WD 03/004470 *166166* PCT/1B02/ 01796 CRYSTALLI NE FORMS OF POZOHOE-S
"R-(R*, R*) | - 2- (4- FLUORCPHENYL) - BETA, DELTA- DI HYDROXY- 5- ( 1-
METHYLET PHENYL- 4- ° PHENL L 11H PYRROLE:.1-~ C ACID
CALCI UM S%}F”?‘?“ 1) (ATOR’VASTATW"MI’MW THE | NVENTI Eﬁﬂ"iﬂgﬁ’ﬁ sent
invention relates to novel crystall i'fé&*forns of atorvastatin which is
known by the chemcal nane [R-(R*, R*)]-2-(4=tluorophenyl)-[i, S-
di hydr oxy-5- (1-net hyl et hyl ) -3 phenyl - 4-[ (phenyl am no) car bonyl ] - 1H pyrrol e-.
1- heptanoic acid hem calciumsalt useful as pharnmaceutical agents, to
met hods 10 for their production and isolation, to pharmaceuti cal
conpositions which include these conpounds and a pharmaceutically
accept AARYSTRLLHINE cfORMESOR\E RT (RtsRTEt-Ro (is-FOPOROREEN:) SBETA, DENTPoBTHYDBAYY-150 (1+ eat
subj ect METHYEATHE: NG -REREH- MI?FMYMI%Q)WQNNQHH-PMMWMEPmm AGID :
hypercholcé%?%ﬁ@rﬁ d2: DSPERBFBID) and Al zheiner's disease. 15 BACKGROUND
; OF THE | NVENTI ON The conversion of 3-hydroxy-3-nethyl gl utaryl-coenzyne A
(HI\/GCOA) 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
conversion. As such, statins } otent lipid |owering
agents. Atorvastatin cal cium W&@%@?WQPQ ates Patent No.
5,273,995, which is incorporated herein by reference, is currently sold as
Li pitor(r) having.{he ch mca
[R- (R, RF)] - 2- (4- TTURPE %‘mt ﬁei%scﬂ’ RYYA SRtakiine forras Y FieTRstafing
phenyl=4- [(phaithhammisﬁmm ?i"@‘R’l)] fustopheagA)dg,6al ¢i'Um sal't
(2:1) 25 tdh dr ate and the f WO 03/ 004470 /1 B02/ 01796 -2
ydroxy- -(1-methylethyl)—3-phenyl-4 [(phenylamino)carbonyl]-1H-pyrrole-
1-heptanoic acid hemi calcium salt useful as pharmaceutical agents, to methods

10 for their production and isolation, to pharmaceutical compositions which include

o

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 calcmm, disclosed in Umted States Patent No. 5,273,995,
which is mcorporated 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

AR

*ACTION*




J Ca2+ 2 Atorvastatin calciumis a selective, conpetitive inhibitor of
HVG CoA reductase. As such, atorvastatin calciumis a potent lipid

| oweri ng 1b.and is thus useful as a hypolipidenc
hypochol esgderm(; 6%170(3 agent. 5 United States Patent Nunber 3‘,‘%‘%’8&7?6m ch
I's incorporated herein by reference, discloses certain trans-6-[2-(3- or

4- car boxam do-substituted pyrrol 1 yl)alkyl]-4-hydroxy-pyran 2-ones
~including trans: ()-5-(4-fluorophenyl)- 2<4-1-nethylethyl)-N, 4- Bi phenyl - |
-[ (2-t et rahydro- 4= hydr oxy- 6- oxo- 2H—pyran- 2 yl)ethyl]-1
H pyrrol e- 3-carbpxam de. 10 United States.Pat6nt Nunber 5,273,995, which is
herein incorporated by reference, discl Oﬁ%S Hoe efantioner having the R
formof the ring{opened acid qf Me

trans-5- (4-fluorpphenyl)-2-(1
4- hydr oxy- 6- oxo- PH pyran 2-yl yrrol e- 3-car boxam
(R*,R*)]- 2-(4-fluorophenyl)-[h droxy 5- (1- et hyl et hyl
phenyl - 4-[ (pheny| am no) /oNgargo 3 ol e- 1- hept anoi ¢
atorvastatin. Un|ted St : , 003, 080; 5, 097,
5,124, 482; 5, 149} 837; 5,58, 251, 4 245, 047; 5,24
5,280, 126; 5,397]|792; 5, 342,95 , 446, 054; 5, 47
5,489, 690; 5, 489} 691; 5,510, 488; N5 98 633 and 6, 087, 511, ich are
herei n incorporajed by reference, dlsclose 20 various procesyes and key

I nternmedi ates fof preparing anorphous atorvastatin. Anorphoyis atorvastatin
has unsuitable fyltration and drying characteri stics for la
producti'’on and nust be protected from heat, |ight, oxygen, & noisture. WO -
03/ 004470 PCT/1B02/01796 -3- Crystalline for ns of atorvastatin calciumare
disclosed in United States Patent Nunbers 5,969, 156 and 6, 121, 461 which are
her ei n i ncor pAtoavasthtingalciugf 'Braesnlceﬁve,mompnﬁﬂi\rednhibitﬁmﬂfll\dﬁeﬁoﬂmdmtase.

¥ orvast at1 n ABPELHPNERETH s Agpal PRt SEgptlRa s BuBastd m ar
di scl osed i n Jdoitypdlipidemic and/or hypocholesterolemic agent.
5 United States Patent Number 4,681,893, which is incorporated herein by
reference, discloses certain trans-6-[2-(3- or 4-carboxamido-substituted-pyrrol-
1-yDalkyl]-4-hydroxy-pyran-2-ones including trans (i)-5-(4-ﬂuorophenyl)-
2-(1-methylethyl)-N, 4-diphenyl-1-[(2-tetrahydro-4-hydroxy-6-oxo0-2H-pyran-
2-yDethyl}-1H-pyrrole-3-carboxamide. .
10 ' United States Patdnt Number 5,273,995, which s herein incorporated by

2+
Laet r ahydr o-
e, ie, [R

Hohedyl - 1- [

45: 5,103, 024;
, 793;
, 981;

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,5-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
iarge-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- fluorophenyl)-3, 6-dl hydroxy-5-(1

met hyl et h - 3- phenyl -4 10 [ (phenyl am no) car bonyl ] - 1H pyrr - - anoi c
aci d cal CMJZ%F{W(M. The calciumsalt is desirable siﬁé@olz}agﬁébl es
atorvastatin to be conveniently fornulated in, for exanple, tablets,

capsul es, | ozenges, powders, and the like for oral adm nistration.
Additionally, there is a need to produce‘3atorvastati nin a pure and

crystalline formt ; ' 6P ' tical 15
requi rements and s8%'??@?@%@%&%#@?%@F@%‘rﬁ?{%?&gégglsegﬁ;éﬁtﬁgﬁ

atorvastatin ipatept NHfbRes 5)969/356 @dtB?lZlgﬁﬁQ whiidhcdie heredimdaioratédby ar ge- scal e
production. Additionally, it is desirable that the product should be in a

formthat is mefertincg. filterable and easily dried. Finally, it is

Cr e 20 w t hout —t ndbisthatiopql Pt Gt ABRIBH AR W DERRSE P 00 o0
surprisisngly afegedhedisclosesd poljromhicTforess fioryastatin cdleiufor ms  of

atorvastatin. Thus, the present jnvention provides atgrvastatin_in new
crystal line forns Stbie gredfarmutations ofatoryastatip qalcingm jare disglosed in ¥fnitegty | x| ||,

XV, XV, XV, Sd%ﬂ’ateﬁf%ﬂdlber§§§8§ilg%?n§@lr jcrystalline forms of

atorvastatin are purer, nore or "have advant ageous manuf acturing
properties than thetervastatioispreparetiasits.calSiubdAHRY i<OR{RE, RNENHES ON

Accordi ngly, the pres I nyention is directe o crystalline FormV

atorvastatin SHer mﬁgbﬁﬁﬁ&gﬂ'gﬂhﬂ%ﬂﬁﬁﬁkg@%@y e foll owing X-ray

‘powder 30 dif HARRR HESHN e S1IET -Hebtdnbic i i gl ative

tensitl s w PRELGRBRLBIMIENERRRE] SRl Ritalit <l IR TR D Lo

>10% neasur edcaloium @il iseldsitablelsihderibenablesatorvastatin ko Rie@nvenientili at i on:

. , .

28Rel ative | ni‘o%uh&tgd {n? Ifc?r 4 %Ie?taq:{)egs?gg])saeg 1(92%:51'ges, powders, and the like for

oral administration. Additionally, there is a need to produce atorvastatin in a pure

and crystalline form to enable formulations to meet exacting pharmaceutical

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 witl;out the ne;d for specialized étomge conditions. : '
We have now surprisingly and unexpectedly found novel crystalline forms
of atorvastatin. Thus, the present invention provides atorvastatin in new crystalline
forms designated Forms V, VI, V11, VIII, IX, X, XI, XII, X1II, 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 28 and relative intensities with a



7.0100 8.0 (broad)20 8.657 9.922 16.642 19.027 21.135 a Relative intensity
of 4.9 (broad) 20 is 9. Additionally, the follow ng X-ray powder

diffracti n of crystalline FormV atorvastatin e in termns
of the 20‘996{]%%%&%5 measured on an Inel (capillary) di f%?ﬁr@#&?: 20
5,0 6.1 7.5 8.4 (broad) 8.7 (broad) 9.9 16.7 19.0 21.2 W) 03/004470
PCT/ 1 B02/ 01796 -5- Further, the present invention is directed to
crystalline FormV atorvastatin and hydr'ﬁt es_thereof characterized by the

foll owi ng sol id~state.. ear netdG. I eso C ssN ectrum
wher ein chem't'('flcﬁj'f“§ 1 &&w&%ﬁ'&gﬁ n %&ﬁ%ﬁ?‘{‘ rmcﬁﬂfu

Assi gnment Cheig@dn: Shi ft Cl2or C25185. 7 Cl12 or (C25176.8 Cl6166.9 Aromati'c
Car bons138. 7

20 Relative Intensity
(>10%)2
4.9 (broad) 9
6.0 15
7.0 100
8.0 (broad) 20
8.6 57
9.9 22
16.6 ) 42
19.0 27
21.1 35

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

Additionally, the following X-ray powder diffraction pattern of crystalline
Form V atorvastatin expressed in terms of the 20 values was measured on an Inel
b (capillary) diffractometer:

20
5.0
6.1
75
8.4 (broad)
8.7 (broad)
99
16.7
19.0
21.2




C2-C5, (C13-C18,136.3 C19-C24, C27-C32 133.0 128.4 122.0 117.0 116.3 C8,
C1068. 0 Met hyl ene Carbons43.1 C6, C7, C9, C 1 C3325.6 C3419.9 5

Addi t i onadyldpsobdyge Present invention is directed to crystalgd Vv
atorvastatin an{]ﬁ%ydr ates thereof characterized by the foll{dg&nﬁ#gﬁ?&g&mn
spectrum havi ng peaks expressed in cm1: WO 03/004470 PCT/ 1B02/ 01796 -6
3062 1652 1604 1528 1478 1440 1413 1397 1368 1158 1034 1001 825

245 224 . . -5- SR L
Further, the present invention is directed to crystalline Form V atorvastatin
and hydrates thereof characterized by the following solid-state 13C nuclear
magnetic resonance (sSNMR) spectrum wherein chemical shift is expressed in
parts per million:
Assignment Chemical Shift
Cl20rC25 1857
Ci2or C25 176.8
Cl6 166.9
Aromatic Carbons 138.7 R
C2-C5, C13-C18, 136.3
C19-C24, C27-C32
1330
1284
122.0
117.0
116.3
Cs8,C10 : 68.0
Methyle'qe Carbons 43.1
Cs, C7, C9, C11 |
C33 25.6
C34 19.9
5 Additionally, the present invention is directed to crystalline Form V

atorvastatin and hydrates thereof characterizgd' by the following Raman spectrum
~ having peaks expressed inem™1: S



130 In a preferred enbodi nent of the first aspect of the invention,
crystalline FormV atorvastatin . is a trihydrate. In a second aspect, the

present | i is directed to crystalline Form Vi and

hydr at eswméﬁacharact erized by the followi ng X-ray pommg)g 7P?racti on
pattern expressed in ternms of the 20 and relative intensities with a
relative intensity of >10% neasured on Shi madzu diffractoneter with CuK
,. radiation: WD 03/004470 -7 28 Rel at™ve Intensity (>10%a,7.2 11 .8.3
77 11.0 20 12.4 11 13.8 9 16. 8174 3pE3- 5 100 19.7 (broad) 22 20.9 14
25.0 (broad) 15 a Relative intensity of 13.8 (broad) 28 is 9.

