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TiTULO SOLICITADO: “PROCESO PARA LA ELABORACION DE
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PARTICULA PROMEDIO DESEADO"
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PUBLICACION 354 .

SOLICITANTE: BRISTOL-MYERS SQUIBB COMPANY

APODERADO: JUAN PABLO CADENA SARMIENTO

TRAMITE: SUSTENTACION DE OPOSICION

JOSE LUIS REYES VILLAMIZAR, identificado como aparece al pie de mi fima,
reconocido apoderado del opositor en el trdmite de la referencia, estando dentro
de los términos de la prorroga solicitada, por medio del presente escrito me
permito ratificar y sustentar los argumentos del escrito de oposicion, también
radicado dentro del plazo de ley ante esa entidad.

l. RATIFICACION

Reitero a su Despacho la solicitud de negar el beneficio patentario para la
totalidad de las reivindicaciones contenidas en el expediente en referencia, por
los argumentos que fueron expuestos en el escrito de oposicion del 28 de
noviembre de 2006.
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En efecto, es evidente que en el estado del arte ya se encontraba la solicitud PCT
WO 03/0266598A1 “LOW HYGROSCOPIC ARIPIPRAZOLE DRUG SUBSTANCE
AND PROCESSES FOR THE PREPARATION THEREOF" publicada el 3 de abril
de 2003, y con prioridades de 2001 y 2002, que revelaba ya la existencia de
aripiprazol en forma de Hidrato y su caracterizacion fisicoquimica por métodos

convencionales; en la pagina 11, lineas 8 a 23, describe Aripiprazol Hidrato A
con un tamafo de particula de 50 micrones o menos, 40 micrones o menos, 35
micrones o menos, 30 micrones 0 menos que, como se observa, sugiere tamarios
de particula en donde pueden encajar perfectamente los indicados en la solicitud
en tramite, es decir, menor de 100 micrones y mayores de 25 micrones.

Otro punto importante para considerar es que en dicha anterioridad menciona que
las formas hidratadas de Aripiprazol, mas que ventajas, producen un gran nimero
de inconvenientes tanto en la producciéon como en formulaciones basadas en el
mismo, razén por la cual es del caso preguntarse: ;jLa solicitud colombiana
cumple el requisito de aplicacion industrial? ;Un formulador, teniendo en cuenta
las desventajas que proporcionan esas formas hidratadas, incluiria este tipo de
forma en sus composiciones? Como las respuestas son en ambos casos
negativas, ruego al Despacho considerar que la solicitud que nos ocupa puede
incumplir también el requisito de Aplicacion Industrial.

Ahora bien, en lo referente a la forma de presentacion de monohidrato de una
molécula existente en el estado de la téchica como es Aripiprazol, es del caso
recordar que nada tiene de novedoso o inventivo el hecho de que un principio
activo se encuentre en forma monohidratada, pues resulta evidente que la
hidratacion o la deshidratacibn de moléculas son métodos ampliamente
conocidos y empleados en la industria quimica.

Adicionalmente, es bien sabido que mediante la caracterizacion de simples
modificaciones morfolégicas en el habito cristalino es facil de obtener, como
ocurre en este caso, una rapida y simple alteraciéon del tiempo de cristalizacion,
concepto obvio para un técnico en la materia y razén suficiente para reiterar la
carencia de nivel inventivo envuelta en ia presente solicitud.

En cuanto a los tamarios de particula, es del caso recordar la Decision contenida
en la resolucion N° 30887 del 26 de septiembre de 2002, por la cual se niega la
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patente de invencibn a la solicitud 98005805 “Tabletas de Oxcarbazepina
recubiertas de una pelicula y método para la produccion de estas formulaciones”,

en la cual se seifaldé que “no se traduce en ningin avance sobre el estado de la
técnica el modificar una propiedad fisica de un sélido, como es su tamaiio de
particula, con el fin de variar su perfil de disolucién y determinar la variacién de la
biodisponibilidad, puesto que este fendmeno es perfectamente conocido y se

encuentra al alcance de cuaiquier persona con mediana formacion
farmacotécnica” (Subrayado fuera del texto).

En consecuencia, lo anteriormente discutido y en union a lo que se expresara en
el siguiente punto, demuestra una vez mas la falta de nivel inventivo de la
solicitud colombiana en tramite.

Il. COMPLEMENTO DE INFORMACION

El proceso por el cual se obtienen los cristales de aripiprazol monohidratado en
un tamafo de particula entre 25 micrometros y 100 microbmetros segin las
reivindicaciones 3 y 4 de la solicitud en tramite, referido como cristalizacion por
colision de chorro (Impinging jet crystallization procedure) y descrito en las
reivindicaciones 1 a 23, es un procedimiento tecnolégico conocido y manejado
con bastante anterioridad en procedimientos de obtencion de cristales de
diversos tipos, tamafios de particula y de gran variedad de sustancias tal y como
se demuestra con los siguientes documentos:

> La patente Americana nimero 5,314,506 titulada "CRYSTALLIZATION
METHOD TO IMPROVE CRYSTAL STRUCTURE AND SIZE" publicada el 24

de Mayo de 1994 revela un proceso para la cristalizacion de un compuesto
organico farmacéuticamente atil gue comprende la utilizacién de un flujo a
presion de una soluciéon elaborada a partir de un solvente y el compuesto
organico farmacéuticamente dtil, y un flujo a presién de un antisolvente, donde
dichos flujos a presion coligsionan creando una turbulencia alta en el punto de
impacto, y donde dichos flujos a presién de solvente y antisolvente tienen una
velocidad lineal suficiente para consegquir un intenso y alto micromezclado

anterior a la nucleaciéon, seguido de la nucleacién y la directa produccion de
pequeiios cristales, donde por lo menos el 95% de dichos cristales tienen un

tamaiio de particula igual o menor a 25 micrémetros. Este proceso se refiere a



compuestos farmaceéuticos seleccionados de simvastatina, lovastatina,
Diltiazem maleato, entre otros y permite la cristalizacion directa de particulas
de alta pureza y alta estabilidad.

La patente Americana numero 6,558,435 titulada "REACTIVE
CRYSTALLIZATION METHOD TO IMPROVE PARTICLE SIZE" publicada el
06 de Mayo de 2003 revela un proceso para Ia sintesis y cristalizacién de un
compuesto organico de uso farmacéutico, comprendiendo un primer flujo a
presion de una solucibn que comprende un primer solvente y un primer
intermediario y un segundo flujo a presién que comprende una segunda
solucién con un segundo solvente y un sequndo intermediario, donde dichos
fluios a_presion se vierten diametralmente opuestos de tal manera que los

flujos opuestos se encuentren en un punto de im:ga(:to1 para crear una pelicula
vertical de impacto, creando una turbulencia en el punto de impacto bajo las

condiciones de temperatura y presion que permiten la reaccion de dichos
primero y segundo intermediarios, para conseguir el producto; y que
seleccionando el primer y segundo solventes se consigue que el producto sea
insoluble en esta nueva mezcla entre el primer y segundo solventes; y que
cada fluio a presidon tiene la velocidad lineal suficiente para lograr un
micromezclado de las soluciones iniciales, seguido por la reaccién de primero
y segundos intermediarios reactivos, seguida por la nucleacidon de dicho

producto y por ultimo, la produccién de cristales con un area superficial alta
requerida para una buena biodisponibilidad.

