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-1- NOVEL PROCESS FOR THE PRODUCTI ON OF AMORPHOUS 5
[R(R*, R*)]-2-(4- FLUOROPHENYL) -[err],[err] - DI RYDROXY- 5-

( 1- METHYLETHYL) - 3- PHENYL- 4- [ ( PHENYLAM NO) CARBONYL] -

1H PYRROLE- 1- HEPTANO C ACI D CALCI UM SALT (2:1) 10

BACKGROUND OF WGBZ/039ENTI ON ' The present invent ir@T/USI/HE8es t 0
a novel process for anmorphous atorvastatin which is known by the -
chemcal name [R-(R*, R*)]-2-(4-fluorophenyl)-[err],[err]- 15 :
di hydr oxy-5- (1- net hyl et hyl ) - 3- phenyl - 4-[ ( phesqyl am no)

car bonyl ] - 1H pyrrol e- 1- hept anoi ¢ acid hem cal cium salt which is
useful as a pharnaceutical agent.. - Atorvastatin is useful as an

i nhi bi tor of the enzynmeNOVEL PRGCHGS rBRE - BHRRROPUGLIOHr OF - AMORPHOES A
reductase 205  (HVG G@A(Regie) 282) ( £ FLBGRABHIMNYYS ©BY b -BEH@DROXY - 5-

D ont Phorer 4 do” BOSUBRERLAERCES 5- B85 - ¢ commrLArTA Ol B e

di sclpses certain 1HtPERROLE 1> HEPTAYOIL- BAID SALGIIBM SALT (2:1)
substituted-pyrrol-1- 25 yl)al kyl ] - 4- hydr oxy- pyran-2-ones incl udi ng
trans ()-5- (4-fluorophenyl)-2-(1-nmethyl ethyl)-N, 4-di phenyl - 1-

[ (2-t etrahydro-4- hydroxy- 6- oxo-2H pyran-2-yl)ethyl]-1H

pyrrol e- 3- cakboxam de. BACKBROGHD DR 1THE RNVENTIONnber 5,273, 995,
which is 30 herein incorporated by reference, discloses the

enantioner having the R formof the.rin -qpeneq_ cid, of
trans-5- (4-f | uor ophenyl 2% PISHEP y+%Y?é#§-qwr-a es to a novel process
di phenyl - 1- [ ( 2- t et rixiy cmorphbydr akgréastat 2Hwhicanis known by the
(R R (B R T P 0 Aiiatisgrempery B8
net hyl et hyl )13- pherfihy, ("ﬁ’ﬁéﬁfr{‘éﬁ? afoy13-Phepyl-4- [ (Phenylamino)
carbonyl]-1H-pyrrole-l-heptanoic acid hemi calcium salt
which is useful as a pharmaceutical agent.
Atorvastatin is useful as an inhibitor of the enzyme
3-hydroxy-3-methylglutaryl-coenzyme A reductase
20 . (HMG-CoA reductase) and is- thus useful as a
hypolipidemic and hypocholesterolemic agent.
United States Patent Number 4,681,893, which is
herein incorporated by reference, discloses certain
‘trans-6-[2-(3- or 4-carboxamido-suvbstituted-pyrrol-1-
25 yl)alkyll-4-hydroxy-pyran-2-ones including trans (%)-5-
(4-fluorophenyl)-2-(1l-methylethyl)-N,4-diphenyl-1-
[{2-tetrahydro-4-hydroxy-6-oxo-2H-pyran-2-yl)ethyl}l-1H-
pyrrole-3~-carboxamide.
United States Patent Number 5,273,995, which is
30 herein incorporated by reference, discloses the
enantiomer having the R form of the ring-opened acid of
trans-5-(4-fluorophenyl)-2-(l-methylethyl)-N,4- '
diphenyl-l-[(2-tetrahydro-4-hydroxy-G-oxo-ZH?pyran-

. 2-yl)ethyll-1H-pyrrole-3-carboxamide, i.e.,
35 [R-(R*,R*)]-2-(4-fluorophenyl)-p,d-dihydroxy-5-(1-
- methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H~

pyrrole-l-heptancic acid. )
United States Patent Numbers 5,003,080; 5,097,045;
5,103,024; 5,124,482; 5,149,837; 5,155,251; 5,216,174;



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, WD 97/ 03960 :

PCT/ US96/ 11807 - 2- 5, 245, 047,
5,248, 793; 5,280,126; 5,397,792; and. 5,342,952, which are herein

