WD 2005/ 026116 PCT/1B2004/002919 -1 CRYSTALLINE FORM5S OF "R (R, R") - 2-

(4- FLUORCPHENYL) - BETA, DELTA- DI HYDROXY- 5-(1- METBYLETHYL) - 3- PHENYL- 4- °

( PHENYLAM NO) CARBONYL! - 1H PYRROLE- 1- HEPTANO C ACI D FI ELD OF THE | NVENTI ON 5
The present invention relates to novel crystalline forns of atorvastatin
free aci d¥PW26L6known by the chenical name PCT/TB2004/002919

[R-(R*, R*)]-2-(4-fluorophenyl)-R S- -

di hydroxy-5-(1- et hyl et hyl ) - 3- phenyl - 4-[ ( phenyl am no) car bonyl ] - 1H pyrrol e- | -
hept anoi ¢ acid, useful as internmedi ate$-to prepare pharnmaceutically
acceptable salts of atorvastatin, including atorvastatin cal cium and
useful as pharmaceutical 10 agents, to nethods for their production and

i sol at icRis B PREAFGBBEH i §alr-CRITROS{LintdSosivel) _BBed, WeErl bassxeaRounds and a

phar masewhireaiisy - acaepiabl e rueatihmb) casomel L1 sy ROl s Pianbss Rgpsuch
conpositions to treat subjects, including human subjects, ;suffering from

hyperli pi dem a, hyperchol esterolem a, benign prostatic hyperpl asia,
osteoporosis, and Al zhei nmer's Di sease. 15 BACKGROUND OF THE | NVENTI ON The
conversi on of 3-hydroxy-3-nethyl glutaryl-coenzyne A (HM> CoA) to neval onate
is an early and rate-lim ti ngFIELBOF THEHNVENIION er ol bi osynthetic pat hway.
This step is catal yzed by the enzynme HMG CoA reductase. Statins inhibit
HMG- CoA reductase from catal yzing this conversion. As such, statins are 20
col | ectd vel y pot efike pregepntinieniien relgjesstgaoved crydtatine dotmtof atocaktiinfres s currently

[SCF)QI ?R?S R*LI) fl %?%gﬁqhﬁ%ﬁ%ﬁv% g*(%%’r‘n@? gélﬂ?/ ﬁgg’?gglizl(ﬁ@?w@?w')&&phe_nyl :
R < T e AT o A O A

Q.Ca2+ 0 N Bep#@ic wid; uefud af inferiediates ypropare pliaamgcentically dompghlet ed by USAN
(United Stat g:ﬁts’%

gt%}'v%gatin, including atorvastatin calcium, and useful as pharmaceutical

10 agents, to methods for their production and isolation to pharmaceutical
compositions which include these compounds and a pharmaceutically acceptable
carrier, as well as methods of using such compositions to treat subjects, iﬂcluding
human subjects, suffering from hyperlipidemia, hypercholesterolemia, benign

prostatic hyperplasia, osteoporosis, and Alzheimer's Disease.

15 ' BACKGROUND OF THE INVENTION

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

Atorvastatin calcium is currently sold as Lipitor® having the chemical
pame [R-(R* ,R*)]-2—(4—ﬂuorophenyl)-]3,6—dihydroxy—5-(1-methylcthyl)-S-phenyl-
4—[(phenflamino)baxbdny1]—1H¥pyrrole-1-heptar1_oic acid calcium salt (2:1).
trihydrate and the formula:



Nanes) is atorvastatin calciumand by INN (International Nonproprietary
Nanme) , is atorvastatin. Under the established guiding principles of USAN,
the salt is 5 included in the nane whereas under | NN guidelines, a salt
description is not included in the name. Atovastatin and pharnmaceutically
acceptable“§££$§ohﬂgreof are selective, conpetitive inhibitors of HMG CoA
reduct ase. SUCH, "atorvastatin calciumis a potent |BQEEH2MHE1Ng
conmpound and is thus useful as a hypolipidem c and/or 10 hypochol esterol em ¢
agent, as well as in the treatnment of osteoporosis, benign prostatic
hyper pl asi a, and Al zhei mer' s di sease. A nunber of patents have issued

di sclosing afervastatin calcium formulations of atorvastatin calcium as
wel | as proceésses and key internediates for atorvastatin cal cium
These includ¢: United States R tent 3; 5,273, 995;

5,003, 080; 5]097,045; 5,1 . 2 zﬂ55 251;

5,216, 174; 5}245,047; 5,2 Q03; 6; 5, 397 792 g 342, 952;

5,298, 627; 5)446, 054; 5, 430, 9GEN5, 89 690; 5,489, 691;] 5,510, 488; 5, 686, 104;
5,998, 633; 6{087,511; 6, 126-971;16,433,213; and 6,476,235, which are herein
i ncor por at ed| by refN 2P P t| n cal ci um can| exi st in3&Pstalline,
i quid-crystalline, crystial |'i ahd anor phous forjvs. Crystalline forns
of atorvastatin cal ctum are ' [ Pat ent Nunbers
5,969, 156 and 6, 121,461 whigh dre herein incorporated py reference. Further

crystalline, |liquid crystall e, plastic crystalline, di sordered WO
2005/ 026116 FCT/182004/002919 -3 fornms and non-crystalline forns, as well
as nmesophase$ are disclosed in copending applicationsl Published

I nternational. Patent Application WO 03/004470 and Unijped States Patent
pl i cation serial nunber 60/414,734, which -are herein incorporated by

erence. 5 AN ThoRablopicar ik iph iy U dkinkas Aagaia Pat ont
|

Appl i cations _have disclosed crystalline forms of atorvastatin cal cium as

wel | as procHeames) is gervagistingalcivg andbyr BRG (temetonghNonproprictary Nome) These

W0 05/ 43667 8%94‘%%3?23%%%%%%%?@%@@%g“é‘?ﬁ%ﬂ* 05 Wi 057200, O

02/ 057374, Vﬁcﬂ.ﬂecbﬁo/tﬁé%ﬂh?whév@s 0add TN delRs 024 AMRBEIPHOMD w2/ 083638; and VWO
02/ 089788 included in the name.
- Atovastatin and pharmaceutically acceptable salts thereof are selective,
competitive inhibitors of HMG-CoA reductase. As such, atorvastatin calcium is a
potent lipid lowering compound and is thus useful as a hypolipidénﬁc and/or
10 | hypocholesterolemic agent, as well as in the treatment of osteoporosis, benign
prostatic hyperplasia, and Alzheimer's disease.
A number of patents have issued disclosing atorvastatin calcium,
(\/ formulations of atorvastatin calcium, as well as processes and key intermediates
for preparing atorvastatin calcinm. These include: United States Patent Numbers
15 4,681,893; 5,273,995; 5,003,080; 5,097,045; 5,103,024; 5,124,482; 5,149,83’7;
‘ 5,155,251; 5,216,174; 5,245,047, 5,248,793; 5,280,126; 5,397,792, 5,342,952;
. 5,208,627; 5,446,054; 5,470,981; 5,489,690; 5,489,691; 5,510,488; 5,686,104;
+ 5,998,633; 6,087,511; 6, 126 971; 6,433,213; and 6,476,235, which are herein
incorporated by reference.
20 Atorvastatin calcium can exist in crystalline, liquid-crystalline, non-
crystalline and amorphous forms.
Crystalline forms of atorvastatin calcium are disclosed in United States
Patent Numbers 5,969,156 and 6,121,461 which are herein incorporated by
reference. Further crystalline, liquid crystalline, plastic crystalline, disordered