PCT/ 1 B02/ 01796 Additionally, the foll oMi58g X-ray powder diffraction pattern
of crystalline Form VIl atorvastatin expressed in terns of the 28 val ues
was neasured on an Inel (capillary) di®fr act ometer: 28 7.3 8.5 11.2

12.7 1528
1478
1440
1413
1397
1368
1158
1034
1001
825
245
224
130

In a preferred embodiment of the first aspect of the invention, crystalline
FormV atorvastatm isa trihydrate.
" Inasecond 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 20 and relative intensities with a

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



14.0 17.1 (broad) 18.7 19.9 21.1 (broad) 25.2 (broad) 5 Further, the
present invention is directed to crystalline FormVl atorvastatin and
hydr at es characterized by the follow ng solid-stgs (}‘?@2 04470
PCT/ | BOZ%(?%@%@ 13C nucl ear magnetic resonance spect rum r@?/ng)chem cal
shift is expressed in parts per mllion: AssignnentChem cal Shift Cl2 or
C25176.5 C16 or Cl12 or C25168.2 Cl16 or Cl2 or C25163.1 Cl6 or Cl2 or
C25159. 8 Aromatic Carbons136.8 C2-C5, CiB-Cl18,127.8,C19-C24, C27-C32 122.3

118.8 113.7 C8, C1088.2 ee,——eq—eég—a—?e—wansm 3 08, C7, Cv,
Cll. 36.9 31.9 C33, C3425.9 (C33,°C3422.5 atve intenst ._

(>10%)2
72 11
8.3 77
11.0 20
12.4 11
13.8 9
16.8 14
18.5 100 |
) oroms  m
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 20 values was measured on an Inel

(capillary) diffractometer:

20

11.2
12.7
14.0
17.1 (broad)
. 187
199
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



In a third aspect, the present invention is directed to crystalline Form VU
atorvastatin and hydrates thereof characterized by the follow ng X-ray
powder 5 dif | on pattern expressed in terns of the 20 i ve

i ntensit i&?o&{oﬁ-ﬁgg relative intensity' of >10% neasured ggl}gBiﬁéla}rr%ddzu
diffractonmeter with CuKa radiation: WO 03/004470 PCT/1B02/01796 -9 20

Rel ative intensity (>10% 8.676 10.270 12.4 (broad)12 12.8 (broad)15
17.620 18.3 (broad)43 19.3100 22.2 (broa¥) 14 23..4 (broad)23 23.8 (broad)26-
~ 25.'5 (broad) 16,Addi fionally, the follow ng X-ray, powder, diffractiqn pattern
of crystallin 3Cmyelanpnagn W&??Rﬁcwﬁl&%@whw% § CXPRESSEQ 14| ues

was neasured illffoh: (capillary) diffractometer: 20 8.7 10.2 12.4
o by B Perghilih;  °F

Assignment Chemical Shift
CiZorC2s 176.5
Cl6or CI2 or C25 168.2
Cl6 or C12 or C25 163.1
C16 or C12 or C25 159.8
Aromatic Carbons 136.8
C2-C5, C13-C18, 1278

' C19-C24, C27-C32 |

122.3

118.8

113.7

C8, C10 882
C8, C10 79.3
70.5

Methylene Carbons 43.3
Cé6, C7,C9, Cl1 1369

| 319

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 CuKy

radiation:



23.5 23.9 25.6 WO 03/004470 PCT/1B02/01796 -10 Further, the present
invention is directed to crystalline Form VIl atorvastatin and hydrates

t her eof i zed by the follow ng solid-state 13C nu tic
resonancgag);ogfcb[yrﬁaén wherein chem cal shift is expressed i nC‘JCQZ'?“Pg’R‘S’gg
mllion: AssignnmentChem cal Shift Cl2or C25186.5 Cl12 or C25183.3 Cl12 or
C25176.8 C16166.5 159.2 Aromatic Carbonsl137.6 C2-C5,-Cl13-Cl 8,128.3 C19-C24,
C27-C32 122.3 119.2 C8, ClOr4.5 C8, Cl.Or¢¥-3 C8, Gl 068.3 C8, Cl066.2 :
Met hyl ene Car bons43.5 C6, C7—&0—€H—49—e1§%3—-(;3426_3 C33, (C3424.9 (33,
C3420.2 Additionally, the present 2Pnvent iRFPHVE IPEPIBt ed to crystal Iine Form
VII atorvastatin and hydrates -t hereof char a@lg%)zed by the foll ow ng Raman
spectrum havi ng peaks expressed in cm1l:

86 76
10.2 70
12.4 (broad) 12
12.8 (broad) 15
17.6 20
18.3 (broad) 43
19.3 100
22.2 (broad) 14
23.4 (broad) 23
23.8 (broad) 26
25.5 (broad) 16

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:

26
87 e
102
12.4
12.9
17.6
184
19.4
'222
23.5
23.9
25.6




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 thj t of the invention, crystalline Form VI atin
iIs a ses%b&%@?ﬁ?&e. In a fourth aspect, the present inventécﬂfﬁg@x’gﬁé ect ed
to crystalline FormVIII atorvastatin and hydrates thereof characterized
by the follow ng X-ray powder 5 diffraction pattern expressed in terns of
the 20 and relative ,intensities with a -}%I ative intensity of > 0%.

measured on a Shi madzy dj.ffractonmeter w Lh Ka radjatj on: 03/ 004470
PCT/ | B02/ 01796 -1gﬁﬂéggrg‘f’ip&°ée‘?tﬁ?"eﬂ?§?ﬂ?‘%§fl tacwsﬁwglfl ‘ormy Vih. 016 12. 110
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
Cl2or C25 186.5
Cl2orC25 183.3
Cl20orC25 176.8
Ci6 166.5 T
159.2
Aromatic Carbons 1376
C2-C5,-C13-C18, 1283
C19-C24, C27-C32
122.3
119.2
Cs8, C10 74.5
Cs,C10 . 70.3
Cs, C10 68.3 :
C8,C10 . 66.2 ;
Methylene Carbons 335
Cé6,C7, C9, Cl11 40.3
C33,C34 26.3
C33,C34 249
€33,C34 202
" 5 | ' 'Addiﬁonény, ﬁe i)resent invention is directed to cfyst'allihe Form VI |

atorvastatin and hydrates thereof characterized by the following Raman spectrum
having peaks expressed in cm-1:




12.86 13.84 15.113 16.7 (broad)64 18.6 (broad) 100 20.3 (broad)79 21.224
21.930 22.419 25.833 26.520 27.4 (broad)38 30;520 a Relative intensity of
12:8 20 i p13.8 20 is 4. Additionally, the follow wder
dlffractlgﬁﬁ%g@ ern of crystalline FormWVIII atorvastatln 'gh&%égég
terms of the 20 values was neasured on an Inel (capillary) dlffractoneter
20 7.5 9.3 10.1 12.2 12.8 WO 03/0044%? PCT/IBOZ/01796 13 20 13.8 15.1

16.6-16.9 18.5-18.9. 20.2-20.6,

Raman Spectmm
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, crystallme
Form VII atorvastatin is a sesquihydrate.
In a fourth aspect, the present invention is dugcted to crystalline Form VIII
atorvastatin and hydrates thereof characterized by the following X-ray powder '
5 diffraction pattern expressed in terms of the 20 e_md relative intensities with a

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

radiation:



21.3 22.0 22.5 25.9 26.5 27.4 (broad)
I nvention is directed to crystalline Form VI 1|

t her eof j zed by the following solid-state 13C nu
w@%@@é@m wherein chem cal shift
mllion: AssignmentChem cal Shift Cl2 or

resonance

30. 6 Further,

is expressed in
C25186.1 C12 or

t he present

atorvastatin and hydrates

SEihogRe! | ©
C25179.5 C16167.9

C16161. 0 Aromatic Carbons139.4 C2-C5, C 13-C 18,132.9 C19-C24, (C27-C32-
128..7 124.7 121.8 116.6 C8, .C1067.0 WO 937 004470 PCT/ | B02 /01796 -14

"Assi gnnent Chemi cal Shi ft MHWHWQ Cl1 (C33, C3426.7
C33, (C3424.7 C33, (C3420.9 clatve ns1

(>10%)2
15 61
92 29
10.0 16
12.1 10
12.8
13.8
15.1 13
e wromn
18.6 (broad) 100
20.3 (broad) 79
212 24
21.9 30
22.4 19
25.8 33
26.5 20
27.4 (broad) 38
30,5 20

a Relative intensity of 12.8 20 is 6 and

13.820is 4.

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

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

Inel (capillary) diffractometer:

20

7.5
93
10.1
12.2
12.8




C33, C3420.1 Additionally, the present invention is directed to crystalline
FormVIIIl atorvastatin and hydrates thereof characterized by the foll ow ng

Ranman spe‘&br#@g‘tfp@vi ng peaks expressed in cm 1. Raman Spe&%&m@@?};&nw%

1658 160 1510 1481 1413 997 121 In a preferr t of
the fourth aspect of the invention, crystalline 5 FormVIII atorvastatin
is a dihydrate. In a fifth aspect, the present invention is directed to
crystalline Form|X atorvastatin .and hyl3ates thereof characterized by the
followm ng X-ray powder diffractien—pattern-expressed in terns of the 20
and relative intensities with a relati® intensity of >10% neasured on a

Shi madzu di ffractoneter wth CuKa —or= WO 03/004470
PCT/ 1 B02/ 01796 -15 20Rel ative |ntensi tyii’?'glo% 8.850 9.4 (broad)32
11.2-11.7 (broad)26-16.759 17.5 (broad)$8119.3 (broad)55
16.6-16.9
18.5-18.9
20.2-20.6
21.3
22,0
225
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: .
! TAssignment Chemical Shift
ClZorCB 1861
Cl2or C25 179.5
Ci6 167.9
Cl6 161.0
Aromatic Carbons 1394
C2-Cs, C13-C18, 132.9
C19-C24,C27-C32. '
1287
124.7
121.8
116.6

C8, C10 67.0




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 FormlIX

at orvast a ssed in ternms of the 20 val ues was measyf | nel
(capill ar%&wgiactorret er: 20 9.0 9.4 10.0 - 10.5 (broaﬁ'f?glg%612.o
(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. ant hydrates thereof characterized by
the foll ow ng X-ray powder "REE ‘ g6 - 16- diffraction
pattern expressed in terns_of The 20 and relative intensities with a
relative intensity of>10% nizthylent CarbensShi nadzd33i ffract oneter with CuKa
radi ati on: 20 Rel ative Inteagié%/ 6>&ﬁ% 4.7 35 5.2 24 5.8 11 6.9 13

C33, C34 26.7
C33,C34 24.7
C33, C34 20.9
C33, C34 20.1

Addltlonally, the present invention is directed to crystalhne Form VIII
atorvastatin and hydrates thereof characterized by the followmg 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, ci-ystalline
5 Form Vil atorvastatm is a dihydrate.
| In a fifth aspect, the présent i invention is directed to crystalhne Form I'X
atorvastatin and hydrates thereof characterized by the following X-ray powder
diffraction pattern expressed in terms of the 20 and relative intensities with a

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



7.9 53 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

Addi ti on 16, foll owi ng X-ray powder diffraction patt rystalline
5 'Form %%8@@@2? atin expressed in terns of the 20 val ue?%@h’r@g red on
an Inel (capillary) diffractoneter: WO 03/004470 PCT/1B02/01796 -17 20 4.7
5.2 5.8 6.9 7.9 9.2 9.6 10.2-10.4 11.9 16.2 16.9 19.1

20 Relative Intensity
- (>10%)
8.8 50
9.4 (broad) 32
11.2-11.7 (broad) 26
16.7 59
17.5 (broad) 33
19.3 (broad) 55
21.4 (broad) 100
22.4 (broad) 33
23.2 (broad) 63
29.0 (broad) 15

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

(capillary) diffractometer:

260
90
94
10.0 - 10.5 (broad)
11.8 - 12.0 (broad)
16.9
17.5 (broad)
19.4 (broad)
21.6 (broad)
i . 226 (broadi
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



19.9 21.5 22.3-22.6 23.7-24.0 (broad) 24.5 28.8 Further, the present
invention is directed to crystalline Form X atorvastatin and-hydrates

t her eof r jzed by the follow ng solid-state 13C nu netic
resonanc(erBglg%r%dm wherein chem cal shift is expressed i n%i&#%ﬂﬁ@%
mllion: AssignmentChem cal Shift Cl2 or C25187.0 Cl12 or (C25179.5 C16165.5
C16159. 4 WO 03/ 004470 PCT/1B02/ 01796 - 1C§ Assi gnnent Cheni cal Shift Aromatic
Car bons337.9 C2-C5, Cl13-(C18, 134.8 C19- Q’, Q27-C32 129.4 127.9 123.2 119.9

