. W0D_97103958.-PGTUSI6f 1 1367
(R (R R) -2- (4- FLUOROPHENYL) - BETA- DELTA- DI HYDROXY- S- ( 1-
METHYLETHYL) - 3- PHENYL- 4- ( ( PHENY L) 1H PYRROLE- 1- HEPTANO C ~ 5
ACED HEM CALCI UM SALT (ATCRVAS Hmm GROUND OF THE | NVENTI ON The
present invention relates to a nove c;ystalllne formof atorvastatin
whi ch is known by the chem cal nane ﬁ (R, R*)]-2-(4-fluorophenyl)-D,5 15
di hydr oxy-5- (1 -met hyl et hyl ) - 3- pheny!| - 4- [ (phenyl am no)
car bonyl ] -1 R- pYHO93858_ hept anoi ¢ aci d head cal ci um salt  usef W’H§9‘&1357
phar maceutical agent, to nethods for its production and isolation,
phar maceuti cal conpositions which include this conmpound m ﬁmw
phar maceutical |y acceptable carrier, and to=1pharnaceut|JNW|Mmm wmmf
treatnent. The novel crystalline conpound of the present inuggfhon is
useful as an |nh|b| I

and hypochoﬁesterohmlmgnmumm STORVAS per 4, 681, 8
which is herein incorporated by reference dlscloses certain ns-6- [2 (3-
or 4-carboxam do-substituted-pyrrol-1 30 yl)alkyl]-4-hydroxy-pyran-2-ones

i ncluding trans (t)-5- (4-fluorophenyl)-2-(1-nethylethyl)-N, 4-di phenyl -1 -
((2-tetrahydro- 4- hydr oxy- 6- oxo- 2U- pyraa-2-yl )ethyl | -i H

pyrrol e-3-carboxam de. United States Patent Nunber 5,273,995, which is 35

herein inco &orated by referencBA dlscloses the _enantioner having the R
form of the*®ing-opened acid of BACKGROURD OF TEE INVENTION

trans-5- (4-1uorophenyl)-2-(1-methyl et hyl)-N, 4-

{;) The present invention relates to a novel
crystalline form of atorvastatin which is known by the
chemical name [R-(R*,R*)]-2-(4~fluorophenyl)-f,35-

15 dihydroxy-5-(l-methylethyl)-3-phenyl-4-[ (phenylamino)
carbonyl]-l1H~pyrrole-l-heptanoic acid hemi calcium salt
useful as a pharmaceutical agent, tb methods for its
production and isolation, to pharmaceutical
compositions which include this compound and a

20 pharmaceutically acceptable carrier, and to -
pharmaceutical methods of treatment. The novel
crystalline compound of the present invention is useful
as an inhibitor of the enzyme 3-hydroxy-3-
methylglutaryl-coenzyme A reductase (HMG-CoA reductase)

. 25 and is thus useful as a hypolipidemic and

13) hypocholesterolemic agent.

United States Patent Number 4,681,893, which is
herein incorporated by reference, discloses certain
Xrang-6-[2-(3- or 4-carboxamido-substituted-pyrrol-1-

30 yl)alkyll-4-hydroxy-pyran-2-ones including trans (*)-5-
(4-fluorophenyl)—2-(l-methylethyl)~N,4;diphenyl—1—
[(2-tetrahydro-4-bhydroxy-6-oxo~2H-pyran-2-yl)ethyl]-1H-
pyYrrole-3-carboxamide. .

’ United States Patent Number 5,273,995, which is
35 hexein incorporated by reference, discloses the
. enantiomer having the R form of the ring-opened acid of

trans~5-(4-flﬁorophenyl)-2-(1-methylethyl)-N,4-
diphenyl-1-[{2-tetrahydro-4-hydroxy-6-oxo-2H-pyran-
2~yl)ethyl)] -1H-pyrrole-3-carboxamide, i.e.,



~_di phenyl -1 -[ (2-tetrahydro- 4~ hydrexy—6-exo—2Hpyran

Z-yl)ethyl]-1H pyrrol e-3-carboxam de, i.e., WO 97/03958 PCr/U396111367 - 2-
[R-(R*, R*)]-2-(4-fluorophenyl)-P, S—dihydroxy 5-(1-
net hyl et hyl') - 3- phenyl - 4-[ (phenyl ami no) carbonyl ] - 3. 5- pyrrol e-1-heptanoic
acid. United States Patent Numbers 5,003,080; 5,097,045, 5 5,103, 024;
5,124, 482; 5,149, 837; 5,155,251; 5,216,174; 5,245,047; 5, 248,793;
5,280, 126; 5,397,792; and 5,342,952, which are herein |ncorporated by
reference, di VOEHESri ous processes and key internediates PEEF/USPVEEing
atorvastatin. 10 Atorvastatin is prepared as its calciumsalt, .i.e.
[R-(R*, R*)]-2-(4-fluorophenyl)-p, 8-di hydr oxy- 5-
(1-'met hyl et hyl ) - 3- phenyl - 4-[ (phenyl am no) card®nyl ] - 1g- pyrrol e-1-heptanoic
acid calciumsalt (2: 1%8 The calciumsalt is desirable since it enables
atorvastatin 15 to [Bs (REnB&EN 21 (4 Fironarheay B/ Pofibydrere 516 et s,
capsul es, Iozengesmaphydethylﬁwnkpﬁunj14«}ﬁ«yhemyahmiadnéi&hﬁﬂymﬁimn-

Addi tionally, thergy&§ odeDeeHedfandy. (ygfaeuorvastatln in a pure and
crystalline formtd enable f rnulatlons to exactlng gharnaceutlcal 20
S

requi renents and speci f PEAFPOREAEEH t?ﬂﬁﬁﬁﬁw? 8P 028 w93 - 04
atorvastatinsgs pi5Qd0Ggd24eedls124, 482 015 MY, B37); S50BR D5 E; t3), 418,394 ;scal e

PLoaet o ML B purt SR REISTEIE ddupetis, BEPUEH, Sl be 11 o

economi cal |y desi r§b|3é2taﬂ§¥'tmitp‘im&%1§’t éﬁ@%xat%&t%daf%nws of

time wthout the n@e@clebe various processes and key intermediates for
preparing atoxrvastatin. _

) .10 Atorvastatin is prepared as its calcium salt,

i.e., [R-(R*,R*)}-2-(4-fluorophenyl)-f,5-dihydroxy-5-
{(1-methylethyl)-3-phenyl-4-{(phenylamino)carbonyl]-1H-
pyrrole-l-heptanoic acid calcium salt (2:1). The

. calcium salt is desirable since it enables atorvastatin

15 to be conveniently formulated in, for example, tablets,
capsules, lozenges, powders, and the like for oral
administration. Additionally, there is a need to
produce atorvastatin in a pure and crystalline form to
enable formulations to meet exacting pharmaceutical

20 requirements and specifications.

