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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIVISION DE NUEVAS CREACIONES

E. S. D.

Act. 329 CTOINFORMACION  Folios: 230

Ref: Expediente No. 03.107.810

»“Solicitud de patente titulada: “FORMAS CRISTALINAS DE LA SAL DE CALCIO
wEL ACIDO [R-(R*, R*)]-2-(4-FLUOROFENIL)-B, 5-DIHIDROXI-5-(1-

METILETIL)-3-FENIL-4-[(FENILAMINO)CARBONIL]-1H-PIRROL-1-
HEPTANOICO (2:1)”
Solicitante: WARNER-LAMBERT COMPANY LLC.

CARLOS R. OLARTE, mayor de edad y vecino de Bogota, identificado tal como aparece al
p\IQ de mi firma, en mi caracter de apoderado de la sociedad solicitante, me permito

\ . . .
mahifestar lo siguiente:

N
'\

b Mevpermlto presentar una SOLICITUD DIVISIONAL para la solicitud de patente en

referenma AN
\ \
\ \ .
\ \ \

AN
AtentaPnente \,

CARLOS R. OLARTE\ N
C.C.79.782.747 de Bogstd
T.P. 74.295 N

Anexo: Solicitud Divisional\ -

SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO l

)

|
{
!
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World Trade Center - Torre A, Calle 100 No. 8A — 37, Piso 10, Bogota D.C., Colombia
Tel +57 1 601-7700, Fax + 57 1 601-7799, officet@olarteraisbeck.com, www.olarteraisbeck.com
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SUPERINTENDENCIA ' Act 411 PRESENTACION Folios: 202
\

PETITORIO - FORMULARIO UNICO DE'SOLICITUD DIVISIONAL
PATENTE PCT
ENTRADA EN FASE NACIONAL P2003/000154A

SOLICITUD DE: T

©

x | Patente de Invencion. Patente de Modelo de Utilidad.

Capitulo 1. X | Capitulo II.
@ Nombre: WARNER LAMBERT COMPANY LLC IDENTIFICACION
SOLICITANTE Direccién: 201 Tabor Road, Morris Plains, New : C.C. NIT
(71) Jersey 07950, E.U.A.
" Nacionalidad o Domicilio: ESTADOUNIDENSE C.E. Otro
Lugar de Constitucion: Estados
Unidos de América. Cual
Teléfono: Fax: i
E-mail: Namero
o T - "IDENTIFICACION
Nombre: CARLOS R. OLARTE [
C.C.| X | NIT
Direccion: World Trade Center Torre A
REPRESENTANTE a :
Teléfono: 601-7700 Fax: 601-7799 Cual
E-mail: office@olarteraisbeck.com i NGmero 79782747Bta
' ' TP_74.295
Nombre: VER PAGINA ADJUNTA ______~~ —— —— /"
Direccion:_VER PAGINA ADJUNTA
INVE':;‘Z);‘ (ES) | Nacionalidad o Domicilio: VER PAGINA ADIUNTA
@ PCT (86)' o B T
Solicitud Internacional No. PCT/IBOZ/01796 Fecha Mayo 21, 2002
Publicacidon Internacional No. WO 03/004470 Fecha Enero 16, 2003

@ Titulo (54) FORMAS CRISTALINAS DE LA SAL DE CALCIO DEL ACIDO [R-(R*, R*)] 2- (4-

FLUOROFENIL)-B, 5-DIHIDROXI-5-(1-METILETIL)-3-FENIL-4-[(FENILAMINO)CARBONIL]-1H-
PIRROL-1-HEPTANOICO (2:1)

Clasificacion Internacional (51) C07D 207/34, A61K 31/40

. (33) Pais de Origen ]f (3’2)"?&55 ' ]| (31) Ndmero de SoI|C|tud
Prioridad s" T TTUs T T AMunio 29, 2001 60/302 049 -

SI| X | NO

i
|
|
I

Fecha Octubre 31, 2007

@ Comprobante de pago No. 07-89,494
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@ Solicito la concesidn de la patente,

NOMBRE:__CARLOS R. OLARTE FIRMA:

ANEXOS ‘ »,7
!

Comprobante de pago de la tasa de presentacion de la solicitud.

Documento que acredita la existencia y representacién legal cuando el solicitante sea persona juridica.
Poderes, si fuere el caso. Adjunto copia simple Ver Expediente No. 05-124.741

Documento de cesién del interventor al solicitante o a su causanteYer expediente No. 03-107810
Declaraciones.

Copia de la solicitud internacional. (Resumen, descripcion, reivindicaciones, dibujos).

Traduccidn de la solicitud internacional al castellano. (Resumen, descripcion, reivindicaciones, dibujos).

Copia de!l examen preliminar internacional efectuado por la Autoridad Internacional de Examen Preliminar
(IPEA).

Traduccién del examen preliminar internacional efectuado por la IPEA.
De ser el caso, copia del contrato de acceso.

De ser el caso, documento que acredite la licencia o autorizacion de uso de conocimientos tradicionales de las
comunidades indigenas.

De ser el caso, certificado de depdsito del material biologico.
Arte final 12 x 12.

De ser el caso, informacion sobre otras solicitudes de patente o titulos obtenidos en el extranjero por el mismo
titular o su causante, relacionadas parcial o totalmente con la invencién de esta solicitud.

De ser el caso, modificaciones efectuadas a la solicitud internacional.

Otros. Busqueda Internacional

i
i

FIGURA CARACTERISTICA:

C.C.79.782.747 Bta T.P. 74.295
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LISTA DE INVENTORES

STEPHEN ROBERT BYRN
824 Barlow Street,

West Lafayette, Indiana 47906
Estados Unidos de América
Nacionalidad: Estadounidense

DAVID ANDREW COATES
2435 Neil Armstrong Dr. Apt 24,
West Lafayette, Indiana 47906
Estados Unidos de América
Nacionalidad: Estadounidense

KAREN SUE GUSHURST
807 Columbia Street,
Lafayette, Indiana 47901
Estados Unidos de América
Nacionalidad: Estadounidense

HENRY GRANT MORRISON I}
2304 Osage Ct. Apt. 70,
Lafayette, Indiana 47909

Estados Unidos de América
Nacionalidad: Estadounidense

AERI PARK

1717 Southworth Branco Dr.,
West Lafayette, Indiana 47906
Estados Unidos de América
Nacionalidad: Koreana

PETINKA IVANOVA VLAHOVA
4702 Admirals Pointe Dr.,
Lafayette, Indiana 47909

Estados Unidos de América
Nacionalidad: Bulgara

ZHENG JANE LI

Eastern Point Road

Groton, Connecticut 06340,
Estados Unidos de América
Nacionalidad: Estadounidense

JOSEPH FRANCIS KRZYZANIAK
Eastern Point Road

Groton, Connecticut 06340,

Estados Unidos de América
Nacionalidad: Estadounidense
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Traduccidén oficial del Inglés por Marlién Neira Castro, resolucioén
2117 del Ministerio de Justicia de Colombia

APOSTILLA EN PODER DE REPRESENTACION DE
WARNER- LAMBERT COMPANY LLC.
Bilinglie inglés- espafiol otoréado en Nueva York, Estados Unidos el 14 de julio
de 2003 y firmado por J. Trevér Lumb, Vicepresidente de Pfizer Products Inc.
Sello: recibido el 21 julio dé 2003 Departamento de Patentes NYD- Pfizer Inc.
CERTIFICACION NOTARIAL

Bilingiie inglés- espaiol, el 14 de julio de 2003 el suscrito notario Kenneth

Greenwood certifica que J. Trevor Lumb, domiciliado en Nueva York ejercia

funciones de Secretario Asistente de Warner-Lambert Company LLC, con sede en

Morris Plains, Nueva Jersey, Estados Unidos.
Firma del notario: Kenneth Greenwood
Sello notarial: certificado, Qerificado y autenticado en la Localidad e Egham
en Surrey, 14 julio, 2003 por ei Notario Kenneth Gréenwood—Horne Engall & Freeman
Sello Notario Publico en alto relieve rojo.

APOSTILLA

(Convencidn de 1a Haya del 5 de octubre de 1961)
REINO UNIDO DE GRAN BRETARA E IRLANDA DEL NORTE

1. Pais :Reino Unido de Gran Bretafa e Irlanda del Norte
Este documento Publico 2.ha sido firmado por K. Greenwood

3. ejerce funciones de Notario Piblico

4, Lleva el sello de dicho Notario Publico

CERTIFICADO 5. Ep Londres 6. ET 17 de julio de 2003

7. Por el Secretario de Estado Principal de su Majestad para Asuntos
exteriores y de la manco@unidad.

8.  No. 6210433 '

Sello del Secretario dé Estado Principal
exteriores y de 1la mancomunidad

de su Majestad para Asuntos

10. Firma de R. Bawden - Poﬁ Secretario de Estado

Si el documento se usa en un pais que no s parte de Ia convencion de la Haya del 5 de octubre 1961, debe
presentarse en seccién consular de | :

3 mision.que representa el pais.
Es traduccion fiel de) inglés, con copia archivo para confrontacion. Bogotd 25 ge julio-2003. Marlen Woira C

MARLEN MEIRA CA3T
Iraduciar e Intérpiete Ol
Inglés . Espanol . Ingle

Resolugion <. 2117 del 7
\) ;/1-DFM l 17~ Cz



B

OLARTERAISBECK

OLARTE RAISBECK & FRIER!, LTDA.

'LEGAL & PROFESSIONAL SERVICES

WORLD TRADE CENTER — TORRE C
CALLE 100 No. 8A-55 Piso 10
BocoTa, CoLomsia
TELEPHONE: +57-1 638-6200

FAX: +57-1 6386201

-www.olarteraisbeck.com

Power of Attorney

The undersigned,

domiciled in

o

GEIWE

L
UlL JUL 21 2003

PFIZER ING,

PATERT DEPT. NYO

Poder

El suscrito,

Warner-Lambert Company LLC

domiciliado en

201 Tabor Road;Morris Plains, New Jersey 07950 USA

by means of these presents hereby grants io Carlos

R. Olarte, J. Ian Raisbeck and Ana
Maria Frieri full and sufficient Power of
Attorney to file, prosecute, obtain, defend and
enforce any and all of the company’s Patents,
Utility Models and Industrial Designs in the
Republic of Colombia, to which end it empowers
them to take all steps necessary before any
adutinistrative or judicial authority of any class for
the objects stated, to file petitions, appeals, replies
and oppositions, pay taxes and anuuities, request
lestimonics, receive documents and 56011riiies,

abandon applications and collect refunds, Sufficient

power is hereby granted to recejve notifications on
behalf of the Company, to confer powers on those
who are to represent the company judicially and

extrajudicially, to answer in court in the matter of all

claims and demands that may be presented in
connection with the objects stated, giving them

likewise power 1o substitute these presents.and
revoke such substitutions.

Signature/Firma:

por medio del presente otorga a Carlos R.
Olarte, J. Tan Raisbeck y Ana Maria
Frieri poder especial, amplio y suficiente para
presentar, tramitar, obtener, defender y hacer
respetar todas y cualquiera de Patentes, Mod elos
de Ultilidad y Diseiios Industriales de la
compailia en la Republica de Colombia, a cuyo
efecto los faculta para dar todos los pasos
necesarios ante cualquier autoridad administritiva
0 judicial de cualquicr jerarquia para cumplir con
lo encomendado, clevar solicitudes, apelaciones,
respuestas y oposicioncs, pagar impuestos y
anualidades, solicitar testimonios, recibir
documentos y valores, desistir y percibir. Se
concede poder bastante para recibir notificacines
a nombre de la compaiifa, otorgar poderes a
quicnes vayan a representar a Ja compaiiia judicial
y extrajudicialmente, responder en juicio a toclas
las reclamaciones o deniandas que por motivo d
lo encomendado sc presentaren, dandoles

asimismo facultad para sustituir ¢l presente y
revocar dichas sustitucijones.

1%

}jﬁ@/\/&\?

Date/Fecha: July 14, 2003

City,Country/Ciudad,Pais: New York, USA
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OLARTE RAISBECK & FRIERI, LTDA.
LEGAL & PROFESSIONAL SERVICES

WORLD TRADE CENTER — TORRE C
CALLE 100 No. 8A-55 Piso 10
BoGoTta, CoLomala
TELEPHONE: +57-1 638-6200
FAX: +57-1 6386201

www.olarteraisbeck.com

Notarial Certiﬁcatidn

On this date,
July 14, 2003 K
The undersigned Notary Public certifies:

/;// .
LThat /. ol Loaest

Certificacion Notarial

En esta fecha,
cl Notario I'iblico suscrito certifica:

1. Que

J. Trevor Lumb

of legal age and donnule
ey A

signed the foxegomg documeul

2. That the grantor has executed the fmegomg
document as Assistant Secretary

of Warner-Lambert Company LLC.

3. That Warner-Lambert Company LLC,

having its principal place of business located in
Morris Plains, New Jersey, U.S.A.

is duly incorporated, is cwrently in existence, and
that the purposes for which the Power of Atlorney is

granted are within the scope of its. corporale
purposcs.

4. That the grantor has the authority to execule the
Power of Attorncy and that his/her representation is
lcgal.

5. The foundation for my certifications contained i in
points 2, 3 and 4 was the exhibition of the following
aulhcutlc docuinent(s):

NOTARY PUBLIC (Signature):

EXECUTIO
ch tificd Vent' ed And

mayor de edad y domiciliado

New York

suscribid el documento que antecede.

2. Que cl otorgaunte ha suscrito el referido
documento en su caracter de

de

4. Que
con sede principal ubicada en

estd legalmente constituida, que ticne exisiencia
legal vigente y que los propésitos para los cuales
se otorga cl poder se encuentra dentro de los quc
comprenden su objcto social.

4. Que el olorgante tiene la representacién para
suscribir el poder, y que ésta es legitima.

-5, El fundamento dec mis certificaciones

contenidas en los puntos 2, 3 y 4 fue la exhiticion
de los (del) siguiente(s) documento(s) auténtjc: ofs):




APOSTILLE
{Hague Convention of 5 October 1961 / Convention de La Haye du 5 octobre 1961)

UNITED KINGDOM OF GREAT BRITAIN AND NORTHERN IRELAND

1. Country: United Kingdom of Great Britain and Northern Ireland
Pays: Royaume-Uni de Grande-Bretagne ct d’Irlande du Nord

This public document / Le présent acte public

2. Has been signed by K Greenwood
a 61¢ signé par

3. Acting in the capacity of  Nofary Public
agissant cn qualité de

4. Bears the scal/stamp of  The Said Nolary Fublic
est revétu du sceaw/timbre de

Centified/Altesté
5. at London/a Londres 6. thelle 17 July 2003

7. by Her Majesty’s Principal Sceretary of State for For.cign and Commonwcalth Affairs /
par lc Scerétaire d'Etat Principal de Sa Majesté aux Affaires Etrangéres et du Commonwealth.

8.  Numbet/sous No G210433

9. Stamp: 10. Signature:  R. Bawden
timbrc:

For the Sceretary of State - Ponr le Secrétaire d Etat

1 this documicnt is to be used in a country which is not party 10 the Hagu{’. Convention of 5 October 1961,
it should be presented to the consular scction of the mission rcplrcscnling that country.
: |

‘
'




(19) World Intellectual Property Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

Intcrnational Burcau

(43) International Publication Date

16 January 2003 (16.01.2003)

PCT

0 0 O N

(10) International Publication Number

WO 03/004470 Al

(5N

2n

(22)

(25)

(26)

340

4

O A0 R OO0

03/004470 Al

=

(71)

an
(75)

laternational Patent Classification”: C07D 207/34,

AGIK 31/40

International Application Number:  PC1/1B02/01796
International Filing Date: 21 May 2002 (21.05.2002)
Filing Language: English
Publication Language: English
Priaritv Data:

60/302.049 29 June 2000 (29.06.2001)  US
Apphicant  (for all designared  States  except  US):
WARNER-LAMBERT COMPANY [US/US], 201

Tabor Road, Morris Plaing, NJ 07950 (US).

foventors: and

Inventors/Applicants (for LS onh:): BYRN, Stephen,
Robert [US/US}: 824 Barlow Sweet, West Lalavetie, IN
47906 (1;S). COATES, David, Andrew {US/US]. 2435
Neil Armstrong Dr. - Apt 24, West Lafayeue. IN 47906
(US). GUSHURST, Karen, Sue [US/US]: 807 Columbia
Streel. Lafayette. IN 47901 (US). MORRISON, Henry,
Grant, I} |US/US]: 2304 Osage Cu, Apt. 70. Lataveue,
IN 47909 (UIS). PARK, Aeri [KR/US]): 1717 Southworth
Branch Dr.. West Lafavette. IN 47900 (US). VELAHOVA,
Petinka Ivanova |[BG/US]T, 4702 Admirals Pointe Dr.,
Lafayetie. IN 47909 (US). LI, Zheng, Jane [US/US]:

(74)

(81

(84)

Plizer Global Rescarch and Development, Easiern Point
Road, Groton. CT 06340 (US). KRZYZANIAK, Joseph,
Francis [US/US]: Plizer Global Rescarch and Develop-
ment, Eastern Point Road, Groton. C'T 06340 (US).

Agents: LUMB, J., Trevor ct al.: Pfizer Inc.. 201 Tabor

Road, Morris Plains. NI 07950 (US).

Designated States rnarional): AE. AG, AL, AM. AT, AU
AZ.BA, BB, BG, BR.BY, BZ.CA, CH.CN, CO, CR. CU,
CZ, DE, DK, DM. DZ. EC. EE, ES. FI. GB. GD, GIE. GH.
GM. HR, HU.IDUTLINU IS TP KE, KG, KP KR, KZ, LC,
LK, LROLS,EE LU LV MA, MD. MG, MK, MN. MW,
MX. MZ.NO. NZ. OM. PH. PL. I, RO, RU, SD. SE. SG.
SI, SK, ST ML TN, TRUTT, T2, UAL UG, US. UZ,
VN. YU, ZA. ZM, ZW.

Designated States (regional): ARIPO patent (GH., GM,
KE, LS, MW, M7, SD, SL. SZ, IZ, UG, 7M, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ. MDD, RU. 11, TM).
European patent (A1, BEE, CH, CY, DE. DK, ES, FI, FR.
GB. GRUIE, I'E LU MCONL, PTLSE, TR)Y, OAPI patent
(BY, B, CI, CG, CI, CM, GA, GN. GQ. GW. M1, MR,
NE, SN, TD, TG).

Published:

with international search report

For nwo-letter codes and other abbreviations. refer 1o the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazelre.

(54)

Title: CRYSTALLINI:  FORMS  OF

'R-(R*R#)!1-2-(4-FLUOROPHENYL)-BETA.

DELTA-DIHYDROXY-S-(1-

METHYLETHY)-3-PHENYL-4- PHENYLAMINOYCARBONYL!-11H-PYRROLE-1-HEPTANOIC  ACID CALCIUM SALY
(2:1) (AFTORVASTATINY

(57) Abstract: Novel erystalline torms o [R-(R* R#)}-2-(4-NuorophenyD-B, A:-dihvdroxy-5-(1-methylethyD)-3-phenyl-4-[(pheny-
lamino)carbonyl]-111-pyirole-1-heptanoic acid hemi calciuny salt atorvastatin designated Form V. Farm VI, Form VII, Form VI,
Form IX, Form X, Form X1, Form XI11, Form X1, Form X1V, Form XV. Form XVI, Form XVII, Form XVIII, and Form XIX are

characterized by their X-ray powder dilfvaction, solid-state NMR, and/or Raman speciroscopy are described, as well as methods for

the preparation and pharmaccuticat composition of the same. which are usetul as agents for treating hyperlipidemia, hypercholes-
terolemia, ostcoporosis, and Alzheimer's diseasc.

W



WO 03/004470 PCT/IB02/01796

N\

CRYSTALLINE FORMS OF ‘R-(R*,R*)!-2-(4-FLUOROPHENYL)-BETA, DELTA-DIHYDROXY-5~ (1-
METHYLETHYL) -3-PHENYL-4- ' PHENLYAMINO) CARBONYL ! 1H~-PYRROLE-1-HEPTANOIC ACID
CALCIUM SALT (2:1) (ATORVASTATIN)

5 FIELD OF THE INVENTION

The present invention relates to novel crystalline forms of atorvastatin
which is known by the chemical name [R-(R*,R*)]-2-(4-fluorophenyl)-B,3-
A dihydroxy-5-(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-pyrrole-
1-heptanoic acid hemi calcium salt useful as pharmaceutical agents, to methods
10 for their production and isolation, to pharmaceutical compositions which include
these compounds and a pharmaceutically acceptable carrier, as well as methods of
using such compositions to treat subjects, including human subjects, suffering
from hyperlipidemia, hypercholesterolemia, osteoporosis, and Alzheimerfs

disease.

15 BACKGROUND OF THE INVENTION

The conversion of 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) to
? mevalonate is an early and rate-limiting step in the cholesterol biosynthetic
\ pathway. This step is catalyzed by the enzyme HMG-CoA reductase. Statins inhibit
HMG-CoA reductase from catalyzing this conversion. As such, statins are
20 collectively potent lipid lowering agents.

Atorvastatin calcium, disclosed in United States Patent No. 5,273,995,
which is incorporated herein by reference, is currently sold as Lipitor® having the
chemical name [R-(R* ,R*)]-2-(4-fluorophenyl)-B,6-dihydroxy-5-(1-methylethyl)-
3-phenyl-4-[(phenylamino)carbonyl}-1H-pyrrole-1-heptanoic acid calcium salt (2:1)

25 trihydrate and the formula
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Ca2+

Atorvastatin calcium is a selective, competitive inhibitor of HMG-CoA reductase.
As such, atorvastatin calcium is a potent lipid lowering compound and is thus useful
as a hypolipidemic and/or hypocholesterolemic agent.

United States Patent Number 4,681,893, which is incorporated herein by
reference, discloses certain frans-6-[2-(3- or 4-carboxamido-substituted-pyrrol-
1-yDalkyl]-4-hydroxy-pyran-2-ones including trans (+)-5-(4-fluorophenyl)-
2-(1-methylethyl)-N, 4-diphenyl-1-[(2-tetrahydro-4-hydroxy-6-oxo-2H-pyran-
2-yl)ethyl}-1H-pyrrole-3-carboxamide.

United States Patent Number 5,273,995, which is herein incorporated by
reference, discloses the enantiomer having the R form of the ring-opened acid of
trans-5-(4-fluorophenyl)-2-(1-methylethyl)-N, 4-diphenyl-1-[(2-tetrahydro-
4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide, ie, [R-(R* ,R*)]}-
2-(4-fluorophenyl)-B,6-dihydroxy-5-(1-methylethyl)-3-phenyl-4-[(phenylamino)-
carbonyl]-1H-pyrrole-1-heptanoic acid which is atorvastatin.

United States Patent Numbers 5,003,080; 5,097.045; 5,103,024; 5,124,482;
5,149,837; 5,155,251, 5,216,174 5,245,047, 5,248,793; 5,280,126; 5,397,792,
5.342,952; 5,298,627, 5,446,054; 5,470,981, 5,489,690; 5,489,691; 5,510,488;
5,998,633; and 6,087,511, which are herein incorporated by reference, disclose
various processes and key intermediates for preparing amorphous atorvastatin.

Amorphous atorvastatin has unsuitable filtration and drying characteristics for

1arge-scale production and must be protected from heat, light, oxygen, and moisture.

\'_‘l/.



'&,‘.\

10

20

25

30

WO 03/004470 PCT/IB02/01796

3-

Crystalline forms of atorvastatin calcium are disclosed in United States
Patent Numbers 5,969,156 and 6,121,461 which are herein incorporated by
reference.

International Published Patent Application Number WO 01/36384
allegedly discloses a polymorphic form of atorvastatin calcium.

Stable oral formulations of atorvastatin calcium are disclosed in United
States Patent Numbers 5,686,104 and 6,126,971.

Atorvastatin is prepared as its calcium salt, ie, [R-(R* R*)}-2-(4-
fluorophenyl)-B,6-dihydroxy-5-(1-methylethyl)-3-phenyl-4-
[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic acid calcium salt (2:1). The
calcium salt is desirable since 1t enables atorvastatin to be conveniently
formulated in, for example, tablets, capsules, lozenges, powders, and the like for
oral administration. Additionally, there is a need to produce atorvastatin in a pure
and crystalline form to enable formulations to meet exacting pharmaceutical
requirements and specifications.

Furthermore, the process by which atorvastatin is produced needs to be
one which is amenable to large-scale production. Additionally, it is desirable that
the product should be in a form that is readily filterable and easily dried. Finally, it
is economically desirable that the product be stable for extended periods of time
without the need for specialized storage conditions.

We have now surprisingly and unexpectedly found novel crystalline forms
of atorvastatin. Thus, the present invention provides atorvastatin in new cryStalline
forms designated Forms V, VI, VII, VIII, IX, X, X1, XII, XIII, XIV, XV, XVI,
XVII, XVIII, and XIX. The new crystalline forms of atorvastatin are purer, more
stable, or have advantageous manufacturing properties than the amorphous

product.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to crystalline Form V

atorvastatin and hydrates thereof characterized by the following X-ray powder

_diffraction pattern expressed in terms of the 20 and relative intensities with a

\G)
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relative intensity of >10% measured on a Shimadzu diffractometer with CuKy \B\
radiation:
20 Relative Intensity
(>10%)2
4.9 (broad) 9
6.0 15
7.0 100
8.0 (broad) 20
8.6 57
9.9 22
16.6 : 42
19.0 27
21.1 35

4 Relative intensity of 4.9 (broad) 26 is 9.

Additionally, the following X-ray powder diffraction pattern of crystalline
Form V atorvastatin expressed in terms of the 26 values was measured on an Inel

(capillary) diffractometer:

26
5.0
6.1
7.5
8.4 (broad)
8.7 (broad)
9.9
16.7
19.0
21.2
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Further, the present invention is directed to crystalline Form V atorvastatin \

and hydrates thereof characterized by the following solid-state 13C nuclear

magnetic resonance (ssSNMR) spectrum wherein chemical shift is expressed in

parts per million:

Assignment Chemical Shift
Cl2or C25 185.7
Cl12 or C25 176.8
Clé 166.9

Aromatic Carbons 138.7
C2-Cs5, C13-C18, 136.3
C19-C24, C27-C32
133.0
128.4
122.0
117.0
116.3
C8,C10 : 68.0
Methylene Carbons 43.1
Ce, C7, C9, C11
C33 25.6
C34 19.9

Additionally, the present invention is directed to crystalline Form V

atorvastatin and hydrates thereof characten’ze;d by the following Raman spectrum

having peaks expressed in cm-1:
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3062
1652
1604
1528
1478
1440
1413
1397
1368
1158
1034
1001

825

245

224

130

In a preferred embodiment of the first aspect of the invention, crystalline

Form V atorvastatin is a trihydrate.