La patente Americana nimero 6,302,958 titulada “SONIC IMPINGING JET
CRYSTALLIZATION APPARATUS AND PROCESS” publicada el 16 de
Octubre de 2001 revela: Un nuevo aparato y proceso para obtener
cristalizacion de cristales submicronizados y clasificados seguin tamafio, utiles

en la elaboracion de una  composicion famnacéutica. Los cristales
submicronizados y clasificados segun tamafio tienen un tamafio promedio de

' hitp://www thefreedictionary.com/impingement.
Noun: 1. impingament - influencing strongly, "they resented the impingement of American values on

European culture”

encraachment, impact

influence - causing something without any direct or apparent effort

2. impingement - a sharp collision produced by striking or dashing against something

Impaction

crash, asmash - the act of colliding with something; "his crash through the window™; "the fullback’s
smash into the defenasive line®.



menos de 1 micra, proporcionan un area superficial grande, estabilidad
mejorada y alta pureza, y ademas, de produce cristales que mejoran la
biodisponibilidad, aumenta la disolucién, disminuye la taza de descomposicidn
y una vida o tiempo de almacenamiento mas largo.

Estos documentos si bien es cierto no hacen referencia al principio activo
Aripiprazol, permiten verificar que el procedimiento de cristalizacion utilizado en la
patente Colombiana en tramite no es algo novedoso y si asi lo fuere, no
proporciona nivel inventivo al mismo; debe admitirse que existen algunas ligeras
modificaciones, o variaciones a las condiciones inherentes a la misma técnica
tales como temperaturas y presiones, solventes y antisolventes, sin embargo, la
obtencion de los cristales monohidratados de aripiprazol estériles (como se
mencionan en la reivindicacién 20 de la patente Colombiana en cuestién) puede
derivarse directamente del estudio de documentos como estos.

Asi mismo, es importante destacar que el uso de la energia sdnica mencionada
en la reivindicacion 5 de la patente Colombiana en tramite, ya pertenecia al
estado de la técnica si se tiene en cuenta que en la reivindicacion 1 de {a patente
Americana US 6,302,958 antes citada, se utiliza energia sonica para favorecer la
produccién de cristales y que dice textualmente:

What is claimed is:

1. A process for the crystallization of a pharmaceutical compound comprising positioning a
tip of a sonication within a gap defin n or more fluid jets positioned
such that fluid jet streams which emerge from said fluid jets impinge in said gap creating
a point of high turbulen th int of im f said fluid streams, each of said fluid

i igh i ity micromixing of the
solutions prior to nucleation, said sonication probe providing uiltrasonic energy in the
immediate vicinity of said impinging fluid streams so as to effect nucleation and the
direct production of small crystals, at ieast 95% of said crystals having a diameter of less
than 1 micron".

Que si se compara con la reivindicaciéon 5 de la solicitud colombiana en tramite:
5. "Proceso como se define de conformidad con la reivindicacion 1, caracterizado porque
ademas incluye la etapa de proporcionar energla ulirasénica en la cercania inmediata

de las corrientes de chorro de colisidn, para efectuar nucleacién y la produccion directa
de cristalas pequeiios de aripiprazal.
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Deja en evidencia que, adicional al empleo en ambos documentos de un proceso

de “Impinging jet crystallization®, existe una etapa de sonicacion o de uso de
energia sonica para efectuar nucleacién y la produccidn directa de cristales
pequefios.

» La publicacién cientifica titulada: INVESTIGATION OF IMPINGING-JET
CRYSTALLIZATION WITH A CALCIUM OXALATE MODEL SYSTEM?
(Publicada el 18 de .Julio de 2002) revela:

“Abstract:

An_impinging-jet crystallizer was investigated in this work to assess its
operational sensitivity and reproducibility for the production of small
monodisperse crystals using calcium oxalate, a model system capable f
forming multiple hydrates. The impinging-jet mixer provides rapid mixing
of the reactant solutions through the impingement of two narrow reactant
streams at high velocity. Impinging jet linear velocity and postjetting
conditions were studied, with the jet operated in nonsubmerged mode.
Hydrate form and crystal-size distribution (CSD) were determined using
optical microscopy and image analysis techniques. The impinging jet

consistently produced small, monodisperse crystals. However, at a high
level of supersaturation, slight variations in the CSD were observed for

apparently identical conditions, suggesting a degree of sensitivity in the system
that could lead to difficulty in its application. An_apparent trend between

impinging-jet linear velocity and crystal size and number was observed

with more small crystais produced at higher linear velocity.”

Este documento perteneciente al estado del arte, ademas de confirar la
versatiidad de esta técnica -utilizada en solicitud colombiana en tramite
(impinging jet crystallization procedure)- demuestra no solo las ventajas
obviamente derivadas de la misma en cualquier proceso de cristalizacion

* Jean M. Hacher, Edward L. Pault. Helen M. Bueftner. Investigation of impinging-jet
crystallization with a calcium oxalate model system. AIChE journal (AIChE j.} ISSN 0001-1541
CODEN AICEAC. 2003, vol. 49, n°9, pp. 2352-2362 [11 page(s) (articie)] (29 ref.). Received: 18
July 2002; Revised: 19 May 2003. American Institute of Chemical Engineers, New York, NY,
ETATS-UNIS (1955) (Revue).



donde se desee obtener cristales de forma y tamaiio de particula definidos,
también deja ver ia falta de nivel inventivo de la solicitud en tramite.

» La publicacién cientifica titulada “MODELING AND SIMULATION OF
IMPINGING JET CRYSTALLIZERS", aunque su publicacién es posterior a
la fecha de prioridad de la solicitud colombiana en tramite, es importante
resaltar de él que la mayoria de su soporte bibliografico es anterior a la fecha
requerida y que ademéas menciona que el impinging jet crystallizer se conoce
por lo menos desde hace 10 afios; veamos:

“El cristalizador de colisién de chorro {impinging jet crystallizer) desarrollado
por_Midler et al. hace mas de una década, es_reconocido como una
tecnologia de cristalizacion industrial altamente reproducible y confiable gue
produce pequeios cristales con una complicada distribucién de tamaiio (...)
Esta tecnologia esta siendo utilizada ampliamente por varios laboratorios

farmacéuticos en su produccién comercial de farmacos. (...) Numerosos
estudios también han sido realizados fuera de la academia en la busqueda de

la industria de un profundo entendimiento de este procedimiento (impinging jet
crystallization), el cual puede resultar en un mejor y eficiente proceso de
desarrollo y optimizacion. Para varios antisolventes y sistemas de
cristalizacion reactiva, la dependencia de la distribucién del tamafio del cristal

con la velocidad de flujo v |as concentraciones iniciales han sido investigadas.
(subrayado y negrita fuera del texto).

Las referencias relacionadas a continuacibn ademas de evocar el
procedimiento de cristalizacién discutido, ratifica la anterioridad en el
desarrollo y uso de dicho proceso:

1. Dauer, R., J.E. Mokrauer, and W.J. McKeel, Dual jet crystallizer apparatus,
Merck & Co., Inc. U.S. Patent, 5,578,279, 1996.

2. Mahajan, A.J. and D.J. Kirwan, Micromixing effects in a two-impinging-jets
precipitator. AIChE Journal, 1996. 42(7), 1801-1814.