Furthexrmore, the process by which atorvastatin is
produced needs to be one which is amenable to large-
scale production. Additionally, it is desirable that
the product should be in a form that is readily

25 filterable and easily dried. PFinally, it is
economically desirable that the procduct be stable for
extended periods of time without the need .for
specialized storage conditions.

The processes in the above United States Patents

30 disclose amorphous atorvastatin which has unsuitable
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

35 that atorvastatin can be prepared in corystalline form.
Thus, the present invention provides atorvastatin in a

. i



speci al_i zed storage conditions.

Pat ents '30 di scl ose anor phous atorvastatin which has unsuitable
filtration and drying characteristics for |large-scale production and nust
be protected fromheat, light, oxygen, and noisture. W have now
surprisingly and unexpectedly found '35 that atorvastatin can be prepared
imcrystalline form Thus, the present invention provides atorvastatin in
a WO 97/03958 PCT/ US96111367 -3 new crystalline formdesignated Formlll.

Form 11l atorwWas88#8 has di fferent physical characteristi csPCUOSSAIINA t O
t he previous anorphous product. 5 SUMVARY "OF THE | NVENTI ON Accordi ngly, the
present invention is directed to crystalline FormllIl atorvastatin and

hydrates thereof 10 characterized by the fes+ow ng X-ray powder
diffraction pattern expressed in ternms of the 20, d-spacings, and relative
intensities with anew EEystallinensprp gesigmtedoum ddIon FoImeFdhs D- 500

diffractoneter w tdedittdatatadi auﬂJeoaifiér&&%ﬂﬁﬁEzﬁl REbter1beeés -4
Relati've 20 d Intgnsity . (=25%, 412320 4140449, 20 4 993 17.6832 30-3?

5
SUMMARY OF THE INVERTION

Accordingly, the present invention is directed to

crystalline Porm IXI atorvastatin and hydrates thereof
{:) 10 characterized by the following X-ray powder diffraction

pattern expressed in terms of the 20, d-spacings, and

relative intensities with a relative intensity of >25%

measured on a Siemens D-500 diffractometer with CuKy
radiation:
15



5. 768..15.3099_28.69-.5- 764011544324 0—0--454—+04538-10000—15-962——
5.5478 32.59 16.619 5.3298 62.34 17.731 4.9981 49.29 10 18. 267 4.8526
45.12 18.870 4.6989 39.52 19.480 4.5531 36.59 19.984 4.4393 70. 34
20.294 4.3722 69.54 15 21.105 4.2061 37.39 21 670 4.0976 36.50 23.318
3.8117 38.63 24.405 3.6442 65.54 24.967'3.5635 27.20 .20 25.397 3.5041
33.75 Further, the present invention is directed to crystalllne Form 11|
atorvastatin and hydrates thereof 25 characterized by the follow ng
solid-state 13WQAwP¥S™ nmagnetic resonance spectrum wherei n EHVIIGILIIGHi ft
Is expressed in parts per mllion neasured on a Bruker AX-250
spectroneter: 30 WD 97103958 PCT/ US96/ 11367 -5 Assignnment Chem cal shift
Spi nning Side Band 214.8 209.3 202.3 5 ClZ40r C25 184.9 :

Relative
20 d Intensity
(>25%)
4.123 21.4140 49.20
4.993 17.6832 - 30.82
5.768 15.3099 28.69
5 7.670 11.5173 25.49
8.451 10.4538 100.00
. 15.962 5.5478 32.59
{13 16.619 5.3298 62.34
17.731 4.9981 49.29
10 18.267 4.8526 45.12
© 18.870 4.6989 35.52
19.480 4.5531 36.59
19.984 4.4393 70.34
20.294 4.3722 69.54
15 21.105 4.2061 37.39
21.670 4.0976 36.50
23.318 . 3.8117 38.63
24.405 3.6442 65.54
24.967 3.5635 27.20
.20 25,397 3.5041 33.75

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

30



Cl2 or_(C25.166.7-Cl6- : ; - -

Cl19- C24, 'C27-C32 140.1 10 135 2 131 8 128 9 124 3 122.2 15 117.2
114.9 C8, C1 0 69.8 67.3 65.6 20 Methylene Carbons C6, C7, C9, Cl1 44.1
40.4 35.4 C33 27.0 25 24.1 C34 22.1 19.9 30 As an inhibitor of

BMG CoA, the novel crystalline formot atorvastatin is useful as a
hypol i pi demi ¢ and hypochol est erol eanic agent. A still further enbodi nent -
of the present invention is a pharmaceutical conposition for WO 97/ 03958
PCT/ US96/ 11367 WOBTRMAE ni stering an effective anount of cryst HGHFE611367

...5...
Assignment Chemical Shift
Spinning Side Band 214.8
) 209.3
. 202.3
5 Ciz or <25 - ' 181.9
Cl2 oxr C25 166.7
cle6 ' 161.0(weak, broad)
Aromatic Caxbons
iﬁ) c2-C5, €13-C18, C19-C24, C27-C32 140.1
10 . 135.2
131.8 -
128.9
124.3
_ 122.2
15 117.2
114.9
c8, Cl1¢ . 69.8
' 67.3
65.6
20 Methylene Carbons
- c6, ¢c7, ¢9, cl11 44.1
) 40.4
35.4
c33 27.0
25 24.1
Cc34 22.1
18.9
30‘ As an inhiblitor of HMG-CoA, the novel crystalline
. form of atorvastatin is useful as a hypolipidemic and

hypocholesterolemic agent.
A still further embodiment of the present
invention is a pharmaceutical composition for



Forml1ll_ataryvast.atin --a—uhi

nmenti oned above. Finally, the present invention is directed to nethods for
production 5 of Form 1l atorvastatin. BRI EF DESCRI PTI ON OF THE DRAW NGS
10 The invention is further described by the follow ng nonlimting
exanpl es which refer to the acconpanying'Figures 1 to 2, short particulars
of which are given below. 15 Figure 1 Diffractogram of FormIII
atorvastatin (Y-axis - 0 to maximumintensity of 2815 counts per seconds
(cps)). Figur V@M% i d-state 13C nucl ear magnetic resonand€TEPEHBFUM
W th spinning side bands identified by an "asterisk of FormllI
atorvastatin. 25 DETAI LED DESCRI PTION OF THE | NVENTION Crystalline Form
11" atorvastatin nmay be characterized by ir§‘X-ray powder diffraction
pattern and/or by_i id,state n c _resonance. . 30 spectra
(NVR). WO 97/ 039582 ﬁ@?iﬁgﬁ’ﬁﬁ%&“ &%&EX? P%ﬂbé FRRRSEI NS or m TTI

At orvast ati n For m FOrmaldt vatorvastatein dhamdtedpaegebyomsin&.h)é ray powder
diffraction patt erﬂrezmntta&%@&eﬂif&%%ga??pat FERM PF, RGN 1]

atorvastatin was neasured on Sl enens ractonneter W th cuXa
radi ati on. 10 present invention is directed to methods for production
5 of Form III atorvastatin.

BRIEF DESCRIPTION OF THE DRAWINGS

) 10 The invention is further described by the

following nonlimiting examples which refer to the
accompanying Figures 1 to 2, shoxrt particulara of which
are given below.

