5-methyi-2-{2-(nitro-
phenyl)amino]-3-thiophenecarbanitrile {11). Form R (red prisms,
mp. 106.2°C), form Y (yellow prisms, m.p. 109.8°C), form OP
{orange plates, mp. 112.7°C), form ON {orshge needies, m.p.
114.8°C), form YN (yellow needles, m.p. not measurable) {[42),
reproduced with the pertaission of the American Chemical Socie-
ty).

physical transition, four steps have been proposed:
{(a) molecular loosening in the initial phase; (b)
formation of an intermediate solid solution; {(c)
nucleation of the new solid phase and (d) growth of
the new phase [2]. In an interesting study,
Skwierczynski [44] has proposed a two-environment
model to describe the decomposition reaction kinet-
ics of a crystalline solid, aspartame. The decomposi-
tion reaction of aspartame is a simple unimolecular
thermally-induced aminolysis and the reaction
proceeds under anhydrous conditions, i.e., water is
not & reactant [45]. This model links the chemistry of
the solid-state reaction with the molecular mobility
of the reactant as the reaction proceeds. The advan-
tage of this mode! is that it can be used to determine
the shelf life of & product from kinetic data gathered
at elevated temperatures., Apant from solid-solid
physical transformations, solution-mediated physical
transformations among polymorphs are also known
to occur in processes, such as wet granulation and
during dissolution testing.

While the majarity of studies have probed the
equilibrium properties of polymorphic and solid-state
solvated systems, relatively few have been concerned
with the dynamics of phase transformation. Bym et

crystals. Through the use of a simple potential
model, it was concluded that, during the phase
transformetion, the energy of the hydregen bonds
decreases along with the extent of such bonding. The
energy liberated by this process is almost offset by
the enhanced Van der Waals energics associated with
the increase in crystal density, and consequently the
transition enthalpy is rather small. Accompanying
the shifis in hydrogen bonding is a number of
effective proton transfers, altering the covalent and
ionic portions of the crystal. It was also learned that
the increase in entropy produced from the redistribu-
tion of protons was of the same order of magnitude
as the entropy of the phase transition.

A number of spectroscopic techniques have been
used to study the processes associsted with a poly-
morphic  transition of 2-(24-dinitrobenzyl)-3-
methylpyridine [47). The two interconverting struc-
tures coexisted over a temperature range of at least
8-9°C. The phase change was associated with 2
molecular tautomerization that translated through the
collective changes of a large number of molecules,
yielding domains having dcfinite short-range order.
The slowly evolving spectroscopy that took place
above the transition temperature was interpreted as
the annealing of domains into a long-range ordered
system. The process of phase transformation ap-
peared to consist of an initizl fast redistribution of
the mole ratio of the coexisting phases, followed by
a much slower process involving 2 macroscopic
relaxation of the system. Although local thermo-
dynamic equilibdum was thought to exist in in-
dividual domains, the magnitude noted for the tem-
perature range of the phasc transition was proposed
to arise from nonequilibrium conditions existing
among the various types of domain.
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A combination of solid-state '*N-NMR spectros-
copy and X-ray crystallography was used to study
polymorphic transitions in an azobenzene dyestuff,
2'-acetamido-4’-{N.N-bis(2-methylcar-
benylethyl)amino]-4-nitroazobenzene (Scheme |,
strucrure 11I) [48]. This work established that the
structure of one polymorph was disordered, and that
the process of phase transformation entailed a crank-
shaft-type motion of the azo linkage. The ORTEP
plots of the two molecular conformations for the
X-ray structure determination of structure III at 293
K are shown in Fig. 5. Selective polarization inver-
sion and band shape-fitting experiments were used to
deduce the thermodynamic parameters of the ex-
change process.

Raman spectroscopy was used to study the effect
of pressure on the phase transitions in hexa-
methylbenzene and hexa(methyl-d,;)benzene [49].
The form I1—form I transition of the partially
deuterated substance was found to take place at a
lower pressure relative to that of the analogous
hexamethylbenzene compound, which was attributed
to differences in the energies of the intramolecular
methyl torsional vibration in the two crystal forms.
In another study performed by the same group, the
effects of both temperature and pressure on the phase
transitions of tetrafiuoro- 1,4-benzoquinone were con-
sidered [50]. In this system, the changes in en-

Fig. 5. ORTEP plats of the two molecular conformations (| and
2) for the X-ray structure determination of 2'-acetamnido-4'-[V,N-
bis{2-methoxycarbonylethylJamino]-4-nitroazobenzene (Stheme |
Structure) at 293 K, Therms! cllipsoids are shown al 30% for
clarity, with conformer 2 being represented by the solid Tines and
Conformer | by the dotied fines {{48). reproduced with the
permission of the American Chemical Sociely),

vironmental conditions were found to influence a
number of intermolecular and intramolecular vibra-
tional modes, yielding conformational changes that
in turn produced the observed phase transitions.

2.5. Prediction of polymorphs

The main challenge in managing the phenomenon
of multiple solid forms of a drug is the inability to
predict the number of forms that can be expected in a
given case. This prediction would involve quantifica-
tion of the myriad intermolecular forces within any
proposed crystal structure as well as the ability to
postutate the likely packing modes for a given
molecule in all its configurations [10]. Accurate
theoretical prediction of polymorphs from studies of
molecular dynamics and crystal structure generation
would be of outstanding importance in drug research
(36].

More research is now being directed towards
developing computational tools to understand the
nature of polymorphism and to predict polymorphic
forms at an early stage in the drug development
process, The recent developments in computational
chemistry allow the prediction of possible poly-
morphic forms based only on the molecular structure
of the drug. The Polymorph Predictor, from Molecu-
lar Simulations, is currently the only commercial
software package that can predict the possible poly-
morphs of an organic compound from its molecular
structure [51]. The package developed by Karfunkel
and co-workers [52—54] uses a Monte Carlo simu-
lated annecaling approach to generate thousands of
possible crystal packing slternatives for a given
molecule. Each of the unique crystal structures is
then subjected to a lattice energy minimization to
obtain the relative stability ranking of the various
packing possibilities and the resulting lowest-energy
structures are the potential polymorphs, This method
has been successfully employed to generate known
polymorphs of primidone (Fig. 6A and B) and
progesterone, starting from the molecular structures
alone [55]). It has also been used to predict poly-
morphs for a range of small molecules and to predict
unknown polymorphic structures of 4-amidinoin-
danone guenylhydrazone, a selective inhibitor of §-
adenosylmethionine decarboxylase [56], and of as-
pirin [57].
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Fig. 6. Comparison of the crystal structure of primidone A (A)
versus the most likely packing arrangement, frame 7 (B) ([55).
reproduced with the permission of Elscvicr Science),

The theoretical predictions of lattice energies,
entropies, morphologies and polymorphs should
stimulate experimental activities and vice versa. The
current crystal-modeling efforis have the potential of
preducing meore guantitative tools for bridging struc-
tures and properties, which could help in creating
solid forms with desired properties [22). There are
many limitations in using computational methods for
predicting polymorphs theoretically. The first limita-
tion is that the ab initio screening is useful only for
nonionic rigid molecules. For more complex sys-
tems, the method is very useful for generating
plausible crystal structures, but it is not accurate
enough to determine which of these possible struc-
tures can actually be crystallized [58). In addition,
the limitations in computer power can restrict the use
of this method for predicting polymorphs of complex
molecules. An issue of concern is that the existing
methods only predict the lattice energies, which
relate to internal encrgies or enthalpies of the
crystals. However, the relative thermodynamic
stability of polymorphs is determined by the Gibbs
free energy, which is a linear function of both
enthalpy and entropy. Predictions of the relative
stability of polymorphs will be more accurate when
the entropies, as well as lattice energies, are consid-
cred. Application of molecular dynamics may enable
the cntropies to be calculated. Hence, no general
method is currently available for the prediction or
interpretatioh of the properties of complicated poly-
morphic or pseudopolymorphic systems.

