WD 03/ 004470 PCT/1B02/ 01796 CRYSTALLINE FORMS OF "R- (R,

R*) ! -2- (4- FLUOROPHENYL) - BETA, DELTA- DI HYDROXY- 5- (1

MVETHYLETHYD)038e42HENYL - 4- ° PHENLYAM NO) CARBONYL! 1H PYRROLE- PCHEBIAN®IC ACI D
CALCI UM SALT (2:1) (ATORVASTATIN) 5 FIELD OF THE | NVENTI ON The present
invention relates to novel crystalline forns of atorvastatin which is
known by the chemcal nane [R-(R*, R*)]-2-(4-fluorophenyl)-(3,S-

di hydr oxy-5- (1- et hyl et hyl ) - 3- phenyl - 4-[ (phenyl am no) carbonyl]-1 H pyrrol e-
1- heptanoi c acid hem calciumsalt useful as pharnmaceutical agents, to

met hods 10 for their production and isolation, to pharmaceuti cal

conposi &i-2Rar MiCRodMaChHde_ ({N8SE _COTDaYBERo ARty BEAT, BREAUbGRIdoYv_5_ (1-
accept abis@ueaftive] .2 38mWel L aEeBLReRs) @ksoMs) MG SHEELCOMBAThibRNECED treat

subj ect s,caraehtdhng BUIRATSRRIseLESy suffering from hyperlipidem a,
hyper chol esterol em a, osteoporosis, and Al zheiner's disease. 15 BACKGROUND

OF THE | NVENTI ON The conversi on of 3-hydroxy-3-nethyl gl utaryl -coenzyne A
(HMG CoA) to nevalonate is an early and rate-limting step in the

chol esterol biosynthetic pathway. This step is catal yzed by the enzyne
HMG- CoA reductase. Statins inhibit HMS CoA reductase fromcatalyzing this
conver 8i on. As such, statins dfELRPOOEdHEINVENTIONot ent |ipid | owering

agents. Atorvastatin calcium disclosed in United States Patent No.
5,273,995, which is incorporated herein by reference, is currently sold as
Li pi tor (r) havi ng Thepreserttiamventibn redates to novel crystalline forms of atorvastatin

gR p g] E:ly ::\)* )4] [ %V&ﬁfilrfff/ kﬁ%% ilﬂ%cg%m%afn%bg @'Wﬁﬁgﬁfiﬁ%gﬁé%#%ﬁ% b 35‘-' cal cium salt

2:1) 25 tr| -@nsleth . ) BebbhyBP2 --2 0 M
|(4 : H)O g r tégnggrfoagfsN@qele retiyd)-3ophény VO [(sHeRPHAhTib) EebonyBP 2HOBy B6le

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 Alzheimer’_s

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,5-dihydroxy-5-(1-methylethyl)-
3-phenyl-4-[(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic acid calcium salt (2:1)

25 trihydrate and the formula



NH 2 Atorvastatin calciumis a selective, conpetitive inhibitor of

HVG CoA reductase. As such, atorvastatin calciumis a potent lipid

| oweri ng wormpowmado and i s thus useful as a hypolipi denm c a0d/1B02/01796
hypochol esterol emi c agent. 5 United States Patent Nunmber 4,681, 893, which
is incorporated herein by reference, discloses certain trans-6-[2-(3- or
4- car boxam-do- substi tut ed-pyrrol - 1-yl)abkyl]-4-hydroxy-pyran-2-ones
including trans ()-5-(4-fluorophenyl)- 2-(1-nethylethyl)-N, 4-diphenyl- |
-[ (2-t et rahydr o-[4- hydr oxy- 6- oxo- 2H pyran- 2-yl)ethyl]-1 ]
H pyrrol e- 3-carQoxam de. 10 United States Patent Ngnber 5,273,995, which is
herein incorporgted by reference, pl scl gg@s e ellantioner jhaving the R
formof the ring-opened acid pfe 2+
trans-5- (4-fl uorfophenyl)-2-(1-net
4- hydr oxy- 6- 0xo-{2H- pyr an- 2- yIQ
[R-(R*, R*)]- 2-(4-fl uorgphenyl)

3, S-di hydr oxy- 5-( 1- met iyl ex\b

car bonyl ] - 1H pynrol e- 1 Nagpyanoi c_agi d whi chlis atorvastatin.] United States
Pat ent Nunbers %, 003, 080; 5, 097 5,103, 02K; 5,124,482; |5, 149, 837;

5, 155, 251; 5,216, 174; 5, 245, 047 248, 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 incor|porated by
reference, disclfose 20 vari ous processes and key internedi atles for
preparing anor phous atorvastatin. Anorphous atorvastatin hdg unsuitable
filtration and drying characteristics for |arge-scale productior and nust
be protected from heat, |ight, oxygen, and noi sture. WO 03/004470

PCT/ 1 BO2/ 017 - g j s }{%ﬂ i i i scl osed
in United Sta Oens’ ﬁg%ﬁ%ﬁﬁr@%gé&%?&?pl%%&én g@&é%@%@gﬁﬁcg?sg. herei n
i ncor por at ed Abyuch;, efoevastatie caltinheisrapatent dipiPlobleriag esmaid ahd Ahhd gwfilon
Nunmber WO 01/36384 5 al |l egedly disgl oses a pol ynorphic form of

at or vast at i nacaEPRolRideRicH r&%’BPdF ?WPEF‘T’BE%“%f atorvastatin calciumare

di scl oged in Unit eglited States Patent Number 4,681,893, which is incorporated herein by

reference, discloses certain frans-6-[2-(3- or 4-carboxamido-substituted-pyrrol-

Ca
4-di phenyl - 1-[|(2- t et r ahydr o-
NL H pyrrol e-3-carboxanilde, ie,
/ .

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.

10 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,8-dihydroxy-5-(1-methylethyl)-3-phenyl-4-[(phenylamino)-

15 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

20 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.



States Patent Nunbers 5,686,104 and 6, 126,971. Atorvastatin is prepared as
its calciumsalt, ie, [R(R,R)]-2-(4-

f | uor ophew9lopa¢478- di hydr oxy- 5- ( 1- met hyl et hyl ) -3 - phenyl - 2CI0B02/01796

[ (phenyl am no) carbonyl ] -1 H pyrrol e-I-heptanoic acid calciumsalt (2:1). The
calciumsalt is desirable since it enables atorvastatin to be conveniently
formulated in, for exanple, tablets, capsules, |ozenges, powders, and the
like for oral admnistration. Additionally, there is a need to produce
atorvastatin in a purstallisenfors g€ atarviastatin ¢abeivmiare digelbsed i dinitad Statens to neet

The. pr ocess. YAGRANIaS P OARUAP RS Pu2 b GEcieh Srcishtnan BB i ch | o

amenabl e to | akgeacecal e production. Additionally, it is desirable that the
product should be in a formthat is readily filterable and easily dried.

Finally, it is echienaticnal Published Basens ApplicationdNumbrt WO HE36384bl e f or
tend i f time 20 w t. fOr. ialized st
condit1 s viltedy siReE? piviitRefic Ff T Rt BipdBRE g novel 0

crystal line forns S@bledralfoaatiations. of Aovdstatif Calpiu@saetdidclosedin Unitgd ovi des

atorvastatin in new cr&stalline f orms designhated Forns V, VI, VII, VIII,
X, X, X, Xl StatexPpient Npmberg\s,686,404 andg4126.9%/ 11, and XI X. The new

crystalline forns RIO gtm%},o bidak s Q#Eiﬁﬁrs @g;ﬁgﬁgﬁgﬁl%e_or have

advant ageous manufacturing p erties than't oduct. SUMVARY
OF THE | NVENHdxoplengh)e,srdihydrdxyed-(rmasthplethyt)vephényh4i s directed to

talli E V t tati d.h t th f ch ' d by th
ol T onlthg - rlaghepaaRoyc bR i Fadiobs Banebns 204 SRELEREI (3 Derhe of 1 he 20
and rel ative d.phenshi E@&esﬁ%ﬁlg sﬁlcé’@eﬂ%l%%&ﬁ&%ﬁﬁ%'ﬂé%ﬁ@&ﬂe?@ -4 relative

intensity of > 0% neasured on a Shimadzu diffractometer with Cuka
radi ation: 2CoRetlatedve, fonexamgpleytabléts,apgules, zengeb,myalersy 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
15 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

20 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 cryétalline
forms designated Forms V, VI, VII, VIII, IX, X, XI, XII, XIII, XIV, XV, XVI,
XVII, XVIII, and XIX. The new crystalline forms of atorvastatin are purer, more

25 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

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



6.0 15 7.0 100 8.0 (broad) 20 8.6
a Relative intensity of 4.9 (broad)
X-ray povwwero3dif4fr acti on pattern of
expressed in ternms of the 20 val ues

di ffractoneter:

57 9.9 22

20 is 9. Additionally,

crystalline

was measured on an | nel
20 5.0 6.1 7.5 8.4 (broad)

21.2 WO 03/004470 PCT/1B02/01796 -5 Furjher,

directed to crystalline FormV atorvastatin
char act er i zedelatyve inten$ioh 603G neaburdd shat ShithddzundifftReometsegie CuK § esonance

(ssNVR) spectrum wherein chem cal

shift

8
th
and

16.6 42 19.0 27 21.1 35

the foll ow ng

For m V atremXIBeX@rden

5 (capillary)

.7 (broad) 9.9 16.7 19.0
e present invention is

hydr at es t her eof

is expressed in parts per

Assi gnment Chedigtest Shift Cl12 or C25 185.7 Cl2 or C25 176.8

5

26 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

2 Relative intensity of 4.9 (broad) 20 is 9.

mllion:

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:

20

5.0
6.1
7.5
8.4 (broad)
8.7 (broad)
9.9
16.7
19.0
21.2




Cl6 166.9 Aromatic Carbons 138.7 (C2-C5, C 13-C 18, 136.3 Cl19-C24, (C27-C32
133.0 128.4 122.0 117.0 116.3 C8, Cl10 68.0 Methylene Carbons 43.1 (6,
C7, C9, WOoeB®42b.6 C34 19.9 5 Additionally, the preseRCTIIR&XNTION | S
directed to crystalline FormV atorvastatin and hydrates thereof
characterized by the follow ng Raman spectrum havi ng peaks expressed in
cm1l: WD 03/004470 PCT/1B02/01796 -6 30652 1652 1604 1528 1478 1440
1413 1397 1368 1158 1034 1001 e 4

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
Cl2 or C25 185.7
Cl2 or C25 176.8
C16 166.9
Aromatic Carbons 138.7
C2-C5, 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
5 Additionally, the present invention is directed to crystalline Form V

atorvastatin and hydrates thereof characterized by the following Raman spectrum

having peaks expressed in cm'lz



825 245 224 130 In a preferred enbodi nent of the first aspect of the

i nvention, crystalline FormYV atorvastatin is a trihydrate. In a second
aspect, tweopqesient invention is directed to crystalline PeTIB01796
atorvastatin and hydrates thereof characterized by the follow ng X-ray
powder 5 diffraction pattern expressed in terns of the 20 and rel ative
intensities with a relative intensity of- >10% neasured on a Shi madzu
diffractometer with CuKa radiatign: WO 03/004470 PCT/1B02/01796 -7 20

Rel ative Intensity (>10%a 7.2 11 83®2%7 11.0 20 12.4 11 13.8 9 16.8

14 18.5 100 19.7 (broad) 22 20.9 14 l(?2#51_7&0 (broad) 15 a Relative intensity
of 13.8 (broad) 20 is 9. Additionally, follow ng X-ray powder
diffraction pattern of crystalline Foggg4vl atorvastatin expressed in terns
of the 20 val ues was neasured on an Inlesl28 (capillary) diffractoneter: 20

7.3
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

5 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:



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 FormVl 5

at or vast awprzand7ihydr at es t hereof characteri zed by the folPCouBogp1796
solid-state WD 03/004470 PCT/1B02/ 01796 -8 13C nucl ear nagneti c resonance
spectrum wherein chem cal shift is expressed in parts per mllion:

Assi gnment Chemical Shift Cl2 or C25 176.5 C16 or Cl2 or C25 168.2 C16
or Cl2 or C25 163.1 C16 or Cl2 or C25 159.8 Aromatic Carbons 136.8 C2-C5,
C 13-C 18, 127.8 C19-C24, C27-Cx 122.3 [Refative Ididsity C8, CI O 88.2 (8,
ClO 79.3 70.5 Methylene Carbons 43.3 C6, C7, C9, Cl1 36.9

