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CORREO CERTIFICADO

| Radicacion :00016006 00000008 Fecha: 30/11/2004 8:47:54
Tramite :2 PATENTES DE INVENCION
. Evento 1 REGISTRO/DEPOSITO/CONCESION
/ Actuacion :432 COMUNICACION ACTO ADMINISTRATIVO
‘ Solicitante :LLOREDA RICAURTE ALICIA |Fotios:1

Bogota, D.C.

Sefior (a) (es)

LLOREDA RICAURTE ALICIA
CALLE 72 NO. 5-83 PISO 5
BOGOTA D.C.

REF: RESOLUCION No: 29808
FECHA No. 30/11/2004
EXPEDIENTE No. 0 16006

Tramite :2 PATENTES DE INVENCION
Evento :1 REGISTRO/DEPOSITO/CONCESION
Actuacidn 432 COMUNICACION ACTO ADMINISTRATIIVO

Estimado Doctor (a)

Comedidamente le solicito presentarse a este Despacho ubicado en la
Carrera 13 No 27 - 00 Piso Quinto (5) de Bogota D.C. dentro del
término de cinco (5) dias habiles contados a partir del envio de la
presente c¢itacidén, en horario de 8:30 a.m. a 5:00 p.m., jornada
continua con el fin de notificarle personalmente el contenido de la
resolucidén y expediente citados en la referencia.

De no hacerse presente en el término indicado anteriormente, la
providencia en mencidén se notificarad por edicto.

Secretaria General
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

!
\
|
|
|

_
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REPUBLICA DE COLOMBIA Industria y Comercio
SUPERINTENDENCIA DE INDUSTRIA Y COMER(I@ PERINTENDENCIA

. LR nD
RESOLUCION Guido

Por la cual se declara abandonada una solicitud

Rad. Exp. N° 00-16006

; - EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
- en ejercicio de sus facultades legales, en especial de las que se ¢onfirieron en el
articulo 4, numeral 5 del decreto 2153 de 1992, y

CONSIDERANDO:

- PRIMERO: Que el articulo 44 de la Decisién 486 de la Comision|de la Comunidad
- Andina, establece que: "Dentro del plazo de seis meses contados desde la publicacion
~de la solicitud, independientemente que se hubieren presentado oposiciones, el
_solicitante debera pedir que se examine si la invencion es patentable. Los Paises
iembros podran cobrar una tasa para la realizacion de este examen. Si transcurriera
cho plazo sin que el solicitante hubiera pedido que se realice el examen, la solicitud
ra en abandono”.

 SEGUNDO: Que el extracto de esta solicitud fue publicado en la Gaceta de la Propiedad
Industrial N° 515 del 29 de abril de 2002.

TERCERO: Que contados seis meses desde la publicacion de la soli¢itud en la Gaceta
~de la Propiedad Industrial, no se presentd peticion de parte del| interesado, para
. efectuar el examen de fondo, razén por la cual se considera abandonada la solicitud en
~ los términas del mencionado articulo 44.

RESUELVE:

~ ARTICULO PRIMERO: Declarar abandonada la solicitud de privilegio de patente de
mvencn’m contenida en el expediente de la referencia.

ART!CULO SEGUNDO: Notificar personalmente el contenido de la presente resolucion
la doctora Alicia Lloreda Ricaurte, o a quien haga sus veces, quien actia como
apoderada de Merck & Co., Inc., entregandole copia de la misma, gdvirtiéndole que
~ contra ella procede el recurso de reposicion interpuesto ante el Superintendente de
~-Industria y Comercio, al momento de la notificacion o dentro de log 5 dias habiles
~ siguientes a ella.

NOTIFIQUESE Y CUMPLASE
Dada en Bogota, D.C.,alos 30 NOV. 2004

EL SUPERINTENDENTE DE INDUSTRIA Y COMERCIO,

LICIA LLOREDA RICAURTE e CAN: Tr A .38 50 Conmutador. 3620840
Ca"e 72 N° 5 83 Plso 5 . : yW.SiC.qOV.CO| e-mail: mfo@sncgov co
: BOgota D.C. Bogota D.C. - Colombia

202021



Merck & Co. I
REF: LLC-05F-2000. La vpresente es Traduccion

documento presentado originalmente en

traduccion es elaborada por Gabriel

{Traductor Oficial).

ESTADOS UNIDOS DE AMERICA
A TODOS AQUELLOS QUE LLEGAREN A LEER EL CON

nc. 00.016.006
Oficial de un
inglés. Esta

Ruedsa Chadid

ITENIDO DEL

PRESENTE DOCUMENTO LES CERTIFICAMO

DEPARTAMENTO DE LOS ESTADOS UNIDAS

S:

Oficina de Marcas vy Patentes de los Estadbs Unidos

Marzo 22 del 2000

Solicitud Internacicnal de

se encuentre

Patente aue ce

identifica mas adelante. tal v como fue presentpada. iunto con

lag correcocicnes aue se le hubieren
s tomada directamente de los registros aue
Oficina de Marcas v Patentes de los
actuia como despacho receptor al tenor de
Tratade de Cooreracién de Patentes.

Ntmero de Solicitud: PCT/USQ0 /2627

Fecha de presentacion:

FPor autorizacidan del
COMTSTONADO DE MARCAS REGISTRADAS Y PATENTES
T. TAWRENCE

intrcducido.

Esta covia

reposan en 1

jvil

Estados Unidos. la cual

lo dispuesto en el

|

Febrero 2 del 2000

Funcionario Encarsade de Certificacicones(Hav firma v sello)

UG
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REIVINDTCACTONES

1. Un  compuesto en forma hidrats

calcio de la sinvastatina de acido dihidroxi al

~cristalina,

2 El compuesto de la reivindicaci

presenta un ratron de difraccion de rvolvo de 7

ahtiene utilizande la radiacién CuKe v aue

se

Q

refleccionss en los espacios "'d” correspondis
5.1

3

3. El comruesto de la reivindicaci

pregsenta una curva de termogravimetria caracte

vérdida de peso de 8.3% a partir de la temrer

hasta alcanzar una vlanicie estable de vperdi

aproximadamente 175°C agque se obtienen hajio

i

nitrdosgens a2 una tasa de calentamiento de

W

4. El compueste de la reivindic

rresenta una curva diferencial de escaneo cal

=e caracteriza por una menor temperatura en

Temperaturas 77 v 100°C con calore

48. a0 J/a, regeectivamente. v

temperaturas mas elevadas debidas a descomp

temreraturas pico de 222 v 241°C. con calores

183 v 92 J/=z. aque se obtienen bajo un fluio

rurbuijeante a través de agua a 168.0°C a

2
20357Y
da de sal de

ierta en forma

én 1. el cual

avos X que se
aracteriza vor

ntes a 30.7.

5. 5.09. 4.93,

kn 2. el cual

rizada por una
ntura ambiente

da de

A
A

D

reso

un  flujec de

10°C/minutos.

ncion 2
nrimétrico aque
Hotérmica

g asociados de

sndotermos

psiciones con

G ABR

4
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~alantamiento

formsa

calcio de 1a

el agprectro

10}

Alido seguan
A,

acantidad te

raivindicacid

o]
'
i

reivindicacid

8.
reivindicacid

liberacidn co

=

mediante 1la
eficazr del o

farmacéutioam

composicio

o3

compuesto d

farmacéuticam

de copa.

de 10°C/minutce en un recirvriente abisrto en

Ina forma cristalina hidratada|de 1la sal de

sinvastatina acida abierta dihidroxi gue tiene

de resonancia magnética nuclear |33C de estado

ge aprecia en la Fiegura 4.

Una comrosicidn farmacéutica cusg comprende una
ravéuticamente eficaz del compuesto de 1la

n 1 v un portador farmacéuticamentie aceptable.

La composgicidn farmaceutica de 1a

n 8 adartada rara administracidén por via oral.

La composicidn farmacéutica de 1la

n 7 aue ge formula en forma de dosificacidén de

n control de tiempo.

hma comreosicion farmaceutica | aue se Thace

combinacion de una cantidad terapéuticamente

ompuesto de la reivindicacidén 1 v un portador
ente aceptable.

[n Troceso  para la rpreraragion de una
farmacéutica que comprende la cpmbinacidon del
S 1a reivindicacisdon 1 con un rortador
ente aceptable.

Uua
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tratamisnto de  la hipercclesterclemia en un paciente que

raquiera de dicho tratamiento.

19, El1 uso del compuesto de la reivindicacion 1

rara la prevaracidén de un medicamento 1util vara prevenir o

readiucir al riesgo de desarrollar 1= enfermedad
ateroscleratica en una persona en riesgo de desprrollar dichs

condicion,

Z0. Kl uso de la reivindicacién |19 donde <1
medicamento es Util para prevenir o reducir |el riesgo de
decarrollec de 1la enfermedad aterosclerdtica.| a partir de

enfermedad cardiovascular. enfermedad cerebre vascular v

anfermedad de los vasoes veriféricos.

21. El wuso de 1la reivindicacidén |19 donde el
madicamento esg 1til para prevenir o reducir &l riesgo  de

degarrollo de enfermedad cardiaca coronaria.

2. El usg del comruesto de la reivindicacidn 1
para 1= rrevaracion de un medicamento util wpara el

tratamiente de enfermedad aterceclerdtica en un raciente aue

requiera de dicho tratamiento.

23, El1 use de la reivindicacidn |22 dende el

medicamentc es 1util para =1 tratamiento de la enfermedad

(o1

aterosclerdtica. aue se selecciona a partir de enfermedad
cardiovagcular. enfermedad cerebro vascular v enfermedad de

 ms
1ne wvasos reriféricoes.

