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CRYSTALLI NE [R(R*, R*)]-2-(4- FLUOROPHENYL) - BETA, DELTA- DI HYDROXY- 5- ( 1-
METHYLETHYL) - 3- PHENYL- 4- [ ( PHENYLAM NO) CARBONYL] - 1H PYRROLE- 1- HEPTANO C
ACI D HEM CALCI UM SALT ( ATORVASTATI N) 10 BACKGROUND
OF THE | NVENTI b 97/03959 The present invention rel ates pOriiskAkss
crystalline forms of atorvastatin which is known by the chem cal
nane [R-(R*, R*)]-2-(4-fluorophenyl)-[err],[err]-dihydroxy-5-(1- 15
nethylethyl)-3-pheny|-4-[(pheny|anino)carbonML]-lH- _
pyrrol e-1-heptanoic acid hem calciumsalt useful as phar maceuti cal
agents, to nethods for their production and isolation, to
pharmaceuti cal conpositions which i ncl ude these conpounds and a
pharmaceuticagly 20 acceptabl e carrier, and to pharmaceutical nethods
of . treatment. The novel crystalline conpounds of the pr esent

I nvention are usef Uk LINEI Di torsmm'mmmonorwmammnmoxvmn.

3- hydr oxy- 3- net hyl gici Tf‘ £ ng -1H-PYRRGLELHERTANOIC ase)
and are thus useful hypollplden1c 2 an ypochol est erol em ¢ agents.
United States Patent Nunber 4,681,893, which is herei n incorporated
by reference, discloses certain trans-6-[2-(3- or

4- car boxam dggsubsti t ut ed- pyrr ol BAcRGROUND OF )BHE Winlvegrhpdr oxy- pyr an- 2- ones
including trans ([err])-5- 30 (4-fl uorophenyl) -2-

(1- et hyl et hyl ) - N, 4- di phenyl -
[ (2-tetrahydro-4- hydr oxyl® pxresgrtpiruention)relaties th novel crystalline
pyrrol e- 3-carboxam fems of atorvastayﬁlhtﬁﬂigﬁ %@%m%eﬂg thabshems a3, 995,

which is her ei n ncorporate x reference dlgg oses the 35
enant i omer havi ng t PR iR eR*Ids2r (AgEd dihydroxy-5-(1-

trans- 5- (4 fﬂBOrOphﬂﬂﬂﬁﬁléEﬁyl)ﬁeﬁbﬁbﬁ?EYL)iFbﬁbnylamino)carbonyll -1H-

di ph | 2-tetrah
2' 5' )eg%/hyl ]( 1I—fp)r/?r%?£ %féc gle%ﬁ)éngigxgcai" R balcium salt useful as

[R (R, R*)]-2-(4- f|mwifa[leraﬂ]an[cg”]:odpm;g their production

and isolation, to pharmaceutical compositions which
include these compounds and a pharmaceutically

20 acceptable cerrier, and to pharmaceutical methods of
treatment. The novel crystazlline compounds of the
present invention are useful as inhibitors of the
enzyme 3-hydroxy-3-methylglutaryl-coenzyme A reductase
(HMG-CoA reductase) and are thus useful hypolipidemic

25 and hypocholesterolemic agents.

United States Patent Number 4,681,893, which is
herein incorporated by reference, discloses certain
trans-6-{2-(3- or 4-carboxamido-substituted-pyrrol-1-
yljalkyl] -4-hydroxy-pyran-2-ones including trans {x)-5-

30 (4-fluorophenyl)-2- (1-methylethyl)-N, 4-diphenyl-1- '
[(2-tetrahydro-4-hydroxy-6-oxo-2H-pyran~2-yl)ethyl]-1HE-
pyrrole-3-carboxamide.

United States Patent MNumber 5,273,995, which is

R herein incorporated by reference, discloses the
35 enantiomer having the R form of the ring-opened acid of
. trans-5-(4-fluorophenyl)-2-(l-methylethyl)-N,4-

diphenyl-1~[(2-tetrahydro-4-hydroxy-6-oxo-2H-pyran-
2-yl)ethyl]-1H-pyrrole-3-carboxamide, i.e.,
[R-(R*,R*)] ~2~-(4~fluorophenyl)-B,8-dihydroxy-5-(1-
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-2- nmet hyl et hyl ) - 3- phenyl - 4- [ (phenyl am no) car bonyl | - 1H
pyrrol e-1- hept anoi ¢ aci d. United States Patent Nunbers

5, 003, 080; 5 097, 045; : 5,103,024; 5,124,482; 5, 149,837; 5,155, 251;
5,216, 174, , 047; 5,248, 793; 5,280, 126; 5, 397, 792,

5,342,952, whi CHV(%??@%% rein incorporated by reference, %1012(&9893“
various processes and key intermediates for preparing atorvastatin.
Atorvastatin is prepared as its calciumsalt, 10 i.e.,

[RR(R*,R*)]-2-(4- quorophenyI) [err] [err] drﬁydroxy 5-

(1- et hyl et hyl ) - 3- phen e ),car.b

pyrrol e-1-heptanoic nerd let#&RE 3% *?nqg q p$ﬁéYiLm%n°) !1§93&Ft i's
desirabl e since it ®YABPde-Arbenkarei¢ rPci to be convenr ently

fornmul ated in, for exanpbaitedbstites lFatent m&mbulress 00z ORKES 5,00 01 S ;

and the like for @ 103,024 agniﬂ S&éf‘t' r']lés’grgglz ' 8 i‘k%y%si he:‘{ 165134 eed

to produce atdrvastatin
enabl e fornul a%i ons &:@459§147ex5c24$rg7Mrﬁré’&@uﬁméal 5,397,793 =@nd enent s and

speci fications. 20 s, 342 SSEQV%H%HUA& }Iéi‘”e:r.l?xr Qﬁ%éx?pgi‘aﬁ@a% Ae¥erantal i n

S produced ng one which iIs ane ar scale_
producti on. AddrtroﬁH1°§°5FtVPglﬁ%§|P€ﬂﬁ?§qﬂ§aPn ey lPFEFTéH%ﬁFﬁ? ERBuI d be
inaformthat is readpaying atorvastatibl e and easily dried. - Finally, it

is 25 econonmically dasbi-ahbeatDAtid Hrda2duChsberst ab] &1 P salt,

ext ended peri gods of t| thout _th eed ].Z st orage
condi ti ons. 24 'ﬁﬁ? Bﬁ cﬁséisgrrﬁ QESQFEnEﬂPtgdéEéiﬁxé; nts
di scl ose anor phous &hmwaethywrammmm(phbhglsﬁmo)cdrhdny&ﬂr-dﬁ-_and

drying characteri st 'ﬁ&rfo(i% hahgpeSRG1E acia calQ&QELUQLLQ“(Q“:PB Nusipebe
protected from heat

and
have nom/surprrsrngI%P%ﬁiﬂmuﬁé}BeE?eg?%§%{hﬁﬁj nce ittﬁﬁ?bﬁffnaﬁﬁﬁﬂﬁ?ﬁﬁ@gan
be prepared in crysttd hengohyeniegtly forlmisitedhdnpr fornexamplay itablets,

provi des atorygstatidhddhles, lozBRYes! Vdwidid)e ahar FRedEskanadLbaAr M |,

Formll, and administration. Additionally, there is a need to
produce atorvastatin in a pure and crystalline form to
enable formulations to meet exacting pharmaceutical
requirements and specifications.

20 _ Furthermore, the process by which atorvastatin is
produced needs fo 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

25 economically desirable that the product be stable for
extended periods of time without the need for
specialized storage conditions.

The processes in the above United States Patents
disclose amorphous atorvastatin which has unsuitable

30 filtration and drying characteristics for large-scale
production and must be protected from heat, light,
oxygen, and moisture.

We have now surprisingly and unexpectedly found
that atorvastatin can be prepared in crystalline form.

35 Thus, the present invention provides atorvastatin in
new crystalline forms designated Form I, Form II, and
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- 3- FormIlV. Form| atorvastatin consists of snaller

particles and a nore uniformsize distribution than the previ ous
anor phous product and exhibits nore favorable filtration and drying
characteristic /glltlonally, 5 Form | atorvastatin is purer and nore
stabl e than thevO9703959 5y, phous product . CT/USISHIRGARY
OF THE | NVENTI ON 10 Accordi ngly, the present invention is
directed to - crystalline Form | atorvastatin and hydrates thereof
characterized by the foll ow ng X—ray powder wffraction pattern
expressed internms of the 20, aC|ngs and 15 relatlve intensities

with a relative i ntEREr 4" of F9Z‘6’°/ atorvagtatip &Pusists of nsratlar of
grindi ng and neasurgarttickes and a fiorerwsifiddGidd idiatribet bsn Wlkdn the

CuK[er(] radiation: previoun 9Z/ 0395%+t and .
PCT/ US96/ 11368 P s amor%ﬁb 9 ct an exh%fl s more favorable

Rel ati ve flltrat%ﬂqﬂqqﬁ drying c@practeristlcs|ntéﬂ@}ﬁ%pnally,
(>209% + G ound>5 Form I atorvastatin is purer and more stabl® fhanitidfe

9. 150 9. 6565, 4260 9. 470 9. 3311
41. 94 Orphous, product. o . og 55.67 5

10. 560 8. 3705 29. 33 11. 853 7. 4601
41. 74 12.195 7.2518 24. 62

17. 075 5. 1887 60. 485 4.5520
73.59 10 21. 626 é&im% 1 §Eg THE INVENTHON

Accordingly, the present invention is directed to
crystalline Form I atorvastatin and hydrates thereof
characterized by the following X-ray powder diffraction
pattern expressed in terms of the 20, d-spacings, and

i5 relative intensities with a relative intensity of >20%
measured after 2 minutes of grinding and measured on a
Siemens D-500 diffractometer with CuKy radiation:



21. 960 4.0442 49. 44 22.748 3. 9059

45. 85 23. 335 3. 8088 44,72
23.734 3. 7457 63. 04 15 24. 438 3.6394
21.10 28. 915 3. 0853 23. 42 -
29. 234 3. 0524 23. 36 20 Further, the present
invention is di WOSTE®SY o “crystalline Form | atorvast at iFRT 1368
hydr at es t her eof characterized by the follow ng solid-state 13C
nucl ear ‘magneti c resonance spectrum wherein chem cal shift is
expressed in parts per nillion measured on a~BFuker 25 AX- 250
spectroneter: MO-07/ 03959
PCT/ US96/ 11368 5- Ilrg-:n‘;lrfy Assi gnment
Chemi cal Shift (7 keB) @2 or
182. 8 C12 or C25 | pﬁ%ﬁ‘.ﬁi und C16
166. 7 (broad) T sz 6Un§—-1-59 3
Aromatic Carbons 9 c13- c18, 2cPd®224, 27-cH2- 137.0
134.9 ' 9 470 9.3311 134119410
129.5 ,
1530 10.266 8.6098 12&5967
118. 2 15 5 10.560 8.3705 1128333
G8, C10 11.853 73. % 4601 41.74
70.5 68.
64. 9 12.195 7.2518 24.62
17.075 5.1887 60.12
19.485 4.5520 73.59
10 21.626 4.1059 100.00
21.960 4.0442 49.44
22.748 3.9059 45.85
23.335 3.8088 44.72
23.734 3.7457 63.04
15 24.438 3.639%4 21.10
28.915 3.0853 23.42
29.234 3.0524 23.36
20 Further, the present invention is directed to

crystalline Form I atorvastatin and hydrates thereof
characterized by the following solid-state 13¢ nuclear
magnetic resonance spectrum wherein chemical shift is
expressed in parts per million measured on a Bruker