! Xing Yi Woo, Reginaid B. H. Tan, Richard D. Braatz. Modeling and Simulation of Impinging Jet
Crystallizers. Conferencia realizada en “Annual Meeting of Advances and Case Studies in
Crystallization and Post Crystallization Processing.” 13 de Noviembre de 2006 12:30 PM-3:00 PM
Lombard (Hilton San Francisco).
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3. Johnson, B.K. and R.K. Prudhomme, Flash NanoPrecipitation of organic
actives and block copolymers using a confined impinging jets mixer. Australian
Joumnal of Chemistry, 2003. 56(10), 1021-1024.

4. Johnson, B.K. and R.K. Prud'homme, Chemical processing and micromixing in
confined impinging jets. AIChE Journal, 2003. 49(9), 2264-2282.

5. Mahajan, A.J. and D.J. Kirwan, Nucleation and growth kinetics of biochemicals
measured at high supersaturations. Journal of Crystal Growth, 1994. 144(3-4),
281-290.

Por todo lo anterior reitero que la solicitud de la referencia incumple los requisitos
materiales de patentabilidad establecidos por la Decision 486 de 2000, razén por
la cual no puede ser objeto de privilegio de patente de invencion.

lll. PRUEBAS

Ruego que se tengan como tales, sin perjuicio de que el Despacho considere
oficiosamente, en particular de las allegadas por el suscrito a los expedientes
mencionados en este escrito, las siguientes:

» Solicitud Intemacional PCT WO 03/026659 A1 “LOW HYGROSCOPIC
ARIPIPRAZOLE DRUG SUBSTANCE AND PROCESSES FOR THE
PREPARATION THEREOF" publicada el 3 de abril de 2003, paginas 1 a 6, 11
a13,21a23.

» La patente Americana US 5,314,506 titulada “CRYSTALLIZATION METHOD
TO IMPROVE CRYSTAL STRUCTURE AND SIZE” publicada el 24 de Mayo
de 1994.pg 1y 11.

> La patente = Americana US 6,558,435 titulada “"REACTIVE
CRYSTALLIZATION METHOD TO IMPROVE PARTICLE SIZE” publicada el
06 de Mayo de 2003.pg. 1,7, 8y 9.

» La patente Americana nimero 6,302,958 titulada “SONIC IMPINGING JET
CRYSTALLIZATION APPARATUS AND PROCESS” publicada el 16 de
Octubre de 2001.pg 1y 6.

» La publicacion cientifica titulada: INVESTIGATION OF IMPINGING-JET
CRYSTALLIZATION WITH A CALCIUM XALATE MODEL SYSTEM.
Publicada el 18 de Julio de 2002.
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» Apartes publicados de la conferencia “MODELING AND SIMULATION OF
IMPINGING JET CRYSTALLIZERS" realizada en “Annual Meeting of
Advances and Case Studies in Crystallization and Post Crystallization

Processing.” El 13 de Noviembre de 2006, Lombard (Hilton San Francisco,
USA).

Sefior Superinten

JOSE L EYES VILLAMIZAR
C.C. 79.152.473 de Usaquén
T.P. 44655 del C. S dela J.
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DESCRIPTION

LOW HYGROSCOPIC ARIPIPRAZOLE DRUG SUBSTANCE AND
PROCESSES POR THE PREPARATION THEREOF

DETAILED DESCRIPTION OF THE INVENTION
Field of the Invention

The present invention relates to an improved
form of aripiprazole having reduced hygroscopleity and

processes for the preparation of this improved form.

Background of the Invention

Aripiprazole, 7-{4-{4-(2,3-dichlorophenyl}-1-
piperazinyl]-butoxy}-3,4-dihydro carbostyril or 7-{4-
[4—(2,3-dichlorophenyl)-l-piperazinyl]—putoxy}—J,4—
dihydro-2 (1H) -quinolinone, is an atypical antipsychotic
agent useful for the treatment of schizophrenia (U.S.
4,734,416 and U.S. 5,006,528). Schizophrenia is a
common type of psychosis characterized by delusions,
hallucinations and extensive withdrawal from others.
Onset of schizophrenia typically occurs between the age
of 16 and 25 and affects 1 in 100 individuals
worldwide. It is more prevalent than Alzheimer’s
disease, multiple sclerosis, insulin-dependent diabetes
and muscular dystrophy. Early diagnosis and treatment
can lead to significantly improved recovery and
outcome. Moreover, early therapeutic intezvention can

avert costly hospitalization.

PCT/IPO2/09858
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According to Example 1 of Japanese Unexamined
Patent Publication No. 191256/1990, aripiprazole
anhydride crystals are manufactured for example by
reacting 7-(4-bromobutoxy)-3,4-dihydrocarbostyril with
1-(2,3~dichlorophenylpiperadine and recrystallizing the
resulting raw aripiprazole anhydride with ethanol.
Also, according to the Proceedings of the 4th Japanese-
Korean Symposium on Separation Technology (October 6-8,

1996), aripiprazole anhydride crystals are manufactured

by heating aripiprazole hydrate at B0°C. However, the

aripiprazole anhydride crystals obtained by the
aforementioned methods have the disadvantage of being
significantly hygroscopic.

The hygroscopicity of these crystals makes
them difficult to handle since costly and burdensome
measures must be taken in order ensure they are not
exposed to moisture during process and formulation.
Exposed to moisture, the anhydrous form can take on
water and convert to a hydrous form. This presents
several disadvantages. First, the hydrous forms of
aripiprazole have the disadvantage of being less
biocavailable and less dissoluble than the anhydrous
forms of aripiprazole. Second, the variation in the
amount of hydrous versus anhydrous aripiprazole drug
substance from batch to batch could fail to meet
specifications set by drug requlatory agencies. Third,
the milling may cause the drug substance, Conventional

Anhydride, to adhere to manufacturing equipment which
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may further result in processing delay, increased
operator invelvement, increased cost, increased
mainténance and lower preduction yield. Fourth, in
addition to problems caused by introduction of moisture
duriqg the processing of these hygroscopic anhydrides,
the potential for absorbance of moisture during storage
and handling would adversely affect the dissolubility
of aripiprazole drug substance. Thus shelf-life of the
product could be significantly decreased and/or
packaging costs could be significantly increased. It
would be highly desirable to discover a form of
aripiprazole that possessed low hygzroscopicity thereby
facilitating pharmaceutical processing and formulation
cperations required for producing dosage units of an
aripiprazole medicinal product having improved shelf-
life, suitable dissolubility and suitable
bicavailability.

Also, Proceedings of the 4th Japanese-Korean
Symposium on Separation Technoleqy (CGctober 6-8, 1996)
state that, aripiprazole anhydride crystals exist as
type~I crystals and type-II crystals:; the type-I
crystals of ariplprazole anhydride can be prepared by
recrystallizing from an ethanol solution of
arlpiprazole, or by heating aripiprazole hydrate at
80°C; and the type-II crystals of aripiprazole
anhydride can be prepared by heating the type-I
crystals of aripiprazole anhydride at 130 to 140°C for

15 hours.



I~
WO 03A)26659 PCT/IPUZA98SS - ’G?

10

15

20

25

-4—
By the aforementioned methods, aripiprazole
anhydride type-II crystals having high purity c¢an not
be easily prepared in an industrial scale with good

repeatability.