C3. [CLOTL. 1 b frtcRt BROISARA o s e 58 anftid0e i otafs 3 34203

18. 3 Additiona Invention 1s directed Crys I'ne Form X
relative intensity of >10% measured on a Shimadzu diffractometer with CuK,

radiation:
20 Relative Intensity
(>10%)

47 35

5.2 24

5.8 1

6.9 13

7.9 53

92 56

9.5 50

10.3 (broad) 13

11.8 20

16.1 13

169 39

19.1 100

_ 19.8 .7

. | o 214 49

223 (broad) 36

23.7 (broad) 37

24.4 15

28.7 31

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

(capillary) diffractometer:




atorvastatin and hydrates thereof characterized by the foll ow ng Raman
spectrum havi ng peaks expressed in cm1l: Raman Spectrum 3062 2911 1650
1603 152 1411 1369 1240 1158 1034 999 WO 03/
PCT/IBOZ/@&@@B%aWan Spectrum 824 116 In a preferred enb(}%&éé@o"%the
si xth aspect of the invention, crystalline Form X atorvastatinis a
trihydrate. In a seventh aspect, the present invention is directed to

crystalline Form Xl .atorvastatin and hylates thereof characterized by the. -

foll owi ng X-ray powder 5 dlffracH—e-H—pa-t-ztgeam—e*p%essed in ternms of the 20
and relative intensities with. a relati intensity of >l 0% neasured on a
Shi madzu diffractonmeter wth QJKH“F‘&WRel ative Intensity (>10%
10.8 (broad)58 12.012 13.511 16.552

52
58
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 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:
' Assign{nent Chem1cal Sh1ft
Cl2 or C25 187.0
Cl2 or C25 179.5
Cl16 165.5

Cié6 1594




17.6-18.0 (broad)35 19.782 22.3100 23.226 24.428 25.817 .26.530 27.331
28.719 . 29.512 30.9 (broad)17 32.8 (broad)1l1 33.6 (broad)1l5 36.0 (broad)15
38.5 (broadé14 WD 03/ 004470 PCT/1B02/ 01796 -20- In an elgg,ﬂg¥ @e t, the
present HORHPMEH i s directed to crystalline Form X1 at 8% and
hydrates thereof characterized by the followng X-ray powder diffraction
pattern expressed in ternms of the 20 and relative intensities wth a
relative intensity of >I 0% nmeasured onl8 Shinmadzu diffractometer with 5

CuKa radi ation: 20 Relatlue_Ln.L.ens.L.L;L_(.z.'LD.%a_E_L'l_'l_7 7 24° 8.0 25 8.6
42 8.9 25 9.9 36 10.4 (broadysigamenty 5 1gChemical Shift

Aromatic Carbons 137.9
C2-C5, C13-C18, 134.8
C19-C24, C27-C32 - 1294
127.9

123.2

119.9

Cs8, C10 71.1
Methylene Carbons 43.7
Ceé,C7,C9,Cl11 40.9
C33 264
25.3

C34 20.3
18.3

Additionally, the present invention is directed crystailine Form X
atorvastatin and hydrates thereof characterized by the following Raman spectrum

having peaks expressed in cm-1:

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

999




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 a Relative intensity of 13.9

(br oad) i nd 27.120 is 8. Additionally, the follow - powder
di ffract ?@H%észg@n of crystalline Form Xl| atorvastati nwgig?@é% in
terns of the 20 val ues was neasured on an |Inel (capillary) diffractoneter:

WD 03/ 004470 PCT/|B02/01796 -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 20:19-, , . L

“Raman Spectrum
- 824
116

In a preferred embodiment of the sixth aspect. 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 20 and relative intensities witha
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
287 . . . . 19:
29.5 12
30.9 (broad) 17
32.8 (broad) 11
33.6 (broad) 15
36.0 (broad) 15

38.5 (broad) 14




21.8 22.5 - 22.8 (broad) 24.4 25.6 26.4 27.2 Additionally, the present
i nvention is directed crystalline Form Xl atorvastatin and hydrates

t her eof r | zed by the foll owi ng Ranan spectrum hayi
expr esseg‘glgﬁg@{r)ﬁ&id: Raman Spectrum 3064 2973 2926 1652 Y’fglg%gﬁ‘i‘éiﬁ VO
03/ 004470 PCT/1B02/01796 -22 Raman Spectrum 1470 1410 1367 1240 1159

1034 1002 823 In a ninth aspect, the present invention is directed to
crystalline Form Xl Il atorvastatin and-20ydrates thereof characterized by

“the following X-ray_powder diffractiof pattern expyessed jn terns of the
20 and relative i jﬁ@‘ﬁ?@ﬁ‘e@ﬁﬁ ea"mﬁﬁﬁ{l@y? _nilﬁhéqﬁg‘{'\? coystalligty, reasured on
a Shimadzu diFbfrh 2Tl ABR/aStatitiahd hipi#testhérdéf hatalitrized 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:
20 Relative Intensity
(>10%)2
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
162 10
17.8 : 70 '
19.4 100 | o
20.8 517 |
21.7 13
22.4-22.6 (broad) 18
243 19
25.5 24
262 11

211 . .8

a Relative intensity of 13.9 (broad) 26
is9and 27.120is 8.

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



20Rel ative Intensity (>10% 8.4100 8.982 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 (broad57 i In a
tenth aspect, the present invention is directed to crystalline Form XV

at orvast P4y dr at es t hereof characterized by the fofFCIABRROERS oy
powder diffraction pattern expressed in terns of the 20 and rel ative
intensities wwth a WO 03/004470 PCT/ 1B02/ 01796 -23- relative intensity: of
>10% measured on a Broker D5000 diffracRbneter with CuKa radiation: 20

Rel ative Intensity (>10% 5.;4'-4-1—6-.—7-%-6)—1———7.—7—100 8.1 35 9.0 65 16.5
(broad) 15 17.6 (broad) 17 18.0 - 18.%”(broad) 21 19.5 (broad) 18 In an
el eventh aspect, the present invemtromgg drrected-to crystalline Form XV

atorvastatin and hydrates thereof characterized by the follow ng X-ray
7.7 -

8.1
8.6
8.9
10.0
10.5
12.6
14.0 (broad)
16.2
17.9
194
20.9
21.8
22.5 - 22.8 (broad)
244
25.6
264 :
272 S

Additionally, the present invention is directed crystalline Form XII
atorvastatin and hydrates thereof characterized by the following Raman spectrum

having peaks expressed in cm-1:

Raman Spectrum
3064

2973

2026

1652

1603

1527




5 powder diffraction pattern expressed in terns of the 29 and rel ative
intensities with arelative intensity of >10% neasured on a ) 3ruker D5000

di ffract t ith CuKa radiation: 28 Relative Intensity >100 .7 26
6.1 21 gWR ol o tE %0 808 42 9.5 33 10, 5 (broao‘FC"(]@jog/@S'g -
19. 6(broad) 32 WO 03/004470 PCT/1B02/ 01796 -24- In a twelfth aspect, the

present invention is directed to crystalline Form XVl atorvastatin and-
hydrates thereof ,characterized by the f o®2-owi ng X-ray- powder diffraction

pattern expressed in terns of theW at+ve intensities with a a
relative intensity of >10% neasure KF D5000 diffractometer 5 with
CuKa radiation: 29Rel ative IntensiTy (>J@Ry o. 237 6.4' 34 7.5100 8.779 10.5

(broad) 19 12.0 (broad) 10 12.7 (broad) 1714116. 726 18. 3 (broad)27
0 .

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

5 radiation:
' 20 Relative Intensity
>10%)
8.4 | 100 , x
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 i

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



19.523 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 follow ng X-ray powder diffraction
pattern of crystalline Form XVl atorvastatin expressed in terns of the 20
val ues wa¥OfBA%4#%d on a Shi madzu diffractoneter with CukPGHEBOAPI8R: 20
7.6 8.8 10.2 12.5 WD 03/004470 PCT/1B02/01796 -25 20 16.8 18.2 19.3
20.5 23.0 24.8 In addition, the followi ng X-ray powder diffraction
pattern ,of crystalline Form XVI.atorvas3tin expressed.in terns of the 20

o T oS A tuhsiBlot B aiapied 07 & Bhud DSB8 SR Sherer with * 7

CuK, radiation:
20 - Relative Intensity
(>10%)

54 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 ﬁmker D5000 diffractometer .
with CuKy radiation: | | o

20 - Relative Intensity
>10%)
5.7 | 26
61 21
6.8 18
75 T3
8.1 39
8.5 42
9.5 | 33
10.5 (broad) 18

19.1 - 19.6 (broad) 32




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, t t invention is directed to crystalline

at orvasta%n%ﬁgﬁﬁydr ates thereof characterized by the foﬁ’l%ﬁg&b‘% ay
powder diffraction pattern expressed in terns of the 20 and rel ative

I ntensities WO 03/004470 PCT/1B02/ 01796 ﬁg wth a relative intensity of
>10% neasured on a Bruker D5000 di ffractéfeter wi t.h CuKa radiation: ,20

Rel ative | ntensity, £ fhdfh &% prBscht Adentomd; g 8,5 29 9.1 22
10.0 45 12.1 (broad) 24 haspeb, e prfscht ion %g)tstj)‘?’%%tﬁ t@%g%‘.hg"( broad) 28
19. 0 (broad) Bdm X¥IatorvastatidGnd hiydrateskthereof characterized by the following X-ray

powder diffraction pattern expressed in terms of the 26 and relative intensities

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

5 with CuK, radiation:

20 Relative Intensity
(>10%)
52 37
64 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 X VI atorvastatin expressed in terms of the 20 values was measured on a

Shimadzu diffractometer with CuK, radiation:

20
7.6
8.8
10.2
12.5




21.3 64 21.6 55 22.0 45 In a fourteenth aspect, the present invention is
directed to crystalline Form XVIH atorvastatin and hydrates thereof
char act ery he followng 5 X-ray powder diffraction xpressed
in termns \géﬁ%@‘g% and relative intensities with a relat r%@{@%@i ty of
>10% measured on a Bruker D5000 diffractoneter with CuKa radiation: WO
03/004470 PCT/1B02/01796 -27 20 Relative Intensity (>10% 8.0 100 9.2
(broad) 52 9.7 (broad) 40 12.1 24 16. 6-2_5(‘.broad) 48 , 18.5 67 Additionally,

; I

the following X-ray powder di ffratt-i—o-n—%ﬁ-errr-o-f crystalline Form XVi|
atorvastatin expressed in terns of the val ues was neasured on a

'Shi madzu diffractoneter with CuKa radiagggn. 28 7.7 9.3 9.9 12.2 16.8
18.5 In addition, the followi ng X-ray powder diffraction pattern of
crystalline 5 FormXVIIl atorvastatin &pressed in terns of the 20 val ues-

was neasured on an Inel (capillary) di flégactorret er: 28

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
73
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



7.9 9.2 (broad) 9.8 (broad) 12.2 (broad) 16.7 (broad) 18.5 WO 03/004470
PCT/1B02/01796 1 1. -28 In a fifteenth aspect, the present invention is
directed | 1'ine Form Xi X atorvastatin and hydrate

char act er‘ﬁ@eghg@ﬁ?he following X-ray powder diffraction gg{r}tﬁgéﬁﬁféxpr essed
internms of the 20 and relative intensities wth a relative intensity

of >10% nmeasured on a Bruker D5000 dlffrié_t oneter 5 with CuKa radiation:
20Rel ative Intensity (>10% 5.232 6.328“7.0100 8.674 10.534 11.6 (broad)26
12.7 (broad) 3g nﬁé eixﬁe% tg%fswmﬁeak&ea% 2BnReFDEGOBdichaqamRE 25. 5
(broad)32 As in Itors o M> CoA reductase, the novel crystalline forns
of atorvast atitiiCaKg radistfont hypol'i pi demi ¢ and hypochol esterol emic agents as-
well as agents in the treatnent of osteoporosis and Al zheiner's di sease.

