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Atorvastatin is a member of the class of drugs called statins. Statin

drugs are currently the most therapeutically effective drugs available for reducing
low density lipoprotein (LDL) particle concentration in the blood stream of
paﬁents at risk for cardiovascular disease. A high level of LDL in to bloodstream
25  has been linked to the formation of coronary lesions, which obstruct the flow of
blood and can rupture and promote thrombosis; Goodman Gilman, The
Pharmacological Basis of Therapeutics 879 (9" ed. 1996). Reducing plasma LDL
levels has been shown to reduce the risk of clinical events in patients with cardio-
vascular disease and patients who are free of cardiovascular disease but who have
30  hypercholesterolemia; Scandinavian Simvastatin Survival Study Group, 1994,
Lipid Research Clinics Program, 1984a, 1984b.
U.S. Patent 5,929,156 to Warner-Lambert Company, discloses
crystalline Form I Atorvastatin hydrate, crystalline Form II Atorvastatin and
hydrates thereof and crystalline Form IV Atorvastatin and hydrates thereof, which



crystalline Form|l Atorvastatin hydrate, crystalline FormIl Atorvastatin
and hydrates thereof and crystalline FormIV Atorvastatin and hydrates

t her eof , woimshi1iaes 03/ 011826 PCT/ US02/ 00431 -2 are useful pag/uSob®ist ors of
enzyme 3- hydroxy-3met hyl gl utaryl -coenzyne A reductase (HVG CoA reduct ase)
and are hence useful hypolipidem c and hypochol esterol em c agents. U. S
Patent 6, 121, 461 al so to Warner- Lanbert2-Conpany, discloses 5 crystalline
Form 1l Atorvastatin hydrate, which is also a useful hypolipidenm c and
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product i opeaitd] WBinpBsiteatth&Ropr ot ected fromlight, heat, oxygen and
noi sture (colum 17 lines 62-65) Atorvast%wln |§§B ﬁy d as its cal cium
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Atorvastatin calciumin a pure and crystalline formto 25 enable

fornul at i 6esIpaBYeet exacti ng pharmaceutical requirenents and
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desxgnates the Atorvastatm formed by prior art process (viz United States Patents
5,003,080; 5,097,045; 5,103,024, 5,124,482; 5,149,837, 5,155,251, 5,216,174, .
5,245,047, 5,248,793; 5,280,126; 5,397,792; and 5,342,952) as amorphous
Atorvastatin which has unsuitable filtration and drying characteristics for large
20  scale production and which must be protected from light, heat, oxygen and
moisture (column 1; lines 62-65).

Atorvastatin is prepared as its calcium salt, which is desirable since it
enables Atorvastatin to be conveniently formulated for oral administration. There
is hence a need to produce Atorvastatin calcium in a pure and crystalline form to

25 enable formulations to meet exacting pharmaceutical requirements and
specifications.

Furthermore, the process by which the crystalline form of
Atorvastatin calcium 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

30 readily filterable and easily dried. Finally, it is economically desirable that the
product be stable for extended periods of time without the need for specialized
storage conditions.

The main aspect of the present invention is to provide novel

crystalline forms of Atorvastatin calcium and hydrates thereof, and to a method for



product be stable for extended periods of time w thout the need for

speci alized storage conditions. The main aspect of the present invention
is to prowiods/ommseel crystalline forms of Atorvastatin calpemuwsoan@shydr at es
t hereof, and to a nmethod for WD 03/011826 PCT/ US02/00431 -3- their
preparation. Another aspect of the present invention is that, the novel
crystalline forns of Atorvastatin cal &-um and hydrates thereof are
obtained in high purity. The generally preferred HPLC purity of

crystal | i theirfmepardtioand VI1 of 5 Atorvastatin calciumand hydrates thereof,
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The present invention further provides a process for the preparation
of novel crystalline Form VI and Form VII of Atorvastatin calcium and hydrates
thereof, which is a commercially viable process well suited for industrial scale up.

