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(57) Abstract:

Atorvastatin, the substance koown by the chemical name [R<R*R*)}-2+4-fluorophenyl)-B.3-dihy-

droxy-5-(1-methylethyl)-3-phenyt-4

H
j- 1H-py

ic acid hemi calcium salt, is readily available

in one of its crystalline forms as it is known from the prior art. The present invention relates to a novel process for preparing
arorvastatin in an amorphous form by precipitating the atorvastatin using a solvent of a second type from a solution of atorvastatin
which is provided with a solvent of a first type. This process is useful for the conversion of atorvastatin in a crystalline form into

atorvastatin in an amorphous form.
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Process for the Preparation of Amorphous

Atorvastatin

The present invention relates to a novel process for the

preparation of atorvastatin in an amorphous form.

Atorvastatin, the substance known by the chemical name
[R-(R*,R*)]-2-(4-fluorophenyl) -B,8-dihydroxy-5-
(1-methylethyl)-3-phenyl-4-[ (phenylamino)carbonyl] -
1H-pyrrole-l1-heptanoic acid hemi calcium salt is known as
HMG-CoA reductase inhibitor and is used as an
antihypercholesterolemic agent. Processes for the
preparation of atorvastatin and key intermediates are
disclosed in the 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; 5,245,047; 5,248,793; 5,280,126; 5,342,952;
and 5,397,792, Atorvastatin is usually prepared as its
calcium salt since it enables atorvastatin to be
conveniently formulated in the pharmaceutical
formulations, for example, in tablets, capsules, powders

and the like for oral administration.

Atorvastatin can exist in an amorphous form or in one of
the crystalline forms (Form I, Form II, Form III and
Form IV), which are disclosed in the PCT patent
applications WO-A-97/3958 and WO-A-97/3959. It is known
that the amorphous forms in a number of pharmaceutical
substances exhibit different dissolution characteristics
and biocavailability patterns compared to the crystalline
forms (Konno T., Chem Pharm Bull., 1990,38: 2003-2007).
For some therapeutic indications the bioavailability is
one of the key parameters determining the form of the
substance to be used in a pharmaceutical formulation.

Since processes for the crystallization and the
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preparation, respectively, of the amorphous substance are sometimes difficult to
be performed, and as a product afford amarnhous-crystalline mixtures, that is, a
crystalline form instead of an amorphous form, there is a constant need for
processes which enable the preparing of atorvastatin in an amorphous form
without simultaneous formation of crystalline forms, or which will enable the

conversion of the crystalline forms into the amorphous form.

Atorvastatin is the substance which is very slightly water-soluble, and it has
been found that the crystalline forms are less readily soluble than the amorphous
form which may cause problems in the bioavailability of atorvastatin in the body. It
has been found that the production of amorphous atorvastatin according to the
previously disclosed processes was not consistently reproducible, therefore the
process has been developed for converting the crystalline forms of atorvastatin
(formed in the synthesis of atorvastatin) to the amorphous form. The process is
described in the PCT patent application WO-A-97/3960 and comprises dissolving
the crystalline form of atorvastatin in a non-hydroxylic solvent and after removal of
the solvent affords amorphous atorvastatin. The preferred non-hydroxylic solvent
is selected from the group consisting of tetrahydrofuran, and mixtures of
tetrahydrofuran and toluene. The disadvantage of the above process is primarily
the use of non-nature-friendly solvents. Furthermore, even after extensive and
strict drying measures, the amorphous atorvastatin product still contains amounts
of the non-hydroxylic solvent.

The present invention relates to an improved process for the preparation of
atorvastatin in a more amorphous state compared to the above-mentioned

processes of the prior art.

In one aspect of the present invention there is provided a process for the

preparation of atorvastatin in an amorphous form, which comprises:

a) providing a solution of atorvastatin in one or more solvents of a first type

such that atorvastatin is freely soluble;




004521340

3

b}  providing a mixture of said atorvastatin solution with one or more solvents
of a second type, in which atorvastatin is insoluble or very slightly solublc,

such that atorvastatin precipitates;
c) separating the precipitate formed in step (b) from the mixture of solvents.

5 As used herein, the term "comprise" and variations of the term, such as
"comprising", "comprises” and "comprised”, are not intended to exclude other

additives, components, integers or steps.

Preferred embodiments of the invention are set forth in the claims being
dependent from claim 1.