(>10%)a

7.2 11

83 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

2 Relative intensity of 13.8 (broad) 20 is 9.

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

(capillary) diffractometer:

20

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

5 atorvastatin and hydrates thereof characterized by the following solid-state



31.9 C33, C34 25.9 (C33, C34 22.51In a third aspect, the present invention
is directed to crystalline FormVII atorvastatin and hydrates thereof

char act erwped/obpm7d he foll ow ng X-ray powder 5 diffracti onpPpatiBere17&xpr essed
internms of the 20 and relative intensities with a relative intensity

of >10% measured on a Shimadzu diffractoneter with CuKa radiation: WO
03/004470 PCT/1B02/01796 -9 20 Relativeglntensity (>10%9 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) 14 233@ nublemamigndtic reddhaicé beeadin Wiereid thémidal stid)is d@preidiith onal |y,
the follow ng X-ray powder diffraction pattern of crystalline Form VI
atorvastatin PapyRISEHON, terms of the 20 val ues was measured on an | nel

(capillary) di ffractoneterm

Cl2 or C25 176.5

Cl6or C12 or C25 1632

Cl6or 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,C10 79.3

70.5

Methylene Carbons 43.3

C6,C7,C9, C11 36.9

31.9

C33,C34 25.9

C33,C34 22.5

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

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

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

radiation:



17.6 18.4 19.4 22.2 23.5 23.9 25.6 WO 03/004470 PCT/1B02/ 01796 -10
Further, the present invention is directed to crystalline Form VI

at or vast awprzand7ihydr at es t hereof characteri zed by the folPCouBogp1796
solid-state 13C nucl ear magneti c resonance spectrum wherein chem cal shift
is expressed in parts per mllion: Assignment Chem cal Shift Cl12 or C25
186.5 Cl12 or C25 183.3 Cl2 or C25 176.843 Cl6 166.5 159.2 Aromatic Carbons
137.6 (C2-C5,-C13-C18, 128.3 Cl19-C24, 7-C32 122.3 119.2 C8, Cl0 74.5
C8, Cl10 70.3 (C8, Cl0 68.3 C8, Cp@® 66. 2 ReMriveYhiengtyCar bons 43.5 C6, C7,
C9, C 11 40.3 (C33, C34 26.3

(>10%)
8.6 76
10.2 70
12.4 (broad) 12
12.8 (broad) 15
17.6 20
18.3 (broad) 43
193 100
22.2 (broad) 14
23.4 (broad) 23
23.8 (broad) 26
25.5 (broad) 16

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
124
12.9
17.6
18.4
19.4
222
23.5
23.9
25.6




C33, C34 24.9 (C33, C34 20.2 5 Additionally, the present invention is
directed to crystalline FormVIIl atorvastatin and hydrates thereof

char act erwpad/iobsp7d¢ he fol | owi ng Raman spectrum havi ng pealkPsSTaR@r@EI®ed i n
cm1l: WO 03/004470 PCT/1B02/01796 -11 Raman Spectrum 3060 2927 1649
1603 1524 1476 1412 1397 1368 1159 1034 998 824 114 In a
preferred enbodi nent of the third aspectjgf the invention, crystalline Form
VI| atorvastatin is a sesqui hydrate. In a fourth aspect, the present
invention is dir ecFuﬂhctrothetpyeserztlih‘imﬁoﬁsrdinebﬂedIto cmhaﬂmsﬂoami Yilland hydr at es

t her eof characterlzed b ' X-ra 5.diffraction pattern
expressed in f‘tQ tagp a{lﬁéﬂ%@‘ﬁé gf"&"g?%qeﬁtbgﬁg‘? ﬁl&f""i}& $ohdsstateg| at i ve
intensity of O%rreasu on a Shimadzu di ffr g with CuKa.
radiation: }‘Bﬁlﬁ?ﬁrﬁa TEO%RES SRygTum Wherein ¢ emlc shift 1s expressed in

parts per million:

Assignment Chemical Shift
C12 or C25 186.5
Ci12 or C25 183.3
Cl2 or C25 176.8
Cié6 166.5

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

122.3

119.2
C8,Cl10 74.5
C8,C10 : 70.3
C8,C10 68.3
C8,C10 66.2
Methylene Carbons 435
Ce, C7, C9, C11 40.3
C33,C34 263
C33,C34 24.9
'C33, C34 20.2

5 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:



20 Relative Intensity (>10%a 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 20.3 (broad) 79 21.2 24
21.9 30 WwD.04/00870 25.8 33 26.5 20 27.4 (broad) 38 30.5 POT/IBOREIS | ve
intensity of 12.8 20 is 6 and 13.820 is 4. Additionally, the follow ng
X-ray powder diffraction pattern of crystalline FormVIIIl atorvastatin

expressed in terns of the 20 val ues was-peasured on an |Inel (capillary)
diffractoneter: 20 7.5 9.3 10.1_12.2 12 8 WO 03/004470 PCT/ |1 B02/ 01796
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

5 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:



-13- 20 13.8 15.1 16.6-16.9 18.5-18.9 20.2-20.6 21.3 22.0 22.5 25.9
26.5 27.4 (broad) 30.6 Further, the present invention is directed to
crystal | iwe oBoo4ard/l | | atorvastatin and hydrates thereof chraraBexnir®wmed by
the follow ng solid-state 13C nucl ear magneti c resonance spectrum wherein
chem cal shift is expressed in parts per mllion: Assignnent Chem cal
Shift Cl12 or C25 186.1 Cl12 or C25 179,45. Cl6 167.9 Cl6 161.0 Aromatic
Carbons 139.4 (C2-C5, Cl13-C18, 132.9 C19-C24, C27-C32 128.7 124.7 121.8

116.6 C8, Cl10 67.0 20 Relative Intensity
(>10%)2
7.5 61
9.2 29
10.0 16
12.1 10
12.8
13.8 4
15.1 13
16.7 (broad) 64
18.6 (broad) 100
20.3 (broad) 79
21.2 -24
219 30
224 19
25.8 33
26.5 20
27.4 (broad) 38
30.5 20

4 Relative intensity of 12.8 20 is 6 and
13.8 20 is 4.

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

Inel (capillary) diffractometer:

20
7.5
9.3
10.1
12.2
12.8




WO 03/004470 PCT/1B02/ 01796 -14 Assignnment Chem cal Shift Methylene
Carbons 43.3 C6,C7,C9,Cl11 C33, C34 26.7 (C33, C34 24.7 (C33, C34 20.9
C33, C34 wO0.0vofddi tionally, the present invention is dire®Ce#dBe201796
crystalline FormVIIIl atorvastatin and hydrates thereof characterized by
the foll ow ng Raman spectrum having peaks expressed in cm1l: Raman
Spectrum 3065 2923 1658 1603 1531 ;3510 1481 1413 997 121 In a
preferred enbodi nent of the fourth aspect of the invention, crystalline 5
Form VII1 atorvastatin is a dihydrate. Tog a fifth aspect, the present
invention is directed to crystalline FormlX atorvastatin and hydrates

t hereof characterized by the followi ng ¥.8ay powder diffraction pattern
expressed in terns of the 20 and rel atiizlﬁlintensities with a relative
intensity of > 0% nmeasured on a Shinad diffractoneter with Cula 10
radi ation: WD 03/004470 PCT/|1B02/01796¢¢.6-16.9

18.5-18.9

20.2-20.6
21.3
22.0
22.5
25.9
26.5

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
C12 or C25 186.1
Cl12 or C25 179.5
Cié 167.9
Clé6 161.0
Aromatic Carbons 139.4
C2-C5, C13-C18, 132.9
C19-C24, C27-C32 '
128.7
124.7
121.8
116.6

C8, C10 67.0




-15 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) 38003804Q7¢( broad) 63 29.0 (broad) 15 Additional |l ypcrhBoXairéeowi ng
X-ray powder diffraction pattern of crystalline FormI|X atorvastatin
expressed in terns of the 20 val ues was neasured on an Inel (capillary)
diffractoneter: 20 9.0 9.4 10.0 - 10.13-(broad) 11.8 - 12.0 (broad) 16.9
17.5 (broad) 19.4 (broad)—_21.6 (broad) 22 6 (hroad) 23.2 (broad) 29.4
(broad) In a sixth aspect, A%QUﬁ?ﬁ‘&ent |nve‘ﬁlﬁqn@}ﬁalls§lf€i| rected to crystalline
Form X 5 atorvastatin and=sh eof—charagtert+zed by the foll ow ng
X-ray powder WO 03/004470 PEH i.y] épu'ait—%b‘é &8

Ce, 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 cm-1:

Raman Spectrum
3065
2923
1658
1603
1531
1510
1481
1413

997
121

In a preferred embodiment of the fourth aspect of the invention, crystalline
5 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,

10 radiation:



-16 diffraction pattern expressed in terns of the 20 and rel ative
intensities with a relative intensity of >10% neasured on a Shi nadzu

di f f ract owetoaqo4a7a h CuKa radiation: 20 Relative |IntensityCT{Bod0%e 4. 7 35
5.2 24 5.8 11 6.9 13 7.953 9.256 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 24.4 15 28.7 31 Additionally, the figll owing X-ray powder diffraction
pattern of crystalline 5 Form X atorvastatin expressed in terns of the 20
val ues was neasured on an Inel (@8api || ar Relativieflngasionet er: WO 03/ 004470
PCT/ 1 B0O2/ 01796 -17- 20 4.7

(>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:

26
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

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



5.2 5.8 6.9 7.9 9.2 9.6 10.2-10.4 11.9 16.2 16.9 19.1 19.9 21.5
22.3-22.6 23.7-24.0 (broad) 24.5 28.8 Further, the present invention is
di rect ed wo ostgst@l | i ne Form X atorvastatin and' hydr at es PChaBedf1796
characterized by the follow ng solid-state 13C nuclear nagnetic resonance
spectrum wherein chem cal shift is expressed in parts per mllion:

Assi gnnent Chemical Shift Cl2 or C25 186.0 Cl12 or C25 179.5 Cl16 165.5
Cl6 159.4 WO 03/004470 PCT/1B02/ 01796 -18 Assignnent Chem cal Shift
Aromat i c Car idiffractigy pgitencexprsssedistermgof thg 20 gnd relative intensities with a

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

radiation:
20 Relative Intensity
(>10%)
4.7 35
5.2 24
5.8 11
6.9 13
7.9 53
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
214 49
22.3 (broad) 36
23.7 (broad) 37
244 15
28.7 31

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

(capillary) diffractometer:



Cl9-C24, C27-C32 129.4 127.9 123.2 119.9 C8, C10 71.1 WMethyl ene Carbons
43.7 C6, C7, C9, Cl1 40.9 (C33 26.4 25.3 (C34 20.3 18.3 Additionally,
the presewoD oegmii on is directed crystalline Form X at or PagtiBe2/a17gnd
hydrat es thereof characterized by the foll owi ng Raman spectrum having
peaks expressed in cm 1l: Raman Spectrum 3062 2911 1650 1603 1525 1478
1411 1369 1240 1158 1034 999 WO 034904470 PCT/1B02/01796 -19 Raman

Spectrum 824

20
4.7
52
5.8
6.9
7.9
9.2 -
9.6
10.2-10.4
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

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
Cl2orC25 187.0
Cl2or C25 179.5
Clé 165.5

Cle 159.4




116 In a preferred enbodi nent of the sixth aspect of the invention,
crystalline Form X atorvastatin is a trihydrate. In a seventh aspect, the
present iwWOeabd@m is directed to crystalline Form Xl at oPgagBeriimeand
hydrates thereof characterized by the followi ng X-ray powder 5 diffraction
pattern expressed in ternms of the 20 and relative intensities with a
relative intensity of > 0% nmeasured on;g_Shi madzu diffractonmeter with CuKa
radi ation: 20 Relative Intensity (> 10% 10.8 (broad) 58 12.0 12 13.5 11

16.5 52 17.6-18.0 (broad) 35 AkSigimem 22. 3ChoMicalShift 26 24.4 28 25.8 17
26.5 30 27.3 31 28.7 19_29 5 12 30 9 (hroad) 17 32.8 (broad) 11 33.6

