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ANEXOS
k2 Comprobante de pago ds la tasa.

J Poderes, si fuere ef caso.
Pruebas de ios fundamentos de la oposicion.
Documentos que acrediten of legitimo interés, si fuere &l caso.
Documento que acredita la existencia y vepreseniacion legal de las pantes, cuando sean
personas jurldicas.
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Senora Jefe,
DIVISION DE NUEVAS CREACIONES
Superintendencia de Iindustria y Comercio

E. S. .

Feferencia 3 Bxpediente N 08 {38,680
Asunto s Opostcicn a la soiicitud de patente de invencior  titulada

“FORMULACTONES FARMACEULTCAS
Soliecitante + ABROTT LABORATORIES.

Opaositora : PROCAPS S.A.

Publicada en la Gaceia de la Propiedad Induserial

N° 616 del 20 de mayo de 2010

Yo, ELIANA ISAURA AFORENC BOFORQUEZ, abogada en ejercicio, identificada
comoe aparece al pie de su firma, con rarjera profesional No. 83823 del Conscjn
Superior de la

udicatura, ¢n mi condicisn de agenre oficioso de la sociedad

PROCAPS 5.4, conformada bejo les layes de a Republica de Colombia y demiciliada

—a

en da cludad de Barvranquilia, Colombia, arentamente manifiesto que estando dentro
dei wrmino de lov v vor onden expresn de mi agenciado, pressnio oposicien & i
concasion el regisro de iz Pateave de Irvencion utulada “FORMULACIONES
FARMACEUTICAS” cave drular es ABBOTT LABORATORIES, v pido & Usred
declarar fundada esta oposicion y en consecuencia negar el registro de la patente

solicitada.
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1. INTERES PARA ACTUAR

Conforme a lo dispuesto en el articulo 42 de la Decisién 486 de 2000 de la
CAN, estando dentro del término estipulado por la ley, manifiesto el legitimo interés
de nuestra representada paraz oponerse al registro de la patente de la referencia,
atendiendo a que la solicitud pretendida no cumple con los requisitos dispuestos en la
ley como se analizard mas adelante y de ser concedida afectaria directamente la
comercializacién de algunos productos de mi representada, que contienen, en
particular una sal de acido fenofibrico. Por lo tanto, solicito respetuosamente a ese
Despacho se sirva tener en cuenta la presente oposicion dentro del tramite

administrativo que se surte en esta Superintendencia.

2. FUNDAMENTOS DE HECHOS

2.1.La solicitud objeto de la presente fue presentada el 13 de abril de 2009,
reivindicando pricridad bajo la solicitud US20060829255P del 2006-10-12; y fue
publicada en Colombia, en la Gaceta de ia Propiedad Industrial N° 616 del 20 de
mayo de 2010, cuya publicacién internacional corresponde a la W0O2008046052
del 2008-04-17.

2.2.La solicitud colombiana 09 036.680 cbieto de la presente oposicién, se refiere a un
proceso para seleccionar una formulacién robusta de sal de acido fenofibrico que
comprende estos pasos: (a) Creacion de una forma de dosis oral con liberacion
modificada que comprenda: (i) una sal de 4cido fenofibrico; (ii) un polimero
hidrefilico; y {iii) opcionalmente, uno o varios excipientes farmacéuticamente
aceptables; v (b) Eleccion de una forma de dosis del paso (a) que por lo menos

tenga una de las propiedades siguientes: (i) La velocidad de liberacién de écido

Carrera 13 Ne 11995 Of 104 Tel. (571)2 1312 13-6205021 - Fax. (571) 61219 79
E-mail: negocics@optimum-co com - www.optilnlm-Co.com
Bogoci Colombia
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fenofibrico de la forma de dosis es considerablemente independiente de la fuerza
idnica de los medios de disolucion; (i) La diferencia entre la cantidad de sal de
scido fenofibrico disuelta en 0.5, 1, 2, 4, 6 u 8 horas en (A) 900 ml de tampon
fosfato de potasio 0.05 M a un pH de 6.0 y una temperatura de 37° C y (B) 900 ml
de tampoén fosfato de porasio 0.3 M a un pH de 6.0 y una temperatura de 37° C,
no es superior a cerca del 25 %; o (iii) La diferencia entre tiempos de
desintegracion en (A) 900 ml de tampén fosfato de potasio 0.05 M a un pH de 6.0
y una temperatura de 37° Cy (B) 900 ml de tampodn fosfato de potasio 0.3 M a un
pH de 6.0 y una temperatura de 37° C, es inferior a cerca de 475 minutos.

2.3.En primera instancia, se debe advertir que las reivindicaciones se refieren a un
procedimiento de seleccion y no a un método de fabricacién mediante la cual se
obtenga un producto tangible o a la composicion farmacoldgica y segun la
legislacion, decision 486 de la Comunidad Andina de Naciones, Articulo 14.- “Los
Paises Miembros otorgardn patentes para las invenciones, sean de producto o de
procedimiento (...}, los usos no estan convempiados como patentables; y, Articulo
20.- “No serdn patentables {...) d) los métodos terapéuticos o quirirgicos para el tratamiento
humano o animal, asi como los métodos de diagndstico aplicados a los seres humanos o a
animales”. Solo serdn patentables los productos o procedimientos. Por lo tanto a luz
de la norma, dicha materia referente al uso v a un método de tratamiento no seria

patentabie.

2.4.Ahora bien, con base ¢n el ardculo 14 de la Decisién 486 de la CAN consagra lo
siguiente: “Los paises miembros otorgardn patentes para las invenciones, sean de producto o
procedimiento, en todos los campos de la tecnologia, siempre que sean nuevas, tengan nivel

inwentivo ~

s

sean suscepiibles de aplicacion industrial”. Asi las cosas, las invenciones

objeto de patente deben ser nuevas y tener nivel inventivo. Bien, pues antes de la

Corpera 13Ne 11995, Of 104 Tel. (571) 2 131213 - ¢ 205021 ~ Fax. (571 6 1219 79
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fecha de pricridad de esta solicitud se encuentran los siguientes documentos que

afecta la patentabilidad de la presente solicitud:
e D1: US20051485%4 publicada el 7 de julio de 2005.

Ahora bien, el documentoc D1, particularmente en la descripcion revela una
composicion que comprende una sal de acido fenofibrico del grupo que consiste de
colina, etanolamina, dietanolamina, piperazina, calcio y trometamina y un
polimero entérico, tales como carboximetiiceiulosa sodica. Segun D1, se define que
aparte de los polimeros entéricos otros polimeros pueden estar presentes como
HPMC (p. 5, parrafo {0056]). Se define también en esta anterioridad que los
comprimidos pueden ser preparados por extrusion (ejemplo 1). Ahora bien, para
cualquier persona versada en el arte, a partir de este documento D1, puede llegar a
resolver el problema mediante la aplicacion de una sal soluble de acido fenofibrico,
una matriz de polimerc como la HPMC, una cantidad especifica de una sal de
acido fenofibrico, y un recubrimiento entérico {p. 3, apartado 2; ejemplos); donde
las caracteristica de una velocidad de liberacién independiente no puede ser
considerado como una formulacién "robusta" {p. 3; 1,6-11). Por lo tanto, no todas
fas composiciones como se pretende en la presente podria resolver el problema
planteado. Por ejemple, las diferencias en el perfil de liberacion para la
composicion entran en el dmbito de la invencién como se revela en la figura 10 y la
figura 11 siendo :nds significarivos para ia carga de activos que significa que el
problema no esta resuelro. Ademas, la aplicacion de las sales dcidas fenofibrico que
ya se conoce desde el estado de la técnica y la aplicacion de HPMC como matriz
polimérica y de recubrimientos entéricos es una cuestion de disefio experimental

estandar. Asi las cosas, como lo evidencia dicho documento DI, la presente
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solicitud no ¢s novedosa y no comprende altura inventiva pues lo revelado ya se
encontraba y se deriva a partir del estadc de la técnica.

2.6.Por lo tanto, este documento objeto de oposicion a la luz del documento D1 carece
evidentemente de NOVEDAD y ALTURA INVENTIVA.

2.7.En consecuencia y de acuerdo a lo descrito anteriormente, se deriva que la solicitud
colombiana 09 036.680 no puede pretender un monopolio por patente toda vez
que lo que pretende no cumple con los tres requisitos necesarios para su

proteccion.
2.8.Que por consiguiente, respecto a la solicitud pretendida se tiene que:

2.8.1. CARECE DE NOVEDAD: Segtn la decision 486 de la Comunidad Andina de

Naciones, Articulo 16.- “Una invencién se considerard nueva cuando no estd
comprendida en el estado de la técnica. El estado de la técnica comprenderd todo lo que
haya sido accesible al publico por una descripcion escrita u oral, utilizacion,
comercwalizacion o cualguier otro medio antes de la fecha de presentacién de la solicitud
de patente o, en siu caso, de la prioridad reconocida.”. A la fecha de pgioridad, 12 de
octubre de 2005 ya ers conocido, pues como se demostrd, era parte del arte
anterior con base en el documento D1, un proceso para seleccionar una
formulacion robusta de =al de acido fenofibrico que comprende estos pasos: (a)
Creacion de una forma de dosis cral con liberacion modificada que
comprenda: (i) una sal de 4dcido fenofibrico; (il) un polimero hidrofilico; y (iii)
opcionalmente, unc o varios excipientes farmacéuticamente aceptables; y (b)
Eleccién de una forma de dosis, sobre el cual busca proteccién en el capitulo
reivindicarorio.

2.8.2. CARENCIA DE ALTURA INVENTIVA. Segun la Decision 486 de la

Comunidad Andina de Naciones, Articulo 18.- “Se considerard que una invencion

Carrera 13 Ne 11995 OF 104 Tel. (57132 131213~ 6205021 - Fax. (571) 6 1219 79
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tiene nivel inventivo, si para una persona del oficio normalmente versada en la materia
técnica correspondiente, esa invencién no hubiese resultado obvia ni se hubiese derivado
de manera evidente del estado de la técnica.”. A la fecha de prioridad, 12 de octubre
de 2006, a partir del documento DY, puede llegar de manera evidente a la
aplicacion de las sales dcidas fenofibrico que ya se conoce desde el estado de la
técnica y la aplicacion de HPMC como matriz polimérica y de recubrimientos
entéricos como una cuestién de disefic experimental estindar, sobre el cual

busca proteccion en el capitulo reivindicatorio.

3. CARENCIA DE APLICACION INDUSTRIAL La Decision 486 de la CAN

consagra en su articulo 14 lo siguiente: “Los paises miembros otorgardn patentes
para las invenziones, sean de producto o procedimiento, en todos los campos de la
tecnologia, siermpre que sean nuevas, tengan nivel inventivo y sean susceptibles de
aplicaciéa ingustrial”. La presente solicitud carece de aplicacion Industrial ya que
como se demostrd anteriormente, algunas clausulas reclaman el método
terapéutico y estos no son aplicables industrialmente porque primero no se

obtiene un producto o proceso; v segundo no es reproducible o repetible a

escala industrial. Por lo tanto, el objeto de la presente invencion referido a los

usos v mérodos terapéuticos, no cumplen con el requisito de la aplicacion
industrial.

Dado lo anterior, es posible deducir gue iz solicitud y lo reivindicado no es
objeto de patentabilidad pues es contrario a lo que dicta la Decision 486 de Ia
Comunidad Andina de MNaciones, Articulo 14 “Los Paises Miembros otorgardn
patentes. para las invenciones, sean de producto o de procedimiento, en todos los campos de la

tecnologia, siempre Gue sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacion

Carreva (3N 11595 Of 104 Tel. (571) 21312 13 -62050 21 - Fax. (571) 612 19 79
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bil

industrial.”. La solicitud pretendida no cumple con los tres requisitos de

patentabilidad.

2.10. Por todo lo antericr, atentamente solicito a usted que se sirva declarar fundada
“FORMULACIONES FARMACEUTICAS” cuyo titular es ABBOTT
LABORATORIES, solicitud Colombiana que aparecié publicada en la Gaceta de
la Propiedad Industrial N° 616 del 20 de mayo de 2010.

3. PRUEBAS

De conformidad con lo dispuesto por las normas vigentes, solicito a usted tener

como prueba en éste asunto los siguientes:

o D ULSZ0051485%4 publicada el 7 de julio de 2005.

4. FUNDAMENTO DE DERECHO
Fundamento esta chservacién en las normas legales siguientes:
4.1, Numeral I del articulo 586 del Codige de Comercio.

4.2.  Articulo 42 de la Decision 486 de la Comision del Acuerdo de Cartagena.

-
L
»

-1 {as demads normas concordantes.

Carrera 13 N2 11095, 01 104 Tel (57121312 13- 62050 %1 - Fax. (571) 612 19 79
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5. ANEXOS

Para los efectos correspondientes anexo al presente escrito los siguientes documentos

1.

Recibo de caja del respectivo pago de tasa.

2. Copias de los documentios:

o D1:US2005148594 publicada el 7 de julio de 2005.

Carrera 12 Ne 11995, O0 104 Tel (371) 213 1232 - 6 205021 - Fax (570 € 1219 79
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6. NOTIFICACIONES

Para efectes de notificaciones que por disposicion del articulo 50 del Decreto
Cl de 1984 debe hacer su Despacho, informo que mi representada y la suscrita
recibiremos notificaciones en la Secretaria de su Despacho o en mis oficinas situadas

en fa Carrera [3 Ne 119.55 Of. {04 de esta ciudad de Bogota.

Sefior Superintendente,

ELIANA ISAURA MORENO BOHORQUEZ
C.C. 51'975.664 de Bogota
T.P.A. 83823 del C.S. de ja 1.

Carrera L3 Ne 11995 OF 104 Tel (571) 21312 13-6 205021 - Fax. (571) 61219 79
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57 ABSTRACT

In one aspect, the present invention relates to a formulation
in the form of molecular dispersion comprising i) fenofibric
acid, a physiologically acceptable salt or derivative thercof
and optionally other active substances, ii) a binder compo-
nent comprising at least one enteric binder, and optionally
iii) other physiologically acceptable excipients.