Atorvastatin is prepared as its calciumsalt, i.e., [R—(R* R)]-2-(4-

fl uorophenyl )- (3, S-di hydroxy-5-(1-nethyl et hyI ) - 3- phenyl -

[ (phenyl am no) car bonyl ] -1 H pyrrol e-1-1-heptanoic acid caI ciumsalt (2:1).
The calciumsalt is desirable since it enables atorvastatin to be

conveni entWQ 295/02@¢ul ated in, for exanple, tablets, c&6FABWEORHIenges,
powders, and the like for oral admnistration. Atorvastatin free acid,

di sclosed in US Patent 5,213,995, can be used to prepare the calcium salt
of atorvastatin, as well as other pharfaceutically acceptable basic

addi tion sal I V, free acid 20 can
be used as atf&ﬁ.‘ar ngég%%[l?%g@hé fbm@%g%h%&ei&bhas%%d?g%{ %éi gresent I nventi on,
atorvastatin cabpreadmg@pphoamﬂsdPMbhedbﬁema@dnﬁI BﬁerﬂS\p?Iicamloh WQherefore, there

d f d lid f bl
rystal i ne, OppbHTsoR Dafed bl P Aspupioasriphnanb ara S gph i ast a1 n, as

wel | as phar gﬁqﬁ%ﬁﬁﬁbtpgﬂ{m%&&bﬁﬂé containing the free acid of
atorvastatin. 25 W have now surprisingly and unexpectedly found novel

crystaliine for s Additionallyr ¥ mesnier Dﬁptfhhémdelntcmatldﬂabgatenth@pbc@l@ant i nventi on
provi des atotvas |n fr new i ne forns designated Forns A
and B. The néw 4‘?@ frlygtglhn?%) °fg%"°%{?%"}ct\?§ Cﬁltn? ﬁS?VFQQSB[‘FF%TS?rfgr purer, more
stabl e, and b@ysm lﬁ@@msvastaﬁ@&@mme&rh@s@m@ﬁ@dWlemmm
non-crystalline form WO 2005/ 026116 PCT/ | B2004/ 002919 A SUMVARY OF THE

| NVENTI ON Ac@b’ﬂ&???gw 035{3933453“%1@]9’@%9(090“’(1 P4 1584 WRY 02/43p6ht WEh i s directed
to crystalll 65"/49?]55 WO Ghi031 R Biohabd, Gb?o%%hﬂ@i&%ﬂé@%ﬁ%ﬂ% eof. 51n a

second aspect nvention is directed to orm A" Tatorvastatin
free amid an62/0yened: BO 021672603 W@a)zmséﬂ maowssm frdl WO/02/059%88.ay  powder

iffraction attern expr.essed | of the s,-and rel ative
intensities \FI)\A th & %FP\%FIFW gglﬁ‘fm;'fg err&%srg'r jﬁ%ﬁ#{(‘g Bruker D5000
di ffract onet ?lﬁoﬂﬁ%ﬁéhgmﬁlhﬁ’%kﬁsl(%ﬂwﬁﬁ% dndglative 20 (A) Intensi ty

(>20% 4.7 18.7

[(phenylamino)carbonyl]-1H-pyrrole-1-1-heptanoic acid calcium salt (2:1). The
calcium salt is desirable since jt enables atorvastatin to be conveniently
15 formulated in, for example, tablets, capsules, lozenges, powders, and the like for
oral administration.
Atorvastatin free acid, disclosed in US Patent 5,213,995, can be used to
prepare the calcium salt of atorvastatin, as well as other pharmaceutically

acceptable basic addition salts of atorvastatin. Additionally, atorvastatin free acid

20 can be used as a pharmaceutical agent. However, prior to the present invention,
atorvastatin free acid could only be isolated as an oil. Therefore, there was a need
)'.J)\- T . ! .
k/‘ - to prepare atorvastatin free acid in solid, preferably crystalline, form to facilitate

the preparation‘ of salts of atorvastatin, as well as pharmaceutical compositions
containing the free acid of atorvastatin.

25 We have now surprisingly and unexpectedly found novel crystalline forms
of atorvastatin free acid. Thus, the present invention provides atorvastatin free
acid in new crystalline forms designated Forms A and B. The new crystalline
forms of atorvastatin free acid are purer, more stable, and bave advantageous
properties compared to the prior non-crystalline form.

- 30 |



6.0 14.6 25.9 8.9 9.9 46.0 9.1 9.8 63.0 9.4 9.4 100.0 13.2 6.7 20.5

14.1 6.3 29.5 17.8 5.0 55.8 18.1 4.9 98.1 18.9 4.7 63.8 19.9 4.5 23.9
20.2 4.4 29.3 20.6 4.3 32.4 21.8 4.1 50.1 22.1 4.0 57.5 22.5 4.0 28.4
23.7 3.8 51‘7(}200552 ﬁm?" 4 21.0 26.7 3.3 20.0 10 *The relative intensities my
change depending $h'%t he crystal size and norphol ogy. FurPChE2004i0000 t hi rd
aspect, the present invention is directed to crystalline FormA
atorvastatin free acid and hydrates thereof characterized by the follow ng
solid-state 13C nucl ear nmagneti c resonmnce (SSNVR) spectrum wherei n chem cal

15 shift is expressed in parts per. mllion . _Assi gnnment Car bon chem cal
shift (apm* C39 180.6 M&Y@Bﬁ%m% PCT/ | B2004/ 002919 5 C 8
167.1 C 8 166.3 (C27 163.6 C27 161.5 5 Follow ng group of resonances

include: d, 2, 3,4,6,7,9, 10, 12,13,17, 18,
Accordingly, a first aspect of the present invention is directed to crystalline

forms of atorvastatin free acid and hydrates thereof,

5 In a second aspect, the invention is directed to crystalline Form A
atorvastatin free acid and hydrates thereof characterized by the following x-ray
powder diffraction pattern expressed in terms of the 26, d—spadings, and relative
intensities with a relative intensity of >20% measured on a Bruker D5000

diffractometer with CuKa radiation:

C ; Degree d Relative
26 : &) Intensity
(>20%)
4.7 18.7 49.5
6.0 14.6 259
3.9 9.9 46.0
0.1 9.8 63.0
94 9.4 100.0
13.2 6.7 20.5
14.1 6.3 29.5
17.8 5.0 55.8
18.1 ' 4.9 98.1
189 4.7 63.8
19.9 4.5 23.9
20.2 . 4.4 - 293
20.6 4.3 32.4
N 21.8 4.1 50.1
L 22.1 4.0 57.5
225 4.0 : 28.4
23.7 3.8 57.1
25.9 34 _ 21.0
26.7 3.3 20.0
10 *The relative intensities may change depending on the crystal size and morphology.

Further, in a third aspect, the present invention is directed to crystalline
Form A atorvastatin free acid and hydrates thereof characterized by the following

solid-state °C nuclear magneﬁc resonance (SSNMR) spectrum wherein chemical

15 shift is expressed in parts per million (ppm):
Assigmmuent Carbon chemical shift (ppm)"*
C39 180.6 _

C39 174.3



20, 21, 24, 25, 28, 29, 33, 34,36 141.8 140.7 137.9 10 135.2 134.1 132.9
130.0 128.8 (shoulder) 15 128.0 125.4 123.3 121.6 119.3 20 118.4 116.4
115.1 113.7 112.3 25 Followi ng group of resonances include: C26,35 71.3
70.0 69.1 @8 @‘% 951 53 Follow ng group of resonances include: 35

Cl1, 19, 30, 37 43 B%13® 9 41.8 40.6 40.0 40 38.9 37.1PCEGBowbmggr oup of
resonances i ncl ude: :

5.

(OF] 167.1 -
C8 ‘ 166.3
Cc27 ) 163.6
C27 . 161.5
5 Following group of resonances include:
C1,2,34,6,7,9,10,12,13,17,18,
20, 21, 24, 25, 28, 29, 33, 34,36 141.8
140.7
: 137.9
10 _ _ 135.2
134.1
132.9
130.0
o : ~128.8 (shoulder)
(, 15 : 128.0
‘ 125.4
123.3
121.6
-119.3
20 1184 .
116.4
115.1
113.7
112.3
25
Following group of resonances include:
26,35 71.3
70.0
69.1
30 . - 68.6
65.3

Following group of resonances include:

35 C11, 19,30,37 43.5
42.9
41.8
40.6
_ 40.0
40 _ : 38.9
37.1

‘Following group of resonances include: :
C14,22,23 26.8
o 26.2
45 25.5
25.0
212
20.5



Cl4,22,23 26.8 26.2 45 25.5 25.0 21.2 20.5 WD 2005/026116

PCT/ 1 B2004/ 002919 -6 18.8 18.1 Peak at 8.4 ppmis a spinning side band 5
*Val ues in ppmwith respect to tetranethylsilane (TMS) at 0 ppm referenced
using an external sanple of adamantane, setting is upfield resonance to
29.5 ppm WORYBHUPIy, in a fourth aspect, the presentPGTABANEPYAL s
directed to crystalline FormA atorvastatin free acid and hydrates thereof
characterized by the 10 follow ng solid-state 19F nucl ear magnetic
resonance spectrum wherein chem cal sWrft is expressed in parts per
mllion: Assignment Flourine chemcal shifgg(ppm* F -105.6 -110.6 15
-112.6 -114.1 *Values in ppmwth respeggto CCI3F at O ppm ref erenced by
setting 19F signal of trifluoroacetic acid (TFA) -HzO (1:1) to -76.54 ppm
20 In a fift SP&CH the present.invention is directed to crystalline Form
. B atoryast a%eusm " Z& eI ey ‘_’_ SH’;%{‘] he

foll owing x-ra\ , 9 ) “of the 20,
d- spaci ngs, esl%%/flcrog atlg?lé’ n% Wi 'aﬁr'el ative intensity of >20%

oot ver 20, (1 BBARY o dE BERATR Bty i RS G 5, RO

crystalline Form A atorvastatin free acid and hydrates thereof characterized by the