25 AX~250 spectrometer:



20 Met hyl ene Car bons ce, C7, 9, Cl11

47. 4 41.9
40. 2 C33 - 26.4 25
25.2 C34 21.3
In a preferred enbodi mrent of the first aspect of 30 t he |nvent|on
crystal line For'¥PP®¥¥rvastatin is a trihydrate. 611368 5
second aspect, the present invention is directed to crystalline Form
Il atorvastatin and hydrates thereof characterized by the follow ng
X-ray WD 97/ 03959 -5-
PCT/ US96/ 11368 — =8 pouder
diffraction pattern ex@asignnent terns of the Zagéﬁjmaiignyya ngs,
and relative intensitidd 84 a relative ipntensity of >200 npasured
after 2 mnutes of Ci2 @y ﬁ@ﬁng and neasured on a Si eneA82P8500
diffractoneter 5 mqgﬂngfﬁgyTT—Tadratuuu 178.4
Rel ati ve errl d lnfensity.
(>20% . Ground5 cl6 166.7 (broad) nut es
5. 582 15. 8180 42. 00 " an@ 384.3
11. 9620 38. 63.10 8533 103534
100. 00 Axpmpigc Carbons 9.7741 92. 06
12. 440 (broad) c2-0503-c18, c13dkHb, c27-c32 1537(8 (broad)
5.6146 38.78 17.120-17. 360 (broad) 5.1750-5.,1040
63. 66-55. 11 15 19. 490 4.5507  13%-9 56 64
20. 502 4.3283 67.20 22.706-233152 (broad)
3.9129- 3. 8375 49. 20- 48. 00
10 129.5
127.6
123.5
120.9
118.2
15 113.8
c8,clo0 73.1
70.5
68.1
64.9
20 Methylene Carbons ’
c6, ¢7, €9, Cll1 47.4
41.9
40.2
C33 26.4
25 25.2
c34 21.3

In a preferred embodiment of the first aspect of
30 the invention, crystalline Form I atorvastatin is a
: _ trihydrate.
In a second aspect, the present invention is
directed to crystalline Form II atoxvastatin and
hydrates thereof characterized by the following X-ray



25. 697 (broad) 3. 4639 38. 93 29. 504

3. 0250 37.86 20 Further, the second aspect of the
pr esent invention is directed to crystalline FormI|
atorvastatin and hydrates thereof characterized by the 25 fol |l ow ng
solid-state 13C nucl ear nmagnetic resonance spect rum wherei n chem ca
shift is expresY@MPSPart s per nmillion neasured on a BCIRSMO/HID5(
spectroneter: WO 97/ 03959
PCT/ US96/ 11368 -7-
Cheni cal Assi gnnent -6- Shi ft
Spi nni ng Si de-Band plnnln Si.de nd
206. 8 C12 Orp&tzger diffraction pa%g,ern expli%sis % s 59 E§ or
C25 20, d-spacipmgs,(lwndagplative lqngp31t1es with a
161 (broad) PeREBivE {diity of >2082méRsufdd FHer &1flifdfes(BF- C32
140.5 13 9
133. 3 grinding and measured on a 81emens:Rf diffractometer
122.9 5 with CuK, radiation: 121. 4
120.3 15 ' 119.0
117.1 : 115, 7
114.7 c8, C10 70. 6 2Belative
69.0 20 d 68. 0 IntenSLty
67.3 Spi nni ng Si de Band 49. 4(>§°;in
Si de Band rr aan
5.582 15.8180 42.0
7.384 11.9620 38.63
10 8.533 10.3534 100.00
9.040 9.7741 92.06
12.440 (broad) 7.1094 30.69
15.771 (broad) 5.6146 38.78
17.120-17.360 (broad) 5.1750-5.1040 63.66-55.11
i5 19.490 4.5507 56 .64
20.502 4.3283 67.20
22.706-23.159 (broad) 3.9129-3.8375 49.20-48.00
25.697 (broad) 3.4639 38.93
29.504 3.0250 37.86
20

Further, the second aspect of the present
invention is directed to crystalline Form II
atorvastatin and hydrates thereof characterized by the
25 following solid-state 13¢ nuclear magnetic resonance
spectrum wherein chemical shift is expressed in parts
per million measured on a Bruker AX-250 spectrometer:



25

43. 4
41. 7
27.5

Met hyl ene Car bons

C34

97/ 03959

-8-

WO P02 i r d aspect,

C6, Cr7, C9, Ci1

to crystalline Forml|V atorvastatin and
characterized by the followi ng X-ray
expressed in terns of the 5 -2

intensities with a

Lerr],

t he present

42. 3
40.2 30

22.8 (broad)

PCT/ US96/ 11368
i nvention is

hydr at es t her eof
q%der diffraction pattern

d- spacti ngs,

—~——4%H&H%#ﬁHﬁ&+%ﬁ#¢ﬂﬂH@FmﬁﬁﬁﬁEigemms
. emlica

and rel ative

- C33

)

PCT/US96/11368 '

ectéd

D- 500 di ffrachseegmment th CuK[err] radiation: 20
d Rel at i ve =ht-enaitiy Shift
(>15% . 10 Spjnpdug “Side Bandy g 299,3
5.424 16. 2808pinning Side Bdhdl? 30640 14. 8660
17. 29 L0007 110465
9.680 - 9. 1295¢12 or €25 67.31 15 1"#0(%&%&"’ 8. 4859
ig-ggz 55 01721?-555025 1£fi384 16389 (broad) 4 8265
23. 50 €16, 200 4.6189 Tels (hxoadh |
19. 569 4. 53F¢%omatic Carbons4. /9
c2-¢5, ¢l13-c18, Cl19-c24, C27-C32 140.5
134.8
10 133.3
129.0
122.9
121.4
120.3
15 119.0
117.1
115.7
114.7
c8, cio 70.6
20 69.0
68.0
67.3
Spinning Side Band 49.4
Spinning Side Band 48.9
25 Methylene Carbons
cé, ¢7, €9, cl1 43.4
42.3
41.7
) 40.2
i 30 c33 27.5
C34 22.8 (broad)




21. 723 4.0879 17. 99 23. 021 3. 8602

28. 89 23. 651 3. 7587 33.39
24. 143 3.6832 17.23 25 Further, the fourth
aspect of the present invention is directed to Form IV atorvastatin
and hydrat es thereof characterized by the follow ng solid-state 13C
nucl ear 30 QAU [ esonance spectrum wherein chemical shFFT/UPL/11368
expressed as parts per mllion nmeasured on a Bruker AX- 250
spectroneter: WO 97/ 03959 C
PCT/ US96/ 11368 _ _ -8- - 9-
?_‘ZZI gnment %1? n; Ci'ﬂmlir%qlafs%ect, the pC:l::'LeZseOnrt Cl%gffnb'ion is Cl12 or
C25 directed to crysttlline Form IV atorvastatin and
;Zg 3 Cl6 nydrates thereof characterized 1?%@%14 g@ﬁ'lgﬁﬂﬁg X-ray

, , : Jbroa
Aromatic Carbons  Powdepdiffrastion) patEeyn @ﬁprwﬁdc%f %fﬁ%.sf?b‘?lb%d)
134.7 ‘5 20, d-spacings, and relative intensitliz@ fith a
127. 1

relative intensity of >15% measured o2 Siemens D-500
119.8 115.7

diffractometer with CuKy radiation:

20 a Relative Intensity
(>15%)
10 1.889 18.605 38.45
5.424 16.2804 20.12
5.940 14.8660 17.29
7.997 11.0465 100.00
9.680 9.1295 67.31
15 10.416 8.4859 20.00
12.355 7.1584 19.15
17.662 5.0175 '18.57
18.367 4.8265 23.50
_ 19.200 4.6189 18.14
20 19.569 4.5327 54.79
21.723 4.0879 17.99
23,021 3.8602 28.89
23.651 3.7587 33.39
24.143 3.6832 17.23

25

Further, the fourth aspect of the present invention is
directed to Form IV atorvastatin and hydrates thereof
characterized by the following solid-state 13¢ nuclear

30 magnetic resonance spectrum wherein chemical shift is
expressed as parts per million measured on a Bruker
AX~250 spectrometer:



10 cg, Cl10 71.5

67.9 66. 3
63.5 Met hyl ene Car bons Ce, C7, 9, Cl11
46. 1 _ 43. 4
gg: é W,97/03959 42693 | PCTIUSINISEE -
19. 4 17.9 15
WD 97/ 03959 PCT/ US96/ 11368
-10- As inhibitors of HVG CoA t19é novel crystalline -
forms of atorvast at-A—ae—tsaitihmhypolipi-dem-c—and
hypochol est erol eni c agents. ASSignmentA still furt FFBFmE?&)BcﬁIﬁ‘Eﬁt of the
pr esent i nve O pirarrecett rcat buupuol o v
adm ni st er| ng an ef?ljé%t#(/éﬂasarmunt of crystalline 1&8? Formll1, or
Form 1V atorvastatin in unit dosage formin the ﬂ-Béa?ment met hods
menti oned above. -—Fﬁb—y——t—he—p-#e&e%—m&eau-em—s—dbpea-ed to
met hods 10 for PFARIL of Forml, Formll, or ForRtt¥
atorvastatin. BRI EF DESCRI PTI ON OF1T#IE3 DRAW NGS 15
The invention is futherdescri-bed by the follaowing nonlimting
exanmpl es which refefl®o the acconpanyi ng Fi gu1=%5311 (bsod) shor t
particul ars of which are given bel ow. and
159.0 (broad)
5 Aromatic Carbons
Cc2-c5, C13-C18, C19-C24, C27-C32 138.1 (broad)
134.7
128.2
127.1
122.7
119.8
115.7
10 c8, c10 71.5
67.9
66.3
63.5
Methylene Carbons
c6, c7, c9, cil1 46.1
43.4
42.1
40.0
C33 25.9
C34 20.3
19.4
- 17.9

15



20 Figure 1 D ffractogramof Form | atorvastatin ground

for 2 mnutes (Y-axis = 0 to nmaxi mumintensity of 3767. 50
counts per second (cps)) 25 D ffractogramof Form I
atorvastatin ground for 2 mnutes (Y-axis = 0 to naxinumintensity
of 1500 cps) 30 Figure 3 D ffractogramof Form|lV
atorvastatin (YWRJ703289 to maxi mumintensity of 8212. F<C[Sy611368
WD 97/ 03959 PCT/ US96/ 11368

-11- Solid-state 13C nucl ear nmagneti c resonance :
spectrumwi th spinning side bands identifiedy an asterisk of Form
| atorvastatin. 5 [ - ol 4,0 [
magneti c resonance Ags%%% ri}ﬁrﬁ 'ﬂ? smﬁilsn%loﬁ' %%?@fﬁdggggﬁ?#igﬁéed by
an asteri sk &Prmerof |atorwsiadis pfe wseful hypqliipidemdc and
Solid-state 13C nuch@pbchdéstdrolcali®Adedts . spectrum w t h spi nni ng

si de bands identified by, an sterisk.of Form I\ atorvastatin. 15
DETAI LED DESCR PTI ON OF ArEEHNyeftdgs enbodinent &Cﬁ‘\{ﬁfstpﬁelsleﬁi: Forml,
FormI1l, or Fdrm | Vinventiomtis \agtharimaosuyibal céempesidriionedoyy their X-ray

powder 20 di ffr aghiplsPetifd 5 FHMibk LAShAL SOF i yaitali@ine

nucl ear nagneti ¢ resonance spectra (NVR) .
g Form I, Fé&m II, or Form IV atorvastatin in unit dosage

form in the treatment methods mentioned above.
Finally, the present invention is directed to methods

10 for production of Form I, Form II, or Form IV
atorvastatin.

BRIEF DESCRIPTION OF THE DRAWINGS
15
The invention is further described by the
following nonlimiting examples which refer to the
accompanying Figures 1 to 6, short particulars of which
are given below.
20
Figure 1
Diffractogram of Form I atorvastatin ground for
2 minutes (Y-axis = 0 to maximum intensity of
3767.50 counts per second (cps))
25
Figure 2
Diffractogram of Form II atorvastatin ground for
2 minutes (Y-axis = 0 to maximum intensity of 1500 cps)

30 Eigure 3
Diffractogram of Form IV atorvastatin (Y-axis = 0
to maximum intensity of 8212.5 cps).



X- RAY PONDER DI FFRACTI ON 25 Forms |, Il, and IV Atorvastatin

Forms I, Il, or FormIV atorvastatin were characterized by their
X-ray powder diffraction pattern. Thus, the X-ray diffraction
patterns of 30 Forms I, Il, and Form IV atorvastatin were neasured on
a Sienens D50 | ctoneter with CuKlerr] radiation. ' nt
Si enens D- 500 &,(?ﬁﬂé%s?onet er-Kristalloflex with an 35 PCTIU&%:*‘WE

| BM conpatible interface, software = D FFRAC AT ( SOCABI M 1986,
1992). WD 97/ 03959

PCT/ US96/ 11368 “l1- g0 CuK[ err]
radi ati on (20 mA, %"\#LL"?”] = 1.5406 [err]) Slits | and ||
at 1l[err]) electronrca iltered 9_;{ t he Kevex ] Psi Peltier
Cool ed Silicon [Si(Li)] éﬂé@rs‘ﬁate C nuclearsppggetic| regonangg| |\ at

0.15[err]). 5 sped@ifOdRtAO¥pinning ditke YahdeohdehBifipéd By adin each

day to check the X- : u | t. Cont i nuous
[err]/2[err] coupl eé s%rélr?:k ngngIrnr? %’%%{I{g‘rgr’] in 2[err], 10

scan rate of B[err]/mn: 0.4 sec/0.04[err] step. Sanpl e t apped out
of vial and pressedeinfthe Zer o- background quartz in al um num
hol der. Sanpl e W 313 S |l es_are stored and
run at room tenperat ure.sof'%w QEQU]" G?nl(gjglmrllgﬁaéi 5‘\??%}8%% resoRn i ng i s used

to minimze intensi$BeqiE Wy Wishsspdpning side bandshadgntified doy an
di scl osed herein. Hoyesmelsk of Form IT atoreddtadimg significantly altered

the diffract Qgram 20 or increased the anorphous content of the
sanpl e, then the diffractogram of the unground sanple was
used. Ginding was Biguré 16 a snmal | agate nortar and pestle. The

mortar was held during tdiijq-state 13c ST %hagdRdthbOPbsPiSRSIT € Vas
applied to the spectrum with spinning side bands identified by an
asterisk of Form IV atorvastatin.
15
DETAILED DESCRIPTION OF THE INVENTION

Crystalline Form I, Form II, or Form IV
atorvastatin may be characterized by their X-ray powder
20 diffraction patterns and/or by their solid state
nuclear magnetic resonance spectra (NMR).