In a second aspect, the present invention relates to novel
salts of fenofibric acid that are photostable when compared
to other salts of fenofibric acid.
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SALTS OF FENOFIBRIC ACID AND
PHARMACEUTICAL FORMULATIONS THEREOF

RELATED APPLICATION INFORMATION

[0001] This application is a continuation-in-part applica-
tion of PCT/EP(03/14331 filed on Dec. 16, 2003 which
claims priority to U.S. Ser. No. 60/453,5694, filed on Dec. 17,
2002, each of which are incorporated by reference.

{0002] This application also claims priority to U.S. Ser.
No. 60/499,284 filed on Aug. 29, 2003 and U.S. Ser. No.
60/499,285 filed on Aug. 29, 2003, each of which are
incorporated by reference.

FIELD OF THE INVENTION

[0003] In one aspect, the present invention relates to
pharmaceutical formulations comprising fenofibric acid, a
physiologically acceptable salt or derivative thereof, pro-
cesses of making said formulations, such as by melt extru-
sion, and the use of these formulations for the oral admin-
istration of fenofibric acid, a physiologically acceptable salt
or derivative thereof.

[0004] 1In a second aspect, the present invention relates to
novel salts of fenofibric acid that exhibit photostability when
compared to other salts of fenofibric acid. These photostable
salts are useful for pharmaccutical formulations in a form of
molecular dispersions that contain at least one of these novel
salts. These novel salts can be used 1o treat hyperlipidemia
or coronary heart diseases.

BACKGROUND OF THE INVENTION

[0005] Fenofibrate is a well-known lipid regulating agent
which has been commercially available for a long time.

[0006] Fenofibrate is usually orally administered. After its
absorption, which is known o take place in the duodenum
and other parts of the gastrointestinal tract, fenofibrate is
metabolized in the body to fenofibric acid. In fact, fenofibric
acid represems the active ingredient of fenofibrate. In other
words, fenofibrate is a so-called prodrug which is converted
in vivo 1o the active molecule. After oral administration of
fenofibrate, fenofibric acid is found in plasma.

[6007] U.S. Pat. Nos. 4,179,515 and 4,235,896 disclose
the preparation of fenofibric acid and also describe acid
addition salts of amine containing analogs. U.S. Pat. No .4,
372,954 discloses the moroxydine salt of fenofibric acid as
useful for the inhibition of platelet aggregation and for
lowering fibrinogen. Spanish patent ES 474039 discloses the
use of the cinnarizine-salt of fenofibric acid for the reduction
of triglyceride levels and the sodium salt of fenofibric acid
(in solution) has also been disclosed (Bosca et al., Photo-
chemistry and Photobiology, 1999, 70(6), 853-857).

[0008] TFenofibrate is known fo be nearly insoluble in
water and requires special pharmaceutical formulations in
order 1o ensure good bioavailability, especially after oral
administration. Accordingly, fenofibrate has been prepared
in several differcmt formulations, (see WO 00/72825 and the
citations provided therein, such as U.S. Pat. Nos. 4,800,079,
4,895,720, 4,961,890, EP-A 0 793 958 and WO 82/01649).
Additional formulations of fenofibrate are described in WO
(2/067901 and citations provided rherein, such as U.S. Pa.
Nos. 6,074,670 and 6,042 847.

Jul. 7, 2005

[0009] The fenofibrate products currently on the market
involve a formulation comprising a micronized drug sub-
stance in capsules and/or tablets. However, the insolubility
of fenofibrate in water may still negatively impact the in
vivo performance of the product. One approach to mitigate
the bioavailability issue is to render the crystalline drug
amorphous, leading to accelerated drug release. However,
recrystallization of amorphous materials could occur, espe-
cially for insoluble molecules such as fenofibrate.

[0010] Thercupon, one object of the present invention is to
provide pharmaceutical formulations that make fenofibric
acid sufficiently bioavailable and prevent recrystallization of
the active substance. This object is achieved by formulations
that comprise fenofibric acid, a physiologically acceptable
salt or a physiologically acceptable derivative thereof that is
embedded in an enteric binder.

[0011] Xt is another object of the present invention to
provide novel salts of fenofibric acid that result in a product
having improved photostability when compared to
fenofibric acid and other salts of fenofibric acid.

SUMMARY OF THE INVENTION

[0012] In one aspect, the present invention relates to a
pharmaceutical formulation comprising:

[0013] i) fenofibric acid, or a physiologically accept-
able salt or derivative thereof and optionally, other
active ingredients (which is collectively referred to
as the “active substance component);

[0014] ii) a binder component comprising at least one
enteric binder; and optionally,

[0015] iii) other physiologically acceptable excipi-
ents.

[0016] The physiologically acceptable derivative of
fenofibric acid can be fenofibrate. Additionally, the
fenofibric acid, physiologically acceptable sali or derivative
thereof can be present in the formulation as a molecular
dispersion.

[0017] The binder employed in the above-described for-
mulation can be an enteric polymer, such as those selected
from the group consisting of: hydroxypropylmethylcellulose
phthalate, hydroxypropylmethyleellulose acetate succinate,
carboxymethylethylcellulose, cellulose acetate phthalate,
cellulose acetate trimellitate and carboxymethylcellulose
sodium.

[0018] Additionally, the enteric polymer can be a copoly-
mer, such as a copolymer of (meth)acrylic acid and at least
one alkyl (meth)acrylic acid ester. The alkyl (meth)acrylic
acid ester can be methyl methacrylate. The copolymer can
have a ratio of free carboxyl groups to esterified carboxyl
groups of about 2:1 to 1:3, preferably, about 1:1.

[0019] The other physiologically acceptable excipients
can be a flow regulator, such as a highly dispersed silica gel.

[0828] Preferably, the above-described formulation com-
prises 1) about 5 to about 60% by weight, preferably about
7 to about 40% by weight and most preferably, about 10 to
about 30% by weight of active substance component; if)
about 20 to about 95% by weight, preferably about 30 to
about 90% by weight and most preferably, about 40 to about
80% by weight, of a binder component; iii) 0 to about 75%
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by weight, preferably about 1 to about 60% by weight and
most preferably, about 5 to about 40% by weight, of other
physiologically acceptable excipients. It is preferred that the
enteric binder employed in the above-described formulation
comprise about 5 to about 95% by weight, more preferably
from about 10 to about 70% by weight and most preferably,
about 30 to about 60% by weight of the binder component
(ii). Moreover, the content of the active substance compo-
nent (i) relative to the binder component (i) is from about
1 to about 50% by weight, preferably about 10 to about 40%
by weight and most preferably about 20 to about 30% by
weight.

[0021] The above-described formulation can be obtained
by melt extrusion of a mixture comprising fenofibric acid, a
physiologically acceptable salt or derivative thereof, binder
and optionally, other active substances and/or physiologi-
cally acceptable excipients.

[0022] The above-described formulation can be used in a
method of oral administration of fenofibric acid, a physi-
ologically acceptable salt or derivative thereof. This method
involves the step of administering the above-described for-
mulation and optionally, other excipients, as a dosage form
to a mammal, preferably a human.

[0023] In another aspect, the present invention relates to a
salt of fenofibric acid selected from the group consisting of
choline, ethanolamine, diethanolamine, piperazine, calcium
and tromethamine.

[0024] In yet another embodiment, the present invention
relates to a pharmaceutical formulation in the form of a
molecular dispersion comprising a salt of fenofibric acid that
is selected from the group consisting of choline, ¢thanola-
minc,  diethanolamine,  piperazine, calcium  and
tromethamine and a binder component comprising at least
one cnteric binder. Preferably, said formulation comprises
about 5 to about 60% by weight of one of said novel salts
and about 20 to about 95% by weight of a binder component.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] The present invention will be described in two
difficrent aspects. Each of these two aspects of the present
invention are {reated separately under different headings for
the convenience of the reader and should not be construed as
limiting the present invention in any way. These headings
are “Pharmaceutical Formulations of Fenofibric Acid, Physi-
ologically Acceptable Salts or Derivatives Thereof” and
“Novel Salts of Fenofibric Acid”.

[6026] 1.Pharmaceutical Formulations of Fenofibric Acid,
Physiologically Acceptable Salts or Derivatives Thereof

[06027] Tn one aspect, the present invention relates to
pharmaceutical formulations, preferably solid formulations,
comprising a mixture of:

[0028] i) fenofibric acid, or a physiologically accept-
able salt or derivative thereof and optionally other
active substances;

[0029] ii)a binder component comprising at least one
enteric binder; and optionally

[0030] i) other physiologically acceptable excipi-
ents.

Jul. 7, 2005

[0031] As used herein, the term “fenofibric acid” refers to
2-[4-(4-chlorobenzoyl)phenoxy]-2-methyl-propanoic-acid,
having the following formula I

0 CH;

CIO+COOH

CH,

[0032] The physiologically acceptable salts of the present
invention are preferably base addition salts. The base addi-
tion salts include salts with inorganic bases, including, but
not limited to, metal hydroxides or carbonates of alkali
metals, alkaline earth metals or transition metals, or with
organic bases, including, but not limited to, ammonia, basic
amino acids such as arginine and lysine, amines, €.g. methy-
lamine, dimethylamine, trimethylamine, tricthylamine,
ethylamine, diethylamine, ethylenediamine, ethanolamine,
diethanolamine, 1-amino-2-propanol, 3-amino-1-propano]
or hexamethylenetetraamine, saturated cyclic amines having
4 to 6 ring carbon atoms, including, but not limited to,
piperidine, piperazine, pyrrolidine and morpholine, and
other organic bases, for example N-methylglucamine, cre-
atine and tromethamine, and quaternary ammonium com-
pounds, including, but not limited to, tetramethylammonium
and the like. Salts with organic bases are preferably formed
with amino acids, amines or saturated cyclic amines. Pre-
ferred salts with inorganic bases are preferable formed with
Na, K, Mg and Ca cations.

[0033] The physiologically acceptable derivatives of the
present invention are preferably carboxylic acid derivarives
that are reconvertable in vivo to the free carboxylic acid.
Thus, the preferred physiologicaily acceptable derivatives of
fenofibric acid are prodrugs of fenofibric acid. The conver-
sion of said prodrugs in vivo may occur under the physi-
ological conditions that the prodrug experiences during its
passage or may involve cleavage by enzymes, especially
esterases, accepting the prodrug as substrate.

[0034] The physiologically acceptable derivatives of the
present invention are fenofibric acid derivatives having the
following formula II

(W

0 CH,
CH,

[0035] wherein R is OR,, —NR,R,, —NH-alkylene-
NR R, or —O-alkylene-NR;R,, with R, and R, being iden-
tical or different from each other and representing a hydro-
gen  atom, alkyl, alkoxyalkvl, alkoyloxyalkyl,
alkoxycarbonyl, aminoalkyl, alkylaminoalkyl, dialkylami-
noalkyl, trialkylammoniumalkyl, cycloalkyl, aryl or aryia-
lky!l substituted on the aromatic residue by one or more
halogen, methyl or CF; groups, or R, and R, forming
together with the nitrogen atom to which they are connected,
& 5- to 7-membered aliphatic heterocyclic group which may
enclose a second heteroatom selected from the group con-
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sisting of N, O, and §, and which may be substituted by one
or more halogen, methyl or CF; groups. Particularly pre-
ferred physiologically acceptable derivatives are fenofibric
acid esters, i.e., derivatives of formula Il wherein R is OR,
and R, is other than hydrogen. These esters include deriva-
tives of formula II wherein R, in —OR| represents an alkyl
group having from 1 to 6 carbon atoms, an alkoxymethyl
group having from 2 to 7 carbon atoms, a phenylalkyl group
composed of an alkylene group having from 1 to 6 carbon
atoms and a phenyl group, a phenyl group, an acetoxymethyl
group, a pivaloyloxymethyl group, an ethoxycarbonyl group
and a dimethylaminoethyl group.

[0036] Especially preferred according to the present
invention are alkyl esters of fenofibric acid.

[0037] In one embodiment, the present invention relates to
formulations comprising 1) the 1-methylethy! ester (isopro-
pyl ester) of fenofibric acid, ie. fenofibrate (INN).

[0038] ‘The active substance (also known as the active
pharmaceutical ingredient or “API”) component i) of the
formulations of the present invention comprise fenofibric
acid, a physiologically acceptable salt or derivative thereof.
Mixtures of one or more of these forms are possible. For
reasons of simplicity, this part of the active substance
component is hereinafter referred to as the “fenofibric acid
content”.

[0039] Besides the fenofibric acid content, component i)
of the formulations may comprise other active substances,
particularly those having an action like that of fenofibric
acid, e.g. other lipid regulating agents, such as, but not
limited to, further fibrates, e.g. bezafibrate, ciprofibrate and
gemfibrocil, or statins, e.g. lovastalin, mevinolin, pravasta-
tin, fluvastatin, atorvastatin, itavastatin, mevastatin, rosuv-
astatin, velostatin, synvinolin, simvastatin, cerivastatin and
numerous others mentioned in, for instance, in WO
(2/67901 and the corresponding citations therein as well as
expedient active substances of other types. In one embodi-
ment, the present invention comprises single-drug products
thal comprise an active substance component i) that essen-
tially consists of fenofibric acid or a physiologically accept-
able salt of fenofibric acid or a physiologically acceptable
derivative of fenofibric acid or of a mixture thereof. As used
with respect to the active substance, the term “essentially”
refers 10 a percentage ratio of at least 90%, preferably of at
least 95% and most preferably of at least 98%.

[00640] The active substance compouent ordinarily consti-
wies about 5 to about 60% by weight, preferably about 7 to
about 40% by weight and, in particular, about 10 to about
30% by weight of the formulation. Data in % by weight are
based, unless indicated otherwise, on the total weight of the
formulation.

[6041] The formulation base of the formulations of the
present invention comprises physiologically acceptable
excipients, namely, at least one binder and optionally other
physiologically acceptable excipicnts. Physiologically
acceptable excipients are those known to be usable in the
pharmaceutical technology sectors and adjacent areas, par-
ticularly, those listed in relevant pharmacopeias (¢.g. DAB,
Ph. Eur, BP, NI, USP), as wel! as other excipients whose
properties do not impair a physiological use.