(broad) 15 36.0 (broad) 1éromgicCarBersnd) 14 WI3JH 004470 PCT/ | B02/ 01796

-20 C2-C5, C13-C18, 134.8
C19-C24, C27-C32 129.4
127.9

1232

119.9

C8, C10 71.1
Methylene Carbons 43,7
C6,C7,C9,Cl11 40.9
C33 26.4
25.3

C34 20.3
18.3

Additionally, the present invention is directed crystalline Form X

atorvastatin and hydrates thereof characterized by the following Raman spectrum

having peaks expressed in cm1:

Raman Spectrum
3062
2911
1650
1603
1525
1478
1411
1369
1240
1158
1034

999




In an eighth aspect, the present invention is directed to crystalline Form
Xl atorvastatin and hydrates thereof characterized by the follow ng X-ray
powder diwDriawod4om pattern expressed in ternms of the 20 amdTABO2zAL1ITe
intensities wth arelative intensity of >l 0% neasured on a Shi madzu
diffractometer with 5 CuKa radiation: 20 Relative Intensity (>10%a 5.4
11 7.7 24 8.025 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
24.3 19 25.5 24 26.2 11 27.1 8 RantalSpkétvigni ntensity of 13.9 (broad) 20
is 9 and 27.120 is 8. Additionally,_the following X-ray powder diffraction
pattern of crystalline Form Xl at or vas$tétin expressed in terns of the 20

val ues was neasured on an Inel (capill :ﬂé/) di ffractoneter:

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

5 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:
20 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
23.2 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




WO 03/004470 PCT/I1B02/01796 -21- 20 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.WO003/04A70 Additionally, the present invention is aCcraBe2d796
crystalline Form XI| atorvastatin and hydrates thereof characterized by the
foll ow ng Raman spectrum havi ng peaks expressed in cm1: Raman Spectrum
3064 2973 2926 1652 1603 -20-

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

5 CuK, radiation:
26 Relative Intensity
(>10%)a
54 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
24.3 19
25.5 24
26.2 11
27.1 8

4 Relative intensity of 13.9 (broad) 26
is9and 27.1 20 is 8.

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

Inel (capillary) diffractometer:



1527 WD 03/004470 PCT/1B02/01796 -22 Raman Spectrum 1470 1410 1367
1240 1159 1034 1002 823 1In a ninth aspect, the present invention is
di rect ed wo ostgst@l | i ne Form Xl 11 atorvastatin and hydr at @sTiiRey®od6
characterized by the followi ng X-ray powder diffraction pattern expressed
in terns of the 20 and relative intensities with a relative intensity. of
> 0% neasured on a Shimadzu diffractomeier with CuKa 5 radiation: 20

Rel ative Intensity (>10% 8.4 100 8.9 82 15.7 (broad) 45 16.4 (broad)
46 17.6 (broad) 57 18.1 (broad) 62 1207 (broad) 58 20.8 (broad) 91

23.8 (broad 57 In a tenth aspectT—Lhe—pﬁgsenL—anention is directed to
crystalline Form XIV atorvastatin and drates thereof characterized by
the follow ng X-ray powder diffractionypattern expressed in terns of the

20 and relative intensities with a
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)

244
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 em-1:

Raman Spectrum
3064
2973
2926
1652
1603
1527




WO 03/ 004470 PCT/1B02/01796 -23 relative intensity of >10% neasured on a
Bruker D5000 diffractonmeter with CuKa radiation: 20 Relative Intensity
(>10% 5woo0dmo4460 7 31 7.7 100 8.1 35 9.0 65 16.5 (brozdy/me&/011%. 6
(broad) 17 18.0 - 18.7 (broad) 21 19.5 (broad) 18 In an el eventh aspect,
the present invention is directed to crystalline Form XV atorvastatin and
hydrates thereof characterized by the fgld.owwng X-ray 5 powder diffraction
pattern expressed in terns of the 20 and relative intensities with a
relative intensity of >10% nmeasur eRaman®pBetmker D5000 diffractometer with
CuKa radi ation: 20 Relative |ntensd 5.7 26 6.1 21 6.8 18 7.5
39 8.1 39 85 42 9.5 33 10.5 (broad)*18 19.1 - 19.6 (broad) 32

1410
1367
1240
1159
1034
1002

823

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 26 and relative intensities with a

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

5 radiation:
i 26 Relative Intensity
>10%)
8.4 100
8.9 82
15.7 (broad) 45
16.4 (broad) 46
17.6 (broad) 57
18.1 (broad) 62
19.7 (broad) 58
20.8 (broad) 91
23.8 (broad 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



WO 03/004470 PCT/1B02/01796 -24 In a twelfth aspect, the present invention
is directed to crystalline Form XVl atorvastatin and hydrates thereof

char act erwoad/iobsp7¢ he foll owi ng X-ray powder diffraction partBe2niespressed
in terns of the 20 and relative intensities wth a relative intensity of
>10% measured on a Bruker D5000 diffractonmeter 5 with CuKa radiation: 20
Relative Intensity (>10% 5.2 37 6.4.3%4 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) 8tativelin@nsityxif >l 00pmsasiyed3m a Baker D500, difftastarpetyr @8h 24. 4 -
25.0 (broad) SK,gdddi ti.onally, the followi ng X-ray powder diffraction
pattern of crglé‘ 18A3HON' o m XVI atorvastatin expressed in terms of the 20
val ues was measured on a Shinmadzu diffractoneter with CuKa radiation: 20
7.6 8.8 10.2 12.5

20 Relative Intensity
(>10%)

5.4 41
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
5 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:

20 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




WO 03/ 004470 PCT/I1B02/01796 -25- 20 16.8 18.2 19.3 20.5 23.0 24.8 In
addition, the following X-ray powder diffraction pattern of crystalline
Form XVI woeswesr@ti n expressed in terns of the 20 val ues PaadBoEAESZ ed ON
an Inel (capillary) diffractometer: 20 5.1 6.2 7.3 8.7 10.2 (broad)
12.0 (broad) 12.7 (broad) 16.7 18.0 (broad) 19.5 (broad) 20.0 - 20.5
(broad) 21.5 - 21.6 (broad) 22.9 - 23-Bi-(broad) 24.0 - 25.0 (broad) In a
thirteenth aspect, the present invention is,directed to cryftalline 5 Form
XVI | atorvast ati n BidveliHyaspess, the pressnt aKentionis dirscied 9y rysiling| | owi ng X-ray

ntensi ti es. WrDaSh TR EEAETIRLESREEs fibrtf Marsller P ReTo L 1P

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

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

5 with CuK, radiation:

20 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 20 values was measured on a

Shimadzu diffractometer with CuK, radiation:

26
7.6
8.8
10.2
12.5




-26 with a relative intensity of >10% neasured on a Bruker D5000
diffractoneter wth CuKa radiation: 20 Relative Intensity (> 10% 5.0 27
6.1 33 AWB0IOM470.9 30 8.5 29 9.1 22 10.0 45 12.1 (br eauiB@0179%4. 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 1In a fourteenth aspect, the present
invention is directed to crystalline Forg.XVIIl atorvastatin and hydrates
t hereof characterized by the following 5 X-ray powder diffraction pattern
expressed in terns of the 20 and relativE) intensities with a relative
intensity of >l 0% neasured on a Bruker D5000 diffractonmeter with CuKa
radi ati on: WO 03/ 004470 PCT/1B02/01796 16837 20 Rel ative Intensi ty (>10%

18.2
19.3
20.5
23.0
24.8

In addition, the following X-ray powder diffraction pattern of crystalline
Form XVI atorvastatin expressed in terms of the 20 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
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



8.0 100 9.2 (broad) 52 9.7 (broad) 40 12.1 24 16.6 (broad) 48 18.5 67
Additionally, the followng X-ray powder diffraction pattern of crystalline
For m XVI IWOaBwoomast ati n expressed in terns of the 20 val uesTame/ore®sur ed on
a Shimadzu diffractometer with CuKa radiation: 20 7.7 9.3 9.9 12.2
16.8 18.5 1In addition, the follow ng X-ray powder diffraction pattern of
crystalline 5 Form XVII| atorvastatin egpressed in terns of the 20 val ues
was neasured on an_ Inel (capillary) diffractometer: 20 7. 9.2 (broad)
9.8 (broad) with @re@&twgauqnsny@f?w%rr@wyreﬂsar@B@l@BDééﬁlefr@mvnmez/01796
-28 In a flfte§g¢Q¥3 ., the present invention is directed to crystalline
Form XI X at or'¥? thydrates t hereof characterized by the foll ow ng
X-ray powder diffraction pattern expressed in ternms of the 20 and rel ative
intensities

20 Relative Intensity
(>10%)

5.0 27

6.1 33

7.3 100

7.9 30

85 29

9.1 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
5 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:



with arelative intensity of > 0% neasured on a Bruker D5000
diffractoneter 5 with CuKa radiation: 20 Relative Intensity (>10% 5.2 32
6.3 28 AWO0300478.6 74 10.5 34 11.6 (broad) 26 12.7 (brcadBodd79eld. 0 15
16.7 (broad) 30 18.9 86 20.8 94 23.6 (broad) 38 25.5 (broad) 32 As

i nhi bitors of HMG CoA reductase, the novel crystalline forns of
atorvastatin are useful hypolipiden c angyhypochol esterol em c agent s as

well as agents in the treatnent of osteoporosis and Al zheiner's di sease. A

still further enbodi nent of the pregent inverR¢lave lsteasigyhar maceutical 10
conposition for adm nistering an effective anmoun {crystalline FormV,
FormVvl, FormVIl, FormVIII, FormIl X, Form X, For 1 °9<I Form XI'I, Form

X, FormXIV FormXV For ; or FormXIX
at orvastatl nin unit dosage formin the treat ment et hods menti oned above.
Finally, the present invention |9Zi(t-rreat)ed to net hédls for production of 15

FormV, FormVl, FormVIl, FormVIII rmIX Form X, Form XI, Form Xl |,
WO 03/004470 PCT/|1B02/ 01796 -29 9!-‘1)@?? Form X'V, Form XV, Form XVI,
Form XVl |, Form XVII1, or Form Xl Xlzqforvastatin. 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 26 values was measured on a

Shimadzu diffractometer with CuK, radiation:

20
1.7
9.3
9.9
12.2
16.8
18.5

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




BRI EF DESCRI PTI ON OF THE DRAW NGS The invention is further described by the
followng nonlimting exanples 5 which refer to the acconpanying Figures 1
to 35, shwotopewre cul ars of which are given bel ow. Fi gur @CI/IBV¥firect ogr am
of FormV atorvastatin carried out on Shinmadzu XRD-6000 diffractoneter. 10
Figure 2 Diffractogram of Form VI atorvastatin carried out on Shinmadzu

XRD- 6000 diffractoneter. Figure 3 Dffragtogramof Form VIIl atorvastatin
carried out on Shinmadzu 15 XRD-6000 diffractoneter. Figure 4 Diffractogram
of Form VI || at or Jasgtdidieenth@spact. dlae prasenbinveriondd directikrito eno@lldier f r act onet er .

Figure 5 20 iffr r am. of ryas | [rd . or Shi madzu
SRR 6000 ai f RERRCT e AT e AL O AR A BB hE SIRNipE Rl T
carried out QRwdbi dittor PR @Rpreshed I RAAOSEMENO atd rElafive ichsHiekf r act ogram
of Form Xl atorvastatin carried out on Shinmadzu XRD- 6000 diffractoneter.
WD 03/ 004470 vathr teBome diaedy of 300%mhepsvred 8n Bi Biiuker DGO difGactometer X |

at orvasst ati n\n(r:lﬁxréliﬂggré)dlija{tio%g] Shi madzu XRD- 6000 di ffractoneter. Figure 9

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

10 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 XIII, 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

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



5 Diffractogramof Form Xl || atorvastatin carried out on Shinmadzu XRD 6000
diffractoneter. Figure 10 Diffractogramof Form XIV atorvastatin carried
out on Brwbes/o43000 diffractometer. 10 Figure 11 D ffra®eCcegBemiofe For m XV
atorvastatin carried out on Bruker D 5000 diffractonmeter. Figure 12

D ffractogram of Form XVl atorvastatin carried out on Bruker D 5000 15
diffractometer. Figure 13 Diffractogramgf. Form XVI| atorvastatin carried
out on Bruker D 5000 diffractometer. Figure 14 20 Diffractogram of Form
XVI 11 at or vaskerm X1aferie¥ I Gu¥ orenXR;, iean XY 550m XYL, FompXodBt er . Fi gure 15

Di ffractogram of XI X atorvastatin carried out on Bruker D 5000
di ffract onet e%anég?‘lﬁ—i%&w%‘gta%gl'u ffractogram of FormV atorvastatin carried

out on Inel XRG 3000 diffractoneter. WD 03/004470 PCT/|B02/01796 -31-
Figure 17 Diffractograrn of Form VIl atorvastatin carried out on I|nel

XRG- 3000 diffractonet er. BRIEE DESCRIPTEONORTHEIDRAWINGSOr m VI |
atorvastatin carried out on Inel XRG 3000 diffractoneter.