X-RAY POWDER DIFFRACTION
25
Forms I. XI. and IV Atorvastatin
Forms I, II, or Form IV atorvastatin were
characterized by their X-ray powder diffraction
pattern. Thus, the X-ray diffraction patterns of
30 Forms I, II, and Form IV atorvastatin were measured on
a Siemens D-500 diffractometer with CuK, radiation.

Equipment
- Siemens D-500 Diffractometer-Kristalloflex with an
35 IBM~-compatible interface, software = DIFFRAC AT
(SOCABIM 1886, 1992).



25 pestl e. G ound Form 1| atorvastatin was sieved through a

230 nesh screen before analysis by x-ray diffraction. 30
Table 1 lists the 2[err], d-spacings, and relative intensities of

all lines in the unground sanple with a relative intensity of >20%
for crystalline Fo I atorvastatin. Table 1 also |ist tive
I ntensities of ?Eﬁﬁggﬁ% lines in a diffractogram 35 neasuﬁgﬁﬂgyégh%Q

m nutes of grinding. The intensities of the sanmple ground for 2
mnutes are nore WO 97/ 03959 -12-

PCT/ US96/ 11368 -13-

representative of ! Rgedi tldaptian [Nedl kPOUL = 1.5408 A1 @LLEL 1
orientation. It shoul e note t he nputer-generated

unr ounded nunbers are I|§¥‘%d1¥ Rt 1°) elteﬁt§°f‘5‘5?-%ly 5f11tered by thepkevex
Intensities and Peak Locpsi areltifer Cooled Silicon [8i(Lidg)]DelBeltoacti on

Lines Wth Rel ative (Slits: III at 1o'§5§nfbt§£(3‘¥§ r Than 20% f or
Form | Atorvastatin el ative

Rel ati ve 5 Intensity Intensity 10
20  d uethd@ogy  (>20%* |
lblbnﬁ Iersldl ng GOUI&'g\e §ii15%on stargi%g.s run §§clh23ay to cﬁnfcésothe X-ra?y
9.470 9. 3311 4tulsg alignment .04 10. 266 8. 6098
12-61 995. E785§ontinuous 0/2@1héﬂ§1ed scafBi: 379500° to 2% .08° in 20729. 33
12. 195 71.0}518 Eﬁa’bs"ate of 54;’6'2“ 0.4 sed 41 hireh 5. 1887
25. 95 60. 12 Sample tapped jout4@% vial angcSpPessed @EogFero- 73,59
21. 626 4.1059 108a€kground T30 i20aluminum holéék'96@ample 4..0442
58. 64 49. 44 a 13- f? 748 3. 9059 45. 85
23. 335 3. 8088 yiath Wy 72
Samples are stored and run at room temperature
15
crindina/sievi
Grinding is used to minimize intensity variations for
the diffractogram disclosed herein. However, if
grinding significantly altered the diffractogram
20 or increased the amorphous content of the sample,

then the diffractogram of the unground sample was
used. Grinding was donme in a small agate mortar
and pestle. The mortar was held during the
grinding and light pressure was applied to the
25 pestle.

Ground Form II atorvastatin was sieved through a
230 mesh screen before analysis by x-ray
diffraction.

30 Table 1 lists the 20, d-spacings, and relative
intensities of all lirnes in the unground sample with a
relative intensity of >20% for crystalline Form I
atorvastatin. Table 1 also lists the relative
intensities of the same lines in a diffractogram

35 . measured after 2 minutes of grinding. The intensities
of the sample ground for 2 minutes are more



23.734 3. 7457 87.55 63. 04 24. 438 3.6394

23.14 21.10 25 28. 915 3.0853 21.59 23. 42
29. 234 3.0524 20. 45 23. 36 * The 'second rel ative
intensity colum gives the relative intensities of the
diffraction lines on the original diffractogram %?%f 38 )

2 mnutes of gPYIFARE? Table 2 lists the 20, ﬂc@{:} 11%8
and relative intensities of all lines in the ground/sieved sanple
WD 97/ 03959 PCT/ US96/ 11368

- 14- with a relative intensity of >2% for crystalline For m

Il atorvastatin. It should_also be t ed .t hat e cQ t er- gener at ed
unr ounded nunbers é"F?rFFEP‘é%ﬁrS‘W‘ {95 sq-'%e A r?ﬁ%?%’.‘ pattern W%%O?RBLE 2.
Intensities and Pegireferzedopmiantatijon. It should also i moted shati nes
Wth Relative InteRgiel Yomputer-generated, @n@duflled Bindd% fadie RABHl! in

At orvastatin hi bl Rel ati ve 10
2[ err] thig table. Intensity
(>20%-. 5 5. 582 15. 8180 42.00
7.384 11. 961%% §§ ﬁgi_ § nf>§3°
LE 1. Inténsi nd Peak Locat
10. 3534 100. 00 all DiffraAlon Lines With e Jfé‘ve
92.06 15 12. 440 (broad) intensity Gredt¥d Than 20% £6r 69
15. 771 (broad) 5.6146 Form I AtdkvEbtatin 17.120-17. 360 (broad) .
5. 1750- 5. 1040 63. 66°55. IT TRAN ive Relative 5507
56. 64 20. 502 4. 328ntensity Batefs Dy
22.706- 23. 1500 ( br oad) 3. 2PO-3.83754 49. 20-(4208)0 (>20%)%5. 697
(br oad) 3. 4639 38.93 No Grinding®9. 5@round
3. 0250 37. 86 2 Minutes
9.150 9.6565 37.42 42.60
9.470 9.3311 46.81 41.94
10.266 8.6098 75.61 55.67
10.560 8.3705 24.03 29.33
15 11.853 7.4601 55.16 41.74
12.195 7.2518 20.03 24.62
17.075 5.1887 25.95 60.12
19.485 4.5520 89.93 73.59
21.626 4.1059 100.00 100.00
20 21.960 4.0442 58.64 49 .44
22.748 3.905¢9 36.95 45.85
23.335 3.8088 31.76 44.72
23.734 3.7457 87.55 63.04
24.438 3.6394 23.14 21.10
25 28.915 3.0853 21.59 23.42
29.234 3.0524 20.45 23.36

* The second relative intensity column gives
the relative intensities of the diffraction
lines on the original diffractogram after

30 2 minutes of grinding.

Table 2 lists the 20, d-spacings, and relative
intensities of all lines in the ground/sieved sample



25 Table 3 lists the 2[err], d-spacings, and relative

intensities of all lines in the unground sanple with a ~ relative
intensity of >15%for crystalline FormlV atorvastatin. It should
al so be noted that the conput er - gener at ed unrounded nunbers are
listed in this abl e. WO 97/ 03959
PCT/ USo6) 11365 WOS9SS -15- PREUE6A 1368
Intensities and Peak Locations of All D ffraction Lines
Wth Relative Intensity G?eq&gt Than 15% for Form IV
Atorvastatin 2[err] Rel ative Intensity
(>159% 5 l6. 14:{3'%2% relative intéﬁﬁﬁ'@? of >20% for c§§s€'aﬁline
114%260 3 279'[ atorvastat%n 71ggshould also b:eL 1n®'%q5 that the
100. 00 ' coﬁpﬁﬂﬁr-generated ufrd2®ded numbers are6YisiHed lih this
10. 416 S S50 20. 00 12. 355
7.1584 19. 15 17.662 5.0175
18. 57 3 18. 367 4. 8265 23. 50
19. 200 4.6189 18 14 15 19 569
4.5327 § E Intensiti é geak Loc §
. ations 11
17.99 ég'%Zi Diffracti nSEQ es With Relatlv ensity
Greater Than 20% for Form II Atorvastatin
. Relative
10 20 d Intensity
(>20%)
5.582 15.8180 42.00
7.384 11.9620 38.63
8.533 10.3534 100.00
9.040 9.7741 92.06
15 12.440 (broad) 7.1094 30.69
15.771 (broad) 5.6146 38.78
17.120-17.360 (broad) 5.1750-5.1040 63.66-55.11
19.4%0 4.5507 56.64
20.502 4.3283 67.20
20 22.706-23.159 (broad) 3.9129-3.8375 _49.20-48.00
25.697 (broad) 3.4639 38.93
29.504 3.0250 37.86
25 Table 3 lists the 20, d-épacings, and relative

intensities of all lines in the unground sample with a
relative intensity of >15% for crystalline Form IV
atorvastatin. It should also be noted that the

computer-generated unrounded numbers are listed in this
30 table.



23. 651 3. 7587 33. 39 24. 143

3.6832 17.23 20 SCLI D STATE NUCLEAR MAGNETI C
RESONANCE ( NVR) 25 Met hodol ogy ' Al'l solid-state 13C NWR
measurenents were nade wi th a Bruker AX-250, 250 MHz NWR

spectromnet er resol uti on spectra were obtained us ower
proton decouplF&égyWﬁﬂkross pol arization (CP) wth 30 F@Q hﬂﬂmﬁ
spinning (MAS) at approxinmately 5 kHz. The nagic-angle was adj usted
using the Br si-gnal of KBr by detectlng t he side bands as descri bed
by Frye and Maci el (Frye'J.S. and Macter GE., J. Mag. Res.

WO 97/ 03959 6 8
- 16- 1982; 48. P25 3App PR gq_{ igéérﬁ%%s packed
into a canister-design rotor §tg§ glp 1@1%,: Fomeﬁ)eﬂ a(%jrl

shifts. were referenced—to exterTat RTS—(tTT [
(methyl signal 5 at 3.%8 ppm (NUntean fFV and Sﬁg%ﬁ¥té$ﬁs%$€ﬂig%f
Res., 1988; 76:54).

crystalline Form1 atorvabt883 n. [err] 1018-605 15 38.45
5.424 16.2804 20.12
5.940 14.8660 17.29
7.997 11.0465 100.00
9.680 9.1295 67.31
10 10.416 B8.485% 20.00
12.355 7.1584 19.15
17.662 5.0175 18.57
18.367 4.8265 23.50
19.200 4.6189 18.14
15 19.569 4.5327 54.79
21.723 4.0879 17.99
23.021 3.8602 28.89
23.651 3.7587 33.39
24.143 3.6832 17.23
20

SOLID STATE NUCLEAR MAGNETIC RESONANCE (NMR)

25 Methodology
All solid-state 13Cc NMR measurements were made
with a Bruker AX-250, 250 MHz NMR spectrometer. High
resolution spectra were obtained using high-power
. proton decoupling and cross-polarization (CP) with )

v 30 magic-angle spinning (MAS) at approximately 5 kHz. The
magic-angle was adjusted using the Br signal of KBr by
detecting the side bands as described by Frye and
Maciel (Frye J.S5. and Maciel G.BE., J. Mag, Res,,



20 WD 97/ 03959

PCT/ US96/ 11368 -17- TABLE
4. Carbon Atom Assi gnnent and Chemi cal Shift for Form
| Atorvastatin Assi gnnent Chemi cal

(7 kHz) Shift 5 " C12 or

182.8 WO TP or 25 e L
Cl16 166. 7 (broad) _

and 159.3 Aromati c Carbons -16- C2-C5, C13-C18, C19-C24,
C27-C32 137.0 10 134.9
}.:23%2-3 1982;485125). Ap;?roximately 300 to 450}_%% 5@f15sample

120. 9 packed into a canister-design rotor was, yged for each
113.8 CéxpéPiment. Chemical shifts were referefirell to

649 VETRCFERL tebinkle (erimethyleijylpilan) chephyl signal
47. 4 5 at g.SO ppm) (Muntean J.V. and Stock ’L.M.Z].l;Ig_gg.g_..

gg.g CR2s,, 1988;76:54). 26. 4

Table 4 shows the solid-state NMR spectrum for
crystalline Form I atorvastatin.