20 Relative Intensity
¢10%)

5.0 27
6.1 33
7.3 100
7.9 30
8.5 - 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
202 (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 dlfﬁ'actxon pattern expressed in terms of the 20 and relative

intensities with a relatlve mten51ty of >IO% measured on a Bruker D5000

diffractometer with CuKy, radiation:



A still further enbodi ment of the present invention is a pharnmaceutical 10
conposition for adm nistering an effective anount of crystalline FormYV,
Form VI, Wy\ﬂ o FOormViIl, FormlIX, FormX FormXl, F /éllg rm
XIll, Form (9 orm XV, Form XVI, Form XVII, FormXVIII,q{)(ﬁ %)’Plr%glx
atorvastatin in unit dosage formin the treatnent nethods nentioned above.
Finally, the present invention is directed to nethods for production of 15

JFormV, FormVl, Form VLI, FormVil], Eo??n I X, Form X, Form.Xl, Form Xl I,
WO 03/ 004470 PCT/1B02/ 01796 - 29—Fotm>4tt+—F ﬁiv oM XV, Form XV,
Form XVIl, Form XVII11l, or Form Xl X“at orvast a Fﬁ. I"EF "DESCRI PTI ON OF THE

DRAW NGS The invention is further described by tieigg)l | ow ng nonliniting
exanples 5 which refer to the_acconpanyving Figures ? to 35, short

particul ars of which are given bel 80 Figure 1 DiY0®ract ogram of FormV
atorvastatin carried out on Shi %hﬁx 6000 diffyactoneter. 10 Figure 2
D ffractogram.of Form VI atorvast™ %rried out 3 Shi madzu XRD- 6000
diffractometer. Figure 3 Diffractopseadf Form VIl 4gtorvastatin carried out
on Shimadzu 15 XRD- 6000 diffractoneter. Figure 4 Diffractogram of Form
VI11 atorvastatin carried out on Shidhdzu XRD 60084diffractometer. Figure
5 20 Diffractogramof Form | X at Z&B"fﬁo El} n carri ed4gut on Shi madzu

XRD- 6000 diffractoneter. Figure 6 DiTfractogramof Form X atorvastatin
carried out on Shinmadzu XRD- 6000 18.5 67

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

Shimadzu diffractometer with CuK, radiation:

20

7.7

9.3

9.9

12.2 -

16.8 . o _ =
18.5 ‘ o

In addition, the following X-ray powder diffraction pattern of crystalline
5 Form XVIII atorvastatin expressed in terms of the 26 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




diffractometer. 25 Figure 7 Diffractogramof Form Xl atorvastatin carried
out on Shimadzu XRD- 6000 diffractoneter. WO 03/004470 PCT/1B02/01796 -30
Fi e 8 DIty amof Form Xl | atorvastatin carried out | u

XRD- 6000 ‘&Bfo?irdg'@?‘{)rret er. Figure 9 5 Diffractogram of For ml&ﬁl’lﬁggﬁr@%ast atin
carried out on Shimadzu XRD- 6000 diffractoneter. Figure.10 D ffractogram
of Form XIV atorvastatin carried out on_Bruker D 5000 diffractoneter. 10
Figure 11 Diffractogram.of, Form XV. ator¢@statin carried out .on Bruker D
5000 diffractonet ' fagpe]e' ' fa; b'.ﬁ%ﬁ astatin
carried out on Br &Egﬁdéh%go %ﬁﬁ%ﬁg@?ﬁﬁ@gﬁm@%&ﬂt@é %/ract ogr am of
Form Xvt | at diomasXIx dtorvastatin s lixdratesthereokelrardetériited bydihkffoloviagX-eay Fi gure
14 20 Di actogram o ,g];agr,m XV atorvgstati n carried out on Bruker D 5000

di f f r act omet POWdES tign ppiterp cXPredGH dhicHps plbthe 2R andaelativg datensitiescar r i ed

out on Br kel pRive il dsitd br 164 Sheasiad oh %45 kP iSobb a8t 0T For m v

atorvastatin carried out on*lnel
5 with CuKy radiation:

20 Relative Intensity
(>10%)
52 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. -

. . Astill further embodiment of the present invention is a pharmaceutical
10 composition for adm:mstermg an effective amount of crystélline Form.‘V,'
Form VI, Form VII, Form VIII, Form IX, Form X, Form XI, Form XII,
Form XIII, Form XTIV, Form XV, Form XVI, Form XVII, Form XVIII, or
Form XIX étorvastatin 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 X1I,



diffractometer. WO 03/004470 PCT/ 1B02/ 01796 -31 Figure 17 D ffractogram of
Form VI atorvastatin carried out on Inel XRG 3000 diffractoneter. Figure
18 5 Diff of Form VIl atorvastatin carried out o 3000

di ffract o‘ggtcog}ragh?:ﬂmgure 19 Diffractogramof Form VIII ator \r},as aknl/élﬁéﬁérri ed
out on Inel XRG 3000 diffractoneter. 10 Figure 20 D ffractogramof Form I X
atorvastatin carried out on Inel XRG 300 diffractonmeter. Figure 21

Di ffractqgram of Form X atorvastatin cart P2d out on Inel .XRG 3000 15

di ffract omet &g, ﬁmrm&gmfpéﬁm%mf@%?mgo?&mg [n car ri éd

out on Inel XRG 3000 diffractoneter ure ram of Form
XVI at or vast aform XhXatarslastatin.on | nel XRG 3000 diffractoneter. 'Figure 24
D ffractogram of Form XVII1 atorvastatin carried out on Inel XRG 3000

diffractometer. 25 Figure 25 Solid-state 13C nucl ear nmagneti c resonance
spectrumw th spinning si | RPN I sk of FormYV
atorvastatin. WO 03/ 00447€ﬁ&€wggb§memgé -

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 e :
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 V]I atorvastatin carried out on Shimadzu
15 XRD-6000 diffractometer.

Figure4 5 i

Diffractogram of Form VIII atorvastatm carried out on Shlmadzu
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 cérried out on Shimadzn XRD-6000
diffractometer.

25 Figure 7

Diffractogram of Form X1 atorvastatin carried out on Shimadzu
XRD-6000 diffractometer.




Figure 26 Solid-state 13C nucl ear nmagneti c resonance spectrumw th spinning
side bands identified by an asterisk of FormVl atorvastatin. Figure 27 5

Sol i d- st %%ﬁ@gqgcl ear magnetic resonance spectrumwth s‘,g%bﬂ‘g‘zgd de
e |

bands i denti y an asterisk of FormVII atorvastatin. gure
Solid-state 13C nucl ear magnetic resonance spectrumw th spinning side
bands identified by an asterisk of Form) Il atorvastatin. 10 Figure 29
Solid-state 13C nucl ear mmgnetic resonafte spectrum of FormX: .
atorvastati nMe 30 Raman spectrumof FormV. 15 Figure 31 Raman
spectrum of Form VI. Figure 32 Raman spectrumof Form VII. Figure 33 20
Rarman spectrum of Biffractogram offogu I atorvastatin cayréedtout on Shiiedzn X. Fi gure 35

Raman spectrwwcl\yl?. t25 DETAI LED DESCRI PTI ON OF THE | NVENTI ON
Crystalline F , Mo rm-VII, FormViIl, FormlX, FormX, Form
X, FormXll, FormXlIl, Form XV, Form XV, Form XVI, Form XvVil, WO

03/ 004470 PC;’E%@%ON% -33- Form XVIIl, and Form Xl X atorvastatin nay be
characterize y eir X-ray owder diffraction patterns, by their solid
state nlicl ear nagnPiffigciogmanef Xlkatorvastatinmyried ot/ aar Shilmaidzu Ranan

spectra. XRD-6000 diffractometer.

Figure 10
Diffractogram of Form XTIV 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 XVII atorvastatin carried out on Bruker D 5000
diffractometer. : . o ’ "
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. SR L o '
25  Figure16

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



X- RAY POADER DI FFRACTION 5 Forms V, VI, VI, VIII, IX X X, XI, XII,
XIV, XV, XVI, XVII, XVI1l, and X X Forns V, VI, VII, VIII, IX X X, XI,
X, X\ , XVIl, XVIIl, or XIX atorvastatin wer i zed by
their X—rgﬁ%é(l)%% diffraction pattern. Thus, the X-ray ?@?ﬁgg 1|t7ggn
patterns of Fornms V, VI, VII, VIII, IX X X, XI, or 10 Form Xl 11
atorvastatin were carri ed out on a Shi magzu XRD 6000 X-ray powder

di ffractometer using CuKa radiation.. The mstrumant is equipped with a |
fine- focus )Figme Kube. The tube vol tage and anper age were set at 40 kV and
40 mA, respectively. The divergence and scattering slits were set at 1,
and the recei vi ng DifivaétopRin $€Forth VA aldtvaititin Rhdrfed 3t 66l Il KRT-3600 Ve |
detected by a Nal scintillation 15 detector. A theta-tw theta contlnuous
scan at 3/ mi rdiffcactpmaeter.0. 02 step) from2.5 to 40 20 was used. A silicon
standard was anal yzed each day to check the instrunent alignnent. The X-ray
diffracti on (Bigtrerl8s of Forns XV, XV,.XVl, ~XVII, XVIIIl, and X X were
carried out on a Bruker D5000 diffractonmeter using copper radiation, fixed
slits (5.0, 1.0, (Diffrastbgrasidf Porie ViKatsivhitatirbéatial 6\RlRThIXREB0BL 2 Was
collected from3.0 to 40.0 degrees in 20 using a step size of 0.04 degrees
and a step t jdiffragtometer. seconds. It should be noted that Bruker Instrunents
pur chased Siemans; thus, a Bruker D 5000 instrunent is essentially the sane
as a Si errani"_mgﬂ_QO The X-ray diffraction patterns of Forms V, VI, VI,
VITH, IX X X1, XV 25 and XVII1 were also carried out on an Inel

di f f r act omet er . X-D@adogrhnaomemmbtpsmtaMIcmdpnt enl I KRG3600 | nel

XRG- 3000 di ff E equi pped with a ~Curved Position Sensitive (CPS)
det ect or vvlt ?{ge of 120 degrees. Real tine data were collected

usi ng CuKa I’%dl at 53” starting at approximately 4 20 at a resolution of
0.03 2@ The ol tage and anperage were set to 40 kV and WO 03/004470
PCT/ | B02/ 01796 - 34-. 30 mA, respectively. Sanples were epared for anal ysis
by packi ng t hem i Riffractogramf @@E(@tggraétamparasdegto l&B@pi 00ary was
mount ed ont o e &gh{g giter head that is notorized to permt spinning of the
capillary during a acquisition. Instrunment calibration was perfornmed

dai |y using Fi ilébfon ref erence standard. The

Diffractogram of Form X atorvastatin carried out on Inel XRG-3000
15 diffractometer.

Figure 22
‘-_ i i ’ B £
Diffractogram of Form XII atorvastatin carried out on Inel XRG-3000
diffractometer.
Figure 23
20 Diffractogram of Form XV1I atorvastatin carried out on Inel XRG-3000 _
diffractometer.
Figure 24
Diffractogram of Form XVIII atorvastatin carried out oni 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.



5 Inel diffractograns for the available fornms are shown in the figures

w t hout baseline subtraction. Calculating the intensities fromthese

di ffract | within the skill of the art and involv ' seline

subtractiof)l’r oogégount for background scattering (e.g., g@ﬁﬂﬁ@ﬂ%ﬁgéfron1

the capillary). To performan X-ray powder diffraction neasurenment on a
Shi madzu or 10 Bruker instrunent |ike t ones used for neasurenents

_reported herein; the sanple is typically’$laced into a holder which has a
cavity. The sggaggggomder is pressed by a glass slide or equivalent to

ensure a rand ace and proper sanple height. The sanple holder is

then placed into tlglidase I3E fhcléPiagheticy mm&rspw&nﬂdﬁ%gﬁgﬁigﬁdef the

e
X-ray beamis positioned over the sanple, initially at a 1 angl e
rel ative to tbandsidentifiel biyran astetiskeof FammdViraterwastatie ough an arc t hat :
continuously increases the angle between the incident beam and the pl ane of
the holder. Fepme2@nent differences associated with such X-ray powder
anal yses result froma va{'ety of factors including: (a) errors in sanple
prepar abi on (e.g., Solidnsatee dr(éh‘gﬂna)' maghdticiresonanagspectriny with spingng sitle at
sanple errors G Lbration.20 [ Qr. d) operator errors (including
those errors b?’é‘%elﬁ n%%%gg’y%tagtfﬁ%ﬁfﬁ!&?r@a%g)ﬁmﬁ%cati ons), and (e) _
preferred origntatjpn. Calibration errors and sanple height errors often
result in a SM all the peaks in the sane direction and by the sane

anmount Smal | diffegep i e height on a flat holder lead t.9 | arge

di spl acenents in XEW'%?&B%@%F%W@%CW&%@?@% SRBREE ?‘ﬂat . using
a 25 Shi madzbandSiientified by ah Asteriskivf Fotm MTHGErPistlinano confi guration, sanple
hei ght differences of 1 nun led to peak shifts as high as 1 020 (Chen, et
al ., JjgPharng 2¢al and Bi onedi cal Anal ysis, 2001;26:63). These shifts
can be identTire romthe X-ray diffractogram and can be elim nated by
conmpensating for Solid-staiefl3(aplehymagnetic sesohamce spectray ¢fFriPX f act or to al |
peak position values) or 30 recalibrating the instrunment. In contrast, the

| nel instruneMP ‘herein places the sanple in a capillary which is

positioned at_the center of the instrunment. This mnimzes sanple height
errors (a) anﬂgﬁe}%rred orientation (e). Since, when WO 03/004470

PCT/ 1 B0O2/ 01796 - 35 .&Qcﬁﬁﬂio'fﬁfﬂﬁs’ t he sanpl e height is not established
manual | y, the peak [ ocat’li ons '
15 Figure 31
Raman spectrum of Form V1.
Figg_fe32 :
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 Forni XII.
25 DETAILED DESCRIPTION OF THE INVENTION

Crystalline Form V, Form VI, Form VII, Form VIII, Form IX, Form X,
Form X1, Form X1, Form XIII, Form XIV, Form XV, Form XVI, Form XVII,



fromthe Inel neasurenents are typically nore accurate than those fromthe
Shi madzu or the Bruker instrunment. As nentioned above, I's possible to

rectify nts fromthe various machi nes by apply| tic
correctloﬂ%gbs‘%é&qgr to bring the peak positions into agreg’?r‘érﬁpw‘flﬂs"ggneral
this correction factor wll bring the peak p05|t|ons fromthe Shinmadzu and

Bruker into agreenent with the Inel and&n be in the range of 0 to 0.2
20. Table 1.1ists the 20 and relative i ip nsities of all lines in the

sanmple with ap, [1V&hd FOrRRIY ¥eopd: f :ﬁ@fbee%ﬁ'}éaédie&s%% rX%X'X

atorvastatin.” The nunbers 10 liste I's t e are r nbers.
03/ 004470 - 36powder difradtionspatterns; by thelosolid s@texuclear mdgndnmﬁomncﬂ\lo/w/@d

-M. O Livil VOoOOO(NMR), d%‘{-tﬁg\ukaman spectra.

