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[x] Traduccién simple de la primera solicitud, si se reivindica prioridad
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Ec] Una o mas réivindicaciones.

[ ] Dibujos y/o planos necesarios.

D De ser el caso, copia del contrato de acceso

De ser el caso, documento que acredite la licencia o autorizacién de uso de conocimientos tradicionales de las
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D De ser el caso, certificado de depdsito del material biolégico
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Traduccién oficial del ingléé por Marlén Neira Castro,

2117 del Mihisterio de Justicia de Colombia.

PODER DE PFIZER PRODUCTS INC.
CONSULADO DE COLONBIA EN LONDRES
Fechado el 22 enero, 2001 certifica que Kenneth Greenwood, ejerce_. 
‘funciones de'notayio de Egham, Surrey Inglaterra, cuya firma fue
reconocida por J.M.A. Mason, de Legalizaciones del Ministerio de
Relaciones de Gran Bretafa: Que J. Trevor Lumb es el asesor de
iii patentes de Pfizer Products Inc. sociedad establecida en Nueva
York, NY, Estados Unidos. Firma del cénsul: Jairo Berrio.
CERTIFICACION NOTARIAL

. El 8 de enero del 2001 el Notario Piblico da fe: ‘
1.comparecidé J. Trevor Lumb, domiciliado en Estados Unidos, quien
suscribié el anterior documento. 2. Conozco al otorgante y tiene
capacidad para el otorgamiento 3. ha suscrito el documento en su
caracter de Asistente General Asesor de Patentes de Pfizer Iﬁc, con
sede en Nﬁeva York, NY, 4. la compaifiia esta legalmente

constituida, con existehcia legal actual y que el acto para el cual

se otorgd el poder esta dentro del objeto social. 5. El otorgante
tiene la representacién que ostenta y es legitima. 6. Baso las |
certificaciones 3, 4 v 5 en estos documentos. '
Sello:

Certificado, verificado y autenticado en la localidad de Egham en

Surrey el 8 enero, 2001, Kenneth Greenwood - Notario Publico -

Horne Engall & Freedam- sello notarial en alto relieve.

Al reverso:

Reino Unido de Gran Bretafa e Irlanda del Norte

No. D653464 - Fecha: 8 enero, 2001
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MARLEN NEIRA Cﬁ\!
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PODER DE REPRESENTACION

Poder de representaci6n otorgado por PFIZER PRODUCTS 1NCE?Compaﬁia'*

- domiciliada en Eastern Point Road, Connectiéut. Estados Uﬁidds;,a:}_'fgq
_CARLOS R. OLARTE. -

Dado y firmado en Nueva York, el 2 de enero de 2001 por:

J. Trevor Lumb.;fif

Vicepresidehte

Ji-Sello en espaiiol: ”
"/ Ministerio de Relaciones Exteriores No.407608_ certifica las

" fuhcioneS del J. Berrio a la fecha. Bogota, febreTO'é{ 2001. Firma

el Jefe de Legalizaéibnes.

L -

 Traduccién certificada, con copia en archivo para confrontacién,

fechada el 6- 2-2001. - e
’ 1 MARLEN-NEIRA CASTRC
Traductor e Intérprete Ofiew

inglés - Espaiiol - Ingi.+.
Resolucién No. 2117 det 7 Oc: 1"
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CONSULADO GENERAL DE COLOMBIA

3RD FLOOR 15-19 GREAT TITCHFIELD STREET LONDON W1W 8HZ
TELEPHONE: 020 7637 9893 TELEFAX: 020 7637 5604
E-MAIL:CONSULCO@CONSULCO DEMON.CO UK

El suscrito Consul General de Colombia en Londres, vistos los documentos
presentados ante este despacho,

CERTIFICA:

Que el Sefior KENNETH GREENWOOD, quien autenticé el documento precedente,
¢jercia en la fecha las funciones de Notario Piblico de Egham, Surrey, Inglaterra, y
que su firma fue debidamente reconocida por J. M. A. MASON, Funcionario del
Departamento de Legalizaciones del Ministerio de Relaciones de la Gran Bretafia,
cuya firma se encuentra registrada en este Consulado General.

Que PFIZER PRODUCTS INC. es una Sociedad debidamente constituida,
organizada y existente en New York, N.Y. Estados Unidos de América, y que
cumple con su objeto social de acuerdo con las leyes de ese pais.

Que el Sefior J. TREVOR LUMB, en su calidad de Vicepresidente de la mencionada
Sociedad, otorga el Poder precedente y su firma. ha sido autenticada por el Notario
KENNETH GREENWOOD.

El Cénsul General no asume responsabilidad por el mencionado documento.

Dado en Londres, Reino Unido de la Gran Bretafia, a los veintidos (22) dias del mes
de enero del afio dos mil uno (2001).

Certificacién No. 01/0182
Derechos: US$106.00, CAN
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Members of the Firm

Raisseck, Lara, Robricuez & Ruepa

BAKER & McKENZIE

ATTORNEYS AT LAW
APARTADO AEREO 3746

TELEFONO: 285-1400

SANTAFE DE BOGOTA, D.C.

COLOMBIA

NOTARIAL CERTIFICATION

8th

On this

dayof January

19 2001 ., the undersigned Notary

CERTIFIES

Py

1.That J, Trevor Lumb

of legal age and domiciled in

U.S.A.
.t his hand on the foregoing document.

2. That the grantor is to me personally known and that he/she has
legal capacity to execute the instrument.

3. That the grantor has executed the foregoing document as

Assistant General Patent Counsel

of the juridical person

Pfizer Inc

4, That the juridical person

Pfizer Inc
iving its home office in
v York, NY.

is duly organized, has present legal existence and that the purposes for
which the power of attorney is granted are within the scope of its corporate
purposes.

5. That the grantor has in fact he referred to authority and that his/her
representation is legal.

6. That | have based certifications 3, 4 and 5 above on the following authentic
documents for such purpose exhibited to me a&d which | mention specifically,
giving their dates and their origin or fﬁg{%&cﬁe,
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CERTIFICACION NOTARIAL

Alos dias del mes de
de 19 .el suscrito Notario

DA FE
1. Que

mayor y domiciliado en
suscribio de su puiio y letra el documento que antecede.

2. Que conozco al otorgante y que éste tiene capacidad legal
para el otorgamiento.

3. Que el otorgante ha suscrito el referido documento en su
caracter de

4. Que la person};

\

con sede en

esta legaimente constituida, que tiene existencia legal actual y
que el acto para el cual se ha otorgado el poder esta
comprendido entre los que constituyen su objeto social.

5. Que el otorgante tiene eiectivamente la representacion que
ostenta, y que esta es legitima.

6. Que he basado las cerificaciones 3, 4 y 5 anteriores en los
siguientes documentos aulénticos que al efecto se me
exhibieron y que menciono especificamante con expresion de
sus fechas y de su origen o procedencia:




UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND

No. D653464

Date 8 January, 2001

This document bears
the signature / seal of K Greeawood

Acting in the capacity of Notary Public

For Her Majesty's Principal Secretary of State
For Foreign and Can}wnwealth Affairs



POWER OF ATTORNEY

The undersigned.

PFIZER PRODUCTS, INC.

located in
Eastern Point Road
Connecticut, United States of America

declares that it hereby grants to

CARLOS R. OLARTE

a full and sufficient power of attorney to apply to the
proper national officers and authorities for the issue of:

Letters Patent, mérgers,changes of name,
assignments, filing and prosecution of oppositions,
changes of address

to which end it empowers them to take all steps
necessary before said authorities for the objects stated,
to file petitions, prepare descriptions, make protests,
declarations, appeals and objections, pay imposts,
apply for certifications, receive documents and
securities, abandon applications and collect refunds.
To the said mandatories sufficient power is granted
hereby to receive notifications for and on behalf of the
Company, to confer powers on those who are to
represent the company judicially and extrajudicially, to
answer in court in the matter of all claims and demands
that may be presented in connection with the patents,
and to do everything that may be required, before
administrative or judicial officers of any class giving
them likewise power to substitute these presents and
revoke such substitutions if necessary.

Done and subscribedin New York, New York,

United States of America.

On the Q_nd

(F
;)4 Y Trevor Lumb

Vice President

dayof J=sao L Q_CDV
OQ

Raisseck, Laka, Rooriguez & Ruepa
Members of the Firm

BAKER & McKENZIE

ATTORNEYS AT LAW
APARTADO AEREO 3746
TELEFONO: 285-1400
SANTAFE DE BOGOTA, D.C.
COLOMBIA

PODER

La abajo firmada.

PFIZER PRODUCTS INC. V

domiciliada en
Eastern Point Road
Connecticut, Estados Unidos de América

declara por el presente otorgar a

CARLOS R. OLARTE C/

poder especial amplio y bastante para recabar de las
oficinas y autoridades nacionales que correspondan,’la
obtencion de :

Solicitudes de Patentes de Invencidn, cambios de /

nombre, cesiones, presentacion y tramitacion de
oposiciones, cambios de nombre

a cuyo efecto los faculta para dar ante dichas
autoridades, todos los pasos necesarios al objeto
indicado, elevar solicitudes, formular descripciones |,
protestas, declaraciones, apelaciones y reclamos,
oblar impuestos, salicitar testimonios, recibir
documentos y valores, desistir y percibir. Se concede a
los expresados mandatarios poder bastante para
recibir notificaciones a nombre de la compaiiia, otorgar
poderes a quienes vayan a representar a la compaiiia
judicial y extrajudicialmente, responder en juicio a
todas las reclamaciones o demandas que por motivo
de las patentes se presentaren y hacer cuanto fuere
necesario, ante las autoridades administrativas o
judiciales de cualquier orden, dandoles asimismo
facultad para sustifuir el presente y en ¢aso necesario
revocar dichas sustituciones.

mﬁ%
Dado y firmado en§
Alos

19
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R. GRANT

January 30, 2001

By Authority of the

Ry COMMISSIONER OF PATENTS AND TRADEMARKS
P.
Certifyin

United States Patent and Trademark Office

SE; PRE
UNITED STATES DEPARTMENT OF COMMERCE

TO ALE, TO) WHOMN THE;

THE RECORDS OF THE UNITED STATES PATENT AND TRADEMARK

OFFICE OF THOSE PAPERS OF THE BELOW IDENTIFIED PATENT
APPLICATION THAT MET THE REQUIREMENTS TO BE GRANTED A

FILING DATE UNDER 35 USC 111.
APPLICATION NUMBER: 60/189,942

FILING DATE: March 16, 2000

PA 354965
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CERTIFICATE OF MAILING
BY "EXPRESS MAIL"

Express Mail No. EL472157445US

Date of Deposit: March 16, 2000

I hereby certify that the provisional patent

g application attached hereto entitled PHARMACEUTICAL COMPOSITIONS
ﬁ OF GLYCOGEN PHOSPHORYLASE INHIBITORS (°GPI®) (139 pages),

g together with Provisional Application cover sheet (in duplicate),

g Fee Transmittal cover sheet (in duplicate), a check for $150.00,
&% this Certificate of Mailing by Express Mail, and a return,

L

2 acknowledgment postcard is being deposited with the United States

lJ Postal Service "Express Mail to Addressee" service on the date

indicated above and is addressed to Box Provisional Application,

a3

Assistant Commissioner for Patents, Washington, DC 20231.
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PHARMACEUTICAL COMPOSITIONS OF GLYCOGEN
PHOSPHORYLASE INHIBITORS

BACKGROUND OF THE INVENTION

This invention relates to pharmaceutical
compositions containing a glycogen phosphorylase
inhibitor (GPI) and at least one concentration-enhancing
poiymer, and the use of such pharmaceutical compositions
to treat diabetes, hyperglycemia, hypercholesterolemia,
hypertension, hyperinsulinemias, hyperlipidemia,
atherosclerosis and myocardial ischemia in mammals.

In spite of the early discovery‘af insulin and
its subsequent widespread use in the treatment of
diabetes, and the later discovery of and use of
sulfonylureas (e.g. Chlorpropamide (Pfizer), Glipizide
(Pfizer), Tolbutamide (Upjohn), Acetohexamide (E.I.
Lilly), Tolazimide (Upjohn)) and biguanides (e.g.
Phenformin (Ciba Geigy), Metformin.(G. D. Searle)) as
oral hypoglycemic agents, the treatment of diabetes
remains less than satisfactory. The use of insulin,
necessary in about 10% of diabetic patients in which
synthetic hypoglycemic agents are not effective (Type 1
diabetes, insulin dependent diabetes mellitus), requires
multiple daily doses, usually by self-injection.
Determination of the proper dosage of insulin requires
frequent estimations of the sugar in urine or blood. The
administration of an excess dose of insulin causes
hypoglycemia, with effects ranging from mild
abnormalities in blood glucose to coma, or even death.
Treatment of non-insulin dependent diabetes mellitus
(Type 2 diabetes, NIDDM) usually consists of a
combination of diet, exercise, oral agents, €.g.
sulfonylureas, and in more severe cases, insulin.
However, the clinically available hypoglycemics can have
other gide effects which limit their use. 1In any event,
where one of these agents may fail in an individual case,
another may succeed. A continuing need for hypoglycemic

Ag
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agents, which may have fewer side effects or succeed
where others fail, is clearly evident.

Hepatic glucose production is an important
target for NIDDM therapy. The liver is the major
regulator of plasma glucose levels in the post absorptive
(fasted) state, and the rate of hepatic glucose
production in NIDDM patients is significantly elevated
relative to normal individuals. Likewise, in the
postprandial (fed) state, where the liver has a
proportionately smaller role in the total plasma glucose
supply, hepatic glucose production is abnormally high in
NIDDM patients.

Glycogenolysis is an important target for
interruption of hepatic glucose production. The liver
produces glucose by glycogenolysis (breakdown of the
glucose polymer glycogen) and gluconeogenesis (synthesis
of glucose from 2- and 3-carbon precursors). Several
lines of evidence indicate that glycogenolysis may make
an important contribution to hepatic ‘glucose output in
NIDDM. First, in normal post absorptive man, up to 75%
of hepatic glucose production is estimated to result from
glycogenolysis. Second, patients having liver glycogen
storage diseases, including Hers' disease (glycogen,
phosphorylase deficiency), display episodic hypoglycemia.
These observations suggest that glycogenolysis may be a
significant process for hepatic.glucose production.

Glycogenolysis is catalyzed in liver, muscle,
and brain by tissue-specific isoforms of the enzyme
glycogen phosphorylase (GP). This enzyme cleaves the
glycogen macromolecule to release glucose-1-phosphate and
a new shortened glycogen macromolecule. Several types of
GPIs have been reported to date: glucose and glucose
analogs [Martin, J. L. et al., Biochemistry 1991, 30,

10101] and caffeine and other purine analogs [Kasvinsky,
P. J. et al., J. Biol. Chem. 1978, 253, 3343-3351 and

9102-9106] . These compounds, and GPIs in general, have
been postulated to be of potential use for the treatment
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of NIDDM by decreasing hepatic glucose production and
lowering glycemia [Blundell, T. B. et al. Diabetologia

1992, 35, Suppl. 2, 569-576 and Martin et al.
Biochemistry 1991, 30, 10101].

Sites at which GPIs have been reported to bind
are the active site, the caffeine or purine binding site,
and the ATP or nucleotide binding site. Enzyme activity
is also controlled by phosphorylation at a single
phosphorylation site, Ser 14. Phosphorylation normally
@auses an increase in GP activity due to a conformational
change in the GP enzyme. The features of this
conforﬁational change have been identified. See, Sprang
et al., Nature 1988, 336, 215-21. The experimentally

determined GP:GPI structures reveal that inhibitor
binding at any of the three binding sites named above
reverses the conformational change in GP that normally
occurs upon phosphorylation causing the GP enzyme to
adopt the conformation of the “inactive,” unphosphorylated
protein.

Several GPIs have been described. See, e.g.,

Kristiansen et al., U.S. Patent No. 5,952,363; Lundgren
et al., EP 884 050 Al; Kristiansen et al., WO 98/50359;
Bols, WO 97/31901; and Lundgren et al., WO 97/09040.
Most of these compounds are cyclic amines with various
substitutents that generally render them relatively
hydrophilic with good water solubility and good potential
for absorption. These GPIs, béing water soluble, would
thus be expected to not have solubility-limited
absorption.

A new binding =ite has been recently
discovered, together with new glycogen phosphorylase
inhibitors which bind to this new site. See EP
0978279 Al. As used herein and in the claims, this new
binding site shall be referred to as the “indole pocket
binding site.” Four different types of GPIs have been
identified so far that bind to the indole pocket binding

7.
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site: See WO 96/39385, U.S. Patent No. 5,952,322, and_EP
846464 A2 which disclose GPIs of the first type; WO
96/39384 and EP 832065 Al which disclose GPIs of the
gsecond type; and U.S. Patent No. 5,998,463 which
discloses GPIs of the third type. A fourth type is
disclosed herein. In general, these compounds have in

.common the structural feature of one or more fused ring

systems comprising a six-membered aromatic ring and a
nitrogen-containing heterocycle. Such fused ring systems
can be considered an “indole-like group,” indole itself

having the structure:
oW
N
1
H

It is believed that GPIs which contain the indole-like
group bind to the indole pocket binding site of the GP

_enzyme. GPIs that bind to this indole pocket binding

site generally are relatively hydrophobic, have poor
water solubility, and poor biocavailability.

Accordingly, what is therefore desired is a
composition containing a poorly water soluble GPI that
increases the GPI concentration in aqueous solution, does
not advergely effect the ability of the GPI to bind to
the GP enzyme, improves relative biocavailability, and is
pharmaceutically acceptable.

BRIEF SUMMARY OF INVENTION

The present invention overcomes the aforesaid
drawbacks by providing a pharmaceutical composition
comprising a glycogen phosphorylase inhibitor and a
concentration-enhancing polymer. The GPI binds to a
portion oi*éll_portions of the following residues of a
glycogen phosphorylase enzyme:

-

18




parent secondary

structure residue number
13-23
helix ol 24-37
5 turn 38-39, 43, 46-47
helix o2 48-66, €9-70, 73-74, 76-78
79-80
strand Bl 81-86
87-88
10 strand P2 89-92
. 93
i helix «3 94-102
o 103
E helix o4 104-115
8 1s 116-117
g helix oS 118~-124
+ 125-128
!U strand 83 129-131
fa) 132-133
W 20 helix as 134-150
; 151-152
- Q strand f4 153-160
o 161 N
stxand S4b 162-163
28 164-166
‘ strand BS 167-171
- 172-173
strand 86 174-178
179-190
30 strand f7 191-192
194, 197
strand fa 198-~-209
210-211
strand B9 212-216
3s strand £10 219-226, 228-232 .
' 233-236
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strand R11 237-239, 241, 243-247

248-260
helix o7 261-276
strand 811b 277-281
reverse turn 282-289
helix a8 290-304.
In a second aspect of the invention, a -

pharmaceutical composition comprises a GPI and a
concentration-enhancing polymer, the GPI having the
general structure of Formula I:

o R f?
A;cﬂfL“N R{ R
RzR’
R

1
$

R Ry

Formuda {

In a third aspect of the invention, a
pharmaceutical composition comprises a GPI and a
concentration-enhancing polymer, the GPI having the
gensral structure of Form:la ¥I:

0 R,
R, A\flLN’k—&
s
Rg Re Ry T

11

Formula il
In a fourth aspect of the inveation, & .

pharmaceutical composition comprises a GPI and a
concentration-enhancing polymer, the GPI having the
genexral structure of Formula III:
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Formula 1XI

In a fifth aspect of the invention, a
pharmaceutical compogition comprises a GPI and a
concentration-enhancing polymer, the GPI having the
general structure of Formula IV:

1
RZ R b
\\fx R
€ \ Ypt
Zz
N
" 0
Q

Formula IV

In a sixth aspect of che invention, a
pharmaceutical composition comprises a GPFI and a
concentration-enhancing polymer, the GPI having a
solubility in aqueous solution, in the absence of the
polymer, of less than 1.0 wg/mL at any pH of from 1 to

In a seventh aspect of the invention, a
pharmaceutical composition comprises a GPI and a
concentration-enhancing polymer. The composition
provides a maximum concentxation of the GPI in a use
environment that is 1.25-fold that of a control
composition comprising an equivaienL amount of the GPI
and free from the polymer. As used herein, a “use

8.

environment” can be either the in vivo environment of the

GI tract of a mammal, particularly a human, or the in
vitro environment of a test solution, such as phosphate

NET
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buffered saline (PBS) or a Model Fasted Duodenal (MFD)
solution.

In an eighth aspect of the invention, a
pharmaceutical composition comprises a GPI and a
concentration-enhancing polymer. The composition
provides a relative biocavailability that is at least 1.25
relative to a control composition comprising an
equivalent amount of the GPI and free from the polymer.

In another aspect of the invention, a method of
treatment of a mammal having an indication due.to
atherosclerosis, diabetes, diabetic neuropathy, diabetic
nephropathy, diabetic retinopathy, cataracts, ™~
hypercholesterolemia, hypertriglycerdemia, hypertension,
myocardial ischemia, hyperglycemia, hyperinsulimemia,
hyperlipidemia, insulin resistance, bacterial infection,
or tissue ischemia comprises the following steps. A
composition of a GPI and a concentration-enhancing
polymer is formed. The composition is then administered
to the mammal.

The composition may be dosed in a variety of
dosage forms, including both initial release and
controlled release dosage forms, the latter including
both delayed and sustained release forms. The
composition may include blends of polymers, and may
further include other polymers that improve the agueous
concentration of the GPI. The composition may further
comprise other constituents that improve the stability,
wetting, dissolution, tableting, or processing
characteristics of the composition.

The various aspects of the present invention
each have one or more of the following advantages. The

compositions increase the concentration of GPI in acueous

solution relative to the crystalline form of the GPI.

The compositions also improve relative bioavailability of
the GPI. 1In addition, the compositions enable the use of

poorly water soluble, hydrophobic GPIs without adversely
affecting their binding characteristics.
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The foregoing and other objectives, features,
and advantages of the invention will be more readily
understood upon consideration of the following detailed-
description of the invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provideg compositions of
GPIs and at least one concentration-enhancing polymer.
As discussed above in the Background, a new class of
poorly water soluble, hydrophobic GPIs has been
discovered that bind to the indole pocket binding site in
the GP enzyme. It is believed that an important part of
the binding of GPIs to this site is due to the indole-
like group, which, being relatively hydrophobic, binds in
a hydrophobic pocket within the GP enzyme. In studying
the GPI activity, bindiﬁé mode, and GPI/GP complex
structure of a wide variety of compounds, it has been
found that compounds that have good GP inhibition
activity at this indole pocket binding site often have a
number of features in common: (1) the presence of one or
more indole-like groups in the structure; (2) extremely
low solubilities in agueous solution (i.e., less than

1.0 mg/mL) at physiologically relevant pH (e.g., any pH

of from 1 through 8) measured at about 22°C; (3) a
relatively hydrophobic nature; and (4) a relatively low
bicavailability when orally dosed in the crystalline
state. ) *

Accordingly, unlike other previously known
GPIs, GPIs which bind to the indole pocket binding site
typically require some kind of modification or
formulation to enhance their solubility and thereby
achieve good bicavailability. However, the inventors
have found that many of the conventional methods used to
improve solubility, and in turn biocavailability, have
proved problematic. One method used generally to improve
drug bioavailability is to form an ionic form of the -
drug, typically by incorporating an ionizable group into
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its structure, and particularly by forming a highly
soluble salt form. However, the GPIs with the indole-
like group having the best performance generally are
neutral or nonionic and relatively hydrophobic.

The inventors have found that preparing GPIs
having indole-like groups as compositions comprising a
GPI and concentration-enhancing polymer, and preferahly
as a solid dispersion of the GPI and concentration- v
enhancing polymer, improves the aqueous concentration of
the GPIs as well as relative bioavailability, but does
not adversely affect the binding characteristics of the
GPIs. The compositions, GPIs, suitable polymer;? and
optional excipients are discussed in more detail as
follows.

COMPOSITIONS OF GPIs AND CONCENTRATION-ENHANCING POLYMER
The present invention finds utility with any

low-solubility GPI, or any GPI which would benefit by

improved bioavailability. The compositions of the

Present invention are mixtures comprised of a GPI and at

least one concentration-enhancing polymer. The mixtures

are preferably solid dispersions, but simple physical

mixtures of the GPI and polymer may also be suitable for

some GPIs. The GPI in its pure state may be crystalline

or amorphous. Preferably, at least a major portion of

the GPI in the composition is amorphous. By “amorphous”

is meant simply that the GPI is in a non-crystalline .
state. As used herein, the term “a major portion® of the )
GPI means that at least 60% of the GPI in the composition
is in the amorphous form, rather than the crystalline
form. Preferably, the GPI in the composition is
substantially amorphous. As used herein, “substantially
amorphous” means that the amount of the GPI in crystalline
form does not exceed 25%. More preferably, the GPI in
the composition is “almost completely amorphous” meaning
that the amount of GPI in the crystalline form does not
exceed 10%. Amounts of crystalline GPI may be measured
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by powder X-ray diffraction, Scanning Electron Microscope
(SEM) analysis, differential scanning calorimetry (“DSC”),
or any other standard quantitative wmeasurement. The
composition may contain from about 1 to about B0 wt% GPI,
depending on the dose of the GPI. Enhancement of aqueous
GPI concentrations and relative bioavailability are
typically best at low GPI levels, typically less than
about 25 to 40 wt%. However, due to the practical limit
of the dosage form size, higher GPI loadings are often
preferred and perform well.

In a preferred aspect of the invention, GPI and
concentration-enhancing polymer are present as a solid
dispersion of the low-solubility GPI and polymer.
Preferably, at least a major portion of the GPI in the
dispersion is present in the amorphous, rather than the
crystalline state. The amorphous GPI can exist as a pure
phase, as a solid solution of GPI homogeneously
distributed throughout the polymer or any combination of
these states or those states that lie intermediate
between them.

The dispersion is preferably substantially
homogeneous so that the amorphous GPI is dispersed as
homogeneously as possible throughout the polymer. as
used herein, "substantially homogeneous" means that the
GPI present in relatively pure amorphous domains within
the solid dispersion is relatively small, on the order of
less than 20%, and preferably less than 10% of the total
amount of GPI. While the dispersion may have scme GPI-
rich domains, it is preferred that the dispersion itself
have a single glass transition temperature (T,) which
demonstrates that the dispersion is substantially
homogeneous. This contrasts with a simple physical
mixture of pure amorphous GPI particles and pure
amorphous polymer particles which generally display two
distinct T,s, one that of the GPI and one that of the
polymer. T, as used herein is the characteristic -
température where a glassy material, upon gradual

29
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heating, undergoes a relatively rapid (e.g., 10 to 100
seconds) physical change from a glass state to a rubber
state. Dispersions of the present invention that are
substantially homogeneous generally are more physically
stable and have improved concentration-enhancing
properties and, in turn improved biocavailability,
relative to nonhomogeneous dispersions.

While the inventors have found that dispersions
of the GPI and concentration-enhancing polymer yield good
results, it has been found for at least one GPI that
compositions of physical mixtures of amorphéus GPI and
concentration-enhancing polymer also yield improved
agueous GPI concentration. At least a major portion of
the GPI in the mixture is amorphous. The composition may
be in the form of a simple dry physical mixture wherein
both the GPI and concentration-enhancing polymer are
mixed in particulate form and wherein the particles of
each, regardless of size, retain the same individual
physical properties that they exhibit in ﬁulk. Any
conventional method used to mix the polymer and GPI
together such as physical mixing and dry or wet
granulation may be used. In this embodiment of the
invention, the amorphous GPI and concentration-enhancing
polymer need not be directly mixed, but only both pfesent
in the dosage form. For example, the amorphous GPI may
be in the form of a tablet, bead, or capsule, and the
concentration-enhancing polymer may be a coating,
granulating material, or even the wall of the capsule.

The compositions comprising the GPI and
concentration-enhancing polymer provide enhanced
concentration of the GPI in in vitro dissolution tests.

It has been determined that enhanced drug concentration
in in vitro dissolution tests in Model Fasted Duodenal

(MFD solution) or Phosphate Buffered Saline (PBS) is a
good indicator of in vivo performance and

biocavailability. An appropriate PBS solution is an
aqueous solution comprising 20 mM sodium phosphate
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(Na,HPO,) , 47 mM potassium phosphate (KH,PO,), 87 mM NaCl,
and 0.2 mM KCl, adjusted to pH 6.5 with NaOH. An
appropriate MFD solution is the same PBS solution wherein
additionally is present 14.7 mM sodium taurocholic acid
and 2.8 mM of l-palmitoyl-2-oleyl-sn-glycero-3-
phosphocheoline. In particular, a composition of the
present invention can be dissolution-tested by adding it
to MFD or PBS solution and agitating to promote .
dissolution. Preferably, the composition of the present
invention provides a Maximum Drug Concentration (MDC)
that is at least 1.25-fold the equilibrium concentration
of a control composition comprising an equivalent
quantity of GPI but free from the polymer. In other
words, if the equilibrium concentration provided by the
control composition is 100 ug/mL, then a composition of
the present invention provides an MDC of at least

125 ug/mL. The comparison composition is conventionally
the undispersed GPI alone (e.g., typically, the

crystallipne GPI alone in its most thermodynamically

stable crystalline form, or in cases where a crystalline

form of the GPI is unknown, the control may be the

amorphous GPI alone) or the GPI plus a weight of inert

diluent equivalent to the weight of polymer in the test

composition. More preferably, the MDC of GPI achieved

with the compositions of the present invention are at

least 2-fold, and even wmore preferably at least 3-fold,

that of the control composition. -
Alternatively, the compositions of the present

invention provide in an aqueous use environment a

concentration versus time Area Under The Curve (AUC), for

any period of at least 90 minutes between the time of

introduction into the use environment and about 270

minutes following introduction to the use environment

that is at least 1.25-fold that of a control composition

comprising an equivalent qQuantity-of undispersed GPI. )
Alternatively, the dispersion’of the present

invention, when dosed orally to a human or other animal,
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provides an AUC in GPI concentration in the blood for any
period of at least 90 minutes between the time of dosage
and about 270 minutes following dosage that is at least"
1.25-fold that observed when a control composition
comprising an equivalent quantity of undispersed drug is
dosed. Thus, the compositions of the present invention
can be evaluated in either an in vitro or in vivo test,

or both.

A typical test to evaluate enhanced drug
concentration can be conducted by (1) dissolving a
sufficient quantity of control composition, tzpically the
GPI alone, in the in vitro test medium, typically MFD or

PBS solution, to achieve equilibrium concentration of the
GPI; (2) dissolving a sufficient quantity of test
composition (e.g., the GPI and polymer) in an equivalent

test medium, such that if all the GPI dissolved, the
theoretical concentration of GPI would exceed the
equilibrium concentration of the GPI by a factor of at
least 2; and (3) determining whether the measured MDC of
the test composition in the test medium is at least 1.25-
fold that of the eguilibrium concentration of the control
composition. In conducting such a dissolution test, the
amount of test composition or control composition used is
an amount such that if all of the GPI dissolved the GPI
concentration would be at least 2-fold to 100-fold that
of the solubility of the GPI. The concentration of
dissolved GPI is typically measured as a function of time
by sampling the test medium and plotting GPI
concentration in the test medium vs. time so that the MDC
can be ascertained. To avoid GPI particulates which
would give an erroneous determination, the test solution
is either filtered or centrifuged. “Dissolved GPI” is
typically taken as that material that either passes a
0.45 pm syringe filter or, altermatively, the material
that remains in the supernatant following centrifugation.
Filtration can be conducted using a 13 mm, 0.45 pm
polyvinylidine difluoride syringe filter sold by

.29



10

" B EEE T O SER
i @

N
o

QORTEDR

25

7 N
4
3

30

35

15

Scientific Resources under the trademark TITAN®.
Centrifugation is typically carried out in a
polypropylene microcentrifuge tube by centrifuging at
13,000 G for 60 seconds. Other similar filtration or
centrifugation methods can be employed and useful results
obtained. For example, using other types of microfilters
may yield values somewhat higher or lower (+10-40%) than
that obtained with the filter specified above but will
still allow identification of preferred dispersions. It
is recognized that this definition of “dissolved GPI”
encompasses not only monomeric solvated GPI molecules but
also a wide range of species such as polymer/GPI
assemblies that have submicron dimensions such as GPI
aggregates, aggregates of wmixtures of polymer and GPI,
micelles, polymeric micelles, colloidal particles or
nanocrystals, polymer/GPI complexes, and other such
GPI-containing species that are present in the filtrate
or supernatant in the specified dissolution test.
Relative biocavailability of GPIs in the
dispersions of the present invention can be tested in

vivo in animals or humans using conventional methods for
making such a determination. An in vivo test, such as a

crossover study, may be used to determine whether a-
composition of GPI and polymer provides an enhanced
relative bioavailability compared with a control
composition comprised of a GPI but no polymer as
described above. 1In an in vivo crossover study a “test

composition® of GPI and polymer is dosed to half a group
of test subjects and, after an appropriate washout period
(e.g., one week) the same subjects are dosed with a

‘control composition” that comprises an equivalent
quantity of GPI as the “test composition”. The other half
of the group is dosed with the control composition first,
followed by the test composition. The relative
bicavailability is measured as the concentration in the
blood (serum or plasma) versus time area under the curve

21
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(AUC) determined for the test group divided by the AUC in
the blood provided by the control composition.
Preferably, this test/control ratio is determined for
each subject, and then the ratios are averaged over all
subjects in the study. In vivo determinations of AUC can

be made by plotting the serum or plasma concentration of
drug along the ordinate (y-axis) against time along the
abscissa (x-axis). Generally, the values for AUC
represent a number of values taken from all of the -
subjects in a patient test population averaged over the
entire test population. A preferred embodiment of the
invention is one in which the relative bioavailability- of
the test composition is at least 1.25 relative to a
control composition comprised of a GPI but with no
polymer as described above. (That is, the AUC provided
by the test composition is at least 1.25-fold the AUC
provided by the control composition.) An even more
preferred embodiment of the invention is one in which the
relative bioavailability of the test composition is at
least 2.0 relative to a control composition of the GPI
but with no polywer present, as described above. The
determination of AUCs is a well-known procedure and is
described, for example, in Welling, “Pharmacokinetics
Processes and Mathematics,” ACS Monograph 185 (1986f.

GLYCOGEN PHOSPHORYIASE INHIBITORS

The invention is useful for GPIs which have
sufficiently low aqueous solubility that it is desirable
to increase their water solubility. Therefore, anytime
one finds it desirable to raise the concentration of the
GPI in a use environment, the invention will find
utility. The GPI bhas “low-solubility,” meaning that the
GPI may be either “substantially water-insoluble” (which
means that the GPI has a minimum aqueous solubility at
any physiologically relevant pH (e.g., pH 1-8) and about
22°C of less than 0.01 mg/mL), or “sparingly water-
soluble” (that is, has a water solubility up to about 1



Qe TEDR"

®

Eﬂmﬁm‘ﬂ:nw

10

[
Ul

[,
(=]

25

30

35

17

mg/mL) . (Unless otherwise specified, reference to

aqueous solubility herein and in the claims is determined

at about 22°C.) Compositions of the present invention .
find greater utility as the solubility of the GPI
decreases, and thus are preferred for GPI solubilities

less than 0.5 mg/ml, and even more preferred for GPI
solubilities less than 0.1 wg/mlL. In general, it may be

said that the GPI has a dose-to-aqueous solubility ratio

greater than about 10 mL, where the solubility (mg/mL) is

the minimum value observed in any physiologically

T relevant agueous solution (e.g., those with pH values

frq@ 1 to 8) including USP simulated gastric and

intestinal buffers, and dose is in mg. Cowmpositions of

the present invention, as mentioned above, find greater
utility as the solubility of the GPI decreases and the
dose increases. Thus, the compositions are preferred as

the dose-to-solubility ratio increases, and thus are

preferred for dose-to-solubility ratios greater than 100

mL, and more preferred for dose-to-solubility ratios

greater than 400 mlL.

Preferably, the GPI binds to the GP enzyme at
the indole pocket binding site. As used herein and in

the claims, "bind® means a portion of the GPI binds to the

GP enzyme in such a manner that a portion of the GPI is
in van der Waals or hydrogen bonding contact with a
portion or all portions of certain residues of the
binding site. In a preferred embodiment, the GPI binds

to the GP enzyme with a portion or all portions of the

following residues of GP:

parent secondary

structure
helix al
turn
helix a2

Xesidue pumber

13-23

24-37

38-39, 43, 46-47

48-66, 69-70, 73-74, 76-78
79-80
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strand Bl

strand B2

helix o3

helix a4

helix oS

strand f3

helix o6

strand B4

strand B4b

strand BS

strand Pe6

strand f7

strand B8

strand B9
strand Bl0

strand f1l1

helix o7
strand $11b
reverse turn
helix a8

18

81-86
87-88
89-92

93
94-102
103
104-115
116-117
118-124
125-128
129-131
132-133
134-150
151-152
153-160
161
162-163
164-166
167-171
172-173
174-178
179-190
191-192
194, 197
198-209
210-211
212-216
219-226, 228-232
233-236
237-239, 241, 243-247
248-260
261-276
277-281
282-289
290-304

32
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More preferably, the GPI binds with one or more
of the following residues of GP in one or both subunits:

parent secondary

atxucture

helix a1l
turn
helix a2
strandmbz

‘\
helix a3
helix o4

helix oS

strand g3
strand fi4

strand B4b

) strand g5
- strand B6

stxand p7

strand BS
strand Plo

strand B11

helix o7
strand f1lb

xeaidue numbex
13-23

24-37

38-39, 43, 46-47
48-66, 69-70, 73-74, 76-78
79-80

91-92

93

94-102

103

104-115
116-117
118-124
125-128
129-130
159-160

161

162-163
164-166
167-168

178

179-190
191-192

194, 197
198-200
220-226
228-232
233-236
237-239, 241, 243-247
248-260
261-276
277-280
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Even more preferably, the GPI binds with one or
more of the following residues of GP in one or both
subunits:

residue numbeyx
33-39
49-66
94 )
98

102
125-126
160

162
182-192
197
224-226
228-231
238-239
241

245

247

Most preferably, the GPI binds with one or more
of the following residues of GP in one or both subunits:

xesidue number
37-39

53

57

60

63-64

184-192

226

229

The indole pocket binding site is disclosed more fully in
commonly assigned U.S. provisional patent application

34
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Serial No. 95790 filed August 7, 1998 and corresponding
published Buropean Patent Application No. EP0978279 Al,
the relevant disclosure of which is herein incorporated.
by reference.

It is believed that certain compounds are
capable of binding at the indole pocket binding site.
Accordingly, preferred GPIs of the present invention are
those that are capable of binding at this site. One such
set of compounds has the structure of Formula I:

o R ~
\*Rs R’
A==
R,
R |
R‘°. Rﬂ
Formula ]

and the pharmaceutically acceptable salts and
prodrugs thereof wherein the dotted line (---) is an
optional bond, and the various substituents of Formala I
are as follows;

A is -C(H)=, ~C((C;-Cy)alkyl)= or -C(halo)= when
the dotted line (---) is a bond, or A is methylene or
-CH((C,-C,)alkyl) - when the dotted line (---) is not a
bond ; | _ )

Ry, Ry Or R); are each independently H, halo,
4-, 6- or 7-nitro, cyano, (C,-C,)alkyl, (€,-C,)alkoxy,
fluoromethyl, difluoromethyl or trifluoromethyl;

R, is H;

Ry is H or (C,-Cg)alkyl;

R, is wmethyl, ethyl, n-propyl,
hydroxy (C,~Cy) alkyl, (C,-C,)alkoxy(C,-C;)alkyl,
phenyl (C;-C,) alkyl, phenylhydroxy (C,-C,)alkyl,
phenyl (C,-C,) alkoxy(C,~C,) alkyl, thien-2- or

o
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-3-y1(C,-C,)alkyl or fur-2- or -3-yl(C,-C,)alkyl wherein
said R, rings are mono-, di- or tri-substituted
independently on carbon with H, halo, (C,-C,)alkyl,
(¢;-C;)alkoxy, trifuloromethyl, hydroxy, amino or cyano;
or

R; is pyrid-2-, -3~ or -4-yl(C,-C,)alkyl,
thiazol-2-, -4- or -5-yl(C,-C,)alkyl, imidazol -1-, -2-,
-4~ or -5-yl(C;-C,)alkyl, pyrrol-2- or -3-yl(C,-C,)alkyl,
oxazol-2-, -4- or -5-yl(c,-C,)alkyl, pyrazol-3~-, -4- or
-5-yl(C,-C,)alkyl, isoxazol-3-, -4-, -5-yl(C,-C,)alkyl,
isothiazol-3-, -4-, -5-yl(C,-C,)alkyl, pyridazin-3- or
-4-yl-{(C;-C,)alkyl, pyrimidin-2-, -4-, -S5- or
-6-yl1(C,-C,)alkyl, pyrazin-2- or -3-yl(C,-C,)alkyl or
1,3,5-triazin-2-~yl(C,~-C,)alkyl, wherein said preceding R,
heterocycles are optionally mono- or di-substituted
independently with halo, trifluoromethyl, (C;-C,)alkyl,
(C.~C,) alkoxy, amino or hydroxy and said mono- or
di-substituents are bonded to carbon;

R; is H, hydroxy, fluoro, {(C,-C;)alkyl,
(C,~Cs) alkoxy, (Cy-Cg) alkanoyl, amino (C;-C,) alkoxy, mono-N-
or di-N,N-(C,-C,)alkylamino(C,-C,) alkoxy,
carboxy (C;~C¢) alkoxy, (C;-Cs)alkoxy-carbonyl (C,-C,)alkoxy,
benzyloxycarbonyl (C,-C,) alkoxy, or carbonyloxy wherein
said carbonyloxy is carbon-carbon linked with phenyl,
thiazolyl, imidazolyl, 1H-indolyl, furyl, pyrrolyl,
oxazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl or 1,3,5-triazinyl
and wherein said preceding R, rings are optionally mono-
substituted with halo, (C,-C,)alkyl, (C,-C,)alkoxy,
hydroxy, amino or trifluoromethyl and said mono-
substituents are bonded to carbon;

R, is H, fluoro or (C,-Cy)alkyl: or

Ry and R, can be taken together to be oxo;

R¢ is carboxy, (C,-Cy)alkoxycarbonyl, C(0)NRgR,
or C(O)R,;, wherein

Ry is (C;-Cj)alkyl, hydroxy or (C,-C;)alkoxy; and

36
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Ry is H, (C.-Cg)alkyl, hydroxy, (C,-C;)alkoxy,
methylene-perfluorinated(C,-Cy) alkyl, phenyl, pyridyl,
thienyl, furyl, pyrrolyl, pyrrolidinyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, isoxazolyl, isothiazolyl, pyranyl,
piperidinyl, morpholinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, piperazinyl or 1,3,5-triazinyl wherein said
preceding R, rings are carbon-nitrogen linked; or

Ry is mono-, di- or tri-substituted
(C;-Cg) alkyl, wherein said substituents are independently
H, hydroxy, amino, mono-N- or di-N,N-(C,-C;)alkylamin®: or

Ry is mono- or di-substituted (C,-C¢)alkyl, -
wherein said substituents are independently phenyl,
pyridyl, furyl, pyrrolyl, pyrrolidinyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, isoxazolyl, isothiazolyl, pyranyl,

~

pyridinyl, piperidinyl, morpholinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, piperazinyl or 1,3,5-triazinyl

wherein the nonaromatic nitrogen-contairning R,
rings are optionally mono-substituted on nitrogen with
(C,-C¢)alkyl, benzyl, benzoyl or (C,-Cg)alkoxycarbonyl and
wherein the R, rings are optionally mono-substituted on
carbon with halo, (C,-C,)alkyl, (C,-C,)alkoxy, hydroxy,
amino, or mono-N- and di-N,N (C;-C;)alkylamino provided
that no quaternized nitrogen is included and there are no
nitrogen-oxygen, nitrogen-nitrogen or nitrogen-halo
bonds;

Ry is piperazin-1-yl, 4-(C,-C,)alkylpiperazin-1-
Yl, 4-formylpiperazin-1-yl, morpholino, thiomorpholino,
l-oxothiomorpholine, 1,1-dioxo-thiomorpholino,
thiazolidin-3-y1, l-oxo-thiazolidin-3-yl, 1,1-dioxo-
thiazolidin-3-yl, 2-(C,-C,)alkoxycarbonylpyrrolidin- 1-yl,
oxazolidin-3-yl or 2(R)-hydroxymethylpyrrolidin-1-yl; or

Ry; is 3- and/or 4-mono- or di-substituted
oxazetidin-2-yl, 2-, 4-, and/or 5- mono- or di-
substituted oxazolidin-3-yl, 2-, 4-, and/or 5- mono- or
di- substituted thiazolidin-3-yl, 2-, 4- and/or 5- mono- .
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or di-substituted l-oxothiazolidin-3-yl, 2-, 4-, and/or
5- mono- or di-substituted 1,1-dioxothiazolidin-3-yl,
3- and/or 4-, mono- or di-substituted pyrrolidin-1-yl,
3-, 4- and/or 5-, mono-, di- or tri-substituted
piperidin-1-yl, 3-, 4-, and/or 5- mono-, di-, or
tri-substituted piperazin-1-yl, 3-substituted
azetidin-1-yl, 4- and/or S-, mono- or di-substituted
1,2-oxazinan-2-yl, 3-and/or 4-mono- or di-substituted -
pyrazolidin-1-yl, 4- and/or 5-, mono- or di-substituted
isothiazolidin-2-yl, 4- and/or 5-, mono- and/or
di-substituted isothiazolidin-2-yl wherein said R,,
substituents are independently H, halo, (C;-Cs) alkyl,
hydroxy, amino, mono-N- or di-N,N-(C;-C;)alkylamino,
formyl, oxo, hydroxyimino, (C,~Cs) alkoxy, carboxy,
carbamoyl, mono-N-or di-N,N-(C,;-C,)alkylcarbamoyl,
(C;-Cy)alkoxyimino, (C,;-C,)alkoxymethoxy,

(€,-C¢) alkoxycarbonyl, carboxy(C,-Cs)alkyl or

hydroxy (C,-Cs) alkyl;

with the proviso that if R, is H, methyl, ethyl
or n-propyl, R; is OH;

with the proviso that if R; and R, are H, then
R, is not H, methyl, ethyl, n-propyl, hydroxy(C,-C,) alkyl
or (C;-Cj)alkoxy(C,-C3)alkyl and R; is C(O)NR;R,, C(O)R,, or
(C,-C4) alkoxycarbonyl.

