.““"

Jr—

Sefior i : FRadicerinn : Eﬁgggggéﬂnggggég Y CO»"aERCfQ
SUPERINTENDENTE DE INDUS ( T"“"f'- 0 0808529 130 Folios: 239
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Re: P1.-MERCK & CO., INC .- Solicitud de Patente de Invencionli
para “DIHIDROXIACIDO ABIERTO Y SALES DE\
'\
INHIBIDORES DE LA HMG-CoA REDUCTASA”.- Clase\H
|
A61.-Expediente nimero 00-016.008 .- |
l
l
1.  Me refiero a mi solicitud arriba nombrada de fecha 6 de Marzo de ’,
2000.

(1)

Anexos me permito presentar a usted:

Copias autenticas (3) de las primeras solicitudes de patente

presentadas para el invento arriba nombrado respecto de las
cuales reclamo prioridad, a saber:

(a)

(b)

(©)

La solicitud estadinense nimero 60/123.227 de 8 de
Marzo de 1999, junto con su traduccién oficial,

correspondiente a las legalizaciones y reivindicaciones
de dicho documento;

La solicitud estadinense nimero 09/264.744 de 9 de

~Marzo de 1999, junto con su traduccion oficial,

correspondiente a las legalizaciones y reivindicaciones
de dicho documento;

l.a solicitud estadinense nimero PCT/US00/02626 de 2
de Febrero de 2000, junto con su traduccién oficial,

correspondiente a las legalizaciones y reivindicaciones
de dicho documento;
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Copias debidamente autenticadas por el Notario Sexto del Circulc?
de Bogotd, de los documentos que acreditan la calidad de Traductor

Oficial del sefior Eduardo Calado Noguera quien elabor6 la traduccién de

las solicitudes estadinenses numeros 60/123.227, 09/264.744 ;}\

PCT/US00/02626 , respecto de las cuales se reivindica prioridad en el
presente caso.

4, Ruego a usted tomar atenta nota de lo anterior y proceder de

conformidad.

Sefior Superintendente,
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REPUBLICA DE COLOMBIA
MINISTERIO DE RELACIONES EXTERIORES

EL SUSCRITO JEFE DEL AREA DE
LEGALIZACIONES DEL MINISTERIO DE
RELACIONES EXTERIORES

COMQ HOTARIO SEX '@ ¢ ALAR(,ADO
OE SANTAFE OC BOGOTA

HAGO CONSTAR
\ QUE LA FSTOCOPIA COINCIOE CON Lt FOTOCOPIA

AUTERTICA OUEgE Smﬁ {’LO @99

CERTIFICA

Que revisados los registros que se llevan el al oficina de Legalizaciones a:
fiima del sefior EDUARDO CALADO NOGUERA, como traductgr e |

oficlal para los idiomas INGLES- ESPANOL, ESPANOL- INGLES, segin resolucion

- 541 del 27 de febrero de 1976.

~La anterior certificacion se expide a solicitud del interesado quien se identificé con

cédula de ciudadania 17.177.588 expedida en Bogota.

Dada en Santa Fe 'de Bogotd, D.C,,

a los seis (6) de noviembre de 1997. \
s
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Ministerio de Justicia y del Derecho

EL SECRETARIO GENERAL (E) DEL MINISTERI@ Bito roramc

DE SANTAFE OE SAGOTA
JUSTICIA Y DEL DERECHO : HAGO CONSTAR
"X GUE LA FOTCORA CONCIDE CON
Tt AUTEN A OUE HE TEMIDO
CERTIFICA:

gw O@ '

llcenma para
c,E;INGLES ¥y

on la cédula
de ciudadania No. 17.177.588 expedida en Bogota.

Que dicha Resolucién se encuentra vigente en lz fecha.

Se expide la presente certificacion a solicitud del interesado.

Dada en Santa Fe de Bogota, D.C., a

Mg N s c,mc;A&b

rlo con JETAR

". nt .CMDO ALAV‘i

rockemea
OURLATOTIR e By A0 A AAVSTA

~OIRCIDE CON LA FOTOCORA
QIR éTA-

LA FOTOCOPIA
LAVISTA
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Febrero 23, 2000 Merck & Co; Inc
Traduccién Oficial No. 0217 Caso -204164
REF:-MERCK & CO;INC

Patente No.: 60/123,227

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS

OFICINA DE MARCAS Y PATENTES

Diciembre 28,1999

Por medio del presente documento se certifica que adjunto se encuentra

una

fiel copia de los registros de la Oficina de Marcas y Patentes de los Estados

Unidos, correspondientes a los documentos para la solicitud tal como se

presentaron, con ¢l fin de asignarle una fecha de registro bajo la norma
cédigo 35 USC 111.

Niimero de Solicitud: 60/123,227
Fecha de Registro: Marzo 08,1999

~ Autorizado por:

COMISIONADO DE MARCAS Y PATENTES
- Firma: T. LAWRENCE

- Funcionario Encargado de Certificaciones

Hay sello de la Oficina de Marcas y Patentes realzado de color dorado
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HOJA DE SOLICITUD PROVISIONAL

Esta es una peticién para registrar una SOLICITUD PROVISIONAL bajo
el cédigo 37 CFR 1.53(C)
Nimero de Caso: 20416PV

INVENTORES/SOLICITANTES

Apellidos Nombre Domicilio(ciudad y Estado o pais
extranjero)
Vega José M. Trappe, PA 19426

TITULO DE LA INVENCION (280 Caracteres maximo)

ACIDOS -ABIERTOS DE DIHIDROXI Y SALES DE HMG-CO INHIBIDORES DE
REDUCTASA.

DIRECCION PARA LA CORRESPONDENCIA

Merck & Co., Inc
- Patent Department - RY60-30
- P.O. Box 2000

Rahway

-Estado: Nueva Jersey  Cddigo Postal: 07065  Pais: Estados Unidos




PARTES DE LA SOLICITUD INCLUIDAS (Verificar de que todas

apliquen)
[x] ESPECIFICACIONES [34] Nimero de Paginas
[ 1] GRAFICA (S) | [3] Nimero de Paginas

[ 1 Declaracion de pequeiia Empresa

[ 1 Otros (especificar)

FORMA DE PAGO DE HONORARIOS PARA LA SOLICITUD

PROVISIONAL DE ESTA PATENTE (Senalar uno)

[ 1 Se adjunta un cheque o giro postal para gastos de honorarios de

registro de la mencionada patente.

[xI  El comisionado por la presente se encuentra autorizado a cobrar

~ honorarios de registro y crédito al nimero de Cuenta Bancaria

- 13-2755.
[x}]  Honorarios provisionales para registro = $150.00

“La invencidn fue realizada por una agencia del Gobierno de los Ef#ados

WW\/“ 1d\‘(“ S
Unidos. s " .\'s:v‘; 9.6

TS e
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[ 1 Si, el nombre de la Agencia del Gobierno de los Estados Unidos y
nimero de contrato son los siguientes: \
Atentamente,

FIRMA: Carol S. Quagliato

Fecha: 3/8/99

No. de REGISTRO -35,330

Teléfono: (732) 594-3809

CERTIFICADO DE ENVIO POSTAL

Fecha de envio: Marzo 8, 1999

Correo Inmediato Certificado No: EM35836315 US

Yo, por medio del presente documento certifico que ha sido enviado por
Correo Certificado como Correo Postal al Destinatario y al Comisionado

Asistente para Patentes, Box Patent Application, Washington, DC., 20231.

Firma: Enviado por: Irene Samis »~



REIVINDICACIONES:

1. Un método para inhibir HMG-CoA reductasa, el cual consiste

en un suministro oral terapéutico, de una cantidad eficaz de un compuesto
seleccionado de un 4cido-abierto de dihidroxi statin y una sal
farmacéuticamente aceptable o éster del mismo, en una forma dosis
farmacéutica de liberacién retardada a un paciente que necesite dicho
tratamiento en el cual la liberacién substancial del compuesto da la forma

de dosis es retardada hasta el transcurso de la dosis hasta el estémago.

2. El método de acuerdo a la Reivindicacion 1, en el cual el

compuesto es suministrado en una forma de dosis farmacéutica revestida
entéricamente.

3. El método de acuerdo a la reivindicacion 1 en el cual el compuesto se

suministra de una forma de dosis farmacéutica con tiempo de liberacién

controlada, revestida y entérica.

4. El método de acuerdo a la Reivindicacién 1 en el cual el comﬁ)\uesto
se suministra en un dispositivo que consta de: @ 0& (6}0

; ?Q‘Q.L \;\

. N N



Yy
\ }/?U

(A) la parte central comprimida y preparada de una mezcla que \

consta de:

(1) una cantidad terapéuticamente eficaz del compuesto;

y

(i)  un polimero el cual sobre hidratacién forma particulas

microscépicas gelatinosas; y

(B) un revestimiento de polimerico impermeable al agua, isoluble

en agua el cual consta de un polimero y plastificados, el cual se \
adhiere alrededor de la parte central, y el revestimiento tiene una \
pluralidad de formas abiertas que se exponen aproximadamente de 1 \
hasta alrededor de 75% de la superficie de la parte central;

y donde el promedio de liberacién del compuesto del dispositivo es

una de las funciones y tamafio de nimero de aperturas.

5. Fl método de la Reivindicacién 4 en la cual la liberacion del

dispositivo de la droga es entérico y revestido.

6. Un método para tratar la hipercolesteromia, la cual consta en

el suministro oral de una cantidad terapéuticamente eficaz de un compuesto

e

seleccionado de 4cido abierto dihidroxi statin y una sal farmacéuticafﬂente

Qa@%g,;rctardada
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aceptable o éster del mismo, en una forma de dogis de
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para un paciente que necesite de dicho tratamiento en el cual la liberacién |
del compuesto del dispositivo de dosis se retarda hasta que la droga pase

por el estomago.

7. Un método para prevenir o reducir el riesgo de desarrollar la
enfermedad aterosclerética la cual consiste en suministrar oralmente una
cantidad eficaz profilactica del compuesto seleccionado de un 4cido abierto
dihidroxi statin y una sal farmacéuticamente aceptable o éster del mismo en
una forma de dosis farmaceiitica de liberacion retardada, a una persona que
se encuentre en riesgo de desarrollar la enfermedad aterosclérotica en el
cual la liberacién substancial del compuesto de la forma de dosis se retarda

hasta que esta haya pasado a través del estémago.

- 8. El método de acuerdo a la Reivindicacion 7 en la cual la enfermedad
- aterosclerotica es seleccionada de una enfermedad cardiovascular,

-enfermedad cerebrovascular y una enfermedad del vaso periférico.

9. Fl método de acuerdo a la Reivindicacidn 8 en la cual la enfermedad

cardiovascular es una enfermedad coronaria.

i
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10.  Un método para tratar la enfermedad aterosclorotica la cual constam

en suministrar oralmente una cantidad eficaz del compuesto sel M de
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un 4cido abierto dihidroxi statin y una sal farmacéuticamente aceptable o
éster del mismo en una dosis farmacéutica de liberacion retardada a un
paciente que necesite dicho tratamiento en el cual la liberacién substancial

del compuesto de la forma de dosis es retardada hasta que pase la dosis a

través del estdbmago.

11.  El método de acuerdo a la Reivindicacién 10 en la cual la
enfermedad aterosclorotica es seleccionada de una enfermedad

cardiovascular, enfermedad cerebrovascular y una enfermedad de vaso

periférico.

12. El método de acuerdo a la Reivindicacién 11 en la cual la

enfermedad cardiovascular es una enfermedad coronaria.

13. Un método para prevenir o reducir el riesgo que ocurra o vuelva a
‘repetirse la enfermedad aterosclerdtica la cual consiste en suministrar
"oralmente una cantidad eficaz terapéutica del compuesto seleccionado de un
acido abierto dihidroxi statin y una sal farmacéuticamente aceptable o éster
del mismo, en una forma de dosis farmaceditica de liberacién retardada, a
uﬁa persona que se encuentre en riesgo de desarrollar la enfermedad

aterosclérotica en el cual la liberacién substancial del compuesto de la

forma de dosis se retarda hasta que esta haya pasado a través dgl gs qympgb
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14.  El método de acuerdo a la Reivindicacién 13 en la cual la persona

que recibe el compuesto tiene la enfermedad aterosclerética.

15.  El método de acuerdo a la Reivindicacion 13 en la cual la persona
que recibe el compuesto se encuentran en riesgo de desarrollar la

enfermedad aterosclerdética.

16. El método de acuerdo a la Reivindicacion 13 en al cual el caso de la \
enfermedad aterosclerotica es seleccionado de una enfermedad coronaria, y \
un caso cerebrovascular de claudicacion intermitente.

17.  El método de acuerdo a la reivindicacién 16 en la cual el evento de
la es seleccionado de una enfermedad coronaria, infarto del miocardio y

procedimiento de revasculizacién coronaria.

18.  El método de acuerdo a la reivindicacion 17 en la cual el evento
cerebrovascular es seleccionado de un accidente cerebrovascular y un

ataque isquémico pasajero.

. i i
i

* \

19.  El método de acuerdo a la Reivindicacién 1 en la cual el compuesto ’L \

es una sal farmacéuticamente aceptable de un 4cido abierto dihidr%i @t@@ﬂﬁ‘o’o ‘\
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20.  El método de acuerdo a la Reivindicacion 19 en la cual el compuesto \
es una sal farmacéuticamente aceptable en forma del dcido abierto
dihidroxi statin seleccionado de un grupo que consiste de lovastatin,

simvastatin, pravastatin, atorvastatin, fluvastatin y cerevastatin.

21. El método de acuerdo a la reivindicacion 20 en la cual el compuesto
es una sal farmacéuticamente aceptable de la forma de 4cido abierto

dihidroxi de un statin seleccionado de un grupo que consiste de lovastatina

y simvastatina.

22.  El método de acuerdo a la Reivindicacién 21 en la cual el compuesto
. es una sal farmacéuticamente aceptable de dcido abierto dihidroxi

simvastatin.

23.  El método de acuerdo a la Reivindicacién 22 en la cual el compuesto

Jes una forma de cristalino hidratado de la sal de calcio del 4cido abierto

simvastatin.

24.  El método de acuerdo a la Reivindicacion 23 en la cual el compuesto \

es una forma cristalina hidratada de sal de calcio de 4cido abierto dihidroxi ZQ VdQ‘, .

simvastatina el cual tiene un patrén polvo de difraccién de rayos p_?/gé%do
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de radiaciones CuKa caracterizadas en que las reflexiones en los espaciolrd
|

de 30.7, 24.6, 15.9, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60, \

|

3.93,3.84, 3.67, 3,51 y 3.28A. \
\

25. FEl método de acuerdo a la reivindicacién 1 en el cual 10% o menos

por el peso del compuesto es en dosis de accion retardada la cual se libera

en ¢l estémago.

26.  El método de acuerdo a la Reivindicacién 1 en el cual 5% o menos \
del peso del compuesto en la forma de dosis de accidn retardada la cual se \

libera en el estémago.

27. El método de acuerdo a la Reivindicacion 1 en la cual 1% o menos

por el peso del compuesto es en forma de dosis de accién retardada la cual

se libera en el estémago.

28.  Una composicién farmacéutica de suministro oral la cual consta de
una cantidad terapéuticamente eficaz de un compuesto seleccionado de un
acido abierto dihidroxi statin y una sal farmacéuticamente aceptable o éster
de la misma y un portador farmacéuticamente aceptable, formulado en la

forma de dosis de accién retardada en la cual la liberacién &e}@gﬂﬁuesto \
M,f(\
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29. La composicién farmacéutica de la reivindicacién 28 en la cual la

composicién se encuentra totalmente revestida.

30. La composicién farmacéutica de acuerdo a la composicién 29 en la
cual la composicién es formulada en una forma de dosis farmacéutica de

tiempo de liberacién controlada, revestida y entérica.

31. La composicién farmacéutica de acuerdo a la reivindicacién 28 en \

|
el cual la composicién formulada se suministra en un dispositivo que \

contiene la droga la cual consta de:

(A) la parte central comprimida y preparada de una mezcla que :

consta de:

(1)  una cantidad terapéuticamente eficaz del compuesto;

y

(i1)  un polimero el cual con la hidratacién forma particulas

microscépicas gelatinosas; y

(B) un revestimiento de polimérico impermeable al agua, insoluble

(Ve

en agua el cual consta de un polimero y plastificados, el cual se yygo T

“;l‘\“ |
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adhiere alrededor de la parte central, y el revestimiento tie ‘e una - e
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pluralidad de formas abiertas que se exponen aproximadamente de 1

hasta alrededor de 75% de la superficie de la parte central;

y donde el promedio de liberacién del compuesto del dispositivo es

una de las funciones y tamafio de niimero de aperturas.

32.

La composicién farmacéutica de acuerdo a la reivindicacion

31 en el cual el dispositivo de liberacién de la droga es revestido y |

entérico.

[—

33.

Un proceso para la preparacién de una composicion de
suministro oral la cual consta en mezclar el compuesto seleccionado de un
acido abierto de dihidroxi statin y una sal farmacéuticamente aceptable o

éster del mismo con un portador en forma de dosis de accién retardada.

34.

Una composicién farmacéutica de suministro oral el cual ¢s

fabricado con la mezcla de una cantidad terapéuticamente eficaz de un \ '

\ b\ ;
7L "
< |

compuesto seleccionado de un 4cido abierto de dihidroxi statin y una sal

farmacéuticamente aceptable o éster del mismo con un portador prv‘"\.\kf'
o] N - )

Xam
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farmacéuticamente aceptable en una dosis de accién retardgdd? |
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20416PV

TITLE OF THE INVENTION
DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDUCTASE!
INHIBITORS

5 FIELD OF THE INVENTION
The instant invention relates to the use of dihydroxy open
acid statins and salts thereof, which are inhibitors of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase, in a delayed-release
dosage formulation, and to a particular crystalline hydrated form of the
10 calcium salt of dihydroxy open acid simvastatin referred to herein as
compound I.

= BACKGROUND OF THE INVENTION
It has been clear for several decades that elevated blood
15 cholesterol is a major risk factor for coronary heart disease (CHD), and
i many studies have shown that the risk of CHD events can be reduced by
lipid-lowering therapy. Prior to 1987, the lipid-lowering
s armamentarium was limited essentially to a low saturated fat and
bl cholesterol diet, the bile acid sequestrants (cholestyramine and
= 20 colestipol), nicotinic acid (niacin), the fibrates and probucol.
Unfortunately, all of these treatments have limited efficacy or
tolerability, or both. With the introduction of lovastatin (MEVACOR®;
see US Patent No. 4,231,938), the first inhibitor of HMG-CoA reductase to
become available for prescription in 1987, for the first time physicians
25 were able to obtain comparatively large reductions in plasma cholesterol
with very few adverse effects.

In addition to the natural fermentation products,
mevastatin and lovastatin, there are now a variety of semi-synthetic and
totally synthetic HMG-CoA reductase inhibitors, including simvastaﬁll.l

30 (ZOCOR®; see US Patent No. 4,444,784), pravastatin sodium salt
(PRAVACHOL®; see US Patent No. 4,346,227), fluvastatin sodium salt
(LESCOLS®; see US Patent No. 5,354,772), atorvastatin calcium salt
(LIPITOR®; see US Patent No. 5,273,995) and cerivastatin sodium salt
(also known as rivastatin; see US Patent No. 5,177,080). The structural

35 formulas of these and additional HMG-CoA reductase inhibitors, are
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described at page 87 of M. Yalpani, "Cholesterol Lowering Drugs",
Chemistry & Industry, pp. 85-89 (5 February 1996). The HMG-CoA
reductase inhibitors described above belong to a structural class of
compounds which contain a moiety which can exist as either a 3-

5 hydroxy lactone ring or as the corresponding ring opened dihydroxy
open-acid, and are often referred to as “statins.” An illustration of the
lactone portion of a statin and its corresponding open-acid form is shown

below.
HO, HO COOH
0 OH

Lactone Dihydroxy Open-Acid

e

e gy e
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Salts of the dihydroxy open-acid can be prepared, and in fact, as noted
above, several of the marketed statins are administered as the dihydroxy
open acid salt forms. Lovastatin and simvastatin are marketed
worldwide in their lactonized form. Lovastatin is shown as structural
15 formula II, and simvastatin is shown as structural formula III, below.

The lactonized forms of the statins are not active inhibitors of HMG-C(I)A
20 reductase, but the dihydroxy open acid forms are. It is known that
condensation of the dihydroxy open acid form of statins to the

-2-
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corresponding lactonized form occurs under acidic conditions, that is at
about pH 4 or under.

Therefore, due to the low gastric pH of the stomach, a statin
conventionally adminstered by oral dosing in its lactone form will

5 remain largely in its lactone form in the stomach. The vast majority of
the drug will still be in the lactone form at the time of absorption from
the intestine following oral dosing with the lactone. After absorption,
the lactone enters the liver and it is in the hepatocytes that the lactone
can be metabolized to the active open acid form, a reaction catalyzed by

10  two hepatic esterases or "lactonases,” one which is in the cytosolic and
the other in the microsomal fraction. Once in the blood there is an
additional plasma esterase which can also hydrolyze the lactone to the
open acid. There may be some minimal chemical, i.e., non-enzymatic,
hydrolysis that occurs in blood or in the liver; however, at the pH in blood

15 and liver, there should not be any lactonization, i.e., conversion of open
acid back to the lactone.

A statin conventionally administered by oral dosing in its
dihydroxy open acid form or a pharmaceutically acceptable salt or ester
‘thereof will tend to convert to its lactone form in the acidic environment

20 of the stomach, so that a mixture of the open ring and the corresponding
closed ring forms will co-exist there. For example, see M.J. Kaufman,
International Journal of Pharmaceutics, 1990, 66(Dec 1), p. 97-106,
which provides hydrolysis data that are used to simulate the extent of
drug degradation that occurs in acidic gastric fluids following oral

25 administration of several structurally related hypocholesterolemic
agents, including simvastatin and lovastatin. Therefore, even after
conventional oral dosing with a dihydroxy open acid statin or a salt or
ester thereof, a mixture of the open acid and the corresponding lactone

D form of the drug would exist by the time of absorption from the intestine.

30 . The preparation of the naturally occurring compound
lovastatin and the semi-synthetic analog simvastatin leads to a mixture
of the lactone and the open-ring dihydroxy acid forms. Several
procedures have been published describing ways to make simvastatin
from lovastatin, and most proceed through a lactone ring opening step|at

35 some point in the process and sometimes formation of a salt at the
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resulting carboxy acid, and end with a ring-closing step in order to make
the final simvastatin product. For example, U.S. Patent No. 4,820,850
describes a process for making simvastatin which involves opening th
lactone ring of lovastatin and forming an alkyl-amide at the resulting
5 carboxy acid, followed by protection of the two hydroxy groups and
methylation of the 8’ acyl sidechain. After the methylation step, the
hydroxy protecting groups are removed, the amide is hydrolyzed to the
free acid and an ammonium salt of the free acid is formed, followed by|a
“step to re-lactonize the ring. In U.S. Patent No. 4,444,784, the 8-acyl
10 sidechain of lovastatin is removed and the lactone ring opened in the
first step, followed by re-lactonization of the ring and protection of its
hydroxy group. Next, the 8 position is acylated to introduce the
o simvastatin sidechain and a deprotection step is performed to obtain the
= simvastatin final product. In another proceés disclosed in U.S. Patent
: 15  No. 4,582,915, the potassium salt of the ring opened form of lovastatin is
methylated at the 8’ acyl sidechain, the free acid is then re-generated,
and the dihydroxy open acid moiety is re-lactonized.
’ Several pharmaceutically acceptable salt forms of dihydroxy
open acid statins are known in the art, as shown by the marketed salt
20 forms of pravastatin, fluvastatin, atorvastatin and cerivastatin described
above. Some salt forms of dihydroxy open acid simvastatin have been |
previously described, for example the ammonium salt and the
potassium salt which were used as intermediates in the synthetic
processes described above. Chemical Abstracts also discloses a variety
25  of salt forms of dihydroxy open acid simvastatin, including a calcium
salt having Registry No. 151006-18-7, which was referenced from a genus
disclosed in U.S Patent No. 5,223,415, assigned to Merck & Co., Inc.
Although there are no calcium salts exemplified in the patent, the
5. general description of salt preparation taught in this patent would lead
) 30 to an amorphous calcium salt product.
Since becoming available, millions of doses of simvastatin|
have been administered and these drugs have developed an excellent
safety record. However, as noted in the Physician’s Desk Reference
(PDR), in rare instances myopathy has been associated with the use of
35 all statins, including simvastatin. The mechanism for statin-related
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myopathy is currently poorly understood. It is also known that many

drugs, including certain statins such as simvastatin, are metabolised in

the liver and intestine by the cytochrome P450 3A4 (CYP 3A4) enzyme
system. As also noted in the PDR, there are adverse drug interaction
concerns if a potent inhibitor of CYP3A4, such as itraconazole, and a
CYP3A4-metabolized statin are used together, and some cases of
myopathy were found to have occurred in patients taking such a drug
combination. Simvastatin has been administered to over 20 million
patients worldwide in the past 11 years and has been demonstrated to b
remarkably safe. However, the very low risk of myopathy is
substantially increased when simvastatin is given together with potent
inhibitors of CYP3A4. This increased risk is believed to be related to the
increased plasma levels of HMG-CoA reductase inhibitory activity
resulting from the reduced metabolic elimination of simvastatin in the

1154

presence of a potent inhibitor of CYP3A4. While the overall safety recoxtd

for simvastatin is exceptional, it would be desirable to further optimize;
its safety profile by reducing the potential for drug interactions with

inhibitors of CYP3A4. It would also be desirable to further reduce the
already low rate of occurrence of myopathy associated with the use of all
statins. '

Applicants have now discovered that dihydroxy open acid

statins may be less reliant on CYP3A4 metabolism than their closed ring

lactonized counterparts. The instant invention involves methods and
pharmaceutical compositions for orally administering open-ring
dihydroxy open acid statins and salts and esters thereof, which are
HMG-CoA reductase inhibitors, in such a way so as to minimize
conversion to their lactonized counterparts. This allows for delivery of a
dihydroxy open acid statin without its lactone counterpart directly to the
absorptive mucosa of the small intestine thus allowing for absorption of

the open acid statin into the portal circulation, penetration by active open

acid statin into hepatocytes to achieve enhanced efficacy, and systemic
exposure consisting of open acid moieties. More particularly, delayed:
release of an orally administered dihydroxy open acid statin or a

- pharmaceutically acceptable salt or ester thereof, for example dihydroxy

(4

open acid simvastatin or a salt thereof, until after passage through th
-5




20416PV

e

el Sl e
A A W

i

eh o

(T30 O L T

o

10

15

30

- inhibiting HMG-CoA reductase, as well as for treating and/or reducing

stomach reduces the amount of lactone formed and absorbed in the body.
Maintaining the statin in its open acid form in the body thereby reduces
the potential for drug interactions between statins whose metabolism is
CYP34A-mediated and other active agents which inhibit the CYP3A4
enzymatic pathway. Moreover, maintaining the statin in its open acid
form in the body may have additional clinical benefits for all statins,
even for those statins that are not significantly metabolized by the
CYP3A4 enzymatic pathway.

In addition, a novel crystalline hydrated form of the
calcium salt of dihydroxy open acid simvastatin has now been discovered
to be a pharmaceutically suitable salt form having desirable physical
properties for formulation into an anti-hypercholesterolemic drug
composition.

SUMMARY OF THE INVENTION
One object of the instant invention is to provide a method for

the risk for diseases and conditions affected by inhibition of HMG-CoA |
reductase, comprising orally administering a therapeutically effective
amount of a compound selected from a dihydroxy open acid statin and a
pharmaceutically acceptable salt or ester thereof in a delayed-release
pharmaceutical dosage form to a patient in need of such treatment
wherein substantial release of the compound from the dosage form is
delayed until after passage of the dosage form through the stomach.

' One embodiment of the first object is to provide the above-
described method wherein the delayed-release pharmaceutical dosage
form is a gel extrusion module (GEM) drug delivery device.

Another embodiment of the first object is to provide the
above-described method wherein the delayed-release pharmaceutical
dosage form is an enterically coated pharmaceutical dosage form. An
additional aspect of this embodiment is to provide the above-described
method wherein the delayed-release pharmaceutical dosage form is an
enterically coated time controlled-release pharmaceutical dosage fomL.
Yet another aspect of this embodiment is to provide the above-describe

-6
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method wherein the delayed-release pharmaceutical dosage form is an
enterically coated gel extrusion module (GEM) drug delivery device.

The compound used for the above-described object and
embodiments may particularly be dihydroxy open acid simvastatin and
the pharmaceutcially acceptable salts thereof, and more particularly a
pharmaceutcially acceptable salt thereof.

A second object of the instant invention is to provide novel
HMG-CoA reductase inhibitors which are crystalline hydrated forms of
the calcium salt of dihydroxy open acid simvastatin, and particularly the
compound referred to herein as compound I.

Additional objects are to provide the use of the crystalline
hydrated forms of the calcium salt of dihydroxy open acid simvastatin,
particularly compound I, for inhibiting HMG-CoA reductase, as well as
for-treating and/or reducing the risk for diseases and conditions affected

by inhibition of HMG-CoA reductase, and also to provide pharmaceutical

formulations, including conventional rapid-release, delayed-release and
time controlled-release formulations, including the GEM drug delivery
device and enterically coated dosage forms, that can be used with the
compounds. A further object is to provide a process for making
compound I. Additional objects will be evident from the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a thermogravimetry (TG) weight loss curve foxl
compound I obtained under a nitrogen flow at a heating rate of
10°C/minute.

Figure 2 is a differential scanning calorimetry (DSC) curve
for compound I obtained under a nitrogen flow bubbled through 16.0°C
water at a heating rate of 10°C/minute in an open cup.

| Figure 3 is an x-ray powder diffraction (XRPD) pattern foi'
compound I. The XRPD pattern was obtained using CuKa radiation.
The ordinate or Y-axis is x-ray intensity (cpm) and the abscissa or X-
axis is the angle two-theta (20) in degrees.
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DETAILED DESCRIPTION OF THE INVENTION

The term “statin(s)” as used herein is intended to be defined
as inhibitors of HMG-CoA reductase which belong to a structural class
of compounds that contain a moiety which can exist as either a 3-
hydroxy lactone ring or as the corresponding ring opened dihydroxy
open acid, wherein the lactone portion of the statin and its
corresponding dihydroxy open-acid form is shown below.

HO HO COOH
o) OH

Lactone Dihydroxy Open-Acid

All hydrates, solvates and polymorphic crystalline forms of HMG-CoA
reductase inhibitors having the above-described lactone/dihydroxy open

- acid moiety are included within the scope of the term “statin(s)”.

Pharmaceutically acceptable salts and esters of the dihydroxy open-acid
statins are included within the scope of the term “statin(s)”.

. Statins inhibit HMG-CoA reductase in their dihydroxy open
acid form. Compounds which have inhibitory activity for HMG-CoA
reductase.can be readily identified by using assays well-known in the
art. For example, see the assays described or cited in U.S. Patent
4,231,938 at col. 6, and WO 84/02131 at pp. 30-33.

' The term “dihydroxy open acid statin(s)” is intended to be
defined as statins which contain the dihydroxy open acid moiety,
including pharmaceutically acceptable salts and esters thereof. The
phrases “dihydroxy open acid statin(s)” and “dihydroxy open acid
statin(s) and the pharmaceutically acceptable salts and esters thereof”

-are used interchangeably herein and are both intended to encompass the

open acid and salt and ester forms of the open acid of the statin, unless
otherwise indicated. All hydrates, solvates and polymorphic crystalline

forms are encompassed within the the scope of the term “dihydroxy open
acid statin(s).”

-8
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Examples of dihydroxy open acid statins that may be used \
with the present invention include but are not limited to the dihydroxy \ _
open acid forms and pharmaceutically acceptable salts and esters
thereof of: lovastatin (see US Patent No. 4,342,767); simvastatin (see US
Patent No. 4,444,784), pravastatin, particularly the sodim salt thereof;
fluvastatin particularly the sodium salt thereof, atorvastatin,
particularly the calcium salt thereof; cerivastatin, particularly the \
sodium salt thereof, and nisvastatin also referred to as NK-104 (see PCT
international publication number WO 97/23200). Pharmaceutically 1
acceptable salts of dihydroxy open acid simvastatin, particularly the {
crystalline hydrated forms of the calcium salt of dihydroxy open acid i
simvastatin, and more particularly the hydrated calcium salt of '
dihydroxy open acid simvastatin referred to herein as compound I, are
preferred for use in the methods and compositions of this invention.

Herein, the term "pharmaceutically acceptable salts” shall
mean non-toxic salts of the compounds employed in this invention which
are generally prepared by reacting the free acid with a suitable organic
or inorganic base, particularly those formed from cations such as
sodium, potassium, aluminum, calcium, lithium, magnesium, zinc
and tetramethylammonium, as well as those salts formed from amines
such as ammonia, ethylenediamine, N-methylglucamine, lysine, :
arginine, ornithine, choline, N,N’-dibenzylethylenediamine, - b
chloroprocaine, diethanolamine, procaine, N-benzylphenethylamine, 1- i
p-chlorobenzyl-2-pyrrolidine-1’-yl-methylbenzimidazole, diethylamine, )
piperazine, morpholine, 2,4,4-trimethyl-2-pentamine and
tris(hydroxymethyl)amninomethane. Pharmaceutically acceptable esters
at the carboxylic acid group can be made by treating a dihydroxy open
acid statin with an alcohol. Examples of pharmaceutically acceptable
esters of dihydroxy open acid statins include, but are not limited to, -C1-
4 alkyl and - C1-4 alkyl substituted with phenyl-, dimethylamino-, and
acetylamino. “C].4 alkyl” herein includes straight or branched \
aliphatic chains containing from 1 to 4 carbon atoms, for example
methyl, ethyl, n-propyl, n-butyl, iso-propyl, sec-butyl and tert-butyl.

An object of this invention is to provide methods for
reducing the amount of lactonized statin formed and absorbed in the

-9
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body after oral administration of a dihydroxy open acid statin in order to
achieve enhanced clinical benefits. A way to achieve this is to
administer the dihydroxy open acid statin in a delayed-release
pharmaceutical dosage form. A delayed-release pharmaceutical dosage
form as defined herein is an orally administerable pharmaceutical
dosage form or device that does not release a substantial amount of the
active compound until after the dosage form has passed through the ,
stomach. Therefore, substantial release of the active compound would "
initially occur after entry into the duodenum. By “substantial release,” it
is intended that 90% or more by weight of the active agent in the delayed-
release dosage form is released after entry into the duodenum, and that
10% or less by weight of the active agent in the delayed-release dosage *
form is released in the stomach. Particularly, the amount of active \
compound released in the stomach before entry into the duodenum is 5% \
or less by weight and more particularly 1% or less by weight. ‘l
It is to be understood that metabolism of the dihydroxy open \
acid statins will occur, primarily in the liver, after orally dosing in a l
delayed-release dosage form. However, since lactonization of the \ ;
dihydroxy open acid statin would have been substantially avoided by use \ '
of a delayed release dosage form, the active and inactive metabolites that ‘%
are formed will also be in the dihydroxy open acid form. In essence, if i
the dihydroxy open acid statin is administered in a delayed release l
dosage form, the internal exposure to lactonized parent compound and \
also to lactonized active and inactive metabolites will be minimized.
One example of a delayed-release dosage form is an
enterically coated dosage form. The enteric coating will not dissolve in
the acidic gastric environment, but will dissolve in the higher pH
environment of the duodenum. An enterically coated dosage form will
therefore not permit release of any significant amount of the active
compound from the dosage form in the stomach, but. once the enteric
coating dissolves in the duodenum, the active compound will be
released. Suitable compositions for enteric coatings that can be used
with the present invention are known to those of ordinary skill in the
pharmaceutical arts; for example, see L. Lachman, The Theory and
Practice of Industrial Pharmacy, 3rd Ed., H. Liebermann and J. Kanig

-10-
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contributors (Lea & Febiger, 1986). The pharmaceutical dosage form
that is enterically coated can be a conventional rapid release dosage form
or it can be a time controlled-release dosage form. Time controlled-
release dosage forms are also well known in the pharmaceutical art,
and are designed so as to slowly release the active compound in the body
over a period of time, for example over a period of from about 6 to 24
hours. Use of a time controlled-release dosage form is preferred so as to
lower the systemic exposure to the active statin.

An example of a delayed-release dosage form that also
functions as a time controlled-release dosage form is described in U.S
Patent No. 5,366,738, herein incorporated by reference in its entirety.
The controlled-release drug delivery device described in U.S Patent No.
5,366,738 is known as a gel extrusion module (GEM) delivery device. The
GEM device is a drug delivery device for the controlled in situ production
and release of a dispersion containing a beneficial agent such as a
pharmaceutical drug comprising:

(A) a compressed core prepared from an admixture comprising:
' (i)  a therapeutically effective amount of the beneficial
agent; and

(ii) a polymer which upon hydratxon forms gelatinous

microscopic particles; and

(B) a water insoluble, water impermeable polymeric coating
comprising a polymer and a plasticizer, which surrounds and
adheres to the core, the coating having a plurality of formed
apertures exposing between about 1 and about 75% of the core
surface;

and wherein the release rate of the beneficial agent from the device is a

function of the number and size of the apertures.

In the GEM device, the polymer inside the compressed core
is preferably selected from sodium polyacrylate, carboxypolymethylenes,
and the pharmaceutically acceptable salts thereof, wherein the
carboxypolymethylenes are prepared from acrylic acid crosslinked with
allylethers of sucrose or pentaerythritol, and more preferably it is
selected from carboxypolymethylenes prepared from acrylic acid
crosslinked with allylethers of sucrose or pentaerythritol, and the

-11-
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pharmaceutically acceptable salts thereof. Most preferably,
CARBOPOL® 974P is used as the polymer inside the compressed core.
In addition, the compressed core may also contain one or more polymer
hydration modulating agents, anti-oxidants, lubricants, fillers and
excipients. An optional subcoating may be applied to the compressed
core prior to application of the water insoluble coating as an aid in the
‘manufacturing process. The subcoating may be comprised of, for
example, hydroxypropyl cellulose and hydroxypropylmethylcellulose.

. The water insoluble, water impermeable polymeric coating
is preferably comprised of (1) a polymer selected from polyvinyl chloride,
cellulose acetate, cellulose acetate butyrate, ethylcellulose and
combinations of these polymers; and (2) a plasticizer selected from
diethylphthalate, dibutylsebacate and triethylcitrate. More preferably,
the polymeric coating is comprised of cellulose acetate butyrate and
triethyl citrate. The GEM device does not function as an osmotic drug
delivery device, hence the release function of the device depends on
passage of fluids from the external environment of the body to the
internal environment of the compressed core through the formed
apertures. It is intended that the terms “water insoluble, water
impermeable” used to describe the polymeric coating define a coating
which is essentially water insoluble and water impermeable, meaning

that the polymeric coating allows minimal to no passage of water
through the coating from the external environment of the body to the
internal environment of the compressed core, except for the fluid ,
passage that occurs through the drilled apertures, during the period of
time the drug is being released from the GEM device in the body. Any
minimal amount of water that does pass through the water insoluble, -
water impermeable polymeric coating is insubstantial and does not
significantly contribute to the function of the GEM device, i.e. the release
rate of the drug through the apertures. Rather the release rate of the
drug from the GEM device is a function of the number and size of the
apertures on the device.