M
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TRADUCTOR OFICIAL
Resolucifin 5396 de Nov. 29/82
Ministerio de Justicia




4. Rl man de la  reivindicacidn 2Z a cual el
maedicamento =28 Util  para el tratamiento

coranaria.,

5. E1 uso del compuesto de la reiviindicacién 1

vara la vrevaracién de un medicamente Util para

raducir al riesgo de ocurrencis o recurrencia de 1

enfermedad aterosclerdtica en un paciente en

o}
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28, El uso de la reivindicacidén 25 \donde el

medicamanto ez Otil vara prevenir ¢ reducir el rieszo de
nourrancia o recurrencia de un evento de nfermedad
aterosclerdotica en un vaciente aue va tenga dicha ¢ondicidn
ateroaclisratica.

27. El uso de la reivindicacidn 25 en la tual =1

o4

medicamentos ez 0Otil wvara vprevenir o reducir el esgo de
nourrencia o recurrencia de un evento de =
ateroscleratica 2n un paciente en riesgo de desarrclla

anfarmedad,

P8, Fl uso de la reivindicacidén Z5 en la 1 el

medicamento es Ntil  para prevenir o reduclir el rie
conrrencia o racurraencia de un evente de enfe
aterosclerdtica a partir de un evento de enfermedad cardilaca.

svanta cerebhro vascoular v claudiciacidn intermitente.

29, El uso de la reivindicacion 25 en la cua

medicamento 2g Ntil rara rprevenir o reducir el riesgo | de

Y-
wo~Znil RUCDA
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armrvencia o vrecurvencla de enfermedad cardiac

miertae ver  enfermedad cardiaca. infartoe de | miocardio v

vracedimientos coronarios de revacularizacién.

2. El uso de la reivindicacidn 25

e
medicamento &g 1til vara prevenir o reducir e
occurrencia o  recurrencia de un evento cerebrc vascular. qus

e saleceoicna a vartir de un accidente cerebro vascular v de

un atague isguémico transitorio.

31. IIn eprocesc pvpara la elaboracidn del \compuesto

de la reivindicacion 2 aue comprende los siguientes \pasos:

AN La <combinacidn de una mezcla de un sal de
sinvastatina de Acideo abierta dihidroxi en solventke acucso
~on hidrato de acetato de calcio para fermar unal| sal de

caleio amorfa de sinvastatina de dcido de estructura \abierta
dikidroxi. donde el solvente acucsc se gelecciona a \partir

del agua. uns mezcl

[6)

de solvente organico acuoso protico v

vente orgianice acuoso aprotico:

3
At
3
b
£
0
t«—-l
)
Q,
]
0]
Q
I—I

B El enveijecimiento de la mezcla resultgnte a
una temperatura hasta de B0°C hasta cuando la rotacidn
s=2l amcrfa de ecalcic de la sinvastatina del 4Acid

aztructur:

i

abierta dihidroxi convirtiéndose en =al de callcio
~ristalina  de sinvastatina del dcido de estructura abierta

Adihidrowi auedes complets:

) La recuperacisn de la sal de calcio cristalina

de la sinvastatina del dcide de estructura abierta dihidro:

Yatis™
¢ ABRIEL RUEDA'CHADID

TRADUCTOR OFICIAL
Resolucion 5396 de Nuv..29{82
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Ty Bl sgecado de 1
una atmosfera de humedsad.

32. E1l prroceso de
log pascs s= cumplen badjo

de

rroceso

solvente organico protico

conformado por etanol,

alcohol n-provilo. v el

rartir del Frupe conformad

dimetilformamida.

butil metil eter v tolueno.
34. El rroceso de 1
snlvente organico proHtico se

conformade por

de

solvente

sal

abierta dihidroxi

de =al de la  ginvaetatina de

e

dihidroxi &3 un solvente acuos

11 antes de combinarse con el

la reivindicacién

una atmésfera inerte.

metancl.

solvente

0

dimetil sulfoxido v tetrahidro

gelecciona a

etancl v alcohol n-provilo.

la

una mezcla de alcohol

(&)

hidrate

recureradcs hajo

la reivindicacidon | 31 donde el
se selecciona a vpartir del sgruro

alcohol de fesovrorvilo v

aprdotico se |=selecciona =

Tor rilo, N.N-

urano. tert-

reivindicacidon Bl donde el

partir del erupo

reivindicacién 31 donde el

acuoso n-erorilo.

Jque se

de acetatc

dads
G ABRIEL R EDAYC
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ia reivindicacidn

ajusta

la reivindicacicén

aiusta

la reivindicacion

se atiusta mediante adicidn a la mezcla de u

.

=alaccimnma

dcideo mineral v del

i
3
[2i]
~
ot
[..l
ry
jo N
O

40, El proceso de la reivindicacion

la =22l de sinvastatina de acido

S 00 o b og

abierta dihidroxi es sal de amonio.

la reivindicacion

asec (AY, el hidrato de acetato de calcio

(9

m

A

13

1a mezcla de la

cioneg a

73

de estructura abierta dihidroxi.

dcido

gal de la sinvastatina

D
]

36 dende rH

36 decnde

]
[}

vH

38 deonde =1 oH

n acido oue se

acetico.

31 donde en =

de estructura

31 donde en el

ge adiciona en

de dcido

42, El rreoceso de la reivindicacidn |31 donde 2n el
rvaso (BY. la mezela se enveijece a una temperatiura desde 10°C
hasta DO,

43, FEl rroceso de la reivindicacidn Bl donde en e1
vasc  (By. la mezcla se envedece a una temperatura desde
tamperatura amhiente hasta B50°C.

44, H1 procesc de la reivindicacidn Bl deonde en el
pase (BY. la mezcla se envedece a una temperatura desde 30°0
hasta 40°C

LU~
(, <341 RUEDA CHADID
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10

AR F1 proceso de la reivindicacidn| 21 deonde =n el
vaso {0y, la sal de calcio cristalina de la sinvastatina de

g2oido de sstructura abierta dihidrowi se regurera mediante

)

iltracidn por succidn.

48, El proceso de la reivindicacidn |31 donde en el

ragc (I, loe cristales recurerados se secan baijo condiciones

47 . El proceso de la reivindicacién 4B donde en el
raso (D). lns cristales recuverados se secan bajc una

atmogfera inerte himeda a una temperatura en el| rango de 10°C

16 donde en el

0
[y
0
[
D
3

42. El rvrocesc de la reivindic
pasn (DY, loe cristales recuperados se sgecan bajo una

atmdefera inerte himeda a una temperatura en el |rangc de 25°C

49, F1 procesc de la reivindicacién 31 donde en el

D

rasc (DY, la atmdésfera himeda es inerte v tiene una humedad

ralativa de 30 a 70%.

50. ¥l proceso de la reivindicacién 48 donde en el

vasn (Y. los cristales recuverados se succion eh secco.

B1. El proceso de la reivindicacion 321 donde en e1

rasn  (A)Y. =e combina un antioxidante con la sal de lsa
zinvagtatina del adcido de esztructura abierta dihidroxi v ~on

D

1 hidrato de acetato de caloio en el solvente aguoso.

I
. -24lLL RUEDAC foﬁo’
TRADUCTOR OFICIAL
Rasolucion 5396 de Nov, 29/82
Minigterio de Jjusticia




la

rartir de

1la

7
v

pogtericoridad al

1

3

combhina uwn antioxidante c<con la al

de

recurerado

dihidroxi en un solvente acuoso v

recurera mediante filtracidn v se

inerte humedsa.

K de la

rrocese

ante se selecciona a partir de

sSus

combinaciones.

e

1

in

5 El proceso

1a mezcla resultante

Ja

5 El preducto elaborado

L

la reivindicacion 31.

Ta anterior Traduccion Oficial de

oac
g

: un

b5

5

oricginalmente en inglés.

GABRIEL RUEDA CHADID (Traductor Oficial).

vor lo cual estamro mi Sello

2.C.. Abril 5 del 2000.

reivindicaci

BHA.

reivindicacion
con antericridad
de cald
la sinvastatina del dcido de
]l material

seca bado

reivindicacidg

de la reivindicacidén

se envejece en Y

a partir

docume
E=zta traduccion fue

Resol

h%4
v

£

[o)

g

A

v

asty

P

Fir

- )

n

res

n

D

del proceso

nto

11

51 donde el

ropilealato

TJ

31 donde

1 paso (D),

io

r3

o

uctura

ultant e

o}

una atmésfersa

53 donde el

..

roril galato v

31 donde en

resencia de

]

rrecsentado
realizada por
del

ncion 5996

mo .
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UNITED STATES DEPARTMENTI‘ OF COMMERCE 7
United States Patent and Trademark Office

March 22, 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/US00/2627
FILING DATE: FEBRUARY 2, 2000

¥ By Authority of the
COMMISSIONER OF PATENTS AND T EMARKS

s ﬂ Qé AVRIN 7N

T. LAWRENCE
Certifying OfficeF-
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PCT REQUEST
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Original (for SUBMISSION) - printed on 02.02.2000 01:34:52 PM
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249

PCT 20357Y

For receiving Office use only
International Application No.

PCTUS

00/02627

International Filing Date

(02 0a o)

0 2 FEB 2000

Name of receiving Office and "PCT
International Application®

PCT INTERNATIONAL

APPLIC

¥

04
0-4-1

Form - PCT/RO/101 PCT Request
Prepared using :

PCT-EASY Version 2.90
(updated 15.12.1999)

0-5

Petition

The undersigned requests that the
present internationai application be
processed according to the Patent
Cooperation Treaty
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TITLE OF THE INVENTION

DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDU
INHIBITORS

FIELD OF THE INVENTION

CTASE

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 ca|cium salt of

dihydroxy open acid simvastatin referred to herein as compound 1.

BACKGROUND OF THE INVENTION

It has been clear for several decades that elevated blgod cholesterol is a
major risk factor for coronary heart disease (CHD), and many studigs have shown that

the risk of CHD events can be reduced by lipid-lowering therapy. Prior to 1987, the

lipid-lowering armamentarium was limited essentially to a low saturated fat and

cholesterol diet, the bile acid sequestrants (cholestyramine and coles

tipol), nicotinic

acid (niacin), the fibrates and probucol. Unfortunately, all of these {reatments have

limited efficacy or tolerability, or both. With the introduction of lov

astatin

(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 {ime physicians

were able to obtain comparatively large reductions in plasma cholesferol with very

few adverse effects.

