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CRYSTALLINE FORMS OF PITAVASTATIN CALCIUM

The present invention is directed to new crystalline forms and the amarphous form of
Pi in calcium, processes for the pr tion thereof and pharmacsutical

compasitions comprising these forms.

The present invention relates to new crystalline forms and the amorphous form of
Pitavastatin calcium. Pitavastatin is also known by the names NK-104, ltavastatin and
Nisvastatin. Pitavastatin calcium is known by the chemical name: (3 R,58)-7-{2-cyclapropyl-
4-({4-flucrophenyl)quinolin-3-yl]-3,5-dlhydroxy-6(E)-heptanoic acid hemicalcium salt.
Pitavastatin calcium has the following formula:

Pitavastatin calcium has recently been developed as a new chemically synthesized and
powerful statin by Kowa Company Ltd, Japan. On the basis of reported data, the potency of
Pitavastatin is dose-dependent and appears to be equivalent to that of Atorvastatin. This
new slatin is safe and well tolerated In the treatment of patients with hypercholesterolaemia.
Significant interactions with a number of other commonly used drugs can be considered to

be extremely low.

Processes for the preparation of Pitavastatin are described in EP-A-0304063 and EP-A-
1099694 and in the publications by N. Miyachi et al. in Tetrahedron Leliers (1993) vol. 34,
pages 8267-8270 and by K. Takahashi et al. in Bull. Chem, Soc. Jpn. (1995) vol. 68, 2649-
2656. These publications describe the synthesis of Pitavastatin in great detail but do not
describe the hemicalcium salt of Pitavastatin. The publications by L.A. Sorbera et al. in
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Drugs of the Future (1998) vol. 23, pages 847-859 and by M. Suzuki et al. in
Bioorganic & Medicinal Chemistry Letters (1999) vol. 9, pages 2977-2982 describe
Pitavastatin calcium, however, a precise procedure for its preparation is not given. A
full synthetic procedure for the preparation of Pitavastatin calcium is described in EP-
A-0520406. In the process described in this patent Pitavastatin calcium is obtained by
precipitation from an aqueous solution as a white crystalline material with a melting
point of 190-192°C. It is known that pharmaceutical substances can exhibit
polymorphism. Polymorphism is commonly defined as the ability of any substance to
have two or more different crystal structures. Drug substances may also encapsulate
solvent molecules when crystallized. These solvates or hydrates are referred to as
pseudopolymorphs. It is also possible that the amorphous form is encountered.
Different polymorphs, pseudopolymorphs or the amorphous form differ in their
physical properties such as melting point, solubility etc. These can appreciably
influence pharmaceutical properties such as dissolution rate and bioavailability. It is
also economically desirable that the product is stable for extended periods of time
without the need for specialized storage conditions. It is therefore important to
evaluate polymorphism of drug substances. Furthermore, the discovery of new
crystalline polymorphic forms of a drug enlarge the repertoire of materials that a
formulation scientist has with which to design a pharmaceutical dosage form of a drug
with a targeted release profile or other desired characteristics. We now have
surprisingly found novel crystalline forms of Pitavastatin calcium, herein designated as
form A, B, C, D, E and F, and the amorphous form of Pitavastatin calcium.

Accordingly, the present invention is directed to the polymorphic Forms A, B, C, D, E

and F, and the amorphous form of Pitavastatin calcium salt (2:1).

In one aspect, the present invention advantageously provides a crystalline polymorph
of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dihydroxy-6 (E)-
heptanoic acid hemicalcium salt, herein designated as Form A, which exhibits a
characteristic X-ray powder diffraction pattern with characteristic peaks expressed in
d-values (A) and in 20 as given in Table 1 (vs = very strong intensity, s = strong

intensity, m = medium intensity, w = weak intensity, vw = very weak intensity).

P:AOper\DAH\speci\30553376 Nissan Chemical amended specification 07042009.doc
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Table 1: d-spacings and 20 angles for Form A.

d-spacing [A] Angle [20] Rel. Intensity
17.6 5.0 S
13.0 6.8 S
9.7 9.1 S
8.8 10.0 \
8.4 10.5 m
8.1 11.0 m
6.7 13.3 vw
6.5 13.7 S
8.3 14.0° w
60 147 ”
5.57 15.9 vw
5.25 16.9 w
5.17 171 vw
4.82 18.4 m
| 4.64 191 w
427 208 Vs
1420 211 m
: 4.10 21.6 m
387 22.9 m
13.74 23.7 m
3.67 24 .2 S
3.53 25.2 W
3.29 271 m
3.02 29.6 vw
2.95 30.2 w
2.63 340 W

In another aspect, the present invention advantageously provides a crystalline
polymorph of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-y(]-3,5-dihydroxy-

6(E)-heptanoic acid hemicalcium salt, herein

P:\Oper\DAH\specit30553376 Nissan Chemical amended specification 07042009 doc
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designated as Form B, which exhibits a characteristic X-ray powder diffraction pattern with

characteristic peaks expressed in d-values (A) and in 20 as given in Table 2.