X-RAY POWDER DIFFRACTION

5 Forms V, VI, VII, VIII, IX, X, X1, XII, XIII, XTIV, XV, XVI, XVII, XVIII, and
XIX

FormsVVIV]IVIIIIXXX[XIIXIHXIVXVXVIXVIIXVIII
or XIX atorvastatin were characterized by their X-ray powder diffraction pattem. |
Thus, the X-ray diffraction patterns of Forms V, VI, VII, VIII, IX, X, XI, X1, or
10 Form XIII atorvastatin were carried out on a Shimadzu XRD-6000 X-ray powder
diffractometer using CuK, radiation. The instrument is equipped with a fine-
focus X-ray tube. The tube voltage and amperage were set at 40 kV and 40 mA,
respectively. The divergence and scattering slits were set at 1°, and the receiving
slit was set at 0.15 mm. Diffracted radiation was detected by a Nal scintillation
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
‘i instrument alignment, The X-ray diffraction patteins of Forms XIV, XV, XVI,
| XVII, XVIII, and XIX were carried out on a Bruker D5000 diffractometer using
copper radiation, fixed slits (1.0, 1.0, 0.6 mm), and a Kevex solid state detector.
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.

i The X-ray diffraction patterns of Forms V, V'I,' Vh, VIII, IX, X, X11, '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
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30 mA, respectively. Samplés were prepared for analysis by packiﬁg them into
* thin-walled glass capillaries. Each capillary was mounted onto a goniometer head

that is motorized to permit spinning of the capillary during data acquisition.

Instrument calibration was performed daily using a silicon reference standard. The
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 ohes 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:cme 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 hei_ght), (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 (¢) preferred orientation. Calibration errors and sample height
errors often result in a shift of all the peaks in the same direction and by the sa;me
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 °20 (Chen, et al,, -
J. Pharmaceutical and l;‘iomedical Analysis, 2001;26:63). Thesé 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 tﬁanually, ihe peak locafions -
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
5 factor to bring the peak positions into agreemént. 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 20 and relative intensities of all lines in the sample with a
relative intensity of >10% for crystalline Forms V-XIX atorvastatin. The numbers |
10 listed in this table are rounded numbers. "
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Becéuse éniy 19 crystalline forms of atorvastatin are knowh, each form
can be identified and distinguished from the other crystalline forms by either a
combination of lines or a pattern that is different from the X-ray powder
diffraction of the other forms. |

5 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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T 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-
5 angle spinning at approximately 4.7 and 4.2 kHz or 4.6 and 4.0 kHz were used for
68 MHz (13C frequency) data acquisition, 4.9 and 4.4 kHz were used for 91 MHz -

d3c 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 7mm Doty
rotor and used for each expenment The chemxcal shlﬁs were referenced
10 externally to adamantine except for Form X where the chemical shifts are
arbitrary.
Table 3 shows the solid-state NMR spectrum for crystalline Forms V, VI,
V11, VIII, and X atorvastatin.

-
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| 42. . .
Table 3. Chemical Shifts for Forms V, VI, VIL VIIL and X Atorvastatin
Chemical Shift ' h
v VI VIl VI X
185.7 186.5 186.1 187.0
1833 1795
176.8 176.5 176.8 179.5
166.9 168.2 166.5 1679 . 1655
163.1 161.0
159.8 159.2 159.4
“1387 1368 1376 1394 1379
136.3 132.9 134.8
133.0
129.4
128.4 127.8 1283 128.7 127.9
124.7 1232
122.0 1223 1223
121.8
118.8 1192 119.9
1170 ; o | |
116.3 { 116.6
113.7
88.2 745
79.3
70.5 703 711
68.0 68.3 670
o 662 |
431 433 45 ' 433, 437
| 403
36.9 | 40.9

31.9




SOLI D STATE NUCLEAR MAGNETI C RESONANCE (NVR) Met hodol ogy Solid-state 13C
NVMR spectra were obtained at 270 or 360 MHz Tecmag instruments. H gh-power
proton decoupling and cross-polarization with magic 5 angle s |nn|n at
appr oxi na\vg@oﬂ“goand 4.2 kHz or 4.6 and 4.0 kHz were use&<TpO2/¢43° (13C
frequency) data acquisition, 4.9 and 4.4 kHz were used for 91 Miz (13C
frequency) data acquisition. The magic angle was adjusted using the Br
signal of KBr by detecting the side bandd- A sanple was packed into a 7 nm

ng1E )ér e:lgtegr 18%&@8?5@ {?%(\Sgb@#gﬁ eQ@Bzﬁ ?g[?aln—‘gglrﬁéhl i @ﬁg\,&?@)chem cal

shifts are "arprtrary. Tapte 3 SNOWs Theg ecrruam
crystalline Forns V, VI, VI, VIII, and X atorvastatln 29 Ca2+ F 2 WO

03/ 004470 PCTI | 802/01796 -4Y TabI e 3/1 Chem c¥II Shi ftsVlﬂbr For msXV VI /I
VI, and X Ato s - X189 $

183. 3179 5 176. 8176. 5176 7Y 5 16. : . B3,

159. 8159. 2159. 4 138. 7136.8137.6139. 4137. 9 1§§93132 9@31} 8 133133

22,5 20.2 20.9 20.3
19.9 20.1

183
Forms V, VI, VII VIII, and X: Relative peak intensity over 20 are shown here
h 4.5, 4.6, 4. 7 or 4.9 kHz CPMAS) Spectra were obtained usmg 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.



129. 4 128.4127.8128.3128.7127. 9 124.7123.2 122.0122.3122.3 121.8
118.8119.2119.9 117 0 . 1116.6 116.3 113.7 88.274.5 79.3 70.570.371. 1
68. 068. 367.0. 66, 2 43. 143. 343. 543. 3. 43. 7 40. 3 36.940.9 31. 4470
PCT/lBozlé’ﬁ‘b’g’%i'%% Table 3. Chemical Shifts for Forms V, %C%Bf’élggﬁn
X Atorvastatin (cont). Chemcal Shift WIVIIVIII x 25.625.926.326.726.4
24.924. 7253 22.520.220.920. 3 19.920. 1

and

Table 4. Forms I to VIII and X Unique Solid-State NMR_ Peaks
Form1I Form III Form IV Form V Form VI Form VII Form VIII Form X
1870 1610 1814 17638 1631 1833 1329 183
163.0 140.1 63.5 36.9 176.8
73.1 161.0 131.8 17.9 31.9 74.5
4 140.5 69.8
35.4

Form 1
182.8

131.1




18.3 Forms V, VI, VII, VIIl, and X2 Relative peak intensity over 20 are
shown here (4.5, 4.6, 4.7, or 4.9 kHz CPMAS). Spectra were obtai ned using

two diffe |gi c-angl e spinning rates to determ ne spi bands.
Form X: R Ia'isf‘\?gﬁgeak intensity over 20 are shown here (SM@ZM
Tabl e 4 shows uni que sqolid-state NVR peaks for Forns V, VI, VII, VIIl and

X atorvastatin, ie, peaks within 1.0 ppm Fornms | to |V atorvastatln are
i ncl uded for conparison. WD 03/004470 P&F/ .1 B02/ 01796 -44 ww OO wC Ow

00 MOO W en %9 00 NN\O MNM§§E(?H{O§’CGP‘? w0 w

Methodolo
The Raman spectrum was obtained on a Raman accessory interfaced to a

Nicolet Magna 860 Fourier transform infrared spectrometer. The accessory

5 utilizes an excitation wavelength of 1064 nm and approximately 0.45 W of
neodymium-doped yttrium aluminum 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, V1, VII, VIII, X, and XII

atorvastatin. '




OwO0O00O00!le: Ctn~-O~f MNOMOOO. v,. o' vO09C ONOMN W
03/ 004470 PCT/ |1 B02/ 01796 -45 RAMAN SPECTROSCOPY Met hodol ogy The Ranan
spectrum | ned on a Raman accessory interfaced to ' gha
860 Fouri%ﬁ’?}rﬂg{?ﬁ orminfrared spectroneter. The accessor3)dxlgfi’(é%/ﬁ7i9 es an
excitation wavel ength of 1064 nm and approxi mately 0.45 W of

neodym um doped yttrium al um num garnet (Nd: YAG | aser power. The spectrum
represents 64 or 128 co-gdded scans acq-dﬁred at 4.cm1 resolution. The

sanpl e was prepa or gnal I n di anet er
gl ass tube and Bﬁ@e?ro e @%L}%ﬁ%ﬁaﬁ? gé}p@gtm j%a'i*ﬂéqgmectrom&*ter
was 10 calihb i F me ‘of
use. Table 5 shema Vi he Meowan Ispecf"ﬁ’ﬁnf‘@lI FoFamm Il meX Vi  Form X1 and XII

atorvastati n™ Vi 58 3 30 304
for Forns V, VI, VII Vi, Xand XII Atorvastatin FormVForm Il; rm-

VI | Form VI I | For m XForm XI | 30623058. 30603065306230 44 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 7 7 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 _ g
130 . | SR
114 121 116

Relative peak intensity over 20 are shown.

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

atorvastatin, ie, only one other form has a peak with +4 cm-1, In the case of
Forms VI and X, it is a unique combination of peaks. Forms I to IV atorvastatin

are inclided for comparison. -



29352927292329112926 165216511649165816501652 160416031603160316031603
152815561524153115251527 15251510 1481 1478147814761478 . 1470 1440
141314121 111410 13971397 1368136813691367 124012

115811671 Bt 1 034 103410941054 1001997958967600100F THBYI 503 245
224 130 114121116 Rel ative peak intensi;y over 20 are shown. Table 6 lists
uni que Raman peaks for Fornms V, VI, VFf‘,'VI 1, X, and XIl atorvastatin,
e, only one other formhas a peak with 4 cm1. In the case of Forns Vi

and X, it is a unique conbination of peaks. Forns Ito IV atorvastatin are
included for conparison. . WO 03/004470 PCT/1B02/ 01796 -47 Or-y 0.4 0w

Form XII
2973

3062

2911
1525
1240

1510

1481
1413
121

Form VIII Form X*

Form VI
1397

3058
2935
1556
1525

_Table 6. Forms I to VIII, X and XII Unique Raman Peaks
FormIV FormV Form VI*
423 1440-
215 1397
132 130

Form II1
- 2938
- 1660

- 1510
1481
1427

1182
859

Form H
1663
359

Form1

3080
1512
1439

142

* Unique combination of Raman peaks
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Crystalline Forms V to XIX atorvastatin of the present invention may exi.st'
in anhydrous forms as well as hydrated and solvated forms. In general, the
hydrated forms are equivalent to unhydrated forms and are intended to be
encompassed within the scope of the present invention. Crystalline Form XIV

5 contains about 6 mol of water. Preferably, Form XIV contains 6 mol of water.
Crystalline Forms V, X, and XV atorvastatin contain about 3 mol of water.
Preferably, Forms V, X, and XV atorvastatin contain 3 mol of water.