The invention is further described by the following nonlimiting examples
5 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.
10 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

15 XRD-6000 diffractometer.
Figure 4
Diffractogram of Form VIII atorvastatin carried out on Shimadzu
XRD-6000 diffractometer.
Figure 5
20 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.
25 Figure 7
Diffractogram of Form XI atorvastatin carried out on Shimadzu

XRD-6000 diffractometer.



Figure 19 Diffractogramof FormVIII atorvastatin carried out on Inel

XRG 3000 diffractoneter. 10 Figure 20 Diffractogramof FormI X

at or vast awpre3oenre ed out on I nel XRG 3000 diffractoneter PCFIBwy@E7®l

D ffractogram of Form X atorvastatin carried out on Inel XRG 3000 15
diffractonmeter. Figure 22 Diffractogramof Form XlI| atorvastatin carried
out on Inel XRG 3000 diffractoneter. Fi3gure 23 20 Diffractogram of Form
XVl atorvastatin carried out on Inel XRG 3000 diffractoneter. Figure 24
Di f fract ogrardi@Bredhrm XV 11 atorvastatin carried out on Inel XRG 3000

diffractoneter. 25 5 ' I netic resonance
spectrumw th spi n]r?lfng%gc?él Ot\b%ghhgﬂfgent I %?rrgg%%dgaﬁf %‘ggglr‘ﬁési of FormV
at or vast at i n. XRD-608000A#actbongel/ | BO2/ 01796 -32- Figure 26 Solid-state 13C
nucl ear magnetic resonance spectrumw th spinning side bands identified by
an asterisk of Form VI atorvastatin. Figure 27 5 Solid-state 13C nucl ear
magnetic res spectrumwi th spinning side -bands identified by an
asterisk of Form Vhleraleeuashir X1t fsedth SRldlof oA ShinRuc! ear
magneti c resonance spectrumw th spinning sid

XRD-6000 diffractometer.

Figure 10
Diffractogram of Form XIV atorvastatin carried out on Bruker D 5000

diffractometer.
10 Figure 11
Diffractogram of Form XV atorvastatin carried out on Bruker D 5000
diffractometer.
Figure 12
Diffractogram of Form X VI atorvastatin carried out on Bruker D 5000
15 diffractometer.
Figure 13
Diffractogram of Form X VII atorvastatin carried out on Bruker D 5000
diffractometer.
Figure 14
20 Diffractogram of Form X VIII atorvastatin carried out on Bruker D 5000

diffractometer.
Figure 15

Diffractogram of Form XIX atorvastatin carried out on Bruker D 5000

diffractometer.

25 Figure 16

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

diffractometer.



bands identified by an asterisk of FormVIIIl atorvastatin. 10 Figure 29
Solid-state 13C nucl ear nmagneti c resonance spectrum of Form X

at or vast awpr3/06d4gur e 30 Raman spectrum of Form V. 15 Fi gice/1B@R/(Ravsan
spectrumof FormVI. Figure 32 Raman spectrumof FormVII. Figure 33 20
Raman spectrumof FormVIII. Figure 34 Raman spectrumof Form X  Figure
35 Raman spectrum of Form XI|. 25 DETAI EHP DESCRI PTI ON OF THE | NVENTI ON
Crystalline EQrm XZ FormVl, FormVIl, FormVIII, FormIlX FormX, Form
X, Form Xl | ,Fl Xlll, FormXV, Form XV, Form XVl, Form Xvll, WO

03/ 004470 PCT/1B02/.01796 -33 Form XVIIl, and Form Xl X atorvastatin may be
characterized by dlfractogrampof k¥t atgrvestatin earsiad put QrelngbXREBA0Aei r sol i d

st at e nucl ear;:RQNE resonance spectra (NWR), and/or their Raman

spectr a. X—R&gﬂ%%/’\m&DIFFRACTIO\IS Forms V, VI, VII, VITIl, IX X X, XI,
X1, XV, iXV XVIlL, XVIll, and XIX Fornms V, VI, VII, VIII, IX X
XI, X, XIIK = XV, XVI, XVIl, XVIIIl, or XI-X atorvastatin were

characterized by thegir X-ray powd di ffraction. pattern. the X-ray

G Tt race! o’ patt eDhEstoSERAL KTy Il aipryasifin cidfiout §h Tagl XK 00d,'®1 0" FoY

X1l atorvasyffh&loMefes carried out on a Shinmadzu XRD-6000 X-ray powder
Figure 19

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

diffractometer.

10 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
15 diffractometer.

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

diffractometer.

Figure 23
20 Diffractogram of Form XVI atorvastatin carried out on Inel XRG-3000

diffractometer.

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

diffractometer.

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

bands identified by an asterisk of Form V atorvastatin.



diffractometer using CuKa radiation. The instrunent is equipped with a
fine- focus X-ray tube. The tube voltage and anperage were set at 40 kV and
40 mA, rwepaobd4vel y. The di vergence and scattering slitspPeEnBoxdErdat 1 ,
and the receiving slit was set at 0.15 nm Diffracted radiation was
detected by a Nal scintillation 15 detector. A theta-two theta continuous
scan at 3/mn (0.4 sec/0.02 step) from23% to 40 020 was used. A silicon
standard was anal yzed each day to check the instrunment alignnment. The
X-ray diffracﬂf&ﬁ_%étterns of Fornms XIV, XV, XVI, XVII, XVIIl, and Xl X

were carried out o k 00 dlffractorreter usin dlatlon
fixed slits (1.0, %o@d P%ﬁ”rr%?uc eéﬁalagn%\;gggngqﬂelsaecg g"t& gﬁ’t‘?‘ﬁ“ %0 Data
was col | ect edb&r{dmémﬁeagyaﬁageﬂﬁaafq#ﬁmma?&vwﬁg a step size of 0.04
degrees and a step tinme of 1.0 seconds. It should be noted that Bruker

| nstrunment s Egﬁggﬁed Si emans; thus, a Bruker D 5000 instrunent is
essentially t as a Siemans D 5000. The X-ray diffraction patterns
of Forng V, VI, VI Keliddkthte 13C0%uctbar fabneti Yesonarde spindhVivith spiindngdige carried
out on an Inel diffractoneter. X-ray diffraction analyses were carried out
on an | nel XRougBidentified byen estetiskrqf FoymiVlpatdrvastatina Curved Position
Sensitive (CPS) detector with a 20 range of 120 degrees. Real tine data
were col | ect eBigusd 28y CuKa radi ati on starting at approximately 4 20 at a
resolution of 0.03 20. The_tube voltage and anperage were set to 40 kV and
WD 03/ 004470 PCT/ | B@ﬂ-ﬂaﬂgéc m@baemamucmsgm@ S}m‘rh}dm Bithspiwwingeside pr epar ed

for analysis b acki. hem | hi n ss capillaries. Each
capillary msb%ggh({éghﬁﬁﬁy a%asé%fhs orﬁ% rv%sﬁé ™ is notorized to permt
spinnipng of the capillary during data acqw sition. Instrunent calibration
was peff orme usi ng a silicon reference standard. The 5 Inel

di ffract ograns forS(')tlQie *:al?]ic%al]‘rg%}%lug e%o ﬂ}%&@e%ec ol efﬁorg]ukes W t hout

basel i ne subtraction. ensi mt'hese diffractograns
is within thgosksthtin, of the art and invol ves using baseline subtraction to
account for background scattering (e.g., scattering fromthe capillary).
To perform anpj¥afe®p powder diffraction neasurenent on a Shimadzu or 10

Br uker instrumen i ke the ones used for neasurenents reported herein, the
Raman spectrum of Form V

15 Figure 31
Raman spectrum of Form VI.

Figure 32 .
Raman spectrum of Form VII.

Figure 33
20 . Raman spectrum of Form VIII.

Figure 34
Raman spectrum of Form X.

Figure 35
Raman spectrum of Form XII.

25 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,



sanple is typically placed into a hol der which has a cavity. The sanple
powder is pressed by a glass slide or equivalent to ensure a random
surface awo opooeper sanple height. The sanpl e hol der is tRen/Ipozmes i nto
the instrunment (Shinmadzu or Bruker). The source of the X-ray beamis
positioned over the sanple, initially at a 15 small angle relative to the
pl ane of the hol der, and noved through aB3-arc that continuously increases
t he angl e betwee i nci de eam and, t he pl ane of_  the _hol der.

Measur enent &W@F&ﬂi@@%&%&@@%ﬁ%nﬂ%@ tesigediy theHXyas result
froma vari etyhuffer b#fhQich fa Eﬁlgf%}nﬂieir(s%iid%fart@ﬁl?cléa?n'r%grr IcGeRnaRa ation
(e.g., sanple heig tjl, I'nstrunment errors (e.qg., at sanple errors),
(c) cali brat ispect20(NVIRQramgd/of theimlpanan epectiar or s (i ncl udi ng those errors
present when determining the peak |ocations), and (e) preferred
orientation. Calibration errors and sanple height errors often result in a
shift of all the peaks in the sane direction and- by the sane anount. Small
di fferences in sanpl e hei ght XeRAY POWDESR DEFRAGTIAN | arge di spl acenment s
in XRPD peak positions. A systematic study showed that, using a 25

Shi madzu XRD- 6000 in the typical Bragg-Brentano configuration, sanple

hei ght 5 di f f @oanc®s Vaf VII, Wiiil) 180 X, Kipedk 3§, IV, &/, M ghXaAlL, KV0I, @elien, et

al ., J. Pharnaceutical and Bionedical Analysis, 2001;26:63). These shifts
can be identd¥ied fromthe X-ray diffractogram and can be elim nated by
conpensating for Mt v f [ i to all
peak position val lljjgis:};ﬁsgpl\gbvgégghy%gg%’%%@%g@%?yg%ﬁll %ngﬁﬁlgfét, t he
| nel i nstrunenXIX st vastatel werplchemsterized by tingit X-ray pawdapdifftactign patiech i s

positioned at the center,.of the instr nt . [ i 2§, e hei ght
rrors (a) aliup i SnPEdiferiaheaTas Caons ol Vi 0o oo arer
PCT/ | §92/ 017 86rm X3 dsrvAdatapRbdel AfriQBoutldhes SISy RRIDVHG00 B-rBPboRadabl i shed
manual |y, the peak | ocations fromthe Inel neasurenents are typically nore

accur at e t hadiffrhcsemefer using KK Stadratidnu Tbe irtstremBnuik equippest witlne fiine- As

menti oned abgve, _it is possible to rectify neasurenents fromthe various
machi nes by 585 $FiRy thbes Jbe Srhgrvoltage ppd amperags Wercichat 40k Handhd0 i peak
positions in : | S 6 I Oy of k).l bring
Phe peak poo SPARYERTERL divb il kb b8 WeRElc: B1s B AE reclbing °" | 12
| nel and wi | klitbeasiset athoel 3 mag Oifffacted adtidn3eas detected by a Nal scintillation

15 detector. A theta-two theta continuous scan at 3°/min (0.4 sec/0.02° step) from 2.5

=

to 40 °20 was used. A silicon standard was analyzed each day to check the
instrument alignment. The X-ray diffraction patterns of Forms XIV, XV, XVI,
XVIL, 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.

20 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,.VII, VIIL, IX, X, XII, XVI,
25 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 20 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



Table 1 lists the 20 and relative intensities of all lines in the sanple
wth a relative intensity of > 10%for crystalline Forns V-XI X

at or vast awpr3/0fae0 nunbers 10 listed in this table are rogeagsozumsers. WO
03/ 004470 PCT/1B02/01796 -36 'g cor. er 'n Nn 1,0d 00 a OCDXCNN
'"ITNMNNOO N LL., Omt- O~oONa\ "IT( ONNOON r " Nv'; t-:
06 06 06 of ONM116t° N 00 O cCy -ﬂ-yOtoNNenNONNOO- O OcC
C---'nma0 ONNMM VI AN 4 EoOo oCL_ ~ Oto'no6nMNNM w
'n Mv N oo R0 mA, respeciiyelyy Samplesayere menarzd) foq amalsig by pRelng thenpinto 4 en kn

It N-- Hnn—gva'l\ieaﬂgf;ss Z&)lﬂ&és%ﬁh%ﬁpﬂleﬁy\@as WouhtedIntSh gg}n'c}'meter head

that is motorized to permit spinning of the capillary during data acquisition.
Instrument calibration was performed daily using a silicon reference standard. The
5 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
10 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
15 small angle relative to the pl.ane 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
20 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
25 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
30 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.