10

15 ca2+

20 2



C34 21.3 30 Table 5 shows
the solid-state NVR spectrum for crystalline Form Il atorvastatin.
WD 97/ 03959 PCT/ US96/ 11368
- 18- TABLE 5. Carbon Atom Assi gnnment and Chem cal
Shift for Form rvastatin Assi gnnent
Chem cal Shift *69"%38598pi nni ng Si de Band _ POHYS9p11368
Spi nni ng Si de Band 206. 8 Cl2 or C25
181 (broad) Cl2 or C25 163 (broad)
Cl6 . 161 ( bFdAd) Aromatic Carbons 10
C2- &, C13-Cl8, C19- CZ4TA§E]Z-4C.32 Carbon Alt'gr(?l' Iéssignmenfl Chemical
134.8 Shift £ :
129 0 ift for Form I Ato i
Assignment
121.4 .
119. 0 (7 kHz) 137,
115.7 2 5 Cl2 or C25 _ 114_7182.8
70.6 - Cl2 or C25 69.0178.4 8, Ci0
68.0 TOWAe AN Spi nni ng:
Si de Band c16 49. 4 Spi nni ng St88&- Baplroad)
48. 9 Met hyl ene Car bons Ce, C7, (9, Cl11 and 159.3
43. 4 Pee3—30
a1 7 Aromatic Carbons 40. 2 33
27.5 C34 C2-C5, C13-C18, C19-C24, C222CH2 (br 0addy.o
10 134.9
131.1
129.5
127.6
123.5
15 120.9
i118.2
113.8
c8,Cc10 73.1
70.5
20 68.1
64.9
Methylene Carbons
c6, C7, €9, Ci11 47.4
41.9
25 40.2
c3a3 26.4
25.2
c34 21.3

30,

Table 5 shows the solid-state NMR spectrum for
- crystalline Form II atorvastatin.
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-19- Tabl e 6 shows the solid-state NVR spectrum for
crystalline Form |V atorvastatin. TABLE 6. Carbon Atom Assi gnnent
and Chemical Shift 5 for FormI1V Atorvastatin "
Assi gnnent Chem cal Shift Cl2 or C25
186. 4 WO 97/03959 184, 9 PCT/US96/11368~1 5
or C25 181.4
179. 3 C16 166. 1 (broad) and
159.0 (broad) 10 Aromatic Carbons -18- (2-C5, Cl13-C18, Cl19-C24,
C27-C32 138.1 (broad% ' R
134. 7 TABLE 5. Carbon Atom Assignment and C ?¥}€?1
127'1 shift for Form II Atorvastatin ., -
1198 Assignment Ch L}}Sggft cs8
Cl10 Spinning Side Band /1.5 209.1
67.9 6613
63.5 et hy Sedenépgp8hde Band C6, C7, C9, C11206.8
46. 1 €12 or C25 187 3(Broad)
42.1 40 0 C33
25.9 C34 €12 or C25 163 o(prpad)
19. 4 C16 161 /(broad)
Aromatic Carbons
10 c2-Cc5, C13-Cl18, C€19-C24, C27-C32 140.5
134.8
133.3
129.0
122.9
15 121.4
120.3
119.0
117.1
115.7
20 114.7
70.6
69.0
c8, C10 68.0
67.3
25 Spinning Side Band 49.4
Spinning Side Band 48.9
Methylene Carbons
c6, €7, ¢9, cil 43.4
42.3
30 41.7
1 40.2
C33 : 27.5

C34 22.8 (broad)
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Crystalline Forml, FormlIl, and Form IV atorvastatin of the present
invention may exist in anhydrous fornms as well as hydrated fornms. In
general , 3&8 g’r ated forns, are equivalent to unhydr atf‘&g&

and are intend ?‘80% encorrpassed within the scope of %ﬁgi’éﬁt
invention. Crystalline Form| atorvastatin contains about 1 to 8 nol
of water. Preferably, Form| at orvast a {én contains 3 nol of water.
The present invention provides a process for~the 10 preparation of

crystalline Form| at Or\fgﬁﬁ_été rg;y&u&h;he solidc‘gm% r%%t?ons V\% ch

atorvastatin froma solution nts un
yield crystalline crYSta]-F:bP?nlfma'E &Wmﬁ.tatin The precise
condi tjons under which crystalline 15 Form | atorvastatin is formed may

be enpirically er m ned. and i & Ol sihle to,qi unber
of methods WhF%ﬁf% ér %@&m ;‘é?ﬁpa(t% g enidai®s g%tr ce.
Thus, for exanple, cr‘é': e MERTAS "r"“. ats“: B w y f red by
crystallization undefSg conditions | ncﬁi‘“ éﬁﬂ RS can
be prepared either €12 °rqu7(§’m an aqueous sol ution of the &BPr&sponding
basi c salt such as, an alkali netal salt, for exanplie4.9

l'ithium potassium -seda-ernq—a-nd—t—he-JAJee-—a-mana-g-rf—a-n—ZS——am_ne—sal t;
preferably, the sodi Ghfs@¥ 4y addition of a cal ci uhPdatt, such as,
for exanple, calciumacetate and the |ike, or by sugpensing

anor phous at or vast at 4 ———t——— GG S-Sttt S eatet £- 8Om0 X Y | | C
co-sol vent such as, FéP exanple, a lower alkanol, forl&pl (hready and

‘Ll.

met hanol and the Ii ke, is pref erred _ Wien t169 .90 gibrioad)mat eri al
for the preparation -4 el O @ e Qe S b— OS5l | N
is a Q| ut i on®yPmEkie &ﬂrrbé’é‘ﬁondr ng sodium salt, one preferred
preparation invol vesCgreat i ¢ip 2180l liSon24f GF7-C32 he SIEH .UM (daxiod)n wat er
contai ning not |ess than about 5% v/ v methanol, prefiggalyl y about 5%
to 33% v/v
129.2
127.1
122.7
119.8
115.7
15 c8, C10 71.5
67.9
66.3
63.5
Methylene Carbons
c6, C7, €9, Cl1 46.1
43 .4
42.1
40.0
c33 25.9
Cc34 20.3
1%.4
17.9

20
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-21- nmet hanol , particularly preferred about 10%to 15% v/v

nmet hanol, with an aqueous sol ution of cal cium acet ate, "preferably at
an el evated tenperature at up to about ' 70[err] C such as, for exanple,

about 45-60[err icularly 5 preferred about 47-52]
preferable to u&vgimﬁ)%s; cal cium acetate and, in general, rrgllx‘%']’l(%%@%m um

acetate to 2 moles of the sodiumsalt of atorvastatin. Under these
conditions, calciumsalt formation as well ' as crystallization should
preferably be carried out at 10 an el evat?®d tenperature, for exanple

wi thin the above- onefl RImerat Bofn fh98ha lFodtagvoeen found

t hat it may be advata eoust0|nclude|nt estartl%
sol ution a small arrﬁﬁﬂ’t"'%?t?%’tmﬁ ftdie BEFgEgrt ot PEention may GRdef ifch as,

for exanple, about Akhydroustfdams Hs wellf asChpatayed efsrnisaundndgenerdl g t 0

add Tseeds” of | ene YRk W Ral M oRLRLY 081 Al 4 Gudlitratea forms

crystallization on 1 n or'der to-consi
crystalline 5 Baefina¥re ainkendadiitio) be encompassed Wﬂé-ifhltmé'-hﬁ grePa et

material is amrpho%ﬁezﬁresenﬂtﬁ{v@ﬁii&iﬂ n @ﬁ:yatspmwaﬁdﬁm 0k tervasbtatsn and

crystalline Form| Atorvastat.in. t cry Fo
atorvastatin may be 88{: AR %°ut :Petc’ suspenglwat e s%e(fra%i%étﬁm t

containing up to abeﬁprvastatimmﬁmaﬁ-,n%@cWOéSOfth%’Rarrpl e, about 0% to
20% v/v, 25 parti cul fné Ypresdd raretitaoh plot0adH% \Processs Gbycthe

such as, for .fd(arrpl e’reng}:ah :{.]gl!tl hOPté}#L re(}%'n%r 98%0:1: atorvast %Ig%t ghE hand

the like untiT convers ere 'S CO ete, " foll owed
by filtration. It h&!gmprises ¢¥ﬁmlcuwmseeﬁomanﬁam|fm & 1591&E§°n steds"

of 30 crystalli ae1bents | uRde¥ Vash dilt ibneOwh 18h SYPEFED Sd18/stall 1 ine or der
to ensure conplete %onve SI on to 1g':re/.'stal l'ine Form | atorvastatin.
Alternatively, a wa keasta " consisting principally of anorphous

atorvastatin can be Thehmm%thnd?\mm& underrvhich cryvigtalddnef or
example, 35 15 UP FRraAbPUAtIBYLEtdtin ria torrkal hiy Pb& | atigiad cahayt

65-70[err] C, d‘j r'l]:tezlmlnil.neaI Qﬂ]&fié: aﬂ; yu ?)E:sgg.bfé yt% agl'z‘l.t}en% 'ﬁ%&i‘ of
methods which have been found to be suitable in
practice.

Thus, for example, crystalline Form I atorvastatin
20 may be prepared by crystallization under controlled
conditions. In particular, it can be prepared either
from an aqueous solution of the corresponding basic
salt such as, an alkali metal salt, for example, '
lithium, potassium, sodium, and the like; ammonia or an
25 amine salt; preferably, the sodium salt by addition of
a calcium salt, such as, for example, calcium acetate
and the like, or by suspending amorphous atorvastatin
in water. 1In general, the use of a hydroxylic
co-solvent such as, for example, a lower alkanol, for
30 example methanol and the like, is preferred.
When the starting material for the preparation of
the desired crystalline Form I atorvastatin is a
solution of the corresponding sodium salt, one
preferred preparation involves treating a solution of
35 the sodium salt in water containing not less than about
5% v/v methanol, preferably about 5% to 33% v/v
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-22- atorvastatin is present, whereupon the anorphous/
crystalline Form| m xture can be slurried as descri bed above.
Crystalline Form | atorvastatin is significantly 5 easier to isolate
than anorphous atorvastatin and can be filtered fromthe

crystal lizati onfVOEHUIIM af t er cooling, and washed and dPFEHS?6{EI68
exanple, filtration of a 50 nL slurry of crystalline Form]
atorvastatin was conplete within 10 seconds. A simlarl y sized 10
sanpl e of anorphous atorvastatin took nore tR&n an hour to filter.

The present invention .alsa provides.a process for e,_pr rajion of
crystalline Form | %YW(;'S’ fieula rgyvﬁ prESith APORE &hgp‘é‘ﬁdﬁﬁg e :
atorvastatin in sol nethandls Withundeaqugmb ts@imtion of gadtiusracetate.ne

Eor”]:} . at or ypstéduly at an elevatddOrdMpiatfire0Bdi 1p0LS éﬁsﬁﬂ' whi ch
orm (0]

c talllne at vastat is forme )Abee lrlca
det ernmined and it izgo%li)“ffbsaﬁ’bl &t 8"31“ en "%I%é%z'g% C/ en
found to be sé&itabl prefeqrettabomt 47-52°C. It 'ﬁtmsqre‘f@rabianpbeusmhen t he
starting mate“ al i 8alcium aéﬂﬂ&%&"%& %Cmfﬁ'g.”n@&ea@regi’&ﬁuﬁ”d Form

I, or ystalllne Form] atorvastati esired Form Il of
crystal line atorvastGEFdtsiesP e MMeSi REGERS SRl oF atoryagtatin-g in
met hanol cont ai ni ngUadexitthEdé tcrndiddbnb%alcium asdite formatlion omy eweslilon t o

the required formigg c: staf%ﬁﬂ%fyaﬁ sﬁBhﬁ&i@?%fﬁ&JﬂlﬂZB%th Bried out at

The present invention 750 provides a proce reparatlon of

crystalline BRdrmi Vaﬁtﬁ%‘é&*’t%é iYemperatugg; cFOE IR Wéﬂﬁéf‘a he ARy

atorvastatin from amentioned ldkipetativier eahgés. Sty Hiss weﬂefoﬁﬂ@dtnwns
whi ch yield c% stalllne Form |V at

rvastatin. The
precise conditions unde can""rPd‘rtr%gF@“Sf £ mca%%?fﬁ §Ih1ei ﬁ&aﬂ"%ﬁ’%ast atin
is formed may be enﬁPlil‘é%ﬂmya%ﬂall agountnPhiarethil ikextsbylyy ptherble to
give a met hod (B Y Ned@is d¥erdroemple Peatsailit Y &AM prochase.