Compounds of Formula I are disclosed in
published Patent Cooperation Treaty Application numbex
WO 96/39385, the complete disclosure of which is hereby
incorporated by reference.

In yet another preferred aspect of the
invention, the GPI has the structure of Formula ¥I, which
is another class of compounds thought capable of binding
to the indole pocket binding site:

W &
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R,; NR, R; T
R,
Formula I

and the pharmaceutically acceptable salts and prodruge
thereof wherein the dotted line (---) is an optional bond
and the substituents of Formula II are as follows:

A is -C(H)=,-C((C,-C,)alkyl)=, -C(halo)= or -N=,
when the dotted line (---) is a bond, or A is methylene
or -CH((C,~C,)alkyl)-, when the dotted line (---) is not a
bond;

R;, Ry Or R,; are each independently H, halo,
cyano, 4-, 6- or 7-nitro, (C,-C/))alkyl, (C,-C,)alkoxy,
fluoromethyl, difluoromethyl or trifluoromethyl;

R, is H;

Ry is H or (C;-C¢)alkyl;

R, ia H, methyl, ethyl, n-propyl,
hydroxy (C,-Cy) alkyl, (C,-C,)alkoxy(C,-C;)alkyl,
phenyl (C,~C,)alkyl, phenylhydroxy (C,-C,)alkyl,

(phenyl) ((C,-C,) -alkoxy) (C,-C,)alkyl, thien-2- or
-3-yl(C,-C,)alkyl or fur-2- or -3-yl(C,-C,)alkyl wherein
said R, rings are mono-, di- or tri-substituted
independently on carbon with H, halo, (C,-C,)alkyl,
(Cy-C,) alkoxy, trifuloromethyl, hydroxy, amino, cyano er
4,5-dihydro-1H-imidazol-2-yl; or

R, is pyrid-2-, -3- or -4-yl(C,-C,)alkyl,
thiazol-2-, -4- or -5-yl(C,~C,)alkyl, imidazol-2-, -4-, or
-5-y1(G,-C,)alkyl, pyrrol-2- or -3-yl(C,-C,)alkyl,
oxazol-2-, -4- or -5-yl({(C,-C,)alkyl, pyrazol-3-, -4- or
-5-y1(G,-C,) alkyl, isoxazol-3-, -4- or -5-yl(C,-C,)alkyl,
isothiazol-3-, -4- or -5-yl{(C,-C,)alkyl, pyridazin-3- or
-4-y1(C,-C,)alkyl, pyrimidin-2-, -4-, -5- or
-6-y1(C,-C,)alkyl, pyrazin-2- or -3-yl(C,-C,)alkyl, -
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1,3,5~triazin-2-y1(C,-C,)alkyl or indol-2-(C,-C,)alkyl,
wherein said preceding R, heterocycles are optionally
mono- or di-substituted independently with halo,
trifluoromethyl, (C,-C,)alkyl, (¢;-C)alkoxy, amino,
hydroxy or cyano and said substituents are bonded to
carbon; or

R, is R;s-carbonyloxymethyl, wherein said R, is
phenyl, thiazolyl, imidazolyl, 1H-indolyl, furyl,
pyrrolyl, oxazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl or
1,3,5-triazinyl and wherein gsaid preceding Ry ~i:'ings are
optionally mono- or di-substituted independently with
halo, amino, hydroxy, (C,-C,)alkyl, (C,-C,)alkoxy or
trifluoromethyl and said wono- or di-substituents are !
bonded to carbon;

Ry is H, methyl, ethyl, n-propyl, hydroxymethyl
or hydroxyethyl;

R¢ is carboxy, (C,;~Cs)alkoxycarbonyl,
benzyloxycarbonyl, C(O)NR4R, or C(O)R,,

wherein R, is H, (C,~C¢)alkyl, cyclo
(C;-C¢lalkyl, cyclo(C,-C¢)alkyl (C,-Cs)alkyl, hydroxy or
(C,~C,) alkoxy; and

Ry is H, cyclo(C;-Cy)alkyl, cyclo(C;-Cy)alkyl
(C,~C,) alkyl, cyclo(C,-C,)alkenyl,
cyclo(C,y-Cy) alkyl (C,~-Cs) alkoxy, cyclo(C;-Cy)alkyloxy,
hydroxy, methylene-perfluorinated (C,-C,)alkyl, phenyl, or
a heterocycle wherein said heterocycle is pyridyl, furyl,
pyrrolyl, pyrrolidinyl, oxazolyl, thiazolyl, imidazolyl,
pyrazolyl, pyrazolinyl, pyrazolidinyl, isoxazolyl,
isothiazolyl, pyranyl, pyridinyl, piperidinyl,
morpholinyl, pyridazinyl, pyrimidinyl, pyrazinyl,
piperazinyl, 1,3,5-triazinyl, benzothiazolyl,
benzoxazolyl, benzimidazolyl, thiochromanyl or
tetrahydrobenzothiazolyl wherein said heterocycle rings
are carbon-nitrogen linked; or

Ry is (C,-Cg)alkyl or (C,-C,)alkoxy wherein said )
(Cy,-Cg)alkyl or (C,-Cy)alkoxy is optionally monosubstituted - ¢ L
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with cyclo(C,-C,)alken-1-yl, phenyl, thienyl, pyridyl,
furyl, pyrrolyl, pyrrolidinyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, pyrazolinyl, pyrazolidinyl,
isoxazolyl, isothiazolyl, pyranyl, piperidinyl,
morpholinyl, thiomorpholinyl, 1-oxothiomorpholinyl,
1,1-dioxothiomoxpholinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, piperazinyl, 1,3,S-triazinyl or indolyl and
wherein said (C,-C¢)alkyl or (C,-C,)alkoxy are optionally
additionally independeritly mono- or di-substituted with
halo, hydroxy, (C,~Cs)alkoxy, amino, mono-N- or

di-N,N- (c,-cs)aikylamino. cyano, carboxy, or

(C,-C,) alkoxycarbonyl; and

wherein the Ry rings are optionally mono- or
di-substituted independently on carbon with halo,

(C,-C,) alkyl, (C,-C,)alkoxy, hydroxy, hydroxy(C,-C,)alkyl,
amino (C,-C,) alkyl, mono-N- or di-N,N-(C,-C,)alkylamino
(C,-C,)alkyl, (C,-C,)alkoxy(C,-C,)alkyl, amino, mono-N- or
di-N,N-(C,~-C,) alkylamino, cyano, carboxy,
(C;-Cy) alkoxycarbonyl, carbamoyl, formyl or
trifluoromethyl and said R, rings may optionally be
addit:_ionally mono- or di-substituted independently with -
(C;-Cs)alkyl or halo; .
' with the proviso that no quaternized nitregen
on any R, heterocycle is included;

Ry; is morpholino, thiomorpholino,
l-oxothiomorpholino, 1,1l-dioxothiomorpholino,
thiazolidin-3-yl, 1-oxothiazolidin-3-yl,

1, 1--dioxothiazolidin-3-y1 « pyrrolidin-1i-yl,
piperidin-i-yl, piperazin-i-yl, piperazin-4-yl,
azetidin-1-yl, 1,2-oxazinan-2-yl, pyrazolidin-1-yl,
isoxazolidin-2-yl, isothiazolidin-2-yl,
1,2-oxazetidin-2-yl, oxazolidin-3-yl,
3,4-dihydroisoquinolin-2-yl, 1,3-dihydroisoindol-2-yl,
3,4-dihydro-2H-quinol-1-yl, 2,3-dihydro-
benzo(l,4]oxazin-4-yl, 2,3-dihydro-benzo{l,4]-
thiazine-4-yl, 3,4-dihydro-2H-quinoxalin-1-yl,
3,4-dihydro-benzo(c] [1,2]oxazin-1-yl, I,4-dihydro-

41
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benzo [d] (1,2]oxazin-3-yl, 3,4-dihydro-benzole) [1,2] -
oxazin-2-yl, 3H-benzol[d]isoxazol-2-yl,
3H-benzolc)isoxazol-1-yl or azepan-1-yl,

_ wherein said R,, rings are optionally mono-, di-
or tri~substituted independently with halo, (C,-Cs)alkyl,
(C,-C¢) alkoxy, hydroxy, amino, mono-N- or
di-N,N-{C,-Cs) alkylamino, formyl, carboxy, carbamoyl,
wono-N- or di-N,N-(C,~Cs)alkylcarbamoyl, (C,-C¢)alkoxy
(C,-C3) alkoxy, (C,~C,)alkoxycarbonyl, benzyloxycarbonyl,
(C,-C,) alkoxycarbonyl (C,-Cs) alkyl,

(C,-C4) alkoxycarbonylamine, carboxy(C,-C;)alkyl.

carbamoyl (C,-C¢) alkyl, mono-N- or

di-N,N- (C,-C;) alkylcarbamoyl (C,-Cs)alkyl,

hydroxy(C,-Cs) alkyl, (C,-C,)alkoxy(C,-C,)alkyl,

amino (C,-C,) alkyl, mono~N- or

di-N,N- (C;~Cs)alkylamino (C,-C,) alkyl, oxo, hydroxyimino or

(Cy~C¢) alkoxyimino and wherein no more than two

substituents are gelected from oxo, hydroxyimino or

(C,~C¢) alkoxyimino and oxo, hydroxyimino or

(C;-C¢)alkoxyimino are on nonaromatic carbon; and
wherein said R,; rings are optionally

.additionally mono~- or di-substituted independently with

(C,-C¢)alkyl or halo;

with the proviso that when Rg is
(C,-Cs) alkoxycarbonyl or benzyloxycarbonyl then R; is
S-halo, 5-(C,-C,)alkyl or S-cyano and R, is
(phenyl) (hydroxy) (C,-C,) alkyl,
(phenyl) ((C,~C,) alkoxy) (C,-C,)alkyl, hydroxymethyl or
Ar(C,~C;)alkyl, wherein Ar is thien-2- or‘;3-y1, fur-2- or
-3-yl or phenyl wherein said Ar is optionally mono- or
di-substituted independently with halo; with the provisos
that when R, is benzyl and R; is methyl, R,; is not
4-hydroxy-piperidin-1-yl or when R, is benzyl and R, is
methyl R¢ is not C(O)N(CHj),;

with the proviso that when R, and R,, and R;, are
H, R, is not imidazol-4-ylmethyl, 2-phenylethyl or
2-hydroxy-2-phenylethyl;

Yz
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with the proviso that when Ry and R, are
n-pentyl, R, is S-chloro, S-bromo, S-cyano, S(C‘-Cs)alkyl
5(C;-Cs) alkoxy or trifluoromethyl;

with the proviso that when R,; is
3,4-dihydroisoquinol-2-yl, said 3,4-dihydroisoquinol-2-yl
is not substituted with carboxy{({(C,-C,)alkyl;

with the proviso that when R, is H and R, is
(C,~Cg)alkyl, R, is not substituted with carboxy or
(C,-¢,) alkoxycarbonyl on the carbon which is attached to
the nitrogen atom N of NHR,; and

with the proviso that when R; is carboxy and R,,
Ryo, R,y and R are all H, then R, is not benzyl, H,
(phenyl) (hydroxy)methyl, methyl, ethyl or n-propyl.

Compounds of Formula II are disclosed in

publ:.shed Patent Cooperation Treaty Publication number

WO 96/39384, the complete disclosure of which is hereby
incorporated by reference. )

In yet another preferred aspect of the
invention, the GPI has the structure of Formula III,
which is another class of compounds believed to be
capable of binding to the indole pocket binding site:

Formula ITI

a prodrug thereof or a pharmaceutically
acceptable salt of said compound or said prodrug wherein
Formula III has the following substituents:

R!' is (C,-C/)alkyl, (C,;-C,)cycloalkyl, phenyl or
phepyl substituted with up to three (C,-C,)alkyl., (G-
C.)alkoxy or halogen; Co

~ R? is (C,-C,)alkyl; and
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R’ is (Cy-C,)cycloalkyl; phenyl; phenyl
substituted at the para position with (C,;-C,)alkyl, halo,
hydroxy(C,-C)alkyl or trifluoromethyl; phenyl substituted
at the meta position with fluoro; or phenyl subsatituted
at the ortho position with fluoro.

Compounds of formula III are disclosed more
fully in commonly assigned U.S. patent No. 5,998,463,
the relevant disclosure of which is incorporated by
reference.

' In yet another preferred aspect of the
invention, the GPI has the structure of Formula IV, which
is another class of compounds believed to be capable of
binding to the indole pocket binding site:

Formula IV

a stereoisomer, pharmaceutically acceptable salt or
prodrug thereof, or a pharmaceutically acceptable salt of
the prodrug, wherein Formula IV has the following
substituents:

Q is aryl, substitued aryl, heterocaryl, or substitued
heteroaryl ;

each Z and X are independently (C, CH or CH,), N, O or §;
X' is NR*, -CH,-, O or S;

each - - - - is independently a bond or is absent,
provided that both - - - - are not simlutaneously bonds;
R' is hydrogen, halogen, -0C,-C ,alkyl, -SC,.-Csalkyl,
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-C,-Cqalkyl, -CF,, -NH,, -NHC,;-C galkyl, -N(C,-C jalkyl),,
-NO,, -CN,

~CO,H, -CO,C,-C 4alkyl, -C,-Csalkenyl, or -C,-Csalkynyl;
each R* and R® is independently hydrogen or -C,-C salkyl;

R? and R’ are independently hydrogen, halogen,

-C,-Cyalkyl, -CN, -C2C-Si(CH,),,

-0C,-C ;alkyl, -SC,-C 4alkyl, -CF;, -NH;, -NHC,-C ,alkyl,
-N{C,-C qalkyl),,

-NO,, -COH, -00,C,~C salkyl, -C;-Cyalkenyl, or
-C,-Csalkynyl, or R® and R’ together with the atoms on the
ring to which they are attached form a five or six
membered ring containing from 0 to 3 hetercatoms and from
0 to 2 double bonds; : -
R' is -C(=0)-A;

A is -NR’R®, -NRCH,CH,OR’,

7]
Nouf, ® Neug e \eug, e

-

ezch R® is independently hydrogen, C,-Csalkyl, C;-C,alkoxy,
aryl, substituted axyl, heteroaryl, or substituted
heteroaryl;

each R° is independently hydrogen, -C(=0)OR*, -OR®, -8R*,
or -NR*R* and

each n is independently 1-3.

Compounds of Formula IV are disclosed in commonly
assigned U.S. Provisional Patent Application Serial
No. 60/157,148, filed September 30, 1999, the relevant
disclosure of which is incorporated by reference.
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In an especially preferred embodiment, the GPI
is selected from one of the following compounds of
Formula I:

S-chloro-1H-indole-2~-carboxylic acid [(18) - ({R)-hydroxy-
dimethylcarbamoylmethyl) -2-phenyl -ethyl] -amide;

S-chloro-1H-indole-2-carboxylic acid [{18)~ ((R)-hydroxy-
methoxy-methylcarbamoylmethyl) -2 -phenyl -ethyl) -amide;

S-chloro-1H-indole-2-carboxylic acid [(18)-benzyl-(2R)-
hydroxy-3- ((38) -hydroxy-pyrrolidin-1-yl)-3-oxo-propyll -
amide;

$~chloxro-1H-indole-2-carboxylic acid [(15)-benzy1?(2k)~
hydroxy-3- ( (3R, 48) -dihydroxy-pyrrolidin-1~yl) -3-oxo~

propyl]} -amide;

S~chloro-1H-indole-2-carboxylic acid [(18)-benzyl-(2R)-

. hydroxy-3- ( (3R, 4R) -dihydroxy-pyrrolidin-1-yl) -3-oxo-

propyl] ~amide; and

5-chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-(2R)-
hydroxy-3-morpholin-4-yi-3-oxo-propyl] -amide.

In another especially preferred embodiment, the
GPI is selected from one of the following compounds of
Formula II:

i

S-chloro-1H-indole-2-carboxylic acid [2-((3R,48)-3,4-
dihydroxy-pyrrolidin-1-yl) -2-oxo-ethyl) -amide;

S-chloro-1H-indole-2-carboxylic acid [(15)-benzyl-2-
((38,48) -3,4-dihydroxy-pyrrolidin-1-yl)-2-oxo-ethyl] -
amide;

4

b .
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5-chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-2-
((3R, 48) -3, 4-dihydroxy-pyrrolidin-1-yl)-2-oxo-ethyl} -
amide;

S-chloro~1H-indoléa2-carboxylic acid [(1S)-(4-fluoro-

~ benzyl) -2- (4-hydroxy-piperidin-1-yl) -2-oxo-ethyl) -amide;

5-chloro-1H-indole-2- carboxylic acid ((1S)-benzyl-2-(3-
hydroxy-azetidin-1 -yl) 2~oxo—ethyll-am1de.

5-chloro-1H-indole-2-carboxylic acid [2-(1,1-dioxo- |
thiazolidin-B-yl)-Zfbxp—ethyll-amide; and

5-chloro-1H-indole-2 ~carboxy11c acid [2-(1-oxo-

-_thlazolidln-3-y1)-z-oxo-ethyll -amide.

In another esQécially-preferred embodiment ,- the :
GPI is selected from one of the following compounds of - -
Fotmula ITI:

S-acetyl- 1-ethy1-2 3*dihydxo—2-oxo-ﬂ~[3-
[(phenylamino)caxbanyl]phenyl] -1H-Indole-3- carbommmide,

S-acetyl-n-[3-[(cycluhexylamino)carbonyllphenyl-li. : N
ethyl-2,3-dihydro-2-oxo-1H-Indole-3-carboxamide; and y ¥

S-acetyl-n-[3-[[(4-bromqphény1)amino]carbonyl]phenyll-
2.3€dihydro-1-methy1¥2-dxdf1H4Indole-3-carboxamide.

In anothexr especially preferred embodiment, ‘the
GPI is selected from one of the following compounds of
Formula 1V:

2-Chloro-6H-thieno (2, 3-bl pyrrole-5-carboxylic. acid [(1S)-
benzyl -2- ((3R, 4S) -dihydroxy-pyrrolidin-1-yl) -2-oxo-
ethyl) -amide; and
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2-chloro-6H-thieno(2, 3-blpyrrole-5-carboxylic acid [(1S)-
benzyl - (2R) -hydroxy-3- ( (3R, 48) ~dihydroxy-pyrrolidin-1-
Yl) -3-oxo-propyl] -amide.

CONCENTRATION-ENHANCING POLYMERS

Concentration-enhancing polywers suitable for
use in the compositions of the present invention should
be inert, in the sense that they do not chemically react
with the GPI in an adverse manner, are pharmaceutically
acceptable, and have at least some solubility in aqueous
solution at physiologically relevant pHs (e.g. 1-8). The
polymer can be neutral or ionizable, and should have an
aqueous-solubility of at least 0.1 mg/ml over at least a
portion of the pH range of 1-8. The polymer is a
‘concentration-enhancing polymer,” meaning that it meets
at least one, and more preferably both, of the following
conditions. The first condition is that the
concentration-enhancing polymer increases the MDC of the
GPI in the environment of use relative to a control
composition consisting of an equivalent amount of the GPI
but no polymer. That is, once the composition is
introduced into an environment of use, the polymer
increases the aqueous concentration of GPI relative to
the control composition. Preferably, the polymer
increases the MDC of the GPI in aqueous solution by at
least 1.25-fold relative to a control composition, and
more preferably by at least 2-fold and most preferably by
at least 3-fold. The second condition is that the
concentration-enhancing polymer increases the AUC of the
GPI in the environment of use relative to a control
composition consisting of GPI but no polymer as described
above. That is, in the environment of use, the
composition comprising the GPI and the concentration-
enhancing polymer provides an area under the
concentration versus time curve (AUC) for any period of
90 minutes between the time of introduction into the use

environment and about 270 minutes following introduction
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to the use environment that is at least 1.25-fold that of
a control composition comprising an equivalent quantity
of GPI but no polymer.

Concentration-enhancing polymers suitable for
use with the present invention may be cellulosic or non-
cellulosic. The polymers may be neutral or ionizable in
aqueous solution. Of these, ionizable and cellulosic
polymers are preferred, with ionizable cellulosic
polymers being more preferred.

A preferred class of polymers comprises
polymers that are “amphiphilic” in nature, meaning that
the polymer has hydrophobic and hydrophilic portions.
Hydrophobic groups may comprise groups such as aliphatic
or aromatic hydrocarbon groups. Hydrophilic groups may
comprise either ionizable or non-ionizable groups that
are capable of hydrogen bonding such as hydroxyls,
carboxylic acids, esters, amines or amides.

Amphiphilic and/or ionizable polymers are .
preferred because it is believed that such polymers may
tend to have relatively strong interactions with the GPI
and may promote the formation of the various types of
polymer/drug assemblies in the use environment as
described previbusly. In addition, the repulsion of the
like charges of the ionized groups of such polymers may
serve to limit the size of the polymer/drug assemblies to
the nanometer or submicron scale. For example, while not
wishing to be bound by a particular theory, such
polymer/drug assemblies may comprise hydrophobic GPI
clusters surrounded by the polymer with the polymer's
hydrophobic regions turned inward towards the GPI and the
hydrophilic regions of the polymer turned outward toward
the aqueous environment. Alternatively, depending on the
specific chemical nature of the GPI, the ionized
functional groups of the polymer may associate, for
example, via ion pairing or hydrogen bonds, with ionic or
polar groups of the GPI. 1In the case of ionizable
polymers, the hydrophilic regions of the polymer would o
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include the ionized functional groups. Sucb polymer/drug

-asgemblies in solution may well resemble charged

polymeric micellar-like structures. In any case,
regardless of the mechanism of action, the inventors have
observed that such amphiphilic polymers, particularly
ionizable cellulosic polymers, have been shown to improve
the MDC and/or AUC of GPI in aqueous solution relative to
control compositions free from such polymers.
Surprisingly, such amphiphilic polymers can
greatly enhance the maximum concentration of GPI obtained
when an amorphous form of the GPI is dosed to a use
environment. In addition, such amphiphilic polymers
interact with the GPI to prevent the precipitation or
crystallization of the GPI from solution despite its

‘concentration being substantially above its equilibrium

concentration. In particular, when the preferred
compositions are solid amorphous dispersions of the GPI
and the concentration-enhancing polymer, the compositions
proﬁide a greatly enhanced drug concentration,
particularly when the dispersions are substantially

“homogeneous. The maximum drug concentration may be

2-fold and often up to 10-fold the equilibrium
concentration of the crystalline GPI. Such enhanced GPI
concentrations in turm lead to substantially enhanced
relative bioavailability for the GPI.
' One class of polymers suitable for use with the
present invention comprises neutral non-cellulosic
polymers. Exemplary polymers include: wvinyl polymers
and copolymers having substituents of hydroxyl,
alkylacyloxy, and cyclicamido polyvinyl alcohols that
have at least a portion of their repeat units in the
unhydrolyzed (vinyl acetate) form; polyvinyl alcohol
polyvinyl acetate copolymers; polyvinyl pyrrolidone; and
polyethylene polyvinyl alcohol copolymers.

Another class of polymers suitable for use with
the present invention comprises ionizable non-cellulesic
polymers. Exemplary polymers include: carboxylic acid-
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functionalized vinyl polymers, such as the carboxylic
acid functionalized polymethacrylates and carboxylic acid
functionalized polyacrylates such as the EUDRAGITS®
manufactured by Rohm Tech Inc., of Malden, Massachusetts;
amine-functionalized polyacrylates and polymethacrylates;
proteins; and carboxylic acid functionalized starches
such as starch glycolate.

Non-cellulosic polymers that are amphiphilic
are copolymers of a relatively hydrophilic and a
relatively hydrophobic monomer. Examples include
acrylate and methacrylate copolymers. Exemplary
commercial grades of such copolymers include the
EUDRAGITS, which are copolymers of methacrylates and
acrylates.

A preferred class of polymers comprises
ionizable and neutral cellulosic polymers with at least
one ester- and/or ether- linked substituent in which the
polymer has a degree of substitution of at least 0.1 for
each substituent. It should be noted that in the polymer
nomenclature used herein, ether-linked substituents are
recited prior to “cellulose” as the moiety attached to the
ether group; for example, “ethylbenzoic acid cellulose”
has ethoxybenzoic acid substituents. Analagously,
ester-linked substituents are recited after “cellulose” as
the carboxylate; for example, °cellulose phthalate” has
one carboxylic acid of each phthalate moiety ester-linked
to the polymer and the other carboxylic acid unreacted. .

It should also be noted that a polymer name
such as “cellulose acetate phthalate® (CAP) refers to any
of the family of cellulosic polymers that have acetate
and phthalate groups attached via ester linkages to a
significant fraction of the cellulosic peclymexr's hydroxyl
groups. Generally, the degree of substitution of each
substituent group can range from 0.1 to 2.9 as long as
the other criteria of the polymer are met. “Degree of
substitution” refers to the average number of the three
hydroxyls per saccharide repeat unit on the cellulose
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chain that have been substituted. For example, if all of
the hydroxyls on the cellulose chain have been phthalate
substituted, the phthalate degree of substitution is 3.
Also included within each polymer family type are
cellulosic polymers that have additional substituents
added in relatively small amounts that do not
substantially alter the performance of the polymer.

Amphiphilic cellulosics may be prepared by
substituting the cellulosic at any or all of the 3
hydroxyl substituents present on each saccharide repeat
unit with at least one relatively hydrophobic
substituent. Hydrophobic substituents may be essentially
any substituent that, if substituted to a high enough
level or degree of substitution, can render the

- cellulosic polymer essentially agueous insoluble.

Hydrophilic regions of the polymer can be either those
portions that are relatively unsubstituted, since the
unsubstituted hydroxyls are themselves relatively
bydrophilic, or those regions that are substituted with
hydrophilic substituents. Examples of hydrophobic
substitutents include ether-linked alkyl groups such as
methyl, ethyl, propyl, butyl, etc.; or ester-linked alkyl
groups such as acetate, propionate, butyrate, etc.; and
ether- and/or ester-linked aryl grbups such as phenyl,
benzoate, or phenylate. Hydrophilic groups include
ether- or ester-linked nonionizable groups such as the
hydroxy alkyl substituents hydroxyethyl, hydroxypropyl,
and the alkyl ether groups such as ethoxyethoxy or
methoxyethoxy. . Particularly preferred hydrophilic
substituents are those that are ether- or ester-linked
ionizable groups such as carboxylic acids, thiocarboxylic
acids, substituted phenoxy groups, amines, phosphates or
sulfonates.

One class of cellulosic polymers comprises
neutral polymers, meaning that the polymers are
substantially non-jionizable in aqueous solution. Such
polymers contain non-ionizable substituents, which may be
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~ either ether-linked or ester-linked. Exemplary ether-

linked non-ionizable substituents include: alkyl groups,
such as methyl, ethyl, propyl, butyl, etc.; hydroxy alkyl
groups such as hydroxymethyl, hydroxyethyl,
hydroxypropyl, etc.; and aryl groups such as phenyl.
Exemplary ester-linked non-ionizable groups include:
alkyl groups, such as acetate, propionate, butyrate,
etc.; and aryl groups such as phenylate. Howevexr, when
aryl groups are included, the polymer may need to include
a sufficient amount of a hydrophilic substituent so that
the polymer has at least some water solubility at any
physiologically relevant pH of from 1 to 8.

Exemplary non-ionizable polymers that may be
used as the polymer include: hydroxypropyl methyl
cellulose acetate, hydroxypropyl methyl cellulose,
hydroxypropyl cellulose, methyl cellulose, hydroxyethyl
methyl cellulose, hydroxyethyl cellulose acetate, and
hydroxyethyl ethyl cellulose.

A preferred set of neutral cellulosic polymers
are those that are amphiphilic. Exemplary polymers
include hydroxypropyl methyl cellulose and hydroxypropyl

‘cellulose acetate, where cellulosic repeat units that

have relatively high numbers of methyl or acetate
substituents relative to the unsubstituted hydroxyl or
hydroxypropyl substituents constitute hydrophobic regions
relative to other repeat units on the polymer.

A preferred class of cellulosic polymers
comprises polymers that are at least partially ionizable
at physiologically relevant pH and ‘include at least one
ionizable substituent, which may be either ether-linked
or ester-linked. Exemplary ether-linked ionizable
substituents include: carboxylic acids, such as acetic
acid, propionic acid, benzoic acid, salicylic acid,
alkoxybenzoic acidg such as ethoxybenzoic acid or
propoxybenzoic acid, the various isomers of
alkoxyphthalic acid such as ethoxyphthalic acid and
ethoxyisophthalic acid, tﬁé various isomers of
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alkoxynicotinic acid such as ethoxynicotinic acid, and
the various isomers of picolinic acid such as
ethoxypicolinic acid, etc.; thiocarboxylic acids, such as
thicacetic acid; substituted phenoxy groups, such as
hydroxyphenoxy, etc.; amines, such as aminoethoxy,
diethylaminoethoxy, trimethylaminoethoxy, etc.;
phosphates, such as phosphate ethoxy; and sulfonates,
such as sulphonate ethoxy. Exemplary ester linked
ionizable substituents include: carboxylic acids, such
as succinate, citrate, phthalate, terephthalate,
isophthalate, trimellitate, and the various isomers of
pyridinedicarboxylic acid, etc.; thiocarboxylic acids,
such as thiosuccinate; substituted phenoxy groups, such
as amino salicylic acid; amines, such as natural or
gynthetic amino acids, such as alanine or phenylalanine;
phosphates, such as acetyl phosphate; and sulfonates,
such as acetyl sulfonate. For aromatic-substituted
polymers to also have the requisite aqueous solubility,
it is also desirable that gufficient hydrophilic groups
such as hydroxypropyl or carboxylic acid functional
groups be attached to the polymer to render the polymer
aqueous soluble at least at pH values where any ionizable
groups are ionized. In some cases, the aromatic group
may itself be ionizable, such as phthalate or
trimellitate substituents.

Exemplary ionizable cellulosic polymers that
are at least partially ionized at physiologically
relevant pHs include: hydroxypropyl methyl cellulose
acetate succinate, hydroxypropyl methyl cellulose
succinate, hydroxypropyl cellulose acetate succinate,
hydroxyethyl methyl cellulose succinate, hydroxyethyl
cellulose acetate succinate, hydroxypropyl methyl
cellulose phthalate, hydroxyethyl methyl cellulose
acetate succinate, hydroxyethyl methyl cellulose acetate
phthalate, carboxyethyl cellulose, carboxymethyl
cellulose, cellulose acetate phthalate, methyl cellulose
acetate phthalate, ethyl cellulose acetate phthalate,
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hydr&xypropyl cellulose acetate phthalate, hydroxypropyl
methyl cellulose acetate phthalate, hydroxypropyl
cellulose acetate phthalate succinate, hydroxypropyl
methyl cellulose acetate succinate phthalate,
hydroxypropyl methyl cellulose succinate phthalate,
cellulose propionate phthalate, hydroxypropyl cellulose
butyrate phthalate, cellulose acetate trimellitate,
methyl cellulose acetate trimellitate, ethyl cellulose
acetate trimellitate, hydroxypropyl cellulose acetate
trimellitate, hydroxypropyl methyl cellulose acetate
trimellitate, hydroxypropyl cellulose acetate
trimellitate succinate, cellulose propionate
trimellitate, cellulose butyrate trimellitate, cellulose
acetate terephthalate, cellulose acetate isophthalate,
cellulose acetate pyridinedicarboxylate, saliecylic acid
cellulose acetate, hydroxypropyl salicylic acid cellulose
acetate, ethylbenzoic acid cellulose acetate,
hydroxypropyl ethylbenzoic acid cellulose acetate, ethyl
phthalic acid cellulose acetate, ethyl nicotinic acid
cellulose acetate, and ethyl picolinic acid cellulose
acetate.

Exemplary cellulosic polymers that meet the
definition of amphiphilic, having hydrophilic and
hydrophobic regions include polymers such as cellulose
acetate phthalate and cellulose acetate trimellitate
where the cellulosic repeat units that have one or more
acetate substituents are hydrophobic relative to those -
that have no acetate substituents or have one or more
ionized phthalate or trimellitate substituents.

A particularly desirable subset of cellulosic
ionizable polymers are those that possess both a
carboxylic acid functichal aromatic substituent and an
alkylate substituent and thus are amphiphilic. Exemplary
polymers include cellulose acetate phthalate, methyl
cellulose acetate phthalate, ethyl cellulose acetate
phthalate, hydroxypropyl cellulose acetate phthalate, _
hydroxylpropyl methyl cellulose phthalate, hydroxypropyl
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methyl cellulose acetate phthalate, hydroxypropyl
cellulose acetate phthalate succinate, cellulose
propionate phthalate, hydroxypropyl cellulose butyrate
phthalate, cellulose acetate trimellitate, methyl
cellulose acetate trimellitate, ethyl cellulose acetate
trimellitate, hydroxypropyl cellulose acetate
trimellitate, hydroxypropyl methyl cellulose acetate
trimellitate, hydroxypropyl cellulose acetate

‘trimellitate succinate, cellulose propionate

trimellitate, cellulose butyrate trimellitate, cellulose
acetate terephthalate, cellulose acetate isophthalate,
cellulose acetate pyridinedicarboxylate, salicylic acid
cellulose acetate, hydroxypropyl salicylic acid cellulose

‘acetate, ethylbenzoic acid cellulose acetate,

hydroxypropyl ethylbenzoic acid cellulose acetate, ethyl
phthalic acid cellulose acetate, ethyl nicotinic acid
cellulose acetate, and ethyl picolinic acid cellulose
acetate.

Another particularly desirable subset of
cellulosic ionizable polymers are those that possess a
non-aromatic carboxylate substituent. Exemplary polymers
include hydroxypropyl methyl cellulose acetate succinate,
hydroxypropyl methyl cellulose succinate, hydroxypropyl
cellulose acetate succinate, hydroxyethyl methyl
cellulose acetate succinate, hydroxyethyl methyl
cellulose succinate, and hydroxyethyl cellulose acetate
succinate.

Especially preferred polymers are hydroxypropyl
methyl cellulose acetate succinate (HPMCAS),
hydroxypropyl methyl cellulose phthalate (HPMCP),
cellulose acetate phthalate (CAP), cellulose acetate
trimellitate (CAT), methyl cellulose acetate phthalate,
hydroxypropyl cellulose acetate phthalate, cellulose
acetate terephthalate and cellulose acetate isophthalate.
The most preferred polymers are hydroxypropyl methyl
cellulose acetate succinate, hydroxypropyl methyl

51
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cellulose phthalate, cellulose acetate phthalate, and
cellulose acetate trimellitate.

While specific polywmers have been discussed as
being suitable for use in the mixtures of the present
invention, blends of such polymers may also be suitable.
Thus the term “polymer” is intended to include blends of
polymers in addition to a single species of polymer.

To obtain the best performance, particularly
upon storage for long times prior to use, it is preferred
that the GPI remain, to the extent possible, in the
amorphous state. The inventors have found that this is
best achieved when the glass-transition temperature, T, of
the amorphous GPI material is substantially above the
storage temperature of the composition. In particular,
it is preferable that the T, of the amorphous state of the
GPI be at least 40°C and preferably greater than 60°C.

For those aspects of the invention in which the
composition is a solid, substantially amorphous
dispersion of GPI in the concentration-enhancing polymer
and in which the GPI itself has a relatively low T, (about
70°C or less) it is preferred that the concentration-
enhancing polymer have a T, of at least 40°C, preferably
at least 70°C and more preferably greater than 100°C.
Exemplary high T, polymers include HPMCAS, HPMCP, CAP, CAT
and other cellulosics that have alkylate or aromatic
substituents or both alkylate and aromatic substituents.

In addition, the preferred polymers listed
above, that is amphiphilic cellulosic polymers, tend to
have greater concentration-enhancing properties relative
to the other polymers of the present invention. For any
particular GPI, the amphiphilic cellulosic with the best
concerntration-enhancing properties way vary. However,
the inventors have found that generally those that have
ionizable substituents tend to perform best. In vitro

tests of compositions with such polymers tend to have
higher MDC and AUC values than compositions with other
polymers of the invention. Often such compositions have



)

OO TEDR " @hEEaRT N

o

10

1S

20

25

30

35

‘fusion, solvent modified fusion and melt-congeal

44

MDC and AUC values that are wmore than 4-fold and in some
cases more than 8-fold that of a control composition.

PREPARATION OF COMPOSITIONS

Compositions may comprise a physical mixture of
GPI and concentration-enhancing polymer or a dispersion
of GPI and polymer. Preferably, the compositions are
formed such that at least a major portion (at least 60%)
of the GPI is in the amorphous state. In cases where the
composition is a physical mixture of amorphous GPI and
polymer the amorphous GPI may be made by any known
process. Generally the amoxrphous form of the GPI is made
by (1) melting the drug followed by rapid cooling (e.g..

melt-congeal process); (2) dissolution of the drug in a :
solvent followed by precipitation or evaporation (e.g.,

spray drying, spray coating); or (3) mechanical
processing of the drug (e.g., extrusion, ball milling).

Various combinations of heat (as in wmelt processes),
solvent and mechanical force may be used te generate the
amorphous GPI.

Dispersions of the GPI and concentration-
enhancing polymer may be made according to any known
process which results in at least a major peortion {at
least 60%) of the GPI being in the amorphous state.
Exemplary mechanical processes include milling and
extrusion; wmelt processes include high temperature

processes; and solvent processes include non-solvent

precipitation, spray coating and spray-drying. Although

the dispersions of the present invention may be made by

any of these processes, the dispersions generally have

their maximum biocavailability and stability when the GPI

is dispersed in the polymer such that it is substantially

amorphous and substantially homogeneously distributed

throughout the polymer. Although in some cases such

substantially amorphous and substantially homogeneous S
dispersions may be made by any of these methods, it has

58
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been found that such dispersions are preferably formed by
“solvent processing,” which consists of dissolution of the
GPI and one or wmore polymers in a common solvent.
“Common” here means that the solvent, which can be a
mixture of compounds, will simultaneously dissolve the
drug and the polymex(s). After hoth the GPI and the
polymer have been dissolved, the solvent is rapidly
removed by evaporation or by mixing with a non-solvent.
Exemplary processes are spray-drying, spray-coating (pan-
coating, fluidized bed coating, etc.), and precipitation
by rapid mixing of the polymer and drug solution with CO,,
water, or some other non-solvent. Preferably, removal of
the solvent results in a solid dispersion which is
substantially homogeneous. As described previously, in
such substantially homogeneocus dispersions, the GPI is
dispersed as homogeneously as possible throughout the
polymer and can be thought of as a solid solution of GPI
dispersed in the polymer(s). When the resulting
dispersion constitutes a solid solution of GPI in
polymer, the dispersion may be thermodynamically stable,
weaning that the concentraticn of GPI in the polymer is
at or below its equilibrium value, or it may be
CQnsidéred a supersaturated solid solution where the GPI
concentration in the dispersion polymer(s) is above its
equilibrium value.

The solvent may be removed through the process
of spray-drying. The term spray-drying is used -
conventionally and broadly refers to processes invelving
breaking up liquid wmixtures into small droplets
(atomization) and rapidly removing solvent from the
mixture in a container (spray-drying apparatus) where
there is a strong driving force for evaporaticn of
solvent from the droplets. The strong driving force for
solvent evaporation is generally provided by maintaining
the partial pressure of solvent in the spray-drying
apparatus well below the vapor pressure of the solvent at
the temperature of the drying droplets. This is



)

i

o
by

B'R??'Eﬂ'al‘

" el

&

O T

@
)

10

15

20

25

30

35

“

46

accomplished by either (1) maintaining the pressure in
the spray-drying apparatus at a partial vacuum (e.qg.,
0.01 to 0.50 atm); (2) mixing the liquid droplets with a
warm drying gas; or (3) both. In addition, at least a
portion of the heat required for?evaporation of solvent
may be provided by heating the spray solution.