10 In the following, the drawings will be briefly described.

Figure 1: Diffractogram of amorphous atorvastatin prepared by a
process according to the present invention.

Figure 2:  Diffractogram of crystalline atorvastatin (Form | crystals).

X-ray diffraction measurements were carried out with an X-ray powder
15 diffractometer (Siemens D-5000) using a Cu-K, light source (A = 1.5406 A, 20 mA)
within 2 to 37° 26
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range with a 0.035° 26 step and an integration time of
1 second/step. Variable slits were adjusted to 20 mm

sample illumination, and entrance slit to 0.6 mm.

The features of the present invention will become more
apparent from the following description of the inventive

concept and the description of the preferred embodiments.

In the inventor's investigations, it was found that by
means of combined steps of (i) providing a solution of
atorvastatin and (ii) precipitating atorvastatin in
respectively appropriate solvent media, amorphous
atorvastatin can be obtained in an efficient manner at a
high yield and in pure form with ease and with soclvents
which are cheap and environmentally less critical and
less harmful to health than those required according to
WO-A-97/3960.

In the first step of the process according to the present
invention, a solution of atorvastatin is provided.
Preferably, the solution used is obtained in the last
step of the preparation of atorvastatin, or is obtained
by dissolving crystalline atorvastatin or a mixture of
crystalline and/or polycrystalline and amorphous
atorvastatin, which is usually obtained by the
preparation of sclid atorvastatin, in one or more
solvents of the first type such that atorvastatin is
freely soluble (step a). The expression "freely soluble"”
means that atorvastatin can be fully dissolved in one or
more solvents of the first type, i.e. without any
remaining solid. More specifically, the amount of first
type solvent required for solving 1 part of atorvastatin
may be in the range of less than 1 part to 30 parts, and

more preferably less than 1 part to 10 parts. One or more
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solvents means one solvent species or a mixture of

solvent species of the first type.

For preferably achieving a fast precipitating of amorphous
atorvastatin in step (b), the concentration of the
solution of atorvastatin containing one or more solvents
of the first type is preferably adjusted to a range of
0.1 to 150 g/1, and more preferably 4 to 100 g/1.

In the second step (step b), a mixture of the above-
mentioned atorvastatin solution with one or more solvents
of the second type, in which atorvastatin is insoluble or
very slightly soluble, is provided. The mixing step is
carried out that, finally, atorvastatin precipitates. More
specifically, the terms winsoluble” and "very slightly
soluble" may be understood to mean that the amount of
second type solvent required for solving 1 part of
atorvastatin at room temperature and atmospheric pressure
is in the range of 1.000 parts to 10.000 parts or more,
and more preferably of 8.000 parts to 10.000 parts or
more. One or more solvents means one solvent species or a

mixture of solvent species of the second type.

The mixing in step (b) may be accomplished in two
different embodiments. In a first embodiment, the mixture
is provided by adding one or more solvents of the second
type into the atorvastatin solution obtained in step (a) -
In a second, preferred embodiment, the mixture 1is
provided by adding the atorvastatin solution of step (a)
into one or more solvents of the second type. Both
embodiments result in the precipitation of amorphous

atorvastatin in a pure form.

In step (c) of the process according to the present

invention, the precipitate of amorphous atorvastatin
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formed in step (b) is separated from the mixture of
solvents used. The separation of atorvastatin may be
accomplished by decanting, filtrating and similar
processing methods for separating solids from liquids
known from the prior art, or any combination of these

separation methods.

Then, the amorphous atorvastatin product obtained may

preferably be dried in a further step (d).

Step {a) of the process according to the present
invention may be modified such that firstly either a
solution of atorvastatin is provided in one or more
solvents of the first type or crystalline atorvastatin is
dissolved in one or more solvents of the first type, and
secondly a mixture of this solution is provided with one
or more solvents of the second type with the proviso that
atorvastatin is still soluble, i.e. does not yet

precipitate, in this mixture of solvents.

Moreover, the atorvastatin solution may advantageously
concentrated before the second type solvent is added to
obtain a more concentrated solution of atorvastatin,
which is useful for requiring only a small amount of the
one or more solvents of the second type and for obtaining

atorvastatin at a high yield by adding.