Table 2: d-spacings and 26 angles for Form B.

d-spacing [A] Angle [26] Rel. Intensity
19.0 4.6 \"

166 53 vs
14.2 8.2 s

115 77 s

9.6 9.2 m

9.2 96 m

85 103 w

78 1.3 m

76 1.7 \d

70 126 A

6.8 13.0 w

6.4 13.8 m

6.0 4.7 vw

5.94 14.9 w

5.66 15.6 w

5.43 16.3 m

5.22 17.0 vw

5.10 174 w

4,92 18.0 i’w

474 18.7 ‘m

4.59 19.3 {m

443 20.0 s o
4,33 205 iw

4.26 208 m

4.1 212 w, shoulder
Li 215 m

3.97 224 m
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’3.sf3 232 s R
(373 238 m
364 24.4
3.53 25.2 w, broad
3.42 26.0 w
s 3% 26.4 W
330 270 w
319 279 W
13.09 289 w

In another aspect, the present invention advantageously provides a crystalline

polymorph of (3R,58S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl}-3,5-dihydroxy-
10 6(E)-heptanoic acid hemicalcium salt, herein designated as Form C, which exhibits a

characteristic X-ray powder diffraction pattern with characteristic peaks expressed in

d-values (A) and in 20 as given in Table 3.

Table 3: d-spacings and 28 angles for Form C.

d-spacing [A] Angle [26] Rel. Intensity
21.6 4.1 m
15 15.9 5.6 S
11.4 7.8 m
10.6 8.3 m
8.6 10.3 m
7.7 11.6 w
5.06 17.5 W
4.95 17.9 W
4.74 18.7 m
20 4.55 19.5 S
4.31 20.6 m
4.13 21.5 w
4.06 21.9 m
3.84 23.1 m

PAOper\DAH\speci\30553376 Nissan Chemical amended specification 07042009.doc
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3.58

6
24.0 w
24.8 w

In another aspect, the present invention advantageously provides a crystalline
polymorph of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl}-3,5-dihydroxy-
6(E)-heptanoic acid hemicalcium salt, herein designated as Form D, which exhibits a

characteristic X-ray powder diffraction pattern with characteristic peaks expressed in

d-values (A) and in 20 as given in Table 4.

Table 4: d-spacings and 20 angles for Form D.

d-spacing [A] Angle [20) Rel. Intensity
17.5 5.0 m
13.5 6.5 m
13.0 6.8 s
10.1 8.7 m
8.8 10.0 m
86 10.2 m
8.2 10.8 m
6.8 13.1 w
6.55 13.5 m
6.20 14.3 s
5.78 153 w
5.52 16.1 m
5.28 16.8 w
4.87 18.2 w
4.80 18.5 m
4.66 19.0 w
4.46 19.9 m
4.34 205 m
4.23 21.0 vs
4.09 217 s
3.99 223 w

PAOper\DAHspeci\30553376 Nissan Chemical amended specification 07042009.doc
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3.80 234 m
3.70 24.0 m
3.47 256 w
3.40 26.2 m

In another aspect, the present invention advantageously provides a crystalline

polymorph of (3R,53)—7—[2-cyclopropyl-4-(4-fluorophenyl)quinolin-s-yl]-3,5-dihydroxy-
6(E)-heptanoic acid hemicalcium salt, herein designated as Form E, which exhibits a
characteristic X-ray powder diffraction pattern with characteristic peaks expressed in

d-values (A) and in 20 as given in Table 5.

Table 5: d-spacings and 20 angles for Form E.

d-spacing [A) (Angle [26] Rel. Intensity
20.0 4.4 vw

17.7 5.0 S

13.4 6.6 S

13.1 6.8 s

10.0 8.9 s

8.8 10.0 m

8.6 10.3 s

8.2 10.8 m

6.6 13.3 ]

6.5 13.6 m

6.3 14.0 s

5.84 15.2 vw

5.56 15.9 w

5.39 164 w

5.24 16.0 vw ]
4.99 17.8 vw

4.84 18.3 m

469 18.9 w

4.39 20.2 Vs

P\Oper\DAH\specit30553376 Nissan Chemical amended specification 07042009.doc
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[4.34 20.4 m
4.30 20.7

4.24 20.8 m

4.21 211 vs
412 21.6 m

4.08 21.7 m

399 223 m

3.77 23.5 m

3.73 23.8 m

3.69 241 W

3.60 24.7 vw
3.50 254 vw
3.35 26.6 m

2.96 30.2 w

2.64 34.0 VW

In another aspect, the present invention advantageously provides a crystalline
polymorph of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dihydroxy-
6(E)-heptanoic acid hemicalcium salt, herein designated as Form F, which exhibits a

characteristic X-ray powder diffraction pattern with characteristic peaks expressed in

d-values (A) and in 26 as given in Table 6.