2.6. Directing the crystallization of specific
polymorphs

Complementing the different computational meth-
ods for predicting the stable polymorphs of a given
compound, various experiments] methods are also
being employed extensively to control the type of
polymorph formed during the crystallization process.
Many studies have reported the role of additives in
controlling the outcome of the crystallization pro-
cess, Some of the preselected additives arc capable
of inhibiting the nucleation and/or growth of the
unwanted polymorphs. For the first time, the role of
reaction by-products in controlling polymorph ap-
pearance of 3 drug has been reported [59]. This drug
is sulfathiazole that is known to exist as polymorphs,
forms 1, 1L, 11l and 1V, that differ in the hydrogen-
bond network. Form I was found to be different from
the other threc forms as a result of a different
hydrogen bonding at the aniline moiety of the
molecule. From studies of the hydrogen-bonding
pattern, it was predicted that the ethamido derivative
of sulfathiazole could selectively control the forma-
tion of form I over other forms by entering the
growing face of form 1 without disrupting the
structure (Fig. 7a). Because a similar effect was not
possible with the other forms, incorporation of the
cthamido derivative in the other forms should inhibit
their growth (Fig. 7b). Experimentally, it was shown
that the ethamido by-product stabilized form 1 over
the other polymorphs. This study clearly shows that
the combination of crystal morphology and the
hydrogen-bond network analysis of the different
polymorphs offer a new and powerful approach to
understanding and controlling polymorph appearance
and stability in the presence of additives. ,

A similar approach was also applied to stabilize a
metastable o conformational polymorph of -
glutamic acid using additives [60). Methods such as
DREIDING and TRIPOS force fields were used to
select appropriate additives which could mimic the o
and 3 conformations. Four additives were chosen for
this study of which two were present exclusively in
the B conformation and theoretically should selec-
tively inhibit the crystallization of the B phase and
thus stabilize the metastable a phase. Experimental-
ly, it was proven that the additives, by virtue of their
conformation, were able to selectively inhibit the
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Fig. 7. Possible binding intersction of ethamidosulfamide in the fasisar growing faces of (a) form | and (b) form IV of sulfathiazole' ([59],
reproduced with the permission of Elsevier Seience).

appearance of the stable § polymorph of L-glutamic synchrotron X-ray diffraction techniques were em-
acid by interfering with either the nucleation rates or ployed to characterize the unit cells of the two forms.
the growth rates and thus stabilize the metastable By coupling the highly resolved synchrotron powder
form. These studies demonstrate clearly that the X-ray diffraction dats shown in Fig, 8, with in-
molecular packing and intermolecular hydrogen
bonds are the main features, which make possible the
conformational discrimination. The use of conforma-
tional mimicry to stebilize the metastable structures
of conformational polymorphs now offers a powerful
tool for the prediction and development of robust
-processes for the control of polymorphic systems.

(a)

2.7. Characterization of polymorphs using a
combination of analytical technigues M T N N

The common techniques often fail 1o differentiate £ ®)
definitively between two structurally similar poly-
morphs. Hence more advanced techniques or a
combination of techniques need to be used to avoid
errors of interpretation and in the identification of
polymorphs {24]. Combinations of techniques are g [ R Y B
being employed currently for the characterization of Q.
crystatline pharmaceutical solids. For exemple, con- Fig. & A pertinl comparison of {a) & synchrorom patlem of
ventional single-crystal X-ray diffractometry and polymorph 1l of roxifitan, collected using a wavelength of

2] 1

polarized microscopy were of no use in distinguish- 100006 A with (b} a conventional X-ray diffraction pattem u’i_ﬂs

ing the two forms 1 and Ii of roxifiban, a very CuKa radistion in a region where there are many overlapping
" ; ’ . ) function of Q= 2u/d =4

promising cardiovascular drug, because of the reia- peaks. The pattems are plofted as a function of Q= 2ar/d = 4w

. . ) sin #/A to remove the cffects of different wavelengths ({611,
tively small crystallite sizes of the polymorphs. reproduced with the permission of the American Pharmaceutical
Hence, transmission clectron microscopy (TEM) and Assaciation). :
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formation obtained from TEM diffraction pattems,
the unit cell parameters of the two forms of roxifiban
were determined [61). Similarly, the three ‘modi-
fications, 1, 11 and 111, of the nonsteroidal antiinflam-
matory drug, tiaprofenic acid, could not be dis-
tinguished by the two traditional spectroscopic meth-
ods, FTIR and FT-Raman spectroscopy. The modi-
fications can only be distinguished by a combination
of thermoanalytical and powder X-ray diffractomet-
ric methods {62).

Another example, to which a combination of
techniques has been successfully applied to identify
the various conformational polymorphs of a drug, is
the cheracterization of the solid forms of neotame
[29]. Neotame, N-{3,3-dimethylbutyl)-c-aspartyl-L-
phenylalanine methyl ester, a new high-potency
sweetener exists in the following phase-pure crys-
talline forms: monchydrate, the most stable crys-
talline form of neotame under ambient conditions, a
methano} + water solvate [63], a methanol solvate
[64], an amorphous anhydrate [29] and & crystalline
anhydrate (form A; [65]). The authors conducted a
systematic study of the conversion of the monohy-
drate under vacuum to a mixture of anhydrate forms
followed by the reconversion of the anhydrate to the
monohydrate upon exposure to moisture under am-
bient conditions. No significant changes were ob-
served in the powder X-ray diffraction patterns
during part of the reconversion process, suggesting
thet no change in lattice structure had occurred.
However, the solid-state '’C-CP-MAS NMR spectra,
indicated the presence of several forms of neotame
during the reconversion {Fig. 9). This discrepancy in
the results between the two techniques was attributed
to the conformational change .of nectame molecules
during reconversion, without significant change in
unit cell parameters. This example indicates that both
solid-state ’C-CP-MAS NMR spectroscopy and
powder X-ray diffractometry are needed to analyze
mixtures of solid forms of conformationally flexible
molecules, such as neotame.

A combination of solid-state *C-NMR spectros-
copy and single crystal X-ray diffractometry also has
been used to examine the solid-state tautomerism of
acetohexamide [66,67]. Polymorphism of the anti-
diabetic drug acctohexamide has been investigated
by numerous techniques. On the basis of FTIR data,
form A of acetohexamide has been proposed to exist

.14

jU R

145 140 136 130 125 120
ppm

Fig. 9. Resonance signal of the phenyl carbon (C-15) attached to
the side chuin in the "C-CP-MAS NMR spectra of neotame
anhydrate: (8) sample generated by placing the original monchy-
drate under vacuum (~1 Tom) for 3 days; (b~c) sample afier
being scaled in a jar for 2, 4, 6 and B days, respectively: (D
sample after being exposed to a relative humidity environment of
84% for 12 days ([29), reproduced with the permission of the
Americen Chemical Society).

in the enol-tautomeric state, whereas form B has
been proposed to be in the keto-tautomeric state.
Using NMR and crystal structure data it was firmly
cstablished that both these aceiohexamide polymor-
phic forms are present in the keto-form. Hence the
combination of solid-state NMR spectroscopy and
X-ray crystailography provided strong evidence that
both forms of acctohexamide exist in the keto-
tautomeric state and are truly polymormphic.
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3. Recent advances in the Identification and
characterization of hydrgtes and solvates