In a second aspect, the present invention is directed to crystalline Form VI
atorvastatin and hydrates thereof characterized by the following X-ray powder
diffraction pattern expressed in terms of the 26 and relative intensities with a

relative intensity of >10% measured on a Shimadzu diffractometer with CuK 4

radiation:

PCT/IB02/01796
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26 Relative Intensity
(>10%)2
7.2 11
8.3 77
11.0 20
124 11
13.8 9
16.8 14
18.5 100
19.7 (broad) 22
20.9 14
25.0 (broad) 15

@ Relative intensity of 13.8 (broad) 26 is 9.

Additionally, the following X-ray powder diffraction pattern of crystalline

Form VI atorvastatin expressed in terms of the 28 values was measured on an Inel

(capillary) diffractometer:

26

7.3

8.5

11.2

12.7

14.0
17.1 (broad)

18.7

19.9
21.1 (broad)
25.2 (broad)

Further, the present invention is directed to crystalline Form VI

atorvastatin and hydrates thereof characterized by the following solid-state
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13C nuclear magnetic resonance spectrum wherein chemical shift is expressed in \%
parts per million:
Assignment Chemical Shift
Cl2 or C25 176.5
C16or C12 or C25 168.2
Cl6 or C12 or C25 163.1
Cl6 or C12 or C25 159.8
Aromatic Carbons 136.8
C2-C5, C13-C18, 127.8
C19-C24, C27-C32
122.3
118.8
113.7
C8, C10 88.2
C8, Cl0 79.3
70.5
Methylene Carbons 43.3
Ce, C7,C9, C11 36.9
31.9
C33,C34 259
C33,C34 225

In a third aspect, the present invention is directed to crystalline Form VII

atorvastatin and hydrates thereof characterized by the following X-ray powder

diffraction pattern expressed in terms of the 20 and relative intensities with a

relative intensity of >10% measured on a Shimadzu diffractometer with CuK

radiation:
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9.
26 Relative Intensity
(>10%)
8.6 76
10.2 70
12.4 (broad) 12
12.8 (broad) 15
17.6 20
18.3 (broad) 43
19.3 100
22.2 (broad) 14
23.4 (broad) 23
23.8 (broad) 26
25.5 (broad) 16

PCT/IB02/01796

Additionally, the following X-ray powder diffraction pattern of crystalline-

Form VII atorvastatin expressed in terms of the 20 values was measured on an

Inel (capillary) diffractometer:

20

8.7

10.2
12.4
129
17.6
18.4
19.4
22.2
23.5
23.9
25.6
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Further, the present invention is directed to crystalline Form VII
atorvastatin and hydrates thereof characterized by the following solid-state
13C nuclear magnetic resonance spectrum wherein chemical shift is expressed in

parts per million:

Assignment Chemical Shift
Cl12or C25 186.5
Cl2or C25 183.3
Cl2 or C25 176.8
Clé 166.5

159.2
Aromatic Carbons 137.6
C2-C5,-C13-C18, 128.3
C19-C24, C27-C32

122.3

119.2
C8,C10 74.5
C8,CI0 : 70.3
C8,Cl10 68.3
Cs, C10 66.2
Methylene Carbons 43.5
Ce, C7,C9, C11 40.3
C33,C34 26.3
C33,C34 24.9
'C33, C34 20.2

Additionally, the present invention is directed to crystalline Form VII

atorvastatin and hydrates thereof characterized by the following Raman spectrum

having peaks expressed in cm™1:
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Raman Spectrum
3060
2927
1649
1603
1524
1476
1412
1397
1368
1159
1034

998
824
114

In a preferred embodiment of the third aspect of the invention, crystalline
Form VII atorvastatin is a sesquihydrate.

In a fourth aspect, the present invention is directed to crystalline Form VIII
atorvastatin and hydrates thereof characterized by the following X-ray powder

diffraction pattern expressed in terms of the 20 and relative intensities with a

relative intensity of >10% measured on a Shimadzu diffractometer with CuK,

radiation:
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26 Relative Intensity
(>10%)2

7.5 61

9.2 29

10.0 16

12.1 10

12.8 6

13.8 4

15.1 13

16.7 (broad) 64
“\ 18.6 (broad) 100
7 20.3 (broad) 79
21.2 .24

21.9 30

224 19

25.8 33

26.5 20

27.4 (broad) 38

30.5 20

2 Relative intensity of 12.8 20 is 6 and

13.8 20 is 4.

Additionally, the following X-ray powder diffraction pattern of crystalline

PCT/IB02/01796

Form VIII atorvastatin expressed in terms of the 26 values was measured on an

Inel (capillary) diffractometer:

20

7.5
9.3
10.1
12.2
12.8
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26
13.8
15.1
16.6-16.9
18.5-18.9
20.2-20.6
213
22.0
22.5
25.9
S 26.5
-7
27.4 (broad)
30.6
Further, the present invention is directed to crystalline Form VIII
atorvastatin and hydrates thereof characterized by the following solid-state
13C nuclear magnetic resonance spectrum wherein chemical shift is expressed in
parts per million:
Assignment Chemical Shift
Cl12 or C25 186.1
Cl12 or C25 179.5
7 C16 167.9
a C16 161.0
Aromatic Carbons 139.4
C2-Cs5, C13-Cl18, 132.9
C19-C24, C27-C32 '
128.7
124.7
121.8
116.6

C8, C10 67.0
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Assignment Chemical Shift

Methylene Carbons 433

C6,C7,C9, C11

C33,C34 26.7

C33, C34 24.7

C33, C34 20.9

C33,C34 20.1

Additionally, the present invention is directed to crystalline Form VIII

atorvastatin and hydrates thereof characterized by the following Raman spectrum

having peaks expressed in cm1:

Raman Spectrum
3065
2923
1658
1603
1531
1510
1481
1413

997
121

In a preferred embodiment of the fourth aspect of the invention, crystalline
Form VIII atorvastatin is a dihydrate.

In a fifth aspect, the present invention is directed to crystalline Form IX
atorvastatin and hydrates thereof characterized by the following X-ray powder
diffraction pattern expressed in terms of the 26 and relative intensities with a

relative intensity of >10% measured on a Shimadzu diffractometer with CuK,

radiation:

AX
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20 Relative Intensity
(>10%)

8.8 50
9.4 (broad) 32
11.2-11.7 (broad) 26
16.7 59
17.5 (broad) 33
19.3 (broad) 55
21.4 (broad) 100
22.4 (broad) 33
23.2 (broad) 63
29.0 (broad) 15

Additionally, the following X-ray powder diffraction pattern of crystalline

Form IX atorvastatin expressed in terms of the 26 values was measured on an Inel

(capillary) diffractometer:

20

9.0
9.4

10.0 - 10.5 (broad)
11.8 - 12.0 (broad)

16.9
17.5 (broad)
19.4 (broad)
21.6 (broad)
22.6 (broad)
23.2 (broad)
29.4 (broad)

In a sixth aspect, the present invention is directed to crystalline Form X

atorvastatin and hydrates thereof characterized by the following X-ray powder
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diffraction pattern expressed in terms of the 26 and relative intensities with a /L/

relative intensity of >10% measured on a Shimadzu diffractometer with CuK,

radiation:
26 Relative Intensity
(>10%)
4.7 35
5.2 24
5.8 11
6.9 13
- 7.9 53
P 9.2 56
9.5 50
10.3 (broad) 13
11.8 20
16.1 13
16.9 39
19.1 100
19.8 71
21.4 49
22.3 (broad) 36
. 23.7 (broad) 37
/}‘ T 24.4 15
- 28.7 31

Additionally, the following X-ray powder diffraction pattern of crystalline
5 Form X atorvastatin expressed in terms of the 20 values was measured on an Inel

(capillary) diffractometer:
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26

10.2-10.4

4.7
5.2
5.8
6.9
7.9

9.2

9.6

11.9
16.2
16.9
19.1
19.9
21.5

22.3-22.6
23.7-24.0 (broad)

245
28.8

Further, the present invention is directed to crystalline Form X atorvastatin

i.I and hydrates thereof characterized by the following solid-state 13C nuclear

million:

magnetic resonance spectrum wherein chemical shift is expressed in parts per

Assignment

Chemical Shift

Cl2 or C25
Cl2 or C25
Clé
Cl6

187.0
179.5
165.5
159.4
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Assignment Chemical Shift

Aromatic Carbons 137.9
C2-C5, Ci3-C18, 134.8
C19-C24, C27-C32 129.4
127.9

123.2

119.9

C8,Cl10 71.1
Methylene Carbons 437
Ce,C7,C9,C11 40.9
C33 26.4
253

C34 20.3
18.3

PCT/IB02/01796

Additionally, the present invention is directed crystalline Form X

atorvastatin and hydrates thereof characterized by the following Raman spectrum

having peaks expressed in cm-1:

Raman Spectrum

3062
2911
1650
1603
1525
1478
1411
1369
1240
1158
1034

999

o=
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Raman Spectrum ’j/o\
824
116

In a preferred embodiment of the sixth aspecf of the invention, crystalline
Form X atorvastatin is a trihydrate.

In a seventh aspect, the present invention is directed to crystalline Form XI
atorvastatin and hydrates thereof characterized by the following X-ray powder

diffraction pattern expressed in terms of the 26 and relative intensities with a

relative intensity of >10% measured on a Shimadzu diffractometer with CuK

radiation:
26 Relative Intensity
(>10%)
10.8 (broad) 58
12.0 12
13.5 11
16.5 52
17.6-18.0 (broad) 35
19.7 82
223 100
232 26
244 28
25.8 17
26.5 30
27.3 31
28.7 19 -
29.5 12
30.9 (broad) 17
32.8 (broad) 11
33.6 (broad) 15
36.0 (broad) 15

38.5 (broad) 14
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In an eighth aspect, the present invention is directed to crystalline | /)é?
Form XII atorvastatin and hydrates thereof characterized by the following X-ray
powder diffraction pattern expressed in terms of the 26 and relative intensities
with a relative intensity of >10% measured on a Shimadzu diffractometer with

CuK, radiation:

26 Relative Intensity
(>10%)2

5.4 11

7.7 24

8.0 25

8.6 42

8.9 25

9.9 36
10.4 (broad) 24
12.5 18
13.9 (broad) 9
16.2 10
17.8 70

19.4 100
20.8 51
21.7 13
22.4-22.6 (broad) 18
243 19
25.5 24
26.2 11
27.1 8

4 Relative intensity of 13.9 (broad) 20
is 9and 27.1 20 is 8.

Additionally, the foilowing X-ray powder diffraction pattern of crystalline
Form XII atorvastatin expressed in terms of the 20 values was measured on an

Inel (capillary) diffractometer:
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26
5.4
7.7
8.1
8.6
8.9

10.0

10.5

12.6

14.0 (broad)

16.2

17.9

19.4

20.9
21.8
22.5 - 22.8 (broad)
24.4
25.6
26.4
27.2

Additionally, the present invention is directed crystalline Form XII

atorvastatin and hydrates thereof characterized by the following Raman spectrum

having peaks expressed in cm-1:

Raman Spectrum
3064
2973
2926
1652
1603
1527

I/)o\ ‘,
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Raman Spectrum

1470
1410
1367
1240
1159
1034
1002

823

PCT/1B02/01796

In a ninth aspect, the present invention is directed to crystalline Form XIII

atorvastatin and hydrates thereof characterized by the following X-ray powder

diffraction pattern expressed in terms of the 20 and relative intensities with a

relative intensity of >10% measured on a Shimadzu diffractometer with CuK¢

radiation:

: 26

Relative Intensity
10%)

8.4

8.9
15.7 (broad)
16.4 (broad)
17.6 (broad)
18.1 (broad)
19.7 (broad)
20.8 (broad)
23.8 (broad

100
82
45
46
57
62
58
91
57

In a tenth aspect, the present invention is directed to crystalline Form XIV

atorvastatin and hydrates thereof characterized by the following X-ray powder

diffraction pattern expressed in terms of the 20 and relative intensities with a



N

s =

WO 03/604470

-23-

PCT/IB02/01796

relative intensity of >10% measured on a Bruker D5000 diffractometer with

CuK radiation:

26 Relative Intensity
(>10%)

5.4 4]
6.7 31
7.7 100
8.1 35
9.0 65
16.5 (broad) 15
17.6 (broad) 17
18.0 — 18.7 (broad) 21
19.5 (broad) 18

In an eleventh aspect, the present invention is directed to crystalline

Form XV atorvastatin and hydrates thereof characterized by the following X-ray

powder diffraction pattern expressed in terms of the 20 and relative intensities

with a relative intensity of >10% measured on a Bruker D5000 diffractometer

with CuK, radiation:

26 Relative Intensity
(>10%)
5.7 26
6.1 21
6.8 18
7.5 39
8.1 39
8.5 42
9.5 33
10.5 (broad) 18
19.1 - 19.6 (broad) 32

2%
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In a twelfth aspect, the present invention is directed to crystalline f)%>\
Form XVI atorvastatin and hydrates thereof characterized by the following X-ray
powder diffraction pattern expressed in terms of the 26 and relative intensities

with a relative intensity of >10% measured on a Bruker D5000 diffractometer

with CuK, radiation:

26 Relative Intensity

(>10%)

5.2 37

6.4 34

7.5 100

8.7 79

10.5 (broad) 19

12.0 (broad) 10

12.7 (broad) 17

16.7 26

18.3 (broad) 27

19.5 23

20.1 - 20.4 (broad) 37

21.2 - 21.9 (broad) 32

22.9 - 23.3 (broad) 38

24.4 - 25.0 (broad) ' 35

Additionally, the following X-ray powder diffraction pattern of crystalline

Form XVI atorvastatin expressed in terms of the 26 values was measured on a

Shimadzu diffractometer with CuK radiation:

26
7.6
8.8
10.2
12.5
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16.8
18.2
19.3
20.5
23.0
24.8

In addition, the following X-ray powder diffraction pattern of crystalline
Form X VI atorvastatin expressed in terms of the 26 values was measured on an

" Inel (capillary) diffractometer:

26
5.1
6.2
7.3
8.7
10.2 (broad)
12.0 (broad)
12.7 (broad)
16.7
N | 18.0 (broad)
% 19.5 (broad)
20.0 - 20.5 (broad)
21.5 - 21.6 (broad)
22.9 - 23.3 (broad)
24.0 — 25.0 (broad)

In a thirteenth aspect, the present invention is directed to crystalline
5 Form XVII atorvastatin and hydrates thereof characterized by the following X-ray

powder diffraction pattern expressed in terms of the 20 and relative intensities
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with a relative intensity of >10% measured on a Bruker D5000 diffractometer /)9
with CuK, radiation:

20 Relative Intensity
(>10%)

5.0 27

6.1 33

7.3 100

7.9 30

8.5 29

91 22
10.0 45
12.1 (broad) 24
14.8 17
16.0 - 16.5 (broad) 20
17.5 (broad) 28
19.0 (broad) 46
19.5 - 65
20.2 (broad) 47
21.3 64
21.6 55
22.0 45

In a fourteenth aspect, the present invention is directed to crystalline
Form XVIII atorvastatin and hydrates thereof characterized by the following
X-ray powder diffraction pattern expressed in terms of the 26 and relative

intensities with a relative intensity of >10% measured on a Bruker D5000

diffractometer with CuK radiation:
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20 Relative Intensity
(>10%)
8.0 100
9.2 (broad) 52
9.7 (broad) 40
12.1 24
16.6 (broad) 48
18.5 67

Additionally, the following X-ray powder diffraction pattern of crystalline

Form XVIII atorvastatin expressed in terms of the 28 values was measured on a

Shimadzu diffractometer with CuK, radiation:

20
7.7
9.3
9.9
12.2
16.8
18.5

In addition, the following X-ray powder diffraction pattern of crystalline

Form X VIII atorvastatin expressed in terms of the 20 values was measured on an

Inel (capillary) diffractometer:

20

7.9
9.2 (broad)
9.8 (broad)
12.2 (broad)
16.7 (broad)

18.5
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In a fifteenth aspect, the present invention is directed to crystalline
Form XIX atorvastatin and hydrates thereof characterized by the following X-ray
powder diffraction pattern expressed in terms of the 26 and relative intensities

with a relative intensity of >10% measured on a Bruker D5000 diffractometer

with CuK, radiation:

20 Relative Intensity
(>10%)
5.2 32
6.3 28
7.0 100
8.6 74
10.5 34
11.6 (broad) 26
12.7 (broad) 35
14.0 : 15
16.7 (broad) 30
18.9 86
20.8 94
23.6 (broad) 38
25.5 (broad) 32

As inhibitors of HMG-CoA reductase, the novel crystalline forms of
atorvastatin are useful hypolipidemic and hypocholesterolemic agents as well as
agents in the treatment of osteoporosis and Alzheimer’s disease.

A still further embodiment of the present invention is a pharmaceutical
composition for administering an effective amount of crystalline Form V,

Form VI, Form VII, Form VIII, Form IX, Form X, Form XI, Form XII,

Form X111, Form XIV, Form XV, Form XVI, Form XVII, Form XVIII, or
Form XIX atorvastatin in unit dosage form in the treatment methods mentioned
above. Finally, the present invention is directed to methods for production of

Form V, Form VI, Form VII, Form VIII, Form IX, Form X, Form XI, Form XII,

=
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Form XIII, Form XIV, Form XV, Form XVI, Form XVII, Form XVIII, or

N\

Form XIX atorvastatin.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described by the following nonlimiting examples
which refer to the accompanying Figures 1 to 35, short particulars of which are

given below.

Figure 1]
Diffractogram of Form V atorvastatin carried out on Shimadzu XRD-6000

diffractometer.

Figure 2
Diffractogram of Form VI atorvastatin carried out on Shimadzu

XRD-6000 diffractometer.

Figure 3
Diffractogram of Form VII atorvastatin carried out on Shimadzu

XRD-6000 diffractometer.
Figure 4
Diffractogram of Form VIII atorvastatin carried out on Shimadzu

XRD-6000 diffractometer.

Figure 5

Diffractogram of Form IX atorvastatin carried out on Shimadzu

XRD-6000 diffractometer.
Figure 6 .
Diffractogram of Form X atorvastatin carried out on Shimadzu XRD-6000
diffractometer.
Figure 7
Diffractogram of Form XI atorvastatin carried out on Shimadzu

XRD-6000 diffractometer.
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Figure 8
Diffractogram of Form XII atorvastatin carried out on Shimadzu

XRD-6000 diffractometer.

Figure 9
Diffractogram of Form XIII atorvastatin carried out on Shimadzu

XRD-6000 diffractometer.
Figure 10

Diffractogram of Form XIV atorvastatin carried out on Bruker D 5000
diffractometer.
Figure 11

Diffractogram of Form XV atorvastatin carried out on Bruker D 5000
diffractometer.
Figure 12

Diffractogram of Form X VT atorvastatin carried out on Bruker D 5000
diffractometer.
Figure 13

Diffractogram of Form XVII atorvastatin carried out on Bruker D 5000
diffractometer.
Figure 14

Diffractogram of Form XVIII atorvastatin carried out on Bruker D 5000

diffractometer.

Figure 15

Diffractogram of Form XIX atorvastatin carried out on Bruker D 5000

diffractometer.

Figure 16
Diffractogram of Form V atorvastatin carried out on Inel XRG-3000

diffractometer.
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Figure 17
Diffractogram of Form VI atorvastatin carried out on Inel XRG-3000

diffractometer.

Figure 18
Diffractogram of Form VII atorvastatin carried out on Inel XRG-3000

diffractometer.

Figure 19

Diffractogram of Form VIII atorvastatin carried out on Inel XRG-3000

diffractometer.

Figure 20
Diffractogram of Form IX atorvastatin carried out on Inel XRG-3000

diffractometer.

Figure 21
Diffractogram of Form X atorvastatin carried out on Inel XRG-3000

diffractometer.

Figure 22
Diffractogram of Form XII atorvastatin carried out on Inel XRG-3000

diffractometer.
Figure 23

Diffractogram of Form X VI atorvastatin carried out on Inel XRG-3000

diffractometer.

Figure 24
Diffractogram of Form XVIII atorvastatin carried out on Inel XRG-3000

diffractometer.

Figure 25
Solid-state 13C nuclear magnetic resonance spectrum with spinning side

bands identified by an asterisk of Form V atorvastatin.

™\
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Solid-state 13C nuclear magnetic resonance spectrum with spinning side

Figure 26

bands identified by an asterisk of Form VI atorvastatin.

Figure 27

Solid-state 13C nuclear magnetic resonance spectrum with spinning side

bands identified by an asterisk of Form VII atorvastatin.

Solid-state 13C nuclear magnetic resonance spectrum with spinning side

bands identified by an asterisk of Form VIII atorvastatin.

Figure 29
Solid-state 13C nuclear magnetic resonance spectrum of Form X

atorvastatin.

Figure 30
Raman spectrum of Form V.,

Figure 31
Raman spectrum of Form VI.

Figure 32
Raman spectrum of Form VII.

Figure 33

Raman spectrum of Form VIII.

Figure 34
Raman spectrum of Form X.

Figure 35
Raman spectrum of Form XII.

DETAILED DESCRIPTION OF THE INVENTION

Crystalline Form V, Form VI, Form VII, Form VIII, Form IX, Form X,
Form XI, Form XII, Form XIII, Form XIV, Form XV, Form XVI, Form XVII,
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Form XVIII, and Form XIX atorvastatin may be characterized by their X-ray
powder diffraction patterns, by their solid state nuclear magnetic resonance

spectra (NMR), and/or their Raman spectra.

X-RAY POWDER DIFFRACTION

Forms V. VI, VII, VIII IX, X, XI, XII. XIII, XIV. XV, XVI, XVIL XVIIL and
XIX

Forms V, VI, VII, VIII, IX, X, XI, XII, XIII, XIV, XV, XVI, XVII, XVIII,
or XIX atorvastatin were characterized by their X-ray powder diffraction pattern.
Thus, the X-ray diffraction patterns of Forms V, VI, VII, VIII, IX, X, XI, XII, or
Form XIII atorvastatin were carried out on a Shimadzu XRD-6000 X-ray powder
diffractometer using CuK radiation. The instrument is equipped with a fine-
focus X-ray tube. The tube voltage and amperage were set at 40 kV and 40 mA,
respectively. The divergence and scattering slits were set at 1°, and the receiving
slit was set at 0.15 mm. Diffracted radiation was detected by a Nal scintillation
detector. A theta-two theta continuous scan at 3°/min (0.4 sec/0.02° step) from 2.5
to 40 °26 was used. A silicon standard was analyzed each day to check the
instrument alignment. The X-ray diffraction patterns of Forms XIV, XV, XVI,
XVII, XVIII, and XIX were carried out on a Bruker D5000 diffractometer using
copper radiation, fixed slits (1.0, 1.0, 0.6 mm), and a Kevex solid state detector.
Data was collected from 3.0 to 40.0 degrees in 20 using a step size of 0.04 degrees
and a step time of 1.0 seconds. It should be noted that Bruker Instruments
purchased Siemans; thus, a Bruker D 5000 instrument is essentially the same as a

Siemans D 5000.

The X-ray diffraction patterns of Forms V, VI,AVII, VIII, IX, X, XII, XVI,
and XVIII were also carried out on an Inel diffractometer. X-ray diffraction
analyses were carried out on an Inel XRG-3000 diffractometer, equipped with a
Curved Position Sensitive (CPS) detector with a 26 range of 120 degrees. Real

time data were collected using CuK, radiation starting at approximately 4 °20 at a

resolution of 0.03 °26. The tube voltage and amperage were set to 40 kV and
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30 mA, respectively. Samples were prepared for analysis by packing them into D\Z>\
thin-walled glass capillaries. Each capillary was mounted onto a goniometer head
that is motorized to permit spinning of the capillary during data acquisition.
Instrument calibration was performed daily using a silicon reference standard. The
Inel diffractograms for the available forms are shown in the figures without
baseline subtraction. Calculating the intensities from these diffractograms is
within the skill of the art and involves using baseline subtraction to account for

background scattering (e.g., scattering from the capillary).

To perform an X-ray powder diffraction measurement on a Shimadzu or
Bruker instrument like the ones used for measurements reported herein, the
sample is typically placed into a holder which has a cavity. The sample powder is
pressed by a glass slide or equivalent to ensure a random surface and proper
sample height. The sample holder is then placed into the instrument (Shimadzu or
Bruker). The source of the X-ray beam is positioned over the sample, initially at a
small angle relative to the plé.ne of the holder, and moved through an arc that
continuously increases the angle between the incident beam and the plane of the
holder. Measurement differences associated with such X-ray powder analyses
result from a variety of factors including: (é) errors in sample preparation (e.g.,
sample height), (b) instrument errors (e.g., flat sample errors), (c) calibration
errors, (d) operator errors (including those errors present when determining the
peak locations), and (e) preferred orientation. Calibration errors and sample height
errors often result in a shift of all the peaks in the same direction and by the same
amount. Small differences in sample height on a flat holder lead to large
displacements in XRPD peak positions. A systematic study showed that, using a
Shimadzu XRD-6000 in the typical Bragg-Brentano configuration, sample height
differences of 1 mm led to peak shifts as high as 1 °28 (Chen, et al.,

J. Pharmaceutical and Biomedical Analysis, 2001;26:63). These shifts can be
identified from the X-ray diffractogram and can be eliminated by compensating
for the shift (applying a systematic correction factor to all peak position values) or
recalibrating the instrument. In contrast, the Inel instrument used herein places the
sample in a capillary which is positioned at the center of the instrument. This

minimizes sample height errors (a) and preferred orientation (e). Since, when
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using capillaries, the sample height is not established manually, the peak locations
from the Inel measurements are typically more accurate than those from the
Shimadzu or the Bruker instrument. As mentioned above, it is possible to rectify
measurements from the various machines by applying a systematic correction
factor to bring the peak positions into agreement. In general, this correction factor
will bring the peak positions from the Shimadzu and Bruker into agreement with
the Inel and will be in the range of 0 to 0.2 °26.

Table 1 lists the 26 and relative intensities of all lines in the sample with a
relative intensity of >10% for crystalline Forms V-XIX atorvastatin. The numbers

listed in this table are rounded numbers.

W
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Because only 19 crystalline forms of atorvastatin are known, each form
can be identified and distinguished from the other crystalline forms by either a
combination of lines or a pattern that is different from the X-ray powder
diffraction of the other forms.

For example, Table 2 lists combination of 20 peaks for Forms V to XIX
atorvastatin, i.e., a set of X-ray diffraction lines that are unique to each form.
Forms I to IV atorvastatin disclosed in United States Patent Numbers 5,969,156

and 6,121,461 are included for comparison.