15 freguently been found desirable to add "seeds" of
crystalline Form I atorvastatin to the crystallization
solution in order to consistently produce crystalline
Porm I atorvastatin.

When the starting material is amorphous

20 atorvastatin or a combination of amorphous and
crystalline Form I Atorvastatin, the desired
crystalline Form I atorvastatin may be obtained by
suspending'the solid in water containing up to about
40% v/v, such as, for example, about 0% to 20% v/v,

25 particularly preferred about 5% to 15% v/v co-solvent
such as, for example, methanol, ethanol, 2-propanol,
acetone, and the like untll conversion to the required
form is complete, followed by filtraticon. It has
frequently been found desirable to add "seeds" of

30 crystalline Form I atorvastatin to the suspension in
order to ensure complete conversion to crystalline
Form I atorvastatin. Alternatively, a water-wet cake
consisting principally of amorphous atorvastatin can be
heated at elevated temperatures such as, for example,

35 up to about 75°C, particularly preferred about 65-70°C,
until a significant amount of crystalline Form I
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-23- Thus, for exanple, when the starting material is

Form | of crystalline atorvastatin, the desired FormIV _ of
crystalline atorvastatin nay be obtai ned by di ssolving the solid in
met hanol mhereusgn créstalline 5 Form IV precipitates. The
conpounds of th I nvention can be prepared and a T8 g
in a wde variety of oral and parenteral dosage forns. Thus, the
conmpounds of the present invention can be adm nistered by injection,
10 that is, intravenously, intranuscularly?z' intracutaneously,
subcut aneously, intr r o] t he
conpounds of the- pré@%ﬁ?ﬂg&g%kx 1Q {esent, %) nbn?g eredn'@l ﬁ%alatlon
for exanpl e, |¢R¥%§%¥%§PﬁyF°¥Ecﬁtmk#ﬁﬂﬂ%/cﬂ@hbecéhﬂﬁnhﬂ% %ﬁ QE§°r1bFﬁe
present invention capdy¥.adm ni stered transdermally. It wll be
obvious to those skilled Ln t ary that the follomﬁn sa forns
may conprise as t|%§Y58Fﬁéén%dﬁ%8% (AEOHRREATLB Y i %?i

correspondi ng phar meepsie &0l psatzeptthan asmnph@rusaazorvasmﬂpom sRan he

]prese[l}] invention. pe fdj..ltefred E%m%lﬁ‘é’%if&d?{lﬁ.&%‘i@ﬁ%@&imﬁi&ﬁ%&i tions
romthe conpounds o nyen ar maceut i

acceptabl e carriers Jﬁ‘eg’eFPH Vg 16?‘? ’b‘# %tﬁﬁ "ol eXampl 4 ofc Mtion

preparations i ncl udeohHondd sl 8Abrry sof ZGrYstqdm:Jns Foapsl;llaetsqr\mmeim

suppositories, and yag con@l%@.@r ﬁi‘éﬁfn gi@%@o'i’xdsa‘ Sﬁl LOn P F1P s iGRa be one
or substanc so_act_as ring

flayo
agents, sol ubﬁ’l zerssa“l‘ aﬁ‘f“grp oL %e?‘f'&ﬁﬁ‘E?Stat n tSB%n‘l‘%re B AR hohr

preservatives, tabl eto di.’shtuxegr ating 30 -agents, or an encapsul at| ng

mat eri al . gre?enfc hh&éﬁﬁcﬁ{ al%oa pirb9eh¥s \@ﬂﬁgs%olf&

which is in a mxture mnth t |nelﬁ1%|V| active onent .

In tablets, the acti¥R® RFfFETETiopso E%FE&%#FWﬁM§°IESII aYQﬁY? i ng
t he necessary bi ndi Mhixlopamprdsesnsuspending até®vast88969%in solvents
PCT/ US96/ 113685 under conditions which yield crystalline Form II
atorvastatin. ]

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

Thus, for example, when the starting material is
amorphous, a combination of amorphous and Form I, or
erystalline Form I atorvastatin, the desired Form IIXI of
crystalline atorvastatin may be obtained by suspending

25 the solid in methanol containing about 40% to about 50%
water until conversion to the required form is
complete, followed by filtration.

The present invention alsc provides a process for
the preparation of crystalline Form IV atorvastatin

30 which comprises crystallizing atorvastatin from a
solution thereof in solvents under conditions which
yield crystalline Form IV atorvastatin.

The precise conditions under which Form IV of
crystalline atorvastatin is formed may be empirically

35 determined and it is only possible to give a method

which has been found to be suitable in practice.



- 24- sui tabl e-proportions and conpacted in the shape and si ze

desired. The powders and tablets preferably contain from

two or ten to about seventy percent of the active 5 conpound.

SuitabIF carriers are nmagnesi um carbonate, magnesi um stearate, talc,
sugar, |actose, pectin, dextrin, starch, gelatin, tragacan

met hyl cel | ul os&YO 9703959 sodiun1carboxynethy|ce|Iglose, a |om9nﬁ$?@%6"ﬁ%§
cocoa butter, and the like. The term"preparation” is 10 i nt ended
to include the formul ati on of the active compound wi th encapsul ating
material as a carrier provi ding a cap?ére I n which the active

conponent, with or without other carrier surrounded b
carrier, whi ch i $hgys P 3§§BB$‘%{ |"3?’?’¥N|t§§? |st% gf‘ﬂ?lr&ﬁena}ﬁ‘s e
cachets and | ozengeRomt & iofclcrgetiallinel stervashatdms, the desmqbsmms v
pills, cachets, and, d% CGEHE 1930 BEoH9EMetin may beSQbkdideadgg forms

suitable for oral mnistrati o arin |tor|es
a low nelting wax, 35°1V%Wh§ssalﬁfix%ﬁr’ée@aq°é|t t“@‘%@i“ﬁoal ‘2%’

cocoa 20 lsut t er poims IV pdeciplitadeand t he active conponent is

di sper sed hormgeneousl y Eflnee lrjn?ﬂo(tj;@lﬁszfs{:hé rﬂf&en@&nventionr@&

honngenous m xture is then po convenl ent si zed
al | owed to cool, anereRRITashyrrd adminlst?ﬁ?‘lid’r‘fy’ wigle variety pf q?ﬁag- %m
preparations i ncl udpa:s@ﬁwraan.ﬂosage forfls peTimiHNshe eompbundscotite  and

enul sions, for 18h Qag"BLafl PIVIENA By iahedblod) ONS.

For parentergf I'njec IO IQUI preparatlons can

formul at ed i A0sol ut Fbﬁtlw‘aql}’&iﬁ’eﬁ@l“? d¥hy LekeaIsRYa 3‘6' sol uti on.
Aqueous sol utions sghtAdbetdm¥odlyl, subctbindsusly, intraduadedabyy, or

di ssolving the acti ye con%)}rﬁ%ent lrlywat grlgﬁd F%?Cg&gﬁo%q‘%sngfs%gap sent

colorants, flavors, ents as desire

35 Agqueous isueqsemm sl tamiaiﬁbﬁrﬂdwws‘éi igs, for made by

di spersing the finekyaghvédetherdia41091P0RAA tionally, the\\Gofpbiddd of

PCT/ US96/ 113685& AR5 in water with

vi scous materthl, stPR BESRRRT Avegition can be admfnistered
transdermally. It will be obvious to those skilled
in the art that the following dosage forms may comprise
as the active component, either compounds or a
corresponding pharmaceutically acceptable salt of a

20 compound of the present invention.

For preparing pharmaceutical compositions from the
compounds of the present invention, pharmaceutically
acceptable carriers can be either solid or liquid.

" Solid form preparations include powders, tablets,

25 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

30 agents, or an encapsulating material.

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

In tablets, the active component is mixed with the

35 carrier having the necessary binding properties in



synthetic guns, resins, nethylcellul ose, sodium

car boxynet hyl cel | ul ose, and ot her wel | -known suspendi ng agents. 5

Al so included are solid form preparati ons which are intended to be
converted, shortly before use, to liquid form preparations for oral
adm ni stration. Such liquid forms include sol utions, suspensions, and
enul sions. TheS¥OBHEBM ations nay contain, in addition 10 PGT/USASNLR6S | \e
conponent, colorants, flavors, stabilizers, buffers, artificial and
nat ur al sweet eners, dispersants, thickeners, solubilizing

agents, and the |ike. The pharnac@étical preparation IS
preferably in 15 osage for uch form_ the ratlon S
subdi vi ded into unit® ‘d%g "ﬁﬁ?@nﬁpﬁ? pFeRRasted in "'E #RT %t he
active conponent. Thelanndeaixﬁiﬁe formcan be a packaged
preparation, the package mhe powded! ahill Bfnilas! k bbEafd from
preparation, such as 20 packeted tablets, sul wders in vials
or anpoul es. Ergd“rfqﬁ?lﬁﬂ Pb88§a§§V?EﬁYhR§ﬁan§ &fcaﬁguF%F ve

tabl et, cachet s or | eaﬁmmd 1 s@dditablel taghiets &:&te:nagnesiuﬁpaaﬂmmﬁee
nunber of any of theggghé%iygﬂg%gg;ag nkalchgfuq?r' ar|e sguag%é of active

conponent in a unit repar at i on ?ed from
0.5 ng to 100dﬁ§tr¥}?'ef%tra§tﬂhy gedagdng otma@na@eomemgl%l%\h@ser

particul ar applicati sedgas datm:qaghmwleéuhﬁo@é:,t iaV ow meltifi@ @i edocohhe
conposi t1 .On can, if ggéﬁé:ed’axﬁi q:%e :Lke a‘ll.ékmOt %?eyggggggébl f

t herapeutic agfnts era eu I C UsSé a enm ¢ and/ or
hypochol est er dH0ni ¢ égﬁﬂkéﬁdtqﬂahﬂq}§§&l heefegnypkation ot the|act§ﬁg Form |V

atorvastatin utlllzedompoﬁﬁuawith encﬁb&ﬁﬁﬁﬁﬂt@Ij&ﬂeﬁﬂ@uheﬁ af chBtHetr nventi on
are adm ni ste t L I S f 5

about 80 ng daily. gggﬂa#in ose Ipanlug'e gg Qgﬁﬂ? aes(%%tti%re cgﬂp{>8e§€ vfi%
my is preferred. The°Ho§h&RﬁPtfRﬁh@FéFarﬁ&?rS' is surroungeg7pggg5garrier,
PCT/ US96/ 11368 which is thus in association withW@t. similabEyyaried

dependi ng upo s he * EQULLENTNE Wedlize aze 1nBAI4EN! . dilSetsyerbhdesd, (e

condi tion being treat
Det er mi nati on of thecaPs“1°s¢NRﬁi%s'dG§§§§tPoraQ§riQQQQﬁﬂsaPa§|PEaE?%% 35
within the " solid dosage forms suitable for oral administration.

For preparing suppositories, a low melting wax,

such as a mixture of fatty acid glycerides or cocoa

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

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

30 solution.