20 BRIEF DESCRIPTION OF ACCOMPANYING DRAWINGS

Fig 1 is a characteristic X ray powder diffractogram of novel

crystalline Atorvastatin calcium Form VI. Vertical axis: Intensity (CPS);
Horizontal axis: Two Theta (degrees). The significant d values (A°) obtained are
22.52,19.44,11.84, 11.23,9.58, and 4.69.

25 Fig 2 is a characteristic is an X ray powder diffractogram of novel
crystalline Atorvastatin calcium Form VII. Vertical axis: Intensity (CPS);
Horizontal axis: Two Theta (degrees). The significant d values (A°) obtained are
19.36, 11.80 9.60, 4.75, 4.69 and 4.39.

DETAILED DESCRIPTION OF THE INVENTION

30 The present invention is directed to novel crystalline forms of

Atorvastatin calcium and hydrates thereof. More particularly, the hydrates contain
1 to 4 moles of water. The crystalline Form VI and Form VII of the present
invention may be characterized by their X Ray powder diffraction. Thus the
X-Ray diffraction patterns of Form VI and VII of Atorvastatin calcium and their



DETAI LED DESCRI PTI ON OF THE | NVENTI ON 30 The present invention is directed
to novel crystalline fornms of Atorvastatin calciumand hydrates thereof.
Mor e partwoulsanisge the hydrates contain 1 to 4 nol es of \wararso2/one1
crystalline FormVl and Form VIl of the present invention may be
characterized by their X Ray powder diffraction. Thus the X-Ray
diffraction patterns of Form VI and VI l40of Atorvastatin calciumand their
WO 03/011826 PCT/US02/ 00431 -4 hydrates were neasured on a Ri gaku D/ Max
2200 Powd@idiatés wert meadueed oh talRigaku RaMaxt 2200 BowdereDiffiragsimdter wethFou m VI
has X-ray wder diffracti .patter essentially as.shown in.the Table 1.
The X-ray l%g\‘ﬂi’é’in EHES Z‘gﬂsgaﬁhﬁ%?%? nr{q %ass}g'{f# B%’é&f a‘r{?‘ia«%?% Paee 20,
d- spaci nggesseakidlly @k showe in fiieTableilesTe XSraYopowded diffeqesionastetmisensi ty,
1/1, % 3.92 22'd2'2 40 4 %%.44 17 7.4 ]11t.842it00..7.§ﬁ ]1% 23 21 10 9. 22
9.58 19 £APYS¥ g tgEnsghihe 20, d-spacing apg relAtYR YUFAYLSS and Pel ati ve
intensities > 15 % for crystalline Form VI o{ tAt(;)rv/it@ rn calcium 20
d-spacngs IntendPty. 1/1. " 0 IRAN8E 19 36 21! o gk 100 9. 20 9. 60
21 18.64 4.75 1§59p18.88 4.6%HR4 20 20. 20 4.3Ypl7 The present invention is
al so directed to processes for preparation of novel crystalline fornms of
Atorvastatin cal ¢j54m and hydrHL44 t hereof. Thd7present invention hence,
provi des a process for the preparation of crystalline FormVl of
Atorvastatin cal ¢i40m which cohffises: 25 a. H%ting a mixture of [R (R,
R4)]-2-(4-f|uor09 nyl ) - p, 81-1d'§1ydroxy -5- 1-yyet hyl
et hyl - 3- phenyl - 4-1(phenyl am nd?- carbonyl]-1 pyrrol e-

10 9.22 9.58 19

18.9 4.69 55

Table 2 lists the 20, d-spacings, and relative intensities > 15 % for

crystalline Form VII of Atorvastatin calcium.

20 d-spacings Intensity, I/I, %
15 4.56 19.36 21

7.48 11.80 100

9.20 9.60 21

18.64 4.75 15

18.88 4.69 24
20 20.20 4.39 17

The present invention is also directed to processes for preparation of
novel crystalline forms of Atorvastatin calcium and hydrates thereof.