[0042] The binder component of the formulations of the
present invention may also be understood to include a binder
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which at least in part forms a binder matrix, particularly, a
polymer matrix, in which the active substance is embedded.
Binders suitable for use in the present invention include,
solid meltable solvents. The binder matrix serves to take up
and, especially, to dissolve at least part of the active sub-
stance component, especially the fenofibric acid content. To
this extent, the binder is also a solvent. In relation to the
active substance which is in the form of a molecular dis-
persion and dissolved, it is possible to speak of a solid
solution of the active substance in the binder, the binder
being either in crystalline form or in amorphous form.

[0043] Preferably, the binder component is at least partly
soluble or swellable in an aqueous media, expediently under
the conditions of use, that is to say, in particular physiologi-
cal conditions. An enteric binder may be defined as a binder,
the solubility or swellability of which increases with increas-
ing pH and vice versa. Particularly preferred are binders that
are at least partly soluble or swellable in aqueous media
having a pH of from about 5 to about 9, more preferably
from about 6 to about 8 and most preferably from about 6.5
to about 7.5.

[0044] Within the framework of this present description,
aqueous media include water and mixtures of water and
other components that comprise at least 50% by weight,
preferably at least 70% by weight and most preferably at
least 90% by weight of water. Aqueous media include, but
are not limited to, body fluids such as fiuids of the digestive
tract, e.g. gastric juices, intestinal juices and saliva, blood;
aqueous vehicles for use in pharmaceutical formulations in
the drugs and food supplement sectors, ¢.g. vehicles which
can be administered orally or parenterally, such as drinking
water or water for injections.

[0045] As used herein, “swelling” refers to a process in
which the volume and/or shape of a solid body, such as, for
example, a solid formulation of the present invention,
changes on exposure to liquids, vapors and gases. Swellable
or soluble polymers are preferably hydrophilic polymers that
are able to accumulate water at least on the surface and/or
take up water between the polymer chains, mainly by
adsorption. Limited swelling usually results in gel forma-
tion, which is why polymers capable of limited swelling and
usable according to the present invention can be selected
from the polymers commonly known as gel formers. Unlim-
ited swelling usually leads to the formation of solutions or
colloidal solutions, which is why polymers capable of
unhimited swelling and usable according to the present
invention can be selected from the polymers which form at
least colloidal solutions in a particular aqueous medium. It
is expedient to take into account, especially in relation to
body fluids, particularly those of the gastrointestinal tract,
that there may be local variations in the physiological
conditions, especially the pH. Since it is preferred, accord-
ing 1o the present invention, that the active substance be
taken vp mainly in the duodenum, jejunum and/or ileum, it
is preferable for the binder to be swellable or soluble under
the conditions prevailing in the duodenum, jejunum and/or
ilium. In particular, it is preferred that only slight or,
preferably, essentially no swelling or dissolution of the
polymer to take place in the preceding sections of the
gastrointestinal tract, especially in the stomach.

[0046] It is preferred that at least onc binder of the binder
component be a polymeric material, particularly an enteric
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polymer. As used herein, the term “enteric polymer”, which
is a term of the ari, refers to a polymer which is preferen-
tially solublc in the less acid environment of the intestine
relative to the more acid environment of the stomach.
Enteric polymers are pH sensitive. Typically, the polymers
are carboxylaled and interact (swell) very little with water at
low pH, while at high pH the polymers ionize, causing
swelling, or dissolving of the polymer. Therefore, the binder
component can be designed to remain intact in the acidic
environment of the stomach (preventing recrystallization of
the active substance in the stomach), but dissolve In the
more alkaline environment of the intestine.

[0047] The enteric polymer may be made from a conven-
tional material. It is preferred that at least one binder of the
binder component be selected from enteric polymers such
as, but not limited to, suitable cellulose derivatives, ¢.g.
cellulose acetate phthalaics, cellulose acetate succinates,
cellulose acetate trimellitates, carboxyalkyl(alkyl)celluloses
and hydroxyalkyl(alkyl) cellulose phthalates; suitable poly-
vinyl-based polymers and copolymers, e.g. polyvinylac-
etatephthalate, polyvinylbutyrate acetate, vinyl acetate-ma-
leic anhydride copolymer, styrene-maleic mono-ester
copolymer; and suitable acrylic/methacrylic polymers and
copolymers, e.g. methyl acrylate-methacrylic acid copoly-
mer, and methacrylate- methacrylic acid-octyl acrylate
copolymer.

[0048] Preferred enteric binders are pharmaceutically
acceptable acrylic and methacrylic acid polymers and
copolymers. These include copolymers with anionic char-
acteristics based on (meth)acrylic acid and alkyl (meth-
Jacrylic acid esters such as, but not limited fo, methyl
(meth)acrylate. Preferably, these copolymers have weight
average molecular weights of arcund 50,000 to 300,000,
most preferably around 100,000 to 150,000, ¢.g. around
135,000. The ratio of free carboxyl groups to esterified
carboxyl groups of said copolymers is preferably in the
range of around 2:1 to 1:3, most preferably, 1:1 to 1:2.
Specific examples of copolymers that can be used include
the acrylic resins having the proprietary names Eudragit® 1.
and § that are based on methacrylic acid and methyl meth-
acrylate that have a ratio of free carboxyl groups to esterified
carboxy groups of around 1:1 and 1:2, respectively. Among
these, copolymers of the Eudragit® L type are preferred,
most preferred is Eudragit® L 100, a pH dependent anionic
polymer solubilizing above pH 6.0 for targeted drug delivery
in the jejunum and Eudragit® S 100, a pH dependent anionic
polymer solubilizing above pH 7.0 for targeted drug delivery
in the ileum.

[0049] Other preferred enteric binders that can be used
herein are pharmaceutically acceptable cellulose deriva-
tives. These include, but are not limited to, carboxymethyl-
ethylecllulose (CMEC) and carboxymethylcellulose sodium
(sodium cellulose glycolate), and particularly hydroxypro-
pylmethylcellulose  phthalate, especially hypromellose
phthalates such as 220824 and 220731, hydroxypropylm-
cthyleellulose acetate succinate (AQOAT), cellulose acetate
phthalate (CAP). and cellulose acetate trimellitate (CAT).
Such polymers are sold under the tradename Cellacefate®
(cellulose acetatz phthalate) from Eastman Chemical Co.,
Aquateric® (cellulose acetate phthalate aqueous dispersion)
from FMC Corp., Aqoat® (hydroxypropylmethylcellulose
acetate succinate aqueous dispersion), and HPSO and HP53
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(hydroxypropylmethylcellolose phthalates) from ShinEtsu
K. K. Additionally, enteric binders include casein.

[0050] These enteric binders may be used either alone or
in combination, and optionally together with binders other
than those mentioned above.

[0051] Thereupon, the binder component of the formula-
tions of the present invention comprises at Jeast one of the
enteric binders described above and particularly, at least one
enteric polymer. The binder component may comprise other
binders of these types and/or of other types. The properties
of the formulations of the present invention can be altered by
the nature of the chosen binder(s) or the admixture of
different binders. In particular, it is possible in this manner
to control the release of active substance.

[6052] 1In another embodiment of the present invention,
the binder component comprises of one of the enteric
binders described above. In another embodiment of the
present invention, the enteric binder component comprises a
mixture of at least two of the enteric binders described
above. In this case, the enteric binder(s) constitute(s) 100%
by weight of the binder component (i1).

[0053] In yet a further embodiment of the present inven-
tion, the binder component comprises, in addition to one or
more than one enteric binder, at least one other (non-enteric)
binder. In this embodiment, the enteric binder preferably
constitutes about 5 to about 95% by weight, more preferably
about 10 to about 70% by weight and, most preferably, about
30 to about 60% by weight of the binder component (ii).

[09054] If at least one other (non-enteric) binder is present,
it is preferred that said other (non-enteric) binder that is to
be used in combination with the enteric binder be selected
from the group consisting of: synihetic polymers such as, but
not limited to, polyvinyllactams, in particular polyvinylpyr-
rolidone (PVP); copolymers of vinyllactams such as, but not
limited to, N-vinylpyrrolidone, N-vinylpiperidone and N
vinyl-e-caprolactam, but especially N-vinylpyrrolidone,
with (meth)acrylic acid and/or (meth)acrylic esters, such as,
bui not limited to, long-chain (meth)acrylates, e.g. stearyl
(meth)acrylate, dialkylaminoalkyl (meth)acrylates, which
may be quaternized, and maleic anhydride, vinyl esters,
especially vinyl acetate, vinylformamide, vinylsulfonic acid
or quaternized vinylimidazole; copolymers of vinyl acetate
and crotonic acid; partially hydrolyzed polyvinyl acetate;
polyvinyl alcohol; (meth)acrylic resins such as, but not
limited to, poly(hydroxyalkyl (meth)acrylates), poly-
(meth)acrylates, acrylate copolymers; polyalkylene glycols
such as, but not limited to, polypropylene glycols and
polyethylene glycols, preferably with molecular weights
above 1,000, more preferably above 2,000 and most pref-
erably above 4,000 (e.g. polyethylene glycol 6,000); poly-
alkylene oxides such as, but not limited to, polypropylenc
oxides and, in particular polyethylene oxides, preferably of
low molecular weight, especially with weight average
melecular weights of less than 100,000; polyacrylamides;
polyvinylformamide (where appropriate partially or com-
pletely hydrolyzed); modified natural polymers, e.g. modi-
fied starches and modified celluloses, such as, but not
limited to, cellulose esters and, particularly, cellulose ethers,
c.g. methyleellulose and ethyleellulose, hydroxyalkylcellu-
loses, in particular hydroxypropylcellulose, hydroxyalkyla-
Ikylcelluloses, particularly hydroxypropyvlmethylcellulose
or hydroxypropylethylcellulose; starch degradation prod-
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ucts, particularly, starch saccharification products, such as
maltodextrin; natural or predominantly natural polymers
such as, but not limited to, gelatin, polyhydroxyalkanoates,
¢.g. polyhydroxybutyric acid and polylactic acid, polyamino
acids, e.g. polylysine, polyasparagine, polydioxanes and
polypeptides, and mannans, especially galactomannans; and
nonpolymeric binders such as, but not limited to, polyols, for
example those described in WO 98/22094 and EP 0 435 450,
in particular sugar alcohols such as, but not limited to,
maltitol, mannitol, sorbitol, cellobiitol, lactitol, xylitol and
erythritol, and isomalt (Palatinit).

[0055] Of the aforerentioned binders, the polymeric bind-
ers, particularly, the modified patural polymers, especially
modified starches and cellulose ethers, and particularly, the
synthetic polymers, especially polyvinylpyrrolidone and
copolymers of vinyllactams, are preferred.

[0056] It is particularly preferred that at least one other
binder of the binder component be selected from polyvi-
nylpyrrolidones, €.g. Kollidong® K25, N-vinylpyrrolidone/
vinyl acetate copolymers, especially copovidone, ¢.g. Xol-
lidon® VA 64, and low molecular weight cellulose
derivatives such as low molecular weight hydroxypropyl-
cellulose, e.g. Klucel®EF with weight average molecular
weights of about 45,000 to about 70,000 or about 80,000,
and low molecular weight hydroxypropylmethylcetlulose,
e.g. Methocel® E3, ES and E7.

[0657] Binder components that are preferred for the pro-
cess arc those which are melt-processable.

[0058] Polymers that can be used as polymeric binders are
those which have a K value (according to H. Fikentscher,
Cellulose-Chemie 13 (1932), pp. 58-64 and 71-74) in the
range between 10 and 100, preferably, between 15 and 80.

[0059] In a preferred embodiment, the binder component
has a glass transition temperature of more than about 80°°C.,
preferably more than about 90° C. and most preferably of
more than about 100° C. In addition, the suitability of glass
transition temperatures in this range is governed by the
necessary melt-processability of the binder or binder-con-
laining mixtures

[0060] The content of the binder component (ii) in the
formulation of the present invention is ordinarily from about
20 to about 95% by weight, preferably about 30 to about
90% by weight and most preferably about 40 to about 80%
by weight.

[0061] In a particular embodiment, the present invention
relates to formulations wherein the fenofibric acid, a physi-
ologically acceptable salt or derivaiive thereof is in the form
of a molecular dispersion.

[0062] The term “molecular dispersion” as used herein
and as known 1o one skilled in the art, describes systems in
which a substance, in the present case at least part and
particularly the predominant part of the fenofibric acid
content, is homogeneously dispersed in the binder compo-
nent. In a molecular dispersion, the dispersed substance is
free of interfaces. In this case, the binder usually forms a
matrix which, according to the present invention, is formed
by the binder component or at least by a predominant part of
the binder component, advantageously, the ealeric binder.

[0063] According to this embodiment, the content of
aclive substance crystals in a formulation of the present
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invention is preferably below about 15% and most prefer-
ably, below about 10%. Statements about crystal contents
relate to the total amount of the active substance(s), particu-
larly, the fenofibric acid content.

[0064] A formulation of the present invention that is

essentially free of active substance crystals represents a
particular embodiment of the present invention. The reduc-
tion in the crystal content is associated with an increase in
the homogenization of the active substance in the matrix.

[0065] Molecular dispersion systems are, according to a
particular embodiment, solid at room temperature (about 25°
C.), but melt-processable at higher temperatures.

[0066] Formulations of the present invention in which
there is no crystalline contents for essentially any constituent
(essentially amorphous or crystal-frec formulations) repre-
sent an additional embodiment of the present invention.

[0067] The state of such molecular dispersions can be
investigated using known analytical methods, e.g. by dif-
ferential scanning calorimetry (DSC) or wide-angle X-ray
scattering measurements (WAXS measurements). Measure-
ment of a molecular dispersion in DSC analysis lacks the
usually endothermic, peak due to melting that occurs with
the crystalline pure substance. Another possibility for iden-
tifying a molecular dispersion is the reduction in intensity
and/or absence of typical X-ray diffraction signals in WAXS
analysis.