I ncor por at ed bwg ®feassgnce, di scl ose vari ous processes gdnso4/11807

i nternmedi ates for preparing atorvastatin. 5 Atorvastatin is
prepared as its calciumsalt, i.e

[R—(R*,R*)]-Z-(4-f|uorophenyl)-[err],[ér?j-dLderoxy-S-
(1- met hyl et hyl) - 3- phenyl - 4- [ ( phenyl am no) car bonyl ] - 1H
pyrrol e-1-hept anoi c5 205} 0ad;CiSuR48aI793(;2 51 2BOTHR6; 5,397 CAOZi wmdsalt is
desirable since it onaf) @%2Al QU dlle nblein ih8oPSofPENEF Hdterence,
formul ated in, for-ﬁarﬁpl e, tablets, cagau es,, |l ozendes, powders, _
and the like for ordtsclose vardous progesggs and key intexmpiptes &OF 1| ed
Uni ted States Patenpreparing Apgrvasttatin.titled "Crystalline :
[R (R, R*)]-2r(4- 15 . - ’
f I uor ophenyl )-5[ err],[er rﬁtiotﬁvﬁfa:ra&%f- g'-s( f’-rﬁ'g?ﬁﬁie?‘ﬁy*' 53??)%%%1% salt,
4- [ (phenyl ami no) carbonyd | [REHBRSRR*0Ile2r-(4e Slunsppheny )-B,8-adihgdraxymSsal t
E 2: 1% " : and] " gmedl ! tlfﬁéﬁilgaléﬁm) ~3-phenly®~@R1l (PhehyPatind ] aorrenikanyhi-
err],[err]-dihydroxy:5-4(1- _ 3 ] _
et hyl ety ) - 3 pherb e P S A BSHEAROHS 2SHo R0t FL ot (2:1). The
pyrrol e-| - hept anoi cCRk¢HCASthssalesigable: sippaphtyenables gigstatin
atéI OL Be%;%gBC%geF\l;l'll{mr& %:ﬁ%ﬁ.l 3 -dhely) Eordilagked :é.p, fohlugibaiple, tablets,
an -01- , Ser i er , .diisgl ose. . atorvastatin in
various new crystal ?%%%u es_’ Li@%eonrgr%s’dé’sﬂwéir%tséda 8r§r$?,f1'—]g‘? n#?ﬁ ,°r%‘tc}r mill,
and 25 Form | V. administratiom orvastatin disclosed in the above United
St at es Patents | scoHo ARG Ti9@d Bnivéahsyetésupdrddat

e aent RBGELE Abdestal b life (e cnfiftTaL of |
consistentlylﬁgprodﬁ%ﬁ?#QPhenyl)‘Brs'dihydrOXY'5jﬁ};?fﬁhY1§thyl)'3'PhenY1'
4~[ (phenylaminoc)carbonyl] ~1H-pyrrole-l-heptancic Acid
Calcium Salt (2:1)" and "Form III Crystalline
[R-(R*,R*)]-2-(4-fluorophenyl)-B,8-dihydroxy-5-(1-
~methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-
20 pyrrole-l-heptanoic Acid Calcium Salt (2:1)" commonly
owned, attorney's Case Numbe:s.PD-5250-01-FUT, Serial
Number » and PD-5333-01-FJT, Serial Number
, disclose atorvastatin in various new crystalline
forms designated Form I, Form II, Form III, and -
25 Form IV. : '
Atorvastatin diseclosed in the above United sStates
Patents is an amorphous solid. We have found that
after the advent of crystalline atorvastatin, the
production of amorphous atorvastatin by the previously
30 disclosed pfocessés was not consistently reproducible.
It has been disclosed that the amorphous forms in
a number of drugs exhibit different dissolution
characteristics and in some cases different
bicavailability patterns compared to the crystalline
35 form (Konno T., Chem. Pharm. Bull., 1990;38:2003-2007).
For some therapeutic indications one bicavailability