For an elegant, aesthetically pleasing final product, an

overcoat may finally be applied to the GEM delivery device containing
colorants, waxes, and the like. The GEM device can also be enterically

-12-
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coated. Even without enteric coating, extrusion of the polymer which \
carries the drug out from inside the compressed core of the GEM device l
does not occur to a substantial extent in the acidic pH of the stomach, \
therefore substantial release of the drug does not occur in the stomach. \
Further details and examples of the GEM delivery device are described |
in US Patent No. 5,366,738.

The term “patient” includes mammals, especially humans,
who take compound I for the prevention or treatment of a medical
condition. Administering of the drug to the patient includes both self-
administration and administration to the patient by another person.

The patient may be in need of treatment for an existing disease or

medical condition, or may desire prophylactic treatment to prevent or
reduce the risk for diseases and medical conditions affected by inhibition \
of HMG-CoA reductase.

The term "therapeutically effective amount” is intended to
mean that amount of a drug or pharmaceutical agent that will elicit the
biological or medical response of a tissue, a system, animal or human
that is being sought by a researcher, veterinarian, medical doctor or \
other clinician. The term "prophylactically effective amount” is \

intended to mean that amount of a pharmaceutical drug that will \
prevent or reduce the risk of occurrence of the biological or medical event “
that is sought to be prevented in a tissue, a system, animal or human by \
a researcher, veterinarian, medical doctor or other clinician. \
Particularly, the dosage a patient receives can be selected so as to ‘
achieve the amount of LDL (low density lipoprotein) cholesterol lowering \
|
|
|
l
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desired; the dosage a patient receives may also be titrated over time in

order to reach a target LDL level. The dosage regimen utilizing a

dihydroxy open acid statin is selected in accordance with a variety of

factors including type, species, age, weight, sex and medical condition of

the patient; the severity of the condition to be treated; the potency of the

compound chosen to be administered; the route of administration; and \

the renal and hepatic function of the patient. A consideration of these "
factors is well within the purview of the ordinarily skilled clinician for \ x
the purpose of determining the therapeutically effective or

30
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prophylactically effective dosage amount needed to prevent, counter, or
arrest the progress of the condition.

The novel compounds of this invention are the crystalline
hydrated forms of the calcium salt of dihydroxy open acid. A particular
crystalline hydrated calcium salt of dihydroxy open acid is the one
having an x-ray powder diffraction (XRPD) pattern obtained using CuKoa
radiation characterized by refelections at d-spacings of 30.7, 24.6, 15.9,
11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60, 3.93, 3.84, 3.67, 3.51 and
3.28A. For convenience, the crystalline hydrated form of the calcium
salt of dihydroxy open acid simvastatin having the above-defined XRPD
pattern will also be referred to herein as compound I. Compound I can
be represented two-dimensionally as a hydrated form of the following

structural formula Ia:
HG., -
COO
H

cllo

R
\
\\\

Ia

In addition to the XRPD pattern described above, compound
I of the instant invention is further characterized by the
thermogravimetry (TG) curve shown in Figure I. The TG curve for
compound I was obtained under a nitrogen flow at a heating rate of
10°C/minute and is characterized by a 6.3% weight loss from ambient
room temperature to a stable weight loss plateau at about 175°C.

Additional weight losses due to the onset of decomposition of the
compound are observed above about 190°C.

- 14
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Compound I is still further characterized by the differential
scanning calorimetry (DSC) curve shown in Figure 2. The DSC curve
for compound I was obtained under a nitrogen flow bubbled through
16.0°C water at a heating rate of 10°C/minute in an open cup, and is
characterized by three lower temperature endotherms with peak
temperatures of 52, 77 and 100°C and associated heats of 48, 90 and 21
J/g, respectively, and two higher temperature endotherms due to
decomposition with peak temperatures of 222 and 241°C and associated
heats of 163 and 92 J/g.

Compound I of the instant invention is still further
characterized by the 'H NMR, *C NMR and mass spectral data as given
in Example 1 herein. .

In the methods of treatment and prophylaxis described
herein, as well as the pharmaceutical compositions and medicaments, a
dihydroxy open acid statin or a pharmaceutically acceptable salt or ester
thereof is employed. Preferably the compound employed is a
pharmaceutically acceptable salt of a dihydroxy open acid statin, more
preferably it is a pharmaceutically acceptable salt of dihydroxy open acid
simvastatin, particularly a crystalline hydrated form of the calcium salt
of dihydroxy open acid simvastatin, and most preferably it is compound
I. All hydrates, solvates and polymorphic crystalline forms of the above-
described compounds and their use are encompassed within scope of the
instant invention.

The instant invention provides methods for inhibiting
HMG-CoA reductase, and for treating lipid disorders including
hypercholesterolemia, hypertriglyceridemia and hyperlipidemia,
comprising administering a therapeutically effective amount of a
dihydroxy open acid statin to a person in need of such treatment.
Further provided are methods for preventing or reducing the risk of
developing atherosclerosis, as well as for halting or slowing the
progression of atherosclerotic disease once it has become clinically
evident, comprising the administration of a prohylactically or
therapeutically effective amount, as appropriate, of a dihydroxy open
acid statin to a mammal who is at risk of developing atherosclerosis or
who already has atherosclerotic disease.
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Atherosclerosis encompasses vascular diseases and
conditions that are recognized and understood by physicians practicing
in the relevant fields of medicine. Atherosclerotic cardiovascular
disease, coronary heart disease (also known as coronary artery disease
or ischemic heart disease), cerebrovascular disease and peripheral
vessel disease are all clinical manifestations of atherosclerosis and are
therefore encompassed by the terms "atherosclerosis”™ and
"atherosclerotic disease.”

A dihydroxy open acid statin may be administered to
prevent or reduce the risk of occurrence, or recurrence where the
potential exists, of a coronary heart disease event, a cerebrovascular
event, and/or intermittent claudication. Coronary heart disease events
are intended to include CHD death, myocardial infarction (i.e., a heart
attack), and coronary revascularization procedures. Cerebrovascular
events are intended to include ischemic or hemorrhagic stroke (also
known as cerebrovascular accidents) and transient ischemic attacks.

Intermittent claudication is a clinical manifestation of peripheral vessel -

disease. The term "atherosclerotic disease event” as used herein is
intended to encompass coronary heart disease events, cerebrovascular
events, and intermittent claudication. It is intended that persons who
have previously experienced one or more non-fatal atherosclerotic
disease events are those for whom the potential for recurrence of such
an event exists. v

Accordingly, the instant invention also provides a method
for preventing or reducing the risk of a first or subsequent occurrence of
an atherosclerotic disease event comprising the administration of a
prophylactically effective amount of a dihydroxy open acid statin to a
patient at risk for such an event. The patient may already have
atherosclerotic disease at the time of administration, or may be at risk
for developing it.

Persons to be treated with the instant therapy include those
at risk of developing atherosclerotic disease and of having an
atherosclerotic disease event. Standard atherosclerotic disease risk
factors are known to the average physician practicing in the relevant
fields of medicine. Such known risk factors include but are not limited

- 16-




20416PV

H
H
%
s

1y
1.4

atr W e e
o W o R

s

10

15

20

30

to hypertension, smoking, diabetes, low levels of high density lipoprotein
(HDL) cholesterol, and a family history of atherosclerotic cardiovascular
disease. Published guidelines for determining those who are at risk of
developing atherosclerotic disease can be found in: National Cholesterol
Education Program, Second report of the Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel II), National Institute of Health, National Heart Lung
and Blood Institute, NIH Publication No. 93-3095, September 1993;
abbreviated version: Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults, Summary of the second
report of the national cholesterol education program (NCEP) Expert

Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol |

in Adults (Adult Treatment Panel II), JAMA, 1993, 269, pp. 3015-23.
People who are identified as having one or more of the above-noted risk
factors are intended to be included in the group of people considered at
risk for developing atherosclerotic disease. People identified as having
one or more of the above-noted risk factors, as well as people who already
have atherosclerosis, are intended to be included within the group of
people considered to be at risk for having an atherosclerotic disease
event.

The oral dosage amount of the dihydroxy open acid statin,
particularly a salt of a dihydroxy open acid statin such as simvastatin,
and more particularly a crystalline hydrated form of the calcium salt of
dihydroxy open acid simvastatin such as compound I, is from about 1 to
200 mg/day, and more preferably from about 5 to 160 mg/day. However,
dosage amounts will vary depending on factors as noted above, including
the potency of the particular compound. Although the active drug of the
present invention may be administered in divided doses, for example
from one to four times daily, a single daily dose of the active drug is
preferred.. As examples, the daily dosage amount may be selected from,
but not limited to, 5 mg, 10 mg, 20 mg, 25 mg, 40 mg, 50 mg, 75 mg, 80
mg, 150 mg and 160 mg.

The active drug employed in the instant therapy can be
administered in such oral forms as tablets, capsules, pills, powders,
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granules, elixirs, tinctures, suspensions, syrups, and emulsions. Oral -

formulations are preferred.

Oral delayed-release formulations are employed with the
dihydroxy open acid statins. Examples of suitable formulations include
but are not limited to enterically coated pharmaceutical dosage forms
such as enterically coated conventional pharmaceutical dosage forms
and enterically coated time-controlled release dosage forms, the GEM
delivery device, and an enterically coated GEM delivery device.

For the crystalline hydrated forms of the calcium salt of
dihydroxy open acid simvastatin, for example compound I,
administration of the active drug can be via any pharmaceutically
acceptable route and in any pharmaceutically acceptable dosage form.
This includes the use of oral conventional rapid-release, time controlled-
release and delayed-release (such as described above) pharmaceutical
dosage forms. An oral time controlled-release dosage formulation of the
instant drug is preferred, and particularly the GEM controlled-release
drug delivery device described in U.S Patent No. 5,366,738, herein
incorporated by reference in its entirety. Additional suitable
pharmaceutical compositions for use with the present invention are -
known to those of ordinary skill in the pharmaceutical arts; for example,
see Remington's Pharmaceutical Sciences, Mack Publishing Co.,
Easton, PA.

' In the methods of the present invention, the active drug is
typically administered in admixture with suitable pharmaceutical
diluents, excipients or carriers (collectively referred to herein as
"carrier" materials) suitably selected with respect to the intended form
of administration, that is, oral tablets, capsules, elixirs, syrups and the
like, and consistent with conventional pharmaceutical practices.

For instance, for oral administration in the form of a tablet -

or capsule, the active drug component can be combined with a non-toxic,
pharmaceutically acceptable, inert carrier such as lactose, starch,
sucrose, glucose, modified sugars, modified starches, methyl cellulose
and its derivatives, dicalcium phosphate, calcium sulfate, mannitol,
sorbitol and other reducing and non-reducing sugars, magnesium
stearate, steric acid, sodium stearyl fumarate, glyceryl behenate,
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calcium stearate and the like. For oral administration in liquid form,
the drug components can be combined with non-toxic, pharmaceutically
acceptable inert carrier such as ethanol, glycerol, water and the like.
Moreover, when desired or necessary, suitable binders, lubricants,
disintegrating agents and coloring and flavoring agents can also be
incorporated into the mixture. Stabilizing agents such as antioxidants,
for example butylated hydroxyanisole (BHA), 2,6-di-tert-butyl-4-
methylphenol (BHT), propyl gallate, sodium ascorbate, citric acid, and
calcium metabisulphite, can also be added to stabilize the dosage forms;
the use of at least one stabilizing agent is preferred with the instant
composition, and preferably an antioxidant is employed with dihydroxy
open acid simvastatin or a salt thereof, and particularly compound I.

- Other suitable components include gelatin, sweeteners, natural and

synthetic gums such as acacia, tragacanth or alginates,
carboxymethylcellulose, polyethylene glycol, waxes and the like.

The active drug can also be administered in the form of
liposome delivery systems, such as small unilamellar vesicles, large
unilamellar vesicles and multilamellar vesicles. Liposomes can be
formed from a variety of phospholipids, such as cholesterol,
stearylamine or phosphatidylcholines.

Active drug may also be delivered by the use of monoclonal
antibodies as individual carriers to which the compound molecules are
coupled. Active drug may also be coupled with soluble polymers as
targetable drug carriers. Such polymers can include polyvinyl-
pyrrolidone, pyran copolymer, polyhydroxy-propyl-methacrylamide-
phenol, polyhydroxy-ethyl-aspartamide-phenol, or polyethyleneoxide-
polylysine substituted with palmitoyl residues. Furthermore, active
drug may be coupled to a class of biodegradable polymers useful in
achieving controlled release of a drug, for example, polylactic acid, .
polyglycolic acid, copolymers of polylactic and polyglycolic acid,
polyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates and cross linked or
amphipathic block copolymers of hydrogels.

The instant invention also encompasses a process for
preparing a pharmaceutical composition comprising combining a
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dihydroxy open acid statin with a pharmaceutically acceptable carrier.
Also encompassed is the pharmaceutical composition which is made by
combining a dihydroxy open acid statin with a pharmaceutically
acceptable carrier.

Additional active agents may be used in combination with
the dihydroxy open acid statin in a single dosage formulation, or may be
administered to the patient in a separate dosage formulation, which
allows for concurrent or sequential administration of the active agents.
One or more additional active agents may be administered with a
dihydroxy open acid statin. The additional active agent or agents can be
cholesterol lowering compounds. Examples of additional active agents
which may be employed include but are not limited to HMG-CoA
synthase inhibitors; squalene epoxidase inhibitors; squalene synthetase
inhibitors (also known as squalene synthase inhibitors), acyl-coenzyme
A: cholesterol acyltransferase (ACAT) inhibitors; microsomal
triglyceride transfer protein (MTP) inhibitors; probucol; niacin; fibrates
such as clofibrate, fenofibrate ,including micronized fenofibrate, and
gemfibrozil; cholesterol absorption inhibitors; bile acid sequestrants;
LDL (low density lipoprotein) receptor inducers; platelet aggregation i
inhibitors, for example glycoprotein IIb/IIla fibrinogen receptor
antagonists and aspirin; human peroxisome proliferator activated
receptor gamma (PPARY) agonists including the compounds commonly
referred to as glitazones, including those compounds included within -
the structural class known as thiazolidinediones as well as those PPARY |
agonists outside the thiazolidinedione structural class); PPAR dual o/y 5
agonists; vitamin Bg (also known as pyridoxine) and the
pharmaceutically acceptable salts thereof such as the HCI salt; vitamin
B12 (also known as cyanocobalamin); beta-blockers; folic acid or a
pharmaceutically acceptable salt or ester thereof such as the sodium salt
and the methylglucamine salt; and anti-oxidant vitamins such as [
vitamin C and E and beta carotene.

A therapeutically effective amount of a crystalline hydrated
form of the calcium salt of dihydroxy open acid simvastatin, for example
compound I, can be used for the preparation of a medicament useful for
inhibiting HMG-CoA reductase, as well as for treating and/or reducing !
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the risk for diseases and conditions affected by inhibition of HMG-CoA
reductase, such as preventing or reducing the risk of developing
atherosclerotic disease, halting or slowing the progression of
atherosclerotic disease once it has become clinically manifest, and
preventing or reducing the risk of a first or subsequent occurrence of an
atherosclerotic disease event. For example, the medicament may be
comprised of about 1 mg to 200 mg of a crystalline hydrated form of
dihydroxy open acid simvastatin, or more particularly about 5 mg to 160
mg.

A therapeutically effective amount of a dihydroxy open acid
statin can be used for the preparation of a medicament adapted for
delayed-release that is useful for inhibiting HMG-CoA reductase, as well
as for treating and/or reducing the risk for diseases and conditions
affected by inhibition of HMG-CoA reductase, as described above.

The medicament comprised of a dihydroxy open acid statin,
for example compound I, may also be prepared with one or more
additional active agents, such as those described supra.

Simvastatin is a semi-synthetic product which can be made
from the natural product lovastatin. Processes for preparing lovastatin
and simvastatin are well documented in the published literature. For

. example, U.S. Patent No. 4,231,938, herein incorporated by reference,

describes a fermentation and isolation process for obtaining lovastatin
using the microorganism Aspergillus terreus. U.S. Patent No.’s
4,444,784, 4,820,850, 4,916,239 and 4,582,915, herein all incorporated by
reference, describe methods for making simvastatin.

Preparation of Compound I

' Compound I of the instant invention can generally be
prepared as follows. Simvastatin and its dihydroxy open acid
counterpart, including compound I, tend to form oxidative by-products;
therefore, to minimize the formation of such by-products, it is preferred
that the procedures used to make compound I are performed under an
inert atmosphere such as nitrogen. Although compound I can be
obtained without using an inert atmosphere, the purity of the desired
product will not be optimized.
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Hydrolysis of the lactone ring of simvastatin can be
accomplished by treating simvastatin with at least one equivalent, and
preferably a slight excess of one equivalent, of an aqueous base. If more
than a slight excess of base is used, the excess base is preferably
neutralized before proceeding to the salt formation step in order to
prevent formation of insoluble calcium hydroxide or calcium carbonate
by-product. The base employed for the hydrolysis can be an aqueous
solution of a metal hydroxide or metal carbonate, for example but not
limited to sodium hydroxide, potassium hydroxide, lithium hydroxide,
sodium carbonate and potassium carbonate. Sodium hydroxide is
preferred. The hydrolysis can be performed in water, an aqueous-protic
organic solvent mixture, or an aqueous-aprotic organic solvent mixture.
Suitable protic organic solvents include but are not limited to methanol
(MeOH), ethanol (EtOH), isopropyl alcohol, propanol and
tetrahydrofuran (THF). Examples of suitable aprotic organic solvents
include but are not limited to tert-butyl methyl ether (MTBE) and
toluene. An aqueous ethanol solvent mixture is preferred. - .

After the hydrolysis reaction is complete, the pH of the
reaction mixture is adjusted to 6 to 9, preferably 7 to 8.5, by addition of an:
acid. In this pH range, the dihydroxy open acid simvastatin will exist as:
a metal salt, for example as the sodium salt if the base used in the .
hydrolysis step is sodium: hydroxide or sodium carbonate. Any acid that
is capable of forming a soluble calcium salt such as calcium chloride or -
calcium citrate, is suitable. A soluble calcium salt is intended to be a
salt that is soluble in the solvent sytem employed in the instant process.
Preferably a mineral acid is employed, particularly HCL.

The resulting pH-adjusted reaction mixture containing the
metal salt of dihydroxy open acid simvastatin is next combined with a
solution of about 0.50 to 0.55 equivalents of calcium acetate hydrate
[Ca(OAc),Ca*xH,0] in an aqueous-protic organic solvent mixture, such
as water-EtOH. The pH-adjusted reaction mixture can be added to the
calcium acetate hydrate solution, or the calcium acetate hydrate solution
can be added to the pH-adjusted reaction mixture. The addition can
occur all at once, or optionally it can be performed in portions over time
with periods of aging. For example, a small portion, e.g., about one-
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quarter, of the calcium acetate hydrate solution can be added to the pH-
adjusted reaction mixture over a short period of time, for example over
about 30 minutes, and then the resulting mixture can be allowed to age
for an additional short period of time at room temperature, optionally
followed by a further period of aging at a temperature up to about 50°C,
for example from about 10°C up to about 50°C, particularly from room
temperature up to about 50°C, and more particularly from about 30 to
35°C, after which the remaining calcium acetate hydrate solution can be
added in portions over several hours at a temperature up to abou 50°C,
for example from about 10°C up to about 50°C, particularly from room
temperature up to about 50°C, and more particularly from about 30 to
35°C. _

Whether the pH-adjusted reaction mixture and the calcium
acetate hydrate solution are combined at once or in portions, the
resulting slurry must be aged until turnover of the resulting amorphous
calcium salt of dihydroxy open acid simvastatin to the crystalline
product is complete, usually for at least several hours. Complete
turnover to the crystalline product can be assessed by standard
techniques in the art, for example, by examining a sample of the product
under a microscope. This aging step can be performed at a temperature
up to about 50°C, for example from about 10°C up to about 50°C,
particularly from room temperature up to about 50°C, and more
particularly from about 30 to 35°C. During the aging period or periods,

the use of lower temperatures will lead to crystallized product; however, |

it has been found that as the temperature drops, the rate of crystal
turnover becomes slower, making the procedure less time-efficient.
If necessary, the slurry is then allowed to cool to room
temperature and is collected by suction filtration, and the recovered solid
is suction dried under a moist atmosphere (about 40 to 70% relative
humidity), preferably a moist inert atmosphere such as nitrogen. The
final step of suction filtration in the recovery of compound I should be
done under a moist atmosphere, and preferably a moist inert
atmosphere in order to minimize oxidative by-products. If an additional
step of adding an antioxidant to compound I is performed, as described
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‘slurry was purged with N2 for 5 min. Then 5N NaOH (198 mL) was

below, then the final suction filtration is the one performed after
combining the antioxidant with compound I.

As noted above, compound I has a tendency to oxidize upon
contact with air, and one way to minimize oxidation is to perform the
reaction sequence under an inert atmosphere. Additionally, an anti-
oxidant such as BHA, BHT, ascorbic acid, or calcium metabisulphite
can be combined with compound I. This is simply done by agitating a
slurry of compound I with the antioxidant and recovering the resulting
solid by suction filtration.

Abbreviations which may appear herein are as follows:
EtOH is ethanol; HPLC is high performane liquid chromatography;
min. is minutes; h is hour(s); D.I. is de-ionized; NMR is nuclear
magnetic resonance; EI MS is electron impact mass spectrum; HR-EI
MS is high resolution electron impact mass spectrum; RH is relative
humidity.

EXAMPLE 1

Preparation of crystalline hydrated calcium salt of dlhydroxy open acid

simyastatin (Compound 1)

A 22 L four-necked round bottom flask was eqmpped with a
temperature probe, a N2 inlet, an addition funnel, and an overhead

stirrer. 8.0 L of 15% EtOH-H20 was added and the solution was purged. | .

with N2 for 10 min. Simvastatin (396 g, 0.946 mol) was added, and the

added at room temperature, After about 1 hour, the hydrolysis reaction
was complete as analyzed by HPLC (> 99.9% conversion). The pH of the

reaction solution was adjusted to 7 to 8.5 by addition of 1 N HCI (approx.
65 mL). A solution of Ca(OAc)2 H20 (116.6 g, 0.662 mol) in 4.0 L of 60%

EtOH-H20 was purged with nitrogen for 5 min. A 1.0 L portion of this
solution was added to solution of the sodium salt over 30 min. The
resulting slurry was aged at room temperature for 30 min, and then at
30t035°C for 1-2 h. _

The rest of Ca(OAc)2 in EtOH-water was added over approx. 30

min at 30 to 35°C. The slurry was aged at 30 to 35 °C for 5 hours under
-4
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atmosphere of N9. The slurry was cooled to room temperature and was
collected by suction-filtration. The wet cake was washed with 4 L 30%
EtOH-H20, 4 L 20% EtOH-H20, followed by 6 L x 3 of D.I. water. The
solid was suction dried under an atmosphere of moist N2 (40 to 70%
relative humidity) at room temperature for 4 days. Crystalline hydrated
calcium salt of dihydroxy open acid simvastatin was obtained as a white
powder.

The calcium salt was delumped with a single pass through a
cleaned QUADROTM COMIL® (Model 197S). :

HPL NDITIONS

Column: ' YMC Basic 4.6 mm x 25 cm
Detector: : ABS 757 1AU/volt output
Sample solvent: EtOH/CH3CN/H20 (1:1:1)
Column temp: -25°C (Apal. Dept. runs samples at 5 °C to
prevent formation of simvastatin on column).
Flow rate: 1.5 mL / min.
Wavelength: 238 and 210 nm
Gradient: %H20 (10 mM K2HPQO
Time (min)%CH3CN KHgPO4.pH =6.5)
0.00 30 70
20.00 45 5
34.00 70 0
39.00 70 30
39.50 30 70
43.00 30 70

Retention time of simvastatin open acid: 17.07 min.
Retention time of simvastatin: , 32.90 min.
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1H NMR (400 MHz, CD30D), 5 5.97 (d, J = 9.6 Hz, 1 H), 5.77 (dd, J = 9.6,
5.2 Hz, 1 H), 5.49 (1, 1 H), 5.33 (m, 1 H), 4.17 (m, 1 H), 3.70 (m, 1 H), 2.44 -
2.35 (m, 2 H), 2.42 (dd, J = 15.7, 3.6 Hz, 1 H), 2.31 - 2.27 (m, 1 H), 2.29 (dd,
J =15.7,8.4 Hz, 1 H), 2.00 (ddd, J = 15.7, 7.6, 2.4 Hz, 1 H), 1.93 (m, 1 H),

5 1.68 (m, 1H), 1.61- 1.55 (m, 2 H), 1.55 (m, 2 H), 1.42 (m, 1 H), 1.32 (m, 1
H), 1.19(m, 1 H), 1.12 (s, 6 H), 1.08 (d, J = 7.2 Hz, 3 H), 0.89 (d, J = 7.2 Hz, 3
H), 0.84 (t, J = 7.6 hz, 3 H) ppm.

13C NMR (100.55 MHz, CD30D), 5 182.3, 179.3, 134.1, 133.2, 130.3, 129.6, |
10 725,69.8,45.1, 44.4, 44.1, 38.8, 38.3, 36.4, 34.3, 33.9, 32.0, 28.6, 25.9, 25.37,

25.36, 23.7, 14.3, 9.9 ppm

EI MS: m/e; 437 (M+H), 419(M+H-H20), 303,

HR-EI MS: Caled. for Co5H3g05 418.2719; Found: 418.2712.
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Preparation of crystalline hydrated calcium salt of dihydroxy open acid
. simvastatin (Compound I) with BHA

W

N

A 22 L three-necked round bottom flask was equipped with a
temperature probe, a N, inlet, an additional funnel, and an overhead
stirrer. 8.0 L of 15% EtOH-H,O was added and purged with N, for 10 -
min. Simvastatin (396 g, 0.946 mol) was added, and the slurry purged

- with N, for 5 min. 198 mL of 5N NaOH (0.993 mol, 1.05 equiv.) was then
added at room temperature. The hydrolysis reaction is usually complete
25 in 1 h. as analyzed by HPLC (> 99.9% conversion). The pH of the reaction
solution was adjusted to 7 to 8.5 by addition of 1 N HCI (about 65 mL).
A solution of Ca(OAc), H,0 (91.7 g, 0.520 mol, 0.55 equiv.)in 4.0 L of|
60% EtOH- H,O was purged with nitrogen for 5 min. 1.0 L of this solution
. was added to reaction solution over 30 min. The slurry was aged at room
30 temperature for 30 min, and then at 30 to 35 °C for 1-2 h. The rest of the
Ca(OAc), in EtOH-water was added in portions over 3h hours at 30-35°C.
The slurry was allowed to age at 30 to 35 °C for 5 h under an atmosphere |
of N,. The slurry was allowed to cool to room temperature and was |
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collected b‘y suction-filtration. The wet cake was washed with 4 L 30%
EtOH-H,0, 4 L 20% EtOH-H,0, followed by 6 L x 3 of D.I. water. The solid
was suction dried under atmosphere of moist N, (40 to 70% RH) at room-
temperature to give 1.7 Kg of wet cake.

The above wet cake was placed in a clean 20 L three necked
flask under atmosphere of nitrogen. A solution of BHA (2.603 g, 0.2 wt %
equiv) in degassed 15% EtOH H,O (8.5 L) was added, followed by addition
of degassed water (2.55 L), and the slurry was agitated at room
temperature for 1 to 2 h. The solid was collected by suction filtration
under atmosphere of moist N, with no washing to give 1.49 Kg wet cake.
The solid was suction dried under atmosphere of moist N, (40 to 70% RH)
at room temperature for 4 days. The calcium salt was obtained as a
white powder (94% yield. 99.4%A at 238 nm, 0.2wt% BHA, KF = 7.3 %wt).

While the invention has been described and illustrated with
reference to certain particular embodiments thereof, those skilled in the
art will appreciate that various changes, modifications and substitutions
can be made therein without departing from the spirit and scope of the
invention. For example, effective dosages other than the particular
dosages as set forth herein above may be applicable as a consequence of
variations in the responsiveness of the mammal being treated for any of

the indications for the active agents used in the instant invention as !

indicated above. Likewise, the specific pharmacological responses j ‘
observed may vary according to and depending upon the particular
active compound selected or whether there are present pharmaceutical :
carriers, as well as the type of formulation employed, and such expected
variations or differences in the results are contemplated in accordance
with the objects and practices of the present invention. It is intended,

therefore, that the invention be defined by the scope of the claims which
follow and that such claims be interpreted as broadly as is reasonable.
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WHAT IS CLAIMED IS:

1. A method for inhibiting HMG-CoA reductase

comprising orally administering a therapeutically effective amount of a

compound selected from a dihydroxy open acid statin and a
pharmaceutically acceptable salt or ester thereof in a delayed-release
pharmaceutical dosage form to a patient in need of such treatment
wherein substantial release of the compound from the dosage form is
delayed until after passage of the dosage form through the stomach.

2. The method of claim 1 wherein the compound is
administered in an enterically coated pharmaceutical dosage form.

3. The method of claim 1 wherein the compound is
administered in an enterically coated time controlled-release
pharmaceutical dosage form.

4. ©  The method of claim 1 wherein the compound is
administered in a drug delivery device comprised of:

(A) a compressed core prepared from an admixture comprising:
ad) a therapeutically effective amount of the compound;
and
(i) a polymer which upon hydration forms gelatinous -
microscopic particles; and

(B) a water insoluble, water impermeable polymeric coating
. comprising a polymer and a plasticizer, which surrounds and
adheres to the core, the coating having a plurality of formed
apertures exposing between about 1 and about 75% of the core
surface;
and wherein the release rate of the compound from the device is a
function of the number and size of the apertures.

5. The method of claim 4 wherein the drug delivery
device is enterically coated.
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6. A method of treating hypercholesterolemia
comprising orally administering a therapeutically effective amount of a
compound selected from a dihydroxy open acid statin and a
pharmaceutically acceptable salt or ester thereof in a delayed-release
pharmaceutical dosage form to a patient in need of such treatment
wherein substantial release of the compound from the dosage form is
delayed until after passage of the dosage form through the stomach.

7. A method for preventing or reducing the risk of

developing atherosclerotic disease comprising orally administering a
prohylactically effective amount of a compound selected from a
dihydroxy open acid statin and a pharmaceutically acceptable salt or
ester thereof in a delayed-release pharmaceutical dosage form to a
person at risk of developing atherosclerotic disease wherein substantial
release of the compound from the dosage form is delayed until after
passage of the dosage form through the stomach.

8. The method of Claim 7 wherein the atherosclerotic

disease is selected from cardiovascular disease, cerebrovascular disease
-and peripheral vessel disease.

9.  The method of Claim 8 wherein the cardiovasculaf
disease is coronary heart disease.

10. A method for treating atherosclerotic disease
comprising orally administering a therapeutically effective amount of a
compound selected from a dihydroxy open acid statin and a
pharmaceutically acceptable salt or ester thereof in a delayed-release
pharmaceutical dosage form to a patient in need of such treatment
wherein substantial release of the compound from the dosage form is
delayed until after passage of the dosage form through the stomach.

11. The method of Claim 10 wherein the atherosclerotic

disease is selected from cardiovascular disease, cerebrovascular disease
and peripheral vessel disease.

- 29-
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pharmaceutically acceptable salt of a dihydroxy open acid statin.

| |
%

12. The method of Claim 11 wherein the cardiovascular \
disease is coronary heart disease. '

13. A method for preventing or reducing the risk of
occurrence or recurrence of an atherosclerotic disease event comprising
orally administering a therapeutically effective amount of a compound
selected from a dihydroxy open acid statin and a pharmaceutically
acceptable salt or ester thereof in a delayed-release pharmaceutical
dosage form to a person at risk of having an atherosclerotic disease event \
wherein substantial release of the compound from the dosage form is - |
delayed until after passage of the dosage form through the stomach.

14. The method of Claim 13 wherein the person receiving

the compound has atherosclerotic disease.

\
\
|
15. The method of Claim 13 wherein the person receiving \
the compound is at risk of developing atherosclerotic disease. \‘

l

16. The method of Claim 13 wherein the atherosclerotic
disease event is selected from a coronary heart disease event, a-
cerebrovascular event and intermittent claudication.

17.  The method of Claim 16 wherein the coronary heart -

disease event is selected from coronary heart disease death, myocardial
infarction, and coronary revascularization procedures.

18. The method of Claim 17 wherein the cerebrovascular

event is selected from a cerebrovascular accident and a transient
ischemic attack.

19.

e

The method of claim 1 wherein the compound is a

- 30-
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20. The method of claim 19 wherein the compound is a
pharmaceutically acceptable salt of the dihydroxy open acid form of a
statin selected from the group consisting of lovastatin, simvastatin, \
pravastatin, atorvastatin, fluvastatin and cerivastatin.’ \

21. The method of claim 20 wherein the compound is a
pharmaceutically acceptable salt of the dihydroxy open acid form of a
statin selected from the group consisting of lovastatin and simvastatin.

22. The method of claim 21 wherein the compound is a ‘
pharmaceutically acceptable salt of dihydroxy open acid simvastatin. L

23. The method of claim 22 whereiﬁ the compound is a

crystalline hydrated form of the calcium salt of dihydroxy open acid
simvastatin.

24. The method of claim 23 wherein the compound is a
crystalline hydrated form of the calcium salt of dihydroxy open acid
simvastatin having an x-ray powder diffraction pattern obtained using
CuKo radiation characterized by refelections at d-spacings of 30.7, 24.6,

15.9, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60, 3.93, 3.84, 3.67, 3.51
and 3.28A.

25.  The method of claim 1 wherein 10% or less by weight

of the compound in the delayed-release dosage form is released in the
stomach.

26. The method of claim 1 wherein 5% or less by weight of

the compound in the delayed-release dosage form is released in the
stomach.

27.  The method of claim 1 wherein 1% or less by weight of

the compound in the delayed-release dosage form is released in the
stomach.

'\ |
|
|
|
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28. An orally administrable pharmaceutical composition
comprising a therapeutically effective amount of a compound selected . = \
from a dihydroxy open acid statin and a pharmaceutically acceptable
salt or ester thereof and a pharmaceutically acceptable carrier,

5 formulated in a delayed-release dosage form wherein release of the
compound from the dosage form is delayed until after passage of the
dosage form through the stomach.

29. The pharmaceutical composition of claim 28 wherein
10 the composition is enterically coated.

30. The pharmaceutical composition of claim 29 wherein
the composition is formulated in an enterically coated time controlled-
= release pharmaceutical dosage form.
15
31. The pharmaceutical composition of claim 28 wherein
the composition is formulated in a drug delivery device comprised of:
- (A) a compressed core prepared from an admixture comprising: - -
- @) a therapeutically effective amount of the compound;
20 and
(ii) a polymer which upon hydration forms gelatinous
microscopic particles; and
(B) a water insoluble, water impermeable polymeric coating v
comprising a polymer and a plasticizer, which surrounds and
25 adheres to the core, the coating having a plurality of formed - :
apertures exposing between about 1 and about 75% of the core '
surface;
and wherein the release rate of the compound from the device is a

function of the number and size of the apertures.
30

32. The pharmaceutical composition of claim 31 wherein
the drug delivery device is enterically coated.

33. A process for preparing an orally administrable
35 pharmaceutical composition comprising combining a compound

- 32-
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selected from a dihydroxy open acid statin and a pharmaceutically
acceptable salt or ester thereof with a pharmaceutically acceptable
carrier in a delayed-release dosage form.

34. An orally administrable pharmaceutical composition
made by combining a therapeutically effective amount of a compound
selected from a dihydroxy open acid statin and a pharmaceutically
acceptable salt or ester thereof with a pharmaceutically acceptable
carrier in a delayed-release dosage form.
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TITLE OF THE INVENTION
DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDUCTASE
INHIBITORS

ABSTRACT OF THE DISCLOSURE

The instant invention provides methods and
pharmaceutical compositions for inhibiting HMG-CoA reductase, as
well as for treating and/or reducing the risk for diseases and conditions
affected by inhibition of HMG-CoA reductase, comprising orally
administering a therapeutically effective amount of a compound selected
from a dihydroxy open acid statin and a pharmaceutically acceptable
salt or ester thereof in a delayed-release pharmaceutical desage form to
a patient in need of such treatment wherein substantial release of the
compound from the dosage form is delayed until after passage of the
dosage form through the stomach.

\37



T ——
AT A R R R S TR vl A A (O e

100.0
95.0
® 90,04
R
=
43
S  85.0 -
- : Result: AY 8/ 5/98 1: 46 PM
Es CaSimvastatin 9B669-146
80.0 4 x4 20.611 °C
X2 173.337 ‘C
Y4 99.866 Wt. X
75.0 4 Y2 93.563 Wt. %
o AY -6.303 Wt. ¥
70.0
| T T T T T I I T I T
50.0 100.0 150.0 200.0 250.0
10CPM Temperature (*C) VAM '
100 C/7miA PERKIN=ELMER"

%MP&*“—‘QO";g""‘g“-TIMEﬁ!“‘“’”OTO_—N N RATELY

TEMPE: 300. 7 Series Thermal Analysis System

_ Figure 1.



Figure

1.0

0.5+

Heat Flow (W/g)

~1.564

-4

54.78°C

44.92°C
47.98J/g

44.87°C

89.58 (158.9) J/g

L

77.38°C

100.44°C

21.38J/g 241.37°C

91.57J/9

222.49°C
204.74°C

’ t
P I T el T At TR vttt el R . . X
2.3' [N S T LR TR PO W LI et e P R | T 0 e
. ’ § A -

-2.0
A O
exo

L

¥

50

I T T T
150 200 250 - 300

—
100 - - )
- Temperature (°C) " Universal Vi1.6I TA Instruments

BN

——-"Y



x10
2.20

1.98

P T PR ot 8k TR el TR L et Bhdoen | o e L AR
AR b Bt i, 0GR W W oty i 0 e WAUTIN

At

0.0

5.0

10.0

15.0 20.0 250 30.0  35.0  40.0

Figure 3. _ ; .



MEOICK M CO A

204"t
Febrero 23, 2000 Merck & Co; Inc
Traduccién Oficial No. 0218 Caso -204164

REF:MERCK & CO;INC
Patente No.: 09/264,744

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
OFICINA DE MARCAS Y PATENTES

Febrero 07, 2000

Por medio del presente documento se certifica que adjunto se encuentra una
fiel copia de los registros de la Oficina de Marcas y Patentes de los Estados
Unidos, correspondientes a los documentos para la solicitud tal como se

presentaron, con el fin de asignarle una fecha de registro bajo la norma del
cédigo 35 USC 111.

Nimero de Solicitud:09/264,744
Fecha de Registro: Marzo 09,1999

Autorizado por:

COMISIONADO DE MARCAS Y PATENTES

Firma: H. PHILLIPS

Funcionario Encargado de Certificaciones ﬁ\,\

Hay sello de la Oficina de Marcas y Patentes r@M/ﬁe color dorado.