[0068] For the purpose of forming molecular dispersions
and, in particular, solid solutions by at least part of the active
substance component in the binder component, the content
of active substance component based on the binder compo-
nent is present from about 1 to about 50% by weight,
preferably about 10 to about 40% by weight and more

-preferably about 20 to about 30% by weight.

[0069] Formulations of the present invention may contain,
in addition to a binder component, further physiologically
acceptable excipients (excipient component iii). Such
excipients may facilitate the production of the formulation
and/or modulate its properties. The nature and amount are
chosen so that they do not impair development of the special
properties of the formulations of the present invention or
contribute to destabilizing this system.

[6070] Excipients are usually conventional pharmaccuti-
cal excipients, for example, fillers such as, but not limited to,

. sugar alcohols, e.g. lactose, microcrystalline cellulose, man-

nitol, sorbitol and xylitol, isomalt (cf. DE 195 36 394),
starch saccharification products, tale, sucrose, cereal corn or
potato starch, where present in a concentration of about 0.02
to about 50, preferably about 0.20 to about 20% by weight
based on the total weight of the mixture; lubricants, glidants
and mold release agents such as, but not limited to, mag-
nesium, aluminum and calcium stearates, talc and silicones,
and animal or vegetable fats, especially in hydrogenated
form and those which are solid at room temperature. These
fats preferably have a melting point of 30° C. or above.
Technically preferred in relation to the melt extrusion pro-
cess are, as described in DE 197 31 277, triglycerides of C,,,
C,4 C,s and C4 fatty acids or, to improve the processing
properties, sodium stearylfumarate, lecithin, as described in
connection with the extrusion of an isomalt-containing poly-
mer/active substance melt in DE 195 36 394. It is also
possible to use waxes such as, but not limited to, carnauba
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wax. These fats and waxes may be admixed alone or
together with mono- and/or diglycerides or phosphatides,
particularly, lecithin. The mono- and diglycerides are pref-
crably derived from the abovementioned fatty acid types.
Where present, the total amount of excipients in the form of
lubricants and mold release agents is preferably about 0.1 to
about 10% by weight and, more preferably, about 0.1 to
about 2% by weight, based on the total weight of the
mixture; flow regulators, ¢.g. colloidal silica (highly dis-
persed silicon dioxide), especially the high-purity silicon
dioxides having the proprietary name Aerosil®, where
present, in an amount of about 0.1 to abour 5% by weight
based on the total weight of the mixture; dyes such as, but
not limited to, azo dyes, organic or inorganic pigmeats or
dyes of natural origin, with preference being given to
Inorganic pigments e.g. iron oxides, where present, in a
concentration of about 0.001 to about 16, preferably about
0.1 to about 3% by weight, based on the total weight of the
mixture; stabilizers such as, but not limited to, antioxidants,
light stabilizers, hydroperoxide destroyers, radical scaven-
gers, stabilizers against microbial attack; plasticizers, espe-
cially those described below.

[0071] It is also possible to add weting agents, preserva-
tives, disintegrants, adsorbents and mold release agents, and
surfactants, especially anionic and nonionic, such as, for
cxample, soaps and soap-like surfactants, alkyl sulfates and
alkylsulfonates, salts of bile acids, alkoxylated fatty alco-
hols, alkoxylated alkylphenols, alkoxylated faity acids and
fatty acid glycerol esters, which may be alkoxylated, and
solubilizers such as Cremophor® (polyethoxylated castor

oil), Gelucire® and Labrafil® vitamin E TPGS and Tween®

{cthoxylated sorbitan fatty acid esters) (cf,, for example, H.
Sucker et al. Pharmazeutische Technologie, Thieme-Verlag,
Stuttgart 1978).

[0072] Excipicnts, for the purpose of the present inven-
tion, also refers to substances for producing a solid solution
wilh the active substance. Examples of these excipients are
pentaerythritol and pentaerythritol tetraacetate, urea, phos-
phatides such as lecithin, polymers such as, for example,
polyethylene oxides and polypropylene oxides and their
block copolymers (poloxamers) and citric and succinic
acids, bile acids, stearins and others as indicated, for
example, by I. L. Ford, Pharm. Acta Hely. 61, (1986), pp.
69-88.

[0073] Also regarded as pharmaceutical excipients are
additions of acids and bases to control the solubility of an
active substance (see, for example, K. Thoma et al., Pharm.
Ind, 51, (1989), pp. 98-101).

[0074] Excipients as used in the present invention also
inchude vehicles specific for the dosage form, i.e. appropriate
for a particular dosage form, in particular peroral and,
cspecially, tableis and capsules, also low-melting or liquid
excipients such as polyalkylene glycols of low molecular
weight, such as polyethylene glycol and/or polypropylene
glycol with weight average molecular weights of less than
about 1,000, water or suitable aqucous systems.

[0075] Itis also possible to add excipients such as, but not
limited to, masking flavors and odor-masking agents, par-
ticularly, sweeteners and odorants.

[0076] Further particular embodiments involving excipi-
ents are known to those skilled in the art as described, for
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example, in Fiedler, H. B., Lexikon der Eilfsstoffe fir Fhar-
mazie, Kosmetik, and angrenzende Gebiete, 4th edition,
Aulendorf: ECV-Editio-Cantor-Verlag (1996).

[0077] The only requirement for the suitability of the
excipients is usually the compatibility with the active sub-
stances and excipients used. The excipients ought not to
impair the formation of molecular dispersions.

[0078] The excipient component in sotid formulations of
the present invention preferably comprises at least one of the
excipients described above. It may comprise other excipi-
ents of these types and/or other types.

[0079] One embodiment of the present invention com-
prises formulations with excipient component iii). In this
embodiment, the content of the other physiologically accept-
able excipients in the formulations of the present invention
can be up to about 75% by weight, preferably up to about
60% by weight and, more preferably, up to about 40% by
weight.

[0080] A particular embodiment of the present invention
comprises formulations which comprise:

[0081] 1) fenofibric acid or fenofibrate;

[0082] i) at least one binder sclected from enteric
polymers; and

[0083] iif) optionally, other physiologically accept-
able excipients, in particular a flow regulator, ¢.g.
highly disperse silica gel.

[0084] The formulations of the present invention prefer-
ably contain less than about 7% by weight and, more
preferably, less than about 4% by weight of water. A
preferred embodiment is represented: by less than about 2%
by weight of water.

[0085] From the viewpoint of a formulation that can be
administered orally, it is particularly preferred for at least
part of the binder componeat to be designed such that the
release of active substance at acidic pH is delayed and
recrystallization of the active in the stomach prevented.

[0086] The formulations of the present invention have a
solid consistency. As used herein, the term “solid” has in this
connection the meaning assigned to it in the relevant phar-
macopeias in connection with pharmaceutical preparations.
In the wider sense, solid formulations of the present inven-
tion also include those with a semisolid consistency, which
may result in formulations having a high fenofibrate content.
These formulations are viscous or highly viscous formula-
tions that can be molded at room temperature. The suitability
of semisolid formulations for being expediently processed,
according to the present invention by means of extrusion, is
important.

[0087] The present invention also relates to the use of
formulations of the present invention as dosage forms,
particularly for oral administration of fenofibric acid or a
physiologically acceptable salt or derivative thereof.

[6088] Accordingly, formulaiions of the present invention
are mainly used in the physiological practice, particularly, in
the medical sector for humans and animals. In this sense, the
tormulations are used as or in dosage forms, i.e. the formu-
iations of the present invention have expedient forms that
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arc appropriate for physiological practice, if necessary
together with other excipients.

[0089] Thus, the term “dosage form” refers 1o any dosage
form that is suitable for administration of active substances
to an organism, particularly to mammals, preferably
humans, agricultural or domestic animals.

[0090] Conventional dosage forms include, but are not
limited to, (in alphabetical sequence) capsules, granules,
pellets, powders, suspensions, suppositories, tablets.

[0091] Granules comprise solid grains of the formulations
of the present invention, wherein each grain represents an
agglomerate of powder particles. Granules can have a mean
corn size in the range of about 0.12 to about 2 mm,
preferably about 0.2 to about 0.7 mm. Granules are prefer-
ably intended for oral usc as dosage forms. The user can be
offered single-dose preparations, for example, granules
packed in a small bag (sachet), a paper bag or a small bottle,
or multidose preparations which require appropriate mea-
suring. However, in many cases, such granules do not
represent the actual dosage form, but are intermediates in the
manufacture of particular dosage forms, for example, tablet
granules to be compressed to tablets, capsule granules to be
packed into hard gelatin capsules, or instant granules or
granules for oral suspension to be put in water before intake.

{0092] As capsules, the formulations of the present inven-
tion are usually packed into a hard shell composed of two
picces fitted together or 2 sofi, one-piece, closed shell, which
may vary in shape and size. It is possible for the formula-
tions of the present invention to be encased or enveloped or
embedded in a matrix in suitable polymers, that is (o say,
microcapsules and microspherules. Hard aud soft capsules
comprisc mainly of gelatin, while the latter can have a
suitable content of plasticizing substances such as glycerol
or sorbitol. Hard gelatin capsules are used to receive prepa-
rations of the present invention that have a solid consistency,
for example granules, powder or pellets. Soft gelatin cap-
sules arc suitable for formulations with a semisolid consis-
tency and, if required, also viscous liquid consistency.

[0093] Pellets are granules of formulations of the present
invention in the particle size ranging from about 0.5 to about
2.0 mm in diameter. Pellets having a narrow particle size
distribution, preferably from about 0.8 10 about 1.2 mm, and
with an essentially round shape, arc preferred.

[0094] In semisolid preparations, formulations of the
present invention are taken up in a suitable vehicle. Appro-
priate bases are known 1o those skilled in the art,

[0695] Suppositories are solid preparations for rectal,
vaginal or urethral administration. In order to be appropriate
for this route of administration, formulations of the present
invention in thesc drug forms must be taken up in suitable
vehicles, for example, in fats which melt at body tempera-
ture, such as hard fat, macrogols, i.e. polyethylene glycols
with molecular weights of about 1000 to about 3000 in
various proportions, glycerol, gelatin and the like.

[0096] Tablets are solid preparations for oral use. The
meaning of oral within the framework of the present inven-
tion is, particularly, that of the term “peroral”, i.c. tablets for
absorption or action of the active substance in the gas-
trointestinal tract. Particular embodiments include, but are
not limited to, coated tablets, lavered tablets, laminated
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tablets, tablets with modified release of active substance,
matrix tablets, effervescent tablets or chewable tablets. The
formulations of the present invention usually comprise at
least a part of the necessary tablet excipients, such as
binders, fillers, glidants and lubricants, and disintegrants.
Tablets of formulations of the present invention may also, if
necessary, comprise other suitable excipients.

[0097] Excipients which assist tableting, for cxample
lubricants and glidants, for example those mentioned above,
with preference for flow regulators such as silica and/or
lubricants such as magnesium stearate, particularly for
facilitating compaction, can also be used herein.

[6098] Coated tablets additionally comprise suitable coat-
ing materials, for example, film coating agents with coating
aids, especially those mentioned below. Coated tablets

‘include, but are not limited to, sugar-coated tablets and

film-coated tablets.

[0099] Powders are finely dispersed solids of formulations
of the present invention with parlicle sizes usually of less
than about 1 mm. The above statements about granules
apply correspondingly.

[0100] Preference is given according to the present inven-
tion to capsules packed with granules, powders or pellets of
formulaticns of the present invention, instant granules and
granules for oral suspension composed of formulations of
the present invention with addition of masking flavors, and,
in particular, tablets and coaled tablets.

[0101] The dosage forms of the present invention are
usually packed in a suitable form. Pushout (blister) packs
made of plastic and/or metal for solid dosage forms are
frequently used.

[0102] The present invention also relates to a process for
producing a formulation of the present invention by mixing
(blending) components 1), ii) and optionally iii) to form a
plastic mixture. Thus, to form the plastic mixture, at least
two measures are necessary, first, the mixing (blending) of
the components forming the mixture, and second, the plas-
tification thereof, i.e. the conversion thereof into the plastic
state. These steps may take place for one or more compo-
nents or portions of components successively, intermesh-
ingly, alternately or in another way. Accordingly, it is
possible in principle for the conversion into the plastic state
to take place concurrently during a mixing process, or for the
mixture first to be mixed and then to be converted into the
plastic state. A plurality of plastic mixtures differing in
composition may be formed during a process and are mixed
together and/or with other components or portions of com-
ponents. For example, a premix of a portion of the compo-
nents, €.2. excipient component and/or binder component,
can be formulated to form granules, and the granules can
then be converted, with the addition of other componeats,
¢.g. the active substance component, into a plastic mixture
whose composition may correspond to that of the formula-
tion. It is also possible for all the components to first be
combined and then either converted into the plastic state at
the same time as mixing or first mixed and then converted
into the plastic state.

{01031 The formation of a plastic mixture can take place
by meiting or, with additional input of mechanical energy,
e.g. by kneading, mixing or homogenizing, below the melt-
ing peint of the nuxture. The plastic mixture is preferably
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formed at temperatures below about 220° C. The formation
of the plastic mixture usually does not take place by one or
more components being converted into a paste or partially
dissolved with liquids or solvents, but takes place mainly or
exclusively by thermal or thermal/mechanical action on the
component(s), i.e. by thermal plastification. The plastic
mixture is preferably formed by extrusion, more preferably,
by melt extrusion. The plastification process steps can be
carried out in a manner known per se, for example as
described in EP-A-0 240 904, EP-A-0 337 256, EP-A-0 358
108, WO 97/15290 and WO 97/15291. The contents of these
publications and, in particular, the stalements about melt
extrusion disclosed therein are incorporated herein by ref-
erence.