It has been disclosed that the anorphous forms in a nunber of drugs

exhibit different dissolution characteristics and in sone cases

di fferent bi oavail ability patterns conpared to the crystalline 35
form (Kohno T., Chem Pharm Bull., 1990; 38: 2003-2007) . For sone

t herapeutic indications one bioavailability WD 97/ 03960

PCT/ US96/ 11807wo0 97/03960 - 3- : pecTiesoa1ssey be
favored over another. Therefore, it is desirable to have a procedure
for converting the crystalline formof a drug to the anorphous form
The object of the present invention is a procgss 5 which is anenable to
| ar ge- scal e production for converting crystalline Form]

atorvastatin into patternmmmwphmufa&bmeaasvér|inother. Theré¥orsmyvdt is
surprisingly and u,n Qg a Ukds ’Q'Fé"?{ tg[vastatin
i n.a non-hydroxyli c SO vent 16Jf %f g"t‘ﬁ"e ‘fut:%rfé)iérr%va 0 Eﬁeﬂ{sol vent,
anor phous at SF¥Aftlking form of a diug to the amorehgIh P THE

| NVENTI ON 15 - ThEabjdctgby, thbepﬁéeswtimwnermwms S prowess
process for the pr e‘p@{a& | QD SerdBieP Ej_ g%grgﬁggig Podu t hydr at es

t her eof which conpri's Ssolving Ccrys orm |
atorvastatin in 20 °°n"%ﬂi‘?6ﬁ1 RFTistaMilaesBeyRnt ; amvastatln :.nto (b)
renmovi ng the sol veniméxpliddso ratcavaspiatis . atorvastatin.

In a preferred enbodi rrer}\t, avtgr@drlg,ﬁg&hgﬁlg LQS ltmex ecf-Qé)&'Jf}Et Lol rcl)'%uran

solvent is sel ected from
and mi xtures of - 301“"{-%‘??8&%@??"&#1:&%% §pu§n@on-hydroxylic S°lvent

10 afford, after removal of the solvent, amorphous
atorvastatin.

SUMMARY OF THE INVENTION

1s
' Aeedrdingly, the present invention is amﬁevei o
process for the preparation of amorphous atorvastatin
and hydrates thereof which comprises: ' ' o
(a) dissolving crystalline Form I atorvastatin in
20 . a non-hydroxylic solvent; and '

(b) removing the solvent to afford amorphous
atorvastatin.

In a preferred embodiment of the invention, the
non-hydroxylic soivent is selected frqm the group

25 consisting of: tetrahydrofuran, and mixtures of

tetrahydrofuran and toluene.

In another preferred embodiment of the invention,
the solvent is removed in z vacuum dryer.

30
BRIEF DESCRIPTIONX OF THE DRAWINGS
The invention is further described by the
following nbnlimiting examples which refer to the
35 accompanying Figures 1, 2, anc 3, short particulars of

which are given below.



I n another preferred enbodi mrent of the invention, the solvent is

renmoved in a vacuum dryer. 30 BRI EF DESCRI PTI ON OF THE

DRAW NGS The invention is further described by the

following nonliniting exanples which refer to the 35 acconpanyi-ng

Figures 1, 2, and 3, short particul ars of whi ch are gi ven bel ow.
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-4- Figure 1 D ffractogram of Form | atorvastatin ground

for 2 mnutes (Y-axis = 0 to maximumintensity of 3767.50

counts per second(cps)) 5 Figure 2 -4- Di ffractogram of

anor phous atorvastatin (Y-axis = 0 to maxi mumintensity of 1455.00
“cps) 10 Fi guEkgare 1 Solid-state 13C nucl ear magnetic

resonance spect Iy M dt cyiaki o Foirte 1hatdsvastantid ifdbuia For

asterisk of Forml| _atorvastatin. . 15 , . TAl LE IWPTION
OF THE | NVENTI ON 2 minutes (Y-agis /(0 LR mAZLRHF h‘?"o‘?%sﬁ%ﬁ%%ggg

characterized by iteudts ayepaambendlidesniacti on pattern
- 5 _ S
Eigure 2
Diffractogram of amorphous atorvastatin
(Y-axis = 0 to maximum intensity of 1455.00 cps)

10 Eigure 3
| solid-state 13¢ nuclear magnetic resonance
spectrum with spinning side bands identified by an
asterisk of Form I atorvastatin. -

15 _ '
- DETAILED DESCRIPTION OF THE INVENTION
Crystalline Form 1 atorvastatin may be

characterized by its X-ray powder diffraction pattern

20 and/or by its solid state nuclear magnetic resonance
spectrum (NMR).

X-RAY POWDER DIFFRACTION
25

Amorphous and Form I Atorvastatin
Amorphous and Form I atorvastatin were
characterized by their X-ray powder diffraction
patterns. Thus, the X-ray diffraction patterns of
30 amorphous and Form I atorvastatin were measured on a
Siemens D-500 diffractometer with CukK, radiationm.

Equipment
Siemens D-500 Diffractometer-Kristalloflex with an
35 IBM-compatible interface, software = DIFFRAC AT
(SOCABIM 1986, 1992).