3.1. Introduction to solvates and hydrates

It has been estimated that approximatcly one-third
of the pharmaceutically active substances are capable
of forming crystalline hydrates {68). The water
molecule, because of its small size, can easily fill
structural voids and because of its multidirectional
hydrogen bonding capability, is also ideal for linking
a majority of drug molecules into stable crystal
structures (2]. The mere presence of water in a
system is not a sufficient reason to expect hydrate
formation, because some compounds, though they
are soluble in water, do not form hydrates, It is the
activity of water in the medium that determines
whether a given hydrate structure witl form. Solvates
may be formed when a pure organic solvent or a
mixture of solvents is used as the solvent for
crystallizing the compound. Guillory [69] has dis-
cussed the various methods of preparation of hy-
drates and solvates in detail. Because solvates be-
have similarly to hydrates, common analytical tech-
niques can be used for characterization of solvates
and hydrates,

3.2, Structural aspects

Crystalline hydrates, based on their structure may
be classified into three categories. The first category
(class 1) are the isolated site hydrates, where the
water molecules are isolated from direct contact with
other water molecules by intervening drug mole-
cules, e.g., cephradine dihydrate, The second cate-
gory (class 2) are channel hydrates where the water
molecules included in the lattice lie next to other
water molecules of adjoining unit cells along an axis
of the lattice, forming channels through the crystal,
¢.g.. ampicillin trihydrate. The channel hydrates can
be subclassified into two subcategories, One category
comprises the expanded-channel or nonstoichiomet-
ric hydrates, which may take up additional moisture
in the channels when cxposed 10 high humidity and
for which the crystal lattice may expand or contract
as the hydration or dehydration proceeds effecting
changes in the dimensions of unit cells, e.g
cromolyn sodium. The other subcategory compriscs

the planar hydrates, which are channel hydrates in
which water is locafized in a two-dimensional order,
or plane, e.g., sodium ibuprofen. The third category
(class 3) of crystailine hydrates are the ion-associated
hydrates, in which the metal ions are coordinated
with water, e.g., calteridol calcium (8§,9].

In this section, some examples of nonstoichiomet-
ric hydrates and their characterization will be dis-
cussed in detail because these forms pose a special
challenge in dosage form development due to unpre-
dictability of water content in the crystals. Following
the work of Cox et al. [70] the unusual water uptake
and formation of nonstoichiometric hydrates of
cromolyn sodium was reinvestigated using single
crystal X-ray diffractometry, PXRD, a5 well as by
molecular modeling [71]. Cromeolyn sodium, an
antiasthmatic drug, exists as two liquid crystalline
phases and a crystaliine hydrate phase that sorbs and
liberates water continuously and reversibly to give a
continuous range of nonstoichiometric hydrates [70].

‘The changes in the PXRD patterns of the crystalline

hydrate phase of cromolyn sodium in response to the
surrounding relative humidity (RH) were explained
in the light of the molecular and crystal structure of
cromolyn sodium. Single crystal X-ray diffrac-
tometry indicated the space group for cromelyn
sodium as P1, a chiral space group, even though the
molecule itself is achiral, The crystal structure of
cromelyn sodium with five or six water molecules
per cromolyn sodium molecule, soived at room
temperature by Hamodrakas et al. [72), revealed the
positions of only one sodium ion and two water
molecules and showed that the second sodium ion
and the other water molecules are disordered. Re-
cently, the single crystal structure of cromolyn
sodium at 76% RH, with 6.44 molecules of water
was solved at 173 K by Chen et al. [71]. This work
showed that the second undetermined sodium ion is
disordered over three sites and that four of the eight
water positions are partiaily occupied. Comparison
of the crystal structures determined by Hamodrakas
et al. (72] and Chen et al. {71] indicated that the
cromolyn anion is flexible. In particular, the bond
and torsional angles of the 2-hydroxypropane linking
the two cyclic moieties, changed to accommodate
lattice expansion or contraction resulting from water
sorption and desorption by the crystals. As water is
taken up, the relative occupancies of the sites of the
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second sodium ion and that of water molecules
change. As a result, the triclinic struciure with o >
90° approaches the monoclinic form with a = 90°.
To summarize, the presence of large water channels,
the flexibility of the 2-hydroxypropane link, the
disorder of the second sodium ien (Fig. 10) and the
disorder of the surrounding water molecules in the
crystal lattice explain the reversible and nonstoich-
iometric water sorption and desorption by cromolyn
sodium. This study emphasizes the importance of the
detailed single crystal structure in explaining many
unusual physico—chemical properties of drug hy-
drates.

The muscarinic agonist, LY297802 tartarate {i.e.,
{ + )»-3-[3-(butylthio)-1,2,5-thiadiazol-4-y!]-1-
azabicyclo[2.2.2]octane monohydrogentartrate}, was
also found to exhibit an unusual tendency to form
nenstoichiometric hydrates of variable, but specific
composition, ranging from 0 to 0.5 mol of water
[73]. Solid-state ‘*C-NMR spectroscopy, in conjunc-
tion with moisture sorption analysis and X-ray
crystallography was used to provide unique insights
into nonstoichiometric moisture sorption behavior,
The PXRD patterns of the drug exposed to different
RH values (0 to 75%), indicated neither a peak shift
nor the presence of any new peaks, suggesting that
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the anhydrous and the hydrated forms of the drug are
isomorphic. Fig. 11 shows the significant changes in
the SSNMR peaks on exposure to different relative
humnidities and temperature, indicating that water
incorporated into the crystal lattice changes the local
chemical environment and causes the observed NMR
changes. The incorporation of water into the crystal
lattice of the drug was also confirmed by X-ray
crystallography. The considerable hygroscopicity of
the drug was rationalized in terms of the similar
crystal structures of the hydrated and nonhydrated
forms, and hence no significant structural modi-
fications are needed for the reabsorption of water
into the solids. The rates of dehydration and rehydra-
tion are largely determined by the size of the water
channels and the strength of the hydrogen-bonding
interactions that bind the water molecules in the
channels.

Another interesting study with different solvated
forms of L-lysine monohydrochloride (LH) was
conducted by Bandyopadhyay et al. [74). LH was
found to form: 2 pure methanol solvate at water
activity, a,, < 0.34, with methanol activity, a,, > 0.7;
a dihydrate at 4, > ~0.65 with a, <045; and
mixed solvates at intermediate values of a,, and a,.
It was found that the dihydrate and the mono-
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Fig. 10. In hydrated cromolyn sodium, coordination environment of: (a) the first (ordered) sodium ion, Na(1), shown in two ncighboring
unit cells (A and B); and the second (disordered) sodium ion at the three partially occupicd sites, {b) Na(2), (¢} Na{3}, and {d) Na(4). The
striped circles represent the sodium sites, The open circles represent the oxyger dloms coordinated to Na(1). The dotted (pray) circles
represent the oxygen atoms coordinoted to No(2), Nof3). or Na(d) ([71), reproduced with the permission of the American Pharmaceutical

Association).
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Fig. I1. Solid-state C-NMR spectra of LY297802 tertrate {{ + )-
3-{3-(butylthio)-1,2,5-thiadiazol-4-y1)-1-azabicyclof2.2.2)Joctanc
monchydrogentartrate} after storage at 0% humidity end before
and efter drying at elevated temperatures {[73], reproduced with
the permission of the American Pharmaceutical Association).

methanol solvated forms of LH possessed similar
crystal structures, similar PXRD patterns, but dif-
fered in the crystal habit. The crystal structures of
LH hydrate and methanol solvate indicate that one
molecule of methanol in the methano!l solvate oc-
cupies approximately the same volume as the two
water molecules in the dihydrate. During dehydration
in the presence of methanol in the crystallization
medium, the loss of one or more water molecules
from the crystal lattice was compensated by the
gradual uptake of methanol into the crystal structure
to satisfy the hydrogen bonding pattern within the
lattice with minor rearrangements, giving rise to
mixed solvates, The similarities of the crystal lattices
of the dihydrate and monomethano! solvate cxplain
the similarity of the PXRD patterns.