15 Eigqure 1
Diffractogram of Form III atorvastatin (Y-axis = O
to maximum intensity of 2815 counts per seconds (cps)).

Eigure 2

20 Solid-state 13¢ nuclear magnetic resonance
spectrum with spinning_side bands identified by an
asterisk of Form III atorvastatin.

25 DETAILED DESCRIPTION OF THE INVENTION

Crystalline Form III atorvastatin may be
charactexrized by its X-ray powder diffraction pattern
and/or by its solid state nuclear magnetic resonance

30 spectra (NMR).



Si enrens_D-500..Di £fr.act oret-er |

I'nterface, software - DI FFRAC AT (SOCABI M 1986, 1992). CuKa radiation (20
mA, 40- kv, 71. - 1.5406 A) slits | 15 and Il at 1) electronically filtered
by the Kevex Psi Peltier Cooled Silicon (Si(Li)lDeteetor (Slits: Ill at 1
and 1V at. 0.15). Methocl o~ ouv 20 The silicon standard is run each day to
check the X-ray tube alignnent. Continuous 0/20 coupled scan: 4.00 to

40 00 in 20, scan rate of 6/mn: 0.4 sec/0.04 step. Sanple tapped out of
vial and pressSMOSHBES&ero 25 background quartz in Al hol der. FSEHEEIFTUL h
13-15 mm Sanples are stored and run at roomtenperature. Table 1 lists
the 20, d-spacings, and relative 30 intensities of all lines in the
unground sanple with a relative intensity of7=>25%for crystalline FormllI|
atorvastatin. It should also be noted that the conputer-generated
unrounded nunbers are |isted in t & &AY; EPFEERIBL GFEB958 PCT/ US96/ 11367
-8 TABLE 1. Intensities and Peak Locations of Al D ffraction Lines Wth

Rel ative lntenSityEﬁEﬁi&i&.iE&f&néE%ﬁﬁbPr Formlll Atorvastatin Relative 5
20 d Intensity
Form III atorvastatin was characterized by its
‘5 X-ray powder diffraction pattexrn. Thus, the X-ray
diffraction pattern of Form IIXI atorvastatin was
measured on a Siemens D-500 diffractometer with Cuk,
radiation. '

L) 10 Equipment

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

Cuk, radiation (20 mA, 40 kV, A = 1.5406 A) sSlita T

15 and II at 1°) electronically filtered by the Kevex

Psl Peltier Cooled Silicon ([8i(Li)]lDetector
(Slits: III at 1° and IV at 0.15°).

Methodology
20 The silicon standard is run each day to check the X-ray

tube alignment.
Continuous 8/20 coupled scan: 4.00° to 40.00° in 20,
scan rate of 6°/min: 0.4 sec/0.04° step.
Sample tapped out of vial and pressed onto zero-
25 background quartz in Al hoider. Sample width
13-15 mm.
Samples are stored and run at room temperature.

Table 1 lists the 28, d-spacings, and relative
30 intensities of all lines in the unground sample with a
relative intensity of >25% for crystalline Form IXIIX
atorvastatin. It should also be noted that the
computer-generated unrounded numbers are listed in this
table.
35



—(>25% ~4:-123--21--4140 - 49-20—4993—17 6832 3082 —5768—15-369928-69—F+67/0—
11.5173 25.49 10 8.451 10.4538 100.00 15.962 5.5478 32.59 16.619 5.3298
62.34 17.731 4.9981 49.29 18.267 4.8526 45.12 15 18.870 4.6989 39.52
19. 480 4.5531 36.59 19.984 4.4393 70.34 20.294 4.3722 69.54 21.105
4.2061 37.39 20 21.670 4.0976 36.50 23.318 3.8117 38.63. 24.405 3.6442
65.54 24.967 3.5635 27.20 25.397 3.5041 33.75 25 SOLID STATE NUCLEAR
MAGNETI C RESONANCE (NVR) Methodo |~y 30 All solid-state 13C NWR
measur ement s weve 8 Wth a Bruker AX-250, 250 MHz NMR specPEHHEN6E1367
H gh resolution spectra were obtained using high-power proton decoupling
and_cross-polarization (CP) with magic-angle spinning (HAS) at
approxi mately 5 kHz. The 35 magi c-angl e was a8 usted using the Br signal of

KBr by WD 97/03958 FCT/ U1$96111367 -9
' ABLE 1. Intensities and Peak Locations of

All Diffraction Lines With
Relative Intensity Greater Than
25% for Form III Atorvastatin

Relative
5 20 d Intensity
(>25%)
4.123 21.4140 49.20
4.993 17.6832 30.82
5.768 15.3099 28.69
B 7.670 11.5173 25.49
) 10 8.451 10.4538 100.00
15.962 5.5478 32.59
16.619 5.3298 62.34
17.731 4.9981 49.29
18.267 4.8526 45.12
15 18.870 4.6989 39.52
19.480 4.5531 36.59
19.984 4.4393 70.34
20.294 4.3722 69.54
21.105 - 4.2061 37.39
20 21.670 4.0976 36.50
23.318 3.8117 38.63.
o 24.405 3.6442 65.54
24.967 3.5635 27.20
25.397 3.5041 33.75
25
SOLID STATE NUCLEAR MAGNETIC RESONANCE (NMR)
Methodology :
30 All solid-state 13¢ NMR measurements were made

with a Bruker AX-250, 250 MHz RMR spectrometer. High
resolution spectra were obtained using high-power
- proton decoupling and cross-polarization (CP) with
magic-angle spinning (MAS) at approximately 5 kHz. The
35 magic-angle was adjusted using the Br signal of KBr by



det ect Lng-the.-side-bands—a ' —-
Maeiel GE, J. Macy. Res , 1982;48:1L25). Approximtely 300 to 450 ng of
sanpl e packed into a canister-design rotor was used for each 5 experinent.
Chemical shifts were referenced to external tetrakis
(trimethylsilyl)silane (methyl signal' at'3.50 ppm) (Muntean J.Y. and Stock
LM, al. Maa. Bea, 1988;76:54). Table 2 shows the solid-state NVR
spectrumfor 10 crystalline FormIll atorvastatin. 3 34 15 Oon OH O 26
25 8 10 12 OVIWOPTRIPBE p 4 72+ 3 4 23 201 21 F 2 25 WO 9PCORSHA1267
PCT/ US96111367 -10 TABLE 2. Carbon Atom Assi gnnent arid Chem cal Shift for
Forml1Il Atorvastatin Assignnment Chem cal shift Spinning Side Band 214.8
5 209.3 202.3 -9- ‘ .

detecting the side bands as described by Prye and
Maciel (Frye J.5. and Maciel G.E., J. Mag, Res.,
1982;48:125). Approximately 300 to 450 mg of sample
packed intc a canister-design rotor was used for each

5 experiment. Chemical shifts were referenced to
external tetrakis (trimethylsilyl)silane (methyl signal .
at 3.50 ppm) (Muntean J.V. and Stock L.M., J. Mag.
Res., 1988B;76:54).