Solvents suitable for spray-drying can be any
organic compound in which the GPI and polymer are
mutually soluble. Preferably, the solvent is also
volatile with a boiling point of 150°C or less. In
addition, the solvent should have relatively low toxicity
and be removed from the dispersion to a level that is
acceptable according to The International Committee on
Harmonization (ICH) guidelines. Removal of solvent to
this level may require a processing step such as tray-
drying subsequent to the spray-drying or spray-coating
process. Preferred solvents include alcohols such as
methanol, ethanol, n-propanol, iso-propanol, and butanol;
ketones such as acetone, methyl ethyl ketone and methyl
iso-butyl ketone:; esters such as ethyl acetate and
propylacetate; and various other solvents such as
acetonitrile, methylene chloride, toluene, and 1,1,1-
trichloroethane. Lower volatility solvents such as
dimethyl acetamide or dimethylsulfoxide can also be used.
Mixtures of solvents, such as 50% methanol and 50%
acetone, can also be used, as can mixtures with water as
long as the polymer and GPI are sufficiently soluble to
make the spray-drying process practicable. Generally,
non-aqueous solvents are preferred meaning that the
solvent comprises less than about 40 wt% water. However,
for certain GPIs, it has been found that addition of a
small amount of water, typically about 5 wt% to about
35 wt%, to a solvent such as acetone may actually
increase the solubility of the GPI in the solvent,
relative to that in the absence of water. In such cases,
or to enhance the polymer solubility, addition of water
may even be preferred.
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Genexally, the temperature and flow rate of the
drying gas is chosen so that the polymer/drug-solution
droplets are dry enough by the time they reach the wall
of the apparatus that they are essentially solid, and so
that they form a fine powder and do not stick to the
apparatus wall. The actual length of time to achieve
this level of dryness depends on the size of the
droplets. Droplet sizes generally range from 1 um to 500
#m in diameter, with 5 to 100 um being more typical. The
large surface-to-volume ratio of the droplets and the
large driving force for evaporation of solvent leads to
actual drying times of a few seconds or less, and more
typically less than 0.1 second. This rapid drying is
cften critical to the particles maintaining a uniform, R
homogeneous dispersion instead of separating into drug-
rich and polymer-rich phases. Solidification times
should be less than 100 seconds, preferably less than a
few seconds, and more preferably less than 1 second. In .
general, to achieve this rapid solidification of the
GPI/polymer solution, it is preferred that the size of
droplets formed during the spray-drying process are less
than 100 um in diameter, preferably less than 50 um in
diameter, and more preferably less than 25 um in
diameter. The resultant solid particles thus formed are
generally less than 100 um in diameter, and preferably
less than 50 um in diameter, and more preferably less
than 25 um in diameter. Typically, particles are 1 to 20
pum in diameter.

Following solidification, the solid powder
typically stays in the spray-drying chamber for about §
to 60 seconds, further evaporating solvent from the solid
pocwder. The final solvent content of the solid
dispersion as it exits the dryer should be low, since
this reduces the mobility of GPI molecules in the
dispersion, thereby improving its stability. Generally,
the solvent content of the dispersion as it leaves the
spray-drying chamber should be less than 10 wt$% and ",
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preferably less than 2 wt%. In some cases, it may be
preferable to spray a solvent or a solution of a polymer
or other excipient into the spray-drying chamber to form
granules, so long as the dispersion is not adversely
affected.

Spray-drying processes and spray-drying
equipment are described generally in Perry's Chemical

Engineers' Handbook, Sixth Edition (R. H. Perry, D. W.

Green, J. O. Maloney, eds.) McGraw-Hill Book Co. 1984,
pages 20-54 to 20-57. More details on spray-drying
processes and equipment are reviewed by Marshall
"Atomization and Spray-Drying," 50 Chem. Eng. Prog.
Monogr. Series 2 (1954).

Where the composition is a simple physical
mixture, the composition may be prepared by dry- or wet-
mixing the drug or drug mixture with the polymer to form
the composition. Mixing processes include physical
processing as well as wet-granulation and coating
processes. Any conventional mixing method may be used,
including those that substantially convert the drug and
polymer to a molecular dispersion.

For example, mixing methods include convective
mixing, shear mixing, or diffusive mixing. Convective
mixing involves moving a relatively large mass of
material from one part of a powder bed to another, by
means of blades or paddles, revolving screw, or an
inversion of the powder bed. Shear mixing occurs when
slip planes are formed in the material to be mixed.
Diffusive mixing involves an exchange of position by
single particles. These mixing processes can be
performed using equipment in batch or continuous mode.
Tumbling mixers (e.g., twin-shell) are commonly used

equipment for batch processing. Continuous mixing can be

used to improve composition uniformity.
Milling may also be employed to prepare the
compositions of the present invention. Milling is the

6
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mechanical process of reducing the particle size of
solids (comminution). The most common types of milling
equipment are the rotary cutter, the hammer, the roller
and fluid energy mills. Equipment choice depends on the
characteristics of the ingredients in the drug form
(e.g., soft, abrasive, or friable). Wet- or dry-milling

techniques can be chosen for several of these processes,
also depending on the characteristics of the ingredients
(e.qg., drug stability in solvent). The milling process

may serve simultaneously as a mixing process if the feed
materials are heterogeneous. Conventional mixing and
milling processes suitable for use in the present
invention are discussed more fully in Lachman, et al.,
The Theory and Practice of Industrial Pharmacy (3d Ed.

1986) . The components of the compositions of this
invention way also be combined by dry- or wet-granulating
processes.

In addition to the physical mixtures described
above, the compositions of the present invention may
constitute any device or collection of devices that
accomplishes the objective of delivering to the use
environment both the GPI and the concentration-enhancing
polymer. Thus, in the case of oral administration to a
mammal, the dosage form may constitute a layered tablet
wherein one or more layers comprise the amorphous GPI and
one or more other layers cofgprise the polymer.
Alternatively, the dosage form may be a coated tablet
wherein the tablet core comprises the GPI and the coating
comprises the concentration-enhancing polymer. In
addition, the GPI and the polymer may even be present in
different dosage forms such as tablets or beads and may
be administered simultaneously or separately as long as
both the GPI and polymer are administered in such a way
that the GPI and polymer can come into contact in the use
environment. When the GPI and the poiymer are
administered separately it is generally preferable to
deliver the polymer prior to the GPI.

63



)

DORTEZQ" 2hEHETOY

1 ]
f

10

15

20

285

30

35

Wi

50

The amount of concentration-enhancing polymer
relative to the amount of GPI present in the mixtures of
the present invention depends on the GPI and polymer and
may vary widely from a GPI-to-polymer weight ratio of
from 0.01 to about 4 (e.g., 1 wt% GPI to 80 wt% GPI).

However, in most cases it is preferred that the GPI-to-
polymer ratio is greater than about 0.05 (4.8 wt% GPI)
and less than about 2.5 (71 wt% GPI). Often the
enhancement in GPI concentration or relative
bicavailability that is observed increases as the GPI-to-

- polymer ratio decreases from a value of about 1 (50 wt%

GPI) to a value of about 0.11 (10 wt% GPI). The maximum
GPI:polymer ratio that yields satisfactory results varies
from GPI to GPI and is best determined in in vitro

dissolution tests and/or in vivo bioavailability tests.

It should be noted that this level of concentration-
enhancing polymer is usually substantially greater and
often much greater than the amount of polymer
conventionally included in dosage forms for other uses
such as binders or coatings. Thus, it is preferred in
the compositions of this invention that there be included
sufficient concentration-enhancing polymer that the
compositions meet the in vitro MDC and AUC criteria and

in vivo bicavailability criterion previously set forth.

In general, to maximize the GPI concentration
or relative biocavailability of the GPIL, lower GPI-to-
polymer ratios are preferred. At low GPI-to-polymer
ratios, there is sufficient polymer available in solution
to ensure the inhibition of the precipitation or
crystallization of GPI from solution and, thus, the
average concentration of GPI is much higher. For high
GPI-to-polymer ratios, not enough polymer may be present
in solution and GPI precipitation or crystallization of
the GPI may occur more readily. 1In addition, the amount
of concentration-enhancing polymer that can be used in a
dosage form is often limited by the total mass
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requirements of the dosage form. For example, when oral
dosing to a human is desired, at low GPI-to-polymer
ratios the total mass of drug and polymer may be
unacceptably large for delivery of the desired dose in a
single tablet or capsule. Thus, it is often necessary to
use GPI-to~polymer ratios that are less than optimum in
specific dosage forms to provide a sufficient GPI dose in
a dosage form that is small enough to be easily delivered
to a use environment.

EXCIPIENTS AND DOSAGE FORMS

Although the key ingredients present in the
compositions of the present invention are simply the GPI
to be delivered and the concentration-enhancing
polymer(s), the inclusion of other excipients in the
composition may be useful. These excipients may be
utilized with the GPI/polymer mixture in order to
formulate the mixture into tablets, capsules,
suspensions, powders for suspension, creams, transdermal
patches, depots, and the like. The amorphous GPI and
polymer can be added to other dosage form ingredients in
essentially any wmanner that does not substantially alter.
the GPI. 1In addition, as described above, the GPY and
the polymer may be mixed with excipients separately to
form different beads, or layers, or coatings, or cores or
even separate dosage forms.

. One very useful class of excipients is
surfactants., Suitable surfactants include fatty acid and
alkyl sulfonates; commercial surfactants such as
benzalkonium chloride (HYAMINE® 1622, available from
Lonza, Inc., Fairlawn, New Jersey): dioctyl sodium
sulfosuccinate, DOCUSATE SODIUM™ (available from
Mallinckrodt Spec. Chem., St. Louis, Missouri);
polyoxyethylene sorbitan fatty acid esters (TWEEN®,
available from ICI Americas Inc., Wilmington, Delaware;
LIPOSORB® P-20 available from Lipochem Inc., Patterson
New Jersey; CAPMUL® POE-0 available from Abitec Corp.,

6573



S

OO TEQ® @hE6BTOR

®

]

10

15

20

25

30

35

52

Janesville, Wisconsin), and natural surfactants such as
sodium taurocholic acid, l-palmitoyl-2-oleoyl-sn-glycero-
3-phosphocholine, lecithin, and other phospholipids and
mono- and diglycerides. Such materials can
advantageously be employed to increase the rate of
dissolution by facilitating wetting, thereby increasing
the maximum dissolved concentration, and also to inhibit
crystallization or precipitation of drug by interacting
with the dissolved drug by mechanisms such as
complexation, formation of inclusion complexes, formation
of micelles or adsorbing to the surface of solid drug,
crystalline or amorphous. These surfactants may comprise
up to 5 wt% of the composition.

The addition of pH modifiers such as acids,
bases, or buffers may also be beneficial, retarding the
dissolution of the composition (e.g., acids such as
citric acid or succinic acid when the concentration-
enhancing polymer is anionic) or, alternatively,
enhancing the rate of dissolution of the composition
(e.g., bases such as sodium acetate or amines when the
polymer is anionic).

Conventional matrix materials, complexing
agents, solubilizers, fillers, disintegrating agents
(disintegrants), or binders may also be added as part of
the composition itself or added by granulation via wet or
mechanical or other means. These materials may comprise
up to 90 wt% of the composition.

Examples of matrix materials, fillers, or
diluents include lactose, mannitol, xylitel,
microcrystalline cellulose, calcium diphosphate, and
staxrch.

Examples of disintegrants include sodium starch
glycolate, sodium alginate, carboxy methyl cellulose
sodium, methyl cellulose, and croscarmellose sodium.

Examples of binders include methyl cellulose,
microcrystalline cellulose, starch, and gums such as guar
gum, and tragacanth. i

4¢ .
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Examples of lubricants include magnesium
stearate and calcium stearate.

Other conventional excipients may be employed
in the compositions of this invention, including those
excipients well-known in the art. Generally, excipients
such as pigments, lubricants, flavorants, and so forth
may be used for customary purposes and in typical amounts
without adversely affecting the properties of the
compositions. These excipients may be utilized in order
to formulate the composition into tablets, capsules,
suspensions, powders for suspension, creams, transdermal
patches, and the like.

Compositions of this invention may be used in a
wide variety of dosage forms for administration of GPIs.
Exemplary dosage forms are powders orxr granules that may
be taken orally either dry or reconstituted by addition
of water or other liquids to form a paste, slurry,
suspension or solution; tablets; capsules;
multiparticulates; and pills. Various additives may be
mixed, ground, or granulated with the compositions of
this invention to form a material suitable for the above
dosage forws.

The compositions of the present invention may
be formulated in various forms such that they are
delivered as a suspension of particles in a liquid
vehicle. Such suspensions may be formulated as a liquid
or paste at the time of manufacture, or they may be
formulated as a dry powder with a liquid, typically
water, added at a later time but prior to oral
administration. Such powders that are constituted into a
suspension are often termed sachets or oral powder for
constitution (OPC) formulations. Such dosage forms can
be formulated and reconstituted via any known procedure.
The simplest approach is to formulate the dosage form as
a dry powder that is reconstituted by simply adding water
and agitating. Alternatively, the dosage form may be
formulated as a liquid and a dry powder that are combined *
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and agitated to form the oral suspension. 1In yet another
embodiment, the dosage form can be formulated as two
powders which are reconstituted by first adding water to
one powder to form a solution to which the second powder
is combined with agitation to form the suspension.

Generally, it is preferred that the dispersion
of GPI or amorphous form of GPI be formulated for long-
term storage in the dry state as this promotes the
chemical and physical stability of the GPI. Various
excipients and additives are combined with the
compositions of the present invention to form the dosage
form. For example, it wmay be desirable to add some or
all of the following: preservatives such as sulfites (an
antioxidant), benzalkonium chloride, methyl paraben,
propyl paraben, benzyl alcohol or sodium benzoate;
suspending agents or thickeners such as xanthan gum,
starch, guar gum, sodium alginate, carboxymethyl
cellulose, sodium carboxymethyl cellulose, methyl
cellulose, hydroxypropyl methyl cellulose, polyacrylic
acid, silica gel, aluminum silicate, magnesium silicate,
or titanium dioxide; anticaking agents or fillers such as
silicon oxide, or lactose; flavorants such as natural or
artificial flavors; sweeteners such as sugars such as
sucrose, lactose, or sorbitol as well as artificial
sweeteners such as aspartame or saccharin; wetting agents
or surfactants such as various grades of polysorbate,
docusate sodium, or sodium lauryl sulfate; solubilizers
such as ethanol propylene glycol or polyethylene glycol;
coloring agents such as FD and C Red No. 3 or FD and C
Blue No. 1; and pH modifiers or buffers such as
carboxylic acids (including citric acid, ascorbic acid,
lactic acid, and succinic acid), various salts of
carboxylic acids, amino acids such as glycine or alanine,
various phosphate, sulfate and carbonate salts such as
trisodium phosphate, sodium bicarbonate or potassium
bisulfate, and bases such as amino glucose or triethanol
amine.
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A preferred additive to such formulations is
additional concentration-enhancing polymer which may act
as a thickener or suspending agent as well as to enhance
the concentration of GPI in the environment of use and
may also act to prevent or retard precipitation or
crystallization of GPI from solution. Such preferred
additives are hydroxyethyl cellulose, hydroxypropyl
cellulose, and hydroxypropyl methyl cellulose. 1In
particular, the salts of carboxylic acid functional
polymers such as cellulose acetate phthalate,
hydroxypropyl methyl cellulose acetate succinate, and
carboxymethyl cellulose are useful in this regard. Such
polymers may be added in their salt forms or the salt
form may be formed in situ during reconstitution by

adding a base such as trisodium phosphate and the acid
form of such polymers.

In some cases, the overall dosage form or
particles, granules or beads that make up the dosage form
may have superior performance if coated with an enteric
polymer to prevent or retard dissolution until the dosage
form leaves the stomach. Exemplary enteric coating
materials include hydroxypropyl methyl cellulose acetate
suceinate, hydroxypropyl methyl cellulose phthalate,
cellulose acetate phthalate, cellulose acetate
trimellitate, carboxylic acid-functionalized
polymethacrylates, and carboxylic acid-functionalized
polyacrylate.

Compositions of this invention may be
administered in a controlled release dosage form. In one
such dosage form, the composition of the GPI and polymer
is incorporated into an erodible polymeric matrix device.
By an erodible matrix is meant aquecus-erodible or water-
swellable or aqueous-soluble in the sense of being either
erodible or swellable or dissolvable in pure water or
requiring the presence of an acid or base to ionize the
polymeric matrix sufficiently to cause erosion or
dissolution. When contacted with the aqueous environment

6‘!?
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of use, the erodible polymeric matrix imbibes water and
forms an aqueous-swollen gel or “matrix" that entraps the
mixture of GPI and polymer. The aqueous-swollen matrix
gradually erodes, swells, disintegrates or dissolves in
the environment of use, thereby controlling the release
of the drug mixture to the environment of use. Examples
of such dosage forms are disclosed more fully in commonly
assigned pending U.S. Patent Application Serial No.
09/495,059 filed January 31, 2000 which claimed the
benefit of priority of provisional patent application
Serial No. 60/119,400 filed February 10, 1999, the
relevant disclosure of which is herein incorporated by
reference.

Alternatively, the compositions of the present ‘
invention may be administered by or incorporated into a y
non-erodible matrix device.

Alternatively, the drug mixture of the
invention may be delivered using a coated osmotic
controlled release dosage form. This dosage form has two
components: (a) the core which contains an osmotic agent
and the GPI and the concentration-enhancing polymer; and
(b) a non-dissolving and non-eroding coating surrounding
the core, the coating controlling the influx of water to
the core from an agqueous environment of use s0 as to
caugse drug release by extrusion of some or all of the
core to the environment of use. The GPI and the
concentration-enhancing polymer may be homogeneously
distributed throughout the core or they may be partially
or completely segregated in separate regions of the core.
The osmotic agent contained in the core of this device
may be an aqueous-swellable hydrophilic polymer, osmogen,
or osmagent. The coating is preferably polymeric,
aqueous-permeable, and has at least one delivery port.
Examples of such dosage forms are disclosed more fully in
commonly assigned pending U.S. Patent Application Serial
No. 09/495,061 filed January 31, 2000 which claimed the
benefit of priority of provisional Patent Application
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Serial No. 60/119,406 filed February 10, 1999, the
relevant disclosure of which is herein incorporated by
reference.

Alternatively, the drug mixture of the
invention may be delivered via a coated hydrogel
controlled release dosage form having at least three
components: (a) a composition containing the GPI, (b) a
water-swellable composition wherein the water-swellable
composition is in a separate region within a core formed
by the drug-containing composition and the water-
swellable composition, and {(¢) a coating around the core
that is water-permeable, water-insoluble, and has a least
one delivery port therethrough. In use, the core imbibes
water through the coating, swelling the water-swellable
composition and increasing the pressure within the core,
and fluidizing the GPI-containing composition. Because
the coating remains intact, the GPI-containing
composition is extruded out of the delivery port into an
environment of use. The polymer may be delivered in a
separate dosage form, may be included in the GPI-
containing composition, may comprise a separate
compcsition that occupies a separate region within the
core, or may constitute all or part of a coating applied
to the dosage form. Examples of such dosage forwms are
more fully disclosed in commonly assigned pending
Provisional Application Serial No. 60/171,968 filed
December 23, 1999, the relevant disclosure of which is
herein iincorporated by reference.

Alternatively, the compositions may be
administered as multiparticulates. Multiparticulates
generally refer to dosage forms that comprise a
multiplicity of particles that may range in size from
about 10 pgm to about 2 mm, more typically about 100 um to
1 mm in diameter. Such multiparticulates may be
packaged, for example, in a capsule such as a gelatin
capsule or a capsule formed irom an agqueous-soluble
polymer such as HPMCAS, HPMC or starch or they may be

?,K
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dosed as a suspension or slurry in a liquid. Such
particulates may be made by any known process such as wet
and dry granulation processes or melt congeal processes
such as those previously described for forming amorphous
GPI. For example, the GPI and a glyceride such as
hydrogenated vegetable oil, a vegetable or synthetic fat
or a wax such as paraffin may be blended and fed to a
melt congeal process as a solid or liquid, followed by
cooling to form beads comprised of amorphous GPI and the
excipient.

The so-formed beads may then be blended with
one or more concentration-enhancing polymers with or
without additional excipients to form a multiparticulate
dosage form. Alternatively, a high melting point
concentration~enhancing polymer such as HPMCAS may be
blended with the GPI and the fat or wax fed as a solid
blend to a melt congeal process or the blend may be
heated such that the GPI and the fat or wax wmelt to form
a slurry of concentration-enhancing polymer particles in
molten GPI and fat or wax. The resulting material
comprises beads or particles consisting of an amorphous
dispersion of GPI in the fat or wax with concentration-
enhancing polymer particles trapped therein.
Alternatively, a dispersion cf the GPI in a
concentration-enhancing polymer wmay be blended with a fat
or wax and then fed to a melt congeal process as a solid
or a slurry of the dispersion in the molten fat or wax.
Such processing yields particles or beads consisting of
particles of dispersion trapped in the solidified fat or
wax matrix.

Similar multiparticulate dosage forms may be
made with the various compositicne of thies invention but
using excipients suited to the bead-forming or granule-
forming process chosen. For example, when granules are
formed by extrusion/spheronization processes the
dispersion or other composition may be blended with, for
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example, microcrystalline cellulose or other cellulosic
polywmer to aid in processing.
In any case, the resulting particles may
themgelves constitute the multiparticulate dosage form or
they may be coated by various film-forming materials such
as enteric polymers or water-swellable or water-soluble
polymers, or they may be combined with other excipients
or vehicles to aid in dosing to patients. -
Alternatively, the compositions of the present
invention may be co-administered, meaning that the GPI
can be administered separately from, but within the same
general time frame as, the polywer. Thus, amorphous GPI
can, for example, be administered in its own dosage form
which is taken at approximately the same time as the .
polymer which is in a separate dosage form. If
administered separately, it is generally preferred to
administer both the GPI and the polymer within 60
minutes, more preferably within 15 minutes, of each
other, so that the two are present together in the
environment of use. When not administered
simultaneously, the polymer is preferably administered
prior to the amorphous GPI.
In addition to the above additives or
excipients, use of any conventional materials and
procedures for preparation of suitable dosage forms using
the compositions of this invention known by those skilled
in the art are potentially useful. -
In another aspect, ‘che present ‘invention
concerns the treatment of diabetes, including impaired
glucose tolerance, insulin resistance, insulin dependent
diabetes mellitus (Type 1) and non-insulin dependent
diabetes mellitus (NIDDM or Type 2). Also included in
the treatment of diabetes are the treatment of the
diabetic complications, such as neuropathy, nephropathy,
retinopathy or cataracts. The compositions of the
present invention can also be used for diabetes
preventioﬂ.
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Diabetes can be treated by administering to a
patient having diabetes (Type 1 or Type 2), insulin
resistance, impaired glucose tolerance, or any of the
diabetic complications such as neuropathy, nephropathy,
retinopathy or cataracts, a therapeutically effective
amount of a composition of the present invention. It is
also contemplated that diabetes be treated by
administering a composition of the present invention in
combination with other agents that can be used to treat
diabetes.

Representative agents that can be used to treat
diabetes include insulin and insulin analogs (e.g. LysPro
insulin); GLP-1 (7-37) (insulinotropin) and GLP-1 (7-36)-
NH,; sulfonylureas and analogs: chlorpropamide, .
glibenclamide, tolbutamide, tolazamide, acetohexamide,
glypizide, glimepiride, repaglinide, meglitinide;
biguanides: metformin, phenformin, buformin; a2-
antagonists and imidazolines: midaglizole, isaglidole,
deriglidole, idazoxan, efaroxan, fluparoxan; Other
insulin secretagogues: linogliride, A-4166; glitazones:
ciglitazone, pioglitazone, englitazone, troglitazone,
darglitazone, rosiglitazone; PPAR-gamma agonists; fatty
acid oxidation inhibitors: clomoxir, etomoxir; a-
glucosidase inhibitors: acarbose, miglitol, emiglitate,
voglibose, MDL-25,637, camiglibose, MDL-73,94S; B-
agonists: BRL 35135, BRL 37344, Ro 16-8714, ICI D7114, CL
316,243; phosphodiesterase inhibitors: L-386,398; lipid-
lowering agents: benfluorex; antiobesity agents:
fenfluramine; vanadate and vanadium complexes (e.g.
Naglivan®) and peroxovanadium complexes; amylin
antagonists; glucagon antagonists; gluconeogenesis
inhibitors; somatostatin analogs and antagonisis;
antilipolytic agents: nicotinic acid, acipimox, WAG 994.
Any combination of agents can be administered as
described above.
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In addition to the categories and compounds
mentioned above, the compositions of the present
invention can be administered in combination with
thyromimetic compounds, aldose reductase inhibitors,
glucocorticoid receptor antagonists, NHE-1 inhibitors, or
sorbitol dehydrogenase inhibitors, or combinations
thereof, to treat or prevent diabetes, insulin
resistance, diabetic neuropathy, diabetic nephropathy,
diabetic retinopathy, cataracts, hyperglycemia,
hypercholesterolemia, hypertension, hyperinsulinemia,
hyperlipidemia, atherosclerosis, or tissue ischemia,
particularly myocardial ischemia.

It is generally accepted that thyroid hormones,
specifically, biologically active iodothyronines, are .
critical to normal development and to wmaintaining
metabolic homeostasis. Thyroid hormones stimulate the
metabolism of cholesterol to bile acids and enhance the
lipolytic responses of fat cells to other hormones. U.S.

Patent Numbers 4,766,121; 4,826,876; 4,910,305; and

5,061,798 disclose certain thyroid hormone mimetics

(thyromimetics), namely, 3,5-dibromo-3'-[6-oxo-3(1H)-
pyridazinylmethyl] -thyronines. U.S. Patent Number

5,284,971 discloses certain thyromimetic cholesterol

lowering agents, namely, 4-(3-cyclohexyl-4-hydroxy or -

methoxy phenylsulfonyl)-3,5 dibromo-phenylacetic

compounds. U.S. Patent Numbers 5,401,772; 5,654,468; and

5,569,674 disclose certain thyromimetics that are lipid -
lowering agents, namely, hetercacetic acid derivatives.
In addition, certain oxamic acid derivatives of thyroid
hormones are known in the art. For example, N. Yokoyama,
et al. in an article published in the Journal of
Medicinal Chemistry, 38 (4): 695-707 {1935) describe
replacing a -CH, group in a naturally occurring metabolite
of T, with an -NH group resulting in -HNCOCQO,H. Likewise,
R.E. Steele et al. in an article published in
International Congressional Service (Atherosclerosis X)
1066: 321~-324 (1995) and Z.F. Stephan eé al. in an )
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article published in Atherosclerosis, 126: 53-63 (1996),
describe certain oxamic acid derivatives useful as lipid-
lowering thyromimetic agents, yet devoid of undesirable
cardiac activities.

Each of the thyromimetic compounds referenced
above and other thyromimetic compounds can be used in
combination with the compositions of the present
invention to treat or prevent diabetes, insulin
resistance, diabetic neuropathy, diabetic nephropathy,
diabetie retinopathy, cataracts, hyperglycemia,
hypercholesterolemia, hypertension, hyperinsulinemia,
hyperlipidemia, atherosclerosis, or tissue ischemia.

The compositions of the present invention can
also be used in combination with aldose reductase
inhibitors. Aldose reductase inhibitors constitute a
class of compounds that have become widely known for
their utility in preventing and treating conditions
arising from complications of diabetes, such as diabetic
neuropathy and nephropathy. Such compounds are well
known to those skilled in the art and are readily
identified by standard biological tests. For example,
the aldose reductase inhibitors zopolrestat, 1-
phthalazineacetic acid, 3,4-dihydro-4-oxo-3-[[5-
(trifluoromethyl) -2-benzothiazolyllmethyl] -, and related
compounds are described in U.S$. patent 4,939,140 to
Larson et al.

Aldose reductase inhibitors have been taught
for use in lowering lipid levels in mammals. See, for
example, U. S. patent 4,492,706 to Kallai-sanfacon and EP
0 310 931 A2 (Ethyl Corporation).

U. S.. patent 5,064,830 to Going discloses the
use of certain oxophthalazinyl acetic acid aldose )
reductage inhibitors, including zopolrestat, for lowering
of blood uric acid levels.

Commonly assigned U.$. patent 5,391,551
discloses the use of certain aldose reductase inhibitors,
including zopolrestat, for lowering blood lipid levels in
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humans. The disclosure teaches that therapeutic
utilities derive from the treatment of diseases caused by
an increased level of triglycerides in the blood, such
diseases include cardiovascular disorders such as

5 thrombosis, arteriosclerosis, wyocardial infarction, and
angina pectoris. A preferred aldose reductase inhibitor
is l-phthalazineacetic acid, 3,4-dihydro-4-oxo-3-[([5-
trifluoromethyl) ~2-benzothiazolyllmethyl]l-, also known as
zopolrestat.

10 The term aldose reductase inhibitor refers to
compounds that inhibit the bioconversion of glucose to
sorbitol, which is catalyzed by the enzyme aldose
reductase.

Any aldose reductase inhibitor may be used in a

15 - combination with a composition of the present invention.
Aldose reductase inhibition is readily determined by
those skilled in the art according to standard assays (J.
Malone, Diabetes, 29:861-864 (1980). "Red Cell Sorbitol,
an Indicator of Diabetic Contrxol®"). A variety of aldose

20 reductase inhibitors are described hexein; however, other
aldose reductase inhibitors useful in the compositions
and methods of this invention will be known to those
skilled in the art. _

The activity of an aldose reductase inhibitor

25 in a tissue can be determined by testing the amount of
aldose reductase inhibitor that is required to lower
tissue sorbitol (i.e., by inhibiting the further -
production of sorbitol consequent to blocking aldose
reductase) or lower tissue fructose (by inhibiting the

30 production of sorbitol consequent to blocking aldose

N reductase and consequently the production of fructose.

! Accordingly, examples of aldose reductase

a inhibitors useful in the compositions, combinations and
methods of the present invention include:

35 1. 3-(4-bromo-2-fluorobenzyl)-3,4-dihydro-4-
oxo-1l-phthalazineacetic acid (ponalrestat, US 4,251,528);
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2. N([[(5-trifluoromethyl)-6-methoxy-1-
naphthalenyl]thioxomethyl] -N~-methylglycine (tolrestat,
US 4,600,724);

3. S5-((Z,E)-p-wethylcinnamylidene]} -4-oxo-2-~

5 thioxo-3-thiazolideneacetic acid (epalrestat, US
4,464,382, US 4,791,126, US 4,831,045);

4. 3-(4-bromo-2-fluorobenzyl)-7-chloro-3,4-
dihydro-2,4~dioxo-1 (2H) -quinazolineacetic acid
(zenarestat, US 4,734,419, and 4,883,800);

10 5. 2R,4R-6,7-dichloro-4-hydroxy-2-
methylchroman-4-acetic acid (US 4,883,410);

6. 2R,4R-6,7-dichloro-6-fluoro-4-hydroxy-2-
methylchroman-4-acetic acid (US 4,883,410);

7. 3,4-dihydro-2,8-diisopropyl-3-oxo-2H-1,4-
15 benzoxazine-4-acetic acid (US 4,771,050);

8. 3,4-dihydro-3-oxo-4-[(4,5,7-trifluoro-2-
benzothiazolyl)methyl] -2H-1, 4-benzothiazine-2-acetic acid
(SPR-210, U.S. 5,252,572);

9. N-[3,5-dimethyl-4-

20 [ (nitromethyl) sulfonyl] phenyl] -2-methyl-benzeneacetamide
(zDs522, U.S. 5,270,342 and U.S. 5,430,060);

10. (S)-6-fluorospiro(chroman-4,4"-
imidazolidine]~2,5'-dione (sorbinil, US 4,130,714);

11. d-2-methyl-6-fluoro-spiro(chroman-4',4'~
25 imidazolidine)-2',5'-dione (US 4,540,704);

12. 2-fluoro-spiro(9H-fluorene-9,4°'-
imidazolidine)2*,5'-dione (US 4,438,272);

13. 2,7-di-fluoro-spiro(9H-fluorene-9,4'-
imidazolidine)2',5'-dione (US 4,436,745, US 4,438,272);
30 14. 2,7-di-fluoro-5-methoxy-spiro(9H-fluorene-
9,4' -imidazolidine)2',5'-dione (US 4,436,745, US
4,438,272);

15. 7-fluoro-spiro(5H-indenol[1,2-b]pyridine-
5,3'-pyrrolidine)2,5'-dione (US 4,436,745, US 4,438,272);
35 l16. d-cis~6'-chlorxo-2',3'-dihydro-2*-methyl-
spiro- (imidazolidine-~4,4'-4'-H-pyrano(2,3-b)pyridine) -
2,5-dione (US 4,980,357);
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17. spirolimidazolidine-4,5'(6H) -
quinolinelz S5-dione-3'-~-chloxo-7, '8'-dihydro- '1'-net.hyl—
(5‘-618) (US 5,066,659);

18. (28,48)-6-fluoro-2',5' ~dioxospiro (chroman-
4,4'-imidazolidine) -2-caxboxamide (US 5,447,946); and

| 19. 2-[(4-bromo-2-fluorcphenyl)methyl) -6-

£luorospiro [isoquinoline-4 (1K) ,3'-pyrrolidine] -
1,2',3,5'(28) -tetrone (ARI-S509, US 5,037,831).

other aldose reductase inhibitors include

compounds having Formula Ia below .
CH,COR?
N Z
,L oy < .
\ '

or a pharmaceutically acceptable salt or prodrug thereof,
wherein the substituents of Formula Ia are as follows:

% is O or §;

" R! is hydroxy or a group capable of being
removed in vivo to produce a compound of Formula I
wherein R’ is OH; and

X and Y are the same or different and are
selected fxom hydrogen, trifluoromethyl, fluoro, and
chloxo..

A preferred subgroup.-wit:hin the above group of
aldose reductase inhibitors indlu_des numbered compounds
1, 2, 3, 4, 5, 6, 9, 10, and 17, and the following

compounds of Formula Ia:
20. 3,4-dihydro-3-(S-fluorobenzothiazol-2-

ylmethyl) -4-oxophthalazin-1-yl-acetic acid [Rlshydroxy;

X=F; Y=H]};
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21. 3-(5,7-difluorobenzothiazol-2-ylmethyl)-
3,4~dihydro-4-oxophthalazin-1-ylacetic acid [R'=hydroxy;
X=¥Y=F] ; -

22. 3- (5-chlorobenzothiézol-z-ylmet.hyl) -3,4~
dihydro-4-oxophthalazin-1-ylacetic acid ([R'=hydroxy;
X=Cl; Y=H];

23. 3-(5,7-dichlorobenzothiazol~2-ylmethyl) -
3,4-dihydro-4-oxophthalazin-1-ylacetic acid [R'shydroxy;
X=¥=Cl}; -

24. 3,4-dihydro-4-oxo-3-(5-
trifluoromethylbenzoxazol-2-ylmethyl)phthalazin-1-
ylacetic acid [R'shydroxy; X=CFs; Y=H];

25. 3,4-dihydro-3-(5-fluorobenzoxazol-2-
ylmethyl) -4 -oxophthalazin-1-yl-acetic acid [Rlshydroxy;
X=F; ¥=H}];

26. 3-(5,7-difluorobenzoxazol-2-ylmethyl)-3,4-~
dihydro-4-oxophthalazin-1- ylacetic acid {R'shydroxy;
X=Y=F};

27. 3-(5-chlorobenzoxazol-2-ylmethyl)-3,4-~
dihydro-4-oxophthalazin-1-ylacetic acid [R'shydroxy; X=Cl;
Y=H] ;" ‘

- 28. 3-(5,7-dichlorobenzoxazol-2-ylmethyl)-3,4-
dihydro~4-oxophthalazin~1- ylacetic acid [R'shydroxy;
X=Y=Cl]; and

29. zopolrestat; l-phthalazineacetic acid,
3,4—dihydro-4-oxo~3-[[5-(triflﬁoromethyl)-z-
benzothiazolyllmethyl]l - [R'=hydroxy; X=trifluorcmethyl;
Y=H].

_ In compounds 20-23, and 29 Z is S. In compounds
24¢-28, Z is O.

Of the above subgroup, compounds 20-29 are more
preferred with 29 especially preferred. Procedures for
making the aldose reducatase inhibitors of formula Ia can
be found in PCT publication rumber WO 99/26659.

Bach of the aldose reductase inhibitors .
referenced above and other aldose reductase inhibitors
can be used in combination with the compounds of the
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present invention to treat diabetes, insulin resistance,
diabetic neuropathy, diabetic nephropathy, diabetic
retinopathy, cataracts, hyperglycemia,
hypercholesterolemia, hypertension, hyperinsulinemia,
hyperlipidemia, atherosclerosis, or tissue ischemia.

The compositions of the present invention can
also be used in combination with glucocorticoid receptor
antagonists. The glucocorticoid receptor (GR) is present
in glucocorticoid responsive cells where it resides in
the c¢ytosol in an inactive state until it is stimulated
by an agonist. Upon stimulation the glucocorticoid
receptor translocates to the cell nucleus where it
specifically interacts with DNA and/or protein(s) and
regulates transcription in a glucocorticoid responsive
manner. Two examples of proteinsg that interact with the
glucocorticoid receptor are the transcription factors,
API and NFx-B. Such interactions result in inhibition of
API- and NFk-B- mediated transcription and are believed
to be responsible for the anti-inflammatory activity of
endogenously administered glucocorticoids. In addition,
glucocorticoids may also exert physiologic effects
independent of nuclear transcription. Biologically
relevant glucocorticoid receptor agonists include
cortisol and corticosterone. Many synthetic
glucocorticoid receptor agonists exist including
dexamethasone, prednisone and prednisilone. By
definition, glucocorticoid receptor antagonists bind to
the receptor and prevent glucocorticoid receptor agonists
from binding and eliciting GR mediated events, including
transcription. RU486 is an example of a non-selective
glucocorticoid receptor antagonist. GR antagonists can
be used in the treatment of diseases associated with an
excess or a deficiency of glucocorticoids in the body.
As such, they may be used to treat the following:
pbes{tyr diabetes, cardiovascular disease, hypertension,
Syndrome X, depression, anxiety, glaucoma, human
immunodeficiency virus (HIV) or acquired immunodeficiency
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syndrome (AIDS), neurodegeneration (for example,
Alzheimer's and Parkinson's), cegnition enhancement,
Cushing's Syndrome, Addison's Disease, osteoporosisg,
frailty, inflammatory diseases (such as osteoarthritis,
rheumatoid arthritis, asthma and rhinitis), tests of
adrenal function, viral infection, inununodeficiency,
immunomodulation, autoimmune diseases, allergies, wound
healing, compulsive behavior, multi-drug resistande,
addiction, psychosis, anorexia, cachexia, post-traumatic
stress syndrome, post-surgical bone fracture, medical
catabolism and prevention of muscle frailty. Examples or
& antagonists that can be used in combination with a
compound of the present invention include compounds of
Formula Ib below:

an isomer thereof, a prodrug of said compound oxr isomer,
or a pharmaceutically acbeptahle salt of . said compound,
isomer or prodrug wherein the substituents of Formula Ib
are as follows:

mis 1 or 2;

- - - represents an optional bond;

A is selected from the group consisting of

: G-/Rgi ) o

RQ----- l ll K :9'!
Rﬁ; ; ' "\ f \ s \I H‘r\ v
A-1 A—2 _A-a v
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and

D is CR;, CRyR,q, N, NRy; Or O;

B is C, CR, or N;

F is CR,, CRRs or O;

G, H and I together with 2 carbon atoms from
the A-ring or 2 carbon atoms from the B-ring form a
5-membered heterocyclic ring comprising one or more N, O
or S atoms; provided that there is at most one of O and §
per ring;

J, K, L, and M together with 2 carbon atoms from
the B-ring forma a 6-membered heterocyclic ring
comprising 1 or more N atoms; '

X is a) absent, b) -CHy~, ¢) -CH(OH)- or d)
~C(0)-;

Ry is a) -H, b) -2-CFy, c) -{C;~Cg)alkyl, d)
-{C;-Cs)alkenyl, e) -{C,-Cglalkynyl, £) -CHO, g) ~CH=N-OR;;,
h) -2-C(O)OR,;, i) -Z-C(O) ~NR;;Ry5, j) -2-C(OQ) -NR,,-Z-het,
k) -Z-NRyRy3, 1) -Z-NRhet, m) -Z-het, n) -2-O-het, o)
-Z-aryl', p) -2-O-aryl', ) -CHOH-aryl*®' or x) -C(O)-aryl'
wherein aryl' in substituents o) to r) is substituted |
independently with 0, 1 or 2 of the following: -Z-OH,
-Z-NRy;R13, ~4-NRy,-het, ~C(O)NR;3Ry;, -C(0)0O(C,~Cg)alkyl,
-C(0)OH, -C(0)~het, -NR;,-C(0)-(C,-C¢)alkyl,
~NR;,-C(0) - (C,-Cg) alkenyl, -NR,,-C(0) -~ {C,-C;) alkynyl,
-NR,,-C(0) -Z-het, -CN, -Z-het, -0-{C;~C;)alkyl-C(O)-NRy,R;s,
-0~ (C;-C;) alkyl -C (0) O(C,-C;) alkyl,

-NR;,-Z~C(0) O(C,-C¢) alkyl, -N(2-C(0)0(C,~C¢)alkyl),,
-NR,,~Z~C (0) -NRyzR,3,. ~Z-NR;»=S0;-Ry3, -NRy2-50,-het, -C(O)H,
~Z-NRy;~2-0(C,-C¢) alkyl, =-2-NRj,~Z-NRy;R;5,

-Z-NRy,~ (C3~C¢) cycloalkyl, -Z-N(2-0(C;-Celalkyl),, -SO Ry,
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-SOR;z, ~SRy;, ~SONR,R;;, ~0-C(0)-(C;-C,)alkyl,
-0-80,- (C,~C;)alkyl, -halo or -CFjy;

Z for each occurrence is independently a)
~(Co-Ce)alkyl, b) ~(C,-Cg)alkenyl or c) -(C~Cg)alkynyl;

R; is a) ~-H, b) -halo, ¢) -OH, @) -(C,~-C¢)alkyl
substituted with 0 or 1 -OH, e) -NRy;R;;, f)
-2-C(0)0{C,~Celalkyl, g) -2-C(O)NR,,Ri;, h) -0-(Cy-Cg)alkyl,
i) ~2-0-C(0)-(C,~Cglalkyl, 3J) .
~2Z-0- {C;-Cy) alkyl-C(0) -NR;R;3, k)
~2Z~-0~(C,-C;)alkyl-C(0) -0(C,-C¢) alkyl, 1) -0-(C,~C;)alkenyl,
m) =-0-(C~Celalkynyl, n) -0-Z-het, o} -COOH, p) =-C(OH)R,,R,;
or q) -2-CN; ™~

R, is a) -H, b) -(C;~Cj)alkyl wherein 1 or 2
carbon atoms, other than the connecting carbon atom, may
optionally be replaced with 1 or 2 heteroatoms
independently selected from S, O and N and wherein each
carbon atom is substituted with 0, 1 or 2 R,, ©)

- (C,-Cyo) alkenyl substituted with 0, 1 or 2 R,, d)

- (C,-Cyo) alkynyl wherein 1 carbon atom, other than the
connecting carbon atom, may optionally be replaced with 1
oxygen atom and wherein each carbon atom is substituted
with 0, 1 or 2 R,, e) -CH=C=CH,, f) -CN, g)

- (Cy-C¢) cycloalkyl, h) -Z-axyl, i) -Z-het, j)
~-C{0)0(C,-Ce) alkyl, k) -0(C,-Cg)alkyl, 1) -2-8-R,;, m)
-2-8(0) Rz, n) -2Z-8(0),-Ryy, 0) ~-CFy p) -NR;;,0-(Cy-Cglalkyl
or q) -CHOR,;

provided that one of R, and Ry is absent when -
there is a double bond between CR,R; (the 7 position) and
the F moiety (the 8 position) of the C-ring;

R, for each occurrence is independently a) -OH,
b) -halo, ¢) -Z-CF, d) ~Z~ CF(C,-C; alkyl),, e) -CN, f£)
-NR;;By3, g) -(C;-Cg)cycloalkyl, k) -(C;-Cg)cycloalkenyl, i)
- (Cpy-Cy) alkyl-aryl, j) -het or k) -Nj;

or R, and R, are taken together to form a)
=CHR,;,, b) =NOR,,, ¢) =0, d) =N-NR;;, e) =N-NR;,-C(0)-R,;, £}
oxiranyl or g) 1,3-dioxolan-4-yl;
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R, and R; for each occurrence are independently
a) -H, b) -CN, c) -{(C,-C¢lalkyl substituted with 0 to 3
halo, d) -(C,-C¢)alkenyl substituted with 0 to 3 halo, e)
- (C,-C¢) alkynyl substituted with 0 to 3 halo, f)