In addition to the natural fermentation products, mevpstatin and
lovastatin, there are now a variety of semi-synthetic and totally synthetic HMG-CoA
reductase inhibitors, including simvastatin (ZOCOR®; see US Pate+t No. 4,444,784),

pravastatin sodium salt (PRAVACHOL®; see US Patent No. 4,346,
sodium salt (LESCOL®; see US Patent No. 5,354,772), atorvastatin|

227), fluvastatin

calcium salt

(LIPIT! OR®; see US Patent No. 5,273,995) and cerivastatin sodium_ ‘salt (also known

as rivastatin; see US Patent No. 5,177,080). The structural formulas
additional HMG-CoA reductase inhibitors, are described at page 87
“Cholesterol Lowering Drugs", Chemistry & Industry, pp. 85-89 (5 1
The HMG-CoA reductase inhibitors described above belong to a stri
compounds which contain a moiety which can exist as either a 3-hyc
or as the corresponding ring opened dihydroxy open-acid, and are of

-1-

of these and

of M. Yalpani,
February 1996).
ictural class of
froxy lactone ring

ten referred to as
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“statins.” An illustration of the lactone portion of a statin and its cofresponding open-

acid form is shown below.

H
R : COOH
OH
Lactone Dihydroxy Open-Acid

Salts of the dihydroxy open-acid can be prepared, and in fact, as notgd 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 formula II, and simvastatin is shown as structural

formula III, below.

I III

The lactonized forms of the statins are not active inh
CoA reductase, but the dihydroxy open acid forms are. It is known

bitors of HMG-
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 hepatc- ~*es that the lactone can be metabolized to the active

-2

7

2\
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open acid form, a reaction catalyzed by two hepatic esterases or "lagtonases,” one

which is in the cytosolic and the other in the microsomal fraction. Qnce in the blood

there is an additional plasma esterase which can also hydrolyze the Jactone to the open

acid. There may be some minimal chemical, i.e., non-enzymatic, h

occurs in blood or in the liver; however, at the pH in blood and live

be any lactonization, i.¢., conversion of open acid back to the lactone.

ydrolysis that

i, there should not

A statin conventionally administered by oral dosing in its dihydroxy

open acid form or a pharmaceutically acceptable salt or ester thereo

f 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-ex

st there. For

example, see M.J. Kaufman, International Journal of Pharmaceuticg, 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. Kearney, et al., Pharmaceutical Research, 1993, |
1465, which describes the interconversion kinetics and equilibrium

D(10), p. 1461-
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 mixtur
and the corresponding lactone form of the drug could exist by the ti
from the intestine.

The preparation of the naturally occurring compoun& lovastatin and the

semi-synthetic analog simvastatin leads to a mixture of the lactone

e of the open acid
me of absorption

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
carboxy acid, and end with a ring-closing step in order to make the
product. For example, U.S. Patent No. 4,820,850 describes a proc
simvastatin which involves opening the lactone ring of lovastatin a
alkyl-amide at the resulting carboxy acid, followed by protection of
groups and methylation of the 8’ acyl sidechain. After the methyla
hydroxy protecting groups are removed, the amide is hydrolyzed to
an ammonium salt of the free acid is formed, followed by a step to
ring. In U.S. Patent No. 4,444,784, the 8’-acyl sidechain of lovastg

the lactone ring opened in the first step, followed by re-lactonizatia

at the resulting
final simvastatin
ess for making

nd forming an

 the two hydroxy
lion step, the

the free acid and
re-lactonize the
itin 1s removed and

n of the ring and

protection of its hydroxy group. Next, the 8" position is acylated to introduce the

-3
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A

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 been
associated with the use of all statins, including simvastatin. The mechanism for
statin-related myopathy is currently poorly understood. It is also kjown 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 bz remarkably safe.
However, the very low risk of myopathy is substantially increased when simvastatin is
given together with potent inhibitors of CYP3A4. While the overall safety record for
simvastatin is exceptional, it would be desirable to further optimizg 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 occurreng¢e of myopathy
associated with the use of all statins. Statins are among the most widely used drugs in
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 elimiPate the in vivo
lactonization of a dihydroxy open-acid statin. For oral administratjon, the dihydroxy
open-acid statin or a pharmaceutically acceptable salt or ester thergof 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 yvhile maximizing
the amount of dihydroxy open-acid statin that is absorbed from thg intestine.
Accordingly, this invention involves a method of ighibiting HMG-CoA
reductase with an effective inhibitory amount o.” an orally dosed statin comprising
-4-
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delivering at least 90% of the dosed statin in its dihydroxy open acid

intestinal mucosa of a patient in need of such treatment.

form to the

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, comprisin
administering a therapeutically effective amount of a compound sele
dihydroxy open acid statin and a pharmaceutically acceptable sait or
delayed-release pharmaceutical dosage form to a patient in need of §
wherein substantial release of the compound from the dosage form i
after passage of the dosage form through the stomach.

One embodiment of the first object is to provide the 3
method wherein the delayed-release pharmaceutical dosage form is 3
module (GEM) drug delivery device.

g orally

cted from a
ester thereof in a
uch treatment

5 delayed until

bove-described

1 gel extrusion

Another embodiment of the first object is to provide the above-

described method wherein the delayed-release pharmaceutical dosag

enterically coated pharmaceutical dosage form. An additional aspec

e form is an
t of this

embodiment is to provide the above-described method wherein the delayed-release

pharmaceutical dosage form is selected from an enterically coated ra&pid—release'

pharmaceutical dosage form and an enterically coated time controlle

d-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 dev

ce.

- The compound used for the above-described object aTd embodiments
may particularly be dihydroxy open acid simvastatin and the pharmaceutically

acceptable salts thereof, and more particularly a pharmaceutically ac
thereof.

A second object of the instant invention is to provide

ceptable salt

novel HMG-CoA

reductase inhibitors which are crystalline hydrated forms of the calcipm salt of

dihydroxy open acid simvastatin, and particularly the compound referred to herein as

compound I.

Additional objects are to provice the use of the crystajline hydrated

forms of the calcium salt of dihydroxy open acid simvastatin, particylarly 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-

-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 I. Addi
be evident from the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

tional objects will

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 or

inate or Y-axis is

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 reson
Compound L.

DETAILED DESCRIPTION OF THE INVENTION

ce spectrum for

Applicants have now discovered that dihydroxy opep acid statins may

be less reliant on CYP3A4 metabolism than their closed ring lactonized counterparts.

The instant invention involves methods and phanhaceutical compositions for orally

administering open-ring dihydroxy open acid statins and salts and gsters thereof,

which are HMG-CoA reductase inhibitors, in such a way so as to
conversion to their lactonized counterparts. This allows for delive

inimize

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 stdtin 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 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 alsc can provide enhanced e
-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 significant
the CYP3A4 enzymatic pathway.

In addition, a novel crystalline hydrated form of the
dihydroxy open acid simvastatin has now been discovered to be a p
suitable salt form having desirable physical properties for formulati
hypercholesterolemic drug composition.

The term “statin(s)” as used herein is intended to be

y metabolized by
calcium salt of
harmaceutically

Fn into an anti-

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, « H
COOH
OH
Lactone Dihydroxy Open-A

cid

All hydrates, solvates and polymorphic crystalline forms of HMG-CoA reductase

inhibitors having the above-described lactone/dihydroxy open acid
included within the scope of the term “statin(s)”. Pharmaceutically
and esters of the dihydroxy open-acid statins are included within th
“statin(s)”’.

Statins inhibit HMG-CoA reductase in their dihydro

poiety are
acceptable salts
e scope of the term

y open acid form.

Compounds which have inhibitory activity for HMG-CoA reductasg 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 theicof. The phrases “dihydroxy open a
“dihydroxy open acid statin(s) and the pharmaceutically acceptable
thereof” are used interchangeably herein and are both intended to e

acid and salt and ester forms of the open acid of the statin, unless o

-7

id statin(s)” and
salts and esters
pcompass the open

therwise indicated.
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All hydrates, solvates and polymorphic crystall'ine 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

invention. Examples of dihydroxy open acid statins that may be use

d with the present

invention include but are not limited to the dihydroxy open acid forms and

pharmaceutically acceptable salts and esters thereof of: lovastatin (s
4,342,767); simvastatin (see US Patent No. 4,444,784), pravastatin,
sodium salt thereof;; fluvastatin particularly the sodium salt thereof;
particularly the calcium salt thereof; certvastatin, particularly the so
nisvastatin also referred to as NK-104 (see PCT international public
97/23200) and ZD-4522 (see US Patent No. 5,260,440, and Drugs g
1999, 24(5), pp. 511-513).

In a narrower embodiment, any dihydroxy open acid

ee US Patent No.
particularly the
atorvastatin,

dium salt thereof,
ation number WO
f the Future,

statin or a

pharmaceutically acceptable salt or ester thereof may be used with the present

invention, such as those listed above, provided the statin is not pravpastatin or

fluvastatin. In a class of this embodiment, the open acid statin includes dihydroxy

open acid lovastatin, simvastatin, atorvastatin, cerivastatin, nisvastatin and

pharmaceutically acceptable salts thereof. Pharmaceutically acceptable salts of

dihydroxy open acid simvastatin, particularly the ammonium and c3

thereof, are preferred for use in the methods and compositions of thjs invention. More

particularly, the calcium salt of dihydroxy open acid simvastatin ing

lcium salt forms

ludes the

crystalline hydrated forms of the calcium salt of dihydroxy open aci\d simvastatin, and

more particularly the hydrated calcium salt of dihydroxy open acid simvastatin

referred to herein as compound L

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, p

articularly those

formed from cations such as sodium, potassium, aluminum, calciurp, lithium,

magnesium, zinc and tetramethylammonium, as well as those salts formed from

amines such as ammonia, ethylenediamine, N-methylglucamine, lysine, arginine,

omithine, choline, N,N’-dibenzylethylenediamine, chloroprocaine, diethanolamine,

procaine, N-benzylphenethylamine, 1-p-chlorobenzyl-2-pyrroliding-1’-yl-

methylbenzimidazole, diethylamine, piperazine, morpholine, 2,4,4{trimethyl-2-

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 es
open acid statins include, but are not limited to, -C]-4 alkyl and -

rs of dihydroxy
1-4 alkyl
lkyl” herein

substituted with phenyl-, dimethylamino-, and acetylamino. “C)_4
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 rert-butyl.