In a preferred embodiment for the processing of step (b),
a first mixture is provided by adding one or more
solvents of the second type into the solution of step (a)
such that atorvastatin is still soluble, i.e. does not
yet precipitate, followed by adding additional amounts of
one or more solvents of the second type such that
atorvastatin precipitates. To decrease the tendency of

crystallization of atorvastatin, a fast addition in the
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second step (b) is preferably carried out, e.g. during

continuous stirring of the solution.

The one or more solvents of the first type used in the
process of the present invention are selected from the
group of solvents, in which atorvastatin is soluble or
good soluble. Preferred examples of solvents of the first
type are polar sclvents such as low molecular alcohols,
e.g. methanol and ethanol, or polar aprotic solvents such
as ketones, e.g. acetone, ethyl methyl ketone, diethyl
ketone, diisopropyl ketone, and the like, esters, e.qg.
ethyl acetate, n-butyl acetate, isobutyl acetate, and the
like, chlorinated solvents, e.g. chloroform, methylene
chloride, and the like, dimethyl formamide, dimethyl
sulfoxide, tetrahydrofuran or the like. Particularly
preferred solvents of the first type are selected from
the group of solvents consisting of methanol, ethanol and
acetone, which can easily be removed in the drying step
and are less harmful or environmentally hazardous than

the conventiocnally used solvents.

The one or more solvents of the second type used in the
process of the present invention are selected from the
group of solvents, in which atorvastatin is insoluble or
very slightly soluble. The low solubility of atorvastatin
in this solvent is preferably at most 1 part of
atorvastatin / from 1.000 to 10.000 or more parts of
second type solvent and more preferably at most 1 part of
atorvastatin / from 8.000 to 10.000 or more parts of
second type solvent. Preferred examples of solvents of
the second type are solvents such as ethers, aliphatic
compounds or the like. Particularly preferred solvents of
the second type are selected from the group of solvents
consisting of diethyl ether, diisopropyl ether, pentane,

hexane, and the like, in which atorvastatin is very
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slightly soluble or insoluble, but which can easily be
removed in the drying step and which are less harmful or
environmentally hazardous than the conventionally used

solvents.

For preferably achieving a suitable precipitation, it is
preferred that the total amount of the one or more
solvents of the second type added to the solution of
atorvastatin during the whole process of the present
invention is at least 4 times higher, more preferably 5 to
12 times higher, than the total amount of the solvents of
the first type added during the whole process. With such
an excess of the one or more solvents of the second type
over the one or more sclvents of the first type the
solubility of atorvastatin in the mixture of solvents is
low enough that the tendency of atorvastatin to
crystallize is reduced and the yield of amorphous

atorvastatin is excellent.

In view of this prccess according to the present
invention, it is possible to prepare atorvastatin
essentially, and more advantageously completely in an

amorphous state.

The present invention is illustrated but in no way limited

by the following examples.

-10-
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EXAMPLES

Example 1

1.5 g of atorvastatin (crystalline Form I} were dissolved
in 37.5 ml of methanol, concentrated to 10 ml on a rotary
evaporator and to this solution were added 100 ml of

ether. The formed precipitate was filtered and dried on a
rotary evaporator (50°C. 100 mbar, 24 h). Yield: 1.3 g of

the colourless precipitate of amorphous atorvastatin.

Example 2

1.5 g of atorvastatin (crystalline Form I) were dissolved
in 300 ml of ethanol, concentrated to 30 ml on a rotary
evaporator and to this solution were added 300 ml of
ether. The formed precipitate was filtered and dried on a
rotary evaporator (50°C. 100 mbai, 24 h). Yield: 1.3 g of

the colourless precipitate of amorphous atorvastatin.

Example 3

1.5 g of atorvastatin (crystalline Form I} were dissolved
in 136 ml of acetone, concentrated to 30 ml on a rotary
evaporator and to this solution were added 300 ml of
ether. The formed precipitate was filtered and dried on a
rotary evaporator {(50°C. 100 mbar, 24 h). Yield: 1.3 g of

the colourless precipitate of amorphous atorvastatin.

Example 4

10 g of atorvastatin (crystalline Form I) were dissolved
in 130 ml of methanol, concentrated to 30 ml on a rotary
evaporator and to this solution were added 30 ml of
ether. The resulting mixture was added to 1.300 ml of
ether while stirring. The formed precipitate was filtered

11-
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and dried on a rotary evaporator (50°C, 100 mbar, 24 h). Yield: 8.8 g of the
colourless precipitate of amorphous atorvastatin, however the oblained

amorphous atorvastatin had ca. 110% higher content than the starting crystalline
substance.