-0- (C;-Cg)alkyl substituted with 0 to 3 halo, g)

-0- (C,-C¢) alkenyl substituted with 0 to 3 halo, h)

-0-(C,-Cg)alkynyl substituted with 0 to 3 halo, i) halo,

j) -OH, k) (C; -Cg)cycloalkyl or 1) (C, -C¢)cycloalkenyl;
or R, and R; are taken together to form =0;

R; is a) -H, b) -CN, ¢) -(C,-C¢)alkyl
substituted with 0 to 3 halo, d) -({(C,-C;)alkenyl
substituted with 0 to 3 halo, e) -(C,-Cg)alkynyl
substituted with 0 to 3 halo or f) -OH;

R, and R, for each occurrence are independently
a) -H, b) -halo, ¢) -CN, d) -(C,-C¢)alkyl substituted with
0 to 3 halo, e) -(C,-C¢lalkenyl substituted with 0 to 3
halo or f) -(C,-C¢)alkynyl substituted with 0 to 3 halo;
provided that R; is other than -CN or -halo when D is NR;;

or R, and R, are taken together to form =0;

Ry, Ry, Ry, and R;; for each occurrence are
independently a) -H, b) -halo, c) (C,-C¢)alkyl substituted
with 0 to 3 halo, d) -(C,-C¢)alkenyl substituted with 0 to
3 halo, e) -(C,-Cg¢)alkynyl substituted with 0 to 3 halo,
£) -CN, g) -(Cy-Cg)cycloalkyl, h) -(C;3;-Cg¢)cycloalkenyl, i)
-OH, j) ~0-(C;-Cg)alkyl, k) -0-(Cy-C¢)alkenyl, 1)
-0-(C;~Cg)alkynyl, m) -NR;;R;3, n) -C(O)OR,, or o)
~-C(O)NRy;Ry3;

or R; and Ry, are taken together on the C-ring to
form =0; provided that when m is 2, only one set of R; and
R, are taken together to form =0;

or R,, and R;s are takem together to form =0;
provided that when R;, and R,; are taken together to form
=0, D is other than CR;, and E is other than C;

Rye i8 a) -(C;-Cyo) alkyl substituted with 0 to 3
substituents independently selected from_-halé, zOH and
-N;, b) -(Cy-Cjp) alkenyl substituted with 0 to 3
substituents independently selected from -halo, -OH and

[
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-N;, ©) -(C,~Cyg)alkynyl substituted with 0 to 3
substituents independently selected from -~halo, -OH and
-N;, d) -halo, e) -2Z-CN, f) -OH, g) ~Z-het, h) -Z-NR),R;;,
i) -z-C(0)-het, j) -zZ-C(0)-(C,-C¢lalkyl, k) -2-C(0O)-NR;,;R,,,
1) -2z-c(0)-NR,,-2-CN, m) -Z-C(O)-NR,,~2-het, n)

-Z-C(0) -NR;,-Z-aryl, o) -Z-C(0)-NR,,-Z-NR,;R;5, p)

-2-C(0) -NR,,-2~0(C,~Cg) alkyl, q) -{C,-Cg)alkyl-C(O)OH, r)
~2-C(0)0(C,-Cg)alkyl, s) -Z-0-(Cy-C¢)alkyl-het, t)

-2-0- (Cy-Cq) alkyl-axryl, u) -Z-0-(C,-C¢)alkyl substituted
with 0 to 2 R,, V) -Z-0-(C,-C¢)alkyl-CH(O), w)

-Z-0~(C;~C¢) alkyl-NR,,-het, x) -Z-0-Z-het-Z-het, y)
-2-0-Z-het~Z-NR,;R,;, z) -Z-0-Z-het-C(0)>het, al)
~Z-0-Z-C(0) -het, bl) -Z-0-Z-C(0)-het-het, cl)
~-Z-0-2-C(0) - (C,~-Cglalkyl, dl) -2-0-Z-C(S)-NR,,R.;, el)
~Z-0-Z~C(0) -NRy;R,3, £1) -Z-0-2-(C,-C3)alkyl-C(0) -NR;R,,,

gl) -2-0-2-C(0)-0(C;~Cg)alkyl, hl) -2Z-0-Z-C(0)-OH, il)
-Z-0-%Z~C(0) -NR,,~0(C;-C¢) alkyl, j1) -Z-0-Z-C(0)-NR,,~OH, k1)
~Z-0-Z-C(0) -NR;;-Z-NRy,Ry3, 11) =Z-0-2Z-C(0) -NRy,-Z-het, ml)
~Z-0-2~C{0) -NR;;-80,~ (C,~-Cz) alkyl, nl)

-Z-0-2Z-C(=NR,;) (NRy,R,;3), 01) -Z-0-Z-C(=NOR,,) (NR;5R,s), p1)
~Z~NR;,-C (0) ~0-Z-NR;,R,3, ql) -Z-S-C(0) -NR;;R;3, Y1)
-2-0-80,- (C;-C¢)alkyl, sl1l) -2Z-0-SO,-aryl, tl)
«2-0-~80,-NR;,R;3;, ul) ~Z-0-S0,-CF;, vl) -2Z-NR,;,C(0)OR,; or wil)
=Z-NR;,C (O) Ry5;

or Ry, and R;, are taken together on the moiety
of formula A-5 to form a) = O or b) = NOR,,;

R,; is a) -H, b) -(Cy~Cs)alkyl, c)

- (C3-Cg) cycloalkyl or 4) - (Cy-Cs)alkyl-aryl;

R,; and R,; for each occurrence are each
independently a) -H, b) -(C,-C¢)alkyl wherein 1 or 2
carbon atoms, other than the connecting carbon atom, may
optionally be replaced with 1 or 2 heteroatoms
independently selected from S, O and N and wherein each
carbon atom is substituted with 0 to 6 halo, ¢)

- (C,~Cg) alkenyl substituted with 0 to 6 halo or 4)
-{C;~Cg¢) alkynyl wherein 1 carbon atom, other than the
connecting carbon atom, may optionally be replaced with 1
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oxygen atom and wherein each carbon atom is substituted
with 0 to 6 halo;

or R,;, and R,;; are taken together with N to form

het;
or Rs
1, 3-dioxolanyl;

aryl is a) phenyl substituted with 0 to 3 R,, b)

and R,, or R;; are taken together to form

naphthyl substituted with 0 to 3 R,or ¢) biphenyl
substituted with 0 to 3 R,;

het is a 5-,6- or 7-membered saturated,
partially saturated or unsaturated ring containing from
onie (1) to three (3) heteroatoms independently selected

from the group consisting of nitrogen, oxygen and sulfur;

and including any bicyclic group in which any of the
above heterocyclic rings is fused to a benzene ring or
another heterocycle; and the nitrogen may be in the

oxidized state
with 0 to 3 Ry;

giving the N-oxide form; and substituted

R, for each occurrence is independently a)

-halo, b) -OH,

- (C,-Cg) alkynyl, £) -0(C,-C¢)alkyl, g) -0(C,~Csz)alkenyl, h)

C') - (C1'CG) alkyl P d) - (CZ-CG) alkenyl, E)

-0 (Cz""C5) almyl r i) - (CO-CG) al]ﬂyl -NRuRu, j ) —C (O) -NRllea'

k) -Z-SO,Ry», 1)
~NRy,-C (0) 'Ru'

'Z"‘SOR]z, m) "'Z'SR;zt n) ‘NRlz"802Rl3, O)
p) ‘NR;;'OR;;. q’ -S0,-NR,,R;3, r) -CN, 8)

-CF;, t) -C(0) (C;~Cg)alkyl, u) =0, v) -2-S0,-phenyl or w)

‘Z‘SOz"het ' H
aryl!®
het!

is phenyl, naphthyl or biphenyl;
is a 5-,6- or 7-membered saturated,

partially saturated or unsaturated ring containing from
one (1) to three (3) heteroatoms independently selected

from the group consiasting of nitrogen, oxygen and sulfur;

and including any bicyclic group in which any of the
above heterocyclic rings is fused to a benzene ring or

another heteroc
provi

(1)

ycle;
ded that:
X-R; is other than hydrogen or methyl;



/..
"
%

DO9TER" 2heeBToa @)

10

15

20

25

30

35

74

(2) when R, and R,; are substituents on the
A-ring, they are other than mono- or di-methoxy;

(3) when R, and R, are taken together to form
=CHR,; or =0 wherein R,, is -0(C,-C¢)alkyl, then -X-R, is
other than (C,-C,)alkyl;

(4) when R, and R, taken together are C=0 and
R, is hydrogen on the A-ring; or when R, is hydroxy, R; is
hydrogen and R, is hydrogen on the A-ring, then R,, is
other than -0-(C,-C¢)alkyl or -O-CH,~-phenyl at the
2-position of the A-ring;

(5) when X-R, is (C;-C,)alkyl, (C,-C,)alkenyl or
(c,-C,)alkynyl, R, and R, are other than mono-hydroxy or
=0, including the diol form thereof, when taken together;
and

(6) when X is absent, R; is other than a moiety
containing a heterocatom independently selected from N, O
or S directly attached to the juncture of the B-ring and
the C-ring. (See U.S. Provisional Patent Application
number 60/132,130.)

Each of the glucocorticoid receptor antagonists
referenced above and other glucocorticoid receptor
antagonists can be used in combination with the compounds
of the present invention to treat or prevent diabetes,
hyperglycemia, hypercholesterolemia, hypertension,
hyperinsulinemia, hyperlipidemia, atherosclerosis, or
tissue ischemia.

The compositions of the present invention can
also be used in combination with sorbitol dehydrogenase
inhibitors. Sorbitol dehydrogenase inhibitors lower
fructose levels and have been used to treat or prevent
diabetic complications such as neuropathy, retinopathy,
nephropathy, cardiomyopathy, microangiopathy, and
macroangiopathy. U.S. patent numbers 5,728,704 and
5,866,578 disclose compounds and a method for treating or
preventing diabetic complications by inhibiting the
enzyme sorbitol dehydrogenase.

Bg
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Each of the sorbitol dehydrogenase inhibitors
referenced above and other sorbitol dehydrogenase
inhibitors can be used in combination with the compounds
of the present invention to treat diabetes, insulin
resistance, diabetic neurcopathy, diabetic nephropathy,
diabetic retinopathy, cataracts, hyperglycemia,
hypercholesterolemia, hypertension, hyperinsulinemia,
hyperiipidemia, atherosclerosis, or tissue ischemia.

The compositions of the present invention can
also be used in combination with sodium-hydrogen
exchanger Type 1 (NHE-1) inhibitors. NHE-1 inhibitors can
be used to reduce tissue damagehEESulting from ischemia.
Of great concern is tissue damage that occurs as a result
of ischemia in cardiac, brain, liver, kidney, lung, gut,
skeletal muscle, spleen, pancreas, nerve, spinal coxd,
retina tissue, the vasculature, or intestinal tissue.
NHE-1 inhibitors can also be administered to prevent
perioperative myocardial ischemic injury.

Examples of NHE-1 inhibitors include a compound
having the Formula Ic

Z\,rNYNHZ
0 NH,

Formula e

a prodrug thereof or a pharmaceutically acceptable salt
of said compound or of said prodrug, wherein the
substituents of Formula Ic are as follows:

Z is carbon connected and is a five-membered,
diaza, diunsaturated ring having two cont.iguous
nitrogens, said ring optionally méno-, di-, or
tri-substituted with up to three substituents
independently selected from R!, R? and R’;
or
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Z is carbon connected and is a five-membered,
triaza, diunsaturated ring, said ring optionally mono- or
di-substituted with up to two substituents independently
selected from R' and RS5;

wherein R', R?, R*, R' and R* are each
independently hydrogen, hydroxy(C,-C,)alkyl, (C,-C,)alkyl,
(C;-C,) alkylthio, (C3-C,)cycloalkyl, (C;~C;)cycloalkyl (C,-
c,)alkyl, (C,~C,)alkoxy, (C,-C,)alkoxy(C,-C,)alkyl, mono-N- -
or di-N,N-(C;-C,)alkylcarbamoyl, M or M(C;-C,)alkyl, any of
said previous (C,-C,)alkyl moieties optiomnally having from
one to nine fluorines; said (C,-C,)alkyl or (C,-

C,) cycloalkyl optionally mono-or di-substituted
independently with hydroxy, (C,-C.)alkoxy, (C,-

C,) alkylthio, (C,-C,)alkylsulfinyl, (C,-C,)alkylsulfonyl,
{C,-C,)alkyl, mono~-N- or di-N,N-(C;-C,;)alkylcarbamoyl or
mono-N- or di-N,N-(C,~-C,)alkylaminosulfonyl; and said (C,-
C,) cycloalkyl optionally having from one to seven
fluorines; )

wherein M is a partially saturated, fully
saturated or fully unsaturated five to eight membered
ring optionally having one to three hetercatoms selected
independently from oxygen, sulfur and nitrogen, or, a
bicyclic ring consisting of two fused partially
saturated, fully saturated or fully unsaturated three to
six membered rings, taken independently, optionally
having one to four heteroatoms selected independently
from nitrogen, sulfur and oxygen; -

said M is optionally substituted, on one ring
if the wmoiety is monocyclic, or one or both rings if the
moiety is bicyclic, on carbon or nitrogen with up to
three substituents independently selected from R®, R’ and
R®, wherein one of R®, R’ and R®is optionally s partially
saturated, fully saturated, or fully unsaturated three to
seven membered ring optionally having one to three
heteroatoms sel;acted independently from oxygen, sulfur
and nitrogen optionally substituted with (C;-C,)alkyl and
additionally RY, R’ and R® are optionally hydroxy, mitro,
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halo, (¢;-C,)alkoxy, (C;-C,;)alkoxycarbonyl, (C,-C,)alkyl,
formyl, (C,-C,)alkanoyl, (C,-C,)alkanoyloxy, (C,;-
C,)alkanoylamino, (C,;-C,)alkoxycarbonylamino, sulfonamido,
(C,-C,) alkylsulfonamido, amino, mono-N- or di-N,N- {(C;-
C,)alkylamino, carbamoyl, mono-N- or di-N,N-(C,;-

C,) alkylcarbamoyl, cyano, thiol, (C,;-C,)alkylthio, (C;-
C,)alkylsulfinyl, (C,-C,)alkylsulfonyl, mono-N- or di-N,6N-
(C,-C,) alkylaminosulfonyl, (C,-C,)alkenyl, (C,-C,)alkynyl or
(Cs-Cy) cycloalkenyl,

wherein said (GC,-C,) alkoxy, (C;-C,)alkyl, (C;-
C;)alkanoyl, (C,-C,)alkylthio, mono-N- or di-N,N-(C,-
¢,)alkylamino or (C,-C,)cycloalkyl R®, R’ and R®
substituents are optionally mono- substituted
independently with hydroxy, (C,-C.)alkoxycarbonyl, (C;-
C,) cycloalkyl, (C,~-C,)alkanoyl, (C,-C,)alkanoylamino, (C,-
C,) alkanoyloxy, (C,-C,)alkoxycarbonylamino, sulfonamido,
(C,~C,) alkylsulfonamido, amino, mono-N- or di-N,N-(C,-

C,) alkylamino, carbamoyl, mono-N- or di-N,N-(é,—

C,) alkylcarbamoyl, cyano, thiol, nitro, (C,-C,)alkylthio,
(C,~C)alkylsulfinyl, (C,-C,)alkylsulfonyl or mono-N- or
di-N,N- (C;-C;)alkylaminosulfonyl or optionally substituted
with one to nine fluorines. (See PCT patent applciation
number PCT/IB99/00206)

Each of the NHE-1 inhibitors referenced above
and other NHE-linhibitors can be used in combination with
the compositions of the present invention to treat or
prevent diabetes, insulin resistance, diabetic
neuropathy, diabetic nephropathy, diabetic retinopathy,
cataracts, hypexglycemia, hypercholesterolemia,
hypertension, hyperinsulinemia, hyperlipidemia,
atherosclerosis, oxr tissue ischemia.

Other features and embodiments of the invention
will become apparent from the following examples which
are given for illustration of the invention rather than
for limiting its intended scope.

a

[ ]



OOSTED" 2hE '.'E:.s:‘mﬁ.}

10

15

20

25

30

a5

78

EXAMPLES
Example 1

This example discloses preparation of an
amorphous solid dispersion of the GPI 5-chloro-1H-indole-
2-carboxylic acid [(1S) -benzyl- (2R) -hydroxy-3-((3R, 4S)-
dihydroxy-pyrrolidin-1-yl)-3-oxy-propyl] -amide (“Drug 1°),
which has a solubility in water of 60 to 80 ug/wL and a
solubility in MFD solution of 183 ug/mL. A dispersion'of
25 wt% Drug 1 and 75 wt% polymer was made by mixing Drug
1 in the solvent acetone together with a “medium fine’
(AQUOT-MF) grade of the cellulosic ester polymer HPMCAS
(manufactured by Shin Etsu) to form a solution. The
solution comprised 1.25 wt% Drug 1, 3.75 wt% HPMCAS, and
95 wt% acetone. This solution was then spray-dried by
directing an atomizing spray using a two-fluid external-
mix spray nozzle at 2.6 bar (37 psig) at a feed rate of
175 to 180 g/min into the stainless-steel chamber of a
Niro XP spray-dryer, maintained at a temperature of 180°C
at the inlet and 69°C at the outlet. )

The resulting amorphous solid spray-dried
dispersion (SDD) was collected via a cyclone and then
dried in a Gruenberg solvent tray-dryer by spreading the
spray-dried particles onto polyethylene-lined trays to a
depth of not more than 1 cm and then drying them at 40°C
for at least 8 hours.

Examples 2-7

Examples 2 ‘through 7 were prepared using the
same process as in Example 1, with the exception that
different dispersion polymers and different amounts of
drug and polymer were used. The variables are noted in
Table 1. The SDD of Example 2 was prepared using the
Niro PSD-1 spray-dryer. The SDDs of Examples 3-7 were
prepared using a ‘mini” spray dryer, which consisted of an
atomizer in the top cap of a vertically oriented
stainless steel pipe. The atomizer was a two-fluid
nozzle (Spraying Systems Co. 1650 fluid cap and 64 air

qz
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cap) where the atomizing gas was nitrogen delivered to
the nozzle at 100°C and a flux of 15 gm/min, and the
spray-dried solution was delivered to the nozzle at room
temperature and a flow rate of 1 gm/min using a syringe
pump. Filter paper with a supporting screen was clamped
to the bottom end of the pipe to collect the solid spray-
dried material and to allow the nitrogen and evaporated

solvent to escape.
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Table 1
Tug Conc.
in the .
Ex Dxug Polymer Dispex- Solv Spray
Mo. i Drug | Maps _§ Polymer+ | Mags | gion (wed) | Solv | __Mass | Drver
1 1 9919 HPMCAS-MF 30039 25 acetone | 101,6709 | Nire
Xp
2 1 30g HPMCAS -MF 309 50 acetone 2,340g Niro
PSD-1
3 1 25ng HBEMC 75mg 25 acetone 10g Mini—l
— | f
4 1 2Smg PVP 75ng 25 acetone 10g Min{]l
5 1 25mqg CAP 75mey 25 acetone 109 Mini "
6 | 1 25mg CAT 75mg 25 acetone ing Mini “
| 7 i 25mg HPMCP 75mg 25 acetone 10g Mini "

* polymer designations: HPMCAS = hydroxypropyl methyl

cellulose acetate succinate, HPMC = hydroxypropyl methyl
cellulose, PVP = polyvinylpyrrolidone, CAP =
acetate phthalate, CAT = cellulose acetate trimellitate,
HPMCP = hydroxypropyl methyl cellulose phthalate.

Examples 8-9
Example 8 was prepared by rotoevaporating a

polymer:drug solution to drymess.

cellulose

The solution consisted

of 7.5 wt% Drug 1, 7.5 wt% HPMCAS-MF, 80.75 wt% acetone,
and 4.25 wt% water. The solution was added to a round
bottom flask. The flask was rotated at approximately
150 rpm in a 40°C water bath under a reduced pressure of
about 0.1 atm. The resulting solid dispersion was
removed from the flask as fine granules and used without

further processing.

Example 9 was prepared by spraying a coating
solution comprising 2.5 wt% Drug 1, 7.5 wt% HPMCAS-MF,
and 90 wt% solvent (5 wt% water in acetone) onto Nu-Core
beads (45/60 mesh) to produce a coating of an amorphous
solid dispersion of the drug and polymer on the surface
of the beads. An analysis showed that the coated beads

contained 3.9 wt% Drug 1.

The drug, polymer and solvents for Examples 8

and 9 are shown in Table 2.

U
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Table 2
Qe
in the
Ex. Drug Polymer Dispersion
o, | brug | mass 1 __ polvmer 1 Mass 1. (weh) 1 Solv
8 1 1.8759 HPMCAS-WF 1.8759 . S© 5 weh
{rotoevaporated) water in
acetone
[] 1 203 HPMCAS-MF 60g 25 S wtd
(coated beads) water in
_acetone |

CONTROLS 1-2
Comparative compositions Control 1 and Control
2 were simply 3.6 mg of crystalline Drug 1 and 3.6 mg of
the amorphous form of Drug 1 respectively.

Example 10
In vitro dissolution tests were performed to

evaluate the performance of the amorphous dispersions of
Examples 1-9 relative to the performance of Controls 1
and 2. The dissolution performance of the SDD of
Example 1 was evaluated in an in vitro dissolution test

using a microcentrifuge method. In this test, 14.4 ng of
the SDD of Example 1 was added to a microcentrifuge tube.
The tube was placed in a 37°C sonicating bath, and 1.8 mkL
phosphate buffered saline (PBS) at pH 6.5 and 290 mOsm/ kg
was added. The samples were quickly mixed using a vortex
mixer for about 60 seconds. The samples were centrifuged
at 13,000 G at 37°C for 1 minute. The resulting
supernatant solution was then sampled and diluted 1:6 (by
volume) with methanol and then analyzed by high-
performance liquid chromatography (HPLC). The contents
of the tubes were mixed on the vortex mixer and allowed
to stand undisturbed at 37°C until the next sample was
taken. Samples were collected at 4, 10, 20, 49, 20, and
1200 minutes.

The performance of Example Nos. 2-8 was
likewise evaluated in ipn vitro dissolution tests using

the same microcentrifuge method described above. The
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dosage for each of these tests was 2000 ug/ml. The
results of the dissolution tests are shown in Table 3.

The performance of the amorphous dispersions. of
Example 9 were tested using the same microcentrifuge
method, except that 2.5 grams of the coated beads were
added to 50 mlL of PBS solution (resulting in a dosage of
2000 pg/mis).

For Controls 1 and 2, in vitro dissolution

tests were also performed using the same microcentrifuge
method except that 3.6 mg of either ¢xrystalline or
amorphous Drug 1 was used.
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1,100
4,400
9,980
21,100
49,000

0 0 0

3 526 1,100

10 6317 4,500

20 649 11,000

40 651 24,000

90 688 $7,400
1200 409

) 0 0

3 2066 4,100

10 2038 16,400

20 2078 37,000

40 1968 77,400

20 1845 173,600
1200 11

0 [ [)

3 2040 4,100

10 1777 15,500

20 1704 32,900

40 1483 64,800

90 427 112,600
1200 257

0 ° °

3 1036 2,100

10 1277 9,000

20 1246 21,600

40 1217 46,300

90 503 89,300
1200 350
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Concentration (min*ug/nL)
1,300
3,500
9,100
26,200
9 0 (1] o
4 412 820
10 491 3,500
20 523 8,600
40 561 19,400
90 617 48,9500
180 752 110,500
1200 967
5 Control 1 0 0 0
4 130 260
10 149 1,100
20 139 2,500
40 149 5,400
30 147 12,800
1200 125
Contxol 2 0 [ 0
. 4 586 1,200
10 473 4,400
20 220 7,800
40 182 11,700
80 167 20,600
180 158 38,200
1200
-

The results of the in vitro dissolution tests

10 are summarized in Table 4, which shows the maxiwum
concentration of Drug 1 in solution during the first 0
minutes of the teat (C,, «), the area under the aqueous
concentration versus time curve after 90 minutes (AUC,,) ,
and the concentration at 1200 minutes (Cj.q0) .
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Table 4
AUG,,
Dosage) Caax, 90 (min*ug/ Cizo0 -

_Exanple [ ml) | |

1 2000 844 67,000 1290

2 2000 693 57,000 548

3 2000 565 49,000 397

4 2000 688 57,400 409

S 2000 2075 172,600 255

6 2000 2040 112,600 257

7 2000 1277 89,300 350

8 2000 378 26,200 591

9 2000 617 48,900 967
Control 1 2000 149 12,800 | 125
Contyol 2 1 _ 2000 _ 1 586 _Zﬂﬁﬁﬂﬂm___zgg

The results, summarized in Table 4, show that
the performance of the SDDs of Examples 1-9 was much
better than that of the crystalline drug alone
(Control 1), with G, values ranging from 2.5- to
13.9-fold that of the crystalline drug, Control 1, and
AUCy, values ranging from 2- to 13.4-fold that of the
crystalline drug, Control 1, With respect to the
amorphous drug alone, the dispersions of Examples 1-9
demonstrated an AUC,, that was 1.27- to 8.4-fold that of
the amorphous drug alone, Control 2.

Example 11
This example shows improved in vivo performance

of an amorphous dispersion of Drug 1 and concentration-
enhancing polymer cowmpared with the crystalline form of
Drug 1. For Example 11, an SDD was prepared following
the procedure described in Example 1. The SDD was then
formulated as an oral powder for constitution (OPC) by
suspending 1.2 gm of the SDD in 100 ml of a 0.5 wt%
solution of Polysorbate 80 in sterile water. This OPC,
which contained 300 mg of active Drug 1, was taken orally
by healthy human subjects (n=4). The dosing bottle was
rinsed twice with 100 ml of sterile water and
administered orally to the subjects. As a control
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(Control 3), an OPC was formed using an equivalent
quantity of the crystalline form of Drug 1. The results
of these in vivo tests are shown in Table 5, giving the

maximum concentration of drug achieved in the blood
plasma, the time to reach this maximum concentration, and
the blood plasma drug AUC from 0 to 24 hours.

Table 5
ose Caax “TiMe CO Gpax | _ AUCo-24
_Ex. No. | (wg) | (yg/mi) hr) -
11 300 8.4+1.1 2.510.6 46+7.6
Control 31 300 {1.3:0.31 2.3+1,3 1 7.433.3

As shown in Table 5, the OPC of Example 11
showed improved performance compared with the OPC of
Control 3, thus demonstrating the advantage of using an
amorphous dispersion of a GPI and concentration-enhancing
polymer. Not only was the blood plasma G, for. Example
11 6.5-fold the blood plasma C., for Control 3, but the
blood plasma AUC,.,, for Example 11 was 6.21-fold that of
Control 3. ‘

Examples 12-17
. These examples demonstrate the utility of the
GPI amorphous dispersions of the present invention with
another GPI, 5-chloro-1H-indole-2-carboxylic acid [1§8-
benzyl-2- (3-hydroxy-azetidin-1-yl) -2-oxo-ethyl] amide
(“Drug 2"), which has a solubility in water of 14.6 ug/mwL.
For Example 12, a solution containing 0.5 wt% Drug 2 and
0.5 wt% HPMCAS-LF in acetone was prepared. This solution
was pumped into a “mini” spray-dryer apparatus via a
syringe pump at a rate of 1.3 mL/min. The polymer
solution was atomized through a spray nozzle using a
heated stream of nitrogen (100°C). The resulting solid
SDD containing 50 wt% Drug 2-was collected on filter
paper at a yield of about 80%.
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method used to prepare Example 12, but with different

87

polymers and in some cases different solvents. The
variations are noted in Table 6.
Table 6
- in the
Ex. Drug Polymer Disper- Solv Spray
%% S M
12 2 25mg HEMCAS- 25uq %0 acetone sg mind
LF I
13 2 15mg | BPMCAS~ 45mg - netbanol 109 minil "
LF
T4 z i5mg | HPMCP-55 asmg | 25 methanol 109 mini
35 | 2 | 15%g TP 45ng 25 10 wtt wvater iig aini
in mathanol
16 2 1S0ng Car | 150mg ““50 | 50 wte water | 33.4 g | miai
in acetone
17 2 1500y AT 150mg ) SO wth water | 33.4 g | mini "
in acecone |

* Polymer designations:

HPMCAS = hydroxypropyl methyl

cellulose acetate succinate, PVP = polyvinylpyrrolidone,
CAP = cellulose acetate phthalate, CAT = cellulose
acetate trimellitate, HPMCP = hydroxypropyl methyl

cellulose phthalate.

CONTROLS 4-5

Comparative compositions Control 4 and
Control 5 were simply 1.8 mg of crystalline Drug 2 and
1.8 mg of amorphous Drug 2, respectively.

Example 18

In vitro dissolution tests were performed to

evaluate the performance of the amorphous dispersions of
Examples 12-17 relative to the performance of Controls 4

and 5. The SDD of Example 12 was evaluated in an in

vitro dissolution test using a microcentrifuge method.

In this test, 3600 pug of the SDD of Example 12 was added

to a microcentrifuge tube.

sonicating bath, and 1.8 mL of model fasted duodenal

solution (MFDS), comprising phosphate buffered saline

The tube was placed in a 37°C

fol

L]

a8
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with 14.7 mM sodium taurocholic acid and 2.8 mM of 1-
palmitoyl-2-oleyl-sn-glycero-3-phosphocholine, pH 6.5,
This resulted in a dose of
The samples were quickly mixed

290 mOsm/kg, was added.
Drug 2 of 1000 ug/ml.

using a vortex mixer for about 60 seconds.
were centrifuged at 13,000 G at 37°C for 1 minute.

The samples

The

resulting supernatant solution was then sampled and

diluted 1:6 (by volume) with methanol and then analyzed

by high-performance liquid chromatography (HPLC).

contents of the tubes were mixed on the vortex mixer and
allowed to stand undisturbed at 37°C until the next

sample was taken.

tests were performed using the procedures described above

The

Samples were collected at 4, 10, 20,
40, 90, and 1200 minutes.
For Controls 4 and 5, in vitro dissolution

except that 1.8 mg of crystalline and amorphous Drug 2

was used, respectively.
Results of the dissolution tests are presented

in Table 7.

Table 7

T Drug
Concentration

6,900
20 895 15,700
40 908 33,700
90 923 79,500
1200 933
13 0 0 0
4 958 1,900
20 293 7,800
20 997 17,700
40 975 37,400
90 992 86,600
1200 261
14 0 0 0
4 860 1,700
10 822 6,800
20 804 14, 900
40 80S 31,000
90 778 70,600
1200 732 )

02
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3,800

20 S0S 8,800
40 507 15,000
44,000

4 696 1,400
10 708 5,600
20 708 12,700
40 695 26,700

61,600

0

4 768 1,500
10 766 6,100
20 746 13,700
40 730 28,500
90 744 65,300
1200 722
Control 4 [ o [
4 45 90
10 44
20 s3
40 72
20 a2
1200 102
Control S ()] 0
4 151
10 203
20 223
40 238
950 268
ﬁ:igoo 370

The results of thase tests are summarized in
Table 8, which shows the maximm concentration of Dxug 2
in solution during the first 90 minutes of the test
(Cuax,90) » the aqueous area under the curve after 90 minutes
(AUCy) . and the concentration at 1200 minutes (Cja) -
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Table 8
~ Dosage Crax, 90 AUC,, 1200
L Example I (ua/ml) ! (yg/ml) | (min*yg/mf) |
12 -] 1000 923 79,500 933
13 1000 997 86,600 961
14 1000 860 _ 70,600 732
15 1000 507 44,000 545
16 1000 708 61,600 735
17 1000 768 65,300 722
Control 4 1000 82 5,900 102 .
Control 5 1000 268 20,800 1 370 |

-

In general, the dispersions of Examples 12-17
showed much better performance than the crystalline drug N
alone, with Gy, s Vvalues ranging from 6.2- to 12.1-fold
that of the crystalline drug, Control 4, and AUC, values
ranging from 7.5- to 14.7-fold that of the crystalline
drug, Control 4. With respect to the amorphous drug
alone, all of the dispersions of Examples 12-17 -
demonstrated a C,,, and an AUC,, greater than that of the
amorphous drug alone, with Cg, g values ranging from 1.9-
to 3.7-fold that of the amorphous drug, Control 5, and
AUCy, values ranging from 2.1- to 4.2-fold that of the
amorphous drug, Control 5.

Example 19

This example demonstrates that the compositions
of this invention, when orally dosed to beagle dogs, give
a high systemic compound exposure (C,,, and AUC). An =
amorphous solid dispersion of 50 wt% Drug 2 and 50 wt%
polymer was made by mixing Drug 2 in the solvent acetone
together with HPMCAS-LF to form a solution. The solution
comprised 2.5 wt% Drug 2, 2.5 wt% HPMCAS-LF, and 95 wt%
acetone. This solution was then spray-dried by directing
an atomizing spray using a two-fluid external-mix spray
nozzle at 2.2 bar at a feed rate of 200 g/min into the
stainless-steel chamber of a Niro PSD-1 spray-dryer,
maintained at a temperature of 180°C at the inlet and 68°C
at the outlet.
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The resulting amorphous solid SDD was collected
via a cyclone and then dried in a Gruenberg solvent tray-
dryer by spreading the spray-dried particles onto
polyethylene-lined trays to a depth of not more than 1 cm
and then drying them at 40°C for at least 8 hours.

The SDD was dosed as an oral powder for
constitution (OPC) by suspending 200 mg of the SDD in
approximately 20 ml of a 2 wt% solution of Polysorbate 80
in sterile water. This OPC, containing 100 mg of active
Drug 2 was administered orally to beagle dogs using an
oral gavage tube. As a control (Control 6), a similar
OPC was formed using the crystalline form ofthe drug.
Relative bioavailability was calculated by dividing the
AUC in the blood of subjects receiving the test dose by
the AUC in the blood of subjects receiving the control
dose (Control 6).

Dogs that had fasted overnight were dosed with
suspensions containing 100 mg of Drug 2, along with 20 mL
of water. Blood was collected from the jugular vein of
the dogs before dosing and at various time points after
dosing. To 100 pL of each plaswma sample, 5 mL of methyl-
tert-butyl ether (MTBE) and 1 ml of 500 mM sodium
carbonate buffer (pH 9) were added; the sample was
vortexed for 1 minute and then centrifuged for 5§ minutes.
The aqueous portion of the sample was frozen in a
dry-ice/acetone bath, and the MTBE layer was decanted and
evaporated in a vortex evaporator. Dried samples were
reconstituted in 100 plL of mobile phase (33% acetonitrile
and 67% of 0.1% formic acid in water). Analysis was
carried out by HPLC. The results of these tests are
shown in Table 9, where C,, is the maximum concentration
in the blood plasma, AUC,.,, is the area under the drug
concentration in the blood curve in the first 24 hours,
and Relative Bioavailability is the AUC in the blood of
subjects receiving the test dose divided by the AUC of
subjects receiving the Control 6.
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Table 9
ample Crax, AUCq5 K v
el o/ 1120
(Control 6 | 1.6 + 0.7 1 6.0 + 4.0V 1 |

The results show the superior performance of
the amorphous GPI and polymer dispersion of Example 19
relative to the crystalline GPI, Control 6, providing a
C..x value that was 6.1~fold that of the control and a
relative bicavailability of 6.2 relative to the control.

Examples 20-25

Examples 20-25 demonstrate the utility of the
GPI amorphous dispersions of the present invention with
another GPI, 5-chloro-1H-indole-2-carboxylic acid [(1iS)-
( (R) -hydroxy-methoxy-methylcarbamoylmethyl) -2-phenyl -
ethyl] -amide (“Drug 3"), which has a solubility in water
of 1 pg/mL and a solubility in MFD solution of 17 ug/mlL.
To prepare Example 20, a solution containing 0.5 wt% of
Drug 3 and 0.5 wt% HPMCAS-MF in acetone was prepared.
This solution was pumped into a “mini” spray-dryer
apparatus via a syringe pump at a rate of 1.3 mL/min.
The polymer solution was atomized through a spray nozzle
using a heated stream of nitrogen (100°C). The resulting
solid SDD containing 50 wt% Drug 3 was collected on a
filter paper at a yield of about 62%.

Examples 21-25 were prepared using the same
method used to prepare Example 20, but with different
polymers and in some cases different solvents. The
variations are note in Table 10.

/0b
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Table 10
Onc.
in the
Ex. Drug Polymer Disper- Solv Spray
| 8o. tprug | wWass ]| Polvmers ! _Mass | esion (wt¥) | Solv I Mass 1 Drver)
20 3 52 mg BPMCAS-MF $2 mg 50.0 acetone iz g mini
21 3 £0.5 ug PUP §0.4 og 50.0 acetone 129 mini
wmethanol 0.24 9
22 3 45.7 wmg HPMCP 49.9 ng 49.9 acetone 12 9 mini
23 3 50.1 mg “CAP 50.3 wg 49.9 acetone iz g mini
74 3_ | 50.9 mg HFC 51.8 w9 45.6 acetane | 129 | mini
|3 | Sowg 1  Evee | S0wg 1 .S50.0 1 2cetone 129 1 mini -

* Polymer designations: HPMCAS = hydroxypropyl methyl
cellulose acetate succinate, HPMC = hydroxypropyl methyl
cellulose, PVP = polyvinylpyrrolidone, CAP = cellulose
acetate phthalate, HPC = hydroxypropyl cellulose, PVAP =
polyvinyl acetate phthalate, HPMCP = hydroxypropyl methyl
cellulose phthalate.

Control 8
Comparative composition Control 8 consisted of
5 mg of the crystalline form of Drug 3 alone.

Example 26
In vitro dissolution tests were performed to
evaluate the performance of the amorphous dispersions of
Examples 20-25 relative to the performance of Control 8.
The SDD of Example 20 was evaluated in an in vitro

dissolution test using a syringe/filter method. In this
test, 10 mg of the SDD of Example 20 was added to 10 mL
of MFD solution, comprising phosphate buffered saline
with 14.7 wM sodium taurocholic acid and 2.8 mM of 1-
palmitoyl-2-oleyl-sn-glycero-3-phosphocholine, pH 6.5,
290 mOsm/kg. The drug solution was added to a 10 mbkL
polypropylene syringe fitted with a Titan PVDF 0.45 pm
filter. The syringe was attached to a vertical rotating
wheel in a 37°C constant temperature chamber. At each
sampling time, 13 drops were expelled from the syringe
through the filter. The filtrate was then diluted 1:1 (by
volume) with methanol and analyzed by high-performance -
liquid chromatography (HPLC). Between sampling times,
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the test solution was mixed as the syringe was rotated on

the wheel at 37°C. Samples were collected at 0.5, S5, 30,

60, 180, and 1200 minutes. .
In vitro dissolution tests for Examples 21-25

were performed using the same procedure described above

for Exawmple 20.
For Control 8, an in vitro dissolution test was

performed using the procedure described above except that
5 mg of crystalline Drug 3 was used.

The concentrations of drug obtained in these
samples are shown in Table 11 below.

\\
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Table 11
T Drug
Time Concentration
dming)
20 0 0
0.5 25
5 62
30 112
60 115
180 120 .
1200 14
21 0 0
0.5 8
- 5 33
30 121
™~ 60 128
180 114 20,300
1200 13
22 i) 0 0
0.5 12 3
5 48 138
30 112 2,100
60 128 5,700
180 106 19,800 .
1200 13
23 [4] [+) [+]
0.5 14 4
S 46 139
30 106 2,000
60 121 5.400
180 127 20,300
1200 13
24 0 0 [}
0.5 24 6
5 62 200
30 94 2,200
60 95 5,000
180 91 16,100 .
1200 11
25 0 (1] 0
0.5 & 2
s 34 92
30 89 1,600
60 04 4,500
180 17 11,800
1200 9
Control 8 0 0 0
0.5 3 1
5 8 26
30 10 251
60 10 551
180 9 1,700 .
1200 g

e A
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The results of these test are summarized in
Table 12, which shows the maximum concentration of Drug 3
in solution after 180 minutes (Cunmgo, ), the aqueous area
under the curve after 180 minutes (AUC,g), and the
concentration at 1200 minutes (C,sgq) .

Table 12
KUcwo cxzoo |
Dosage Craxis0 (min*ug/ | (ug/mL)
_Example ! (uo/ml) ! (ug/mb) 1 _wL)
20 500 120 19,900 14
21 500 133 20,300 13
22 500 127 19,800 13
23 500 127 20,300 13
24 500 97 16,100 11
25 — 500 104 11,800 9

The results show that the performance of the
SDD of Examples 20-25 was wmuch better than that of the
crystalline drug. alone, with Cpme Values 9.7~ to 13.3-
fold that of Control 8, and AUC, values 6.9- to
11.9-fold that of Control 8.

Examples 27-29

These examples disclose simple physical
mixtures of a GPI and a concentration-enhancing polymer.
Mixtures of Drug 1 and HPMCAS-MF were formed by dry
mixing amorphous Drug 1 with HPMCAS-MF. For Example 27,
the composition comprised 3.6 mg (75 wt%) Drug 1 and
1.2 mg (25 wt%) HPMCAS-MF; for Example 28, the
composition comprised 3.6 mg (50 wt%) Drug 1 and 3.6 wg
(50 wt%) HPMCAS-MF; for Example 29, the composition
comprised 3.6 mg (25 wt%) Drug 1 and 10.8 mg (75 wt%)
HPMCAS-MF. '

These compositions were evaluated in in vitro

dissolution tests using the procedures outlined in

Exampie 10. ‘The quantities of drug and polymer noted
above were each added to a microcentrifuge tube, to which
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was added 1.8 ml of PBS solution.
immediately after adding the PBS solution.

97

The tube was vortexed
The results

of these dissolution tests are given in Table 13, and

summarized in Table 14.

Table 13
Drug 1
Concentration
27 0 0
4 714 1,400
75 wt% 10 737 5,800
Drug 1/ 20 696 12,900
25 wt% HPMCAS-MF 40 690 26,800
20 729 62,300 |
180 684 125,800
1200 440
28 0 0 0
4 377 755
50 wt¥ 10 370 3,000
Drug 1/ 20 836 9,000
50 wt% HPMCAS-MF 40 846 25,800
20 898 69,500
180 918 151,200
1200 627
29 0 1] (1}
l 4 2999 2,000
25 wtk 10 1030 8,100
Drug 1/ 20 1065 18,600
75 wt% HEMCAS-MF 40 1133 40,600
20 1185 98,500
180 1304 210,500
1200 1379
Table 14
Dosage Laax, 90 ) K*U(Jso L1200
27 2000 729 62,300 440
28 2000 898 69,500 627
29 2000 1185 98,500 1379
L Contyol 2 1\ 2000 286 =20.600 —203

These simple physical mixtures of amorphous

Drug 1 and HPMCAS-MF showed much better performance than

the amorphbus drug alone (Control 2, shown in Table 14
for comparison), with Cy, ¢ Values that were 1.,24- to

Nl
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2.0-fold that of Control 2, and AUC,, values that were
3.0- to 4.8-fold that of Control 2.

Example 30
This example demonstrates another simple

physical mixture of amorphous GPI and polymer. A coating
solution comprising 7.5 wt% HPMCAS~-MF dissolved in

92.5 wt% solvent (5 wt% water in acetone) was prepared
and spray-coated onto Nu-Core Beads (45/60 mesh),
producing a thin coating of the polymer on the suxface of
the beads resulting in beads containing 12.2 wt%
ngMCAS—MF. Samples of these beads (2.4 gm) were then
mixed with 100 mg of amorphous Drug 1 (resulting in a
drug:polymer ratio of 1:3 oxr 25 wt% Drug 1) and evaluated
in an in vitro dissolution test using the procedures

outlined in Example 10. The results of the dissolution
test are presented in Table 15.