_ Table 2 shows the solid-state NMR spectrum for

) 1o crystalline Form III atorvastatin.

15
29

20

25



—C12 or..C25-184.9—(C12
Car bons C2-C5, Cl13-C18, Cl19-C24, C27-C32 140.1 135.2 131.8 128.9 15
124.3 122.2 117.2 114.9 C8, €10 69.8 20 67.3 65.6 Methylene Carbons
C6, C7, C9, Cl1 44.1 40.4 25 35.4 C33 27.0 24.1 (C34 22.1 19.9 30
Crystalline Formlll atorvastatin of ‘the present Jjnvention can exist in
anhydrous formas well as hydrated forns. In general, the hydrated forns,
are 35 equivalent to unhydrated forns and are intended to be WO 97103958
PCT(us96/ 11367 WO9I0¥AR onpassed within the scope of the presenfCYHISALISHN.

..10..

TABLE 2. Carbon Atom Assignment and Chemical
shift for Form III Atorvastatin

Assignment Chemical Shift
Spinning Side Band 214.8
5 _ 209.3
. 202.3
Cl2 or C25 ' 184.9
€12 or €25 166.7
) Cle 161.0 (weak, broad)
f;) : 10 Aromatic Carbons
c2-C5, C13~-C18, C19-C24, C27-~C32 140.1
‘ 135.2
131.8
128.9
15 124.3°
122.2
117.2
114.9
c8, clo 69.8
20 : 67.3
65.6
%¢> Methylene Carbons
c6, C7, C9, Cl11 . 44.1
' 40.4
25 35.4
€33 27.0
24.1
Cc34 , _ 22.1
' 19.9

30

Crystalline Form III atorvastatin of the present
invention can exist in anhydrous form as well as
hydrated forms. 1In general, the hydrated forms, are

35 equivalent to unhydrated forms and are intended to be



—The-pr esent—inventi-on—also '

crystalline Form Il atorvastatin which conprises exposing atorvastatin to
a-high 5 relative hum dity under conditions which yield crystalline Form
1l atorvastatin. The precise conditions under which FormlI1l of

crystalline atorvastatin is forned may be enpirically determned and it is
only possible to give a nmethod 10 which has been found to be suitable in
practice. Thus, for exanple, when the starting material is Forml| of
crystalline at YUY n disclosed in concurrently filed Unit

Patent Application titled "Crystalline [R(R*,R*)]-2-(4-fluorophenyl)-13,5
15 di hydr oxy-5-(1-net hyl et hyl ) - 3- phenyl - 4-[ (phenyl am no)

carbonyl ]-1B-pyrrol e-1 -heptanoic acid, calcrhrsalt (2:1)' comonly owned,
attorney's Case Nunmber PD-5250- 01-FJT, Serial Nunmber (Crystalline Forml
and Form |V ator veRferPasaed withingithe scope Rt khe PP iiapendden -t he
desired FormI11l of cryshélprésentitiiventiionl aledypbovidésidairduessx Foxi Ng

the sdlid to a re{ﬁéiéﬁe{;édglé*éy ¥ d%?é?]tfaﬂﬁilﬁ 93%%: xﬁYMJJ&%tE rm | |
atorvastatin may be prepare rom anorphous, a conbi nati on of amor phous
and 25, crystalli n@hgﬁbn‘i’?ma?%?%m#"ar atpyyagtptin Franhigh

atorvastati ns Thusrelatiesahihidityaihderc cohditiogs wWhiekiyield anor phous,
a conbi nati on of a€?§g?9£ii§€dT ;gwfg aeg%vg%¥§kghline Form | atorvastatin,
of Crys arv :

the desired Form I'né at orvastatin may be obtained by 30
suspendi ng the solid i nThet Fagelse smngditilegsapader 18bd.ch oFomp HI 0% wat er
until conversion ter{ftalbiitie £orfatiatiin danEbehed hay ! Peasngirifdaliiyat i on.

» determined and it is only possible to give a method
) 10 which has been found to be suitable in practice.
Thus, for example, when the starting material is
Form II of crystalline atorvastatin dlsclosed in
concurrently filed United States Patent Application
titled *"Crystalline [R-(R*,R*)}-2-(4-fluorophenyl)-f8,8-
15 dihydroxy-5-(1l-methylethyl) -3-phenyl-4-[ (phenylamino}
carbonyl] -1H-pyrrole~l-heptanoic acid calcium salt
(2:1)" commonly owned, attorney'’s Case Number PD-5250-
01-FJT, Serial Number (Crystalline Porm I and
Form IV atorvastatin are also disclosed in this
20 application), the desired Form III of crystalline
atorvastatin may be obtained by exposing the solid to a
relative humidity of 95% for 11 days.
Crystalline Form II atorvastatin may be prepared
from amorphous, a combination of amorphous and
25 crystalline Form I atorvastatin or crystalline Form I
atorvastatin. Thus, for example, when the starting
material is amorphous, a combination of amorphous and
Form I, or crystalline Form I atorvastatin, the desired
Form II of crystalline atorvastatin may be obtained by
30 suspending the solid in methanol containing about 40%
to about 50% water until conversion to the required
form is complete, followed by filtration.
Crystalline Form I atorvastatin may be prepared by
crystallization under controlled conditions. 1In
35 particular, it can be prepared either from an agueous

solution of the corresponding basic salt such as, an



—Cryst alli-ne-Form-t—atervas
controlled conditions. In 35 particular, it can be prepared either from an
aqueous solution of the corresponding basic salt such as, an . WD 97/03958
PCT/ US96/ 11367 -12 alkali netal salt, for exanple, lithium potassium
sodium and the like; amonia or an amine'salt; preferably, the sodium
salt by addition of a calcium salt, such as, for exanple, calciumacetate
and the 5 |i ke, or-by suspendi ng anorphous atorvastatin in water. 1In
general, the us¥0O810MShydroxylic co-solvent such as, = for examSTaAISIFII36er
al kanol, for exanple nethanol and the like, is preferred. The conpound of
the present invention can be 10 prepared and adm nistered in a wide variety
of oral and parenteral dosage forns. Thus,-1&e conpound of the present
.invention can be adm nistered by injection, _that is, |ntravenously,
|ntranuscularly, i Adkadd matalsrdlt s Aoruexaeplsy y1ithivm d ertasadiym, or 15
I ntraperitoneal ly. sddiam,t BAdCER® AHKE ;0fanind® 1A 06%CAh amiN€ dd 1) can be
adm ni stered by inhalatio f oy, exanpl e nasal Addition the
conpound of the plg%ggﬁka?’ﬁgén %n”r%ﬁmog"g%m Ri %?S%ZP‘H? s & a’1y"fn§/
wi || be obvious tosalsesukhl aed RGr iqxampdear caillrhumt fcetate mdlg:hzh)sage

forms may compriseiike,tBe -8 ta %rpﬁbhﬁeﬁtém Un Yater.
correspondi ng. pha&naceutlcg acce %aple S the coppound of the
present invention. “PoP*BFEP r|¥EF ng AGoSPTPEhEeRY HTh&s 25