The present invention hence, provides a process for the preparation
of crystalline Form VI of Atorvastatin calcium, which comprises:

25 a. heating a mixture of [R-(R", R")]-2-(4-fluorophenyl)-B,
8-dihydroxy -5- 1-methyl ethyl-3-phenyl-4-[(phenyl amino)-carbonyl]-1H-pyrrole-
l-heptanoic acid, tertiary butyl ester (hereinafter referred to as "ester" or "active
ingredient" for convenience), acetonitrile and sodium hydroxide flakes to about
25-60°C;

30 b. maintaining the reaction mixture of step a) at 25-60°C for
about 3-9 hours preferably 6 hours;

c. adding to the above reaction mixture an aqueous solution of



1- heptanoic acid, tertiary butyl ester (hereinafter referred to as "ester"”
or "active ingredient" for convenience), acetonitrile and sodi um hydroxi de
fl akes t owaowii18225- 60C, 30 b. maintaining the reacti on mMPANIS®2/06438t ep a)
at 25-60C for about 3-9 hours preferably 6 hours; c. adding to the above
reaction m xture an aqueous solution of WO 03/011826 PCT/US02/00431 -5-
cal cium acetate hem hydrate; d. further-Sstirring the reaction m xture at
30-50C for about 30 mnutes to 2 hours, preferably 45 m nutes; e.
filtering dahdumesetite heswhydraten obtained in step d) through 5 hyflow bed;
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At or vast atd lesigakeci um  obtained in step h) by filtration or other
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hours preferably 12-14 hours; and

15 1. isolating the crystalline Form VI of Atorvastatin calcium,
obtained in step h) by filtration or other conventional methods known in the art.

In step a) of the process an ester with an alkyl group of 1-10 carbon
atoms, allyl or benzyl group can be used in place of the tertiary butyl ester and
another nitrile such as propionitrile can be used in place of acetonitrile. The ratio

20 of solvent to active ingredient in step a) is 16 times the active ingredient
(wt:volume) (gm:ml).

In step a) the molar ratio of active ingredient to base is 1:1-1.5
preferably 1:1.15.

In step a) other alkali hydroxides can be used in place of sodium

25 hydroxide. The alkali hydroxides including the sodium hydroxide may be in any
form and the form is not limited to flakes.

The following organic and inorganic salts of calcium may be used in
place of calcium acetate hemihydrate:

Organic salts such as carboxylates and sulphonates. The

30 carboxylates may be selected from acetate, propionate, butyrate, tartarate; aryl
carboxylates like benzoate and phthlate as well as higher carboxylates like Stearate
or dodecanoate. Also included are succinate and ascorborate.

Sulphonates may be selected from lower alkyl and aryl sulfonates

like calcium methane sulfonates, calcium benzene sulfonates and calcium para



The follow ng organic and inorganic salts of calciummy be used in place
of calcium acetate hem hydrate: Organic salts such as carboxyl ates and
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butyrate, tartarate; aryl carboxylates |ike benzoate and phthlate as well
as higher carboxylates |ike Stearate or dodecanoate. Al so included are
succi nate and ascorborate. Sul phonates-gay be selected fromlower alkyl and
aryl sulfonates |ike calcium nethane sul fonates, cal cium benzene

sul f onat esolaefesudfoniates para WO 03/ 011826 PCT/ US02/ 00431 - 6-
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initidP ester used i@ théuﬁi?f‘é}%ﬁ%’iqstﬂ\‘ecﬁ)r‘?ﬂa}%’éjf%ﬂIPfFfr?éeHSo?" Q1 crystailing )
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mnutes to preferably 30 m nutes; c. subsequently, addi a second