Z
=z =
o0oO
Z200
c, Z0O
- ] &
Z0 g "
o' &=z
o2&
z8°
> B
o Z
AN - w .
Oog- 85107 I'LT PU® 6 81 6T (PEOIQ) 6°E1 11X U0 PUL p S} 6T §'€1 PUB 9 S 9T 8°T1 THIA ULIOH '6 SI 6T 8'E1 TA WO 6 51 6T (PEOIQ) 61 A WO 10§ ANSUSIUL SALRISY ¢
00O
o 2 peolqg «
AN T
e €L 001 1’6l 61 v'ee
GA6) o 6 06 61T
1)) o oL 8Ll 0¢ §'9¢ 6¢ 691 ve cle 91 *$'ST
,_Q m M 01 9l Ll 8'ST £l 1'91 Sl *0'6T 6L +£°0C 9C 8T Sl %x0°6C
“Oc - 6 +6'€l 8T vye 0t 311 £9 +C'ET 001  x9'8I XA 4 X4 14! 60T St I'ie
go? - 81 4! 9C TeT £l *€°01 €€ *P'TC ¥9 *L'91 vl «CTC (44 +L'61 Lz 061
o o ° - 144 +7'01 001 €T 0s $'6 001 V1T el 1's1 001 €61 001 S8l a4 991
@ ™ 2 9¢ 66 8 Lel 9¢ [4) 159 +£'61 14 8tl 137 *£'81 4! 891 (44 66
M _ Nq_a st 68 33 x0'81-9°L1 (39 6L £e *S'L1 9 8¢l 0C 9Ll 6 8l LS 98
- —~© - [474 9'8 (43 91 €l 69 65 L91 01 12l S1 *8'C1 I &4 V14 +0'8
- % _nw - ST 08 Il S'el 11 8¢ 9z L 11-T11 91 001 7l *V'Cl 0C 011 001 0L
m_ 144 L'L 4! 0zl vC s [4 V6 6C 4] oL 01 LL €8 Sl 09
< 58 L 11 v's 8¢S %801 ¢ Ly 0S 88 19 SL 9L 98 4 L 6 +6'V
U s (%01<) (%01<) (%01<) (%01<) (%01<) (%01<) (%01<) (%01<)
I N — Ayisuoyui Ausuayug Ansuagug Ansusyug Ansusyu| Ansuayug Ansuayug Ansusyu]
) © W Z SAllBIaY 0c QANR[Y 6¢ ARy 2Y4 ELV R (74 dAIRIY 0z aAne[oY (:14 AIR)Y 0cC aAlR[Y (274
= O .o 11X ulodq IX w0 X U0 X1 uuoq THA uuoy 1A uLoy A ULIog A wiioj
N ood (€ 3o 1 23eq)
QI5°C8 (1910w010R1IJI(] NZPRWIYS U0 PAINSEIN)
© > M O e XIX 0} A SWLIO. 10J 5%, UeY ], I9J801D) AJISUSIU] SANR[OY UMM soul] uonoRIJI( IV JO suoneoo] jesd pue SanIsusiuy 1 9[qe]
o +
0 27
.. % — >
< x
—4QZ
L m *
ST .
ad
o= """ «
L
© Z o —_ K



MO
N o
0

M
at L MNM
>

C cCoO[-

[-t
0 UuU..
NMM 4PCTOBQ/()17%>

O

"8 S1OT I"LT PUe 6 81 6T (PeIq) 6€ 1 11X ULOL PUB ' ST 9T §'€[ PUE 9 SI AT 8'7] TITA ULO4 6 1 6T 8'€1 1A ULI0] *6 51 6T (Pe0Iq) 6y A ULI0] Joj Asusjul sane|dy

-37-

peolg

8 1'Le

11 792 4! *$'8¢

Ve §'st Sl x0'9¢ 1€ L3¢

61 19 44 ¢l +*9'EE Sl LA 7

81 *9TCY'TT 11 *8°C¢ LE *L'€C 0z 113

£l L1z Ll *6°0¢ 9¢ *£°CT 8¢ VLT

1S 8'0¢ Al §'6C 6y LAY 0¢ §9C

001 vel 61 L'8C L 8'61 133 8'6¢C
(%01<) (%01<) (%01<) (%01<) (%01<) (%01<) (%01<) (%01<)
Ansusyug . Aysuajuy Kysuajuy Ansuajuj Aysuoyup Aysuaiu] Kyisusuj Aysusyuj
aanesy 6c SALBIY QT aAugpey 07  oAngYy (Y4 JAnEY 0t oAIIR[Y 0t dALIR[OY (4 2AIIR[OY (74

[IX uuog IX uuoq X uuodg X1 uuog 1A utiog 1A uuog 1A uuog A uuo]

(€30 7 33ey)
(Is19wo)dRYII(] NZPRUIYS UO PAINSBIA)
XIX 0} A SULIO %0 UBY], 101e21f) A)ISUSIUT SATR[SY UM A SOUIT UONORII( [V Jo suoneoo] yeaq pue SaNISUN] ' Sqe



7" N O 00
0O (y~ nr v

. PCOIBQ/@@yISN O "I T

00 O~ --~X OC Nto
\,0todb

mm N * CO WD 03/004470
MNMt®» MOO CMO00 cq 06 M C

N NN OO O

o 4 "o C w
IDp 'n ~D 2 N
o 00 LOOMtoO
2 mMmONN~p N
NN7 NN-B8=,T\O d

M

'8 51 0T 1'LT PUe 6 51 6T (Pe01q) 61 11X WO PUE 'y ST 6T §'€1 PUB 9 ST OZ 8°T1 11IA UL 46 51 6T 8'C1 1A WO 46 S 9T (PBOIQ) 6 A ULIOZ 10] ANSUSIUI DALY ¢
JOIOWOI0BIIA 000S-( 19ONIE U0 PaInsesaws a1om XIX PUE ‘THAX TAX ‘IAX ‘AX ‘AlX suuog

I N t
Or
N

)C w N

D,

-38 MN co

N O
o mN M Qvp-e3/00Q70n N

Cld 42 x O*
,h totor-+

C>a>n >
|0 to t-

PCT/ 1 BO2/ 01796

4,
00 r-

*

(640)

peolg .,
84 0T
99 91T
9 €1T
Ly xC'0C St *0°STV¥T
(43 #*$°ST S9 g6l 8¢ *£'€C-6'CC
8¢ *9'€C 9% %0°61 (4% *6'1T-T1T
6 8'0¢ 8T *SLI LE *7'0C-1'0C
98 6'81 0c xS 91-091 €T g6l
0¢ *L'9] Ll 8P1 LT *£'81 [43 x9°61-1°61 81 #5761 LS *8°€C
Sl ovl ¥T %1°Cl 9T L9l] 81 xS0l 1T xL'81-0°81 16 %80T
ge *LCl Sy 001 Ll AAL 133 <6 L1 *9"L1 8¢S xL'61
97 *9'11 L9 81 [44 I'6 ol x0'C1 (474 '8 Sl x$°91 9 *1'81
143 S0l 14 *9'91 6C '8 61 +$°01 6t '8 €9 06 LS *9°L1
172 98 174 | 4| 0€ 6'L 6L L8 6¢ SL 33 I'8 9% V91
001 0L (117 xL'6 001 €L 001 SL 8l 89 001 L'L 94 #L'S1
8¢ €9 [4Y xC'6 £€e 1’9 143 7’9 1T 1’9 £ L9 4] 6’8
(43 4 00} 08 LT 0¢ LE [4Y 9Z LS |54 ¥'s 001 '8
(%01<) (%01<) (%01<) (%01<) (%01<) (%01<) (%01<)
Ansuaup . Ansusyug Ansusjuj Ausuajuj Aisuaquj Aysuoyup Ansuajug
SAllRIY L[4 SADER[Y 6c sAnejy *14 3AneRYy 6T ARy 0T Ay ¢ SAle|3Y ac
XIX uLiog HIAX ULoy HAX W0y IAX uuoy AX uLioj AIX ULIO 111X uiioy
(€30 ¢ 28eq)
(I9191w030RIIJI(J NZPEWIYS UO PIINSBIA))
XIX 03 A SUHO 10 5%01 Uey], 178310y AISUSIU] SATIB[IY YIA\ SOUIT UOHORIII(] [[V JO SUOLIBOOT Yead PUB SSMISUSIU] [ 9[qel.



o
o
'O

Of—f'

|\<Of—+§Z

o
OOZO

Zl_|
oz

>50Z2
OZII

oOzoo

A
NV
N

""" Li. (r) OMO-to.... O* 00 \pt*i't Cto NMON Nto\,0
ONON CNNNOb cyCCONO-ONN\10t%MI- NOOtom M
l >v U r'cCN ** mNNto ON CWIBh1a96a N W

Noo NO VCDON NQLOL sUt OLami - 1 U 00 ONON N M
MM'It MML N ao CXo *V 44 +cn CACI t- ootototo
tot-, 00, 00, a; o 03 mkxeO tn 4n tf) r- 00 2 rim-~t t~ t~
Ot*n XC rn Nto\0t- coO ~Ot~ OG

Because only 19 crystalline forms of atorvastatin are known, each form

ood44k0 N O 0

0
N N
E v

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.
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forns of wO®sMesrt@ti n are known, each form can be identi fPce#dBeand796

di stingui shed fromthe other crystalline forns by either a conbination of
lines or a pattern that is different fromthe X-ray powder diffraction of
the other forns. 5 For exanple, Table #0rists conbination of 20 peaks for
Forms Vto XIX atorvastatin, i.e., a set of X-ray diffraction |lines that
are unique to each form Fornms Ito IV atorvastatin disclosed in United
States Patent Nunbers 5,969,156 and 6,121,461 are included for conparison.
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10

SOLID STATE NUCLEAR MAGNETIC RESONANCE (NMR)

Methodology
Solid-state 13C NMR spectra were obtained at 270 or 360 MHz Tecmag
instruments. High-power proton decoupling and cross-polarization with magic-

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

3¢ 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
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,
VII, VIII, and X atorvastatin.
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0.1 WD 03/004470 PCT/1B02/01796 -41 SOLI D STATE NUCLEAR MAGNETI C RESONANCE
(NMR) Met hodol ogy Solid-state 13C NWMR spectra were obtained at 270 or 360
MHz TecneyyoO odst4ranent s. Hi gh- power prot on decoupl i ng andPCT/IB02/01796
cross-pol arization wth magic 5 angle spinning at approximtely 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 fgr 91 Mz (13C frequency) data
acqui sition. The magi ¢ angle was adjusted using the Br signal of KBr by
detecting the siTibldhiemidalShifd fordmsmpdcNedViinVH]and Xritddeasyatir ot or  and

used for each_experinment The rhgm_cal—sglﬁu-ﬁgaﬁ—peﬁa—emyed—l@—ex&er nal |y
to adamanti ne except for Form X where th&PgH Bift shifts are arbitrary.
Table 3 shows the solldmwmmwmw,
VII, VIIl, and X atorvastatin. 31 34 34 33 HOHO?29 26 516 C27 N
25 N 10 12 0OH Z 7 Ca 2+188719 13 14 23 \ 1B8.Y \ /1861 16 2B7P 2 WO
03/004470 PCT/1B02/ 01796 -42

1833  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
122.0 122.3 122.3
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
662
43.1 43.3 43.5 43.3 43.7
40.3
36.9 40.9

31.9




Table 3. Chem cal Shifts for Forms V, VI, VII, VIII, and X Atorvastatin
Chem cal Shift VVI VI VIIl X 185.7 186.5 186.1 187.0 183.3 179.5 176.8
176.5 176WB 03/p@430 166.9 168.2 166.5 167.9 165.5 163.1 1®CTOBO2AE}NE 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
127.8 128.3 128.7 127.9 124.7 123.2 122.0 122.3 122.3 121.8 118.8 119.2
119.9 117.0 116.3 116.6 113.7 88.2 7445 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 WO 03/004470
PCT/ | B0O2/ 01796Table 3. Chemical Shifts for Forms V, VI, VII, VIII and X Atorvastatin (cont)

Chemical Shift
\Y Vi VII VIII X
25.6 25.9 26.3 26.7 26.4
249 24.7 25.3
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.