The instant invention involves methods and pharmaceutical
statins and salts

and esters thereof, which are HMG-CoA reductase inhibitors, in such a way so as to

compositions for orally administering open-ring dihydroxy open aci

minimize conversion to their lactonized counterparts. This allows fpr 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 dihydrgxy 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 gral 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 compouhd would mitially occur after entry

-9.-




20357Y

10

15

20

25

30

35

into the duodenum. By “substantial release,” it is intended that 90% pr more by
weight of the active compound in the delayed-release dosage form ig 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 HYIG-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 duodenum 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%, and
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 of the
plasma AUC of active vs. total HMG-CoA reductase inhibitory actiyity will be greater
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 dihydroxy open acid statin is administered in a delayed release dosage
form, the internal exposure to lactonized parent compound and also fto lactonized
active and inactive metabolites will be minimized.

One example of a suitable delayed-release dosage fo
dependent enterically coated dosage form. The enteric coating will

1s a pH-

ot dissolve in the
acidic gastric environment, but will dissolve in the higher pH envirgnment 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 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, titaniu
colloidal silicon dioxide, triethyl acetate, polyethylene glycol, sodiy|
purified stearic acid, and sodiwui.. alginate. Many other suitable ent

- 10 -
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materials are commercially available and are known in the art. Add
employed in the preparation of the dosage form, such as those used

elegant, aesthetically pleasing final product or for other purposes, m

before or after, or before and after, application of the enteric coating|.

tional coatings
o provide an

Ely be applied

Suitable enterically coated pharmaceutical dosage forms for use with

this invention include enterically coated conventional rapid-release

immediate-release) pharmaceutical dosage forms wherein the drug i

also referred to as
s relatively

rapidly released once the enteric coating is breached, and enterically coated time-

controlled release dosage forms such as but not limited to an enteric

delivery device, described below. Time controlled-release dosage fi

ally coated GEM

rms 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 an enteric coated time controlied-release dos
preferred with more potent dosage amounts of a dihydroxy open aci
lower the systemic exposure to the active statin. Whether the dosag

enterically coated rapid-release or time-controlled release dosage fo

e form is
d statin so as to
e form is an

m, the enteric

coating will prevent release of any substantial amount of the active ¢compound from

the dosage form in the stomach.

Enterically coated pharmaceutical dosage forms also
not limited to those wherein the dosage form or unit is comprised of
open acid statin in a tablet, capsule or the like that is surrounded by
overcoating, and those wherein the dosage form or unit is a tablet, ¢
comprised of enterically coated granules of the dihydroxy open acid
dosage form is surrounded by an enteric overcoat, the enteric coatin
outer-most external coating on the dosage form, or there may be ong
additional finish coatings applied over the enteric coat. In a more li
embodiment, when the delayed-release dosage unit contains enterics
granules of the drug, the drug is selected from the dihydroxy open-a
lovastatin and simvastatin and the pharmaceutically acceptable sait

include but are
the dihydroxy

an enteric

apsule or the like
statin. Where the
g may be the

t Or more

mited

lly coated

cid form of

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
dihydroxy open acid statin or pharmaceutically acceptable salt or es
used with the present invention, such as those described herein, pro

statin is not dosed in a single pharmaceutical dosage form or unit cq

<11 -

embodiment, any
ter thereof may be
ided that the

mprised of enteric




20357Y

10

15

20

25

30

35

coated granules of the statin and enteric coated or non-enteric coated granules of

aspirin.

An example of a delayed-release dosage form that algo functions as a
time controlled-release dosage form is described in U.S Patent No. 3,366,738, 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 c¢ontrolled in situ

production and release of a dispersion containing a beneficial agent

pharmaceutical drug comprising:

such as a

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

(1) a therapeutically effective amount of the beneficial agent; and

(i1)  a polymer which upon hydration forms gelati
particles; and
(B) a water insoluble, water impermeable polymeric coa
polymer and a plasticizer, which surrounds and adheres to the core,

NOUS MiCroscopic

ing comprising a

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

number and size of the apertures.

is a function of the

In the GEM device, the polymer inside the compresst 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

sucrose or pentaerythritol, and more preferably it is selected from
carboxypolymethylenes prepared from acrylic acid crosslinked with
sucrose or pentaerythritol, and the pharmaceutically acceptable salt
preferably, CARBOPOL® 974P and pharmaceutically acceptable s

allylethers of
5 thereof. Most
alts thereof,

particularly the sodium salt, is used as the polymer inside the compressed core. In

addition, the compressed core may also contain one or more polymFr hydration

modulating agents, anti-oxidants, lubricants, fillers and excipients.

subcoating may be applied to the compressed core prior to applicat

An optional
on of the water

insoluble coating as an aid in the manufacturing process. The subcpating may be

comprised of, for example, hydroxypropy! ceilulose and

hydroxypropylmethylcellulose. Additional coatings may be applied for aesthetic or

functional purposes.
-12-
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The water insoluble, water impermeable polymeric ¢oating is

preferably comprised of (1) a polymer selected from polyvinyl chlo
acetate, cellulose acetate butyrate, ethylcellulose and combinations
and (2) a plasticizer selected from diethylphthalate, dibutylsebacatq
More preferably, the polymeric coating is comprised of cellulose ag

ride, cellulose

of these polymers;
and triethylcitrate.
retate 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 ﬂuiqhs from the

external environment of the body to the internal environment of thg

through the formed apertures. It is intended that the terms “water i

compressed core

nsoluble, 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

environment of the body to the internal environment of the compre

from the external

ssed 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.

amount of water that does pass through the water insoluble, water i

Any minimal

mpermeable

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 primarily a functio
and size of the apertures on the device.

n of the number

For an elegant, aesthetically pleasing final product, an outter finish coat

may finally be applied to the GEM delivery device containing colorants, waxes, and
the like. The GEM device can also be enterically coated, either befL)re or after the

application of additional finish coatings. Even without enteric coaJing, 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. Fu

her details and

examples of the GEM delivery device are described in US Patent No. 5,366,738. The
compound employed with the GEM device may particularly be a plrarmaceutica}ly

acceptable salt of dihydroxy open acid simvastatin, and more partigularly the

ammonium salt of dihydroxy open acid simvastatin.

The term “patient” includes mammals, especially h%mans, 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-adminis

tration and

—

administration 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 by

inhibition of HMG-CoA reductase.

The term "therapeutically effective amount" is intend

ed to mean that

amount of a drug or pharmaceutical agent that will elicit the biologi¢al or medical

response of a tissue, a system, animal or human that is being sought

veterinarian, medical doctor or other clinician. The term "prophylac]

amount” is intended to mean that amount of a pharmaceutical drug t

reduce the nisk of occurrence of the biological or medical event that

prevented in a tissue, a system, animal or human by a researcher, vel

doctor or other clinician. Particularly, the dosage a patient receives

as to achieve the amount of LDL (low density lipoprotein) cholesters

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

target LDL level. The dosage regimen utilizing a dihydroxy open ag
selected in accordance with a variety of factors including type, speci
sex and medical condition of the patient; the severity of the conditio
the potency of the compound chosen to be administered; the route of
and the renal and hepatic function of the patient. A consideration of
well within the purview of the ordinarily skilled clinician for the pur

determining the therapeutically effective or prophylactically effectiv,

needed to prevent, counter, or arrest the progress of the condition.
The novel compounds of this invention are the cryst
forms of the calcium salt of dihydroxy open acid simvastatin. A pa
hydrated calcium salt of dihydroxy open acid simvastatin is the one
powder diffraction (XRPD) pattern obtained using CuKo radiation
refelections at d-spacings of 30.7, 24.6, 15.9, 11.2, 8.58, 7.31, 6.74,
4.93,4.60,3.93, 3.84,3.67, 3.51 and 3.28A. For convenience, the
hydrated form of the calcium salt of dihydroxy open acid simvastati
above-defined XRPD pattern will also be referred to herein as com
Compound I can be represented two-dimensionally as a hydrated fo

following structural formula Ia:

- 14 -
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In addition to the XRPD pattern described above, campound 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 ni
heating rate of 10°C/minute and is characterized by a 6.3% weight

frogen flow at a
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.

Compound [ is still further characterized by the diff]
calorimetry (DSC) curve shown in Figure 2. The DSC curve for cq
obtained under a nitrogen flow bubbled through 16.0°C water at a
10°C/minute in an open cup, and is characterized by three l. ver te
endotherms with peak temperatures of 52, 77 and 100°C and assod
90 and 21 J/g, respectively, and two higher temperature endothern

erential scanning
pmpound I was
heating rate of
mperature

iated heats of 48,

1S 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 nuclear magnetic resonance (NMR) spectral data, 3C NMR and mass spectral

(MS) data as given in Example 1 herein.