20 and/or by its solid state nucl ear nagnetic resonance spectrum

(NWVR) . . X- RAY POADER DI FFRACTI ON 25

Amar phous and Form | Atorvastatin Anor phous and Form |
atorvastatin were characterized by their X-ray powder diffraction
patterns. Thus, the X-ray diffraction patterns of 30 anor phous and Form
| atorvastati nwo®ressseasured on a ‘Si emens D-500 diffraeCDusdsanses t h
CuK[err] radiation. Si enens D-500 Diffractoneter-Kristall ofl ex
with an 35 | BM conpatible interface, software = D FFRAC AT

( SCCABI M 1986, 1992). WO 97/ 03960 -g- '
PCT/ US96/ 11807 - 5- CuK[ err]

radiation (20 mA, 4K, rdimtiion 129488, [ 0rky, Shi+sl15406 Ay siits and ||

at 1ferr el.ectronicall [ ed o . £3 ' | t]
ol ed §11con (S (Li)] dod 21 Fied<l chbeelBlfkally fijterea %?ertﬂa% kelexy

tectaqr l'1ts]
at 0.15[err]). %"’[ih(}’cf&taﬁ Cooledrfii if’??céﬁ"gl‘jah)cﬁﬁt(f‘ﬁt?rrun each
day to check the X-ray: (Slits: 1I1Iteabel8l agdnEMtat 0.15°).Continuous
[err]/2[err] goupled scan: 4.-00[err] to 40.00[err] in 2[err], 10
scan rate of 6[err]/mn:_ 0.4 sec/0.04[err] step (scan rate of
3[err]/mn: 0.8 seclo step for anorphous . atorvastatin).
Sanpl e tapped out Ofheisilicwh Etessiaddodsormar each day to chedkxadhgr Ruidy

quartz i n al um num hol deEube%JEB.'g%ment.
_ Continuous 8/20 coupled scan: 4.00° to 40.00° in 20,
10 scan rate of 6°/min: 0.4 sec/0.04° step (scan
rate of 3°/min: 0.8 sec/0.04° step for amorphous
atorvastatin). '
Sample tapped out of viél and pressed onto zero-
background'quartz in aluminum holder. Sample
15 width 13-15 mm (sample width ~16 mm for amorphous
. ' atorvastatin). ' o ' '
ISamples are stored and run at room temperature.

Grindi

20 Grinding is used to minimize intensity varlations
for the diffractogram of Form I atorvastatin disclosed
herein. However, if grinding significantly altered the
diffractogram or increased the amorphous content of the

sample, then the diffractogram of the unground sample_
25 was used. '

Table 1 lists the 28, d-spacings, and relative
intensities of all lines in the unground sample with a
relative intensity of >20% for crystalline Form I

30 atorvastatin. Table 1 also lists the relative
intensities of the same iines in a diffractogram
measured after 2 minutes of grinding. The intensities
of the sample ground for 2 minutes are more '
representative of the diffraction pattern without

35 preferred orientation. It should also be noted that



15 wi dth 13-15 mm (sanple wdth -16 nm for anorphous

atorvastatin). Sanpl es are stored and run at room tenperature.
Gi nding 20 Ginding is used to mnimze intensity variations
for the'diffractogramof Form | atorvastatin disclosed her ei n.
However, if grinding significantly altered the di ffract ogram or
i ncr eased t he WOBT/p¥6Ls content of the sanpl e, then thBCT/USIEN1807
di ffract ogram of the unground sanple 25 was used. Tabl e
1 lists the 2[err], d-spacings, and relative i ntensities.of all .
lines in the unground sample with a . refative intensity of >20% for
crystalline Forml atorvastatin Table 1 also l.ists the relatlve
intensities of the té‘z?rré’q"PHE?r i ﬁe&eHFFFiiac‘E’b’@?%Rﬂe numbexs, ahe Jigted 1
m nut es of grindi nghiBheableensities . of the sanmple ground for 2
m.nutes are nore representative of the diffraction pattern w thout
35 . preferred orientation. It should also be noted that WO
97/ 03960 TABLE 1. Intensities and PepRTLOeationgogf all
- 6- t & conput er - gener%feﬁ?amﬂdéﬁsnﬂﬁﬁbr Ee&i"élVPsPéEle‘i“hitY
this table. TARI E 1 Gueater;
Diffraction Lines Wth F@Iatlve | nt eRetagive g:ten31tY Relat@?@ Fe?ﬁﬁﬁY20@6
for Forml At or vast at i49 (>20%) Relatlﬁg Iﬁx
No Grinding, ...\ ound utes
Rel ative Intensity 5150 ggﬁgpq—dss 2094
(>20% * ' : : No GrindlH Gound 2 MPn§Pes
9..150 9.6565 93%7Q2 9.3311 4246081 41.94
10 10.266 8.6098 75.61 _ 55.67
10.560 8.3705 24.03 29.33
11.853 7.4601 55.16 41.74
12.195 7.2518 20.03 24.62
17.075 5.1887 25.95 60.12
15 19.485 4.5520 ' 89.93 . 73.59
21.626 < 4.1059 100.00 - © 100.00
21.960 4.0442 58.64 49.44
22.748 3.9059 36.95 45.85
23.335 3.8088 31.76 44.72
20 23.734 3.7457 - 87.55 63.04
24.438 3.639%4 23.14 21.10
28.915 3.0853 _ 21.59.- : 23.42
29.234 3.0524 20.45 23.36
. * The second relative intensity column gives
25 the relative intensities of the diffraction