[0104] In principle, there are two possible ways by which
solubilization of the active substance can be achieved during
melt extrusion. l'irst, the extrusion process is carried out at
a temperature that is higher than the melting point of the
active substance and high enough for plastification of the
binder. In this case, the molten active substance can be
solubilized in the plastificd binder by means of mixing and
kneading which takes place during extrusion {method A).
Second, if the solubility of the active substance is good, a
solubilization in the plastified binder can take place without
the nced to melt the active substance. This situation is
comparable to the dissolution of water-soluble compounds
(e.g. sugar) in water which is also possible without the need
for prior melting the compound (method B). Fenofibrate is
an active substance with a relatively low melting point
(approximately 80° C.) and therefore, 2 melting of the active
substance can be cxpected during extrusion which is carried
out normally at temperatures higher than 80 ° C. according
lo method A.

[0105] Fenofibric acid has a melting point of 184° C.
{Arzneimittel-Forschung 26, 885-609 (1976), see page 887)
which is much higher than the melting point of fenofibrate.
Therefore, solubilization of fenofibric acid in the binder(s)
may take place according to method B. Morecver, method B
could be advantageous even for processing fenofibrate in
order to prevent any chemical degradation of fenofibrate at
temperatures exceeding the melting point of fenofibrate.

[0108] In addition to the melt extrusion technology, there
are other known technologies for embedding active sub-
stances in binders in molecular dispersed form. The most
common technique uses organic solvents where both the
active substance(s) and the excipients (binders) are soluble.
The solution of both compounds (active substances and
binder(s)) arc combined and then the solvent is removed
completely. This process has a number of disadvaniages
because it requires the use of organic solvents which causes
a Jot of problems during manufacturing. Although possible,
this is not the preferred process according to the present
invention.

[0107] In the case of Jow melting compounds like fenofi-
brate, the active substance can be placed in a beaker and
heated together with the binder while the whole mixture is
stirred. This technique does not use organic sojvents but is
based on a batch-process that requires much longer stirring
and heating than in the case of a continuous process like melt
extrusion. This means that the residence time of the drug at
high temperature is much longer and thus increases the risk
of possible degradation of both active substance(s) and
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binder(s). Furthermore, this process normally requires low-
viscosity melts which are obtained by using e¢.g. PEG.
Although possible, this is not the preferred process accord-
ing to the present invention.

[0108] It should be possible to convert the binder compo-
nent into a plastic state in the complete mixture of all the
components in the temperature range from about 30 to about
200° C., preferably about 40 to about 170° C. The glass
transition temperature of the mixture should thercfore be
below about 220° C., preferably below about 180° C. If
necessary, it can be reduced by conventional, physiologi-
cally acceptable plasticizing excipients.

[0109] Examples of plasticizers include, but are not lim-
ited to, organic, preferably, involatile compounds, such as,
for example, C,-C,o-alkanols, ethylene glycol, propylene
glycol, glycerol, trimethylolpropane, triethylene glycol,
butandiols, pentanols such as pentaerythritol and hexanols,
polyalkylene glycols, preferably having a molecular weight
of from about 200 to about 1,000, such as, for example,
polyethylene glycols (e.g. PEG 300, PEG 400), polypropy-
lene glycols and polyethylene/propylene glycols, silicones,
aromatic carboxylic esters (e.g. diatky! phthalates, trimellitic
esters, benzoic esters, terephthalic esters) or aliphatic dicar-
boxylic esters (e.g. dialkyl adipates, sebacic esters, azelaic
esters, citric and tartaric esters, in particular triethylcitrate),
fatty acid esters such as glycerol mono-, di- or triacetate or
sodium diethy! sulfosuccinate. The concentration of plasti-
cizer is, where present, generally about 0.5 to about 30,
preferably about (.5 to about 10% by weight based on the
total weight of polymer and plasticizer and from about 0.1
to about 40, especially from about 0.5 to about 20 and more
specifically from about 1 to about 10% by weight based on
the total weight of the extruded formulation. The plasticizer
can be added during extrusion by pumping the liquid
directly into the extruder. Alternatively, the plasticizer can
be granulated with one or all of the other solid components
of the formulation prior to extrusion.

[0110] The amount of plasticizer does not excecd about
30% by weight based on the total weight of polymer and
plasticizer so that, in the area of solid forms, storage-stable
formulations and dosage forms showing no cold flow are
formed. Accordingly, it is preferred that the glass transition
temperature of the final formulation be at least 40° C.,
preferably at least 50° C.

[01111 The process of the present invention can advanta-
geously be carried out at temperatures below about 220° C.
and preferably below 180° C., but above room tempcrature
(25° C.), preferably above about 40° C. A preferred tem-
perature range for the extrusion of formulations of the
present invention is about 80° C. to about 180° C. The
process is carried out in a temperature range cxtending to
about 40° C., preferably about 30° C., and most preferably
about 20° C., upward or downward from the softening point
of the mixture of the components.

[0112} In certain cases, it may be beacficial to add com-
ponents or porticns of components as solution or suspension
in a solvent. Particularly expedient ones are low molecular
weight volatile solvents, e.g. water, C,-C4-monoalcohols
and ethers thereof, esters of C,-Cg-monoalkanols with
C,-Cg-carboxylic acids and alkanes. Another solvent that
can be used is liquid CO,. Water-soluble active substances
can be employed as aqueous solution or, optionally, be taken
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up in an aqueous solution or dispersion of the binder
component or a portion thereof. Corresponding statements
apply to active substances which are soluble in one of the
solvents mentioned, if the liquid form of the components
used is based on an organic solvent. The components 10 be
cmployed according to the present invention may contain
small amounts of solvent, c.g. because of hygroscopicity,
trapped solvent or water of crystallization. The total solvent
content of the plastic mixture is preferably less than about
15%, more preferably less than about 10%, and most pref-
erably less than about 5%. The plastic mixture is preferably
formed without the addition of a solvent, i.e. in particular by
solveni-free melt extrusion.

[0113] The components, ie. active substance andfor
binder and, where appropriate, other excipieats, can first be
mixed and then be converted into the plastic state and
homogenized. This can be done by operating the apparatuses
such as, but not limited to, stirred vessels, agitators, solids

mixers etc. alternately. Sensitive active substances can then

be mixed in (homogenized), preferably in “intcnsive mix-
ers” in plastic phase with very small residence times. The
active substance(s) may be employed as such, i.e. in par-
ticular in solid form, or as solution, suspension or dispersion.

{0114] The plastification, melting and/or mixing takes
place in an apparatus typically used for this purpose. Extrud-
ers or heatable containers with agitator, e.g. kneaders (like
those of the type mentioned hereinafter) are particularly
suitable.

[0115] Itis also possible to use as mixing apparatus those
apparatuses that are croployed for mixing in the field of
plastics technology. Suitable apparatuses are described, for
example, in “Mischen beim Herstellen and Verarbeiten von
Kunststoffen”, R. Pahl, VDI-Verlag, 1986. Particularly suit-
able mixing apparatuses are extruders and dynamic and
static mixers, and stirred vessels, single-shaft stirrers with
stripper mechanisms, especially paste mixers, multishaft
stirrers, especially PDSM mixers, solids mixers and, par-
ticularly mixer/kneader reactors (¢.g. ORP, CRP, AP, DTB
from List or Reactotherm from Krauss-Maffei or
Ko-Kncader from Buss), trough mixers or internal mixers or
rotor/stator systems (e.g. Dispax from JKA).

[0116] The process steps of mixing and plastification, and
particularly, the melting, can be carried oul in the same
apparatus or in two or more apparatuses operating separately
from one another. The preparation of a premix can be carried
out in one of the mixing apparatuses described above and
normally used for granulation. Such a premix can then be
fed directly into an extruder, for example, and then be
extruded where appropriate with the addition of other com-
ponents.

[0117] Ttispossible in the process of the present invention
to employ as extruders single screw machines, intermeshing
screw machines or else multiscrew extruders, especially
twin screw extruders that are suited to produce solid dis-
persions of a drug dissolved or dispersed in a polymer (cf.
EP 0 580 860 A), corotating or counter-rotating and, where
appropriate, equipped with kneading disks. If it is necessary
in the extrusion to evaporate a solveni, the extruders are
generally equipped with an evaporating section. Examples
of extruders which can be used include, but are not limited
10, those of the ZSK series from Werner & Pfieiderer.
{0118] The mixing apparatus is charged continuously or
batchwise, depending o its design, in & conventional way.
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Powdered components can be introduced in a free feed, ¢.g.
via a weigh feeder. Plastic compositions can be fed in
directly from an extruder or via a gear pump, which is
particularly preferred if the viscosities and pressures are
high. Liquid media can be metered in by a suitable pump
unit.

[0119] The mixture that has been obtained by mixing and
converting the polymer component, the active substance
component and, where appropriate, other excipients into the
plastic state is pasty, of high viscosity or low viscosity
(thermoplastic) and can therefore also be extruded. The glass
transition temperature of the mixture is preferably below the
decomposition temperature of all the components present in
the mixture.

[0120] The formulation of the present invention is suitable
as a plastic mixture, where appropriate after cooling or
solidification, preferably as extrudate, for all conventional
processes for manufacturing conventional oral dosage
forms, in particular drug forms.

[0121] The present invention also relates to a process for
producing dosage forms based on formulations of the
present invention as described herein. Thus, the formulation
can be produced by the above process and can be converted
into the required dosage form where appropriate with the
addition-of other excipients. This-can-be done using shaping
process measures such as by shaping the plastic mixture,
such as by extrusion or melt extrusion, and shaping the
plastic mixture, particularly, the extrudate, where appropri-
ate after cooling or solidification, for example by granula-
tion, grinding, compression, casting, injection molding,
tableting under pressure, tableting under pressure with heat.
It is also possible to convert a formulation into a desired
dosage form by introducing it into suitable vehicles. It is also
possible to process solid formulations into semisolid or
liquid formulations through the addition of suitable vehicles.

[6122] A large number of solid dosage forms can be
manufactured in this way. For example, powders or granules
can be produced by grinding or chopping the solidified or at
least partly solidified plastic mixture, and can be either used
directly for treatment or, where appropriate, with the addi-
tion of conventional excipients, further processed to the
above dosage, in particular drug forms, especially tablets.

[0123] Dosage forms are preferably shaped before solidi-
fication of the plastic mixture and result in a form that can
be employed for treatment where appropriate after coating in
a conventional way.

[6124] The shaping to the dosage form before solidifica-
tion can take place in a variety of ways depending on the
viscosity of the plastic mixture, for example, by casting,
injection molding, compression, or calendering. This is done
by conveying the plastic mixture described above in the
process according to the present invention to one or more
shaping steps. The conveying can take place by pressing,
pumping, e.g. with gear pumps, or, preferably, with an
extruder.

[0125] The plastic mixture can be formed in one or more,
preferably one, extruder and conveyed by the latter or a
downstream extruder to the shaping steps. It has proved o
be advantageous in many cases to extrude on a downward
incline and/or where appropriate io provide a guide channel
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for transporting the extrudate in order to ensure safe trans-
port and prevent rupture of the extrudate.

[0126] It may also be advantageous, depending on the
number and compatibility of the active substances to be
employed, to employ multilayer extrudates, for example
coextrudates, as described in WO 96/19963, in the process
of the present invention.

[0127] Mululayer solid dosage forms can be produced by
coextrusion, in which case a plurality of mixtures of one or
more of the components described above are conveyed
together into an extrusion die so that the required layer
structure results. Different binders are preferably used for
different layers.

[0128] Multilayer dosage forms can comprise two or three
layers. They may be in open or closed form, particularly as
open or closed multilayer tablets.

[0129] If the shaping takes place by coextrusion, the
mixtures from the individual extruders or other units are fed
into a common coextrusion die and extruded. The shape of
the coextrusion dies depends on the required dosage form.
Examples of suitable dies are those with a flat orifice, called
slit dies, and dies with an anaular orifice cross section. The
design of the dic depends on the formulation base used and,
the binder component and the desired dosage form.

[0136] The first shaping step takes place when the extru-
date emerges from the extruder through suitably shaped dies,
draw plates or other orifices, for example, through a breaker
plate, a circular die or a slit die. This usually results in a
continuous extrudate, particularly with a constant cross
section, for example in the form of a ribbon or of a strand,
preferably with a circular, oval, rounded or flat and broad
cross section.

[0131] Suitable downsiream shaping steps for extrudates
are, for example, cold cut, that is to say, the cuiting or
chopping of the extrudate after at least partial solidification,
hot cut, that is, the cutting or chopping of the extrudate while
still in the plastic form, or pinching off the still plastic
extrudate in a nip device. It is possible with hot or cold cut
to obtain, for example, granules (hot or cold granulation) or
pellets. Hot granulation usually leads to dosage forms (pel-
lets) with a diameter of from about 0.5 10 about 3 mm, while
cold granulation normally leads to cylindrical products with
a length to diameter ratio of from about 1 to about 10 and a
diameter of from about 0.5 1o about 10 mm. It is possible in
this way to produce monolayer but also, on use of coextru-
sion, open or closed multilayer dosage forms, for example
oblong tablets, pastilles and pellets. The dosage forms can be
provided with a coating by conventional methods in a
downstream process step. Suitable materials for film coat-
ings are the polymers mentioned as enteric binders. Further
shaping steps may also follow, such as, for example, round-
ing off the pellets obtained by hot or cold cut using round-
ing-off devices as described in DE-A-196 29 753,

[0132] It is particularly preferred for all of the shaping
steps to be carried out on the still plastic mixture or still
plastic extrudate. Besides hot cut, where appropriate with
subsequent rounding off, a suitable process is one in which
the plastic mixture is shaped to the dosage form iu a molding
calender. This is done by conveying a sull plastic mixture or
a still plastic extrudate to a suitable molding calendar.
Suitable molding calenders usually have molding rolls and/
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or belts for the shaping, with at least one of the molding rolls
and/or at least one of the belts having depressions to receive
and shape the plastic mixture. It is preferred to use a molding
calender with counter-rotating molding rolls, with at least
one of the molding rolls having on its surface depressions to
receive and shape the plastic mixture. Suitable molding
calenders and devices containing molding rolls are generally
disclosed for example in EP-A-0 240 904, EP-A-0 240 906
and WO 96/19962, and suitable belts and devices containing
belts are generally disclosed for example in EP A-0 358 105,
which are expressly incorporated herein by reference.