conpound of the pr@ggnexamvéﬂt|@ﬁknphamﬁagaoﬂhcibryexample methanol and
' the like, is preferred.
N The compound of the present invention can be
:@) 10 prepared and administered in a wide variety of oral and
parenteral dosage forms. Thus, the compound of the
present invention can be administered by injection,
that is, intravenously, intramuscularly,
intracutaneously, subcutaneously, intraduodenally, ox
15 intraperitoneally. Also, the compound of the present
invention can be administered by inhalation, for
example, intranasally. Additionally, the compound of
the present invention can be administered
transdermally. It will be obviocus to those skilled
20 in the art that the following dosage forms may comprise
as the active component, either compounds or a
correasponding, pharmaceutically acceptable salt of the
{;3 compound of the present invention.
For preparing pharmaceutical compositions from the
25 compound of the present invention, pharmaceutically
acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets,
pills, capsules, cachets, suppositories, and
dispersible granules. A solid carrier can be one or
30 more substances which may also act as diluents,
flavoring agents, solubllizers, lubricants, suspending
agents, binders, preservatives, tablet disintegrating
agents, or an encapsulating material.
In powders, the carriexr is a finely divided solid
35 which is in a mixture with the finely divided active
component.. :



acceptable carri-ers—can-be—ei .
i ncl ude powders, tablets, pills, capsules, cachets, suppositories, and
di spersible granules. A solid carrier can be one or 30 nore substances
whi ch may al so act as diluents, flavoring agents, solubilizers,
| ubricants, suspending agents, bindéers, preservatives, tablet
di sintegrating agents, or an encapsulating material. In powlers, the
carrier is a finely divided solid 35 which is in a mxture with the finely
di vi ded acti veWQ#ig#8Rent . WO 97/ 03958 FCT/ US96111367 -13 | n RCAVISSEE136% he
active conponent is mxed wwth the carrier having the necessary binding
properties in suitable proportions and conpacted in the shape and size
desired. 5 The powders and tablets preferabt}3€ontain from two or ten to
about seventy percent of the active conpound.. Suitable carriers are
magnesi um carbonate, nEyrEablekst dheanstiva compogart {acuismd widdy ithe
deerl n, SLaerhi | gehpiier ii;mgegaamehl . ,nd&tgmhgebhuhgﬁg,pé&bé@&idlmh 1n| -
car boxymet hyl cel I u oe%rpe{éln waxe, cocoa %te and the e. e
term "preparat i on"Lﬁégall)%?e%# oioln%cﬁ?ée c%ﬁ'éaf%‘r’ %"ét{%'ﬁ PR tive
conpound wi th encapdafafesgredierial as a carrier providing a capsule in
whi ch tgedagsl ve corrponm&,p&#%&slixﬁr taibllletut pebherabiy r¢<ﬁ{1_§,‘m g_ro_ml I
surrounde y ac Le [ I,s thus i ssociatjon.w,th it.. Simlarly,
cachets and | ozeng‘é{s'baég F%@I%%e&c?.aufaloslegfgfﬁp%e &re, °%\2%‘§%Iaé?‘,ivﬁ Il's,
cachets, and | ozengespewrdpe iikphle carriers are magnesium carbonate,
magnesium stearate, talc, sugar, lactose, pectin,
N dextrin, starch, gelatin, tragacanth, methylcellulose,
) 10 sodium carboxymethylcellulose, a low melting wax, cocoa
butter, and the like. The term "preparation®" is
intended to include the formulation of the active
compound with encapsulating material as a carrier
. providing a capsule in which the active component, with
15 or without other carriers, is surrounded by a carrier,
which is thus in association with it. sSimilarly,
cachets and lozenges are included. Tablets, powders,
capsules, pills, cachets, and lozenges can be used as
solid dosage forms suitable for oral administration.
20 For preparing suppositories, a low melting wax,
such as a mixture of fatty acid glycerides or cocoa
butter, is first melted and the active component is

. dispersed homogeneously therein, as by stirring. The
' molten homogenous mixture is then poured into
25 convenient sized molds, allowed to cool, and thereby to
solidify.

Liguid form preparations include solutions,
suspensions, retention enemas, and emulsions, for
example water or water propylene glycol solutions. For

30 parenteral injection, ligquid preparations can be
formulated in solution in aqueous polyethylene glycol
* solution.

Aqueous solutions suitable for oral use can be

prepared by dissolving the active component in watex

35 and adding suitable colorants, flavors, stabilizing,
and thickening agents as desired.



sol i d—dosage—foerAs—suttabl- .

suppositories, a low nelting wax, such as a mxture of fatty acid
glycerides or cocoa butter, is first nelted and the active conponent is

di spersed honogeneously therein, as by stirring. The nolten honogenous

m xture is then poured into-25 convenient 'sized nolds, allowed to cool, and
thereby to solidify. Liquid form preparations include solutions,

suspensi ons, retention enemas; and enul sions, for exanple water or water
propyl ene gl ycowasvrasssons. For 30 parenteral injection, |iqui&T/US9611367
preparations can be fornulated in solution in aqueous polyethyl ene glycol
sol ution.. Aqueous solutions suitable for-oral use can be prepared by

di ssolving the active conponent in water 351&nrd addi ng suitabl e colorants,
flavors,-stabilizing, and thickening agents as desired. W) 97/03959

FCFI US96/ 11367 - 14 Aquésyecufsgeaeriaions sulbiable fof gradsuseamranebe nude
by di spersing the fmadd pydidiepetdsasyi ¥Re COIRENE Hiviided\alctivel tompbReot!s

material, such as tural _or ynt hetic gu resins, methylcellul ose,
sodi um 5 car boxynet %n%ﬁ%eFur%§§,V%ﬁ8°8?h§?E§£ﬁ -ﬂqﬂ%ﬂ¥'§ﬁéﬁéﬁaf ©Rgents. .
Al so included are sunthetdcngpmeparssines methyilceddaliogesngodineg be

converted, shortly é&fwx?pu&ggmenhigyé 41904 NS tHeRD Wedl1-RBSwhOkulb&hding
adm ni stration. such 1 iquid forns include solutions, suspensions, and

emul si ons. These prSfft &tions may contain, in addition
Also included are solid form preparations which

are intended to be converted, shortly before use, to

liquid form preparations for oral administration. Such

) 10 liquid forms include solutions, suspensions, and
emulsions. These preparations may contain, in addition
to the active component, colorants, flavors,
stabilizers, buffers, artificial and patural
asweeteners, dispersants, thickeners, solubilizing

15 agents, and the like. )

The pharmaceutical preparation is preferably in
unit dosage form. In such form, the preparation is
subdivided into unit doses containing appropriate
quantities of the active component. The unit dosage

20 form can be a packaged preparation, the package
containing discrete quantities of preparation, such as
-— pacvRketed tablets, capsules, and powders in vials or
o ampoules. Also, the unit dosage form can be a capsule,
tablet, cachet, or lozenge itself, or it can be the
25 appropriate numbexr of any of these in packaged form.