lines on the original diffractogram after
2 minutes of grinding.

30 SOLID STATE NUCLEAR MAGNETIC RESONANCE (NMR)

Methodology
All solid-state 13¢ NMR measurements were made
with a Bruker AX-250, 250 MHz NMR spectrometer. High
35 resolution spectra were obtained using high-power
proton decoupling and cross-polarization (CP) with
magic-angle spinning (MAS) at approximately 5 kHz. The



9.470 9.3311 46. 81 41.94 10 10. 266 8. 6098
75. 61 55. 67 10. 560 8. 3705 24. 03

29. 33 : 11.853 7.4601 ' 55. 16 . 41.74

12.195 ' 7. 2518 20. 03 24. 62 17. 075 5.1887
25. 95 . 60.12 15 19.485 4.5520 89. 93

73.59 WO IH0a960 4. 1059 ©100.00 - . 100. OQPCT/US96/11807
21.960 4.0442 58. 64 49. 44 22.748 3.9059
36. 95 45, 85 23.335 3.8088 31.76

44.72 20 23.734 3 7457 - 87. 55 ‘7" 63 04

24.438 3.6394 14 915 3.0853
21. 59- mg.gigzangle was Zgijz.ﬁteQ v@g.?g the Br s%@ng]j of KBr by
23. 36 * Theetecbting rehat side ibdreds idsy deslcaribedi bgsF£pe and ‘the

relative intensiti t ffract Ilns th riginal
di ffract ogram aft eﬁ%ﬁLl Pfr}ié iménué’lgg Mﬁclell r?d ’ saLID

STATE NUCLEAR MAGNEPPE: kESERRNCE %mxmate Y 30!99%906590@? of sample - p |
solidestate 1B3C NVpawkeduirt®na scawistemeiesign rotort haa BsedeforVeatdy, 250

Mz NVR spectromet g e?&ﬂgn§5 herﬂféé?i U 06} o5 l3epBlénd 8ed “5' ng

hi gh- power proton decoup and cross-palarization

magi c- angl e spi nni r?g‘tFIVAS} E?tﬁﬁb?‘%xim@‘i}‘ﬂwl)?ﬁéane (met YW@H@-S%O
PCT/ US96/ 11807 at 3.50 ppm) (Muntean J.V. an& Stock LNIH(| CZaga®. Was

adj ust ed using the érg Si detecting the side bands as
descri bed by Frye an QB@ glgeﬁlz and Maciel GE., J. Mg.
Res. able

shows he sol:.d state spectrum for
crystalline Form I atorvastatin.

i5
29

20




1982; 48: 125). Approximately 300 to 450 ng of sanple 5 packed into a

cani ster-design rotor was used for each experinment. Chem cal shifts
were referenced to external tetrakis (trinethylsilyl)silane (nethyl
si gnal * at 3.50 ppm) (Muntean J.V. and Stock L.M, J. Mag. Res. ,
1988; 76: 54). 10 Tabl e 2 shows the solid-state spectrum for
crystal |l i ne Fowowtomeor vastatin. [err] 15 20 - PCTANDGAWOD3960
PCT/ US96/ 11807 o - 8- TABLE 2.

Car bon At om Assi gnnent and Chem cal Shift for Form
Atorvastatin Assi gnnent o -8- Chem cal Shift
(7 kHz.) 5 Cl2 or C25 _ ' 182.8 Cl2 or
C25 TABLE 2. CarbangAtvom Assignmieht and Chemical sShift

166. 7 (br oad) - for Form I Atorvastatin . and 159 3.