[0133] The shaping of the still plastic mixture or still
plastic extrudate preferably takes place at melt temperatures
below about 220° C., more preferably below about 180° C.
and most preferably below about 150° C., such as, for
example, in the temperalure ranges necessary to form the
plastic mixture or at lower temperatures. If the shaping takes
place at lower temperatures, it can take place at from about
5 to about 70° C., preferably about 10 to about 50° C. and
most preferably about 15 to about 40° C. below the highest
temperature reached on formation of the plastic mixture, but
preferably above the solidification temperature of the plastic
mixture.

[0134] Preference is given to formulations and dosage
forms obtainable by one of the processes described above.

[0135] The formulations of the present invention, when
used as a dosage form and thus providing an effective
amount of active substance, are administered to the indi-
vidual to be treated, including a human, domestic or agri-
cultural animals. Whether such a treatment is indicated and
what form it is to take depends on the individual case and
may be subject to medical asscssment (diagnosis) which
includes the signs, symptoms and/or dysfunctions which are
present, the risks of developing certain signs, symptoms
and/or dysfunctions, and other factors. The formulations of
the present invention are ordinarily administered together or
alternately with other products in such a way that an
individual to be treated receives a daily dose of about 50 mg
to about 250 mg fenofibrate on oral administration.

[0136] The formulations and dosage forms of the present
invention are mainly used in pharmacy, for example in the
pharmaceutical sector as lipid regulating agents.

[0137] 2. Novel Salts of Fenofibric Acid

[0138] In another aspect, the present invention relates to
novel salts of fenofibric acid. In one embodiment, these
novel salts are selected from the group consisting of choline,
cthanolamine, dicthanolamine, piperazine, calcium and
romethamine. The structure of each of these salts is pro-
vided in Example 27, Table 3.

[613%] The novel salts of the present invention are base
addition salts that can be prepared by combining fenofibric
acid and a base in a suitable solvent system and then mixing
at an appropriate temperature. The determination of a suit-
able solvent system and appropriate temperature for prepar-
ing such salts can be readily determined by one of ordinary
skill in the art. By way of example and not of limitation,
Table 1 below shows examples of bases and solvents that
can be used to make the novel salts of the present invention.
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TABLE 1
Base Solvent Salt
Choline Hydroxide or Choline Isopropanol, Choline
Chloride Methanol
Diethanolamine Isopropano! Diethanolamine

Tris(hydroxymethyl)aminomethane Isopropanol, Water ~ Tromethamine
(common name Tromcthamine)

Calcium Carbonate, Caleium Isopropanol, Caleium (2:1)
Hydroxide or Caleium Chioride Water

Ethanolamine Ethyl acetate Ethanolamine
Piperazine Isopropanol, Water  Piperazine(2:1)

[0140] The inventors of the present invention have dis-
covered that the novel salts of the present invention, namely,
choline, ethanolamine, diethanolamine, piperazine, calcium
and tromethamine, exhibit the desirable characteristic of
photostability. The terms “photostability” and “photostable”
are used interchangeably herein and refer to a lack of
degradation induced by exposure to light from 300-800 nm
under the conditions described in the “Guideline for the
Photostability Testing of New Drug Substances and Prod-
ucts” (International Conference on Harmonization. Federal
Register 1997; 65(95):27115-22, which is herein incorpo-
rated by reference) (hereinafter referred to as the “Guide-
lines”). As used herein, the term of “lack of degradation”
means a recovery of 95% or greaier on average, preferably
a recovery of 97% or greater on average and most preferably,
a recovery of 99% or greater on average of the novel salts
of the present invention after exposure to light from 300-800
nm under the conditions described in the Guidelines
described above and pursuant 1o the assay described in
Example 28. The inventors of the present invention expect
the novel salts of the present invention to exhibit photosta-
bility under less rigorous light conditions (exposures) and
recognize that the novel salis may not exhibit photostability
under more rigorous light conditions (exposures) than those
described herein and in Example 28.

[0141] The finding that the novel salis of the present
invention are pholostable was unexpected. Specifically, the
inventors of the present invention discovered that the pho-
tostability of fenofibric acid and salts of fenofibric acid is
unpredictable. More specifically, although the inventors of
the present invention discovered that the novel salts of the
present invention are photostable, the inventors found that
certain forms of fenofibric acid as well as other salts of
fenofibric acid (such as L-lysine and meglumine, which are
discussed in more detail in the Examples) are not photo-
stable. With respect to fenofibric acid, the inventors of the
present invention found ene form of fenofibric acid that is
commercially available is photostable while another com-
mercially available form of fenofibric acid is not photo-
stable.

[0142] Because the novel salis of the present invention are
photostable, it is believed these salts and pharmaceutical
formulations containing these salts will not exhibit unac-
ceptable degradation or change (such as a change in the
physicochemical properties of the salts) when cxposed to
light. The inventors recognize, however, that pharmaceutical
formulations containing said novel salts may contain one or
more pharmaceutically acceptable carriers or excipieats or
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other ingredients that are photolabile even though the salts
described herein (which would be the active pharmaceutical
ingredient), are photostable.

[0143] The photostability of the novel salts of the present
invention facilitates their manufacturability and the manu-
facturability of pharmaceutical formulations containing
these salts. Additionally, because the novel salis of the
present invention are photostable, no special light-protected
facility, storage or packing of these salts or pharmaceutical
formulations should be required, provided that said formu-
lations do not contain one or more other ingredients that are
photolabile.

[0144] As described in detail in the Examples, certain
characterization and performance data, were examined for
each of the above-described novel salts of the present
invention. This data is summarized below in Table 2.

TABLE 2

Nove] Salts of Fenofibric Acid

Melting Point

Salt Range (° C.) PLM’

Choline 209-211 Crystalline
Diethanolamine 142-144 Crystalline
Tromethamine 198-204 Crystalline
Calefum (2:1) 242-246* Crystalline
Ethanolamine 121-123 Crystalline
Piperazine (2:1) 215-217 Crystalline

*Melting point of solid after dehydration and recrystallization peaks
*Polarized Light Microscopy

[0145] In a second embodiment, the present invention
relates to pharmaceutical formulations in a form of a
molecular dispersion that comprise one or more of the novel
salts of the present invention. The pharmaceutical formula-
tions can be formulations such as those described under
heading 1 herein and contain one or more of the novel salis
of the present invention and at least one enteric binder.

[0146] By way of example, and not of limitation,
examples of the present invention will now be given.

EXAMPLE 1

[0147] Fenofibrate (120 g corresponding to 15% w/w) and
HP 55 S (hydropropylmethylcellulose phthalate, ShinEtsu,
672 g corresponding to 84% w/w) and colioidal silica
(Aerosil 200, 8 g corresponding to 1% w/w) were blended
for 4 minutes in a turbula blender. The powder mixture was
then extruded in a twinscrew extruder (screw diameter 18
mm) with an feeding of 1.0kg/h at a temperature of the melt
at 165° C. A clear, transparent melt rope with a thickness of
approximately 1.0 cm was extruded. This material was
directly formed into tablets (oblong-shaped) by calendering
between two co-rotating rollers. By this process clear, trans-
parent tablets of high hardness were obtained having a tablet
weight of approximately 550 mg.

EXAMPLE 2

[0148] The tablets according to Example 1 were milled in
laboratory mill and the resulting powder was analyzed by
DSC between 20 and 250° C. {Mettler Toledo DSC-820;
8.45 mg in a closed pan at 10 K/min). No endothermic

2f
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melting peaks were observed, indicating that the fenofibrate
was present in the polymer matrix in non-ctystalline form.

EXAMPLE 3

[0149] The powder deriving from milling of the tablets
according to Example 2 was analyzed by WAXS (wide angle
x-ray scattering; Bruker AXS D-5005). There were no
distinct peaks visible in the WAXS indicating that no crys-
talline fenofibrate was present in the formulation.

EXAMPLE 4

[0150] The tablets according to Example 1 were analyzed
with respect to possible drug degradation by HPLC accord-
ing to the method described in Eur. pharm. for fenobibratum.
The amount of the two known impurities according to USP
were as follows: Impurity A=0.067%, Impurity B=0.071%.
Although the extrusion was performed ai a temperature far
higher (165° C.) than the melting point of fenofibrate
(approximately 80° C.) degradation took place to a very
minor amount only.

EXAMPLE 5

[0151] Drug dissolution from the tablets according to
Example 1 was measured according to the USP paddle
method at 37° C. in 900 ml aqueous solution of sodium
dodecylsulfate (SDS, 0.05 mol/l) with a rotation speed of 75
rpm. Dissolution of the fenofibrate from the tableis was
extremely slow in this medium. Only about 1% of the
fenofibrate was liberated even after 90 minutcs.

EXAMPLE 6

[0152] The milled tablet material according tc Example 2
was screened (63<x<500 microns). Hard gelatin capsules
(size 00, mean lotal capsule weight 740 mg) were filled with
a powder mixture containing the screened material (555
mg/capsule) together with mannitol (75 mg/capsule) and
Acrosil 200 (5.55 mg/capsule). These capsules contained
83.25 mg fenofibrate.
EXAMPLE 7

[0153] Drug dissolution from the capsules according to
Example 6 was analyzed by the USP paddle method accord-
ing to example 5 in 0.05 moll SDS solution. Fenofibrate
relcase was shown to be faster compared to the unmilled

tablets but was again relatively slow {16% dissolution afier
90 minutes).

EXAMPLE 8

[0154] Drug dissolution from the capsules according to
Example 6 was analyzed by the USP paddle method at 37°
C. in 900 ml phosphate buffer (pH 6.8) additionally con-
taining sodium dodecylsulfate (SDS, 0.05 mol/1) with a
rotation speed of 75 rpm At this pH the dissolution was
significantly faster compared to the unbuffered aqueous
medium (91% dissolution afier 90 minutes).

EXAMPLE 9

[0155] Dissolution analysis was performed according to
Example 8, but with a phosphate buffer having a pH of 7.2
together with 0.05 20 mol/t SDS. Drug dissolution was
nearly 100% after 90 minutes.
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EXAMPLE 10

[0156]) The capsules according to Example 6 were tested
with respect to bioavailability in a dog model (n=4 dogs
were used in this study, fasted). The marketed product
(Tricor capsules, 67 mg fenofibrate/capsule) was uscd as
reference. Plasma concentrations of fenofibric acid were
determined by HPLC-MS. The results showed a remarkable
increase in bioavailability for the formulation according to
the present invention (approximately 4-fold increase in
AUC) compared to the Tricor capsules.

EXAMPLE 11

[0157] Fenofibrate (150 g corresponding to 15% w/w) and
HP 50 (hydroxypropylmethylcellulose phthalate, ShinEtsu,
215 g corresponding to 21.5% w/w) and PVP (Kollidon
K25, BASF, 625 g corresponding to 62.5% w/s) and colloi-
dal silica (Aerosil 200, 10 g corresponding to 1% w/w) were
blended for 4 minutes in a turbula blender. The powder
mixture was then extruded in a twin-screw extruder (screw
diameter 18 mm) with a feeding of 1.4 kg/h at a temperature
of the melt at 149° C. A clear, transparent melt rope with a
thickness of approximately 1.0 cm was extruded. This
material was directly formed into tablets (oblong-shaped) by
calendering between two co-rotating rollers. By this process
opaque, translucent tablets of high hardness were obtained
having a tablet weight of approximately 550 mg.

EXAMPLE 12

[0158] Fenofibrate (150 g corresponding to 15% w/w) and
HP 50 (hydroxpropylntethylcellulose phthalate, ShinEtsu,
190 g corresponding to 19% w/w), PVP (Kollidon K25,
BASF, 600 g corresponding to 60% w/w) and polyoxyethy-
lated oleic glyceride (Labrafil M 1944 CS, Gattefosse, 50 g
corresponding to 5% w/w) and colloidal silica (Aerosil 200,
10 g corresponding 1% w/w) were blended for 4 minutes in
a iurbula blender. The liquid compound (Labrafil M 1944
CS) was granulated with the PVP prior to extrusion. The
powder mixture including all ingredients was then extruded
In a twin-screw extruder (screw diameter 18 mm) with a
feeding rate of 2.0 kg/h at a temperature of the melt at 145°
C. Aclear, transparent melt rope with a thickness of approxi-
mately 1.0 cm was extruded. This material was directly
formed into tablets (oblong-shaped) by calendering between
o co-rotating rollers. Ry this process opaque, translucent
tablets of high hardness were obtained having a tablet
weight of approximately 550 mg.

EXAMPLE 13

[6159] Fenofibric acid (120 g corresponding to 15% w/w)
and HP 55 (hydroxypropylmethylcellulose phthalate, Shi-
nEtsu, 672 g corresponding to 85% w/w) and colloidal silica
{Aerosil 200, 8 g corresponding to 1% w/w) were blended
and extruded as outlined in Example 1. A clear drug-
containing melt was obtained. Transparent tablets with high
hardness were obtained having a tablet weight of approxi-
mately 550 mg (corresponding to 82.5 mg fenofibric acid per
tablet).

EXAMPLE 14

[01681 The crystallinity of the drug in the melt-extruded
samples of Example 13 were analyzed with respect to DSC
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and WAXS according to Examples 2 and 3. No crystalline
drug material was detected neither by DSC nor by WAXS.

EXAMPLE 15

[0161]) MHard gelatin capsules were prepared according to
example 6 containing milled extrudate (63<x<500 microns)
of the melt-extrudate of Example 13. These capsules con-
tained 73.79 mg fenofibric acid (mean) corresponding to
83.53 mg fenofibrate (f=1.132), 413.23 mg HP 66 (mean),
134.63 mg mannito] (mean) and 11.57 mg Aerosil 200
(mean). The total weight of these capsules was 747.1 mg
(mcan).

EXAMPLE 16

[0162] ‘'The bioavailability o f the capsule formulation
according o Example 15 (containing fenofibric acid) was
tested with respect to bicavailability in the dog model in
comparison fo the capsule formulation according to example
6 (which contains fenofibrate). The bioavailability of the
fenofibric acid-confaining capsule (according to Example
15) was shown to be twice as high as in the case of the
fenofibrate-containing capsule formulation (according to
Example 6).