3.3. Phase transformation of hydrates and solvates

Phase changes due to hydration/dehydration and
solvation/desolvation of pharmaceutical compounds
during processing or in the final product may result
in an unstable system that would effect the bicavail-
ability of drug from solid dosage forms. Various
types of phase changes are possible in solid-state
hydrated or solvated systems in response to changes
in environmental conditions, such as relative humidi-
ty, lemperature and pressure. For example, some
hydrated compounds may convert to an amorphous
phase upon dehydration and some may convert from
a lower to a higher state of hydration yielding forms
with lower solubility. Altematively, a kinetically
favored but thermodynamically unstable form. may
be converted during pharmaceutical processing to a
more stable and less soluble form [8). The phase
transitions in hydretes and solvates can occur at
various stages of dosage form development. Morris
{9] has discussed the behavior of hydrates during
processing, handling and storage of formulations in
detail.

The phase transformations associated with expo-
sure to water, such as during solubility measure-
ments, wet granulation processes, dissolution studies
and accelerated stability tests are likely to occur via
solution mediation, Solution mediated phase trans-
formations depend upon the solution phase to pro-
vide the mobility necessary to rearrange in the most
stable form and hence are much faster than solid-
state transformations. The rate of a solution-mediated
transformation is proportional to the solubility of the
species involved. Temperature, pressure and relative
humidity may increase the rate of phase transforma-
tion of hydrates by inducing mobility in the system.

Solution-mediated phase transformations have
been reported for many hydmte systems, such as
theophylline crystals [17], eprosartan mesylate [75]
and nedocromil sodium [76]. Ghosh and Grant [77]
have addressed a common problem associated with
the characterization of solvates which centers around
the determination of solubilities of solvates and of
nonsolvates that undergo phase transformation in the
presence of an interacting solvent, such as solvation
of nonsolvates in the solvent of crystalization or the
desolvation of solvates in water. A thermodynamic
cycle analogous to Hess's law but based on free
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cnergies has been developed to predict the theoratical
solubilities of 1,2-dialkyl-3-hydroxy-4-pyridones,
which form 1:1 formic acid solvates in the presence
of formic acid, and of the 1:! formic acid solvates
which produce the comesponding unsolvated com-
pounds in the presence of water. A good correlation
was obtained between the solubility values measured
by the standard extrapolation method and that calcu-
lated by means of the thermodynamic cycle.

Apart from identifying and characterizing the
phases during various stages of drug development, it
is very important to gain an understanding of the
dehydration/hydration mechanisms and kinetics.
Many models have been developed to account for the
dehydration kinetics of the crystalline hydrates [78].
Nucleation is the most significant phenomenon in
determining the transformation kinetics, that is, the
rate of formation of a new phase {8]. The dehydra-
tion kinetics to some extent will also depend upon
the ciass of the hydrate system to which the drug
belongs, particle size and morphology. The practical
applications of understanding the dehydration kinet-
ics, as indicated by Momis [9], are mainly the
determination of the conditions for allowsable expo-
sure of bulk drug substances during development and
processing, proper packaging, allowabie temperature
ranges for shipping, storage, and labeling of the final
product, and the initial selection of a form- for
devclopment.

3.4. Prediction of the formation of hydrates and
solvates

Predicting the formation of solvaies or hydrates of
a commpound and the number of molecules of water
or solvent incorporated into the crystal laftice of a
compound is complex and difficult. Each solid
compound responds uniquely to the possible forma-
tion of solvates or hydrates and hence generalizations
cannot be made for a series of related compounds.
Centain molecular shapes and features favor the
formation of crystals without solvent; these com-
pounds tend to be stabilized by efficient packing of
molecules in the crystal lattice, whereas other crystal
forms are more stabie in the presence of water
and/or solvents, There may be too many possibilities
so that no computer programs are currently available

for predicting the crystal structures of hydrates and
solvates.

3.5, Characterization of hydrates and soivates

The common methods for the characterization of
hydrates and solvates are polarized light microscopy
and hot stage microscopy, DSC, TGA, Karl Fischer
titrimetry, single-crystal X-ray diffractometry, pow-
der X-ray diffractometry, and infrared spectroscopy.
These methods have been reviewed in detail [21] and
will also be discussed in detail in later chapters.

Pressure DSC is gaining increasing popularity in
the study of solvates and hydrates where dehydration
reactions occur above or near the boiling point of
water. Lsing conventional DSC, it is very difficult 1o
measure the heats of dehydration and heat of vapor-
ization scparately, but if one conducts DSC experi-
ments at elevated pressures, the two processes may
be completely separated. The advantage of using
pressure DSC is that the pressure can be precisely
controlled and the solids can be subjected to a
controlled temperature program while under substan-
tially elevated temperatures, The influence of ele-
vated pressures on the solid-state behavior of car-
bamazepine dihydrate was studied by Han and
Suryanarayanan {79]. In Fig. 12 it is shown that
pressure DSC can separate the dehydration and
vaporization endotherms of carbamazepine dihydrate
during its conversion to the anhydrate form. Also the
technique permitted the water liberated on dehydra-
tion to remain in intimate contact with the anhydrous
phase formed which could significantly influence its
solid-state properties.

The combined physical analytical techniques of
thermogravimetry and infrared spectroscopy {TG/
IR} can permit identification of the solvent incorpo-
rated into the crystal lattice. This combined tech-
nique has been used to study formulated products,
such as capsules and tablets [80].

4. Current challenges and future directions

4.1. Origins of the challenges

A series of flow charts and decision trees have
been presented and discussed [11,22] that can be
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Fig. 12, Differential scenming calorimetry (DSC) curves of car-
bamazepine dihydrate at different pressures: (8) at etmospheric
pressure in & conventional DSC cell, {b) st atmospheric pressure
in a pressure DSC (PDSC) celi, (c) 100 pas.i., {d) 200 pa.i., ()
300 ps.i., (D) 400 p.s.i., and (g) 600 psi. (! psi =069 kPa)
{[79). reproduced with the permission of Elsevier Science).

used by investigators to characterize the polymorphs
and selvates of compounds under development or for
regisiration with regulatory authorities. Due to the
complex and noncomventional behavior of varicus
organic drug molecules, there are many opportunities
for research and development in the area of charac-
terization of polymorphs and solvates, Some of the
problems which are commonly encountered during
characterization of crystalline solids and which necd
1o be addressed are: disorder in the crystal lattice due
to pharmaceutical processing leading to conversion
of a crystalline phase to an amorphous material or
phase conversion from one form to the other;
quantitating the amount of single polymorph in a
mixture of polymorphs; identifying the solid form of
the active ingredient in the formulated product,
particularly when the drug is a minor component in
the presence of numerous other materials (excipi-

ents); and the issues of disappearing polymorphs and
the appearance of new polymorphs. In the following
sections we will address some of these issues and
some of the studies that have addressed these
problems.

4.2. Phase transformations during processing

The effects of pharmaceutical processing on the
crystalline state of drug polymorphs and solvates
have been discussed recently by Brittain and Fiese
{16]. Exposure to changes in temperature, pressure,
relative humidity and comminution are encountered
during processes such as drying, granulation, milling
and compression. The stresses applied to crystals
during pharmaceutical processing can cause defects
in their crystal lattices, and contribute to lattice
disorder, thus affecting the physical properties of the
resulting powder [81). This problem has been dis-
cussed in detail by Bym ct al. [10). Ansing from
different degrees of crystalline disorder, the difficulty
in reproducing materials with the same properties is
a major concern in the pharmaceutical industry.