SUMMARY OF THE INVENTION

Thus according to the present invention is
provided a form of aripiprazole having reduced
hygroscoplicity and which is more amenable to
pharmaceutical processing and formulation. The
inventors of the present invention have discovered that
this reduced-hygroscopic form of Aripiprazole is a
crystalline substance defined herein as Anhydride B. A
particular process for the preparation of this
anhydrous crystalline substance has also been
discovered and comprises yet another aspect of the
present invention. Particularly, it was discovered as
part of the present invention that in order to produce
Anhydride B having the desired pharmaceutical
properties and utilizing the most efficient process,
Hydrate A, as defined herein, would have to serve as
the intermediate. It was also discovered that a
particular sequence of processing had to be implemented
in order to form Hydrate A. It was discovered that the
preparation of Hydrate A required milling what is
defined herein as Conventional Hydrate. Then, Hydrate
A can be transformed into Anhydride B through suitable

heating as defined herein. Surprisingly, if the
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Conventional Hydrate is first heated and then milled,
serious agglomeration sets in rendering the processing
commercially unsuitable.

An object of the present invention is to
provide novel aripiprazole anhydride crystals.

Moreover, another object of the present
invention is to provide aripiprazole anhydride crystals
which neither easily convert into hydrates nor
substantially decrease the criginal solubility, even
when a pharmaceutical composition comprising
aripiprazole anhydride is stored for a long period of
time.

Further object of the present invention is to
provide preparation methods, in order to obtain
aripiprazole anhydride crystals having high purity in
an industrial scale with good repeatability.

The present inventors have conducted research
works aimed to attain the aforementioned objects. 1In
the course of the research, they have found that the
desired aripiprazole anhydride crystals can be obtained
when a well-known aripiprazole anhyride is heated at
the specific temperature. Further, the present
inventors have found that the desired aripiprazole
anhydride crystals can be cobtained from
recrystallization of a well-known aripiprazole
anhydride by using the specific solvents. Moreover,
the present inventors found that the desired

aripiprazole anhydride crystals can be obtained by
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suspending a well-known aripiprazcle anhydride in the
specific solvent, and heating thus obtained suspension.
The present invention thus completed on the

basis of these findings and knowledge.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a thermogravimetric/differential
thermogram of the Aripiprazole Hydrate A obtained in
Example 1.

Figure 2 shows the 'H-NMR spectrum (DMSO-dq,
TMS) of the Aripiprazole Hydrate A obtained in Example
1.

Figure 3 is a powder x-ray diffraction
diagram of the Aripiprazole Hydrate A obtained in
Example 1.

Figure 4 shows the 'H-NMR spectrum (DMSO-d,,
TMS) of the Aripiprazole Anhydride Crystals B obtained
in Example 2.

Figure 5 is a powder x-ray diffraction
diagram of the Aripiprazole Anhydride Crystals B
obtained in Example 2.

Figure 6 is a thermogravimetric/differential
thermogram of the aripiprazcle hydrate obtained in
Reference Example 3.

Figure 7 is a powder x-ray diffraction
diagram of the aripiprazole hydrate obtained in
Reference Example 3.

Figure 8 shows thermogravimetric/differential
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According to another embodiment of the first
aspect of the present invention is provided Hydrate A
of aripiprazole wherein said Hydrate has an endothermic
curve which is substantially the same as the
thermogravimetric/differential thermal analysis
{heating rate 5°C/min) endothermic curve shown in
Figure 1.

According to another embodiment of the first
aspect of the present invention is provided Hydrate A
of aripiprazcle wherein sald Hydrate has a mean
particle size of 50 pm or less.

According to another embodiment of the first
aspect of the present invention is provided Hydrate A
of aripiprazole wherein said Hydrate has a mean
particle size of 40 um or less.

According to another embodiment of the first
aspect of the pregsent invention is provided Hydrate A
of aripiprazcle wherein said Hydrate has a mean
particle size of 35 pm or less.

According to another embodiment of the first
agpect of the present invention 1s provided Hydrate A
of aripiprazole wherein said Hydrate has a mean
particle size of 30 pm or less.

According to another embodiment of the first
aspect of the present invention is provided Hydrate A
of aripiprazole wherein said Hydrate has a mean
particle size of 25 pym or less.

According to another embodiment of the first

PCT/IPO2MIRSS
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aspect of the present invention is provided Hydrate A
of aripiprazole wherein said Hydrate has a mean
particle size of 20 uym or less.

According to another embodiment of the first
aspect of the present invention is provided Hydrate A
of aripiprazole wherein said Hydrate has a mean
particle size range of 40 to 10 pm.

According to another embodiment of the first
aspect of the present invention is provided Hydrate A
of aripiprazole wherein said Hydrate has a mean
particle size range of 36 to 14 pm.

According to a second aspect of the present
invention is provided a process for the preparation of
Hydrate A wherein said process comprises the steps of
milling Conventional Hydrate.

According to a first embodiment of the second
aspect of the present invention is provided a process
for the preparation of Hydrate A comprising the steps
of milling Conventional Hydrate wherein said milling is
performed by a milling machine.

According to another embodiment of the second
aspect of the present invention is provided a process
for the preparation of Hydrate A comprising the steps
of milling Conventional Hydrate wherein said milling
machine is an atomizer, pin mill, jet mill or ball
mill.

According to another embodiment of the second

aspect of the present invention is provided a process
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for the preparation of Hydrate A comprising the steps
of milling Conventional Hydrate wherein said milling
machine is an atomizer.

According to another embodiment of the second
aspect of the present invention 1s provided a process
for the preparation of Hydrate A comprising the steps
of milling Conventional Hydrate wherein said milling
machine is an atomizer using a rotational speed of
5000-15000 rpm for the main axis, a feed rotation of
10-30 rpm and a screen hole size of 1-5 mm.

According to various embodiments of a third
aspect of the present invention is provided Hydrate A
defined according to one or more of the embodiments
described herein wherein said Hydrate is made by a
process as described herein.

According to a fourth aspect of the present
invention is provided aripiprazeole drug substance of
low hygroscoplcity.

According to a first embodiment of the fourth
aspect of the present invention is provided
aripiprazole drug substance of low hygroscopicity
wherein said low hygroscopicity is a meoisture content
of 0.5% or less after placing said drug substance for
24 hours in a dessicator maintained at & temperature of
60°C and a humidity level of 100%.

According to a first embodiment of the fourth
aspect of the present invention is provided

aripiprazole drug substance of low hygroscopicity
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converts to an aripiprazole hydrate (Hydrate A as
defined herein) with a different powder x-ray
diffraction spectrum by different peak intensities.
Moreover, it was found that Hydrate A loses the sharp
dehydration endothermic peak of 123.5°C which
characterizes unmilled Conventional Hydrate in
thermogravimetric/differential thermal analysis. Thus,
the Conventional Hydrate is transformed into Hydrate A
after milling Conventional Hydrate and exhibits a
gradual dehydration endothermic peak between about 60°C
and 120°C with a weak peak at about 71°C.