TRAMITE UTIL PARA SOLICITUD DE PATENTE

(solo para solicitudes no provisionales bajo el codigo 37 CFR 1.53 (b)
No. de Caso :20416

Nimero Total de paginas: 42

Primer nombre del inventor o solicitante identificado:

JOSE M.VEGA.

No de envio de Correo Postal Certificado al Destinatario
EM358363497

ELEMENTOS PARA LA SOLICITUD

(Ver capitulo MPEP 600 referente a los contenidos en la solicitud de

patentes)

1. [X] Formulario para tramites de honorarios

2. [X] Epecificaciones Péginas en total [ 34 ]

3. [X]  Grafica (s) (35 USC 113) Paginas en total [3]

4. Declaracién Juramentada Pédginas en total [ ]
a. [ 1 Ultimo documento ejecutado (original y copia)

b. [ ] Copia de solicitud anterior 37 CFR 1.63 (d)

(para continuidad/divisoria llenar el espacio 14

1. SUPRESION DE INVENTOR (ES)

Documento firmado con supresién adjunta

Inventor(es) nombrados en sohc1tuc§/ M
1"‘
R

% dl‘ "




Ver 37. CFR 1.63 (d) (2) y 1.33(b)

5. Incorporacién por referencia (aplicable si el espacio 4b se encuentra
marcado)
La totalidad de la informacién de la solicitud anterior de la cual una
copia juramentada o declaracién se adjunta bajo el espacio niimero
4b, se considera como parte de la informacion de la presente
solicitud y por lo tanto se incorpora mediante referencia en la

misma.

6. Secuencia de presentacion de nucleotido o Secuencia de Amino

Acidos

(si aplica y es necesario)

a. _____ Copia legible en Computador

b. __ Documento impreso (igual a la copia del computador)
c. ___ Certificado que verifique la identidad de las copias
anteriores

Enviar Correo a la Siguiente Direccidn:

Assistant Commissioner for Patents

Box Patent Application . “Q‘/}u "\”

Washington , DC 20231 »40‘«1“‘{:"
‘ : do gt
- At "‘{‘;x 1 'l\ E {‘ il':‘;f)’\‘l'-‘\::',\ \‘,' ’
PARTES ACOMPARANTES DE SOLICITUﬁ # ‘,f‘ et
Yoz
» “{L‘




7. ____ Traspaso de Documentos (Caratula y Documento (s))

8. ___ 37 CFR 3.73(b) Declaracién PODER [ ] |

Cuando hay un apoderado

0. Declaracion sobre informacidon del

documento (IDS)PTO-1449  Copias Citaciones IDS [ ]
10. Correcciones Preliminares

11. [X] Postal con Timbre prepagado (MPEP 503)
Debe ser especificado por itemes)
12. Copia Certificada de Documentos de Prioridad

Si se reivindica prioridad extranjera

13. ___ Otros

Declaracion (no firmada)

14.  SIEXISTE UNA SOLICITUD A CONTINUACION ( Marcar el

espacio apropiado y suministre la informacién requerida

Continuacién Divisoria Continuacién en parte (CIP

P

. . . Al at
1 No de solicitud anterior o 9"’(,,. \
,

AR R
~Gi{1 . H L

. oFb
2

de .
f(mar“l (,.'(.‘ S

..”““ s 0

15. DIRECCION DE CORRESPONDENCIA k

\V‘é



[X] No. de cliente o etiqueta con codigo de barra
Cliente Numero: 000210
____Direccion de Correspondenccia a continuacién

Nombre | Carol S. Quagliato

Direccidn  Merck & Co., Inc., P.0.Box 2000

Ciudad Rahway Estado Nueva Jersey Codigo Postal:07065-0907
Pais USA  Telefono (732) 594-3809  Fax (732)-594-4720

No. de Envio Correo Postal :EM358363497 US
Fecha de depdsito:Marzo 9,1999

Yo, por medio del presente documento certifico que este ha
~sido enviado por Correo Certificado bajo el Cédigo 37 de

Regulaciones Federales § 1.10como Correo Postal al

Destinatario y al Comisionado Asistente para Patentes, Box

Patent Application, Washington, DC., 20231.

Enviado por:IRENE SAMIT

Fecha: Marzo 9, 1999

M‘JV?{%?J” \prucrd

]
Eduor g A E "
[ I ()t'(l‘L
IR :. ik Al i'~:~iq
LN e s
IO . } 6
o

2 i
Res 415

W




REIVINDICACIONES:

1. Un método para inhibir HMG-CoA reductasa, el cual consiste
en un suministro oral terapéutico, de una cantidad eficaz de un compuesto
seleccionado de un 4cido-abierto de dihidroxi statin y una sal
farmacéuticamente aceptable o éster del mismo, en una forma dosis
farmacéutica de liberacién retardada a un paciente que necesite dicho
tratamiento en el cual la liberacién substancial del compuesto da la forma

de dosis es retardada hasta el transcurso de la dosis hasta el estomago.

2. El método de acuerdo a la Reivindicacion 1, en el cual el
compuesto es suministrado en una forma de dosis farmacéutica revestida

entéricamente.

3.  El método de acuerdo a la reivindicacion 1 en el cual el compuesto se
suministra de una forma de dosis farmacéutica con tiempo de liberacién

controlada, revestida y entérica.

&..

4, El método de acuerdo a la Reivindicacion 1 en el.c @dgg}flesto

w;iud‘ S ‘L
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(A) la parte central comprimida y preparada de una mezcla que
consta de:

(i)  una cantidad terapéuticamente eficaz del compuesto;

y

(i)  un polimero el cual sobre hidratacién forma particulas

microscopicas gelatinosas; y

(B) un revestimiento de polimerico impermeable al agua, isoluble
en agua el cual consta de un polimero y plastificados, el cual se
adhiere alrededor de la parte central, y el revestimiento tiene una

pluralidad de formas abiertas que se exponen aproximadamente de |

hasta alrededor de 75% de la superficie de la parte central; ‘
y donde el promedio de liberacién del compuesto del dispositivo es

una de las funciones y tamafio de nimero de aperturas.

5. El método de la Reivindicacidn 4 en la cual la liberacién del

dispositivo de la droga es entérico y revestido.

6. Un método para tratar la hipercolesteromia, la cual consta en

el suministro oral de una cantidad terapéuticamente eficaz de U@Ww@t&r
seleccionado de dcido abierto dihidroxi statin y um ;ar:ﬂa@é,ugjgamente
. (Jvd(f') , !_\L"
; ) et g 0T
aceptable o éster del mismo, en una forma de dosis de accién rétardada
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para un paciente que necesite de dicho tratamiento en el cual la liberacion
del compuesto del dispositivo de dosis se retarda hasta que la droga pase

por el estomago.

7. Un método para prevenir o reducir el riesgo de desarrollar la
enfermedad aterosclerética la cual consiste en suministrar oralmente una
cantidad eficaz profilactica del compuesto seleccionado de un 4cido abierto

dihidroxi statin y una sal farmacéuticamente aceptable o éster del mismo en

una forma de dosis farmacedtica de liberacién retardada, a una persona que
se encuentre en riesgo de desarrollar la enfermedad aterosclérotica en el
cual la liberacién substancial del compuesto de la forma de dosis se retarda

hasta que esta haya pasado a través del estémago.

8. El método de acuerdo a la Reivindicacién 7 en la cual la enfermedad
aterosclerotica es seleccionada de una enfermedad cardiovascular,

enfermedad cerebrovascular y una enfermedad del vaso periférico.

0. El método de acuerdo a la Reivindicacion 8 en 1a cual la enfermeddd

cardiovascular es una enfermedad coronaria.

10.  Un método para tratar la enfermedad ateroscl%‘{)tica la cual consta

en suministrar oralmente una cantidad ef@iﬁefﬁa(fmpuesto seleccionado Le
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un 4cido abierto dihidroxi statin y una sal farmacéuticamente aceptable o
éster del mismo en una dosis farmacéutica de liberacién retardada a un
paciente que necesite dicho tratamiento en el cual la liberacion substancial ’
del compuesto de la forma de dosis es retardada hasta que pase la dosis a

través del estémago.

11. El método de acuerdo a la Reivindicacion 10 en la cual la
enfermedad aterosclorotica es seleccionada de una enfermedad

cardiovascular, enfermedad cerebrovascular y una enfermedad de vaso

periférico.

12.  El método de acuerdo a la Reivindicacion 11 en la cual la ;

enfermedad cardiovascular es una enfermedad coronaria.

13.  Un método para prevenir o reducir el riesgo que ocurra o vuelva a

repetirse la enfermedad aterosclerdtica la cual consiste en suministrar
oralmente una cantidad eficaz terapéutica del compuesto seleccionado de un
dcido abierto dihidroxi statin y una sal farmacéuticamente aceptable o éster
del mismo, en una forma de dosis farmaceiitica de liberacidn retardadal a

una persona que se encuentre en riesgo de desarrollar la enfermedad /

aterosclérotica en el cual la liberacion substancial del compuesto de la

(é/\gﬂa} de os@ £ g_g,zgld/hasta que esta haya pasado a través del estémago.

% 1/] qn NG

¢ TOR al !(i‘n!‘
NSO INGLLS

16 9

ot
TR p T

LY I




N

L3

14.  El método de acuerdo a la Reivindicacion 13 en la cual la persona

que recibe el compuesto tiene la enfermedad aterosclerética.

15. El método de acuerdo a la Reivindicacién 13 en la cual la persona
que recibe el compuesto se encuentran en riesgo de desarrollar la

enfermedad aterosclerética.

16. El método de acuerdo a la Reivindicacidon 13 en al cual el caso de' la

enfermedad aterosclerotica es seleccionado de una enfermedad coronaria, y

un caso cerebrovascular de claudicacién intermitente.

17. El método de acuerdo a la reivindicacion 16 en la cual el evento de

la es seleccionado de una enfermedad coronaria, infarto del miocardio y

procedimiento de revasculizacién coronaria.

18.  El método de acuerdo a la reivindicacién 17 en la cual el evento
cerebrovascular es seleccionado de un accidente cerebrovascular y un

ataque isquémico pasajero.

19.  El método de acuerdo a la Reivindicacién 1 en la cual el compuesto

es sal farmagéduti ta(ace table de un 4cido abierto dihidroxi statin.
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20.  El método de acuerdo a la Reivindicacién 19 en la cual el compuesto

es una sal farmacéuticamente aceptable en forma del 4cido abierto
dihidroxi statin seleccionado de un grupo que consiste de lovastatin,

simvastatin, pravastatin, atorvastatin, fluvastatin y cerevastatin.

21. El método de acuerdo a la reivindicacién 20 en la cual el compue

es una sal farmacéuticamente aceptable de la forma de 4cido abierto

dihidroxi de un statin seleccionado de un grupo que consiste de lovastatina

y simvastatina.

sto

22.  El método de acuerdo a la Reivindicacién 21 en la cual el compuesto

es una sal farmacéuticamente aceptable de 4cido abierto dihidroxi

simvastatin.

23.  El método de acuerdo a la Reivindicacidn 22 en la cual el compuesto

es una forma de cristalino hidratado de la sal de calcio del acido abierto

simvastatin.

24.  El método de acuerdo a la Reivindicacién 23 en la cual el compuesto

es una forma cristalina hidratada de sal de calcio de 4cido abierto dihidroxi

simvastatina el cual tiew patrén@% #ifrac,cién de rayos x obtenido
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de radiaciones CuKa caracterizadas en que las reflexiones en los espacios-d
de 30.7, 24.6, 15.9, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60,

3.93,3.84,3.67,3,51 y 3.28A.

25. El método de acuerdo a la reivindicacion 1 en el cual 10% o menos
por el peso del compuesto es en dosis de accion retardada la cual se libeia

en el estémago.

26. El método de acuerdo a la Reivindicacién 1 en el cual 5% o menJ)s
del peso del compuesto en la forma de dosis de accién retardada la cual se

libera en el estémago.

27.  El método de acuerdo a la Reivindicacién 1 en la cual 1% o meJmos
por el peso del compuesto es en forma de dosis de accién retardada la cpal

se libera en el estomago.

28. Una composicién farmacéutica de suministro oral la cual consta de
una cantidad terapéuticamente eficaz de un compuesto seleccionado de un ?
acido abierto dihidroxi statin y una sal farmacéuticamente aceptable o éster

de la misma y un portador farmacéuticamente aceptable, formulado en|la

forma de dosis de accion retardada en la cual la liberacién del compuesto

de la jf&a@/@gs@%bretardada hasta que pase a través del estdmago.
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29.  La composicién farmacéutica de la reivindicacion 28 en la cual la

composicién se encuentra totalmente revestida.

30. La composicién farmacéutica de acuerdo a la composicion 29 en la

cual la composicién es formulada en una forma de dosis farmacéutica de¢

tiempo de liberacién controlada, revestida y entérica.

31. La composicién farmacéutica de acuerdo a la reivindicacién 28/en
el cual la composicién formulada se suministra en un dispositivo que

contiene la droga la cual consta de:

LV

(A) la parte central comprimida y preparada de una mezcla qu

consta de:

(1) una cantidad terapéuticamente eficaz del compuesto;

y.

(11)  un polimero el cual con la hidratacién forma particulas

microscopicas gelatinosas; y

(B) un revestimiento de polimérico impermeable al agua, insoluble

en agua el cual consta de un polimero y plastificados, el cual se l)\

adhiere alrededor de la parte central, y el revest j;gQE’dQ tiene una
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pluralidad de formas abiertas que se exponen aproximadamente de
hasta alrededor de 75% de la superficie de la parte central;
y donde el promedio de liberacién del compuesto del dispositivo es

una de las funciones y tamafio de ntimero de aperturas.

32. La composicién farmacéutica de acuerdo a la reivindicacién
31 en el cual el dispositivo de liberacién de la droga es totalmente

revestido.

33.  Un proceso para la preparacién de una composicién de

suministro oral la cual consta en mezclar el compuesto seleccionado de un

acido abierto de dihidroxi statin y una sal farmacéuticamente aceptable

éster del mismo con un portador en forma de dosis de accién retardada.

34. Una composicién farmacéutica de suministro oral el cual es
fabricado con la mezcla de una cantidad terapéuticamente eficaz de un
compuesto seleccionado de un 4cido abierto de dihidroxi statin y una sal
farmacéuticamente aceptable o éster del mismo con un portador
farmacéuticamente aceptable en una dosis de accién retam. /L
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DECLARACION Y PODER

PARA LA SOLICITUD DE PATENTES DE LOS ESTADOS

UNIDOS

Yo en mi calidad de abajo mencionado inventor, por la presente declaro

[X] Yo creo ser el tinico y primer inventor

[ 1 primeroy co-inventor con los demds inventores menciuonados a |

continuacion:

El cual se reivindica pidiendo la solicitud de patente de invencién con el

titulo:

“ACIDOS -ABIERTOS DE DIHIDROXI Y SALES DE HMG-CO INHIBIDORES
REDUCTASA.”

cuya especificaciones:

(Indique uno)

[x] se encuentra adjuntas a la presente.

[ 1 Fué registrado en como
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y fué revisado en

(si aplica)

Yo por medio del presente documento declaro que he revisado y
entiendo el contenido de las especificaciones anteriormente

mencionadas, incluyendo las reivindicaciones.

Yo tengo conocimiento sobre mi obligacién de revelar toda
informacién que sea parte del material patentable tal como lo define

el Articulo 37 C.F.R. §1.56.

Yo por la presente reivindico beneficios de prioridad bajo el Titulo
35, del Cddigo de regulaciones Federales de los Estados Unidos,
Seccion 119 (a) -(d) de cualquiera de la solicitud(es) extranjera para
patente (s) o certificado como inventor o § 365 (a) de cualquier
Solicitud para Patente Internacional con una fecha de registro

anterior de aquella solicitud que aparece en la cual se reivindica

prioridad.
Solicitudes extranjeras con una fecha de registro anterior (es) Prioridades Reivindicadas
N I
(Nombre) (Pais) Dia/Mes/afio de registro Si No
(1 1
(Nombre) (Pais) Dia/Mes/afio de registro Si No
(%o

Fdueard) Caluds Noonerd
CIRANCCTOR QT 1L
e o pmeeon g T .

.- P A ‘v[."-a '

soen se  ichriero
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Reivindicacién de beneficios sobre solicitudes anteriores como a continuacion:

(No Solicitud ) (Fechade Registro) (No Solicitud)  (Fecha de regis

Yo por medio de la presente reivindico beneficios bajo el Codigo

35 USC § 119(e) de solicitud(es) para Patente registrada en los

Estados Unidos, como a continuacidn.
No aun asignada Marzo 8, 1999  20416PV ’

No. Serial de Solicitud Fecha de Registro Nimero Caso
No. Serial de Solicitud Fecha de Registro Niimero Caso
No. Serial de Solicitud Fecha de Registro Nimero Caso

No. Serial de Solicitud Fecha de Registro Nimero Caso

tro)

Yo por medio de la presente reivindico beneficios bajo el Codigo 35

USC § 120de solicitud(es) para Patente registrada en los Estados

Unidos, como a continuacién. respecto al tépico en cuestién de cada

una de las reivindicaciones de esta solicitud la cual no se haya
revelada con anterioridad en solicitudes anteriores en los Estados

Unidos de acuerdo a lo establecido por el primer parrafo de la

norma del Codigo 35 CFR §112, tengo pleno conocimiento sobre mi

obligacion de revelar toda informacion que se considere parte del

material patentable a la Oficina de M PWA@QEWKU(‘) ‘

( AT Navnerag
"!;"'""v’:’/'(?l:(l L’
S L JET DL RS
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define la norma del Cédigo 37 C.F.R. §1.56 el cual se hizo efectiva

entre las fechas de registro de la solicitud anterior y la fecha de

registro Internacional PCT de esta solicitud.

(No Serial Solicitud) (Fecha de Registro) (Estatus)(patentado,pendiente,

abandonado)

No. de Caso

(No Serial Solicitud ) (Fecha de Registro) (Estatus)(patentado,pendiente,

abandonado)

No. de Caso

(No Serial Solicitud) (Fecha de Registro) (Estatus)(patentado,pendiente,

abandonado)

No. de Caso

|
|
|
|
|

|
|
|
|
|
|

Como Inventor, yo por la presente nombro al (los) siguiente (s)j

abogados y /o representante (s) para procesar esta solicitud y lleyvar a

i
cabo toda transaccién de negocios en la Oficina de Marcas y Pat:entes

relacionadas con la presente:

Carol S. Quagliato No. Registro: 35,330

Melvin Winokur No Registyp: 32,763
ravgsen: 4 @é
LI L ) - Q
revp ‘;)l ‘/’;«("d'(’r‘(f /

|
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Carol S. Quagliato

Patent Department

Mefck & Co., Inc

P.O. Box 2000

Rahway, NJ 07065-0907
Teleefono: (732) 594-3809

Yo, por la presente afirmo que toda declaracién presentada es de mi

U : |
entero conocimiento, fiel y verdadera y tengo presente que toda falsa |

declaracidn es castigada mediante una multa o el encarcelamiento, o ambos,

bajo la Seccién 1001 del Titulo 18 del Cédigo de los Estados Unidos, y que
|

cualquier declaracién puede comprometer la validez de esta solicitud o d

cualquier patente expedida inmediatamente después.

Yo, por la presente afirmo que toda declaracién presentada es de

entero conocimiento, fiel y verdadera y tengo presente que toda

falsa declaracién es castigada mediante una multa o el

encarcelamiento, o ambos, bajo la Seccién 1001 del Titulo 18 del

Cédigo de los Estados Unidos, y que cualquier declaracién puede

!
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LA ,’ ( ”"%F?i Y i
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|

|

l

|

comprometer la validez de esta solicitud o de cualquier patente \

expedida inmediatamente después.

l
|
También doy fe y conocimiento de que revelacién, informacién y !l

cifras anteriormente mencionadas en la especificacién de la solicit,uh

e |
y reivindicaciones son absolutamente verdaderas.

Nombre completo:Jose N. Vega

No hay firma del inventor:

Fecha:
Ciudadania: USA

Residence: Trappe, Pa 19426

Direccién Correo Postal:10 Sentry Parkway, Blue Bell, Pa 19422
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United States Patent and Trademark Office
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TITLE OF THE INVENTION

DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDUCTASE
INHIBITORS, ‘

5 FIELD OF THE INVENTION
The instant invention relates to the use of dihydroxy open
acid statins and salts thereof, which are inhibitors of 3-hydroxy-3-
methylglutaryl coenzyme A (HMG-CoA) reductase, in a delayed-release
dosage formulation, and to a particular crystalline hydrated form of the
10 calcium salt of dihydroxy open acid simvastatin referred to herein as
compound .

i
Haudh

BACKGROUND OF THE INVENTION

It has been clear for several decades that elevated blood
cholesterol is a major risk factor for coronary heart disease (CHD), and
many studies have shown that the risk of CHD events can be reduced by
lipid-lowering therapy. Prior to 1987, the lipid-lowering
armamentarium was limited essentiallyrto a low saturated fat and
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3 cholesterol diet, the bile acid sequestrants (cholestyramine and
1:‘ 20  colestipol), nicotinic acid (niacin), the fibrates and probucol.
fg Unfortunately, all of these treatments have limited efficacy or

tolerability, or both. With the introduction of lovastatin (MEVACOR®;
see US Patent No. 4,231,938), the first inhibitor of HMG-CoA reductase to-
become available for prescription in 1987, for the first time physicians
_\ 25 were able to obtain comparatively large reductions in plasma cholesterol
' with very few adverse effects.
- In addition to the natural fermentation products,
mevastatin and lovastatin, there are now a variety of semi-synthetic and
totally synthetic HMG-CoA reductase inhibitors, including simvastatin
30 (ZOCOR®; see US Patent No. 4,444,784), pravastatin sodium salt
(PRAVACHOL®; see US Patent No. 4,346,227), fluvastatin sodium salt
(LESCOL®; see US Patent No. 5,354,772), atorvastatin calcium salt
(LIPITOR®; see US Patent No. 5,273,995) and cerivastatin sodium salt
(also known as rivastatin; see US Patent No. 5,177,080). The structural
35 formulas of these and additional HMG-CoA reductase inhibitors, are

e, i
i
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described at page 87 of M. Yalpani, "Cholesterol Lowering Drugs”,
Chemistry & Industry, pp. 85-89 (5 February 1996). The HMG-CoA
reductase inhibitors described above belong to a structural class of
~ compounds which contain a moiety which can exist as either a 3-
5 hydroxy lactone ring or as the corresponding ring opened dihydroxy
: open-acid, and are often referred to as “statins.” An illustration of the
lactone portion of a statin and its corresponding open-acid form is shown

below.
HO HO, COOH
0] OH

33
S
=F

& Lactone Dihydroxy Open-Acid
ué Salts of the dihydroxy open-acid can be prepared, and in fact, as noted

p‘ above, several of the marketed statins are administered as the dihydroxy
i3 open acid salt forms. Lovastatin and simvastatin are marketed

:3 worldwide in their lactonized form. Lovastatin is shown as structural
15

e

5 o i

formula II, and simvastatin is shown as structural formula III, below.

The lactonized forms of the statins are not active inhibitors of HMG-CoA
20 reductase, but the dihydroxy open acid forms are. It is known that
condensation of the dihydroxy open acid form of statins to the

-2
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corresponding lactonized form occurs under acidic conditions, that is at
about pH 4 or under.

Therefore, due to the low gastric pH of the stomach, a statin
conventionally adminstered by oral dosing in its lactone form will
remain largely in its lactone form in the stomach. The vast majority of
the drug will still be in the lactone form at the time of absorption from
the intestine following oral dosing with the lactone. After absorption,
the lactone enters the liver and it is in the hepatocytes that the lactone
can be metabolized to the active open acid form, a reaction catalyzed by
two hepatic esterases or "lactonases,” one which is in the cytosolic and
the other in the microsomal fraction. Once in the blood there is an
additional plasma esterase which can also hydrolyze the lactone to the
open acid. There may be some minimal chemical, i.e., non-enzymatic,
hydrolysis that occurs in blood or in the liver; however, at the pH in blood
and liver, there should not be any lactonization, i.e., conversion of open
acid back to the lactone.

A statin conventionally administered by oral dosing in its
dihydroxy open acid form or a pharmaceutically acceptable salt or ester
thereof will tend to convert to its lactone form in the acidic environment
of the stomach, so that a mixture of the open ring and the corresponding
closed ring forms will co-exist there. For example, see M.J. Kaufman,
International Journal of Pharmaceutics, 1990, 66(Dec 1), p. 97-106,
which provides hydrolysis data that are used to simulate the extent of
drug degradation that occurs in acidic gastric fluids following oral
administration of several structurally related hypocholesterolemic
agents, including simvastatin and lovastatin. Therefore, even after
conventional oral dosing with a dihydroxy open acid statin or a salt or
ester thereof, a mixture of the open acid and the corresponding lactone
form of the drug would exist by the time of absorption from the intestine.

The preparation of the naturally occurring compound
lovastatin and the semi-synthetic analog simvastatin leads to a mixture
of the lactone and the open-ring dihydroxy acid forms. Several
procedures have been published describing ways to make simvastatin
from lovastatin, and most proceed through a lactone ring opening step at
some point in the process and sometimes formation of a salt at the
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resulting carboxy acid, and end with a ring-closing step in order to make
the final simvastatin product. For example, U.S. Patent No. 4,820,850
describes a process for making simvastatin which involves opening the
lactone ring of lovastatin and forming an alkyl-amide at the resulting
carboxy acid, followed by protection of the two hydroxy groups and

" methylation of the 8 acyl sidechain. After the methylation step, the
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hydroxy protecting groups are removed, the amide is hydrolyzed to the
free acid and an ammonium salt of the free acid is formed, followed by a
step to re-lactonize the ring. In U.S. Patent No. 4,444,784, the 8-acyl
sidechain of lovastatin is removed and the lactone ring opened in the
first step, followed by re-lactonization of the ring and protection of its
hydroxy group. Next, the 8’ position is acylated to introduce the
simvastatin sidechain and a deprotection step is performed to obtain the
simvastatin final product. In another process disclosed in U.S. Patent
No. 4,582,915, the potassium salt of the ring opened form of lovastatin is
methylated at the 8 acyl sidechain, the free acid is then re-generated,
and the dihydroxy open acid moiety is re-lactonized.

Several pharmaceutically acceptable salt forms of dihydroxy
open acid statins are known in the art, as shown by the marketed salt
forms of pravastatin, fluvastatin, atorvastatin and cerivastatin described
above. Some salt forms of dihydroxy open acid simvastatin have been
previously described, for example the ammonium salt and the

‘potassium salt which were used as intermediates in the synthetic

processes described above. Chemical Abstracts also discloses a variety
of salt forms of dihydroxy open acid simvastatin, including a calcium
salt having Registry No. 151006-18-7, which was referenced from a genus
disclosed in U.S Patent No. 5,223,415, assigned to Merck & Co., Inc.
Although there are no calcium salts exemplified in the patent, the
general description of salt preparation taught in this patent would lead
to an amorphous calcium salt product.

Since becoming available, millions of doses of simvastatin
have been administered and these drugs have developed an excellent
safety record. However, as noted in the Physician’s Desk Reference
(PDR), in rare instances myopathy has been associated with the use of
all statins, including simvastatin. The mechanism for statin-related
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myopathy is currently poorly understood. It is also known that many
drugs, including certain statins such as simvastatin, are metabolised in
the liver and intestine by the cytochrome P450 3A4 (CYP 3A4) enzyme
system. As also noted in the PDR, there are adverse drug interaction
concerns if a potent inhibitor of CYP3A4, such as itraconazole, and a
CYP3A4-metabolized statin are used together, and some cases of
myopathy were found to have occurred in patients taking such a drug
combination. Simvastatin has been administered to over 20 million
patients worldwide in the past 11 years and has been demonstrated to be
remarkably safe. However, the very low risk of myopathy is
substantially increased when simvastatin is given together with potent
inhibitors of CYP3A4. This increased risk is believed to be related to the
increased plasma levels of HMG-CoA reductase inhibitory activity
resulting from the reduced metabolic elimination of simvastatin in the
presence of a potent inhibitor of CYP3A4. While the overall safety record
for simvastatin is exceptional, it would be desirable to further optimize
its safety profile by reducing the potential for drug interactions with - -
inhibitors of CYP3A4. It would also be desirable to further reduce the
already low rate of occurrence of myopathy associated with the use of all
statins. . | o
Applicants have now discovered that dihydroxy open acid
statins may be less reliant on CYP3A4 metabolism than their closed ring
lactonized counterparts. The instant invention involves methods and
pharmaceutical compositions for orally administering open-ring
dihydroxy open acid statins and salts and esters thereof, which are
HMG-CoA reductase inhibitors, in such a way so as to minimize
conversion to their lactonized counterparts. This allows for delivery of a
dihydroxy open acid statin without its lactone counterpart directly to the
absorptive mucosa of the small intestine thus allowing for absorption of

" the open acid statin into the portal circulation, penetration by active open

acid statin into hepatocytes to achieve enhanced efficacy, and systemic
exposure consisting of open acid moieties. More particularly, delayed-
release of an orally administered dihydroxy open acid statin or a
pharmaceutically acceptable salt or ester thereof, for example dihydroxy
open acid simvastatin or a salt thereof, until after passage through the
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stomach reduces the amount of lactone formed and absorbed in the body.
Maintaining the statin in its open acid form in the body thereby reduces
the potential for drug interactions between statins whose metabolism is
CYP34A-mediated and other active agents which inhibit the CYP3A4
enzymatic pathway. Moreover, maintaining the statin in its open acid
form in the body may have additional clinical benefits for all statins,
even for those statins that are not significantly metabolized by the
CYP3A4 enzymatic pathway.

In addition, a novel crystalline hydrated form of the
calcium salt of dihydroxy open acid simvastatin has now been discovered
to be a pharmaceutically suitable salt form having desirable physical
properties for formulation into an anti-hypercholesterolemic drug
composition.

SUMMARY OF THE INVENTION

One object of the instant invention is to provide a method for
inhibiting HMG-CoA reductase, as well as for treating and/or reducing
the risk for diseases and conditions affected by inhibition of HMG-CoA - -
reductase, comprising orally administering a therapeutically effective " -
amount of a compound selected from a dihydroxy open acid statin and a-
pharmaceutically acceptable salt or ester thereof in a delayed-release
pharmaceutical dosage form to a patient in need of such treatment -
wherein substantial release of the compound from the dosage form is
delayed until after passage of the dosage form through the stomach. -

One embodiment of the first object is to provide the above-
described method wherein the delayed-release pharmaceutical dosage
form is a gel extrusion module (GEM) drug delivery device.

Another embodiment of the first object is to provide the
above-described method wherein the delayed-release pharmaceutical
dosage form is é.n enterically coated pharmaceutical dosage form. An
additional aspeét of this embodiment is to provide the above-described
method wherein the delayed-release pharmaceutical dosage form is an
enterically coated time controlled-release pharmaceutical dosage form.
Yet another aspect of this embodiment is to provide the above-described
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method wherein the delayed-release pharmaceutical dosage form is an
enterically coated gel extrusion module (GEM) drug delivery device.

The compound used for the above-described object and
embodiments may particularly be dihydroxy open acid simvastatin and
the pharmaceutcially acceptable salts thereof, and more particularly a
pharmaceutcially acceptable salt thereof.

A second object of the instant invention is to provide novel
HMG-CoA reductase inhibitors which are crystalline hydrated forms of
the calcium salt of dihydroxy open acid simvastatin, and particularly the
compound referred to herein as compound I

Additional objects are to provide the use of the crystalline
hydrated forms of the calcium salt of dihydroxy open acid simvastatin,
particularly compound I, for inhibiting HMG-CoA reductase, as well as
for treating and/or reducing the risk for diseases and conditions affected
by inhibition of HMG-CoA reductase, and also to provide pharmaceutical
formulations, including conventional rapid-release, delayed-release and
time controlled-release formulations, including the GEM drug delivery
device and enterically coated dosage forms, that can be used with the -
compounds. A further object is to provide a process for making
compound I. Additional objects will be evident from the following
detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a thermogravimetry (TG) weight loss curve for
compound I obtained under a nitrogen flow at a heating rate of
10°C/minute.

Figure 2 is a differential scanning calorimetry (DSC) curve
for compound I obtained under a nitrogen flow bubbled through 16.0°C
water at a heating rate of 10°C/minute in an open cup.

Figure 3 is an x-ray powder diffraction (XRPD) pattern for
compound I. The XRPD pattern was obtained using CuKa radiation.
The ordinate or Y-axis is x-ray intensity (cpm) and the abscissa or X-
axis 1s the angle two-theta (26) in degrees.
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DETAILED DESCRIPTION OF THE INVENTION

The term “statin(s)” as used herein is intended to be defined
as inhibitors of HMG-CoA reductase which belong to a structural class
of compounds that contain a moiety which can exist as either a 3-
hydroxy lactone ring or as the corresponding ring opened dihydroxy
open acid, wherein the lactone portion of the statin and its
corresponding dihydroxy open-acid form is shown below.

HQ, HO, COOH
OH
Lactone Dihydroxy Open-Acid

All hydrates, solvates and polymorphic crystalline forms of HMG-CoA
reductase inhibitors having the above-described lactone/dihydroxy open
acid moiety are included within the scope of the term “statin(s)”.
Pharmaceutically acceptable salts and esters of the dihydroxy open-acnd
statins are included within the scope of the term “statin(s)”.

Statins inhibit HMG-CoA reductase in their dihydroxy open
acid form. Compounds which have inhibitory activity for HMG-CoA -
reductase can be readily identified by using assays well-known in the
art. For example, see the assays described or cited in U.S. Patent
4,231,938 at col. 6, and WO 84/02131 at pp. 30-33.

The term “dihydroxy open acid statin(s)” is intended to be
deﬁ.ned as statins which contain the dihydroxy open acid moiety,
including pharmaceutically acceptable salts and esters thereof. The
phrases “dihydroxy open acid statin(s)” and “dihydroxy open acid
statin(s) and the pharmaceutically acceptable salts and esters thereof”
are used interchangeably herein and are both intended to encompass the
open acid and salt and ester forms of the open acid of the statin, unless
otherwise indicated. All hydrates, solvates and polymorphic crystalline
forms are encompassed within the the scope of the term “d1hydroxy open
acid statin(s).”

-8-
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Examples of dihydroxy open acid statins that may be used
with the present invention include but are not limited to the dihydroxy
open acid forms and pharmaceutically acceptable salts and esters
thereof of: lovastatin (see US Patent No. 4,342,767); simvastatin (see US
Patent No. 4,444,784), pravastatin, particularly the sodim salt thereof;
fluvastatin particularly the sodium salt thereof; atorvastatin,
particularly the calcium salt thereof; cerivastatin, particularly the
sodium salt thereof, and nisvastatin also referred to as NK-104 (see PCT
international publication number WO 97/23200). Pharmaceutically
acceptable salts of dihydroxy open acid simvastatin, particularly the
crystalline hydrated forms of the calcium salt of dihydroxy open acid
simvastatin, and more particularly the hydrated calcium salt of
dihydroxy open acid simvastatin referred to herein as compound I, are
preferred for use in the methods and compositions of this invention.

Herein, the term "pharmaceutically acceptable salts” shall
mean non-toxic salts of the compounds employed in this invention which
are generally prepared by reacting the free acid with a suitable organic
or inorgaﬁc base, particularly those formed from cations such as
sodium, potassium, aluminum, calcium, lithium, magnesium, zinc
and tetramethylammonium, as well as those salts formed from amines -
such as ammonia, ethylenediamine, N-methylglucamine, lysine,
arginine, ornithine, choline, N,N’-dibenzylethylenediamine,
chloroprocaine, diethanolamine, procaine, N-benzylphenethylamine, 1-
p-chlorobenzyl-2-pyrrolidine-1-yl-methylbenzimidazole, diethylamine,
piperazine, morpholine, 2,4,4-trimethyl-2-pentamine and
tris(thydroxymethyl)aminomethane. Pharmaceutically acceptable esters
at the carboxylic acid group can be made by treating a dihydroxy open
acid statin with an alcohol. Examples of pharmaceutically acceptable
esters of dihydroxy open acid statins include, but are not limited to, -C1-
4 alkyl and - C1.4 alkyl substituted with phenyl-, dimethylamino-, and
acetylamino. “Cjy.4 alkyl” herein includes straight or branched aliphatic
chains containing from 1 to 4 carbon atoms, for example methyl, ethyl,
n-propyl, n-butyl, iso-propyl, sec-butyl and tert-butyl.

An object of this invention is to provide methods for
reducing the amount of lactonized statin formed and absorbed in the
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body after oral administration of a dihydroxy open acid statin in order to
achieve enhanced clinical benefits. A way to achieve this is to
administer the dihydroxy open acid statin in a delayed-release

~ pharmaceutical dosage form. A delayed-release pharmaceutical dosage

form as defined herein is an orally administerable pharmaceutical
dosage form or device that does not release a substantial amount of the
active compound until after the dosage form has passed through the
stomach. Thefefore, substantial release of the active compound would
initially occur after entry into the duodenum. By “substantial release,” it
is intended that 90% or more by weight of the active agent in the delayed-
release dosage form is released after entry into the duodenum, and that
10% or less by weight of the active agent in the delayed-release dosage
form is released in the stomach. Particularly, the amount of active
compound released in the stomach before entry into the duodenum is 5%
or less by weight and more particularly 1% or less by weight.

It is to be understood that metabolism of the dihydroxy open
acid statins will occur, primarily in the liver, after orally dosingina -
delayed-release dosage form. However, since lactonization of the
dihydroxy open acid statin would have been substantially avoided by use
of a delayed release dosage form, the active and inactive metabolites that
are formed will also be in the dihydroxy open acid form. In essence, if*:
the dihydroxy open acid statin is administered in a delayed release

. dosage form, the internal exposure to lactonized parent compound and

also to lactonized active and inactive metabolites will be minimized.
One example of a delayed-release dosage form is an
enterically coated dosage form. The enteric coating will not dissolve in
the acidic gastric environment, but will dissolve in the higher pH
environment of the duodenum. An enterically coated dosage form will
therefore not pérmit release of any significant amount of the active
compound from the dosage form in the stomach, but. once the enteric
coating dissolves in the duodenum, the active compound will be
released. Suitable compositions for enteric coatings that can be used
with the present invention are known to those of ordinary skill in the
pharmaceutical arts; for example, see L. Lachman, The Theory and
Practice of Industrial Pharmacy, 3rd Ed., H. Liebermann and J. Kanig
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contributors (Lea & Febiger, 1986). The pharmaceutical dosage form
that is enterically coated can be a conventional rapid release dosage form
or it can be a time controlled-release dosage form. Time controlled-
release dosage forms are also well known in the pharmaceutical art,

5 and are designed so as to slowly release the active compound in the body
over a period of time, for example over a period of from about 6 to 24
hours. Use of a time controlled-release dosage form is preferred so as to
lower the systemic exposure to the active statin.