Table 6: d-spacings and 26 angles for Form F.

d-spacing [A} Angle [26] Rel. Intensity
17.2 5.1 m

16.8 5.6 w

12.6 7.0 S

10.0 8.8 m

9.2 8.6 s

8.7 10.2 w

8.1 10.9 m

7.8 1.3 w

PAOper\DAH\speciv30553376 Nissan Chemical amended specification 07042009.doc
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74 119 m
7. 125 m
6.8 13.0 s
65 137 m
6.2 144 s
6.04 147 m N
——
5.79 153 w
570 155 w
5.28 16.8 m
5.03 17.6 w
4.85 183 m
4.61 193 m
4.5 197 m
4.30 206 m
118 212 vs T
4.08 218 s
3.90 22.8 s
3.84 23.1 w
3.74 23.8 w, shoulder
3.69 24.1 s
3.59 24.8 s
3.46 25.7 m
340 26.2 vw
|335 26.6 T
3.31 26.9 w
314 28.4 W
3.02 295 W
3.00 20.8 vw
2.69 30.9 m

PCI/EP2004/050066

Small changes in the experimental details can cause small deviation in the d-values and 26

of characteristic peaks in the X-ray powder diilraction patterns.
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In another aspect, the present invention advantageously provides the amorphous form
of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yi]-3,5-dihydroxy-6(E)-
heptanoic acid hemicalcium salt which exhibits characteristic X-ray powder diffraction

patterns as depicted in Figure 7.

Powder X-ray diffraction is performed on a Philips 1710 powder X-ray diffractometer
using Cu k(a1) radiation (1.54060 A); 28 angles are recorded with an experimental
error of 0.1 - 0. 2°. A discussion of the theory of X-ray powder diffraction patterns can
be found in "X- ray diffraction procedures” by H. P. Klug and L. E. Alexander, J. Wiley,
New York (1974).

Furthermore, the present invention is directed to processes for the preparation of
Form A, B, C, D, E and F, and the amorphous form of Pitavastatin calcium.

Form A can be generally prepared from Pitavastatin sodium upon reaction with CaCl ,
in an aqueous reaction medium. Alternatively, Form A of the invention may also be
obtained in situ from the free acid ((3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)
quinolin-3-yl]-3,5-dihydroxy-6(E)-heptanoic acid) or the corresponding lactone with
Ca(OH),, advantageously also in an aqueous reaction medium. The aqueous reaction
medium usually contains at least 80% b.w. of water; preferably it is water or water
containing minor amounts of solvents and/or reactants from previous steps. Form A
may contain up to 15% water, preferably about 3 to 12%, more preferably 9 to 11% of

water.

Form B can be generally prepared by suspending form A in ethanol containing water
as a co solvent. The amount of water is preferably about 1 to 50%.

Form C can be generally prepared by suspending form A in isopropanol containing
water as a co solvent. The amount of water is preferably about 1 to 50%, especially 1
to 20% and more preferably about 5%. Form C can also be prepared from a mixture of
isopropanol and a ketone solvent, containing water as a co solvent. Preferably, the
ketone solvent is acetone, and the amount of ketone solvent are about 1 to 30%, more
preferably about 10%. The amount of water is preferably about 1 to 20%, more
preferably about 5%.

Form D can be generally prepared by suspending form A in absolute ethanol.

P:A\Oper\DAH\speci\30553376 Nissan Chemical amended specification 08042009.doc
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Form E can be generally prepared by suspending form A in 1,4-dioxane containing

water as a co solvent. The amount of water is preferably about 1 to 50%.

Form F can be generally prepared by suspending form A in methano! containing water
as a co solvent. The amount of water is preferably about 1 to 50%.

In the above mentioned processes small amounts of seeding crystals of the desired
crystalline form may be added to the reaction mixture. Preferably small amounts are
about 1 to 20 weight%, more preferably about 5 weight%. Seeding crystals may be
added before or, where appropriate, after the step initiating the crystaliization (e.g.
cooling, addition of non-solvent etc. as described above). Addition before initiating the

crystallization is of specific technical interest.

The amorphous form can be generally prepared by addition of a non-solvent to a
concentrated solution of Pitavastatin calcium in an organic solvent. A non-solvent may
be for example heptane or methyl tert-butyl ether, whereas examples of the organic
solvent are 1,4-dioxane, tetrahydrofuran and ethyl methy! ketone. It is preferable that
the non-solvent and solvent are miscible. The amorphous form can alse be prepared
by lyophilization of an aqueous solution of Pitavastatin calcium.

Preparations of polymorphic forms A, B, C, D, E, F as well as the amorphous form are
usually done in substantially pure reaction systems, essentially consisting of the educt
specified, preferably in substantially crystalline form, and solvents and/or non-solvents

as given above.

In another aspect, the present invention advantageously provides processes for the
preparation of crystalline forms of Pitavastatin calcium essentially free of residual
organic solvent.

Particularly, the present invention is related to processes for the preparation of
crystalline forms of Pitavastatin calcium essentially free of residual organic solvent by
exposing the crystalline form of Pitavastatin calcium to an atmosphere with a defined

relative air humidity.