10 following solid-state F nuclear magnetic resonance spectrum wherein chemical

shift is expressed in parts per million:

Assignment ' Flourine chemieal shift (ppm)"
¢ F -105.6 ' _
s -110.6
15 -112.6
-114.1
*Values in ppm with respect to CCL3F at 0 ppmy;, referenced by setting BF signal of triflucroacetic
acid (TFA) -HO (1:1) to -76.54 ppm.
20 In a fifth aspect, the present invention is directed to crystalline Form B
~ atorvastatin free acid and hydrates thereof characterized by the following x-ray
powder diffraction pattern expressed in terms of the 20, d-spacings, and relative
intensities with a relative intensity of >20% measured on a Bruker D5000
diffractometer with CaKo: radiation: _
Degree d Relative*
20 A) Intensity
_ (>20%)
(/ 4.6 19.0 48.3
. 5.9 ' 15.0 32.4
8.6 10.2 _ 46.6
9.3 9.5 - 100.0
13.3 6.6 ' 33.7.
14.1 6.3 334
17.4 3.1 46.7
17.7 5.0 - 431
18.0 4.9 77.0
18.8 4.7 66.4
19.3 4.6 21.5
19.8 4.5 23.5
, 20.2 4.4 ' 21.5
) 21.1 4.2 36.7
' 21.5 4.1 38.3
21.9 41 31.6
23.6. 3.8 44.8




8.6 10.2 46.6 9.3 9.5 100.0 13.3 6.6 33.7 14.1 6.3 33.4 17.4 5.1 46.7
17.7 5.0 43.1 18.0 4.9 77.0 18.8 4.7 66.4 19.3 4.6 21.5 19.8 4.5 23.5
20.2 4.4 21.5 21.1 4.2 36.7 21.5 4.1 38.3 21.9 4.1 31.6 23.6. 3.8 44.8
WO 2005/ 022&&? g&'é[/ | B2004/ 002919 -7 *The relative intensities may change
dependi ng % ?Vstal size and norphol ogy. As i nhi bPE€BHE0@0029045 CoA
reduct ase, the novel crystalline forns of atorvastatin free acid are useful
as hypol i pi dem ¢ and hypOchoI esterolem c agents, as well as agents in the
treat ment of osteoporosis, benign prostatic hyperplasia, 5 and Al zheiner's

Di sease. A still #ythae 1n%mgh§%ﬁhgeggpcﬁﬂﬁ REESHRE mle DGRy S @

phar maceut i cal conp05| tion dmnistering anh effective am)unt of _
crystal | i ne For m#s @hib ﬁ@?srﬁfmﬁt%fﬁé‘%‘}éﬁsﬁﬁhﬁf?‘é@l errstylinnfogms of dosage formin
t he treatnen J ention is
‘directed to hﬁﬁ%@@pﬁ%ﬁgéﬁgc?ﬂ a@H@é‘ﬁgﬁE@}adnhhxp JcnglEW Erg'%?%/%p 1\'aétl n free
acid. BRI EF BESIRIsRpE@NNGHe FeEmBRANNEPoTtBs, bemigmrpicdstaticinypérpiasiner descri bed
by the foll OWI onll 1ing exanples which refer to the acconpanying
Figures 1 to Pe4%¢ul ars of which are given below 15 Figure 1
Di ffractogram of X@ﬁ!ﬂﬁﬂh@f@ﬁw@ﬁmﬁbﬂm@ﬁ@e@mv@n@@fﬁhgﬁmﬁﬁ&euﬁéma Br oker

D5000 diffractoneter.
composition for administering an effective amount of crystalline Form A or Form

s

B atorvastatin free acid in unit dosage form in the treatment methods mentioned
above. Finally, the present invention is directed to methods for production of

( 10 Forms A and B atorvastatin free acid.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is further described by the following nonlimiting examples
- which refer to the accompanying Figures 1 to 4, short particulars of which are

given below.

15 Fourel
Diffractogram of Form A atorvastatin free acid carried out on a Bruker

D5000 diffractometer.
Figure 2
L:/ : Diffractogram of Form B atorvastatin free acid carried out on a Bruker
20 D5000 diffractometer.
Figure 3
Solid-state 13C nuclear magnetic resonanée spectrum of Form A
atorvastatin free acid.
Figure 4
25 Solid-state 19F nuclear magnetic resonance spectrum of Form A

atorvastatin free acid.



Figure 2 Diffractogram of Form B atorvastatin free acid carried out on a
Bruker. 20 D5000 diffractonmeter. Figure 3 Solid-state 13C nucl ear nmagnetic
resonance spectrumof Form A atorvastatin free acid. Figure 4 25
Solid-state 19F nucl ear magnetic resonance spectrumof Form A atorvastatin
free aci d. wig9R4Q26116 PCT/ 1 B2004/ 002919 _g DETAI LED DESCRI PTI ON OF THE
| NVENTI ON The term"crystalline" as used herein refers PEIEB28WI0PWIS or med by
a repeating three-dinensional pattern of atons, ions or nol ecul es and
having fixed 5 distances between the constituent parts and furthernore, can
be identified by one skilled in the at usi ng net hods, such as, for exanple
x-ray diffraction, solid-state NWVR, Raman spectroscopy, Infrared
spectroscopy and the like. Exanples of crystalline solids disclosed in the

present application ifghie ﬁ:mﬂér qmw%mm B atorvastatin free
acid., Crystalline. For%erﬁg%]g ormeE Igg%arigastatl n ree acid may be
characteri zed by. L wX - DO, LEfr e} and/or by their
solid state nucl gg?%%géggt?%mgeéggﬁédn%ég%f)egegf% #Oa.soﬁg\t%éé{eﬁiy raay D ffraction
Forms A and repeating thesidithénsidnnlmttamiot avek Sotharmasléclds 28d hyng feddr  powder
x-ray diffragtion patterns. Thus, the x-ray diffraction patterns of Forns A
and B 215 wehsiangcsy ?Tn&ﬁcoaﬂ‘t‘éenéPﬂT@é‘Péfﬂg’GﬁnﬁF’f@F Ei@ﬂ@g‘?ﬁ'bymng copper

radiati on (eieh 6 b biife BOABE ks (HRaNBIABE ANdeRADRIAARWET @ Set 1O

40 kV and 50mA, respectively. The divergence and scattefing slits were set
at 1 nmm and\MBeRamavspestioseppy) Infraved spestrpscapy andghedike. Brfufplagofed radi ati on was

detected by a vex ..PS. detector. A fheta-two theta ntipuoys scan at 2.4
“/mn (1 seé:qu%< eg?lé%)%sfg)s ‘f‘gﬁﬁ%l?rﬁsef]éapggcanfﬁn}ﬁi\@%ﬁ?é%ﬁmﬁrﬁg%éﬁ na standard
was anal yzedn BoehBalortertin ies héitNERktabink Fon® Al and Pata BiMesastainl ect ed and

nal yzed usi ng Bruker axis software Version 7.0. Sanples were prepared by

placi A9 t herfieracid mpy e Charpsprire by thepr xsiay npwdes ditfrgetion natems MddY | nstrunent s

purchased SiyguBRgd shiddmcleBHigREc LRRAke spadifaument is essentially the sanme as
a Si emans D5000. _