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

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

Crystalline Forms XVI-XIX may exist as a solvate.

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

.15 invention.

Crystalline forms, in general, can have advantageous properties. A
polymorph, solvate, or hydraté 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.1, Aulton MLE. 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).



PCT/ 1 B02/ 01796 -48- Crystalline Forns V to XI X atorvastatin of the present
invention may exi st in anhydrous forns as well as hydrated and sol vat ed

formns. the hydrated forns are equivalent to ;Wr f@ forns
and are | &ZJogj'to be enconpassed within the scope of the 3?@ 6
invention. Crystalline Form XIV 5 contains about 6 nol of water.

Preferably, Form XIV contains 6 nol of water. Crystalline Forns V, X, and
XV atorvastatin contain about 3 nmol of weder. Preferably, Fornms V, X and

XV at t at t t t l.i t bout
Ot Al e Ao b Bt oo ey st 18 16 ol R b s 08, 'S o200
water. Cryst a&xghmaﬁpédvaﬂtdgb WHith %ﬁﬁl ua}{ala?ebiatbt enfiantell srseifme&@d 1on§slef erably,

Form VI atorvastatin contalns 2 nol water. Crystalline For XVI - Xl X
may exist as atmnoatdetmg:rl?mnavmcnebc prerparedffrcm acetaneiwater, whereastRormrlesent
ext ent dr.ation apd/ solvation having

t dl
eg\lj?\r/]a: ggt )r(e i{}epﬁggﬁgom W?%E%@F‘&ﬁl@“%mﬁy Stgp. Ilasthe 2 are wit hin
the scope of Mmywandléoﬂmﬁs \Qﬁter, Gﬁééﬁﬁl@'tbdt@%nft‘%@t oberHFVHr al, can

have advant ageous properties. pol rph, sol vate, hydrate i s deflned
by its crysta@orﬁmmmometmqﬂnmdm @smeamneltass,’émaherpotenm ure can be

obtained from X-r O, f h data., The,properties
are deternined byaﬁgﬁpﬁﬁyoq’% 4 )éjn{&?é #85%%%%80%6@%ﬁa@%ﬁlgpﬂ‘aﬂcture
does not descigoaga mnety@gdaig ]iﬂyﬁcﬂrpfsﬁeihesﬁ buchGks WheTabletiag Indides desczibed

pol yrmrphl C or cryst hydr at rm__One cannqgt ascertain any

particul ar cr@‘#‘&?"ﬂl‘ig ;ag ‘Mm'p qu'eceéwéﬂf"ﬁhlarms BerfasmancenBewdeses t he
cheri gy T OriBiniologh! 198363 1008- 195 T ihAie Ay B Md@ﬁnfgrardﬁﬁsgané e soid

form or descr properties. ereas a chem ca in
three states atmivastanﬂﬁabmmmmhhaaerwmtabmmypbffmmaacd Otte buctnindexi st only

crystal i ne dSMCBRBIY feltue DOPE I WG Fleris Bisientsh axgmepe om0
Ref or mul at | ontoar Kan Difefened fo 1 @?°?E AR SR Esﬁ 30
The new cr ystBF] valee 0.99nwhile Fermof bass BF] walma%h B, FoomdVThisHessebrittle
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 systern, 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,
i o Form XIV is prepared using the less toxic THF/water systern !
' 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.



advant ageous properties. Form VIl has good chem cal stability, which is
conparable to Form 1 (disclosed in United States Patent Nunmber 5,969, 156).

WO 03/ 00%&93/5’&1?0' B02/ 01796 -49- Since noncrystalline forf@rlﬁ;\%ﬁ;ﬂgvast atin

are not chemcally stable, this is a significant advantagg, I'ch woul d
translate into enhanced shelf life and | onger expiration dating. Form VI
can be prepared from acetone/water, whereas Form| is prepared fromthe
~nore toxic methanol/water system Form-8+ is the 5 sesquihydrate and

contains | ess wategr, neaning,t.hat uni t,wei ght of Foram V. cont ai ns nore
atorvastatin nol eg'fﬂeé’é?°*§?éaﬁﬁhﬁanﬁ‘eﬂaqeéwi}@ﬁwﬁg}nc ST c _toiﬁ[?é ability of a
material to fiNaaRtre ftned fafbeCRIPiEianY aétexlsﬁ“ﬁbaa MARERGNly podibletovari ety

of drug physical properties, such as the Tableting |ndices described in
H estand H. ik Suimober Of methods whichdfava hésndoundgorbeshitablanin practiesder 10

Technol ogy, 1984; 38: 145- 159 i ndj . d to., tify f f
at or vast g%/i n cal ci quﬁﬁg‘%;efﬁégg %%gni&gafégﬁﬁrl%&epmmg _ glrj(r:nrs] °
i ndex ¢ s thgp Bidilid | Ricty 8Cdrall d!pastaterdlRobage forkisC IThis: th& 6dfiphinds ok figess. and

ranges fromO (good - low brittleness) to 1 (poor - high brittleness). For
exanpl e, For prégent invention c8rbe administepedby injetions tiasisnintravenowslRF| val ue 0. 81.

Thus, Form VLI, is lesg brittle 15.than FormJ..Thi,s Lkower brittl eness

i ndi cates gr é%%?“&@é@y’&%%ﬁypfﬁb#“%@r &-E?dgo‘{l_edﬁy \fPrI | also has |ess
wat er than Fejtraperifofiedllyd AddoSthézompblinddof tiR)présefit invéntiorocatem of Form VI |
contains nore ataorvastatin nolecules. Form X i s advant ageous in that it can

be prepared Riministered bydnhalagion for example,in . ngly.dhe syst em t hus
AvSt ding the eSS TRAT S T EY N a1 i ghest.
mel ti r11 poi ntcg%éwc%;&&ﬁi}nceﬁlﬁ%%ﬁ%%?RgXpO| n.tergdgor relle{érflggﬁvl\f?ﬂlég[ ability
at hi gh t enpebubus ®,thodei skilled dmthetakti thatfthe followingndiisage folbing n#ty consprizer at ur es
near the nelting pqQint. High | ting forns can be agvantageous,k 25 when
process net héﬂgleiaﬁm‘ﬂ?ﬁwnﬁ‘i‘tggﬁ{eé P%‘PQFB"Sa%‘?IEpSHQ’éCngP ?%AXF‘I’“‘? Yal so

pr epar ed f 0dehnleAdh of Sehiipbitid FMpRIAI Medd) vater system FormX|v
I's prepared usihg the |l ess toxic THE/ water system The present invention

provi des a proces¥&of preparing phanpaceuti¢ab compositiops frem theecompounds 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 encapsulaﬁng 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 percenf of the active compounci. 'Suiiat')le éﬁﬁers are mai‘gnésium ;
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,




Forms V to Xl X atorvastatin which conprises crystallizing atorvastatin from
a 30 solution in solvents under conditions which yield crystalline Forns V
to XIX ahgy in. WO 03/004470 PCT/1B02/01796 -50- 1 | se
conditions un e?ﬁe\hi ch crystalline Fornms V to Xl X ator vast%?ﬁﬁ%@gbéor med
may be empirically determined, and it is only possible to give a nunber of
met hods whi ch have been found to be suitg?l e in practice. The conpounds of
t he present. invention can be prepared ard adm njstered .5 in a wde,variety
of oral and pglsafb b?%sr?aﬂgerfa i is TUsSn adshGat WL ROS; h esent

i nvention can be agﬂm' ni $tered by |njle§u|éon, tﬁgt 1S, ?h?‘@/%&bﬁ%?l%

i nt ranuscul arangd lozenges arstinctadeds (Kablets, powders,capsiles, pills,cashets)dad fzepgesor

i ntraperitoneal lLy. Also, .t conpounds, he present i.nvention can be

adni ni st er ed W%ﬂ?ﬁ‘i‘éﬁ%ﬁ{,&?ﬁ%ﬁﬁ\"&%? P@g SratigBdi ti onal | y; the 10
conpounds of the Pr&SEBiaringsEPpoHBricd 10% TN @ﬂﬁﬁi‘%r It
wll be obvious to thg%e kitTed inn ‘the art t%%’?ﬁgp?%é oW né’%@ége
forms ray congmid ghycerideston cocratbudter, infipst melted amd the ectivexoptponeltt ior a
correspondi ng,.phar mgceut i cal | accept abl e sal_l~h a conmpound of , the

of
present i nverft!PRSISCCRMISFRINES] rfBeliSHh ¥ Sring %ﬂlfﬁ?shqq‘%?@‘fsr@ﬁﬁt‘%"ﬁe
conpounds of i gen pbardd iBRAMNvERILAINized molA8 AIBRELH dobflahl tEaRAbAD! €
carriers can be ei'ther solid or |iquid. Sol'id form preparations include
powder s, tablselidifypi|ls, capsules, cachets, suppositories, and dispersible

granules. A solid | . substances _which may al so act
as diluents, fl avoﬁﬁ%@ @é%ﬁ?%’apagjgggﬁcﬁdfg%uﬁmﬁ’ OWPPRARR fetiqggﬂgﬂﬁ'%% |
agent s10 bi ndeind enjulsioms; Yoitexunple watet 61 walespropyleiiedly el soRiIdhs For 20 or an
encapsul ating material. I n powlers, the carrier is a finely divided solid

which is in Damoierakiniegtion liquidpreparatigns gapbg dermulated in solutismie aqueons,
t abl et s, ther@ﬂeitﬁﬁe %?ﬁ?@&hﬁbﬁ. m xed with the carrier having the

necessary bi ndi*ng “pro tres 1n suitable proportions and conpacted in the
shape 25 and si zeAgiesus saluticiisesujiablel dorsoralnae cabbeprepared be diskolyingahé ai n from
two or ten to about se t erc . Of active conpound. I tabl e
carriers are aﬁg%cgcglmegtepn \kfatgr ande arbtdmg s&tar}t?le colo{'a\ﬁts, a\ms,ustabiliz?llajgl, and

15 thickening agents as desired.

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

20 o Also included are solid form preparations which are infended 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 imit doses i:or;taining 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.



carbonate, magnesium stearate, talc, sugar, |actose, pectin, dextrin,
starch, gelatin, tragacanth, nethylcellul ose, sodium

car boxyr’re{yﬁyol:%ﬁ;hl7 | ose, a low nelting wax, 30 cocoa buttergtci,l.g[ﬁgzé#lgg%l i ke.

The term "preparation” is intended to include the fornmul e
active compound with encapsulating material as a carrier providing a
capsul e in which the active conponent, with or without other carriers, WO
03/ 004470 PCT/1B02/ 01796 -51- is surrpufzied by -a carrier, ;which is thus in
association with it. Sim/larly, cachets ,and | qQzenges are inc|uded.

Tabl ets, powders, HgsBaply of gftivegompanentinsa urahaose@z@ag@son may,bpyariedd as

50l i d ‘dosage . | reearal A o ) i
supposi tori es(’],;'g@tﬁr%tggv'ﬁlr‘r)e&l?P’lsﬁngéf/\br/a1>?,9 l@i@ﬁ&é&%ﬁé %§§0§£§%@E§B§§b§% d

gl yceri dgshommap;lﬂﬁéaﬁﬁn andsthe boten%yrﬁﬂthedctiazectotdpgnmt'll‘hecozﬁmmiﬁemt I's

| sperse onogeneouysl.y .t herei,n, as sfirring. The nolten honbgenous
mxture is tc%ﬁ?gmeéodﬁmm%ﬁtbe&ﬁosiﬁaﬂéﬁﬁaamhaésﬁﬁw owed to cool, and
thereby.to solidi et r At I [

Suspens) ons, r et et srieite od SHRAEARANE RS R RCh bR e dRs and

wat er propyl egentgkto/irest ostebporosisiand Alehicimprs distaseathe icnjstatlincoFornts Yuod

pr epar ations be formulated in solution jn equs . pol yet hyl ene gl ycol
sol ution. Aqg °’§’_6?tﬁ?’i‘ BH d’ﬁhﬁig M?“%me@gégﬁﬁs B_E"eﬁg%‘bé‘?éed by

di ssol ving t Qw&bfeu%t BRIREIFIsadebF YBOR 2. P t@nglﬂg!0§ﬁ$g§w.% aahgr ants,

flavors, stabilizing, and 15 thickening agents as desi Aqueous
suspensi ons slase mbgeof ahoub2.§img toabout20img isquefetrgd.dihestosagasghoweverf i nel y

divviTraed.active commanent i n. wat er Wit B Vi scous il erial, c Suchas.gatural or
synt heﬂi c guﬂﬁycl?’ser@f’ﬁ‘g ﬁ%@m‘?ﬁ@? g reuiremeg i°§ﬁ€%%a§'88€ ?el‘fﬁﬂ?'e?f ose, and

ot her wel | - kggwdition/béiag treated, 206 tHecompbur being Biabloyed Déternsinhtich bPH

preparations which are intended to be _converted, shortly before use, to

|i qui d form prepsadesagefer Fparticas sityatien i§ withindtheskill of -iGeneellor ns
nelud Hify \ . )
cont i, i Beaint & SHRERAAS AR Sl iPare 10 Hon BE OB BH 805 M

stabil i zers, opthefcompound.tTHeteafier, the ddsaga isineteasadesyt sl mcrethenpenstiirths

thic kelnser S %gtixigzlnuc elc{ 51'1&9 thac%?r@&gs’tan%g q$ ;eggheldl igcen‘ convenience, the total daily

dosage may be divided and administered in portions during the day if desired.