P:AOper\DAH\specit30553376 Nissan Chemical amended specification 08042009.doc
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More particularly, the present invention is directed to a process for the preparation of
any crystalline form or amorphous form of Pitavastatin calcium which is essentially
free of residual organic solvent. These can, for example, be prepared by exposing the
crystalline form or amorphous form to an atmosphere with a relative air humidity of 5
to 100%. Preferably, these are prepared by exposure to an inert gas stream with a
defined relative air humidity to exchange residual organic solvent with water. In

general, a relative air humidity of 5 to 100%, especially 40 to 80%, is used.

In ancther aspect, the present invention advantageously provides pharmaceutical
compositions comprising an effective amount of crystalline polymorphic Form A, B, C,
D, E or F or the amorphous form of Pitavastatin calcium, and a pharmaceutical

acceptable carrier.

These polymorphic forms may be used as single component or as mixtures with other
crystalline forms or the amorphous form.

As to the novel polymorphic forms and amorphous form of Pitavastatin calcium it is
preferred that these contain 25-100% by weight, especially 50-100% by weight, of at
least one of the novel forms, based on the total amount of Pitavastatin calcium.
Preferably, such an amount of the novel polymorphic forms or amorphous form of
Pitavastatin calcium is 75-100% by weight, especially 90-100% by weight. Highly
preferred is an amount of 95-100% by weight.

The compositions of the invention include powders, granulates, aggregates and other
solid compositions comprising at least one of the novel forms. In addition, the
compositions that are contemplated by the present invention may further include
diluents, such as cellulose-derived materials like powdered cellulose, microcrystalline
cellulose, microfine cellulose, methy! cellulose, ethyl cellulose, hydroxyethyl cellulose,
hydroxypropyl cellulose, hydroxypropylmethyl cellulose, carboxymethyl, cellulose salts
and other substituted and unsubstituted celluloses ; starch; pregelatinized starch;
inorganic diluents like calcium carbonate and calcium diphosphate and other diluents
known to the pharmaceutical industry. Yet other suitable diluents include waxes,
sugars and sugar alcohols like mannitol and sorbitol, acrylate polymers and

copolymers, as well as pectin, dextrin and gelatin.

P:AOper\DAH\speci\30553376 Nissan Chemical amended specification 07042009 doc
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Further excipients that are within the contemplation of the present inverttion include hinders,
such as acacia gum, pregelatinized starch, sodium alginate, glucose and other binders used
in wet and dry granulation and direct compression tablefing processes. Excipients that also
may be present in the solid compositions further include disintegrants like sodium starch
glycolate, crospovidone, low-substituted hydroxypropyl cellulose and others. In addition,
excipients may include tableting lubricants like magnesium and calcium stearate and
sodium stearyl fumarate; flavorings; sweeteners; preservatives; pharmaceutically
acceptable dyes and glidants such as silicon dioxide.

The dosages include dosages suitable for oral, buccal, rectal, parenteral (including
subcutaneous, intramuscular, and intravenous), inhalant and ophthalmic administration.
Although the most suitable route in any given case will depend on the nature and severity of
the condition being treated, the most preferred route of the present invention is oral. The
dosages may be conveniently presenied in unit dosage form and prepared by any of the
methads well-known in the art of pharmacy.

Dosage forms include solid dosage forms, like tablets, powders, capsules, suppositories,
sachets, troches and losenges as well as liquid suspensions and elixirs. While the
description is not intended to be limiting, the invention is also not intended to pertain to true
solutions of Pitavastatin caleium whereupon the properties that distinguish the solid forms of
Pitavastatin calcium are lost. However, the use of the navel forms to prepare such solutions
is considered to be within the contemplaticn of the invention.

Capsule dosages, of course, will contain the solid composition within a capsule which may
be made of gelatin or other conventional encapsulating material. Tablets and powders may
be coated. Tablels and powders may be coated with an enteric coating. The enteric coated
powder forms may have coatings comprising phthalic acid cellulose acetate,
hydroxypropyimethyl-cellulose phthalate, polyviny! alcohol phthalate,
carboxymethylethylceliulose, a copolymer of styrene and malelc acld, a copolymer of
methacrylic acid and methyl methacrylate, and like materials, and if desired, they may be
employed with suitable plasticizers and/or extending agents. A coated tablet may have a
coating on the surface of the tablet or may be a tablet comprising a powder or granules with
an enteric-coating.

-15-
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Preferred unit dosag
from 0.5 o 100 mg of the navel Pitavastatin calcium forms or mixtures thereof with each
other ar ather forms of Pitavastatin calcium. More usually, the combined weight of the

of the phar ical compositions of this invention typically contain

Pitavastatin calcium forms of a unit dosage are from 2.5 mg to 80 mg, for example §, 10, 20
or 40 mg.

The following Examples illustrate the invention in more detail. Temperatures are given in
degrees Celsius.