m xture ofas drrgathyl; feymaraigie: or apealiphatia nctrl@msql_yew@le/c\vfad §r0rrswﬁpm € Of he
vol une of g&eﬁpméﬁ i o 5 BB Fitthiic Y81 6t tb$wat€1 9 11§ bﬁgélr)nkﬁ@h el gt of the

initial eg ['uxi n reaction mxture nut_es to 1
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ol vent. JHET exterubhichs proficl of crpalline B VE(VATERMBn 51 1eF) Ui ng
the reaction mxtur®.for réflaomg th@reactlon mixture obtamed in step a) for 10
minutes to 1 hour preferably 30 minutes;
c. subsequently, adding a second mixture of organic solvent:
water (1:0.01-1) (vol/vol); such that the volume of the mixture of solvent- water is
20  5-10 times the weight of the initial ester; and refluxing the reaction mixture for 10
minutes to 1 hours, preferably 30 minutes;
d. finally, adding a third mixture of organic solvent: water
(1:0.01-1) (vol/vol); such that the volume of mixture of solvent- water 1s 5-10
times the weight of the initial ester; and refluxing the reaction mixture for 1 hour to

25 3 hours, preferably 1 hour;

e. cooling the reaction mixture of step d) to 0-10°C preferably
below 5°C; and
f. isolating the crystalline Form VII of Atorvastatin calcium,

obtained in step e) by filtration or other conventional methods known to art.

30 The organic solvents used in steps c) and d) for the preparation of
crystalline Form VII of Atorvastatin calcium include amide solvents such as
dimethyl formamide or aliphatic nitrile solvent selected from acetonitrile and
propionitrile. The same solvent used in step a) is used in steps c) and d).

The present invention hence provides novel crystalline forms of



25 3 hours, preferably 1 hour; e. cooling the reaction m xture of step d)
to 0-10C preferably below 5C, and f. isolating the crystalline FormVII of
At or vast awiorp3maiseé um obtained in step e) by filtrati on @CTatdozno43l
conventional nethods known to art. 30 The organic solvents used in steps c)
and d) for the preparation of crystalline FormVIIl of Atorvastatin calcium
i ncl ude am de sol vents such as dinethyl- formam de or aliphatic nitrile
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6- di hydr oxys $nold9 of (htrepRibrablyy MolesoPRery] - 4[ (phenyl amino) -carbonyl |

-1Hpyrrole-1-heptanoic acid, tert._ but ster (25.09), acetonitrile

(400nm) water (62 nl) and sodium Mflakes (1.88g) are heated to

about ;25-55C and nmaiTpbajagdt ftvehfiSn $&iTRistrated by the following examples, which

are not intended to limit the effective scope of the invention.
Example 1
Preparation of crystalline Form VI of Atorvastatin Calcium
A mixture of [R-(R*, R*)]-2-(4-fluoro phenyl)p, 6-dihydroxy-5-

20  [(1-methyl ethyl)- 3-phenyl-4[(phenyl amino)-carbonyl]-1H-pyrrole-1-heptanoic
acid, tert. butyl ester (25.0g), acetonitrile (400ml) water (62 ml) and sodium
hydroxide flakes (1.88g) are heated to about 25-55°C and maintained at the same
temperature for about 4 and a half hours. To the reaction mixture is then added an

aqueous solution of calcium acetate hemihydrate (4.0g in 41.6 ml of water) and
25  stirred at 30-50°C for about 1 hour. Subsequently, the solution obtained is filtered
through hyflow bed and washed with acetonitrile (125 ml). The solvent is then
distilled completely to yield residue.
To the residue thus obtained, a mixture of acetonitrile: water (1:1)
(500 ml) is added and the reaction mixture maintained at reflux for about 13 hours.
30 The separated solid is then filtered at 70°C and washed with a mixture of
acetonitrile: water (1:1) (50 ml). The resultant solid is dried at 60-70°C to render
desired crystalline Form-VI of Atorvastatin Calcium.
HPLC Purity: 99.71%



tenperature for about 4 and a half hours. To the reaction mxture is then
added an aqueous solution of calciumacetate hem hydrate (4.0y in 41.6 mnl
of wat er)warnd/2B26tirred at 30-50C for about 1 hour. Subsequarsobyg43t he
solution obtained is filtered through hyflow bed and washed with
acetonitrile (125 m). The solvent is then distilled conpletely to yield
residue. To the residue thus obtained, -& mixture of acetonitrile: water
(1:1) (500 M) is added and the reaction m xture maintained at reflux for
about 13 hours. 30 The separated sdiXample?t hen filtered at 70C and washed