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

35 Aqueous suspensions suitable for oral use can be
made by dispersing the finely divided active component



5 . skill of the art. Generally, treatnent is initiated W th
smal | er dosages which are | ess than the optinum dose of the
conmpound. Thereafter, the dosage is i ncreased by small increnents
until the optinmum effect under the circunstance is reached. For

conveni ence, 10 the total daily dosage may be divided and_a grgﬂftered
in portions dutfY®YMHE day i f desired. The fol l ovx*rr?g{'%

nonlimting exanples illustrate the i nventors' preferred nmethods for
preparing the conpounds of the invention. 15

EXAMPLE 1 [ R (R*. R*)] 2- (4-F uoropheh@#‘) [err] [err] di hydr oxy- 5-
(1 -net hyI et hyl ) - 3- phen phe am n Car

pyrrol e- 1- hept anoi & Fﬁi'{"éaYb’r‘ ssé'?at 1 % %’6 as natuIAl SF ati n)

Met hod A syn,thmtit:ugemaf (Qﬁns.amml@liubosgpm@dlm 2-(1-

met hyl et hyl ) - N, 4- d' th?lc&fiﬁﬂ&%gr%ﬂﬁ'Eiﬂégx¥eﬁl -known suspending
0X0- 2H pyr an- 2- yI)e yl -1H-pyrro e-3-car boxam de 25 (atorvastatin

| act one) (United SEBFEEESpatent Nunber 5,273,995) (75 kg), methyl
tertiary-butyb ether (MBBESp included 38 I«sga],idrébbmnptepaﬁﬂthns' whighct ed

with an agueous = are iSAlilsblNsdf ps OGhivebud,Ouhderiy. derdte bedSRol) at
48-58[err]C for 40 to mnutes to fo mtherrn% sodi_u

)
salt. After cooliRgdddEormy BF?]’E”‘F gsmfnr%"y’éﬁtjr? “di §b‘§}’ded
and the aqueous | ayldiquisl dfipaims mcludeeauhaﬁtoerak,wsulspws‘iox@@a(}mdg) The

organic layer is emulﬁi@n%(:ar Qﬁgseaﬁﬂeﬂﬂf‘a ;@&ug@hggiﬂ\qugprﬁdg@i%r on

of the sodi um sa heated to 4/-52[err]C” Tao_this solution 35
i s added a s&Puti ort®fthenaGtifeaconperedeniIRiRTanEs, f1avorg, 1 g4 kq)

di ssol ved in water dtbl}lizereyebuifereasirtificial and W&x@¥4D3959
PCT/ US96/ 11368

nut es.
The nixture is seedsevEFﬁ?%erg s AEPPYEERITS thl(:crkyes ex% ri aet lll%q'gm
atorvastatin (1.1 kagentsll and\kber Like. and 5 L rret hanol) shortly after
addi tion of the cal ci umrThe phag@macateisal L{S:i:égfhra'ﬂibd‘ri:i.ét prefésailerinheat ed

to 5 [err] & foradls 4% Fhmi0 FhN fg¥§f|¥ﬂé ngﬁggaéfbn is

15- 40[err]C he mXture 1s I"t'er ed, “was
subdivided into unit doses containing apprcprlate

quantities of the active component. The unit dosage
form can be a packaged preparation, the package
containing discrete quantities of preparation, such as
20 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
apﬁropriate number of any of these in packaged form.
The quantity of active component in a unit dose
25 preparation may be varied or adjusted from 0.5 mg to
100 mg, preferably 2.5 mg to 80 mg according to the
particular application and the potency of the active
component. The composition can, if desired, also
contain other compatible therapeutic agents.
30 In therapeutic use as hypolipidemic and/or
hypocholesterolemic agents, the crystalline Forms I,
II, and Form IV atorvastatin utilized in the
pharmaceutical hethod of this invention are
adninistered at the initial dosage of about 2.5 mg to
35 about 80 mg daily. A daily dose range of about 2.5 mg
to about 20 mg is preferred. The dosages, however, may



solution of water (300 L) and nethanol (150 L) foll owed by water (450
L). The solid is dried at 60-70[err] C under vacuum for 3 to 4 days to
give crystalline Form1 10 atorvastatin (72.2 kg). Met hod B

Anor phous atorvastatin (9 g) and crystalline Form | atorvastatin (1

g) are stirred at about 40[err]Cin 15 a mxture of water lSs':170 m_i and
met hanol (30 nLYWOre3%49 total of 17 hours. The mixture i 59 ,

ri nsed with water, and dried at 70[err] C under reduced pressure to
give crystalline Form!| atorvastatln (9.7 9). 20

EXAMPLE 2 _ [R—(R* R*)] - 2- (4-f 1 uor opheny?§=

[err],[err]-di hydrorij/aI ] a&%ﬁg dependf rret Q*I et Q%e%]gggheé}xents

[ (phenyl am no) car ba e T e ae (fﬁnem cal ci um
salt (Form I paﬁu&nﬂasthﬁbleeve_lﬁty of the Aond-xtmte heinghdeRded and

crystalline Form | heag&w&;,;@tgeq_,(gl% g\é@s sp@mﬁﬂmadﬁ xher e
F]

of nmet hanol and stiyre
days. The nateri al kF?PIeF QF%QF °n. s wit?xé.&]ggg
pressure to giye crykidll ofetkeramd J fmaneralayor taea'auemt is initiated WO

-92/8 ?3959 with smaller dosagmwllz; gr@qéég‘gﬂéﬂ-% optimum

[R(R*. R*)] -2- (4-f | AnsspRénihe - ¢eEmRquydy r Therspditsxy - the dosage is

(1-methylethyl )- 3-ijphemgssed- by (sielly | andrementar honyl|the optimum effect

LH pyrr ol e- 1-hept an% ttgghgg} &ﬂtﬁéﬁﬁ% Y 'rebhel | o convellneastatin)
ns - u enyl)

A mxture of (2R-tra oro
met hyl et hyl ) -3 4- di Fjﬂ'tq“'qo:t [ Sailntdesndn @aﬂ pg,y;,dgd and administered
0X0- 2H- pyr an- 2-yl ) ety Idortiiopyr dat Ena-tlos kiayadifddesired. (atorvastatin

0), methanol (30 L) g The CoLDMEHEY ki tpclay deipled il ane

hydr oxi de (1. %B"i@qrﬁ 18vefsrred gpthods fre PEEPRBLIRE thSutes to
form t he ri ngeonpewmdissodi the shhventddrer cooling to 20-25[err]C,
15 '
EXAMPLE 1
- &% * e T - - - - by -

20 Atorvastatin)

A mixture of (2R-trans)-5-(4-fluorophenyl)-2-(1l-
methylethyl)-N,4-diphenyl-1-[2-(tetrahydro-4-hydroxy-6-
oxo-2H-pyran-2-yl)ethyl]-1H-pyrrole-3-carboxamide

25 (atorvastatin lactone) (United States Patent Number
5,273,995) (75 kg), methyl tertiary-butyl ether (MTBE)
(308 kg), methanol (190 L) is reacted with an agqueous
solution of sodium hydroxide (5.72 kg in 950 L) at
48-58°C for 40 to 60 minutes to form the ring-opened

30 sodium salt. After cooling to 25-35°C, the organic
layer is discarded, and the agueous layer is again
extracted with MTBE (230 kg). The organic layer is
discarded, and the MTBE saturated aqueous solution of
the sodium salt is heated to 47-52°C. To this solution

35 is added a solution of calcium acetate hemihydrate
(11.94 kg) dissolved in water (410 L), over at least



the organic layer is discarded and the aqueous |l ayer is 15 again

extracted wwth MIBE (37 kg). The organic |ayer I s discarded and the
aqueous sol ution of the sodium salt is heated to 70-80[err]C and the
residual MIBE is removed by distillation. The solution is then

cool ed to 60-70[err]C. To this solution is added a soluy 0.
cal ci um acet at VOEWIPdrate (1.91 kg) dissolved in %‘W’?f@ﬁ’ﬂ%

(72 L water + 16 L nethanol). The m xture i s seeded W|th crystalline
Form | atorvastatin (180 g) shortly after addition of the cal cium
acetate solution. The mixture i s heat®t at 65-75[err]C for at 25

| east 5 m nutes and_then cool ed . to 50-55 err]C S
filtered and sl urrPQd®HRY ﬁﬁfhaﬂ’c?f %&FL eiﬁ% ith2 gg‘ugéf’er?] C and
t hen cool ed to 25- 8@yetallinadForm I atorivhetalinThd. L‘dtg dn 41dEi water

66-70[ err] C under yaguygny, methan&P) Hneeth9r BEt¥robadividlds RAeabalydamat i n’
(about 3 kg 30 I sol ate 29

CLAI VB 1. Q??F&Ftﬁnﬁg’uli‘é?m’? atTey MFERES &R ERSRAARREES: B8 eof
characteri seds by t B5a-BgrtofpngatX-leastpdldednyiesr avdi trepaaoded &Rpressed

interms of the 20,5l3%Raci Ngfe ﬁHE&dfﬂiﬁé E&ltakea$lﬁasﬂéd=ﬁ¥¥%>aeasured

after 2 mnutes of grinding usin err]
Rel ati ve s%lut:.on of wager ('goo L) an tganol (150 L) followed

Intensity by ater] (450 L). The solid isddried at 60-70°C under

g>ﬁ$2%tes vagu for 3 to 4 days to glve cr%stalllne Form I Ground
42. 60 10 g aiprvastatin (72.2 kg). 9.3311 41. 94
10. 266 8. 6098 55. 67 . 10. 560
8. 3705 29. 33 11. 853 7.4601
41.74 12¥E$?Qd¥§ 7.2518 24.62
17. 075 Amo3pheg® atorvastatin (9 g) angpeyystalline 19. 485
4. 5520 Form I atb¥vaBtatin (1 g) dkbtirred at about 40°C iéh 1059
100. 00 21 9 49. 44
30 mL) £
5> 748 15 209 Xture gf water (170 ey UHE meth 3BoL( ) for g29. 29
3. 8088 total of 3J hours. The mixture)is filtered, rinsed 3 7457
63. 04 24 .+#h water, and dried at Z@R94inder reduced pressure 2o 10
28. 915 23942 o . 29. 234
3 0524 give cré%ﬁ%i?éne Form I atorvastatin % g)
20 'EXAMPLE 2

[R-(R*.R*)1-2-(4-fluorophenyl)- B.8-dihydroxy-5-(1-

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

30 atorvastatin.



2. A crystalline Form | atorvastatin hydrate having an X-ray powder
diffraction containing at | east one of the follow ng 20 val ues neasured
using CuK[err] radiation: 11.9 or 22.0. 3. A crystalline Form|
atorvastatin hydrate having an X-ray powder diffraction containing the
follow ng 2[err] values neasured using CuK[err] radiation: 11.9. 21.6 and

22 0. O 97/03959 30 4. RCT/US96/11368
crystalline Form | atorvastatin hydrate having an X-ray powder
diffraction containing the foll ow ng 2[err] val ues nmeasured using CuK[err]
radiation: 17.1,19.5 and 21.6. : A §rystalllne Form 1

atorvastatin hydrate having an X-ray po actlon containing the
followi ng 2[err] values neasured u5|ng adiation: 9.2, 9.5, 10.3,

10.6. 11.9, 12.2, R¥*|, R RRoTOPIEN Y] - AL 02, 28.9 and
29. 2. 6. > q'L-—,m-u altHS 04§ UbhefyPd 45k -1 Hn¥hée) Sarisb ‘“-J 'an X—ray
powder diffraction contalning e rollowng Zlerc] val yes  measured usi ng
CUK[eI'I’] radl atIOI’] \0 ..,o 5~ 5‘04 ..r A C u 'vu G ixoll S oh a (w011, 75

19. 485, 21.625, 21_gmnxzaaZaz4a; 23, 33 .23 734 24, 438 28.915 and 29. 234.
7. Crystalline Forml Aagn%% aska fnigﬂdn_t%g)a.t.je§ 4Ltggﬁggg§ﬁgg}?ffiﬁr(l ;sed by

the foll owi ng solid-state nuc ti1°’c resonance um wherein
chenical shift is SoEsthyil-Fatrd BE?“Y%T%|Q%1(tetrahydr°'4'hy oxy-6=-
Assi gnnent oxo-2H-pyran-2€hiyethyl] -1H-pyrrole-3-carboxamide (7
igg)s & t%ﬁv§5§§t§giigctone) (Unitedp%%a%EsCBQtent Numbgf?s 4
C16 10 5,273,995) (12 kg), MIBE (50 &kg)7 PBFB&H?l (30 L) is

and 159. 3 readttedT®tith AAr 4quéous solution of2s68iwelydHdki@D- C24,
%Z' 532 (1.83 %3'4% 150 1) at 50-55°C for 30-45 minutes to form
129 5 the ring-opened sodium salt. After cooling to 20-25%€,,
123.5 the organic layer is discarded and the aqueous layeh?(@s9O
118.2 15 again extracted with MTBE (37 kg). The organic layers: S

is discarded and the agueous solution of the sodium
salt is heated to 70-8B0°C and the residual MTBE is
removed by distillation. The solution is then cooled
) to 60-70°C. To this solution is added a solution of