Example 1: Preparation of Form A

4.15 gr of (3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl}-3,5-dihydroxy-6(E)-
heptanoic acid tert-butyl ester (Pitavastatin tert-butyl ester) was suspended in 52 ml of a
mixture of methyl tert-butyl ether and methano! (10:3). Ta this mixture were added 2.17 mi
of a 4M aqueous solution of NaOH, and the resuiting yellowish solution was stirred for 2.5
hours at 50°C. The reaction mixlure was cooled {o room temperature followed by the
addition of 50 ml water and stirring for an additional hour. The aqueous phase was
separated and once extracted with 20 mi of methyl tert-butyl ether. To this agueous solution
were added a solution of 0.58 gr CaCl, in 80 mi of water over a period of 1 hour. The
resulting suspension was stitred for about 16 hours at room temperature. The suspension
was filtered and the obtained solid was dried at 40°C and 50 mbar for about 16 hours. The
obtained product is crystal Form A which is characterized by an X-ray powder difiraction
pattern as shown in Figure 1. Further characterization of the obtained Form A by
thermogravimetry coupled with FT-IR spectroscapy revealed a water content of about 10%.
Differential scanning calorimetry revealed a melting point of 95°C.

Example 2: Preparation of Form B

100 mg Pitavastatin calcium Form A was suspended in 2 ml water and stirred at room
temperature for 30 min, followed by the addition of 2 ml of ethanal and additional stirring for
18 hours. The suspension was filtered and dried in air, yisiding 36 mg of Form B. The
abtained crystal Form B is characterized by an X-ray powder diffraction pattern as shown in
Figure 2. Further characterization of the obtained Form B by thermogravimetry coupled with
FT-IR speclrascopy revealed a water content of about 10%.

Example 3: Preparation of Form C

-16-
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62 mg Pitavastatin calcium Form A was suspended In 2 ml Isopropanol containing 5%
water. This suspension was heated to 60°C, which led to almost complete dissalution of
Form A, and again cooled to room temperature. At this temperature the suspension was
stirred for 66 hours. The resulting suspension was filtered, once washed with some
isopropanol containing 5% water, and dried in air. The obtained crystal Form C is
characterized by an X-ray powder diffraction pattern as shown in Figure 3. Further
characterization of the obtained Form C by thermogravimetry coupled with FT-IR
speciroscopy revealed that the sample contains about 6.3% isopropanct and a small

amaunt of water.

Example 4: Preparation of Form G

65 mg Pitavastatin calcium Form A was suspended in a mixture of 0.9 mi isopropanal, 0.1
mi acetone and 40 il water. Stirring this suspension for about 1 hour led to nearly complete
dissolution. Seeding with 4 mg of Form C (from example 3) and stirring for 2 hours led to
the formation of a concentrated suspansion. This suspension was diluted with the same
amount of solvent mixture as above and stirred for an additional 40 hours. The suspension
was filtered and the obtained solid was dried at 40°C for about 10 min. Analysis by X-ray
powder diffraction indicatos the product to be crystal Form C as shown in Figure 3.

Example 5: Preparation of Form B

60 mg of Pitavastatin calcium Form A was suspended in 1 ml absolute ethanol and stirred
at room temperature for 20 hours. The resulting suspension was filtered and dried in air.
The obtained crystal Form D) is characterized by an X-ray powder diffraction pattern as
shawn in Figure 4.

Example 6: Preparation of Form E

60 mg of Pitavastetin calcium Form A was suspended in a mixture of 1,4-dioxane and water
{1:1), and stirred for 18 hours at room temperature. The resulting suspension was fitered
and dried in alr. The obtained crystal Form E is characterized by an X-ray powder diffraction
pattern as shown in Figure 5.

Example 7: Preparation of Form F
60 mg of Pitavastatin caleium Form A was suspended in 3 ml methanol containing 20%
water, and stired at 40°C for 1 hour. The resulling suspension was slowly cooled to raom
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temperalure and stirring was cantinued for 4 hours. The suspension was heated again to
40°C, stirred for 30 min, slowly cooled to room temperature and stired for an additionally 15
hours. The suspension was filtered and the obtained white solid dried in air. The obtained
crystal Form F is characterized by an X-ray powder diffraction pattern as shown in Figure 6.

Example 8: Preparation of the amorphous form

62 mg of Pitavastatin calcium Form A was dissolved in 0.3 m! 1,4-dioxane. To this stired
solution was slowly added 2.3 mi n-heptane at room temperature, and stimed for an
additional 16 hours. The resulting suspension was filtered and dried in air. The obtained
solid was amorphous as is shown by the X-ray diffraction pattern given in Figure 7 (top).

Example 9: Preparation of the amorphous form

60 mg of Pitavastatin calcium Form A was dissolved in 1.5 ml ethyl methyl ketone. To this
solution was added in steps of 1 ml each 30 sec a total of 21 mi methy! tert-buiyl ether. The
resulting suspension was stirred at room temperature for about 16 hours. The suspension
was filtered and the obtained solid was dried in air. An X-ray diffraction study on the product
showad it to be amorphous, see Figure 7 {bottom). Further characterization of the obtained
product by thermogravimetry coupled with FT-IR spectroscopy revealed that the sample
contained about 5§.5% mathyl tert-butyl ether. Differential scanning calorimetry showed the
sample to have a glass transition temperature of about 68°C.