Milling, the last processing step in the production
of bulk drug substance to reduce particle size, is
often eccompanied by a decrease in crystallinity due
to the creation of lattice defects, beginning at the
surface. The defects created by mechenical activation
of the solid on the surface can migrate, transform,
and change their number and nature. If the defects in
the mechanically activated crystal heal to produce a
crystal lattice different from the nitia! lattice, then a
polymorphic transformation has taken place. Milling-
induced polymorphic changes have been observed
for many small drug molecules, such as fostedil,
chloramphenicol  palmitate, indomethacin and
phenylbutazone {16]. Polymorphic transformation of
the dipeptide sweetener, aspartame hemihydrate, can
occur during milting [82]. Polymorph 11 of aspartame
hemihydrate was found to transform to form 1 during
ball-milling or on heating for 30 min at 160°C in the
presence of steam as shown in the X-ray diffraction
pattern (Fig. 13). The susceptibility of form Il of
aspartame hemihydrate to transform to form | has
been attributed to the less symmetric crystal structure
of form II compared to that of form I as studied by
spectroscopic methods,

Some authors, such as Hinenrauch [81] have
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Fig. 13, Powder X-ray diffraction paitems of aspartame
hemibydrate: (a) theoretical powder pattern calculated from the
crystal structure of agpartame hemihydrate (fomn I) dstermined by
Hatada et al., {1985) [99), (b) experimental powder patiem of the
ball-milled aspartame hemihydrate (form 1), (c) experimental
powder pattern of aspartame hemihydrate that had been heated for
10 min a1 160°C in the presence of steam (form 1), (d) experimen-
12l powder pattern of aspartame hemihydrate after compression at
250 MPa for | min (form 11}, and () aspartame hemibydrate as
received (form 1§) ({82], reproduced with the permission of the
American Pharmaceutical Association).

suggested that the trauma to crystals during grinding
may lead 10 a decrease in crystallinity, which should
improve the compression capacity and dissolution
rmic of the drug molecules. This hypothesis was
tested by studying the morphology, crystalline state,
compression capacity and dissolution properties of
native and ground crystals of aspirin and lactose
monohydrate [83]. No significant increase in com-
pression capacity was observed when native and
ground crystals were compared. Only a slight in-
crease in the dissolution rate was observed for
ground aspirin crystals which was eaftributed to
surface defects due to grinding resulting in improved
crystal wetting,

The effect of roller compaction on lattice defects
and phase change has been examined for aspirin
[84]. The water vapor sorption isotherm obtained for
aspirin on rolier compaction indicated much more

water uptake than had been reported previously for
other crystalline samples of aspirin under similar
conditions. Various possibilities were suggested for
the unusual water uptake of aspirin on roller compac-
tion, such as formation of a polymorphic form of
aspitin with a much greater affinity for water,
formation of a crystalline hydrate in the aspirin
sample, or significant reduction in particle size of the
aspirin particles thereby providing an increased
specific surface areg for water vapor adsorption. It is
also possible that roller compaction disrupted the
crystalline order of some part of the aspirin crystals
forming amorphous regions, which then take up
relatively large quantities of water into their bulk
structure. This example clearly indicates that pro-
cesses, such as roller compaction, can introduce
considerable disorder in the surface of crystals
leading to a merked increase in the tendency to sorb
water vapor,

Thermal activation, like mechanical activation
during processing, also results in a high-energy state
of crystals that may reorganize into a different lattice
arrengement resulting in a phase change. The ther-
mal stability of drug substances is important, because
formulations are often dried at elevated temperatures
after wet grenulations so that the tablets may contain
small regions of high temperature (bot spots) during
compression. Various examples have shown that a
change of temperature may influence the stability of
drug molecules [16]. The effect of low temperstures,
such as during freeze-drying, on the crystalline form
of the drug has also been studied. The formation of a
new mannitol hydrate during freeze—drying has been
reported [85]. The formation of a crystalline hydrate
by an excipicnt during freeze-drying may have
several practical consequences, such that the difficul-
ty of removing bound water from the crystal lattice
can significantly limit the drying rate, while the
residugl water that is not retnoved by freeze—drying
may be a potential threat to product stability if it is
released during storage. The mannitol hydrate
formed during freeze—drying survived the typical
drying cycle and converted to the anhydrous poly-
morph of mannitol upon heating.

Spray drying has also been shown to lead 1o loss
of crystallinity in materials, by a combination of
processes involving rapid solidification of dissolved
material and solid-state transitions due to milling
cffects in the atomiser. Spray drying leads to conver-
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sion of a crystalline phase to an amorphous state and,
because the amorphous state is metastable with
respect to the crystailine form, phase transformations
are likely to occur within the shelf life of the
pharmaceutical product, resulting in loss of quality
and potency in the product [86].

In view of the significant effects that the state of
disorder in crystalline solids caused by pharmaceu-
tical processing can have on the properties of
pharmaceutical solids, it is important to be able to
assess the extent of disorder in a solid quantitatively
down to very low levels. Various methods have been
used to measure the percent disorder, such as using
predetermined mixtures, measurements of X-ray
powder diffraction, density and heats of crystailiza-
tion which revealed limits of detectability down to
about 10%. Using water vapor sorption measure-
ments under very carefully controlled conditions, it
was possible to detect disorder as low as 1% in
milled samples of sucrose [87]. A comparison of the
four methods mentioned above for estimating the
percent disorder of milled samples of sucrose gave
very consistent results, once the underlying factors
that make these techniques sensitive to the con-
centration of amorphous content were recopmized
and taken into account.

4.3. Degree of crystallinity

The previous section has emphasized that many
pharmaceutical processes lead to & decrease in
crystallinity of drug phases. Various studies have
concluded that the formation of amorphous material
during processing is highly undesirable. The amor-
phous material, being in a thermodynamically meta-
steble state, is susceptible to reconversion to the
crystalline state, affecting many physico—chemical
characteristics of the drug. A later chapter provides
detailed coverage of amorphous materials. An esti-
mation of the degree of crystallinity of 2 sample
before and after processing poses one of the larger
challenges facing the pharmaceutical field. Powder
X-ray diffractometry is still the commonly used
method for determining the degree of crystallinity,
though this method suffers from some limitations
due to peak broadening, amorphous halo, and pre-
ferred orientation which make interpretation and
quantitation difficult. DSC may not be a sensitive
method for measuring crystallinity due to crystalliza-

tion of the amorphous content at elevated tempera-
tures and the effects of differences in heat capacity,
Solution calorimetry has been proposed as an accur-
ate method for analysis of percent crystallinity
[11,88,89]. A decrease in the endothermic enthalpy
of solution indicates a decrease in the crystallinity of
the sample. However, differences in surface area
produced by grinding or by other processing tech-
niques can also result in changes in the heat of
wetting of & sample. Judicious choice of solvent can
be emplioyed to reduce such surface effects, which
themselves contribute to the observed crystallinity of
the sample.

Near infrared (NIR) spectroscopy is another tech-
nique being used to measure the degree of crys-
tallinity, end has also proved useful in studies of the
polymorphism and water content of sugars. The NIR
spectrum of a sample contzins both physical and
chemical information. Being noninvasive, nondes-
tructive and operable at room temperature, the
method is a valuable tool with which to assess
changes in the amorphous and crystalline state of
lactose [90]. NIR has been used to follow the
changes in the emorphous state, the onset of crys-
tallization, and the changes between «- and [-lac-
tose, which accompany the onset of crystzliization.
In another study, the nucleation and crystallization
kinetics of amorphous lactose was investigated by
gravimetry in an automated vacuum moisture bal-
ance. The combination of isothermal and nonisother-
mal activation energies allowed the investigation of
both crystal growth and nucleation mechanisms and
led to the separation of activation energies for
nucleation and growth [91].

4.4, Characlerization of mixtures of polymorphs

Another common problem encountered during
drug development is quantitative control of the
proportion of polymorphic forms present in a mix-
ture.” According to the US FDA regulations, the
method of analysis for the proportion of forms must
be validated, and also the proportion of forms must
remain within stated limits through the retest date of
the drug substance and potentially throughout the
shelf life of the product. This is a very onerous
requirement, especially if the forms have a tendency
to interconvert. Bym et al. [11] suggested that the
best way to deal with this problem is probably by
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developing methods to prepare only one crystal form
and maintaining this form throughout processing.
Powder X-ray diffractometry is often a useful meth-
od to determine the percentages of polymorphs in a
mixture. However, the detection limit is variable
from case to case, and is sometimes as high as 15%.
It is therefore important to develop sensitive ana-
lytical methods with a lower limit of detection.