-43 Table 3. Chemcal Shifts for Forns V, VI, VII, VIII and X Atorvastatin
(cont) Chemical Shift VVI VII VIII X 25.6 25.9 26.3 26.7 26.4 24.9 24.7
25.3 22.5vP®3m04Q% 9 20.3 19.9 20.1 18.3 Forms V, VI, VI IPCTABIAQ17®%nd X:

Rel ative peak intensity over 20 are shown here (4.5, 4.6, 4.7, or 4.9 kHz
CPVAS). Spectra were obtained using two different nmagic-angle spinning
rates to determ ne spinning sidebands. Form X: Rel ative peak intensity over
20 are shown here (5.0 kHz CPMAS). Table 4 shows uni que solid-state NWVR

peaks for Forms| V,{VI, VII, VIIl | and X atorvastatin, ie, peaks within 1.0
ppm Fornms Ito | ptorvastatin arfe included for conparison. WO 03/004470
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03/004470 PCT/1B02/01796 -45 RAVAN SPECTROSCOPY Met hodol ogy The Raman
spect rumweal3obta ned on a Raman accessory interfaced to &CTNBewl1ee6 Magna
860 Fourier transforminfrared spectroneter. The accessory 5 utilizes an
excitation wavel ength of 1064 nm and approxi mately 0.45 W of

neodym um doped yttrium al um num garnet {4\d: YAG |aser power. The spectrum
represents 64 or 128 co-added scans acquired at 4 cm 1 resolution. The
sanpl e was prepared for anal ysi BAMAN SEHGIRQBGEIYi on into a 5-nm di anet er
glass tube and positioning this tube in the spectroneter. The spectroneter
was 10 calibrated (wavel ength) with sulfur and cycl ohexane at the tine of
use. Table 5 Meatwrlologe Raman spectra for Fornms V, VI, VII, VIII, X and X
atorvastatin. WO 03/004470 PCT/1B02/Q1796, -46 Table 5. Ramap Peak Listing
for Forms V, VI, Vihe Rympn spegirumdvag qbtaingdn 2R3man a¢CessPn teEseea 1912 For m Vi |

2923 2011 2030 FAB IR TR {EARO AL gRortider thE acclioty 2955 2527

5 utilizes an excitation wavelength of 1064 nm and approximately 0.45 W of

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

spectrum represents 64 or 128 co-added scans acquired at 4 cm-1 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.



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 1397
1397 1368W038004369 1367 1240 1240 1158 1157 1159 1158 PCFIB021@339% 1034
1034 1034 1001 997 998 997 999 1002 825 824 824 823 245 224 130 114
121 116 Rel ative peak intensity over 20 are shown. Table 6 lists unique
Raman peaks for Forms V, VI, VII, VIIIl, 4% and XIl atorvastatin, ie, only
one other formhas a peak with 4 cm1. In the case of Forns VI and X, it
i's a uni que conbTaldeiSon RdmaneRells Listmgrior Fooms V, ¥, 0VYMa¥IIALX and ik i ncl uded
for conparison. WO 03/ 0Q%érAstdA/ | B0O2/ 01796 -47- 01 ON,-kn O OON ~ N

OwMN 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
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, VIIL, X, and XII

atorvastatin, ie, only one other form has a peak with 4 cm-l. In the case of
Forms VI and X, it is a unique combination of peaks. Forms I to I'V atorvastatin

are included for comparison.
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Crystalline Forms V to Xl X atorvastatin of the present invention may exi st

I n anhydrous forns as well as hydrated and solvated fornms. In general, the
hydr at ed woroam®o€are equi val ent to unhydrated fornms and ar ePChtiBodE®6 0 be
enconpassed within the scope of the present invention. Crystalline Form XV
5 contains about 6 nol of water. Preferably, Form XV contains 6 nol of
water. Crystalline Forns V, X, and XV ggorvastatin contain about 3 nol of
water. Preferably, Fornms V, X, and XV atorvastatin contain 3 nol of water.
Crystal li ne Form \Qiystelline Homss ¥Wiso KXt vassitinodf the pegsentineénsionlngy, extigir m VI |

atorvastatin contajns 1.5 nol pof ter talljne FormVILll,contains 10

about 2 nol df‘%glfdé?‘?s fé‘?‘é?aér‘?ﬁ%f?s%ﬁ?ﬂ VP%%IO?%ﬁ%%‘HPéE‘Fa g]eng%ihttg? ns 2 nol of

water. O ystxﬁld}dt&ﬁfoﬁ% 58 edfivarkhoto TRty Erstedifomss andakvieadedGbst al | i ne forms
e

of atorvastati'n of t present invention, regardless of the extent of
hydr ati on andinoompaskedawithin threasconeoftha ipvesertrinveatioay Coiglire Ferint Kd¥ct ogr ans,

SSNVR, r Raman spectra are W thi t.he, . scape t he e i pventi on.
Crystaldine f‘ES’PWE,% %%ﬁutgéﬁglrﬁatﬁraﬁrﬁ%fﬁg ya@@?hg\éec ﬁ%al?psr%%@ ?f%%‘!eEA

pol ynmorph, s %xﬁ%ﬁine Sy VI R £hd XVaedrvaatidiontdis aboyts3 mbl 6f waret.ur e and
properties. The crystal structure can be obtained from X-ray data or

appr oxi nmat ed Brefgrabbit, Herms ViaXoandiX¥ aterypsatin eontaip 8 ek & Wattled by testi ng.
The chem cal for a Lcal: r8o1d6s ges6ly be or suggest
the crystal stru%r?lsetﬁg?eg%ﬁ%&%?%ﬂfégr&ggﬁyﬁr%lr phlactglg:Prcr ygr alline hydrate
form One carFuin VA3 arhiastatin attaing dr3 molibfawater. Wi sthllina & ofra r'VlF comminshe

chem cal fornula, nor does the chem.cal__fornula tell aqne hoxvpi.o | dentify

any pakl i cul @bowtrdmeLofiwata. Risfsrably o opmyV 11 atogyastatin Goptains 2, mol of Water-wher eas
a_cher cal compound,gallneHinids X P1-MIKGSapLales a@Natk. 25 sol ution, and
gas-crystal line solt orms exist only in the solid state. Once a chem cal
conpound i s di ssolGrestalline foeins efl atorvastatinp$ the preseat dolenton, oegardlesseshe oyed
and no | onger exist.s l1s.J. 1., Aul.ton ME, Pharmaceuti,cs. The " Sci ence
of . Dosage  FGMERRPGHRIORERYPH IV B AT LS TR PO s chi | |

Li vingstone, 4;#A8@phiis2AKMR 38 Rdiar\§acted xelvithih fige $0paf tHe présehivast ati n
descri bed herein have advantageous properties. Form VII has good chem cal
stabi lidy, whiremtipe

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

20 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,

25 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.I., Aulton M.E. Pharmaceutics. The ‘Science of
Dosage Form Design. Reformulation, Aulton M.E. ed., Churchill Livingstone,
1988;13:237).

30 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).



conparable to Form | (disclosed in United States Patent Nunber 5,969, 156).
WO 03/004470 PCT/1B02/ 01796 -49 Since noncrystalline fornms of atorvastatin
are not cwermoedsly stable, this is a significant advant agel/mséy/amewoul d
translate into enhanced shelf life and | onger expiration dating. Form VI

can be prepared from acetone/ water, whereas Form| is prepared fromthe
nmore toxic nethanol/water system Form Vi is the 5 sesquihydrate and
contains |l ess water, neaning that a unit weight of Form VIl contains nore

at or vast at i n Sisdeamricegstaliinaformg of atorvastatin laregioe chgmicadicyablelidgs s | ity of a
material to forr goodtablets a rcial .scal e de upon a variety
of drug physiSERiticg sdyantage, W é&ﬁ?ﬁwok@gfrﬁ%ﬂ%mt%@mcqﬁﬁﬁﬁie ﬂ@sle}ag%ed in
Hi estand H.

%ggl ?8& Batf?xgl FSHH WeESm e r{%éﬁ’iré‘& frod ag%ﬁé?&gﬁﬁ ;Bnt |

Technol ogy, 145 These I ndices may be use forns of
atorvastatin 1$1adepan¢d1ﬁvbmctlm maxegosio peathanol/water eysteny Hoemn\di rsahe;e One such

i ndex | s the Britt]e Fracture |ndex whi ch refl.e ri eness, and
ranges >f r om Gesq(l&ﬁ’é{‘]a te aP \ﬁoﬁﬁainﬁhqséw geé)mf:%urig hglppnit Wﬂgg‘ffﬁ@?’ tR?liness) . For
exanpl e, For %Mbinsf}ﬁéreaatoﬁgétatﬁﬁhld}%cﬁ)leg%eaﬂﬁg' 1@15':&'hfghler pogncy BFI value 0.81.

Thus, Form VIl is less brittle 15 than Form1. This |ower brittleness
i ndi cat es great er TBwsability Qfalnnﬁtamlm foro¥ good4thlets ot confruerpialdchle cti:psndShas | ess

wat er than Form | e vs.t drate and S.. a ram VI
cont ai ns nor 8P 8/ %gggy%rcﬁu%ﬁl}?&cﬁ %r 311?8 SP?S thgégglﬁ?%lggﬁgs ??cf‘ it can
be prepared i Hibstdtd Hegasl $1ﬁithD Iﬁ’&ctmdb[&iﬁ@PeﬁbRﬁnc&WdeﬁyStem t hus
avoi ding the nore toxic netha :water —system Form XlI'| has the highest

nel ti 1§ poi nfeqoipgy) 198¢; ﬁ§é4§nlé?} These mégceﬁmaﬁtbe usest toddentibsfopms 9fst abi i ty
at high t errp?t:'o%ﬂ{a‘?m {a@él PN%' s%p%r%r%ﬂlétl e ?rémle%% suchqg%sg atures

near the nel or ms vant ageous
process net hmcthe Bmtﬂé Frangm’ellgdext(Bﬁt)ewhiohrreﬁem mmms ahdraiged froms0 al so

SR DU SN AT TN T R O
provi des a ppeg @§I%ef0§’(§9,tvnﬁle@' RRaMas h WFIhlue YAt %ﬁé, ®8rm VII is less brittle
15 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

20 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

25 when process methods involving high temperatures are used. Form XII is also
prepared from the less toxic tetrahydrofuran (THF) water system.

Form XIV 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

30 solution in solvents under conditions which yield crystalline Forms V to XIX

atorvastatin.