PCT/IB02/01796
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SOLID STATE NUCLEAR MAGNETIC RESONANCE (NMR) (/D k
Methodology

Solid-state 13C NMR spectra were obtained at 270 or 360 MHz Tecmag

instruments. High-power proton decoupling and cross-polarization with magic-
5 angle spinning at approximately 4.7 and 4.2 kHz or 4.6 and 4.0 kHz were used for
68 MHz (13C frequency) data acquisition, 4.9 and 4.4 kHz were used for 91 MHz

(13c frequency) data acquisition. The magic angle was adjusted using the Br
signal of KBr by detecting the side bands. A sample was packed into a 7 mm Doty
rotor and used for each experiment. The chemical shifts were referenced
10 externally to adamantine except for Form X where the chemical shifts are
- arbitrary.
Table 3 shows the solid-state NMR spectrum for crystalline Forms V, VI,
VI, VIII, and X atorvastatin.

-
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Table 3. Chemical Shifts for Forms V, VI, VII, VIII, and X Atorvastatin
Chemical Shift
\Y VI VII VIII X
185.7 186.5 186.1 187.0 -
183.3 179.5
176.8 176.5 176.8 179.5
166.9 168.2 166.5 167.9 165.5
163.1 161.0
159.8 159.2 159.4
138.7 136.8 137.6 139.4 137.9
136.3 132.9 134.8
133.0
129.4
128.4 127.8 128.3 128.7 127.9
124.7 123.2
122.0 122.3 1223
121.8
118.8 119.2 119.9
117.0
116.3 116.6
113.7
88.2 74.5
79.3
70.5 70.3 71.1
68.0 68.3 67.0
66.2
43.1 43.3 43.5 43.3 43.7
40.3
36.9 40.9

31.9

o
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Table 3. Chemical Shifts for Forms V, VI, VII, VIII and X Atorvastatin (cont)

Chemical Shift

\Y VI VII VIII X
25.6 25.9 263 26.7 264
24.9 247 253
22.5 20.2 20.9 20.3

19.9 20.1
18.3

Forms V, VI, VII, VIII, and X: Relative peak intensity over 20 are shown here

(4.5, 4.6,4.7, or 4.9 kHz CPMAS). Spectra were obtained using two different

magic-angle spinning rates to determine spinning sidebands.

Form X: Relative peak intensity over 20 are shown here (5.0 kHz CPMAS).

Table 4 shows unique solid-state NMR peaks for Forms V, VI, VII, VIII

and X atorvastatin, ie, peaks within £1.0 ppm. Forms I to IV atorvastatin are

included for comparison.

)
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RAMAN SPECTROSCOPY

Methodology

The Raman spectrum was obtained on a Raman accessory interfaced to a
Nicolet Magna 860 Fourier transform infrared spectrometer. The accessory
5 utilizes an excitation wavelength of 1064 nm and approximately 0.45 W of

neodymium-doped yttrium aluminum gamet (Nd:YAG) laser power. The

spectrum represents 64 or 128 co-added scans acquired at 4 cm-! resolution. The
sample was prepared for analysis by placing a portion into a 5-mm diameter glass
tube and positioning this tube in the spectrometer. The spectrometer was

10 calibrated (wavelength) with sulfur and cyclohexane at the time of use.

Table 5 shows the Raman spectra for Forms V, VI, VII, VIII, X, and XII

atorvastatin.
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Table 5. Raman Peak Listing for Forms V, VI, VII, VIII, X and XII

Atorvastatin
Form V Form VI Form VII Form VIII FormX Form XII

3062 3058 3060 3065 3062 3064
2973

2935 2927 2923 2911 2926

1652 1651 1649 1658 1650 1652

1604 1603 1603 1603 1603 1603

1528 1556 1524 1531 1525 1527

1525 1510
1481

1478 1478 1476 1478 1470
1440

1413 1412 1412 1413 1411 1410

i 1397 1397

1368 1368 1369 1367

' 1240 1240

1158 1157 1159 1158 1159

1034 1034 1034 1034

1001 997 998 997 999 1002

825 824 824 823
245
224
130

114 121 116

Relative peak intensity over 20 are shown.

= -

¥ Table 6 lists unique Raman peaks for Forms V, VI, VII, VIII, X, and XII

atorvastatin, ie, only one other form has a peak with +4 em-!, In the case of
Forms VI and X, it is a unique combination of peaks. Forms I to IV atorvastatin

are included for comparison.
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Crystalline Forms V to XIX atorvastatin of the present invention may exist
in anhydrous forms as well as hydrated and solvated forms. In general, the
hydrated forms are equivalent to unhydrated forms and are intended to be
encompassed within the scope of the present invention. Crystalline Form XIV
contains about 6 mol of water. Preferably, Form XIV contains 6 mol of water.
Crystalline Forms V, X, and XV atorvastatin contain about 3 mol of water.
Preferably, Forms V, X, and XV atorvastatin contain 3 mol of water.

Crystalline Form VII contains about 1.5 mol of water. Preferably,

Form VII atorvastatin contains 1.5 mol of water. Crystalline Form VIII contains
about 2 mol of water. Preferably, Form VIII atorvastatin contains 2 mol of water.

Crystalline Forms XVI-XIX may exist as a solvate.

Crystalline forms of atorvastatin of the present invention, regardless of the
extent of hydration and/or solvation having equivalent x-ray powder
diffractograms, ssNMR, or Raman spectra are within the scope of the present
invention.

Crystalline forms, in general, can have advantageous properties. A
polymorph, solvate, or hydrate is defined by its crystal structure and properties.
The crystal structure can be obtained from X-ray data or approximated from other
data. The properties are determined by testing. The chemical formula and
chemical structure does not describe or suggest the crystal structure of any
particular polymorphic or crystalline hydrate form. One cannot ascertain any
particular crystalline form from the chemical formula, nor does the chemical
formula tell one how to identify any particular crystalline solid form or describe
its properties. Whereas a chemical compound can exist in three states—solid,
solution, and gas-crystalline solid forms exist only in the solid state. Once a
chemical compound is dissolved or melted, the crystalline solid form is destroyed
and no longer exists (Wells J.1., Aulton M.E. Pharmaceutics. The ‘Science of
Dosage Form Design. Reformulation, Aulton M.E. ed., Churchill Livingstone,
1988;13:237).

The new crystalline forms of atorvastatin described herein have
advantageous properties. Form VII has good chemical stability, which is

comparable to Form I (disclosed in United States Patent Number 5,969,156).

cg’o
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Since noncrystalline forms of atorvastatin are not chemically stable, this is a
significant advantage, which would translate into enhanced shelf life and longer
expiration dating. Form VII can be prepared from acetone/water, whereas Form [
is prepared from the more toxic methanol/water system. Form VII is the
sesquihydrate and contains less water, meaning that a unit weight of Form VII
contains more atorvastatin molecules, meaning it is of higher potency.

The ability of a material to form good tablets at commercial scale depends
upon a variety of drug physical properties, such as the Tableting Indices described
in Hiestand H. and Smith D., Indices of Tableting Performance, Powder
Technology, 1984;38:145;159. These indices may be used to identify forms of
atorvastatin calcium which have superior tableting performance. One such index
is the Brittle Fracture Index (BFI), Which reflects brittleness, and ranges from 0
(good - low brittleness) to 1 (poor - high brittleness). For example, Form VII has a
BFI value 0.09, while Form I has a BFI value 0.81. Thus, Form VII is less brittle
than Form 1. This lower brittleness indicates greater ease of manufacture of
tablets.+

Form VIII also has less water than Form I (dihydrate vs trihydrate) and
thus a gram of Form VIII contains more atorvastatin molecules.

Form X is advantageous in that it can be prepared from the less toxic
isopropanol (IPA):water system, thus avoiding the more toxic methanol:water

system.
Form XII has the highest melting point (210.6). Since high melting point

correlates with stability at high temperature, this means this form is most stable at

temperatures near the melting point. High melting forms can be advantageous
when process methods involving high temperatures are used. Form XII is also
prepared from the less toxic tetrahydrofuran (THF) water system.

Form X1V is prepared using the less toxic THF/water system.

The present invention provides a process for the preparation of crystalline
Forms V to XIX atorvastatin which comprises crystallizing atorvastatin from a
solution in solvents under conditions which yield crystalline Forms V to XIX

atorvastatin.
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The precise conditions under which crystalline Forms V to XIX
atorvastatin are formed may be empirically determined, and it is only possible to
give a number of methods which have been found to be suitable in practice.

The compounds of the present invention can be prepared and administered
in a wide variety of oral and parenteral dosage forms. Thus, the compounds of the
present invention can be administered by injection, that is, intravenously,
intramuscularly, intracutaneously, subcutaneously, intraduodenally, or
intraperitoneally. Also, the compounds of the present invention can be
administered by inhalation, for example, intranasally. Additionally, the
compounds of the present invention can be administered transdermally. It will be
obvious to those skilled in the art that the following dosage forms may comprise
as the active component, either compounds or a corresponding pharmaceutically
acceptable salt of a compound of the present invention.

For preparing pharmaceutical compositions from the compounds of the
present invention, pharmaceutically acceptable carriers can be either solid or
liquid. Solid form preparations include powders, tablets, pills, capsules, cachets,
suppositories, and dispersible granules. A solid carrier can be one or more
substances which may also act as diluents, flavoring agents, solubilizers,
lubricants, suspending agents, binders, preservatives, tablet disintegrating agents,
or an encapsulating material.

In powders, the carrier is a finely divided solid which is in a mixture with
the finely divided active component.

In tablets, the active component is mixed with the carrier having the
necessary binding properties in suitable proportions and compacted in the shape
and size desired.

The powders and tablets preferably contain from two or ten to about
seventy percent of the active compound. Suitable carriers are magnesium
carbonate, magnesium stearate, talc, sugar, lactose, pectin, dextrin, starch, gelatin,
tragacanth, methylcellulose, sodium carboxymethylcellulose, a low melting wax,
cocoa butter, and the like. The term "preparation” is intended to include the
formulation of the active compound with encapsulating material as a carrier

providing a capsule in which the active component, with or without other carriers,
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is surrounded by a carrier, which is thus in association with it. Similarly, cachets
and lozenges are included. Tablets, powders, capsules, pills, cachets, and lozenges
can be used as solid dosage forms suitable for oral administration.

For preparing suppositories, a low melting wax, such as a mixture of fatty
acid glycerides or cocoa butter, is first melted and the active component is
dispersed homogeneously therein, as by stirring. The molten homogenous mixture
is then poured into convenient sized molds,-allowed to cool, and thereby to
solidify. '

Liquid form preparations include solutions, suspensions, retention enemas,
and emulsions, for example water or water propylene glycol solutions. For
parenteral injection, liquid preparations can be formulated in solution in aqueous
polyethylene glycol solution.

Aqueous solutions suitable for oral use can be prepared by dissolving the
active component in water and adding suitable colorants, flavors, stabilizing, and
thickening agents as desired.

Aqueous suspensions suitable for oral use can be made by dispersing the
finely divided active component in water with viscous material, such as natural or
synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and
other well-known suspending agents.

Also included are solid form preparations which are intended to be
converted, shortly before use, to liquid form preparations for oral administration.
Such liquid forms include solutions, suspensions, and emulsions. These
preparations may contain, in addition to the active component, colorants, flavors,
stabilizers, buffers, artificial and natural sweeteners, dispersants, thickeners,
solubilizing agents, and the like.

The pharmaceutical preparation is preferably in unit dosage form. In such
form, the preparation is subdivided into unit doses containing appropriate
quantities of the active component. The unit dosage form can be a packaged
preparation, the package containing discrete quantities of preparation, such as
packeted tablets, capsules, and powders in vials or ampoules. Also, the unit
dosage form can be a capsule, tablet, cachet, or lozenge itself, or it can be the

appropriate number of any of these in packaged form.
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The quantity of active component in a unit dose preparation may be varied
or adjusted from 0.5 mg to 100 mg, preferably 2.5 mg to 80 mg according to the
particular application and the potency of the active component. The composition
can, if desired, also contain other compatible therapeutic agents.

In therapeutic use as hypolipidemic and/or hypocholesterolemic agents and
agents to treat osteoporosis and Alzheimer’s disease, the crystalline Forms V to
XIX atorvastatin utilized in the pharmaceutical method of this invention are
administered at the initial dosage of about 2.5 mg to about 80 mg daily. A daily
dose range of about 2.5 mg to about 20 mg is preferred. The dosages, however,
may be varied depending upon the requirements of the patient, the severity of the
condition being treated, and the compound being employed. Determination of the
proper dosage for a particular situation is within the skill of the art. Generally,
treatment is initiated with smaller dosages which are less than the optimum dose
of the compound. Thereafter, the dosage is increased by small increments until the
optimum effect under the circumstance is reached. For convenience, the total daily
dosage may be divided and administered in portions during the day if desired.

The following nonlimiting examples illustrate the inventors' preferred

methods for preparing the compounds of the invention.

EXAMPLE 1
[R-(R*,R*)]-2-(4-Fluoropheny!)-B,5-dihydroxy-5-(1-methylethyl)-3-phenyl-4-
[(phenylamino)carbonyl}-1H-pyrrole-1-heptanoic acid hemi calcium salt

(Forms V-XIX atorvastatin)

Form V Atorvastatin
Method A
Amorphous atorvastatin calcium (United States Patent Number 5,273,995)

was slurried in a mixture of acetonitrile/water (9:1) to afford crystalline Form V

atorvastatin.

£
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Method B

Crystalline Form I atorvastatin calcium (United States Patent Number
5,969,156) was slurried in a mixture of acetonitrile/water (9:1) at 60°C overnight,

filtered, and air dried to afford crystalline Form V atorvastatin.

Method C
Amorphous atorvastatin calcium (United States Patent Number 5,273,995)

was stressed under vapors of acetonitrile/water (9:1) to afford crystalline Form V

atorvastatin.

Method D

Acetonitrile was added to a solution of amorphous atorvastatin calcium
(United States Patent Number 5,273,995) in tetrahydrofuran/water (9:1) and

cooled to afford crystalline Form V atorvastatin.

Method E

Acetonitrile was added to a solution of amorphous atorvastatin calcium
(United States Patent Number 5,273,995) in dimethylformamide/water and fast

evaporation affords crystalline Form V atorvastatin.

Method F
Amorphous atorvastatin calcium (United States Patent Number 5,273,995)

diffused in a vapor of acetonitrile/water (9:1) to afford crystalline Form V
atorvastatin. |

Crystalline Form V atorvastatin, mp 171.4°C, trihydrate

Karl Fischer 4.88% (3 mol of water).

Form VI Atorvastatin

Method A
Amorphous atorvastatin calcium (United States Patent Number 5,273,995)

was placed into a vapor jar containing dimethylformamide/water (9:1) for 20 days

to afford crystalline Form VI atorvastatin.



~r

10

15

25

WO 03/004470 PCT/1B02/01796

i SN
Method B

Fast evaporation of a dimethylformamide/water solution of amorphous
atorvastatin calcium (United States Patent Number 5,273,995) afforded crystalline

Form VI atorvastatin.

Method C

Fast evaporation of a dimethylformamide/water (saturated) solution of
amorphous atorvastatin calcium (United States Patent Number 5,273,995) seeded

with crystalline Form VI afforded crystalline Form VI atorvastatin.

"+ Crystalline Form VI atorvastatin, mp 145.9°C.

Form VII Atorvastatin
Method A

A solution of amorphous atorvastatin calcium (United States Patent
Number 5,273,995) in acetone/water (1:1) (5.8 mg/mL) was stirred overnight. A

solid formed which was filtered to afford crystalline Form VII atorvastatin.

Method B

A solution of amorphous atorvastatin calcium (United States Patent
Number 5,273,995) in acetone/water (1:1) was evaporated at 50°C to afford

crystalline Form VII atorvastatin.

Method C

A saturated solution of amorphous atorvastatin calcium (United States
Patent Number 5,273,995) in acetone/water (1:1) was seeded with crystalline

Form VII atorvastatin to afford crystalline Form VII atorvastatin.

Method D

Fast evaporation of a saturated solution of amorphous atorvastatin calcium

" (United States Patent Number 5,273,995) in acetone/water (1:1) was seeded with

crystalline Form VII to afford crystalline Form VII atorvastatin.

Crystalline Form VII atorvastatin, mp 195.9°C, 1.5 hydrate
Karl Fischer 2.34% (1.5 mol of water).
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Form VIII Atorvastatin
Method A

A solution of amorphous atorvastatin calcium (United States Patent
Number 5,273,995) in dimethylformamide/water (saturated) (9:1), was seeded
with crystalline Form VII and evaporated to afford crystalline Form VIII

atorvastatin.

Method B

Fast evaporation of a solution of amorphous atorvastatin calcium (United
States Patent Number 5,273,995) in dimethylformamide/water (9:1) affords

crystalline Form VIII atorvastatin.

Crystalline Form VIII atorvastatin, mp 151°C, dihydrate
Karl Fischer 2.98% (2 mol of water).

Form IX Atorvastatin

Method A

A solution of amorphous atorvastatin calcium (United States Patent
Number 5,273,995) in acetone/water (6:4) (3.4 mg/mL) was evaporated on a

rotary evaporator to afford crystalline Form IX atorvastatin.

Method B

A solution of amorphous atorvastatin calcium (United States Patent
Number 5,273,995) in acetone/water (6:4) was filtered, seeded with crystalline

Form IX evaporated on a rotary evaporator to afford crystalline Form IX

atorvastatin.

Method C

A solution of amorphous atorvastatin calcium (United States Patent
Number 5,273,995) in acetone/water (6:4) was stirred for 0.5 hours, filtered,
evaporated on rotary evaporator to concentrate the solution, and dried in a vacuum

oven to afford crystalline Form IX atorvastatin.

5
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Form X Atorvastatin

Method A
A slurry of amorphous atorvastatin calcium (United States Patent Number

5,273,995) in isopropanol/water (9:1) was stirred for a few days, filtered, and air

dried to afford crystalline Form X atorvastatin.

Method B
A slurry of amorphous atorvastatin calcium (United States Patent Number

5,273,995) in isopropanol/water (9:1) was stirred for 5 days, filtered, and air dried

to afford crystalline Form X atorvastatin.

Method C

A saturated solution of amorphous atorvastatin calcium (United States
Patent Number 5,273,995) in isopropanol/water (9:1) was stirred for 2 days,

filtered, and air dried to afford crystalline Form X atorvastatin.

Crystalline Form X atorvastatin, mp 180.1°C, trihydrate
Karl Fischer 5.5% (3.5 mol of water).

Form XI Atorvastatin
A solution of amorphous atorvastatin calcium (United States Patent
Number 5,273,995) in acetonitrile/water (9:1) was filtered and allowed to

evaporate slowly to afford crystalline Form XI atorvastatin.

Form XII Atorvastatin

Crystalline Form I atorvastatin calcium (United States Patent Number
5,969,156) was slurried in tetrahydrofuran/water (2:8) at 90°C for 5 days, filtered,
and air dried to afford crystalline Form XII atorvastatin.

Crystalline Form XII atorvastatin, mp 210.6°C.

Form XIII Atorvastatin

Crystalline Form I atorvastatin calcium (United States Patent Number
5,969,156) was added to 10 mL 2:8 water:methanol to leave a layer of solid on the
bottom of a vial. The slurry was heated to about 70°C for 5 days. The supernatant

was removed, and the solid air dried to afford crystalline Form XIII atorvastatin.
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Form XIV Atorvastatin

Amorphous atorvastatin calcium (United States Patent Number 5,273,995),
1 g, was slurried for 3 weeks in 45 mL of 1sopropy! alcohol/5 mL of water (9:1) at
ambient temperature. The mixture was filtered to afford crystalline Form XIV
atorvastatin after drying at ambient temperature.

Differential scanning calorimetry (DSC) indicates a low desolvation event
at about 60°C (peak) followed by a melt at about 150°C. Combustion analysis
indicates that the compound is a hexahydrate. Thermographic infrared
spectroscopy (TG-1R) shows the compound contains water. Karl Fischer shows

the compound contains 5.8% water.

Form XV Atorvastatin

Amorphous atorvastatin calcium (United States Patent Number 5,273,995),
1 g, was slurried for 3 weeks in 45 mL acetonitrile/5 mL of water (9:1) at ambient
temperature. The mixture was filtered to afford crystalline Form XV atorvastatin
after drying at ambient temperature. DSC indicates a low desolvation event at
about 78°C (peak) followed by a melt at about 165°C. Combustion analysis

indicates that the compound is a trihydrate. TG-1R shows the compound contains

water.

Form XVI Atorvastatin

Amorphous atorvastatin calcium (United States Patent Number 5,273,995),
1 g, was slurried for about 1 day in 9:1 acetonitrile/water at room temperature.
The mixture was filtered to afford crystalline Form XVI atorvastatin after drying
at ambient temperature. DSC indicates a broad endotherm at peak temperature of
72°C and an endotherm with onset temperature of 164°C. The weight loss profile
by thermographic analysis (TGA) indicates a total weight loss of about 7% at
30°C to 160°C. Combustion analysis indicates that TGA and Karl Fischer analysis

(shows 7.1% water) indicates the compound is a tetrahydrate/acetonitrile solvate.

Form XVII Atorvastatin
Amorphous atorvastatin calcium (United States Patent Number 5,273,995),
0.5 g, was slurried for about 2 days in 5 mL of 9:1 dimethylformamide

(DMF)/water containing 25 mL of acetonitrile at room temperature. The mixture
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was filtered to afford crystalline Form XVII atorvastatin after drying at ambient

temperature. DSC showed multiple broad endotherms indicating the compound

was a solvate.

Form XVIII Atorvastatin

Crystalline Form XVI atorvastatin, 0.5 g, waé dried for about | day at
room temperature to afford crystalline Form XVIII atorvastatin. DSC showed a
broad endotherm at low temperature indicating the compound was a solvate. Karl

Fischer analysis showed the compound contained 4.4% water.

Form XIX Atorvastatin

Amorphous atorvastatin calcium (United States Patent Number 5,273,995),
0.4 g, was slurried for about 7 days in 4 mL methyl ethy! ketone at room
temperature. The mixture was filtered to afford crystalline Form XIX atorvastatin
after drying at ambient temperature. DSC indicated a low desolvation event at
about 50°C (peak) followed by a melt at about 125°C. TGA analysis indicates that

the compound is a solvate that desolvates at low temperature.
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CLAIMS

What is claimed is:

A crystalline Form V atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using

CuK radiation: 4.9 (broad), 6.0, 7.0, 8.0 (broad), 8.6, 9.9, 16.6, 19.0, and
21.1.

A crystalline Form VI atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using

CuK, radiation: 7.2, 8.3,11.0, 12.4, 13.§, 16.8, 18.5, 19.7 (broad), 20.9,
and 25.0.

A crystalline Form VII atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 20 values measured using
CuK, radiation: 8.6, 10.2, 12.4 (broad), 12.8 (broad), 17.6, 18.3 (broad),
19.3, 22.2 (broad), 23.4 (broad), 23.8 (broad), and 25.5 (broad).

A crystalline Form VIII atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 20 values measured using
CuK radiation: 7.5, 9.2, 10.0, 12.1, 12.8, 13.8, 15.1, 16.7 (broad), 18.6
(broad), 20.3 (broad), 21.2, 21.9, 22.4, 25.8, 26.5, 27.4 (broad), and 30.5.

A crystalline Form IX atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using

CuK, radiation: 8.8, 9.4 (broad), 11.2-11.7 (broad), 16.7, 17.5 (broad),
19.3 (broad), 21.4 (broad), 22.4 (broad), 23.2 (broad), and 29.0 (broad).

A crystalline Form X atorvastatin or a hydrate thereof having an X-ray

powder diffraction containing the following 26 values measured using
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CuK,, radiation: 4.7, 5.2, 5.8, 6.9, 7.9,9.2, 9.5, 10.3 (broad), 11.8, 16.1,
16.9, 19.1, 19.8, 21.4, 22.3 (broad), 23.7 (broad), 24.4, and 28.7.

A crystalline Form XI atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 28 values measured using
CuK, radiation: 10.8 (broad), 12.0, 13.5, 16.5, 17.6-18.0 (broad), 19.7,
22.3,23.2,24.4,25.8,26.5,27.3, 28.7, 29.5, 30.9 (broad), 32.8 (broad),
33.6 (broad), 36.0 (broad), and 38.5 (broad).

A crystalline Form XII atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using
CuK, radiation: 5.4, 7.7, 8.0, 8.6, 8.9, 9.9, 10.4 (broad), 12.5, 13.9
(broad), 16.2,17.8, 19.4, 20.8, 21.7, 22.4-22.6 (broad), 24.3, 25.5, 26.2,
and 27.1.

A crystalline Form XIII atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using
CuK, radiation: 8.4, 8.9, 15.7 (broad), 16.4 (broad), 17.6 (broad), 18.1
(broad), 19.7 (bréad), 20.8 (broad), and 23.8 (broad).

A crystalline Form XIV atorvastatin or a hydrate thereof having an X-ray

powder diffraction containing the following 26 values measured using
CuKy radiatioh: 54,6.7,7.7,8.1,9.0, 16.5 (broad), 17.6 (broad),
18.0-18.7 (broad), and 19.5 (broad).

A crystalline Form XV atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using

CuK,, radiation: 5.7, 6.1, 6.8, 7.5, 8.1, 8.5, 9.5, 10.5 (broad), and 19.1-19.6
(broad).
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A crystalline Form X VI atorvastatin or a hydrate thereof having an X-ray (7&\ .
powder diffraction containing the following 26 values measured using
CuK radiation: 5.2, 6.4, 7.5, 8.7, 10.5 (broad), 12.0 (broad), 12.7 (broad),
16.7, 18.3 (broad), 19.5, 20.1-20.4 (broad), 21.2-21.9 (broad), 22.9-23.3
(broad), and 24.4-25.0 (broad). |

A crystalline Form XVII atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using
CuK radiation: 5.0, 6.1, 7.3, 7.9, 8.5, 9.1, 10.0, 12.1 (broad), 14.8,
16.0-16.5 (broad), 17.5 (broad), 19.0 (broad), 19.5, 20.2 (broad), 21.3,
21.6, and 22.0.

A crystalline Form XVIII atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using

CuK radiation: 8.0, 9.2 (broad), 9.7 (broad), 12.1, 16.6 (broad), and 18.5.