Powder X-ray Diffraction
" Forms A and B atorvastatin free acid were characterized by their powder
- x-ray diffraction pattems. Thus, the x-ray diffraction patterns of Forms A and B
15 were carried out on a Bruker D500 diffractometer using copper {radiation ‘
(wavelength 1:1.54056. The tube voltage and amperage were set to 40 kV and
50mA, respectively. The divergence and scattering slits were set at 1 mm, and the
receiving slit was set at 0.6 mm. Diffracted radiation was detected by a Kevex
PSI detector. A iheta—two theta continuous scan at 2.4 °/min (1 secf0.04° step)
. .2 from 3.0 to 40 ° 26 was used. An alumina standard was analyzed to check the
(~ instrument alignment. Data were collected and analyzed using Bruker axis »
| software Version 7.0. Samples were prepared by placing them in a quartz holder.
It should be noted that Bruker Instruments purchased Siemans-; thus, Bruker
D5000 instrument is essentially the same as a Siemans D5000.
25 v Table 1 lists the 2.9 and relative intensities of all lines that have a relative
intensity of >20% in the sample for crystalline Forms A and B atorvastatin free

acid:

' TABLE1l: INTENSITIES AND PEAK LOCATIONS OF DIFFRACTION .
30 - LINES FOR ATORVASTATIN FREE ACID, FORMS A AND B

FORM A FORMB
Degree Relative Degree - Relative
28 Intensity - 26 Intensity




25 Table 1 lists the 20 and relative intensities of all lines that have a
relative intensity of >20% in the sanple for crystalline Forns A and B
atorvastatin free acid: TABLE 1: |INTENSI TIES AND PEAK LOCATI ONS OF ,

DI FFRACTI 0 AshdsNES FOR ATORVASTATIN FREE ACID, FORMS A AND B FORM A FORM
B Degree Relative Degree Relative 29 Intensity 20 | ntBEEIR2004/009919

2005/ 026116 PCT/ 1B2004/ 002919 -9 (>209% (>20% 4.7 49.5 4.6 48.3 6.0 25.9
5.9 32.4 8.9 46.0 8.6 46.6 9.1 63.0 9.3 100.0 9.4 100.0 13.3 33.7 183.2
20.5 14.1 33.4 14.1 29.5 17.4 46.7 **. 8 55.8 17.7 43 1 18 1 98 118.0

N..Q 40 qQ o~ 1-&-O—22_ 0O ') Q'I s ¥ a 2

3574 202 2hb 228 564 2120308 231 575 21-5 d8-3 CAB 25k 21 9 31. 6
23.7 57.1 2&_@_44{@ 25, 21 nzgaj 201 0_Be Eﬁsp onl v_t mn4§|3\LQIaJ_ ine forns
of atorvasthtin £980 arL;J_are g@awn ach f%gm can bﬁ Ldé%-fll fied|and
di stingui shed fro¥Pthe otlher cf#§8tallijhe for$bby 466

9.1 , 63.0 9.3 100.0

94 100.0 13.3 33.7

13.2 20.5 14.1 334

14.1 29.5 . 17.4 46.7

17.8 35.8 ‘ 17.7 43.1

18.1 98.1 . 18.0 77.0

18.9 63.8 18.8 66.4

19.9 239 19.3 21.5

: 20.2 29.3 19.8 23.5 '

a 20.6 324 202 215
el 21.8 50.1 21.1 : 36.7

22.1 57.5 21.5 38.3

22.5 28.4 - 219 ' 31.6

23.7 57.1 : 23.6 44.3

25.9 21.0

26.7 20.0

Because only two crystalline forms of atorvastafin free acid are known,
each form can be identified and distinguished from the other crystalline form by

either a single x-ray powder diffraction line, a combination of lines or a pattern

5 that is different from the x-ray powder diffraction of the other form.
(: For example, Table 2 lists single unique 26 peaks for Forms A and B
’ atorvastatin free acid, i.e., a set of X-ray diffraction lines that are unique to each
form. /
TABLE2: ATORVASTATIN FREE ACID, FORMS A AND B UNiQUE
10 PEAKS AND COMBINATIONS OF 20 PEAKS
FORM A FORM B
Degree v Degree
20 20
+ 89 : 8.6
20.6 174
225 21.1
25.9 21.5




either a single x-ray powder diffraction |ine, a conmbination of lines or a
pattern 5 that is different fromthe x-ray powder diffraction of the other
form For exanple, Table 2 lists single unique 20 peaks for Forns A and B
atorvastatin free acid, i.e., a set of x-ray diffraction lines that are

uni que to egohoosheyilg TABLE 2: ATORVASTATIN FREE ACID, FORVS A AND B UNI QUE
10 PEAKS AND COMBI NATI ONS OF 20 PEAKS FORVA FORM B Degr€&MBoptanao1920 20

8.9 8.6 20.6 17.4 22.5 21.1 25.9 21.5 WD 2005/026116 PCT/ 1B2004/ 002919
-10 Solid State Nucl ear Magnetic Resonance Form A atorvastatin free acid may
al so be characterized by its soli d- st-4¥e nucl ear magneti c resonance v
spectra. Thus, the solidggk g@gﬂ@ ' onance spectra of Form A
was carried out on a BruEEﬁ;@%ﬁ%‘%ﬁﬂ@%\'}\gn e gsﬁonghggo MHz NMR spectroneter.
19F SSNVR Appr oxiliesm &l ajorySstatip fesfe asismplyetlsndbecharigiérided bpdis keldl-dtaito a 2. 5 mm
ZrO spinner_for ch.s |.e anal yzed. e- di.nensi onal 19F .spectra were

col l ected atnuc]%@rgﬁ%ngtﬁc eg(%‘balﬁ%e © e?@wg%ﬁ’q‘g%%% ABARISHE 2 5 nm BL
'Cross- pol ar irg@hiu@e spétravfPerid & vl ghrtied Mt FuK<LRBPIn AYHREDSRSI tioned into
a w de-bore Broker-_Biospin Avance DSX 500 MHz NWR spectroneter. The sanpl es
wer e pésitioﬁ‘?@mm&?eﬁ‘ﬁﬂp@ﬁangl e and spun at 35.0 kHz, corresponding to
the maxi numigpeenfjged spinning speed for the 2.5 nm spinners. The fast

spinning speed mnimzed the intensities of the spinning side bands and
provi ded al nost dgppixengelyds agdfisagplefweiestightlly psilgdate al2Samn#rOt ons. The

‘nunber of scans re individuall dj yst ed f oks,, each sanpl.e to obtain
adequat e si r?B]'n@?r%f %aéf" a&f ?m%‘%{'cépé‘ mEPEHR ngﬁge%véerengq;@gpﬁ?@td_ Prior'to
19F acqui si ti9§K, ani¥mbient paeasuteddh 4 BARE-BOEfn DB 38 B CorBs-pdMlrizhtibher i on

recovery technique. The recycle delay for each sanple was then
' (: | magnetic angle spinning (CPMAS) probe positioned into a wide-bore Bruker-

Biospin Avance DSX 500 MHz NMR spectrometer. The samples were positioned
at the magic angle and spun at 35.0 kHz, corresponding to the maximum specified
spinning speed for the 2.5 mm spinners. The fast spinning speed minimized the
intensities of the spinﬁing side bands and provided almost complete decoupling of
15 19F signals from protons. The number of scans were individually adjusted for

each sample to obtain adeqguate single/noise (S/N). Typically, 150 scans were
acquired. Priorto g acquisition, '°F relaxation times were‘ measured By an
inversion recovery technique. The recycle delay for each sample was then
adjusted to five times the longest g reia_xation time in the sample, which ensured -

20 acquisition of quantitative spectra. A background due to probe ringing was
subtracted in each alternate scan after presaturating the ®F signal. The spedtra _
were referenced using an external sample of triflnoroacetic acid (diluted to 50%
VIV by H;0), setting its resonance to -76.54 ppm. |
Bc SSNMR S

25 | Approximately 80 mg of sample were tightly packed‘ imoad4d mmZrO -
spinner for each sample analyzed. One-dimensional B¢ spectra were collected at
ambient pressure using "H-">C CPMAS at 295 K on a Bruker 4 mm BL CPMAS
probe positioned into a wide-bore Bruker-Biospin Avance DSX 500 MHZ NMR
spectrometer. The samples were spun at 15.0 KHz cbrresponding to the maximum

30 specified spinning speed for the 4mm spinners. The fast spinning speed |
minimized the intensities of the spinning side bands. To optimize the signal
sensitivity, the cross-polarization contact time was adjusted to 1.5 ms, and the

proton decoupling power was set to 100 kHz. The number of scans were



adjusted to five tinmes the | ongest 19F relaxation tinme in the sanple, which
ensured 20 acquisition of quantitative spectra. A background due to probe
ringing was subtracted in each alternate scan after presaturating the 19F
signal . Theyg RGfslobdq VEr e referenced using an external sanple of
trlfluoroacetlc aC|d;(diIuted to 50% V/V by H20), sett iPa@/1B1084/00e9nance to
-76.54 ppm r3C SSNMR 25 Approximately 80 ng of sanple were tightly packed
into a 4 nmZrO - spinner for each sanple analyzed. One-di nensional 13C
spectra were collected at amnbient prébsure using '11-"C CPNAS at 295 K on a