20 calcium acetate hemihydrate (1.91 kg) dissolved in
water/methanol (72 L water + 16 L methanol). The
nmixture is seeded with crystalline Form I atorvastatin
(180 g) shortly after addition of the calcium acetate
solution. The mixture is heated at 65-75°C for at

25 least 5 minutes and then cooled to 50-55°C. The
mixture is filtered and slurried in methanol (about
200 L) at 55-65°C and then cooled to 25-30°C and
filtered. The solid is dried at 66-70°C under vacuum
to give Form IV of crystalline atorvastatin (about 3 kg

30 isolated).
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70.5 This Sheet Has Been RTlaced

R
64.9 Met hyl ene Car

Cl11 WO 97/03959 )

41.9

40. 2 C33

26. 4 ~29- _
25. 2 ) C34

21.3 8. Crystalline For m CL&E¥Pvast atin of claim 1 in .
whi ch the hydrate is a trihydrate. . A crystalline

Form | atorvastating hydr@gyes‘.%}g#%; F\{*ﬂe? Q%oz?l%lét%ﬁtnafaﬁdlﬁgdrates nucl ear

magneti ¢ resonance havin erence betwe he | owest
ppm resonance and anoth ghagagtesizeq by the following X-ray 19 A

crystalline F& m | ator vastde Iﬂﬂfﬁd&&tﬁoﬁ@&ﬂﬁzﬂr m;e;ﬂ-elsyeaolndtenm ofl3C
nucl ear magnetic resonanggs [ Iy Mo ] f ces
bet ween t he | owest @ﬁyrg§g§§§358 6?%§$ﬂ#esongﬁggggiggég i?ﬁ?1
43.6, 46.8. 49.2 and 51. qzrelative intensitYJEf >20% meseRreAnatte¥ m |

atorvastatin hydrate chaz agimitietedtbyrindisg sisiiey TR, radiatios! ear
magneti c resonance having the follow ng chem cal shift differences between
the | owest ppm resonance and_other resonances: 3.9, 5.1, 18.9 20.6, 26.1,

C6, Cr7, C9,
PCT/US96/11363

43. 6. 46.8, 49.2, 51.8, 92.5, 96.9, 99.6, 102.2, Eékativel08. 2,
109.8, 113.6, 115.7, 138.0. 145.4, 157.1 and 161Ibtensity
12. A crystaﬂq ine Form | ator2@statin hydratde characterl@e@‘% solid state
13C nucl ear magneti c resonance having the foll ow m cal shifts
expressed in parts per. pillion 21 3 25 2 26 Mgnube841 9, 47. 4,
64.9, 68.1, 70.5, 73.1, 113.82-138 2 9.65630.9, 123.3%2.897.6, 129.5,
131.1, 134.9, 137.0, 159 3, 1@@470(broad),9x§§14 and 41 .9482. 8.
10.266 8.6098 55.67
10.560 8.3705 29.33
15 11.853 7.4601 41.74
12.195 7.2518 24.62
17.075 '5,1887 60.12
19.485 4.5520 73.59
21.626 4.1059 100.00
20 21.9%60 4.0442 49.44
22.748 3.9059 45 .85
23.335 3.8088 44.72
23.734 3.7457 63.04
24.438 3.6394 21.10
25 28.915 3.08B53 23.42
29.234 3.0524 23.36

. 2. Crystalline Form I atorvastatin and hydrates
thereof characterized by the following solid-state
13¢ nuclear magnetic resonance spectrum wherein
chemical shift is expressed in parts per million:

* [ L M s *



32
13. A crystalline Form | atorvast th&mpydrate of any one of clains
| to 12, containing about 1 to This 4 r. 14. A crystalline
Form | atorvastatin hydrate of a \l ms 1 to 12. containing 3
nol es of water. 15. A ph onposition for treati
hyper|li pi dem a, c%ﬂ'@?ﬁ?g an gffecti ve anount (r)r}) a crystalline WF’"“S
atorvastatin hydrate of any one of clainms | to 14 in adm xture with at
| east one pharmaceutically acceptable carrier, diluent or carrier. :
16. Use of a crystalline Form | atorvastatin h'y%ﬂ"ate of any one of clains |
to 14 or of a conposition—e#7eLaFﬂt45—#e+—%+eaFhﬁg—hype+++ﬁ+§€ﬁka—kﬂ—&
patient suffering therefrBits9mert 17 se of a crystallinEtR iﬁ%

. (7 _kH . .
atorvastatin hydrate of aRysene—gh=e Ot — A28
medi canent for treating h i a. 18. A pharne )
conposition for treatingciBypere®®l esterolema conprising an jefg.act1 ve
amount of a Cryst al |l i ne Foliedemal-obdiasteatii h\]lrlrgj;g of =TalVAeTal=} of ol ai 1
to 14 with at |east one pf&Pmaceutical |y acceptable carri &®86-di KBERRANd/ or
adj uvant . 19. Use of a crystalline Form | atorvast anidnibsgdBat e of

any one of clains | to 14WW
hyper chol esterolem a in aAﬁgfnla nt YN ng therefrom 20. Use of

a crystalline A m | ator¢2sCati O1Bydley ecktmrc2dnecdy-cB2ains 1U3F.%4 in the
manuf acture of a medi canent for treating hyperchlol stcrolem a. 21.
Crystalline Formll atorvastatin and hydrates thereof characteéeriséd by the
following X-ray powder diffraction pattern expressed in ternsidt.tthe
2[err], d-spacings. and relative intensities with a relative ijafgenrsity of

>20% neasured after 2 mnutes of grinding using CuK[err] radi altzl;roré:

i5 123.5
120.9

118.2

113.8

c8,Cl10 73.1

20 70.5
68.1

64.9

Methylene Carbons
c6, ¢c7, C9, Ccl1 47 .4
25 41.9
40.2
c33 26.4
25.2
¢34 31.3

3. Crystalline Form I atorvastatin of Claim 1 in
which the hydrate is a trihvdrate.

4. Crystalline Form II atorvastatin and hydrates

thereof characterized by the following X-ray
powder diffraction pattern expressed in terms of

* [4 L ] s *
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Rel at ve This Sheet Has Been Replaced .

Intensity 2[ err] '

L

G ound . 2
M nut es WO LY 15. 8180 PCT/USI6/1368
42. 00 7.384 11. 9620

38. 63 8.533 10. §

100. 00 9. 040 977741

92. 06 12. 440 (broad - - .

30, 69 15 771 (broadkhe 20, d-spacings, é.ép% lative intensities with
38. 78 17.120- 17. 360 (buao§e}at1ve intpoeigyy ©f) 320% measured after

63. 66-55..11 5 19. 49finutes of grinding using. BbR{ radiation:

56. 64 20. 502 4. 3283

67. 20 22.706-23. 159 (broad) 3.9129-3.8375

49. 20- 48.-00 25. 697 (broad) 3. 4639 Relative
38.93 ' 29. 504 20 3.0250 4 Intensity
37.86 22. Crystalline Form !l I atorvastatin or a hydrat&20far 65eund
havi ng an X-ray powder diffraction containing the follao n

measured using CuK[err] radiation: 59582and 20.5. 15-818023  (Cry<2al00; ne
Form 1l atorvastatin or a hydrate yhgggof having 3an X¥ehay powder 3g.63
diffraction containing the followi ng_2[err] val ues neasured usi CuK[err]
radi ati on: 8.5%%nd 9.0. 24, 8- @%stal li ne F3Om3Pp4 atorvast]g’tq

hydrate thereof having an X-ray powdegodi ffracti ongcgnigi ni ng th@zf @Isl OWI ng
2[err] values neasured using CuKlerr] radiation: 5.6, 7.4, 8.5 9.0, 12.4
(broad). 15.8 (broad), 17.1-174%44% dkapadio. 5. 20751094 723 2 A%-84d),
25.7 (broad) and 29.5. 25,7710 proaldyi ne For m . lsh4gt or vast atsgn 7g¢r a
hydrate thereof having a dlffra ti0 aj nj ng the foll ow ng
2[err] val ues measured usi ﬁ&rgéRFg?d?&?aﬁﬁﬁ?ﬁ g7§§ 57843‘246%8%52'%%&2*”

9. 040, 12.440 &broad). 15.771 (braadp2017.120- 17.3@0550!70ad), 19.540@4

20.502, 22.706-23.159 (broad), 25.2@9g0§2br0ad) and %93§Q§ 6€7.20
22.706-23.159 (broad) 3.9129-3.8375 49.20-48.00

25.697 (broad) 3.4639 38.93

29.504 3.0250 37.86

5. Crystalline Form II atorvastatin and hydrates.

thereof characterized by the following solid-state
13¢ puclear magnetic resonance spectrum wherein
chemical shift is expressed in parts per million:

A
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35 Assi gnnent
Shift Spinning Side Band
206.8 C12 or 97/03959

26. CrystalIan_EgLnlLL—aLe+vastalln and hydrates thereof
characterised by the follTow ng solid- state

spectrum wherei n chem calThsﬁlT

i

163 (broad) C16
Carbons C2-C5, Cl13-Cl18, Cl19-C24, C27-C32

134.8
122.9
120. 3
117. 1
114. 7
69.0

67.3

5
cg, Cl10

Spi nni ng Si de Bap

13C nucl ear nagneti c resonance
Ssed in parts per mllion:
Chemi cal

209.1 Spinnin | de. Band
181 (broad) CI ﬁ“” 168
161 (broad) Aronatic
140.5

48.9 Met hyl ene Car bons €1260r(225C9, C11

42. 3

1o

15

20

25

30

35

-32- 129.0
1214
Assignment }}2 9 cﬁ;ﬁﬁ;?l
Spinning Side Band 70.6 208.1
Sginning Side Band 06. U 206.8 ' de Band
(broad) 43. 4
Cl2 or C25 FL. 7163 (broad)
clé 161 (broad)
Aromatic Carbons
c2-c5, C13-C18, C19-C24, C27-C32 140.5
134.8
133.3
129.0
122.9
121.4
120.3
119.0
117.1.
115.7
114.7
cg8, cl0 70.6
69.0
68.0
67.3
Spinning Side Band 49.4
Spinning Side Band 48.9
Methylene Carbons
c6, ¢7, €9, ci11 43.4
42.3
41.7
40.2
C33 27.5
C34 22.8 (broad) .
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40. 2 C33 27.5 C34

22. 8 (broad) 27.
Crystalline Form Il atorvastatin mrsShatH:msd«nateﬂaced hereof
characterised by solid state 13C nucl ear | ﬂmm“ m ce havi ng a
chem cal shift difference between the | ownes e and _anoth
resonance of 4 WO g 28. Crysta orm atorWﬁ‘%r

hydrat e thereof characterised by solid state 13C nucl ear nagneti c resonance
havi ng the followi ng chem cal shift differences between the | owest ppm .
resonance and ot her resonances: 4.7, 44.5, 7332, 46.2 and 47.8. 29.