A crystalline Form XIX atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 26 values measured using
CuK radiation: 5.2, 6.3, 7.0, 8.6, 10.5, 11.6 (broad), 12.7 (broad), 14.0,
16.7 (broad), 18.9, 20.8, 23.6 (broad), and 25.5 (broad).
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JFCORMAS CRISTALINAS )E LA SAL DE CALCIO DEL ACIDO [R-

(R,R)1-2-(4-FLUOROFENIL) -}, 5-DIHIDROXT-5- (1 -METILETIL) -

3-FENIL-4 - [ (FENILAMIND)CARBONIL]|-1E-PTRROL-1-HEPTANOICO
: (2:1)
CAMPO DE LA INVENCION
l.a presente invéncién se refiere a nuevas' formas
cristé]inaé de atorvastatina, gu= se conoce por el nombfe
quimiéo d: sal hemicdlcica del &cido [R-(R',R")]}-2-(4-
fluorofenil)—B,G—dih;droxi-S—(l—metiletil)—B-feni1—4—

[ (fenilamino)carbonil) -1H-pirrol-1-heptanoico, Gtiles como

|

! L » . . . . * . .
agentes farmacéuticos, a procedimientos para su produccidn
i . . .
y aislamiento, a composiciones farmacéuticas que incluyen
estos compilestos y un vehiculo farmacéuticamente aceptable,

asi como a procedimientos para usar tales composiciones

para tratar a sujetos, incluyendo seres humanos, que sufren
i

hiperlipidemia, hipercolesterolemia, osteoporosis Y -

enfermedad de Alzheimér.
i ANTECEDENTES DE LA INVENCION

La cﬁnversién de 5—hidroxi—B—metilglutaril—coen;ima A

(HMG-CoA) { en n@valongto es una de las primeras étapas Y

limitanteide la velo?idad de la ruta de biosintesis del

colesteroi. Esta etapa se cataliza por la enzima HMG-CoA

reductasa. Las estatinas inhiben a la HMG-CoA redu;tasa que

! ;
cataliza esta conversién. Como tales, las estatinas son en
| -

¢

- i . ) i/..'
conjunto potentes agentes reductores de los niveles de lipidos.

|
|
|
|
!
!
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La atorvastatina;célcica, descrita en la Patente de
Estadog Unidos No. 5273995 quev se 1ncorpora en este
docummento como referzncia, actualmente se vende como
Lipitor®, el cual tiene el nombre quimico de sal célcica
del &cido [R-(Rﬂff)]-25(4—f1uorofeni1)—B,G—dihidroxi—S-(l—
metileti])-3~feni1~4—leenilamino)carbonil]—1H—pirrol—l-
heptanciceo (2:1) trihidrato y la férmulsm:

h4c~ c ca™

N H

La aticrvastatina cdlcica es un inhibidor competitivo

Y select:ivo de- la HMG-COA reductasa. Como tal, la

atorvas Lag1na cdlcica'les un potente compuesto reductor de

los nivelhs de 1ipidbs y, de esta forma, es Util como

agente hi}OllpldGMLCO 'y/o hipocolesterolémico.

La Patente de LsLados Unidos No. 4681893, que se
incorpora en este documento como referencia, ?describe
cigrtastrahs—G—[2—(3564—carboxamido—pirrol—sust#tu;do—l—

| s
il)alquil]%4-hidroxipiran—2—onas, incluyendo la trans () -

Ry



190

20

3
5-(4-flucrofenil)-2-{l-metiletil)-N,4-difenil-1-[(2-
tetrahidro-4-hidroxi—6~bxo—2H—piran-2—il)etil]-lH—pirrol—3—

carboxamidi.

'

La Patente de Estédos Unidos Namero 5273995, que se
incorpora =n este'docuﬁento como referencia, describe el
enantidmero que tiene la forma R del &acido de anillo
abiertg de la trans~5—(é-f1uorofenil)-2—(l—metiletil)—N,4—

difen£1—1~[(2—tetrahidro-4-hidroxi-6-oxo—2H—piran—2—

il)etil]flh—pirrol~3—carboxamida, es decir, el acido [R--

(R",R")] -2~ (4-fluorofenil)-p,5-dihidroxi-5- (1-metiletil)-3-

fenil—%—I(ﬁenilamino)carbonil]—lH—pirrol-l—heptanoico,que
es la %torfastatina.

Lés ﬁatentes deE Estados Unidos Nimeros 5003080;
5097045%; 5103024; 5124482; 5149837; 5155251; 5216174;
5245047 ; g248793; 5280126; 5397792; 5342952, 5298627;
5446054; 5470981, 5489690; 5489691; 5510488; 5998633 vy

6087511, me  se incorporan en este documento como
: .

_referencial describen diversos procedimientos e intermedios
B :

clave paralpreparar atorvastatina amorfa. La atorvastatina

amorfa tirmne caracteiristicas de filtracidén vy~ secado

'
!

inadecuada? para la produccidn a gran escala y tiene que
protegerse!del calor, la luz, el oxigeno y la humedad.

En las Patentes de Estados Unidos Nimeros 5969156 y
i .

. 1 :
6121461, que se incorporan en este documento como
. ; |

referencia,. se desciiben formas cristalinas de

{
1
1

NS
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atorvastatina célcica.
La Publicacidn + de la Solicitud de Patente

Inteirnacional Numero WO 01/36384 describe, segin se afirma,

una forme polimérfica de atorvastatina céalcica.

-

En Jas Patentes de Estados Unidos Numeros 5686104 y
6126971 s¢ describen : formulaciones orales estables de

atorvastatina calcica.

La atorvastatina se prepara como su sal de calcio, es
deciyr, sal calcica del acido [(R-(R",R")]1-2-(4-fluorofenil)-

B,o-dihidroxi-5-(1-metiletil)-3-fenil-4-
P ’ .
[ (fenilamino) carbonil] -1H-pirrol-1l-heptanoico (2:1) . Lasal

|
de calcic es deseable porque permite formular 1la
atorvastatina convenientemente en forma de, por ejemplo,

H !
comprimidok, cépsulas, pastillas, polvos y similares para
l !
la adminigtracidn oral. Ademds, se necesita producir

I, . . g .
atorvastatina en una forma pura y cristalina para que-las

formulacio%es cumplan las especificaciones y los requisitos

. N '
farmacéut.icos exactos.

Ademéf, se necesika que el procedimiento por medio del
[
"

cual se ‘broduce 1la ;atorvastatina sea susceptible de

v

produccitn a gran escala. Ademds, es deseable que el
| ‘ ,
producto esté en una forma gue se pueda filtrar y secar

i

facilmente. Finalmente, desde el punto de vista econdmico,

es deseablé que el prcoducto sea estable durante largos

. Y . o : -
periodos de tiempo ‘'sin necesidad de condiciones de

1
3

AN
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! 5
almacenamiento especiales.
Sorprendente e 2 inesperadamente, los presentes
solicitantes ahora Ehan descubierto nuevas . formas

cristalinas de atorvastatina. De esta forma, la presente
invencidn proporciéna; at.orvastatina en nuevas formas
cristalina:s denominadaé Formas vV, VI, VII, VIII, IX, X, X1,
X171, %III, XIv, XV, ﬁVI, XVII, XVIII y XIX. Las nuevas
formaé émdstalinas de. atorvastatina son més puras, mas
estableséo tienen propiedades de fabricacién ventajosas con
respeqtoial produpto amnorflo.
L SUMARIO DE LA INVENCION

Por consig&iente, la presente invencidn se
refiefe @ la Forma V éristalina de atorvastatina y a los
hidratos dé la misma, caracterizada por el siguiente patrén
de difracciién de rayoséx en polvo, expresado en términos dé

20 e inteisidades relativas, con una intensidad relativa

>10% medicia en un difractémetro Shimadzu con radiacidn de
| ;

CUK“ P ! 4

W\
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6
28 E Intensidad Relativa
(>10%)2
4,9 (ancho) 9
60 15
: 7,0 100
8,0 (ancho) 20
8,6 57
99 . 22
166 42
19,0 27
10 o 2,1 35

pa intensidad reiativa de 20 de 4,9 (ancho) es 9.

Ademés, en un difractédmetro Inel (capilar) se midid el
siguiente [patrén de difraccidén de rayos X en peolvo de la
15 Forma V c¢iistalina de atorvastatina, expresado en términos

S

de los va%ores 20:
!

25




(9]

10

15

20

| : NG

20
50
6,1
7,5

8,4 (ancho)
8,7 (ancho)
9,9
16,7
19,0
21,2

'
-

P
Ademis, la presente invencién se refiere a la Forma V
1 :

Lo
cristalina de atorvastatina y a los hidratos de la misma,
caracteriziada por el !siguiente espectro . de resonancia
i ,5 v
magné:t'ica rnuclear de ¢ en estado sd6lido (ssRMN), en el que

los desplazamientos quimicos se expresan en partes por

milldon:




8
Asignacﬁbn Desplazaimiento Quimico
Cl2o €25 ' 185,7
Cl2o €25 , 176,8
- Cis 166,38
_ . Garbones Arcmaticos 138,7
) - ©C2-C5, Ci3-Cl8, 136,3
C19-C24, C27-232
l - 133,0
- | 1284
. H .
6. | 122,0
i 117,0
10 o : 116,3
o TCR Cib 68,0
o Metilencarbonos 43,1
' Ce, C7, C9, CI1
' ' Cis 25,6
Cc34 19,9
. 15 .
Ademé:al:, la presente invencién se refiere a la Forma V
cristalina;de atorvastatina y a los hidratos de la misma,
‘: - carac:teriz(ﬁ]{da por el siguiente espectro de Raman, con los
i .
N O 3,
picos expr¢sados en cm':
I .
|
20 ' '
i
{
25
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\0

3062
1652
1604
1528
1478
1440
14
! 1Y
o 1368
1158

1034

o 1001
' 825

245
? 24
" 130/

I

|

|

En ura realizacién preferida del primer aspecto de la

invencién, la Forma V. cristalina de atorvastatina es un
trihidratao.

En sfgundo aspecto, la presente invencién se refiere

a la Forma VI cristalina de atorvastatina y a los hidratos

de la mi%ma, caracterizada por el siguiente patrén de

difraccidn de rayos % en polvo, expresado en términos de 20
{ i .
e intensidades relativas, con una intensidad relativa >10%

medicda en un difractémetro Shimadzu con radiacidén de Cuk,:

NS
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“La in

N\

10 .
28 Intensidad Relativa
(>10%)a
7 11
83 77
1,0 20
12,4 1
13,5 9
16,8 : v 14
18,5, 100
19,7 {ancho) 22
20,9 14
25,0 (ancho) 15

tensidad relativa de 26 de 13,8 (ancho) es 9.

Adema:, en un difractémetro Inel (capilar) se midid el

siguiente wmatrdén de difraccidén de rayos X en polvo de la

Forma VI «r

de los' wvali

! ; .
istalina de atorvastatina, expresado en términos

yres 20:




(@]

10

11,2
12,7
14,0
17,1 (ancho)
18,7
19,9
21,1 (ancho)
ﬁ 25,2 (ancho)

Ademas, la presente invencion se refiere a la Forma VI

cristalina;de atorvast

; |
caracterizada
‘ 4

: i ' L
15 magnética nuclear de '"C en estado sdlido, en el que los

por

el

atina y a los hidratos de la misma,

. siguiente

espectro de

resonancia

: A P Doz
desplazamlﬁntos gquimicos se expresan en partes por milldn:

20




10

20

12
Asignacijﬁ;n Desplazamiento Quimico
Ci2o CJ5 1765
Cléo CiZo 25 168,2
Cl6e Cl2o 225 163,1
" Cl6o C120 C25 1598 ~
Catbonos Arcinaticos 136,8 '
: C2-C5, C13-C18, 1278
P C19-C24, CR7-C32
| | 122,3
| 118,8
: 113,7
| BECRGUE 88,2 ’
cyg,Ccln' 79,3
| ] 70,5
! . Metilencarlionos 43,3
; c6, C7, cf:9, Ci1 36,9
31,9
% C33,C34 A 25,9

C33,C34 22,5

IEn vnlltercer aspecto, la presente invencién se refiere

N\

a la HormaEVII cristalina de atorvastatina y a hidratos de

la misma,, caracterizada por el sigulente patrdén de
; : .
| |

difraécibnlde rayos X en polvo, expresado en términos de 29
! o
e intensidades relativas, con una intensidad relativa >10%

medida en un difractdédmetro Shimadzu con radiacidn de CukK,:

\ ! 1
1 ' |

! H |




12
26: Intensidad Relativa
: >10%)
8,6 75
10,2 70
5 12,4 (aricho) 12
12,8 (ancho) 15
; 17,6 0
18,3 (aricho) 43
19,3, 100
22,2 (ancho) 14
10 23,4 (arﬁcho) 23
23,3 (ar;xcho) 20
25,5 (ancho) 16

s
1

. —' . I -~ oo . v
Ademis;, en un difractdémetro Inel (capilar) se midid el
i .
15 siguiente patrdén de difraccién de rayos X en polvo de la
; i
| : :
Forma VII[i cristalina. de atorvastatina, -expresado en

términos d¢ los valores 20:

20




10

20

14

%
| 87
102

\ 12,4

: 12,9

17,6

, 18,4
- | 194
22,2

23,5

| 23,9

i o 25,6

Ademés, la presente invencién se 'refiere a la Forma

VIl ckistslina de atorvastatina y a los hidratos de la

i .
misma, ciaracterizada, por el sigulente espectro de

resonancis magnética nuclear de C en estado sélido, en el

que los cesplazamientos guimicos se expresan en partes por
1

l

millén: i




Asignaciin

Desplazamiento Quimicu

Cl2a C25 71865
Cl2o €25 183,3
Cl20 €25 176,7
c16 166,5
5 159,2
Carbonos Aromalicos 137,6
C2-C5, C13-C18, 1283 ~
C19-C24, C27-C32
' 122,3
| 119,2
‘o C8,Cl0 74,5
o €8, C10 70,3
- C$, 210 68,3
| 8,210 66,2
E Melilencart:onos 43,5
| c6, €7, €, C! 40,3
' C33,C34 26,3
15 ‘ C33, C34 24,9
C33, C34. 20,2

: J
Ademas

'

VII cfistdlina de atorvastatina y a los hidratos de la

20 misma, carpcterizada por el siguiente espectro de Raman,

s,” la presente invencién se refiere a la Forma

L A : .
con los pircos expresados en cm':

NN
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25

16

. Espectro de Raman

\O
Ve
co

! .
En una realizacién preferida del tercer aspecto de la

I
invenciénJ la forma VII cristalina de atorvastatina es un

o
sesguihidiato.

N 1

! i

En uri cuarto aspecto, la presente invenciodn se refiere -

i H
a lai Fof%a VIII cristalina de atorvastatina y a los

hidratos de la misma, caracterizada por el siguiente patroén

de difracaidén de rayos X en polvo, expresado en términos de

\
20 e'intepsidades relaltivas, con una intensidad relativa

>10% medida en un difractémetro Shimadzu con radiacidn de

CuK,: .




10

15

20

N
Ul

26 Intensidad Relativa
(>10%)8 ~
75 61
92 29
10,0 . 16
12,1 . 10
12,6 6
13,8 4
15,1 . 13
16,7 (ancho) 64
- 18,6 (ancho) 100
| ' 20,3 (ancho) 79
o 21,2 24
- 21,9 30
S 224 19 -
: 25,8 33
26,5 20
27,4 (ancho) 38
; 30,5 20

"La Ihtensidad relativa de 20 de 12,8 es 6 y de 13,8

1
1
|
es 4. \
i

Ademﬁs, en un difractémetro Inel (capilar)
1

se midid el

i : : .
siquiente 'patrén de difraccidén de rayos X en olvo de 1la
g E ,

I
Forma VII) cristalina de atorvastatina, expresado en

términos dF los valores 20:

!

NG



S
6.
10
s
: Pdein N
&
20
25

o N

26
75
9,3
! 10,1
12,2
12,8

20
138
15,1

16,6-16,9
18,5-18,9
! S 20,2-20,6
; : 21,3
22,0
i 22,5
‘ 25,9
| o 26,5
274 (ancho)
1

30,6

Adewd's, la presente invencién se refiere a la Forma

VITI cristalina de atorvastatina y a los hidratos de la

misma, caracterizada: por el siguiente espectro de

t
H -

resonancia;magnética riuclear de C en estado sdélicdo, en el

' i : - P
que los desplazamientos, quimicos se expresan en partes por
. i I

i
!
|




millémn:

10

15

Ademég,

VIII cristlalina de atorvastatina y a los hidratos de la

20 misma, caﬁacterizada por el siguiente espectro de Raman,

Asignaclon

Desplazamiento Quimico

Clio G5 1861
120 €15 179,5
< 67,9
CI16 161,0
Carbonos Aromsticen 1394
C2-C5, €13-C18, 132,9
C19-C24, C27-C32
' 128,7
124,7
121,83
116,6
¢ Cre 67,0
Melilsncarhonos 433
6, C7, €3, CI
33, Cid 26,7
©33, C34. 24,7
33, C34' 20,9
C33, C34 20,1

B

la presente invencidén se refiere a la Forma

con los pilcos expresados en cm':

25
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p .
10
s
|
. i~
b -
éO

20

Espectro de Raman -

o
o2 . C o . .-
En una realizacién preferida del cuarto aspecto de la
P '
L]
invenciéh, 'la Forma VIII cristalina de atorvastatina es un
P ‘

dihidrato.

Ern un q@into aspecto, la presente invencidn se refiere
i E
! O . . 1 . . .
a la Forma I3 cristalina:de atorvastatina y a los hidratos
B

de 1la 1nismal caracterizada por el siguiente patrén de

difraccidén di rayos X en polvo, expresado en términos de 20
l .

e intensidadses relativas, con una intensidad relativa >10%
' 1
1

medida en un!difractdémetic Shimadzu con radiacidén de CuK;:




~

LY

29,0 (ancho) 15

2:9 Intensidad relativa
' (>10%)
5.8 50
9,4 (ancho) 32
c ~11,2-11,7 {(ancho) 26
16,7 59
: 17,5 (ancho) 33
b .19,3 (ancho) 55 -
21,4 (ancho) 100
o 22,4 (ancho) 33
10 | é 23,2 (ancho) 63
- '

]
.Ademﬂs, en un difractémetro Inel (capilar) se midid el
siguiente patrén de difraccidn de rayos X en polvo de la
: i ‘
. [ . . P .
15 TForma 1X cristalina de atoxrvastataina, expresado en términos

de los vaiores 20:

|
!

|
f
|
|
|
|
|




g

20

9,0
! 9,4
10,0 - 10,5 (ancho)
11,8 -12,0 (ancho)
i 16,9

. - 17,5 (ancho)
! i 19,4 (ancho)
| ‘ 21,6 (ancho)
?) 6 (a ncho)

23,2 (ancho
(a

| )
. . 294 (ancho)

|

|

En up sexto aspecito, la presente invencidn se refiere
a la Forma X cristalina de atorvastatina y & los hidratos
de la mi:‘%ma, caracterizada por el stfguiente patrdén de

dl[lacc1oﬁ de rayos X en polvo, expresado en términos de 20

g . . . .
e LnLonSLuddes relativas, con una intensidad relativa >10%

medida en'lun difractéuetro Shimadzu con radiacidén de CuK;: -

|
s
|
!



C)
<

20 Intensidad Relativa
’ | (*10%)

) | A 35

.'S,’T?. 24

5 58 1

0,9 13

7,9 53

. 9,2 56

‘\\ 9,6 50
. 'l(L3 {ancho) 13 -

10 o 11,3 20

o 16,1 13

L 16,9 39

| 19,1 100

o 19;3 71

o o 21,4 49

: 15 22,3 (ancho) 36

23,7 (ancho) 37

24 4 15

-
S |
o i 28:,7 31
' | t

20 AdeméF, en un difractdémetro Inel (capilar) se midid el
. . i . ; .. .
siguiente patrdén de difraccidén de rayos X en polvo de la
i
Forma X cristalina de atorvastatina, expresado en términos

de los valqres 20:




24

20
a7
5,2
5,8 -
6,2
7,9
9,2
9,6
10,2-10,4
11,9
. , 16,2
! : 16,9
‘ 191
19,9
21,5
o 22,3-22,6
15 ' ' 23,7-24,0 (ancho) .
245
28,8

10

Adewméls, la presente invencidn se refiere a la Forma X
i
20 cristalinﬁ de atorvastatina y a los hidratos de la misma,
| . .
caracteriqada por el siguiente espectro de resonancia

magnética inuclear de Be de estado sélido, en el que los

desplazamientos quimicos se expresan en partes por milldén:




W

Asignacit}.n Desplazamiento Quimico
Cl2o C25 187,0
Ci20 C25 179,5
ci6 - 165,5
C16 159,4
Qwumfu;xwm:;h 137,9
C2-C5, C13-C18, 134,8
. C19-C24, 027-C32 129,4
127,9
123,2
| 119,

“GCI0 71 -

: Metilencarbonos 43,7
o 6, C7,CO, 211 40,9
. C33 . 26,4
L | 25,3
f | C34 ' 20,3
| 18,3

Ademds, la presente invencién se refiere a la Forma X
cristalinal de atorvastatina y a los hidratos de la misma,
caracteriziada por el sigulente espectro de Raman, con los

. i ’
picos expriesados en cul':




5
@
10
| 15
6.
o
20

26

_ Espertro de Raman
3062
2911
1650
1603
1525
1473
1411
1369
1240
| 1158
. ’ 1034
: 999
824
116

i ) R )
En una realizacidn preferida del sexto aspecto de la
1 '

invencidén,| la Forma X cristalina de atorvastatina es un
trihidrato;.
En un séptimo aspecto, la presente invencidén se

1

refiere « la Forma XI cristalina de atorvastatina y a los

hidratos d& la misma, caracterizada por el siguiente patrdn

de difraccidn de rayos X en polve, expresado en términos de

20 e intensidades relativas, con una intensidad relativa
1 .
I

>10% medica en un difractdmetro Shimadzu con radiacidén de

i

Cul,:

\bOL-



Ve

27 " \35)

20 Intensidad relativa
(>10%)
10,8 (ancho) 58
12,0 12 )
5 13,5 11
16,5 52
17,6-18,0 {ancho) 35
19,7 82
22,3 100
23,2 26
10 . 24,4 28
| . 25,8 17 -
Lo 26,5 30
: , 27,3 31
| 28,7 19
' ' 29,5 12
15 : : 30,9 (ancho) 17
| ; 32,8 (ancho) 11
| 33,6 {ancho) 15
, % 36,0 (ancho) 15
| : 38,5 (ancho) 14
| ;
20 En unioctavo aspecto, la presente invencidn se_refiere

|
a la Forma XII cristalina de atorvastatina y a los hidratos
' ¥ L )
de la misha, caracterizada por el siguiente patron de

difracciénide rayos X en polvo, expresado en términos de 280

. o . . . g

e intensidades relativags, con una intensidad relativa >10%
' . [ . .

25 medida en un!difractéﬁegro Shimadzu con radiacidén de CukK,: -

Lo l
‘ .

: L} .
! I




o]
@
10
15
o
.
. 20
25

y de 27,1 as 8.

siguiente patrén de difraccién de rayos X en polvo de la

Forma AII !dristalinaa]de atorvastatina, expresado en

* L,a iitensidad relativa de 20 de 13,9

Ademas,; en un difractdémetro Inel (capilar) se midid el

28
20 Tntensidad relativa
(>10%)?

54 T
7,7 i 24
8,0 . 25
8,6 . 42
8,9 25
9,9 36
10,4 (ancho) 24
12,5 18
13,9 (ancho) 9
16,2 10
17,8 70
19,4 100
20,8 51
_ 21,7'- 13

22,4-22,6 (ancho) 18
24,31 19
25,5; 24
26,2 11
27,1, 8

3
o
'

{ancho)

'es

9

N
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términos de los valores 20:

20

50

7,7
< ‘ ; 3,1
“ 8,6
8.9
10,0
10,5
| 12,6
10 o © 14,0 (ancho)
| i 16,2
. | 179
)94
20,9
| | o 21,8
15 5 22,5 - 22,8 (ancho)
' 24,4
] f 25,6
26,4
27,2

20

Adewéls, la presente invencidn se refiere a la Forma

XI1 cristilina de atorvastatina y a los hidratos de la

misma, caracterizada por el siguiente espectro de Raman,

con los picos expresados en cmt:

i

| |
|
t




10

En un

30

: Espectro de Raman
3004
2973
2926
1652
1603
1527
1479
1410
1367
124¢
115%
1034
1002

323

i
i
.poveno aspecto, la presente invencién se refiere

15 a la Forma XIII cristalina de atorvastatina y a 1los

20

)
!
t

hidratos de¢ la misma, caracterizada por el siguiente patrdn

{
de dif;acc

!

6n de rayos X en polvo, expresado en términos de
| ;

20 e interisidades relativas, con una intensidad relativa

510% medidh en un difractdémetro Shimadzu con radiacidn de

Cuk,:




31
20 Intensidad relativa
, (>10%)
EX) 100 '
8,9, 82
5 15,7 Gaﬁcho) 45

16,4 (ancho) 46

17,6 (ancho) 57

18,1 (ancho} 02

19,7 (ancho) 58

20,8 (ancho) o1

10 o 23,8 {ancho) 57

i
! B . . - . : . . e .

En un décimo aspecto, la presente invenciodn se refiere
[ ; i

!

a la Forma XIV cristalina de atorvastatina y a los hidratos
| | .

oL s . 2
de la?nusTa, caracterizada por el siguiente patron de

{ '

©15 difracbiénide rayos % en polvo, expresado en términos de 26

e intensidades relativas, con una intensidad relativa >10%
| )

medida en un difractdémetro Bruker D5000 con radiacidn de

CuK,:

20 ' [




10

15

20

32

28

D

Intensidad Relativa
(>10%)

oA

5,4
6,7
7.7

(),1

9,0

16,5 (ancho)

17,6 (ancho)
18,0 - 18,7 (ancho)

¢
7

19,5 (ancho)

41
31
100
35
05
15
17
21
18

ER un'decimoprimer aspecto, la presente invencidn se
|

refiere a Jla Forma XV cristalina de atorvastatina y a los

hidratos d¢ la misma, caracterizada poxr el siguiente patrdn

) | - ! P .
de difraccidén de rayos X en polvo, expresado en términos de

20 e inteﬁﬁidades reldtivas, con una intensidad relativa

510% medidia en un difractdmetro Bruker DS5000 con radiacién

de Culi:




10

20

280 . intensidad relativa
: (>10%)
5,71 26
6,1 21
6,8 18
7,5 | 39
8,1 39
| 8,5 42
95" | 33
10,5 (ancho) 18
19,1-19,6 (ancho) 32

Er un decimosegunde aspecto, la presente invencidn se

refiere a la Forma XVIjcristalina de atorvastatina y a los

hidratos de la misma, caracterizada por el siguiente patrén

de difracc?én de rayos % en polvo, expresado en términos de
20 e intensidades relativas, con una intensidacd relativa
i . .
- N . . - - . . 2
>10% medmdﬁ en un difractédmetro Bruker D5000 con radiacidn

de Cuk,:




W

10

115

20

[\

Ut

34
20 Intensidad Relativa
(>10%)
527 37
6,4 ! 34
75 . 100
8,7 79
10,5 (aﬂ(::h()) 19
12,0 (ancho) 10
12,7 (ar;r.:ho) 17
167 26
18,3 (anicho) 27
19,5 23
20,1-20,4 (ancho) 37
21,2 - 21,9 :(ancho) 32
22,9 -23,3 (ancho) 38
24,4 -25,0 ,(ancho) 35

Ademis;, se midié en un difractdédmetro Shimadzu con

radiacién de CuKk, el siguiente patrdn de difraccidén de

rayos X en polvo de
| .

atorvastatil

i
.

na, expresado

la Forma

XVI

cristalina

de

en términos de los valores 20:

10,2




35

%
16,5
1872
193
. ' : - 20,5
T

248

]

‘“ ademis, en un difractémetro Inel (capilar) se midid el

N - ,
siguiente patrdén de difraccién de rayos X en polvo de la

10 Forma XVI[ cristalina de atorvastatina, expresado en

términos Jde los valores 20:

20
: 5,1
a | 6,2
1 1s 7,3
8
10,2 (ancho)
12,0 (ancho)
12,7 (ancho)
: _ 16,7
20 ' 18,0 (ancho)
. 19,5 ({ancho)
n ' ' ' ?10,0-20,5 (ancho) .
! 21,5-21,6 (ancho)
22,9-23,3 (ancho)
24,0 - 25,0 (ancho)

Y I

25.