EXAMPLE 17A

Method for Making Choline Salt

[0163] Fenofibric acid (10.0 g, 0.0314 mol) was sus-
pended in 100 mL isopropanol and the mixture heated to 65°
C. A solution of choline hydroxide in methanol (8.58 g, 45
wt %, 0.0319 mol) was diluted with 20 m]. isopropanol and
approximately two thirds of the solution was added to the
fenofibric acid suspension. Optionally, seed crystals of the
choline salt can be added to expedite the formation of
crystals. The remaining one third of the choline hydroxide
solution was added followed by a 15 mL rinse of the addition
funnel with isopropanol. The product crystallized out of
solution and the shury was mixed at 65° C. for 0.5 hour,
cooled to 20° C. over S hours, and then mixed at 20° C.
overmight. The product was filtered off and rinsed with 30
mL. of isopropanol. The solid was dried in a vacuum oven at
35° C. with a nitrogen purge for approximately 24 hours.
The dry weight of solid was 11.83 g, or 89.4% yield. 'H
NMR (400 MHz, D,0) & 7.75 (m, 2H), 7.70 (m, 2H), 7.55
(m, 2H), 6.93 (m, 2H), 4.03 (m, 2H), 3.45 (m, 2H), 3.17 (s,
OH), 1.59 (s, 6H); Anal. Caled. for C,,H, CINO;: C, 62.63;
H,6.69;N,3.32; Cl, 8.40. Found: C, 62.70; H,7.12; N, 3.36;
Cl, 8.23.

EXAMPLE 17B

Alternate Method for Making Choline Salt

[6164] Fenofibric acid (10.0 g, 0.0314 mol) and sodium
bicarbonate (2.64 g, 0.0314 mol) were suspended in 75 mL
of methanol and the mixture heated to 55° C. to dissolve the
solids. A solution of choline chioride (4.40 g, 0.0315 mol) in
15 mL of methanol was added. The solution was filtered to
remove the precipitated sodium chloride, and the filter
rinsed with 20 mL of methanol. The filtrate was diluted with
40 ml of isopropanol and concentrated {0 a volume of
approximately 120 ml. The solution was filtered and the
filter rinsed with 20 mL of isopropanol. The filtrate was
concentrated to a solid residue weighing 14 g. The residue
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was suspended in 70 mL of isopropanol and heated to 55° C.
for 0.5 hour, cooled to 22° C. over 5 hours, and mixed at 22°
C. for approximately 16 hours. The product was filtered off
and rinsed with 35 mL of isopropanol. The solid was dried
in a vacuum oven at 50° C. with a nitrogen purge for 5 hours.
The dry weight of solid was 12.98 g, or 98.1% yield.

EXAMPLE 18A

Method for Making Tromethamine Salt

[0165] Fenofibric acid (10.0 g, 0.0314 mol) and tris(hy-
droxymethyl)aminomethane (or tromethamine) (3.8 g, 0.031
mol) were suspended in 120 mL isopropanol and the mixture
heated to 65° C. The product crystallized out of solution.
The slurry was mixed at 65° C. for 1.0 hour, cooled to 20°
C. over 5 hours, and then mixed at 20° C. for 0.5 hour. The
product was filtered off and rinsed with 25 mL of isopro-
panol. The solid was dried in a vacuum oven at 35° C. with
a nitrogen purge for approximately 20 hours. The dry weight
of solid was 13.66 g, or 99.0% yield. 'H NMR (400 MHz,
CD,OD) 8 7.69 (m, 2H), 7.68 (m, 2H), 7.53 (m, 2H), 6.95
(m, 2H), 3.69 (s, 6H), 1.59 (s, 6H); Anal. Caled. for
C,,H,(,CINO: C, 57.34; H, 5.96; N, 3.18; Cl, 8.06. Found:
C, 57.15; H, 5.97; N, 3.06; Cl, 8.07.

EXAMPLE 18B

Alternate Method for Making Tromethamine Salt

[0166] Fenofibrate (33.0 g, 0.0914 mol) was suspended in
33 mL of isopropanol and aqueous NaOH was added (64.9
¢ of a 8.47% solution, 5.50 g NaOH, 0.138 mol, 1.5 eg). The
mixture was heated to reflux for 2.75 h, and then cooled io
approximately 35° C. The solution was diluted with 46 g of
water, and then a solution of tromethamine (12.2 g, 0.101
mol, 1.1 eq) in 33 g of water was added. A solution of
hydrochloric acid (52.0 g of 2 10.3% solution, 5.34 g of HC,
0.146 mol, 1.6 eq) was added and the product crystallized
from solution. The slurry was heated to 50° C. for 1 h,
cooled to 22° C. over 3 h, and mixed at 22° C. approximately
16 h. The product was filtered and rinsed with 100 g of
water. The product was dried in a vacuum oven at 50° C.
with a nitrogen purge to a constant weight. The dry weight
was 40.23 g, or 96.4% yield.

EXAMPLE 19A

Method for Making Calcium Salt

[0167] Fenofibric acid (5503 g, 1.726 mol) was sus-
pended in 1.5 kg of water. An aqueous NaOH solution was
added (137.2 g of a 530.5% solution, 69.29 g NaOH, 1.732
mol, 1.0 eq.), and the addition funnel rinsed with 50 g of
water. The solution was filtered, the transfer aided with a 400
g rinse of water, and the filtrate heated to 70° C. An aquecous
solution of calcium chloride (126.9 g of calcium chloride
dihydrate in 300 g of water, 0.8631 mol, 0.5 eq) was added
over 30 minutes, and the addition funnel rinsed with 60 g of
water. The product crystallized out of solution during the
addition of calcium chloride. The slurry was dilated with $.3
kg of water and 2 L of isopropanol and mixed for approxi-
mately 1 h at 50° C., cooled to 22° C. and mixed overnight.
The slurry was diluted with 800 g of water and 800 mL of
isopropanol, and the product was then filtered and rinsed
with 2.5 kg of water, and 750 2L of isopropanol. The solid
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was dried in a vacuum oven at 60° C. with a nitrogen purge
for approximately 60 h. The weight of solid after drying was
602.6 g, with 4.3 weight % of water by Karl Fischer
apalysis. Adjusting for the water content the yield was
98.9%. *H NMR (400 MHz, CD,0D) 3 7.68 (m, 8H), 7.50
(m, 4H), 6.96 (m, 4H), 1.60 (s, 12H); Anal. Caled. for
C5,HA5CaCL0: C, 60.45; H, 4.18; CI, 10.50. Found: C,
59.91; H, 4.1 1; C1, 10.65.

EXAMPLE 19B

Alternate Method for Making Calcium Salt

[0168] Fenofibric acid (4.0 g, 0.013 mol) was suspended
in 100 ml isopropanol and the mixture heated to 45° C. A
suspension of calcium carbonate (0.628 g, 0.00627 mol) in
40 ml. water was added, rinsing the addition funnel with 10
mL of water. The mixture was heated to 60° C. and then
cooled to 45° C. and the product erystallized out of solution.
The mixture was heated to 65° C., cooled to 22° C. over 2.5
hours, and then mixed at 22° C. for 1 hour. The product was
filtered off and rinsed with 30 mL. of isopropanol. The solid
was dried in a vacuum oven at 40° C. with a nitrogen purge
for approximately 20 hours, and then at 80° C. for 3 hours.
The dry weight of solid was 3.87 g, with 3.2 weight % of
water by Karl Fischer analysis. Adjusting for the water
content the yield was 88.4%.

EXAMPLE 20

Method of Making Dicthanolamine Salt

[0169] Fenofibric acid (10.0 g, 0.0314 mol) was sus-
pended in 100 mL of isopropanol and the mixture heated to
65° C. A solution of diethanolamine (3.3 g, 0.031 mol) in 20
mL isopropanol was prepared and approximately two thirds
of the solution was added to the fenofibric acid suspension.
Opticnally, seed crystals of the diethanolamine salt may be
added to expedite the formation of crystals. The remaining
one third of the diethanolamine solution was added with a 15
mL rinse of the addition funncl with isopropanol. The
mixture was cooled 10 50° C. and product crystallized out of
solution. The slurry was heated to 65° C. and mixed for 0.5
hour, cooled 1o 20° C. over 5 hours, and then mixed a1 20°
C. for 1 hour. The product was filtered off and rinsed with
30 ml. of isopropanol. The solid was dried in a vacuum oven
at 35° C. with a nitrogen purge for approximately 24 hours.
The dry weight of solid was 12.22 g or 91.9% yield. *H
NMR (400 MHz, D,O) 8 7.74 (m, 2H), 7.69 (m, 2H), 7.54
{m, 211), 6.92 (m, 2H), 3.84 (m, 4H), 3.22 (m, 4H), 1.59 (s,
6H); Anal. Caled. for C, H,,CINO: C, 59.50; H, 6.18; N,
3.30; C1, 8.36. Found: C, 59.36; H, 6.42; N, 3.18; Cl, 8.38.

EXAMPLE 21

Method of Making L-Lysine Salt

[0170] Fenofibric acid (10.0 g, 0.0314 mol) and L-Lysine
(4.60 g, 0.0315 mol) were suspended in 125 mL of ethanol.
‘The mixture was heated to 65° C. Optionally, seed crystals
of the L-lysine salt can be added to expedite the formation
of crystals. The mixture slowly cooled to 22° C. While
mixing at 22° C. overnight, the product crystallized out of
solution. The slurry was heated to 50° C. for 1 hour and then
cooled to 22° C. The product was filtered off and rinsed with
35 mL of ethanol. The solid was dried in 2 vacuum oven a
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40° C. with a nitrogen purge for approximately 20 hours.
The dry weight of solid was 12.24 g, or 83.9% yield. 'H
NMR (400 MHz, D,0) 8 7.73 (m, 2H), 7.68 (m, 2H), 7.53
(m, 2H),6.92 (m, 2H), 3.71 (t,J=6.1, 1H), 2.99 (m, 2H), 1.87
(m, 2H), 1.69 (m, 2H), 1.58 (s, GH), 1.44 (m, 2H); Anal.
Caled. for C,;H,,CIN,O,: C, 59.42; H, 6.29; N, 6.03; Cl,
7.63. Found: C, 59.26; H, 6.32; N, 6.11; CI, 7.70.

EXAMPLE 22A

Method of Making Piperazine Salt

[0171] Fenofibric acid (10.0 g, 0.0314 mol) was sus-
peaded in 100 mL of isopropanol and the mixture heated to
65° C. A solution of piperazine (1.4 g, 0.016 mol) in 20 mL.
isopropanol was prepared with heating and added to the
fenofibric acid suspension, with a 10 mL rinse of the
addition funnel with isopropanol. The product crystallized
during addition of the piperazine solution. The slurry was
mixed at 65° C. for 0.8 hours, cooled to 20° C. over 4 hours,
and then mixed at 20° C. for 1.5 hours. The product was
filtered off and rinsed with 30 mL of isopropanol. The solid
was dried in a vacuumn oven at 40° C. with a nitrogen purge
for approximately 20 hours. The dry weight of solid was
11.00 g or 96.9% yield. "H NMR (400 MHz, CD,0D) § 7.70
(m, 8H), 7.53 (m, 4H), 6.95 (m, 4H), 3.12 (s, 8H), 1.62 (s,
12H); Anal. Caled. for C3H,,CLN,Oq: C, 63.07; H, 5.57;
N, 3.87; Cl, 9.80. Found: C, 63.01; H, 5.53; N, 3.79; Cl,
9.78.

EXAMPLE 22B

Alternate Method for Making Piperazine Salt

{0172} Fenofibrate (33.0 g, 0.0914 mol) was suspended in
33 mL of isopropanol and aqueous NaOH was added (64.9
g of a 8.47% solution, 5.50 g NaOH, 0.138 mol, 1.5 eq). The
mixture was heated 1o reflux for 4 h, and then cooled to
approximately 35° C. The solution was diluted with 46 g of
water, and then a solution of piperazine (4.3 g, 0.050 mol,
1.1 eq) in 33 g of water was added. A solution of hydro-
chloric acid (53.1 g of a 10% solution, 5.31 g of HCI, 0.146
mol, 1.6 eq) was added and the product crystallized from
solution. The slurry was heated to 50° C. for 1 h, cooled to
22° C. aver 3 h, and mixed at 22° C. approximately 16 h. The
product was filtered and rinsed with 100 g of water. The
product was dried in a vacuum oven at 50° C. with a nitrogen
purge for approximately 16 hours. The dry weight was 33.0
g, or 99.7% yield from fenofibrate.

EXAMPLE 23

Method for Making Ethanolamine Salt

[0173] Fenofibric acid (10.0 g, 0.0314 mol) was sus-
pended in 100 mL of ethyl acetate. A mixture of ethanola-
mine (1.97 g, 0.323 mol) in 15 mL of ethyl acetate was
added, ricsing with 10 mL of ethyl acetate. Optionally, seed
crystals of the ethanolamine salt can be added to expedite the
formation of crystals. The product crystallized out of solu-
tion. The slurry was heated to 50° C. for 0.3 hour, cooled 1o
20° C. over 1.5 hours, and then mixed at 20° C. for 1 hour.
The product was fiitered off and rinsed with 50 mL of ethyl
acetate. The solid was dried in a vacuum oven at 40° C. with
a nitrogen purge for approximately 4 hours. The dry weight
of solid was 11.70 g, or 98.2% yield. 'H NMR (400 MHz,

n?
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D,0) § 7.75 (m, 2H), 7.71 (m, 2H), 7.55 (m, 2H), 6.93 (m,
2H),3.79 (m, 2H), 3.11 (m, 2H), 1.59 (s, 6H); Anal. Calcd.
for CyoH,,CINO,: C, 60.08; H, 5.84; N, 3.69; Cl, 9.33.
Found: C, 59.85; H, 6.03; N, 3.62; CJ, 9.30.