Forms V to Xl X atorvastatin which conprises crystallizing atorvastatin from
a 30 solution in solvents under conditions which yield crystalline Forns V
to XI X aworosametadi n. WO 03/ 004470 PCT/1B02/01796 -50 ThecCpnbey/aess

condi tions under which crystalline Forms V to XIX atorvastatin are forned
may be empirically determined, and it is only possible to give a nunber of
nmet hods whi ch have been found to be SUI gble I n practice. The conpounds of
the present invention can be prepared and administered 5 in a wide variety
of oral and parent"ﬂie%iredmg&ltibﬁsﬂiﬁder'ﬁhmﬂl,crydmﬂlm@ﬁmnmtfstodﬂx he present

I nvention can be adm nistered by injectio t hat jntravenoy ]:

i ntramuscul arﬂtWath?ﬂTlf%Félﬂ?raWéé‘E?é’ltiﬁen&ﬂﬁ&ﬂb&k@é@é‘}eﬁ aliqﬂ Rl fe 1T 690 or

i ntraperitone A ﬂﬁab Ldtd can be

adm ni stered y | AR Fat I'on eIEl!F()fdg(r&mgxarrpl g%équpﬁ%%gé lﬁ&?}tél %Eal ly,-the 10
conpounds of the pries®nipolundsesfttheopresamt nb/entmzhmanlbfetpecmed aahadivinisdrey. |t

wll be obvious to those_ skjlled in t art_that_the.follow n age
forms My coripivdge vauety pforg ‘%’}W%?Fﬁg‘%é?ﬁe fogps- C%BH}PGEH&’O éﬁe

cor r espondi ng, pRAY ABGRILhIGRAbE ¥dmAGI&EH BY iffetiBh thef isBintAPBIRE, Of the
present invertion. For preparing pharnmaceutical conpositions fromthe
conmpounds  of m'dnanus:bﬁlaﬂyasafanutamvmiy,lsuhg;ut@nausinaeuaduodlengdl)a@tept abl e
carriers can ,be either %éld or tE form repar tlons i ncl ude
powder s, t abliBFaPeriigneplly. %?pg?.?lcé’g‘po @%%f[ epre§%b'bv§f1 18P 8 P® and di spersible

granul es. A spliifistefdyahhda/idbnDfor @REnpk, 1|ii'ﬁéﬁsal$}klb$dcﬁﬂi\61ﬁﬂlyvvfhe0h may al so act
as diluents, flavoring agents, solubilizers, [lubricants, susgendl ng

agent s10 bi nd@lomPOHmeséﬂlmrESﬁeémV@@mn&an@P§ﬂmtré§}f¢r§ﬂ|tﬁ’@s<é%}'€ﬁll Bbr an
encapsul at | n%bgﬁaix?{or fZlose stkﬂleﬁcfﬁ\ﬂne thfar@lg%’}foé\‘ugé ac%ig@ £hirhlnk gbréﬁbﬂ?eﬁ solid

which is in ve conponen

tablets, the agd aéﬁv@ ecbmmleﬂﬂ; eitlSerrdSbPﬂpduNdstolﬂ atcbﬁemdngpﬁmamuwey
necessary bindin erties in Sg{,ﬁ}abl e propor.tions and conpacted in the
shape 25 andced iof @ gomppaEn B PESERdnYeRHPRt s preferably contain from

two or ten to ab Ol#or preparing pharmaceutical compositions from the compounds of the
15 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,
20 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

25 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,

30 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,



seventy percent of the active conpound. Suitable carriers are nmagnesi um
carbonate, nmagnesium stearate, talc, sugar, |actose, pectin, dextrin,
starch, gwbaBioo4s70 t ragacant h, net hyl cell ul ose, sodi um PCT/IB02/01796

car boxymet hyl cel lul ose, a low nelting wax, 30 cocoa butter, and the I|ike.
The term "preparation” is intended to include the fornulation of the
active conpound with encapsulating matergpl as a carrier providing a
capsule in which the active conponent, with or without other carriers, WO
03/ 004470 PCT# pwooyrgied bg a cagierj whinlirip hws die asspsiationcwith jtebimilerlyc¢achetst hus in

association with it. Sim.larly, et and |l ozen are included.
Tablote. powdapdotnge P indlig TEBRACHRB0 L RtE RS ALfed. A6 ERies s o
sol i d dosage chfbBmsédiad saideiobae k@b s@tibleos biadhdiistatibn pr epar i ng.
suppositories, a low nelting wax, such as a_mxture of fatty 5 acid

gl yceri des or cocd®ripRRaging Spepasiteses, W arelinrgiweh sudtas amiemebfam | s

di spersed ho i Eh LK - genous

m xt ur §e is @?@g@eﬁgﬁ"% n “:S’gcbgﬁt\?‘gz? g%rqs{ ﬁ]selhéée%&ﬁ%lf g%ﬁea@k@&ggn?%mcool , and
thereby to siidpefbel hombgendotslyahedep, apby atfirring SThenfbkshchaindgdehd@ngixture
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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.

20 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,

25 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

30 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.



stabilizers, buffers, artificial and natural sweeteners, dispersants,

t hi ckeners, 25 solubilizing agents, and the |ike. The pharnaceuti cal

pr epar at iwo i3®04aref erably in unit dosage form In such f®@CWIBO2E796
preparation is subdivided into unit doses containing appropriate
gquantities of the active conponent. The unit dosage form can be a packaged
preparation, the package containing di sg%ete quantities of preparation,
such as 30 packeted tablets, capsules, "alhd powders in vials or anpoul es.
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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
20 [R-(R*,R*)]-2-(4-Fluorophenyl)-B,5-dihydroxy-5-(1-methylethyl)-3-phenyl-4-
| [(phenylamino)carbonyl}-1H-pyrrole-1-heptanoic acid hemi calcium sait
(Forms V-XIX atorvastatin)

Form V Atorvastatin
Method A

25 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.



[ (phenyl am no) car bonyl ] - 1H- pyrrol e-| - heptanoi ¢ acid hem cal ci um salt
(Forms V-XI X atorvastatin) FormV Atorvastatin Method A 25 Anorphous

at or vast awpre3oed4co um (United States. Patent Number 5,273, 2F)IBo2ME396s| urri ed
in a mxture of acetonitrile/water (9:1) to afford crystalline FormV
atorvastatin. WO 03/004470 PCT/1B02/ 01796 -53- Method B Crystalline Form
atorvastatin calcium (United States Pategy Nunmber 5,969, 156) was slurried
in a mxture of acetonitrile/water (9:1) at 60C overnight, filtered, and
air dried toMéthodB crystalline FormV atorvastatin. 5 Method C Anorphous

atorvastatin calcium (,United States Patent N [ 7 9 S stressed
under vapors of aceéy %%EP‘F FP’é’? e:1¢ af@?ﬁsalﬁlwgﬂ?lﬁ?%g@%ﬁ?tagq“? Fﬁgl\gaﬁ%r mV
atorvastatin.s déstisgdwiy dfrrfagh Ahixiirle®rWeSomt e hate é@ﬂg@d 60°CvefighrTOr phous
atorvastatin calcium (United States Patent Nunber 5,273,995) in

t et r ahydr of ufidtetadasret aif &ridd toaaffbrd cocitaling Boraf Votatvastatst al | i ne Form V

atorvastatin. Method E Acetonitrile was added to a solution of anorphous
atorvagtati nM@hed@m 15 (United States Patent Nunber 5,273,995) in

di met hyl f ormam de/ wat er and fast . evaporati.on afford talljne FormYV
at or va)s/t atin. Met M@WW@%@%F%‘F&%@FH S&%F%?ﬂ%‘?tmg}t’%ég@a%& Pat ent
Nurber 5, 273 g\?a? %Qress%l Mdé@%g%drg o?aé’éi&%ﬁ‘il.elfwa?&@:‘??golt %ffdrﬁlc bflind Pord) v T O

afford cryst ine Form atorvastatin. Crys Ine FormV atorvastatin,
np 171. 4C, t nidayadtatine Karl Fischer 4.88% (3 nol of water).

Method D

10 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
15 (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
20 atorvastatin.

Crystalline Form V atorvastatin, mp 171.4°C, trihydrate

Karl Fischer 4.88% (3 mol of water).

Form VI Atorvastatin

Method A
25 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.



Form VI Atorvastatin Method A 25 Anorphous atorvastatin cal cium (United
States Patent Nunber 5,273,995) was placed into a vapor jar containing
di et hyl fwormsanided wat er (9: 1) for 20 days to afford crystrariBoiFes m Vi
atorvastatin. WO 03/004470 PCT/1B02/ 01796 -54- Method B Fast evaporation
of a di methyl formam de/ wat er sol ution of anorphous atorvastatin calcium
(United States Patent Nunber 5,273,995) _5641‘_f orded crystalline FormVi
atorvastatin. 5 Method C Fast evaporation of a di nethyl fornmam de/ wat er
(saturated) sMletidd® of anorphous atorvastatin calcium (United States
Pat ent Nunmber™ 5, 273, 995) seeded with crystalline Form VI afforded
crystal | ine Form \Fasiewperaiionof g dirpethyliormanide/ ‘F@F?ﬁ&tlo&ﬂfwlﬁqsn, np

145.9C. 10 F . ' i r :

atorvast ati n Aoa e PHRHER L SRS RufieBo . 095 o g R Rfine

acet one/ wat erFdrhi V) afopvaltarig/ mL) was stirred overnight. A solid forned
which was filtered to afford crystalline FormVI.l atorvastatin. 15 Method B
A sol uts on of pvafAydahous atorvastatin calcium (United States Patent Nunber
5,273,995) in acetone/water (1:1)_ was evaporated at 50C to afford

crystal | i ne For m \Fast ayapeiation of p dimeibylfpsmamidegvater(satyratadd golyprof on of

anor phous at of J k : id]%ﬂ sStat.e @n% 995) in
acet one/ wat er#@k@éﬁg&?g@ﬁ@éﬁlh cr‘;/(g a ?ﬁtgﬁ?[ﬁ%ﬂﬁr f 2{905 3%1% atinto
af ford cryst akith osystatline Pdrin Vit affordeat aystallind/BerhoW] Bokastatirvapor ati on of a
saturated sol ution of anorphous atorvastatin cal cium

- Crystalline Form VI atorvastatin, mp 145.9°C.

v

10 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.

15 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

20 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
25 " (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).



25 (United States Patent Nunber 5,273,995) in acetone/water (1:1) was
seeded with crystalline FormVIIl to afford crystalline Form VI

at or vast awpr3/o@4yst al | i ne Form VIl atorvastatin, np 195. 9BCcTAB®/ydr at e
Karl Fischer 2.34% (1.5 nol of water). WD 03/004470 PCT/|1B02/01796 -55-
Form VII1 Atorvastatin Method A A solution of anorphous atorvastatin
calcium (United States Patent Nunber 5z273,995) in dinethylforman de/ wat er
(saturated) (9:1), was seeded 5 with crystalline Form VIl and evaporat ed
to afford crystMIIN&td9asmith! | atorvastatin. Method B Fast evaporation of
a solution of anorphous atorvastatin calcium (United States Patent Nunber
5,273, 995) iMethodet hyl f or mami de/water (9:1) affords 10 crystalline Form

VII1 atorvastatin j E at 1 i C, dihydrate
Karl Fischer 2. 98%5@%%%%@%@% &Mﬁg‘!ra%ﬂlcggc ‘tﬁgtr(%istéha??{ﬁpplg\‘/éé’tjﬁhod A 15 A

sol ution of WHAPENMYES,093)iN dihehylformahdde/watdoisarardtes) € Bs wRnseeded Nunber
5,273,995) in acetone/water_ (6:4) (3.4 / was evapar at on a rotary
evapor &t or t‘@lﬂaﬂﬂé?aglft?r%ﬂlavfliaﬁgewomt?&%%%wséﬁéﬂggw ﬁﬂgj B A sol ution
of anor phousat&;,ggt%(ﬁtati n calcium (United States Patent 20 Nunber
5,273,995) i'n acetorne/water (6:4) was filtered, seeded with crystalline
Form | X evamon a rotary evaporator to afford crystalline FormI X
atorvastati re d C A solution of anorphous atorvastatin calcium (United
States Patent 25rNugheordion 68a385)ion of ametyoes warerstati6 cdlcimvadsitddr r ed f or
.5 h fil .

0.5 hours, Sltattes(.a E’gtgr’lt Number 5,273,995) in dimethylformamide/water (9:1) affords

10 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
15 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

20 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 1X

atorvastatin.

Method C

A solution of amorphous atorvastatin calcium (United States Patent
25 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.



evaporated on rotary evaporator to concentrate the solution, and dried in a
vacuum oven to afford crystalline Form | X atorvastatin. W 03/004470

PCT/ | BO2/WO196044766- Form X Atorvastatin Method A A sl urrycofiBenarghous
atorvastatin calcium (United States Patent Number 5,273,995) in

i sopropanol /water (9:1) was stirred for a few days, filtered, and air 5
dried to afford crystalline Form X atorygstatin. Method B A slurry of

anor phous atorvastatin calcium (United States Patent Nunmber 5,273,995) in

i sopropanol / viderem X Storyastatinstirred for 5 days, filtered, and air dried to
afford crystzld E]na SForm X atorvastatin. 10 Method C A saturated sol ution of
anor phous at in calcium (United States Patent Nunmber 5,273,995) in

i sopr opanol / wat er £ Sruldy cymoﬁ)ndds%rtﬁau% cHRMi ﬁUrfiféh Seft8ipateiN@hberdr i ed to
afford crystalline Form X atorvastatin. Crystalline Form X atorvastatin, np

180.1'C, tri r@;ma?%) lqsomanﬂmere@ 15 vegstigedFona fevodaysafibiered, dhdrain X

At orvast at i u 0 at orvast atin calcium (United States
PatentsStNurrbedlﬁ'vl é(% #@ﬁﬁﬂﬁnﬁ@ Wht er (9:1) was filtered and
allowed to elvagorgte slowy to afford crystal line Form XI atorvastatin. 20
Form Xl | At or n Crystalline Form| atorvastatin calcium (United

States Patent NuM)eklury.ctathotpifous Witv I j ter
(2:8) at 90C for 5 dgﬁ fil tereé a%kﬁglcéle%ﬁ@ﬁfgsg‘%?ﬁﬁé%%%% i ne

Form Xl | at or5v297§t%5i> m 1S®1§bpml/1waﬁee (fdp maxstirredtfmrixéamsaﬁltered,rqmdzamdr&@ 25
Form Xl Il Qr\éﬁs al |Srt1 f:r%g ne thr atorvastatin cal cium (United
St at es Pat ent @5 WB’ 4 edto 10 nL 2: 8 water:nethanol to
Ieave%laye chBlld on the
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
15 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.