10

15

=20

. 36 , /z/
. \ /
Lo un decimotercel aspecto, la presente invencién se :
refiere a la Forma XVII cristalina de atorvastatina y a los
hidratos de la misma, ceracterizada por el siguiente patrén
de difracciin de rayos ¥ en polvo, expresado en términos de
20 e intensidades relattivas, con una intensidad relativa

>10% medida en un difractémetro Bruker D5000 con radiacidn

de Cuk:

20 Intensidad Relativa
(>10%)
R T 27
5,1 33
| 73 100
| 79 30
85 29
91 22
10,0 45

i l2ﬁ (anciio) 24

| 14,8 17
! 16,0 - 16,5 (ancho) 20
: 17,5 (ancho) 28
19,0 (ancho) 46
195 65
! 20,2 (ianclﬁo) 47
213 64
216 55
220 45
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En un decimocuarta aspecto, la preéente invencién se \CSE>
refiere a la Forma XVIII cristalina de atorvastatina y a
los hidratos de la misha, caracterizada por el siguiente
patrén de difraccidn de rayos X en polvo, expresado en

5 términos Je 20 e intensidacdes relativas, con una intensidad

i}

2,

relativa >10% medida en un difractdmetro Bruker D5000 con

radiacidn cde Cuk,:

70 intensidad Relativa:
i >10%)

10 : 8,0 100
g 9,2 (ancho) 52

i 9,7 (ahcho) 40
' 12,1 24
16xi(ahcho) 48
: 18,5 67

15 '

Ademés, se midid en un difractdmetro Shimaedzu con
radiaciénfde CukK, el siguiente patrén de difraccidn de
rayos X fen polvo de la Forma XVIII cristalina de
atorvastaqina, expresedo en términos de los valores 20:

20

25



.

10

15

20

26
7,7
9,3
9,9
12,2
16,3
18,5

Ademéas, en un difractémetro Inel (capilar) se midid el
siguiente patrén de difraccidén de rayos X en polvo de la
Forma ®VII{ cristalina de atorvastatina, expresado en

términos «de los valores 20:

20

1,9
9,2 (ancho)
9,8 (ancho)
12,2 (ancho)
: 16,7 (ancho)
s
1 -

| .
En unidecxmoqulnto aspecto, la presente 1nvencion se

I

refiere a lia Forma XIX cristalina de atorvastatina y a los

-
I

hidratos dJ la misma, caracterizada por el siguiente patrén
de difraccidn de rayos X en polvo, expresado en términos de
20 e intensidades relativas, con una intensidad relativa

510% medida en un difractdmetro Bruker D5000 con radiacidn

25 de Cuk,:



10

15

20

39
28 Intensidad Relativa
| >10%)
5,2 372
6,3 28
70 100
86 74
10,5 34 -
11,6 (ancho) 20
12,7 (ancho) | 35
14,0 - 15
16,7 (ancho) 30
. 18,9 86
| 20,8 94
23,6 (ancho) 38
25,5 (ancho) 32

Como {nhibidores ﬂe la HMG-CoA reductasa, las nuevas
formas cri%talinas dei atorvastatina son ‘ﬁtiles agentes
hipolipidé&icos e.hipocblesterolémicos, asi como agentes en
el tratamiénto de la osteoporosis y dé la enfermedad de

1

Alzhejmer.i
Qtra %ealizacién édicional de la presente invencidn es
una compos}cién farmacéutica pare administrar una qantidad
eficaz de?la Forma V, Forma VI, Forma VII, Forma VII;;
Forma I1X, Forma X, Formo #I, Forma XII, Forma X111, Forma
X1V, TForma XV, Forma XVI, Forma XVII, Fcrma XVIII o Forma

XIX cristalina de ‘atorvastatina en una forma de
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20
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dosificacidnr unitaria enilos procedimientos de tratahiento
mencionados anteriorm§nte. Finalmente, la presente‘
invencién se refiere a procedimientos para la produccidn de
la Forma V, Forma VI, forma VII, Forma VIITI, Forma IX,
Forma X, Forma XI, Formé ¥I1T, Forma XIII, Forma XIV, Forma
XV, Forma XxVI, Forma XVII, Forme XVIII o Forma XIX de
atorvaspatiua.
BREVE.DESCéIPCIéN DE LOS DIBUJOS

La invencidén se deécribe adicionalmente por medio de
los sigpientes ejemplos 'no limitantes que hacen referencia
a las !Fﬁguras 1 a 35 adjuntas, cuyas caracteristicas
resumidas'se proporcionén a continuacidn.
Fiqura 1

Difractograma de la Forma V de atorvastatina realizado

en un dif1a¢t6metro Shimadzu XRD-5000.
' !

! .
Difractograma de la Forma VI de atorvastatina

realizacdo en un difractémetro Shimadzu XRD-6000.
i
Figura 3 i

S

Difradtograma de '
realizado én un di fract.6metro Shimadzu XRD-6000.

la Forma VII de atorvastatina

i

Difractograma de la Forma VIII de atorvastatina

realizado en un difrachdmetro Shimadzu XRD-6000. .

Figqura ©

W
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Difracicgrama de la Forma IX de

atorvastatina

realizado en un difractdnetro Shimadzu XRD-6000.

Figqura 6

Difractagrama de la Forma X de atorvastatina realizado

en un difractdmetro Shimédzu XRD-6000.

Figura 7

Difractograma de Jla Forma XI de

atorvastatina

realizado en un difractdédmetro Shimadzu XRD-6000.

Figura 8

Difraétmgrama de la Forma XII de

atorvastatina

realizado en un difractdmetro Shimedzu XRD-6000.

Figqura 9

Difractograma de Ya Forma XIII de

atorvastatina

realizedo en'un difractdmetro Shimedzu XR5—6000.

Figura 10

Difractograma de la Forma XIV de
|

. . | ) N
realizacdo enjun difractdmetro Bruker D 5000.

|
|

Figura 11

Difractograma de 'la Forma XV de

realizado en%un difractéinetro Bruker D 5000.

Fiqura 12 ;

Difractograma de ‘la Forma XVI de

atorvastatina

atorvastatina

atorvastatina

realizado en un difractémetro Bruker D 5000.

Fiqura 12

Difractdgrama de la Forma XVII de

atorvastatina

Db
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realizado en un difractémetro Bruker D 5000.

Difractograma de :la Forma XVIII de atorvastatina
realizado e€n un difracéémetro Bruker D 5000.
5 Figura 1S |
Difractograma de: la Forma XIX de atorvastatina
realizado en un difractéwmetro Bruker D 5000.
Figqura 16 ' .
Difractograma de la Forma V de atorvastatina realizado
10 en un diﬁractémetro Ineél XRG-3000.
Difractograma de: la Forma VI de atorvastatina:

realizado en un difractémetro Inel XRG-3000.

[es)

“igura 1

E.

|

i :
15 Difraﬁtograma de, la Forma VII de atorvastatina

realizado ¢n un difractédmetro Inel XRG-3000.

Figura 1

i
: |
l

;

Difractograma de: la Forma VIII de atorvastatina
realizado ¢n un difractometro Inel XRG-3000.

20 Figura 20

DifraQtograma de; laa Forma IX de atorvastatina
realizado en oun difrac#émetro Inel XRG-3000.
Figuia 21

Difractograma de la Forma X de atorvastatina rgalizado

5 en un difractdmetro Ine=l XRG-3000.

DY
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Difrachograma. de _1a Forma XII de atorvastatina
realizado e un difractémetro Inel XRG-3000.
Fiqura_ 23 '

Lifraciograma de :la Forma XVI de atorvastatina
realizado 21 un difractémetro Inel XRG-3000.

re_z24

5s.
[
c

Difraciograma de [la Forma XVIII de atorvastatina

realizado i un difractdmetro Inel XRG-3000.

Figura 25

Espe&hma de resonancia magnética nuclear de PC de
estado 96lido de la Forma V de atorvastatina, con las
bandas - 1at¢rales' de ;rotacién, identificadas por un
asterisco.
Figura 26

| .
Ispectio de resonancia magnética nuclear de BCc de

SN

estado sélido de la Forma VI de atorvastatina, con las

| . . . oo
banda:s 1at?rales de -rotacidn, identificadas por ur
| .
asterisco.
Fiqura 27 |
i e L
Espectro de resonancia magnética nuclear de "C de
estadn sdlido de la Forma VII de atorvastatina, con las
banclas laterales de .rotacidn, identificadas por un
asterisco.

8

Figura 2
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Espectro de resonéncia magnética nuclear de C de
estado sélido de lalFoLma VIII de atorvastatina, con las
bancdlas laterales de :rotacién, identificadas pof un
asterisco. ;

i

Espectro de resonancia magrnética nuclear de Bc de
estado sdlido de la Forma X de atorvastatina.
Fiqura 30 )

Espectro de Raman de la Forma V.
Figqura 33

Espectro de Ramanicde la Forma VI.
Figura 32

Especiro de Raman de la Forma VII.

w

Figura 33

3

Espec&ro de Ramanfde la Forma VIIT.

Figuia 34 .

Especiro de Raman cde la Forwma X

.i |
EspecFro de Raman de la Forma XII ~

bESCRIPCIGNjDETALLADA DE LA INVENCION
| '
i :

Las ﬁormas v, VI, viI, VIII, IX, X, XI, XIIL, XIII,

XIV, XV, XvI, Xvif, XVIII y XIX cristalinas de -

atorvastatina pueden caracterizarse pOr SuS patrones de
difraccison de rayos X en polvo, por Sus espectros de

rescnancia magnética nuclear (RMN) de estado sélido y/o por

\@\Q’\: f
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sus espectros de Raman.

DIFRACCION DE RAYOS-X EN POLVO

XVI, XVIT, XVIIT v XIX

Las Formas -V, VI, VII, VIII, IX, X, XI, XII, XIII,

XIv, »v, VI, XVII, RVIII v XIX de atorvastatina se

caraclterizaron por su ﬁatrén de difraccién de Rayos X en
polvo. De asta forma; los patrones de difraccidén de rayos
X de las Jormas v, VI, VII, VIII, 1IX, X, XI, XII o &e la
Forma XIITL de atorvasfatina se llevaron a cabo en un
difractémetro de rayos X en polvo Shimadzu XRD—6000 usando
radiacién de Cuk,. ElL inétrumento estd equipado con un tubo
de rayos A con foco dé alta definicidén. El voltaje y el
amperaje del tubo se " fijaron a 46 kv y 40 mA,
respectivaniente. Las ranuras de divergencia y dispersidn se

fijaron a 1°, y la ranura de recepcién se fijdé a 0,15 mm.

ve o ok . : -
La radiacidbn difractada se detectd por un detector de

i

. | . . . '
centellec e Nal. Se us6 un barrido continuo theta-dos

theta a 3“/%in (0,4 seg/0,02° etapa) de 2,5 a 40° 20. Cada
dia se an%lizé un patron de silicio para comprobar la
alineaciénidel instrum@nto. Los patrones de difraccidn de
rayos X detlas Formas XIV, XV, XVT, XVII, XVIII y XIX se
realizaron en Qn difractédmetro Bruker D5000 usando

radiacion Jde cobre, ranuras fijas (1,0, 1,0, 0,6 mm) y un

detector de estado sélicdo Kevex. Los ddtos se recogieron

NSO
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desde 3,0 a 40,0 grados:en 20 usando un tamafio de etapa de

0,04 grados y un tiemﬁo ce etapa de 1,0 segundos. Debe
indicarse Jie Bruker Inétruments comprd a Siemans; de -esta
manera, ul instrumento;Bruker D 5000 es esencialmente 1lo
mismo ¢ue 3iemans D SOdO.

ios palrones de difraccién de rayos X de las Formas V,
vIi, vii, WVITII, IX, ﬁ, XII, XVI y XVIII también se
realizaron en un’ difﬁactémetro Inel. .Los an&lisis de
difraceidn de rayos X e realizardn en un difractdmetro
Inel XRG-3000, equipadd con un detector Curved Position

Sensitive (CPS) con un intervalo 20 de 120 grados. Los

datos a tiempo real se recogieron usando radiacidén de CukK, .

a partir de aproximadamenie 4° 20 a una resolucidn de 0,03°

20. E} voltaje y el ampéraje cdel tubo se fijaron a 40 kV vy

"
WAoo

30 wA, respactivamente.,lLas muestras se prepararon para el
! .

anadlisis enpaquetdndolas en capilares de vidrio de pared

. . | . - . 2
fina. Cada 'capilar se wont:d en una cabeza de gonidmetro

motorizada $ara permitii la rotacidn del capilar durante la
i

1

adquisicién}de los .datos. La calibracidn del instrumento se
realizd diariamente usando un patrdén de referencia de

\

silicio. los difractogramas Inel para las formas
i

disponibles; se muestran en las figuras sin restar la linea

basal. El calculo de lﬁs intensidades a partir de estos

difractogramas esta dentro de la experiencia en la técnica

e implica el uso de resta de la linea basal para tener en
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cuenta la dispersidn deifondo (por ejemplo, la dispersidn
del capilarv).

Para realizar una nedicidn de la difraccidn de rayos
X en polvo en un instrgmento Shimadzu o Bruker como los

usados para las mediciones indicadas en este documento, la

muestra tiplcamente se3pone en un soporte que tiene una
cavidad. EIl polvo de. la nmuestra se prensa por un

portacbjetos de vidrio, o equivalente para asegurar una

superficie aleatoria y la altura apropiada de la muestra.

-

El soporte de la muestrd después se pone en el instrumento
(Shimadzu;o Bruker) . Lalfuente del haz de rayos X se coloca
sobre la muestra, inicialmente a un &ngulo pequefio con
respecto al plano del =zoporte, y se mueve a través de un

arco que aumenta continuamente el angulo entre el haz
: | ;
inciderte v el plano idel soporte. Las diferencias de

medicién asociadas con fales andlisis de_rayos X de polvo

se deben aiuna diversidad de factores que incluyen: (a)

errores en|la preparacidén de la muestra (por ejemplo,

! _
altura de la muestra), (b) errores instrumentales (por
|

ejemplo, elrores de muestras planas), (c) errores de,

calibracién; (d) er;ofes del operario (incluyendo los
errores presentes cuando se determinan las 1ocalizaciones
de los picos), y (e) orientacidn preferida. Los exrores de
calibracibn.y los errorés de altura de la muestra a menudo

procducen un desplazamiento de todos los picos en la misma

N
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direccidén y en la mismaécantidad. Pequeflas diferencias en.

la altura de la nmeétr; el unAsoporte plano conducen a
grandes desplazamientos en las posiciones de 1los picos
ZRPD. Un estudio sistémético demostrd - que, usando un

5 Shimadzu XAID-6000 en Zla configuracién tipica Bragg-
Brentano, las diferencias de altura de la muestra de 1 mm
condujeron a desplazamiebto& de los picos tan altos como de
. - 1°20 ((fhe'n, Y coit, LT Pharmaceutical and Biomedical
* Analysis, ©001; 26:63%. Estos desplazamientos pueden
10 identificarse a partir;del difractograma de rayos X Vv

pueden gliminarse compensanclo el desplazamiento (aplicando

. - posicidn de los picos) o recalibrando el instrumento. Por

el contrarico, el instrumento Inel usado en este documento

15 sitda la muestra en un capilar gue se coloca en el centro
del instrumento. Esto minimiza los errores de altura de la

muestra (a) ly la orientacidn preferida (e). Puesto que,

i
i
‘b\vj cuando se udsan capilares, la altura de la muestra no se

establece manualmente, las localizaciones de los picos a

N
(@]

!
partir de lqs mediciones Inel tipicamente son mas exactas
1

!

que las dell instrumento Shimadzu o Bruker. Como se ha
|
I '
mencionado 'anteriormente, es posible rectificar las
. ' mediciones ce las diversas magquinas aplicando un fadtor de

correccidén sistematico para poner de acuerdo las posiciones

25 de los picos. En general, este factor de correccidn pondra

- un factqr de correccidén sistemdtico a todos los valores de |
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2]

de acuerdo las posiciones de los picos del Shimadzu y

Bruker con las del Inel y estard en el intervalo de 0 a

0,2° 20.

La Tabla 1 indica los valores de 20 y las intensidades

relativas de todas las lineas en la muestra, con una

intensidad rrelativa >10% para las Formas V-XIX cristalinas

de atorvagiatina. Los nimeros indicados en esta ‘Tabla son

nameros redondeados.

/’

N
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Corno  gblo - se cdnocen 19 formas cristalinas de
atorvastatina, cada : forma puede identificarse Yy
distinguirse de las demés formas cristalinas por una
combinacion de lineas o un patrdn que es diferente de la

difraccidén de rayos X en polvo de las otras formas.

Por ¢jemplo, la Tabla 2 presenta la combinacién de los

picos 20 para las Formas V a XIX de atorvastatina, es
decir, una serie de linéas de difraccidn de rayos X gue son
tnicas para cada forma. Las Formas I a IV de atorvastatina
descri:asi en  las Paténtes de Estados Unidos Nameros

5.969.156 v 6.121.461 =e incluyen con fines comparativos.



N
N N S R )
W e ~ e Al .- - -~
g T MDD O N O Oy
[ Lok IR o |
©
1 i
! ~
sy £ R
@ [ L @ AR RSN
DT ONTWO N N e Oy Q)
(L; — e O O D
- :
-
anid
uy *©ooH A
LSRN LFle (‘4\ <O~ D ™M
|5 L e Lk
W~ ov O W0 0o O
[ — o=
9]
L.
ot X
::: . ks PR 14 i
=7 WD Y 00 \OD oY M
P SRR N SN NN
W0 NI ed Oy
{: el oyt el v v'—"j
ba]
L i
e
;::-
4] '.\L (")\ O;\ mr‘\
TS 0D o
[ i
]
L
',} ) o
. D O N D
N S Uy
S 2Tt~ 00 OV WD
:5 Lada 1
Lt '
~,
124 i
"('“" SO0 Bt -
HE BT VAN Se NN
6 -~
u- |
e |
=
s Oy N
T N
e O O =
. — = (N
LN ]
uot
i
v’\
i ~
@ fin @ o
A A ™
i O ~
o | ~ o
|- —
' 1
|
W N e T (:).‘ co_
Pl v @ & w0 o W
O | r—t =t et T e
u. i

N




160

.

"9GT°696°G OIBWNN SOPTU[ SOPRISH 9P 23usleg

el op uspsooxd II ewiod BT 9P g7 mouﬂm SOT "T000S ( Ioynig OX3dWO30eIJIP UN US UOISTPTW IS

0T
¥YIX © AIX SewIod SeT - 0009-0YX NZPewrysS OJ3IswoldorIITp Un us uoIxsIpIw 3as IIIX 2 I SPWIOF Se]
oyouy «x
o L L .m).m. ) o ) ) N N .
4 / Z. . / . /
802 €17 . «€€T67C +961-1'61 vél
iy . ~ nmovinT \L.«\ w.\m ~
O ot >0l =V UL L VO > U \l 3
. ) /
LTI 061 L91 $‘g 0’6 66 )
B \ é
¢'o1 ¢‘gt Q01 L2 1’ ‘g «8°¢T 6‘e mmm
¢ i ’ { ‘s i
g8 £3°91 6% St G'L L'L £307 '8 L'61
? Y . . . . - N A S e miny
i s £ L i L 5701
e ¢ ! : ! ¢ A ¢ ST
¢ 0°‘s l s LS t'G '8 LL x8 Q1
ST BwioS - TTIAS swiuod  [IAN Bulcs TR Suwos AN Bwucd AT suucy [N w0z CTTE BWAGS T Fuicd
=3
. : 1 !




5
/".\ IN
- 10
) 15
@
20

25

56

RESONATIC IA MAGNET;[C‘/-\' NUCLEAR (RMN) DE ESTADO 5OLIDO

Metcdologia |
Los espectros dez M de C en estado sélido se
obtuvieron en instrumentos Tecmag a 270 &6 360 MHz. Se
usaron dv<aﬁop1amlento de protones de alta energia Yy
polarizacién cruzada con rotacidén sobre el &ngulo magico a
aproximadamente 4,7 y 4,2 KHz o 4,6 yv4,0 KHz para la
adquisicion - de datos dg 68 MHz (frecuencia de "“C), y se
usaroﬁ 4,9 vy 4,4 KHz paéa la adqguisicién de datos de 91 MHz
(frecuencia de C). Elféngulo mégico se ajustd usando la
seflal B::dw {Br por deﬁeccién de las bandas laterales. Sgl
introdujo wna muestra en un rotor Doty de 7 mm y se usd
para cada _experimento, Los desplazamientos quimicos se
referenciaﬁon externaménte a adamantino, excepto la Forma
X, en la qré los despla?amientos quimicos son arbitrarios.
La Taﬂla 3 muestra el espectro de RMN en estado sélido
para las #ormas v, Vi, VII, VIII y X cristalinas de

atorvastat%na. _ -
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3. Desplazamientos quimicos para las formas V, VI
; . 1

VII, VIII ? X de atorvastatina.
T Desplazamiento Quimico
\Y Vi VII Vil X
T 185,7 186,5 186,1 187,0
183,3 179,5 '
176,86 - 176,5 176,7 1795
166,8 © 1682 166,5 167,9 165,35
- 163,1 161,0
. 159,8 159,2 159 4
138,7 . 1368 127,6 1294 137,9
136,3 1329 134,8
133,0
129,4
128,49 127,8 18,3 128,7 127,9
' 124,7 1232
122,0 1223 122,3
121,8
18,8 119,2 119,9
| 117,0 ‘
! 116,3 116,6
! , 113,7
l 83,2 74,5
79,3
70,5 70,3 71,1
68,0 68,3 67,0
| 66,2
43,1 43,3 43,5 43,3 43,7
40,3
36,9 40,9
31,9 i

&L
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TABLA 3. Desplazamientés quimicos para las formas V, VI,

VII, WIII y X de atorvastatina (continuacidn) .

Desplazamiento Quimico

v Vi VIl Vil - X
256 259 26,3 26,7 26,4
| 24,9 24,7 25,3
22,5, 20,2 20,9 © 20,3

199 20,1 -
18,3

Formas Vv, VI, VII, VIIT Yy X: Aqui se muestra la

intensidad relativa de los picos sobre 280 (CPMAS de 4,5, .

4,6, 4;7 ¢ 4,9 KHz) . Los espectros se obtuvieron usando do$
velocidadag diferentes;de rotacién sobre el angulo mégico
para determinar 1as~ba§das laterales de rotacidn.

Formagx: Aqui se muestra la intensidad relativa de los
picos sobr% 20 (CPMAS 3e 5,0 KHz).

La Tagla 4 muestré los picos Gnicos de RMN de estado

sdliclo. paia las. Formas V, VI, vIii, VIII, vy X de
i
atorvastatina, es deciy, los picos dentro de +1,0 ppm. Como

-

comparacié?, se incluyen las Formas I a IV de

i
atorvastatina.

ol
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ESPECTROSCOPIA DI RAMAN

Metcdologia

31 esipectro de Raman se obtuvo en un accesorio Raman
acoplado @ un espectrémétro de infrarrojos de transformada
de Fourier Nicolet Magna 860. El accesorio utiliza una
longitud A= onda de excitacidén de 1.064 nm oy
aproximadanente 0,45 W de potencia del laser de itrio
aluminio granate aumehtado con neodimio (Nd:YAG). El
espectro reoresenta €4 é 128 barridos coafladidos adquiridos

a una resolucidn de 4 cm*. La muestrda se prepard para el

analisis poniendo una poxcidén en un tubo de vidrio de 5 mm

de diadmetro y situando este tubo en el espectrdmetro. El
espectromatro se calibrd (longitud de onda) con azufre y

ciclobexand en el wmomento de uso.
: i |

La Tabla S muestya los espectros de Raman para las

Formas. V, VII, VIII, X y %II de atorvastatina.
| ;

\%%
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TABLA 5. lista de pico% de Raman para las formss V, VI,
VII, VIII, X y XII de atorvastatina. -
" Forma Forma . Forma Forma Forma Forma
v VI Vi VI X Xl
306 3058 3060 3065 3062 3064
! 2973
2935 2927 2923 2911 2926
1065 1651 1649 1658 1650 1652
10 1603 1603 1603 1603 1603
525 1556 1524 1531 1525 1527
1525 1510
1483
1481
1475 1478 1476 1478 1470
1449 ' ,
140 1412 1412 SRR VY 1410
1597 1397
1364 1368 1369 1367
i 3 1240 1240
1158 1157 1159 1158 1159
1034 1034 1034 1034
100 997 998 997 999 1002
525 824 824 823
245 '
224
130
114 121 116

La Tabla 7 indica los picos Gnicos de Raman para las

ge nuestra la intensidad relativa del pico sobre 20.



decir, sdlo una forma de
el caso de lasg Formas VI
picos. Couo comparacidn,

5 atorvastalina.

62

Formas V, I, VII, VIiI, X y X1I de atorvastatina,

cada tiene un pico con 4 cm’.
v X, hay una combinacidn Unica

se incluyen las Formas 1 a IV
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Las Formas V a XIX:cristalinas de atorvastatina de la
presente invenciodn puedén existir en forma anhidra asi como
en formas bhidratadas y solvatadas. En general, las formas
hidratacas s3on equivalentes a las formas no hidratadas y se
pretenden incluir denhro del =&zlcance- de 1la presente

invencidn. La Forma X1V gristalina contiene aproximadamente
6 mol de aua. Preferiblemente, la Forma X1V contiene 6 mol
de agua".LmS Formqs V, X y XV de atorvastatina contienen
aproximadanente 3 mol dé agua. Preferiblemente, las formas.
VvV, X vy ¥V de atorvastatina contienen aproximadamente 3 mol
de agua.