Example 5

90 g of atorvastatin (crystalline Form 1) were dissolved in 1 litre of methanol,
filtered and concentrated to 300 ml on a rotary evaporator. To this solution were
added 500 ml of ether and while stirring it was added to 2.5 litres of ether. The
formed precipitate was filtered and dried on a rotary evaporator (50°C, 100 mbar,

24 h). Yield: 87 g of the colourless precipitate of amorphous atorvastatin.

Atorvastatin, the substance known by the chemical name [R-(R*,R*)}-2-(4-
fluorophenyl)-B,3-dihydroxy-5-(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-
1H-pyrrole-1-heptanoic acid hemi calcium salt, is readily available in one of its

crystalline forms as it is known from the prior art.

The present invention relates to a novel process for preparing atorvastatin
in an amorphous form by precipitating the atorvastatin using a solvent of a second
type from a solution of atorvastatin which is provided with a solvent of a first type.
This process is useful for the conversion of atorvastatin in a crystalline form into
atorvastatin in an amorphous form.,

Reference to any prior art in the specification is not, and should not be
taken as, an acknowledgment or any form of suggestion that this prior art forms
part of the common general knowledge in Australia or any other jurisdiction.

-12-
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the preparation of atorvastatin in an amorphous form,

which comprises:

a) providing a solution of atorvastatin in one or more solvents of a first type

5 such that atorvastatin is freely soluble;

b) providing a mixture of said atorvastatin solution with one or more solvents
of a second type, in which atorvastatin is insoluble or very slightly soluble,
such that atorvastatin precipitates;

c) separating the precipitate formed in step (b) from the mixture of solvents;

10 wherein the solvent of the second type is an ether solvent.

2. A process according to claim 1, further comprising:

. d) drying the amorphous product obtained.

3. A process according to claims 1 or 2, wherein said mixture in step (b)
is provided by adding one or more solvents of the second type into the atorvastatin
15  solution.

4. A process according to claims 1 or 2, wherein the mixture in step (b)
is provided by adding the atorvastatin solution into one or more solvents of the
.o second type.

5. A process according to any one of the preceding claims, wherein

enoe

20 step (a) comprises the two steps:

i) providing a solution of atorvastatin in one or more solvents of the first type,

and

i) providing a mixture by adding one or more solvents of the second type into
said solution of

-13-
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atorvastatin such that atorvastatin is still

soluble in said mixture of solvents.

A process according to any one of preceding claims,

wherein step (b) comprises the following two steps:

i) providing a first mixture by adding one or more
solvents of the second type into the solution of
step (a) such that atorvastatin is still soluble,

and

ii) additionally adding one or more solvents of the

second type such that atorvastatin precipitates.

A process according to any one of preceding claims,
wherein the concentration of atorvastatin in said one
or more solvents of the first type is adjusted to a
range of 0.1 to 150 g/1.

A process according to any one of preceding claims,
wherein step (a) comprises the step of concentrating
the atorvastatin solution to obtain a more

concentrated solution.

A process according to any one of preceding claims,
wherein said one or more solvents of the first type
comprises at least one solvent selected from the

group consisting of polar or chlorinated solvents.
A process according to claim 9, wherein said one or
more solvents of the first type comprises at least

one low molecular alcohol.

A process according to claim 10, wherein said low

molecular alcohol is methanol and/or ethanol.

14-




004521340
'

10

20

os svee oo

13

12. A process according to claim 9, wherein said polar solvent is an
aprotic solvent.

13. A process according to claim 12, wherein said polar aprotic solvent is

acetone.

14. A process according to any one of preceding claims, wherein said
one of the solvents of the second type is diethyl ether.

15. A process according to claim 14, wherein one of the solvents of the
second type is diisopropyl ether.

16. A process according to any one of preceding claims, wherein the
total amount of said solvents of the second type is at least 4 times higher than the
total amount of said solvents of the first type.

17. A process according to claim 16, wherein the total amount of said
solvents of the second type is 5 to 12 times higher than the total amount of said
solvents of the first type.

18. A process according to claim 1, substantially as hereinbefore
described with reference to the examples.

LEK Pharmaceutical and Chemical Company DD
By their Registered Patent Attorneys
Freehills Carter Smith Beadle 30 July 2004
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