Compound I is also characterized by the solid-state 13C nuclear
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

- 15 -
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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) decouplini 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 usin

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 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 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
the=peutically effective mount of a dihydroxy open acid statin to a person in need of
such treatment. Further provided are methods for preventing or redlicing 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
atherosclerosis or who already has atherosclerotic disease.
Atherosclerosis encompasses vascular diseases and ¢onditions that are
recognized and understood by physicians practicing in the relevant fields of medicine.

g
revascularization procedures, coronary heart disease (also known ag coronary artery

Atherosclerotic cardiovascular disease including restenosis followi

disease or ischemic heart disease), cerebrovascular disease including multi-infarct

- 16 -
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dementia, and peripheral vessel disease including erectile dysfunctign 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 goronary heart

disease event, a cerebrovascular event, and/or intermittent claudicati
heart disease events are intended to include CHD death, myocardial

heart attack), and coronary revascularization procedures. Cerebrova

pn. Coronary
nfarction (i.e., a

scular events are

intended to include ischemic or hemorrhagic stroke (also known as derebrovascular

accidents) and transient ischemic attacks. Intermittent claudication i

manifestation of peripheral vessel disease. The term "atheroscleroti¢ disease event” as

used herein is intended to encompass coronary heart disease events,

s a clinical

cerebrovascular

events, and intermittent claudication. It is intended that persons wh&r have previously

experienced one or more non-fatal atherosclerotic disease events are

the potential for recurrence of such an event exists.

those for whom

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 proj
effective amount of a dihydroxy open acid statin to a patient at risk f
The patient may or may not have atherosclerotic disease at the time
or may be at risk for developing it.

The instant invention also provides a method for prey

phylactically
or such an event.

of administration,

enting and/or

treating inflammatory diseases or disorders alone or in conjunction with the freatment

of conditions described above, comprising the administration of a d

hydroxy open-

acid statin to a patient in need of such treatment. This includes, foriexample, the

treatment of inflammatory conditions susceptible to treatment with

non-steroidal

anti-inflammatory agent, arthritis including rheumatoid arthritis, and degenerative

Joint diseases (osteoarthritis), dementia, Alzheimer’s disease, multiple sclerosis,

inflammatory bowel disease, asthma, psoriasis, systemic lupus erytl

vasculitis, gout, adrenoleukodystrophy, diabetic retinopathy, nephrgpathy and diabetes

mellitus type II.

ematosis,

Persons to be treated with the instant therapy includg 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

-17-
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not limited to hypertension, smoking, diabetes, low levels of high density lipoprotein ‘

(HDL) cholesterol, and a family history of atherosclerotic cardiovas¢ular disease.

Published guidelines for determining those who are at risk of develo|

atherosclerotic disease can be found in: National Cholesterol Educ

ing
ion Program,

Second report of the Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Aduit Treatraent 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 ijel 1), JAMA,

1993, 269, pp. 3015-23. People who are identified as having one o
above-noted risk factors are intended to be included in the group of

more of the

people considered

at nsk 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
ammonium salt or a crystalline form of the calcium salt of dihydrox
simvastatin such as compound I, is from about 1 to 200 mg/day, ang
from about 5 to 160 mg/day. However, dosage amounts will vary d
factors as noted above, including the potency of the particular comg
the active drug of the present invention may be administered in div
example from one to four times daily, a single daily dose of the acti
preferred. As examples, the daily dosage amount may be selected f

particularly the

y open acid

1 more preferably
epending on
ound. Although
ded doses, for

ve drug is

rom, 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.

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 sa

t of dihydroxy

open acid simvastatin, for example compound I, administration of fhe active drug can

be via any pharmaceutically acceptable route and in any pharmacelhtically acceptable

dosage form. This includes the use of oral conventional rapid-release, time

- 18-
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controlled-release and delayed-release (such as described above) pharmaceutical

dosage forms. An oral delayed-release dosage formulation of the i

preferred, and particularly an enteric overcoat surrounding a rapid-

nstant drug is

felease dosage unit,

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 co

positions 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, glixirs, syrups and

the like, and consistent with conventional pharmaceutical practices.

For instance, for oral administration in the form of 3 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, calcium stearate and

the like. For oral administration in liquid form, the drug compone

nts can be

combined with non-toxic, pharmaceutically acceptable inert carrie;L 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

gallate, sodium ascorbate, citric acid, calcium metabisulphite, hyd
hydroxycoumarin, particularly BHA, propyl gallate and combinati
also be added to stabilize the dosage forms; the use of at least one
preferred with the instant composition. Preferably an antioxidant
dihydroxy open acid simvastatin or a salt thereof, and particularly
suitable components include gelatin, sweeteners, natural and synth
acacia, tragacanth or alginates, carboxymethylcellulose, polyethyl
and the like.

- 19 -
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The acuive drug can also be administered in the form
delivery systems, such as small unilamellar vesicles, large unilamell
multilameliar vesicles. Liposomes can be formed from a variety of
such as cholesterol, stearylamine or phosphatidylcholines.

Active drug may also be delivered by the use of mon

of liposome
ar vesicles and

phospholipids,

bclonal antibodies

as individual carriers to which the compound molecules are coupled. Active drug

may also be coupled with soluble polymers as targetable drug carrie
can include polyvinyl-pyrrolidone, pyran copolymer, polyhydroxy-ﬂ
methacrylamide-phenol, polyhydroxy-ethyl-aspartamide-phenol, or

rs. Such polymers

ropyl-

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, polyglycqlic acid,

copolymers of polylactic and polyglycolic acid, polyepsilon caprolactone,

polyhydroxy butyric acid, polyorthoesters, polyacetals, polydihydr

pyrans,

polycyanoacrylates and cross linked or amphipathic block copolymers of hydrogels.

The instant invention also encompasses a process fi

preparing a

pharmaceutical composition 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 actiy

€ 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 doJ‘sage formulation,

which allows for concurrent or sequential administration of the ac

ive 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 compotnds or agents

having other pharmaceutical activities, or agents that have both lipid-lowering effects

and other pharmaceutical activities. Examples of additional active
be employed include but are not limited to HMG-CoA synthase inh
epoxidase inhibitors; squalene synthetase inhibitors (also known as

agents which may

ibitors; squalene
squalene synthase

inhibitors), acyl-coenzyme A: cholesterol acyltransferase (ACAT) inhibitors including
selective inhibitors of ACAT-1 or ACAT-2 as well as dual inhibitors of ACAT-1 and
-2; microsomal triglyceride transfer protein (MTP) inhibitors; prcLbucol; niacin;
cholesterol 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
-20 -
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lipoprotein) receptor inducers; platelet aggregation inhibitors, for ex

ample

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

rosiglitazone and, including those compounds included within the structural class

known as thiazolidinediones as well as those PPARy agonists outsi(ﬂe the

thiazolidinedione structural class; PPARa agonists such as clofibrat

e, fenofibrate

including micronized fenofibrate, and gemfibrozil; PPAR dual oy agonists; vitamin

Bg (also known as pyridoxine) and the pharmaceutically acceptable
as the HCl salt; vitamin B2 (also known as cyanocobalamin); folic

pharmaceutically acéeptable salt or ester thereof such as the sodium

salts thereof such

acid or a

salt and the

methylglucamine sait; 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;
enhance ABCI1 gene expression; FXR and LXR ligands including b

agonists; bisphosphonate compounds such as alendronate sodium; and

cyclooxygenase-2 inhibitors such as rofecoxib and celecoxib. Addi
dihydroxy open acid statins of this invention, for example compoun

in combination with anti-retroviral therapy in AIDS infected patient

agents that
pth inhibitors and

fionally, the
d I, may be used
s to treat lipid

abnormalities associated with such treatment, for example but not IiLr‘nited to their use

in combination with HIV protease inhibitors such as indinavir, nelfi
and saquinavir.

A therapeutically or prophylactically effective amour
of a crystalline hydrated form of the calcium salt of dihydroxy open
for example compound I, can be used for the preparation of a medig
inhibiting HMG-CoA reductase, as well as for treating and/or redug

avir, ritonavir

nt, as appropriate,
acid simvastatin,
ament useful for
ing the risk for

diseases and conditions affected by inhibition of HMG-CoA reductase, such as

treating lipid disorders, preventing or reducing the risk of developin

g atherosclerotic

disease, halting or slowing the progression of atherosclerotic diseasg once it has

become clinically manifest, and preventing or reducing the risk of g

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 crysta

lline hydrated

form of the calcium salt of dihydroxy open acid simvastatin, or more particularly

about 5 mg to 160 mg.
=21 -
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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
adapted for delayed-release, wherein substantial release of the statin
administration does not occur until after passage of the medicament

oral medicament
after oral
through the

stomach, or alternately wherein at least 90% of the statin is delivered in its dihydroxy

open acid form to the intestinal mucosa of a patient after oral admin

istration. Said

oral medicaments are also useful for inhibiting HMG-CoA reductasg, 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 additiimal 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 si

mvastatin 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. |
4,444,784, 4,820,850, 4,916,239 and 4,582,915, herein all incorpor
describe methods for making dihydroxy open-acid and lactonized fi

simvastatin.

J.S. Patent No.’s
ated by reference,

rms of

Compound I of the instant invention can generally be prepared as

follows. Simvastatin and its dihydroxy open acid counterpart, inclyding 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 compoun
under an inert atmosphere such as nitrogen. Although compound I
without using an inert atmosphere, the purity of the desired produc
optimized.
Hydrolysis of the lactone ring of simvastatin can be

treating simvastatin with at least one equivalent, and preferably a s
equivalent, of an aqueous base. If more than a slight excess of bas
excess base is preferably neutralized before proceeding to the salt
order to prevent formation of insoluble calcium hydroxide or calci
product. The base employed for the hydrolysis can be an aqueous
hydroxide or metal carbonate, for example but not limited to sodiu
potassium hydroxide, lithium hydroxide, sodium carbonate and po
-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 acgtonitrile,
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
mixture is adjusted to about 6 to 11, particularly 6 to 9, and more particularly 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 an acid such as acetic acid (HOAc) or a mineral acid
is employed, particularly HCI.
The resulting pH-adjusted reaction mixture containipg the metal salt of
dihydroxy open acid simvastatin is next combined with a solution ¢f about 0.50 to
0.55 equivalents of calcium acetate hydrate [Ca(OAc),*xH,0] in water or an aqueous-
organic solvent mixture, such as aqueous EtOH, MeOH, i-PrOH, n-PrOH,
acetonitrile, DMF, DMSO, THF, and particularly aqueous FtOH or aqueous n-propyl
alcohol. The pH-adjusted reaction mixture can be added to the cal¢cium acetate
ed to the pH-
adjusted reaction mixture. The addition can occur all at once, or optionally it can be

hydrate solution, or the calcium acetate hydrate solution can be ad

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 exarﬂple 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 furth er 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 solutior: can bc 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 L.
5 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
10 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
Qﬁff:”" 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
15 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. The recovered solid is suction dried under a moist
atmosphere (about 30 to 70% relative humidity, particularly 40 to 70%), preferably a
20  moist inert atmosphere such as nitrogen, and particularly at a temperature from about
10 to 40°C, and more 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 preferably
<.. a moist inert atmospher= in order to minimize oxidative by-produgts. If an additional
step of adding an antioxidant to compound I is performed, as described below, then
25  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
with air, and one way to minimize oxidation is to perform the reatf:tion sequence under
an inert atmosphere. Additionally, one or more anti-oxidants such as BHA, BHT,
30  propyl gallate, ascorbic acid, calcium metabisulphite, hydroquinope,
nordihydroguaiaracetic acid (NDGA) or 7-hydroxycoumarin can Le combined with
compound I. This is done by agitating a slurry of compound I with one or more of the
antioxidants and recovering the resulting solid by suction filtration.
Alternatively, the ammonium salt of dihydroxy open acid simvastatin
35  can be used as the starting material to be combined with the calcjum 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 ubﬂ5ve, 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-dimethylfi

rmamide;

Ca(OAc)2 is calcium acetate; HPLC is high performance liquid chfomatography; min.