Br oker 4 q t -Bi ospin
Avance DSX ég% %ﬁg{esggce?‘?g%pg{@%}fﬁ& asgﬂfo#ges We%&aﬁl at 15.0 kHz
corr espondi ngarsoverhasguiged withra re8cls pelay 6fi Sedcads nhewpespewetef or the 4mm

spi nners. The fast spi nni nlgmg[)eed mnimzed the intensities of the spinning

si de bands. EGF YHBELEH iple of adpraantang; felfing iy op PIgSEOBICEr i zat i on

contact ti maatmg?_%ﬂ usted to 1.5 ns, and the proton decoupling power was
set to 100 kHz. e nunber of scans were WO 2005/ 026116 PCT/ | B2004/ 002919
-11 i n8i vi dual |y Ad@weﬁéztt@cfrep@md@ss@wllmfpnes AendBradithe m@p@qmve@u@n N. Typically,

1900  scans e% @&%&cﬁg‘us\% s& eféé%ﬁ?rg% 1@3&' %at?ﬁfé rig?f:?e}ae spectra

were referen usi ng” an ex erna y its upheld

resonance ahe li.’ﬁlr&ed)ﬁomls 566@1ﬁvalaﬁ1t(aﬁﬂh‘ydtfafea¢omladd ﬁfeyﬁfeﬂddditﬁl@e Forms A and B
in anhydrous forps as well as hydrated

of the present inve
and sol vat e PFGRRAES® I“H&ﬁblh%?‘é’ﬂ’ %‘ilﬁéfeﬁ%?“é’%tﬁmf&fﬁsé albineFamA val ent to
unhydr at ed ep%feiﬁb 1§6cRd £ d aRidletlefoiniie Fox%?mmﬁﬁg%ﬂbﬂdwate}he scope of the

present invention’ Crystalline FormA erab occurs as a hydrate.
ref ed@bl y, For mAAOIUaﬂtﬂt?alﬁ’@Q a@d@rmtallhrmfFomérandB@fﬂhmmmtqunhomree acid

crystalline For n ti.on, rdl ess of the.
extent of hﬁﬁaﬁ ﬁfglngftg? Og 5‘&9%?‘? V?IH%‘ gﬁw\l}ﬁle%lﬁyﬁ%%ﬁéﬁy powder

di ffractogr qjmdeﬂﬁffﬁfiﬂéﬁns,adﬁsm,l die WithinSEOREpOI! thdigrefnemeaitionnvention. The
new crystalline fornms of ator asta%l n free acid, descri 8ed herei n have
advant ageous pr opaf fgveerys é&'ﬁ‘ﬁﬁ gorvayatipstres agidfescribed bergid@ve heni cal 15

stanility. Abofucthf polenth! hoexehoEORdhA A Favkos@biaRi | ncl uding vater

and phosphate buffer saline solUtion are conparable to Form |
at or va8t at i rstabilityi &hee, thesoduhilyy of FormsUnindd inSroliests irduding wMendndr 5, 969, 156) .

phosphate buffered saline solution are comparable to Form I atorvastatin calcium
(disclosed in United States Patent Number 5,969,156).

The present invention provides a process for the preparation of crystalline
Forms A and B atorvastatin free acid which comprises crystallizing atorvastatin

20 free acid from a solution in solveﬁts under conditions which yield crystalline
| Forms A and B atorvastatin free acid.

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

25 For example, Form A can be prepared by slurrying atorvastatin calcium in
water with a solvent such as, for example, acetonitrilé and the like, The mixture is
filtered and the filtrate is acidified with an acid such as, for example, an inorganic
acid such as hydrochloric acid and the like, followed by removal of the solvent.

~ Thesolidis washed‘ with water and dried to afford Form A. Preferably, érystalline

30 Form 1 atorvastatin calcium is slurried in a mixture of abont 80 parts of water and
20 parts of acetonitrile, the mixture is filtered , the filtrate is acidified with 1IN
HC, the solvent removed, the resulting solid washed with water and dried at |

about room temperature for about 24 hours to afford Form A.



The present invention provides a process for the preparation of crystalli ne
Forms" A and B atorvastatin free acid which conprises crystallizing
atorvastatin 20 free acid froma solution in solvents under conditions
which yield crystalline Forns A and B atorvastatin free acid. The precise
condi t i onSVQHEEP26Wi ch crystalline Forms A and B ator v%%?@tzp‘}‘f’““pﬂ%e acid are
formed may be enpirically determned, and it is only possible to give a
nunber of methods whi ch have been foug? to be suitable in practice. 25 For
exanpl e, Form A can be prepared by slufrying atorvastatin calciumin water

with a sol vent smﬁmﬁvelymongmﬁmysepﬁgﬁé@wMvehee;@ﬂa@hdm%!rI ke. The m xture
is filtered and the filtrate is acidified with an acid such as, for

exanpl e, an S*ABPYaHPRastalt @lciir s S&%’“%W@@%‘iﬁ“@é@]}W@rﬁW@ﬁe li ke, followed
by removal Qfqqiigh of 25tk such i Gos nﬁlainﬂle, ést‘ﬁ’@st q?ylﬂukﬁ eiﬂ‘@f dried to

afford Form A Preferably, crysta atorvas |n calciumis
slurried in @hyiracdtm anddghe h]cmljfhe&ﬁsgsamd:rmscaéldtfmdmthandczdmdmalbsesl of
acetoni.trile, 'the.mxture is filtered trate is acidified with IN
HO , the sol®8Wt S?%?%Wﬁiiadteﬂéwf’é’ %ﬁetn?lﬁ%‘r?&‘f“ilt&t YREYC BRI Swat er and dried at
about room ts@gmaé@tﬂwsweﬁtrrea}b%& amPth® RIEIEn 1AM BkGbIRANA: folve 2005/ 026116
PCT/ 1 B2004/ 002919 -12 Alternatively, Form A nmay be prepared by sol vent
extracti on. SF@?aS "é%?ﬁr?ﬁflécet%nl@ﬂﬁiﬁ&sﬂffaﬁﬁﬂmlaﬁ cPegds i}stW P@@@P gddedvat er unti |

wet, follo ¥ |l e, nethyl
tertl ary bu ty &er i ?)ﬁl‘%gé,dqﬂet %{/?c%@é ae{%agng??tg f&l%& u%f?ﬁgpsuspenm on is
acidified vaoImnaﬁn ]aefethbas cstaliine Feun batadvastatin aitdium éscbhwried in aa ¢l ear two phase
mxtu results, e or i hase is . separ d, t | vyent renoved, and
Va8l £ i e e BLERE AR rpeisio feriedsy I B e o
tom tril gphfa@s afelsepdiate® tK8 MTBESeRMovEd, BRI Buiinzabl R ddeRE naf ter the solid

is dissolved in water-acetonitrile to accelerate the fornmation of Form A
Preferably, wsterscetoniirie seersof Foun drapaadded and Foamad isrisalaed by filitaden.i n a 10

m xt ure of vvaterPgH]g ' f HC1l, the two
phases are separate Ngﬁl%pﬁﬁ%gy ﬁ%ﬁﬁ ?rgo{l/lgg altﬁgﬂr‘%gu ?rn%gcé&fl i s dissolved
in water - acbatront ﬂaj Prefeedlis Fodm Kas haafedati @ ooshde dbandSHOameA i s i sol ated by

filtration. FormB is prepared _by’ heating Form A at about. 45C under vacuum
for dBout o\ﬁéu%@)r bt pRs day) yAltemativg! FoamfeiseEppsphtoJoWelativet about 45C

under 15 va ?&?’9 Zﬁ%{é@tdj:ﬂ’ d Pbio BN plrabty, oﬁfaum Ardestl f4P0sed to low
relative hum 12 goéys to af%ord or SPrér- elrably FormA is
stored in alow relatxve hurmd1ty chamber prepared using phosphorous pentoxlde for about

72 days to afford Form B.
The compounds of the present invention can be prepared and administered
20 in a wide variety of oral and parenteral dosage forms. Thus, the compounds of the
| present‘invention‘ can be administered by injection, that is, intravenously,

C intrarnuscularly, intracutaneously, subcutaneously, intraduodenally, or
intraperitoneally. Also, the compounds of the present invention can be
administered by inhalation, for example, intranasally. Additionally, the

25 compounds of the present invention can be administered transdermally.