Attenuated total reflectance {(ATR) FTIR spec-
troscopy has been shown to be valuable for the
quantitative analysis of the polymorphic content of
bulk pharmaceutical materials. The feasibility of
using ATR-FTIR for the qualitative and quantitative
analysis of mixtures of pharmaceutical polymorphs
has been studied using three known polymorphs of
ganciclovir as 2 model compound [92]. Definitive
identification and quantitation of all three poly-
morphs could be achieved using ATR-FTIR spec-
troscopy in comjunction with partial least-squares
modeling. This technique has many advantages, such
as speed, nondestructiveness, relative ease of use,
and most important, ho sample pretreatiment before
megasurement,

Raman spectroscopy is another technique that is
being widely used to quantitatively estimate the
percentage of one polymorph in a mixture of poly-
morphs. FT-Raman spectrometry offers many advan-
tages, the most prominent being, minimal sample
preparation, sensitivity to polymorphism, and nonin-
terference  from water. Two polymorphs of
fluconazole were characterized using FT-Raman
spectroscopy and principal components regression
using cross validation provided quantitative analysis
of the percentage of one polymorphic form in the
mixture of other forms [93]. A novel sample holder
was developed whereby the sample is held in an
NMR tube which is rotated around its axis and at the
seme time moved up and down. This method of
sample presentation leads to a large increase in the
volume studied and is important for inhomogeneous
samples for which sub-sampling is a problem. Pos-
sible degradation of the sample through heating by
the laser can also be avoided [94].

X-Ray powder diffractometry is still the common
method for the quantitative estimation of polymorphs
in a mixture of polymorphs. This method requires
that at least one high-intensity peak unique to each
form is available for intensity measurements and that

the plot of the peak intensity ratio as a function of
the weight ratio of the components should result in a
straight line. Modem computer controlled X-ray
powder diffractometers now permit quantitative anal-
ysis of multicomponent mixtures using the complete
powder diffraction profile rather than a Jimited
amount of low-angle integrated intensity data. Artifi-
cial neural networks (ANNs) in quantitative X-ray
powder diffractometry were used successfully to
identify and quantify the two known modifications of
ranitidine hydrochloride even when the weight frac-
tion of one polymorph in the mixture was as low as
0.01 [95]. ANNs have been used mostly in problems
of pattern recognition and modeling, and is therefore
useful in deciphering the pattern in diffraction data
from polymorphic mixtures. The ANNs model pre-
dicted concentration precisely, accurately, and with
minimal bias through a wide range of ratios of the
twe known ranitidine hydrochloride polymorphic
forms in a mixture (Fig. 14). This method minimizes
the problems associated with preferred orientation
and overlapping X-ray lines. The same group of
researchers has shown the potential of ANNs in
combination with DRIFT spectroscopy to analyze the
polymorphi¢ purity of crystalline ranitidine hydro-
chloride as a bulk drug and as an active ingredient of
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Fig. 14. Predicted concentrations of the two polymorphic forms
{form | and 2} of ranitidine hydrochloride by the response surface
methodology (RSM), 2 suatistical modeling method, and by the
anificial neural networks {(ANNs) method, plotted against mea-
sured percentage of form 2 ([95), reproduced with the permission
of Elsevier Science).
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a tablet formulation. Simultaneous identification and
quantification of all the ingredients in the tablet
~ formulation was possible. This study bas shown that
the complex problem of quantifying a drug in
mixtures contzining two or more components with
overlapping spectra can be solved by the DRIFT-
ANNSs technique [96].

Another technique, which is gaining popularity in
the quantitative analysis of mixtures of polymorphs,
is solid-state '*C-CP-MAS NMR spectroscopy. This
method was preferred for quantitative analysis of
polymorphic mixtures of the herbicide, pen-
dimethalin, which exists as two polymorphs with
different colors and crystal habits [27). *C-NMR
provided the most sensitive and definitive evidence
of the transition from the yellow to the orange form.
This method ecnabled as little as 2% of orange
pendimethalin to be determined in a sampie consist-
ing mostly of the yellow polymorph. It is the teast
invasive of the instrumental methods and can be used
to detect the ratio of the two polymorphs in solid
formulations.

A related challenge faced by the pharmaceutical
industry is the determination of the polymorphic
nature of the drug in the presence of excipients in &
dosage form especially when the active drug is
present as & low percentage of the overall formula-
tion [97]. This problem can be addressed by develop-
ing sensitive techniques with lower limits of de-
tection or by using a combination of techniques.

5. Conclusions

In order to save time and cost it is very important
to choose the most suitable form of the crystalline
drug in the initial stages of drug development. In
recent years a good deal of research has been
directed towards achieving this goal. Systematic
isolation and early characterization of the largest
number of possible forms of a drug reduces the
chances of surprises at the late production stage due
to identification of a new crystalline form or phase
change. With the development of more sophisticated
computational tools, the main focus of many inves-
tigators is to be able to predict all the possible forms
of a drug from its molecular structure. Understanding
the origins of the multiple solid forms of a drug

molecule, either due to differences in packing er-
rangement or conformation of the molecules, be-
comes the first step in prediction. Single crystal
X-ray diffractometry and solid-state NMR spectros-
copy are two techniques that are gaining increased
application in determining the various crystal struc-
tures and the origins of polymorphism and pseudo-
polymorphism of a particular drug. When crystal
structures can be calculated with certainty, it will be
possible to predict the various polymorphs of a
compound end this information could be used to
guide experimental studies. This goal may be dif-
ficult to achieve owing to the complex molecular
structures of new organic molecules and the presence
of several molecules in each asymmetric unit, but the
future development of improved force fields and
increased computational speeds, may make it achiey-
able.

Improved experimental methods leading to more
accurate and detailed phase diagrams are also finding
increased use in determining the stability of various
polymorphs. It is important to make every effort to
prepare and to identify the most stable polymorph in
order to guide the selection of the optimal form for
development. The emergence of sensitive methods
and the use of combination techniques, facilitate the
identification and the more accurate characterization
of the various polymorphs of a drug malecule. One
of the main analytical challenges faced by the
pharmaceutical analyst is the development of better
quantitative methods for identifying a single poly-
morph in a mixture of polymorphs and for determin-
ing the percentages of amorphous or crystalline
content of the drug. More and more sensitive meth-
ods are being developed to address this probiem,

An increased understanding of the phenomenon of
polymorphism should enable pharmaceutical scien-
tists to gain control over the crystallization process in
order to selectively obtain the desired polymorph or
suppress the growth of en undesired one. Phase
changes during processing and scale-up are a prob-
lem, which may be avoided by carefully designed
initial small-scale studies. The availability of detailed
structural data, combined with strategic design of
substrates and additives, has led to significant ad-
vances in the contrel over the polymorphs obtained
in a particular crystallization [98). With all the
information available from these initial studies, it
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should be possible to design and to select processing
conditions which would give a desired polymorph
and maintain the desired form throughout the various
stages of drug processing and manufacture.
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the crystal free to grow at the opposite pole. Since it is bound at the
slow growing NHy* end of the polar axis, it does not interfere with the
fast growing CO,~ end.