The quantity of active component in a unit dose
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

30 component. The composition can, if desired, also

NI

contain other compatible therapeutic agents.

In therapeutic use as a hypolipidemic and/or
hypocholesterolemic agent, crystalline Form III
atorvastatin utilized in the pharmaceutical method of

35 this invention is administered at the initial dosage of
about 2.5 mg to about 80 mg daily. A daily dose range



: —&o-orants—H-avwor-s——stabiizer s buters
artificial and natural sweeteners, dispersants, thickeners, solubilizing
15. agents, and the |like. The pharnaceutical preparation is preferably in
unit-dosage form In such form the preparation is subdivided into unit
doses contai ning appropriate quantiti‘es of the active conponent. The unit
dosage 20 form can be a packaged-preparation, the package contai ning
di screte quantities of preparation, such as - paoketed tablets, capsules,
and powders in WQPHEBF anpoul es. Al so, the unit dosage form cRCIFSIY11367
capsule, tablet, cachet, or lozenge itself, or it can be the 25
appropriate nunber of any of these in packaged form The quantity of
acti've conmponent in a unit dose preparation-®ay be varied or adjusted from
0.5 nmg to 100 ng, preferably 2.5 ng to 80 according to the particular
application and thegﬁo?%ﬂ’&'? %fst% to?ttaih(?é‘tS%%cé‘ﬁpéﬁeﬁF?fqﬁée%onﬂam tion
Cﬁn, i f desired, aIeosagemtahdwéﬁény'ﬁ:?ﬂmﬂ:hh&QeHhFéﬁaﬁﬂlﬁQ | tthe | N
t herapéutic use as ol ' pog¢hal esterol em ¢ agent,
crystalline Forml I#%%%%s%ﬁﬁ tg’tqzl Ip%tei(fll?‘:ﬁ {ne Bﬁgfﬁg%%uﬁ'cc met hod of
35 thig invention i SoR@htipPRikeiny sreated niamdathgosoygpowid kedng 2.5 ng to

anUt 80 ny dsi | y.b &nﬂm&aadpsmeﬁe&?g.&aﬂ@ow&w.g% Pebpei S88algle3 Gor 'alﬁ of

Vari ed dependi ng. upharherret e de, MEpg BRE i fE S Bine e OF (e

condition being tregtRerably, tireatgepdude Boiltdated with smaller dosages
which are less than the optimum dose of the compound.

) Thereafter, the dosage is increased by small increments

5;) 10 until the optimum effect under the circumstance is

reached. For convenience, the total daily dosage may

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

The following nonlimiting examples illustrate the
15 inventors' preferred methods for preparing the
compounds of the invention.

EXAMPLE 1
[R-(R*,R*)1-2~(4-Fluorophenyl)-f.8-dihydroxy-5-

20 (l-methylethyl)-3-phenyl-4-[(phenylamine)carbonyll-1H-
yxrole-l-heptanoic acid bemi calcium salt (Form I
Atorvastatin)

Ty A mixture of (2R-tramns)-5-(4-fluoropbenyl)-2-(1-

E methylethyl)-N,4-diphenyl-1-[2~(tetrahydro-4-hydroxy-6-

25 oxo-2H-pyran-2-yl)ethyl] -1H-pyrrole-3-carboxamide

(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 aqueous
solution of sodium hydroxide (5.72 kg in 950 L) at

30 48-58°C for 40 to 60 minutes to form the ring-opened
sodium salt. After cooling to 25-35°C, the organic
layexr is discarded, and the aqueous layer is again
extracted with MTBE (230 kg). The organic layer is
discarded, and the MTBE saturated aqueous solution of

35 the sodium salt is heated to 47-52°C. To this solution
is added a solution of calcium acetate hemihyérate




5 enpl oyed. Det er m-ratt+onr—of—the—proper—dosage—+or—a—particular situation

is within the skill of the art. Generality, treatnment is initiated with
smal | er dosages which are | ess than the opti num dose of the conpound.
Thereafter, the dosage is increased by small increnents 10 until the

opti mum effect under the circunstance’is teached.. For convenience, the

total daily dosage may be divided and administered in portions during the

day if desired. The following nonlimting exanples illustrate the 15

i nventors' prefWora@9s®t hods for preparing the conpounds of theruspéaissy on.

EXAMPLE 1 rR-(R*.R*)1-2-(4-Fluoro, henyi)-fl.8-4ihydr y-5 20 (1-nethy,

ethyl )-3-, henyl -4- r (phenylam no) _arbony? | -1H pyrrol e-1-hheptanoi

_%$°d helns calciumnalt ( grmT A-orv statemy-A m xture of

(2R-trans)-5-(4-fluorophenyl)-2-(1-

met hyl et : hyl) - N, 4- dtprehyka) - ddsselved inl waterh (dAOx§) 6- 096r at least

(Uni ted & ates bat ont Mmber b 7t 00 (1 o por o & ahkdey 3 D1
nited States Pa r : ertlary-buty

et her ( MTBE) (308%}‘&%@%%?’?%90‘1‘%’4‘55‘?&% égEgm iéﬂ Jaﬂ LY feotpter

sol ution of sodi unPR{dP o metisng) kghartlyS@fitpraaddfti6n S8 tls o) diam60

mnutes to far mthacetiige OPSIEE oS OdinHR Sakdeurdl 167 +60R! hodrd® &~ 35C. the

organic layer is gilgg;u;élefl an€ ]}he a%;be% |l ayer i.s again extracted with

MIBE (230 kg). The organt ¢ TayaY 12ty migugesapd; hhenregoked teat ed

aqueous sol ution 0#5320?%e sthie umdxtaixte jis fditededo washed wiith tahi s

solution is addedsalgeich | of wit&dl FMACEhE! RefRALIY I FEF 1) followea

’ by water (450 L). The solid is dried at 60-70°C under

'JJ 10 vacuum for 3 to 4 days to give crystalline Form I

atorvastatin (72.2 kg).

15 =3~ -4- -1H-

A mixture of amorphous and crystalline Form I
atorvastatin (100 g) was suspended in a2 mixture of
20 methanol (1200 mL) and water (800 mL) and stirred for 3
days. The material was filtered, dried at 70°C under
reduced pressure to give crystalline Form IT
N atorvastatin.

25 EXAMPLE 3
IR-(R*,R*)]-2-(4-fluorophenyl)-B.5-dihydroxy-5-.
{1-methylethyl)-3-phenyl-4- [ (phenylamino)carbonyll-
AH-pyrrole-l-heptasoic acid hemi calcium salt (Form TIT
Atorvastatin)

30 Form II atorvastatin (Example 2) is rotapped
through a 50 mesh screen onto a 100 mesh screen and
exposed in a hnmidity jar to 95% relative humidity for
11 days to afford crystalline Form III atorvastatin.