\évi th a mxture of Iat%gﬁ%'ﬁiohrdg!cﬁstﬁ%h@?oﬁﬂi:‘nl dfRtdH dstathi€alchial! tant solid is
ried at 60-70C to naer estred crystalline Form of Atorvastatin .
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of acetonitrile water 1 m | | t ant :
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m xtuqe t AefinGaridesd rbAulabBt 3¢ ifwese dFmaty athirdtndltuflofolietdmitrijetwatdie
desired crf/_stal line. Forcgpi\{lf):jzc()f Atorvasta(%l n Calcium. HPLC.Purity: 99.81 %

20 Exanpl €1:3; AStly iy @d fukiant giuyny, ond 1g 1eagtion PHEME Maintained-at
8- di hydr ox3f1%x for about 1 hour. The reaction mixture then cooled to 0-10°C, filtered and

dried at 50-60°C to get the desired crystalline Form VII of Atorvastatin Calcium.
HPLC Purity: 99.81%
20 Example 3 A
A mixture of [R-(R*, R*)]-2-(4-fluoro phenyl)-p, 8-dihydroxy-5-
[(1-methyl ethyl)-3-phenyl-4{(phenyl amino)-carbonyl]-1H-pyrrole-1-heptanoic
acid, tert. butyl ester (10.0g), acetonitrile(80 ml) and sodium hydroxide flakes
(0.75g) in water (25.0 ml) are heated to about 35-45°C and maintained at the same
25  temperature for about 1-2 hours.
To the reaction mixture is then slowly added an aqueous solution of
calcium acetate hemihydrate (1.6 g in 16.0 ml of water) at 35-45°C for about 30-60
minutes. After another 15-20 minutes, the temperature is raised to 50-60°C and the
solution obtained is filtered through hyflow bed and washed with acetonitrile (10.0
30 ml). The solvent is then distilled completely to yield residue. To the residue thus
obtained, is added acetonitrile (60 ml) and the temperature is raised to 50-60°C and
the solution obtained is again filtered through hyflow bed and washed with
acetonitrile (10.0 ml). To the filtrate, water (120.0 ml) was added and the reaction

mixture maintained at reflux about 60-90 minutes.



[ (1- met hyl et hyl)-3-phenyl -4[ (phenyl am no)-carbonyl]- 1 H pyrrole-
-heptanoic acid, tert. butyl ester (I 0.0g), acetonitrile(80 m) and

sodi um hywoasiods26 | akes (0.75g) in water (25.0 m) are heatradsor/e04about
35-45C and mai ntained at the same 25 tenperature for about 1-2 hours. To
the reaction mxture is then slowy added an aqueous sol ution of cal cium
acetate hem hydrate (1.6 gin 16.0 ml of-9water) at 35-45C for about 30-60
m nutes. After another 15-20 m nutes, the tenperature is raised to 50-60C
and the sol ution olffiai reactios nfixtureisatien boolegholﬁ)yf0°@yfﬂeajedmdddﬁs&ad wi th

acetonitri 0 The | vent i.S t . ti]