Brief description of the drawings

Figure 1 is a characteristic X-ray powder diffraction pattern for Form A.

Figure 2 is a characteristic X-ray powder diffraction pattem for Form B.

Figure 3 are two characteristic X-ray powder diffraction patterns far Form C.

Figure 4 is a characteristic X-ray powder difiraction pattem for Form D,

Figure 5 is a characteristic X-ray powder diffraction pattem for Form E.

Figure 6 is a characteristic X-ray powder diffraction pattern for Form F.

Figure 7 are two characteristic X-ray powder diffraction patterns for the amorphous form.
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Throughout this specification, unless the context requires otherwise, the word
"comprise”, or variations such as "comprises" or "comprising", will be understood to
imply the inclusion of a stated element or integer or group of elements or integers but

not the exclusion of any other element or integer or group of elements or integers.

The reference in this specification to any prior publication (or information derived from
it), or to any matter which is known, is not, and should not be taken as an
acknowledgment or admission or any form of suggestion that that prior publication (or
information derived from it) or known matter forms part of the common general
knowledge in the field of endeavour to which this specification relates.

PAOper\DAH\specit30553376 Nissan Chemical amended specification 07042009.doc
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1.

A crystalline polymorph A of (3R,5S)-7-[2-cyclopropyl-4-(4-flucrophenyl)quinolin-3-yl}-
3.5-dihydroxy-6(E)-heptanoic acid hemicalcium salt which exhibits a characteristic X-ray
powder diffraction pattern with characteristic peaks expressed in 26 at 5.0 (s), 6.8 (s),
9.1(s), 10.0 (w), 10.5 (m), 11.0 (m), 13.3 (vw), 13.7 (s}, 14.0 (w), 14.7 (w), 15.9 (vw),
16.9 (w), 17.1 (vw), 18.4 (m), 19.1 (w), 20.8 (vs), 21.1 (m), 21.6 (m), 22.9 (m), 23.7 (m),
242 (s), 25.2 (w), 27.1 (m), 29.6 (vw), 30.2 (w), 34.0 (w); wherein (vs) stands for very
strong intensity; (s) stands for strong intensity; (m) stands for medium intensity; (w)

stands for weak intensity; (vw) stands for very weak intensity.

. Acrystalline polymorph A of (3R,5S)-7-[2-cyclopropy!-4-(4-fluorophenyl)quinolin-3-yi}-

3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt having an X-ray powder diffraction

pattern substantially as depicted in Figure 1.

A crystalline polymorph B of (3R,5S)-7-{2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl}-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt which exhibits a characteristic X-ray
powder diffraction pattern with characteristic peaks expressed in 20 at 4.6 (w), 5.3 (vs),
6.2 (s), 7.7 (s), 9.2 (m), 9.6 (m), 10.3 (w), 11.3 (m), 11.7 (w), 12.6 (vw), 13.0 (w), 13.9
(m), 14.7 (vw), 14.9 (w), 15.6 (w), 16.3 (m), 17.0 (vw), 17.4 (vw), 18.0 (w), 18.7 (m), 19.3
(m), 20.0 (s), 20.5 (w), 20.8 (m}, 21.2 (w, shoulder), 21.5 (m), 22.4 (m), 23.2 (s), 23.8
(m), 24.4 (vw), 25.2 (w, broad), 26.0 (w), 26.4 (vw), 27.0 (w), 27.9 (vw), 28.9 (w);
wherein (vs) stands for very strong intensity; (s) stands for strong intensity; (m) stands

for medium intensity; (w) stands for weak intensity; (vw) stands for very weak intensity.

A crystalline polymorph B of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl}-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt having an X-ray powder diffraction

pattern substantially as depicled in Figure 2.

A crystalline polymorph C of (3R,55)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yfJ-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt which exhibits a characteristic X-ray
powder diffraction pattern with characteristic peaks expressed in 28 at 4.1 (m), 5.6 (s),
7.8 (m), 8.3 (m), 10.3 (m), 11.6 (w), 17.5 (w), 17.9 (w), 18.7 (m), 19.5 (s}, 20.6 (m), 21.5
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(vw), 21.9 {(m), 23.1 (m), 24.0 (w), 24.8 (w); whereln (s} stands for strong intensity;
{m) stands for medium intensity; {w) stands for weak intensity; (vw) stands for very weak
intensity. .

6. Acrystalline polymorph C of (3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyl)guinotin-3-yil-
3,5-dihydroxy-8(E)-heptancic acid hemicalcium salt having an X-ray powder diffraction
pattern substantially as depicted in Figure 3.