Yet another aspect of the invention comprised
discovering that when heated to a specific temperature
of 90-125°C for 3-50hr, this novel aripiprazole hydrate
dehydrates gradually avoiding the aggregation
phenomenon thcught to be caused in conventional
aripiprazole hydrate by rapid dehydration, and that
aripiprazole anhydride crystals obtained by heating of
the novel aripiprazole hydrate to a specific
temperature are aripiprazole anhydride crystals with

the desired properties.

i terizati f Hydrate B
Particles of “Hydrate A" as used herein have

the physicochemical properties given in (1)-(5) ‘below:
{1) It has an endothermic curve which is

substantially the same as the thermogravimetric/

differential thermal analysis (heating rate 5°C/min)

PCT/IIPO2AVIRSSE
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endothermic curve shown in Figure 1. Specifically, it
is characterized by the appearance of a small peak at
about 71°C and a gradual endothermic peak around 60°C
to 120°C.

(2) It has an 'H-NMR spectrum which is
substantially the same as the 'H-NMR spectrum (DMSO-d;,
TMS) shown in Figure 2. Specifically, it has
characteristic peaks at 1.55-1.63 ppm (m, 2H), 1.68-
1.78 ppm (m, 2H), 2.35-2.46 ppm (m, 4H), 2.48-2.56 ppm
(m, 4H + DMSO), 2.78 ppm (t, J = 7.4 Hz, 2H), 2.97 ppm
(brt, J = 4.6 Hz, 4H), 3.92 ppm (t, J = 6.3 Hz, 2H),
6.43 ppm {d, J = 2.4 Hz, 1H), 6.49 ppm (dd, J = 8.4 Hz,
J = 2.4 Hz, 1H), 7.04 ppm (d, J = B.1 Hz, 1H), 7.11-
7.17 ppm {(m, 1H), 7.28-7.32 ppm {m, 2H) and 10.00 ppm
(s, 1lH}.

(3) It has a powder x-ray diffraction
spectrum which 1s substantially the same as the powder
x-ray diffraction spectrum shown in Fiqure 3.
Specifically, it has characteristic peaks at 26 = 12.6°,
15.4°, 17.3%, 18.0°, 18.6°, 22.5° and 24.8°.

(4) It has clear infrared absorption bands at
2951, 2822, 1692, 1577, 1447, 1378, 1187, 963 and 784
cm™ on the IR (KBr) spectrum.

{5) It has a mean particle size of 50 um or

less.

Praocesa for Manufacturing Hydrate A
Hydrate A is manufactured by milling
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Conventional Hydrate. Conventional milling methods can
be used to mill Conventional Hydrate. For example,
Conventional Hydrate can be milled in a milling
machine. A widely used milling machine can be used,
such as an atomizer, pin mill, jet mill or ball mill.
Of these, the atomizer is preferred.

Regarding the specific milling conditions
when using an atomizer, a rotational speed of 5000-
15000 rpm could be used for the main axis, for example,
with a feed rotation of 10-30 rpm and a screen hole
size of 1-5 mm.

The mean particle size of the Aripiprazole
Hydrate A obtained by milling should normally be 50 pm
or less, preferably 30 pm or less. Mean particle saize
can be ascertained by the particle size measurement

method described hereinafter.

ol terizati £ Arioi le Anhvdride Crystals B

“Aripiprazole Anhydride Crystals B* of the
present invention as used herein have the
physicochemical properties given in (6)-(12) below.

(6) They have an 'H-NMR spectrum which is
substantially the same as the 'H-NMR spectrum (DMSO-d,,
TMS) shown in Figure 4. Specifically, they have
characteristic peaks at 1.55-1.63 ppm (m, 2H), 1.68-
1.78 ppm (m, 2H), 2.35-2.46 ppm (m, 4H), 2.48-2.56 ppm
{m, 4H + DMSD), 2.78 ppm (t, J = 7.4 Hz, 2H), 2.97 ppm
{brt, J = 4.6 Hz, 4H), 3.92 ppm (t, J = 6.3 Hz, 2H),
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larger panticle size distribution. The modifications to
cxample | were: a) 3.1 g of Ziprasidone free base dissolved
in 65 volumes of THF was used, b) not bot filtration was
performed in preparing the Ziprasidone free base THF
solution, and <) the age time for the resulting crystals, afler
the impingement period, was 55 minutes prior to filtration.
‘The crystals were vacuum filtered, washed with 150 ml of
deioniz:d water, and air dried. ‘The dry Zipmsidone hydro-
chlorkle monohydrale panticles were [ree flowing. Micros-
copy revealed the formation of a uniform distribution of
crystalline agprepates thel give superior filiration and pow-
der properties such as Nowsbility. Thus this method can
influcnce degree of aggrepation and provide benefils to bulk
handling cheracteristics. The powder was not sicved prior 1o
Malvern light scaticring as it required no delumping. The
volume mean particle size, 1{4,3], was 1(4 micron with
90% by volume, Dy, less than 210 microns. No particles
below | micron were measured, indicating no fines were
produced.

Exampk: 4

Reaction-Crystallization ol Voriconaanle
Camphorsulfonic Acid Sall to Voriconazole Free
Hasg (U.S. Pat. No. 5,567,817; CAS-1378234-62-9)

28.75 g of Voriconazole R<{-)<camphorsulfonic ackl sall
was dissnlved in 120 ml of a 50:50 volume ratio of ethanol
aml deionized water and placed in & 2L jacketed vessel
equilibrated a1 30° C, 4 liters of an aqueous solution of
sxlium acetate (3.4 wi %) wan placed in 2 stainless siecl
pressure can at room femperature and pressurized to 26 psip
with nitrogen. Each vessel was plumhed to individual jets
assembled in a chamber similar to the configuration depicled
in MG, 1. The jeis were Vis inch OD and 0.02 inch 1D. The
flow of sodium acetale solution wes sarted through the jet

at 115 ml/min, contrulled via the nitmgen pressure. The -

Voriconazoke camphorsulfonic acid salt solution was then
turmed on with low rate of 115 ml/min through the jet. The
flow of the two solulions created at impingement onc
between the two jeis and while crystalline material was
abscrved 1o be forming in the impingement chamber which
Nowed dawn 10 the recciving vesacl that was cymilibrated 10
5°C

The jets were run until the Voriconazole salt solution was
consumel. The slurry wes aged] for 10 minutes then vacuum
filtered, and washed with 70 ml DI water.

The crystals were dricd in a vacuum owven at 50° C. and
10 inches of Ilg with an air bleed for 24 hours. The dried
material was sicved through a ) mesh (600 s#m) screen as
a means to delump. Diflerential scanning calorimetry and
x-ray diffraction conlirmed the complete comversion 1o the
Voriconazole free-base. No unrcacied Voriconazole cam-
phorsulfonatc wes detected.

Dry panicle sizing analysis (SympaTec) revealed a vol-
ume mean diameter of 22 microns with 9% of particles
(D[v0.9]) kess than 41 microns and 50% of particles (v,
0.50)) less than 18 microns. Specification of product con-
ventionally obtained by jet milling is 90% less than 130
microns and 50% lews than S0 microns.

Example 5
Reactive Crystallization of 5,8,14-triazatetracycin
[10.3,1.0%1 0*°)-hexaduca-2-(11),3,5,7,9-pentacne
1o Achieve Desired Salt Form and Particle Sia
Using Submenged Impinging Jets

1.006 grams of 5.8,14-triszatctracyelo[10.3,1.0%' (P}

hexodeca-2(11),3,5,7,9-penlaene free base was dissolved in

b L]

45

55

[

30 ml of cthyl acetate and § ml. of methanol in a conical
shaped centrifuge tubc and held at room temperature. I[n a
scparaie conical shaped centrifuge tube 0.96 g of (L.)-tanaric
acid was dissolved in 40 mL. metbanol at room 1emperature.