yield r e5|§9u@603(’?'fprt® lbePEﬁJt@ 3‘%3&6 %%rtegicﬁésggming gﬁdoégg&b%&ﬁﬁe/ (60 m)
and the tqmguature is ralsed to 50-60C and the solutlon obtained is again
filtered through hyé} n%? and washed with acetonitrile (10.0 m). To the
filtrate, water (120§ R added and the reaction mixture maintained
at refkux about 60- QQPMKpphﬁg;gyW»@3/011826 PCT/ US02/ 00431 -9 The reaction
m xture is then cooled to 0-10C, filtered and dried at 50-60C for 10-12
hours to get the desired crystalline FormVIIl of Atorvastatin Calcium
Yield 7 to 9 gm5 HPLC Purity 99. 7% WD 03/011826 PCT/ US02/00431 -10 CLAI M5
1. Acrystalline FormVl of R(R ,R)]-2-(4-fluorophenyl)-][3,

8- di hydr oxy- 5-

(1- net hyl et hyl ) - 3- phenyl - 4-[ (phenyl am no) car bonyl ]-H pyrrole- | - heptanoic
acid hem calciumsalt (Atorvastatin calcium or hydrates thereof. 5 2. A
crystalline Form VIl of Atorvastatin calciumhydrate as clained in claiml,
which is characterized by the followi ng X-ray powder diffraction pattern

(d values in A): 22.52, 19.44, 11.84, 11.23, 9.58, and 4.69. 3. A process
for preparing FormVl of Atorvastatin calciumor hydrates thereof, which
conprises: 10 a. heating a mxture of [RR(R, R)]-2-(4-fluoro phenyl)-[3,
6- di hydroxy-5- [(1l-nethyl ethyl)-3-phenyl- 4-[(phenyl am no)-carbonyl]-1
H pyrrol e- 1-heptanoic acid, tert. butyl ester, acetonitrile and sodi um
hydr oxi de fl akes to about



25-60C, b. maintaining the reaction mxture of step a) at 25-60C for about
3 15 to 9 hours preferably 6 hours; c. adding to the above reaction

m xt ure awoagwemae sol uti on of cal cium acet ate hem hydr atre€T/ubo2/haust her
stirring the reaction mxture at 30-50C for about 1-2 hours preferably 45
mnutes; 20 e. filtering the reaction solution obtained in step d) through
hyfl ow bed; f. distilling the solvent -fo-omreaction solution of step e) to
a yield residue; g. suspending the residue of step f) in a m xture of

wat er and 25 allphatlc nitrile sol ¢entA EM 8ct ed fron1aceton|trlle and

propionitrile; h. qu t t f
10- 18 hourls, pref e télgni e\?g&gwﬁcsﬁégﬂfﬁ a| lgpxs/s'?gl Igl) neolr:or m
ol af red g&gggggug—sa« lgtr“e*.m'ylﬁﬁy?me“ﬁm manmmlﬁ@‘:ﬁfb{’rﬁ?ﬁ A vent 1o
v
water is meptanox agd ta(gtgﬁ)vﬁﬁ?ﬁﬂq ﬁplg@iowgdra\%s 58 0t n st ep g)
t][let \éolsurrfz of tdhe m&tybtzﬁhﬂé FoeVenof Attifgwwm C%alﬁlstgrﬂh%rdte aeslaithed wei ght
0 e ester. adde
process ascei%mh ¥ “ihn‘SG?‘ ﬁzeﬁ‘ll\ﬁgrtg ﬁgli.(hwg‘[geg T8y pPW?S{ ﬁ& Action PBgeIBf

[R (R, RHlvafudsdnfAYyoro. senvdd, -1&843 1dlzxy9r58xﬁn54 &4L- net hyl
et hyl) - 3- phenyl - 4-[ phenyl am no -car bonyVI] f’L rrol e-I:hept ic acid,
tert butyl3-ester to A®EPess forprepsing FpamVhohAt %?%W%P%@BFW?EY miess 7,