7. Acrystalline polymorph D of (3R,5S)-7-[2-cyclopropyl-4-@-fluoraphenyljquinalin-3-yiJ-
3,5-dihydroxy-6(F)-heptanoic acid hemicalcium salt which exhibits a characteristic X-ray
powder diffraction pattern with characteristic peaks expressed in 20 at 5.0 (m), 8.5 (m),
8.8 (s), 8.7 (m), 10.0 (m), 10.2 {m), 10.8 (m), 13.1 (w), 13.5 (m), 14.3 (), 15.3 (vw), 16.1
{m), 16.8 (w), 18.2 (w), 18.5 {m), 19.0 (w), 19.8 (m), 20.5 (m), 21.0 (vs), 21.7 (s), 22.3
(w), 23.4 (m), 24.0 (m), 25.6 (w), 26.2 (m); wherein {vs) stands for very strong intensity;
{s) stands for strong intensity; (m) stands for medium intensity; (w) stands for weak
intensity; (vw) stands for very weak intensity.

8. A crystalline palymorph D of (3R,55)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-
3,5-dihydroxy-6(£)-heptanoic acid hemicalcium salt having an X-ray powder diffraction
pattern substantially as depicted in Figure 4.

9. A crystalline polymorph E of {3R,55)-7-[2-cyclopropyl-4-{4-fluorophenyl jquinolin-3-yi]-
3,5-dihydroxy-6(E)-heplanoic acid hemicalcium salt which exhibits a characteristic X-ray
powder diffraction paltern with characteristic peaks expressed in 26 at 4.4 (vw), 5.0 {s),
6.6 (s), 6.8 (), 8.9 (s), 10.0 (m), 10.3 {s), 10.8 (m), 13.3 (s), 13.6 (m), 14.0 (s), 16.2
(vw), 15.9 (w), 16.4 (w), 16.9 (vw), 17.8 (vw), 18.3 {m), 13.9 (w), 20.2 (vs), 20.4 (m),
20.7 (m), 208 (m), 21.1 (v8), 21.6 (m), 21.7 (m), 22.3 (M), 23.5 (m), 23.8 (m), 24.1 (w),
24.7 (vw), 25.4 (vw), 26.6 (m), 30.2 (w), 34.0 (vw); wherein (vs) stands for very strong
intensity; (s) stands for strong intensity; (m) stands for medium intensity; (w) stands for
weak intensity; (vw) stands for very weak intensity.
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10. A crystalline polymorph E of (3R,55)-7-[2-cyclopropyl-4-(4-fiuarophenyl)quinalin-3-yi]-
3,5-dihydroxy-6(E)-heptanaic acid hemicalcium salt having an X-ray powder diffraction
pattern substantially as depicted in Figure 5.

1

-

. A crystalline polymorph F of (3R,5S8)-7-{2-cyclopropyl-4-{4-fiuorophenyl)quinolin-3-yi}-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt which exhibits a characteristic X-ray
powder diffraction pattern with cheracteristic peaks expressed in 26 at 5.1 (m), 5.6 (w),
7.0(s), 8.8 (m), 9.6 (s}, 10.2 (w), 10.9 (m), 11.3 {w), 11.9(m), 12.5(m), 13.0 (s), 137
(m), 14.4 (), 14.7 (m), 15.3 (vw), 15.5 (w), 16.8 (m), 17.6 (w), 18.3 (m), 19.3 (m), 19.7
(m), 20.6 (m), 21.2 (vs), 21.8 (s), 22.8 (s), 23.1 (w), 23.8 (w, shoulder), 24.1 {s), 24.8 (s),
25.7 (m), 26.2 (vw), 26.6 {m), 26.9 {w), 28.4 (w), 20.5 (w), 29.8 (vw). 30.9 (m); wherein
{vs) stands for very strong intensity; {s) slands for slrong intensity; (m) stands
for medium intensity; (w) stands for weak intensity; (vw) stands for very weak intensity.

12. A erystaliine polymorph F of (3R,58)-7-[2-cyclopropyl-4-(4-flucrophenyl)quinolin-3-yil-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt having an X-ray powder diffraction
pattern substantially as depicted in Figure 6.

13. The amarphous form of {3R,58)-7-{2-cyclopropyl-4-(4-flucrophenyl)quinolin-3-yi}-3,5-
dihydroxy-6(E)-heptanoic acid hemicalcium salt.

14. The amorphous form of (3R,58)-7-{2-cyclopropyl-4-{(4-flucrophenylquinolin-3-yi]-3,5-
dihydroxy-6(E)-heptancic acid hemicalcium salt having an X-ray powder diffraction
pattern substantially as depicted in Figure 7.

15. A process for the preparation of a crystalline palymorph according to claim 1 or 2, which
comprises the reaction of (3R,5S)-7-{2-cyclopropyl-4-(4-flucrophenyl)quinolin-3-}-3 5-
dihydroxy-8(E)-heptanaic acid sodium salt with CaClz in an aqueous reaction medium,
or the reaction of the free acid (3R 6S)-7-[2-cyclopropyl-4-(4-fluoropheny!)quinolin-3-yll-
3,5-dihydroxy-6(F)-heptanoic acid or the corresponding lactone with Ca(OH)a,
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16. A process for the preparation of a crystalline palymorph according to claim 3 or
4, which comprises suspending a crystalline polymorph according to claim 1 or 2 in

ethanol containing water as a cosolvent.