EXAMPLE 24

Method for Making Meglumine Salt

[0174] Fenofibric acid (10.0 g, 0.0314 mol) and N-methyl-
D-glucamine (or meglumine) (6.12 g, 0.0313 mol) were
suspended in 125 mL of ethyl acetate. The mixture was
heated to 50° C., and 30 mL cthanol was added. Optionally,
seed crystals of the meglumine salt can be added to expedite
the formation of crystals. The solution was heated to 65° C.
and then cooled to 22° C. The solution was diluted with 30
ml. of heptanc, heated 10 55° C. and cooled slowly t0 22° C.
While mixing at 22° C. overnight the product crystallized
out of solution. The product was filtered off and rinsed with
a mixture of 30 mL of cthyl acetate, 5 mL of ethanol and 5
mL. of heptane. The solid was dried in a vacuum oven at 40°
C. with a nitrogen purge for approximately 4 hours. The dry
weight of solid was 14.72 g, or 91.3% yield. "H NMR (400
MHz, D,0) 3 7.69 (m, 2H), 7.64 (m, 2H), 7.50 (m, 2H), 6.90
{(m, 2H), 4.07 {(m, 1H), 3.79 {m, 2H}), 3.74 (m, 1H), 3.62 (m,
2H), 3.18 (m, 2H), 2.74 (s. 3H), 1.58 (s, 6H); Anal. Calcd.
for C,,H;,CING,: C, 56.08; H, 6.28; N, 2.73; Cl, 6.90.
Found: C, 55.81; H, 6.26; N, 2.69; Cl, 6.85.

EXAMPLE 25

Method of Making Sodium Salt

[0175] Fenofibric acid (4.0 g, 0.013 mol) was suspended
in 40 mL of isopropanol and the mixture heated to 65° C. A
solution of sodium hydroxide (0.97 g, 50.7 wt %, 0.012 mol)
in water was added, rinsing with 1 mL of water. The mixture
was diluted with a total of 180 mL of isopropanol and
concentrated by vacuum distillation to a volume of 60 mL..
The product crystallized out of solution and the mixture was
heated to 65° C. and diluted with 40 mL of isopropanol. The
slurry was mixed at 65° C. for 0.5 hour, and then cooled to
22° C. The product was filtered off and rinsed with 80 mL
of isopropanol. The solid was dried in a vacuum oven at §0°
C. with a nitrogen purge for approximatelv 1.5 hours. The
dry weight of solid was approximately 2 g, or 50% yield. *H
NMR (400 MHz, D,0) 8 7.67 (m, 2H), 7.62 (m, 2H), 7.49
(m, 2H), 6.89 (m, 2H), 1.57 (s, 6H); Anal. Caled. for
C;,HLCINaO,: C, 59.92; H, 4.14; Cl, 10.40. Found: C,
59.67; H, 4.15; Cl, 10.48.

EXAMPLE 26A

Method for Making Fenofibric Acid Form |

[0176] Tenofibrate (350. g, 0.970 moi) was suspended in
2 L of isopropanol. A solution of NaOH (77.6 g NaOH, 1.94
mol, 2 eq) in 1.8 L of water was added and the mixture
heated to reflux for 2.7 hours. The solution was cooled to
approximately 4° C. A solution of hydrochloric acid (697.2
g of a 10.03% solution, 69.90 g of HCI, 1.917 mol, 2 eq) was
added maintaining the temperature at less than 5° C., and the
product crystallized from solution. The crystallization can
be optionally seeded with Form I fenofibric acid after
approximalely 50% of the hydrochloric acid is added. The
shurry was warmed 10 20° C. and mixed for 0.8 hours. The
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product was filtered, rinsed with 600 mL of 2:1 water:iso-
propanol, and then rinsed with 300 mL of water. The product
was dried in a vacuum oven at 40° C. with a nitrogen purge
for 14 hours, and then dried at 60° C. for 24 hours. The dry
weight was 300.6 g, or 97.2% yield. 'H NMR (400 MHz,
CD,0D) 8 7.72 (m, 2H), 7.71 (m, 2H), 7.52 (m, 2H), 6.95
(m, 2H), 1.66 (s, 6H); Anal. Caled. for C;;H,sClO,: C,
64.06; H, 4.74; N, Cl, 11.12. Found: C, 63.94; H, 4.64; Cl,
11.13.

EXAMPLE 26B

Method for Making Fenofibric Acid Form 11

[0177] Fenofibrate (200.0 g, 0.5543 mol) was suspended
in 900 mL of isopropanol. A solution of NaOH (33.0 g
NaOH, 0.825 mol, 1.49 eg) in 400 mL. of water was added
and the mixture heated to reflux for 2 hours. The solution
was cooled to approximately 75° C. A solution of hydro-
chloric acid (652 g of a 5.0% solution, 32.8 g of HCI, 0.894
mol, 1.6 eq) was added maintaining the temperature above
55° C., and the product crystallized from solution. The slurry
was cooled to 28° C. over 3.5 hours. The product was filtered
and rinsed twice with 500 mL of water. The product was
dried in a vacuum oven at 60° C. with a nitrogen purge for
approximately 16 hours. The dry weight was 170.7 g, or
96.6% yield.

EXAMPLE 27

Characterization of the Salts of Fenofibric Acid

[0178] Choline, diethanolamine, tromethamine, sodium,
calcium, ethanolamine, meglumine, L-lysine and piperazine
salts were prepared as described in Examples 17-25.
Fenofibric acid form I was made as described in Example
26A and can be purchased from Labo Test, Niederschoena,
Germany. Fenofibric acid form I was obtained from Syn-
kem, Chenove Cedex, France and can be made as described
in Example 26B and can also be made pursuant to U.S. Pat.
No. 4,072,705, which is hereby incorporated by reference.

[0179] The melting point was determined using differen-
tial scanning calorimetry (either Model 2920 or Q1000
differential scanning calorimeter, TA Instruments, New
Castle, Del.). Approximately 1-3 mg of material was placed
in an aluminum pan. The sample was heated at 10°
C./minute. The melting point range was determined from the
DSC thermogram as the extrapolated onset temperature to
the peak temperature. Tables 3 below lists the structures and
molecular weight of each of the choline, diethanolamine,
tromethamine, sodium, calcium, ethanolamine, meglumine,
L-lysine, and piperazine.

[0189] The crystallinity of the compounds was confirmed
by polarized light microscopy. The polarized light micros-
copy was determined using the procedures outlined in the
USP, Wolume 25, Chapter 776, published by the United
States Pharmacopeia (2002). Table 4 below lists the melting
point and crystallinity for choline, diethanolamine,
tromethamine, sodium, calcium, ethanolamine, meglumine,
L-lysine, and piperazine as well as for fenofibric acid forms
I and IL

%
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TABLE 3
Salt Salt Structure MW.
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TABLE 3-continued
Salt Salt Structure MW,
Fthanolamine 0 379.83
(€]
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Cl O
0]
® OH
N N
Meglumine 0 513.96
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N OH
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Piperazine (2:1) 723.64

Cl Cl
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[0181]
TABLE 4
Melting Point

Salt/Form Range (° C)) PLM!
Choline 209-211 Crystailine
Diethanolamine 142-144 Crystalline
Tromethamine 198-204 Crystalline
Sodium 236 Crystalline
Calcium (2:1) 242-246* Crystalline
Ethanolamine 121-123 Crystalline
Meglumine 114-116 Crystalline
L-Lysine 163-169 Crystalline
Piperazine (2:1) 215217 Crystalline
Fenofibric Acid Form 1 173-176 Crystalline
Fenofibric Acid Form 11 184-185 Crystalline

*Melting point of solid after dehydration and recrystallization peaks
'Polarized Light Microscopy

EXAMPLE 28

Solid State Photostability of Fenofibric Acid and its
Salts

[0182] About 1-4 mg of each of fenofibric acid form I,
fenofibric acid form 1, choline, diethanolamine,
tromethamine, sodium, calcium, ethanolamine, meglumine,
L-lysine, and piperazine was weighed into separate 4 mL
clear glass vials. The methods for making each of these salts
is described in Example 17A (choline), Example 18A
(tromethamine), Example 19A (calcium), Example 20
(diethanolamine), Example 21 (L-lysine), Example 22B
(piperazine), Example 23 (ethanolamine), Example 24
{meglumine) and Example 25 (sodium). Fenofibric acid
form I was made as described in Example 26A and can be
purchased from Labo Test, Niederschoena, Germany.
Fenofibric acid form II was obtained from Synkem, Chen-
ove Cedex, France and can be made as described in Example
26B and can also be made pursuant to U.S. Pat. No.
4,072,705, which is hereby incorporated by reference.

[0183] The vials were sealed with PTFE lined caps, and
divided into 2 groups with at least three replicates in each
group. The first group was wrapped in aluminum foil 1o
serve as conirols. Samples and controls were placed inside
a light exposure chamber (SUNTEST CPS+, Atlas Material
Testing Technology, LLC, Chicago, 111} where temperature
was maintained at 25° C. Exposure conditions were sclecied
to follow the “Guideline for the Photostability Testing of
New Drug Substances and Products” (International Confer-
ence on Harmonization. Federal Register 1997,
605(95):27115-22.) The light source is a xenon arc lamp
filtered through window glass to mimic indoor daylight (ISO
10977 1D65). The total light exposure (300-800 nm wave-
length) was 19460 kI/m* over 18 hours. At the end of the
light exposure, all samples and controls were removed and
analyzed by HPLC using the conditions shown below in
Table 6. The photostability results are shown below in Table
5.

18
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TABLE 5

Recovery %°

Sample (£Standard Deviation, n = 3)
Fenofibric acid, Form [ 409 £ 83
Fenofibric acid, Form [I 99.0 £ 0.6
Choline salt 974235
Calcium salt 988 = 1.6
Diethanolamine salt 988 = 0.5
Sodium salt 98022
Meglumine salt 857126
L-Lysine salt 944 £22
Ethanolamine salt 981 £ 1.8
Tromethamine salt 98.6 = 1.2
Piperazine salt 1004 = 1.0

*Normalized with controls as 100%.

[0184]
TABLE 6
HPLC Conditions
Columa: Waters Symmetry Shield (Available from
Waters, Milford, Mass) RP18, 5 um,
250 mm x 4.6 mm
Flow Rate: approximately 1 mL/min
Injection Volume: 10 gl
Column Temperature:  approximately 35° C.
Detector/Wavelength: UV at 286 nm
Mobile Phase: ACN:Acidified Water, pH 2.5 (60:40)
Run time: 60 minutes
[0185] One skilled in the art would readily appreciate that

the present invention is well adapted to carry out the objects
and obtain the ends and advantages mentioned, as well as
those inherent therein. The molecular complexes and the
methods, procedures, treatments, molecules, specific com-
pounds described herein are presently representative of
preferred embodiments, are exemplary, and are not intended
as limitations on the scope of the invention. It will be readily
apparent to one skilled in the art that varying substitutions
and modifications may be made to the invention disclosed
herein without departing from the scope and spirit of the
invention.

[0186] All patents and publications mentioned in the
specification are indicative of the levels of those skilled in
the art to which the invention pertains. All patents and
publications are herein incorporated by reference to the
same exleot as if each individual publication was specifi-
cally and individually indicated to be incorporated by ref-
erence.

[0187] The invention illustratively described herein suit-
ably may be practiced in the absence of any element or
elements, limitation or limitations which is not specifically
disclosed herein. Thus, for example, in each instance herein
any of the terms “comprising,”“consisting essentially of”
and “consisting of” may be replaced with either of the other
two terms. The terms and expressions which have been
employed are used as terms of description and not of
limitation, and there is no intention that in the use of such
terms and expressions of excluding any equivalents of the
features shown and described or portions thereof, but it is
recognized that various modifications are possible within the
scope of the invention claimed. Thus, it should be under-
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stood that although the present invention has been specifi-
cally disclosed by preferred embodiments and optional
features, modification and variation of the concepts herein
disclosed may be resorted to by those skilled in the art, and
that such modifications and variations are considered to be
within the scope of this invention as defined by the appended
claims.

[0188] 1n addition, where features or aspects of the inven-
tion are described in terms of Markush groups, those skilled
in the art will recognize that the invention is also thereby
described in terms of any individual member or subgroup of
members of the Markush group. For example, if X is
described as selected from the group consisting of bromine,
chlorine, and iodine, claims for X being bromine and claims
for X being bromine and chlorine are fully described.

We claim:

L. A salt of fenofibric acid selected from the group
consisting of choline, ethanolamine, diethanolamine, pip-
erazine, calcium and tromethamine.

2. The salt of claim 1 wherein said salt is choline.

3. The salt of claim I wherein said salt is ethanolamine.

4. The salt of claim 1 wherein said salt is diethanolamine.

5. The salt of claim 1 wherein said salt is piperazine.

6. The salt of claim 1 wherein said salt is calcium.

7. The salt of claim 1 wherein said salt is tromethamine.

8. A pharmaceutical formulation in a form of a molecular
dispersion comprising:
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1. a salt of fenofibric acid selected from the group con-
sisting of choline, cthanolamine, dicthanolamine, pip-
erazine, calcium and tromethamine; and

1. & binder component comprising at least one enteric

binder.

9. The formulation of claim 8 further comprising a
physiologically acceptable excipient.

10. The formulation as claimed in claim 8, wherein the
enteric binder is an enteric polymer.

11. The formulation as claimed in claim 10, wherein the
enteric polymer is selected from hydroxypropylmethyleel-
lulose phthalate, hydroxypropylmethylcellulose acetate suc-
cinate, carboxymethylethylcellulose, cellulose acetate
phthalate, cellulose acetate trimellitate and carboxymethyl-
cellulose sodium.

12. The formulation as claimed in claim 10, wherein the
enteric polymer is a copolymer of (meth)acrylic acid and at
least one alkyl (meth)acrylic acid ester.

13. The formulation as claimed in claim 12, wherein the
alkyl (meth)acrylic acid ester is methyl methacrylate.

14. The formulation as claimed in claim 8, wherein the
formulation comprises about 5 to about 60% by weight of
said salt and about 20 to about 95% by weight of a binder
component.

15. The formulation of claim 9, wherein the formulation
comprises about 1 to about 60% of a physiologically accept-
able excipient.