Aromatic Carbons  Assig@me@$, C13-Cl8, Cl9-C24, C27- G@Remical shide 0 10
134.9 - {7 kHz) : X 1311 ~

5 . Cl2 or C25 _ o 182.8

' C12 or C25 o ' - 178.4

cl6 166.7 (broad)
' and 159.3

Aromatic Carbons ) :

c2-c5, C13-Cl18, C19-C24, C27-C32 137.0

10 134.
131.

129.

127.

123.

15 | '  120.
| 118.

s,

c8,c10 73.

| 70.

20 68.
: | 64.

Wi wpRrloanwmwvuoeouPRr v

Methylene Carbons
ce6, Cc7, €9, Cil 47.4
_ 41.9
25 - - 40.2
- ¢33 ' - 36.4
| 25.2
c34 . : . 21.3

30
Amorphous atorvastatin of the present invention
can exist in anhydrous forms as well as hydrated forms.
In general, the hydrated forms, are equivalent to



129.5 ' 127.6

123.5 15 120.9

118.2 113.8 C8, C10
73.1 ' . 70.5 20 -
68.1 _ 64. 9. )

Met hyl ene Car b¥097/03960 C6, C7, 9, Cl1 - PCT/US96AI1807
41.9 25 40. 2 C33
26. 4 . 25. 2 C34
21.3 30 Anor phous atorvastati n-of the present invention
can exist in anhydrous forns as well as hydrated forns. I n general,
t he hydrated fornsaniydreusi formatand are intended)\oohe)epeoOmpassed

PCT/ US96/ 11807 - within' the scope of the present 1n€%ntion anhydr ous
forns, and are.intended &o be. en é& t he scoge o£ithe
present invention. previ) ng ‘F%ﬁg?'?e‘b'eﬂ'}qxﬁ’

atorvastatin ’”iS|983591utsasnaﬁnhhhlbwrcmf(ﬁhaIemzam@ynﬂMGHNEACoA 5

reduct ase ang is thi4gudesbsl agd fis hMHQJ;' ﬁ’égﬁi‘i G hypolipidemic and
hypochol est er ol em e_present |nvent|on provi des a

process for the %YP%CESﬁﬁﬁFEFS}eB?ﬁp%?%?Fon of anor phous atorvastatin.

The present invention provides a process for the
commercial preparation of amorphous atorwvastatin.
Thus, crystalline Form I atorvasﬁatin is dissolved
10 in a non-hydroxylic solvent such as, for example,
tetrahydrofuran, mixtures of tetrahydrofuran and
toluene and the like at a concentration of about 25% to
"about 40%. Preferably, crystalline Form I atorvastatin
is dissolved in tetrahydrofuran at a concentration of
i5 ‘about 25% to about 40% containing up to about 50%

" " toluene as a co-solvent. The solvent is removed using,
for example, drying technology such as, for example,
vacuum drying, spray drying, and the like. Preferably,
the drying procedure uses an agitated pan dryer such '

20 as, for example, Comber Turbodry Vertical Pan Dryer and
the like. Drying initially is carried out at about
20°C to about 40°C and subsequently at about 70°C to
about 90°C under vacuum at about 5 mm Hg to about
25 mm Hg for about 3 to about 5 days. Preferably,

25 initial drying is carried out at about 35°C and
subsequently at about 85°C at about 5 mm Hg to about
25 mm Hg for about 5 days. The initial solution dries
to a brittle foam that is broken up by mechanical
agitation to afford amorphous atorvastatin. '

30 The following nonlimiting examples illustrate the
inventors' preferred methods for preparing the
conpounds of the invention.



Thus, crystalline Form| atorvastatin is dissolved 10 in a
non- hydroxylic sol vent such as, for exanple, t et rahydr of ur an,
m xtures of tetrahydrofuran and toluene and the like at a -
concentration of about 25%to about 40% Preferably, crystalllne
Form | atorvastatin I's dissolved in tetrahydrofuran at a -
-concentration WO91/83960 about 25% to about 40% contai ni ng up PET/HBWWIABE0%
toluene as a co-solvent. The solvent is renoved using, for exanpl e,
dryi ng technol ogy such as, for exanple, vacuum drying, spray drying,
and the like. Preferably, ‘'t he dryi ng -i0ocedure uses an agitated pan
dryer such 20 as, for exanple, Conber Turbodry Vertical Pan Dryer and
“the like. Drying |n|t|aIIy i's carrled outE§fM§B§ 20[err]C to about
40[err] C and subseqiRiR.} ; 3 2 j 351 r] C under

vacuum at about 5 g@,m !5:', QUL 2
days. Preferably, T S[erTTC
and " Subs equR¥IERLA-.INGRLAVSIE ALL] SRR B0 RS54 STt