Table 15

Drug
Concentration

AT 1}

278,300

The physical mixture of HPMCAS-MF coated beads
with amorphous Drug 1 showed improved performance over
crystalline Drug 1 alone, with a Cu,, Value that is
11-fold that of crystalline Drug 1 (Control 1) and an
AUC,, value that is 9.9-fold that of Control 1.

Example 31
A composition was formed by blending 50 wt% of
the SDD of Example 2 (containing 50 wt% Drug 1 and 50 wt%

/lZ
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HPMCAS-MF) with 50 wt% HPMCAS-MF. This composition was
evaluated in a dissolution test as described in

Example 10. The results of this test are presented in
Table 16, and show that the blend of the SDD with polyuwer
performs well, with a Cpy,g value that is 6.6-fold that of
the crystalline drug alone (Control 1) and an AUC, value
that is 6.2-fold that of Control 1.

Table 16
I Drug 1

Time ' Concentration AuC

10 840 6,400

20 874 14,900

40 884 32,500

90 979 79,100
1200 1133

Examples 32-35

An amorphous solid dispersion of 50 wt% Drug 1
and 50 wt% polymer was made by mixing Drug 1 in a solvent
together with HPMCAS-MF to form a solution. The solution
comprised 7.5 wt% Drug 1, 7.5 wt% HPMCAS, 80.75 wt$%
acetone and 4.25 wt% water. This solution was then
spray-dried by directing an atomizing spray using a two-
fluid external-mix spray nozzle at 2.7 bar (37 psig) at a

- feed rate of 175 g/min into the stainless-steel chamber

of a Niro spray-dryer, maintained at a temperature of
175°C at the inlet and 70°C at the outlet.

The resulting amorﬁhbus solid spray-dried
dispersion (SDD) was collected via a cyclone and then
dried in a Gruenberg solvent tray-dryer by spreading the
spray-dried particles onto polyethylene~linéd trays to a
depth of not more than 1 cm and then drying them at 40°C
for 16 hours. )

The SDD above was incorporated into tablets
containing 25, 50, 100, and 200 wg. Tablets with a dose ° .
of 25 mg (Example 32) consisted of 7.14 wt% SDD, 40.0 wt%
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HPMCAS-MF, 49.11 wt$ microcrystalline cellulose (Avicel®
PH 102), 3.0 wt% croscarmellose sodium (Ac-Di-Sol®), and
0.75 wt% magnesium stearate. Tablets with a dose of

50 mg (Example 33) consisted of 14.29 wt% SDD, 40.0 wt%
HPMCAS-MF, 41.96 wt% Avicel® PH 102, 3.0 wt% Ac-Di-So0l9,
and 0.75 wt% magnesium stearate. Tablets with a dose of
100 mg (Example 34) consisted of 28.57 wt% SDD, 30.0 wt%
HPMCAS-MF, 37.68 wt% Avicel® PH 102, 3.0 wt% Ac-Di-Sol®,
and 0.75 wt% magnesium stearate. Tablets with a dose of
200 mg (Example 35) consisted of 57.14 wt% SDD, 39.11 wt%
Avicel® PH 102, 3.0 wt% Ac-Di-Sol®, and 0.75 wtk
magnesium stearate. In each case, the targeted tablet
weight was 700 mg.

To form the tablets, the SDD was first
granulated (roller compacted) on a Freund TF-mini roller
compactor using an auger speed of 30 rpm, a roller speed
of 4 rpm, and a roller pressure of 30 Kg./cm?. The
resulting compacted material was then reduced using a
mini-Comil at a power setting of 4, with sieve 039R. The
milled SDD was then blended in a V-blender with the
HEMCAS-MF, Avicel®, and Ac-Di-Sol® for 20 minutes using
the proportions noted above. Next, a portion of the
magnesium stearate (about 20 wt% of the total magnesium
stearate used) was added and the wmaterial was blended for
S minutes. ‘The blend was then granulated again using an
auger speed of 20 rpm, a roller speed of 4 rpm, and a
roller pressure of 30 Kg/cm?2. The resulting compacted
material was then reduced using a Comill with a power
setting of 3 and a sieve size of 032R. The remaining
magnesium stearate was then added, and the material was
blended for 5 minutes in a V-blender. This material was
then formed into tablets using 0.3437 x 0.6875-inch oval
tooling on a Kilian T-100 tablet press with
precompression of 1 to 2 kN and a compression force of
10 kN.

) To test in vitro drug dissolution, one of each

of the tablets was each placed in 200 mL of a gastric
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buffer solution (0.1 N HCl at pH 1.2) for 30 minutes at
37°C and stirred, after which 50 mL of a pH 13 buffer
solution was added to produce a final pH of 7.5 and a
final volume of 250 mL. The drug concentration was

determined over time by periodically withdrawing samples,

centrifuging the samples to remove any undissolved drug,
diluting the supermatant in methanol, analyzing the
samples by HPLC, and calculating drug concentrations.
The concentrations of drug obtained in in vitro

dissolution tests are shown in Table 17 below.

Table 17
S ~Drag 1
Time Concentration AUC
A vy

32 0 : 0 [1}
25 mg 5 6 . 16
15 i3 110
20 1S 178
35 . 25 478
4s. 30 755
60 36 1,300
75 43 1,800
90 50 2,500
120 58 4,200
180 65 7,900
: 1200 96 90,200
33 0 0 0
S0 mg s 9 24
: is 19 166
20 23 271
35 42 788

45 61

60 82

75 99

20 111

120 130

180 152

1200 202

/2
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ﬁ* ~Drug I
Concentration

1,800
45 150 3,100
60 186 . 5,700
75 199 8,500
90 213 11,600
120 236 18,300
180 260 33,200
_ 1200 381 360,300
35 0 (1] 0
200 mg S 26 64
" 18 64 514
20 81 B78
35 168 2,800
45 424 5,700
60 470 12,400
75 479 19,500
90 502 26,900
120 S18 42,200

180 522

L 1200 298

The data demonstrate that approximately all of
the drug had been released by 1200 minutes.

Example 36
An amorphous solid dispersion of 67 wt% Drug 3

and 33 wt$ polymer was made by mixing Drug 3 in the
solvent acetone together with HPMCAS-MF to form a
solution. The solution comprised 3.33 wt% Drug 3, 1.67
wt% HPMCAS-MF, and 95 wt% acetone. Thig solution was
then spray-dried by directing an atomizing spray using a
two-fluid exteinal-mix spray nozzle at 0.6 bar at a feed
rate of 75 g/min into the stainless-steel chamber of a
Niro PSD-1 spray-dryer, maintained at a temperature of
120°C at the inlet and 76°C at the outlet.

The resulting amorphous solid spray-dried
dispersion (SDD) was collected via a cyclone and then

dried in a Gruenberg solvent tray-dryer by spreading the

spray-dried particles onto polyethylene-lined trays to a
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depth of not more than 1 cm and then drying them at 40°C
for at least 8 hours.

Example 37
Capsules containing a total mass of $00 mg were
prepared using the SDD of Drug 3 from Example 36. Each
capsule contained 60 wt% of the SDD, 15 wt% Fast Flo
lactose, 15 wt% Avicel PH-102, 7 wt$ Explotab, 2 wt%
sodium lauryl sulfate, and 1 wt% magnesium stearate,
resulting in capsules containing 200 mg of Drug 3.

Example 38
Tablets with a total mass of 600 mg were
prepared containing 50 wt% SDD from Example 36, 32 wt%
Avicel PH-102, 11 wt% Fast Flo lactose, 5 wt$% Explotab,
1 wt% sodium lauryl sulfate, and 1 wt% magnesium
stearate, resulting in tablets containing 200 mg of
Drug 3.

Examples 39-40

Capsules with a total mass of 600 mg were
prepared, each capsule containing 50 wt¥ SDD from
Example 36, 32 wt$ Avicel PH-102, 11 wt% Fast Flo
lactose, 5 wt% Explotab, 1 wt% sodium lauryl sulfate, and
1 wt% magnesium stearate (Example 39), resulting in
capsules containing 200 mg of Drug 3. Example 40 was
prepared by coating the capsules of Example 38 with .
cellulose acetate phthalate.

Example 41 _
The dosage forms of Exawmples 37 to 40 were

- tested in in vivo tests. Beagle dogs that had fasted

overnight were dosed with capsules and tablets from
Examples 37 to 40, along with 50 mL of water. Blood was
collected from the jugular vein of the dogs befqre‘désing
and at various time points after dosing. To 100 uL of
each plasma sample, 5 mL of methyl-tert-but-:yl ether
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(MTBE) and 1 mL of 500 mM sodium carbonate buffer (pH 9)
were added; the sample was vortexed for 1 minute and then
centrifuged for 5 minutes. The aqueous portion of the
sample was frozen in a dry-ice/acetone bath, and the MIBE
layer was decanted and evaporated in a vortex evaporator.
Dried samples were reconstituted in 100 uL of mobile
phase (33% acetonitrile and 67% of 0.1% formic acid in
water). Analysis was carried out by HPLC.

As a control (Control 9), an OPC was formed
using the crystalline form of Drug 3 as follows. An
aqueous suspension of 200 mg of crystalline drug was
prepared in 2 wt% Polysorbate 80 in water. Oral ~~
administration of the aqueous drug suspensions was
facilitated using an oral gavage equipped with a
polyethylene tube insert. The polyethylene tube insert
was used to accurately deliver the desired volume of dose
by displacement, without the need for additional volume
of water to rinse the tube.

The results of these tests are shown in
Table 18, where C,, is the maximum concentration of Drug
3 in the blood plasma, AUC,.,;, is the area under the curve
in the first 24 hours, and Relative Bioavailability is
the AUC in the blood of the test dose divided by the AUC
in the blood of the reference dose (Control 9). The
results show that the relative bicavailabilities obtained
with the dosage forms of the present invention are 2.8 to
6.2 relativeto Control 9. Furthermore, the C,, of the
dosage forms of the present invention were 2.6-fold to
4.7~fo0ld that of Control 9.

Nng
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Table 18
—— = y v oy “RElativE—
oz | (wo/en) | (uachec/my) | picavailabiic
200 1.03 % 6.48 1 3.60 g
suspension 0.57
Capsule 700 3.81 £ | 31.75 ¢ 1B.61 .0
2.39
Tablet 200 2.84 £ | 26.09 § 21.43 .7
! 2.04
Capsule 200 4.86 3 | 40.55 2 20.74 6.2
2.30
"CAP coated 200 267 ¢ | 18.08 + 12.21 z.0 |
ggau;e . 2.45
e =
The terms and expressions which have been ~

employed in the foregoing specification are used therein
as terms of description and not of limitation, and there
is po intention, in the use of such texrms and
exprassions, of excluding equivalents of the features
shown and described or portions thereof, it being
recognized that the scope of the invention is defined and
limited only by the claims which follow.
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CLAIMS

1. A pharmaceutical composition comprising a
glycogen phosphorylase inhibitor and a concentration-
enhancing polymer wherein a portion of said glycogen
phosphorylage inhibitor binds to a portion or all
portions of the following residues of a glycogen
phosphorylase enzyme:

parent secondary
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Structure = = xesidue pumber
13-23
helix ol 24-37
turn 38-39, 43, 46-47
helix o2 48-66, 69-70, 73-74, 76-78
79-80
strand B1 81-86
87-88
strand B2 89-92
93
helix «3 94-102
103
helix o4 104-115
116-117
helix o5 118-124
125-128
strand f3 129-131
132-133
helix a6 134-150
151-152
strand 4 153-160
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strand $4b

strand B5S

strand pé

strand p7

strand B8

strand P9
strand B10

strand 1l

helix o7
strand f11b
reverse turn
helix o8

162-163
164-166
167-171
172-173
174-178
179-190
191-192

124, 197

198-209
210-211
212-216
219-226,
233-236
237-239,
248-260
261-276
277-281
282-289
290-304.

228-232

241, 243-247

2. A pharmaceutical composition comprising a
glycogen phosphorylase inhibitor and a concentration-
enhancing polymer, said glycogen phosphorylase inhibitor
having the structure of Formula I:

R,

O R‘ R5
Al b
A== \ RS
R, fo
RI
5
R ™ Ry,
Formula l

or the pharmaceutically acceptable salts or produrgs
thereof wherein the dotted line (---) is an optional

bond;
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A is -C(H)=,-C({(C,-C,)alkyl)= or -C(halo)= when
the dotted line (---) is a bond, or A is methylene or
-CH((C,~C,)alkyl) - when the dotted line (---) is not a
bond; v .

R,, Ryp Or R,; are each independently H, halo,
4-, 6- or 7-nitro, cyano, (¢,-C,)alkyl, (C;-C,)alkoxy,
fluoromethyl, difluoromethyl or trifluoromethyl;

R, is H; _

R; is H or (C;-Cs)alkyl;

R, is H, methyl, ethyl, n-propxl,
hydroxy (C,~Cy) alkyl, (C;~C;)alkoxy(C,-C,)alkyl,
phenyl (C,-C,) alkyl, phenylhydroxy(C,-C,)alkyl,™
phenyl (C,-C,) alkoxy (C,~C,) alkyl, thien-2- or
-3-y1(C,~C,)alkyl or fur-2- oxr -3-y1(C,-C,)alkyl wherein
said R, rings are mono-, di- or tri-substitutted
independently on carbon with H, halo, (C;~C/)alkyl,
(C,-Cs)alkoxy, trifuloromethyl, hydroxy, amino or cyano;
or

R, is pyrid-2-, -3- or -4-yl(C,-C,)alkyl,
thiazol-2-, -4- or -S-yl(C,~C,)alkyl, imidazol -1i-, -2-,
-4- or -5-yl(C,-C,)alkyl, pyrrol-2- or -3-yl(C,-C,)alkyl,
oxazol~2-, -4- or -5-yl(G;-C,)alkyl, pyrazol-3-, -4- or
-5-yl(C.-C,)alkyl, isoxazol-3-, -4-, -5-yl(C;-C,)alkyl,

isothiazol-3-, -4-, -5-yl(C,~-C,)alkyl, pyridazin-3- or

~4-yl-(C,~C)alkyl, pyrimidin-2-, -4-, -5- or
-6~-yl{C,-C,)alkyl, pyrazin-2- or -3-yl(C,-C,)alkyl or
1,3,5-triazin-2-yl (C,-C,)alkyl, wherein said preceding R,
heterocycles are optionally wmono- or di-substituted
independently with halo, trifluoromethyl, (C,-C)alkyl,
(C,-C,)alkoxy, amino or hydroxy and said mono- or
di-substitu’ents are bonded to carbon;

Rs is H, hydroxy, fluoro, (C,-Cs;)alkyl,
(C,-Cs) alkoxy, (C,~Cg)alkanoyl, amino(C,-C,)alkoxy, wmono-N-
or di-N,N-(C,-C,)alkylamino (C,-C,) alkoxy,
carboxy (C,-C,) alkoxy, (C,-Cs)alkoxy-carbonyl (C,-C,)alkoxy;
benzyloxycarbonyl (C,-C,) alkoxy, or carbonyloxy wherein
said carbonyloxy is carbon-carbon linked with phenyl,
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thiazolyl, imidazolyl, 1H-indolyl, furyl, pyrrolyl,
oxazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
pyridazinyl, pyrimidinyl, pyrazinyl or 1,3,5-trizinyl and
wherein said preceding Rs rings are optionally
monosubstituted with halo, (¢;-C,)alkyl, (C,;~C,)alkoxy,
hydroxy, amino or trifluéromethyl and said wono-
substituents are bonded to carbon;

R, is H, fluoro or (C,-Cs)alkyl; or

R; and R, taken together are oxo; ]

. R¢ . is carboxy or (C,-Cy;)alkoxycarbonyl, C{(O)NRgR,

or C(O)R,, wherein -

Ry is H, (C,-Cy)alkyl, hydroxy or (C;-Cs)alkoxy~
and

Ry, is H, (C,-Cp)alkyl, hydroxy, (C,-Cs)alkoxy,
methylene-perfluorinated (C,-C,)alkyl, phenyl, pyridyl,
thienyl, furyl, pyrrolyl, pyrrolidinyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, isoxazolyl, isothiazolyl, pyranyl,
piperidinyl, wmorpholinyl, pyridaiinyl, pyrimidinyl,
pyrazinyl, piperazinyl or 1,3,5-triazinyl wherein said
preceding R, rings are carbon-nitrogen linked; or

Ry is mono-, di- or tri-substituted
(Cl—Cs)alkyl_. wherein said substituents are independently
H, hydroxy, amino, wono-N- or di-N,N-(C,-Cs;)alkylamino; or

Ry, is mono- or di-substituted (C,-Cs)alkyl,

wherein said substituents are independently phenyl,

pyridyl, furyl, pyrrolyl, pyrrolidinyl, oxazolyl,
thiazolyl, imidazolyl, pyrazolyl, pyrazolinyl,
pyrazolidinyl, isoxazolyl, isothiazolyl, pyranyl,
pyridinyl, piperidinyl, morpholinyl, pyridazinyl,
pyrimidinyl, pyrazinyl, piperazinyl or 1,3,S5-triazinyl
"wherein the nonaromatic nitrogen-containing R
rings are optionally mono-substituted on nitrogen with
(C,-C4) alkyl, benzyl, benzoyl or (C,-C¢)alkoxycarbonyl and
wherein the R, rings are optionally mono-substituted on
carbon with halo, (C;-C,)alkyl, (C,-C,)alkoxy, hydroxy,
amino, or mono-N- and di-N,N (C,-C;)alkylamino provided

| 1z3

Lt
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that no quaternized nitrogen is included and there are no
nitrogen-oxygen, nitrogen-nitrogen or nitrogen-halo
bonds; N

Ry, is piperazin-1-yl, 4-(C;-C,)alkylpiperazin-1-
yl, 4-formylpiperazin-1-yl, morpholino, thiomorpholino,
l-oxothiomorpholino, 1,l-dioxo-thiomorpholino,
thiazolidin-3-yl, l-oxo-thiazolidin-3-yl, 1,1-dioxo-
thiazolidin-3-yl, 2-(C,-C¢)alkoxycarbonylpyrrolidin-l-yl, °
oxazolidin-3-yl or 2(R)-hydroxymethylpyrrolidin-1-yl; or

Ry; is 3~ and/or 4-wmono- or di-substituted
oxazetidin-2-yl, 2-, 4-, and/or S- mono- or
di-substituted oxazolidin-3-yl, 2-, 4-, and/or S5- mono-
or di-substituted thiazolidin-3-yl, 2-, 4- and/or 5-
mono- or di-substituted 1l-oxothiazolidin-3-yl, 2-, 4-,
and/or 5- mono- or di-substituted 1,1-dioxothiazolidin-
3-yl, 3- and/or 4- mono- ox di-substituted
pyrrolidin-1i-yl, 3-, 4- and/or 5-, mono-, di- or
tri-substituted piperidin-i-yl, 3-, 4-, and/or 5- mono-, -
di-, or tri-substituted piperazin-1-yl, 3-substituted
azetidin-1-yl, 4- and/or 5~, mono- or di-substituted
1,2-oxazinan-2-yl, 3- and/or 4- mono- or di-substituted
pyrazolidin-l-yl, 4- and/or 5-, wono- or di-substituted
isoxazolidin-2-yl, 4- and/or 5-, mono- and/or di-
substituted isothiazolidin-2-yl wherein said R,
substituents are independently H, halo, (C,;-Cs)alkyl,
hydroxy, amino, mono-N- or di-N,N-(C;-Cs)alkylamino,
formyl, oxo, hydroxyimino, (C;-Cs)alkoxy, carboxy,
carbamoyl, mono-N-or di-N,N-(C,~C;)alkylcarbamoyl,
(C,-Cy) alkoxyimino, (C;-C,)alkoxymethoxy,
(C,~C;) alkoxycarbonyl, carboxy(C,-Cs)alkyl or
hydroxy (C,-Cs)alkyl;

with the proviso that if R, is H, methyl, ethyl
or n-propyl, Rs; is OH;

with the proviso that if R; and R, are H, then
R, is not H, methyl, ethyl, n-propyl, hydroxy(C,-C;)alkyl
or (C,-Cs;)alkoxy(C,-Cs)alkyl and Ry is C(Q)NRgR,, C(O)R;, or
(C,-C,) alkoxycarbonyl.
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3. A pharmaceutical composition comprising a
glycogen phosphorylase inhibitor and a concentration-

- enhancing polymer, wherein said glycogen phosphorylase

inhibitor has the structure of Formula II:

0 R,
R, Aﬁ/ngIJER’
N
Ry "
Rys
Forrnuta il .

or the pharmaceutically acceptable salts or prodrugs
thereof wherein the dotted line (---) is an optional

‘bond:

A is -C(H)=,-C((C,-C,)alkyl)=, -C(halo)= or -N=,
when the dotted line (---) is a bond, or A is methylene
or -CH((C,-C;)alkyl)-, when the dotted line (---) is not a
bond;

R;,, Ry Or R,; are each indepéndently H, halo,
cyano, 4-, 6- or 7-mitxo, (C,-C,)alkyl, (C,-C,)alkoxy,
£luoromethyl, difluoromethyl or trifluoromethyl;

: R, is H;
R; is H or (C,-Cs)alkyl;
R, is H, methyl, ethyl, n-propyl,

_“hydroxy (C;-Ci)alkyl, (C,-C;)alkoxy(C,-C;)alkyl,
~ phenyl (C,-C,)alkyl, phenylhydroxy(C,-C,)alkyl,
" . {phenyl) ({C,-C,) -alkoxy) (C;-C,) alkyl, thien-2- or

-3-y1(C,-Calkyl or fur-2- or -3-yl(C,-C,)alkyl wherein
said R; rings are mono-, di- or tri-substituted
independently on carbon with H, halo, (C,-C,)alkyl,
(C:-C,) alkoxy, trifuloromethyl, hydroxy, amino, cyano
or 4, S—-da‘.hydro-m- imidazol-2-yl; or

. R, is pyrid-2-, -3- or -4-yl(C,-C,)alkyl,

thiazol-2-, ~4- or ~5-yl(C,-C,)alkyl, imidazol-2-; -4-, or

-5-y1(C,-C,)alkyl, pyrrol-2- or -3-yl(C,-C,)alkyl,
oxazol-2-, -4- or -5-yl(C,-C,)alkyl, pyrazol-3-, -4- or
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-5-yl(C.,-C,)alkyl, isoxazol-3-, -4- or -S-yl {C,~C,)alkyl,
isothiazol-3-, -4- or -5-yl(C,-C,)alkyl, pyridazin-3- or
-4-yl(¢,-C,)alkyl, pyrimidin-2-, -4-, -5- or
-6-yl{(C,-C,)alkyl, pyrazin-2- or -3-yl(C,-C,)alkyl,
1,3,5-triazin-2-yl(C,~-C,) alkyl or indol-2-(GC,-C,)alkyl,
wherein said preceding R, heterocycles are optionally
mono- or di-substituted independently with halo,
trifluorowmethyl, (C,~C,)alkyl, (C;-C,)alkexy, amino,
hydroxy or c¢yano and said substituents are bonded to
caxrbon; or :

R, is R,s-carbonyloxymethyl, wherein said Ry is
phenyl, thiazolyl, imidazolyl, 1H-indolyl, furyl, ~
pyrrolyl, oxazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
pyridyl, pyridazinyl, pyrimidinyl, pyrazinyl or
1,3,5-triazinyl and wherein said preceding R,; rings are

-optionally mono- or di-substituted independently with

halo, amino, hydroxy, (C,-C/)alkyl, (C;-C;)alkoxy or

_trifluoromethyl and said mono- or di-substituents are

‘bonded to carbon;
Ry is H, methyl, ethyl, n-propyl, hydroxymethyl

or hydroxyethyl;

Ry is carboxy, (C,-GC;)alkoxycarbonyl,
benzyloxycaxbonyl, C(O)NRsR; or C(O)R;,

wherein R; is H, (C;-Cg)alkyl, cyclo
(C3-Cg)alkyl, cyclo(C3;-C¢) alkyl (C,-Cs)alkyl, hydroxy or
(C,-Cp) alkoxy; -and

R, is H, cyclo(C,-Cy)alkyl, cyclo(Cs;-C,)alkyl
(C;-Cs)alkyl, cyelo(C,~C;)alkenyl,
cyclo (C;~C;) alkyl (C,-Cs) alkoxy, cyclo(C;-C,)alkyloxy,

hydroxy, methyléne-perfluorinated (C,-Cg) alkyl, phenyl, or
a heterocycle wherein said heterocycle is pyridyl, furyl,

pyrrolyl, pyrrolidinyl, oxazolyl, thiazolyl, imidazolyl,
pyrazoiyl, pyrazolinyl, pyrazolidinyl, isoxazolyl,
isothiazolyl, pyranyl, pyridinyl, piperidinyl,
morpholinyl, pyridazinyl, pyrimidinyl, pyrazinyl,
pipefazinyl, 1,3,5-triazinyl, benzothiazolyl,
benzoxazolyl, benzimidazolyl, thiochromanyl or
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tetrahydrobenzothiazolyl wherein said heterocycle rings
are carbon-nitrogen linked; or

Ry is (C;-Cg¢)alkyl or (C,-Cg)alkoxy wherein said
(C,«Cs)'alkyl or (C;-Cg)alkoxy is optionally monosubstituted
with cyclo(C,-C;)alken-1-yl, phenyl, thienyl, pyridyl,
furyl, pyrrolyl, pyrrolidinyl, oxazolyl, thiazolyl,
imidazolyl, pyrazolyl, pyrazolinyl, pyrazolidinyl,
isoxazolyl, isothiazolyl, pyranyl, piperidinyl,
morphoi inyl, thiomorpholinyl, l-oxothiomorpholinyl,
1,1-dioxothiomorpholinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, piperazinyl, 1,3,5-triazinyl or indolyl and
wherein said (C,-C¢)alkyl or (C;-C;)alkoxy are optionally -~
additionally independently mono- or di-substituted with
halo, hydroxy, (C,-Cg)alkoxy, amine, wono-N- ox
di-N,N-(C,-Cs)alkylamino, cyano, carboxy, or

(¢,-Cy) alkoxycarbonyl; and

wherein the Ry, rings are optionally mono- or
di-substituted independently on carbon with halo, -
(¢,-C,)alkyl, (C,-C,)alkoxy, hydroxy, hydroxy(C,-C,)alkyl,
amino (C,~C,) alkyl, mono-N- or di-N,N-(C,-C,)alkylamino
(Cy~Cy)alkyl, (C,-C,)alkoxy(C,~C,)alkyl, amino, mono-N- or
di-N,N- (C,-C,) alkylamino, cyano, carboxy,

{C,-Cs) alkoxycarbonyl, carbamoyl, formyl ox

trifluoromethyl and said R, rings may optionally be
additionally mono- or di-substituted independently with
{C,-Cs) alkyl or halo;

with the proviso that no quaternized nitrogen
on any R, heterocycle is included;

Ry; is morpholino, thiomorpholino,
1-oxothiomorpholino, 1,1-dioxothiomorpholino,
thiazolidin-3-yl, l-oxothiazolidin-3-yl,
1,1-dioxothiazolidin-3-yl, pyrrolidin-1-yl,
piperidin-1-yl, piperazin-1-yl, piperazin-4-yl,
azetidin-i-yl, 1,2-oxazinan-2-yl, pyrazolidin-1-yl,
isoxazolidin-2-yl, isothiazolidin-2-yl,
1,2-oxazetidin-2-yl, oxazolidin-3-yl,
3,4~dihydroisoquinolin-2-yl, 1,3-dihydroigoindol-2-yl, v
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3,4-dihydro-2H-quinol-i-yl, 2,3-dihydro-
benzo[1,4]oxazin-4-yl, 2,3-dihydro-benzol(1l,4]-
thiazine-4-yl, 3,4-dihydro-2H-quinoxalin-1-yl,
3,4-dihydro-benzolc] [1,2}oxazin-1-yl, 1,4-dihydro-
benzo[d] (1,2]oxazin-3-yl, 3,4-dihydro-benzole] [1,2]-
oxazin~2-yl, 3H-benzo[d]isoxazol-2-yl,
3H-benzo[c]isoxazol-1-y)l or azepan-1l-yl,
wherein said R,, rings are optionally mono-, di-
or tri-substituted independently with halo, (C;-Csralkyl,
(C,-Cs)alkoxy, hydroxy, amino, mono-N- or
di-N,N- (C,~Cs;) alkylamino, formyl, carboxy, carbamoyl,
mono-N- or di-N,N-(C,-C,;)alkylcarbamoyl, (C,-C¢)alkoxy
(C,-C;) alkoxy, (C,-Cs)alkoxycarbonyl, benzyloxycarbonyl,
(C,-Cs) alkoxycarbonyl (C,-C,) alkyl,
(C,-C,) alkoxycarbonylamino, carboxy(C,-Cs)alkyl,
carbamoyl (C,~C;) alkyl, mono-N- or
di-N,N- (C;~C;) alkylcarbamoyl (C;~Cs) alkyl,
hydroxy (C,-Cs) alkyl, (C,-C,)alkoxy(C,-C,)alkyl,
amino (C,-C,)alkyl, mono-N- or
di-N,N-(C,~C,) alkylamino (C,-C,) alkyl, oxo, hydroxyimino or
(C,~C¢) alkoxyimino and wherein no more than two
substituents are selected from oxo, hydroxyimino or
(C,-Cg) alkoxyimino and oxo, hydroxyimino or
(C;-C¢) alkoxyimino are on nonaromatic carbon; and
wherein said R;; rings are optionally
additionally mono- or di-substituted independently with
(C,-Cs) alkyl ox halo;
with the proviso that when R is
(C,~Cs) alkoxycarbonyl or benzyloxycarbonyl then R, is
5-halo, 5~(C;-C,)alkyl or 5-cyano and R, is
(phenyl) (hydroxy) (C;-C,)alkyl,
(phenyl) ((C,-C,) alkoxy) (C,~C,) alkyl, hydroxymethyl or
Ar{c,-C,)alkyl, wherein Ar is thien-2- or -3-yl, fur-2- or
-3-yl or phenyl wherein said Ar is optionally mono- or
di-substituted independently with halo; with the provisos
that when R, is benzyl and R; is methyl, R,, is not ;
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4—hydroxy-.piperidin-1-y1 or when R, is benzyl and R;'.."i“s_

‘methyl R¢ is not C(O)N(CH,),;

with the proviso that when R, and R, and R;, are
H, R, is not imidazol-4-ylmethyl, 2-phenylethyl or

- 2-hydroxy~2-phenylethyl;

with the proviso that when R; and R, are
n-pentyl, R, is 5-chloro, S-browmo, 5-cyamo, 5(C;-Cs)alkyl,
5(C,-Cs) alkoxy or trifluoromethyl;

with the proviso that when R,, is

3,4—dihydxoiaoquinol-2-yl, said 3,4-dihydroisoquinol~2-yl

is not substituted with carboxy({{C,~C,)alkyl;

with the proviso that when R; is H and R, is
(C,-Cg)alkyl, R; is not substituted with carhoxy or
{¢,-C,) alkoxycarbonyl on the carbon which is attached to

the nitrogen atom N of NHR,; and

with the proviso that when R is carboxy and R,,

: Rm, R., and R; are all H, then R, is mot benzyl, H,

20

25

30

35

(phenyl) (h_yd_.roxy) methyl, methyl, ethyl or n-propyl.

4., A pharmaceutical composition comprising a
glycogen phosphorylase inhibitor and a concentration-
enhancing polymer, wherein said glycogen phosphorylase
inhibitor has the structure of Formla III:.

0
0 ' N
R o NHR?
0
\Rz

Formula III
or a prodrug thereof or a pharmaceutically acceptable
salt of said compound or said prodrug wherein:

R! is (C,-C,lalkyl, (C;~C;)cycloalkyl, phenyl or -

phenyl sbustituted with up to three (C,-C/)alkyl, (C;-C,)
alkoxy or halogen;

124
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“R? is (C,~C,) alkyl; and
R® is (C;-C;)cycloalkyl; phenyl; phenyl _ _
substiiuted at the para position with (C,-C,) alkyl, haio—,
hydroxy (C,-C,)alkyl or trifluoromethyl; phenyl
subat_ituted at the meta position with fluoro; or phenyl
substituted at the ortho position with fluoro.

_ 5. A pharmaceutical composition comprising a
glycoge'h phosphorylase inhibitor and a concentration-
enhancmg polymer, wherein said glycogen phospharylase ‘
inhibitor has the structure of Formula IV: -

Formla IV
a st-.ercofg\aomr, phamaceutically acceptable salt or
prodrug thereof, or a pharmaceutically acceptable aalt of
the prodrug,
wherein
Q. is aryl, substitued arxyl, heteroaryl, or gubstitued

' het:eroaryl,
" each Z and X are independently (C, CH or cn,), N, Oors;

X! is NR*, -CH;-, O or §;

each - - - - is independently a bond or is abse.r.\t,
provided that: both - - - - are not s:unlutaneouzly bonds;
R' is hydrogen, halogen, -0C,~C ealkyl, -8C,.-Cialkyl,
~Cy~Cyalkyl, :-CFy, ~NH,, -NHC,-C qalkyl, -N(Cy-Cqalkyl),, -
NO,, -CN, ’

~COH, ~CO0,C,-C 4alkyl, ~Cp-Csalkenyl, or -Cp-Cealkynyl;
each R* and R® is independently hydrogen or -C;-C ,alkyl;
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Yis —C— or absent;

R* and R’ are independently hydrogen, halogen, -(;-C
salkyl, -CN, -C=C-8i(CH,),,

-0C;-C ¢alkyl, -SC,-C jalkyl, -CF;, -NH,, -NHC,-Csalkyl, -
N(C,-C ,alkyl),,

-NO,, -COH, -CO0,C,-C alkyl, -C,-Csjalkenyl, or -C,-
Cealkynyl, or R? and R® together with the atoms on the
ring to which they are attached form a five or six
membered ring containing from 0 to 3 heteroatoms and from
0 to 2 double bonds;

R' is ~C(=0)-A;

A is -NR%R®., -NRCH,CH,OR®,

ik s i e )
et e ™ e
each R° is independently hydrogen, C,-Csalkyl, C,-C,alkoxy,
aryl, substituted aryl, heteroaryl, or substituted
hetexcaryl;
each R° is independently hydrogen. -C(=0)OR", -OR', -SR*,

or -NR'R¥ and
each n is independently 1-3.

6. A pharmaceutical composition comprising a
glycogen phosphorylase inhibitor and a concentration-
enhancing polymer, said glycogen phosphorylase inhibitor
having a solubility in aqueous solution, in the absence
of said» concentration-enhancing polymer, of less than
1 mg/ml at any pH of from 1 to 8. .

15/
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7. A pharmaceutical composit’ion comprising a
glycogen phosphorylase inhibitor and a concentration-
enhancing polymer, said composition providing a maximum
concentration of said glycogen phosphorylase inhibitor in
a use environment that is at least 1.25-fold the maximum
concentration provided by a control composition
comprising an egquivalent amount of said glycogen
phosphorylase inhibitor and free from said polymer.

8. A pharmaceutical composition comprising a
glycogen phosphorylase inhibitor and a polymer, said
composition providing a relative bioavailability that is
at least 1.25 relative to a control composition
comprising an equivalent amount of said glycogen
phosphorylase inhibitor and free from said polymer.

9. The composition of any one of claims 1-8
wherein said composition is a solid amorphous dispersion.

10. The composition of claim 9 wherxein said
dispersion is substantially homogeneous.

11. The composition of claim 9 wherein a major

' portion of said glycogen phosphorylase inhibitor is

amorphous.

12. ‘The composition of claim 9 wherein said -
glycpgen phosphorylase inhibitor is substantially
amorphous.

13. The composition of claim 9 wherein said
glycogen phosphorylase inhibitor is almost completely
amorphous.- "

14. The composition of any one of claims 1-8 .
wherein said composition is a simple physical mixture. ’
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15. The cowmposition of claim 14 wherein said
mixture is substantially homogeneous,

16. The composition of claim 14 wherein a
major portion of said glycogen phosphorylase inhibitor is
amoxrphous.

17. The composition of claim 14 wherein said
glycogen phosphorylase inhibitor is substantially

amoxrphous. -

18. The compogition of claim 14 wherein said
glycogen phosphorylase inhibitor is almost completely
amorphous.

19. The composition of any one of claims 1-8
wherein said glycogen phosphorylase inhibitor is in a
golid amorphous dispersion and only a portion of said : -
concentration-enhancing polymer is present in said :
dispersion.

20. The composition of claim 1 wherein a

- portion of said glycogen phosphorylase inhibitor binds to

one or more of the following residues of said glycogen
phosphoxylase enzyme in one or both subunits:

parent secondary _ -
atructure = residue pumber
13-23
helix ol 24-37
turn 38-39, 43, 46-47
helix o2 48-66, 69-70, 73-74, 76-78
79-80
strand f2 91-92
93
helix o3 94-102

103 s -
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helix a4 104-115
116-117
helix oS 118-124
125-128
strand $3 129-130
strand p4 159-160
‘161
strand $4b 162-163 .
164-166
strand @5 167-168
strand f6 178
179-190
strand f7 151-192
194, 197
strand B9 198-20Q
strand Bf10 220-226
228-232
233-236 -
strand 11 '237-239, 241, 243-247
248-260
helix o7 261-276
strand B1l1lb 277-280

21, The composition of claim 1 wherein a
portion of said glycogen phosphorylase inhibitor binds to
a portion or all portions of the following residues of
said glycogen phosphorylase enzyme in one or both
subunits:

33-39
49-66
94

98

102
125-126
160
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162
182-192
197
224-226
228-231
238-239
241
245
247

121

22. The composition of claim 1 wherein a

a portion or all portions of the following residues of
said glycogen phosphorylase enzyme in one or both

subunits:

wherein a
inhibitor
following

residue number
37-39

53

57

60

63-64

184-192

226

229

23. The composition of any one of claims 2-8
portion of said glycogen phosphorylase

binds to a portion or all portions of the

residues of a glycogen phosphorylase enzyme:

parent secondary

structure

helix al
turn
helix o2

residue pumbeyr

13-23

24-37 .

38-39, 43, 46-47

48-66, 69-70, 73-74, 76-78
79-80




ONSTEN" 2hE6ETEI@)

10

15

20

25

30

s

strand Bl

strand B2

helix o3

helix o4

helix o5

strand B3

helix a6

strand 4

strand [(4b

strand @5

strand B6

gtrand B7

strand B8

strand B9
strand $10

strand B1l1

helix a7
strand f11b
reverse turn
helix o8

122

81-86

87-88

89-92

93

94-102

103

104-115
116-117
118-124
125-128
129-131
132-133 ~
134-150
151-152
153-160

161

162-163
164-166
167-171
172-173
174-178
179-190
191-192

194, 197
198-209
210-211
212-216 N
219-226, 228-232
233-236
237-239, 241, 243-247
248-260
261-276
277-281
282-289
290-304

-
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24. The composition of c¢laiwm 23 wherein a

a portion or all portions of the following residues of
said glycogen phosphorylase enzyme in one or both

subunits:

parent secondary
structure

helix al
turn
helix a2
strand g2
helix o3
helix o4

helix o5

strand B3
strand P4

strand B4b

strand BS
strand f6

strand 87

strand B9
strand P10

xegidue number
13-23

24-37

38-39, 43, 46-47
48-66, 69-70, 73-74, 76-78
79-80

91-92

93

94-102

103

104-115
116-117
118-124
125-128
129-130
159-160

161

162-163
164-166
167-168

178

179-190
191-192

194, 197
198-200
220-226
228-232
233-236

NS
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strand (11 237-239, 241, 243-247
248-260

helix a7 261-276

strand fllb 277-280

25. The composition of claim 23 wherein a
portion of said glycogen phosphorylase inhibitor binds to
a portion or all portions of the following residues of
said glycogen phosphorylase enzyme in one or both

10
&1
o
E 15
&
B
£
fu
2 2
=
&
L
&5
25

subunits:

33-39
49-66
94

98

102
125-126
160

l62
182-~192
197
224-226
228-231
238-239
241

245

247
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26. The composition of claim 23 wherein a
portion of said glycogen phosphorylase inhibil::»or binds to
a portion or all portions of the following regidues of
said glycogen phosphorylase enzyme in one or both
subunits:

xegidue number

37-39

53

57

60

63-64 ~
184~192

226

229

27. The composition of any one of claims 1 and
6-8 wherein said glycogen phosphorylase inhibitor has the

- structure of Formula I defined in claim 2.

28. The composition of claim 2 wherein said

glycogen phosphorylase inhibitor is selected from the

group consisting of S5-chloro-lH-indole-2-carboxylic acid
{(18) - ((R) -hydroxy-dimethylcarbamoylmethyl) -2-phenyl-
ethyl}]-amide, S-chloro-1H-indole-2-carboxylic acid [(18)-
{ (R) -hydroxy-methoxy-methylcarbamoylmethyl) -2-phenyl-
ethyl] -amide, S5-chloro-1H-indole-2-carboxylic acid {(18)-
benzyl- (2R) -hydroxy-3- ((38) -hydroxy-pyrrolidin-1-yl) -3-
oxo-propyl] -amide, S-chloro-1iH-indole-2-carboxylic acid

[ (1S) ~benzyl -~ (2R) -hydroxy-3~ ( (3R, 4S) -dihydroxy-
pyrrolidin-1-yl) -3-oxo-propy_1~] -amide, S-chloro-1H-indole-
2-carboxjrlic acid ([(18)~benzyl- (2R) -hydroxy-3-( (3R, 4R) - -
dihydroxy-pyrrolidin-1-yl) -3-oxo~propyl] -amide, and 5-
chloro-1H-indole-2-carboxylic acid [(18)-benzyl-(2R)-
hydroxy-3-morpholin-4-yl-3-oxo-propyl] -amide.

139
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29. The composition of claim 27 wherein said
glycogen phosphorylase inhibitor is selected from the
group consisting of 5-chloro-1H-indole-2-carboxylic acid
[ (1S) - ((R) -hydroxy-dimethylcarbamoylmethyl) -2-phenyl-
ethyl} -amide, S-chloro-iH-indole-2-caxboxylic aeid [(15)-
{ (R) -hydroxy-methoxy-methylcarbamoylmethyl) -2-phenyl -
ethyl] -amide, 5-chloro-1H-indole-2-carboxylic acid [(18)-
benzyl- (2R) ~hydroxy-3- ( (38) ~hydroxy-pyrrolidin-1-yl) -3-
oxo-propyll -amide, 5-chloro-1H~indole-2-carboxylic acid
[ (18) ~benzyl- (2R) -hydroxy-3- ( (3R, 48) ~dihydroxy-
pyrrolidin-1-yl) -3-oxo~propyll] -amide, 5-chloro-1H-indole-
2-carboxylic acid [(1S)-benzyl- (2R)-hydroxy-3-((3R,4R) -
dihydroxy-pyrrolidin-1-yl) -3-oxo-propyl] -amide, and
5-chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-(2R)-
hydroxy-3-morpholin-4-yl-3-oxo-propyl] -amide.

30. The composition of any one of claims 1 and
6-8 wherein said glycogen phosphorylase inhibitor has the
structure of Formula II defined in claim 3.