WO 97103958 PCTI USM6111367 -16 (11.94 kg) dissolved in water (410L), over
at least: 30 mnutes. The mxture is seeded with a slurry of crystalline
Form | atorvastatin (1.1 kg in 11 L water and 5 L nethanol) shortly after
addition O 'f the calcium 5 acetate solution. The m xture is then heated
to 51-57C for at |east 10 mnutes and then cooled to 15-40C. The m xture
is filtered, washed with a solution of water (300 L) and nethanol (150 L)
followed by water (450 L). The solid is dried at 60-70c under 10 vacuum
for 3 to 4 days to give crystalline Folim| atorvastatin (72.2 kg). EXAMPLE
2 IR(R.R)1-2-f4--f1npra yl ~- di hydroxv-s-(1 15 nethylathyl) -3 -phenyl
-4 - f (phenylam no) carbons -1 X pyrgfls - -1 -h anoi a acid hem calcium
salt (FormT A _orvasttati n ) A mxture of anorphous and crystalline Form
| atorvastatin (100 was suspended in a mxture of 20 nethanol (1200 niL)
and wat er!- (80@%%.7”'%’%0@1 i}l atenvastasin and hydiptes trereohetaeadterisedy thei follavyieg

dri ed at X&g povdier diffradioo gettpmessuessed on gerine afrtiis t28| Kispacihgs, rand| relative

at or vast ahtbRsitiewifPdWlule hidrdid & >2r5>5/o ﬂﬂeasdréd LJ; F]é @9&0%%84 )-1

-di _hydroxy. 5+ ( -nethylethyl)" -3-phenyl - phlenyl am no) ca y- bonyl)
14 pyl e-i—heptanoi—e—acte in)

30 Form || atorvastatin (Exanple 2) is rotapped m?;'s‘i’s
26 d (>25%)
4.123 21.4140 49.20
4.993 17.6832 30.82
5.768 15.3099 28.69
7.670 11.5173 25.49
8.451 10.4538 100.00
15.962 5.5478 32.59
16.619 5.3298 62.34
17.731 4.9981 49.29
18.267 4.8526 4512
18.870 4.6989 39.52
19.480 4.5531 36.59
19.984 4.4393 70.34
20.294 4.3722 69.54
21.105 4.2061 37.39
21.670 4.0976 36.50
23.318 3.8117 38.63
24.405 3.6442 65.54
24.967 3.5635 27.20
25.397 3.5041 33.75

2. Crystalline Form Ill atorvastatin or a hydrate thereof having an X-ray powder

diffraction containing at least one of the following 26 values measured using CuK,
radiation: 16.6 or 20.0.



t hrough a. 50 mesh screen onto a 100 nesh screen and exposed in a humdity
jar to 95% relative humdity for 11 days to afford crystalline Formlll
atorvastatin. 17 CLAIMS 1 Crystalline FormlIl atorvastatin and hydrates

t hereof characterised by the followng X-ray powder diffraction pattern
expressed in terns of the 29, d-spacings, and relative intensities with a
relative intensity of >25% neasured using CuK,, radiation: Relative
Intensity 29 d (>259% 4.123 21.4140 49.20 4.993 17.6832 30.82 5.768
15.3099 28.69 7.670 11.5173 25.49 8. gSl 10. 4538 100.00 15.962 5.5478
32.59 16.619 5.3298 62.34 17.731 4.9881 49.29 18.267 4.8526 45.12

18.870 4.6989 39.52 19.480 4.5531 36.59 19.984 4.4393 70.34 20.294
4.3722 63. 54 Cxitalind F4m2 NbdtoRdstatin o2d hpdfBte4h&ledithasthgalh X-2a3. phldles. 8117 38. 63

24. 405 3d|ﬁﬂaégorﬁ<§)n5ﬁmngﬂ‘regt§|70m§n @@%Iggs I%Qasugéi g@ %éu@%&aﬁén 71% 620r 20.0

Crystall] LN, gorm 11l atorvastatin or a hydrat e thereof having an X-ray
powder
4. Crystalline Form Il atorvastatin or a hydrate thereof having an X-ray powder
diffraction containing the following 26 values measured using CuK, radiation: 8.5, 16.6 and
24 4.
5. Crystalline Form 1l atorvastatin or a hydrate thereof having an X-ray powder

diffraction containing the following 26 values measured using CuK, radiation: 4.1, 5.0, 5.8,
7.7,8.5,16.0, 16.6, 17.7, 18.3, 18.9, 19.5, 20.0, 20.3, 21.1, 21.7, 23.3, 24.4, 25.0 and
25.4.

6. Crystalline Form 11l atorvastatin or a hydrate thereof having an X-ray powder
diffraction containing the following 28 values measured using CuK, radiation: 4.123, 4.993,
5.768, 7.670, 8.451, 15.962, 16.619, 17.731, 18.267, 18.870, 19.480, 19.984, 20.294,
21.105, 21.670, 23.318, 24.405, 24.967 and 25.397.

7. Crystalline Form lll atorvastatin or hydrates thereof characterised by the following
solid-state "*C n__u'clear magnetic resonance spectrum wherein chemical shift is expressed
in parts per million:

Assignment Chemical
Shift
Spinning Side Band 214.8
209.3
: 202.3
C12 or C25 184.9
C120r C25 166.7
C16 161.0 (weak, broad)
Aromatic Carbons _
C2-C5, C13-C18, C19-C24, C27-C32 140.1
135.2
131.8
128.9

124.3



diffraction containing at |east one of the follow ng 29 val ues neasured
using CuKa radiation: 16.6 or 20.0. 18 3. Crystalline Formlll
atorvastatin or a hydrate thereof having an X-ray powder diffraction
containing the follow ng 28 val ues nmeasured using CuK, radiation: 16.6 or
20.0 and 20.3. 4. Crystalline FormlIl atorvastatin or a hydrate thereof
havi ng an X-ray powder diffraction containing the follow ng 28 val ues
measured using CuK,, radiation: 8.5, 16.6 and 24.4. 5. Crystalline Form
'l atorvastatin or a hydrate thereof,having an X-ray powder diffraction

containing the follow ng 28 val ues neasured using CuKO ,, radiation: 4.1,
5.0, 5.8, 7.7, 8.5, 16.0, 16.6, 17.7, 18.3, 18.9, 19.5, 20.0, 20.3, 21.1,
21.7, 23.3, 24.4, 25.0 and 25.4. 6. Crystalline FormIIll 4g3dRvastatin or

hydrate thereof having an X-ray powder diffraction containing the
fol |l owi ng 28 val ues measured using CuKO radiation: 4.123, 4,993, 5.768,
7.670, 8.451, 15. , . , . , . , . , . —19- ,
20.294, 21.105, 28.&18, 23.318, 24.405, 24.967 and 25.397998 Crystalline
Form 1|l atorvastatin or hydrates thereof characterised by67¥&Be follow ng
solid-state 13C nucl ear magnetic resonance spectrum wherei gsghem cal shift

is expressed in —grffrUnT—ﬁssrgnnEnt*fhenrta#——Shrfr~*Sprnning
Si de Band 214.8 258§§ﬁ;gg§?f°”%12 or C25 184.9 Cl2 or C25 166.7 Cl6 161.0

(weak, broad) Ard&faG7cC8debons C2-C5, Cl13-Cl18, C19-C24, C#31C32 140.1
135. 2 40.4

35.4
C33 27.0
241
C34 : 221
19.9

8. Crystalline Form 11l atorvastatin or a hydrate thereof characterised by solid state
¥C nuclear magnetic resonance having a chemical shift difference between the lowest
ppm resonance and another resonance of 7.1 or 165.0.