25'mm Hg for gbout Hfastatihg | n|t|al solutlon drles -~ toabrittle

foam that is ‘broken up hani ¢ afj opy Lo af hous
atorvastatin. 30 Qyngﬁéuﬁﬁ P (ﬁ ﬁﬁﬁ??ﬁ1% h% ?Qﬁ?qﬁLhwt gte t he
inventors' preferrem#ﬁhxlﬂﬁhyhmjﬂrﬁrééahpnglthe[2 (tetrahyﬁxﬂnﬂﬁ#m§¢°$w66-

i nvention. oxdmiﬁxﬂﬁyﬁﬂal -yl)ethyl]- lH-pyrrole 3-carboxamide
PCT/ US96/ 11807

EXAMPLE 1 E@rﬁ%zﬁagin &2°ﬁPnePO§H%%§ [%ﬁ? dlhydroxy 5-

(1- met hyl et h}P) - 3 Pﬁﬁhéﬁﬁ)aﬁﬂﬁoﬁearb@ﬂ?h?llFFrtlarY‘butyl ether

pyrrol e-1- hfepE gnm c m heaos o)l wathahbl(me 1) 5is réidiedsHan ah
A mxture o R—tr yar op
net hyl et hyl) - N, 4- d| %éfﬂi é%rah% rou% %%grOde% (5.72 kg in 950 L)

oxo- 2H pyr an- 2-yl )e%‘hy"f Eiﬂ’i-cpﬁql’ol‘lé’ ¥ &Phwiantes to forny fthe gingropgned
| actone) (United StgddsuPadsl¥. After cooling to 25-35°C, the organic

15. layer is discarded, and the aqueous layer is again
extracted with MTBE (230 kg). The organic layer is’
discarded, and the MYBE satﬁrated,aqueous solution of
the sodium salt is heated to 47-52°C. To this solution

_is added a solution of calcium acetate hemihydrate

20 (11.94 kg) dissolved in water (410 L), over at least
30 minutes. The mixture is seeded with a slurry of
-erystalline Form I atorvastatin (1.1 kg in 11 L watex
and 5 L methanol) shortly after addition of the calcium
_acetate solution. The mixture is then heated to

25 51-57°C for at least 10 minutes and then cooled to
15-40°C. The mixture is filtered, washed with a
solution of water (300 L) and methanol (150 L) followed
by water (450 L). The solid is dried at 60-70°C under
vacuum for 3 to 4 days to give crystalllne Form I

30 atorvastatin (72.2 kq).
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10 Nunmber 5,273,995) (75 kg), nethyl tertiary-butyl ether ' ( MTBE)
(308 kg), nethanol (190 L) is reacted with an aqueous sol ution of
sodi um hydroxide (5.72 kg in 950 L) at 48-58[err]C for 40 to 60
mnutes‘to formthe ring-opened sodiumsalt. After cooling to
25-35[err]C, the organic 15. | ayer is discarded, and the aqueous | ayer
is again WO @3¢t ed with MIBE (230 kg). The organic Iaf@’qsgmm

di scarded, and the MIBE sat urat edaqueous sol ution of t he sodi um sal t
is heated to 47-52[err]C. To this solution is added a sol ution of .
cal ci um acet ate heni hydrate 20 (11.94 kdhldissolved in water (410 L),

over at | east 30 .m nutes. The e i s seeded th.a urry of

crystalline Form| at or%f%ﬁ]{%ﬁ Q?Wgﬁ ﬁjéﬁfvfsgﬁ)f'lel? (Ew‘ample ﬁ&

met hanol ) shortly &B0ekgndis tquﬂve@h@n@al sgihption in dzﬁé'-trathardsmﬂmaun.
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andthen cooledto 81[ e&ﬁ }5 nh %lltered vvashed wth
ol ution BERREPRETS 0 Firehe; (hdcha veere oy

wat ers (450 LP. ThesedhtilonsisgraahienedsO- mpeso}@timlexs then traxsfiemriedy

to 4 days to give ‘Efx.‘é.%ﬁ&h'é”@ £90drod0 pa11 2EREURSESTE rhd07% %:
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At orvastatin) (4.5 LYO %uBY%Ruum is applied, and the solution is
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Crystalline 10,r m | cqrgephEeted Y 234 P’é-t}}) mild agl*@%l%) iNeay &he eod
with agitation in oft tnbydbﬂémmtlon procéssl) the agbtetr tisnidfved.e
under 8. $TO9eN,  ane prARUBER, AR biad, hlphty el Sl v once S
agitator is gradually lowered, breaking the brittle
. foam into a free flowing powder. The powder is