For preparing pharmaceutical compositions from the compounds of the
present invention, phannaceu%icaily 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

30 substances which may also act as diluents, flavoring agents, sclubilizers,
Iubricants, suspending agents, binders, preservatives, tablet disintegrating agents,

or an encapsulating material. {



|l ow relative hum dity chanber prepared usi ng phosphorous pentoxi de for about
72 days to afford Form B. The conpounds of the present invention can be
prepared and administered 20 in a wide variety of oral and parenteral
dosage forns. Thus, the conpounds of the present invention can be

adni ni st er¥@ 22 Ht&ction, that is, intravenously, i nt PEHIBIGHENP,

i ntracut aneousl y,- subcutaneously, intraduodenally, or intraperitoneally.

Al so, the conpounds of the present invention can be adm nistered by

i nhal ati on, for exanple, intranasally:13Additionally, the 25 conpounds of the
present invention 10l St en t -akly .. EQr L Ng ‘
phar maceuti cal co?pc)losi({ai&bﬁlg%%%ﬁ?r@glggﬁn\g%aﬁggggblc%{F]Selﬁ%pquggugé;?mll nventi on,
phar maceut i c#ielfinchodiwdedinitive campanents can be either solid or liquid. Solid
form preparations.,i Fowder s, tahlets, pi : aﬁ%u_l es, cachets, .

| ud Llls, ¢

supposi tori es, aph’tgﬁgﬁﬁetﬁg Wvgcﬁﬁflﬁ??ﬁmég?m’ﬁd Wla%am. yingdhe be one or nore
30 subst ancespedtdafbifiidg plopertidein safabll profiHicns ahdl BYRpdcHA iRBRRh&e
solubilizers, _lubricants, suspending agents, binders, preservatives, tablet
di si nt eYr at i Aed depedsed. or an encapsul ating material. WO 2005/ 026116

PCT/ | B2004/ 002919 < | ' i.nely divided solid
which is in a mx uer%&vvéepshﬁaﬁﬁg&gPrﬁgﬁélﬁéfﬁ&:%oéygeé&%gorr%)é)ﬁéent. In tablets,
the active cesvpntygoicentsofthexedverddaipotind Sanabld @iridtawie mgaghbgum necessary bi ndi ng
properties in suitable proportions and conpacted in the shape 5 and si ze

desi red. Thecﬂgm?a WL HPATE, THF P el ) Ce BRI 4XF M e§ing en to about
seventy per ceagacofn A AGIYRo SBHRANAbox;Hith ARIRIREIA LR IRy ARINES | UM

carbonate, magnesium stearate, talc, sugar, 1lactose, pectin,” dextrin,
Z;?r chl0 gel aroaea bultaraayddbalike. Thetetny 'ereparationSis, intsndtidderinclude the

boxymet hylcel ' | 1N X .cocoa . hutter.. and the |ike.
The term "pr goﬁglﬁl !’fﬁ%’%ﬁfﬂ]? gcqv%gglnrﬁglé@dt‘%thﬁﬁgpﬁégu?gn‘éate’fl%raFrﬁ Ic%rple%n of the active
conpound Wi t proeitigimseapadle howiieh theiaedve@smporat, wiifor withows clhei garie®apsul e i n

whi ch the active l(é:'}%nygnent,_ Wi th qor w thout gther carriers, s surrounded
by a carri er s SHFPEIICE 8Y prgrsier, hichde bpsinastpcigfiom with It Symilarlyr qaghett achet s and
| ozenges ar eaﬁd‘fézé#é@éjare Eﬁ:ﬁid%&.fﬁabﬁ%‘,’ﬁﬁﬁcﬁrs 6&%@@9&,%&3, é%ichété’an&ﬁﬁé}%%’ and

| ozenges 15 can be used as solid dosage forns suitable for ora :
adm ni 8% r at i oan berused gy sopd dpsage fpp siiableforagal admingsiratioht i ng wax, such as a

mxture of fatty For preparing suppositoriés, a low melting wax, such as a mixture of fatty

acid glycerides or cocoa butter, is first melted and the active component is
dispersed homogeneously therein, as by stirring, The molten homogenous mixture
is then poured into convenient sized molds, allowed to cool, and thereby to

20 solidify. |

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

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

Aqueous suspensions suitable for oral use can be made by dispersing the
finely divided active compohent in “water with viscous material, such_ as natural or

30 synthetic gums, resins, methylcellulose, sodium carboxymethylcellulose, and
other well-known suspending agents.

- Also included afe solid form preparations which are intended to be

converted, shortly before use, to liquid form preparations for oral administration. -



acid glycerides or cocoa butter, is first nmelted and the active conponent is
di spersed honogeneously therein, as by stirring. The nolten honbgenous

m xture 1is then poured into convenient sized nolds, allowed to cool, and
thereby tqQ 2Q solidify. Liquid form preparations include sol utions,
suspensioﬁ@?ZWEW@ﬁfqon'enenas, and enul si ons, for exa®olaBMWat/@2I10r wat er
propyl ene glycol solutions. For parenteral injection, |liquid preparations
can be fornmulated in solution in aqueous polyethylene glycol solution. 25
Agueous sol utions suitable for oral udé& can be prepared by dissolving the
act | ve. comPogeRlighid MALShaRfchoRdhd uButll AR!afid ERLRIAN Ry | aVO! S, .
stabilizing, an thickeni ng agents a desired. gqueous suspensi ons suitable
for oral useprepanatives may eodsin dn aditical toghd detive Eomymingntdéolorehetel fRebsye conponent
in water with viscoys.materjal, such as naturgl or 30 synthetic guns,
resins, net h%’?b&léqefsﬂﬁlggeés,’ aﬁgm A ‘B@)@Vﬁﬁf"iﬁ‘ff%@ﬁrﬁ@&% thickepers.ot her wel | - known

suspendi ng -agRiMIfingYsems, Makiedd are solid form preparations which are
intended to be converted, shortly before use, to liquid form preparations

for ordl adnini sthhephamacetcadgosygtion kerefarbiyie o doogofven. IntuchSuch | i qui d

f i ncl i X i J | Si. .Ih [
contai i n oy bebREig R SRR, AT BT HRLRYR ap 05, Do o O ™

stabi | i zer s, qanfidezio$ theativefdogipahena Miie QA bsabe fBRLLBES Packadcdper sant s,

t hi ckeners, solupilizing agents, and the |like. 5 The pharnaceuti cal

prepar at i on FrEPYAUOR N BRoKagsroiRming fiscase quastifes of prapgrsion.suehas t he |
preparation Jsisudhiis d8dsdidt Shdiat b1 RAPREQRET ate quantities
of the acti \/ﬂ'e conponersﬁ . 9§"I'he’ un:ﬂ(%%ggggg@%%g?%h alﬂ sbgl aplgag gged

g;:@parlﬂti on, dastgs fper kade acnapiudd, mblet caibet oetogengeaiself, tor gsambe theepar at i on, such

packet ed tabl.ets apsul es, . and powder.s in vials or anpoules. Al so, the
unit 10 dosa@grqu?%ngglﬁﬂgoza ygfatbgsﬁllrégacpf?ajﬁfflz?r,m'cachet , or lozenge itself, or
it can be the apheqpamitdy 6f RUK&ImPherdya ofit 8636 peephtipPLKkPBEFfear M The

gquantity of actijve conponent in a unit dose preparation rnay be varied or
adj ust ed f r othagdiustedomd.3 mg tad00 Bedrelrrbinl 2ms 0 mg agerrdige ir¥8r ding to the

Composi t | on a6 Rt % RREL S iR RoRPRICHE TECERARERE, fer apeut c
agent si5 can, if desired, also contain other compatible therapeutic agents. :
In therapeutic use as hypolipidemic and/or hypocholesterolemic agents and
agents to treat osteoporosis, benign prostatic hyperplasia, and Alzheimer’s
diseasé, crystalline Forms A and B atorvastatin free acid utilized in the
pharmaceutical method of this invention are administered at the initial dosage of
20 about 2.5 mg to about 80 mg daily. A daily dose range of about 2.5 mg to about

20 mg is preferred. The dosages, however, may be varied depending upon the

O

requirements of the patient, the severity of the condition being treated, and the
compound being employed. Determination of the proper dosage for 2 particular
situation is within the skill of the art. Generally, treatment is initiated with smaller
25 dosages which are less than the optimum dose of the compound. Thereafter, the

dosage is increased by small increments until the optimum effect under the
circumstance is reached. For convenjeﬁce, the total daily dosage may be divided
and administered in portions during the day if desired.