La Foima VII crisﬁalina contiene aproximadamente 1,5
mol de agua. Preferiblemente, la Forma VII de atorvasta;ina
contiene 1,% mol de agua. La Forma VIII cristalina contiene
aproximada@ente 2 mol de agua. Preferiblemente, la Forma
VIII d= at?rvastatina ¢ontiene 2 mol de agua.

- 1
lLas Fgrmas cristalinas XVI-XIX pueden existir como un

i
. i
solvato.

Dentrb del alcance de la presente invencidén se

incluyen las formas c¢ristalinas de atorvastatina de la
[}

‘presente invencidn, ‘independientemente del grado de

hicratacién y/o solvatacidn, que tienen difractogramas de
rayos X en polvo, ssRMI, o espectros de Raman equivalentes.
Las formas crisitalinas, en general, pueden tener

propiedades ventajosas. Un polimerfo, solvato o hidrato se
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define por su estructur# cristalina y sus propiedades. La
estructura cristalina puéde obtenerse a partir de los datos
de rayos £ o aproximarse a partir de otros datos. Las
propiedades se determin@n por ensayo. La férmula quimica y
la estructura quimica; no describen ni sugieren la
estructura <ristalina de ninguna forma hidrato polimérfica
o} cristélina particularl No se puede averiguar una forma
cristalina particular a}gartir de la férmula guimica, ni la
férmula quimica dice ¢oémo identificar una forma sdélida
cristalina particular nftieﬁcribe sus propiedades. Mientras
gque un compuesto quimico puede existir en tres estados -
561lido, soiucidn vy gdsw, las formas cristalinas sélo
existen en estado 861ido. Una vez que un‘compuesto quimico
se ha disunlto o fundido, la forma sdélida cristalina se

destruye ¥ ya no existe (Wells J.I., Aulton M.E.

lI
I
t s .

pPharmaceutics. The ’Hcience of Dosage Form Design.

i L
Reformulat@on, Aulton :M.E. ed., Churchill Livingstone,

|

1988; 13:217). ﬁ ;

Las nuevas formas cristalinas de atorvastatina
| .
descritas ¢n este documento tienen propiedades ventajosas.
! . | .y o
La Forma VII tiene una busna estabilidad guimica, que €s
comparable con la Forma I (descrita en la Patente de
Estados Unidos Nuamero 5.969.156). Como las formas no
cristalinas de atorvastatina no son estables quimicamente,

-

esto e una ventaja significativa que se traduciria en una

\
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vida media numentada~y‘4na techa de caducidad posterior. L;
Forma VII puede prepararse en acetona/agua, mientras que la
Forma I 5e& prepara en el sistema de metanol/agua mas
téxico. La Forma VII es el sesquihidrato y contiene menos
agua, Jo gue significa gue un peso unitario de la Forma VII
contiene wmis moléculas' cde atorvastatina, lo cual quiere
decir Que tiene mayor potencia.

La capacidad de: un  material de formar buenos
comprimidos a escala comercial depende de una diversidad de

propiedades fisicas del farmaco, tales como los Indices de

Compresidn descritos en Hiestand H. y Smith D., Indices of.

Tableting JFerformance, Powder Technology, 1984; 38: 145°
159. Istos ‘ndices puedén usarse para identificar formas de
atorvaétatina calcica gue tienen un comportamiento superior
en la formécién de comprimidos. Uno de'tales indices es el

Indice de? Fractura :Brittle (BFI), que vrefleja la

fragilidad, y varia de 0 (bueno - baja fragilidad) a 1

|
(deficient% - alta fragilidad). Por ejemplo, la Ferma VII
tiene un V%lor de BFI‘dé 0,09, mientras que la Forma I
tiene un vglor de BFI de 0,81. De esta manera, la Forma VII
es menos Iragil que la Forma I. Esta menor fragilidad
indica uwna wmayor facilidad de fabricacién de los
comprimicos. : .

La Foiina VIII témbién tiene menos agua que la Forma I

(dihidrato frente a trihidirato) y, de esta manera, un gramo

X\
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de Forma VI1II contiene was moléculas de atorvastatina.

LalFotma X es venta‘josa, ya que pued€ prepararse en el
sistema de isopropanol (TEFA):agua menos tdxico, evitando de
esta manera el sistema &e metanol :agua mas tdxico.

La Formma XII tiena el mayor punto de fusidén (210,6).
Puesto que =1 alto punto de fusidn se correlaciona éon la
estabilidad a alta temﬁeratura, esto significa que esta.
forma es mis estable a temperaturas prdéximas al punto de
fusién. Lage formas de ;alto punto de fusidén pueden sex
ventajosasg uando se usan procedimientos que implican altas
temperaturas. La Forma XII tranbién se prepara a partir del
sistema de tetrahidrofurano (THF):agua menos téxico.

La Forma XIV se pfepara usando el.sistema THF/agua
menos téxicp. :

L prdsente invencidn proporciona un procedimiento

para la ];ﬁeparacién de Formas V a XIX cristalinas de

atorvastatina, que Lomprende cristalizar la atorvastatina,

en una salucidn  en ‘disolventes, en condiciones que

|
|
|
|
j
l
produzcan lag Formas V a XIX cristalinas de atorvastatina.
Las condiciones precisas en las que se forman las
t .

Formas Cfl"LallnaS Vv a XIX de atorvastatina pueden
determinarse empiricamente, y solo es posible proporcionar
varios métodos que ce han considerado adecuados en la
practica. |

Los compuestog de la presente invencién pueden
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prepararse Yy administr%rse en una amplia diversidad de

formag de dosificacidn orales y parenterales. De esta

forma, 103 compuestos .de la presente invencidn pueden
adminigtrarse por inyecéién, es decir, por via intravenosa,

intranmuscularc, intracu?énea, subcutanea, intraduodenal o

intrapecritoneal. Los cémpuestos de la presente invencidn
también pureden administrarse por inhalacién, por ejemplo,

por via intranasall Ademis, los compuestos de la presente
invencién pueden administrarse transdérmicamente. Sera
evidente para los espécialistas en la técnica que las
siguientés formas de dgsificacién pueden comprender COmO
componente activo tanLo los compuestos cowo una sal.
farmacéuticamente aceptable correspondiente detnlcompuesté
de la presénte invencidn.

Fara preparar cowmposiciones farmacéuticas a partir de
los compue#tos de 1la bresente invencidén, los wvehiculos
farmacéutiéamente acepltables pueden ser s6lidos o ligquidos.

|
Las prepafaciones en forma sdélida incluyen polvos,
comprimido%, pildoras, cépsulas, sellos, supositorios Yy
granulos d?spersables.IUn vehiculo sdélido puede ser una o
mas sustancias. que tampién pueden actuar como diluyentes,
agentes aromatizantes, solubilizantes, lubricantes, agentes
de suspen§ién, aglutinantes, conservantes, -agentes
disgregantes de comprimidos o un material de encapsulacidn.

§

En los polvos, el vehiculo es un sdélido finamente

<
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dividido «<ue estd en mezcla con el componente activo
finamente dividid&. ;

lin los comprimidos, el cowponente activo se mezcla, en
las proporciones adecuaﬁas, con el vehiculo gue tiene las
propiedades aglutinantés necesarias y se compacta en la
forma y tamaio deseados;

los polvos y comprimidos preferiblemente contienen def
dos o diem a aproximadamente el setenta por ciento- del
compuesto activo. Son vizhiculos adecuados el carbonato de
magnesio, ¢stearato deémagnesio, talco, azlcar, lactosa,
pectina, dextrina, ‘almidén, gelatina, tragacanto,
metilecelulcsa, carboximetilcelulosa sddica, una cera de
bajo punto de fusidn, manteca de cacao Y similares. E1
término "pr%paracién" pretendé incluir la formulacidédn del
compuesto activo con un material de encapsulacidén como

vehiculo,  proporcionando una cépsula en la que el

SRS

componente ‘activo, con D sin otros vehiculos, estid rodeado,
|

por un vehiculo, que a su vez estd en asociacién con el
misme. De forma similar s= incluyen sellos y pastillas.
Pueden usiarse comprim;dos, polvos, céapsulas, pildoras,
selleog y pastillas coﬁo formas de dosificacién sdlidas
adecuadas para administracién oral.

Para preparar supdsitorios, primero se funde una cera

de bajo punto de fusidn, tal como una mezcla de glicéridos

de &cidos dgrasos o menteca de cacao, Yy se dispersa el
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compona2nte cctivo homogéneamente en su interior mediante‘
agitacién. Lespués, la Mezcla homogénea fundida se vierte
e moldes de tamafio conveniente, y se deja enfriar, con lo
que‘se solidifica.

Las preparaciones &1 forma liguida incluyen
solucicnes, suspensiones} enemas de retencidén y emulsiones,
por ejemplo. agua o soluciones acuosas de propilenglicol.
Para iﬁyecaién parenteral, las preparaciones liquidas
pueden formularse en solucién en una solucién acuosa de
polietilenglicol.

rueden prepararse soluciones acuosas adecuadas para

uso oral disolviendo =l componente activo en agua Y

.

afadiendo agentes coloraihtes, aromatizantes, estabilizantes
y espesantes adecuados cuando se desee.
Las suspensiones -acuosas adecuadas para uso oral
1

pueden oblenerse dipersando en agua el componerite activo

finamente dﬁvidido con un material viscoso, tal como gomas

sintéticas ! o) natuxales, resinas, metilcelulosa,

carboximetﬂlceluldsa s@dica y otros agentes de suspensidn
bien conoc jv:c'los .

También se incluyen preparaciones en forma sdlida
destinadas a convertirse, poco antes del uso, en
preparacioﬁes en formailiquida para administracion oral .,
Taleg formaé ligquidas incluyen soluciones, suspensiones 'y

emulsioues. Estas preparaciones pueden contener, ademéas del
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componente activo, colorantes, aromatizantes,
estabilizantes, témpongs, edulcorantes. artificiales vy
naturales,cuspersantesﬁespesantes,agentessolubilizantes

y similares.
la preparacién farmacéutica preferiblemente estd en

forma de dosificacidn unitaris. En -tal forma, la

0

preparacidn se subdividg en dosis unitarias gque contienen
las cantidades apropiad@s del componente activo. La forma
de dosificacidn unitﬂria puede ser una preparacién
envasadé,‘conteniendo ¢l envase cantidades discretas de la
preparﬂcién, tales comb comprimidos, cépsulas y polvos

envasadcs ©=n viales o aumpollas. Ademas, la forma de

dosificacidn unitaria pueden ser una capsula, comprimido,
( :

sello o gragea, o puede ser el nuamero apropiado de
| f

cualquiera Jde éstos en forma envasada.

La cankidad de componente activo en una preparacidén de

dosificacidc

b.unitaria phede variarse o ajustarse de. 0,5 mg
I i .
a 100 mg, pyeferiblemenpe de 2,5 mg a 80 mg, de acuerdo con

la aplicacidn particular y la potencia del componente

active. Si se desea, la composicién también puede contener

otros agentles terapéuticos compatibles.
En el uso terapéutico como agentes hipolipidémicos y/o

hipocelesterolémicos vy como agentes para tratar la

ostecporosis .y la enfermedad de Alzheimexr, las Formas V a
1 ‘ -

XIT cristalinas de atorvastatina wutilizadas en el

~

Nk
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procedimiento farmacéutico de esta invencidén se administran

-

a la dosis iniciéi - de aproximadamente 2,5 mg a
aproximadamente 80 mg al dia. Se prefiere un intervalo de
dosificacidn diario :de aproximadamente 2,5 mg a
aproximadam:nte 20 wmg. Sin embargo, las dosis pueden
variarse dependiendo dé los requisitos del paciente, la
gravedad de la afeccidn a tratar y el compuesto que se esté
empleaﬂdo. La detérminQCién de le dosiftcacidén apropiada
para una situacidn particular estd dentro de la experiencia
de la ﬁécnica. Generalmﬁnte, el tratamiento se inicia con
dosis méstpequeﬁas, queéson menores que la dosis éptima del

compuesto. Posteriormente, la dosis se aumenta en pequefios:

incrementos hasta que se alcanza el efecto optimo en esas

circunstancias. Por couveniencia, la dosificacién diaria

total puede dividirse y. administrarse en porciones durante

- N |
el dia si se desea.

| _
! :
Los siguientes ejemplos no limitantes ilustxan los

procedimientos preferidos de los inventores para preparar

los compueitos de la invencidn.
1

? EJEMPLO 1.
Sal hewicilcica del acido [R- (R',R')]-2- (4-fluorofenil) -B,5-
dihidroxi—5~(1-metiletii)—3—feni1ﬂ4—[(fenilamino)carbonil]—
1H—pirrol—15heptanoico.(Formas V-XIX de atorvastatina)
Forma V de'atorvastatiﬁa

Procedimiento A

o
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Ge $uspendi6 a;orvaétatina cadlcica amorfa (Patente de
Estados Unidos Nimero 5273995) en Gna mezcla de
acetonitrilo/agua (9:1) ﬁroduciendo la Forma V cristalina

de atorvastat.ina.

5 Procedimiento B .

cidlcica [(Patente de Estados Unidos NUmero 5969156) en una
mezcla de acetonitrilo/agua (9:1) a 60°C durante una noche,
se filtrd y se secd «dl aire produciendo la Forma V

10 cristalina d2 atorvastatina.

Procedimi
ge ‘som=ztid atorvastatina calcica amorfa (Patente de
Estados  Unidos Namero 5273995) & vapores de

acetonitrilc/agua (9:1) produciendo la Forma V cristalina

15 de atorvastatina.

D

Procedimiento
i

i Se afiadi® acetonitrilo a una solucidén de atorvastatina

()

|
calcica amoﬁfa (Patente de Estados Unidos Namero $273995)

en tetrahidiofurano/agua (9:1) y se enfrié produciendo la

20 Forma V cristalina de atiorvastatina.

o B

Procedimie

e aflacdid acetonitrﬁlo a una solucidn de atorvastatina
i cédlcica aworfa (Patente de Estados Unidos Namero 5.273.995)
en dimetil formamida/agua y la evaporacién.rdpida produjo la

25  Forma V cristalina de atorvastatina.

5e suspendié la Forma I cristalina de atorvastatina
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Procedimient.o F

Se. difundid atorvastatina calcica aTorfa (Patente de
Estados Unidos Nﬁméro 5273395) en vapor de
acetonitrilo/agua (9:1) produciendo la Forma V cristalina
de atorvastatina.

Forma V cristalina de atorvastatina, p-f. 171,4°C,

trihidratadla. .

Karl Fisch=z: 4,88% (3 mdl Jde agua) .
Forma VI de atorvastatina

Procedimient.o A

0]

l

Se' puso atorvastabina calcica amorfa (Patente de
Estados Unicdog Namero 5273995) en un recipiente con vapor

que contenia dimetilforMamida/agua (9:1) durante 20 dias,

produciendo’'la Forma VI cristalina de atorvastatina.

Proceclimient.o B
|

La eyaporacién - rdpida de una solucidén en

]

dimetilformamida/agua e atorvastatina célcica amortfa

(Patente de Estados Unidios Namero 5273995) produjo la Forma

VI cristaliha de atorvastatina.
|

Procedimicni:o C

|
. | ¢ 2 PR 2
La evaporacidén rapida de una solucidén saturada en

dimet il formamida/agua de atorvastatina calcica amorfa
(Patente de Estados Unidos Namero 5273995) sembrada con la
forma VI cristalina pyodujo la Forma VI cristalina de

atorvastatina.
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Forma V cristalina de atorvastatina, p.f. 145,9°C.
Forma VI de atorvasgtatina

Procedimiento A

Se agitdé durante una noche una solucidn de

atorvastatina calcica amorfa (Patente de Estados Unidos

Nameyo 5273£95) en acetona/agua (1:1) (5,8 mg/ml). Se formd

-

un s6lido, que se filtrd, produciendo la Forma VII

cristalina de atorvastatina.

Procedimieﬂyo B

Un% solucidén de atorvastatina célcica amorfa (Patente
de Estaéos Unidos Namerd 5273995) en acetona/agua (1:1) se,
evaporé%a voeC, produciendo la Forma VII cristalina de
atorvastatiﬁa.
Procedimiegﬂo C

Una so.ucién saturada de atorvastatina célcica amorfa

(Paternte deiEstados Unidos Namero 5273995) en acetona/agua

I
i
sembrd con la Forma VII cristalina de

la, produciendo la Forma VII cristalina de

atorvastatina.

| !
§
|

atorvastati:

|
(1:1) se
|

l.a evaporacién rapida de una solucidén saturada de

atorvastakifia cdlcica amorfa (Patente de Estados Unidos’

v

NGmero $5272995) en acetona/agua (1:1) se sembrd con la

Forma VIT cristalina prdduciendo la Forma VII cristalina de

atorvastatina.
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F'orma VII c¢ristalina de;atorvastatina p~f. 195,9°C, 1,5
hid:atada.
Karl Fischer 2,34% (1,5 hol de agua).
Forma VIJI de atorvastaﬁina

Procedimiento A

Una scluacidn saturada de atorvastatina calcica amorfa
(Patente ce Estados  Unidos Namero 5273995)  en
dimetil formamida/agua (é:l), se sembrd con la Forma VII
cristalina de atorvastafina, y se evapord produciendo la
Forma VIJI cristalina dé atorvastatina. -
Procedimiento B

La evaporacidn radpida de una solucidn de atorvastatina

-

calcica amorfa (Patente de Estados Unidos Namero 5273995)

en dimetil formamida/agua (9:1), produjo la Forma VIII
cristalina de atorvastat:ina.

. f .
Forma VII[ . cristalina de atorvastatina, p.f. 151°C,

i
dihidratada !

T S

Karl Fisches

2,98% (2 mol d= agua).

Forma 1¥ de atorvastatina

Procedimientio A

Una solucidén de atcrvastatina cédlcica amorfa (Patente
de Estados Unidos Namero 5273995) en acetona/agua (6:4)
(3,4 wmg/ml;. se evapord en un evaporador rotatorio,

produciendo la Forma IX cristalina de atorvastatina.

Procedimiento B
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Una solucidn de atoyvastatina cadlcica amorfa (Patentem
de Estados Unidos Namerc 5273995) en acetona/agua (6:4) se
filtrd, se sembrd con la forma IX cristalina y se evapord
en un evaporador rotaﬁorio, produciendo 1la Forma IX

cristalina de atorvastatina.

Una solucién de atdrvastatina cdlcica amorfa (Patente
de Estados inidos Nﬁmerd 52°73995) en acetona/agua (6:4) se
agitd durante 0,5 horés, se filtrd, se evapord en un
evaporador rotatorio pare concentrar la solucidn y se secd

en une eéstu’a al vaclio, .produciendo la Forma IX cristalina

de atorvastatina.

Forma X de¢ atorvastatina
Procedimienizo A '
i

Una cuspensién de atorvastatina cidlcica amorfa

!
i
‘

isopropanol/agua (9:1) se agitd durante unos cuantos dias,

(Patente le Estadog Unidos NUmero 527399%5) en

se filtrd ly se secd al aire, produciendo la Forma X

-

cristalina

|
he atorvastatina.
i .

|

Procedimiento B

Una %uspensién de atorvastatina célcica amorfa
(Patente ‘de Estado% Unidos NOmexro 5273995) en
isopropancol/agua (9:1) se agitd cdurante 5 dias, se filtrd
y se s5ech él aire,.pgéduciendo la Forma X cristalina de

atorvastatina. i
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Procedimienta C

Una solucidn satura&a de atorvastatiﬁé cdlcica amorfa
(Patente de Estados Un%dos NUmero 5273995) en
isopropano]/agua (9:1) se agité durante 2 dias, se filtrd
y se secd al aire, prodﬁciendo.la Forma X cristalina de

alborvastatina. ﬁ )
1 »>

. Forma X ~ristalina d¢ atorvastatina, p.f. 180,1°C,

trihidratade.
Karl Fischer 5,5% (3,5 ﬁol de agua).
JForma Xé ez atorvastati@a

Un% solucidn de ato%vastatina calcica amorfa (Patente

de Estados Unidos Namejro 5273995) en acetonitrilo/agua

(9:1) se filtrd y se dejé evaporar lentamente produciendo

la Forma XI;cristalina Je atorvastatina.
]

Forma XIT dé atorvastatina
t

Ge suspendid la Forma I cristalina de atorvastatina

!
calcica (Pdtente de Ustados Unidos Nimero 5969156) en

tetrahjdrofFrano/agua (2:8) a 90°C durante 5 dias, se
filcrd y seisecé al aire produciendo la Forma XI cristalina
de atorvastgtina.
Forma XI1 GFistalina defatorvastatina p.f£. 210,6°C.
Forma ALIXL de atorvastatina

Se afadid la For%a I cristalina de atorvastatina

calcica (Petente de Estados Unidos NUmerg 5969156) @ 10 ml

25 de una mezcla 2:8 de agua:metanol dejando una capa de
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s6lido en e) fondo cde un vial. La suspensidn se calentd &

aproximadarante 70°C durante 5 dias. El sobrenadante se
retird y =l sélido se secd al aire produciendo la Forma
XIII cristalina de atorvastatina.

Forma %IV de atorvastatiua

=

3¢ suspendid atorvastatina célcica amorfa (Patente de

Estados Unidos Nawero 5273995), 1 g, durante 3 semanas en

»

45 ml de alcohol istropilico/S ml de agua (9:1) a
temperature ambiente. La mezcla se filtré produciendo la
Forma X1V cristalina de:atorvastatina después del secado a
temperétura ambiente. .

Lé calorimetria de%barrido diferencial (DSC) indica un
acontecimignto de baja aesolvatacién a aproximadamente 60°C

(pico) sejiido de una fusidn a aproximadamente 150°C. E1l
| :
analisis de combustidn indica que el compuesto es un

hexahidrato. La espectroscopia termogréafica de infrarrojos

(TG-1R) demuestra que: el compuesto contiene agua. El
| f
analisis Kirl Fischer demuestra que el compuesto contiene

un 5,8% deiagua. '

Forma XV d& atorvastatina

Se susnpendidé atorvastatina célcica amorfa (Patente de
Estados Unidos Nuamero 5273995), 1 g, durante 3 semanas en
45 ml de acetonitrilo/% ml de agua (9:1) a temperatura

ambicente. La mezcla se filtré produciendo la Forma XV

cristalina ' de atorvastatina después del secado a
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temperatura ambiente. La DSC indica un acontecimiento de
baja desolvitacidn a aproximadamente 78°C'kpico) seguido de
una fusidn a aproxim%damente 165°C. El1 andlisis de
combustidn indica que el compuesto es un trihidrato. TG-1R
demuesitra que el compuesto contiene agué;

Forma XVI dJde atorvastatina

Se sugnendid atdrvastatina cdlcica amorfa (Patente de
Estados Unidos Nawme ro 5273995), 1 g, durante
aproximadameznte 1 dia en una mezcla 9:1 de
acetonitrilo/agua a tehperatura ambiente. La mezcla se
filtrd produciendo la Forma XVI cristalina de atorvastatina
despuéé del secado a temperatura ambiente. La DSC indica
una endotermia amplia aiuna temperatura pico de 72°C y una
endotermia con una temperatura inicial de 164°C. El perfil
de pérdida?de peso porfanélisis termogrdfico (TGA) indica
una pérdid% de peso toﬁal de aproximadamente un 7% a una

? .

temperaturd de 30°C a 160°C. El andlisis de combustidn’

i

indica que el TGA y el andlisis de Karl Fischer (muestra un
7,1% de agia) indican .que el compuesto es un solvato de
tetrahidraﬁo/acetonitri10.

Forma XVIT'de atorvastatina
ge suspendid atorvastatina célcica amorfa (Patente de
Estados tnidos NGmero 5273995), 0,5 g, durante

aproximadamente 2 dias en 5 ml de una mezcla 9:1 de
I ;

dimet.ilformamida (DMF) fagua que contenia 25 ml de

t
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acetonitrilo a temperathra ambient:e. La mezcla se filtxd
produciendo la Forma S£VII cristalina de atorvastaﬁina
después del secado a témperatura ambiente. La DSC mostrd
amplias encotermias, iﬁdicando gque el compuesto era un
solvatc.

Forma XVIII de ato;vastatina

Se secd la Forma XVI cristalina de atorvastatina, 0,5
g, durénte aproximadaménte 1 dia a temperatura ambiente
para producir la Forma &VIII cristalina de atorvastatina.
La DSC.moetré una endctermia amplia a baja temperatura,
indicando gue el compuesto era un solvato. El andlisis de’
carl Fischer demostrd gue el compuesto contenia un 4,4% de
agua: . '

Forma XJX ¢e atorvastatina

(V3]
D]

susﬁendié atorvastatina cadlcica amorfa (Patente de
Estados Upidos Nﬁme%o 5273995), 0,4 g, durante
aproximada@ente 7 dias en 4 ml de metil etil cetona a
temperéturJ ambieﬁte. La mezcla se filtrd produciendo la
Forma XIX qristalina de atorvastatina después del secado a
temperaturﬁ ambiente. La DSC indicd un acontecimiento de
baja desolQatacién a aproximadamente 50° (pico) seguido de
una fusidn a aproximadémente 125°C. E1l anélisis TGA indica

que el compuesto -es  un solvato que se desolvata a

temperatura ambiente.



Solicitud divisional de 03.107.810

CAPITULO REIVINDICATORIO
(Solicitud divisional de 03-107.810)

1. La Forma cristalina X de atorvastatina o un hidrato de la misma, que
tiene un patrén de difraccion de rayos X en polvo que contiene los siguientes valores 20
medidos usando radiacion de CuKa: 4.7, 5.2, 5.8, 6.9, 7.9, 9.2, 9.5, 10.3 (ancho), 11.8,
16.1,16.9, 19.1, 19.8, 21.4, 22.3 (ancho), 23.7 (ancho), 24.4 y 28.7.

2. La Forma cristalina XII de atorvastatina o un hidrato de la misma, que
tiene un patrén de difraccion de rayos X en polvo que contiene los siguientes valores 20

medidos usando radiacion de CuKa: 5.4, 7.7, 8.0, 8.6, 8.9, 9.9, 10.4 (ancho), 12.5, 13.9
(ancho), 16.2, 17.8, 19.4, 20.8, 21.7, 22.4-22.6 (ancho), 24.3,25.5,26.2y27.1.
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RESUMEN .