Crystalline Form Il atorvastaﬂn or_a hydrate thereﬁ chacfgw%rl sed by
soiid state 13C nu@-ear CREghRL+EnT YT QT VARG HRRER 1 3 t&8eni cal

shift differences betwe&hetrbE bhasmd:tqmmeldebqn&heefahﬂomtﬂmrxmonawdes

3672 15745 18896 1?08 1%9.fga6-aé€1 S&rn‘l@x%rfégeﬁ 13%&11199%19,1:11%423’;

112 1 ﬁjg 2 and 2.
30. Crystalline Form I da?BP?éE?ﬁt |?’P%rre<}%teaﬂ'8tFH§?'E%Ts &eri sed by
solid state 13C nucl ear redghétvecintansity othali5agmehsufed | waiingy Colgm cal
shifts expresged in par 9'8%:1 Llion: 22.8 (broad), 27.5, 40.2, 41.7,
42.3, 43.4, 6 68. 0, 8 : .6, 114.7, 115.7, 117.1, 119.0, 120. 3,
121.4, 122.9, 129.0, 133.3, 134. 8 140.5. 161 (broad) 163 (broad) and 181
(broad). 31. Crystalline Form IV atorvastatin and hydrates thereof
characterised by the fol | ow X-ray p‘gwder dIReTardivieO InpahsEtyn expressed
internms of the 2[err], d- sfacings, d relative i dhs8ities with a

relative intensity of >15% nmaaggped 1816qp CuK[err| radaati®n:
Rel ati ve
Intensity 10 o[err]5-42¢  16.2804 4 20.12
(> 159 4.889 5,940 14.8660 18. 60%87.29
38. 45 5.424 16. 2804
20. 12 5.940 ~ 7-997 11.0865 Ty, 8663900
17. 29 7.997 9.680 9.1295 11. 046567.31
100. 00 9. 680 9.1295
.416 8.485% 20.00
67. 31 10. 416 10.41 8. 4859
20. 00 15 12.355 7.1584 19.15
17.662 5.0175 18.57
18.367 4.8265 23.50
19.200 4.6189 18.14
19.569 4.5327 54.79
20 21.723 4.0879 17.99
23.021 3.8602 28.89
23.651 3.7587 33.39
24.143 3.6832 17.23
7. Crystalline Form IV atorvastatin and hydrates

therof characterized by the following solid-state
13¢ nuclear magnetic resonance spectrum wherein
chenical shift is expressed in parts per million:

A



37 12. 355 7.1584

19. 15 17 662 5.0175
18. 57 s Sheet Has Been Replaced 4. 8265

o T

18. 14 19, 569 4. 5327

54. 79 W0 9703 4.0879 PCT/US96/11368

17. 99 23.021 3. 8602

28. 89 23. 651 3. 7587

33. 39 24,143 '354.'6832

17. 23 32.  Cryst addeis : v A

having an X-ra povvder AREE on %i%SMﬁFQW ng

2[err] val ues Yreasur ed u§ﬂ-ﬁg°0.ﬂ’@%rr] radl atl on: 8.0 or 9.7. 186.4 33,
Crystalline Form IV atorvastatin or a hydrate thereof having ggy9ray
powder diffraction cont

CuK[err] radiation: 4.9, C82005neRS. 7. 34. Crystalline ¥k |V
atorvastatin or a hydrate thereof having an X-ray powder di ffypgts on

contai ning the foll ow ng_zg.aL.L]_ALaLues_measuLed_m_ng_mKLe.u.k_mm.aLLon:
8.0, 9.7 and 19. 6. C185. Crystalline Form |V atorvasti&bih Oereadldrate

t hereof having an X-ray powder diffraction containing the follgdéng 2[err]
val ues nmeasured using CuK[err] radiation: 4.9, 5.4, 5.9, v n 9,0 10 4,
12.4, 17.7, 18.4, 19.2, 19.6. 21 7. 23.0 237 and 24 1 580 rrodd)
Crystalline Form |V atorazxstmatia Cearlbody drate thereof having an X-ray

powder diffraction contajBlpg, tEesd er kb yes agu ng
CuK[err] radiation: 4.889, g 42‘1'2f 5€i9 VMP.QC% S g88‘5 10%?6i igﬁ%@
17.662, 18.36% 19.200, 19.569, 21.723, 23.021, 23.651 and 2413437

129.2

127.1

122.7

119.8

115.7

c8, Cl10 71.5
67.9
66.3
63.5

Methylene Carbons

15 c6, c7, €9, cli 46.
43.

42.

40.

C33 ' 25.
C34 20.

o b wlwlo Kk &
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38 37. Crystalline Form |V atorvastatin and hydrates
t hereof characterised by the foll ow ng solid-state 13C nucl ear nmagnetic

resonance spectrum wherein chem cal shift i §hie¥RHERSESn REpI40&rt S per
mllion: Assi gnnment . Chem cal
Shi ft Cl2 or C25 186. 4
184. 9 WOePIOME co5 PCTAP9§(11368
179. 3 Cl6 166. 1 (broad)
and 159. 0 (broad)
Aromati c Carbons C2-C5, Cl3-Cl18, CB$C24, C27-C32

igi:% (broad) 8. A pharmaceutical composition in the form 0529_2
127.1 tablets comprising crystalline Form I atoryagstgtin
éé9- 210 . | as defined in Claim 1 in admixture with atlieadt
67j9 _ one pharmaceutically acceptable excipient66 3

63.5 . 5 Met hyl enedfCanéwhns or carrier. C6. C7, C9, Cl1

46. 1 43. 4

42.1 . . 40.0

C33 9. A pharmaceutical composég}gp in the formcg%

20. 3 capsules comprising crystalline Form I 19. 4
17.9

: @torvastatin as defined in cBdim 1 in3@damixture
Crystalline Form I atorvastatin qr a hydrate thereof

characterised by solid st¥ith1at lragte gredgssti phavsasaideaddyi ng a

chem cal shift gli fferenceabekpeshld ardipigit ,pRILLESD A adizd eanot her
resonance of 8.0 or 53.6. 39. Crystalline Form 1V atorvastatin or a
hydrate thereof characterised by solid state 13C nucl ear nagneti c resonance
havi ng the fol | owi ng I¢henkc ahasm¢eutfidale aomposibionctn thee Josmeof ppm

resonance and other resongew@er domprisihg &r§stddibnedforh DAtHrvadtadif.
as defined in Claim 1 in admixture with at least
one inert pharmaceutically acceptable excipient,
5 diluent, or carriler.

11. A pharmaceutical composition in the form of
lozenges comprising crystalline Form I
atorvastatin as defined in Claim 1 in admixture
with at least one inert pharmaceutically

5 acceptable excipient, diluent, or carrier.

12. A pharmaceutical composition in the form of
suppositories comprising crystalline Form I
atorvastatin as defined in Claim 1 in admixture
with at least one inert pharmaceutically

5 acceptable excipient, diluent, or carrier.

13. A pharmaceutical composition in the form of
retention enemas comprising crystalline Form I
atorvastatin as defined in Claim 1 in admixture
with at least one inert pharmaceutically

5 acceptable excipient, diluent, or carrier.

* c L M S *



40. Crystalline Form M. atorvastatin or_a hydrate thereof characterised by
solid state 13C nucl ear nmagneti c resonance having the foll ow ng chem cal
shift differences betweerfhiBheey 4 esonance and ot her resonances:
1.5. 2.4, 8.0, 22.1, 24.2J| H 5.6, 48.4, 50.0, 53.6, 97.8, 101.9,
104.8, 109.2, 111.3, 116.8. . , 148.2, 161.4, 163.5 . d .
168. 5. MOY®Y% al line Form |V atorvastatin or a hydrd?%éﬁﬁﬁgggp
characterised by solid state 13C nucl ear magnetic resonance having the
foll owi ng chem cal shifts expressed in parts_per mllion: 17.9, 19.4, 20.-3,
25.9, 40.0, 42.1, 43.4, 46.1, 63.5, 66.3, 6738? 71.5, 115.7, 119.8, 122.7,
127.1, 129.2, 134.7%, 138. : - ad), 179. 3,
181.4, 184.9 and 1884 ] ’J“e{"%‘?ﬁ *ﬁ]e%ﬁ‘ai?‘r?é?&g’??%ﬁ ‘g%ﬂaogaﬁ{‘fon of claim 15
or claim18 in the formhypergholesterolemia gomprisjngr gtexing to a
conposition of clai m15hgktChaferiky ithdiEFroff B ¢hetapsutiisally 44. A
phar maceuti cal conpositi o; claim15 or_claim18 i.n_the Jprnyﬁg powder .
45. A pharmaceuti cal c&%%&g LV PPRURY 4512 SOBPORPS; RIS R £ or m of
| ozenges. 5 46. AcCihimnicimturckt domqagesiforsn of claim 15 or claiml18
in the formof suppositories.
40 47. A pharmaceutical copposition of claimlh or clai.m18 in the
Sthe Thepeaeties: of e

formof retention émenad Process A% on of
crystalline Form | atoFeast 3t Aborvagkatsimepon@rdpgipgd)y treating an aqueous
solution of a basic saligrep kR)(Efed¥idg % 4queous solution of a basic

ftuorophenyl)-Terrl, [erilyd Qe RXae, des'y AP LSH N EAC, A HIE -+
5 dihydroxy-5-(1l-methylethyl)-3-phenyl-4-
[ (phenylamino)carbonyl] -1H-pyrrole-l1l-heptanoic
acid with a calcium salt; and
Step (b) isolating crystalline Form I
atorvastatin.

16. A process according to Claim 15 wherein in
Step (a) seeds of crystalline Form I atorvastatin
are added during or after treating the agueous
solution of a basic salt of [R-(R*,R*)]-2-(4-
5 fluorophenyl)-B,8-dihydroxy-5-(1-methylethyl)-3-
phenyl-4-[(phenylamino)carbonyl]-1H-pyrrocle-1-
heptanoic acid with a calcium salt.

17. A process according to Claim 15 wherein in
Step (a) the agqueous solution contains a
hydroxylic co-solvent and methyl tert-butyl ether.

18. A process according to Claim 17 wherein in
Step (a) the hydroxylic co-solvent is methanol.

19. A process according to Claim 15 wherein in
Step (a) the calcium salt is calcium acetate.

* [ L M S *



[ (phenyl am no) car bonyl ) - 1H-pyrrole-] - hepLanm—rr—ael—d—w%—a—cal ciumsalt; .
and Step (b) isolating crystalline Forml 49. A
process according to claim48 whereinin S crystal | ine Form
| atorvastatin are added during or after tr ous solution of a
basic salt of _
[R (R, R*)]-2- (MOP18%%phenyl )-[err],[err]- d| hydroxy 5- (1 met RGTEPNII683. ph

enyl -4- [ (phenyl am no) carbonyl]-1H pyrrol e-1-heptanoic acid with a cal cium

salt. 50. A process according to claim48 wherein Step (a) the
aqueous sol ution contalns a hydroxylic co-soB¥¢ent and nethyl tert but yl
et her. 51. rocess according.to clai 48 Step (a) the
hydroxylic co- sol |PS ﬁo?f’cmgd ing ta; £ a,&mp&gcg gT oir'Hl ng to

clai m 48 wherein in SteEtep) (PhecrpbtaliirenlRoxms Icaltorvastaelmtis

53. A.,process accordi ngaf,@nehaiagydd. Wherein in Step (b) crystalline Form |
atorvastalin is further dried. 54. A process according to claim 53
wherein in Step (b) crystalline Form| atorvastatin is further dried under
reduced pressure. 21. A pfdroce@spaccesdimycay dilagn QOcivhereih ivherein in

Step (a) the basic salt t%?S‘?lbﬁct:ﬁggﬁmﬁé‘%&rnp‘ipa%%%ké&éi‘ﬂxC&fs an al kal i

nmetal salt, ammoni a, an ar] am ne

41 56. A process a@%ﬁhﬁrn&rﬂ'-ﬁdc‘ll%‘??ﬁ Fedfrade PYSERUSEep (a) the basic
salt is the sodiumsalt. 57. A process according to claim48
wherein two rmles th | I e | alt is
used. ' 0%2 p‘ra%%g‘% %F % haﬁggdﬁg%a%tﬁgﬁhoﬁgc?@%g*#|rghée Form |

atorvastatin corrprl si ng: Stﬁlér!a()a}:h%b@%!ﬂl slta 1A eedested Exem prhwygroup

atorvastatin and crystal¢ddiisting of an alkali metal salt, ammonia, and
an amine salt.

23. A process according to Claim 22 wherein in
Step (a) the basic salt is the sodium salt.

24. A process according to Claim 15 wherein two moles
of the basic salt to one mole of the calcium salt
is used.

25. A process for the preparation of crystalline
Form I atorvastatin comprising:
Step (a) suspending a mixture of amrorphous
atorvastatin and crystalline Form I atorvastatin

5 in water containing a co-solvent; and
' Step (b) isolating crystalline Form I
atorvastatin. '

26. A process according to Claim 25 wherein in
Step (a) the co-solvent is selected from the group
consisting of methanol, ethanol, 2-propanol, and
acetone.

27. A process according to Claim 26 wherein in
step (a) the co-solvent is methanol.

R O



Form | atorvastatin in water containing a co-solvent; and Step (b)

i solating crystalline Form| atorvastatin. 59. A process according
to claim58 wherein in Step (a) theTﬁQ&ﬁ&kﬁ&ﬂ&mR sal ected fromthe group
consi sting of nethanol, ethanol, etone 60. A
process according to cI ai m 59 V\,herel }um,mm he co- sol vg&h | .
met hanol . WO@1/03959\ pr ocess acco 58 wherein "’@f‘é‘b"?b)
crystalline Form | atorvastatin is further drled 62. A process

according to claim60 wherein in Step (b) crgstalline Form | atorvastatin
I's further dried under reduced pressure. -

28. A process according to Claim 25 wherein in
Step (b) crystalline Form I atorvastatin is
further dried.

29. A process according to Claim 28 wherein in
Step (b) crystalline Form I atorvastatin is
further dried under reduced pressure.
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