31. The composition of claim 3 wherein said
glycogen phosphorylase inhibitor is selected from the
group consisting of 5-chloro-1H-indole-2-carboxylic acid
{2- ( (3R, 48) -3, 4-dihydroxy-pyrrolidin-1-yl) -2-oxo-ethyl) -

 amide 5-chlore-1H-indole-2-carboxylic acid [(1S)-benzyl-

2-((38,48) -3, 4~dihydroxy-pyrrolidin-1-yl) -2-oxo-ethyl]) -
amide, 5-chloro-1H-indole-2-carboxylic acid [(18)-benzyl-
2- ((3R, 48) -3, 4-dihydroxy-pyrrolidin~1-yl) -2-oxo-ethyl] -
amide, 5-chloro-1H-indole-2-carboxylic acid [(18)-(4-
fluoro-benzyl) -2- (4-hydroxy-piperidin-1-yl) -2-oxo-ethyl] -
amide, S-chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-
2- (3-hydroxy-azetidin-1-yl) ~2-oxo-ethyl) -amide, S-chloro-
1H-indole-2-carboxylic acid [2-(1,1-dioxo-thiazolidin-3-
yl) -2-oxo-ethyl] ~amide, and 5-chloro-1H-indole-2-
carboxylic acid [2- (1-oxo—thiazolxdin- -yl) -2-oxo-ethyl] -
amide. :

1Yo
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32. The composition of claim 30 wherein said
glycogen phosphorylase inhibitor is selected from the
group consisting of S5-chloro-1H-indole-2-carboxylic acid
[2- ((3R,48) -3,4-dihydroxy-pyrrolidin-1-yl) -2-oxo-ethyl] -
amide, 5-chloro-l1H-indole-2-carboxylic acid [(1S)-benzyl-
2-((38,48) -3, 4-dihydroxy-pyrrolidin-1-yl) -2-oxo-ethyl] -
amide, 5-chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-
2-((3R,48) -3,4-dihydroxy-pyrrolidin-1-yl) -2-oxo-ethyl] -
amide, S-chloro-1H-indole-2-carboxylic acid [(18)-(4-
fluoro-benzyl) -2- (4-hydroxy-piperidin-1-yl) -2-oxo-ethyl] -
amide, 5-chloro-1H-indole-2-carboxylic acid [(1S)-benzyl-
2- (3-hydroxy-azetidin-1-yl) -2-oxo-~ethyl] -amide, S—Cﬂloro—
1H-indole-2-carboxylic acid ([2-(1,1-dioxo-thiazolidin-3-
yl) -2-oxo-~ethyl] ~amide, and 5-chloro-1H-indole-2-
carboxylic acid [2-(1-oxo-thiazolidin-3-yl)-2-oxo-ethyll]-
amide.

33. The composition of any one of claims 1 and
6-8 wherein said glycogen phosphorylase inhibitor has the
structure of Formula III as defined in claim 4.

34. The composition of claim 4 wherein said
glycogen phosphorylase inhibitor is selected from the
group comsisting of S5-acetyl-l-ethyl-2,3-dihydro-2-oxo-N-
[3- [ (phenylamino) carbonyl]phenyl] -1H-Indole~3-
carboxamide, S5-acetyl-N-([3-

[ (cyclohexylamino) carbonyl]l phenyl-1l-ethyl-2, 3-dihydro-~2-
oib—lH-Indole-3-carboxamide, and S-acetyl-N-{[3-[[{4-
bromophenyl) amino) carbonyl] phenyl] ~2, 3-dihydro-1-methyl -
2-oxo-1H-Indole-3-carboxamide.

35. The composition of claim 33 wherein said
glycogen phosphorylase inhibitor is selected from the
group consisting of 5-acetyl-l-ethyl-2,3-dihydro-2-oxo-N-
[3- [ (phenylamino) carbonyl] phenyl] -1H-Indole-3~
carboxamide, S5-acetyl-N-[3-

{ (cyclohexylamino) carbonyl]phenyl-1-ethyl -2, 3-dihydro-2-

I/
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oxo-1H-Indole-3~carboxamide, and S5-acetyl-N-[3-[([(4-
bromophenyl) aminol caxbonyl] phenyl] -2, 3-dihydro-1-methyl -
2-oxo-1H-Indole-3-carboxamide.

36. The composition of any one of claims 1 and
6-8 wherein said glycogen phosphorylase inhibitor has the
structure of Formula IV as defined in claim §.

37. The composition of claim 5 wherein said
glycogen phogphorylase inhibitor is selected from the
group consisting of 2-Chloro-6H-thieno(2,3-b]pyrrole-5-
carboxylic acid [(18)-benzyl-2-((3R,4S)-dihydroxy-

pyrrolidin-1-yl) -2-oxo-ethyl] -amide, and 2-chloro-6H-

thieno[2,3-b)pyrrole-5-carboxylic acid [(18)-benzyl-(2R)-
hydroxy-3-( (3R, 48) -dihydroxy-pyrrolidin-1-yl) -3-oxo-

" propyl] -amide.

38. The composition of claim 36 wherein said
glycogen phosphorylase inhibitor is selected from the
group consisting of 2-Chloro-6H-thieno(2,3-blpyrrole-5-
carboxylic acid [(18)-benzyl-2-((3R,4S8) -dihydroxy-
pyrrolldln- ~yl) -2-oxo-ethyl] -amide, and 2-chloro~6H-
thienol(2, 3-blpyrrole-5-carboxylic acid [(1S)-benzyl-(2R)-
hydroxy-3~( (3R, 48) -dihydroxy-pyrrolidin-1-yl) -3-oxo-
propyl] -amide.

39. The composition of any one of claims 1-5
and 7-8 wherein said glycogen phosphorylase inhibitor has
a solubility in aqueous solution in the absence of said
concentration-enhancing polymer of less than 1 mg/ml at
any pH of from 1 to 8.

40. The composition of claim 39 wherein said
glycogen phosphorylase inhibitor has an aqueous

solubility of less than 0.5 mg/ml.

Ite
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41. The composition of claim 6 wherein said
glycogen phosphorylase inhibitor has an aqueous
solubility of less than 0.5 mg/ml.

42. The composition of claim 40 wherein said
solubility is less than 0.1 wg/mL.

43. The composition of claim 41 wherein said
solubility is less than 0.1 mg/mlL.

44. The composition of any one of claims 1-8
wherein said glycogen phosphorylase inhibitor has a

dose-to-aqueous-solubility ratio of at least 10 ml.

45. The composition of claim 44 wherein said
dose-to-aquecus solubility ratio is at least 100 ml.

46. The composition of claim 45 wherein said
dose-to-aqueous solubility ratio is at least 400 ml.

47. The composition of any one of claims 1-8

‘wherein said concentration-enhancing polymer comprises a

blend of polymers.

48. The composition of any one of claims 1-8

. ‘wherein said concentration-enhancing polymer has at least
_one hydrophobic portion and at least one hydrophilie

portion.

49. The composition of any one of ¢laims 1-8
wherein said concentration-enhancing polymer is an
ionizable polymer.

50. The compoaition of any one of ¢claims 1-8
wherein said concentration-enhancing polymer is selected
from the group consisting of ionizable cellulosic
polymers, nonionizable cellulosic polymers, and {rinyl

Y3
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polymers and copolymers having substituents selected from
the group consisting of hydroxyl, alkylacyloxy, and
cyclicamido.

51. The composition of any one of claims 1-8
wherein said concentration-enhancing polymer is a
cellulosic polymer.

52. The composition of claim 51 wherein said
concentration-enhancing polymer is selected from the
group consisting of hydroxypropyl methyl celTulose
acetate, hydroxypropyl methyl cellulose, hydroxypg?pyl
cellulose, wmethyl cellulose, hydroxyethyl methyl
cellulose, hydroxyethyl cellulose acetate, and
hydroxyethyl ethyl cellulose.

53. The composition of claim 51 wherein said
concentration-enhancing polymer is selected from the
group consisting of hydroxypropyl methyl cellulose
acetate succinate, hydroxypropyl methyl cellulose
succinate, hydroxypropyl cellulose acetate succinate,
hydroxyethyl methyl cellulose succinate, hydroxyethyl
cellulose acetate succinate, hydroxypropyl methyl
cellulose phthalate, hydroxyethyl methyl cellulose
acetate succinate, hydroxyethyl methyl cellulose acetate
phthalate, carboxyethyl cellulose, carboxymethyl
cellulose, cellulose acetate phthalate, methyl cellulose
acetate phthalate, ethyl cellulose acetate phthalate,
hydroxypropyl cellulose acetate phthalate, hydroxypropyl
methyl cellulose acetate phthalate, hydroxypropyl
cellulose acetate phthalate succinate, hydroxypropyl
methyl cellulose acetate succinate phthalate,
hydroxypropyl methyl cellulose succinate phthalate,
cellulose propionate phthalate, hydroxypropyl cellulose
butyrate phthalate, cellulose acetate trimellitate,
methyl cellulose acetate trimellitate, ethyl cellulose
acetate trimellitate, hydroxypropyl cellulose acetate -
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trimellitate, hydroxypropyl methyl cellulose acetate
trimellitate, hydroxypropyl cellulose acetate
trimellitate succinate, cellulose propionate .
trimellitate, cellulose butyrate trimellitate, cellulose
acetate terephthalate, cellulose acetate isophthalate,
cellulose acetate pyridinedicarboxylate, salicylic acid
cellulose acetate, hydroxypropyl salicylic acid cellulose
acetate, ethylbenzoic acid cellulose acetate,
hydroxypropyl ethylbenzoic acid cellulose acetate, ethyl
phthalic acid cellulose acetate, ethyl nicotiniec acid
cellulose acetate, and ethyl picolinic acid cellulose
acetate.

S4. The composition of claim S1 wherein said
concentration-enhancing polymer is selected from the
group consisting of cellulose acetate phthalate, methyl
cellulose acetate phthalate, ethyl cellulose acetate
phthalate, hydroxypropyl cellulose acetate phthalate,
hydroxypropyl methyl cellulose phthalate, hydroxypropyl
methyl cellulose acetate phthalate, hydroxypropyl
cellulose acetate phthalate Succinate, cellulose
propionate phthalate, hydroxypropyl cellulose butyrate
phthalate, cellulose acetate trimellitate, methyl
cellulose acetate trimellitate, ethyl cellulose acetate
trimellitate, hydroxypropyl cellulose acetate
trimellitate, hydroxypropyl methyl cellulose acetate
trimellitate, hydroxypropyl cellulose acetate
trimellitate succinate, cellulose propionate
trimellitate, cellulose butyrate trimellitate, cellulose
acetate terephthalate, cellulose acetate isophthalate,
cellulose acetate pyridinedicarboxylate, salicylic acid
cellulose acetate, hydroxypropyl Salicylic acid cellulose
acetate, ethylbenzoic acid cellulose acetate,
hydroxypropyl ethylbenzoic acid cellulose acetate, ethyl
phthalic acid cellulose acetate, ethyl nicotinic acid
cellulose acetate, and -ethyl picolinic acid cellulose
acetate.
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_ 55. The composition of claim 51 wherein said
concentration-enhancing polymer is aelected-from'the
group consisting of hydroxypropyl methyl cellulose
acetate succinate, cellulose acetate phthalate,
hydroxypropyl methyl cellulose phthalate, methyl
cellulose acetate phthalate, cellulose acetate
trimellitate, hydroxypropyl cellulose acetate phthalate,
cellulose acetate terephthalate and cellulose acetate
isophthalate.

56 The composition of claim 55 wherein said
concentration-enhancing polymer is selected from the

'group consisting of hydroxypropyl methyl cellulose

acetate succinate, hydroxypropyl methyl cellulose
phthalate, cellulose acetate phthalate, and cellulose
acetate trimellitate.

: S7. The composition of any one of claims 1-6
and 8 wherein said concentration-enhancing polywer is
present in an amount sufficient to permit said
composition to provide a maximum concentration of said
glycogen phosphorylase inhibitor in a use environment
that is at least 1.25-fold that of a control composition
comprising an equivalent quantity of said glycogen
phosphorylase inhibitor and free from said concentration-.
enhancing polymer.

' $8. The composition of claim 57 wherein said
maximum conc¢entration of said glycogen phosphoxylase
inhibitor in said use enviromment is at least 2-fold that
of said control composition.

59. The composition of cléim 7 wherein said
maximum concentration of said glycogen phosphorylase
inhibitor in said use environment is at least 2-fold that
of said control compogition.



oasreo- aha&a_tﬁg.-

10

. .15

20

25

30

35

133

60. The composition of any one of claims 1-8
wherein said composition provides in an aqueous use
environment an area under the concentration versus time
curve for any period of at least 90 minutes between the
time of introduction into the use environment and about
270 minutes following introduction to the use environment
that is at least 1.25-fold that of a control composition
comprising an equivalent guantity of said glycogen
phosphorylase inhibitor and free from said concentration-
enhancing polymer.

61. The composition of any one of claims 1-7
wherein said composition provides a relative
bicavailability that is at least 1.25 relative to a
control composition comprising an equivalent quantity of
said glycogen phosphorylase inhibitor and free from said
concentration-enhancing polymer.

62. The composition of claim 7 wherein said
use environment is in vitro.

63. The composition of claim 7 wherein said

‘use on%ironment is in vivo.

64. The composition of claim 63 wherein said
use environment is the gastrointestinal tract of an
animal. .

~ 65. The composition of claim 64 wherein said
animal is a human.

'66. The composition of claim 57 wherein said
use environment is in vitro.

67. The composition of claim 57 wherein said
use environment is in vivo. ,
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68. The composition of claim 67 wherein said
use environment is the gastrointestinal tract of an
animal.

69. The composition of claim 68 wherein said
animal is a human.

70. The composition of claim 60 wherein said
use environment ig in vitro.

™ 71. The composgition of claim 60 wherein said
use environment is in vivo.

72. The composition of claim 71 wherein said
use environment is the gastrointentinal tract of an
animal .

73. The composition of claim 72 wherein said
animal is a human.

74. The composition of claim 9 wherein said
dispersion is formed by solvent processing.

75. The composition of claim 74 wherein ﬁ:ld
solvent processing is spray-drying.

76. A method of treating or preventing
atherosclerosis, the method comprising the step of
administering to a patient having atherosclerosis or at
risk of having atherosclerosis a therapeutically
effective amount of a composition of any one of claims
1-8.

77. A method of treating diabetes, the method

comprising the step of administering to a patient having’

diabetes a therapeutically effective amount of a
composition of any one of claims 1-8.
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78. The method of claim 77 wherein the
diabetes is non-insulin dependent diabetes mellitus
(Type 2).
79. The method of claim 77 wherein tl;e
diabetes is insulin dependent diabetes mellitus (Type 1).
*80. A method of treating insulin resistance,
the method comprising the step of administering to a
patient having insulin resistance a therapeutically
effective amount of a composition of any one of claims -\

1-8.

81. A method of treating diabetic neuropathy,
the method comprising the step of administering to a
patient having diabetic neuropathy a therapeutically
effective amount of a composition of any one of claims
1-8. -

82. A wmethod of treating diabetic nephropathy,
the method comprising the step of administering to a
patient having diabetic nephropathy a therapeutically
effective amount of a composition of any one of claims
1-8.

83. A method of treating diabetic retinopathy,
the method comprising the step of administering to a
patient having diabetic retinopathy a therapeutically
effective amount of a composition of any one of claims
1-8.

84. A method of treating cataracts, the method
comprising the step of administering to a patient having
cataracts a therapeutically effective amount of a
composition of any one of claims 1-8.
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85. A method of treating or preventing
hypercholesterolemia, the method cowprising the step of
administering to a patient having hypercholesterolemia or
at risk of having hypercholesterolemia a therapeutically
effective amount of a composition of any one of claims
1-8.

86. A method of treating or preventing
hypertriglyceridemia, the method comprising the step of
administering to a patient having hypertriglyceridemia or
at risk of having hypertriglyceridemia a therapeutically
effective amount of a composition of any one of claims
1-8.

87. A method of treating or preventing
hyperlipidemia, the method comprising the step of
administering to a patient having hyperlipidemia or at
risk of having hyperlipidemia a therapeutically effective

‘amount. of a composition of any one of claims 1-8.

88. A method of treating hyperglycemia, the
method comprising the step of administering to a patient
having hyperglycemia or at risk of having hyperglycemia a
therapeutically effective amount of a composition of any
one of claims 1-8.

_ 89. A method of treating hypertension, the
method comprising the step of administering to a patient
having hypertension or at risk of having hypertension a
therapeutically effective amount of a composition of any
one of c¢laims 1-8.

90. A method of treating or preventing tissue
ischemia, the method comprising the step of administering
to a patient having tissue ischemia or at risk of having
tissue ischemia a therapeutically effective amount of a
composition of any one of claims 1-8.
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91. A method of treating or preventing
myocardial ischemia, the method comprising the step of
administering to a patient having myocardial ischemia or
at risk of having myocardial ischemia a therapeutically
effective amount of a composition of any one of claims
1-8.

/Sl
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92. A method of inhibiting glycogen
phosphorylase, the method comprising the step of
administering to a patient in need of glycogen
phosphorylase inhibition, a glycogen phosphorylase
inhibiting amount of a composition of any one of claims

1-8.

JAY
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PHARMACEUTICAL COMPOSITIONS OF GLYCOGEN
PHOSPHORYLASE INHIBITORS
ABSTRACT OF THE DISCLOSURE ’

Pharmaceutical compositions comprise a glycogen
phosphorylase inhibitor and at least one concentration-
enhancing polymer. The composition may be a simple -
physical mixture of glycogen phosphorylase inhibitor and
concentration-enhancing polymer or a dispersion of
glycogen phosphorylase inhibitor and polymer.
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US60/189.942, presentado 16 Marzo 2000
-1-
COMPOSICIONES FARMACEUTICAS DE INHIBIDORES DE LA GLUCOGENO-
FOSFORILASA

ANTECEDENTES DE LA INVENCION

Esta invencion se refiere a composiciones fafrmacéuticas que contienen un
inhibidor de la glucdgeno-fosforilasa (GPI) y al menos un polimero que aumenta la
concentracion, y al uso de tales compaosiciones farmacéuticas para tratar la diabetes,
hiperglucemia, hipercolesterolemia, hipertension, hiperinsulinemias, hiperlipidemia,
aterosclerosis e isquemia miocardica en los mamiferos.

A pesar del temprano descubrimiento de la insulina y |a subsiguiente amplia
difusién de su uso en el tratamiento de |a diabetes, y el descubrimiento posterior y uso
de las sulfonilureas (por ejemplo, clorpropamida (Pfizer), glipizida (Pfizer), tolbutamida
(Upjohn), acetohexamida (E. I. Lilly), totazimida (Upjohn), y biguanidas (por ejemplo
fenformina (Ciba Geigy), mefformina (G. D. Searle)) como agentes hipoglucémicos
orales, el tratamiento de la diabetes no ha liegado a ser satisfactorio. El uso de la insu-
lina, necasario en aproximadamente el 10 % de los pacientes diabéticos en los que los
agentes hipoglucémicos sintéticos no son efectivos (diabetes tipo 1, diabetes maellitus
insulino-dependiente) requiere multiples dosis diarias, usualmente por autoinyeccion.
La determinacion de la dosificacién apropiada de insulina requiere frecuentes estima-
ciones del azucar en orina o sangre. L.a administracion de un exceso de dosis de insu-
lina causa hipoglucemia, con efectos que varian desde anormalidades suaves en la
glucosa sanguinea hasta el coma, o incluso la muerte. El tratamiento de la diabetes
mellitus no insulino-dependiente (diabetes tipo 2, NIDDM) usuaimente consiste en una
combinacion de dieta, ejercicio, agentes orales, por ejemplo, sulfonilureas, y en los
casos mas graves, insulina. Sin embargo, los agentes hipoglucémicos clinicamente
disponibles pueden tener ofros efectos secundarios que limitan su uso. En cualquier
caso, cuando uno de estos agentes puede fallar en un caso individual, otro puede te-
nar éxito. Es claramente evidente que continda la necesidad de agentes hipoglucemi-
cos gue puedan tener menos efectos secundarios o que puedan ser satisfactorios
cuando otros fallan.

La produccién de glucosa hepatica es un importante objetivo para la terapia de
la NIDDM. El higado es el principal regulador de los niveles de glucosa plasmiética en
el estado de post-absorcion (en ayunas), y la velocidad de produccion de glucosa he-
patica en pacientes con NIDDM es significativamente elevada en comparacion con los
individuos normales. Asimismo, en el estado posprandial (con alimentos), cuando el
higado tiene un papel proporcionaiments mas pequeiio en el suministro total de gluco-
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sa plasmatica, la produccion de glucosa hepatica es anormaimente alta en pacientes
con NIDDM.

La glucogenolisis es un objetivo importante para la interrupcion de la produc-
cion de glucosa hepatica. El higado produce glucosa por giucogenolisis (ruptura del
glucégeno. polimero de glucosa) y gluconeogénesis (sintesis de la glucosa a partir de
precursores con 2-carbono y 3-carbono). Varias pruebas indican que la glucogenolisis
puede realizar una importante contribucion a la produccién de glucosa hepatica en la
NIDDM. En primer lugar. en el hombre normal en estado de post-absorcion, se estima
que hasta un 75 % de la produccion de glucosa hepatica resuita de la glucogenolisis.
En segundo lugar, los pacientes que tienen enfermedades con acumulacion de glucs-
geno en el higado, incluyendo la enfermedad de Hers (deficiencia de glucogeno-
fosfarilasa), presentan hipoglucemia episddica. Estas observaciones indican que la
glucogenolisis puede ser un procedimiento significativo para ia produccion de glucosa
hepatica.

La glucogenolisis es catalizada en el higado, musculo, y cerebro por isoformas
de la enzima glucégeno-fosforilasa (GP) especificas del tejido. Esta enzima escinde la
macromolécula de glucogeno para liberar glucosa-1-fosfato y una nueva macromolé-
cula de giucdgeno acortada. Se han descrito hasta la fecha varios tipos de GP!: gluco-
sa y analogos de glucosa [Martin, J.L.. et al., Biochemistry 1991, 30, 10101} y cafeina y
otros andlogos de purina [Kasvinsky, P.J. et al., J. Biol. Chem. 1978, 253, 3343-3351 y
9102-9106]. Estos compuestos, y los GP! en general, se supone que son de uso po-
tencial para el tratamiento de la NIDDM, por disminuir la produccion de glucosa hepati-
ca y reducir la glucemia [Blundell, T. B. et al. Diabetologia 1992, 35, Suppl. 2, 569-576
y Martin et a/. Biochemistry 1991, 30, 10101}.

Los sitios a los que se ha descrito que se unen los GPI son el sitio activo, el si-
tio de unién de la cafeina o purina y el sitio de unién del ATP 0 nucledtidos. La activi-
dad enzimatica se controla también por la fosforilacion en un unico sitio de fosforila-
cion, Ser 14. La fosforilacion normalmente produce un aumento en la actividad de la
GP debido a un cambio conformacional de la enzima GP. Se han identificado las ca-
racteristicas de este cambio conformacional. Véase, Sprang ef a/., Nature 1988, 336,
215-21. Las estructuras de GP:GPI determinadas experimentaimente revelan que la
unién del inhibidor a cualquiera de los tres sitios de union citados antes invierte el
cambio conformacional de la GP que normalmente tiene lugar después de |a fosforila-
cién, haciendo que la enzima GP adopte la conformacion "inactiva” de la proteina no
fosforilada.

Se han descrito varios GPI. Véanse, por ejemplo, Kristiansen et al., patente de
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Estados Unidos 5.952.363; Lundgren et al., EP 884 050 A1; Kristiansen et al., WO
98/50359; Bols, WO 97/31901; y Lundgren et al.,, WO 97/09040. La mayor parte de
estos compuestos son aminas ciclicas con diferentes sustituyentes que generaimente
las hacen relativamente hidréfilas con buena solubilidad en agua y buen potencial para
absorcion. Se debe esperar, por tanto, que estos GPI. ai ser solubles en agua, no ten-
gan absorcion limitada por la solubilidad.

Un nuevo sitio de union ha sido descubierto recientemente, junto con nueves
inhibidores de la glucogeno-fosforilasa que se unen a este nuevo sitio. Véase EP
0978279 A1. Como se usa aqui y en las reivindicaciones, este nuevo sitio de unién
sera denominado como el "sitio de unién del nucleo de indol*. Se han identificado
hasta ahora cuatro tipos diferentes de GPI que se unen al sitio de union del ntcleo de
indol: Véanse, WO 96/39385, patente de Estados Unidos 5.952.322, y EP 846464 A2
que describen los GP! del pnmer tipo; WO 96/39384 y EP 832065 A1 que describen
los GPI del segundo tipo; y la patente de Estados Unidos 5.998.463 que describe los
GPI del tercer tipo. Aqui se describe un cuarto tipo. En general, estos compuestos tie-
nen en comun la caracteristica estructural de uno o mas sistemas de anillos conden-
sados que comprenden un anillo aromatico de seis miembros y un heterociclo que
contiene nitrégeno. Tales sistemas de anillos condensados, se pueden considerar un
"grupo semejante al indol", teniendo el propio indof la estructura:

Se cree que los GP! que contienen el grupo semejante al indol se unen al sitio de
union del ntcleo de indol de la enzima GP. Los GPI que se unen a este sitio de union
del niicleo de indol generaimente son relativamente hidrofobos, tienen mala solubilidad
en agua y pobre biodisponibilidad.

Por consiguiente, lo que se desea por tanto es una composicion conteniendo
un GP! poco soluble en agua, que aumenta la concentracion del GPI en solucion
acuosa, que no afecta de modo adverso la capacidad del GPI para unirse a la enzima
GP, que mejora la biodisponibilidad relativa y que es farmaceéuticamente aceptable.
BREVE SUMARIO DE LA INVENCION

La presente invencion evita los inconvenientes mencionados proporcionando
una composicion farmacéutica que comprende un inhibidor de la glucdgeno-fosforilasa
y un polimero que aumenta ia concentracion. El GP! se une a una porcion o a todas
las porciones de los siguientes residuos de.una enzima giucégeno-fosforilasa:
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Estructura secundaria
original Numero de residuo
13-23
hélice a1 24-37
vueita 38-39, 43, 46-47
hélice a2 48-66, 69-70, 73-74, 76-78
79-80
cadena 1 81-86
87-88
cadena 2 89-92
93
hélice a3 94-102
103
hélice a4 104-115
116-117
hélice a5 118-124
125-128
cadena p3 129-131
132-133
hélice aé 134-150
151-152
cadena p4 153-160
161
cadena 4b 162-163
164-166
cadena p5 167-171
172-173
cadena 86 174-178
179-190
cadena g7 191-182
194, 197
cadena 8 198-209
210 -211
cadena p9 212-216
cadena p10 219-226, 228-232

233-236



{

10

15

o2

cadena 11 237-239, 241, 243-247
248-260

hélice a7 261-276

cadena 311b 277-281

vuelta inversa 282-289

hélice a8 290-304.

En un segundo aspecto de la invencién, una composicion farmacéutica com-
prende un GP! y un polimero que aumenta la concentracion, teniendo el GPI la es-
tructura general de la formula |:

o R R,
a b
,)\'\{ Rs; o
A
NR, D3
R‘l
1)
Ry Ry4
Féormula |

En un tercer aspecto de Ia invencion, una compaosicion farmacéutica compren-
de un GP! y un palimero que aumenta la concentracion, teniendo el GPI la estructura
general de ia formula I

QO R,

A, /\_R

R, \‘[/LN R 3

Rg s
R"

Férmula il
En un cuarto aspecto de la invencion, una composicion farmaceéutica compren-
de un GP! y un palimero que aumenta la concentracion, teniendo el GPI la estructura
general de la formula lli:

1
R o NHR®

Formuia il
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En un quinto aspecto de la invencion, una composicion farmaceéutica compren-
de un GP! y un polimero que aumenta la concentracion. teniendo el GPI la estructura

‘
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general de la formuia IV:

Rb
N R

Q

Férmula IV

En un sexto aspecto de la invencion, una composicion farmacéutica comprende
un GP! y un polimero que aumenta la concentracion, teniendo el GPI una solubilidad
en solucion acuosa, en ausencia del polimero, de menos de 1,0 mg/mi a cualquier pH
de1a8.

En un séptimo aspecto de la invencion, una composicion farmacéutica com-
prende un GPl y un polimero que aumenta la concentracion. La composicion propor-
ciona una concentracion maxima del GP! en un medio de uso que es 1,25 veces la de
una composicion de referencia que comprende una cantidad equivalente del GPIl y
esta libre del polimero. Como se usa aqui, un "medio de uso " puede ser o el medio in
vivo del tracto gastrointestinal de un mamifero, particularmente un humano, o el medio
in vitro de una solucién ;:ie ensayo, tal como solucién salina tamponada de fosfato
(PBS) o una solucion Mode/ Fasten Duodenal (MFD).

En un octavo aspecto de la invencion, una composicion farmaceutica compren-
de un GP! y un polimero que aumenta la concentracion. La composicion proporciona
una biodisponibilidad relativa que es al menos 1,25 en relacion a una composicion de
referencia que comprende una cantidad equivalente del GP!I y esta libre del polimero.

En otro aspecto de la invencion, un método de tratamiento de un mamifero que
tiene una indicacion debida a aterosclerosis, diabetes, neuropatia diabética, nefropatia
diabética, retinopatia diabética, cataratas, hipercolesterolemia, hipertriglicerideria,
hipertension, isquemia miocardica, hiperglucemia, hiperinsulinemia, hiperlipidemia,
resistencia a la insulina, infeccion bacteriana, o isquemia tisular comprende las si-
guientes etapas. Se forma una composicion de un GPI y un polimero que aumenta la
concentracion. La composicion se administra entonces al mamifero.

La composicion se puede dosificar en una variedad de formas farmacéuticas,
incluyendo tanto las formas farmacéuticas de liberacion inicial como las de liberacion
controlada, incluyendo las ultimas tanto las formas de liberacion retardada como las de
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liberacion sostenida. La composicion puede incluir mezclas de polimeros, y puede in-
cluir ademas otros polimeros que mejoran ia concentracion acuosa del GPI. La com-
posicion puede comprender también otros constituyentes que mejoran la estabilidad,
humectacion, disolucion, compresion o caracteristicas de elaboracion de la composi-
cién.

Los diferentes aspectos de la presente invencion tienen cada uno de ellos una
o mas de las siguientes ventajas. Las composiciones aumentan la concentracion del
GP en solucion acuosa en relacion a la forma cristalina del GPI. Las composiciones
también mejoran la biodisponibilidad relativa del GPl. Ademas, las composiciones ha-
cen posible el uso de los GP! hidréfobos, poco solubles en agua, sin afectar adversa-
mente a sus caracteristicas de union.

Los anteriores y otros objetivos, caracteristicas y ventajas de la invencion se
entenderan mas faciimente tras la consideracion de la siguiente descripcion detallada
de ia invencion.

DESCRIPCION DETALLADA DE LA INVENCION

La presente invencion proporciona composiciones de los GPt y al menos un
polimero que aumenta la concentracion. Como se ha expuesto antes en los antece-
dentes, se ha descubierto una nueva clase de los GP! hidréfobos poco solubles en
agua, que se unen al sitio de union del nucleo de indol en la enzima GP. Se cree que
una parte importante de la union de los GP) a este sitio se debe al grupo semejante al
indol, que siendo relativamente hidrofobo, se une en una bolsa hidréfoba dentro de la
enzima GP. Al estudiar la actividad del GPI, el modo de union, y la estructura del com-
plejo GPI/GP de una amplia variedad de compuestos, se ha encontrado que los com-
puestos que tienen buena actividad de inhibicion de ia GP en este sitio de unién del
nucleo de indol tienen a menudo una serie de caracteristicas en comun: (1) fa presen-
cia de uno 0 mas grupos semejantes al indol en su estructura; (2) solubilidades extre-
madamente bajas en solucion acuosa (esto es, menos de 1,0 mg/ml) a un pH fisiologi-
camente apropiado (por ejemplo cualquier pH de 1 a 8) medidas a aproximadamente
22 °C; (3) una naturaleza relativamente hidréfoba; y (4) una biodisponibilidad relativa-
mente baja cuando se administran oraimente en el estado cristalino.

Por tanto, a diferencia de otros GPI conocidos previamente, los GPl que se
unen al sitio de union del nucleo de indol requieren tipicamente algun tipo de modifica-
cion o formulacion para aumentar su solubilidad y con ello alcanzar una buena biodis-
ponibilidad. Sin embargo, se ha encontrado en la invencién que muchos de los méto-
dos convencionales usados para mejorar la solubilidad, y a su vez la biodisponibilidad,
han demostrado ser problematicos. Un método usado generaimente para mejorar la
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biodisponibilidad de un farmaco es preparar una forma iénica del fArmaco, tipicamente
incorporando un grupo ionizable a su estructura, y particularmente preparando una
forma de sal muy soluble. Sin embargo, los GPI con el grupo semejante al indol que
tienen el mejor comportamiento, generaimente son neutros ¢ no iénicos y relativa-
mente hidréfobos.

Se ha encontrado en la invencién que preparando los GP! que tienen grupos
semejantes al indol como composiciones que comprenden un GP! y un palimero que
aumenta la concentracion, y preferiblemente como una dispersion sélida del GP! y el
polimero que aumenta la concentracion, se aumenta la concentracion acuosa de los
GPI asi como la biodisponibilidad relativa, pero no se afecta adversamente a las ca-
racteristicas de union de los GPl. Las composiciones, los GPI, los polimeros adecua-
dos, y los excipientes opcionales, se exponen en mas detalle a continuacion.
COMPOSICIONES DE LOS GPI Y POLIMERO QUE AUMENTA LA CONCENTRA-
CION

La presente invencion tiene utilidad con cualquier GPl de baja solubilidad, o
con cualquier GPl que se pueda beneficiar por una mejor biodisponibilidad. Las com-
posiciones de la presente invencion son mezcias que constan de un GPI y al menos
de un polimero que aumenta la concentracion. Las mezclas son preferiblemente dis-
persiones soélidas, pero también pueden ser adecuadas para algunos GP! las mezclas
fisicas simples del GPI y el polimero. El GP! en su estado puro puede ser cristalino o
amorfo. Preferiblemente, al menos una porcién importante del GPI de la composicion
es amorfa. Por "amorfo” se entiende simplemente que el GP! no esta en estado crista-
lino. Como se usa aqui, el término "una porcion importante” del GP! significa que al
menos el 60 % del GPI de la composicion esta en la forma amorfa, en lugar de la for-
ma cristalina. Preferiblemente, el GPI de Ia composicién es sustanciaimente amorfo.
Como se usa aqui "sustanciaimente amorfo® significa que la cantidad del GP! en forma
cristalina no excede del 25 %. Mas preferiblemente, el GPI de la composicion es “casi
completamente amorfo” lo que significa que la cantidad de GP!l en forma cristalina no
excede del 10 %. Las cantidades de GPI cristalino se pueden medir por difraccion de
rayos X en polvo, analisis con microscopio electronico de barrido (SEM), calorimetria
diferencial de bamido ("DSC"), y cualquier otra medida cuantitativa esténdar. La com-
posicion puede contener desde aproximadamente 1 hasta aproximadamente 80 % en
peso de GPI, dependiendo de la dosis del GPI. El aumento de las concentraciones
acuosas de GPl y de la biodisponibilidad relativa son tipicamenta mejores a niveles
bajos de GPI, tipicamente menos de aproximadamente 25 a 40 % en peso. Sin em-
hargo, debido al limite practico del tamaiio de la forma farmacéutica, se prefieren a
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menudo mayores cargas de GPI y dan buenos resuitados.

En un aspecto preferido de la invencion, el GP! y el polimero que aumenta la
concentracion estan presentes como una dispersion sélida del GP! de baja solubilidad
y el polimero. Preferiblemente, al menos una porcién importante del GP! en ia disper-
sion esta presente en estado amorfo, en lugar de en estado cristalino. El GPl amorfo
puede existir como una fase pura, como una solucion sélida del GP! distribuido homo-
géneamente por todo el polimero o cualquier combinacion de estos estados o aquellos
estados que sean intermedios entre ellos.

La dispersion es preferiblemente sustanciaimente homogénea de forma que el
GPI amorfo se dispersa tan homogéneamente como sea posible por todo el polimero.
Como se usa aqui "sustancialmente homogénea® significa que el GPI presente en los
dominios amorfas relativamente puros dentro de la dispersion sdlida es relativamente
poco, del orden de menos del 20 %, y preferiblemente menos del 10 % de la cantidad
total de GPI. Aungue la dispersion puede tener algunos dominios ricos en GPl, se pre-
fiere que la propia dispersién tenga una unica temperatura de transicion vitrea (T,) lo
que demuestra que la dispersion es sustancialmente homogénea. Esto contrasta con
una mezcla fisica simple de particulas de GPl amorfo puro y particulas de polimero
amorfo puro que generaimente presenta dos T, distintas, una la del GPl y otra ia del
polimero. La T, como se usa aqui es la temperatura caracteristica en la que un mate-
rial vitreo, después de calentamiento gradual, sufre un cambio fisico relativamente
rapido (por ejemplo, de 10 a 100 segundos) desde un estado vitreo a un estado tipo
elastbmero. Las dispersiones de la presente invencion que son sustancialmente ho-
mogéneas generaimente son mas estables fisicamente y tienen mejores propiedades
para aumentar la concentracion, y a su vez mejor biodisponibilidad, en relacion con las
dispersiones no homogeéneas.

Aunque en la invencion se ha encontrado que las dispersiones del GPI y el po-
limero que aumenta la concentracion dan buenos resultados, se ha visto, para un GPI
al menos, que las composiciones de mezclas fisicas de GPl amorfo y polimero que
aumenta la concentracion también proporcionan un aumento de la concentracion
acuosa del GPI. Al menos una porcion importante del GPI en la mezcla es amorfa. La
composicion puede estar en forma de una mezcla fisica simple seca donde ambos, el
GPl y el polimero que aumenta la concentracion estan mezclados en la forma de parti-
culas y donde las particulas de cada uno de ellos, sin importar el tamafio, conservan
las mismas propiedades fisicas individuales que presentan a granel. Se puede usar
cualquier método convencional de los utilizados para mezclar el polimero y el GP!
juntos, tal como el mezclado fisica y la granulacion seca o himeda. En esta realizacion

66



d
-

@

W

10

15

20

25

30

35

-10-

de Ia invencion, no es necesario que el GPl amorfo y et polimero que aumenta la con-
centracion se mezclen directamente, sino solo que ambos estén presentes en la forma
farmacéutica. Por ejemplo, el GPI amorfo puede estar en forma de un oom;;rimido.
peria o capsula, y el polimero que aumenta la concentracion puede ser un recubri-
miento, material de granulacion o incluso ia pared de la capsuia.

Las compaosiciones que comprenden el GPI y el polimero que aumenta la con-
centracion, proporcionan un aumento de la concentracion del GP! en los ensayos de
disolucion in vitro. Se ha determinado que el aumento de la concentracion del farmaco
en los ensayos de disolucion in vitro en Model Fasted Duodenal (solucion MFD) o en
solucion salina tamponada de fosfato (PBS) es un buen indicador del comportamiento
y biodisponibilidad /in vivo. Una solucion PBS apropiada es una solucion acuosa que
comprende fosfato de sodio (Na,HPQO,) 20 mM, fosfato de potasio (KH,PO,) 47 mM,
NaCl 87 mM, y KCI 0.2 mM, ajustada a pH 6,5 con NaOH. Una solucion MFD apropia-
da es la misma solucion PBS en la que adicionaimente estan presentes sal de sodio
de &cido taurocdlico 14,7 mM y 1-palmitoil-2-oleil-sn-glicero-3-fosfocolina 2,8 mM. En
particular, una composicion de la presente invencién se puede ensayar en cuanto a
disolucién anadiéndola a una solucion MFD o PBS y agitando para facilitar la disolu-
cion. Preferiblemente, la composicion de la presente invencion proporciona una con-
centracion maxima de farmaco (MDC) que es al menos 1,25 veces la concentracion de
equilibrio de una composicion de referencia que comprende una cantidad equivalente
de GPI pero esta libre del polimero. En otras palabras, si la concentracion de equilibrio
proporcionada por la composicion de referencia es 100 ug/ml, entonces una composi-
cion de la presente invencion proporciona una MDC de al menos 125 ug/ml. La com-
posicién de comparacion es convencionalmente el GPI solo, no dispersado (por ejem-
plo, tipicamente, el GP! cristalino solo en su forma cristalina mas termodinamicamente
estable, 0 en los casos en que no se conoce una forma cristalina del GPI, la referencia
puede ser el GPI amorfo solo) o el GPI mas un peso de diluyente inerte equivalente al
peso del polimero en la composicion de ensayo. Mas preferiblemente, la MDC del GPI
conseguida con las composiciones de la presente invencion es al menos 2 veces, e
incluso mas preferiblemente al menos 3 veces, la de la composicion de referencia.

Altemativamente, las composiciones de la presente invencion proporcionan en
un medio de uso acuoso un drea bajo la curva (AUC) de concentracion frente al tiem-
po, para cualquier periodo de al menos 90 minutos entre el tiempo de introduccion en
el medio de uso y aproximadamente 270 minutos después de la introduccion en el
medio de uso, que es al menos 1,25 veces la de una composicion de referencia que
comprende una cantidad equivalente del GPI no dispersado.
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Alternativamente, la dispersion de ia presente invencion, cuando se administra
oralmente a un humano o a un animal, proporciona una AUC de la concentracion del
GPI en la sangre para cualquier pericdo de al menos 90 minutos entre el tiempo de
administracion y aproximadamente 270 minutos después de ia administracion, que es
al menos 1,25 veces la observada cuando se administra una composicion de referen-
cia que comprende una cantidad equivalente del farmaco no dispersado. Por ello, las
composiciones de la presente invencion se pueden evaluar en ensayos o bien in vitro
o bien in vivo, o en ambos.

Un ensayo tipico para evaiuar el aumento de la concentracion del farmaco se
puede realizar por medio de (1) disolver una cantidad suficiente de la composicion de
referencia, tipicamente el GPI solo, en el medio de ensayo in vifro, tipicamente solu-
¢ion MFD o PBS, para alcanzar la concentracion de equilibrio del GPI; (2) disolver una
cantidad suficiente de la composicion de ensayo (por ejempio, el GPl vy el polimero), en
un medio de ensayo equivaiente, de tal forma que si todo el GPI estuviera disueito, ia
concentracion tedrica de GPI excederia la concentracion de equilibrio del GP! por un
factor de 2 como minimo; y (3) determinar si la MDC de la composicién de ensayo me-
dida en el medio de ensayo es al menos 1,25 veces la de la concentracion de equili-
brio de la composicion de referencia. Al realizar tal ensayo de disolucién, la cantidad
de la composicion de ensayo o de la composicion de referencia usada, es una canti-
dad tal que si todo el GPI estuviera disuelto, la concentracion de GPI seria al menos
de 2 veces a 100 veces {a de la solubilidad del GPI. La concentracion del GP! disueito
se mide tipicamente como una funcién del tiempo tomando muestras del medio de
ensayo y representando graficamente la concentracion del GPI en el medio de ensayo
frente al tiempo de forma que se puede determinar la MDC. Para evitar las particulas
de GPI que podrian dar una determinacién errénea, la solucién de ensayo se filtra o se
centrifuga. El "GP disuelto" se considera tipicamente como aquel material que o bien
pasa por un filtro de jeringa de 0,45 um, o aiternativamente, el material que queda en
el sobrenadante después de la centrifugacion. La filtracion se puede realizar usando
un filtro de jeringa de 13 mm, de poli(difluoruro de vinilideno) de 0,45 um comercializa-
do por Scientific Resources con la marca comercial de TITAN®. La centrifugacion se
realiza tipicamente en un tubo de microcentrifuga de polipropileno centrifugando a
13.000 g durante 60 segundos. Se pueden emplear otros métodos similares de filtra-
cién o centrifugacion y se obtienen resultados utiles. Por ejemplo, usando otros tipos
de microfiltros se pueden obtener valores algo mas aitos o mas bajos (+ 10-40 %) que
los obtenidos con el filtro especificado antes pero, sin embargo, pemiten |3 identifica-
cion de las dispersiones preferidas. Se reconoce que esta definicion de "GPI disuelto”
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engloba no sdlo las moleculas monomericas del GPI soivatado sino también una am-
plia serie de formas tales como conjuntos de polimero/GPl que tienen dimensiones
inferiores a la micra tales como los agregados de GP!, agregados de mezclas de poli-
mero y GPI, micelas, micelas poliméricas, particulas coloidales o nanocristales, com-
plejos de polimero/GPl, y otras formas similares que contienen GPI que estan pre-
sentes en el filtrado o sobrenadante del especificado ensayo de disolucion.