,'se de§criben ‘nuev;S formas cristalinas de la sal
hemicélcica del 4&cido [R-(R',R)]-2-(4-fluorofenil)-p,5-
dihidroﬁi—5~(l—metileti1ﬁ~3—£enil—4—[(fenilamino)carbonil]-
1H—pirrol~1rheptanoico,? denominadas Forma V, Forma VI,
Forma VII, #orma VIII, ?orma IX, Forma X, Forma XI, Forma
X111, Fgrma XIIT, Form% X1V, Forma XV, Forma XAVI, Forma
XVII, Forma KVITI y Forma XIX, que se caracterizan pof sus
patrones «le difraccién:de rayos X en polvo, RMN de estado
sélido /o espectroscoplia de Raman; asi como procedimientos
paré sﬁ preparacidn y éomposiciones farmacéuticas de las
mismas; gue- son Utiles Eomo agentes para el tratamiento de

la hiperlipidemia, de la hipercolesterolemia, de la

osteoporosis y de la enfermedad de Alzheimer.



B

(sonelb) 818U 1 Z-8i8ul

R4

88

17

g I3
s ag

-~
(b}

e hind

B
—tF

| 21ndid

e el




{sopesB) eau) Z-=oy |

433 sC [tis Y4 s ¥4 €Y [ee g
i Leua by ' il ! et L LN [P S P BN IFErar s Br

A \x{%
’ 3
ht ;%q \x T
ILIA. ]
J r
|
3
L
o ]
” r
\
r
; w Tt --.||xli.n|.n|.;x|1|||-~.
| |
e ! v

Z =indig
] - f v.
>

0002




90

HA {53810 0
{sopeif}elay -2l
0k .m.m o_m m_m 0z ST ot 5
o . s i . I | I I TP ST SO Sy,
K " ,
. N&m g ,m%. |
" ) . -
.v _‘ 3 . F
g ww a : " .loom
OFL A _ _
| L |
B R R oo Hoocer
- ﬂ it
i ! ;v
w w -
: i e e
i o !
_ i v
£ 2nbig
j C



91

d *
(sopeJ3) ey z-eedl
CB : <t oe sz 0z ST o1 m
N T DT D L T SRR IR DU IPUIE IR S 0

A Wl I

=

T YTy

« / , . .
r .
. ﬂ Iy

S T
| il . L
| k- 60sT
r
; L R PR T .
! ! [
m ., *
'~ 2302
& eind|d
v : . .
4
. A wa .
B mq D‘.




92

T T e

~

- 0001

e T




93

(sopeib) 13U LZ-BI8UL
0¥ m._m [$14 YA aZ ST 0T S
NPV P AT AP AP I i | B i b 1 [P AT BN il ! 0-
J&Fﬂﬂ Jh.,w_h \.}ﬂ»u
TR :
t
m 1
# — 000T
! M
¥
:
— 0CCC

[ =
—— e T




B

Y EULIO

{sopesb) may z-elay ]
414 sE oL ¥4 02 ST x4 . g

I IV AV IOV TN A I AT i I S S 1 RS NP

>

_.,. he fi g A A _\ﬁj _._
m M\\/v R g | ,_
oo

' ' ]

94

e o e e e

j einbiy

Q00T




¥

{sopeJB) ejeuiz-21eyl

X euiio

Ve .% YL
i e
an N
|
et
i | |




T e P A ot W
>y
e e e A = e D

X BWIOS
Amoum.@ ERT RN ) i N ]
T T O AR P A _m
N Pm.m " \
w

!

i

t

|
e




97

AlX BULOS

glau -z eleos3

o

o . £

e e ey |
. At
3

AT

\»&ff&i.jf 4 o




AX BULIOS

£}y |- efeos]

e 111 €

-8

O S S S ST S SO S SN ST S S ST ST RN ST ST ST SR S S ST S SN UL S

¢ | (J..,Fr.}w ¢ ﬂ f i | .. +
, I WAL
" ﬁ )

fil - o

98

i edndig

4 T T T T s - Tt -
.
L~ . w
. . - . PR ¢
: o s :
‘ a e _




o d
1

99

-,
£

40

30

10



~D\

100

e i a % I
il
.

‘ID,V(




101
vl

piL einbid




oy ac . a9z 0

o

5&35,; A o

ﬂ
I
!

M

102

W_

¢} einbid

- 00l

.. 0T




103

Baul

M
}f\i. Focan _J.\DJ

. v

i =)
: i i @
_ﬂ _ 2
{ o
- - i oy
_ ;03¢
f
_ ¢
t 3 '
; b |
: SUUE R NP
; : ;oo
¢ [}
: |
g1 2.n81d
, -
. ).
‘... \L-




104

= L]
i A BUUIO
ciegil
o 52 % 4 ® gt o s
_.All - - - < R - - e - P -— - .. - %

R et U P

/
.
"3
=

B

T e = S a1 ar s vk Wh e L eI RS

L} 2inbig

i
¢
!
i
¢
_
!
|
:
!
!
i
W

)

S

03331

03332

0333E

posanig

833337

pepIsuall




105

o1

A BULIO

S€

8
r

[$0]
e

St

0t

e T A s Tt e e L S o S e % 5 S L

2inBi4

bt s e, v

POy R

N oty o

0330t

833058

pepIsusIL



106

A BULIOS

514 5C < sz 9z 33 ot
e m e e SR A
i

pEpISUBIUL

¢
!
}
{
: M 00997
W
t
!
{

)
m
T
>

9

I




107

(| BULIOY

eyt Z

Or SE o ST 224

T~ < i, Sty st .

!
Y]

oo R s vt o s

e e - o

[FRPISUUL

et Vg Ph g A vt et S s o e 4




108

¥ BLIICS

Zisuy g

oc X 024

- . me e e e e e e e

WA

<

T T

»x
=
et

S S,

e e 2 e+ e

ey T T

< 54 Mo a0 E ﬂw_\jﬁ; ST / .,
d

A

i
|

Ned

jens sy

{
i
S ﬁ { 0200t
{
_N_ i -
{ 3 5
_ ! $ ®
hooo >
g w a2
.*w - W.Uu,\w...v .Dri
.t
_m
M
f
; 0002
i



109

! ../I.

,\fﬁ,\r% \5; ;

M ffg.: 2
fxb?n_ _;\
RS
| R 1
u. i

11X BULIO

BlauL g

ST = -

1.4

. —— e —_—
[ VY ——

-

o

g

~
>

——

——

e skt g

e e T

U TS S e

[ ———" o]

———rr!

L g 1 A e -1t s+

e

pEpISUjuI



110

¢

i

———— e e .
g T WM LM . e ey e

AX BULIOS

gauL e \

2 57 3z St

P3a T+ L o e e B Y e ek i £ 0 48 e

[$2
[\

i8]

.

5 0
o)
1L

o e = e, e e o e ee o ae e e e e — —

ot

02132

!
- e ;
U I PR
i

PRI

i 0303t

pepIsuaiul




111

IAX BUiOS

faull

or s¢ -3 14 124 st

.~. &,ﬁ} . .\..%}Jqﬁ}/«‘\iiﬂ

_ ff.\.ﬁf.).\?. b N

- ——— " e —

|
M /j\ NA

Pwy

S, A
W

4
R D T e SO SO

e —

075

oudaL

4anazl ..

pepisusul




112

e

—=

<

L0
[QV]

e o e e




113

0602 0sZ

re—m Tt T T

§ iy T

X

——

.

—

=~

y

&

~. ._ Mé_ﬁ}..‘
AT

e

Th e




e e _.m:awm:. L, s e %@W »ir . _oM«m,c_kf 4
m: F_.F L ,A ‘z ;3 k. ﬁ }._ v
P J i B i
_ Y
, W _, |
_ ! <
4 ; M | R
| |
; a f
; | |
1 .
b ﬁ ] o
e APT R S L i : ‘
N T .
- . ,
.



5

11

o 03t ES 0T L
- 7 e
4y

j\%..\c.a _ ,25« N . \.\ z/ }_ N, \;x?&i;w P kf.

A _w ir
- k _ _, _ c :F
| | Ny
t _Ju. M i ‘ ..
f i |
. w
i
]
il
_
w




116

SR Ui

}/‘\j\x AW T_xv(/ e e £ SR R At
s Cfn ,
il

) |

o

~0301

0032

rCO5t

Falelte™]




117

' 1
.
! .
K

! - = panpevent L} _ 8

J

i

e
: :
]
Yal
S
!
g
! .
(::::/’
N g
B i =

L R R T e R R LL IR RF i N ORI R YT RN PY R rp

DR R R NY LR IRTRIRTE P TS

(:3 (:_J 4D n [de] I~ w0 n < m (@] =

- .

AC0

Lewey ap pepisuaju

desplazamienio de Raman (cm-1)



(}-Uo) uswey op OluaNLEZe|dsap ,
005 000t 0051 00z 0032 0092 . 0058

118

-

. ) Y e A - \\
TR i

T T
o

™ Y

~<f

T

u

U2

kN

D

2]
>
gl

[

LEWEY op pepIsuaiul




119

B L Xk ISt S e teammesmm—.

(L-wo) uewey ep owaiwezeldsaQg

aumw . 0032z 14274 -~ 00E 0JseE - (14414

- e ety . o . ee
IR TP S L A

4 S
: Irwﬁﬁ‘«wwqﬁzx}ﬁiqﬁl HPK.. }3:1..

™
(ot

:
1
.
:v 0
i
. ‘ _
o =
80 z.
H o
- o
; i 2
“ H Q.
w @!.] ()
_ 80 7
{ 3
5 [\
' 5
. H
0l
N ..
m .
toy
! 22
I 7¢ 2iinbid
* s - .
Ay ’ )




120

——

i

(1-wm) vewey ap ojusiueze|dsag

03X 00 03 00sE QUOv
. e e e

Pt

UBLWEY 2P PEPISUBIUL




121

e

{1-Wwo) uewey ap ojuBIIEZE|GS3]

0257 13374 1374 032e

.. . . . . ”\.....\/.)’ i ."{)«.{F\L{. ,.L.\,)M . . ‘-

\ /

r
140]
(g
T
3
D
L.

0J5€

Q W
- ]

5y
-0

'
\n
™~

'
o
[ag]

e pens
b
™

veWEY 8P pepIsualul




A

(1-wo) vewey ap ojuaiueze|dsay

=T

o

122

13174

Y R,

™
o

~
o

T P PSNIT (

.. ..w.o

-mo

- Spy
o 5t

uRWEY 3P FEPISUUI




Ry : /
ATENT GOOFERATION TREATY

Y -

r - . :
From the L . : !
INTERNATIONAL PEEILIMINARY EXAMINING AUTHORITY ! p@"ﬁ” (
- S - . OC] ] 6 ~ymn ! /IE/
To: Loyl /
Lumb, Trevor J. ; , i
T1ZER NG, ' : e : ;
P Sl NOTIFICATION OF TRANSMITTAL OF

201 Tabor Eonad
Morris Plains, New Jersey (07950

. INTERNATIONAL PRELIMINARY
ETATS-UNIS D'AMERIQUE ‘

EXAMINATION REPORT

(PCT Rute 71.1)

Date of mailing

(day [monthyear) 10/10/2002

Apglicant's or agent.’s file refirence

International applcaticn No.

IMPORTANT NOTIFECATION

PCA430-01EFJT

Priority date (dayjinonth/year)
29/06/2001

International filing datz (day/monthfyear)
21./05/2002

PCT/ 1B 02/ Q1706

ettt e bt o e 0w

A;;pli(:anl . |

WARNER-LAMBIERT COMPANY et al.

4. REMINDER | i

1.
preliminary examinaticn report and its annexes, if any, established on the international application.

2. A copy of the report and its annexes, if any, is Uzing transmitied to the International Bureau for communication to all the
clected Offices. :

3. Where required by any ‘of the elected ‘Offices, the International Bureau will prepare an English translation of the report (but

not of any annexes) an-d will transmit such translation to those Offices.

The applicaut must enter e national phase before each elected Office by perfurming vertain acts (filing translations and

paying national fees) within 30 months from the priority date (or later in some Offices)(Article 39(1))(see also the reminder

sent by the Internationil Bureau with Form PCTIB/301).

. i . . L . L .
Where 2 translation of the inicriaticnal application must be furnished to an clected Office, ihat transiation must contain a

‘The applicant is hereby notified that this International Preliminary E:xamining Authority transmits herewith the international

and furnish such translition

Guide.

inventions is patentabl: or n
patentability, requiremeants f

The applicent’s atterntion is drawn to Asticle 33(

Contracting State may apply

directly to each elected Office concerned.

or enabling disclusure, clarity and support for the claims.

wranslation of any annees to the international preliminary examination report. It is the applicant’s respensibility to prepare
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4-[(PHENYLAMINO)CARBONYL]-1H-PYRROLE-1-HEPTANOIC ACID HEMI CALCIUM SALT (ATORVASTATIN)

.(57) Abstract

Novel crystalline forms of [R-(R*,R*)}-2-(4-fluorophenyl)-8 §-dihydroxy-5-(1-methylethyl)-3-phenyl-4-{(phenylamino)carbonyl]- 1 H-
pyrrole-1-heptanoic acid hemi calcium salt designated Form 1, Form 11, and Form IV are charscterized by their X-ray powder diffraction
and/or solid state NMR are described, as well as methods for the preparation and pharmaceutical composition of the same, which are useful
as agents for treating hyperlipidemia and hypercholesterolemia.
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WO 97/03959 PCT/US96/11368

CRYSTALLINE (R-(R*,R*)]-24(4-FLUOROPHENYL)-BETA.DELTA-DIHYDROXY-5+1-
METHYLETHYL)-3-PHENYL-4-{((PHENYLAMINOYCARBONYL)-1H-PYRROLE- 1-HEPTANOQIC
ACID HEMI CALCIUM SALT (ATORVASTATIN)

BACKGROUND OF THE INVENTION

The present invention relates to novel crystalline
forms of atorvastatin which is known by the chemical
name [R-(R*,R*)]-2-(4-fluorophenyl)-P,8-dihydroxy-5-(1-
methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-
pyrrole-l-heptanoic acid hemi calcium salt useful as
pharmaceutical agents, to methods for their production
and isolation, to pharmaceutical compositions which
include these compounds and a pharmaceutically
acceptable carrier, and to pharmaceutical methods of
treatment. The novel crystalline compounds of the
present invention are userful as inhibitors of the
enzyme 3-hydroxy-3-methylglutaryl-coenzyme A reductase
(HMG-CoA reductase) and are thus useful hypolipidemic
and hypocholesterclemic agents.

United States Patent Number 4,681,893, which is
herein incorporated by reference, discloses certain
trans-6-{2-(3- or 4-carboxamido-substituted-pyrrol-1-
yljyalkyl]-4-hydroxy-pyran-2-ones including trans (x)-5-
(4-fluorophenyl)-2-(l-methylethyl)-N,4-diphenyl-1-
[(2-tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl]-1H-
pyrrole-3-carboxamide.

United States Patent Number 5,273,995, which is
herein incorporated by reference, discloses the
enantiomer having the R form of the ring-opened acid of
trans-5-(4-fluorophenyl)-2-(1l-methylethyl)-N,4-
diphenyl-1-[(2-tetrahydro-4-hydroxy-6-oxo-2H-pyran-
2-yl)ethyl]-1B-pyrrole-3-carboxamide, i.e.,
[R-(R*,R*)]-2~(4-fluorophenyl)-B,8-dihydroxy-5-(1-
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methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-
pyrrole-l-heptanoic acid.

United states Patent Numbers 5,003,080; 5,097,045;
5,103,024; 5,124,482; 5,149,837; 5,155,251; 5,216,174;
5,245,047; 5,248,793; 5,280,126; 5,397,792; and
5,342,952, which are herein incorporated by reference,
disclose various processes and key intermediates for
preparing atorvastatin.

Atorvastatin is prepared as its calcium salt,
i.e., [R-(R*,R*)]-2-(4-fluorophenyl)-f,8-dihydroxy-5-
(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-
pyrrole-l-heptanoic acid calcium salt (2:1). The
calcium salt is desirable since it enables atorvastatin
to be conveniently formulated in, for example, tablets,
capsules, lozenges, powders, and the like for oral
administration. Additionally, there is a need to
produce atorvastatin in a pure and crystalline form to
enable formulations to meet exacting pharmaceutical
requirements and specifications.

Furthermore, the process by which atorvastatin is
produced needs to be one which is amenable to large-
scale production. Additionally, it is desirable that
the product should be in a form that is readily
filterable and easily dried. Finally, it is
economically desirable that the product be stable for
extended periods of time without the need for
specialized storage conditions.

The processes in the above United States Patents
disclose amorphous atorvastatin which has unsuitable |
filtration and drying characteristics for large-scale
production and must be protected from heat, light,
oxygen, and moisture.

We have now surprisingly and unexpectedly found
that atorvastatin can be prepared in crystalline form.
Thus, the present invention provides atorvastatin in

new crystalline forms designated Form I, Form II, and
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?isig;Te“t Chemical Shift
Cl2 or C25 182.8
C12 or C25 178.4
Clé 166.7 (broad)
and 159.3
Aromatic Carbons
C2-C5, Cl13-Cl18, C19-C24, C27-C32 137.0
134.9
131.1
129.5
127.6
123.5
120.9
118.2
113.8
Cc8,C10 73.1
70.5
68.1
64.9
Methylene Carbons
c6, Cc7, c9, cl1 47 .4
41.9
40.2
C33 26.4
25.2
c34 21.3

In a preferred embodiment of the first aspect of

the invention, crystalline Form I atorvastatin is a

trihydrate.

In a second aspect, the present invention is

directed to crystalline Form II atorvastatin and

hydrates thereof characterized by the following X-ray
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Crystalline Form I, Form II, and Form IV
atorvastatin of the present invention may exist in
anhydrous forms as well as hydrated forms. In general,
the hydrated forms, are equivalent to unhydrated forms
and are intended to be encompassed within the scope of
the present invention. Crystalline Form I atorvastatin
contains about 1 to 8 mol of water. Preferably, Form I
atorvastatin contains 3 mol of water.

The present invention provides a process for the
preparation of crystalline Form I atorvastatin which
comprises crystallizing atorvastatin from a solution in
solvents under conditions which yield crystalline
Form I atocrvastatin.

The precise conditions under which crystalline
Form I atorvastatin is formed may be empirically
determined and it is only possible to give a number of
methods which have been found to be suitable in
practice.

Thus, for example, crystalline Form I atorvastatin
may be prepared by crystallization under controlled
conditions. 1In particular, it can be prepared either
from an agueous solution of the corresponding basic
salt such as, an alkali metal salt, for example,
lithium, potassium, sodium, and the like; ammonia or an
amine salt; preferably, the sodium salt by addition of
a calcium salt, such as, for example, calcium acetate
and the like, or by suspending amorphous atorvastatin
in water. 1In general, the use of a hydroxylic
co-solvent such as, for example, a lower alkanol, for
example methanol and the like, is preferred.

When the starting material for the preparation of
the desired crystalline Form I atorvastatin is a
solution of the corresponding sodium salt, one
preferred preparation involves treating a solution of
the sodium salt in water containing not less than about
5% v/v methanol, preferably about 5% to 33% v/v
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methanol, particularly preferred about 10% to 15% v/v q}
methanol, with an aqueous solution of calcium acetate,
preferably at an elevated temperature at up to about
70°C such as, for example, about 45-60°C, particularly
preferred about 47-52°C. It is preferable to use
calcium acetate and, in general, 1 mole of calcium
acetate to 2 moles of the sodium salt of atorvastatin.
Under these conditions, calcium salt formation as well
as crystallization should preferably be carried out at
an elevated temperature, for example within the above-
mentioned temperature ranges. It has been found that
it may be advantageous to include in the starting
solution a small amount of methyl tert-butyl ether
(MTBE) such as, for example, about 7% w/w. It has
frequently been found desirable to add "seeds" of
crystalline Form I atorvastatin to the crystallization
solution in order to consistently produce crystalline
Form I atorvastatin.
Whenhthemstarting_material_is“amorphou§
atorVagiézin-bfﬁfvcombinatioh of-amorphous-gnd
crystalline Form I Atorvastatin, the desired

—— ———————

crystaliiﬁe Form I atorvastatin may bé‘obtained-ﬁy
suspengingfihé-ggiié'inwﬁatef containing up to about
40% -v/v, such as, for example, about 0% to-20% /v, -
particﬁléily preferred about 5% to 15% v/v co-solvent
such as, fdf/example,;methanol, ethanol, 2-propanol;
acetone, and the like until conversion to the required
form is complete, followed by filtration. It has
frequently been found desirable to add "seeds" of
crystalline Form I atorvastatin to the suspension in
order to ensure complete conversion to crystalline
Form I atorvastatin. Alternatively, a water-wet cake
consisting principally of amorphous atorvastatin can be
heated at elevated temperatures such as, for example,
up to about 75°C, particularly preferred about 65-70°C,

until a significant amount of crystalline Form I
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atorvastatin is present, whereupon the amorphous/
crystalline Form I mixture can be slurried as described
above.

Crystalline Form I atorvastatin is significantly
easier to isolate than amorphous atorvastatin and can
be filtered from the crystallization medium after
cooling, and washed and dried. For example, filtration
of a 50 mL slurry of crystalline Form I atorvastatin
was complete within 10 seconds. A similarly sized
sample of amorphous atorvastatin took more than an hour
to filter.

The present invention also provides a process for
the preparation of crystalline Form II atorvastatin
which comprises suspending atorvastatin in solvents
under conditions which yield crystalline Form II
atorvastatin. '

The precise conditions under which Form II of
crystalline atorvastatin is formed may be empirically
determined and it is only possible to give a method
which has been found to be suitable in practice.

Thus, for example, when the starting material is
amorphous, a combination of amorphous and Form I, or
crystalline Form I atorvastatin, the desired Form II of
crystalline atorvastatin may be obtained by suspending
the solid in methanol containing about 40% to about 50%
water until conversion to the required form is
complete, followed by filtration.

The present invention also provides a process for
the preparation of crystalline Form IV atorvastatin
which comprises crystallizing atorvastatin from a
solution thereof in solvents under conditions which
yield crystalline Form IV atorvastatin.

The precise conditions under which Form IV of
crystalline atorvastatin is formed may be empirically
determined and it is only possible to give a method

which has been found to be suitable in practice.
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30 minutes. The mixture is seeded with a slurry of
crystalline Form I atorvastatin (1.1 kg in 11 L water
and 5 L methanol) shortly after addition of the calcium
acetate solution. The mixture is then heated to
51-57°C for at least 10 minutes and then cooled to
15-40°C. The mixture is filtered, washed with a
solution of water (300 L) and methanol (150 L) followed
by water (450 L). The solid is dried at 60-70°C under
vacuum for 3 to 4 days to give crystalline Form I

atorvastatin (72.2 kg).

Method B

Amorphous atorvastatin (9 g) and crystalline
Form I atorvastatin (1 g) are stirred at about 40°C in
a mixture of water (170 mL) and methanol (30 mL) for a
total of 17 hours. The mixture is filtered, rinsed
with water, and dried at 70°C under reduced pressure to

give crystalline Form I atorvastatin (9.7 g).

EXAMPLE 2
JR-(R* R*)1-2-(4-fluorophenvly- B.8-dihvdroxv-5-¢(1-
methvlethyl)-3-phenyl-4-[(phenvlaminoycarbony]l]-1H-

pyrrole-l-heptanoic acid hemi calcium salt (Form II
Arorvastatip)

A mixture of amorphous and crystalline Form I

atorvastatin (100 g) was suspended in a mixture of
methanol (1200 mL) and water (800 mL) and stirred for 3
days. The material was filtered, dried at 70°C under
reduced pressure to give crystalline Form II

atorvastatin.
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EXAMPLE 3
[R-(R*, R*)1-2-(4-fluorophenyl)-B.8-dihydroxy-5-
1H-pyrrole-1-heptanoic acid hemi calcium salt (Form IV
Atorvastatin)
A mixture of (2R-trans)-5-(4-fluorophenyl)-2-(1-
methylethyl)-N,4-diphenyl~;-[2-(tetrahydro-4-hydroxy-6~
oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide

(atorvastatin lactone) (United States Patent Number
5,273,995)(12 kg), MTBE (50 kg), methanol (30 L) is
reacted with an aqueous solution of sodium hydroxide
(1.83 kg in 150 L) at 50-55°C for 30-45 minutes to form
the ring-opened sodium salt. After cooling to 20-25°C,
the organic layer is discarded and the aqueous layer is
again extracted with MTBE (37 kg). The organic layer
is discarded and the aqueous solution of the sodium
salt is heated to 70-80°C and the residual MTBE is
removed by distillation. The solution is then cooled
to 60-70°C. To this solution is added a solution of
calcium acetate hemihydrate (1.91 kg) dissolved in
water/methanol (72 L water + 16 L methanol). The
mixture is seeded with crystalline Form I atorvastatin
(180 g) shortly after addition of the calcium acetate
solution. The mixture is heated at 65-75°C for at
least 5 minutes and then cooled to 50-55°C. The
mixture is filtered and slurried in methanol (about

200 L) at 55-65°C and then cooled to 25-30°C and
filtered. The solid is dried at 66-70°C under vacuum
to give Form IV of crystalline atorvastatin (about 3 kg

isolated).



Ny

I YO0 00 O

01/36384 Al

(19) World Intellectual Property Organization

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

International Burcau

(43) International Publication Date
25 May 2001 (25.05.2001)

'

A 0 D0 0 O 0

(10) International Publication Number

WO 01/36384 Al

(51)

m

22

(23)
(26)

(30)

(71)

(7

(72)
(79)

International Patent Classification™  C07D 207/335.
A61K 31740
International Application Number:  PCT/US00/31555
International Filing Date:

16 November 2000 (16.11.2000)
Filing Language: English
Publication Language: English
Priority Data:
60/166.153 17 November 1999 (17.11.1999)  US

Applicant (for all designated States except BB. US):
TEVA PHARMACEUTICAL INDUSTRIES LTD.
[ILAL): Basel Street 5. P.O. Box 3190, 49131 Petah Tigva
(IL).

Applicant {for BB only): TEVA PHARMACEUTICALS
USA, INC. [US/US); 1090 Horsham Road. P.O. Box 1090,
North Wales, PA 19454-1090 (US).

Inventors; and .

Inventors/Applicants (for US only): AYALON, Ari
(IL/IL); HaAn Strect 8, Haifa (TI.). LEVINGER, Michael
[TL/TL}; Rehov Eitanim. P.O. Box 207, Nofit (IL). ROYT-
BLAT, Sofia [IL/IL]; Netiv Chen 6, Haifa (IL). NIDDAM,
Valerie [1L/T1.]; 9 Keren Hayessod. P.O. Box 1343. 40500

(74)

31

(84)

Even-Yeouda (IL). LIFSHITZ, Revital [IL/IL}; 12a/8
Kibush Haavoda, 46322 Herzilia (IL).

Agents: BRAINARD, Charles, R. et al.. Kenyon &
Kenyon, One Broadway, New York, NY 10004 (US).