J. Grinding

Polymorphic transformations have been observed to occur on grinding
of ccrtain materials, such as sulfathiazole, barbital, phenylbutazone,
cephalexin, chlommphenicol palmitate, indomethacin, and chlomprop-
amide. Bym [46] has stated that polymorphic transformations in the
solid state require the three steps of (a) molecular loosening (nucleation
by separation from the latiice), (b) solid solution formation, and (c)
separation of the product (crystallization of the new phase). Depending
ondnmate:ialundthcoondiﬁonsemployed.gﬁndingmnmlﬂtin
conversion to an amorphous substance, With the exercise of care, dif-
ferent polymorphic forms can be obtained. Otsuka ¢t al. [57] showed
thatmhstnbiemesBandCofchloramphenieolpalmimwue
transformed into stable Form A upon grinding at room temperature.
Indomethacin was transformed into & noncrystalline solid during grind-
ing at 4°C, and into metastable Form A by grinding at 30°C. Caffeine
Form Il is converted into Form [ with grinding, and 2 95% phase con-
version was obtained following 60 hours of grinding time [38].

Il. METHODS EMPLOYED TO OBTAIN HYDRATE
FORMS

Pharmaceutical solids may come into contact with water during pro-
cessing steps, such as crystallization, lyophilization, wet granulation,
aqueous film-coating, or spray-drying. Moreover, they may be exposed
to water during storage in an atmosphere containing water vapor, or
in a dosage form consisting of materials that contain water (e.g.. excipi-
cnts) and are capable of transferring it to other ingredients. Water may
-be adsorbedomouxesolidsurfaeeandlormaybeabsorbedinﬂmbull:
solid structure. When water is incorporated into the crystal lattice of
the compound in stoichiometric proportions, the molecular adduct o
adducts formed are referred o as hydrates [58]. More than 90 hydrates
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arc described in various USP monographs. Hydrates can be prepared
by rectystallization from water or from mixed aqueous solvents. They
can also result, in some instances, from cxposure of crystal solvates
(such as methanolates or ethanolates) to an atmosphere containing wa-
ter vapor. .

Crystalline substances often form with water molecules located
at specific sites in the crystal lattice, which are held in coordination
complexes around lattice cations. This type of water is denoted as water
of crystailization and is common for inorganic compounds. For exam-
ple, nickel sulfate forms a well-defined hexahydrate, where the waters
of hydration are bound directly to the Ni(II) ion. Extraneous inclusion
of water molecules can oocur if a coprecipitated cation carrdes solvation
molecules with it. Water also can be incorporated into random pockets
as a result of physical entrapment of the mother liquor. Well-defined
multiple hydrate species can also form with organic molecules. For
example, raffinose forms a pentahydrate.

Although most hydrates exhibit a whole-number-ratio stoichiom-
efry, an unusual casc is the metastable hydrate of caffeine, which con-
tains only 0.8 moles of water per mole of caffeine. Only in a saturated
water vapor atmosphere will additional amounts of water be adsorbed
at the surface of the 4/5-hydrate to yield a 5/6 hydrate [59).

In some instances, a compound of a given hydration state may
crystallize in more than one form, so that the hydrates themselves ex-
hibit polymerphism. One such example is nitrofurantoin, which forms
two monohydrates that have distinctly different temperatures and en-
thalpies of dehydration. The monohydrates have quite different packing
arrangements, with Form I possessing a layer structure and Form IT
exhibiting a herringbone motif. The included water molecules play a
major role in stabilizing the crystal structures. Whereas water mole-
cules are contained in isolated cavities in Form 11, in Farm I they are
located in continuous channels, and this apparently facilitates the es-
cape of water when these crystals are heated [60]. [

Another example of hydrate polymorphism is amiloride hydro-3
chloride [61], which can be obtained in two polymorphic dihydrate

forms. These forms are indistinguishable by techniques other than x-
action. N
ting that scopolamine hydrobromide has been reported
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10 exist as the anhydrous form, a “hemihydrate,”’ a sesquihydrate,

a trihydrate [62], while the unit cell parameters and the molea;lu:‘;-
geo{netyoftlmemnll the same as those of the hemihydrate, This
finding suggests that the **hemihydrate™ is actually a partially desol-
vated sesquihydrate.

] Ouabaine is another example of a compound that exhibits many
different hydration levels, the most hydrated form being stable at the
loytat temperature. Thus the nonahydrate phase of cuabaine is ob-
tained from water at 0-15°C, the octshydrate phase at 15-28°C, and
the dihydrete phase at 28-90°C. In addition. ouabaine phases corye-
sponding to 4.5 H;0, 4 H,0, and 3 H,0 may be obtained from mixtures
of water with other solvents. The anhydrous phase of ouabaine anhy-
drate is crystallized from ethanol at high temperamres [63].

Typicatly, hydrates are obtained by recrystallization from water.
Fpr example, trazodone hydrochloride tetrahydrate was prepared by
dissolving the anhydrate in hot distilled water, allowing the solution
{o remain at room temperature ovemnight, and storing the collected crys-
tals at 75% relative humidity and 25°C unsil they reached constant
weight [64],

Hydrates can sometimes be obtained by simply suspending the
anhydrous material in water, whereupon a form of Ostwald ripening
occurs. For instance, aqueous suspensions of anhydrous metronidazole
benzoate are metastable, and storage at temperatures lower then 38°C
leads to monohydmte formation accompanied by crystal growth [65].
Sorbitol provides another example of this behavior, where slow couling
of a saturated aqueous solution yields long thin needles of sorbitol hy-
drate [66). When suspended in water. anhydrous carbamazepine is
transformed to carbamazepine dihydrate [67). In other instances, hy-
drates can be obtained from mixed solvent systems, Acemetacin mono-
hydrate can be obtained by slow evaporation from a mixture of acctone
and watcr at room temperature [68).

Simply cxposing an anhydrous powder to high relative humidity
can often lead to formation of a hydrats. On exposure to a relative
humidity of 100%, dexmedetomidine hydrochloride is converted 1o a
mon?hydmle [69]. Droloxifenc citrate is an example of a compound
that is not very hygroscopic and yet forms a hydrate. Only after storage
of the anhydrous form at 85% relative humidity does some sorption of

water occur. The monohydrate phase can be formed by exposing the
anhydrous form to 98% relative humidity for ten days at 24°C [70).

. METHGDS EMPLOYED TO OBTAIN SOLVATE
FORMS

Often, when solvents are employed in the purification of new drug sub-
stances by recrystallization, it is observed that the isolated crystals in-
clude solvent molecules, either entrapped within empty spaces in the
lattice or interacting via hydrogen bonding or van der Waals force with
molecules constituting the crystal lattice. Sotvent molecules also can be
found in close association with metal ions, completing the coordination
sphere of the metal atom. Coordinated solvent molecules are considered
as part of the crystallized molecule. A crystal with large empty channels
or cavities is not stable because of packing demands. The size and
chemical environment of the cavity or channel determine what kind of
solvent molecule can be included in the structure and what kind of
interaction occurs between solvent and structure,

Depending on the nature of molecular packing amrangements, it
may happen that the inclusion of solvent is necessary to build a stable
crystal structure. van Geerestein et al. [71] found during numerous
crystallization attempts of 11p-[4-(dimethylamino)phenyl]-17B-hy-
droxy-17a-(I-propynyl) estra-4,9-dienc-3-one] that crystals were only
obtainable in the presence of a-butyl acetate or n-propyl acetate. The
crystal structure of the compound crystallized from n-butyl acctate/
methylcyclohexane wes solved, and one solvent molecule was found
in the crystal structure that showed no strong interactions with the rest
of the structure. Apparently, this solvent molecule was necessary to fill
empty space resulting after the molecular packing. Solvates in which
the solvent fills empty space are generally nonstoichiometric. such as
the nonstoichiometric solvates formed by droloxifene citrate with ace-
tonitrile, 2-propanol, ethanol, I-propanol, and 1-butanol. Typically
such solvates exhibit the same x-ray diffraction pattern as does the
nonsolvated compound.