An example of a delayed-release dosage form that also
10 functions as a time controlled-release dosage form is described in U.S
Patent No. 5,366,738, herein incorporated by reference in its entirety.
The controlled-release drug delivery device described in U.S Patent No.
5,366,738 is known as a gel extrusion module (GEM) delivery device. The
GEM device is a drug delivery device for the controlled in situ production
15 and release of a dispersion containing a beneficial agent such as a
pharmaceutical drug comprising:
(A) a compressed core prepared from an admixture comprising:
(i)  a therapeutically effective amount of the beneficial
agent; and
20 (i) a polymer which upon hydration forms.gelati:ious
_ microscopic particles; and
. (B) a water insoluble, water impermeable polymeric coating
comprising a polymer and a plasticizer, which surrounds and
adheres to the core, the coating having a plurality of formed
25 apertures exposing between about 1 and about 75% of the core
surface;
and wherein the release rate of the beneficial agent from the device is a
function of the number and size of the apertures.
.‘ In the GEM device, the polymer inside the compressed core
30 is preferably selected from sodium polyacrylate, carboxypolymethylenes,
and the pharmaceutically acceptable salts thereof, wherein the
b carboxypolymethylenes are prepared from acrylic acid crosslinked with
allylethers of sucrose or pentaerythritol, and more preferably it is
selected from carboxypolymethylenes prepared from acrylic acid
35 crosslinked with allylethers of sucrose or pentaerythritol, and the
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pharmaceutically acceptable salts thereof. Most preferably,
CARBOPOL® 974P is used as the polymer inside the compressed core.
In addition, the compressed core may also contain one or more polymer
hydration modulating agents, anti-oxidants, lubricants, fillers and
excipients. An optional subcoating may be applied to the compressed
core prior to application of the water insoluble coating as an aid in the
manufacturing process. The subcoating may be comprised of, for
example, hydroxypropyl cellulose and hydroxypropylmethylcellulose.

The water insoluble, water impermeable polymeric coating
is preferably comprised of (1) a polymer selected from polyvinyl chloride,
cellulose acetate, cellulose acetate butyrate, ethylcellulose and
combinations of these polymers; and (2) a plasticizer selected from
diethylphthalate, dibutylsebacate and triethylcitrate. More preferably,
the polymeric coating is comprised of cellulose acetate butyrate and
triethyl citrate. The GEM device does not function as an osmotic drug
delivery device, hence the release function of the device depends on
passage of fluids from the external environment of the body to the
internal environment of the compressed core through the formed
apertures. It is intended that the terms “water insoluble, water
impermeable” used to describe the polymeric coating define a coating
which is essentially water insoluble and water impermeable, meaning
that the polymeric coating allows minimal to no passage of water
through the coating from the external environment of the body to the
internal environment of the compressed core, except for the fluid
passage that occurs through the drilled apertures, during the period of
time the drug is being released from the GEM device in the body. Any
minimal amount of water that does pass through the water insoluble,
water impermeable polymeric coating is insubstantial and does not
significantly contribute to the function of the GEM device, i.e. the release
rate of the drug through the apertures. Rather the release rate of the
drug from the GEM device is a function of the number and size of the
apertures on the device.

For an elegant, aesthetically pleasing final product, an
overcoat may finally be applied to the GEM delivery device containing
colorants, waxes, and the like. The GEM device can also be enterically
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coated. Even without enteric coating, extrusion of the polymer which
carries the drug out from inside the compressed core of the GEM device
does not occur to a substantial extent in the acidic pH of the stomach,
therefore substantial release of the drug does not occur in the stomach.

5 Further details and examples of the GEM delivery device are described
in US Patent No. 5,366,738.

The term “patient” includes mammals, especially humans,
who take compound I for the prevention or treatment of a medical
condition. Administering of the drug to the patient includes both self-

10 administration and administration to the patient by another person.
The patient may be in need of treatment for an existing disease or
medical condition, or may desire prophylactic treatment to prevent or
reduce the risk for diseases and medical conditions affected by inhibition
of HMG-CoA reductase.

15 The term "therapeutically effective amount” is intended to
mean that amount of a drug or pharmaceutical agent that will elicit the
biological or medical response of a tissue, a system, animal or human
that is being sought by a researcher, veterinarian, medical doctor or
other clinician. The term "prophylactically effective amount” is

20 intended to mean that amount of a pharmaceutical drug that will
prevent or reduce the risk of occurrence of the biological or medical event
that is sought to be prevented in a tissue, a system, animal or human by
a researcher, veterinarian, medical doctor or other clinician.
Particularly, the dosage a patient receives can be selected so as to

25 achieve the amount of LDL (low density lipoprotein) cholesterol lowering

- desired; the dosage a patient receives may also be titrated over time in

order to reach a target LDL level. The dosage regimen utilizing a
dihydroxy open acid statin is selected in accordance with a variety of
factors including type, species, age, weight, sex and medical condition of

30 the patient; the severity of the condition to be treated; the potency of the
compound chosen to be administered; the route of administration; and
the renal and hepatic function of the patient. A consideration of these
factors is well within the purview of the ordinarily skilled clinician for
the purpose of determining the therapeutically effective or
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prophylactically effective dosage amount needed to prevent, counter, or
arrest the progress of the condition.

The novel compounds of this invention are the crystalline
hydrated forms of the calcium salt of dihydroxy open acid. A particular
crystalline hydrated calcium salt of dihydroxy open acid is the one
having an x-ray powder diffraction (XRPD) pattern obtained using CuKa.
radiation characterized by refelections at d-spacings of 30.7, 24.6, 15.9,
11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60, 3.93, 3.84, 3.67, 3.51 and
3.28A. For convenience, the crystalline hydrated form of the calcium
salt of dihydroxy open acid simvastatin having the above-defined XRPD
pattern will also be referred to herein as compound I. Compound I can

be represented two-dimensionally as a hydrated form of the following
structural formula Ia:

HO, Catt
A(fL \C\"“

.
-
W

Ia

In addition to the XRPD pattern described above, compound
I of the instant invention is further characterized by the

thermogravimetry (T'G) curve shown in Figure I. The TG curve for
compound I was obtained under a nitrogen flow at a heating rate of
10°C/minute and is characterized by a 6.3% weight loss from ambient

room temperature to a stable weight loss plateau at about 175°C.

Additional weight losses due to the onset of decomposition of the
compound are cbserved above about 190°C.
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Compound I is still further characterized by the differential
scanning calorimetry (DSC) curve shown in Figure 2. The DSC curve
for compound I was obtained under a nitrogen flow bubbled through
16.0°C water at a heating rate of 10°C/minute in an open cup, and is
characterized by three lower temperature endotherms with peak
temperatures of 52, 77 and 100°C and associated heats of 48, 90 and 21
J/g, respectively, and two higher temperature endotherms due to
decomposition with peak temperatures of 222 and 241°C and associated
heats of 163 and 92 J/g.

- Compound I of the instant invention is still further
characterized by the 'H NMR, *C NMR and mass spectral data as given
in Example 1 herein.

In the methods of treatment and prophylaxis described
herein, as well as the pharmaceutical compositions and medicaments, a
dihydroxy open acid statin or a pharmaceutically acceptable salt or ester
thereof is employed. Preferably the compound employed is a
pharmaceutically accéptable salt of a dihydroxy open acid statin, more

preferably it is a pharmaceutically acceptable salt of dihydroxy open aci,d,fv'f-i Y

simvastatin, particularly a crystalline hydrated form of the calcium salt
of dihydroxy open acid simvastatin, and most preferably it is compound
1. All hydrates, solvates and polymorphic crystalline forms of the above-
described compounds and their use are encompassed within scope of the
instant invention.

The instant invention provides methods for inhibiting
HMG-CoA reductase, and for treating lipid disorders including
hypercholesterolemia, hypertriglyceridemia and hyperlipidemia,
comprising administering a therapeutically effective amount of a
dihydroxy open acid statin to a person in need of such treatment.
Further provided are methods for preventing or reducing the risk of
developing atherosclerosis, as well as for halting or slowing the |
progression of atherosclerotic disease once it has become clinically
evident, comprising the administration of a prohylactically or
therapeutically effective amount, as appropriate, of a dihydroxy open
acid statin to a mammal who is at risk of developing atherosclerosis or
who already has atherosclerotic disease.
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Atherosclerosis encompasses vascular diseases and
conditions that are recognized and understood by physicians practicing
in the relevant fields of medicine. Atherosclerotic cardiovascular
disease, coronary heart disease (also known as coronary artery disease
or ischemic heart disease), cerebrovascular disease and peripheral
vessel disease are all clinical manifestations of atherosclerosis and are
therefore encompassed by the terms "atherosclerosis” and
"atherosclerotic disease.” '

A dihydroxy open acid statin may be administered to
prevent or réduce the risk of occurrence, or recurrence where the
potential exists, of a coronary heart disease event, a cerebrovascular
event, and/or intermittent claudication. Coronary heart disease events
are intended to include CHD death, myocardial infarction (i.e., a heart
attack), and coronary revascularization procedures. Cerebrovascular
events are intended to include ischemic or hemorrhagic stroke (also
known as cerebrovascular accidents) and transient ischemic attacks.
Intermittent claudication is a clinical manifestation of peripheral vessel
disease. The term "atherosclerotic disease event” as used herein is
intended to encompass coronary heart disease events, cerebrovascular
events, and intermittent claudication. It is intended that persons who
have previously experienced one or more non-fatal atherosclerotic
disease events are those for whom the potential for recurrence of such
an event exists.

Accordingly, the instant invention also provides a method
for preventing or reducing the risk of a first or subsequent occurrence of
an atherosclerotic disease event comprising the administration of a
prophylactically effective amount of a dihydroxy open acid statin to a
patient at risk for such an event. The patient may already have
atherosclerotic disease at the time of administration, or may be at risk
for developing it.

Persons to be treated with the instant therapy include those
at risk of developing atherosclerotic disease and of having an
atherosclerotic disease event. Standard atherosclerotic disease risk
factors are-known to the average physician practicing in the relevant
fields of medicine. Such known risk factors include but are not limited
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to hypertension, smoking, diabetes, low levels of high density lipoprotein
(HDL) cholesterol, and a family history of atherosclerotic cardiovascular
disease. Published guidelines for determining those who are at risk of
developing atherosclerotic disease can be found in: National Cholesterol
Education Program, Second report of the Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel II), National Institute of Health, National Heart Lung
and Blood Institute, NIH Publication No. 93-3095, September 1993;
abbreviated version: Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults, Summary of the second
report of the national cholesterol education program (NCEP) Expert
Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol
in Adults (Adult Treatment Panel II), JAMA, 1993, 269, pp. 3015-23.
People who are identified as having one or more of the above-noted risk
factors are intended to be included in the group of people considered at
risk for developing atherosclerotic disease. People identified as having
one or more of the above-noted risk factors, as well as people who already
have atherosclerosis, are intended to be included within the group of
people considered to be at risk for having an atherosclerotic disease
event. : '
The oral dosage amount of the dihydroxy open acid statin,
particularly a salt of a dihydroxy open acid statin such as simvastatin,
and more particularly a crystalline hydrated form of the calcium salt of
dihydroxy open acid simvastatin such as compound I, is from about 1 to
200 mg/day, and more preferably from about 5 to 160 mg/day. However,
dosage amounts will vary depending on factors as noted above, including
the potency of the particular compound. Although the active drug of the
present invention may be administered in divided doses, for example
from one to four times daily, a single daily dose of the active drug is
preferred.. As examples, the daily dosage amount may be selected from,
but not limited to, 5§ mg, 10 mg, 20 mg, 25 mg, 40 mg, 50 mg, 75 mg, 80
mg, 150 mg and 160 mg.

The active drug employed in the instant therapy can be
administered in such oral forms as tablets, capsules, pills, powders,
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granules, elixirs, tinctures, suspensions, syrups, and emulsions. Oral
formulations are preferred.

Oral delayed-release formulations are employed with the
dihydroxy open acid statins. Examples of suitable formulations include
but are not limited to enterically coated pharmaceutical dosage forms
such as enterically coated conventional pharmaceutical dosage forms
and enterically coated time-controlled release dosage forms, the GEM

delivery devi;:e, and an enterically coated GEM delivery device.

For the crystalline hydrated forms of the calcium salt of
dihydroxy open acid simvastatin, for example compound I,
administration of the active drug can be via any pharmaceutically
acceptable route and in any pharmaceutically acceptable dosage form.
This includes the use of oral conventional rapid-release, time controlled-
release and delayed-release (such as described above) pharmaceutical
dosage forms. An oral time controlled-release dosage formulation of the
instant drug is preferred, and particularly the GEM controlled-release
drug delivery device described in U.S Patent No. 5,366,738, herein
incorporated by reference in its entirety. Additional suitable
pharmaceutical compositions for use with the present invention are

known to those of ordinary skill in the pharmaceutical arts; for example, |

see Remington's Pharmaceutical Sciences, Mack Publishing Co.,
Easton, PA.

In the methods of the present invention, the active drug is
typically administered in admixture with suitable pharmaceutical
diluents, excipients or carriers (collectively referred to herein as
"carrier” materials) suitably selected with respect to the intended form
of administration, that is, oral tablets, capsules, elixirs, syrups and the
like, and consistent with conventional pharmaceutical practices.

For instance, for oral administration in the form of a tablet
or capsule, the active drug component can be combined with a non-toxic,
pharmaceutically acceptable, inert carrier such as lactose, starch,
sucrose, glucose, modified sugars, modified starches, methyl cellulose
and its derivatives, dicalcium phosphate, calcium sulfate, mannitol,
sorbitol and other reducing and non-reducing sugars, magnesium
stearate, steric acid, sodium stearyl fumarate, glyceryl behenate,
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calcium stearate and the like. For oral administration in liquid form,
the drug components can be combined with non-toxic, pharmaceutically
acceptable inert carrier such as ethanol, glycerol, water and the like.
Moreover, when desired or necessary, suitable binders, lubricants,

5 disintegrating agents and coloring and flavoring agents can also be
incorporated into the mixture. Stabilizing agents such as antioxidants,
for example butylated hydroxyanisole (BHA), 2,6-di-tert-butyl-4-
methylphenol (BHT), propyl gallate, sodium ascorbate, citric acid, and
calcium metabisulphite, can also be added to stabilize the dosage forms;

10 the use of at least one stabilizing agent is preferred with the instant
composition, and preferably an antioxidant is employed with dihydroxy
open acid simvastatin or a salt thereof, and particularly compound I.
Other suitable components include gelatin, sweeteners, natural and !
synthetic gums such as acacia, tragacanth or alginates,

15 carboxymethylcellulose, polyethylene glycol, waxes and the like.

The active drug can also be administered in the form of
liposome delivery systems, such as small unilamellar vesicles, large
unilamellar vesicles and multilamellar vesicles. Liposomes can be ‘ '
formed from a variety of phospholipids, such as cholesterol,

20 stearylamine or phosphatidylcholines. T

Active drug may also be delivered by the use of monoclonal
antibodies as individual carriers to which the compound molecules are =
coupled. Active drug may also be coupled with soluble polymers as
targetable drug carriers. Such polymers can include polyvinyl-

25 pyrrolidone, pyran copolymer, polyhydroxy-propyl-methacrylamide-

- phenol, polyhydroxy-ethyl-aspartamide-phenol, or polyethyleneoxide- !

polylysine substituted with palmitoyl residues. Furthermore, active o
i drug may be coupled to a class of biodegradable polymers useful in
! achieving controlled release of a drug, for example, polylactic acid,
30 polyglycolic acid, copolymers of polylactic and polyglycolic acid,
polyepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters, |
polyacetals, polydihydropyrans, polycyanoacrylates and cross linked or i.‘
amphipathic block copolymers of hydrogels.
The instant invention also encompasses a process for
35 preparing a pharmaceutical composition comprising combining a
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dihydroxy open acid statin with a pharmaceutically acceptable carrier.
Also encompassed is the pharmaceutical composition which is made by
combining a dihydroxy open acid statin with a pharmaceutically
acceptable carrier.

Additional active agents may be used in combination with
the dihydroxy open acid statin in a single dosage formulation, or may be
administered to the patient in a separate dosage formulation, which
‘allows for concurrent or sequential administration of the active agents.
One or more additional active agents may be administered with a
dihydroxy open acid statin. The additional active agent or agents can be
cholesterol lowering compounds. Examples of additional active agents
which may be employed include but are not limited to HMG-CoA
synthase inhibitors; squalene epoxidase inhibitors; squalene synthetase
inhibitors (also known as squalene synthase inhibitors), acyl-coenzyme
A: cholesterol acyltransferase (ACAT) inhibitors; microsomal
triglyceride transfer protein (MTP) inhibitors; probucol; niacin; fibrates
such as clofibrate, fenofibrate ,including micronized fenofibrate, and
gemfibrozil; cholesterol absorption inhibitors; bile acid sequestrants;
LDL (low density lipoprotein) receptor inducers; platelet aggregation
inhibitors, for example glycoprotein IIb/IIIa fibrinogen receptor
antagonists and aspirin; human peroxisome proliferator activated

receptor gamma (PPARY) agonists including the compounds commonly

referred to as glitazones, including those compounds included within
the structural class known as thiazolidinediones as well as those PPARy
agonists outside the thiazolidinedione structural class); PPAR dual o/y
agonists; vitamin Bg (also known as pyridoxine) and the
pharmaceutically acceptable salts thereof such as the HCI salt; vitamin

‘B12 (also known as cyanocobalamin); beta-blockers; folic acid or a

pharmaceutically acceptable salt or ester thereof such as the sodium salt
and the methylglucamine salt; and anti-oxidant vitamins such as
vitamin C and E and beta carotene.

A therapeutically effective amount of a crystalline hydrated
form of the calcium salt of dihydroxy open acid simvastatin, for example
compound I, can be used for the preparation of a medicament useful for
inhibiting HMG-CoA reductase, as well as for treating and/or reducing
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the risk for diseases and conditions affected by inhibition of HMG-CoA
reducf;ase, such as preventing or reducing the risk of developing
atherosclerotic disease, halting or slowing the progression of
atherosclerotic disease once it has become clinically manifest, and
preventing or reducing the risk of a first or subsequent occurrence of an
atherosclerotic disease event. For example, the medicament may be
comprised of about 1 mg to 200 mg of a crystalline hydrated form of
dihydroxy open acid simvastatin, or more particularly about 5 mg to 160
mg.

A therapeutically effective amount of a dihydroxy open acid
statin can be used for the preparation of a medicament adapted for
delayed-release that is useful for inhibiting HMG-CoA reductase, as well
as for treating and/or reducing the risk for diseases and conditions
affected by inhibition of HMG-CoA reductase, as described above.

f The medicament comprised of a dihydroxy open acid statin,
for example compound I, may also be prepared with one or more
additional active agents, such as those described supra.

Simvastatin is a semi-synthetic product which can be made
from the natural product lovastatin. Processes for preparing lovastatin

and simvastatin are well documented in the published literature. For *
~ example, U.S. Patent No. 4,231,938, herein incorporated by reference,

describes a fermentation and isolation process for obtaining lovastatin
using the microorganism Aspergillus terreus. U.S. Patent No.’s
4,444,784, 4,820,850, 4,916,239 and 4,582,915, herein all incorporated by
reference, describe methods for making simvastatin.

Preparation of Compound I

: Compound I of the instant invention can generally be
prepared as follows. Simvastatin and its dihydroxy open acid
counterpart, including compound I, tend to form oxidative by-products;
therefore, to minimize the formation of such by-products, it is preferred
that the procedures used to make compound I are performed under an
inert atmosphere such as nitrogen. Although compound I can be
obtained without using an inert atmosphere, the purity of the desired
product will not be optimized. |
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Hydrolysis of the lactone ring of simvastatin can be
accomplished by treating simvastatin with at least one equivalent, and
preferably a slight excess of one equivalent, of an aqueous base. If more
than a slight excess of base is used, the excess base is preferably
neutralized before proceeding to the salt formation step in order to
prevent formation of insoluble calcium hydroxide or calcium carbonate
by-product. The base employed for the hydrolysis can be an aqueous
solution of a metal hydroxide or metal carbonate, for example but not
limited to sodium hydroxide, potassium hydroxide, lithium hydroxide,
sodium carbonate and potassium carbonate. Sodium hydroxide is
preferred. The hydrolysis can be performed in water, an aqueous-protic
organic solvent mixture, or an aqueous-aprotic organic solvent mixture.
Suitable protic organic solvents include but are not limited to methanol
(MeOH), ethanol (EtOH), isopropyl alcohol, propanol and
tetrahydrofuran (THF). Examples of suitable aprotic organic solvents
include but are not limited to tert-butyl methyl ether (MTBE) and
toluene. An aqueous ethanol solvent mixture is preferred.

After the hydrolysis reaction is complete, the pH of the
reaction mixture is adjusted to 6 to 9, preferably 7 to 8.5, by addition of an
acid. In this pH range, the dihydroxy open acid simvastatin will exist as
a metal salt, for example as the sodium salt if the base used in the '
hydrolysis step is sodium hydroxide or sodium carbonate. Any acid that
is capable of forming a soluble calcium salt such as calcium chloride or
calcium citrate, is suitable. A soluble calcium salt is intended to be a
salt that is soluble in the solvent sytem employed in the instant process.
Preferably a mineral acid is employed, particularly HCl.

The resulting pH-adjusted reaction mixture containing the
metal salt of dihydroxy open acid simvastatin is next combined with a
solution of about 0.50 to 0.55 equivalents of calcium acetate hydrate
[Ca(OAc),Ca~xH,0] in an aqueous-protic organic solvent mixture, such
as water-EtOH. The pH-adjusted reaction mixture can be added to the
calcium acetate hydrate solution, or the calcium acetate hydrate solution
can be added to the pH-adjusted reaction mixture. The addition can
occur all at once, or optionally it can be performed in portions over time
with periods of aging. For example, a small portion, e.g., about one-
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quarter, of the calcium acetate hydrate solution can be added to the pH-
adjusted reaction mixture over a short period of time, for example over
about 30 minutes, and then the resulting mixture can be allowed to age
for an additional short period of time at room temperature, optionally
followed by a further period of aging at a temperature up to about 50°C,
for example from about 10°C up to about 50°C, particularly from room
temperature up to about 50°C, and more particularly from about 30 to
35°C, after which the remaining calcium acetate hydrate solution can be
added in portions over several hours at a temperature up to abou 50°C,
for example from about 10°C up to about 50°C, particularly from room
temperature up to about 50°C, and more particularly from about 30 to
35°C.

Whether the pH-adjusted reaction mixture and the calcium
acetate hydrate solution are combined at once or in portions, the
resulting slurry must be aged until turnover of the resulting amorphous
calcium salt of dihydroxy open acid simvastatin to the crystalline
product is complete, usually for at least several hours. Complete
turnover to the crystalline product can be assessed by standard
techniques in the art, for example, by examining a sample of the product
under a microscope. This aging step can be performed at a temperature
up to about 50°C, for example from about 10°C up to about 50°C,
particularly from room temperature up to about 50°C, and more

particularly from about 30 to 35°C. During the aging period or periods, -

the use of lower temperatures will lead to crystallized product; however,
it has been found that as the temperature drops, the rate of crystal
turnover becomes slower, making the procedure less time-efficient.

If necessary, the slurry is then allowed to cool to room
temperature and is collected by suction filtration, and the recovered solid
is suction dried under a moist atmosphere (about 40 to 70% relative
humidity), preferably a moist inert atmosphere such as nitrogen. The
final step of suction filtration in the recovery of compound I should be
done under a moist atmosphere, and preferably a moist inert
atmosphere in order to minimize oxidative by-products. If an additional
step of adding an antioxidant to compound I is performed, as described
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below, then the final suction filtration is the one performed after
combining the antioxidant with compound I

As noted above, compound I has a tendency to oxidize upon
contact with air, and one way to minimize oxidation is to perform the
reaction seqtience under an inert atmosphere. Additionally, an anti-
oxidant such as BHA, BHT, ascorbic acid, or calcium metabisulphite
can be combined with compound I. This is simply done by agitating a
slurry of compound I with the antioxidant and recovering the resulting
solid by suction filtration. ,

Abbreviations which may appear herein are as follows:
EtOH is ethanol; HPLC is high performane liquid chromatography;
min. is minutes; h is hour(s); D.I. is de-ionized; NMR is nuclear
magnetic resdnance; EI MS is electron impact mass spectrum; HR-EI
MS is high resolution electron impact mass spectrum; RH is relative
humidity.

EXAMPLE 1

Preparation of crystalline hydrated calcium salt of dlhydroxy open acid

simvastatin (Compound I)

A 22 L four-necked round bottom flask was equipped with a
temperature probe, a N2 inlet, an addition funnel, and an overhead
stirrer. 8.0 L of 15% EtOH-H20 was added and the solution was purged
with N2 for 10 min. Simvastatin (396 g, 0.946 mol) was added, and the
slurry was purged with N2 for 5 min. Then SN NaOH (198 mL) was
added at room temperature. After about 1 hour, the hydrolysis reaction
was complete as analyzed by HPLC (> 99.9% conversion). The pH of the

reaction solution was adjusted to 7 to 8.5 by addition of 1 N HCl (approx.
65 mL). A solution of Ca(OAc)2'H20 (116.6 g, 0.662 mol) in 4.0 L of 60%

EtOH-H20 was purged with nitrogen for 5 min. A 1.0 L portion of this
solution was added to solution of the sodium salt over 30 min. The

resulting slurry was aged at room temperature for 30 min, and then at
3010 35°C for 1-2 h.

The rest of Ca(OAc)2 in EtOH-water was added over approx. 30
min at 30 to 35°C. The slurry was aged at 30 to 35 °C for 5 hours under
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atmosphere of N9. The slurry was cooled to room temperature and was

collected by suction-filtration. The wet cake was washed with 4 L, 30%
EtOH-H20, 4 L 20% EtOH-H20, followed by 6 L x 3 of D.I. water. The

solid was suction dried under an atmosphere of moist N2 (40 to 70%
relative humidity) at room temperature for 4 days. Crystalline hydrated
calcium salt of dihydroxy open acid simvastatin was obtained as a white
powder.

The calcium salt was delumped with a single pass through a
cleaned QUADROTM COMIL® (Model 1978).

HPL ITL
Column: YMC Basic 4.6 mm x 25 cm
Detector: ABS 757 1AUNolt output
Sample solvent: EtOH/CH3CN/H20 (1:1:1)
Column temp: 25°C (Anal. Dept. runs samples at 5 °C to
prevent formation of simvastatin on column).
Flow rate: 1.5 mL /min.
Wavelength: 238 and 210 nm
Gradient: o %H20 (10 mM KgHPO4-
Time (min,) %CH3CN KHgPO4 pH =6.5)
0.00 30 70
20.00 45 B5
34.00 0 30
39.00 70 30
39.50 30 70
43.00 B 1) 70

Retention time of simvastatin open acid:  17.07 min.
Retention time of simvastatin: 32.90 min.

SPECTRAL DATA
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1H NMR (400 MHz, CD3OD), §5.97 (d, J = 9.6 Hz, 1 H), 5.77 (dd, J = 9.6,
5.2 Hz, 1 H), 549 (m, 1 H), 5.33 (m, 1 H), 4.17 (m, 1 H), 3.70 (m, 1 H), 2.44 -
2.35 (m, 2 H), 2.42 (dd, J = 15.7, 3.6 Hz, 1 H), 2.31 - 2.27 (m, 1 H), 2.29 (dd,
J =15.7, 8.4 Hz, 1 H), 2.00 (ddd, J = 15.7, 7.6, 2.4 Hz, 1 H), 1.93 (m, 1 H),
1.68 (m, 1 H), 1.61 - 1.55 (m, 2 H), 1.55 (m, 2 H), 1.42 (m, 1 H), 1.32 (m, 1
H), 1.19(m, 1 H), 1.12 (s, 6 H), 1.08 (4, J = 7.2 Hz, 3H), 0.89 (d, J = 7.2 Hz, 3
H), 0.84 (t,J = 7.6 hz, 3 H) ppm.

13C NMR (100.55 MHz, CD30D), § 182.3, 179.3, 134.1, 133.2, 130.3, 129.6,

72.5,69.8,45.1,44.4, 44.1, 38.8, 38.3, 36.4, 34.3, 33.9, 32.0, 28.6, 25.9, 25.37,
25.36, 23.7, 14.3, 9.9 ppm

EI MS: m/e: 437 (M+H), 419(M+H-H20), 303.
HR-EI MS: Caled. for C25H3805 418.2719; Found: 418.2712.

EXAMPLE 2

Preparation of crystalline hydrated calcmm salt of dihydroxy open acid
simvastatin (Compound I) with BHA '

A 22 L three-necked round bottom flask was equipped with a
temperature probe, a N, inlet, an additional funnel, and an overhead
stirrer. 8.0 L of 15% EtOH-H,0 was added and purged with N, for 10
min. Simvastatin (396 g, 0.946 mol) was added, and the slurry purged
with N, for 5 min. 198 mL of 5N NaOH (0.993 mol, 1.05 equiv.) was then
added at room temperature. The hydrolysis reaction is usually complete
in 1 h. as analyzed by HPLC (> 99.9% conversion). The pH of the reaction
solution was adjusted to 7 to 8.5 by addition of 1 N HCI (about 65 mL).

A solution of Ca(OAc), H,0(91.7 g, 0.520 mol, 0.55 equiv.)in 4.0 L of
60% EtOH- H,0 was purged with nitrogen for 5 min. 1.0 L of this solution
was added to reaction solution over 80 min. The slurry was aged at room
temperature for 30 min, and then at 30 to 35 °C for 1-2 h. The rest of the

. Ca(OAc), in EtOH-water was added in portions over 3h hours at 30-35°C.

The slurry was allowed to age at 30 to 35 °C for 5 h under an atmosphere
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of N,. The slurry was allowed to cool to room temperature and was
collected by suction-filtration. The wet cake was washed with 4 L 30%
EtOH-H,0, 4 L 20% EtOH-H,0, followed by 6 L x 3 of D.1. water. The solid
was suction dried under atmosphere of moist N, (40 to 70% RH) at room
temperature to give 1.7 Kg of wet cake.

The above wet cake was placed in a clean 20 L three necked
flask under atmosphere of nitrogen. A solution of BHA (2.603 g, 0.2 wt %
equiv) in degassed 15% EtOH H,0 (8.5 L) was added, followed by addition
of degassed water (2.55 L), and the slurry was agitated at room
temperature for 1 to 2 h. The solid was collected by suction filtration
under atmosphere of moist N, with no washing to give 1.49 Kg wet cake.
The solid was suction dried under atmosphere of moist N, (40 to 70% RH)
at room temperature for 4 days. The calcium salt was cbtained as a
white powder (94% yield. 99.4%A at 238 nm, 0.2wt% BHA, KF = 7.3 %wt).

While the invention has been described and illustrated with
reference to certain particular embodiments thereof, those skilled in the
art will appreciate that various changes, modifications and substitutions
can be made therein without departing from the spirit and scope of the
invention. For example, effective dosages other than the particular
dosages as set forth herein above may be applicable as a consequence of
variations in the responsiveness of the mammal being treated for any of
the indications for the active agents used in the instant invention as
indicated above. Likewise, the specific pharmacological responses
observed may vary according to and depending upon the particular
active compound selected or whether there are present pharmaceutical
carriers, as well as the type of formulation employed, and such expected
variations or differences in the results are contemplated in accordance
with the objects and practices of the present invention. It is intended,
therefore, that the invention be defined by the scope of the claims which
follow and that such claims be interpreted as broadly as is reasonable.
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WHAT IS CLAIMED IS:

1. A method for inhibiting HMG-CoA reductase
comprising orally administering a therapeutically effective amount of a
5 compound selected from a dihydroxy open acid statin and a
pharmaceuﬁéally acceptable salt or ester thereof in a delayed-release
pharmaceutic¢al dosage form to a patient in need of such treatment
wherein subsﬂ:anﬁal release of the compound from the dosage form is
delayed untll after passage of the dosage form through the stomach.

10 i

2. The method of claim 1 wherein the compound is
administered in an enterically coated pharmaceutical dosage form.
12 3.  The method of claim 1 wherein the compéund is

15 administered in an enterically coated time controlled-release

-~ pharmaceutical dosage form.
E 4.  The method of claim 1 wherein the compound is
i+ administered in a drug delivery device comprised of:

2¢ (A) a compressed core prepared from an admixture comprising:

(i)  a therapeutically effective amount of the compound;
~ and
(ii) a polymer which upon hydration forms gelatinous
microscopic particles; and

25 (B) a water insoluble, water impermeable polymeric coating
comprising a polymer and a plasticizer, which surrounds and
adheres to the core, the coating having a plurality of formed
apertures exposing between about 1 and about 75% of the core
surface; '

30 and wherein the release rate of the compound from the device is a

function of the number and size of the apertures.

s
it

§

5. The method of claim 4 wherein the drug delivery
device is enterically coated.
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6. A method of treating hypercholesterolemia
comprising orally administering a therapeutically effective amount of a
compound selected from a dihydroxy open acid statin and a
pharmaceutically acceptable salt or ester thereof in a delayed-release
pharmaceutical dosage form to a patient in need of such treatment
wherein substantial release of the compound from the dosage form is
delayed until after passage of the dosage form through the stomach.

7. A method for preventing or reducing the risk of
developing atherosclerotic disease comprising orally administering a
prohylactically effective amount of a compound selected from a
dihydroxy open acid statin and a pharmaceutically acceptable salt or
ester thereof in a delayed-release pharmaceutical dosage form to a
person at risk of developing atherosclerotic disease wherein substantial
release of the compound from the dosage form is delayed until after
passage of the dosage form through the stomach.

8. The method of Claim 7 wherein the atherosclerotic
disease is selected from cardiovascular disease, cerebrovascular disease
and peripheral vessel disease. '

9. The method of Claim 8 wherein the cardiovascular
disease is coronary heart disease.

10. A method for treating atherosclerotic disease
comprising orally administering a therapeutically effective amount of a
compound selected from a dihydroxy open acid statin and a
pharmaceutically acceptable salt or ester thereof in a delayed-release

- pharmaceutical dosage form to a patient in need of such treatment

wherein substantial release of the compound from the dosage form is
delayed until after passage of the dosage form through the stomach.

11. The method of Claim 10 wherein the atherosclerotic
disease is selected from cardiovascular disease, cerebrovascular disease
and peripheral vessel disease.

-29.
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12. The method of Claim 11 wherein the cardiovascular
disease is coronary heart disease.

13. A method for preventing or reducing the risk of
occurrence or recurrence of an atherosclerotic disease event comprising
orally administering a therapeutically effective amount of a compound
selected from a dihydroxy open acid statin and a pharmaceutically
acceptable salt or ester thereof in a delayed-release pharmaceutical
dosage form to a person at risk of having an atherosclerotic disease event
wherein substantial release of the compound from the dosage form is
delayed until after passage of the dosage form through the stomach.

14. The method of Claim 13 wherein the person receiving
the compound has atherosclerotic disease.

15. The method of Claim 13 wherein the person receiving
the compound is at risk of developing atherosclerotic disease.

16.  The method of Claim 13 wherein the atherosclerotic
disease event is selected from a coronary heart disease event, a
cerebrovascular event and intermittent claudication.

17.  The method of Claim 16 wherein the coronary heart
disease event is selected from coronary heart disease death, myocardial
infarction, and coronary revascularization procedures.

18. The method of Claim 17 wherein the cerebrovascular

event is selected from a cerebrovascular accident and a transient
ischemic attack.

19.  The method of claim 1 wherein the compound is a
pharmaceutically acceptable salt of a dihydroxy open acid statin.

- 30-
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20. The method of claim 19 wherein the compound is a
pharmaceutically acceptable salt of the dihydroxy open acid form of a
statin selected from the group consisting of lovastatin, simvastatin,
i pravastatin, atorvastatin, fluvastatin and cerivastatin.

21.  The method of claim 20 wherein the compound is a
pharmaceutically acceptable salt of the dihydroxy open acid form of a
statin selected from the group consisting of lovastatin and simvastatin.

10 22. The method of claim 21 wherein the compound is a
pharmaceutically acceptable salt of dihydroxy open acid simvastatin.

23.  The method of claim 22 wherein the compound is a

crystalline hydrated form of the calcium salt of dihydroxy open acid
15 simvastatin.
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24,  The method of claim 23 wherein the compound is a
crystalline hydrated form of the calcium salt of dihydroxy open acid
simvastatin having an x-ray powder diffraction pattern obtained using

20 CuKuo radiation characterized by refelections at d-spacings of 30.7, 24.6,

15.9, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60, 3.93, 3.84, 3.67, 3.51
and 3.28A. :

e Yrnll

T3
3

, 25.  The method of claim 1 wherein 10% or less by weight

25 of the compound in the delayed-release dosage form is released in the
- stomach.

26. The method of claim 1 wherein 5% or less by weight of

| the compound in the delayed-release dosage form is released in the
' 30 stomach.

27. The method of claim 1 wherein 1% or less by weight of

i the compound in the delayed-release dosage form is released in the
stomach.
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28. An orally administrable pharmaceutical composition
comprising a therapeutically effective amount of a compound selected
from a dihydroxy open acid statin and a pharmaceutically acceptable
salt or ester thereof and a pharmaceutically acceptable carrier,
formulated in a delayed-release dosage form wherein release of the
compound from the dosage form is delayed until after passage of the
dosage form through the stomach. '

29. The pharmaceutical composition of claim 28 wherein
the composition is enterically coated.

30. The pharmaceutical composition of claim 29 wherein
the composition is formulated in an enterically coated time controlled-
release pharmaceutical dosage form.

31. The pharmaceutical composition of claim 28 wherein
the composition is formulated in a drug delivery device comprised of:
(A) a compressed core prepared from an admixture comprising:

- (@)  a therapeutically effective amount of the compound; -

and
(i) a polymer which upon hydration forms gelatinous
microscopic particles; and
(B) a water insoluble, water impermeable polymeric coating
comprising a polymer and a plasticizer, which surrounds and
adheres to the core, the coating having a plurality of formed
apertures exposing between about 1 and about 75% of the core
surface;
and wherein the release rate of the compound from the device is a
function of the number and size of the apertures.

32. The pharmaceutical composition of claim 31 wherein
the drug delivery device is enterically coated.

33. A process for preparing an orally administrable
pharmaceutical composition comprising combining a compound
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selected from a dihydroxy open acid statin and a pharmaceutically

acceptable salt or ester thereof with a pharmaceutically acceptable
carrier in a delayed-release dosage form.

34. An orally administrable pharmaceutical composition
made by combining a therapeutically effective amount of a compound
selected from a dihydroxy open acid statin and a pharmaceutically
acceptable salt or ester thereof with a pharmaceutically acceptable

carrier in a delayed-release dosage form.
10
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TITLE OF THE INVENTION

. DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDUCTASE

INHIBITORS

ABSTRACT OF THE DISCLOSURE

The instant invention provides methods and
pharmaceutical compositions for inhibiting HMG-CoA reductase, as
well as for treating and/or reducing the risk for diseases and conditions
affected by inhibition of HMG-CoA reductase, comprising orally
administering a therapeutically effective amount of a compound selected
from a dihydroxy open acid statin and a pharmaceutically acceptable
salt or ester thereof in a delayed-release pharmaceutical dosage form to
a patient in need of such treatment wherein substantial release of the

compound from the dosage form is delayed until after passage of the
dosage form through the stomach.
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As a below-named inventor, | hereby declare that | befieve | am: ;
the original, first and sole inventor; or \

[ anoriginal, tirst and joint inventor along with the other inventors listed below, of the subject matter which is
claimed and for which a patent is sought on the invention entitled

DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDUCTASE INHIBITORS \

I

| |

the specification of which [X] is attached hereto; 1

. {

‘. [0 wasfiedon as Application .

i

Serial No. and was amended {

through ( # applicable). \

| Lo I hereby state that | have reviewed and understand the contents of the above-identified specification, inc!udinq

theelaims, as amended as indicated above. ‘
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I acknowledge the duty to disclose to the Patent and Trademark Office all information known to me to be material

to tﬁze patentability of this appﬁcation in accordance with Title 37, Code of Federal Regulations, §1.56.
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| hereby claim foreign priority benefits under Title 35, United States Code, §119 (a)-(d) of any foreign applicatio
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Country Number Date Filed Attorney Docket Yes No

Page 1 of 3



c H e

DECLARATION AND POWER OF ATTORNEY
Prior United States Filing

| hereby claim the benefit under Title 35, United States Code, §119(e) of any United States provisional
| application(s) listed below.