The following nonlimiting examples illustrate the inventors' preferred

30 methods for preparing the compounds of the invention.



I n therapeutic use as hypolipidem c and/or hypochol esterol em ¢ agents and
agents to treat osteoporosis, benign prostatic hyperplasia, and Al zheiner's
di sease, crystalline Forms A and B atorvastatin free acid utilized in the
phar maceut W@g@tﬁﬂod of this invention are adm nistered at the initial
dosage of 5.5 ng to about 80 ng daily. A dail yPcuBoanyes of about
2.5 ng to about 20 ng is preferred. The dosages, however, may be varied
dependi ng upon the requirenents of the patient, the severity of the
condition being treated, and the conpldund bei ng enpl oyed. Determ nation of
t he proper dosage for a particular @W'on is within the skill of the
art. Generally, treatnent is ini ti-g f smal | er 25 dosages which are

| ess than thga_gpt,km_]rzx(drm&neﬁhehyl?ﬁ@qrwkq@-iﬁhﬁmgfeﬂﬁne.ﬁﬂeﬁyl_ﬂos age is

i ncreased by smal| increments until the opti num effect under the

ci r cunst ancel(pkenylagirmerrbanytl-Ebayene-dheptancihacid.ot al dai |l y dosage may be
divided and adm nistered in portions during the day if desired. The
following nonlimting exanples illustrate the inventors' preferred 30

nmet hodss f or Pompdr AtegvdskaticBrepdieitis of t he i nvention. WO 2005/ 026116

PCTI | B2004/ 0 13 -15 EXAMPLE 1 '

[R-(R*, R¥)] - &€ uor ophenyl ) - p, 8- di hydr oxy-5- ( 1- net hyl et hyl ) - 3- phenyl - 4-
[ (phenyl am no) car A7l 3 har i i i A At orvastatin
Free Acid Met hodiﬂ%ﬂqogh{a]‘g%agwﬁiﬁ_agggbg??ﬁ %E?chrz}%?%ggsl@rlg%g?ed by chargi ng
100 nlL of aewstapitfiter(ACH) @A) mhdlewdizedivaige(2802 N mates) to 020gr8@s ACN..wat er)

5 969, 186 @ittt eRh O OSAAL BT HRANSR 15 m ot es.

@ ungj ssol mifbdripkbiesl condifions'feNBAathulzy. MEGudigddlvediniadiadwasisi ng a 0. 45m
-ny¥on-66 nmenbrane filter. The pH_ of the filtrate was deternined to be 6.5 -
7.0, whi ch wesovedbhy wepumdidigation usipg 2 0g5umgylan-oonmesahranesfidaroTheyptpr eci pi t at e
formed and d ' V1P i N . ol t was
evapor at ed b§‘tt§é§1§ﬁ %&v% e;=°%‘gﬂ£%?6@%r§'§ hg'oh‘g%g'ggggc@mg%d@%%tﬁgﬂs%ffuti on with
stirring un]E Wlit?aNhiaalvgx ol%udﬁ@rqa{)ﬁﬁig}fmmlﬂand gegemﬂnnei(jdby&‘m?!txﬁaaﬁﬁe T The s: p(rjry
was vacuumili ere u a U. m on- | ne rane .11 r. e Ssolldas
wer et hen wa GBIl Ol SO St BIRIS DY SR CUTORh v e RPSDAet armbi ent

andi tisgnf_ f 2 st AP sitiBin@ btArathe BrPwRiciionfatefomsd Al 5 Bndi@y.m A
atorvastatin free '
The slurry was vacuum filtered through a 0.45um nylon-66 membrane filter. The

solids were then washed with 100 mL of deionized water and air dried at ambient _
conditions for 24 hours to afford 0.3 grams of crystalline Form A atorvastatin free
acid.
20 Method B _ _
— Crystalline Form I atorvastatin calcium (US Patent 5,969,156) (10 grams)
| ‘was placéd in an Erlenmeyer flask (4 L). Water (1L) was added to the flask albng
with a magnetic stir bar. The contents were stirred until all of the solids were wet.
With stirring, MTBE (methyl ert-butyl ether - 1 L) was added to the réaction
25 mixture to form a white suspension. erdrochloric Acid (20 mL - 1 N solution)
was then added to the suspension with stirting. The contents were stirred until a
 clear mixture (2 phases) was present (ca. 5 min). The mixture was then transferred
into a separatory funnel (4L). The contents were mixed well, and the layers
separated. Thé water layer (IOWcr phase) was placed back into the separatory
30 funnel and additional MTBE (1 L) was added. The contents were mixed well, and
the layers were separated. The water layer was discarded, and the MTBE layer
was combined with the MTBE layer from the first extraction. The combined



acid. 20 Method B Crystalline Form | atorvastatin cal cium (US Patent

5,969, 156) (10 grans) was placed in an Erlenneyer flask (4 L). Water (1L)
was added to the flask along wth a nagnetic stir bar. The contents were
stirred unt|I all of the solids were wet. Wth stirring, MIBE (nethyl
tert-butylWaPABA%LG | ) was added to the reaction 25 niPCTIBO#H298r m a white
suspension. Hydrochloric Acid (20 nL -1 N solution) was then added to the
suspension with stirring. The contents were stirred until a clear m xture
(2 phases) was present (ca. 5 nmin). Th¥-mixture was then transferred into a
separatory f yers
separated. The wat géljsxv%el{lgcfﬁg\?\%ekﬁﬂ%ﬁgég@ &\}\%d(\g gﬁ#%ig%ﬂ |'§hp)g bﬁe separatory
30 funnel andordeids WemmakedWWEE afd the Jayem veacbpatated {Eheomat¢rdages waere m xed wel |,

P e St RN S e R P B L VT

conbi ned WO m@&%@@rﬁﬁ%&%&@&ﬁg@ onpﬂo@u&(ﬁ Eﬂhﬁ%?rh%r wer e p' aced back

into the funnel and water was ad S/\é contents were m xed wel |,
and thé | ayeﬂ@ombﬁ@ slgakhgiide/solihwa Gselvedwtbrﬁcmtﬂleﬂl%bhﬁodmaand the MIBE
| ayer was pl 3 BE .was t hen
renoved vi a ?‘g On %‘3‘*53% P%‘?\Q%&re&o?{]@?ﬁoglua ﬁh tllfn)hllgn';r %P%hous sol id.

The filnv' sobmam@swﬂitsmbetmnmb rbrme@t}mmﬁpéarbceas(&l &opl):tsna@P[M ma solution.
Water (0.8 L vvaséqigded to the solution with stirring using. a magnetic stir
bar. A whi t e(RlRBEIEENiGEsCOPY) Rerd d¥rials offioem epforrastain ﬁ%ﬁw e by PLM

(pol ari zed- | h@%ﬁ THeHRRAER MEte m%%gldﬁféfﬂe&hﬁde?ﬁ ggﬁgie@&f&vast atin free acid

were added. The contents were then‘rapidly stirr under a nitrogen bl eed
Kg 101Gppr oxppretisaiglyone biowt dhe Flids w@teuu%atedebsevacsmn&iﬂtealhobyasmgeuum filtration
n

ri Hsgdaung;g\Rﬁ{ng fﬁrﬁ?eglf%teﬂ) tltﬁgr?apeﬁ%t r@%oefhg 384}@%‘?’% r%ﬂlgl ; l ! '(Ij'?]evﬁlr gh

was pl aced l(0ﬁn),@meplaeadlﬁaerystmizmgahsmmedis}twmﬁﬁceummowmw@ 1 day).
This procedure afforded crystalli Form A atorvastatin free acid in a
yield of appfr@;a%fléwog%b/annigryﬁs% rhday)ad Bis precedirs afferded onxgtaliine \et hod A

Crystalline E&‘iﬁ%’%ﬁ?@z{s&‘ﬁﬂ?ﬁe@%&ﬁﬂ£ﬁ@]ﬁousgﬂ$}§ﬁﬁf€%@%ﬁ) was stored in a

vacuum oven at 45C (nitrogen purge vacuu or about one day to
af f or d15 Form B Atorvastatin Free Acid
Method A

Crystalline Form A atrovastatin free acid (Example 1) was stored ina
vacuum oven at 45°C (nitrogen purge, house vacoum) for about one day to afford
crystalline Form B atorvastatin free acid.