L.a biodisponibilidad relativa de los GP! en las dispersiones de la presente in-
vencion se puede ensayar in vivo en animales o humanos usando métodos conven-
cionales para realizar tal determinacion. Un ensayo in vivo, tal como un estudio cruza-
do, se puede usar para determinar si una composicion de GP! y polimero proporciona
un aumento de la biodisponibilidad relativa en comparacion con una composicion de
referencia que comprende un GP! pero ningtin polimero como se ha descrito antes. En
un estudio cruzado in vivo, una "composicion de ensayo” de GFl y polimero se admi-
nistra a la mitad de los sujetos de un grupo de ensayo y después de un periodo apro-
piado de eliminacion (por ejemplo una semana), los mismos sujetos recibieron una
"composicion de referencia” que comprende una cantidad del GPI equivalente a la de
la “composicién de ensayo”. A la otra mitad del grupo se le administra primero la com-
posicion de referencia seguida por la composicion de ensayo. La biodisponibilidad re-
lativa se mide como el area bajo la curva (AUC) de la concentracion en sangre (suero
o plasma) frente al tiempo, determinada para el grupo de ensayo dividida por el AUC
en sangre proporcionada por la composicion de referencia. Preferiblemente esta rela-
cion ensayo/referencia se determina para cada sujeto, y después se calcula la media
de estas relaciones en todos los sujetos del estudio. Las determinaciones in vivo del
AUC se pueden hacer representando graficamente la concentracion sérica o plasmati-
ca del faimaco en el eje de ordenadas (eje de las y) frente al tiempo en el eje de abs-
cisas (eje de las x). Generaimente, los valores de AUC representan una serie de valo-
res tomados de todos los sujetos en una poblacion de pacientes de ensayo que son la
media de toda la poblacién del ensayo. Una realizacion preferida de la invencion es
aquella en que la biodisponibilidad relativa de la composicion de ensayo es al menos
1,25 en relacién a una composicion de referencia que consta de un GPI pero sin nin-
gun polimero como se ha descrito antes. (Esto es, el AUC proporcionada por la com-
posicion de ensayo es al menos 1,25 veces el AUC proporcionada por la compaosicion
de referencia). Una realizacion de la invencién alin mas preferida es aquella en la que
la biodisponibilidad relativa de la compesicion de ensayo es al menos 2,0 en relacion a
una composicion de referencia del GP! pero sin ningtin polimero presente como se ha
descrito antes. La determinacion de las AUC es un procedimiento bien conocido y esta
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descrito por ejemplo, en Welling, "Pharmacokinetics Processes and Mathematics”,
ACS Monograph 185 (1986).
INHIBIDORES DE LA GLUCOGENQ-FOSFORILASA

La invencién es util para los GPI que tienen una solubilidad acuosa suficiente-
mente baja para que sea deseable aumentar su solubilidad en agua. Por tanto, la in-
vencion tendra utilidad siempre que se encuentre deseable aumentar la concentracion
del GP! en un medio de uso. Que el GPI tiene "baja solubilidad" significa que' el GPI
puede ser o bien "sustancialmente insoluble en agua"” (lo que significa que el GPI tiene
una solubilidad acuosa minima a cualquier pH fisiol6gicamente apropiado (por ejem-
plo, pH 1-8) y aproximadamente 22 °C, de menos de 0,01 mg/mi), o bien "escasa-
mente soluble en agua® (esto es, tiene una solubilidad en agua de hasta aproximada-
mente 1 mg/mi). (A menos que se especifique ofra cosa, la referencia a la solubilidad
acuosa aqui y en las reivindicaciones se determina a 22 °C aproximadaments). Las
composiciones de la presente invencién encuentran mayor utilidad cuando la solubili-
dad del GPI disminuye, y por ello son preferidas para las solubilidades de los GPI infe-
riores a 0,5 mg/ml y aiin més preferidas para las solubilidades de los GP!I inferiores a
0,1 mg/ml. En general, se puede decir que el GPI tiene una relacién dosis a solubilidad
acuosa mayor de aproximadamente 10 ml, donde la solubilidad (ma/ml) es el valor
minimo observado en cualquier solucion acuosa fisiologicamente apropiada (por ejem-
plo aquellas con valores de pH de 1 a 8) incluyendo las soluciones tampones gastricas
e intestinales simuladas de la Farmacopea de los Estados Unidos (USP), y la dosis
estd en mg. Las composiciones de la presente invencién, como se ha mencionado
antes, encuentran mayor utilidad cuando la solubilidad del GPI disminuye, y la dosis
aumenta. Por ello, se prefieren las composiciones en las que la relacion dosis a solubi-
lidad aumenta, y por fanto se prefieren las relaciones dosis a solubilidad mayores de
100 ml, y son mas preferidas las relaciones dosis a solubilidad mayores de 400 ml.

Preferiblemente, el GPI se une a la enzima GP en el sitio de unién del nicleo
del indol. Como se usa aqui y en las reivindicaciones, "union” significa que una porcién
del GPI se une a la enzima GP de tal manera que una porcién de! GPI esta en con-
tacto por medio de un enlace de van der Waals o de hidrégeno con una porcién o to-
das las porciones de ciertos residuos del sitio de unién. En una realizacién preferida, el
GPi se une a la enzima GP con una porcion o todas las porciones de los siguientes

residuos de GP:

170
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Estructura secundaria

original
hélice a1
vueita
hélice a2
‘cadena 1
cadena 82
hélice a3
hélice ad
hélice a5
cadena 3
hélice a6

cadena p4

cadena p4b

cadena 5

cadena 6

cadena B7

cadena P8

cadena 9

cadena 10

-14-

Numerao de residuo

13-23
24-37

38-39, 43, 46-47
48-66, 69-70, 73-74, 76-78

79-80
81-86
87-88
89-92
93
94-102
103
104-115
116-117
118-124
125-128
129-131
132-133
134-150
151-152
183-160
161
162-163
164-166
167-171
172-173
174-178
179-190
191-192
194, 197
198-209
210-211
212-216

219-226, 228-232

17/
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233-236

cadena 11 237-239, 241. 243-247
248-260

hélice a7 261-276

cadena p11b 277-281

vuelta inversa 282-289

hélice a8 290-304

Mas preferiblemente, el GPI se une con uno o mas de los siguientes residuos
de GP en una a ambas subunidades:

ST

Estructura secundaria
ornginal Numero de residuo
13-23
hélice a1 24-37
vueita 38-39, 43, 46-47
hélice a2 48-66, 69-70, 73-74, 76-78
79-80
cadena p2 91-92
93
hélice a3 94-102
103
hélice a4 104-115
. 116-117
hélice ab 118-124
125-128
cadena p3 129-130
cadena p4 158-160
161
cadena 34b 162-163
164-166
cadena @5 167-168
cadena 36 178
179-190
cadena g7 191-192

194, 197
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cadena B9 198-200
cadena 10 220-226
228-232
233-236
cadena 311 237-239, 241, 243-247
248-260
hélice a7 261-276
cadena 11b 277-280

Audn mas preferiblemente, el GP! se une con uno o mas de los siguientes resi-
duos de GP en una o0 ambas subunidades:

Numero de residuo
33-39
49-66
94
98
102
125-126
160
162
182-192
197
224-226
228-231
238-239
241
245
247

Mas preferiblemente, el GPI se une con uno o mas de los siguientes residuos
de GP en una o ambas subunidades:

Numero de residuo
37-39
53

133



10

15

20

17-

57

60
63-64
184-192
226

229

El sitio de union del nucleo de indol esta descrito de forma mas completa en la
solicitud provisional de patente de Estados Unidos comunmente cedida, nimero de
serie 95790 presentada el 7 de agosto de 1998, y la correspondiente solicitud publica-
da de patente europea nimero EP0978279 A1, cuya descripcion pertinente se incor-
pora aqui como referencia.

Se cree que ciertos compuestos son capaces de unirse al sitio de unién del nu-
cleo del indol. Por tanto, los GPI preferidos de la presente invencion son aquellos que
son capaces de unirse a este sitio. Un grupo de tales compuestos tiene la estructura
de la farmula |:

o R, R
al b
R
A== LR
NR, 3
Ri
5
R R,
Férmuia |

y sus sales y profarmacos farmacéuticamente aceptables donde la linea de trazos (- -
-) es un enlace apcional, y los diferentes sustituyentes de la formula | son como sigue;
A es ~C(H)=, -C(alquil (C+-C4))= o -C(halo)= cuando la linea de trazos (- - -) es un en-
lace, 0 A es metileno o -CH(alquil (C+-C4))- cuando la linea de trazos (- - -) no es un
enlace;

R4, R0 0 R1¢ SON cada uno independientemente H, halo, 4-, 6- 0 7-nitro, ciano, aiquifo
(C4-Ca), alcoxi (C4+-Cy), fluorometilo, difiucrometilo o triflucrometilo;

RzesH;

Rs es H o alquilo (C4-Cs);

R4 es metilo, etilo, n-propilo, hidroxi-alquilo (C4~Cs), alcoxi (C4-Ca)-alquilo (C4-Cas), fenil-
alquilo (C4~C,), fenilhidroxi-alquilo (C1-C.), fenil-alcoxi (C,-Ca)-alquilo (C4-C,), tien-2-il-
alquilo (C+-Cy) o tien-3-il-alquilo (C4-Cy) 0 fur-2-il-alquilo (C4-C4) 0 fur-3-il-alquile (C+-Cy)
donde dichos anillos R4 estdn mono-, di- o tri-sustituidos independientemente sobre
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carbono con H, halo, alquilo (C4-Cy), alcoxi (C4-Cs), triflucrometilo, hidroxi, amino o
ciano; o

R4 es pirid-2-il-alquilo (C4-C,), pirid-3-il-alquilo (C+-C4) o pirid-4-il-alquilo (C+-Ca), tiazol-
2-il-alquilo (C4-Cy). tiazol-4-il-alquila (C+-C4) o tiazol-S-it-alquilo (C4-C4), imidazol-1-il-
alquilo (C4-Cy), imidazal-2-il-alquile (C+-Cs), imidazol-4-il-alquilo (C+-C4) o imidazol-5-il-
alquilo (C+-Cy), pirral-2-il-alquilo (C+-C4) o pirral-3-i-alquilo (C+-C4), oxazol-2-il-alquilo
(C4-C4), Oxaz0l-4-il-alquilo (C+-Cq) u oxazol-5-il-alquilo (C+-C4), pirazol-3-il-alquile (C4~
C4), pirazol-4-il-alquilo (C+C,) o pirazol-S-il-alquilo (C+-C4), isoxazol-3-il-alquilo (C+-C.),
isoxazok4-il-alquilo (C+-C4), isoxazal-S-i-alquilo (Cy-C4), isotiazol-3-il-alquile (C+-Cs),
isatiazal-4-il-alquilo (C+-C4), isotiazal-S-il-alquilo (C+-C4), piridazin-3-il-alquila (C4-C4) 0
piridazin-4-il-alquilo (C4+-C4), pirimidin-2-il-alquilo (C+-C4). pirimidin-4-il-alquilo (C+-Ca),
pirimidin-S-i-alquila (C+-Cg4) o pirimidin-6-il-alquilo (C-Cs), pirazin-2-il-alquilo (Cy-C4) 0
pirazin-3-il-alquilo (C+-Cg) 0 1,3,5-triazin-2-il-alquilo (C+-Cy), donde dichos heteraciclos
R¢ precedentes estan opcionaimente mono- o di-sustituidos independientemente con
halo, triflucrometilo, alquilo (C+-Cy), alcoxi (C+-Cy4), amino o hidroxi y dichaes mone- o di-
sustituyentes estan unidas a carbono;

Rs es H, hidroxi, fldor, alquilo (C+-Cs), alcoxi (C+-Cs), alcanqile (C+-Ce), amina-alcoxi
(C+-C4), mona-N-alquilamino (Cy-Cq)-alcoxi (C4~Cq) 0 di-N,N-alquilamina (C+-Cq)-alcoxi
(C4-C4), carboxi-alcoxi (C4-C4), alcoxi (C4-Cs)-carbonil-alcoxi (C+-Cs), benciloxicarbonil-
alcoxi (C-C4), 0 carboniloxi donde dicho carboniloxi estd unido carbona-carbono con
fenilo, tiazolilo, imidazolilo, 1H-indolilo, furilo, pirrolile, oxazelilo, pirazolilo, isoxazolilo,
isotiazolilo, piridazinilo, pirimidinilo, pirazinilo o 1,3,5-triazinile y donde dichos anillos Rs
precedentes estdn opcionalmente mono-sustituidos con halo, alquila (C+-Cs), alcoxi
(C+-C4), hidraxi, amino o trifluorometilo y dichos monosustituyentes estan unidos a car-
bono;

Ry es H, fldor o alquila (C4-Cs); 0

Rs y Ry considerados juntos son oxo;

R es carboxi, alcoxi (C+-Cs)-carbonilo, C(O)NRsRg 0 C(O)Ry2, donde

Rs s alquilo (C4-C,), hidraxi ¢ alcaxi (C4-Ca); ¥

Ry es H, alquilo (C+-Cg), hidroxi, alcoxi (C4-Cs), metilen-alquilo (C4-Cs) perfluorado, fe-
nilo, piridilo, tienilo, furilo, pirralilo, pirrolidinilo, oxazalilo, tiazalilo, imidazolilo, pirazolilo,
pirazalinilo, pirazolidinilo, isoxazolilo, isotiazalila, piranilo, piperidinilo, marfolinilo, piri-
dazinilo, pirimidinilo, pirazinilo, piperazinilo o 1.3,5-triazinilo donde dichas aniflos Ry
precedentes estin ligadas por carbono-nitragena; o

R as alquilo (C,-Cs) mono-, di- a tri-sustituido, donde dichas sustituyentes son inde-
pendientemente H, hidroxi, amino, mono-N-alquilaming (C+-Cs) o di-N,N-alquilamino

s



10

15

20

25

30

35

-19-

(C-Cs), 0
Re es alquilo (C4-Cs) mono- o di-sustituido, donde dichos sustituyentes son indepen-
dientemente fenilo, piridilo, furilo, pirrolile, pirrolidinilo, oxazolilo, tiazolilo, imidazolilo,
pirazolilo, pirazolinilo, pirazolidinilo, isoxazolilo. isotiazolilo, piranilo, piridiniio, piperidi-
nilo, morfolinilo, piridazinilo, pirimidinilo, pirazinilo, piperazinilo o 1,3,5-triazinilo,
donde los anillos no aromaticos Ry que contienen nitrdgeno estan opcionalmente mo-
no-sustituidos sobre el nitrégeno con aiquilo (C,-Cg), bencilo, benzoilo o alcoxi (C~Ce)-
carbonilo y donde los anillos Rg estan opcionaimente mono-sustituidos sobre carbono
con halo, alquilo (C+-C,), alcoxi (C4-Cy), hidroxi, amino o mono-N-alquilamino (C4-Cs) ¥
di-N,N-alquilamino (C4+-Cs) con la condicidn de que no esta incluido ningtn nitrégeno
cuaternizado y no hay enlaces nitrogeno-oxigeno, nitrégeno-nitrégeno o nitrégeno-
halo;
R+ es piperazin-1-ilo. 4-alquil (C,-C4)-piperazin-1-ilo, 4-formilpiperazin-1-ilo, morfolino,
tiomorfolino, 1-oxotiomorfolino, 1,1-dioxo-tiomorfolino, tiazolidin-3-ilo, 1-oxo-tiazolidin-
3-ilo, 1,1-dioxo-tiazolidin-3-ilo, 2-alcoxi (C4-Cg)-carbonilpirrolidin-1-ilo, oxazolidin-3-ilo o
2(R)-hidroximetilpirrolidin-1-ilo; o
Rq2 es oxazetidin-2-ilo mono- o di-sustituido en 3- y/o 4-, oxazolidin-3-ilo mono- o di-
sustituido en 2-, 4-, y/o 5-, tiazolidin-3-ilo mono- o di-sustituido en 2-, 4-, y/o 5-, 1-
oxotiazalidin-3-ilo mono- o di-sustituido en 2-, 4-, y/o 5-, 1,1-dioxotiazolidin-3-ilo mono-
o di-sustituido en 2-, 4-, y/o 5-, pirrolidin-1-ilo mono- o di-sustituido en 3-, y/o 4-, piperi-
din-1-lo mono- di- o tri-sustituido en 3-, 4-, y/o 5-, piperazin-1-ilo mono- di- o tn-
sustituido en 3-, 4-, y/o 5-, azetidin-1-ilo sustituido en 3-, 1,2-oxazinan-2-ilo mono- o di-
sustituido en 4-, y/o 5-, pirazolidin-1-ilo mono- o di-sustituido en 3-, y/o 4-, isotiazolidin-
2-ilo mono- o di-sustituido en 4-, y/o 5-, isotiazolidin-2-ilo mono- y/o di-sustituido en 4-,
y/o 5-, donde dichos sustituyentes de R4z son independientemente H, halo, alquilo (C+-
Cs), hidroxi, amino, mono-N-aiquilamino (C+-Cs) o di-N,N-alquilamino (C+-Cs), formilo,
oxo, hidroxiimino, alcoxi (C.-Cs), carboxi, carbamoilo, mono-N-alquil (C+Cg4)-
carbameilo o di-N,N-alquil (C.-Cg)-carbamoilo, alcoxi (C.-Cs)-imino, alcoxi (C+-Cs)-
metoxi, alcoxi (C+-Ce)-carbonilo, carboxi-alquilo (C+-Cs) o hidroxi-alquilo (C4-Cs);
con la condicién de que si Ry es H, metilo, etilo o n-propilo, Rs es OH;
con la condicion de que si R y R7son H, entonces R4 no es H, metilo, etilo, n-propilo,
hidroxi-alquilo (C+-Cs) 0 alcoxi (C+-Ca)-alguilo (C+-C3) y Rs €s C(O)NRsRs, C(O)R+2 0
alcoxi (C+-Cq)-carbonilo.

Los compuestos de la formula | estan descritos en la solicitud de tratado de co-
operacion de patente publicada, nimero WO 96739385, cuya descripcion completa se
incorpora aqui como refarencia.

b
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También en otro aspecto preferido de la invencion, ef GPI tiene l1a estructura de
la formuia (I, que es otra clase de compuestos que se consideran capaces de unirse al
sitio de union del nucleo del indol:

0 R,
A, A—‘R
5
R10 R7 R:’
R“

Formula il
y sus sales y profarmacos farmacéuticamente aceptables donde la linea de trazos (- -
-) es un enlace opcional, y los sustituyentes de la formula Il son como sigue;
A es -C(H)=, -C(alquil (C,-C.))= 0 -C(halo)= o0 —-N=. cuando Ia linea de trazos (- - -) es
un enlace. o A es metileno o -CH(alquil (C,-C.))- cuando la linea de trazos (- - -) no es
un enlace;
R+, R 0 R4 50N cada uno independientemente H, halo, ciano, 4-, 6- o 7-nitro, alquilo
(C+-C,), aleoxi (C+-Cs), fluorometilo, difluorometilo o trifluorometilo;
Rz es H;
R3 es H o alquilo (C+-Cs);
R4 es H, metilo, etilo, n-propilo, hidroxi-alquilo (C-Ca), alcoxi (C+-Ca)-alquilo (C+-Ca),
fenil-alquilo (C+-C4), fenilhidroxi-alquilo (C4-C,), fenil-alcoxi (C+-Ca)-alquilo (C4-C,), tien-
2-il-alquilo (C4-C,) o tien-3-il-alquilo (C+-C4) 0 fur-2-il-alquilo (C+-Cs) 0 fur-3-il-alquilo
(C+-C4) donde dichos anillos R4 estan mono-, di- o tri-sustituidos independientemente
sobre carbono con H, halo, alquilo (C+-C,), alcoxi (C4-C,), trifluorometilo, hidroxi, ami-
no, ciano o 4,5-dihidro-1H-imidazol-2-ilo; o
R, es pirid-2-il-alquilo (C4-C,), pirid-3-il-alquilo (C4-C4) 0 pirid-4-il-alquilo (C+-C.), tiazol-
2-il-alquilo (C4+-Cg), tiazol-4-il-alquilo (C+-Cs) 0 tiazol-5-il-alquilo (C+-Cs), imidazol-2-il-
alquilo (C+-C4), imidazol-4-il-alquilo (C+-C,4) o imidazol-S-il-alquilo (C+-C,), pirrol-2-il-
alquilo (C4+-C4) o pirrol-3-il-alquilo (C+-C4), oxazol-2-il-alquilo (C+-C,4), oxazol-4-il-alquilo
(C+-C4) u oxazol-5-il-alquilo (C4-C,), pirazol-3-il-ailquilo (C+-C,). pirazol-4-il-alquilo (Cq-
C4) 0 pirazol-5-il-alquilo (C+-Cy), isoxazol-3-il-alquilo (C+-Ca), isoxazol-4-il-alquilo (Cs-
Ca) o isoxazol-S-il-alquilo (C4-Cy), isotiazol-3-il-alquilo (C4+-Ca), isotiazol-4-il-alquilo (Cs-
Cqs) 0 isotiazol-5-il-alquilo (C+-C,), piridazin-3-il-alquilo (C+-Cs) 0 piridazin-4-il-alquilo
(C+-C4), pirimidin-2-il-alquilo (C4-Cy), pirimidin-4-il-alquilo (C+-C,), pirimidin-5-il-alquilo
(C-C4) O pirimidin-8-il-alquilo (C+-C4), pirazin-2-ik-alquilo (C+-C4) o pirazin-3-il-alquilo
(C+-C4), 1,3,5-triazin-2-il-alquilo (C4-C4) 0 indal-2-alquilo (C+-Cs), donde dichos hetero-
ciclos R, precedentes estan opcionalmente mono- o di-sustituidos independientemente

Y
Z.
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con halo, tnfiuorometilo, aiquito (C+-Cs), alcoxi (C+-Ca), amino, hidroxi o ciano y dichos
sustituyentes estan unidos a carbono; o

R4 es Ris-carboniloximetilo, donde dicho R¢s es fenilo, tiazolilo, imidazolilo, 1H-indolilo,
furilo, pirrolilo, oxazoalilo, pirazolilo, isoxazolilo, isotiazolilo, piridilo, piridazinilo, pirimidi-
nilo, pirazinilo o 1,3,5-tnazinilo y donde dichos anillos R precedentes estan opcional-
mente mono- o di-sustiluidos independientemente con halo, amino, hidroxi, alquilo (Cy~
C4), alcoxi (C+-C4) o trifluorometilo y dichos mono- o di-sustituyentes estan unidos a
carbono;

Rs es H, mstilo, etilo, n-propilo, hidroximetilo o hidroxietilo;

Rs es carboxi, alcoxi (C+~Ca)-carbonilo, benciloxicarbonilo, C(O)NRgRe 0 C(O)R42,
donde Rs es H, alquilo (C+-Cs), cicloalquilo (C3-Cs), cicloalquil (C~Ce)-alquilo (C+-Cs),
hidroxi o alcoxi (C+-Cg); ¥

Re es H, cicloalquilo (C5-Cs), cicloalquil (Cx-Cs)-alquilo (C+-Cs), cicloalquenilo (C.-Cy),
cicloalquil (Cs-Cy)-alcoxi (Cy-Cs), cicloalquiloxi (C-Cy), hidroxi, metilen-alquilo (C4-Cg)
perfluorado, fenilo o un heterociclo donde dicho heterociclo es piridilo, furilo, pirrolilo,
pirrolidinilo, oxazolilo, tiazolilo, imidazolilo, pirazolilo, pirazolinilo, pirazolidinilo, isoxazo-
lilo, isotiazolilo, piranilo, piridinilo, piperidinilo, morfolinilo, piridazinilo, pirimidinilo, pira-
zinilo, piperazinilo, 1,3,5-triazinilo, benzotiazolilo, benzoxazolilo, bencimidazolilo, tio-
cromanilo o tefrahidrobenzotiazolilo donde dichos anillos heterociclos estan ligados por
carbono-nitrégeno; o

Ry es alquilo (C+-Ce) 0 alcoxi (C-Cs) donde dichos alquilo (C,-Cs) 0 alcoxi (C+-Cs) es-
tan opcionaimente monosustituidos con cicloalquen-1-ilo (C4Cy), fenilo, tienilo, piridilo,
furilo, pirvolilo, pimrolidinilo, oxazolilo, tiazolilo, imidazoalilo, pirazolilo, pirazolinilo, pirazo-
lidinilo, isoxazolilo, isotiazolilo, piranilo, piperidinilo, morfolinilo, tiomosfolinilo, 1-
oxotiomorfolinilo, 1,1-dioxotiomorfolinilo, piridazinilo, pisimidinilo, pirazinilo, piperazinilo,
1,3,5-triazinilo o indolilo y donde dichos alquilo (C4-Cs) 0 alcoxi (C4-Cs) estan ademas
opcionaimente mono- o di-sustituidos independientemente con halo, hidroxi, alcoxi (C+-
Cs), amino, mano-N-alquilamino (C+~Cs) o di-N,N-alquilamino (C+-Cs), ciano, carboxi, o
alcoxi (C+-Cq)-carbonilo; y

donde los anillos Ry estan opcionaimente mono- o di-sustituidos independientemente

_sobre carbono con halo, alquilo (C+-C.), atcoxi (C+-C,), hidroxi, hidroxi-alquilo (C+-C.),

amino-alquilo (C+-C,), mono-N-atquilamino {C+-C,) o di-N,N-alquilamino (C4+-Cs), alquilo
(C+C4), alcoxi (C4-Cy)-alquilo (C4+-Cs), amino, mano-N-alquilamino (C+-Cs) 0 di-N,N-
alquilamino (C+-C4), ciano, carboxi, alcoxi (C+-Cs)-carbonilo, carbamoilo, formilo o tri-
flucrometilo y dichos anillos R, pueden estar ademas opcionaimente mono- o di-
sustituidos independientemente con aiquilo (C+-Cs) o halo;

IE2%
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con la condiciéon de que no esta incluido ningun nitrégeno cuatemizado sobre ningtin
heterociclo Rg;

Rs2 es morfolino, tiomorfolino, 1-oxotiomorfolino. 1,1-dioxotiomorfolino, tiazolidin-3-ilo,
1-oxatiazolidin-3-ilo, 1,1-dioxotiazolidin-3-ilo, pirrolidin-1-ilo, piperndin-1-ilo, piperazin-1-
ilo, piperazin-4-ilo, azetidin-1-ilo, 1,2-oxazinan-2-ilo, pirazolidin-1-ilo, isoxazolidin-2-ilo,
isotiazolidin-2-ilo, 1,2-oxazetidin-2-ilo, oxazolidin-3-ilo, 3,4-dihidroisoquinolin-2-ilo, 1,3-
dihidroisoindol-2-ilo, 3,4-dihidro-2H-quinol-1-ilo, 2,3-dihidrobenzo[1,4]oxazin-4-ilo, 2,3-
dihidro-henzo[1,4jtiazin-4-ilo, 3 4-dihidro-2H-quinoxalin-1-ilo, 3,4-dihidro-benzofc][1,2]-
oxazin-1-ilo, 1,4-dihidro-benzo[d]f1,2Joxazin-3-ilo, 3,4-dihidro-benzole}{1,2]oxazin-2-ilo,
3H-benzold]isoxazol-2-ilo, 3H-benzo[clisoxazol-2-ilo o azepan-1-ilo,

donde dichos anillos R, estan opcionalmente mono-, di- o tri-sustituidos independien-
temente con halo, alquilo (C-Cs), aleoxi (C4+-Cs), hidroxi, amino, mono-N-alquilamino
(C+-Cs) o di-N,N-alquilamino (C+-Cs), formilo, carboxi. carbamoilo, mono-N-aiquil (C4-
Cs)-carbamoilo o di-N,N-aiquil (C+-Cs)-carbamoilo, alcoxi (C+-Cg), alcoxi (C4-C;), alcoxi
(C+-Caq)-carbonilo, benciloxicarbonilo, alcoxi (C-Cs)-carbonil-alquilo (C4-Cs), alcoxi (Cy-
Cs)-carbonilamino, carboxi-alquilo (C+-Cs), carbamoit-alquilo (C+-Cs), mono-N-alquil
(C1-Cs)~carbamoil-alquilo (C+-Cs) o di-N,N-alquil (C4-Cs)-carbamoil-alquilo (C+-Cs), hi-
droxi-alquilo (C+-Cs), alcoxi (Ci-Ca)-alquilo (C+~Cs4), amino-alquilo (C-Cs), mono-N-
alquilamino (C4-Cq)-alquilo (C-C4) o di-N,N-alquilamino (C:-C,)-alquilo (C+~Cs), oxo,
hidroxiimino o alcoxi (C+-Cg)-imino y donde no mas de dos sustituyentes se seleccio-
nan entre oxo, hidroxiimino o alcoxi (C+-Cg)-imino y los oxo, hidroxiimino o alcoxi (Cy-
Ce)-imino estan sobre un carbono no aromético; y

donde dichos anillos R.; estan ademas opcionaimente mono-, 0 di-sustituidos inde-
pendientemente con alquilo (C,-Cs) 0 halo;

con la condicion de que cuando Rg es alcoxi (C-Cs)-carbonilo o benciloxicarbonilo,
entonces R, es 5-halo, 5-alquilo (C+-Cs) 0 5-ciano y R4 es (fenil)(hidroxi)alquilo (C+-C.),
(fenil)(alcoxi (C4+~Cy))-alquilo (C,-C,), hidroximetilo o Ar-alquilo (C+-C;), donde Ar es
tien-2-ilo o tien-3-ilo, fur-2-ilo o fur-3-ilo o fenilo donde dicho Ar estd opcionaimente
mano-, o di-sustituido independientemente con halo; con las condiciones de que cuan-
do R, es bencilo y Rs es metilo, R, no es 4-hidroxi-piperidin-1-ilo o cuando R4 es ben-
cilo y Rs es metilo, Rs no es C(O)N(CH3)y;

con la condicion de que cuando R; y Rip y Ry Son H, R4 no es imidazol-4-ilmetilo, 2-
feniletilo o 2-hidroxi-2-feniletilo;

con la condicion de que cuando Rs ¥ Rg Son n-pentilo, R, es 5-cloro, S5-bromo, 5-ciano,
S-alquilo (C4-Cs), 5-alcoxi (C+-Cs) o trifiuorometilo;

con la condicion de que cuando Ry es 3 4-dihidroisoquinol-2-ilo, dicho 34-
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dihidroisoquinol-2-ilo no esta sustituido con carboxi-alquio (C+-Ca);

con la condicion de que cuando Rg es H y Rq es alquilo (C+-Cs), Re no esta sustituido
con carboxi o alcoxi (C+-C,)-carbonilo sobre el carbono que esta unido al atomo de
nitrégeno N de NHRg; y

con la condicién de que cuando Rs es carboxi y R4, Rt, Ry ¥ Rsson todos H, entonces
R4 no es bencilo, H, (fenil)(hidroxi)metilo. metilo, etilo o n-propilo.

Los compuestos de la formula Il estan descritos en la solicitud de tratado de
cooperacion de patente publicada, numero WO 96/39384, cuya descripcion completa
se incorpora aqui como referencia.

También en otro aspecto prefarido de la invencion, el GP! tiene la estructura de
la formula 1ll, que es ofra clase de compuestos que se consideran capaces de unirse al
sitio de unidén del nicleo de!l indol:

o

Formuia Il
uno de sus profarmacos o una sal farmacéuticamente aceptable de dicho compuesto o
de dicho profdrmaco, donde la formula Il tiene los siguientes sustituyentes:
R' es alquilo (C1-C4), cicloalquilo (C5-C7), fenilo o fenilo sustituido con hasta tres alquilo
(C+-Cy4), alcoxi (C+-Cy) 0 halégeno;
R? es alquilo (C+-Ca); ¥ .
R? es cicloalquilo (C+-Cy); fenilo; fenilo sustituido en la posicién para con alquilo (Cy-
C4), halo, hidroxialquilo (C+-C,) o trifluorometilo; fenilo sustituido en la posicion meta
con flior; o fenilo sustituido en Ia posicion orfo con fitor.

Los compuestos de la formuia lil estan descritos mas completamente en la pa-
tente de Estados Unidos comunmente cedida numero 5.998.463, cuya descripcion
relevante se incorpora aqui como referencia.

También en otro aspecto preferido de la invencion, el GP! tiene la estructura de
la formula IV, que es otra clase de compuestos a los que se considera capaces de
unirse al sitio de union del nicleo del indol:
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Formula IV
uno de sus esterecisomeros, sales o profammacos farmacéuticamente aceptables, o
una sal fairmacéuticamente aceptable del profdrmaco, donde ia formula IV tiene los
siguientes sustituyentes:
Q es arilo, arilo sustituido, heteroarilo, o heteroarilo sustituido,
cada uno de Z y X son independientemente (C, CHo CHz), N, O 0 S;
X' es NR®, -CHz, Q0 S;
cada - - - - @s independientemente un enlace o esta ausente,
con la condicion de que ambos - - - - no son simuitineamente enlaces;
R' es hidrégeno, halbgeno, -O-alquilo Cy-Cs, -S-alquilo C4-Cs, -alquilo C+-Cs, -CF3, -
NH,, -NH-alquilo C+-Cs, -N(alquilo C1-Cg)a, -NQ,, -CN, -COaH, -COz-alquile C-Cs, -
alquenilo C»-Csg 0 -alquinilo C»-Cg;
cada uno de R® y R® es independientemente hidrogeno o -alquilo C+-Cg;

Yes —_—C— o ests ausente;

R? y R® son independientemente hidrégeno, halégeno, -alquilo Cy-Cq, -CN, -C=C-
Si(CHa)a, -O-alquilo C4-Cs, -S-alquilo C4-Cs, -CF3, -NH,, -NH-alquilo C,-Cs, -N(alquilo
C1-Ca)z, “NO2, -CO:H, -CO-alquilo C1-Ce, -alquenilo C~Cs 0 -alquinilo C~Cs, 0 R* y R?
junto con los atomos del anillo al que estan unidos forman un anillo de cinco o seis
miembros que contiene de 0 a 3 heteroatomos y de 0 a 2 dobles enlaces;

R* es ~C(=0)-A;

A es -NR"R?, NR°CH,CH,0OR®,
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W > N

cada R" es independientemente hidrégeno, alquilo C.-Cs, alcoxi C4-Cs, arilo, arilo sus-
tituido, heteroarilo, o heteroarilo sustituido;

cada R°® es independientemente hidrogeno, -C(=0)OR?, -OR?, -SR® 0 ~NR°R? y

cada n es independientemente 1-3.

Los compuestos de la formula IV estan descritos en la solicitud provisional de
patente de Estados Unidos comunmente cedida, numero de serie 60/157.148, pre-
sentada el 30 de septiembre de 1989, cuya descripcién relevante se incorpora como
referencia.

En una realizacion especialimente preferida, el GP! se selecciona de uno de los
siguientes compuestos de [a formuia I:
[(1S)-((R)-hidroxi-dimetilcarbamoilmetil)-2-fenil-etil}-amida del acido 5-cloro-1H-indol-2-
carboxilico;

[(1S)-((R)-hidroxi-metoxi-metilcarbamoilmetil)-2-fenil-etil}-amida del acido 5-cloro-1H-
indol-2-carboxilico;
[(18)-bencil-(2R)-hidroxi-3-((3S)-hidroxi-pirrolidin-1-il}-3-oxo-propif}l-amida del acido 5-
cloro-1H-indol-2-carboxilico;
[(1S)-bencil-(2R)-hidroxi-3-((3R,4S)-dihidroxi-pirrolidin-1-il)-3-oxo-propil}-amida del aci-
do 5-cloro-1H-indol-2-carboxilico;
[(1S)-bencil-(2R)-hidroxi-3-((3R,4R)-dihidroxi-pirrolidin-1-il}-3-oxo-propil}-amida del aci-
do 5-cloro-1H-indol-2-carboxilico; y
[(1S)-bencil-(2R)-hidroxi-3-morfolin-4-il-3-oxo-propill-amida del acido 5-cloro-1H-indol-

2-carboxilico.

En otra realizacion especialmente preferida, el GPI se selecciona de uno de los
siguientes compuestos de la formula (I
[2-((3R,45)-3,4-dihidroxi-pirrolidin-1-il)-2-oxo-etil}-amida del acido 5-cloro-1H-indol-2-
carboxilico;

[(1S)-bencil-2-((3R,4S)-3,4-dihidroxi-pirrolidin-1-il)-2-oxo-etil}l-amida del acido 5-cloro-
1H-indol-2-carboxilico;
[(1S)-bencil-2-((3R,48)-3,4-dihidroxi-pirrolidin-1-if)-2-oxo-efil}-amida del acido S-cloro-
1H-indol-2-carboxilico;
[(1S)-(4-fluorobencil)-2-(4-hidroxi-piperidin-1-il)-2-oxo-etill-amida del acido 5-cloro-1H-
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indol-2-carboxilico;

[(18)-bencil-2-(3-hidroxi-azetidin-1-il)-2-oxo-etill-amida del acido 5-cloro-1H-indol-2-
carboxilico;

[2-(1,1-dioxo-tiazolidin-3-il)-2-oxo-etil}-amida del acido S-cloro-1H-indol-2-carboxilico; y
[2-(1-oxo-tiazolidin-3-il)-2-oxo-etif}-amida del acido 5-cloro-1H-indol-2-carboxilico.

En ofra realizacion especiaimente preferida, el GPI se selecciona de uno de los
siguientes compuestos de la formula lli:
5-acetil-1-etil-2,3-dihidro-2-oxe-N-{3-{(fenilamino)carbonillfenill-1H-indol-3-carboxami-
da:
5-acetil-N-[3-[(ciclohexilamino)carbonillfenil]-1-etil-2, 3-dihidro-2-oxo-1H-indol-3-carbo-
xXamida; y
5-acetil-N-{3-{[(4-bromofenil)amino]carbonillfenil}-2, 3-dihidro-1-metil-2-oxo-1H-indol-3-
carboxamida.

En otra realizacion especiaimente preferida, el GP! se selecciona de uno de los
siguientes compuestos de la formula IV:

[(1S)-bencil-2-((3R,48)-dihidroxi-pirrolidin- 1-il)-2-oxo-etill-amida del acido 2-cloro-6H-
tienof2,3-bjpirrol-5-carboxilico; y
[(1S)-bencil-(2R)-hidroxi-3-((3R,4S)-dihidroxi-pirrolidin-1-il)-3-oxo-propill-amida del aci-
do 2-cloro-6H-tieno[2,3-b]pirrol-5-carboxilico.

POLIMEROS QUE AUMENTAN LA CONCENTRACION

Los polimeros que aumentan la concenfracion adecuados para uso en las
composiciones de la presente invencion deben ser inertes, en el sentido de que no
reaccionan quimicamente con el GP! de forma adversa, son farmacéuticamente
aceptiables, y tienen al menos aigo de solubilidad en solucion acuosa a los pH fisiolo~
gicamente apropiados (por ejemplo, 1-8). El polimero puede ser neutro o ionizable, y
debe tener una solubilidad acuosa de al menos 0,1 mg/mi durante al menos una parte
del intervalo de pH de 1-8. El polimero es un “polimero que aumenta ia concentracion®,
lo que significa que cumple al menos una, y mas preferiblemente ambas, de las si-
guientes condiciones. La primera condicién es que el polimero que aumenta la con-
centracion aumenta la MDC de! GPI en el medio de uso en relacién con una composi-
cion de referencia que consta de una cantidad equivalente del GPI pero sin polimero.
Esto es, una vez que la composicion se introduce en un medio de uso, el polimero
aumenta la concentracion acuosa del GP! en relacién con Ia composicion de referen-
cia. Preferiblemente, el polimero aumenta la MDC del GPI en la solucion acuosa al
menos 1,25 veces en relacidon con una composicion de referencia, y mas preferible-
ments al menos 2 veces y mas preferiblemente al menos 3 veces. La segunda condi-
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cion es que el polimero que aumenta la concentracion aumenta el AUC del GPI en el
medio de uso en relacion con una composicion de referencia que consta de GPI pero
sin polimero como se ha descrito antes. Esto es, en el medio de uso, la composicion
que comprende el GPl y el polimero que aumenta la concentracién, proporciona un
area bajo la curva (AUC) de concentracion frente al tiempo durante un periodo de 90
minutos entre el tiempo de introduccion en el medio de uso y aproximadamente 270
minutos después de la introduccion en el medio de uso que es al menos 1,25 veces la
de una composicion de referencia que comprende una cantidad equivalente del GP!
pero ningun polimero.

Los polimeros que aumentan la concentracion adecuados para uso con la pre-
sente invencién pueden ser celulésicos o no celuldsicos. Los polimeros pueden ser
neutros o ionizables en solucion acuosa. De ellos, se prefieren los polimeros ioniza-
bles y celulosicos, siendo los mas preferidos los polimeros celulosicos ionizables.

Una clase preferida de palimeros comprende los polimeros que son de natura-
leza "anfifila”, lo que significa que el polimero tiene porciones hidréfobas e hidréfilas.
Los grupos hidréfobos pueden comprender grupos tales como grupos hidrocarbonados
alifaticos o aromaticos. Los grupos hidrofilos pueden comprender grupos ionizables o
no ionizables que son capaces de formar enlaces de hidrogeno tales como hidroxilos,
acidos carboxilicos, ésteres, aminas o amidas.

Los polimeros anfifilos y/o ionizables son preferidos porque se cree que tales
polimeros pueden contribuir a tener interacciones relativamente fuertes con el GPI y
pueden facilitar la formacion de los diferentes tipos de conjuntos polimero/ffarmaco en
el medio de uso como se ha descrito previamente. Adicionalmente, la repuision de
cargas semejantes de los grupos ionizados de tales polimeros puede servir para limitar
el tamaiio de los conjuntos polimeroffarmaco a la escala de los nanémetros o submi-
cras. Por ejlemplo, aunque no se desea ligarlos a una teoria particular, tales conjuntos
polimero/ffarmaco pueden comprender conglomerados hidréfobos de GPI rodeados por
el polimero con las regiones hidrofobas del polimero vueltas interiormente hacia el GPI
y las regiones hidréfilas del polimero vueitas exteriormente hacia el medio acuoso.
Altemativamente, dependiendo de la naturaleza quimica especifica def GPI, fos grupos
funcionales ionizados del polimero se pueden asociar, por ejemplo, por medio de apa-
reamiento de iones o enlaces de hidroégeno, con los grupos idnicos o polares del GPI.
En el caso de polimeros ionizables, las regiones hidréfilas del polimero incluiran los
grupos funcionales ionizados. Tales conjuntos polimero/farmaco en solucién pueden
semejarse favorablemente a estructuras poliméricas similares a las micelas con carga.
En cualquier caso, prescindiendo del mecanismo de accion, se ha observado en la
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nvencion que tales polimeros anfifilos, particuiarmente los polimeros celuldsicos ioni-
zables, han demostrado que mejoran la MDC y/o AUC del GPI en solucion acuosa en
relacion con las composiciones de referencia libres de tales polimeros.