To Be Assigned - March 8, 1999 20416PV
Appin. Ser. No. , Filing Date Attorney Docket
Appin. Se%. No. ' Filing Date ' » Attorney Docket
Appin. Ser. No. “Filing Date Attorney Docket
Appin. Sefj. No. Filing Date ] Attorney Docket

dagy to disclose material information as defined in Title 37, Code of Federal Regulations, §1.56 which occurred

B

[ between the filing datle(s) of the prior application(s) and the national or PCT international filing date of this appliwti?n:

PATENT Case No. 20416

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) listed

application(s) in the r&_'wanner provided by the first paragraph of Title 35, United States Code, §112, | acknowledge the

below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States

i sz
i Lk : . ) ~
| Agbin. Ser. No. Filing Date Status Attorney Docket.. .
Appin. Ser.No. =~ Filing Date , Status ‘ Attorney Docket
Apbin. Ser. No. . Filing Date Status | Attomney Docket .
_A_é_})ln. Ser. No. ‘v Filing Date Status ] Attorney Docket
Appln Ser. No. ] Filing Date Status | Attorney Docket
Appin. Ser, No. j Filing Date Status , Attorney Docket
And | hereby appoint
Carol S. Quagliato , Melvin Winokur
Reg. No. 35,330 Reg. No. 32,763 1 Reg. No.

application and to transact all business in the Patent and Trademark Office connected therewith. Please address

communications to: .

Carol S. Quagliato

Patent Department
Merck & Co., Inc. Telephone No. (732) 594- 3¢

’ respectively and individually, as my attomeys or agents with full power of substitution and revocation, to prosecute this

309

P.O. Box 2000
Rahway, NJ 07065-0907 Page ¢
i “

> of 3




w 4

DECLARATION AND POWER OF ATTORNEY

PATENT Case No. 20416’

1 hereby declare further that all statements made herein of my own knowledge are true and that all statemelins

made on information and belief are befieved to be true; and further that these statements were made with the knc%wledge

that williul false statements and the like so made are punishable by fine or imprisonment, or both, under Section 4001 of

Title 18 of the United States Code and that such willful false statements may jeopardize the validity of the application or

any patent issuing thereon.

Full name of sole or Full name of joint
joint inventor Jose N. Vega inventor
i
Inventor's Signature Inventor's Signature ;
Date Date
TRAPPE, PA 19426

Resndence Residence

izenship us Citizenship |
S . ) |
v T
10 SENTRY PARKWAY

PQSt Office Address BLUE BELL, PA 19422 Post Office Address

(i-ditferent from (it different from

above) above) }
ngll name of joint Full name of joint %
inventor inventor

l?f\:remor‘s Signature Inventor's Signature

Date Date

Residence Residence

Citizenship Citizenship
Post Office Address Post Office Address }
(if different from (# different from _

{ above) above)

Page 3

of 3

9%



L T S e RS S R
Gt Bt 836 il i d  WWOUTE W T G R R

4

100.0 -
95.0 -
®  go.0 A
S
=
P
2 8% nesuit: ay 8/ 5/98  1:46 PM
= CaSimvastatin 98669-146
B80.0 + x1 20,611 °C
X2 173.337 *C
Y1 99.866 Wt. X
75.0 4 Y2 93.563 Wt, X
AY -6.303 Wt. X
70.0
] | T | T I | T T |
50.0 100.0 150.0 200.0 250.0
10CPM Temperature (°C) VAM e

IEMPS: 20, [+]

e - FEMPRE --R00.0 €~

L TIMES: . 0.0 _min RATEL: — 40,0 C/min

 Figure 1.

PEAKIN=ELMER™—
7 Series Thermal Analysis System



Vﬁbaﬁ‘ rm L: o N o —

Figure 2, 3 - Z OS’ \;

e e e e MG w8 ey g e e
7 8 T T S i R o B i o el

1.0

0.5+

0.0+

44.87°C
89,58 (158.9) J/g

~0.5-

Heat Flow (W/g)

-1.04
100. 44°C

21.38J/g

241.37°C
91.57J/g

“1.59  54.78°cC

R 44.92°C 77.380(:
47 .98J/g 204,74°C

222.49°C

I - : - - 462.8(254.3) - d/g——
=270 : : ) : ' . i ' | |
A O 50 100 150 200 250 300

exo
. Trmrmanabkiima O HnAlvaneaaY V4 BT -TA Treobmimmanbs

g




0.0 5.0 10.0 15.0 20,0  25.0  30.0 350 400

Figwre 3. . _. . __. e -




Mayo 22, 2000 Merck & Co; Inc
Traduccion Oficial No. 0262 Caso - 00.016.008

REF:MERCK & CO;INC
Patente No.:PCT/US 00/02626

DEPARTAMENTO DE COMERCIO DE LOS ESTADOS UNIDOS
OFICINA DE MARCAS Y PATENTES

Mayo 10, 2000 !

Por medio del presente documento se certifica que adjunto se encuentra una
fiel copia de los registros de la Oficina de Marcas y Patentes de los Estados
Unidos, correspondientes a los documentos para la solicitud tal como se |
presentaron, con el fin de asignarle una fecha de registro bajo la norma dell

cédigo 35 USC 111.

Numero de Solicitud:PCT/US00/02626
Fecha de Registro:Febrero 2, 2000

Autorizado por:

COMISIONADO DE MARCAS Y PATENTES |
Firma:P. R. GRANT (
Funcionario Encargado de Certificaciones

Hay sello de la Oficina de Marcas y Patentes realzado de color avrado.

\}

T\
a\‘c <

- \\'

¢ de

\“ S
A
\){\-/\'\\ “0 \\\()' {9 6
RIS T
Ut et e
- [ »\‘




0-4

0-5

0-6

0-7

Recibo y uso de Oficina solamente
Solicitud Internacional No. PCT/US 00/02626

Fecha de Registro Internacional 02 Febrero 2000
Nombre de Oficina que recibe y “PCT

Solicitud Internacional” PCT-Solicitud

Internacional RO/US

Formulario - peticion PCT/RO/101 PCT :
Uso PCT Version EASY 2.9d
(actualizado el 15.12.1999)

Peticion
El abajo escrito pide que la presente solicitud internacional sea

proéesada de acuerdo a la Cooperacién del Tratado de Patentes.

Oficina que Recibe (especificado por

el solicitante) Oficina de Marcas y

Patentes de los Estados Unidos
(USPTO) (RO/US)

Archivo de referencia del agente o

solicitante PCT 204161(9/0 A

3



I Titulo del invento SALES Y ACIDOS ABIERTOS DE

DIHIDROXI INHIBIDORES DE
REDUCTASE HMG-CO

11 Solicitante

II-1 Esta persona es:

II-2  Solicitante para:

Solamente el solicitante

Todos los Estados a excepcion US

II-4 Nombre: MERCK & CO., Inc

1I-5 Direccion 126 East Lincoln Avenue

Rahway, NJ 07065-0907

Estados Unidos de América

[I-6 Estado de Nacionalidad US
II-7 Estado de residencia US
II-8 No. Teléfono 732-594-3809
II-9 No. Fax. 732-594-4720
III-1 Solicitud y/o inventor
II-1-1 Esta persona es: solicitante e inventor
11-1-2 Solicitante para: Solamente los Estados Unidos
I11-1-4 Nombre(Apellido, Nombre:  Tyllyer, Richard, D.
I11-1-5 Direccién 126 East Lincoln Avenue
Rahway, NJ 07065-0907
Estados Unidos de América
III-1-6 Estado de Nacionalidad Reino Unido
III-1-7 Estado de residencia US
II1-2 Solicitud y/o inventor
I-2-1

Esta persona es: W isld
i \‘



I11-2-2
11-2-4

I11-2-5

I11-2-6
1-2-7

I11-3

I11-3-1
111-3-2
I11-3-4

I1-3-5

I11-3-6
1H1-3-7

111-4
I11-4-1
I1-4-2
I11-4-4

I11-4-5

Solicitante para: Solamente los Estados Unidos
Nombre(Apellido,

Nombre): Reider Paul, J.

Direccién 126 East Lincoln Avenue

Rahway, NJ 07065-0907
Estados Unidos de América
Estado de Nacionalidad US
Estado de residencia US

Solicitud y/o inventor

Esta persona es: solicitante e inventor
Solicitante para: Solamente los Estados Unidos
Nombre(Apellido,

Nombre): Grabowski, Edward, J. , J.
Direccién 126 East Lincoln Avenue

Rahway, NJ 07065-0907
Estados Unidos de América
Estado de Nacionalidad US
Estado de residencia US

Solicitud y/o inventor

Esta persona es: solicitante e inventor

Solicitante para: Solamente los Estados Unidos

Nombre(Apellido,

Nombre): XU, Feng

Direccion 126 East Lincoln Avenue
Rahway, NJ 07066/%&‘:[‘9/7

ot

\/ .




I11-4-6
I11-4-7

I11-5
II1-5-1
111-5-2
111-5-4
111-5-5
111-5-6

HI-5-7

IV-1

IV-1-1

IvV-1-2

IvV-1-3
IV-1-4

Estados Unidos de América
Estado de Nacionalidad China
Estado de residencia US

Solicitud y/o inventor
Esta persona es: solicitante e inventor

Solicitante para: Solamente los Estados Unidos

Nombre(Apellido,

Nombre): VEGA, José, M.

Direccidon 126 East Lincoln Avenue
Rahway, NJ 07065-0907
Estados Unidos de América

Estado de Nacionalidad UsS

Estado de residencia US

Agente o representante comtin;

o direccidn de correspondencia

La persona identificada anteriormente se ha nombrado

para que actie a favor del solicitante (es) ante las Autoridades

Internacionales Competentes como:

Nombre Merck & Co., Inc

126 Esat Lincoln Avenue
Rahway, NJ 07065-0907

Estados Unidos de América

Direccién

No. Teléfono
No. Fax:

723-594-4720 @0909”7

>

723-594-3809 \1\/



Designacion de Estados |
Patente Regional AP: GHGM KE LS MW SD
(otros tipos de proteccidn o SLSZTZUGZW Yy cualquicrl

tratamiento,en el caso que existan, otro Estado que sea un Estado
son especificadas entre parentesis Contratante del Protocolo de
después de la designacién Harare y del PCT.

(es) relacionada)

EA: AM AZ BY KG KZ MD
RU TJ TM y cualquier otro |

Estado que sea un Estado

Contratante de la Convencion ‘

de Patentes de Eurasia y de la!
PCT.

EP: AT BE CH&LICY DE
DKESFIFRGRGRIEIT
LU MC NL PT SE y cualquie

otro Estado contratante de la f
{
|
i

=

Convencion de Patentes

Europeas y de la PCT.

OA: BFBICFCGCICM :
GA GN GW ML MR NE SN
TD TG y cualquier otro

Estado unS Oﬁ%s_gg@ﬁ’

t
|
|
o
|
|



V-2 Patente Nacional
(otros tipos de proteccion o
tratamiento,en el caso que existan,
son especificadas entre paréntesis
después de la designacién

(es) relacionada)

V -5 Designacién de declaracién preventiva.
ademads de las designaciones realizadas

bajo los itemes V-1, V-2 y V-3, el

solicitante puede también realizar

bajo la regulacion 4.9(b)

todas las designaciones que pueden

ser permitidas bajo la PCT a excepcién

de cualquier designacion (esO de los estado (s)
indicados bajo el item V-6 anteriormente
mencionado. El solicitante declara que Ll
esas designaciones adicionales son sujetas L ‘&"}D |
a confirmacién y que cualquier designacién ng’

miembro del OAPI y un
Estado Contratante de PCT.

AE AL AM AT AU AZBA
BB BG BR BY CA CH&LICN
CR CU CZ DE DK DM EE FH
GB GD GE GH GM HR HU ID
IL IN IS JP KE KG KR KZ

LCLKLRLSLTLULV MA

MD MG MK MN MW MX NQO .

NZ PL PT RO RU SD SE SG
SISKSLTITMTRTTTZ
UAUG USUZVNYUZA
ZW.

ot

. \‘,

A 3
\'-‘.l\ O \'\ b

5
w .
R} \‘S\q‘\ R
1\} .‘0\, v
K S }“'\‘ ) &
‘4“‘\. SN (-)‘? ‘cf\
i !.\
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V-6

que no sea previamente confirmada antes
de la fecha de vencimiento a los 15 meses
desde la fecha de prioridad sera considerado

como retirado por el solicitante en esa fecha

limite de vencimiento.

Exclusion (es) de las designaciones preventivas NINGUNA

V1-1 Reivindicacion de prioridad sobre

VI-1-1 Fecha de registro

VI-1-2 Nimero

solicitud nacional anterior

Marzo 08 1999 (08.03.1999)

60/123, 227

VI-1-3 Pais

US

VI-1-2 Reivindicacion de prioridad sobre

solicitud nacional anterior

VI-2-1

VI-2-2

VI-2-3

VI- 3

Fecha de registro Marzo 09, 1999 ( 09.03. 1999)

Nimero 09/264,744

Pafs Us

\
Documento de Peticion de prioridad @OQ(/&V

SV e Wb

e ()l“l,«

: CR e
., ot A . &



Se le exige a ls Oficina que recibe
preparar y transmitir a la Oficina VI-I, VI-2
Internacional una copia certificada

de las solicitud(es) anterior(es) iden-

tificadas anteriormente como item (s):

VII-1 Autoridad Internacional

escogida para la Oficina de patentes Europeas (EPO)

la Investigacion (ISA/EP)

VIII Listado de Verificacién ntiimero Paginas registros

electrénicos adjuntos

VIHI-1 Peticiones 5 -
VIII-2 Descripcion 40 -
VIII-3 reivindicaciones 8 -
VIII-4 resumen 1 20416v resumen para
barbara cozzi. txt
VIII-5 Gréficas 4

VIII-7 Total 58 -

items acompafiantes documentos adjuntos

registros
electrénicos adjuntos

VIII-8 Hoja de célculo /
de honorarios

VIII-9 poder firmado
separadamente /




VIII-10 copia de Poder
- general /

VIII-16 PCT EASY -diskette - diskette

VIII-18  Disefio de grafica que debe 1
acompaiar el resumen

VIII19  Idioma de registro de la
solicitud Internacional Inglés

IX-1

firma del solicitante o agente (hay firma de Carol S.
Quagliato)

IX-1-1 Nombre Merck & Co., Inc

IX--1-2 Nombre del firmante  Carol S, Quagliato

IX-1-3 Cargo Abogado
10-1 Fecha de recibo de la

solicitud internacional que Registro de 520 PCT/PTO

se gestiona. Febrero 02/2000

10-2 Graficas
10-2-1 Recibidas
10-2-2 No recibidas
10-3 Fecha corregida de consignacién
con fecha de vencimiento posterior
pero con recibo de documentacién

a tiempo o graficas que complementan @ })’O
. . . \L(
la solicitud internacional que se gestiona.

10



10-4 Fecha de recibo a tiempo, de las

correcciones requeridas bajo el Articulo
de PCT 11(2).

10-5 Autoridad Internacional

investigadora ISA/EP

10-6

Tramite de investigacion de

copia postergada hasta que se paguen
honorarios correspondientes a la

investigacion.

SOLO PARA USO INTERNACIONAL

11-1 Fecha de recibo de copia de registro

de la oficina internacional.




PCT

PODER
(para uso de solicitud internacional registrado bajo el Tratado de

Cooperacieon para Patentes)

(PCT regla 90.4

El abajo solicitante (s) suscrito (Nombres deben ser indicados tal
como aparecen en la peticidn):

TILLYER, Richard D., REIDER, Paul J., GRABOWSKI,
Edward J1.J., XU, Feng

Yo por medio de la presente nombro a

la siguiente persona como: [x] representante

Nombre y Direccidn

(Apellido seguido por el nombre: para una entidad legal, designacion

oficial total. La direccién debe incluir c6digo postal y nombre del pais.)

SN
MERCK & CO., INC W

126 East Lincoln Avenue



Rahway, New Jersey 07065-0907
Estados Unidos de América

para que represente el abajo firmante [x] todas las autoridades

competentes

relacionadas con la solicitud internacional identificada a continuacion:

Titulo de la invencién: SALES Y ACIDOS ABIERTOS DE
DIHIDROXI INHIBIDORES DE
'REDUCTASE HMG-CO
Referencia de solicitante o agente : PCT 20416Y

Nimero de solicitud Internacional (si estd disponible):

registrada con la siguiente oficina Oficina_de Los Estados

Unidos Receptora como la Oficina que recibe y que recibe y

realiza pagos por parte del abajo firmante.

Firma del solicitante (s) (en la cual se encuentran varios solicitantes, cada
uno de ellos debe firmar; al lado de cada firma, se debe indicar el nombre

de la persona que firma y el cargo para el cual firma, si dicho cargo no es

evidente al leer la peticién o este poder):

Fecha: Feb. 1, 2000 ‘Richard D. Tillyer 9,7@0‘&



Fecha: Feb. 1, 2000

Fecha: Feb. 1, 2000

Fecha: Feb. 1, 2000

1992)

Paul J. Reider

Edward J. J. Grabowski

Feng, Xu



PCT

PODER
(para uso de solicitud internacional registrado bajo el Tratado de

Cooperacion para Patentes)

(PCT regla 90.4

El abajo solicitante (s) suscrito (Nombres deben ser indicados tal

como aparecen en la peticidn):

TILLYER, Richard D., REIDER, Paul J., GRABOWSKI,
Edward 1.J., XU, Feng

Yo por medio de la presente nombro a

la siguiente persona como: {x] representante

Nombre y Direccion

(Apellido seguido por el nombre: para una entidad legal, designacién

oficial total. La direccién debe incluir c6digo postal y nombre del pais.)

MERCK & CO., INC N/

126 East Lincoln Avenue bo

15



Rahway, New Jersey 07065-0907

Estados Unidos de América

para que represente el abajo firmante [x] todas las autoridades

competentes

relacionadas con la solicitud internacional identificada a continuacién:

Titulo de la invencién: SALES Y ACIDOS ABIERTOS DE
DIHIDROXI INHIBIDORES DE
REDUCTASE HMG-CO

Referencia de solicitante o agente : PCT 20416Y

Numero de solicitud Internacional (si estd disponible):

registrada con la siguiente oficina Oficina de Los Estados

Unidos_Receptora como la Oficina que recibe y que recibe y

realiza pagos por parte del abajo firmante.

Firma del solicitante (s) (en la cual se encuentran varios solicitantes, cada
uno de ellos debe firmar; al lado de cada firma, se debe indicar el nombre

de la persona que firma y el cargo para el cual firma, si dicho cargo no es

evidente al leer la peticidn o este poder):

Fecha: Feb. 1, 2000 José M. Vega

1992)

16



Resolucion Corporativa General # § Correccionl1/23/99

Efectiva 12/1/99
ASUNTOS DE PATENTES

Resuelto, que cualquiera de las personas mencionadas a continuacién:

Raymond V. Gilmartin - Presidente de la Junta, Presidente y
Director Ejecutivo

Kenneth C. Frazier- Vicepresidente Superior y Abogado General
Joseph F. DiPrima- Vicepresidente y Abogado Asistente General
Paul D. Matukaitis- Vicepresidente y Abogado Asistente General
Edward Murray- Abogado, Litigio

Charles M. Caruso-Abogado Internacional

W. Gwyn Cole - Abogado de Patentes Europeas

Mark R. Daniel- Abogado, Patentes

David L. Rose - Abogado, Patentes

Jack L. Tribble - Abogado, Patentes
Melvin Winokur - Abogado, Patentes

Donna L. Pollock- Administrador, Patentes

se autorizo ejecutar y revocar a beneficio de Merck & Co., In. y sus
afiliados (incluyendo subsidiarios) los siguientes documentos

relacionados con asuntos de patentes.

Poder total de acuerdo a la ley de acuerdo a como sea neces

y apropiado relacionado con la adquisicion, registro, man

y coaccidn de patentes y solicitudes para patentes 1(95;5 ndo poderes |

nl“

yiu
o

. \."" ; 0
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relacionados con la demanda o defensa de los derechos de patentes %
antes las cortes de leyes u otros tribunales gubernamentales, agencias
o departamentos; declaracién juramentada y declaraciones; y

|
i
\
t
|
l
1
. : : |
cualquier otro documento que sea necesario y apropiado para la |
adquisicion, registro, mantenimiento, litigio y proteccién de patentes. 1

|




2

|

|

|

|

|

l

CERTIFICACION \t
|
|

Yo, DEBRA A. BOLLWAGE,como secretaria encargada de Merck

& Co., Inc Una empresa debidamente organizada y existente bajo las
leyes del estado de Nueva Jersey, por la presente certifico que el
anexo, de la presente es una copia fiel y verdadera de la Resolucién

Empresarial General #5, Asuntos de Patentes, tal como fue enmendada en

noviembre 23, 1999, efectiva en diciembre 1,

1999 por el Presidente
de la Junta de dicha entidad, en la junta

debidamente convocada y
llevada a cabo en noviembre 23, 1999 en la cual hubo quérum presente.

1
|
l
l
|
\
\
|
|
|

EN TESTIMONIO DE QUE, he firmado y fijado el sello de la
Empresa al dia 9 de Diciembre del afio de 1999.

Firma: Debra A. Bollwage

1
|
|
|
|

Secretaria Encargada @DQ (/on‘b
l
1
\
|
l
l
1
\




TRATADO DE COOPERACION DE PATENTES

Nombramiento General de Agente o Representantes

Los abajo firmantes solicitante(s) por la presente designan:

Sylvia A. Ayler
Richard C. Billups
Valerie J. Camara
Anna L. Cocuzzo
Joseph A. Coppola
Mark R. Daniel
Joseph F. DiPrima
Phillippe L. Durette
Catherine D. Fitch
J. Antonio Garcia -Rivas
Joanne M. Giesser
J. Mark Hand
Sheldon O. Heber
James M. Hunter, Jr

Elliot Korsen

todos de la empresa Merck & Co., Inc., 126 East Linceln(Av

Rahway, New Jersey 07065

Shu Muk Lee
James L. McGinnis
David A. Muthard
Curtis C. Panzer
Richard S. Parr
Dianne Pecoraro
Carol S. Quagliato
David L. Rose
Anthony D. Sabatelli
J. Eric Thies
Jack L. Tribble
Nicole M. Wallinger
Kenneth R. Walton
Melvin Winokur
Mollie M. Yang
Michael D. Yablonsky

.

c,

20

\



como agentes (abogados)

para que se desempeiien a su favor ante las Autoridades Competentes
Internacionales relacionadas con cualquier solicitud Internacional

registrada por el de la cual el solicitante tnico y para que reciba los pagos a
su favor.

Lugar: Rahway, New Jersey Fecha Enero 4, 2000

Firma del solicitante

MERCK & CO., INC.

A
Firma: DONNA L. POLLOCK }/&NVTQ},"

.. EY A
Administradora de Patentes LA

\ <
A
. ) b
s




Recibo y uso de Oficina solamente

0-1 Solicitud Internacional No.

0-2 Fecha de Registro Internacional

PCT/US 00/02626

02 Febrero 2000

0-4 Formulario - peticion PCT/RO/101 PCT

(Anexo) Calculo de Honorarios

0-4-1 Preparado para uso

0-9

o agente

2 Solicitante

PCT Version EASY 2.90
(actualizado el 15.12.1999)

Referencia de registro de solicitante

PCT 20416Y

MERCK & CO., INC. , et al.

12 Calculo de honorarios prescritos Cantidad honorarios/multiplicador Cantidad Total

12-1

honorarios tramite T

12-2 honorarios Investigacién S

12-3  honorarios internacionales

12-4

12-5

12-6

12-7

honorarios basicos

Primeras 30 piginas bl
Paginas restantes

cantidad adicional (x)
Cantidad total adicional b2

bl + b2= B

en $ US
- 240 240
- 990 990
427 427
28
10
280 280
707 707 g\

N :“,,-N'
N

o
vt Pl

s
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12-8 Honorarios designados
Nimero de designaciones existentes

en solicitud internacional 82
12--9 Numero de designaciones de
honorarios pagaderos

(méximo 8) 8

12-10 suma de honorarios

designados (x) 92

12-11 Total de honorarios

designados D 736 736
12-12 reduccién de honorarios
PCT EASY R -132 -132
12-13 Total honorarios
internacionales (B+D-R) 1 - 1,311 1,311
12-14 honorarios para documentos
de prioridad requeridos 2
12-15 honorarios por cada
documento  (Xx) 15
12-16 Total de honorarios de
prioridad 1§ - 30 30

12-17 TOTAL DE HONORARIOS

PAGADEROS (T+S+I+P) ; 2,571

12-19 Forma de pago Autorizacién paracobrarala cue@::jhﬁg&o
(9,0 ot
12-20 instrucciones para depositar wuﬂ’ A

en cuenta corriente

23
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Oficina recibidora Oficina de Marcas y Patente de Los Estados l
Unidos (USPTO) (RO/US) [

12-20-1 Por la presente se autoriza a cobrar .' ‘

los honorarios totales indicados anteriormente ‘
ami cuenta corriente /

12-20-2 por la presente se autoriza para cobrar

cualquier pago adicional o crédito de sobre pago
sobre los honorarios totales indicados

12-20-3 Por la presente se autoriza cobrar los
honorarios para la preparacion y tramite de
los documentos de prioridad a la Oficina

|
‘1
anteriormente a mi cuenta corriente / 1
|
|
|
Internacional de WIPO a mi cuenta corriente / ‘

|

12-21 No. de Cuenta Corriente 13-2755

12-22 Fecha 02 Febrero 2000 (02.02.2000)

12-23 Nombre y Firma Carol S. Quagliato

VALIDACION DE APUNTES Y SUGERENCIAS

13-2-2 Mensajes de Estados de Validacién Green? 1
Existe la posibilidad de que se * *

|

adicionales.

3 9/; |
uf\’ ot
N ‘,tl'kl;“

i ] ! 1 R ) £

hagan validacioneip




13-2-6 Contenido en Mensajes de Validacién

13-2-8 Pagos en Mensajes de Validacién

Los siguientes Estados no han
sido designados

Green ?

Referencia de nimero anexos
a la copia del poder general no
indicadas.

Green?
Favor verificar que la cuenta
corriente se encuentre vigente

con la Oficina de recibo

seleccionada. OO‘ QW&JL& V\ .

L

i
ra !
. oy \ '.‘ "
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REIVINDICACIONES

1. Una composicion farmacéutica la cual consiste de una
cantidad terapéuticamente eficaz de un compuesto seleccionada de
una estatina de 4cido abierto de dihidroxi y una sal
farmacéuticamente aceptable o ésteres del mismo y un portador
farmagéuticamente aceptable, formulado como una forma de dosis de
accion retardada en el cual la liberacién substancial del compuesto de
la forma de dosis después de un suministro oral al paciente se

demora hasta que la forma de dosis pase por el estémago.

2. La composicién farmacéutica de acuerdo a la reivindicaciéon -

I, en el cual como médximo se libera un 10% del peso de la estatina

hacia el estémago del paciente después de su suministro.
3.  La composicién farmacéutica de acuerdo a la reivindicacion 2,

en la cual se libera una maxima cantidad un 5% del peso de la

estatina en el estomago del paciente después de sus suministroM

26
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4.

en el cual se libera una maxima cantidad un 1% del peso de la

estatina en el estomago del paciente después de sus suministro.

5.

La composicién farmacéutica de acuerdo a la reivindicacidn

1 en la cual la composicidn se encuentra totalmente revestida.

6.

La composicién farmacéutica de acuerdo a la reivindicacién 5

en el cual la forma de dosis es entéricamente revestida.

7. La composicién farmacéutica de acuerdo a la reivindicacion

5, en la cual la forma de dosis consta de granulos entericamente
revestidos de estatina de 4cido abierto de dihidroxi o una sal

farmacéuticamente aceptable de ésteres del mismo.

8.

La composicién farmacéutica de acuerdo a la reivindicacion
5, en la cual la forma de dosis consta de granulos entericamente

revestidos de simvastatina de acido abierto de dihidroxi o una sal

farmacéuticamente aceptable de ésteres del mismo.

9. La composicion farmacéutica de acuerdo a la reivindicacién

5, en la cual la forma de dosis consta de granulos enteri@;g?%/p V\

ALt 27
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La composicidon farmacéutica de acuerdo a la reivindicacion 3



revestidos de estdtica de 4cido abierto de dihidroxi o una sal

farmacéuticamente aceptable de ésteres del mismo, siempre y cuando

que la forma de dosis no conste de granulos de aspirina

10.

La composicion farmacéutica de acuerdo a la reivindicacién
3, en la cual la composicién es formulada de una forma de dosis

entericamente revestida y de rdpida liberacion farmacéutica

11.

La composicion farmacéutica de acuerdo a la reivindicacién
5, en la cual la composicién es formulada de una forma de dosis

farmacéutica entericamente revestida y de liberacién de tiempo

controlado.

12. La composicién farmacéutica de acuerdo a la reivindicacion

1, en la cual la composicién es formulada de un dispositivo de

liberacién de droga que consta de:

(A) Un nicleo comprimido de una mezcla que consiste de:

(1)  una cantidad terapeutlcamente eficaz d@ 09 /}"7
‘ compuesto; y

28



(i)

un polimero el cual cuando se somete a

hidrataciéon forma unas particulas gelatinosas

microscopicas; y

(B)

un revestimiento polimerico impermeabie insoluble en
agua e impermeable al agua el cual consiste de un polimero y
plastificados, el cual cubre y se adhiere al niicleo, el

revestimiento ﬁene un pluralidad de aperturas conformadas

expuestas entre aproximadamente 1 y alrededor de 75% del la

superficie del nicleo;

: en el cual el promedio de liberacin del compuesto del dispositivo es

la funcién del mimero y tamafio de las aperturas.

13.

La composicidn farmacéutica de acuerdo a la reivindicacién

12, en la cual el dispositivo de liberacion de la droga consta

adicionalmente de un revestimiento enterico externo al revestimiento

polimérico insolubie en agua e impermeable al agua.

14.  La composicién farmacéutica de acuerdo a la reivindicacion

1, en la cual la estatina es seleccionada en formas de 4cido abierto qu,

dihidroxi de lovastatina, simvastatina, atorvastatina, ce@ 1na,

. AN W TR 29



nivastatina y ZD-4522 y sales farmacéuticamente aceptables y ésteres

del mismo.

15.  La composicidn farmacéutica de acuerdo a la reivindicacién

1, en la cual la estatina es seleccionada en formas de dacido abierto de

dihidroxi de lovastatina, simvastatina y sales farmacéuticamente

aceptables y ésteres del mismo.

16.

La composicion farmacéutica de acuerdo a la reivindicacién
1, en la cual la estatina es seleccionada en formas de 4cido abierto de

dihidroxi de simvastatina y sales farmacéuticamente aceptables y

ésteres del mismo.

17.  La composiciéon farmacéutica de acuerdo a la reivindicacion

1, en la cual la estatina es una sal farmacéuticamente aceptable de la

simvastatina de 4cido abierto de dihidroxi.

18.

La composicidén farmacéutica de acuerdo a la reivindicacién

1, en la cual la estatina es una sal de calcio de la simvastat M
abierto de dihidroxi.

Wuﬁ
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19.

La composicién farmacéutica de acuerdo a la reivindicacion

{
1, en la cual la estatina es una sal de amonio de la simvastatina de

acido abierto de dihidroxi.

20.

|
La composicion farmacéutica de acuerdo a la reivindicacidn
1, en la cual la estatina es una sal de calcio de la simvastatina de acido

abierto de dihidroxi la cual tiene un patrén de difraccién de polvos

de rayos x obtenida utilizando la radiacién CuKa la cual se
caracteriza mediante las reflecciones de los espacios - d de 30.7,

24.6,15.9, 112, 8.58,7.31, 6.74, 6.06, 5.35, 5.09, 493, 4.60,3.93, |
3.84,3.67,3.51 y 3.28A.

21.  La composicién farmacéutica de acuerdo a la reivindicacién

5, en la cual la estatina es seleccionada en formas de 4cido abierto de
)
dihidroxi de lovastatina, simvastatina, atorvastatina, cerivastatina,

nivastatina y ZD-4522 y sales farmacéuticamente aceptables y ésteres
del mismo.

22.

|
|
La composicidn farmacéutica de acuerdo a la reivindicacion \

5, en la cual la estatina es seleccionada en formas de 4cido abierto de

dihidroxi de lovastatina, simvastatina y sales farmacé

|

A |

1

(‘

et

|

A ‘

2’ . X \

aceptables y ésteres del mismo. &,D/vaf“ e ‘-\
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23.

La composicién farmacéutica de acuerdo a la reivindicacion
5, en la cual la estatina es seleccionada en formas de acido abierto de

dihidroxi de simvastatina y sales farmacéuticamente aceptables y

ésteres del mismo.

24.

La composicién farmacéutica de acuerdo a la reivindicacién

5, en la cual la estatina es una sal farmacéuticamente aceptable de

simvastatina de acido abierto de dihidroxi.

25.

La composicién farmacéutica de acuerdo a la reivindicacion

5, en la cual la estatina es una sal de calcio de la simvastatina de dcido
abierto de dihidroxi.

26.  La composicién farmacéutica de acuerdo a la reivindicacién

5, en la cual la estatina es una sal de amonio de la simvastatina de

4cido abierto de dihidroxi.

27.  La composicién farmacéutica de acuerdo a la reivindicacién

5, en la cual la estatina es una sal de calcio de la simvastatina de acido

abierto de dihidroxi la cual tiene un patrén de difraccién de p

e
de rayos x obtenida utilizando la radiacién CWW e

e
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caracteriza mediante las reflecciones de los espacios - d de 30.7,

24.6,15.9,11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60, 3.93,

3.84, 3.67,3.51 y3.28A.

28.

La composicién de acuerdo a la reivindicacién 27 la cual a

continuacion consta de BHA.

29.

La composicién de acuerdo a la reivindicacion 27 la cual a

continuacion consta de propilo de galato.

30.

La composicién de acuerdo a la reivindicacién 27 la cual a

continuacion consta de BHA y propilo de galato.

31.

Una composicidn oral farmacéutica la cual se fabrica al
mezclar una cantidad que se revuelve de un compuesto seleccionado
de una estatina de dcido abierto de dihidroxi y una sal
farmacéuticamente aceptable o ésteres del mismo con un portador

farmacéuticamente aceptable en una forma de dosis de liberacién
retardada.

32. Un proceso para la preparacién de una composic@;@g}&

2’ . . . Rat)
farmacéutica la cual se fabrica al mezclar upa cantidad-que se
1 | e
\ 4

B e
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i

i

revuelve de un compuesto seleccionado de una estatina de dcido
abierto de dihidroxi y una sal farmacéuticamente aceptable o ésteres

del mismo con un portador farmacéuticamente aceptable en una

forma de dosis de liberacion retardada.

33.  El uso de estatina de 4cido abierto de dihidroxi y una sal

farmacéuticamente aceptable o ésteres del mismo para la preparacion

de un medicamento de suministro oral adaptado para una liberacién
de accidn retardada en el cual la liberacion substancial de la estatina

después del suministro oral no sucede hasta que el medicamento pase

a través del estomago.

34.

El uso de acuerdo a la reivindicacidn 33 en el cual por lo

menos un 10% del peso de la estatina se libera en el estomago del

paciente después de su suministro.

35. El uso de acuerdo a la reivindicacién 33 en el cual p%?lo ‘

menos un 5% del peso de la estatina se libera Omago del
paciente después de su suministro.

pr .
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36. El uso de acuerdo a la reivindicacién 33 en el cual por lo menos

un 1% del peso de la estatina se libera en el estomago del

paciente después de su suministro.

37. El uso de simvastatina de acido abierto de dihidroxi o una sal

farmacéuticamente aceptable o ésteres del mismo para la preparacion

del medicamento de la reivindicacion 33.

38.  El uso de estatina de acido abierto de dihidroxi y una sal

farmacéuticamente aceptable o ésteres del mismo para la preparacién
de un medicamento de suministro oral adaptado para una liberacién

de accion retardada util para la para la liberacién de un 90% del peso

de la estatina en su forma de 4cido abierto de dihidroxi a la mucosa

intestinal de un paciente después del suministro oral.

39. El uso de acuerdo a la reivindicacién en el cual por lo menos un
95% del peso de la estatina liberada en su forma de 4cido abierto de

dihidroxi a la mucosa intestinal en un paciente después del suministro
oral.

40 El uso de acuerdo a la reivindicacidn en el cual Ixfw& ’
un 99% del peso de la estatina liberada en

su fi acido abierto
~, I‘u“cf““
L L .
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de dihidroxi a la mucosa intestinal en un paciente después del

suministro oral.

41. El uso de acido abierto de dihidroxi de simvastatina o una sal

farmacéuticamente aceptable o éster de la misma para preparar el

medicamento de la reivindicacion 38.

42. El uso de estatina de acido abierto de dihidroxi o una sal

farmacéuticamente aceptable o éster del mismo para la preparacién
un medicamento oral adaptado para la liberacién tardl’a‘ util para la

inhibicidn de reductase HMG-CoA en un paciente que necesita dicho
tratamiento en el cual la liberacidn substancial de la estatina después

de su suministro oral se retarda hasta que el medicamento pasa por el
estémago.

43.  El uso de estatina de acido abierto de dihidroxi o una sal

farmacéuticamente aceptable o éster del mismo para la preparacién

un medicamento oral adaptado para la liberacién tardia util para

tratar la hipercolesterolemia en un paciente que necesita dicho

tratamiento en el cual la liberacidn substancial de la estatina después
de su suministro oral se retarda hasta que el medicamento @on/rﬁb ‘\

estomago. T netl
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44.  El uso de estatina de 4dcido abierto de dihidroxi o una sal
farmacéuticamente aceptable o éster del mismo para la preparacion
un medicamento oral adaptado para la liberacién tardia ttil para la
prevencién o reduccidn del riesgo del desarrollo de enfermedades
arteriosclerosis en un paciente que tenga el riesgo de desarrollar

enfermedades arterioscleroticas en el cual la liberacion substancial de

la estatina después de su suministro oral se retarda hasta que el
medicamento pase por el estomago. ?
45.  El uso de la reivindicacion 44 en el cual el medicamento es
util para prevenir y reducir el riesgo de desarrollar la enfermedad

arterosclerdtica seleccionada de un una enfermedad cardiovascular | é

|
1

enfermedad cerebrovascular y enfermedad de un vaso periférico.
46.  El uso de la reivindicacion 44 en el cual el medicamento es
util para prevenir y reducir el riesgo de desarrollar enfermedades

coronarias. '

47. El uso de estatina de 4cido abierto de dihidroxi o una sal

] . ) e .
. farmacéuticamente aceptable o éster del mismo para la preparacién Y\

un medicamento oral adaptado para la liberacidn tardia i

Yol e



dicho tratamiento en el cual la liberacion substancial de la estatina después

una

de

tratar enfermedades arteriosclerdtica en un paciente que necesita

de su suministro oral se retarda hasta que el medicamento pasa por €l

|
estémago. :
|

48. El uso de la reivindicacion 47 en el cual el medicamento es

util para tratar la enfermedad arteriosclerdtica seleccionada de un

enfermedad cardiovascular, enfermedad cerebrovascular y

enfermedad de un vaso periférico.