When sotvent molecules increase the strength of the crystal lat-
tice, they can affect the st7bility of the compound to solid-state decom-



position. It has been observed that the four solvated and one nonsol-
vated structures of prenisolone ferr-butyl acetate affect the flexibility
of the steroid nucicus and the structure-dependent degradation of the
compound when exposed to air and light {72].
vnndetSIuisdemonfotmdlzﬂdiffaemoomponndswiﬂn
cocrystallized solvents in the Cambridge Crystallographic Database
[73). Out of 46,460 total structures, they found 9,464 solvate structures,
and 95% of these contained one of the 15 solvents given in Table 2.
“nmostoomnmnlyﬂwmtemdsolvmamongﬂlmﬁ-
c_alsarednoseofl:l stoichiometry, but occasionally mixed solvate spe-
¢ies are encountered. For structures containing more than one solvent
type, one generally finds nonpolar solvents crystallizing together on
lhconehandandpolarsolve.msmﬂuother.l‘orenmple.memm
common solvents found cocrystallizing with water are (in order of im-

Table 2 Distribution of the 15 Moat
Abundant Solvents in the Cambridge
Crysullographic Datahase, as the
Percentage of Solvate Structures

Soivent Occurrence (%)
Water 61.4
Methylene dichloride 59
Benzene 47
Methanol 4.1
Acetone 2.8
Chloroform 28
Ethanol 26
Tetrahydrofuran 23
Toluene ) 22
Acetonitrile 19
N.N-dimethylformamide 0.9
Dicthyl ether 0.9
Pyridine 0.7
Dimethy| sulfoxide 0.5
Dioxane 0.5

Source: From Ref. 73. Reproduced with permis-
sion of the copyright owner.
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portance) ethanol, methanol, and acetone. An interesting exampte of a
structure containing a polar and a nonpolar solvent is the sodium salt
of the antibiotic K-41, p-bromobenzoate monchydrate n-hexane solvate
[74], which is crystallized from n-hexanc saturated with water. Perhaps
the best known mixed solvate is doxycycline hyclate: (doxycycline -
HCI),C,HO - H,0. Triamterene also forms a mixed solvate, con-
taining one N,N-dimethylformamide molecule and one water molecule
within the crystal lattice [75]. ;

The techniques used to obtain solvates are generally similar to
the solvent methods used to obtain polymorphs, i.c. crystallization from
a single solvent, from mixed solvents, or by vapor diffusion. Some-
times, it is possible to exchange one solvent within the crystal structure
for another. When one recrystallizes a hydrate from dry methanol. in
most cases one is left with cither a methanol solvate or an anhydrous,
unsolvated form of the compound.

A large number of solvates have been reported, especially for
steroids and antibiotics. It has been observed that cortisone acetate and
dexamethasone acetate can be crystallized as 10 different solvates. Di-
‘rithromycin, a semisynthetic macrolide antibiotic, crystallizes in two
anhydrous polymorphic forms and in at least nine stoichiometric sol-
vate forms. Six of the known solvates are isomorphic, having nearly
identical x-ray powder diffraction patterns [76]. In addition to the anhy-
drate and dihydrate, erythromycin also forms solvates with acetone,
chloroform, ethanol, n-butanol, and i-propanoi [77].

It may be instructive to consider some examples of solvate forma-
tion. The compound 5-methoxysulphadiazine forms 1:1 host—guest
solvates with dioxane, chioroform, and tetrahydrofuran [78). These
were preparcd by heating 1o boiling a solution of the sulfonamide in the
appropriate solvent, followed by siow cooling to obtain large crystals.
Spironolactone forms 1:1 solvates with methanol, ethanol, ethyl ace-
tate, and benzene. It also forms a 2:1 spironolactone—acetonitrile sol-
vate [79,80]. The spironolactone solvates were prepared by crystalliza-
tion in a refrigerator from solutions that were nearly saturated at room
temperature.

Another steroid that forms solvates is stanozolol [B1]. Solvates
having 1:1 stoichiometry were prepared by recrystallization from
methanol, ethanol, and 2-propanol, by heating the compound in the



appropriate solvent to 60—70°C and then cooling to 0°C in an ice bath
to induceaysnlliution.Thecompoundalsofmmamnhydrmlnd
two polymorphs. The polymorphs were prepared by heating the sol-
vates to either 130°C (Form IT) or 205°C (Form I).

Mefloquine hydrochloride is an interesting case of a compound
that forms stoichiometric 1: 1 solvates on cooling hot (50°C) saturated
acttone solutions (Form B, acetone solvate 1:1), hot (50°C) saturated
isopropanol (Foren I, isopropanol solvate 1: 1), and a nonstoichiometric
cthanol solvate (2.12% ethanol) from hot (50°C) saturated ethanof,
Form E, whose x-ray powder pattern does not change following heating
to 80°C, in spite of a decrease in the ethanol level t0 0.12%. Mefloquine
hydrochloride can also be obtained in a nonsolvated form from hot
(70°C) saturated ecetonitrile (Form A) and as two hemihydrates from
watet(FormsDandC)pmpa:ednmommwammdnJO“C[szj.

V. METHODS EMPLOYED TO OBTAIN AMORPHOUS
MATERIALS

Solids can exist in crysialline or amorphous form. Crystalline materials
have defined structures, stoichiometric compositions, and melting
points and are characterized by their chemical, thermal, clectrical, opti-
cal, and mechanical properties {83). By contrast, amorphous materials
have no clearly defined molecular structure and no long-range order,
so their structure can be viewed as being similar to that of a frozen
liquid but without the thermal fiuctuations cbserved in the liquid phase.
As a result, amorphous materials exhibit the classical diffuse **halo™
x-ray powder diffraction pattern rather than the sharp peaks observed
in the pattern of a crystalline substance. When the halo is broad, it is
often difficult to distinguish between a material that is truly amorphous
(c.g.. a true glass) and one that is merely microcrystaltine. This situation
exists because when microcrystallites have diameters less than about
50 A in diameter, a similar **halo’" effect is observed.

While crystalline solids offer the advantages of chemical and ther-
modynamic stability. amorphous solids are occasionally preferred be-
cause they undergo dissolution at a fasier rate. Rapid dissolution is
desirable in the case of solids, which must be dissolved prior to paren-
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teral administration. Faster dissolution is also impoctant for poorly sol-
ublc compounds administered orally, since there is often a correlation
berween dissolution rate and bioavailabitity. In fact, there are instances
in which only the amerphous form has adequate bioavailability.
Amorphous solids can be precipitated from solution or obtained
from melts of compounds by carrying out the solidification in such a
way as to avoid the thermodynamically preferred crystallization pro-
cess. They also can be prepared by disrupting an existing crystal struc-
ture. Excess free energy and entropy are incorporated into solids as
they are converted into the amorphous state, since solidification occurs
without permitting the molecules to reach their lowest energy states.

A. Solldification of the Melt

Amorphous solids are often created by rapidly cooling a liquid so that
crysllization nuclei can neither be created nor grow sufficiently.
whereupon the liquid then remains in the fluid state well below the
normal freezing point. In principle, a liquid should freeze (crystallize)
when cooled to a temperature below its freezing point. However, if the
rate of cooling is high relative to the rate of crystallization, then the
liquid state can persist well below the normai freezing point. As cooling
continues there is a rise in the rate of increase of the viscosity of the
supercooled liquid per unit drop in temperature. The initially mobile
fluid turns into a syrup, then into a viscoelastic state, and finally into
a brittle glass. A glass is, therefore, a supercooled liquid, and is charac-
terized by an extremely high viscosity (typically of the order of 1014
Pa - 5). Mechanically, if not structurally, glasses can be regarded as
solids.

The characteristic temperature below which melted solids must
be cooled to form a glass is the glass transition temperature T,. The
glass wransition is a dynamic event that occurs at a temperature below
which coordinated molecular motion becomes so slow that a liquid can
be considered to take on the properties of a solid. While the exect value
of this transition temperature depends on the heating rate, the glass
transition temperature is generally found to be about two-thinds that of
the melting temperature T,. Glass transition temperatures reported for
pharmaceuticals also follow this general rule, as can be seen in the