20 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.

25 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.



bottomof a vial. The slurry was heated to about 70C for 5 days. The
supernatant was renoved, and the solid air dried to afford crystalline
Form Xl | Iwetoeteasd at i n. WO 03/ 004470 PCT/1B02/ 01796 -57- PEGMBI2A16
Atorvastatin Anorphous atorvastatin calcium (United States Patent Nunber
5,273,995), 1 g, was slurried for 3 weeks in 45 nL of isopropyl alcohol/5
m. of water (9:1) at anbient tenperatugp The m xture was filtered to
afford crystalline Form XIV 5 atorvastatin after drying at anbient

t enper at ur e. FormfXFPeAtorypstatimnni ng cal orinetry (DSC) indicates a | ow

desol vat i t ,.at_ab 60C. . k) foll b t .at 50C.
Combust | on anat ysATOPRAS Ator Gt nzarym CBHES Sfedelent Nty ar0 9053
Ther nogr aphi ¢ o, iak duAkd HPPGEEGSE AT HEisbBlops aldhdl/FEmt WTRAHGA9C0RE ai NS

wat er. Karl Fi'scher shows 10 the conpound contains 5.8% water. Form XV

At or vast at i nambisnpleawpsraiire rKhgdnixtura wes fidierad towdford erysiellinesFopat ¥ Nunber
5,273, 295), £ |.n 45 nL acetonitrile/5 nL of
water (9:1) g&ngaﬁ%ﬁgﬁ{téljc{f@%%ﬁg{nﬁf#g&eﬁgﬁ%ﬂ% ure was filtered to afford

crystal l'i ne Form Riffatmsitay scibaing Ralbbingdtiye(DSIT )yindigart a a6 desdlvdtRneaent ur e.
DSC i ndicates a | ow desol vation event at about 78C (peak) followed by a

nel t at aboutt abeai®0°Erenks fallowved bx1amek at abait d40¥s Gamhustipe ardlygidund is a
trihydrate. T i . Form XVl At tati
20 Aot phous TIaSs S0f IR, o RBafRMRAISLGRINR Floralibiic bRREY. £ 575%505) | "

1 g, was sl uggeceebcbpy (BBIRY shovatie comBoundicsitgins watdr K WBFBCh@tsho@em
tenperature. The mxture was filtered to afford crystalline Form XVl

at or va8t at i nthaCP@PORd oINS 84 WAtent t enperat ure. DSC i ndi cates a broad
endot herm at _peak tenperature of 72C and an endotherm w th onset

t enper at ur e Berm&ACAtomwastaginght | oss profile 25 by thernographic analysis

(TGA) indicates a I | . 9 nbusti on
anal ysi s i ndi cat e&gﬁou%%a lﬁgglfﬁh @‘?:ﬁgérd %‘r%? %@Pﬁ%ﬁgﬁ,@%,g ¢ wat er)
I ndi cat es t hegcowagsbuiried fas 3avdeks irndhy dilasetadetleSitL iof evatkp9:a) & ambient

temperature. The mixture was filtered to afford crystalline Form XV atorvastatin

15 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
20 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
25 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),
30 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



Form XVI1 Atorvastatin Anorphous atorvastatin calcium (United States Patent
Number 5,273,995), 30 0.5 g, was slurried for about 2 days in 5 nL of 9:1
di et hyl fworsanideo ( DMF)/ wat er contai ning 25 nL of acet oniPCTiIB&/@rIsr oom
tenperature. The m xture WO 03/004470 PCT/1B02/ 01796 -58 was filtered to
afford crystalline Form XVI|1 atorvastatin after drying at anbi ent
tenperature. DSC showed mnul ti ple broad epgotherns indicating the conpound
was a solvate. Form XVII1 Atorvastatin 5 Crystalline Form XVI atorvastatin,
0.5 g, was drwasififtereddpeffordicrysiglline Formp & H atopeasiatin afierrdsying pbamabieny st al | i ne

Form XVI 11 atgrvas | r ggig{ r.m erature
i ndi cati ng th@@gﬁ%@{fhg)svc\g%l%ﬁ ?%gk’lgb rc%g%?x Otﬁl SC lgglcgﬂh ﬂ)}é&é“é owed the
conmpound cont wh1gdoKatko wat er. Form Xl X Atorvastatin 10 Anorphous
atorvastatin calcium (United States Patent Nunber 5,273,995), 0.4 g, was

slurried for phQUixVINMeridstatiwl methyl ethyl ketone at room tenperature.
The m xture was filtered to afford crystalline Form XI X atorvastatin after

drying at anbi ent Ceysalline Homn XD3Gtormastatia 64 & wasdrigkBspbentilslayatent at

about 50C (peak ol | owed b | 1, @&t Q s - apalysi s jndi cates

that 16 che canpuimperans G3rOu Brinlbe R AR o R RRO TNt AT o W0

03/ 004470 PCTyrbB92685tKSen at 16% teinpbivure MliRating thelcdimppehnd was dsolvite Kyt al | i ne
FormV atorvastatin or a hydrate thereof having an X-ray powder

di ffraction chiseheranplysis showed thswpmgoys contaieed 4%WAEd usi ng 5 CuKa
radi ation: 4.9 (broad), 6.0, 7.0, 8.0 (broad), 8.6, 9.9, 16.6, 19.0, and
21.1. 2. A crBemXIX.At¢iyastatin at orvastatin or a hydrate thereof having an

X-ray jpowder di ffnaction cont ALIGIGE DRbbPYAI PaRuRLMES SFPADYSI USi ng

0.4 g, was slurried for about 7 days in 4 mL methy! ethyl 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

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



CuKa radiation: 7.2, 8.3, 11.0, 12.4, 13.8, 16.8, 18.5, 19.7 (broad), 20.09,
10 and 25.0. 3. Acrystalline FormVIIl atorvastatin or a hydrate thereof
havi ng arwg-osags47powder di ffracti on contai ning the foll owPeg/IB@/oadeues
nmeasured using CuKa 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). 15 4. A crystalline Forn1V% | atorvastatin or a hydrate

t hereof having an X-ray powder diffraction containing the follow ng 20

val ues neasured using CuKa radiation:ci/apys9.2, 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. 5. Acrystalline FormI| X atorvastatin or a
hydrate there B.X-ray 20 powder diffraction containing the
follomjng 20 3ﬁ?%2§a%g§§ured using CuKa 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 X
atorvastatin (%r %%ﬂ/s@ﬂg‘f ﬁgrrng(\)lgﬁ avﬂ%%n grn Q#g%%%]gb er ngé)ﬁ?(ég ion
containing the fol |p@Wﬁ¢’rgileﬂtcl\1@i mﬁamﬁ@stw fodlowiigd2p VEueSieaddddusing
PCT/ 1 B02/ 01796 -60 CuKa radi ation: 7, 5.2, 5.8, 6.9, 7.9, 9.2, 9.5, 10.3
(broad) 5 11.8, 16. CuKymradigtion:d. 91(brqa;1)86 0.5%0.8.0 szoad)( Bi609d) 1683190 (andoad) ,
24.4, and 28.7. 7. A crystalline Form Xl atorvastatin or a hydrate thereof
having an X-ray pgﬁder diffraction containing the foll ow ng 20 val ues
measured using 5 CuKa radiation: 10 8 (broad), 12.0, 13.5, 16.5, 17.6-18.0
(broad), 19.7, 22.3, 23.2, 24.4, 25. 26.5, 27.3, 28.7, 29.5, 30.9
(broad), 32.8 (broéoqrystalh@eEOf(rbea@fvaS@Gn@feWé@bstheéﬁ?é 8%ing angv-Fy) . 8. A
crystalline Form X @e@-ﬁﬁﬁ@&ﬁcﬂﬁ?ﬁha ﬂﬁ@’féﬁ@g@g{/ﬂf{xeﬂ%s DAY Ay 5&%( r ay

powder d|ffract|on cont al ni ng omnn ues neasured u

CuKa radiation: 5. &yK{ . rddiator?7.2888, 18.0912.9; 1%8,11@-.8% l@bS,QQdﬂ(Zbchaa)@O 513 9
(broad), 16.2, 17.8, 19.4, 20.8, 21.7, 22.4-23.6 (broad) 4.3, 25.5, 26.2,
and 271Q@. 9. A crysid23.0.ne Form Xl |1 atorvastatin or a hydrate thereof

havi ng an X-ray

3. 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).

15 4. 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.

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

20 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).

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

powder diffraction containing the following 20 values measured using



powder diffraction containing the follow ng 20 val ues nmeasured using 15
CuKa radiation: 8.4, 8.9, 15.7 (broad), 16.4 (broad), 17.6 (broad), 18.1
(broad), we.o3/0¢4arwad), 20.8 (broad), and 23.8 (broad). 10rPCAIBeYHIS | i ne
Form XI'V atorvastatin or a hydrate thereof having an X-ray powder
diffraction containing the follow ng 20 val ues neasured using CuKa
radiation: 5.4, 6.7, 7.7, 8.1, 9.0, 16. 5—6 broad), 17.6 (broad), 20
18.0-18.7 (broad), and 19.5 (broad). 11. crystalline Form XV atorvastatin
or a hydrate theregj ayacﬁla&ioam.?ﬁ;s.gys.sﬁwpm_m,fds,qetal(%a ont 8 14,09 _the
foll ow ng 20 val ues sured using CuKa radiation: 5.7, 6.1, 6.8, 7.5
8.1, 8.5, 9.5, 10.3%60hn9ad)9.8axidd, 2.3 ¢bkéady, 23( Do), 2404082894470
PCT/1B02/ 01796 -61 12. A crystalline Form XVl atorvastatin or a hydrate
t hereof having an X-ray powder diffraction containing the follow ng 20
val ues measured usiangrystelliR Foad DatdtOvastitinter Ohyiraté thereo hdving &h X-fabr oad) ,
12.0 (broad), 12.7 (broad), 16.7, 18.3 (broad), 19.5, 20.1-20.4 (broad),
21.2-21.9 (broad), pe®der @ifra:tion containdg the fielloving 26 yalyey measungyl using. A

crystalline Form XVI| atorvastatjn or_a hydrate t of havi X-ray
powder &iffracti on 8 BALY: f‘hg?l?TBF‘l'l)a\]ré]'ﬁ’g{% 1\93{322‘%{9"% 13 Png CuKa
radi ation: 5.0, 6. 7 , ) .

16. 0- 16. 5 (broad),%?ﬁ’f %f’-?b?%i’d%f&?&:%??%r%%%5%9-%."?,&%@%r@%& 21,3, 10
21.6, and 22.0. 1433.8 (bfoad),Bl6l0 (beoadyramd X85l (bradpr vast atin or a hydrate

t hereof having an X-ray powder diffraction containing the follow ng 20

val ues neasured using CuKa radiation: 8.0, 9.2 (broad), 9.7 (broad), 12.1,

16. 6 (broad),gand A&rbstalline Forr DIBhdkvdsatin boh Wyfa BtesfasinglanK-gdy a
hydrate thereof having an X-ray 15 powder diffraction containing the
fol | owi ng 20 val uepowedersliffeattion Fergainmgthe follovang 3¢ valgespneagured uying, 8. 6,

10.5, 136 (broad) 42 7.(0%l) 14 B 6 4% 0 16 28129 61 25-6
(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.

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

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

powder diffraction containing the following 26 values measured using
CuK, radiation: 5.4, 6.7, 7.7, 8.1, 9.0, 16.5 (broad), 17.6 (broad),
20 18.0-18.7 (broad), and 19.5 (broad).

11. 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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12.

13.

14.

15.

PCT/IB02/01796
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A crystalline Form X VI atorvastatin or a hydrate thereof having an X-ray
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 X VII 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).