1s 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 resolutio

electron impact

mass spectrum; RH is relative humidity. The “seed” used in the eﬁamples s

Compound 1.

EXAMPLE 1

Preparation of crystalline hydrated calcium salt of dihydroxy open
(Compound )

acid simvastatin

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

=d with a
stirrer. 8.0 L of

15% EtOH-H20 was added and the solution was purged with N2 fpr 10 min.

Simvastatin (396 g, 0.946 mol) was added, and the slurry was pur%

min. Then SN NaOH (198 mL) was added at room temperature. A
the hydrolysis reaction was complete as analyzed by HPLC (> 99.9

ed with N2 for 5

fter about | hour,

% 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 ma

1) in 4.0 L of 60%

EtOH-H20 was purged with nitrogen for 5 min. A 1.0 L portion ﬁf this solution was

added to solution of the sodium salt over 30 min. The resulting sigrry was aged at

room temperature for 30 min, and then at 30 to 35°C for 1-2 h.

The rest of Ca(OAc)2 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 N7.

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% Et

by 6 L x 3 of D.1. water. The solid was suction dried under an atm
N2 (40 to 70% relative humidity) at room temperature for 4 days.

-25-
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hydrated calcium salt of dihydroxy open acid simvastatin was obtainied as a white
powder.

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

S
HPLC CONDITIONS
Column: YMC Basic 4.6 mm x 25 cm
Detector: ABS 757 1AU/volt output
10 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
15
Gradient: %H->0 (10 mM 2HPO4-
Time (min) %CH3CN KHPO4, pH = 6.5)
0.00 30 70
20.00 45 55
20 34.00 70 30
39.00 70 30
39.50 30 70
43.00 30 70
25  Retention time of simvastatin open acid: 17.07 min.
Retention time of simvastatin: 32.90 min.
SPECTRAL DATA
30

1H NMR (400 MHz, CD30D), 8 597 (d, J =9.6 Hz, | H), 5.77 ddd, J=96,52Hz, 1

H), 5.49 (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),
242(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, | H), 1.68 (m, 1 H), 1.61 - 1.55 (m, 2
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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), .12
=7.2Hz,3H),0.89(d,J=7.2Hz,3H),0.84(t,J=7.6hz,3H)p

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

s,6 H), 1.08 (d, ]

pm.

30.3,129.6,72.5,

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,

[4.3,9.9 ppm
EI MS: m/e: 437 (M+H), 419(M+H-H20), 303.

HR-EI MS: Calcd. for C25H3805 418.2719; Found: 418.2712.

EXAMPLE 2

Preparation of crystalline hydrated calcium salt of dihydroxy open
(Compound I) with BHA

acid simvastatin

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
(0.993 mol, 1.05 equiv.) was then added at room temperature. The

is usually complete in 1 h. as analyzed by HPLC (> 99.9% conver%

of SN NaOH
hydrolysis reaction
ion). 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, 0.135 equiv.)in4.0L

of 60% EtOH- H,O was purged with nitrogen for 5 min. 1.0 L of t

added to reaction solution over 30 min. The slurry was aged at rog
30 min, and then at 30 to 35 °C for 1-2 h. The rest of the Ca(OAc

was added in portions over 3h hours at 30-35°C. The slurry was a

his solution was

»m temperature for
» in EtOH-water

lowed 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
L 30% EtOH-H,0, 4 L 20% EtOH-H,0, foliowed 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 w
degassed 15% EtOH H,0 (8.5 L) was added. followed by additior

<27 -
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(2.55 L), and the slurry was agitated at room temperature for { to 2 . The solid was
collected by suction filtration under atmosphere of moist N, with nojwashing 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 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
(Compound ) 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 5N NaOH in one portion at room temperature. The hydrolysis
reaction 1s usually complete in 2 h. as analyzed by HPLC (> €9.9% conversion). 1.5L
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).

Step 2: Salt Formation
150 g of seed (Compound I) was added to the aboye solution and the
resulting slurry was allowed to warm up to 35 to 40 °C. A solution of Ca(OAc),*H,O
(347 g) in 15 L of 20% nPrOH was purged with nitrogen for Smip. and added to slurry
over 3 h. The resulting slurry was aged at 35 to 40 °C for 5 h. under an atmosphere of
N3 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 3: BHA loading
The above wet cake (9.1 kg) was transferred into|a clean 72 L three
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 rogm temperature for 1 h.
and filtered under atmosphere of N, , and then suction dried under atmosphere of
moist N3 (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% yield. 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

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 ml nPrOH was added and the solution pH was adjusted to 9 to
11 with 1 N HOAc. The resulting solution and a soltution of Ca(OAc)2sH,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 {n 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>D (23.2 g) and BHA
(540 mg) in 1.0 L of 20% nPrOH were added to the slurry at 35/t0 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 mogde 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%
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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
Preparation of crystalline hydrated calcium salt of dihydroxy open/acid simvastatin

(Compound I) in aqueous PrOH: Loading BHA/propy! gallate
Starting with 2.0 Kg of simvastatin, the calcium sajt of dihydroxy open

acid simvastatin was crystallized, isolated, and washed as describe¢d in Example 3.
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 £2 L. 10% nPrOH was added to
above vessel. The slurry was aged at room temperature for Lh. The slurry was filtered
with no wash. The wet cake was dried under moist Na. 95% yield| The dried salt was
loaded with 0.07wt% propy! gallate and 0.2 wt% BHA.

EXAMPLE 7

Preparation of crystalline hydrated calcium salt of dihydroxy open acid simvastatin
(Compound ) in aqueous PrOH: Loading propyl gallate

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 (propy! gallate concentration = 0.224 g/L). Then, 20 L of propyl gallate

solution in 10% nPrOH (propy! gallate concentration = 0.224 g/].) was added and the
wet cake was mixed in the filtration pot before filtration. The wet cake was dried
under moist N,. 95% yield. The dried salt was loaded with 0.07wt% propyl gallate.

EXAMPLE 8

Preparation of crystalline hydrated calcium salt of dihvdroxy 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
11 with 1 N HOAc. 10wt% seed was added and the slurry was jallowed to warm up to
-30-
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35 t0 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 cooled
to room temperature. The calcium salt slurry was filtered and washep with 10%
nPrOH (500 mL x 1), followed by water (1L x 3). The wet cake (KF|=75 to 80 wt%

10

15

20

25

30

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/Vitalmin E (conc. =

1.38 g/ L, 800 mL) and dried under moist N,.

EXAMPLE 9

Preparation of crystalline hydrated calcium salt of dihydroxy open a%id simvastatin

(Compound 1) in agueous 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
D.I. H,O was added and purged with N for 10 min. 150 g simvastal

stirrer. 2.1 L of
in was added,

followed by 78.8mL of SN NaOH in one portion at room temperatute. The hydrolysis
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 adj
11.0 by adding 2 N HOACc (about 17 mL).
30.0 g crystalline seed was added to above solution &

usted to 9.5 to

nd the resulting

slurry was allowed to warm up to 30 to 35 °C. A solution of Ca(OAL),*H;0 (34.7 g)

in 1.5 L of 30% MeCN was purged with nitrogen for 5 min. and ad

ed to reaction

slurry over 3 h. The slurry was at 35 to 40 °C for 5 h. unde- atmosphere of N». The
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 !

2). The solid was suction dried under atmosphere of moist N2 (30 [ﬂ’ 70% RH) at room

o MeCN (1.0 L x

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 pcid simvastatin

(Compound ) in aqueous MeOQH
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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
L1 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%
to the slurry at 30-35 °C over 3 h. After 5 h age at 30-35 °C, the slui
room temperature. The dihydroxy open acid simvastatin calcium sa
filtered and washed with 20% MeOH (200 ml) and water (500 ml x
was dried under moist N,. The final dried Ca salt title product was {
yield.

EXAMPLE 11

MeOH was added
Ty was cooled to
t slurry was

3). The wet cake
solated in 96%

Preparation of crystalline hydrated calcium salt of dihydroxy open Tcid simvastatin

(Compound I) in agueous 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 slurry at 30-35 °C over 3 h. After 5 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 maist N,. The final

dried Ca salt title product was isolated in 96% yield.
The samr= procedure could be applied to prepare C
DMSO, and similar solvents.