The following nonlimiting examples illustrate the inventors' preferred

methods for preparing the compounds of the invention.

EXAMPLE 1

20 [R-(R*,R*)}-2-(4-Fluorophenyl)-B,3-dihydroxy-5-(1-methylethyl)-3-phenyl-4-
. [(phenylamino)carbonyl]-1H-pyrrole-1-heptanoic acid hemi calcium salt
(Forms V-XIX atorvastatin)
Form V Atorvastatin
Method A
25 A1_n01_'pl;ou§ atorva;stat_in calcium (United _Sta_ftes Patent Number 5,273,995) .

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



The pharnmaceutical preparation is preferably in unit dosage form In such
form the preparation is subdivided into unit doses containing appropriate
quanti ti egoifsobi@e active conponent. The unit dosage form cla@l.lﬁﬁ,z/@l,ggckaged
preparation, the package containing discrete quantities of preparaftion,
such as 30 packeted tablets, capsules, and powders in vials or anmpoul es.

Al so, the unit dosage formcan be a capﬁgl e, tablet, cachet, or |ozenge
itself, or it can be the. appropriate ndafer .of any of these in packaged
form WO 03/ %%Q.BPCT/IBOZ'/ON% -52- The quantity of active conponent in
a unit dose preparation nmay be varied or adjusted fromO0.5 ng to 100 ny,
preferably 2.5 ng GrystalineFonndatatvastatimcdléiam (Dnited Stdtes Pateyt Nveabéron and t'he
potency of the active conmponent. The caonposition can, if desired, also
cont ai n ot her5.2094) Wes slurmed in somixture.of acetonitrle/water{8¢13,9¢ 607 overaights

hypol i pi dem Gan I r y: ents to treat

ost eopor osi s ~g%$§¥3n§§&§°§if§§gt@!‘ﬁ%?%§f%ﬁ%ﬁ% orme Vto XX
atorvastatin ytilized in the pharmaceutical method of this invention are
adm ni eredﬁﬁg—hﬁé initial dosage of about 2.5 ng to about 80 ng daily. A

daily dose range mhorph6us atdrvastatincalcilif MUnitdd Stbtes PatheNambeFs 27H995j0sages,
however, 10 may be varied dependi ng upon the requirenments of the patient,

the severity wds stisssed uedeaivapers of aretgnitrilelvater, (9d) do afferdeeswatalling Fomn Vg

enpl oyed. Deternj ion of the proper dosage for a particular situation is
W thin the sKi he art. Generally, treatnent is initiated with

sl | er d.Q.S.Q.gﬁES’@&:Q' ch are less than the optinumdose of the compound.
Thereafter, ge is increased by small increments tntil the 15

opti myp ef f ect unggetonltfleivasadietad @Boltion @R &MBEPholio htosvi¥KRRIAlRAGn t he
total daily dosglﬁe ma¥ be di vided and adm nistered in portions during the

day if desir €Hnit pignt Nymben 527350 indetzahydeafuran/ water (& B anfe

iE%ﬁ/glt_(éri' 28%831@&Eoeﬂi'orm?aqﬁnJ?Srnﬁ’R/eﬁaf\}athﬁﬁ.he conpounds of the invention.

[R-(R*, R*)]-2+(4- H.uorophenyl ) - A, S-di hydr oxy-5-(1- et hyl et hyl ) - 3- phenyl - 4-
[ (phenyl am n nyl]-1H pyrrol e-1-heptanoic acid hem calciumsalt
(Forms V- Xl X at or wasloditiile) wasddded té\a@olutidh of amhorphous 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 crystélline FormV
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 é vapor jar contaiining dimethylforinamide/water (9:1).f01.' 20 days
to afford crystalline Form VI atorvastatin.



Met hod A 25 Anor phous atorvastatin calcium (United States Patent Nunber
5,273,995) was slurried in a mxture of acetonitrile/water (9:1) to afford
crystalli F V atorvastatin. W 03/004470 PCT/1B02/0 - thod -B
Crystall iﬂgoﬁ@p@? atorvastatin calcium (United States Pa%%(glt%ﬂﬁb

5,969; 156) was slurried in a mxture of acetonitrile/water (9:1) at 60C
overnight, filtered, and air dried to afford crystalline FormV
atorvastatin. 5 ,Method C Anorphous atorwdbtatin calcium (United States

Pat ent Number_ 5,273,995) was stressed under vapors of acetonitril e/ water
(9:1) to affo&i@@talline FormV atorvastatin. Method D. ~... . .10
Acetonitrile was a oY tds R X : ' ci um
(United States Pat gﬁ?% ntl)@roagf%?dé@ 8@2&% n tgéyr‘v‘}a!l ;%@?ﬁ?ﬁﬂﬁg@g‘?ﬁ% 9:1) and
cool ed to af f awevastayisicalcivm @k tedrStatesPatent Munaber i5i2.73 )99 haffored\crystaliing i | e
was added to sol ytion of. anorphous atorvastatin calcium 15 (United

St at es Pat ent Iatgyy?a&ng%) i n dine.thyl fornmam de/water and fast
evaporation affords crystalline FormV atorvastatin. Method F Anorphous

at or vasfat i n Methad &, (United States Patent Nunmber 5,275,995) diffused in a

vapor of acetonitriglgl s (9ol s Dhefi '
atorvastatin. Cr ysréﬁle%%gé%fédé%oﬁh gét at1 g%’%ék#%&if{% \é’fé&at e Karl
Fi scher 4. 88%rqdrphiolis atbrvasthtin galcikior (United States\Pasint NumbeiB,278,893) stedédror phous

atorvastatin. c¢al cium. it at.es Pat ent _Nu r.5,273,995) was placed
into a vapor Y’&gc %W%%?’ﬂﬁimﬁﬂﬁwggf‘agﬁ@“(@%ﬂ'for 20 days

St v .o . - Crystanine Form'vl atowastaﬁn,mpl45.9oc.-- e s S e b AN s m——

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 MethodB
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. . | . o

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 Patént 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).




to afford crystalline Form VI atorvastatin. W 03/004470 PCT/1B02/ 01796
-54- Method B Fast evaporation of a dinethylformam de/ water sol ution of

anor phous tor tatin calcium (United States Patent Numher 5 273, 995)
af f or ded Wr(ga/@ﬁ)g“yﬁﬁne Form VI atorvastatin. 5 Method C FadtCTABAHBIES i on of
a di net hyl f or mam de/ wat er (saturated) solution of anorphous atorvastatin
calcium (United States Patent Nunber 5,273,995) seeded wth crystalline
Form VI afforded crystalline Form VI -at$bvastatin. Crystalline:FormV
atorvastatin, np_145.9C. .... . 10 FormVII| Atorvastatin Method A A solution
of amor phousFormXHEAdervastatinci um (United States Patent Number 5,273, 995)

I n acetonelw: 1) (5.8 ng/nL) was stirred overnight. A solid forned
whi ch was fi to afford crystalline Form VIl atorvastatin. 15 Method B
A sol ution of anmppdutioréfamophalsiatoreastatinicald¢iim (UnitebStatesPaitat ent  Nunber -

5,273,995) in acetone/water (1:1).was evaporated at o affo
crystalline Nymbﬂ/ﬁ,mwgﬁb'&é{i@?gbﬂmm@g?‘@t%f%?‘ﬁg%id"aéé?i#gon of
anor phqus at Saﬂ'-ﬂe 2 ,tllgar{dlgq,h &dted'td d E3kBne FoRR &S, 273, 995) in
acetongjwat e%’%%ﬁ} wasﬁgieng ed wt IScrystal%ﬁ%lr'le l%'Form VIl atorvastatin to
afford cryst aoivas@atibor m Vi1 atorvastatin. Method D Fast evaporation of a
saturated sol ution of anorphous atorvastatin calcium 25 (United States

Pat ent Nunbepgethod®. 995) in acetone/water (1:1) was seeded with

crystalline Form VIl to afford crystalline Form VI atpr‘}é?statdjn‘
Crystal | i ne For m Kast exappration ofia selutiop of genagphous atoryasiatin ealeiym (United o o

2.34% Sl .3 .n.gtlateg&a%‘.ﬁ'iﬁnbcy\gb%bg%zﬁn.e.thylfopmamidglwatgr (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 amorphoﬁs 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 | o
A solution of amorphous atorvastatin calciun{‘(LI:nited 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 IX

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.



Tt

-55 PCT/1B02/01796 Form VI11 Atorvastatin Mthod A A solution of anorphous
atorvastatin calcium (United States Patent Nunmber 5,273,995) in

di et hyl f L el wat er (saturated) (9:1), was seeded 5 I 1ine
Form VI | ‘gég’g@ggé)r ated to afford crystalline Form Vi %@@%‘?‘Zﬁn

Met hod B Fast evaporation of a solution of anorphous atorvastatin cal cium
(United States Patent. Nunbe= 5,273., 992 i n di nethyl formam de/water (91),
-affords .., 10.crystalline FormVIIlI at Gast at | n.. Cystalline FormVIII
atorvastatin,pimy, Ato(x‘*’\v;g.?t'ﬁ drate Karl Fischer 2.98% (2 nol of water).
Form I X Atorv%sta?élsn od A 15 A solution of anorphous atorvastatin

cal ci um (Uni tMdthodat es Pat ent Nunber 5,273,995) in acetone/water (6:4)

(3.4 ng/nL) was ev‘gpi)rate on a rotary evaporator to afford crystalline
Form | X at or vast at ﬁ.mméj%@rahm@&ru@sm iushdiniled States Patentd¥umber cal ci um

(United Stat : ] 6; 4) .was
filtered, se?d%ﬁmﬁ?hn gs(r&?gfbgﬁ (?lyvﬁ%e?@g}r) ﬁé%@;ﬁﬁ?;&@%ﬁﬁﬁ&ﬁw
evapor & or t driedito affordt grystalline Forth Of atorvéstatd. or vast ati n. Met hod C A sol ution
of anorphous atorvastatin calcium (United States Patent 25 Number
5,273,995) inveged®el 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 afé ShEryefamosphqusatoruastatingalgiuoy (Linited States Raters ket 70
PCT/1B02/ 017 %?273?595'): M ﬁbﬁoﬁﬁrﬂfm&ﬁblﬁ was stirred for 5 days, filtered, and air dried

. to afford crystalline Form X atorvastatin.

R L ol d L LT P LI R oA e

10 Method C
A saturated solution of amorphous atorvastatin calcium (United States
Patent Number 5,273,995) in isopropanol/water (9:1) was stirred for 2 days,
filtered, and air dried to afford crystalline Form X atorvastatin.

Crystalline Form X atorvastatin, mp 180.1°C, trihydrate
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 ($:1) was filtered and allq_wéd 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 X1 atorvastatin.
Crystalline Form XII atorvastatin, mp 210.6°C.

25 . Form XII Atorvastatin = S |
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 atowastaﬁn.



Met hod A A slurry of anorphous atorvastatin calcium (United States Patent
Nunmber  5,273,995) in isopropanol/water (9:1) was stirred for a few days,

filtered, S dried to afford crystalline FormXal%F)lr n.
Met hod B 6®?¥Uof anor phous atorvastatin calcium (Unite e_@%’at ent
Nunber 5, 273 995) in isopropanol/water (9:1) was stirred for 5 days,
filtered, and air dried to afford crystalline Form X atorvastatin. 10

Met hod. C A saturated sol ution of amorphou§ atorvastatin calcium (United

States Pat enoM/REOTAfRred&R95) in isopropanol /water (9:1) was stirred for
2 days, filtered, and air dried to afford crystalline Form X atorvastatin.