49. El uso de acuerdo a la reivindicacion 47 en el cual €l

medicamento es Titil para tratar enfermedades coronarias.

50. El uso de estatina de acido abierto de dihidroxi o una sal

farmacéuticamente aceptable o éster del mismo para la preparacién f
un medicamento oral adaptado para la liberacidn tardia ttil para
prevenir o reducir los riesgos de incidencia y recurrencia de

enfermedades arteriosclerdticas en un paciente que se encuentra en

riesgo de contraer enfermedades arterosclerdtica en el cual la

liberacion substancial de la estatina después de su suministro oral }‘s

retardada hasta que el medicamento pasa por el esté@& ”'/9/0
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N
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51. El uso de acuerdo a la reivindicacién 50 en la cual el
medicamento es titil para prevenir y reducir el riesgo de incidentes o
recurrencia de enfermedades arteriosclerdticas en personas que se

encuentran ya con la enfermedad.

52.  El uso de acuerdo a la reivindicaciéon 50 en la cual el
medicamento es ttil para prevenir y reducir el riesgo de incidentes o
recurrencia de enfermedades arteriosclerdticas en personas que se

encuentran en el riesgo de desarrollar la enfermedad.

53.  El uso de acuerdo a la reivindicacion 50 en la cual el

medicamento es ttil para prevenir y reducir el riesgo de incidentes ¢
recurrencia en el caso de enfermedades arteriosclerdticas

seleccionadas en el caso de enfermedades coronarias, en el caso de

enfermedades cerebrovascular e intermitente claudicacién.

54.  El uso de acuerdo a la reivindicacion 50 en la cual el

medicamento es Util para prevenir y reducir el riesgo de incidentes o0

recurrencia en el caso de enfermedades coronarias seleccionada por

el caso de muerte por enfermedad coronaria, infarto del miocardio }9 \\' .

procedlmlentos de revascularlzacmn coronarla
At
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55. El uso de acuerdo a la reivindicacion 50 en la cual el J
medicamento es titil para prevenir y reducir el riesgo de incidentes (T
recurrencia en el caso de situaciones cardiovasculares seleccionadas |

de un accidente cardiovascular o un ataque isquémico transitorio.

56. El uso de acuerdo a las Reivindicaciones 42 hastala 55 en la
cual la forma de estatina de dcido abierto de dihidroxi es
seleccionado de lovastatina y simvastatina y sales farmacéuticamente

aceptables y ésteres del mismo.

57. El uso de acuerdo a las Reivindicaciones 42 hasta la 55 en la
cual la forma de estatina de dcido abierto de dihidréxi es
seleccionado de lovastatina y simvastatina y sales farmacéuticamente

aceptables y ésteres del mismo.

58. El uso de acuerdo a las Reivindicaciones 42 hasta la 55 en lav v

cual la forma de estatina es una sal farmacéuticamente (?Mn&ra
¥

H'n

de 4cido abierto de dihidroxi. S

.
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59.  El uso de acuerdo a las Reivindicaciones 42 hastala 55 en la | 7})(
cual la forma de estatina es una sal de calcio de simvastatina de dcido

abierto de dihidroxi.

60. El uso de acuerdo a las Reivindicaciones 42 hasta la 55 en la
cual la forma de estatina es una sal de amonio de simvastatina de

acido abierto de dihidroxi.

61. La composicién farmacéutica de acuerdo a la reivindicacién
42 hasta 45, en la cual la estatina es una sal de calcio cristalina
hidratada de la simvastatina de acido abierto de dihidroxi la cual

tiene un patrén de difraccién de polvos de rayos x obtenida

utilizando la radiacién CuKa la cual se caracteriza mediante las {
reflexiones de los espacios - d de 30.7, 24.6, 15.9, 11.2, 8.58, 7.31,f

6.74, 6.06, 5.35, 5.09, 4.93, 4.60, 3.93,3.84, 3.67, 3.51 y 3.28A. \\, .

JE :"N:"I‘_,;r’(’

4]




85.0 1 RESULT: AY 8/ 5/98 1:46 PM
CaSimvastatin 98669—-146 :

STx1 20611°C

m X2 173.337°C
7504 Y1 99.866 WI.%
Y2 93563 WI.%
Y 6303 W%

I VOLIYID




CA2

G

, O

|

Ho

L. (W/q)

1.0
0.5-
0.0
| 4487°C
~0.5- 89.58 (158.9) J/g
~1.0- »
1-00.44;0 .
21.38J/q 241,37°C
. _ 91.57J/q
B e 222.49°C o
47 98) / 77.38°C 204.74°C
’0 -38J/g 162.8 (254 3)! /s
—4L. 1 i I 1 Y
6o 0 50 100 150 200 300

f-——EmPQEQ U@é GC) 250
@KW 1. |



GRAFICA 3

29204

1.98-

1.76

1.54 -
1.32 7
1.10 1
0.88
0.66

0.44 -
0.22

0.0

5.0 100 150

heCh






GRAFICA 4




JOSE LLOREDA czanmdzfi;q(a{.} coi o
Yewek § €0y
oo ol >0

P2 212031

T ALE, TG WHOMTHESE; PRESENTS; SHAYT: COME
"~ UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

May 10, 2000

THIS IS TO CERTIFY THAT ANNEXED HERETO IS A TRUE COPY OF
THE BELOW IDENTIFIED INTERNATIONAL APPLICATION AS
ORIGINALLY FILED AND ANY CORRECTIONS THERETO FROM THE
RECORDS OF THE UNITED STATES PATENT AND TRADEMARK
OFFICE ACTING AS A RECEIVING OFFICE UNDER THE PATENT
COOPERATION TREATY.

APPLICATION NUMBER: PCT/US00/02626
FILING DATE: February 2, 2000

By Authority of the
COMMISSIONER OF PATENTS AND TRADEMARKS

P.R. GRANT |
Certifying Officer

v e

T T R




VAR “

P

PCT REQUEST

175

Original (for SUBMISSION) - printed on 02.02.2060 11:38:15 AM

2

|
|
|
|

PéT 20416Y

|‘
!

For receiving Offi onl
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0-2 International Filing Date :
| %%ﬁfga 2000 (020209
| P NTERIATIONAL
APPLICATION ROAJS
04  |Form - PCT/IRO/M01 PCT Request
0-4-1 | Prepared using PCT-EASY Version 2.90
(updated 15.12.1999) '
0-5 Petition
The undersigned requests that the :
present internatior_xal application be ‘
processed.according to the Patent -
Cooperation Treaty - |
06  |Receiving Office (specifiedbythe  [United States Patent and Trademark |
2pplicant  |office (USPTO) (RO/US) |
0-7 Applicant's or agent's file reference |pCT 20416Y f
! Title of invention DIHYDROXY OPEN-ACID AND SALTS OF ]
HMG-CO-A REDUCTASE INHIBITORS 1
i Applicant i l
(-1 This person is: N applicant only ’ ;
-2 | Applicant for all designated States except US i i
-4 |Name MERCK & CO., INC.
-5 Address: 126 East Lincoln Avenue ‘
Rahway, NJ 07065-0907 |
United States of America f
11-6 State of nationality us
-7 Statevof residence uUs ' "
II-8 . |Telephone No. 732-594-3809 (
-9 Facsimile No. 732-594-4720 |
-1 Applicant and/or inventor !
Hi-1-1 | This person is: applicant and inventor (
l-1-2 | Applicant for US only ’
lI-14 | Name (LAST, First) TILLYER, Richard, D.
I-1-5 | Address: 126 East Lincoln Avenue

1H-1-6
-1-7

State of nationality
State of residence

Rahway, NJ 07065-0507
United States of America
GB

Uus
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Hi-2 Applicant and/or inventor
ll-2-1 | This person is: applicant and inventor [
1i1-2-2 1 Applicant for US only ‘
N-2-4 | Name (LAST, First) REIDER, Paul, J. ‘
-2-5 | Address: 126 East Lincoln Avenue
Rahway, NJ 07065-0907
United States of America
i11-2-6 | State of nationality us
iI-2-7  |State of residence us ‘
-3 Applicant and/or inventor - '
1-3-1 | This person is: applicant and inventor
11-3-2 {Applicant for us only
W-3-4 | Name (LAST, First) GRABOWSKI, Edward, J., J. *
-3-5 |Address: 7 126 East Lincoln Avenue -
Rahway, NJ 07065-0907
United States of America
llI-3-6 | State of nationality Us
II1-3-7 | State of residence Us '
-4 Applicant and/or inventor
(-4-1 | This person is: applicant and inventor
Il-4-2  { Applicant for US only
ll-4-4 | Name (LAST, First) XU, Feng
Wi-4-5 | Address: 126 East Lincoln Avenue
Rahway, NJ 07065-0907
United States of America
Ill-4-6 | State of nationality CN
11-4-7 | State of residence uUs
-5 Applicant and/or inventor
li-5-1 | This person is: applicant and inventor
11-5-2 | Applicant for us only
I-5-4 |Name (LAST, First) |VEGA, Jose, M.
HI-5-5 | Address: 126 East Lincoln Avenue
Rahway, NJ 07065-0907
United States of America
H1-5-6 | State of nationality us
11-5-7 | State of residence us
V-1 Agent or common representative; or J
address for correspondence
The person identified below is common representative
hereby/has been appointed to act on
behalf of the applicant(s) before the i
competent international Authorities as: - : : -
WV-1-1  |Name MERCK & CO., INC.
IV-1-2 } Address: 126 East Lincoln Avenue
Rahway, NJ 07065-0907
United States of America
V-1-3 | Telephone No. 732-594-3809
IV-1-4 | Facsimile No. 732-594-4720
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Designation of States

Regional Patent

(other kinds of protection or treatment, if
any, are specified between parentheses
after the designation(s) concerned)

AP: GH GM KE LS MW SD SL SZ TZ UG ZW and
any other State which is a Contract%ng
State of the Harare Protocol and of!the

PCT '

EA: AM AZ BY KG KZ MD RU TJ TM and Lny
other State which is a Contracting State
of the Eurasian Patent Convention and of
the PCT ' ’
EP: AT BE CH&LI CY DE DK ES FI FR G? GR \
IE IT LU MC NL PT SE and any other State
which is a Contracting State of the’ \
European Patent Convention and of the

PCT -

OA: BF BJ CF CG CI CM GA GN GW ML MR NE
SN TD TG and any other State which ﬁs a
member State of OAPI and a Contracting
State of the PCT [

National Patent

(other kinds of protection or treatment, if
any, are specified between parentheses
after the designation(s) concerned)

'

AE AL AM AT AU AZ BA BB BG BR BY CA

CH&LI CN CR CU CZ DE DK DM EE ES FI GB
GD GE GH GM HR HU ID IL IN IS JP KE KG
KR KZ LC LK LR LS LT LU LV MA MD MG MK
MN MW MX NO NZ PL PT RO RU SD SE SG SI
SK SL TJ TM TR TT TZ UA UG US UZ VN YU
ZA ZW l

V-5

Precautionary Designation Statement
In addition to the designations made
under items V-1, V-2 and V-3, the
applicant also makes under Rule 4.9(b)
all designations which would be
permitted under the PCT except any
designation(s) of the State(s) indicated
under item V-6 below. The applicant
declares that those additional
designations are subject to confirmation
and that any designation which is not
confirmed before the expiration of 15
months from the priority date is to be
regarded as withdrawn by the applicant
at the expiration of that time limit.

Exclusion(s) from precautionary
designations

NONE

Vi1

Vi-1-1
VI-1-2
VI-1-3

Priority claim of earlier national
application
Filing date

Number

Country

08 March 1999 (08.03.1998)
60/123,227
us

Vi-2

Vi-2-1
Vi-2-2
- V23

Priority claim of earlier national
application
Filing date

Number

Country

09 March 1999 (09.03.1999)
09/264,744
Us
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Bureau a certified copy of the earlier ,
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Vil-1 International Searching Authority European Patent Office (EPO) (Isa/ EP')
Chosen
Vil Check list number of sheets electronic file(s) attached
VIll-1  {Request 5 -
VII-2  {Description 40 -
V-3 | Claims 8 -
Vili-4 | Abstract 1 20416y abstract for
barbara cozzi. bEt |
VIII-5 | Drawings 4 - 1 )
VHI-7 TOTAL 58 -
Accompanying items paper document(s) attached electronic fite(s) attached
Vill-8 | Fee calculation sheet v -
VIIl-8 | Separate signed power of attorney v -
VIii-10 | Copy of general power of attorney v -
VIil-16 |PCT-EASY diskette - diskette
VIli-18 |Figure of the drawings which should |3 |
accompany the abstract ‘
VIII-19 |Language of filing of the mternational English
application
1X-1 Signature of applicant or agent // 7 /o
[t o Leagbia=e
IX-1-1 |Name MERCK & CO., INC.
IX-1-2 | Name of signatory Carol S. Quagliato
1X-1-3 Capacity Atto rney
FOR RECEIVING OFFICE USE ONLY C:&\ 0D, OO v ]
10-1 Date of aétual‘receipt of the v %
purported international application 520 ﬂecd Pg \'
10-2 Drawings:
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10-3 Corrected date of actual receipt due
to later but timely received papers or
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international application
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POWER OF ATTORNEY

(for an international application filed under the Patent Cooperation Treaty)

(PCT Rule 90.4)

The undersigned applicant(s) (Names should be indicated as they appear in the request):
TILLYER, Richard D.; REIDER, Paul J.; GRABOWSKI, Edward J.J.; XU, Feng

hereby appoints (appoint) the following person as: common representative

Name and address
(Family name followed by given name; for a legal entity, full official designation. The address must
include postal code and name of country.)

MERCK & CO., INC.

126 East Lincoln Avenue
Rahway, New Jersey 07063-0907
United States of America

to represent the undersigned before X all the competent International Authorities ‘

in connection with the mtcmauonal application identified below:
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PATENT MATTERS
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TITLE OF THE INVENTION
DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDUCTASE
INHIBITORS

FIELD OF THE INVENTION

The instant invention relates to the use of dihydroxy open acid statins
and salts and esters thereof, which are inhibitors of 3-hydroxy-3-methylglutaryl
coenzyme A (HMG-CoA) reductase, in such a way so as to minimize their in vivo
lactonization, and to a particular crystalline hydrated form of the calcium salt of

dihydroxy open acid simvastatin referred to herein as compound I.

BACKGROUND OF THE INVENTION

It has been clear for several decades that elevated blood cholesterol is|a

major risk factor for coronary heart disease (CHD), and many studies have shown that
the risk of CHD events can be reduced by lipid-lowering therapy. Prior to 1987, the
iipid-lowering armamentarium was limited essentially to a low saturated fat and
cholesterol diet, the1bi_-le acid sequestrants (cholestyramine and colestipol), nicotinic
acid (niacin), the fibrates and probucol. Unfortunately, all of these treatments have
limited efficacy or tblerability, or both. With the introduction of lovastatin
(MEVACOR®; see US Patent No. 4,231,938), the first inhibitor of HMG-CoA |

reductase to become available for prescription in 1987, for the first time physicians :

were able to obtain comparatively large reductions in plasma cholesterol with very ,
few adverse effects. ;
In addition to the natural fermentation products, mevastatin and '
lovastatin, there are now a variety of semi-synthetic and totally synthetic HMG-CoA:
reductase inhibitors, including simvastatin (ZOCOR®; see US Patent No. 4,444,784),
pravastétin sodium salt (PRAVACHOL®; see US Patent No. 4,346,227), ﬂuvastatin:f
sodium salt (LESCOL®; see US Patent No. 5,354,772), atorvastatin calcium salt
(LIPITOR®; see US Patent No. 5,273,995) and cerivastatin sodium salt (also knowniE
as rivastatin; see US Patent No. 5,177,080). The structural formulas of these and ;
additional HMG-CoA reductase inhibitors, are described at page 87 of M. Yalpani, .
“Cholesterol Lowering Drugs", Chemistry & Industry, pp. 85-89 (5 February 1996).
The HMG-CoA reductase inhibitors described above belong to a structural class of

compounds which contain a moiety which can exist as either a 3-hydroxy lactone ring

or as the corresponding ring opened dihydroxy open-acid, and are often referred to as
-1-
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- of the marketed statins are administered as the dihydroxy open acid salt forms.

“statins.” An illustration of the lactone portion of a statin and its corresponding oper

acid form is shown below.

HO H COOH
0O OH
Lactone Dihydroxy Open—Acid

Salts of the dihydroxy open-acid can be prepared, and in fact, as noted above, several

Lovastatin and simvastatin are marketed worldwide in their lactonized form.
Lovastatin is shown as structural formula II, and simvastatin is shown as structural

formula III, below.

I 111

The lactonized forms of the statins are not active inhibitors of HMG- :
CoA reductase, but the dihydroxy open acid forms are. It is known that condensation
of the dihydroxy open acid form of statins to the corresponding lactonized form
occurs under acidic conditions, that is at about pH 4 or under. Therefore, due to the
low gastric pH of the stomach, a statin conventionally administered by oral dosing in
its lactone form will remain largely in its lactone form in the stomach. The vast

majority of the drug will still be in the lactone form at the time of absorption from the

intestine following oral dosing with the lactone. After absorption, the lactone enters!

the liver and it is in the hepatocytes that the lactone can be metabolized to the active '

-2
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open acid form, a reaction catalyzed by two hepatic esterases or "lactonases," one
which is in the cytosolic and the other in the microsomal fraction. Once in the blood
there is an additional plasma esterase which can also hydrolyze the lactone to the open

acid. There may be some minimal chemical, i.e., non-enzymatic, hydrolysis that

-

occurs in blood or in the liver; however, at the pH in blood and liver, there should no
be any lactonization, i.e., conversion of open acid back to the lactone.
A statin conventionally administered by oral dosing in its dihydroxy |

open acid form or a pharmaceutically acceptable salt or ester thereof will tend to

convert to its lactone-form in the acidic environment of the stomach, so that a mixture
of the open ring and the corresponding closed ring forms will co-exist there. For
example, see M.J. Kaufman, International Journal of Pharmaceutics, 1990:_66(Dec 1},
p. 97-106, which provides hydrolysis data that are used to simulate the extent of drug
degradation that occurs in acidic gastric fluids following oral administration of several
structurally related hypocholesterolemic agents, including simvastatin and lovastatin,
and also see A.S. Keamey, et al., Pharmaceutical Research, 1993, 10(10), p. 1461-
1465, which describes the interconversion kinetics and equilibrium of CI-981

(atorvastatin in its free acid form). Therefore, even after conventional oral dosing
with a dihydroxy open acid statin or a salt or ester thereof, a mixture of the open acid
and the corresponding lactone form of the drug could exist by the time of absorption
from the intestine. ' i
The preparation of the naturally occurring compound lovastatin and the
semi-synthetic analog simvastatin leads to a mixture of the lactone and the open-ring
dihydroxy acid forms. Several procedures have been published describing ways to
make simvastatin from lovastatin, and most proceed through a lactone ring opening

step at some point in the process and sometimes formation of a salt at the resulting

carboxy acid, and end with a ring-closing step in order to make the final simvastatin |
product. For example, U.S. Patent No. 4,820,850 describes a process for making I
simvastatin which involves opening the lactone ring of lovastatin and forming an
alkyl-amide at the resulting carboxy acid, followed by protection of the two hydroxy |
groups and methylation of the 8’ acyl sidechain. After the methylation step, the
hydroxy protecting groups are removed, the amide is hydrolyzed to the free acid and
an ammonium salt of the free acid is formed, followed by a step to re-lactonize the

ring. In U.S. Patent No. 4,444,784, the 8’-acyl sidechain of lovastatin is removed and

the lactone ring opened in the first step, followed by re-lactonization of the ring and
protection of its hydroxy group. Next, the 8’ position is acylated to introduce the
-3-
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simvastatin sidechain and a deprotection step is performed to obtain the simvastatin |
final product. In another process disclosed in U.S. Patent No. 4,582,915, the
potassium salt of the ring opened form of lovastatin is methylated at the 8’ acyl
sidechain, the free acid is then re-generated, and the dihydroxy open acid moiety is re-
lactonized.
Since becoming available, millions of doses of simvastatin have been
administered and these drugs have developed an excellent safety record. However, as
noted in the Physician’s Desk Reference (PDR), in rare instances myopathy has bee

-

associated with the use of all statins, including simvastatin. The mechanism for |
statin-related myopathy is currently poorly understood. It is also known that many |
drugs, including certain statins such as simvastatin, are metabolised in theﬁver and *
intestine by the cytochrome P450 3A4 (CYP 3A4) enzyme system. As also noted in|
the PDR, there are adverse drug interaction concerns if a potent inhibitor of CYP3A4,
such as itraconazole, and a CYP3A4-metabolized statin are used together, and some
cases of myopathy were found to have occurred in patients taking such a drug
combination. Simvastatin has been administered to over 20 million patients

worldwide in the pa%t;.-l 1 years and has been demonstrated to be remarkably safe.

However, the very low risk of myopathy is substantially increased when simvastatin is
given together with':potent inhibitors of CYP3A4While the overall safety record for -
simvastatin is exceptional, it would be desirable to further optimize its safety profile;
by reducing the potential for drug interactions with inhibitors of CYP3A4. It would
also be desirable to further reduce the already low rate of occurrence of myopathy

associated with the use of all statins. Statins are among the most widely used drugs 1

=

the world, and therefor the benefit of any further optimization of their safety profile
would be significant.

SUMMARY OF THE INVENTION .
- One object of this invention is to minimize or eliminate the in vivo |
lactonization of a dihydroxy open-acid statin. For oral administration, the dihydroxy‘

open-acid statin or a pharmaceutically acceptable salt or ester thereof is to be

administered so as to minimize formation of lactonized statin and thereby minimize | -

the amount of lactonized statin that is absorbed from the intestine while maximizing

the amount of dihydroxy open-acid statin that is absorbed from the intestine.

Accordingly, this invention involves a method of inhibiting HMG-CoA

1

reductase with an effective inhibitory amount of an orally dosed statin comprising
4.
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delivering at least 90% of the dosed statin in its dihydroxy open acid form to the

intestinal mucosa of a patient in need of such treatment.

The instant invention further provides a method for inhibiting HMG:

CoA reductase, as well as for treating and/or reducing the risk for diseases and
conditions affected by inhibition of HMG-CoA reductase, comprising orally

administering a therapeutically effective amount of a compound selected from a

dihydroxy open acid statin and a pharmaceutically acceptable salt or ester thereof in 4

delayed-release pharmaceutical dosage form to a patient in need of such treatment

USRS JRCO

g

K

wherein substantial release of the compound from the dosage form is delayed until |

after passage of the dosage form through the stomach.

One embodiment of the first object is to provide the above- descnbed

method wherein the delayed-release pharmaceutical dosage form is a gel extrusion
module (GEM) drug delivery device.

Another embodiment of the first object is to provide the above-
described method wherein the delayed-release pharmaceutical dosage form is an
enterically coated pharmaceutical dosage form. An additional aspect of this
embodiment is to proyide the above-described method wherein the delayed-release
pharmaceutical dosaée form is selected from an enterically coated rapid-release

pharmaceutical dosége form and an enterically coated time controlled-release

pharmaceutical dosage form. Yet another aspect of this embodiment is to provide the
above-described method wherein the delayed-release pharmaceutical dosage form is

an enterically coated gel extrusion module (GEM) drug delivery device.

The compound used for the above-described object and embodiment

may particularly be dihydroxy open acid simvastatin and the pharmaceutically
acceptable salts thereof, and more particularly a pharmaceutically acceptable salt
thereof.

72}

A second object of the instant invention is to provide novel HMG-CoA

reductase inhibitors which are crystalline hydrated forms of the calcium salt of

dihydroxy open acid simvastatin, and particularly the compound referred to herein as

compound L.

Additional objects are to provide the use of the crystalline hydrated

forms of the calcium salt of dihydroxy open acid simvastatin, particularly compoun
I, for inhibiting HMG-CoA reductase, as well as for treating and/or reducing the ris
for diseases and conditions affected by inhibition of HMG-CoA reductase, and also

provide pharmaceutical formulations, including conventional rapid-release, delayed

-5-
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release and time controlled-release formulations, including the GEM drug delivery

device and enterically coated dosage forms, that can be used with the compounds. A‘\
further object is to provide a process for making compound 1. Additional objects will

be evident from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a thermogravimetry (TG) weight loss curve for compound 1
obtained under a nitrogen flow at a heating rate of 10°C/minute.

Figure 2 is a differential scanning calorimetry (DSC) curve for
compound I obtained under a nitrogen flow bubbled through 16.0°C water at a heatllng
rate of 10°C/minute in an open cup. -

Figure 3 is an x-ray powder diffraction (XRPD) pattern for Eompounfd
. The XRPD pattern was obtained using CuKa radiation. The ordinate or Y-axis i$
x-ray intensity (cpm) and the abscissa or X-axis is the angle two-theta (20) in degrees.

Figure 4 is a solid-state '°C nuclear magnetic resonance spectrum for
Compound L ](
DETAILED DESCRIPTION OF THE INVENTION : E

Applicants have now discovered that "dihydroxy open acid statins ma‘{y
be less reliant on CYP3A4 metabolism than their closed ring lactonized 'counterparés.
The instant invention involves methods and pharmaceutical compositions for orally.
administering open-ring dihydroxy open acid statins and salts and esters thereof,
which are HMG-CoA reductase inhibitors, in such a way so as to minimize
conversion to their lactonized counterparts. This allows for delivery of a dihydroxy
open acid statin without its lactone counterpart directly to the absorptive mucosa ofJ

—

the small intestine thus allowing for absorption of the open acid statin into the porta
circulation, penetration by active open acid statin into hepatocytes to achieve
enhanced efficacy, and systemic exposure consisting of open acid moieties. More |
particularly, delayed-release of an orally administered dihydroxy open acid statin ora
pharmaceutically acceptable salt or ester thereof, for example dihydroxy open acid

simvastatin or a salt thereof, until after passage through the stomach reduces the
amount of lactone formed and absorbed in the body. Maintaining the statin in its ofen
acid form in the body thereby reduces the potential for drug interactions between |
statins whose metabolism is CYP3A4-mediated and other active agents which inhibit
the CYP3A4 enzymatic pathway, and also can provide enhanced efficacy. Moreover,

-6-
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maintaining the statin in its open acid form in the body may have additional clinical%
benefits for all statins, even for those statins that are not significantly metabolized biy
the CYP3A4 enzymatic pathway.
In addition, a novel crystalline hydrated form of the calcium sait of |
5 'dihydroxy open acid simvastatin has now been discovered to be a pharmaceutically |
suitable salt form having desirable physical properties for formulation into an anti- |
hypercholesterolemic drug composition. {

The term “statin(s)” as used herein is intended to be defined as
inhibitors of HMG-CoA reductase which belong to a structural class of compounds

10  that contain a moiety which can exist as either a 3-hydroxy lactone ring or as the

corresponding ring opened dihydroxy open acid, wherein the lactone portic?p of the

statin and its corresponding dihydroxy open-acid form is shown below.

H COOH
OH
Lactone Dihydroxy Open-Acid

15 All hydrates, solvates and polymorphic crystalline forms of HMG-CoA reductase
inhibitors having the above-described lactone/dihydroxy open acid moiety are |
included within the scope of the term “statin(s)”. Pharmaceutically acceptable salts
and esters of the dihydroxy open-acid statins are included within the scope of the term
“statin(s)”.

20 Statins inhibit HMG-CoA reductase in their dihydroxy open acid form.
Compounds which have inhibitory activity for HMG-CoA reductase can be readily
identified by using assays well-known in the art. For example, see the assays
described or cited in U.S. Pateﬁt 4,231,938 at col. 6, and WO 84/02131 at pp. 30-3

The term “dihydroxy open acid statin(s)” is intended to be defined as

9

25  statins which contain the dihydroxy open acid moiety, including pharmaceutically
acceptable salts and esters thereof. The phrases “dihydroxy open acid statin(s)”” and
“dihydroxy open acid statin(s) and the pharmaceutically acceptable salts and esters
thereof” are used interchangeably herein and are both intended to encompass the open

acid and salt and ester forms of the open acid of the statin, unless otherwise indicated.

-7-
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All hydrates, solvates and polymorphic crystalline forms are encompassed within the
the scope of the term “dihydroxy open acid statin(s).” |
In the broadest embodiment, any dihydroxy open acid statin or a |
pharmaceutically acceptable salt or ester thereof may be used with the present
5 invention. Examples of dihydroxy open acid statins that may be used with the present
invention include but are not limited to the dihydroxy open acid forms and i
pharmaceutically acceptable salts and esters thereof of: lovastatin (see US Patent No.
4,342,767), simvastatin (sece US Patent No. 4,444,784), pravastatin, particularly the
sodium salt thereof; fluvastatin particularly the sodium salt thereof; atorvastatin,
10 particularly the calcium salt thereof; cerivastatin, particularly the sodium salt thereof,
nisvastatin also referred to as NK-104 (see PCT international publication number WO
97/23200) and ZD-4522 (see US Patent No. 5,260,440, and Drugs of the Future,
1999, 24(5), pp. 511-513).
In a narrower embodiment, any dihydroxy open acid statin or a
15  pharmaceutically acceptable salt or ester thereof may be used with the present
invention, such as those listed above, provided the statin is not pravastatin or

i
i
i

fluvastatin. In a class.of this embodiment, the open acid statin includes dihydroxy
open acid lovastatin, simvastatin, atorvastatin, cerivastatin, nisvastatin and
pharmaceutically aéceptable salts thereof. Pharmaceutically acceptable salts of
20  dihydroxy open acid simvastatin, particillarly the ammonium and calcium salt forms
thereof, are preferred for use in the methods and compositions of this invention. Mare
particularly, the calcium salt of dihydroxy open acid simvastatin includes the
crystalline hydrated forms of the calcium salt of dihydroxy open acid simvastatin, and f
more particularly the hydrated calcium salt of dihydroxy open acid simvastatin
25  referred to herein as compound I.
| Herein, the term "pharmaceutically acceptable salts" shall mean non-
toxic salts of the compounds employed in this invention which are generally prepared
by reacting the free acid with a suitable organic or inorganic base, particularly thosez
formed from cations such as sodium, potassium, aluminum, calcium, lithium,

30  magnesium, zinc and tetramethylammonium, as well as those salts formed from

amines such as ammonia, ethylenediamine, N-methylglucamine, lysine, arginine,
ornithine, choline, N,N’-dibenzylethylenediamine, chloroprocaine, diethanolamine, |

procaine, N-benzylphenethylamine, 1-p-chlorobenzyl-2-pyrrolidine-1’-yl-

methylbenzimidazole, diethylamine, piperazine, morpholine, 2,4,4-trimethyl-2-
35  pentamine and tris(hydroxymethyl)aminomethane. Pharmaceutically acceptable
-8
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esters at the carboxylic acid group can be made by treating a dihydroxy open acid

statin with an alcohol. Examples of pharmaceutically acceptable esters of dihydroxy
open acid statins include, but are not limited to, -Cy-4 alkyl and - C1-4 alkyl

substituted with phenyl-, dimethylamino-, and acetylamino. “C1-4 alky!” herein

includes straight or branched aliphatic chains containing from 1 to 4 carbon atoms, for
exampleimethyl, ethyl, n-propyl, n-butyl, iso-propyl, sec-butyl and tert-butyl.

The instant invention involves methods and pharmaceutical
compositions for orally administering open-ring dihydroxy open acid statins and salts
and esters thereof, which are HMG-CoA reductase inhibitors, in such a way so as to
minimize conversion to their lactonized counterparts. This allows for delivery of a
dihydroxy open acid statin without its lactone counterpart directly to the aE@rptive
mucosa of the small intestine thus allowing for absorption of the open acid statin into
the portal circulation, penetration by active 6pen acid statin into hepatocytes to
achieve enhanced efficacy, and systemic exposure consisting of open acid moieties.
More particularly, delayed-release of an orally administered dihydroxy open acid
statin or a pharmaceutically acceptable salt or ester thereof, for example dihydroxy
open acid simvastatin.or a salt thereof, until after passage through the stomach
reduces the amount of lactone formed and absorbed in the body. Maintaining the
statin in its open acid form in the body thereby reduces the potential for drug
interactions between statins whose metabolism is CYP3A4-mediated and other active
agents which inhibit the CYP3A4 enzymatic pathway, and also can provide enhanced
efficacy. Administering a statin in its open acid form in such a way so as to minimize
conversion to its lactonized counterpart, for example by using an oral delayed release
dosage form, should reduce the potential for drug interaction compared to the
conventional administration of an open acid statin or its lactonized counterpart, for
example by using an oral rapid release dosage form.

An object of this invention is to provide methods for reducing the
amount of lactonized statin formed and absorbed in the body after oral administration
of a dihydroxy open acid statin in order to achieve enhanced clinical benefits. A way
to achieve this is to administer the dihydroxy open acid statin in a delayed-release
pharmaceutical dosage form. A delayed-release pharmaceutical dosage form as - -
defined herein is an orally administerable pharmaceutical dosage form or device that
does not release a substantial amount of the active compound, i.e., the dihydroxy
open-acid statin, until after the dosage form has passed through the stomach.
Therefore, substantial release of the active compound would initially occur after entry
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into the duodenum. By “substantial release,” it is intended that 90% or more by
weight of the active compound in the delayed-release dosage form is released after
entry into the duodenum, and that 10% or less by weight of the active compound in
the delayed-release dosage form is released in the stomach, i.e., the geometric mean
ratio of the plasma AUC (area under the curve) of active vs. total HMG-CoA

reductase inhibitory activity will be greater than or equal to 90%. Particularly, the
amount of active compound released in the stomach before entry into the duodenumf’is
5% or less by weight, i.e., the geometric mean ratio of the plasma AUC of active vs.
total HMG-CoA reductase inhibitory activity will be greater than or equal to 95%, ahd
more particularly the amount of active compound released in the stomach before entry
into the duodenum is 1% or less by weight, i.e., the geometric mean ratio ?)_f the i
plasma AUC of active vs. total HMG-CoA reductase inhibitory activity will be greatfer
than or equal to 99%.

It is to be understood that metabolism of the dihydroxy open acid
statins will occur, primarily in the liver, after orally dosing in a delayed-release dosage
form. However, since lactonization of the dihydroxy open acid statin would have
been substantially avoided by use of a delayed release dosage form, the active and
inactive metabolites that are formed will also be in the dihydroxy open acid form. In
essence, if the dihyiiroxy open acid statin is administered in a delayed release dosage
form, the internal exposure to lactonized parent compound and also to lactonized
active and inactive metabolites will be minimized.

One example of a suitable delayed-release dosage form is a pH-
dependent enterically coated dosage form. The enteric coating will not dissolve in the
acidic gastric environment, but will dissolve in the higher pH environment of the
duodenum. An enterically coated dosage form will therefore not permit release of any

significant amount of the active compound from the dosage form in the stomach, but
once the enteric coating dissolves in the duodenum, the active compound will be !
released. Suitable compositions for enteric coatings that can be used with the presed;t
invention are known to those of ordinary skill in the pharmaceutical arts; for exampl:e,
see L. Lachman, The Theory and Practice of Industrial Pharmacy, 3rd Ed., H.
Liebermann and J. Kanig contributors (Lea & Febiger, 1986). An example of a
suitable enteric coating includes but is not limited to SURETERIC WHITE sold by |

Colorcon which is composed of polyvinyl acetate phthalate, titanium dioxide, talc, |

1

colloidal silicon dioxide, triethyl acetate, polyethylene glycol, sodium bicarbonate,
purified stearic acid, and sodium alginate. Many other suitable enteric coating :
-10 - ’ |
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~granules of the drug, the drug is selected from the dihydroxy open-acid form of

materials are commercially available and are known in the art. Additional coatings
employéd in the preparation of the dosage form, such as those used to provide an
elegant, aesthetically pleasing final product or for other purposes, may be applied
before or after, or before and after, application of the enteric coating.

Suitable enterically coated pharmaceutical dosage forms for use with

fo )

this invention include enterically coated conventional rapid-release (also referred to
immediate-release) pharmaceutical dosage forms wherein the drug is relatively
rapidly released once the enteric coating is breached, and enterically coated time-
controlled release dosage forms such as but not limited to an enterically coated GEM
delivery device, described below. Time controlled-release dosage forms are also well

known in the pharmaceutical art, and are designed so as to slowly release ﬂ}e active

—

compound in the body over a period of time, for example over a period of from abou
6 to 24 hours. Use of an enteric coated time controlled-release dosage form is
preferred with more potent dosage amounts of a dihydroxy open acid statin so as to
lower tﬁe systemic exposure to the active statin. Whether the dosage form is an
enterically coated rapid-release or time-controlled release dosage form, the enteric
coating will prevent release of any substantial amount of the active compound from
the dosage form in the stomach.

Enterically coated pharmaceutical do"sage forms also include but are
not limited to those wherein the dosage form or unit is comprised of the dihydroxy
open acid statin in a tablet, capsule or the like that is surrounded by an enteric

overcoating, and those wherein the dosage form or unit is a tablet, capsule or the like

comprised of enterically coated granules of the dihydroxy open acid statin. Where the

dosage form is surrounded by an enteric overcoat, the enteric coating may be the
outer-most external coating on the dosage form, or there may be one or more
additional finish coatings applied over the enteric coat. In a more limited

embodiment, when the delayed-release dosage unit contains enterically coated

lovastatin and simvastatin and the pharmaceutically acceptable salt and ester forms

thereof; and is more preferably a salt of dihydroxy open acid simvastatin, and most

preferably the calcium or ammonium salt thereof. In-an alternative embodiment, any -

dihydroxy open acid statin or pharmaceutically acceptable salt or ester thereof may be

used with the present invention, such as those described herein, provided that the

statin is not dosed in a single pharmaceutical dosage form or unit comprised of enteric

- 11 -

S




20416Y

10

15

20

25

30

35

* sucrose or pentaerythritol, and more preferably it is selected from
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coated granules of the statin and enteric coated or non-enteric coated granules of

aspirin.