EXAMPLE 12

pound I in DMF,

Preparation of crystalline hydrated calcium salt of dihydroxy open|acid simvastatin

(Compound 1) in water

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 | N HOAc. 10wt% seed
was added and the slurry was allowed to warm up to 35-40 °C. A solution of
Ca(OAc)»*H>O0 (11.6 g) in 500 mL of water was added to the slurty at 35-40 °C over 5
h. After 10 h age at 35-40 °C, the slurry was cooled to room temperature. Ca salt
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slurry was 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 dcid 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 drppwise to a
solution of Ca(OAc),*H,0 (10.7 g) in 75 ml of water at room tempgrature over 2h.
The resulting slurry was aged at 30 to 35 °C 5 h. After cooling to ropm 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 unden 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 1045 nPrOH in one
portion at room temperature. 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 splvents: 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 150ml 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 (200m! x 2). The wet cake was dried under moist N,. 95% yield.

EXAMPLE 15
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Recrystallization Process Using EtOH-H,0

Method A: 25 g of Compound I was dissolved intp 425ml of 95%
EtOH at 40 °C and line filtered. The filtered solution was added dro;#wise to 825ml of

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 tiltration. The wet cake was washed with 250

m! of 30% EtOH and dried under moist N, at room temperature. 92% yield.

Method B: 25 g of Compound I was dissolved in'E) 625ml of 95%

EtOH at 30 to 40 °C and line filtered. 525 ml of water was added at

0 to 40 °C. After

adding 10wt% seed, 825 ml of water was added dropwise at 30 to 40 °C over 3 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 noom temperature.

92% yield.

EXAMPLE 16

An open, randomized, four-period, crossover study to compare the e
itraconazole on the single-dose pharmacokinetics of intraduodenally,
dihydroxy open acid simvastatin versus orally administered simvast;
maie subjects

ffect of
administered
Ftin in healthy

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

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 inkraduodenal 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) td determine the

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 cros|

fashion. Twelve healthy male subjects received four treatments (A,

sover randomized
B, Cand 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
administered intraduodenally on day 4, 1 hour after the fourth daily
itraconazole. In Treatment B, subjects were given a single dose of 5

open acid simvastatin solution administered intraduodenally on day

solution

dose of

rmg dihydroxy
[. Intraduodenal

administration was accomplished via a nasoduodenal tube placed under fluoroscopic

guidance by an experienced gastroenterologist just prior to dosing and removed

following the 1-hr postdose measurements. Treatments C and D were similar to those

of Treatments A and B, except that orally dosed simvastatin 20-mg ¢conventional film

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 follgwing a treatment

without itraconazole. Plasma samples were collected at appropriate t

ime intervals for

up to 24 hours following simvastatin or dihydroxy open acid simvastatin

administration, for analysis of total and active HMG-CoA reductase

inhibitory

activities as well as for simvastatin and dihydroxy open acid simvastatin

concentrations.

Analytical Methodology: Plasma concentrations of simvastatin

open acid simvastatin acid were determined simultaneously by an i

nd dihydroxy
proved liquid

chromatography/tandem mass spectrometry (LC/MS/MS) method using lovastatin and

dihydroxy open acid lovastatin acid as internal standards. An enzy

atic 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
zero to the last sampling time (AUCO-last) was calculated using line
rule. The apparent elimination rate constant (k) of simvastatin and d
acid simvastatin was estimated by least-squares regression analysis ¢
portion of the simvastatin and dihydroxy open acid simvastatin cong
data, and the apparent elimination half-life (t,;2) was calculated as t,
calculations were based on designated sampling times or actual sam

they differed from the designated times by more than 10 minutes.

-35-
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Discussion of Results:

study in twelve healthy male subjects. The results showed that intr

This was an open, randomized, four—;ken'od crossover

nduodenal

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). Fol

open acid simvastatin administration, the unchanged dihydroxy opg

lowing dihydroxy

n acid simvastatin

was the major component (~60%), while simvastatin was a minor ¢gomponent (<10%)

contributing to plasma HMG-CoA reductase inhibitory activity. A
comparable AUC values for both the total and active inhibitors (seg
as low plasma levels of simvastatin in plasma (AUC <10% of dihy,
simvastatin AUC) (see Table 3), lactonization of either dihydroxy ¢
simvastatin or its active metabolites occurred minimally following
administration of dihydroxy open acid simvastatin. Pretreatment w

caused minimal changes (1.3-1.5-fold) in the systemic exposure as
and Cmax of HMG-CoA reductase inhibitory activity (total or actiy

administration of dihydroxy open acid simvastatin 5-mg intraduode¢nally, as compared

5 evident by

> Table 1) as well
droxy open acid
ppen acid
intraduodenal

ith itraconazole

measured by AUC
e) following

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 dihydroxy open acid simvastatin administration was also minimal

(1.5-fold) and was much less than the corresponding measure obtai

ned 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 administratign (see Table 3).

However, apparent t1/2 values for dihydroxy open acid simvastatir
were essentially unchanged by itraconazole(see Table 3). Overali,

or simvastatin

hese results

indicate that the pharmacokinetics of dihydroxy open acid simvastatin is less prone to

alteration by itraconazole, a potent CYP3A inhibitor, than that of simvastatin in

humans. From these results it appears that dihydroxy open acid simnvastatin, although

a substrate for CYP3A, is metabolized with a much lower intrinsig

of simvastatin in human liver microsomes.

- 36 -
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TABLE 1

Pharmacokinetic parameters for total and active HMG-CoA reductase inhibitors

following administration of 5-mg dihydroxy open acid simvastatin (SVA)

intraduodenally or 20-mg simvastatin (SV) tablet orally to 12 healthy male volunteers.

Results are means from 12 subjects. Values in parentheses are SD.

Drug Administered 5 mg SVA (ID) 20 mg SV (FCT)
N 12 12
Total 56.0 (28.6) 180.7 (57.2)
AUC Active 54.1 (28.5) 59.7 (18.1)
(ng eq. hr/ml) SV 1.02 (0.5) 16.9 (10.5)
SVA 33.9 (16.7) 7.7(4.9)
Total 6.2 (3.6) 67.1 (27.2)
Cmax Active 5.7 (3.0) 16.1 (4.4)
(ng eq./ml) SV 0.13 (0.05) 6.84 (4.6)
SVA 3.78 (1.93) 0.92 (0.58)
Total 3.3(2.3) 1.2 (0.5)
Acti 3.6 (2.5 1.4 (0.5
Tmax (hr) cuye (2.5) (0.5)
SV 4.9 (2.0) 1.1 (0.5)
SVA 4.1 2.1) 3.7(2.1)
SV 6.7 (1.7) 4.2(1.9)
t1/2 (hr) n=8
SVA 2.3 (0.5) 3.5(1.0)
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TABLE 2

Pharmacokinetic parameters for total HMG-CoA reductase inhibitor following

administration of 5-mg dihydroxy open acid simvastatin (SVA) intrag

mg simvastatin (SV) tablet orally with or without pretreatment with ifraconazole

(2x100-mg capsule, qd) for 4 days to 12 healthy male volunteers. Re

from 12 subjects. Values in parentheses are SD.

fuodenally or 20-

sults are means

Treatment AUC Cmax Tmax
(ng eqhr/mL) _(ng eq/mL) (hr)
Total Inhibitors
Single 5-mg SVA (ID) + 4 Days of Daily 200-mg ltraconazole ’ 86.1 = 47 82+40 4322
Single 5-mg SVA (ID) 56.0+28.6 42+3.6 33+23
Geometric Mean Ratio 1.5 1.3
Single 20-mg SV (CT) + 4 Days of Daily 200-mg ltraconazole | 683 + 232 126 £ 54.8 1.9+ 09
Single 20-mg SV (CT) 180.7 £ 57.2 67.1 £27.2 1.2+0.5
Geometric Mean Ratio 38 19
' Active Inhibi
Single 5-mg SVA (ID) + 4 Days of Daily 200-mg ltraconazole | 75.0 + 39.6 7.4x39 S55+131.7
Single 5-mg SVA (ID) 54.1 £28.5 5.7 +3.0 3625
Geometric Mean Ratio 1.3 1.3
Single 20-mg SV (CT) + 4 Days of Daily 200-mg Itraconazole 195 + 104 230=x136 3.1£09
Single 20-mg SV (CT) 59.7 £ 18.1 16.1 +4.4 1.4+0.5
Geometric Mean Ratio 34 13
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TABLE 3
Pharmacokinetic parameters for simvastatin or dihydroxy open acid simvastatin

following administration of 5-mg dihydroxy open acid simvastatin [(SVA)

intraduodenally or 20-mg simvastatin (SV) tablet orally with or wit

with itraconazole (2x 100-mg capsule, qd) for 4 days to 12 healthy

Results are means from 12 subjects. Values in parentheses are SD.

male volunteers.

hout pretreatment

Treatment AUC Cmax t1/2 Tmax
{ng eq.hr/mL) (ng eq/mL) (hr) (hr)
Si tati

Single 5-mg SVA (ID) + 4 Days of Daily 200-mg ltraconazole | 5.18 £3.15 04302 6.7+25(M=I1) 53=x19
Single 5-mg SVA (ID) 1.02+0.5 0.13+0.05 6.7+x17(n=8) 4920

Geometric Mean Ratio 4.4 32 1.0
Single 20-mg SV (CT) + 4 Days of Daily 200-mg Itraconazole 316 + 142 77.2+50.7 52=%15 18=1.1
Single 20-mg SV (CT) 169 +10.5 684+46 42+19 L1+05

_Geometric Mean Ratio 19.4 1L4 13

Si tatin Acid

Single 5-mg SVA (ID) + 4 Days of Daily 200-mg Itraconazole | 56.8 +33.5 578 £3.27 28=x1.1 47+24
Single 5-mg SVA (ID) 339+16.7 3.78+1.93 23205 41%21

Geometric Mean Ratio 1.5 15 1.1
Single 20-mg SV (CT) + 4 Days of Daily 200-mg Itraconazole 86.2+£65.6 976 £7.38 45+13 40=x14
Single 20-mg SV (CT) 77049 .)2+058 35«10 37=+21

_Geometric Mean Ratio 1.0 10.7 1.3
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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 there

n without

departing from the spirit and scope of the invention. For example, ¢ffective 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 bei
of the indications for the active agents used in the instant invention

above. Likewise, the specific pharmacological responses observed

ng treated for any
as indicated

may vary

according to and depending upon the particular active compound sellected 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.