The cryst qhgllela@ \EHFCH‘c\éh;Q{seét orvastatin cal ci um hydrate accordi ng to any
one of clains 2, which contains_fromlto 4 no The

crystdll i ne For m VI 2of heating\amdureotR-ERuk AN e‘i@é’@?ﬁ%‘& 150 . any one
205 " ok SR BN TRt il
(1- net hyl dthgptanagc pwéngqrt Ebup( mamyac&mmmlé angsagium hth;ogsﬁ% fakes to about
25-60°C;
b. maintaining the reaction mixture of step a) at 25-60°C for about 3
15  to 9 hours preferably 6 hours;
c. adding to the above reaction mixture an aqueous solution of
calcium acetate hemihydrate;
d. further stirring the reaction mixture at 30-50°C for about 1-2
hours preferably 45 minutes;
20 _ e. filtering the reaction solution obtained in step d) through hyflow
bed;
f. distilling the solvent from reaction solution of step €) to a yield
residue;
g. suspending the residue of step f) in a mixture of water and
25  aliphatic nitrile solvent selected from acetonitrile and propionitrile;
h. refluxing the reaction mixture obtained in step g) for 10-18 hours,
preferably 12-14 hours; and
i. isolating the crystalline Form VI of Atorvastatin calcium, obtained
in step h).
30 4. The process as claimed in claim 3, wherein in step g) the ratio of
nitrile solvent to water is 1:0.1-2.
5. " The process as claimed in claim 3, wherein in step g) the volume of

the mixture of solvent and water is 18-40 times the weight of the ester added in

step a).



1- heptanoic acid hem calciumsalt (Atorvastatin calciun) or hydrates
thereof. 10. The crystalline Form VIl of Atorvastatin calciumhydrate, as
claimed womlaiszs9, which is characterized by the foll owipag/osoe/ags3powder
diffraction pattern (d values in A): 19.36, 11.80, 9.60, 4.75, 4.69 and
4.39. 15 11. A process for preparing Form VIl of Atorvastatin cal cium and
hydr at es thereof, which conprises: a) ddspending a residue prepared
according to steps a) to f) of claim 3 in a mxture of water and organic
sol vent sél ect ed fr dinegmoegssds ciamednn claimah whereywhiatstep a) theimelaggtigent ; 20

b) refl uxi t bt iUF £ .llﬂé?ﬂ' | R S Qrre Q.M i ur s

pr ef er abl y?g%'(ﬁhgm@_sz?(‘g??lggg#ng y@’eﬁ?ﬁ%@ﬁgr[gg?&?%t&zpe%pgﬁ the
organi ¢ sdt(pienydmisokeparhpnyld- iHheyrrole- ltheptanoistasisd, gt utylester tx edjuihe
reaction mxture fof.,10cm t. hours preferably 30 m nutes; 25 d)
adding a FP@?"&“@‘% ?ﬂu%é'%ﬁ@wg%tlé?'léhd the organic solvent of step a) to
the m %tuffe of step The apstallmelRorimyl ofidtorvastatiocalbiwmdryeritoracgorditgg tour s

R T I &
At orvast agi n cal ci urihealrystaltind HomsVEpf dforvaRatififvel pumndgskatasiceomlimgtd i n
a1 L e 5" 2 RS S Bef SRR 2L D)
a) the volune of WOA3AHRLIBASFHET/\NIS0ZRORIR ")]-22@-flneraphenyi@, of or gani c
et er 1dada oG- -mem T o Beany LR Ry DR Bk ol 1 n
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15 11. A process for preparing Form VII of Atorvastatin calcium and
hydrates thereof, which comprises:
a) suspending a residue prepared according to steps a) to f) of claim
3 in a mixture of water and organic solvent selected from an amide solvent or an
aliphatic nitrile solvent;
20 b) refluxing the mixture obtained in step a) for 10 minutes to 1 hours
preferably 30 minutes;
¢) adding a second mixture of the water and the organic solvent of
step a) to the mixture of step b) and refluxing the reaction mixture for 10 minutes
to 1 hours preferably 30 minutes;
25 d) adding a third mixture of the water and the organic solvent of step
a) to the mixture of step c) and refluxing the reaction mixture for 1 - 3 hours
preferably 1 hour;
e) cooling the reaction mixture of step d) to 0-10°C preferably below
5°C; and
30 f) isolating the crystalline Form VII of Atorvastatin calcium
obtained in step €).
12. The process as claimed in claim 11, wherein the ratio of organic
solvent to water in step a) is 1:0.1-5 (vol/vol).
13. The process as claimed in claim 11, wherein in step a) the volume of