Designated States (narional): AE, AG, AL. AM, AT, AU.
AZ.BA,BB,BG,BR,BY,.BZ.CA,CH,CN.CR,CU.CZ,
DE.DK.DM, DZ, EE, ES. FI, GB. GD, GE. GH. GM, HR,
HU.ID,IL,IN,1S,JP, KE, KG, KP. KR, KZ, LC, LK, LR,
LS.LT, LU, LV, MA, MD. MG. MK, MN, MW, MX, MZ.
NO.NZ.PL, PT,RO. RU. 8D, SE, SG, SI, SK, SL, TJ, T™M,
TR, TT. TZ, UA, UG, US. UZ. VN, YU, ZA, ZW.

Designated States (regionul): ARIPO patent (GH. GM.
KE. LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW). Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK. ES. FI, FR. GB, GR. [E,
IT. LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG. CI, CM, GA, GN, GW, ML. MR, NE, SN, TD. TG).

Published:

With international search report

Before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments.

For rwo-letter codes and other abbreviations. refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: POLYMORPHIC FORM OF ATORVASTATIN CALCIUM

O (57) Abstract: The present invention relates to atorvastatin calcium. a useful agent for lowering serum cholesterol levels. New

atorvastatin calcium Form V. processes for preparing the new form. and pharmaccutical compositions and dosage forms containing
the new form are disclosed.



10

20

WO 01/36384 PCT/US00/31555

POLYMORPHIC FORM OF ATORVASTATIN CALCIUM

FIELD OF THE INVENTION

The present invention relates to a novel crystalline form of atorvastatin calcium. to

processes for preparing it and to pharmaceutical compositions and dosages containing it.

BACKGROUND OF THE INVENTION

Atorvastatin is a member of the class of drugs called statins. Statin drugs are
currently the most therapeutically effective drugs available for reducing low density
lipoprotein (LDDL) particle concentration in the blood stream of patients at risk for
cardiovascular diseasc. A high level of LDL in the bloodstream has been linked to the
formation of coronary lesions which obstruct the flow of blood and can rupture and
promote thrombosis. Goodman and Gilman. The Pharmacological Basis of Therapeutics
879 (9th ed. 1996). Reducing plasma LDL levels has been shown to reduce the risk of
clinical events in patients with cardiovascular discase and patients who are free of
cardiovascular disease but who have hypercholesterolemia. Scandinavian Simvastatin
Survival Study Group. 1994: Lipid Research Clinics Program, 1984a, 1984b.

The mechanism of action of statin drugs has been elucidated in some detail. They
interfere with the synthesis of cholesterol and other sterols in the liver by competitively
inhibiting the 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase enzyme ("HMG-CoA

reductase”). HMG-CoA reductase catalyzes the conversion HMG to mevalonate, which
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of as analogous to a unit cell in metallurgy, yet having distinct advantageous and/or
disadvantageous physical properties compared to other forms in the polymorph family.

One of the most important physical properties of pharmaceutical polymorphs is their

solubility in aqueous solution, particularly their solubility in the gastric juices of a patient.

For example, where absorption through the gastrointestinal tract 1s slow, it is often
desirable for a drug that is unstable to conditions in the patient’s stomach or intestine to
dissolve slowly so that it does not accumulate in a deleterious environment. On the other
hand. where the effectiveness of a drug correlates with peak bloodstrcam levels of the
drug, a property sharcd by statin drugs, and provided the drug is rapidly absorbed by the
Gl system, then a more rapidly dissolving form is likely to exhibit increased effectiveness
over a comparable amount of a more slowly dissolving form.

U.S. Patent No. 5,969,156 discloses three polymorphs of atorvastatin designated
Forms 1. 11. and IV by the inventors of those forms. While the inventors of U.S. Patent
No. 5.969,156 claim certain processing and therapeutic advantages of their forms over
amorphous atorvastatin calcium. advantages may yet be realized by other heretofore

undiscovered forms of atorvastatin calcium.

SUMMARY OF THE INVENTION

The present invention provides new Form V of atorvastatin calcium in both
anhydrate and hydrate states, which possesses the advantage of higher solubility in water

than atorvastatin Form |. The present invention further provides a process for preparing

Al
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Atorvastatin calcium Form V may contain up to 12% water, which corresponds to
the stoichiometric value of 9 water molecules per molecule of atorvastatin calcium. Thus,
atorvastatin calcium Form V can be in various states of hydration, between 0 and 9 moles
of water.

The present invention further provides a process for the preparation of atorvastatin
calcium Form V. The process comprises the steps of dissolving a salt of atorvastatin in a
solvent to form an atorvastatin salt solution. optionally removing impurities from the
atorvastatin salt solution. contacting the atorvastatin salt solution with a calcium salt and
1solating atorvastatin calcium in new Form V.

The atorvastatin salt of the present invention includes alkali metal salts. e.g.
lithium. sodium, and potassium salts; alkaline-earth metal salts such as magnesium salts;
as well as ammonium and alkyl. aryl or alkaryl ammonium salts. The preferred
atorvastatin salts arc alkali metal salts; most preferred is the sodium salt.

Any solvent capable of dissolving the atorvastatin salt and from which atorvastatin
calcium Form V may be isolated is a suitable solvent of the invention. The choice of
solvent will therefore depend upon the selection of the atorvastatin salt and the calcium
salt. The solvent should be selected from those in which the atorvastatin salt and calcium
salt are at least sparingly soluble. By sparingly soluble is meant not substantially less
soluble than 0.02 g/ml at 50-60°C for the atorvastatin salt and not substantially less

soluble than 0.0002 M at 10-15°C for the calcium salt.

3
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Suitable solvents include but are not limited to hydroxvlic solvents like water,
alcohols and mixtures thereof, including hydroxylic solvents and hydroxylic solvent
mixtures which have been made either acidic or basic by addition of a mineral acid or
basc. Preferred solvents are water, methanol. ethanol and mixtures thereof.

The calcium salt of the present invention includes organic and inorganic salts of
calcium which arc capable of dissociating into Ca’™ and an anionic component when
added to the atorvastatin salt solution. Among the organic salts that may be used are
carboxylates and sulfonates. Among the carboxylates are lower alkyl carboxylates like
acetate, proprionate, butyrate and tartrate and aryl carboxylates like benzoate and
phthalate as well as higher alkyl carboxylates like stearate. dodecanoate and the like.
Also included are calcium ascorbate and succinate. Among the sulfonates that may be
used are lower alky! and aryl sulfonates like calcium methane sulfonate, calcium benzene
sulfonate and calcium p-toluene sulfonate. The preferred organic calcium salts are lower
carboxylate salts. the most preferred organic calcium salt is caicium acetate.

Depending upon solubility. inorganic salts which may be used include halide salts
such as CaCl,, Caf,. CaBr, and Cal,, as well as calcium borate (B,Ca0,). calcium
tetrafluoroborate (CaBF,). calcium carbonate (CaCO,), monobasic calcium phosphate
(Ca(H,P0,),), dibasic calcium phosphate (CatPO,) and tribasic calcium phosphate
(Ca(PQ,)). calcium sulfate (CaSO,) and calcium hydroxide (Ca(OH),). and hydrates

thereof.
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provides about a 20 to 30 millimolar solution of the calcium salt. more preferably about a
25 millimolar solution.

In addition, the atorvastatin and calcium salts are preferably combined at elevated
temperature and at concentrations disclosed above and in the examples, which follow, in
order that crystallization of Form V may be induced by cooling of the so-formed
alorvastatir; calcium solution. The elevated tempcrature is preferably above 40°C and
below 80°C, more preferably above 50°C and below 70°C and most preferably about
60°C. Onc skilled in the art will appreciate that by adjusting temperature and
concentration, the yicld of atorvastatin calcium Form V may be optimized. Crystallization
of atorvastatin calcium Form V may also be induced by addition of a seed crystal of
atorvastatin calcium, preferably Form V although other forms also may be used.

Once crystals of atorvastatin Form V have crystallized, either spontaneously. upon
cooling. upon seeding or by another inducement, the crystals may be isolated by filtration
or other conventional means known to the art. The isolated crystals may also be dried by
conventional means.

It has also been found that atorvastatin calcium can be crystailized in Form V by
dissolving atorvastatin calcium in THF or alcohols like methanol or ethanol, and
subsequently adding water as an antisolvent.

A further aspect of the present invention is a pharmaceutical composition and

dosage form containing the novel form of atorvastatin calcium.

10
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charcoal and celite being rinsed with methano! (1540 ml), and the rinsate and filtrate then
being combined into one atorvastatin sodium salt solution.

The quantity of atorvastatin obtained by purification was determined by calibrated
HPLC analysis of the purified atorvastatin sodium salt solution. Based on thivs analysis, a
quantity of calcium acetate (8.38 g. 0.5 eq.) was dissolved in water (1.9 L) and heated to
60 °C. The atorvastatin sodium salt solution was heated to 63 °C and the solutions were
combined by slow addition of the calcium acetate solution to the atorvastatin sodium salt
solution. Upon completing the addition. the mixture was cooled. Crystallization of Form
V began to occur at a temperature of 43 °C and cooling was continued until the flask
temperature reached 13 °C.

The crystals were isolated by slow vacuum filtration and then dried over anhydrous

silica for 5 days to yield atorvastatin calcium salt Form V.

EXAMPLE 2
Atorvastatin calcium (10 g) was dissolved in methanol (400 ml) at room
temperature. Water (300 ml) was added slowly to the methanolic solution with stirring and
the resulting solution was heated to 60°C. The solution was then cooled to between 10 and
15 °C within 3 h. Precipitation started at about 40°C. The thick slurry was then dried at

50°C under reduced pressure for 48 h to yield atorvastatin calcium Form V.

14
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EXAMPLE 3

Atorvastatin calcium (S g) was dissolved in methanol (100 m!) at room
temperaturc. To this methanolic solution, water (100 ml) was added while stirring.
Precipitation occurred instantly and after cooling the slurry to 15°C the precipitate was
filtered and dried at 50°C under reduced pressure for 48 h to yicld atorvastatin calcium

Form V.

EXAMPLE 4

Atorvastatin calcium (5 g) was dissolved in methano! (200 ml). The methanolic
solution was placed into a stirred reactor containing water (150 ml) at 43°C. The obtained
slurry was cooled to 10°C, filtered and dried at 50°C under reduced pressure for 48 hto

yield atorvastatin calcium Form V.

EXAMPLE §

Atorvastatin calcium (1 g) was dissolved in ethanol (15 ml) after heating. To this

ethanolic solution, water (10 ml) was added while stirring. Precipitation occurred instantly.

The gel-like precipitate was filtered without vacuum and dried at 50°C under reduced

pressure for 24 h to vield atorvastatin calcium Form V.

&
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EXAMPLE 6

Atorvastatin calcium (1 g) was dissolved in THF (25 ml) at room temperature. To
this solution, water (60 ml) was added whilc stirring. The reaction mixture was stirred for
18 hours at room temperature and the precipitate (gel) was filtered without vacuum and

dried at 50°C under rcduced pressure for 24 h to yield atorvastatin calcium Form V.

The invention has becn described with reference 10 its preferred embodiments.
From this description. those skilled in the art may appreciate changes that could be made
in the invention which do not depart from the scope and spirit of the invention as described

above and claimed hereafier.

16
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ACIDO [R-(R*, R*)]-2-(4-FLUOROFENIL)-B, 5-DIHIDROXI-5-(1-METILETIL)-3-
FENIL-4-[(FENILAMINO)CARBONIL]-1H-PIRROL-1-HEPTANOICO (2:1).

El objeto de la presente solicitud de patente de invencion consiste en nuevas formas
cristalinas de la sal hemicalcica del acido [R-(R*, R*)]-2-(4-fluorofenil)-B, 8-dihidroxi-5-
(1-metiletil)-3-fenil-4-[(fenilamino)carbonil]-1H-pirrol-1-heptanoico, o un hidrato de las
mismas. '
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Reivindicaciones 1-2 : Formas cristalinas de atorvastatina ( X y Xll) o un hidrato
de las mismas caracterizadas por su patrén de difraccion de rayos X en polvo.

’— HO
M HO
c /\)\)\j\o - C02+

N

Férmula molecular de la atorvastatina

- 42

El problema planteado en esta solicitud es la necesidad de formas cristalinas de
atorvastatina, que garanticen una mejor estabilidad quimica con una vida media
aumentada y fecha de caducidad posterior , que se puedan preparar en solventes
menos toxicos, una mejor propiedad para el tableteo y tengan menos contenido de
agua

Para solucionar este problema técnico la solicitud en estudio proporciona formas
cristalinas de atorvastatina ,denominadas forma X y forma Xll o un hidrato de las
mismas, procedimientos para su preparacion y composiciones farmacéuticas que
las contienen .

El objeto de la invencion definido anteriormente se clasifico de acuerdo con
la Clasificacion Internacional de Patentes (IPC) : A61K31/40, C07D207/34.

3. Determinacion del Estado de la Técnica

Considerando que la fecha de presentacion de la primera solicitud de patente de la
cual se reivindica prioridad es 29 de Junio de 2001, se consultaron las bases de
datos y los archivos con que cuenta la entidad con fecha de publicacién anterior y se
encontraron los siguientes documentos que anticipan el objeto de esta solicitud :

' N° Documento Titulo P:lfl?::c?:n*
B Crystalline [R-(R*,R*)]- 2-(4-
WQ09703959 fluorophenyl)-Beta,Delta-
Dihydroxy -5-(1-Methylethyl)-3-
D1 Phenyl-4- 6 de Febroro de

[(Phenylamino)Carbonyl]-1H-
pyrrole-1-heptanoic acid
hemicalcium salt ( atorvastatin).

D2 WO0136384 Polymorphic forrp of atorvastatin | 25 de Mayo de
calcium 2001

4. Analisis de patentabilidad (articulo 14 D486)

4.1Nivel inventivo (articulo18 D486)

Se aclara que para el presente analisis de patentabilidad el término : sal hemicalcica
del acido [R-(R*, R¥)]-2-(4-fluorofenil)-B, O&-dihidroxi-5-(1-metiletil)-3-fenil-4-
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[(fenilamino)carbonil]-1H-pirrol-1-heptanoico hace referencia a la ATORVASTATINA

CALCICA.

Para hacer mas claro el analisis se realizo el siguiente cuadro comparativo entre las
formas cristalina X y Xll de la presente solicitud y las anterioridades encontradas:

SOLICITUD
FORMA CRISTALINA X

RAYOS x

i
A g I
r

Wl

NN
i J Vi M ¥ u)" ‘wl‘v
- - - T
mnnm pree
Figure § }
Diffractogram of Forra X atorvastatin carried cut on Shimadzn XRD-6000
diflraciometer.

Moles De agua: 3

Las formas cristalinas pueden ser anhidras o o ser
hidratadas y estas Ultimas son equivalentes a las no
hidratadas

Como las formas no cristalinas no son estables
quimicamente esto seria una ventaja significativa, vida
media aumentada y fecha de caducidad posterior.

Puede prepararse en isopropanol agua por o que es
menos téxico que metanol agua.

Se hace una suspension de atorvastatina calcica
amorfa en isopropanol:agua (9:1), se filtra y se seca al
aire .

Forma X cristalina de atorvastatina pf. 180,10C
trihidratada

Kart Fisher 5,5 % ( 3,5 moles de agua)

SOLICITUD FORMA CRISTALINA
Xl

RAYOS x
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Figure 8
Diffractogram of Form XI1 stonmstatin carried out on Shimadzu
XRD-6000 diffractometer.

Las formas cristalinas pueden ser anhidras o o ser
hidratadas y estas ultimas son equivalentes a las no
hidratadas

Como las formas no cristalinas no son estables
quimicamente esto seria una ventaja significativa, vida
media aumentada y fecha de caducidad posterior.

Tiene un mayor punto de fusién (210,6 °C ) lo que le
daria una estabilidad a alta temperatura. Es mas
estable a temperaturas préximas al punto de fusién.

Puede prepararse en el sistema (tetrahidrofurano: agua
que es menos toxico).

Se suspende la forma cristalina | de atorvastatina
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calcica en THF :agua ( 2:8) se filtra y se seca al aire
produciendo la forma XlI cristalina.
p.f. 210,6°C

ANTERIORIDAD 1 WO8703959
FORMA CRISTALINA |

RAYOS X

Siemens D-500
B diffractometer
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Puede contener de 1 a 8 moles de agua .
Preferiblemente 3 mol ( Trihidrato).

Las formas cristalinas pueden ser anhidras o ser
hidratadas

Las formas hidratadas son equivalentes a las no
Hidratadas.

Tiene particulas pequefias y una distribucién uniforme
del tamarfio.
Es mas pura y mas estable que la amorfa

Cuando el material de partida es atorvastatina amorfa o
combinacién de amorfa y forma cristalina de
atorvastatina | , la forma cristalina de atorvastatina |
deseada puede ser obtenida por la suspension del
sélido en agua que contiene cerca del 40%v/v , cerca
del (0-20%) y mas preferiblemente (5-15%) de un
cosolvente como por ejemplo metanol,etanol, 2-
propanol y acetona.

Segun ejemplo 1 método B se usa una mezcla de
atorvastatina amorfa (9 g) y forma cristalinal (1 g) en
una concentracién de 50 mg/mL. La proporcion de
metanol es de 15 % . Se filtra y se seca a 700C bajo
presion reducida.

ANTERIORIDAD 1 WO09703959
FORMA CRISTALINA I

RAYOS X '
o Siemens D-500

15000 ] diffractometer
|
| |}
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Las formas cristalinas pueden ser anhidras o ser
hidratadas

Las formas hidratadas son equivalentes a las no
hidratadas

Cuando el material de partida es atorvastatina amorfa o
combinacién de amorfa y forma cristalina de
atorvastatina | o solo la forma cristalina | , la forma
cristalina de atorvastatina Il deseada puede ser
obtenida por la suspensién del s6lido en metanol que
contiene cerca del 40%- 50% v/v de agua, seguida
por filtracidn.

Ejemplo 2 se usa una mezcla de atorvastatina amorfa y
forma cristalina | ( 100 g) en una concentracion de 50
mg/mL. la proporcion de metanol es del 60% en el
ejemplo . Se filtra y se seca a 700C bajo presion
reducida.
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ANTERIORIDAD 1 WO09703959 | RAYOS X
FORMA CRISTALINA IV i
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Las formas cristalinas pueden ser anhidras o ser
hidratadas

Las formas hidratadas son equivalentes a las no
hidratadas

Cuando el material de partida es la forma cristalina de
atorvastatina | , la forma cristalina de atorvastatina IV
deseada puede ser obtenida por la disolucion del del
solido en metanol . El sdlido seca a 66-700C bajo
vacio .

ANTERIORIDAD 2 WO0136384 | RAYOS X
FORMA CRISTALINA V. -

[T FUUT IO T DUNY SRRrURC SUTY PURY URS DUy DY PO JORY
2 4 € 8 W R X RDDR NA N KR
DEGRES Ty FIG. 1

La forma cristalina pueden ser anhidrao ser
hidratada

La forma V puede variar en los moles de agua de 0-9
moles

No habla de estabilidad.
Posee una mayor solubilidad en agua que la
atorvastatina |.

Un solvente capaz de disolver la sa! de atorvastatina y
a partir de la cual la atorvastatina calcica forma
cristalina V, pueda ser aislada de un solvente
apropiado. Los solventes son pero no se limitan a
solventes hidréxilicos como el agua, alcoholes y
mezclas de ellos , preferiblemente , agua , metanol,
etanol y mezclas de ellos.

Ejemplo 2 y 4 ( con metanol al 57 % aprox en agua ) y
atorvastatina a 14,3g/mL). Finalmente se seca a 500C
bajo presion reducida.

Ejemplo 3 ( con metanol al 50% aprox en agua) y
atorvastatina a 25 mg/mL.

También utiliza etanol ejemplo 5y THF:agua ( ejemplo
3:07) aproximadamente. Se filtra y se seca al vacio a
50°C -

~

El documento del estado de la técnica mas cercano es D1 forma cristalina I( Folios
231 -239) el cual ensefa formas cristalinas de la atorvastatina formal, Il y IV, que es
util como agente hipolipidémico y/o hipocolesterolémico .

La diferencia con D1 es que en esta solicitud las formas cristalinas Xy Xll dela
atorvastatina calcica o un hidrato de la misma, presentan un patron de difraccion de
rayos X (valores 2@ medidos usando radiacion CuKa) diferente a la anterioridad.

Esta diferencia no parece conceder un efecto técnico inesperado 6 una ventaja alas
formas cristalinas reivindicadas en comparacién con las formas cristalinas del Estado
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de la Técnica mas cercano; porque estas formas cristalinas siguen siendo
utilescomo agente hipolipidémico y/o hipocolesterolémico

Asi que el Problema Técnico planteado en esta solicitud la necesidad de formas
cristalinas de atorvastatina, que garanticen una mejor estabilidad quimica con una
vida media aumentada y fecha de caducidad posterior , que se puedan preparar en
solventes menos téxicos, una mejor propiedad para el tableteo y tengan menos
contenido de agua , se habia solucionado previamente mediante el desarrollo de
formas cristalinas diferentes de la atorvastatina. De manera que las nuevas formas
cristalinas son una alternativa a las formas cristalinas conocidas porque no
presentan un mayor efecto como agente hipolipidémico y/o hipocolesterolémico .

El experto en la materia, en vista del Estado de la Técnica en su totalidad, es decir
en vista de D1 y D2 (que ensefa la forma cristalina V, procedimientos para su
preparacién y composiciones farmacéuticas que la contienen Folios 240-248)
hubiera sugerido sin mucho esfuerzo de su parte la aplicacién de conocimientos
basicos sobre las técnicas de cristalizacion y recristalizacion, basadas en la
disolucion de la molécula en diferentes solventes, tal como lo establece la
bibliografia basica utilizada por el experto medio para el estudio del polimorfismo' por
lo que resulta obvio para una persona versada en la materia técnica, disefiar una
secuencia de cristalizacion —recristalizacion en diferentes solventes o estos mismos
en diferentes proporciones , con el animo de obtener el polimorfo de interés, mas
aln si se conoce el fundamento teérico para la obtencion de cristales por diferencias
en solubilidad y modificando parametros adicionales como temperatura , velocidad
de enfriamiento , agitacion, presion , evaporacion etc... , con el fin de obtener las
formas cristalinas reivindicadas que siguen siendo Utiles como agente hipolipidémico
y/o hipocolesterolémico

En cuanto a la técnica de de Difraccién de Rayos X, técnica que permite poner de
manifiesto una propiedad fisica del estado sélido y una definicion relativa de la
molécula, en términos de los grupos espaciales posibles, es un método que detecta
un fenomeno fisico, a través del cual se manifiesta la interaccion fundamental de los
rayos X con los cristales, que consiste en medir las intensidades de la mayor
cantidad posible de haces difractados del espectro tridimensional de difraccion, de tal
manera que se puedan obtener de ellas los médulos de los factores de estructura, y
de sus valores mediante algun procedimiento de asignacién de fases a cada uno de
estos factores, también permite reconstruir la distribucion electrénica en la celdilla
elemental, cuyos maximos corresponderan a las posiciones atémicas y de esta
manera obtener la informacién de la estructura atomica dentro de la celdilla unidad.
Es decir el método permite una descripcion del patrén estructural de la red cristalina
de manera detallada mediante la cuantificaciéon de una propiedad inherente al estado
sélido de los cristales, descripcion que incluye desde las dimensiones de la unidad
de celda, el tipo de reticulo y el sistema cristalino hasta la determinaciéon de los
posibles grupos espaciales.

En este sentido, los patrones de difracciones adjuntos, es el resultado de la
cuantificacion de una propiedad fisica inherente al cristal de atorvastatina calcica,
motivo por el cual su caracterizacién solo son la medida de la distancia entre planos
cristalinos.

' Helman José, Farmacotecnia tedrica y practica. Tomo V. Editorial Continental, Tercera
impresién, México, Noviembre de 1982. paq 1139 a 1143.
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En este orden de ideas, si se reclama proteccion para una misma estructura quimica
que cuenta con una capacidad particular de cristalizacion, es decir una propiedad
inherente a la naturaleza de las moléculas de atorvastatina calcica, quimicamente se
trata del mismo ndcleo estructural, solo que debido a su capacidad de estado sélido,
es capaz de cristalizar en una forma particular, determinada Unica y exclusivamente
por la naturaleza del compuesto.

Aunque se trata de unos nuevos estados cristalinos de atorvastatina calcica, los
polimorfos obtenidos son producto de un estudio de recristalizacion efectuado sobre
la moléculay basado en la capacidad intrinseca del compuesto para cristalizar en
una estructura determinada, definida en términos de su patrén de Difraccion de
Rayos X, resonancia magnética y espectro de Raman

Adicionalmente las ventajas de las formas cristalinas X y Xl (Folios 170,172) estan
afectadas por nivel inventivo por los documentos D1y D2 que contemplaban ya
dentro de las diversas propiedades del nucleo estructural su capacidad de
cristalizar en diferentes habitos y adicionalmente dichas formas cristalinas no
muestran un efecto inesperado o sorprendente por las siguientes razones :

En cuanto a la forma cristalina X la cual presenta la ventaja de prepararse en un
sistema de isopropanol :agua y no de metanol: agua, como se observa en D1 para
la forma cristalina | , también puede ser empleada la combinacién de
isopropanol:agua solo que en diferentes proporciones .

En cuanto a que la forma cristalina Xll presenta la ventaja de tener un punto de
fusion “ mas alto” , por lo que la hace mas estable . Es conocido por el experto en la
materia que al utilizar la técnica de recristalizacion , para cualquier sustancia , dicha
técnica sirve para purificarla y al ser esta mas pura el punto de fusién obtenido es
mas alto. Adicionalmente para esta forma cristalina se habla de la ventaja de ser
preparada en un sistema de tetrahidrofurano:agua que es menos toxico. Como se
observa en D2 para la forma cristalina V , también puede ser empleada la
combinacién de tetrahidrofurano:agua solo que en diferentes proporciones.

Por lo cual se consideran obvios para el experto en la materia. En consecuencia,
carecen de nivel inventivo.

5. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

o o Reivindicaciones . .
N Documento N afectadas Requisito que afecta
D1 WO09703959 1-2 Nivel inventivo
D2 WO00136384 1-2 Nivel inventivo

En cumplimiento del articulo 45 de la Decisién 486 de la Comision de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta dias
contados a partir de la fecha de notificaciéon de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesidn, se denegara la patente.
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Notifiquese el presente oficig,conforme a lo dispyesto en el numeral 5.2, literal e), del
capitulo quinto del titulo pr'47ero de la Circular Unica N° 10 de 2001.

/

/

ALIX CARMENZA CESPEDES DE VERGEL
Jefe de Division de Nuevas Creaciones

El anterior requerimiento fue notificado por fijacion en lista, de fecha
a-0-0IC 200t

CONCEPTO TECNICO No. EXAMINADOR TECNICO
2458 Cadigo No.202075
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