- 40 -
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WHAT IS CLAIMED IS:
1. A compound which is a hydrated form of the

dihydroxy open acid simvastatin in crystalline form.

2. The compound of claim 1 having an x-ray pg
pattern obtained using CuKa radiation characterized by reflections
30.7,24.6, 159, 11.2, 8.58, 7.31, 6.74, 6.06, 5.35, 5.09, 4.93, 4.60,
3.51 and 3.28A.

3. The compound of claim 2 having a thermogr.
characterized by a 6.3% weight loss from ambient room temperatur
weight loss plateau at about 175°C obtained under a nitrogen flow 3
10°C/minute.

4. The compound of claim 2 having a differenti
calorimetry curve characterized by lower temperature endotherms
temperatures of 52, 77 and 100°C and associated heats of 48, 90 an
respectively, and higher temperature endotherms due to decomposif
temperatures of 222 and 241°C and associated heats of 163 and 92
a nitrogen flow bubbled through 16.0°C water at a heating rate of 1

open cup.

calcium salt of

wder diffraction
at d-spacings of
3.93, 3.84, 3.67,

avimetry curve
e to a stable
it a heating rate of

al scanning

vith peak

d21 J/g,

ion with peak

J/g obtained under
0°C/minute in an

5. A crystalline hydrated form of the calcium s#nlt of di-ydroxy

open acid simvastatin having the solid-state 13C nuclear magnetic r

shown in Figure 4.

6. A pharmaceutical composition comprising a
effective amount of the compound of claim 1 and a pharmaceutical
carrier.

esonance spectrum

therapeutically
hy acceptable

7. The pharmaceutical composition of claim 6 Ldapted for oral

administration.

-4] -
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- effective amount of the compound of claim 2 and a pharmaceuticall

8. The pharmaceutical composition of claim 7 f¢
time controlled-release dosage form.

9. A pharmaceutical composition made by comb
therapeutically effective amount of the compound of claim 1 and a g
acceptable carrier.

vrmulated 1in a

ining a

harmaceutically

10. A process for preparing a pharmaceutical conkposition

comprising combining the compound of claim 1 with a pharmaceuti
carrier.

cally acceptable

11 A pharmaceutical composition comprising a ?herapeutically

carrier.

y acceptable

12.  The composition of claim 11 further comprising BHA.

13. The composition of claim 11 further comprising propyl gallate.

14. The composition of claim 11 further comprising BHA and

propyl gallate.

15. A pharmaceuticzl composition made by combining a
therapeutically effective amount of the compound of claim 2 and a pharmaceutically

acceptable carrier.

16. A process for preparing a pharmaceutical composition

comprising combining the compound of claim 2 with a pharmaceuti
carrier.

cally acceptable

17.  The use of the compound of claim | for the preparation of a

medicament useful for inhibiting HMG-CoA reductase in a patient i
treatment.

n need of such

: (bﬁ }’



20357Y

10

15

20

25

30

35

18.  The use of the compound of claim 1 for the preparation of a

medicament useful for treating hypercholesterolemia in a patient in
treatment.

need of such

19. The use of the compound of claim 1 for the preparation of a

medicament useful for preventing or reducing the risk of developin

disease in a person at risk for developing atherosclerotic disease.

20. The use of Claim 19 wherein the medicamen

preventing or reducing the risk of developing atherosclerotic diseas

cardiovascular disease, cerebrovascular disease and peripheral vess

21.

preventing or reducing the risk of developing coronary heart disease.

g atherosclerotic

is useful for
selected from
| disease.

The use of Claim 19 wherein the medicament is useful for

22.  The use of the compound of claim 1 for the preparation of a

medicament useful for treating atherosclerotic disease in a patient in need of such

treatment.

23. The use of Claim 22 wherein the medicament is useful for

treating atherosclerotic disease selected from cardiovascular disease, cerebrovascular

disease and peripheral vessel disease.

24. The use of Claim 22 wherein the medicament is useful for

treating coronary heart disease.

25.  The use of the compound of claim 1 for the ;Lreparation of a

medicament useful for preventing or reducing the risk of occurrenc

e or recurrence of

an atherosclerotic disease event in a patient at risk for having an atherosclerotic

disease event.

26. The use of Claim 25 wherein the medicament is useful for

preventing or reducing the risk of occurrence or recurrence of an atherosclerotic

disease event in a patient who has atherosclerotic disease.
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27, The use of Claim 25 wherein the medicament is useful for
preventing or reducing the risk of occurrence or recurrence of an atherosclerotic

disease event in a patient at risk for developing atherosclerotic dis¢ase.

preventing or reducing the risk of occurrence or recurrence of an atherosclerotic

28. The use of Claim 25 wherein the medicam;m 1s useful for
disease event selected from a coronary heart disease event, a cerebrovascular event

and intermittent claudication.

29.  The use of Claim 25 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 infa#ction, and coronary

revascularization procedures.

30. The use of Claim 25 wherein the medicament is useful for
preventing or reducing the risk of occurrence or recurrence of a cerebrovascular event
selected from a cerebrovascular accident and a transient ischemig attack.

31. A process for making the compound of claim 2 comprising the
steps of:

A) combining a mixture of a salt of dihydroxy open acid
simvastatin in an aqueous solvent with calcium acetate hydrate to form an amorphous
calcium salt of dihydroxy open acid simvastatin, wherein the an;eous solvent is
selected from water, an aqueous-protic organic solvent mixture and an aqueous-
aprotic organic solvent mixture; ’

B) aging the resulting mixture at a temperatyre up to 50°C until
turnover of the amorphous calcium salt of dihydroxy open acid simvastatin to the
crystalline calcium salt of dihydroxy open acid simvastatin is camplete;

O) recovering the crystalline calcium salt of dihydroxy open acid
simvastatin; and

D) drying the recovered crystals under a mojst atmosphere.

32.  The process of claim 31 wherein all the steps are performed

under an inert atmosphere.

-44 -
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33.  The process of claim 31 wherein the protic crrganic solvent is

selected from the group consisting of ethanol, methanol, isopropyl

propyl alcohol, , and the aprotic solvent is selected from the group

alcohol and n-

consisting of

acetonitrile, N,N-dimethylformamide, dimethyl sulfoxide and tetra‘hydrofuran, tert-

butyl methyl ether and toluene.

34.  The process of claim 31 wherein the protic organic solvent is

selected from the group consisting of ethanoland n-propyl alcohol,

35.  The process of clatim 31 wherein the aqueows solvent is an

aqueous n-propy! alcohol mixture.

36.  The process of claim 31 wherein in step (A

, the salt of

dihydroxy open acid simvastatin is a metal salt, and the pH of the bixture of the salt

of dihydroxy open acid simvastatin in an aqueous solvent is adjus
to combining it with the calcium acetate hydrate.

ed to 6 to 11 prior

37.  The process of claim 36 wherein the pH is adjusted to 6 to 9.

38.  The process of claim 36 wherein the pH is adjusted to 7 to 8.5.

39.  The process of claim 36 wherein the pH is adjusted by addition

to the mixture of an acid selected from a mineral acid and acetic zﬂcnd.

40.  The process of claim 31 wherein in step (A}, the salt of

dihydroxy open acid simvastatin is the ammonium salt.

41. The process of claim 31 wherein in step (A), the calcium

acetate hydrate is added in portions to the mixture of the salt of djhydroxy open acid

simvastatin.

42. The process of claim 31 wherein in step (B), the mixture is

aged at a temperature from about 10°C to 50°C.

-45 -
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43.  The process of claim 31 wherein in step (B), the mixture is
aged at a temperature from room temperature to 50°C.

44.  The process of claim 31 wherein in step (B), t+e mixture is
5  aged at a temperature from about 30°C to 40°C.

45.  The process of claim 31 wherein in step (C), the crystalline
calcium salt of dihydroxy open acid simvastatin is recovered by suctjon filtration.

10 46.  The process of claim 31 wherein in step (D), \#he recovered
crystals are dried under an inert moist atmosphere.

47.  The process of claim 46 wherein in step (D), the recovered

crystals are dried under an inert moist atmosphere at a temperature in the range from
I5 1010 40°C.

48.  The process of claim 46 wherein in step (D), the recovered

crystals are dried under an inert moist atmosphere at a temperature in the range from
25 to 35°C.

20
49. The process of claim 31 wherein in step (D), the moist
atmosphere is an inert atmosphere having a relative humidity of 30jto 70%.

50. The process of claim 49 wherein in step (D) the recovered
25  crystals are suction dried.

51.  The process of claim 31 wherein in step (A)| an anti-oxidant is
combined with the salt of dihydroxy open acid simvastatin and the|calcium acetate
hydrate in the aqueous solvent.

30

52. The process of claim 51 wherein the anti-oxidant is selected

from BHA, propy! gallate and combinations thereof.

53.  The process of claim 31 wherein after step [C) and prior to step
35 (D), an anti-oxidant is combined with the recovered crystalline calcium salt of
- 46 -
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10

dihydroxy open acid simvastatin in an aqueous solvent and the resulting matenal is

recovered by filtration and dried under a inert moist atmosphere.

54. The process of claim 53 wherein the anti-oxidLmt is selected

from BHA, propyl gallate and combinations thereof.

55.  The process of claim 31 wherein in step (B), the resulting

mixture i1s aged in the presence of seed.

56.  The product produced from the process of clajm 31.

-7 -
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TITLE OF THE INVENTION
DIHYDROXY OPEN-ACID AND SALTS OF HMG-CO-A REDU

INHIBITORS

ABSTRACT OF THE DISCLOSURE

JICTASE

The instant invention provides methods and pharmageutical
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
crystalline hydrated form of the calcium salt of dihydroxy open acid simvastatin to a

patient in need of such treatment. Methods for making the calciurT

open acid simvastatin are also provided.

- 48 -
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