Crystal line ::or m )ﬂmbmhousatonvastatmmaldl&m (UritedtStathy BatetdNuriberi§s273,9959c her
55% (3.5
atorvastatin lcamq“s’a.finrp&fos@ sk st Y GrigorRuthalronals . Gesgter (9l ot

acet oni {11 | e/ g ol Thd bdtBfe W gl LOMR' By sy NAPPR KT 'ova to

afford crystalline Form Xl atorvastatin. 20 Form Xl orvastatin
Crystaldine I%tmmadtatuxaftevdmngattamb@tbmrtempt(rm& ed States Patent Nunber

5, 969, 156 | d dr, of OC.f 5d
i tared) e ol Db ety DBt indiestas alb Sesclvetion yer,
Crystalline 'i%sel%kb@(peakmna&wby{ me?tlé% aB6ut Bo°c. E6h anﬁ%%vastat' n

Crystalline Form | atorvastatin cdlcium (United States umber
5, 969, 156) wandxeaieﬂhﬂﬁe&@npﬂ;mdmahax&ydrm Hﬁlenhogmplhem&aredl ayer of solid

on the bottom of a vi eated to abgu days.
The super nat &Rt % H(i %@&?xo @@&“B&oﬁﬁafnsd?’art@'dﬁﬁé Pﬁ?‘ﬁﬁ‘?ém(‘,‘fsygt alline
Form g | at Qﬁg@ﬁﬁmammgglgmw PCT/1B02 701796 =57 Form XI'V

Atorvastatin Anorphous atorvastatin calcium (United States Patent Nunber
5,273,995), Form XV Atorvastatin

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



1 g, was slurried for 3 weeks in 45 nL of isopropyl alcohol/5 nL of water
(9:1) at anbient tenperature. The m xture was filtered to afford
crystalli IV 5 atorvastatin after drying at anbie ture.
Dffer ent‘?él E@%gmt(l ng calorinetry (DSC) indicates a | ow dggﬁl@% % event
at about 60C (peak) followed by a nelt at about 150C. Conbustion anal ysis
i ndi cates that the conmpound is a hexahydég . Thernographic infrared
spectroscopy (TG 1R) shows the conpound "¢dnt ai ns. vvater Kar.l, Fi scher shows
10 the conpouggs i YR KOTEM td?,;g
atorvastatin ca ?itjeranw%fr??t%&at%gml@gtent I(\)Iu er 5 27 é 1 g, was
slurried for mpesdtarel DS@Bshmedamﬂﬁplbbrdaﬂchdothtrmsﬁn&mmé)ccm)pmmdanbi ent
tenperature. The m ture was filtered to afford cryst alline Form XV
atorvastatin W8 &Py vi ng at anbi ent tenperature. DSC indicates a | ow
desol vati on event at about 78C (peak) followed by a nelt at about 165C.
Conbusti on anEM;ml ryastatin hat t he conpound is a tri hydrate TG 1R

aor vastal fﬁ”@gi‘é‘?‘&?ﬁ%ﬁt? ool Ko atorpfefi Oy s 3L L b VR (7100

slurried for mbﬁutenipechtwamaﬁbﬂdayaMhmFomwvmemaﬁnomshamdature The
m xture was fiIter to afford cr stalllne Form XVI atorvastatin fter

drying at an®P w&mthacwawde\ﬁmww arheak
f h
tenperature 0‘}*‘7"?&?235%‘9&9@“’% dtébn 9?%% rature of 164C. The

wei ght | oss pr y thernographic ana ysi i ndi cates a total
wei ght | oss Oéo 2&5{ Estafiﬂc to 160C. Conbustl on anal ysis indicates that
"TGA and Karl “Fischer anaI ySi's (shows 7.1 % watef) indicates tTHetonpoand
is a tgyrahydrate/ Aﬁ&h-phuﬂsratdreasaﬁn\mm niedSthies Pételit\MhbérISEWAtBﬁSp,hous
atorvastatin cal cium (Unijed Sta mg’ tgb )a 273,995), 30 0.5 g,
was slurried 38 ¥8% §b‘i"ﬁ @B?ﬁh‘i?f’@e ( DVF) / wat er

t 2 |
gg/n 0 8'42 l7 8 g 5 C%B*BS% e gééﬂ%ﬁﬁgg\?aséﬁltefﬁanﬁﬁPﬂ)&&ﬁﬁﬂibé’ Forbh XTX atdrvéstatiO

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.



was filtered to afford crystalline Form XVl atorvastatin after drying at
anbi ent tenperature. DSC showed nultiple broad endot herns indicati ng t he

conmpound %/0@442(9' vate. Form XVI1I Atorvastatin Crystallj For m
at orvast a g, was dried for about | day at roomté’ﬁ%
afford cryst alline Form XVil | atorvastatin. DSC showed a broad endot her m

at |low tenperature indicating the conpound was a solvate. Karl Fischer

-anal ysi s showed the conpound contai ned 459% water. : Form Xl X Atorvastatin
.. 10 Anorphous atorvastatin cal ci u%t ed States Patent Number

5 273,995), 0.4 g, was slurried for days in 4 nL nethyl ethyl

ketone at room  tenperature. The mxture was filtered to afford crystalline
Form XI X atorvastatin after drying at anbient tenperature. DSC indicated a
| ow desol vat i OMhatigelaimed is:about 50C (peak) followed by a nelt at about

125C. TGA anal ysis indicates that 15 the conmpound is a solvate that

desol vates at |low tenperature. WD 03/004470 -59- CLAIMS 5 10 Wat is
claimed is: PQT/| BORery@dlliié Farm X aorvastatin orehydrateitherzdofhardsg ad Krragr a
hydrate thereof havin n X—ray pow;ier dj ffractlon cont ai ni ng the

fol | ow ng 20 vaI ue§’°wg%fg tiop¢ontainng the @al “&SD'W(’BF g;mg 6. 0, 7.0,

gigr\(/g; at| n or a M%%@ ﬁ%ereo&’rﬂ%\)’l n%zé?r]“ﬁﬁﬁ)pgéag t’ﬂﬁln

contai ning the fol hgwi ng 20 val ues nmeasured using CuKa rad| at ion: 7.2,
8.3, 11.0, 12.4, 13.8, 16.8, 18.5, 19.7 (broad), 20.9, and 25.0. 3. A
crystalline FQrmVII atorvastatin or a hydrate thereof havi ng an X-ray

A N TR IR AL U 1A . ss AT ML RN | i B lY 8 4 ~ L PRI PR

2. A crystalline Form VI atorvastatin or a hydrate thereof havmg an. X—fay
powder diffraction containing the following 20 values measured using
CuK radiation: 7.2, 8.3, 11.0, 12.4, 13.8, 16.8, 18.5, 19.7 (broad), 20.9,
10 and 25.0.

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 FomI VIII atorvastatin or a hydrate Ihereof 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 20 values measured using
| CluKa 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 neasured using CuKa
radi ation: 8.6, 10.2, 12.4 (broad), 12.8 (broad), 17.6, 18.3 (broad),

19.3, 22 af), 23.4 (broad), 23.8 (broad), and 25.5 5 4. A
crystall i‘ﬁ%"ﬁ%@?&l Il atorvastatin or a hydrate thereof hgg{rﬁg‘%ﬂ7 -ray
powder diffraction containing the follow ng 20 val ues neasured using CuKa
radi ation: 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,-6@5.8, 26.5, 27.4 (broad), and
30.5. 5. Acrystalline FormiX atorvastatin or a hydrate thereof having an

X-ray 20. powder GQuKgyradiation: 452 3:8.i6, (7 9120 015U ddbread)y bl.Bekb. heasur ed
usi ng CuKa radi ati on; ) (broad), 11.2-11.7 (broad), 16.7, 17.5
(broad), 19.3 (brbgaaf9-g,11.943,258r‘€3§-§,8°?23)s258%@&?}‘5, A o0438%ad), and 29.0
(broad). 6. A crystalline Form X atorvastatin or a hydrate thereof having -

an X-ray powder diffraction containing the follow ng 20 val ues neasured
usi ng WD 03/ cm447oAmstaﬂbaerm3@9mrw%a.nn apgrhydrate thegaof havingiaw X-my2, 5. 8,
6.9, 7.9, 9.2, 9.5 10 3..Lbroad 11, 8,. 168, 1. , 19. 1, .19. 8, 21.4,
22.3 (broad), 23.7 ‘B&%é’&@‘gﬂ'? é"“‘?#d‘gé%" ’Bf’.“°§"‘l%%‘$."%3&°s&‘?§k‘f5f‘|“ﬁ’ﬁg Form XI
atorvasatinorauﬁ\j\r 8iatibe 19 NS, % Vg afi§.19ct i on _
cont ai ngl ng the fol‘?o ?8 58%&%@?@%@3%5?%’IQ%W%HSP%J?%: 10.8
(broad), 12.0, 13.22.3,188.3,2414] 26:8]126.8, 213,281}, 29159 38.9 (b>ad)332.83Broad)}. 4, 25. 8,
26.5, 27.3, 28.7, 29.5, 30.9 Sbroad , 32.8 (broad), 33.6 (broad), 36.0
(broad), and 38.5 % 6erapd), 86.0Lbroad), and p$.Ab1oadn X1 | atorvastatin or a
hydrate thereof having an X-ray powder diffraction containing the

“fol |l 6BWi'ng™ 20 Val ues Tfreasur €d usjing 'CuKa_ radiation: ™54, "7.77,8,0, 8.6, "

8.9, 9.9, 1084 (brdswystallipe Eorm Xllatorvgstatinier a hysirate thereof having an %tay8. 21. 7,
22.4-22.6 (b d), 1 5 2. Lhi F Xl
orvasiatin or wBRTHer diffisBon Gindlntne W fofibuhia 35 vl piGRey pie 70

contaiyy ng the foldwry Hadidlon3.4)937, BR3W, 8D, 93] 10.4YBrobdi<e2 5adigit i on: 8. 4,
8.9, 15.7 (broad), 16-4 (broad), 17.6 (broad), 18.1

(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 hycirate 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 20 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).



(broad), 19.7 (broad), 20.8 (broad), and 23.8 (broad). 10. A crystalline
Form X1V atorvastatin or a hydrate thereof having an X-ray powder

diffracti ning the followi ng 20 val ues neasured usj
adi ati onVodsp b7 7.7, 8.1, 9.0, 16.5 (broad), 17.6 (br%éaﬁ}","gég@“
18.0-18. 7 (broad) and 19.5 (broad). 11. A crystalline Form XV atorvastatin

or a hydrate thereof having an X-ray po er diffraction containing the
follow ng 20 va ues neasured using ,CuK lradiation: 5.7, 6.1, 6.8, 7.5,

8.1, 8.5, 9. 5 ;
PCT/ | BO2/ 0179 1§ 'H}%@BH%FM y'st a? é&fﬂg“q%ﬁ@% Bhre\%%o\sﬁﬁatwﬁggf’ég%hydr ate
t her eof’ havi ng an ﬁ%wwmmc@tﬂmgmemo 20 Vdlaés mbssubéd ng 20

val ues nmeasured using CuKa radiation: .4, 7.5, 8.7, 10.5 road),
12.0 (broad), 12. 7C(1K&cradi)1tlon JSGZ 54,18, 8.7(b06£blpad)1925) (biéhd), m'l@br(mi)pad)
21.2-21.9 (broad), -23.3 broad),

crystalline Form XWV, kﬁ%@a@a}cﬂ%wrl'@ ﬁﬁ'@}'ﬁ’a‘i)ezl Re?le (blﬁ’a‘ﬂ, %-9533 3( ray

powder diffraction owi ng 20 val ues neasured using CuKa
radi ati gn: 5.0, 6. q:?@i}f),gnf#gl-ﬁ%ﬁéﬁr%d)l 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, 10

Cher eof havi r-an X<FAt Ko RSkt or SR ERhE bR 5’%@#@%’@ 20

val ues neasured Uspdiider @ifffactichcontaimig the fBlloWing 2007086 meBufedlifrzad) , 12. 1,
16.6 (broad), and 18.5. 15. A crystalline Form Xl X atorvastatin or a

hydr at e t her eof haﬂuﬁgradlaﬁén'é;o,&lwﬁpmﬂas 5;:9 Iﬂ(h@,tlmh(lnmad)aimBng the
f ol T'oWi ng~" 20 val’ ues measur ed using Ka radi ation '

o 5 106 br aad 160363 (b 17 3 (omad, 19 Ddbmatp 95202 Grosd2), 3505
(broad)e and 25.5 41 Qagho 0.

14. A crystalline Form XVIII atorvastatin or a hydrate thereof having an X-ray
powder diffraction containing the following 20 values measured using
CuK(, radiation: 8.0, 9.2 (broad), 9.7 (broad), 12.1, 16.6 (broad), and 18.5.

15. A crystalline Form XIX atorvastatin or a hydrate thereof having an X-ray
15 powder diffraction containing the following 20 values measured using
CuKy radiation: 5.2, 6.3, 7.0, 8.6, 10.5, 11 6(broad), 12. 7(broad), 140
16.7 (broad), 18.9, 20.8, 23.6 (broad), and 25 5 (broad).