17. A process according to claim 16, wherein the amount of water is 1 to 50% by
volume of the suspension of (3R,58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl)-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt.

18. A process for the preparation of a crystalline polymorph according to claim 5 or
6, which comprises suspending a crystalline polymorph according to claim 1 or 2 in
isopropanol containing water as a cosolvent.

19. A process according to claim 18, wherein the amount of water is 1 to 50% by

volume of the suspension of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl)-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salit.

20. A process for the preparation of a crystalline polymorph according to claim 5 or
6, which comprises suspending a crystalline polymorph according to claim 1 or 2 in a

mixture of isopropanol and a ketone solvent, containing water as a cosolvent.
21. A process according to claim 20 in which the ketone salvent is acetone.

22. A process according to claim 20 or 21, wherein the amount of ketone solvent is
1to 30% by volume of the suspension of (3R,5S)-7-[2-cyclopropyl-4-(4-fluorophenyt)
quinolin-3-yl]-3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt.

23. A process according to any one of claims 20 to 22, wherein the amount of
water is 1 to 20% by volume of the suspension of (3R,5S)-7-[2-cyclopropyl-4-(4-
fluorophenyl)quinolin-3-yi}-3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt.

24. A process for the preparation of a crystalline polymorph according to claim 7 or
8, which comprises suspending a crystalline polymorph according to claim 1 or 2 in
absolute ethanol.

25. A process for the preparation of a crystalline polymorph according to claim 9 or
10, which comprises suspending a crystalline polymorph according to claim 1 or 2 in

1,4-dioxane containing water as a cosolvent.
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26. A process according to claim 25, wherein the amount of water is 1 to 50% by
volume of the suspension of (3R,5S5)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-yi]-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt.

27. A process for the preparation of a crystalline polymorph according to claim 11
or 12, which comprises suspending a crystalline polymorph according to claim 1 or 2

in methanol containing water as a cosolvent.

28. A process according to claim 27, wherein the amount of water is 1 to 50% by
volume of the suspension of (3R,55)-7-[2-cyclopropy!-4-(4-fluorophenyl)quinolin-3-yl}-
3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt.

29. A process according to any one of claims 15 to 28, wherein (3R,58)-7-2-
cyclopropyl-4-(4-fluorophenyl)quinolin-3-yl]-3,5-dihydroxy-6(E)-heptanoic acid
hemicalcium salt is isolated by filtration and dried in air or vacuum.

30. A process according to any one of claims 15 to 29, wherein seeding is carried
out with crystals of the desired crystalline polymorph.

31. A process for the preparation of the amorphous form according to claim 13 or
14, wherein a non-solvent is added to a solution of (3R,5S)-7-[2-cyclopropyl-4-(4-
fluorophenyl)quinolin-3-yl)-3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt in an
organic solvent,

32. A process according to claim 31, wherein the non-solvent is selected from
heptane and methyl tert-butyl ether.

33. A process according to claim 31 or 32, wherein the organic solvent is selected
from 1,4-dioxane, tetrahydrofuran and ethyl methyl ketone.

34. A process for the preparation of the amorphous form according to claim 13 or
14, wherein an aqueous solution of (3R,5S)-7-[2-cyclopropyl-4-
{4-fluorophenyl)quinolin-3-yl)-3,5-dihydroxy-6(E)-heptanoic acid hemicalcium salt is
dried by lyophilization.

35. A process for the preparation of any crystalline form or the amorphous form of
(3R.58)-7-[2-cyclopropyl-4-(4-fluorophenyl)quinolin-3-y{]-3,5-dihydroxy-6(E)-heptanoic

acid hemicalcium salt essentially free of residual organic solvents by exposing this
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crystalline form or amorphous form to an atmosphere with a relative air humidity of 5
to 100%.

36. A process for the preparation of any crystalline form or amorphous form of
(3R,58)-7-[2-cyclopropy!—4-(4-f|uorophenyl)quinolin-3-yl]-3,5-dihydroxy-G(E)-heptanoic
acid hemicalcium salt essentially free of residual organic solvents by equilibrating this

crystalline form or amorphous form in an inert gas flow with a relative air humidity of 5
to 100%.

37. A process according to claim 31 or 32 in which the relative air humidity is 40 to
80%.

38.  Aphammaceutical composition comprising an effective amount of a crystalline
polymorphic form according to any one of claims 1 to 12 or the amorphous form
according to claims 13 or 14, and a pharmaceutically acceptable carrier,

38.  Acrystalline polymorph according to any one of claims 1 to 12, substantially as
hereinbefore described with reference to any one of the examples.

40.  The amorphous form according to claim 13 or 14, substantially as hereinbefore
described with reference to any one of the examples.
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