9. Crystalline Form Il atorvastatin or a hydrate thereof characterised by solid state
*C nuclear magnetic resonance having the following chemical shift differences between
the lowest ppm resonance and other resonances: 2.2, 4.2, 7.1, 45.7, 47.4 and 165.0.

10. Crystalline Form Il atorvastatin or a hydrate thereof characterised by solid state
*C nuclear magnetic resonance having the following chemicatl shift differences between
the lowest ppm resonance and other resonances: 22,42,71,15.5,20.5, 24.2, 45.7,

47.4,49.9, 95.0, 97.3, 102.3, 104.4, 109.0, 111.9, 115.3, 120.2, 141.1, 146.8 and 165.0.

1. Crystalline Form 11l atorvastatin or a hydrate thereof characterised by solid state

*3C nuclear magnetic resonance having the following chemical shifts expressed in parts

per million: 19.9, 22.1, 24.1, 27.0, 35.4, 40.4, 441, 65.6, 67.3,69.8, 114.9, 117.2, 122.2,
124.3, 128.9, 131.8, 135.2, 140.1, 161.0, 166.7 and 184.9.



131.8 128.9 .124.3 19 122.2 117.2 114.9 C8, Cl10 69.8 67.3 65.6

Met hyl ene Carbons C6, C7, C9, Cl1 44.1 40.4 35.4 C33 27.0 24.1 C(C34 22.1
19.9 8. Crystalline FormlIll atorvastatin or a hydrate thereof
characterised by solid state 13C nuclear magnetic resonance having a

chem cal shift difference between the | owest ppmresonance and anot her
resonance of 7.1 or 165.0. 9. Crystalline FormlIl atorvastatin or a
hydrate thereof characterised by solid state 13C nucl ear magnetic
resonance having the follow ng chem ca0 shift differences between the

| owest ppm resonance and ot her resonances: 2.2, 4.2, 7.1, 45.7, 47.4 and

165. 0. . O | | i B QL V. ' - I

char act eﬁ?'s ed %ﬁﬁ@égﬁcggé g{bbéllgo hgrgzel @?jr’ %%glﬁgﬁogp:ﬁ}é@g%gﬁggmﬁgéﬁg ! t he

fol | owi ngIVRSFICAS A8iPed Ay 8P ShEBESRIldn ST iIe WilRat eps PP esonance. and
ot her r ePbaanrasyticaly acceptaple excipientslilgento@y ogrriepsq. 2, 45,7, 47.4, 49.9, 95.0,
97.3, 102.3, 104.4, 109.0, 111.9, 115.3, 120.2, 141.1, 146.8 and 165.0.

soiid Lol DepEntEbdubibalSLAPUARAR s Rim B SHERLEL S BRI AAMEFURL | 500 DY
Shi s elhAnEsiptR S defted R AAF ong ol FARS 138 T4 adshtute i e gt 2 281
44. 1, 65.pharmegeegticallp ageeptable excipient, diluentpor carrier.

14. A pharmaceutical composition in the form of a powder comprising crystalline Form
lll atorvastatin as defined in any one of claims 1 to 11 in admixture with at least one inert
pharmaceutically acceptable excipient, diluent, or carrier.

15. A pharmaceutical composition in the form of lozenges comprising crystalline Form
Il atorvastatin as defined in any one of claims 1 to 11 in admixture with at least one inert
pharmaceutically acceptable excipient, diluent, or carrier.

16. A pharmaceutical composition in the form of suppositories comprising crystalline
Form Ill atorvastatin as defined in any one of claims 1 to 11 in admixture with at least one
inert pharmaceutically acceptable excipient, diluent, or carrier.

17. A pharmaceutical composition in the form of retention enemas comprising
crystalline Form Ill atorvastatin as defined in any one of claims 1 to 11 in admixture with at
least one inert pharmaceutically acceptable excipient, diluent, or carrier.

18. Use of a crystalline Form Il atorvastatin or a hydrate thereof as defined in any one
of claims 1 to 11 or of a composition as defined in any one of claims 12 to 17 for treating
hyperlipidemia in a patient suffering therefrom.

19. Use of a crystalline Form il atorvastatin or a hydrate thereof as defined in any one
of claims 1 to 11 in the manufacture of a medicament for treating hyperlipidemia.



124..3, 128.9,, 131.8, 135.2, 140.1, 161.0, 166.7 and 184.9. 20 12. A

phar maceuti cal conposition in the formof tablets conprising crystalline
Formlll atorvastatin as defined in any one of clains 1 to 11 in adm xture
with at | east one pharmaceutically acceptabl e excipient, diluent, or
carrier. 13. A pharmaceutical conposition in the form of capsul es
conprising crystalline Form |1l atorvastatin as defined in any one of
claime 1 to 11 in adm xture with at |east one inert pharmaceutically
accept abl e excipient, diluent, or cariler. 14. A pharnmaceutical conposition
in the formof a powder conprising crystalline Form I1l atorvastatin as

defined @ an?ifé)&ea 8{/st5|'|iﬁ<i[ ﬂg&nilul,ta%r%élstétm &fyﬂﬂé{é fhefidr Bs BLfide@as hnyPoife | NETt

pharmaceut i cal Ly ceptab exciprent. diluent, or carrier,. 15 °A

P e cthdine 1 1Ty B eAmpRo abas diedin 415k S 6l Po g 088 al 1§ ne
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accept abl e excipient, diluent, or carrier. 17. A pharnmaceutical conposition
in the formof retention enemas conprising crystalline FormllIl
atorvastatin as defined in any one of clainms 1 to 11 in adm xture with at

| east one inert pharnmaceutically acceptable excipient, diluent, or carrier.
18. Use of a crystalline FormI| | | atorvastatin or a hydrate thereof as
defined in any one of clains 1 to 11 or of a conposition as defined in any
one of clainms 12 to 17 for treating hyperlipidema in a patient suffering
therefrom 19. Use of a crystalline FormlIll atorvastatin or a hydrate
thereof as defined in any one of clains 1 to 11 in the manufacture of a
medi cament for treating hyperlipidema. 21 20. Use of a crystalline Form
1l atorvastatin or a hydrate thereof as defined in any one of clains 1 to
11 or of a conposition as defined in any one of clainms 12 to 17 for
treating hypercholesterolema in a patient suffering therefrom 21. Use of
a crystalline FormIll atorvastatin or a hydrate thereof as defined in any
one of clains 1 to 11 in the manufacture of a nedi canent for treating
hyper chol est erol em a.