17. The crystalline FormVl of Atorvastatin calcium hydrate according to

10 any one of clains 9 to 10, which contains 1 to 5 noles of water. 18. The
crystal |l iwe donmey/l of Atorvastatin cal cium hydrate accor doTgudoo4dny one
of claims 9 to 10, which contains 3 noles of water 19. A process for
preparing Form VI of Atorvastatin calciumor hydrates thereof, which
conprises: 15 a. heating a mixture of [R-(R*, R¥)]-2-(4-fluoro phenyl)-[3,
8- di hydroxy-5- [(1-nethyl ethyl)-3-phenyl- 4-[(phenyl am no) .

- car bony! |the mixpye o beganheqlvemoing water is St lesp tandl Gemes the wetghhofthec10

al kyl ester... : nzyl ester; nitrile and al kali hydroxide to
about 25- gét&a?%%t%%?%(g%nsﬁ%gfhe reaction mxture of step a) a%/ 25-60C for
about 3 2@.to 9 hodufls proetssrasinlgin®driowlaim tl, whietieyin sep ke thecead vimgrof

m xt ure of aqu 0, ' ' wafd. further
stirring tthéhrﬁggfg% ngr%ﬂnifgéige%@r%@%&?%%?Oéﬁﬁ%sfih%ﬂ]}ﬁf’aargatre g preferably 45
mnutes; 25.e. filt éPlienprocess asedaimednnsolyoniesf cddims hletd 15, whepindthet hr ough
hyflow bed: f.. djstilli: t fromreaction solution of step e) to
yield a r"égi"biﬁé?ivg?‘.iﬂ lssuds‘%%ﬁﬁu ?8 %Pé%rkési due of step f) in a mixture of )
aliphatic Ii.trile 3lhesplocesstassdhiavtdad anyeomeadeiamst ¥l tcelyrwherepi i tril e

d . h. refluxi ' . £ o1, .10- ;
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cal cium 17. The crystalline Form VI of Atorvastatin calcium hydrate according to

10  any one of claims 9 to 10, which contains 1 to 5 moles of water.

18. The crystalline Form VI of Atorvastatin calcium hydrate according to
any one of claims 9 to 10, which contains 3 moles of water

19. A process for preparing Form VI of Atorvastatin calcium or hydrates
thereof, which comprises:

15 a. heating a mixture of [R-(R", R")]-2-(4-fluoro phenyl)-p, -
dihydroxy-5- [(1-methyl ethyl)-3-phenyl- 4-[(phenyl amino)-carbonyl]-1H-
pyrrole-l-heptanoic acid, a compound selected from C,-C,, alkyl ester, allyl ester or
benzyl ester; nitrile and alkali hydroxide to about 25-60°C;

b. maintaining the reaction mixture of step a) at 25-60°C for about 3

20  to 9 hours preferably 6 hours;

c. adding to the reaction mixture of step b) an aqueous solution of a
calcium salt; \

d. further stirring the reaction mixture at 30-50°C for about 1-2
hours preferably 45 minutes;

25 €. ﬁlteﬁng the reaction solution obtained in step d) through hyflow
bed;

f. distilling the solvent from reaction solution of step e) to yield a
residue;
g. suspending the residue of step f) in a mixture of aliphatic nitrile

30 solvent selected from acetonitrile or propionitrile and water;

h. refluxing the mixture of step g) for 10-18 hours; preferably 12-14
hours; and
i. isolating the crystalline Form VI of Atorvastatin calcium.