A recciving vessel contained 250 ml of methanol and 250
ml of cthyl acctaie io which 20 milligrams of jel milled
58, 14-rriazatetracycla[ 10.3. 10> .0**)-hexadeea-2(11).3,
5,7.9-pentacne {L)-tartralec were added as seedl. The seed hud
a volumc mean diameter of 2.7 microms. The receiver was
equipped with magnetic simer 1o suspend the sced in the
methanol-cthyl acctate solvent sysiem. The impinging jet
appamatus was suhmerged in Ibe recciver vessel with both
jein having insido diameters of 0.007 inches (ID).

Flow of ncat methanol and ethyl acciate was initiatcd
through their respoctive jets al 20 ml/min fur 5 seconds [rom
scparale reservairs to establish steady state flow. By way of
o 3-way valves the solutions of 5.8, 14-lriezatetracyclo
[10.3.1.0°11.0%"]-hexadeca-2(11).3,5.7.9-pentacne (ree
baxe golution and (L)-tartaric acid were switched on so they
would impinge each other at the same 20 ml/min fluw rale.
‘The velocities through the jets were 13.4 metersfec. After |
minutc of impingement the Aows were slopped and 1he
resulling slurry was allowed w0 ape in the apitated recciver
for 5 minutes. The slurry was vacuum filicred and dried a1
4 C. overnight and delumped through a 00 micron sieve.
Polymarph characterization by x-ray difiraction revealud i
1o he of the desired polymaorphic form. Particle size analysis
(Acrosizer) resolted in a volume mean diameter of 10
microms with narrow particks size distribution: 5% of par-
ticles were lexs than 5 microns and 95% of the particle were
less than 15 microns.

What is claimed is:

1. A procuss for synthesis and crystallization of a phar-
maceutical compound comprising:

comacting ane or more liguid jel sreams of a solution in

a first solvent of a firt reactive intermediate amd one or
more liguid jet atreams of a solution in & second solvent
of a second reactive intermediate, with each jet stream
of said fird reactive intermediate substantially dia-
metrically opposite a jot stream of said secund reactive
intermediate anl each jet stream of said sceond reactive
intermediate substantislly diametrically opposile a jet
stream of said first reactive intermediate when viewed
from vverhend, 50 that each jet stream of said fiest
reactive intermediale is directed into a jet stream of said
seennd ruactive intermediate and each jel stiream nf said
second reactive intermediale is dirceted into a jet
sircam of saidl firdt reactive inlermediate, such that 1he
liquic! streams meet at a point of impingement to create
a vertical impingement film and with said jot sircams
crealing turbulenoe at their point of impact under
condilions of temperature and pressure which permit
neaction of said first and second reactive intermediates
to produce a product; and

selecting majid fine anl secondd solvenis so thal said

product is insoluble in a mixture of said first and secomd
solvents; and

with ¢ach jet sircam having suflicient lincar velocity 1o

achieve micromixing of said solutions followed by
reaction of fird and second rcactive inlermediates,
followed by nucleation of suid product and production
of high surfacc area crystats of said product thal mect
bioavailability requircmenis.

2. The provess of claim 1, whercin one of said first and
second reactive intermediates is a hasic intermediate and the
other imtermediate is an acidic intermediate.
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3. The process of claim 1, wherein one of said fim1 and
second reactive intermodiates is & zwittorion and the other
inlcrmediate is an agid,

4. The process of clhim 1, wherein one of said first and
secomd reactive inlermediates is 8 zwitlerivn and the ofher
intermedialc is a base,

5 The procus of claim I, wherein one of said first and
second reactive intermediates is an organic sall form and the
other intermediate is a newtraliziog acid compound.

6. The process of claim 1, wherein one of said first and
second reactive infermedietes is an onganic salt form and the
other intermediate is a neviralizing basic compound.

7. The process of claim 1, whercin said product is a
pharmeceutically acccptable salt sclecicd from the group
comsisling of hydrochloride, acetate, besylate, cilrate,
hydrobrumide, I or 1. lactete, mesylate, mucvinate, sulfate, D
ur L tarirale, sicarste, tosylate, caleium, potsssium, sodium
and cthylenediamine.

8. The process of claim 1, wherein said product further
comprises aggrepates of said high surface arca crysials.

9. The process of claim 2, whercin one reactive interme-
diawe is Ziprasidone frec basc and the other reactive inter-
mediate is aqueous TICI solution.

10. The process of claim 1, wherein said produet is
Ziprasidone hydrochloride monohydrate.

11. ‘The provess of claim 1, wherein said produa is
Voriconazle free base,

12. The process of claim 2, whercin said basic interme-
diale is selected from sodium acclate, polassium acelate,
sodium hydroxide, potessium hydroxide, sodium carbonate,
sndium hicarbonste, and said acidic inlermediawe is Vhri-
cmale R-(-}-camphorsulfonic ackl sali.

13. The process of claim 1, wherein each of said liguid jet
streams cmerges from a nozzde having an outlel hole and
with cach said nozze from which cach jet stream emenges
dirceted sufliciemly downward to cosure that said liquid jet
sircams emerging from cach nozzle will not enter said outlet
hode of said substantially diametrically opposite nezzle.

14.The prxcess af claim 1, wherein said product produced
upon crystallization & solvated.

15. "I process of claim 2, whercin ome reactive inter-
mediate is 5,8.14-trinzatotracyclo[10.3.1.0°! 0*¥].
hexadeca-2(11),3,5.7,9-pentacne free base and 1he other
reactive intcrmediate is a 1.-4artaric acid solution.

16, The pmecss of claim 1, whercin saidd product is
5.8, l4riazaterracyelo] 10.3. 1 (P 0" 9L hexadecs-2(11),2.
5.7.9-pentoune: (1.)-lantrole.

17. The prewess of cleim 1, wherein the linesr vekocity of
the jet sircams is at leasl 5§ m/sec.

18. The process of claim 1, wherein a sonication probe is
included with said impioging jet streams.

19. A process for synthesix and crystallization of a phar-
maccutical compound comprising contacting onc or more jet
strcams of a solution in a first sobvent of a fing reactive
intermediate and one or more jet sireams of a solution in a
sccond molvent of a second reactive intermediate, xaid jet
sreams impinging 10 create turbulence at their point to
impact under conditions of temperature and pressure which
permit reaction of said first and second reactive intermedi-
ates lo produce 2 producy; and,

selecting, said fint and xecond solvents so that said

product is insaluble in a mixture of said ficst and second
solventis; and

said jet streams impinging to create turbulence at their

point of impact and each jet stream having mufficient
lincar veloity to achieve micromixing of said solutions
followed by reaction of firsl and second reactive
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intermediaies, followed by nucleation of said product
and production of a crysialline product having small
crystals of controlled particle size, whenein said crys-
1akx of said product meet bicavailshilily requirements,
wherein said first reactive inicrmediate is selected from
Zipraxidone free base or S.8.14-triazatciracyclo
(10.3.1.057 0**]-hexadeca-2(11).3.5,7,9-pentaene
froe hasc, amd said sconmd reactive intermediate is
selected from HCl or L-tanaric acid.