20 Method B '
Crystalline Form A atorvastatin free acid (Example 1) was stored in a low
L relative humidity chamber (prepared using phosphorous pentoxide) for about 72
days to afford crystalline Form B atorvastatin free acid.



atorvastatin free acid (Exanple 1) was stored inalow relative hunldrty
chanber (prepared using phosphorous pentoxide) for about 72 days. to afford
crystalline FormB atorvastatin free acid. CLAIMS 1. A crystalline
atorvastatin free acid. 2. A crystalline FormA atorvastatin free acid or..a
~hydrate thereof having a X-ray powder diffraction pattern contalnlng t he
follow ng 20 val ues neasured using CuKl radi ati on: 8. 9, 20.6, 22.5, or
25.9. 3. Acrystalline FormA atorvastatin free acid-or a hydrate t hereof .-
having a X-ray powder diffraction patiern containing the follow ng 20

val ues neasured usi-ng CukKQ radiation: 4.7, 6.0, 8.9, 9.1, 9.4, 13.2, 14.1,
17.8, 18.1, 18.9, 19.9, 20.2, 20.6,21.8, 22.1, 22.5, 23.7, 25(9, and 26.7
4. A crystalline FormA atorvastatin free acid having a X-ray . powder
"diffraction pattern containing the A& hg 28 val ues neasured using Cu&
radiation: 8.9; 20.6, 22.5, or 25.9. 5. Acrystalline FormA atorvastatin-

free acid hab hg écwsqaﬁlye atrﬁym@m ferdid.act i on pattern containing the

foll owing 20 val ues neasured using .-CuK. radiation: -4:7, 6.0, 8.9, 9.1, 9.4,
13.2, 14.1, 27.8 A agstallinekpng A Aerysiatip Gepacidxy adydraie figreof pving 2 22ay5.  23. 7,
25.9, and ZGPWdeﬁdlfﬁ!@Cé?WBatﬁaml qopiiniagthe inlleving 9% valuasi meatyrecbusing Quikar a hydr at e
.thereof char edistes: A 208422999128 95t at e 13C nucl ear rmagnetic resonance having
t he follomrng chemical shifts expressed. in parts per million: 18.1, 28.8,
20.5, and 2132. 7 cisstelligediionn 4 servasistindiee atidowr g dydrateitherdof bavingai Brayr  a hydr at e
t her eof char BeXdst fifiEgtionpatier) qontainingttes follewing 20 éd?esrmgﬁmﬂ wsingeGtkaance havi ng -
the fol | owi nigdigheri 4aI16-G 8% 04, 9.4xI% 44478 1Har 189, J85, 24.2.1206n21.861. 5, 163. 6,
166, 3, 167. 122-5h72523 72447280267 8. A crystalline Form:A atorvastatin free
' crd or a hydrate t hereof characterized by sol i d-state- 73C nucl ear magnetic
resonance hafi ng 4 Bestaling 5eng deresiebmifcantift s  expresdering & Ymvts per
mllion: - 1Bewder diffragtiompaticn 02&1312111%21@ fgHowing 28 valeesneagpedgusingCuke 38,9,
40.0, 40.6, mdiaiio: 5£5200,224, 052585 3, 68.6, 69,1, 70 0, 71.3, 112.3, 113.7,
-115.1,7 116. 4 118 4, égeg 3, 121.6, 123.3, .125. 4 128. 0 128.8 (shoul der) _
130: 0, 132. 9, 3:134 Ay c1ystyl 120“’11%7“‘9"’35%@@3 84d) g. 161, 5, W%ad{-mlae 3, 167.1,

174.3 and 180 dF d' rac *ﬁlﬁ@ g ths faflowing 29 valuss meappirgd usingLuke or 2
hydr at e ther@gxpquh 4 132, 141, 178,18.1, 185,199,202, 206, 718,

22.1, 225

6. A crystalhne Form A atorvastatin free acid or a hydrate thereof characterized
by solid-state C nuclear magnetic resonance having the following. chemical shlfts :
expressed in parts per million: 18. 1 18.8, 20.5, and 21.2.

7. A crysta]hne Form A atorvaslatm free acid or a hydrate thereof characterized
by solid-state C nuclear magnetic resonance having the following chemical shifts
expressed in parts per million: 161.5, 163.6, 166 3,167.1,174.3, and 180.6.

8. A crystalhne Form A atorvastatin free acid or a hydrate thereof characterized
by solid-state *C nuclear magnetic resonance having the following chemical shifts
expressed in parts per million: 18, 1, 18.8, 20.5, 21.2, 25.0, 25.5, 26.2, 26.8, 37.1,
38.9, 40.0, 40.6, 41.8, 42.9, 43.5, 65.3, 68.6, 69.1, 70.0, 71.3, 112.3, 113.7, 115.1,
116.4, 118.4, 119.3, 121.6, 123.3, 125.4, 128.0, 128.8 {(shoulder), 130.0, 132.9, 134.1,
135.2,137.9, 140.7, 141.8, 161.5, 163.6,166.3, 167.1, 174.3, and 180.6. -

9. A crystallme Form A atorvastatin free acid or a hydrate thereof charactenzed
by solid-state F nuclear magnetic resonance having the following chemical shifts
,expressed in parts per million: —114 1,-112.6,-110.6, and -105.6.

10. A crystalhne Form A atorvastatin free acid ' characterized by |
solid-state .”F nuclear magnetic resonance having the following chemical shifis
expressed in parts per million: -114.1,-112.6,-110.6, and -105.6.



-

by SO|Id state 19F nuclear magneti c resonance havnng the follow ng chem cal
" shifts expressed in parts per mllion: -114.1,412.6,410.6, and -105.6. 10.
A crystalline FormA atorvastatin free.acid characterized by' solid-state
. t9F nucl ear magnetic resonance having the follow ng chemcal shifts
_expressed in pans per mlljon: -114.1,412.6,410.6, and -105.6. 18 1L A
crystalline Form B atorvastatin free aC|d or a hydrate thereof having a
X-ray powder dlffractlon pattern contai ning tHe follow ng 20 val ues
measured using CuKG radiation: 8.6,17,.4,21.1, and 21.5. 12. A crystalllne
‘Form B atorvastatin free acid or a hydgate thereof having a X-ray powder
diffraction pdttern containing thefottow ng 20 val ues neasured using. Cuka
"radiation: 4.6, 5.9, 8.6, 9.3, 13.3, 14.1, 17.4, 17.7, 18.0;.18.8, 19.3,

19. 8, 20. 2, 21 1, 21.5,.21.9, and 23°6. 13. A. crystalltne ForntB - '
at or vast af i nikr eeh estellnediorng a@%ﬁwaéyﬁﬂtﬁg&@ﬁhﬁwjﬁ@% cont ai ni ng
the fol | owi ngpvger diflragtien peiters Gpraeining iscfoltandng 2@ wless ingngsured wingsCika

8.6, 9. 3, 13. Jadistion: $%,474 21}, 189921y, 8,19.3,19.8,20.2, 21.1, 21.5, 21.9, and
23.6. 14. Aﬂﬂmnnaceutlcal conposi tion conpr|5|ng crystalllne atroastatin

free acid i nl2 adi syvigibinediopmBatoryasigtin fresreidos a idrete thereobhaving table -
exci pi ent’, dpqndendiffiastionpsitém gpntaining thefollowing 2 valves mmrerebusingt ¢ r ee aci d

hydr at e. radiation: '4.6, 5.9, 8.6, 93,133, 14.1, 174, 177, 180, 188, 193, 19.8,20.2, 211,
Q 21.5,21.9,and 236. .

3. A crystalline Form B atorvastatin free acid having 2 X-ray powder diffractjon |
pattern containing the following 20 values measured vsing CuK, radiation: 4.6, 5.9,
8.6,9.3,13.3,14.1,17.4, 17.7, 18.0, 18.8, 19.3, 19.8, 20.2, 21.1, 21,5, 21.9, and 23.6.

14, A phanﬁaceutical composition cdmpn'sixig crystalline atrovastatin free acid in
“admixture with at least one pharmaceutically acceptable excipient, diluent, or carrier.

5. A cntstalline atorvastatin free acid hydrate.