An example of a delayed-release dosage form that also functions as a
time controlled-release dosage form is described in U.S Patent No. 5,366,738, hereiri
incorporated by reference in its entirety. The controlled-release drug delivery device
described in U.S Patent No. 5,366,738 is known as a gel extrusion module (GEM)
delivery device. The GEM device is a drug delivery device for the controlled in situ!

production and release of a dispersion containing a beneficial agent such as a
pharmaceutical drug comprising;:
(A) a compressed core prepared from an admixture comprising:

(1) a therapeutically effective amount of the beneficial jégent; andé

(i)  apolymer which upon hydration forms gelatinous microscopip
particles; and ' |
(B) ) a water insoluble, water impermeable polymeric coating comprising ﬁi
polymer and a plasticizer, which surrounds and adheres to the core, the coating having
a plurality of formed apertures exposing between about 1 and about 75% of the core
surface; -
and wherein the release rate of the beneficial agent from the device is a function of the
number and size of the apertures. ”

In the GEM device, the polymer inside the compressed core is
preferably selected from sodium polyacrylate, carboxypolymethylenes and the
pharmaceutically acceptable salts thereof such as a sodium salt, wherein the

carboxypolymethylenes are prepared from acrylic acid crosslinked with allylethers of

carboxypolymethylenes prepared from acrylic acid crosslinked with allylethers of
sucrose or pentaerythritol, and the pharmaceutically acceptable salts thereof. Most
preferably, CARBOPOL® 974P and pharmaceutically acceptable salts thereof, j
particularly the sodium salt, is used as the polymer inside the compressed core. In ‘
addition, the compressed core may also contain one or more polymer hydration
modulating agents, anti-oxidants, lubricants, fillers and excipients. An optional
subcoating may be applied to the compressed core prior to application of the water
insoluble coating as an aid in the manufacturing process. The subcoating may be
comprised of, for example, hydroxypropyl cellulose and
hydroxypropylmethylcellulose. Additional coatings may be applied for aesthetic or |
functional purposes. |
- 12 -
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The water insoluble, water impermeable polymeric coating is
preferably comprised of (1) a polymer selected from polyvinyl chloride, cellulose ‘
acetate, cellulose acetate butyrate, ethylcellulose and combinations of these polymerf;
and (2) a plasticizer selected from diethylphthalate, dibutylsebacate and triethylcitrate.
More preferably, the polymeric coating is comprised of cellulose acetate butyrate ang
triethyl citrate. The GEM device does not function as an osmotic drug delivery devio"e,
hence the release function of the device depends on passage of fluids from the
external environment of the body to the internal environment of the compressed corq,t
through the formed apertures. It is intended that the terms “water insoluble, water |
impenﬁeable” used to describe the polymeric coating define a coating which 1s
essentially water insoluble and water impermeable, meaning that the polymeric
coating allows minimal to no passage of water through the coating from the external
environment of the body to the internal environment of the compressed core, except!

for the fluid passage that occurs through the drilled apertures, during the period of

time the drug is being released from the GEM device in the body. Any minimal
amount of water that does pass through the water insoluble, water impermeable
polymeric coating is insubstantial and does not significantly contribute to the functi$n
of the GEM device, i‘e. the release rate of the drug through the apertures. Rather thé
release rate of the drug from the GEM device is primarily a function of the number
and size of the apertures on the device.

For an elegant, aesthetically pleasing final product, an outter finish c?at
may finally be applied to the GEM delivery device containing colorants, waxes, and
the like. The GEM device can also be enterically coated, either before or after the
application of additional finish coatings. Even without enteric coating, extrusion of
the polymer which carries the drug out from inside the compressed core of the GEM

device does not occur to a substantial extent in the acidic pH of the stomach, therefore
substantial release of the drug should not occur in the stomach. Further details and | »
examples of the GEM delivery device are described in US Patent No. 5,366,738. TLe
compound employed with the GEM device may particularly be a pharmaceutically
acceptable salt of dihydroxy open acid simvastatin, and more particularly the |
ammonium salt of dihydroxy open acid simvastatin.

The term “patient” includes mammals, especially humans, who use the
instant active agents for the prevention or treatment of a medical condition.
Administering of the drug to the patient includes both self-administration and
admuinistration to the patient by another person. The patient may be in need of

- 13-
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treatment for an existing disease or medical condition, or may desire prophylactic
treatment to prevent or reduce the risk for diseases and medical conditions affected b
tnhibition of HMG-CoA reductase.

The term "therapeutically effective amount” is intended to mean that

~

5 amount of a drug or pharmaceutical agent that will elicit the biological or medical
response of a tissue, a system, animal or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician. The term "prophylactically effective | |
amount” is intended to mean that amount of a pharmaceutical drug that will prevent or
reduce the risk of occurrence of the biological or medical event that is sought to be

10 prevented in a tissue, a system, animal or human by a researcher, veterinarian, medical
doctor or other climician. Particularly, the dosage a patient receives can bejs_elected SO
as to achieve the amount of LDL (low density lipoprotein) cholesterol lowering
desired; the dosage a patient receives may also be titrated over time in order to reach|a
target LDL level. The dosage regimen utilizing a dihydroxy open acid statin is |

15  selected in accordance with a variety of factors including type, species, age, weight,
sex and medical condition of the patient; the severity of the condition to be treated;
the potency of the cé)ir_ipound chosen to be administered; the route of administration;

and the renal and heﬁatic function of the patient. A consideration of these factors is |

well within the puﬁiew of the ordinarily skilled clinician for the purpose of

20  determining the therapeutically effective or prophylactically effective dosage amounit
needed to prevent, counter, or arrest the progress of the condition.

The novel compounds of this invention are the crystalline hydrated

forms of the calcium salt of dihydroxy open acid simvastatin. A particular crystallin

(¢]

hydrated calcium salt of dihydroxy open acid simvastatin is the one having an x-ray
25 powder diffraction (XRPD) pattern obtained using CuKa radiation characterized by
refelections at d-spacings of 30.7, 24.6, 15.9, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09,
4.93, 4.60, 3.93, 3.84, 3.67, 3.51 and 3.28A. For convenience, the crystalline
hydrated form of the calcium salt of dihydroxy open acid simvastatin having the
above-defined XRPD pattern will also be referred to herein as compound L.
30 Compdund [ can be represented two-dimensionally as a hydrated form of the

following structural formula Ia: -
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In addition to the XRPD pattern described above, compound I of the
instant invention is further characterized by the thermogravimetry (TG) curve shown
inF igure I. The TG curve for compound I was obtained under a nitrogen flow at a
heating rate of 10°C/minute and is characterized by a 6.3% weight loss from ambient

!

room temperature to;ﬁ stable weight loss plateau at about 175°C. Additional weight;

losses due to the onset of decomposition of the compound are observed above about
190°C. ’ |

Compound I is still further characterized by the differential scanning
calorimetry (DSC) curve shown in Figure 2. The DSC curve for compound I was
obtained under a nitrogen flow bubbled through 16.0°C water at a heating rate of

10°C/minute in an open cup, and is characterized by three lower temperature '
endotherms with peak temperatures of 52, 77 and 100°C and associated heats of 48,;
90 and 21 J/g, respectively, and two higher temperature endotherms due to l
decomposition with peak temperatures of 222 and 241°C and associated heats of 16
and 92 J/g. _

Compound I of the instant invention 1s still further characterized by tﬁe
'H nuclear magnetic resonance (NMR) spectral data, 3C NMR and mass spectral
(MS) data as given in Example 1 herein. i
Compound I is also characterized by the solid-state 13C nuclear lJ ;
magnetic resonance spectrum shown in Figure 4, which was completed using a Bruker
DSX 400WB NMR system operating at 100.6 MHz for 13C and 400.1 MHz for 1H |

using a Bruker MAS 400WB BL7 double-resonance probe with a spinning module
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housing a 7 mm zirconia rotor with Kel-f end caps. The solid-state 13C nuclear
magnetic resonance (NMR) spectrum was acquired using cross polarization (CP),
magic-angle spinning (MAS), and high-power (~59 kHz) decoupling with variable-
amplitude cross-polarization and total sideband suppression. Proton and carbon 90°
pulse widths were 4.25 psec with a contact time of 2.0 msec. The sample was spun at
7.0 kHz and a total of 1024 scans were collected for the spectrum with a recycle delay
of 3.0 seconds. A line broadening of 10 Hz was applied to the spectrum before FT
was performed. Chemical shifts are reported on the TMS scale using the carbonyl
carbon of glycine (176.03 ppm) as a secondary reference.

In the methods of treatment and prophylaxis described herein, as well
as the pharmaceutical compositions and medicaments, a dihydroxy open ac1d statin or
a pharmaceutically acceptable salt or ester thereof is employed. Preferably the ~‘
compound employed is a pharmaceutically acceptable salt of a dihydroxy open acid |
statin, more preferably it is a pharmaceutically acceptable salt of dihydroxy open acid
simvastatin such as an ammonium salt or calcium salt, and particularly a crystalline .
hydrated form of the calcium salt of dihydroxy open acid simvastatin such as |
compound I. All hydrates solvates and polymorphic crystalline forms of the above-
described compounds and their use are encompassed within scope of the instant
invention.

The instant invention provides methods for inhibiting HMG-CoA
reductase, and for treating lipid disorders including hypercholesterolemia,
hypertriglyceridemia and combined hyperlipidemia, comprising administering a
therapeutically effective amount of a dihydroxy open acid statin to a person in need of
such treatment. Further provided are methods for preventing or reducing the risk of
developing atherosclerosis, as well as for halting or slowing the progression of
atherosclerotic disease once it has become clinically evident, comprising the
administration of a prophylactically or therapeutically effective amount, as
appropriate, of a dihydroxy open acid statin to a mammal who is at risk of developing

U

atherosclerosis or who already has atherosclerotic disease. : *.

Atherosclerosis encompasses vascular diseases and conditions that are

recognized and understood by physicians practicing in the relevant fields-of medicine;” = =1 -~

Atherosclerotic cardiovascular disease including restenosis following
revascularization procedures, coronary heart disease (also known as coronary artery

disease or ischemic heart disease), cerebrovascular disease including multi-infarct
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dementia, and peripheral vessel disease including erectile dysfunction are all clinical
mantfestations of atherosclerosis and are therefore encompassed by the terms
"atherosclerosis" and "atherosclerotic disease."

A dihydroxy open acid statin may be administered to prevent or reduce
the risk of occurrence, or recurrence where the potential exists, of a coronary heart

disease event, a cerebrovascular event, and/or intermittent claudication. Coronary

heart disease events are intended to include CHD death, myocardial infarction (i.e., a
heart attack), and coronary revascularization procedures. Cerebrovascular events are
intended to include ischemic or hemorrhagic stroke (also known as cerebrovascular!
accidents) and transient ischemic attacks. Intermittent claudication is a clinical ‘
manifestation of peripheral vessel disease. The term "atherosclerotic disei_i_s_e event"as
used herein is intended to encompass coronary heart disease events, cerebro'vasculaxj]
events, and intermittent claudication. It is intended that persons who have previously
experienced one or more non-fatal atherosclerotic disease events are those for whor
the potential for recurrence of such an event exists. I

Accordingly, the instant invention also provides a method for i
preventing or reduciir,ig' the risk of a first or subsequent occurrence of an
atherosclerotic disease event comprising the administration of a prophylactically
effective amount of a dihydroxy open acid statin to a patient at risk for such an event.
The patient may or may not have atherosclerotic disease at the time of admmlstratloP
or may be at risk for developing it.

The instant invention also provides a method for preventing and/or
treating inflammatory diseases or disorders alone or in conjunction with the treatment
of conditions described above, comprising the administration of a dihydroxy open-
acid statin to a patient in need of such treatment. This includes, for example, the |

treatment of inflammatory conditions susceptible to treatment with a non-steroidal
anti-inflammatory agent, arthritis including rheumatoid arthritis, and degenerative i
joint diseases (osteoarthritis), dementia, Alzheimer’s disease, multiple sclerosis,
inflammatory bowel disease, asthma, psoriasis, systemic lupus erythematosis, ‘
vasculitis, gout, adrenoleukodystrophy, diabetic retinopathy, nephropathy and diabetes
mellitus type II. .
Persons to be treated with the instant therapy include those at risk of
developing atherosclerotic disease and of having an atherosclerotic disease event.
Standard atherosclerotic disease risk factors are known to the average physician
practicing in the relevant fields of medicine. Such known risk factors include but a:fe
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not limited to hypertension, smoking, diabetes, low levels of high density lipoprotein
(HDL) cholesterol, and a family history of atherosclerotic cardiovascular disease.
Published guidelines for determining those who are at risk of developing
atherosclerotic disease can be found in: National Cholesterol Education Program, -
Second report of the Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel II), National Institute of Health,
National Heart Lung and Blood Institute, NIH Publication No. 93-3095, September ;'

1993; abbreviated version: Expert Panel on Detection, Evaluation, and Treatment ofr

High Blood Cholesterol in Adults, Summary of the second report of the national
cholesterol education program (NCEP) Expert Panel on Detection, Evaluation, and |
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel II)_—,_ JAMA,{
1993, 269, pp. 3015-23. People who are identified as having one or more of the ‘
above-noted risk factors are intended to be included in the group of people considerch
at risk for developing atherosclerotic disease. People identified as having one or md;re
of the above-noted risk factors, as well as people who already have atherosclerosis, |
are intended to be included within the group of people considered to be at risk for
having an atherosclerotic disease event.

The oral dosage amount of the dihydroxy open acid statin, particularly
a salt of a dihydroxy open acid statin such as simvastatin, and more particularly the |
ammonium salt or a crystalline form of the calcium salt of dihydroxy open acid

simvastatin such as compound I, is from about 1 to 200 mg/day, and more preferably

from about 5 to 160 mg/day. However, dosage amounts will vary depending on
factors as noted above, including the potency of the particular compound. Althougﬁ
the active drug of the present invention may be administered in divided doses, for l
example from one to four times daily, a single daily dose of the active drug is

preferred. As examples, the daily dosage amount may be selected from, but not
limited to, 5 mg, 10 mg, 15 mg, 20 mg, 25 mg, 40 mg, 50 mg, 75 mg, 80 mg, 100 mg,
150 mg and 160 mg. ‘ J

The active drug employed in the instant therapy can be administered:in
such oral forms as tablets, capsules, pills, powders, granules, elixirs, tinctures,
suspensions, syrups, and emulsions. Oral formulations are preferred.

For the crystalline hydrated forms of the calcium salt of dihydroxy
open acid simvastatin, for example compound I, administration of the active drug can
be via any pharmaceutically acceptable route and in any pharmaceutically acceptab e
dosage form. This includes the use of oral conventional rapid-release, time
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controlled-release and delayed-release (such as described above) pharmaceutical
dosage forms. An oral delayed-release dosage formulation of the instant di’ug 1
preferred, and particularly an enteric overcoat surrounding a rapid-release dosage uni
or the GEM controlled-release drug delivery device with an enteric overcoat
surrounding the dosage unit, and most particularly an enteric overcoat surrounding a
rapid-release dosage unit. Additional suitable pharmaceutical compositions for use
with the present invention are known to those of ordinary skill in the pharmaceutical
arts; for example, see Remington's Pharmaceutical Sciences, Mack Publishing Co.,
Easton, PA. '

In the methods of the present invention, the active drug is typically

administered in admixture with suitable pharmaceutical diluents, excipien_t—s_ or carrier

(collectively referred to herein as "carrier" materials) suitably selected with respect to
the intended form of administration, that is, oral tablets, capsules, elixirs, syrups and
the like, and consistent with conventional pharmaceutical practices.

For instance, for oral administration in the form of a tablet or capsule,
the active drug component can be combined with a non-toxic, pharmaceutically
acceptable, inert car'ﬁe'r such as lactose, starch, sucrose, glucose, modified sugars,
modified starches, rhé‘athyl cellulose and its derivatives, dicalcium phosphate, calcium
sulfate, mannitol, sorbitol and other reducing and noh-reducing sugars, magnesium
stearate, steric acid, sodium stearyl fumarate, glyceryl behenate, calcium stearate and
the like. For oral administration in liquid form, the drug components can be
combined with non-toxic, pharmaceutically acceptable inert carrier such as ethanol,
glycerol, water and the like. Moreover, when desired or necessary, suitable binders,
lubricants, disintegrating agents and coloring and flavoring agents can also be
incorporated into the mixture. Stabilizing agents such as antioxidants, for example
butylated hydroxyanisole (BHA), 2,6-di-tert-butyl-4-methylphenol (BHT), propyl
gallate, sodium ascorbate, citric acid, calcium metabisulphite, hydroquinone, and 7-
hydroxycoumarin, particularly BHA, propyl gallate and combinations thereof, can
also be added to stabilize the dosage forms; the use of at least one stabilizing agent is
preferred with the instant composition. Preferably an antioxidant is employed with
dihydroxy open acid simvastatin or a salt thereof, and particularly compound 1. ‘Other
suitable éomponents include gelatin, sweeteners, natural and synthetic gums such as

acacia, tragacanth or alginates, carboxymethylcellulose, polyethylene glycol, waxes
and the like.

-19-




20416Y
i
|

i

10

15

20

25

30

35

The active drug can also be administered in the form of liposome
delivery; systems, such as small unilamellar vesicles, large unilamellar vesicles and
multilamellar vesicles. Liposomes can be formed from a variety of phospholipids,

such as cholesterol, stearylamine or phosphatidylcholines.

Active drug may also be delivered by the use of monoclonal antibodies

as individual carriers to which the compound molecules are coupled. Active drug

may also be coupled with soluble polymers as targetable drug carriers. Such polymert:

can include polyvinyl-pyrrolidone, pyran copolymer, polyhydroxy-propyl-
methacrylamide-phenol, polyhydroxy-ethyl-aspartamide-phenol, or
polyethyleneoxide-polylysine substituted with palmitoyl residues. Furthermore,
active drug may be coupled to a class of biodegradable polymers useful in__éx_chieving
controlled release of a drug, for example, polylactic acid, polyglycolic acid,
copolymers of polylactic and polyglycolic acid, polyepsilon caprolactone,
polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydropyrans,
polycyanoacrylates and cross linked or amphipathic block copolymers of hydrogels.

The instant invention also encompasses a process for preparing a
pharmaceutical compesition comprising combining a dihydroxy open acid statin with
a pharmaceutically acceptable carrier. Also encompassed is the pharmaceutical
composition which is made by combining a dihydroXy open acid statin with a
pharmaceutically acceptable carrier.

- In'a broad embodiment, any suitable additional active agent or agents
may be used in combination with the dihydroxy open acid statin in a single dosage
formulation, or may be administered to the patient in a separate dosage formulation,
which allows for concurrent or sequential administration of the active agents. One or
more additional active agents may be administered with a dihydroxy open acid statin.
The additional active agent or agents can be lipid lowering compounds or agents
having other pharmaceutical activities, or agents that have both lipid-lowering effects
and otherl-ypharmaceutical activities. Examples of additional active agents which may
be employed include but are not limited to HMG-CoA synthase inhibitors; squalene
epoxidase inhibitors; squalene synthetase inhibitors (also known as squalene synthase
inhibitors), acyl-éoenzyme A: cholesterol acyltransferase (ACAT) inhibitors including
selective inhibitors of ACAT-1 or ACAT-2 as well as dual inhibitors of ACAT-1 and
-2; micro‘,somal triglyceride transfer protein (MTP) inhibitors; probucol; niacin;
cholesterbl absorption inhibitors such as SCH-58235, which is described in U.S.
Patent No.’s 5,767,115 and 5,846,966; bile acid sequestrants; LDL (low density
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lipoprotein) receptor inducers; platelet aggregation inhibitors, for example
glycoprotein IIb/Illa fibrinogen receptor antagonists and aspirin; human peroxisome
proliferator activated receptor gamma (PPARY) agonists including the compounds

commonly referred to as glitazones for example troglitazone, pioglitazone and

|
3
i

rosiglitazone and, including those compounds included within the structural class
known es thiazolidinediones as well as those PPARY agonists outside the
thiazolidinedione structural class; PPAR« agonists such as clofibrate, fenofibrate

including micronized fenofibrate, and gemfibrozil; PPAR -dual a/y agonists; vitamin
Be (also known as pyridoxine) and the pharmaceutically acceptable salts thereof such

as the HCl salt; vitamin B12 (also known as cyanocobalamin); folic acid or a

pharmaceutically acceptable salt or ester thereof such as the sodium salt and the ‘
methylglucamine salt; anti-oxidant vitamins such as vitamin C and E and beta |
carotene; beta-blockers; angiotensin II antagonists such as losartan; angiotensin
converting enzyme inhibitors such as enalapril and captopril; calcium channel
blockers such as nifedipine and diltiazam; endothelian antagonists; agents that
enhance ABCI gene expression; FXR and LXR ligands including both inhibitors and
agonists; bisphosph"():nate compounds such as alendronate sodium; and
cyclooxygenase-2 inhibitors such as rofecoxib and celecoxib. Additionally, the
dihydroxy open acid statins of this invention, for example compound I, may be used
in combination with anti-retroviral therapy in AIDS infected patients to treat lipid
abnormalities associated with such treatment, for example but not limited to their use
in combination with HIV protease inhibitors such as indinavir, nelfinavir, ritonavir
and saquinavir.

A therapeutically or prophylactically effective amount, as appropriate, |
of a crystalline hydrated form of the calcium salt of dihydroxy open acid simvastatin,
for example compound I, can be used for the preparation of a medicament useful for
inhibiting HMG-CoA reductase, as well as for treating and/or reducing the risk for
diseases and conditions affected by inhibition of HMG-CoA reductase, such as
treating lipid disorders, preventing or reducing the risk of developing atherosclerotic
disease, halting or slowing the progression of atherosclerotic disease once it has
become clinically manifest;-and preventing or reducing the risk of a first or
subsequent occurrence of an atherosclerotic disease event. For example, the
medicament may be comprised of about 1 mg to 200 mg of a crystalline hydrated
form of the calcium salt of dihydroxy open acid simvastatin, or more particularly

about S mg to 160 mg.
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A therapeutically or prophylactically effective amount, as appropriate,
of a dihydroxy open acid statin can be used for the preparation of an oral medicamer:n
adapted for delayed-release, wherein substantial release of the statin after oral i
administration does not occur until after passage of the medicament through the '
stomach, or alternately wherein at least 90% of the statin is delivered in its dihydroxiy
open acid form to the intestinal mucosa of a patient after oral administration. Said l
oral medicaments are also useful for inhibiting HMG-CoA reductase, as well as for:’
treating and/or reducing the risk for diseases and conditions affected by inhibition of‘f
HMG-CoA reductase, as described above. {

The medicament comprised of a dihydroxy open acid statin, for :
example compound I, may also be prepared with one or more additional active agentjs,
such as those described supra. 1

Simvastatin is a semi-synthetic product which can be made from the |
natural product lovastatin. Processes for preparing lovastatin and simvastatin are well
documented in the published literature. For example, U.S. Patent No. 4,231,938,
herein incorporated by reference, describes a fermentation and isolation process for ’
obtaining lovastatinilils'ing the microorganism Aspergillus terreus. U.S. Patent No.’s
4,444 784, 4,820,856, 4,916,239 and 4,582,915, herein all incorporated by reference,
describe methods for making dihydroxy open-acid and lactonized forms of
simvastatin. '

Compound I of the instant invention can generally be prepared as
follows. Simvastatin and its dihydroxy open acid counterpart, including compound 1,
tend to form oxidative by-products; therefore, to minimize the formation of such by-
products, it 1s preferred that the procedures used to make compound I are performed
under an inert atmosphere such as nitrogen. Although compound I can be obtained
without using an inert atmosphere, the purity of the desired product will not be
optimized.

Hydrolysis of the lactone ring of simvastatin can be accomplished by
treating simvastatin with at least one equivalent, and preferably a slight excess of one
equivalent, of an aqueous base. If more than a slight excess of base is used, the
excess base 1s preferably neutralized before proceeding to the salt-formation step in - ||

order to prevent formation of insoluble calcium hydroxide or calcium carbonate by-

product. The base employed for the hydrolysis can be an aqueous solution of a metal

hydroxide or metal carbonate, for example but not limited to sodium hydroxide, 1

potassium hydroxide, lithium hydroxide, sodium carbonate and potassium carbonate.‘
-22-
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Sodium hydroxide is preferred. The hydrolysis can be performed in water, an

aqueous-protic organic solvent mixture, or an aqueous-aprotic organic solvent

mixture. Suitable protic organic solvents include but are not limited to methanol
(MeOH), ethanol (EtOH), isopropyl alcohol, n-propyl alcohol (propanol). Examples
of suitable aprotic organic solvents include but are not limited to acetonitrile,
dimethyl sulfoxide (DMF), N,N-dimethylformamide (DMSO), tetrahydrofuran (THF;),
tert-butyl methyl ether (MTBE) and toluene. Particularly, an aqueous ethanol or n- !

propyl alcohol solvent mixture may be used, and more particularly an aqueous n-

propyl alcohol solvent mixture. _
After the hydrolysis reaction is complete, the pH of the reaction l
mixture is adjusted to about 6 to 11, particularly 6 to 9, and more particula_;ly 7t0 8.3,
by addition of an acid. In this pH range, the dihydroxy open acid simvastatin will
exist as a metal salt, for example as the sodium salt if the base used in the hydrolysis
step is sodium hydroxide or sodium carbonate. Any acid that is capable of forming a
soluble calciurm salt such as calcium chloride or calcium citrate, is suitable. A soluble
calcium salt is intended to be a salt that is soluble in the solvent sytem employed in !
the instant process. ' Er'eferably an acid such as acetic acid (HOAc) or a mineral acid;
is employed, particuvlz:irly HCL
The fésulting pH-adjusted reaction mixture containing the metal salt of
dihydroxy open acid simvastatin is next combined with a solution of about 0.50 to
0.55 equivalents of calcium acetate hydrate [Ca(OAc),*xH,0] in water or an aqueous

R

organic solvent mixture, such as aqueous EtOH, MeOH, i-PrOH, n-PrOH,
acetonitrile, DMF, DMSO, THF, and particularly aqueous EtOH or aqueous n-propyl
alcohol. The pH-adjusted reaction mixture can be added to the calcium acetate |
hydrate solution, or the calcium acetate hydrate solution can be added to the pH-
adjusted reaction mixture. The addition can occur all at once, or optionally it can be
performed in portions over time with periods of aging. For example, a small portion
e.g., about one-quarter, of the calcium acetate hydrate solution can be added to the
pH-adjusted reaction mixture over a short period of time, for example over about-30 |

minutes, and then the resulting mixture can be allowed to age for an additional short

penod of time at room temperature, optionally followed by a further period of aging-at- -

a temperature up to about 50°C, for example from about 10°C up to about 50°C,.

particularly from room temperature up to about 50°C, more particularly from about 30

to 40°C, and most particularly from about 30 to 35°C, after which the remaining |

calcium acetate hydrate solution can be added in portions over several hours at a
-23 - '
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temperature up to about 50°C, for example from about 10°C up to about 50°C,
particularly from room temperature up to about 50°C, and more particularly from
about 30 to 40°C, and most particularly from about 30 to 35°C. Optionally, the
reaction mixture can be seeded with crystalline Compound 1.

Whether the pH-adjusted reaction mixture and the calcium acetate
hydrate solution are combined at once or in portions, the resulting slurry must be aged

until turnover of the resulting amorphous calcium salt of dihydroxy open acid

simvastatin to the crystalline product is complete, usually-for at least several hours.
Complete turnover to the crystalline product can be assessed by standard techniques%in
the art, for example, by examining a sample of the product under a microscope. Thi
aging step can be performed at a temperature up to about 50°C, for examp_—lc_a from i

about 10°C up to about 50°C, particularly from room temperature up to about 50°C,

and more particularly from about 30 to 40°C, and most particularly from about 30 to
35°C. During the aging period or periods, the use of lower temperatures will lead to,
crystallized product; however, it has been found that as the temperature drops, the ralLe
of crystal turnover becomes slower, making the procedure less time-efficient. 5
If ne?::eSsary, the slurry is then allowed to cool to room temperature ar¥d
is collected by suction filtration. The recovered solid is suction dried under a moist !
atmosphere (about 30 to 70% relative humidity, pariicularly 40 to 70%), preferably a
moist inert atmosphere such as hitrogen, and particularly at a temperature from about
10 to 40°C, and ore particularly 25 to 35°C. The final step of suction filtration in !
the recovery of compound I should be done under a moist atmosphere, and preferabllhl
a moist inert atmosphere in order to minimize oxidative by-products. Ifan additionz{,l
step of adding an antioxidant to compound I is performed, as described below, then |

the final suction filtration is the one performed after combining the antioxidant with

compound L. :

As noted above, compound I has a tendency to oxidize upon contact i
with air, and one way to minimize oxidation is to perform the reaction sequence under
an inert atmosphere. Additionally, one or more anti-oxidants such as BHA, BHT,
propyl gallate, ascorbic acid, calcium metabisulphite, hydroquinone,
nordihydroguaiaracetic acid (NDGA) or 7-hydroxycoumarin can be combined with
compound I. This is done by agitating a slurry of compound [ with one or more of the
antioxidants and recovering the resulting solid by suction filtration.

Alternatively, the ammonium salt of dihydroxy open acid simvastatin
can be used as the starting material to be combined with the calcium acetate hydrate

-24 - ;
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thus avoiding the hydrolysis and pH adjustment steps needed when starting with
lactonized simvastatin. The other reaction conditions described above, such as
solvents, temperatures, etc., can otherwise be employed. '

' Abbreviations which may appear herein are as follows: MeOH is
methanol; EtOH is ethanol; PrOH is propanol; HOAc is acetic acid; MeCN is
acetonitrile; DMF is dimethyl sulfoxide; DMSO is N,N-dimethylformamide;

Ca(OAc)2 is calcium acetate; HPLC is high performance liquid chromatography; min.

is minutes; h is hour(s); D.I. is de-ionized; NMR is nuclear magnetic resonance; EI ’
MS is electron impact mass spectrum; HR-EI MS is high resolution electron impact;
mass spectrum; RH 1s relative humidity. The “seed” used in the examples is

Compound I.

EXAMPLE 1

Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin |

(Compound I)

A 22 E four-necked round bottom flask was equipped with a ,
temperature probe, a N7 inlet, an addition funnel, and an overhead stirrer. 8.0 L of :

15% EtOH-H0 was added and the solution was purged with N2 for 10 min.
Simvastatin (396 g, 0.946 mol) was added, and the slurry was purged with N2 for 5
min. Then SN NaOH (198 mL) was added at room temperature. After about 1 hour,
the hydrolysis reaction was complete as analyzed by HPLC (> 99.9% conversion).

The pH of the reaction solution was adjusted to 7 to 8.5 by addition of 1 N HCI
(approx. 65 mL). A solution of Ca(OAc)2°H20(116.6 g, 0.662 mol) in 4.0 L of 60%

EtOH-H20 was purged with nitrogen for 5 min. A 1.0 L portion of this solution was

added to solution of the sodium sait over 30 min. The resulting slurry was aged at

room temperature for 30 min, and then at 30 to 35°C for 1-2 h.
The rest of Ca(OAc)? in EtOH-water was added over approx. 30 min

at 30 t035°C. The slurry was aged at 30 to 35 °C for 5 hours under atmosphere of N».

The slurry was cooled to room temperature and was collected by suction-filtration.
The wet cake was washed with 4 L 30% EtOH-H20, 4 L 20% EtOH-H?O, followed -

by 6 L x 3 of D.I. water. The solid was suction dried under an atmosphere of moist
N2 (40 to 70% relative humidity) at room temperature for 4 days. Crystalline

-25-
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hydrated calcium salt of dihydroxy open acid simvastatin was obtained as a white
powder.

The calcium salt was delumped with a single pass through a cleaned |
QUADROTM COMIL® (Model 197S).

HPLC CONDITIONS

Column: YMC Basic 4.6 mm x 25 cm
Detector: : ABS 757 1AU/volt output
Sample solvent: - EtOH/CH3CN/H20 (1:1:1)

Column temp: 25 °C (Anal. Dept. runs samples at 5 °C to prevent formation of

simvastatin on column).

Flow rate: : 1 .5mL/ min.
Wavelength: 238 and 210 nm . ‘
Gradient: %H20 (10 mM 2HPO4-
" Time (min.) %CH3CN  KHPPO4,pH =6.5) |
0.00 30 70 ?
20.00 45 55
3400 70 30 g
39.00 - 70 30 !
39.50 30 70
43.00 30 70
Retention time of simvastatin open acid: 17.07 min.
Retention time of simvastatin: 32.90 min. ;
SPECTRAL DATA

1H NMR (400 MHz, CD30D), 8 5.97 (d, J = 9.6 Hz, 1 H), 5.77(dd, ] =9.6, 5.2 Hz)1 ..
H), 5.49 (m, 1 H), 5.33 (m, 1 H), 4.17 (m, 1 H), 3.70 (m, 1 H), 2.4 - 2.35 (m, 2 H),

2.42(dd, J=15.7,3.6 Hz, 1 H), 2.31 - 2.27 (m, 1 H), 2.29 (dd, J = 15.7, 8.4 Hz, | H
2.00 (ddd, J = 15.7,7.6, 2.4 Hz, 1 H), 1.93 (m, 1 H), 1.68 (m, 1 H), 1.61 - 1.55 (m, 2

=26 -
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H), 1.55 (m, 2 H), 1.42 (m, 1 H), 1.32 (m, 1 H), 1.19(m, 1 H), 1.12 (s, 6 H), 1.08 (d, 1l
=7.2 Hz, 3 H), 0.89 (d, ] = 7.2 Hz, 3 H), 0.84 (t, J = 7.6 hz, 3 H) ppm.

13C NMR (100.55 MHz, CD30D), § 182.3, 179.3, 134.1, 133.2, 130.3, 129.6, 72.5,

69.8,45.1,44.4,44.1, 38.8, 38.3, 36.4, 34.3, 33.9, 32.0, 28.6, 25.9. 25.37, 25.36, 23.7,
14.3, 9.9 ppm

EIMS: m/e: 437 (M+H), 419(M+H-H0), 303.

HR-EIMS: Calcd. for C25H3805 418.2719; Found: 418.2712.

EXAMPLE 2
Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin \
(Compound I) with BHA k

A 22 L three-necked round bottom flask was equipped with a
temperature probe, a‘I}IZ inlet, an additional funnel, and an overhead stirrer. 8.0 L of
15% EtOH-H,0 was'added and purged with N, for 10 min. Simvastatin (396 g, 0.946
mol) was added, and the slurry purged with N, for 5'min. 198 mL of SN NaOH

(0.993 mol, 1.05 equiv.) was then added at room temperature. The hydrolysis reaction

" is usually complete in 1 h. as analyzed by HPLC (> 99.9% conversion). The pH of the ‘

reaction solution was adjusted to 7 to 8.5 by addition of 1 N HCI (about 65 mL). :
A solution of Ca(OAc)2°H20(91.7 g, 0.520 mol, 0.55 equiv.) in 4.0 L \

of 60% EtOH- H,0 was purged with nitrogen for 5 min. 1.0 L of this solution was
added to reaction solution over 30 min. The slurry was aged at room temperature for
30 min, and then at 30 to 35 °C for 1-2 h. The rest of the Ca(OAc), in EtOH-water
was added in portions over 3h hours at 30-35°C. The slurry was allowed to age at 30
to 35 °C for 5 h under an atmosphere of N;. The slurry was allowed to cool to room

temperature and was collected by suction-filtration. The wet cake was washed with 4 i

L 30% EtOH-H,0, 4 L 20% EtOH-H,0, followed by 6 L x 3 of D.I. water. The solid

was suction dried under atmosphere of moist N, (40 to 70% RH) at room temperature t

to give 1.7 Kg of wet cake. l
The above wet cake was placed in a clean 20 L three necked flask

under atmosphere of nitrogen. A solution of BHA (2.603 g, 0.2 wt % equiv) in |

degassed 15% EtOH H,0 (8.5 L) was added, followed by addition of degassed water l

|
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(2.55 L), and the slurry was agitated at room temperature for 1 to 2 h. The solid was

collected by suction filtration under atmosphere of moist N, with no washing to give
1.49 Kg wet cake. The solid was suction dried under atmosphere of moist N, (40 to 1
70% RH) at room temperature for 4 days. The calcium salt title product was obtained‘
as a white powder (94% yield. 99.4%A at 238 nm, 0.2wt% BHA, KF = 7.3 %wt). ]

.EXAMPLE 3

Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin l
(Compound 1) in aqueous nPrOH: Conventional addition mode \

Step 1: Hydrolysis
A 72 L three-necked round bottom flask was equipped with a

temperature probe, a N, inlet, an additional funnel, and an overhead stirrer. 28.5 L of ’
D.I. H,O was added and purged with N, for 10 min. 1.5 Kg simvastatin was added,
followed by 788mL of SN NaOH in one portion at room temperature. The hydrolysis ‘
reaction is usually (;dmplete in 2 h. as analyzed by HPLC (> 99.9% conversion). 1.5L 3
of nPrOH was added and the pH of the reaction solution was adjusted to 9.5 to 11.0

by adding 2 N HOAc (about 170 mL). l

150 g of seed (Compound I) was added to the above solution and the ‘
resulting slurry was allowed to warm up to 35 to 40 °C. A solution of Ca(OAc),*H,0 ‘1
(347 g) in 15 L of 20% nPrOH was purged with nitrogen for 5min. and added to slurry l

over 3 h. The resulting slurry was aged at 35 to 40 °C for 5 h. under an atmosphere of .

N, and then cooled to room temperature. The solid was collected by filtration and was
washed with 10% nPrOH-H,O (15 L x 3).

Step 2: Salt Formation

Step 3: BHA loading

|
|
|
The above wet cake (9.1 kg) was transferred into a clean 72 L three 1
necked flask under an atmosphere-of nitrogen. A solution of BHA (7.6 g) in degassed "
10% nPrOH (45 L) was added and the slurry was agitated at room temperature for 1 h. 1
and filtered under atmosphere of N; , and then suction dried under atmosphere of 1
moist N (30 to 70% RH) at room temperature for 7 days. 1.78 Kg of Ca salt title ‘(

- 28 -
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product was obtained as a white powder (94% vield. 99.4%A at 238 nm, 0.2wt%
BHA, KF = 6.6 %wt).

EXAMPLE 4 ‘

Preparation of hydrated crystalline calcium salt of dihydroxy open acid simvastatin in

aqueous PrOH: Simultaneous addition mode i

The process described in this example allows for keeping half of the
batch in the vessel at-all times as seed in a semi-continuous process.

100 g of simvastatin was hydrolyzed in 1.9 L water as described in
Example 3. Then, 100 m! nPrOH was added and the solution pH was adjugt_ed to 9 to
11 with 1 N HOAc. The resulting solution and a solution of Ca(OAc),-H,0 (23.2 g)

in 1.0 L of 20% nPrOH were added separately but simultaneously to a suspension of [

10-50 wt% Ca salt in 10% nPrOH (30 volume 10% PrOH relative to the amount of
the seed) at 30 to 40 °C over 3 h. After 5 h age at 30 to 40 °C, the slurry was cooled
to room temperature, filtered, and loaded with anti-oxidant and dried as described in
conventional addition.mode process. 95% yield.