20. The precess of claim 19, wherein said firl reaclive
intermediste is Ziprasidone free base and raid secomd reac-
tive intermediate & HCI.

21. The process of claim 19, wherein said crystalline
product is Ziprasitone hydrochkoride monohydrate.

22. 'The process of claim 19. whercin said lirsl reactive
intermediate is 53,14-triazatetracyclof10.3.1.0°"1 (7]
hexadeca-2(11),3,5,7,9pentacne froe bese and xaid scennd
reactive intermediate is & 1.-tartaric acid.

23. The process of claim 19 wherein sakl un?vnlalliru:
product is 58, 14-trinzatctracyclu[ 10.3.1.0* " 04°)-
hexadeca-2(11).3,5.7.9-pentacne (L.)-lartrate,

24. A process for synthesis and orystallization of a phar-
maceutical compound comprining contacting one or nure jet
sircams of a solution in a first sofvent of 8 fisst reactive
intermediate and onc or more jet streams of a solution in a
second solvent of a second reactive imermediate, said jel
sircams impinging to create urbnlence at their point of
impact under conditioas of 1emperature and pressure which
permit reaction of said fimt and scoond resctive intermedi-
ates to produce a product; and

sclecting said firt and second solvents so that said

product is insoluble in a mixture of said first and secomxd
solvents, and

said jet sireams impinging o create turhulence at their

point of impact and cach jct slrcam baving sufficicnt
linear velocity 10 achieve micromixing of said solutions
followed by reaction of it and scoom! reactive
intermediatcx, followed hy nudleation of xaid prociuct
and production of a crysialline product having small
crystals of conrolled particle size, whercin said crys-
tals of said procluct meet hivavailability requircmenis.
wherein said first reactive intermediate is Voriconaale
camphonsllonic ackl mall and said secomd reactive
intermedinte = a hase and wherin said produat is
Voriconawnle free hase.

23. The process of claim 24 wherein said base is selecied
from sodinm ascetale, potassium acetate, sodium hydroxicke,
potassivm hydeoxide, sdliunt carhonate and sclivar Nicar-
honate.

26. A process for synthesis and crystallization of a phar-
maceutical compount] comprising confadting one or mure jel
stircams of & solution in a first solvent of a list ractive
intermediate and one or more jet streams of a solution in a
second solvent of a second reactive intermediate, said jel
streams impinging to create turbulance at their point of
impact under conditions of icmperature and pressure which
permit reaction of xaid first and second reactive intermedi-
ales o produce a product; and

selecting said firsl and seoond solvents =0 that said

product is inmoluble in a mixture of kaid lies al sceond
solvents; and

said jet sircama impinging o create turbulence o their

point of impact and cach jei siream having sufficicnt
linear velocity 1o achicve micromixing of said solutions
followed by reaction of fimt and secomd reactive
intermediates, followed by nucleation of said product
and prixiuction of high surface area crystals of said
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product that meet bioavailability requirements wherein
said first reactive intermediate ik selected from Ziprasi-
done frec hase or 58,14-riazatetracyclo[10.3.1.0%
1.0 -hexadecs-2(11),3,5,7,9-pentaene free base, and
fanid sceond reactive intermediate is an acid, wherein
said crystelline product is & pharmaceutically accept-
able salt of Ziprasidonc or 5.8,14-Iriazatetracyclo
(102 L0F" (r"*]-hexadoca-2(1 1), 3,5,7.9-pentacne
selected from the group consisting uf: hydrachloride,
acetate, hesylate, citrate, hydrobromide, D or L lsclate,
mesylate, succinale, sulfate, D or 1.tartrate, stearate and
wylate.

27. A process Tor synthesis and crystallization of a chemi-
cul compound comprising confacting one or more jet
streamis of a solution in a fixst solvent of & fira reactive
intermediate and one or more jel streams of a solution in a
second solvent of a seeond reactive ntermediate, said jet
sircams impinging 0 crcate urbukence at their point of

12

impaci under cunditions of iemperature and pressure which
permit reaction of said fird and second reactive intermei-
ates lo pmduce a product; and

selecting said fird and second solvents so that said

product is insoluble in a mixture of said first and second
solvents; and

said jel sireams impinging W creale tarbukence at their

poini of impact and each jet stream having sulficient
lincar welocity tn achicve micromixing of said solutions
followed by reaction of first and second reactive
intermediates, followed by nucleation of said preduct
and production of high surface arca crysals of said
product that mect hinavailahility requirements, whercin
said fird reactive intermediate is a zwilterion and said
sccond reactive intermediale is a base or an acid.
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t1)) ABSTRACT

A movel appamatus and process for crystallizing submijcron-
sived cryslals of a pharmaceutical composition. The
submicron-sized erysials, which have an average size of less
than |1 micron, provide high surface arca cad product crys-
tals with prestly improved sability and purity, and which
alford crysals having improved bivavailsbility, higher
dissolulion, decreased decomposition rate and lonper shelf-
life.

17 Clahns, 2 Drawing Sheets
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(4) Upon complstion of crysallization, the pmduct was
fillcred and washed with 2 liters of water (RO guality,
::llcrud). The lilter cake was dried in vacuo at (P C. uniil
ry.
(5) The dry pmduct was delumped by passing it through
an B0 mesh sereen. APL acrosizer asrays vicld a mcan
particle size of (1.5324 microns with 95% of particles under

08321 microns.

Fxperiment No. Mean Sizs % 05000 pm  95th percentile
422 16-028-10 0X3M miciom 91.563 OX32] microns
Whal is claimed i

1. A process for the crystallization of a pharmaccutical
compound comprising positioning a tip of a sonication prohe
within a gap defined between two or more fluid jets posi-
tivncd such that fuid jei streams which emenge from said
fluid jeis impinge in said gap crcating a point of high
wrbulence at the point of impact of said fluid sircams, each
of said fluid streams having sufficient lincar velocily 10
achieve high inlensity micromixing of the solutions prior 1o
nuclealion, said sonication probe providing ulirasonic
enerpy in the immedistc vicinity of said impinging fuid
streams s axs to effect nucleation and the dincet prxduction
of small crystals, at least 95% of said crysals having a
diameter of Jess than | micron.

2. The process according o claim 1, wherein two fluid jeis
are used, said first fluid jet is provided for carrying a fimi
Nuid siream, said first fluid stream comprising a combination
of DMS(} and sakl pharmaceutical compound, said second
flvid je1 is provided for carrying a second fluid stream, said
sceomnd fluid siream comprising water.

3. The process aceanding to claim 2, wherein aaid firt and
said second fAuid jets arc substantially diametrically opposed
to each other, such thet said fird and second fuid streams
impinge 8o s 1o altain high intensity impact.

4. The process sccording 1o claim 1, wherein at least one
of said fluid aircems comprises a surfactant.

5. 'The process according to claim 1, wherein said phar-
maceulical compound selected from (Z-3-[1-(4-
chorophenyl)-1-(4-methylsulfonylpenyl)methylenc]-
dihydrofuran-2-one, and [R-{R*,R*)]4-[2-[2.4-
Difluorophenyl)-2-hydroxy-1-methyl-3-( 1 H-1,2 4-triazn]-
1 -yl)propyld-thiamlyl henzonitile.