Sorprendentemente, tales polimeros anfifilos pueden aumentar notablemente la
concentracion maxima de GPI obtenida cuando se administra a un medio de uso una
forma amorfa del GPI. En adicion, tales polimeros anfifilos interacttan con el GP! para
evitar la precipitacion o cristalizacion del GPI de la solucién a pesar de gque su concen-
tracion esta sustanciaimente por encima de su concentracion de equilibrio. En particu-
lar, cuando las composiciones preferidas son dispersiones solidas amorfas del GPl y el
polimero que aumenta la concentracion, las compaosiciones proporcionan un gran au-
mento de la concentracion del farmaco, particularmente cuando las dispersiones son
sustanciaimente homogéneas. La concentracién maéxima del farmaco puede ser 2 ve-
ces y a menudo hasta 10 veces la concentracion de equilibrio deli GPI cnstalino. Tai
aumento de las concentraciones del GPI hace a su vez que aumente sustanciaimente
la biodisponibilidad relativa del GP!.

Una clase adecuada de polimeros para uso con la presente invencion com-
prende polimeros neutros no celulosicos. Ejemplos de estos polimeros incluyen: poli-
meros y copolimeros de vinilo que tienen sustituyentes de hidroxilo, alquilaciloxi, y ci-
clo-amido; poli(alcoholes vinilicos) que tienen al menos una porcion de sus unidades
repetidas en forma no hidrolizada (acetato de vinilo); copolimeros de poli(alcahol vinili-
¢0) y poli(acetato de vinilo); poli(vinil-pirrolidona); y copolimeros de polietileno y po-
li(atcohol vinilico).

Otra clase adecuada de polimeros para uso con la presente invencion com-
prende polimeros ionizables no celuldsicos. Ejemplos de estos polimeros incluyen:
polimeros de vinilo con grupo funcional de acido carboxilico, tales como los polimeta-
crilatos con grupo funcional de acido carboxilico y los poliacrilatos con grupo funcional
de acido carboxilico tales como los EUDRAGITS® fabricados por Rohm Tech Inc., of
Malden, Massachusefts; poliacrilatos y polimetacrilatos con grupo funcional amina;
proteinas; y aimidones con grupo funcional de acido carboxilico tales como el glicolato
de almidon.

Los polimeros no celuldsicos que son anfifilos son copolimeros de un monéme-
ro relativamente hidréfilo y un mondmero relativamente hidréfobo. Los ejemplos inclu-
yen copolimeros de acrilato y metacrilato: Ejemplos de grados comerciales de tales
copolimeros incluyen los EUDRAGITS que son copolimeros de metacrilatos y acrila-
tos.

Una clase preferida de polimeros comprende polimeros celulosicos ionizables y
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neutros con al menos un sustituyente con union éster- y/o éter en la cual el polimero
tiene un grado de sustitucion de al menos 0,1 para cada sustituyente. Se debe obser-
var que en la nomenclatura de polimeros usada aqui, los sustituyentes con unién éter
se indican antes de la "celulosa’ como el resto unido al grupo éter; por ejemplo, el
"&cido etilbenzoico-calulosa” tiene sustituyentes de acido etoxibenzoico. Andloga-
mente, los sustituyentes con unidn éster se indican en inglés después de ia "celulosa”
como el carboxilato, aunque en espafiol se nombran antes de la "celuiosa" pero ana-
diendo la preposicion de; por ejempio, el “ftalato de celulosa” tiene un acido carboxilico
de cada resto ftalato ligado con union éster al polimero y el otro acido carboxilico sin
reaccionar.

Se debe notar también que el nombre de un polimero tal como "acetato ftalato
de celulosa” (CAP) se refiere a cualquiera de la familia de polimeros celulésicos que
tiene grupos acetato y ftalato unidos por medio de uniones éster a una fraccion signifi-
cativa de los grupos hidroxilo del polimero celulésico. Generalmente, el grado de sus-
titucion de cada grupo sustituyente puede variar de 0,1 a 2,9 siempre que se cumplan
los otros criterios del polimero. "Grado de sustitucion® se refiere al nimero medio de
los tres hidroxilos por unidad repetida de sacarido que han sido sustituidos en la cade-
na de celulosa. Por ejemplo, si todos los hidroxilos de la cadena de celulosa han sido
sustituidos con ftalato, el grado de sustitucidn con ftalato es 3. También estan incluidos
dentro de cada tipo de familia de polimeros los polimeros celulésicos que tienen sus-
tituyentes adicionales ariadidos en cantidades relativamente pequefias que no aiteran
sustanciaimente el comportamiento del polimero.

Los polimeros celuldsicos anfifilos se pueden preparar sustituyendo los polime-
ros celulgsicos en alguno o en todos los sustituyentes de los 3 hidroxilos presentes
sobre cada unidad repetida de sacarido, con al menos un sustituyente relativamente
hidréfobo. Los sustituyentes hidrofobos pueden ser esencialmente cualquier sustitu-
yente que, si se sustituye hasta un nivel o grado de sustitucién bastante aito, puede
hacer que el polimero celulosico sea esencialmente insoluble en agua. Las regiones
hidréfilas del polimero pueden ser cualquiera de aquellas porciones que estan relati-
vamente sin sustituir, puesto que los hidroxilos sin sustituir son por si mismos relati-
vamente hidréfilos, o aqueilas regiones que estdn sustituidas con sustituyentes hidro-
filos. Ejemplos de sustituyentes hidréfobos incluyen los grupos alquilo con union éter
tales como metilo, etilo, propilo, butilo, etc.; o grupos alquilo con union éster tales co-
mo acetato, propionato, butirato, etc.; y los grupos arilo con union éter y/o éster tales
como fenilo, benzoato, o fenilato. Los grupos hidréfilos incluyen grupos no ionizables
con union éter o éster tales como los sustituyentes hidroxi-alquilo, hidroxietilo, hidroxi-
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propilo, y ios grupos alquil-éter tales como etoxietoxi 0 metoxietoxi. Los sustituyentes
hidréfilos particularmente preferidos son aquellos que son grupos ionizables con union
éter o éster tales como los acidos carboxilicos, acidos tiocarboxilicos, grupos fenoxi
sustituidos, aminas, fosfatos o sulfonatas.

Una clase de polimeros celulésicos comprende polimeros neutros, lo que signi-
fica que los polimeros son sustanciaimente no ionizables en solucion acuosa. Tales
polimeros contienen sustituyentes no ionizables, que pueden estar unidos con unién
éter o union éster. Ejemplos de sustituyentes no ionizables con union éter incluyen:
grupos alquilo, tales como metilo, etilo, propilo, butilo, etc; grupos hidroxi-alquilo tales
como hidroximetilo, hidroxietilo, hidroxipropilo, etc; y grupos arilo tales como fenilo.
Ejemplos de sustituyentes no ionizables con unién éster incluyen: grupos alquilo, tales
como acetato, propionato, butirato, etc; y grupos arilo tales como fenilato. Sin embar-
go, cuando se incluyen los grupos arilo, puede ser necesario que el polimero incluya
una cantidad suficiente de un sustituyente hidrafilo de forma que el polimero tenga al
menos aigo de solubilidad en agua a cualquier pH fisiolégicamente apropiado de 1 a 8.

Ejemplos de polimeros no ionizables que se pueden usar como el palimero in-
cluyen: acetato de hidroxipropil-metil-celulosa, hidroxipropil-metil-celulosa, hidroxipro-
pil-celulosa, metil-celulosa, hidroxietil-metil-celulosa, acetato de hidroxietil-celulosa, e
hidroxietil-etil-celulosa.

Un grupo preferido de polimeros celuldsicos neutros son aquellos que son anfi-
filos. Ejemplos de estos polimeros incluyen hidroxipropil-metil-celuiosa y acstato de
hidroxipropil-celulosa, donde las unidades celulfsicas repetidas que tienen relativa-
mente gran numero de sustituyentes metilo o acetato en relacion a los hidroxilo sin
sustituir o los sustituyentes hidroxipropilo constituyen las regiones hidréfobas en rela-
ci6n a otras unidades repetidas del polimero.

Una clase preferida de polimeros celulésicos comprende polimeros que son al
menos parciaimente ionizables a pH fisiolbgicamente apropiado e incluyen al menos
un sustituyente ionizable, que puede tener o union éter o union éster. Ejemplos de
sustituyentes ionizables con unién éter incluyen: acidos carboxilicos, tales como acéti-
co acido, acido propiénico, acido benzoico, acido salicilico, acidos alcoxibenzoicos
tales como &cido etoxibenzoico o acido propoxibenzoico, los diferentes isomeros del
acido aicoxiftilico tales como &cido etoxiftilico y acido etoxiisoftdlico, los diferentes
isomeros de} acido alcoxinicotinico tales como acido etoxinicotinico, y los diferentes
isémeros del acido picolinico tales como acido etoxipicolinico, etc; acidos tiocarboxili-
cos, tales como acido ticacético; grupos fenoxi sustituilos, tales como hidroxifenoxi,
etc; aminas, tales como aminoetoxi, dietilaminoetoxi, timetilaminoetoxi, etc; fosfatos,
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tales como etoxi-fosfato; y suifonatos, tales como etoxi-sulfonato. Ejemplos de sustitu-
yentes ionizables con unién éster incluyen: acidos carboxilicos, tales como succinato,
citrato, ftalato, tereftalato, isoftalato, trimelitato, y los diferentes isdmeros del acido piri-
dindicarboxilico, etc; acidos tiocarboxilicos, tales como tiosuccinato; grupos fenoxi
sustituidos, tales como acido amino-salicilico: aminas. tales como los aminoacidos
naturales o sintéticos, tales como alanina o fenilalanina; fosfatos, tales como acetil-
fosfato; y sulfonatos, tales como acetil-sulfonato. Para que los polimeros aromatico-
sustituidos tengan también el requisito de la solubilidad acuosa, es también deseable
que se unan al polimero suficientes grupos hidrofilos tales como grupos hidroxipropiio
o grupos funcionales de acido carboxilico para hacer que el polimero sea soluble en
agua al menos a los valores de pH en que cualquier grupo ionizable se ioniza. En al-
gunos casos, el grupo aromatico puede ser ionizable por si mismo, tal como los susti-
tuyentes de ftalato o trimelitato.

Ejemplos de polimeros celulésicos ionizables que se ionizan al menos parcial-
mente a pH fisiolégicamente apropiado incluyen: acetato succinato de hidroxipropil-
metil-cefulosa, succinato de hidroxipropil-metil-celulosa, acetato succinato de hidroxi-
propil-cefulosa, succinato de hidroxietil-metil-celulosa, acetato succinato de hidroxietil-
celulosa, ftalato de hidroxipropil-metil-celulosa, acetato succinato de hidroxietil-metil-
celulosa, acetato ftalato de hidroxietil-metil-celulosa, carboxietil-celulosa, carboximetil-
celulosa, acetato ftalato de celulosa, acetato ftalato de metil-celulosa, acetato ftalato
de etil-celulosa, acetato ftalato de hidroxipropil-celulosa, acetato ftalato de hidroxipro-
pil-metil-celulosa, acetato ftalato succinato de hidroxipropil-celulosa, acetato succinato
ftalato de hidroxipropil-metil-celulosa, succinato ftalato de hidroxiprapil-metil-ceiulosa,
propionato ftalato de celulosa, butirato ftalato de hidroxipropil-celulosa, acetato trimeli-
tato de celulosa, acetato trimelitato de metil-celulosa, acetato trimelitato de etil-
celulosa, acetato trimelitato de hidroxipropil-celulosa, acetato trimelitato de hidroxipro-
pil-metil-celulosa, acetato trimelitato succinato de hidroxipropil-celulosa, propionato
trimelitato de celulosa, butirato trimelitato de celulosa, acetato tereftalato de celulosa,
acetato isoftalato de celulosa, acetato piridindicarboxilato de celulosa, acetato de acido
salicilico-celulosa, acetato de hidroxipropil-acido salicilico-celulosa, acetato de acido

etilbenzoico-celulosa, acetato de hidroxipropil-acido etilbenzoico-celulosa, acetaio de

acido etil-Ralico-celulosa, acetato de acido etil-nicotinico-celulosa, y acetato de acido
etil-picolinico-celulosa.

Eiemplos de polimeros celulésicos que cumplen la definicion de anfifilos, que
tienen regiones hidrdfilas e hidréfobas incluyen los polimeros tales como acetato fta-
lato de celulosa y acetato trimelitato de celulosa donde las unidades repetidas celulo-
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sicas que tienen uno 0 mas sustituyentes acetato son hidréfobas en relacion con las
que no tienen sustituyentes acetato o tienen uno o mas sustituyentes ftalato o trimeii-
tato ionizados.

Un subconjunto de polimeros celulésicos ionizables particularmente deseables
son aquellos que tienen tanto un sustituyente aromatico con acido carboxilico funcional
como un sustituyente alquilato y por tanto son anfifilos. Ejemplos de estos polimeros
incluyen acetato ftalato de celulosa, acetato ftalato de metil-celulosa, acstato ftalato de
etil-celulosa, acetato ftalato de hidroxipropil-celulosa, ftalato de hidroxipropil-metil-
celulosa, acetato ftalato de hidroxipropil-metil-celulosa, acetato ftalato succinato de
hidroxipropil-celulosa, propionato ftalato de celulosa, butirato ftalato de hidroxipropil-
celulosa, acetato trimelitato de celulosa, acetato trimelitato de metil-celulosa, acetato
trimelitato de etil-celulosa, acetato trimelitato de hidroxipropil-celulosa, acetato trimeli-
tato de hidroxipropil-metil-ceiulosa, acetato trimelitato succinato de hidroxipropil-
celulosa, propionato trimelitato de celulosa, butirato tnmelitato de celulosa, acetato
tereftalato de celulosa, acetato isoftalato de celulosa, acetato piridindicarboxilato de
celulosa, acetato de acido salicilico-celulosa, acetato de hidroxipropil-acido salicilico-
celulosa, acetato de acido etilbenzoico-celulosa, acetato de hidroxipropil-acido etilben-
zoico-celulosa, acetato de acido etil-ftalico-celulosa, acetato de acido etil-nicotinico-
celulosa, y acetato de acido etil-picolinico-celulosa.

Otro subconjunto de polimeros celuldsicos ionizables particularmente desea-
bles son aquellos que tienen un sustituyente carboxilato no aromatico. Ejemplos de
estos polimeros incluyen acetato succinato de hidroxipropil-metil-celulosa, succinato
de hidroxipropil-metil-celulosa. acetato succinato de hidroxipropil-celulosa, acetato
succinato de hidroxietil-metit-celulosa, succinato de hidroxietil-metil-celulosa y acetato
succinato de hidroxietil-celulosa.

Los polimeros especialmente preferidos son acetato succinato de hidroxipropil-
metil-celulosa (HPMCAS), ftalato de hidroxipropil-metil-celulosa (HPMCP), acetato
ftalato de celulosa (CAP), acetato trimelitato de celulosa (CAT), acetato ftalato de me-
ti-celulosa, acetato ftalato de hidroxipropil-celulosa, acetato tereftalato de celulosa y
acetato isoftalato de celulosa. Los polimeros mas preferidos son acetato succinato de
hidroxipropil-metil-celulosa, ftalato de hidroxipropil-metil-celulosa, acetato ftalato de
celulosa y acetato trimelitato de celulosa.

Aunque se han descrito polimeros especificos como adecuados para uso en
las mezclas de la presente invencion, las mezclas de tales polimeros también pueden
ser adecuadas. Por ello el termino "polimero” se pretende que incluya las mezclas de
polimeros ademas de una Unica especie de polimero.
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Para conseguir el mejor compartamiento, particularmente después de almace-
namiento durante largo tiempo antes de su uso, se prefiere que el GPI esté, hasta
donde sea posible, en el estado amorfo. Se ha encontrado en la invencion que esto se
consigue mejor cuando la temperatura de transicion vitrea, T, del material de GPI
amorfo esta sustancialmente por encima de la temperatura de almacenamiento de la
composicion. En particular, es preferible que la T, del estado amorfo del GP| sea al
menos de 40 °C y preferiblemente superior a 60 °C. Para aqueilos aspectos de la in-
vencion en los que la composicion es un solido, la dispersion sustanciaimente amorfa
de GP! en el polimero que aumenta la concentracion y en la que el propio GP! tiene
una T, relativamente baja (aproximadamenta 70 °C o menos), se prefiere que el poli-
mero que aumenta la concentracion tenga una T, de al menos 40 °C, preferiblemente
al menos 70 °C y mas preferiblemente superior a 100 °C. Ejemplos de polimeros con
alta T, incluyen HPMCAS, HPMCP, CAP, CAT y otros polimeros celulosicos que tie-
nen sustituyentes alquilatos o aromaticos o ambos sustituyentes, alquilatos y aromati-
coS.

Adicionaimente, (os polimeros preferidos listados antes, es decir los pofimeros
celulasicos anfifilos, tienden a tener mayores propiedades de aumentar la concentra-
cion en relacion con los otros polimeros de la presente invencion. Para cualquier GPJ
particular, el polimero celuldsico anfifilo con las mejores propiedades de aumentar la
concentracion puede variar. Sin embargo, se ha encontrado en la invencion que gene-
raimente aquellos que tienen sustituyentes ionizables tienden a comportarse mejor.
Los ensayos in vitro de las composiciones con fales polimeros suelen tener vaiores
mas altos de MDC y AUC que las composiciones con otros polimeros de la invencion.
A menudo tales composiciones tienen valores de MDC y AUC que son mas de 4 veces
y en algunos casos mas de 8 veces los de una composicion de referencia.

PREPARACION DE COMPOSICIONES

Las composiciones pueden comprender una mezcla fisica del GPI y el polimero
que aumenta la concentracion o una dispersion del GP! y el polimero. Preferiblemente,
las composiciones se forman de tal manera que al menos una porcion importante (al
menos 60 %) del GP! estd en estado amorfo. En los casos en que la composicion es
una mezcia fisica del GPI amorfo y el polimero, el GPlI amorfo se puede preparar por
cualquier procedimiento conocido. Generalmente, la forma amorfa del GPI se prepara
por (1) fusién del farmaco seguida por répido enfriamiento (por ejemplo, procedimiento
de fusion-congelacién); (2) disolucion del farmaco en un disoclvernte seguida por preci-
pitacian o evaporacién (por ejemplo, secada par pulverizacion, recubrimiento por pul-
verizacion); o (3) tratamiento mecéanico del farmaco (por ejempio, extrusion, molienda
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con bolas). Para generar el GPl amorfo se pueden usar diferentes combinaciones de
calor (como en los procedimientos de fusion), disolvente y fuerza mecanica.

Las dispersiones del GP! y el polimero que aumenta la concentracién se pue-
den preparar de acuerdo con cualquier procedimiento conocido que da como resuitado
que al menos una porcién importante (al menos 60 %) del GP! esté en estado amorfo.
Ejemplos de procedimientos mecanicos incluyen molienda y extrusion; los procedi-
mientos de fusion incluyen fusion a alta temperatura, fusion modificada con disolventes
y procedimientos de fusion-congelacion; y los procedimientos con disolvente incluyen
precipitacion con un no-disolvente, recubrimiento por pulverizacién y secado por pulve-
rizacion. Aunque las dispersiones de Ia presente invencion se pueden preparar por
cuaiquiera de estos procedimientos, generailmente las dispersiones tienen su maxima
biodisponibilidad y estabilidad cuando ef GPI esta dispersado en el polimero de tal
forma que es sustancialmente amorfo y esta distribuido sustanciaimente de forma ho-
mogénea por todo el polimero. Aunque en algunos casos tales dispersiones sustan-
ciaimente amorfas y sustanciaimente homogéneas se pueden preparar por cualquiera
de estos métodos, se ha encontrado que tales dispersiones se forman preferiblemente
por el "procedimiento con disolvente” que consiste en la disolucion del GPl y uno o
méas polimeros en un disolvente comun. "Comuin® significa aqui que el disolvente, que
puede ser una mezcla de compuestos, disolvera simuitaneamente el farmaco y el po-
limero(s). Una vez que se han disueito ambos, el GPl y el polimero, se separa rapida-
mente el disolvente por evaporacion o por mezcla con un no-disolvente. Ejemplos de
estos procedimientos son secado por pulverizacion, recubrimiento por pulverizacion
(recubrimiento en bombo, recubrimiento en lecho fluido, etc), y precipitacion por mez-
cla rapida de la solucion de polimero y farmaco con CO,, agua, o algun otro no-
disolvente. Preferiblemente, la separacion del disolvente da como resultado una dis-
persion sélida que es sustancialmente homogénea. Como se ha descrito previamente,
en tales dispersiones sustancialments homogéneas, el GPl se dispersa tan homogé-
neamente como sea posible por todo el polimero y se puede considerar como una
solucion sélida del GP! dispersado en el polimero(s). Cuando la dispersion resultante
constituye una solucion sdlida del GPI en el polimero, la dispersion puede ser termodi-
namicamente estable, o que significa que la concentracion de GPI en el polimero esta
en su valor de equilibrio o por debajo de éste, o se puede considerar una solucién sdli-
da supersaturada en la que la concentracion del GPI en el polimero(s) de dispersion
estd por encima de su valor de equilibrio.

Se puede eliminar el disolvente por medio del procedimiento de secado por
pulverizacion. El término secado por pulverizacion se usa convencionaimente y se
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refiere en general a procedimientos que implican la ruptura de mezcias liquidas en
pequeiias gotitas (atomizacion) y la separacion rapida del disolvente de la mezcia en
un recipiente (aparato de secado por pulverizacion) donde hay una fuerte fuerza motriz
para la evaporacion del disolvente desde las gotitas. La fuerte fuerza motriz para la
evaporacion del disolvente generaimente se proporciona manteniendo ia presion par-
cial del disolvente en el aparato de secado por pulverizacion marcadamente por de-
bajo de la presion de vapor del disolvente a la temperatura de secado de las gotitas.
Esto se consigue por cualquiera de estos procedimientos (1) manteniendo la presion
en el aparato de secado por pulverizacion a un vacio parcial (por ejemplo de 0,01 a
0,50 atm); (2) mezclando las gotitas liquidas con un gas de secado caliente; o (3) por
ambos procedimientos. Adicionalmente, al menos una porcion del calor requerido para
la evaporacién del disoivente se puede proporcionar calentando la solucion de pulveri-
zacion.

Los disolventes adecuados para el secado por pulverizacion pueden ser cual-
quier compuesto organico en el que el GPl y el polimero son mutuamente solubles.
Preferiblemente, el disolvente es también volatil con un punto de ebullicion de 150 °C o
menos. Adicionalmente, el disolvente debe tener una toxicidad relativamente baja y ser
eliminado de la dispersion hasta un nivel que es aceptable de acuerdo con la guia del
Comité Intemacional de Armonizacion (ICH). La eliminacion del disolvente hasta este
nivel puede requerir una etapa de procedimiento tal como el secado en bandejas sub-
siguiente al procedimiento del secado por pulverizacion o recubrimiento por puiveriza-
cion. Los disolventes preferidos inciuyen alcoholes tales como metanol, etanol, -
propanol, iso-propanol, y butanol; cetonas tales como acetona, metil-etil-cetona y me-
ti-isobutil-cetona; ésteres tales como acetato de etilo y acetato de propilo; y otros di-
solventes diferentes tales como acetonitrilo, cloruro de metileno, tolueno, y 1,1,1-
triclorcetano. También se pueden usar disoiventes de mas baja volatilidad tales como
dimetilacetamida o dimetilsulfoxido. Se pueden usar también mezclas de disoiventes,
tales como 50 % de metanol y 50 % de acetona, como se pueden usar las mezclas
con agua siempre que el polimero y el GP! sean suficientemente solubles para hacer
practicable el procedimiento de secado por pulverizacion. Generaimente, se prefieren
los disolventes no acuosos lo que significa que el disolvente lleva menos de aproxima-
damente el 40 % en peso de agua. Sin embargo, para ciertos GPI, se ha encontrado
que la adicion de una pequefia cantidad de agua, tipicamente aproximadamente de 5
% en peso a aproximadamente 35 % en peso, a un disolvente tal como la acetona
puede reaimente aumentar la solubilidad del GPI en el disolvente, en relacién con la
que tiene en ausencia de agua. En tales casos, o para aumentar la solubilidad del po-
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limero, incluso se puede preferir la adicion de agua.

Generaimente la temperatura y el caudal del gas de secado se eligen de tal
forma que las gotitas de la solucién de polimerofarmaco estan suficientemente secas
al tempo de alcanzar la pared del aparato como para ser esenciaimente solidas, y
formar asi un polvo fino que no se pega a ia pared del aparato. La duracion real de
tiempo para conseguir este nivel de sequedad depende del tamanio de las gotitas. El
tamano de las gotitas generalmente varia desde 1 pum a 500 um de diametro, siendo
mas tipico de 5 a 100 ym. La gran relacion superficie a volumen de las gotitas y la
gran fuerza motriz para la evaporacion del disoivente lleva a tiempos reales de secado
de unos segundos o menos, y mas tipicamente de menos de 0,1 segundos. Este rapi-
do secado es a menudo critico para que las particulas mantengan una dispersion uni-
forme homogénea en lugar de separarse en fases ricas en farmaco y ricas en polime-
ro. Los tiempos de salidificacion deben ser inferiores a 100 segundos, preferiblemente
menos de unos segundos y mas preferiblemente menos de 1 segundo. En general,
para conseguir esta rapida solidificacion de la solucién de GPl/polimero, se prefiere
que el tamario de las gotitas formadas durante el procedimiento de secado por pulveri-
zacion sea menos de 100 pm de diametro, preferiblemente menos de 50 um de dia-
metro, y mas preferiblemente menos de 25 um de diametro. Las particulas sdélidas
resuitantes asi farmadas tienen generaimente menos de 100 um de didametro, y prefe-
riblemente menos de 50 pm de didmetro, y mas preferiblemente menos de 25 um de
diametro. Tipicamente, las particulas tienen de 1 a 20 um de diametro.

Después de la solidificacion, el polvo sdlido permanece tipicamente en la ca-
mara de secado por pulverizacion durante aproximadamente 5 a 60 segundos, evapo-
randose despues el disolvente desde el polvo salido. El contenido final de disolvente
de la dispersidn sdlida cuando sale del secador debe ser bajo, puesto que esto reduce
la movilidad de las moléculas de GPI en la dispersion, con lo que se aumenta su esta-
bilidad. Generaimente, el contenido en disolvente de la dispersion sdlida cuando ésta
deja la camara de secado por pulverizacion debe ser menos del 10 % en peso y prefe-
riblemente menos del 2 % en peso. En algunos casos, puede ser preferible rociar un
disoivente o una solucion de un polimero u otro excipiente dentro de la camara de se-
cado por pulverizacion para formar granulos, siempre que la dispersion no sea afecta-
da de modo adverso.

Los procedimientos de secado por pulverizacion y el equipo de secado por pul-
verizacién estén descritos de forma general en Perry's Chemical Engineers' Handbook,
Sixth Edition (R. H. Perry, D. W. Green, J. O. Maloney, eds) McGraw-Hill Book Co.
1984, paginas 20-54 a 20-57. Mas detalles sabre los procedimientos y equipo de se-

192



10

15

20

25

30

35

.37-

cado por pulverizacién son examinados por Marshail "Atomization and Spray-Drying",
S0 Chem. Eng. Prog. Monogr. Series 2 (1954),

Cuando la composicion es una mezcla fisica simple, la composicion se puede
preparar por medio de mezclado en seco 0 en humedo del farmaco o de la mezcla del
farmaco con el polimero para formar la composicion. Los procedimientos de mezclado
incluyen procedimientos fisicos asi como procedimientos de granulacion himeda y de
recubrimiento. Se puede usar cualquier método convencional de mezclado, incluyendo
aquellos que convierten sustanciaimente el farmaco y el polimero en una dispersion
molecular.

Por ejemplo, los métodos de mezclado incluyen mezclado por conveccion,
mezclado por cizallamiento, 0 mezclado por difusion. El mezclado por conveccion
comprende mover una masa relativamente grande de material de una parte a otra de
un lecho de poivo, por medio de alabes o paletas, tomillo giratorio, o una inversion del
lecho de poivo. El mezclado por cizallamiento tiene lugar cuando se forman planos de
deslizamiento en el material a ser mezclado. El mezciado por difusion comprende un
cambio de posicion de las particulas individuales. Estos procedimientos de mezclado
se pueden realizar usando equipo en lotes o en forma continua. Para el procedimiento
en lotes se usan comunmente los mezciadores de voiteo (por ejemplo, los de doble
cubierta). El mezclado continuo se puede usar para mejorar la uniformidad de la com-
posicion.

Para preparar las composiciones de la presente invencion se puede emplear
también la molienda. La molienda es el procedimiento mecanico para reducir el tama-
fio de particula de los solidos (conminucion). L.os tipos mas comunes de equipos para
moler son los molinos de corte giratorio, los de martillas, de rodillos y los de energia
fluida. La eleccion del equipo depende de las caracteristicas de 10s ingredientes de la
forma farmacéutica (por ejemplo, suaves, abrasivos o friables). Las técnicas de mo-
lienda en himedo o en seco se pueden elegir para varios de estos procedimientos,
dependiendo también de las caracteristicas de los ingredientes (por ejemplo, estabili-
dad del farmaco en el disolvente). El procedimiento de molienda puede servir a la vez
como un procedimiento de mezciado si los materiales de alimentacion son heteroge-
neos. Los procedimientos convencionales de mezclado y molienda adecuados para
uso en la presenta invencion se exponen mas completamente en Lachman et al., The
Theory and Practice of Industrial Pharmacy (3d Ed. 1986). Los componentes de las
composiciones de esta invencion se pueden combinar también por procedimientos de
granulacion seca o himeda.

En adicion a las mezclas fisicas descritas antes, [as composiciones de la pre-
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sente invencion pueden estar constituidas por cualquier dispositivo o conjunto de dis-
positivos que cumplen el objetivo de administrar al medio de uso tanto el GPI como el
polimero que aumenta la concentracion. Por ello, en el caso de administracion oral a
un mamifero, la forma farmacéutica puede ser un comprimido en capas en el que una
o mas capas comprenden el GP| amorfo y una o mas del resto de las capas compren-
den el polimero. Altemativamente la forma farmacéutica puede ser un comprimido re-
cubierto en el que el ticleo del comprimido comprende el GPI y el recubrimiento com-
prende el polimero que aumenta la concentracion. Adicionaimente, el GP| y el polime-
ro pueden incluso estar presentes en diferentes formas farmacéuticas tales como
comprimidos o perias y se pueden administrar simultéineamente o separadamente
sismpre que tanto el GPI como el polimero se administren de tal forma que el GPl y el
polimero se puedan poner en contacto en el medio de uso. Cuando el GP! y el polime-
ro se administran por separado generalmente es preferible administrar el polimero
antes que el GPI.

La cantidad de polimero que aumenta la concentracion en relacion a la canti-
dad de GPI presente en las mezclas de la presente invencion depende del GP! y el
polimero y puede variar ampliamente desde una relacion en peso GPI a polimero de
0,01 hasta aproximadamente 4 (por ejemplo, 1 % en peso de GPI a 80 % en peso de
GPl). Sin embargo, en la mayor parte de los casos se prefiere que la relacion GPl a
polimero sea mayor que aproximadamente 0,05 (4,8 % en peso de GPl) y menor de
aproximadamente 2,5 (71 % en peso de GPl). A menudo el aumento que se observa
de la concentracion del GP! o de la biodisponibilidad relativa aumenta cuando la rela-
cion GP! a polimero disminuye desde un valor de aproximadamente 1 (50 % en peso
de GP!) hasta un valor de aproximadamente 0,11 (10 % en peso de GPI). La relacion
méxima GPl:polimero que da resultados satisfactorios varia de GPl a GP| y se deter-
mina mejor en los ensayos de disolucion in vitro y/o en los ensayos de biodisponihili-
dad in vivo. Se debe observar que este nivel del polimero que aumenta la concentra-
cion es usuaimente sustantivamente mayor y a menudo mucho mayar que la cantidad
de polimeros convencionaimente incluidos en las formas farmacéuticas para otros
usos, tales como los aglutinantes o los materiales de recubrimiento. Por tanto, se pre-
fiere en las composiciones de esta invencion que se incluya suficiente polimero que
aumenta la concentracién para que las compasiciones cumplan los criterios de MDC y
AUC in vitro y los criterios de biodisponibilidad in vivo previamente establecidos.

En general, para maximizar [a concentracién del GPI o la biodisponibilidad rela-
tiva de! GPI, se prefiere reducir las relaciones de GP! a polimero. A bajas relaciones
de GPI a polimero, hay suficiente polimero disponible en solucion para asegurar la
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inhibiciéon de la precipitacion o cristalizacion def GPI desde la solucion y, con ello, la -

concentracion media de GPIl es mucho mas alta. Para altas relaciones de GP! a poli-
mero, puede no haber presente bastante polimero en solucion y la precipitaciéon o
cristalizacion del GPI pueden ocurrir mas faciimente. Ademas, la cantidad de polimero
que aumenta la concentracion que se puede usar en una forma farmacéutica esta li-
mitada a menudo por los requerimientos de la rmasa total de la forma farmacéutica. Por
ejemplo, cuando se desea la administracion oral a un humano, a bajas relaciones de
GPI a polimero, la masa total de farmaco y polimero puede ser inaceptablemente
grande para la administracion de la dosis deseada en un unico comprimido o capsula.
Por ello, a menudo es necesario usar relaciones de GPI a polimero que son inferiores
a las optimas en formas farmacéuticas especificas para proporcionar una dosis sufi-
ciente de GP! en una forma farmacéutica que es bastante pequefia para que sea ad-
ministrada faciimente a un medio de uso.
EXCIPIENTES Y FORMAS FARMACEUTICAS

Aungue los ingredientes clave presentes en las composiciones de la presente
invencion son simplemente el GPI a ser administrado y el polimero(s) que aumenta la
concentracion, puede ser Gtil la inclusién de otros excipientes en la composicion. Estos
excipientes se pueden utilizar con la mezcla de GPl/polimero para formular la mezcla
en comprimidos, capsulas, suspensiones, polvos para suspension, cremas, parches
transdérmicos, depésitos, y similares. El GPl amorfo y el polimero se pueden aiadir a
otros ingredientes de las formas farmacéuticas esenciaimente de cualquier forma que
no altere sustanciaimente al GPI. Adicionaimente, como se ha descrito antes, el GPl y
el polimero se pueden mezclar con excipientes por separado para formar diferentes
perias, 0 capas o recubrimientos, o niicleos o incluso formas farmacéuticas separadas.

Una clase muy util de excipientes son los tensioactivos. Los tensioactivos ade-
cuados incluyen acidos grasos y sulfonatos de alquilo; tensioactivos comerciales tales
como cloruro de benzaiconio (HYAMINE® 1622, disponible de Lonza, Inc. Fairlawn,
New Jersey); dioctil-sulfosuccinato de sodio, DOCUSATE SODIUM™ (disponible de
Mallincnkrodt Spec. Chem., St. Louis, Missouri); ésteres de acidos grasos y polioxieti-
len-sorbitano (TWEEN®, disponible de IC! Americas Inc., Wilmington, Delaware; LI-
POSORB® P-20 disponible de Lipochem Inc., Patterson New Jersey, CAPMUL® POE-
0 disponible de Abitec Corp., Janesville, Wisconsin), y tensioactivos naturales tales
como sal de sodio de dcido taurocdlico, 1-palmitoil-2-oleil-sn-glicero-3-fosfocolina, leci-
tina, y otras fosfolipidas y mono- y di-glicéridos. Tales materiales se pueden emplear
ventajosamente para aumentar la velocidad de disolucion facilitando la humectacion,
con lo que aumentan la concentracion maxima disuelta, y también para inhibir la cris-
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talizacion o precipitacion del farmaco interactuando con el farmaco disueito por meca-
nismos tales como formacion de complejos, formacion de complejos de inclusion, for-
macion de micelas o por adsorcion a la superficie del farmaco sélido, cristalino o
amorfo. Estos tensioactivos pueden comprender hasta el 5 % en peso de la composi-
cion,

La adicion de modificadores del pH tales como acidos, bases, o tampones,
puede ser también beneficiosa, retardando Ila disolucion de la composicion (por ejem-
plo acidos tales como acido citrico o acido succinico cuando el polimero que aumenta
la concentracion es anionico) o, alternativamente, aumentando la velocidad de disolu-
cion de la composicion (por ejemplo, bases tales como acetato de sodio o aminas
cuando el polimero es anionico).

Se pueden ahadir también materiales matriciales convencionales, agentes
compiejantes, solubilizantes, de carga, agentes de desintegracion (desintegrantes), o
aglutinantes, como parte de la propia composicion o anadidos por granulacion por via
humeda o mecanica o por otros medios. Estos materiales pueden constituir hasta el 90
% en peso de la compaosicion.

Ejemplos de materiales matriciales, agentes de carga, o diluyentes incluyen
lactosa, manitol, xilitol, celulosa microcristalina, difosfato de caicio y almidon.

Ejemplos de desintegrantes incluyen glicolato sédico de almidén, alginato de
sodio, carboximetilcelulosa sodica, metilcelulosa, y croscarmelosa sddica.

Ejemplos de aglutinantes incluyen metilcelulosa, celulosa microcristalina, almi-
dén y gomas tales como goma guar, y tragacanto.

Ejemplos de lubrificantes incluyen estearato de magnesio y estearato de caicio.

En las composiciones de esta invencion se pueden emplear otros excipientes
convencionales, incluyendo aquellos excipientes bien conocidos en la técnica. Gene-
raimente, se pueden usar excipientes tales como pigmentos, lubrificantes, aromati-
zantes, y demas, para los propositos habituales y en cantidades tipicas sin afectar
adversamente las propiedades de las composiciones. Estos excipientes se pueden
utilizar para formular la composicion en comprimidos, capsulas, suspensiones, poivos
para suspension, cremas, parches transdérmicos, y similares.

Las composiciones de esta invencion se pueden usar en una amplia variedad
de formas farmacéuticas para administracion de los GPI. Ejemplos de formas farma-
céuticas son los polvos 0 granulos que se pueden tomar oralmente ya sea secos o
reconstituidos por la adicion de agua u otros liquidos para formar una pasta, mezcla,
suspension o solucién; comprimidos; capsulas; muitiparticulas; y pildoras. Se pueden
mezclar, moler o granular con las composiciones de esta invencion diferentes aditivos
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para formar un material adecuado para las formas farmacéuticas anteriores.

Las composiciones de ia presente invencion se pueden formular en diferentes
formas de tal modo que se administren como una suspension de particulas en un
vehiculo liquido. Tales suspensiones se pueden formular como un liquido o una pasta
en el tiempo de la fabricacién o se pueden formular como un poivo seco con un liqui-
do, tipicamente agua, anadido mas tarde pero antes de la administracion oral. Tales
polvos que se reconstituyen en una suspension se denominan a menudo formulacio-
nes en sobres o en polvo oral para reconstitucion. (OPC). Tales formas farmacéuticas
se pueden formular y reconstituir por cualquier procedimiento conocido. El método
mas simple es formular la forma farmacéutica como un poilvo seco que se reconstituye
por simple adicion de agua y agitacion. Altemativamente, la forma farmacéutica puede
ser formulada como un liquido y un polvo seco que se reimen y agitan para formar la
suspension oral. En otra realizacion mas, la forma farmacéutica puede ser formulada
como dos poivos que se reconstituyen anadiendo primero agua a uno de (0s poivos
para formar una solucion a la cual se afnade el segundo polvo con agitacion para for-
mar la suspension.

Generaimente, se prefiere que la dispersion de GPl o de la forma amorfa de
GP! se formule para almacenamiento a largo plazo en estado sdlido ya que esto favo-
rece |a estabilidad fisica y quimica del GPI. Diferentes excipientes y aditivos se combi-
nan con las composiciones de la presente invencion para formar la forma farmacéuti-
ca. Por ejemplo, puede ser deseable afiadir alguno o todos de los siguientes: conser-
vantes tales como suifitos (un antioxidante), cloruro de benzaiconio, metilparabeno,
propilparabeno, alcohol bencilico o benzoato de sodio; agentes de suspension o espe-
santes tales como goma xantano, aimidén, goma guar, alginato de sodio, carboximetil-
celulosa, carboximetilcelulosa sédica, metilcelulosa, hidroxipropilmetilcelulosa, acido
poliacrilico, gel de silice, silicato de aluminio, silicato de magnesio, o didxido de titanio;
agentes antiagiutinantes o agentes de carga tales como é6xido de silicio, o lactosa;
aromatizantes tales como aromas naturales o artificiales; edulcorantes tales como
azucares tales como sacarosa, lactosa, o sorbitol asi como edulcorantes artificiales
tales como aspartamo o sacarina: agentes humectantes o tensioactivos tales como
diferentes grados de paolisorbato, docusato de sodio, o laurilsulfato de sodio; solubili-
zantes tales como etanol, propilenglicol o polietilenglicol; agentes colorantes tales co-
mo rojo FDC N° 3 o azul FDC N° 1; y modificadores del pH o tampones tales como
acidos carboxilicos (incluyendo &cido citrico, acido ascorbico, dcido lactico, y écido
succinico), diferentes sales de acidos carboxilicos, aminoacidos tales como glicina o
alanina, diferentes sales fosfatos, sulfatos y carbonatos tales como fosfato de trisodio,
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bicarbonato de sodio o bisuifato de potasio, y bases tales como aminoglucosa o trieta-
nolamina.

Un aditivo preferido para tales formulaciones es un polimero adicional que au-
menta la concentracion que puede actuar como un agente espesante o de suspension
asi como aumentar la concentracion del GPl en el medio de uso y puede actuar tam-
bién para evitar o retrasar la precipitacion o cristalizacion del GPI desde la solucion.
Tales aditivos preferidos son hidroxietil-celulosa, hidroxipropil-celulosa e hidroxipropil-
metil-celulosa. En particular, las sales de palimeros con acido carboxilico funcional
tales como acetato ftalato de ceiulosa, acetato succinato de hidroxipropil-metil-celulosa
y carboximetil-celulosa, son utiles a este respecto. Tales polimeros pueden ser afadi-
dos en sus formas de sales o se puede formar in siu la forma de sal durante la re-
constitucion aiadiendo una base tal como fosfato de trisodio y la forma acida de tales
polimeros.

En algunos casos, la forma farmacéutica global o las particulas, granulos o
perias que constituyen la fooma farmacéutica pueden tener un comportamiento supe-
rior si se recubren con un polimero entérico para evitar o retrasar la disolucién hasta
que la forma farmacéutica deja el estdmago. Ejemplos de materiales de recubrimiento
entérico incluyen acetato succinato de hidroxipropil-metil-celulosa, ftalato de hidroxi-
propil-metil-celulosa, acetato ftalato de celulosa, acetato trimelitato de celulosa, poli-
metacrilatos con acido carboxilico funcional, y poliacrilato con acido carboxilico funcio-
nal.

Las composiciones de esta invencién se pueden administrar en una forma far-
macéutica de liberacion controlada. En tal forma farmaceéutica, la composicion del GPI
y polimero se incorpora dentro de un dispositivo de matriz polimérica erosionable. Por
una matriz erosionable se quiere indicar erosionable por el agua, o hinchable por el
agua o soluble en agua en el sentido de ser o erosionable o hinchable o soluble en
agua pura o requiriendo la presencia de un acido o una base para ionizar suficiente-
mente la matriz polimérica para causar la erosion o disolucion. Cuando se pone en
contacto con el medio acuoso de uso, la matrniz polimérica erasionable embebe agua y
forma un gel hinchado por el agua o "matriz” que atrapa la mezcla de GPI y polimero.
La matriz hinchada por el agua se erosiona gradualmente, se hincha, se disgrega o se
disuelve en el medio de uso, con lo que se controla la liberacion de la mezcla de far-
maco al medio de uso. Ejemplos de tales formas farmacéuticas estdn descritos méas
completamente en la solicitud de patente de Estados Unidos comunmente cedida, en
tramitacion, numero de serie 09/495.059 presentada el 31 de enero de 2000, que rei-
vindica el beneficio de prioridad de la solicitud provisional de patente numero de serie