EXAMPLE 5

Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin
(Compound I) in aqueous PrOH: Loading BHA through co-crystallization
Method A: 100 g of simvastatin was hydrolyzed in 1.9 L water as

described in Example 3. Then, 100 ml nPrOH was added and the solution pH was
adjusted to 9 to 11 with 1 N HOAc. 10wt% seed was added and the slurry was
allowed to warm up to 35 to 40 °C. A solution of Ca(OAc),*H,0 (23.2 g) and BHA
(540 mg) in 1.0 L of 20% nPrOH were added to the slurry at 35 to 40 °C over 3 h.
After 5 h age at 30 to 40 °C, the slurry was cooled to room temperature, filtered and
washed with a solution of BHA (0.1g/L) in 10% nPrOH (1L x 3). The wet cake was
dried under moist N, as described in conventional addition mode process. The final
dried Ca salt title product contained 0.2wt% BHA. 95% yield.

~ Method B: The procedure of Method A was employed with the ‘

following change. Instead of adding BHA to a Ca(OAc), solution, the same amount of ‘

BHA was added into the pH adjusted solution of hydrolyzed simvastatin at room

temperature. The solution was warmed to 35 to 40 °C to dissolve BHA. Then, 10wt% |

-29.-
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seed was introduced. The rest of the steps were as described in Method A. The final
dried Ca salt title product contained 0.2wt% BHA. 95% yield.

EXAMPLE 6 : i

i Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin
(Compound 1) in aqueous PrOH: Loading BHA/propyl gallate

j ‘ Starting with 2.0 Kg of simvastatin, the calcium salt of dihydroxy opet
| acid simvastatin was crystallized, isolated, and washed as described in Example 3.

: 10 The first wet cake was transferred to a clean 100L vessel under atmosphere of N;. A
| solution of BHA (9.2g) and propyl gallate (11.2 g) in 50 L 10% nPrOH wja-_s added to L
above vessel. The slurry was aged at room temperature for 1h. The slurry was filtered
with no wash. The wet cake was dried under moist N;. 95% yield. The dried salt was
loaded with 0.07wt% propyl gallate and 0.2 wt% BHA. !

=]

15
EXAMPLE 7
Preparation of crystélline hydrated calcium salt of dihydroxy open acid simvastatin
(Compound I) in aqueous PrOH: Loading propyl gallate :
20 , Starting with 2.0 Kg of simvastatin, the calcium salt of dihydroxy open ;

acid simvastatin was crystallized, isolated, and washed as described in Example 3. ¥

Then, the wet cake was washed with 10L of a solution of propyl gallate in 10%
: nPrOH (propyl gallate concentration = 0.224 g/L). Then, 20 L of propyl gallate
‘ solution in 10% nPrOH (propyl gallate concentration = 0.224 g/L) was added and the |
; 25  wet cake was mixed in the filtration pot before filtration. The wet cake was dried o
! under moist N,. 95% yield. The dried salt was loaded with 0.07wt% propyl gallate. :

I

| EXAMPLE 8
i

, 30 Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin
(Compound I) Loading BHA, BHA/Vitamin E, and Vitamin E in heptane

100 g of simvastatin was hydrolyzed in 1.9 L water as described in
Example 3. Then, 100 ml nPrOH was added and the solution pH was adjusted to 9 to
35 11 with I N HOAc. 10wt% seed was added and the slurry was allowed to warm up to
-30-
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' slurry over 3 h. The slurry was at 35 to 40 °C for 5 h. under atmosphere of N,. The
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35 to 40 °C. A solution of Ca(OAc),*H,0 (23.2 g) in 1.0 L of 20% nPrOH was added
to a slurry at 35 to 40 °C over 3 h. After 5 h age at 30 to 40 °C, the slurry was cooleda
to room temperature. The calcium salt slurry was filtered and washed with 10%
nPrOH (500 mL x 1), followed by water (1L x 3). The wet cake (KF = 75 to 80 wt% ‘
water) was then washed with 1 L of heptane, to displace most of the water. This wet :
cake was washed with a solution of BHA or Vitamin E or BHA/Vitamin E (conc. = |
1.38 g/ L, 800 mL) and dried under moist N,. ft

: |

 EXAMPLE 9

Preparation of crystalline hydrated calcium salt of dihydroxy open acid sirr_?yastatin
(Compound I) in aqueous MeCN

A 7.2 L three-necked round bottom flask was equipped with a ‘
temperature probe, a N inlet, an additional funnel, and an overhead stirrer. 2.1 L of 1
D.I. H,O was added and purged with N, for 10 min. 150 g simvastatin was added,
followed by 78.8mL of SN NaOH in one portion at room temperature. The hydroly51s
reaction is usually complete in 2 h. as analyzed by HPLC (> 99.9% conversion). 900
mL of MeCN was added and the pH of the reaction solution was adjusted to 9.5 to
11.0 by adding 2 N HOAc (about 17 mL). "

300¢g crystalline'r seed was added to above solution and the resulting
slurry was allowed to warm up to 30 to 35 °C. A solution of Ca(OAc),*H,0 (34.7 g)
in 1.5 L of 30% MeCN was purged with nitrogen for 5 min. and added to reaction

slurry was allowed to cool to room temperature and the solid was collected by
filtration. The wet cake was washed with 30% MeCN (1.5 L) and 10% MeCN (1.0 L)
and rinsed/washed with a solution of BHA (0.9 g/L) in degassed 10% MeCN (1.0 L x
2). The solid was suction dried under atmosphere of moist N, (30 to 70% RH) at roon
temperature for 5 days. 1.67 Kg of the title compound was obtained as a white
powder (88% yield. 99.4%A at 238 nm, 0.2wt% BHA, KF = 6.6 %wt).

EXAMPLE 10-

Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin

(Compou_nd I) in aqueous MeOH
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50 g simvastatin was hydrolyzed in 850 mL water as described in
Example‘ 3. Then, 150 ml MeOH was added and the solution pH was adjusted to 7 to
11 with IN HOAc. 10wt% seed was added and the slurry was allowed to warm up to
30-35 °C. A solution of Ca(OAc);*H;0 (11.6 g) in 500 mL of 30% MeOH was added
to the slurry at 30-35 °C over 3 h. After 5 h age at 30-35 °C, the slurry was cooled to
room terﬁperature. The dihydroxy open acid simvastatin calcium salt slurry was
filtered and washed with 20% MeOH (200 ml) and water (500 ml x 3). The wet cake’

was dried under moist N,. The final dried Ca salt title product was isolated in 96%
yield.

EXAMPLE 11

Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin
(Compound I) in aqueous i-PrOH, DMF, DMSO

50 g simvastatin was hydrolyzed in 850 mL water as described in
Example 3. Then, 150 ml i-PrOH was added and the solution pH was adjusted to 7 to
11 with 1 N HOAc. 10wt% seed was added and the slurry was allowed to warm up to
30-35 °C. A solution of Ca(OAc),*H;0 (11.6 g) in 500 mL of 30% i-PrOH was added
to the slutry at 30-35 °C over 3 h. After S h age at 30-35 °C, the slurry was cooled to
room temperature. Ca salt slurry' was filtered and washed with 20% ml i-PrOH (200
ml) and With water (500 ml x 3). The wet cake was dried under moist N;. The final
dried Ca salt title product was isolated in 96% yield.

The same procedure could be applied to prepare Compound I in DMF,
DMSO, and similar solvents.

EXAMPLE 12

Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin
(Compound 1) in water

j 50 g of simvastatin was hydrolyzed in 1.0 L water as described in
Example 3. Then, the solution pH was adjusted to 11 with-1 N-HOAc. 10wt% seed
was added and the slurry was allowed to warm up to 35-40 °C. A solution of
Ca(OAc),;*H,0 (11.6 g) in 500 mL of water was added to the slurry at 35-40 °C over 5
h. After 10 h age at 35-40 °C, the slurry was cooled to room temperature. Ca salt

-32-
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slurry wés filtered and washed with water (500 ml x 3). The wet cake was dried under

moist N,. The final dried Ca salt title product was isolated in 96% yield.
EXAMPLE 13

Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin

(Compound I) from dihydroxy open acid simvastatin ammonium salt

Method A: 50 g of dihydroxy open acid simvastatin ammonium salt
was dissolved into 800 ml of 25% nPrOH which was then added dropwise to a
solution ‘of Ca(OAc),*H,0 (10.7 g) in 75 ml of water at room temperature over 2h.
The resulting slurry was aged at 30 to 35 °C 5 h. After cooling to room temperature,
the slurry was isolated by filtration. The wet cake was washed with 10% nPrOH (500
ml x 3). The wet cake was loaded with antioxidants and dried under moist N, as
described above to give the title product.

| Method B: 50 g of dihydroxy open acid simvastatin ammonium salt

was added into a solution of Ca(OAc);*H,0 (10.7 g) in 1.5 L of 10% nPrOH in one
portion aj room ten{pe'rature. The resulting slurry was aged at 30 to 35 °C 5 h. After
cooling to room temperature, the slurry was isolated by filtration. The wet cake was
washed with 10% nPrOH (500 ml x 3). The wet cake was loaded with antioxidants
and dried under moist N, as described above to give the title product.

By using both-Methods A and B described as above, the title product
could also prepared from ammonium salt in the following aqueous solvents: acetone,
MeOH, EtOH, iPrOH, , MeCN, neat water, DMF, DMSO, and similar solvents.

EXAMPLE 14

Recrystallization Procedure Using nPrOH-H,0

Dried Compound I (21 g) was dissolved in 150m! of 40% nPrOH at
35°C and line filtered. This solution was added dropwise to a slurry of 10 wt% seed in
480 ml of 4% PrOH at 35 to 40°C over 3 to 5 h. After aging overnight at 35 to 40°C,
the slurry was allowed to cool to room temperature. The solid was filtered and washed
with 10% nPrOH (200ml x 2). The wet cake was dried under moist N». 95% yield.

EXAMPLE 15

-33-
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’ Recrystallization Process Using EtOH-H,O ‘
]. Method A: 25 g of Compound I was dissolved into 425ml of 95%

EtOH at 40 °C and line filtered. The filtered selution was added dropwise to 825ml of

5  water in the presence of 10% wt seed at 30 to 35 °C over 3 to 5 h. The slurry was aged
overnight and cooled to 0 to 5 °C before filtration. The wet cake was washed with 250

ml of 30% EtOH and dried under moist N, at room temperature. 92% yield. ‘
Method B: 25 g of Compound I was dissolved into 625ml of 95%

EtOH at 30 to 40 °C and line filtered. 525 ml of water was added at 30 to 40 °C. After

10 adding 10wt% seed, 825 ml of water was added dropwise at 30 to 40 °C over 3 h. The

slurry was aged ovérnight and cooled to 0 to 5 °C before filtration. The wet cake was
washed with 250 ml of 30% EtOH and dried under moist N, at room temperatur
92% yield.

o

15 .
a EXAMPLE 16

An open, randomized, four-period, crossover study to compare the effect of

itraconazole on the single-dose pharmacokinetics of intraduodenally administered
20  dihydroxy open acid simvastatin versus orally administered simvastatin in healthy

H
¢

male subjects

Objectives: (1) To determine the effect of itraconazole, a potent CYP3A inhibitor,
on the plasma AUC of active and of total HMG-CoA reductase inhibitory activity
25  following a single intraduodenal dose of a solution containing 5 mg dihydroxy open
acid simvastatin; (2) to determine and compare the dose-adjusted plasma AUC of
active HMG-CoA reductase inhibitory activity following a single intraduodenal dose
of a solution containing S mg dihydroxy open acid simvastatin versus a single oral ;
administration of simvastatin 20-mg film coated tablet (FCT); (3) to determine the
30  effect of itraconazole on the plasma AUC’s of dihydroxy open acid simvastatin and of |
simvastatin lactone concentration following a single intraduodenal dose of a solution

containing 5 mg dihydroxy open acid simvastatin.
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Study Design: This study was designed in an open, four-period crossover randomized
fashion. Twelve healthy male subjects received four treatments (A, B, C and D). In
Treatment A, subjects received itraconazole 200 mg (2 x 100-mg capsule) for 4 days
followed by a single dose of 5-mg dihydroxy open acid simvastatin solution
administered intraduodenally on day 4, 1 hour after the fourth daily dose of
itraconazole. In Treatment B, subjects were given a single dose of 5-mg dihydroxy
open acid simvastatin solution administered intraduodenally on day 1. Intraduodenal”
administration was accomplished via a nasoduodenal tube placed under fluoroscopig
guidance by an experienced gastroenterologist just prior to dosing and removed

following the 1-hr postdose measurements. Treatments C and D were similar to thos

4]

of Treatments A and B, except that orally dosed simvastatin 20-mg conventional filr

=1

coated tablet was used. The wash out between treatment periods was at least 7-days
following a treatment containing itraconazole or at least 3 days following a treatment
without itraconazole. Plasma samples were collected at appropriate time intervals for
up to 24 hours following simvastatin or dihydroxy open acid simvastatin
administration, for analysis of total and active HMG-CoA reductase inhibitory
activitiés as well as for simvastatin and dihydroxy open acid simvastatin

concentrations.

Analytical Methodology:

open acid simvastatin acid were determined simultaneously by an improved liquid

Plasma concentrations of simvastatin and dihydroxy

chromafography/tandem mass spectrometry (LC/MS/MS) method using lovastatin and
dihydroxy open acid lovastatin acid as internal standards. An enzymatic assay method
was used to determine plasma concentrations of active and total (active plus
potentially active) HMG-CoA reductase inhibitory activity.

Pharmacokinetics: ~ The area under the plasma concentration-time profile from time
zero to the last sampling time (AUCO-last) was calculated using linear trapezoidal
rule. The apparent elimination rate constant (k) of simvastatin and dihydroxy open

acid simvastatin was estimated by least-squares regression analysis of the log-linear

portion of the simvastatin and dihydroxy open acid simvastatin concentration-time |-

data, and the apparent elimination half-life (t;,,) was calculated as t;, = 0.693/k. All
calculations were based on designated sampling times or actual sampling times when

they differed from the designated times by more than 10 minutes.
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Discussion of Results: This was an open, randomized, four-period crossover
study in twelve healthy male subjects. The results showed that intraduodenal
administration of dihydroxy open acid simvastatin 5-mg solution yielded higher (~4-
fold) dose-adjusted plasma AUC of the active HMG-CoA reductase inhibitory activity

than oral administration of simvastatin 20-mg tablet (Table 1). Following dihydroxy,
open acid simvastatin administration, the unchanged dihydroxy open acid simvastatib
was the major component (~60%), while simvastatin was a minor component (<10%)
contributing to plasma HMG-CoA reductase inhibitory activity. As evident by
comparable AUC values for both the total and active inhibitors (see Table 1) as well
as low plasma levels of simvastatin in plasma (AUC <10% of dihydroxy open acid
simvastatin AUC) (see Table 3), lactonization of either dihydroxy open acx_'E!

simvastatin or its active metabolites occurred minimally following intraduodenal
administration of dihydroxy open acid simvastatin. Pretreatment with itraconazole

L

caused minimal changes (1.3-1.5-fold) in the systemic exposure as measured by AUC
and Cmax of HMG-CoA reductase inhibitory activity (total or active) following ‘

administration of dihydroxy open acid simvastatin 5-mg intraduodenally, as comparéd
to that observed following oral administration of simvastatin 20-mg tablet (1.3-3.8-
fold) (see Table 2) When measured as the unchanged drug, the effect of itraconazole
observed following "Eiihydroxy open acid simvastatin administration was also minimal
(1 .S—fold) and was much less than the corresponding measure obtained following
simvastatin administration (19-fold) (see Table 3). A moderate effect (3-4-fold
increase) was noted for the AUC and Cmax of simvastatin following treatment with§
itraconazole prior to dihydroxy open acid simvastatin administration (see Table 3). |
However, apparent t1/2 values for dihydroxy open acid simvastatin or simvastatin

were essentially unchanged by itraconazole(see Table 3). Overall, these results
indicate that the pharmacokinetics of dihydroxy open acid simvastatin is less prone tz
alteration by itraconazole, a potent CYP3A inhibitor, than that of simvastatin in
humans. From these results it appears that dihydroxy open acid simvastatin, althougl
a substrate for CYP3A, is metabolized with a much lower intrinsic clearance than thait

of simvastatin in human liver microsomes.
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Pharmacokinetic parameters for total and active HMG-CoA reductase inhibitor

TABLE 1

|
|
!
!
|

following administration of 5-mg dihydroxy open acid simvastatin (SVA) T

intraduodenally or 20-mg simvastatin (SV) tablet orally to 12 healthy male volu*ﬂeers.
Results are means from 12 subjects. Values in parentheses are SD.

|

|
Drug Administered | SmgSVA (ID) | 20 mg SV (ECT)
N 12 2 |
Total 56.0 (28.6) 180.7 (57.2)
AUC Active 54.1 (28.5) 59._7_(1@
(ng eq. hr/ml) SV 1.02 (0.5) 16.9 (10.5)
SVA 33.9 (16.7) 7.7(49),
|
Total 62 (3.6) 67.1(27.2)
Cmax Active 5.7 (3.0) 16.1 (4.4)T
(ng eq./ml) SV 0.13 (0.05) 6.84 (4.6) |
SVA 3.78 (1.93) 0.92 (0.58) |
| |
Total 33(2.3) 12(05) |
Tmax (hr) Active 3.6 (2.5) 1.4(0.5) |
SV 4.9 (2.0) 1.1(0.5) !
SVA 4.1(2.1) 3721 |
|
SV 6.7(1.7) 42(19) |
¢1/2 (hr) n=8 %
SVA 23(0.5) 35(1.0) |
\i
|
{
!
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TABLE 2 |
Pharmacokinetic parameters for total HMG-CoA reductase inhibitor following l1
administration of 5-mg dihydroxy open acid simvastatin (SVA) intraduodenall)) or 20-
mg simvastatin (SV) tablet orally with or without pretreatment with itraconazole

(2x100-mg capsule, qd) for 4 days to 12 healthy male volunteers. Results are m‘eans
from 12 subjects. Values in parentheses are SD.

¢
Treatment AUC Cmax { Tmax |
(ng eq.hr/mL)  (ng ea/mL) \ (hr)
|
' Total Inhibitors -~ l
(. ]
Single 5-mg SVA (ID) + 4 Days of Daily 200-mg ltraconazole 86.1 £ 47 82x40 4.‘? +2.2
Single 5-mg SVA (ID) 56.0 + 28.6 6.2+3.6 3.3£23
( Geometric Mean Ratio 1.5 1.3 \‘
- Single 20-mg SV (CT) + 4 Days of Daily 200-mg Itraconazole | 683 £ 232 126 + 54.8 1.% +0.9
Single 20-mg SV (CT) 1807572 671272 12£0.5 "\
Geometric Mean Ratio 3.8 1.9 11
Active Inhibitors - !
| |
Single 5-mg SVA (ID) + 4 Days of‘Daily 200-mg {traconazole | 75.0 % 39.6 74+£39 5.5 l‘t 1.7
Single 5-mg SVA (ID) 54.1+285 5.7£3.0 36125
( Geometric Mean Ratio - 1.3 1.3 l(
Single 20-mg SV (CT) + 4 Days of Daily 200-mg Itraconazole 195+ 104 23.0+13.6 3.1 i‘f 0.9
Single 20-mg SV (CT) 59.7 £ 18.1 16.1+4.4 1.4 :J‘\ 0.5
Geometric Mean Ratio 3.1 1.3
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TABLE 3
Pharmacokinetic parameters for simvastatin or dihydroxy open acid simvastatix{n
following administration of 5-mg dihydroxy open acid simvastatin (SVA) \

l
intraduodenally or 20-mg simvastatin (SV) tablet oraily with or without pretreatment

l .
5  with itraconazole (2x100-mg capsule, qd) for 4 days to 12 healthy male volunteers. |
. . | f
Results are means from 12 subjects. Values in parentheses are SD. |
o
l }
| .
Treatment AUC Cmax t1/2 | Tmax !
(ng eq.hr/mL) (ng eq/mL) (hr) | (hr)
|
- -
’ 1
. ( Simvastatin _- ll
: l
i Single 5-mg SVA (ID) + 4 Days of Daily 200-mg Itraconazole | 5.18 £ 3.15 0.43+0.2 67+25m=11)] 5319
o °J
{ P Single 5-mg SVA (ID) 1.02+0.5 0.13£0.05 6.7+ 1.7 (n=8) | 49+£20 \
i \_ Geometric Mean Ratio 4.4 3.2 1.0 l ‘
I Single 20-mg SV (CT) + 4 Days of Daily 200-mg Itraconazole 316+ 142 77.2+50.7 52%1.5 1.8+ 1.1
Single 20-mg SV (CT) 16.9+10.5 6.841 4.6 4219 1.1£035
Geometric'Mean Ratio 19.4 11.4 1.3 l\
Simvastatin Acid !
. l
Single 5-mg SVA (ID) + 4 Days of Daily 200-mg Itraconazole | 56.8 + 33.5 5.78+3.27 28+ 1.1 |4.7+24
Single 5-mg SVA (ID) 339167 378+ 1.93 23£05 114.1 +2.1
Geometric Mean Ratio 1.5 v 1.5 1.1 1
‘ \ Single 20-mg SV (CT) + 4 Days of Daily 200-mg ltraconazole | 86.2 + 65.6 9.76 £7.38 45%13 hox14
N
: Single 20-mg SV (CT) 770+ 4.9 0.92+0.58 3510 %7 +2.1
Geometric Mean Ratio 11.0 10.7 1.3
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While the invention has been described and illustrated with ref%rence
to certain particular embodiments thereof, those skilled in the art will appreciatle that
various changes, modifications and substitutions can be made therein without |
departing from the spirit and scope of the invention. For example, effective dol§ages
other than the particular dosages as set forth herein above may be applicable as'a
consequence of variations in the responsiveness of the mammal being treated for any
of the indications for the active agents used in the instant invention as indicated'\t

above. Likewise, the specific pharmacological responses observed may vary \l

according to and depending upon the particular active compound selected or whether
there are present pharmaceutical carriers, as well as the type of formulation emp(lloyed,
( and such expected variations or differences in the results are contemplateq_ in i
‘ ) accordance with the objects and practices of the present invention. It is intende«i,

| therefore, that the invention be defined by the scope of the claims which follow z%nd
§ . that such claims be interpreted as broadly as is reasonable.

10
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WHAT IS CLAIMED IS:

1. An oral pharmaceutical composition comprising a
therapeutically effective amount of a compound selected from a dihydroxy open acid
5  statin and a pharmaceutically acceptable salt or ester thereof and a pharmaceutgcally
acceptable carrier, formulated as a delayed-release dosage form wherein substa’lntial
release of the compound from the dosage form after oral administration to a pa:tient is

delayed until after passage of the dosage form through the stomach. |

\,

i

10 2. - The pharmaceutical composition of Claim 1 wherein at rlnost
[ 10% by weight of the statin is released into the stomach of a patient after ~ 1
‘ administration. \
|
3. The pharmaceutical composition of Claim 2 wherein at most
( 15 5% by weight of the statin is released into the stomach of a patient after \
administration. ‘
" 1
4. The pharmaceutical composition of Claim 3 wherein at ml\ost

1% by weight of the statin is released into the stomach of a patient after \
20  administration. ' |

l

S. The pharmaceutical composition of Claim 1 wherein the l
composition is enterically coated. : ‘

25 6. The pharmaceutical composition of Claim 5 wherein the dl)sage
form is surrounded by an enteric coating. 1

C 7. The pharmaceutical composition of Claim 5 wherein the d(?sage
form comprises enterically coated granules of the dihydroxy open acid statin or a |

30  pharmaceutically acceptable salt or ester thereof. l

|

8. The pharmaceutical composition of Claim S wherein the do@sage
form comprises enterically coated granules of dihydroxy open acid simvastatin or 'a

pharmaceutically acceptable salt or ester thereof. ' |
35

|

1
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9. The pharmaceutical composition of Claim 5§ wherein the dosage
form comprises enterically coated granules of the dihydroxy open acid statin or a |
pharmaceutically acceptable salt or ester thereof, provided that the dosage form does
not contain granules of aspirin. \

10.  The pharmaceutical compositioh of Claim 5 wherein th

composition is formulated in an enterically coated rapid-release pharmaceutical
dosage form. : \

|

11. - The pharmaceutical composition of Claim 5 wherein thel
composition is formulated in an enterically coated time controlled-release |
pharmaceutical dosage form. ‘

|

12.  The pharmaceutical composition of Claim 1 wherein the\
composition is formulated in a drug delivery device comprised of: | \
(A)  acompressed core prepared from an admixture comprising:
N £(1) a therapeutically effective amount of the compound; and
: (1)  apolymer which upon hydration forms gelatinous

1,
(B) awater inso'lublé, water impermeable polymeric coating comprising a
- polymer and a plasticizer, which surrounds and adheres to the core, the
coating having a plurality of formed apertures exposing between about
1 and about 75% of the core surface; T

‘microscopic particles; and

and wherein the release rate of the compound from the device is a function of thé
number and size of the apertures.

13.  The pharmaceutical composition of Claim 12 wherein the ‘,drug
delivery device is additionally comprised of an enteric overcoat exterior to the wéter
insoluble, water impermeable polymeric coating. 1

14. The composition of Claim 1 wherein the statin is selected from '
the dihydroxy open acid forms of lovastatin, simvastatin, atorvastatin, cerivastatiﬁ,

nisvastatin and ZD-4522 and the pharmaceutically acceptable salts and esters thex]eof.

42
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15.  The composition of Claim 1 wherein the statin is selected from
the dihydroxy open acid form of lovastatin, simvastatin and the pharmaceutically
acceptable salts and esters thereof. |

5 16.  The composition of Claim 1 wherein the statin is selectéd from |
. q j
the dihydroxy open acid form of simvastatin and the pharmaceutically acceptable salts
and esters thereof. ‘ T
17.  The composition of Claim 1 wherein the statin is a |
10  pharmaceutically acceptable salt of dihydroxy open acid simvastatin. i

o

18.  The composition of Claim 1 wherein the statin is a calcium salt
of dihydroxy open acid simvastatin. ’

15 19.  The composition of claim 1 wherein the statin is an ammbnium
salt of dihydroxy open acid simvastatin. ‘
20.  The composition of Claim 1 wherem the statinis a crystallme
hydrated calcium salt of dihydroxy open acid simvastatin having an x-ray powder
20  diffraction pattern obtained using CuKa radiation characterized by refelections at d-
spacings of 30.7,24.6, 15.9, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60, 3.93,
( 3.84,3.67,3.51 and 3.28A. _ ‘
21.  The composition of Claim 5 wherein the statin is selected lgfrom
25  the dihydroxy open acid form of lovastatin, simvastatin, atorvastatin, cerivastatinZ, 1
nisvastatin and ZD-4522 and the pharmaceutically acceptable salts and esters theii‘eof. |
22.  The composition of Claim 5 wherein the statin is selected from
the dihydroxy open acid form of lovastatin, simvastatin and the phannaceutically"
30  acceptable salts and esters thereof. \
23.  The composition of Claim 5 wherein the statin is selected ﬁ"rom

the dihydroxy open acid form of simvastatin and the pharmaceutically accep'table‘lsalts
and esters thereof. \
35
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24.  The composition of Claim 5 wherein the statin is a

pharmaceutically acceptable salt of simvastatin.

3
2]
0
=

25.  The composition of Claim 5 wherein the statin is a calcium

of dihydroxy open acid simvastatin.

26.  The composition of Claim 5 wherein the statin is an amimoniuin!

salt of dihydroxy open acid simvastatin. ) j

27 ~ The composition of Claim 5 wherein the statin is a crystalline
hydrated calcium salt of dihydroxy open acid simvastatin having an x-ray f)_()Wder
diffraction pattern obtained using CuKa radiation characterized by refelectionis at d-
spacings of 30.7, 24.6, 15.9, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60, 3.93,
3.84,3.67,3.51 and 3.28A.

28.  The composition of claim 27 further comprising BHA. "

PN

29. " The compdsition of claim 27 further comprising propyl gallate.
30.  The composition of claim 27 further comprising BHA ind
propyl gallate. : ‘

31.  An oral pharmaceutical composition made by combining a
therapeutically effective amount of a compound selected from a dihydroxy open acid
statin and a pharmaceutically acceptable salt or ester thereof with a pharmaceutically -

acceptable carrier in a delayed-release dosage form.

32. A process for preparing an oral pharmaceuticai composition
comprising combining a compound selected from a dihydroxy open acid statin and a
pharmaceutically acceptable salt or ester thereof with a pharmaceutically accé,ptable
carrier in a delayed-release dosage form. |

33.  The use of a dihydroxy open acid statin or a pharmaceLLtically
acceptable salt or ester thereof for the preparation of an oral medicament adaéted for .
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delayed-release wherein substantial release of the statin after oral administration does -

not occur until after passage of the medicament through the stomach.

34.  The use of Claim 33 wherein at most 10% by weight of the

statin is released into the stomach of a patient after administration.

35.  The use of Claim 33 wherein at most 5% by weight of the statin

is released into the stomach of a patient after administration. !

|
36. - The use of Claim 33 wherein at most 1% by weight of flhe statin
is released into the stomach of a patient after administration. T

37.  The use of dihydroxy open acid simvastatin or a ?
pharmaceutically acceptable salt or ester thereof to prepare the medicament 0} claim
33. ‘

38. '.:Theuseofa dihydroxy open acid statin or a pharmacedtically
acceptable salt or ester thereof for the preparation of an oral medicament adapted for
delayed-release useful for delivering at least 90% by- weight of the statin in ité‘

dihydroxy open acid form to the intestinal mucosa of a patient after oral ‘
administration. !

39.  The use of Claim 38 wherein at least 95% by weight o_i' the

statin is delivered in its dihydroxy open acid form to the intestinal mucosa of;a patient

after oral administration.

40.  The use of Claim 38 wherein at least 99% by weight of the
statin is delivered in its dihydroxy open acid form to the intestinal mucosa of]a patient

after oral administration.

41.  The use of dihydroxy open acid simvastatin or a !
pharmaceutically acceptable salt or ester thereof to prepare the medicament clf claim
38. f
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- until after passage of the medicament through the stomach.
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42.  The use of a dihydroxy open acid statin or a pharmaced‘tically
acceptable salt or ester thereof for the preparation of an oral medicament adapted for
delayed-release useful for inhibiting HMG-CoA reductase in a patient in need of such
treatment wherein substantial release of the statin after oral administration is delayed -

43.  The use of a dihydroxy open acid statin or a pharmaceutically "
acceptable salt or ester thereof for the preparation of an oral medicament adapted for '
delayed-release useful for treating hypercholesterolemia in a patient in need of such

treatment wherein substantial release of the statin after oral administration is *delayed

|

44.  The use of a dihydroxy open acid statin or a pharmaceitically

until after passage of the medicament through the stomach.

acceptable salt or ester thereof for the preparation of an oral medicament adapted for

atherosclerotic disease in a patient at risk of developing atherosclerotic diseage

delayed-release useful for preventing or reducing the risk of developing

wherein substantial release of the statin after oral administration is delayed unt11 after

passage of the medxcament through the stomach. ' l

45.  The use of Claim 44 wherein the medicament is usefu%k for
preventing or reducing the risk of developing atherosclerotic disease selected from

cardiovascular disease, cerebrovascular disease and peripheral vessel disease.

46.  The use of Claim 44 wherein the medicament is use@l for
preventing or reducing the risk of developing coronary heart disease.

47.  The use of a dihydroxy open acid statin or a pharmacéutically}
acceptable salt or ester thereof for the preparation of an oral medicament adél:lpted for,
delayed-release useful for treating atherosclerotic disease in a patient in need of such
treatment wherein substantial release of the statin after oral administration iis delayed
until after passage of the medicament through the stomach. i

48.  The use of Claim 47 wherein the medicament is useﬁ!ﬂ for
treating atherosclerotic disease selected from cardiovascular disease, cerebrlovasculalr
disease and peripheral vessel disease. |
-46 - ]
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49. The use of Claim 47 wherein the medicament is useful'for

i

; 2\
|

|

treating coronary heart disease.

|

50.  The use of a dihydroxy open acid statin or a pharmaceutically
acceptable salt or ester thereof for the preparation of an oral medicament adapted for {
delayed-release useful preventing or reducing the risk of occurrence or recurrjence of |
an atherosclerotic disease event in a person at risk of having an atherosclerotic disease
event wherein substantial release of the statin after oral administration is del:Tyed until

o

after passage of the medicament through the stomach.
51.  The use of Claim 50 wherein the medicament 1s usefui for
preventing or reducing the risk of occurrence or recurrence of an atherosclerci"’tic

disease event in a person who has atherosclerotic disease. l

52. The use of Claim 50 wherein the medicament is useﬁéh for

. i3 . . -
preventing or reducing the risk of occurrence or recurrence of an atherosclerotic

disease event in a person who is at risk of developing atherosclerotic disease.

53.  The use of Claim 50 wherein the medicament is usefu!l for
preventing or reducing the risk of occurrence or recurrence of an atheroscler‘htic
disease event selected from a coronary heart disease event, a cerebrovasculat event
and intermittent claudication.

54.  The use of Claim 50 wherein the medicament is useful for
preventing or reducing the risk of occurrence or recurrence of a coronary heart disease
event selected from coronary heart disease death, myocardial infarction and coronary

revascularization procedures.

55. The use of Claim 50 wherein the medicament is useful for

preventing or reducing the risk of occurrence or recurrence of a cerebrovasgular event

selected from a cerebrovascular accident and a transient ischemic attack.
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56.  The use of any of Claims 42 to 55 wherein the statin ig selected
from the dihydroxy open acid forms of lovastatin and simvastatin and the ‘

pharmaceutically acceptable salts and esters thereof. l

57.  The use of any of Claims 42 to 55 wherein the statin isI selected
from dihydroxy open acid simvastatin and the pharmaceutically acceptable sajllts and

esters thereof. I

58. - The use of any of Claims 42 to 55 wherein the statin 1% a

59.  The use of any of Claims 42 to 55 wherein the statir.l-i:% a

pharmaceutically acceptable salt of dihydroxy open acid simvastatin.

calcium salt of dihydroxy open acid simvastatin. I

i
60.  The use of any of Claims 42 to 55 wherein the statin 1£ an

ammonium salt of dihydroxy open acid simvastatin.

61. ° The use of any of Claims 42 to 55 wherein the statin is a
crystalline hydrated calcium salt of dihydroxy open acid simvastatin having%m X-ray
powder diffraction pattern obtained using CuKo. radiation characterized by [
refelections at d-spacings of 30.7, 24.6, 15.9, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09,
4.93,4.60,3.93,3.84,3.67,3.51 and 3.28A. |
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TITLE OF THE INVENTION
DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDUCTASE

INHIBITORS

ABSTRACT OF THE DISCLOSURE

The instant invention provides methods and pharmaceutical
compositions for inhibiting HMG-CoA reductase, as well as for treating and/or
reducing the risk for diseases and conditions affected by inhibition of HMG-éoA
reductase, comprising orally administering a therapeutically effective amound ofa
compound selected from a dihydroxy open acid statin and a pharmaceutically:
acceptable salt or-ester thereof in a delayed-release pharmaceutical dosage_"fo: to a

patient in need of such treatment wherein substantial release of the compounéi from
the dosage form is delayed until after passage of the dosage form through the" stomach.

|

|
|
|
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2do. EXAMEN DE FORMA PATENTE DE INVENCION

Radicacién no 00— /6008 | |
ConcepioTécnico no_2 D Claslficaclén Intemacional de Patantes_ A6/ < %;{'/165/ 31/0/5
|

Pmdodmdewdoabeshbbddomdmwdehbedslénmsedemmanw
astasoﬂah:ddePatenﬁedolnvandén. ‘

'

.
!

SI[X] NOfJ- Contiens unresumen delainvencion (Art26-).
SI[X] NO[] Contiene e titulo 0 nombre de la invencién (Art 27-d).

SILX] NO[] Contiene ladescripcitn de lainvencidn (Art26-b). |

sipd Nop ) _(nk?usgd)»ummﬂ ]Conﬁenelosdlbu]osnecesaxbspamwbrenderlainvendén
| ;

SI[Y] NO[] Contensunaomés rehindicaciones. (Art26-c). |

SI[] NO[] NOESAPLCABLE] Hans!dodesamlladoslospmductosylop‘mcedimentosapamr ,
de recursos genéticos desuspmdumsdaﬂvadosdelosqueaﬂquiaradelosPalsas ]
Miembros es pals de origen. (At 26- h).

SI[] NO[] NO ES APLICABLE [X Losproductosyloprocedl:ﬂentoshiusldoobtemdoso
| ~ desamollados a partir de delascohwudadesmdtgenas
aﬁoame:icanasoloca!asdelospalsesm!embms de acuerdo a lo establecido en la

Decisién 391ysusmdiﬁcadonesymglarmntacbnesvlgentes.(ht26-l) .

Sif1 NOA Lamvenc:énsereaereaunpmducmrexaﬁvoaunmamdduaogbo"wtzw)

SIX] NO[] Laprioridad colncide con lamateria relvindicada. |

Spa No L] -CUMPLELOSREQUISITOSTECNICOS o ;

|
|
|
|
|
|
.

|
|
:

ossenvmonesvomos SIPTNO | J\Qarhojgrr;vanexa(s fo,m !

1. Se hace la drFCcocro
2 Se om~€!’c0[ Zf%sd/;ﬂn gi;gkz (mo/ /oé,o/ Oj% /GiO;Drzuemoﬁom,
a,
s s 0‘3”0( Wﬁ 7(8 s re/“l/“?’/&‘oowo~

-3 qSe omééa n"QV'U‘S p glnaj de (g descrp cro:é
y 62-06% ,Cc > OS Hl,q(z ”Ce"’?/?/a ‘,,, 05 gryglmL.

m eg-en

mfr;gngm&cmc%g qﬂ@m GREG2N ox6 cro Y (2012 O FOND 105

202092 Moo ethuct d"? blhacror‘v 7‘0"@ 106 el Frc
5¢ anecon . nwevas Saredo Achio Tema
de PRpretaos | PO‘) % lOA \} 104 ;

Bogota D, C., fobrero 28>
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SUPER!N'{LENDENCIA

Foﬁo}m/

i
o Jmz-09-29
] 446
2020 | “ o
Bogota, D.C. i
!
i
|
Doctor(a) |
JOSE ANTONIO LLOREDA |
Apoderado(a) i
|
|
‘ |
REFERENCIA: Radicacién No. 00-16008 ,I
Tramite 002 «
Evento 001 '
Actuacién 416 |
Oficio No. 407 ,
Folios 001 |
i

!

Teniendo en cuenta que la solicitud de privilegio de patente que se tramita bajo €} expediente
indicado en la referencia, retine los requisitos de forma establecidos en los articulos 26 y 27 de la
Decision 486 de la Comision de la comunidad andina, y en las demas disposiciones vigentes sobre
la materia, se envia el extracto de la solicitud a la Oficina de comunicaciones para efecto de su
publicacion en la Gaceta de Propiedad Industrial, conforme lo establece el articulo 40 de la misma

Demsnén

Cumplase

Dado en Bogots, D.C., a)o; @3 MAR. 235

ALIX CESPEDES DE VERGEL
Jefe de la Division de Nuevas Creaciones

1

|

i

1

i

|

I

i

|

Bogota, D.C., S ¢ 7/2()0& El extracto de esta solicitud fue publicado en el nume’ro 5/5 dela

Gaceta de Propledad Industrial, de fecha 2.5.0¢~zoc” . El término habil senalado por la ley
expird el 29-0 -0/ yShK NO___se presentaron oposiciones por parte de terceros.
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