6. The process according W claim 1, whercin cach jet
stream is independenily at s tempersture in the range of
about (° C. 10 10(P (.,

7. The process acearding 1o claim 1, wherein substantially
all of said crystals have a diameter cqual (o or less than |
micron.

8. The process acconding lo claim 1, whercin said pap
defined between said luid jets is 0.4 inches.
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9. 'I'he process acconding Lo claim L, wheroin said tip of
said sonication probe is positioned in seid gap in the kame
plane with said fluid jeis and a1 the point where said Nukl
sircams from set fluid jets impinge with one another,

10. The process accurding to claim 9, wherein said
sonication pruhe pravides power in & mange of between 30
and 150 watis.

11. A crysiallization apparatus for producing submicron-
sized particles, which comprises:

a crystallization flask:

two or more Muid impinging jets,

an agitator, and

a sonication probe having a probe lip, wherein rail

impinging jels, said agitator and said sonication probe
are positioned within said crystallization flask, sakl
impinging jets positioned substantially diametrivally
oppused to cach other. and said sonication prube posi-
tioned proximate said impinging jeis such that said
probe tip is positionsd such that it is at the same lovel
as the impinging jets.

12. The crysiallization apparatus acconding 1o claim 11,
whervin said apparatus comprisos two {luid impinging jeis.
said first fiwid jet is provided for carrying a lirst Muid siream,
said first fluid siream comprising a combination of DMSO
and a pharmaceutical compound, said second fuid jet is
provided for carrying a sccond fluid siream, said second
fluid siream comprising water.

13. The crystallization apparatus according 1o claim 12,
wherein said flird and said second fluid jets are substantially
diametrically oppuosed to cach olher, such that said first and
second flvid strcamx impinge so as to attain hiph inlensity
impa«t,

14. The crystallization appanatus acconding 1o claim 11,
wherein said agitator provides an agitation rate of >MX) rpm
which is meintained throughout the crystallization prucess.

1. The crystallization apparatus according o claim 11,
wherein sonication probe is a 20 khz prabe.

16. The crysiallization spparatus according 1o claim 15,
wherein said sonication probe provides power to said fist
and said second fluid strcams within said flask in the ranpe
from 30 to 50 wails.

17. The provess sccording 1o claim 1, whoersin sail
pharmacvutival compound is Z-3{ |{(4-chlorophenyl)-1-{4-
methylsulfonylphenyl)methylenc Fdihydrofuran-2-one or
[R-R* R*)H {22 4-difluorophenyl)-2-hydroxy- 1 -methyl-
3-(1H-1,2,4riazol-1-yl)propyl-4-1hiazolylJhenzonitrile.
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ABSTRACT

An impinging-jel crystallizer was investigaled in this work to assess its
pperational sensitivity and reproducibility for the production of small,
monodisperse crystals using calcium oxalate, a model system capable of
forming multiple hydrales. The impinging-jet mixer provides rapid mixing of the
reaclant solutions through the impingemeni of two narrow reactant streams at
high velocity. Iimpinging jet linear velocity and postjetting condilions were
studied, with the jet operated in nonsubmerged mode. Hydrate form and crystal-
size distribulion (CSD) were delermined using oplical microscopy and image
analysis techniques. The impinging jet consistently produced small,
monodisperse crystals. However, at a high level of supersaturation, slight
variations in the CSD were observed for apparently idantical conditions,
suggesting a degree of sensilivity in the system that could lead to difficully in its
applicabon. An apparent trend between impinging-jet linear velocity and crystal
size and number was observed, with more small crystals produced at higher
linear velocity.

Received: 18 July 2002: Revised. 18 May 2003



Modeling and Simulation of Impinging Jet Crystallizers.

Xing Y1 Woo, National University of Singapore & University of lllinois, 4 Engineering Drive
4, Singapore, 117578, Singapore, Reginald B. H. Tan, Department of Chemical and
Biomolecular Engineering, The National University of Singapore, 4 Engineering Drive 4,
117576, Singapore, and Richard D. Braatz, University of lllinals, 600 South Mathews
Avenue, 93 Roger Adams Laboratory, Box C-3, Urbana, IL 61801-3602.

The impinging jet crystallizer, developed by Midler et al. [1] more than @ decade ago, is
recognized as a highly reproducible and reliable industrial crystallization technology that
produces small crystais with narrow size distribution. The baslc principle in this design is to
utilize the high intensity micromixing of fluids to achieve a homogeneous compasition of
high superstauration before the onset of nucleation. This technology is now being used by
various pharmaceutical companies in thelr commercial drug’ production [2-4].

Numerous experimental studies have also been carried out by academic as well as
industrial researchers to gain a deeper understanding of the impinging jet crystallization
process, which can result in more efficient process development and optimization. For
various antisolvent and reactive crystallization systems, the dependence of the crystal size
distribution on the jet velocity and the inlet concentrations has been investigated [5-7].
Mahajan and Kirwan [5] and Johnson and Prudhomme [B] had characterized the mixing in
impinging jets with an overall micromixing time using competitive reactions. The modeling
of reactions in impinging jets has baen widely studied as well {8, 10]. This paper extends
this past computational work to include the population batance equation, with crystal
nucleation and growth, to gain a desper understanding of impinging jet crystallization. The
ultimate goal is to speed up the design of impinging jets and tailor the crystal size
distribution according to the bioavallability and drug administration requirements.

In this paper, a coupled CFD-Micromixing-Population Balance modal [11] was used to
simulate the crystalllzation process In a confined impinging jet crystallizer [8]. In the first
part of the study, the CFD-Micromixing algorithm was combined with kinetics of competitive
reacions to model the experimental work reported in Johnson and Prud’homme [8]. A
parameter sensitivity analysis [12] was performed which guided the selection of model
parameters to provida a closer agreement between model predictions and the experimental
data.

In the second part of the study, the improved CFD-micromixing model was coupled with the
population balance equetion to simulate the full crystal size distribution for the antisolvent
crystallization of Lovastatin [13] in the confined impinging jet crystallizer. The effects of jet
velocity were numerically investigated and compared semi-quantitatively with experimental
data In published Iiterature [5]. Good agreement with the experimental data, especially the
shape of the distribution, was obtained. The crystal size and distribution width was found to
decrease with an increase in inlet jet velocity, which was consistent with the experimental
observations. The simulation results showed different degrees of inhomogeneity in the
supersaturation and the nucleation and growth rates for different jet velocities.

in the last part of the study, the antisolvent crystallization of two polymorphic forms of L-
histidine in the confined impinging jet crystallizer was simulated with the CFD-micromixing-
popuiation balance model. The crystal size distribution of the stable and metastable
polymorphs was computed for different jet velocities. It was found that, for the range of
conditions simulated, the stable polymorph formed a large proportion of the crystals.

To the authors' knowladge, this is the most detailed simulation study on impinging jet
crystallizers reported to date. The simulation results show the feasibility of telloring a
specific crystal size distribution or polymorphic ratio by adjusting the aperating conditions
(for example, jet velacity) of the impinging jet crystallizers. Hence, these computational
tools can provide a technological advancement for the process development in the



pharmaceutical industry by providing more in-depth understanding of the crystallization
procaess, and reducing the number of trial-and-error experiments required toc determine the
optimum operating condltions, which reduces the amount of APl needed for expsariments.

Consequently, the process design can be performed much earlier during the drug
development, where there is a limitad amount of API| available.
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