15 agitated and the temperature is raised to B85°C under
vacuum (6 to 8 mm Hg) to lessen the residual solvent
levels. After 4 days of drying, the desired residual
. solvent levels of 0.01% tetrahydrofuran and 0.29%
toluene are achieved. The free flowing white powder
20 (27.2 kg) is unloaded from the dryer. The product -is

amorphous by X-ray powder diffraction.




t hrough a 0. ilter to a 200 L Conber Tur bodry

Verti cal ansfer systemis rinsed to the dryer with
addi ti ona 'l ﬂﬁ"ﬂ Lm ' (4.5 L). Full vacuumis applied, and the
1 L

solutioh i g rated at 35[err]Cwith mld agitation. Near the

end of the concentration process, the agitator is lifted. The
product turns waemesgerittl e gl assy foam The agi t at orPQGTAUSYS/2A800| | v

| owered, breaking the brittle foaminto a free flowi ng powder. The
powder is 15 agitated and the tenperature is raised to 85[err]C under _
vacuum (6 to 8 mm Hg) to | essen the residuatidel vent - levels. After 4
days of drying, the desired residual solvent levels of 0.01% _

t et rahydr of uran and 0.29% t ol uene afEABMHi eved. The free flowing
white powder 20 - (27.2 kg) is unloaded fromthe dryer. The product is
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CLAI M5 1. A prtorvastatrin hang hysratieso thefreafiowhhochscomprises:
atorvastatin and hydrates theg¢odi$bbLds i BHystd@1ine Form I (a) -

di ssolving crystalline Form | ' atquigpati in g no :Qéﬁgoxylic
sol vent; and 5 atorvaghitin R ih PIhSYEF ORIt BPATEBEH r phous
atorvastatinb 2. Atp) oreseving ditts mplivent enaffehdramorpiensnon- -
hydroxylic solvent in Shegr{asthtisel ected from -t he group
consisting of: tetrahydrofuran, and m xtures of tetrahydrofuran
and tol uene. 3. A process according to Claim2 wherein the

sol vent 2. A process according to Claim 1 wherein the non-

hydroxylic solvent in Step (a) is selected from
the group consisting of: tetrahydrofuran, and
mixtures of tetrahydrofuran and toluene.

3. A process according to Claim 2 wherein the solvent
is a mixture of tetrahydrofuran and toluene.

4. . A process according to Claim 1 wherein the solvent
in Step (b) is removed by vacuum drying or spray
drying. .

5. A process according to Claim 4 wherein the solvent

in Step (b) is removed by vacuum drying.

6. A process according to Claim 5 wherein vacuum
drying is initially carried out at about 20°C to
about 40°C and subsequently at about 70°C to about
90°C under vacuum at about 5 mm Hg to about

5 25 mm Hg.

7. A process according to Claim 6 wherein vacuum
drying is initially carried out at about 35°C and
subsequently at about 85°C under vacuum at about .
5 mm Hg to about 25 mm Hg.



isam xtmr?drof-m an and tol uene. 4. A process

accordi ng Hmn”m n t he sol vent in Step (b) is renoved
by vacuum ’m Hm ! dryi ng. ' 5. A process
according tb @ aitm 4 wher<€i n the sol vent in Step (b) is renmoved
by vacuum dryi ng . A process according to Claimb5 wherein
vacuum 9703969 ng i s initially carried out at about 20FET{USR6/11807
about 40[err]C and subsequently at about 70[err]C to about

90[ err] C under vacuum at about 5 mmHg to about 5 : 25 mm Hg.

7. A process according to Caim6 wherein=dl3cuum drying is’
initially carried out at about 35[err]C: and subsequent |y at
about 85[err]C und&- vaduRFesesgpsgeording to cjﬂ@“n?n"l%e‘f?indgﬂ'{ﬁ 25 mm Hg.
WO 97/ 03960 material obtained after. dryiiig USPG Tfiktle foam
-13- ., - 8 A process rq mat eri al
obt ai ned after drying |§ﬁ1§'%gl t%gkgg ﬁi:”i;; %&%fc%feag ff% ieor? up by
mechani cal agitation.



