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ABSTRACT

CRYSTALLINE AND AMORPHOUS FORMS OF OLAPARIB

Disclosed are a novel crystalline form and an amorphous form of Olaparib,

and the process for their preparation.
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CRYSTALLINE AND AMORPHOUS FORMS OF OLAPARIB

The present invention relates to a novel hydrated crystalline form (form B)

and the amorphous form of Olaparib.

Background of the invention

PARP (poly ADP-ribose polymerase) inhibitors with a phthalazinone
structure are known, in particular as BER (base excision repair) inhibitors.
WO 2005/053662 discloses the use of said inhibitors for the treatment of tumor
cells with an HR (homologous recombination) dependent DNA DSB (double-
strand break) repair deficiency. In particular it describes the use of said compounds
for tumors presenting a deficiency of phenotype BCRA1 and/or BCRA2, such as
ovarian, breast or prostate cancer.

Olaparib (4-[3-(4-cyclopropanecarbonyl-piperazine-1-carbonyl)-4-
fluorobenzyl]-2H-phthalazin-2-one), described in US 7449464, 1s a PARP
inhibitor used in the treatment of tumors, in combination with radiotherapy or
chemotherapy.

Two crystalline forms of Olaparib, defined as form A and form L, are
known 1n the literature. A solvated form of form A 1s also known.

Form A is described in US 8247416. The crystalline form A of Olaparib has
an XRPD spectrum (A = 1.5418 A) containing the most intense peaks at 20 = 10.5,

12.0, 14.0, 17.8, 21.1, 21.7, 22.3, 24.3, 26.1, 29.2.
The solvated crystalline form A, also described in US 8247416, can be

obtained by maturation and crystallization from different solvents. The XRPD

spectrum (A = 1.5418 A) of Olaparib as solvated form A has characteristic peaks at

20=17.0-7.5, 10.1-10.6, 15.1-15.6, 18.5-19.0, 21.0-21.5, 24.8-25.3, 27.0-27.5.
Form L, disclosed in US 2010/286157, has an XRPD spectrum (A = 1.5418

A) containing the most'intense peaks at 20 = 10.4, 13.6, 14.4, 17.2, 17.5, 18.8,

23.0, 25.1.
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Particular crystalline forms of Olaparib can possess advantageous properties
in terms of their solubility and/or stability and/or bioavailability and/or impurity
protile and/or filtration characteristics and/or drying characteristics and/or their
ability to be handled and/or micronized and/or preparation of solid oral forms.

Description of the invention

The present invention relates to the preparation and characterization of a
novel crystalline form (hydrated form B) and the amorphous form of Olaparib.

Description of figures

FIGURE 1: Infrared spectrum of Olaparib amorphous form.
FIGURE 2: DSC curve of Olaparib amorphous form.

FIGURE 3: XRPD pattern of Olaparib amorphous form.
FIGURE 4: Infrared spectrum of Olaparib crystalline form B.

FIGURE 5: DSC curve of Olaparib crystalline form B.
FIGURE 6: XRPD pattern of Olaparib crystalline form B.

FIGURE 7: '"H-NMR spectrum of the hydrated crystalline form of Olaparib
(form B) 1n ds-DMSO.

The amorphous form of Olaparib has better solubility in various organic
solvents and in water than crystalline forms A and L of Olaparib. The amorphous
form of Olaparib is stable if exposed to the moisture in the air, and 1s not
hygroscopic.

The amorphous form of Olaparib 1s obta.ined from a suitable polar solvent
such as methanol, dimethyl sulfoxide, dimethyl formamide, dimethyl acetamide,
acetic acid and water, or from a suitable mixture thereof. Dimethyl sulfoxide,
dimethylformamide or water is preferably used.

The amorphous form of Olaparib can be obtained by adding a solution of

Olaparib in a polar solvent to an anti-solvent.
Olaparib in crystalline form is dissolved in a polar solvent such as methanol,

dimethyl sulfoxide, dimethyl formamide, dimethylacetamide or acetic acid,



10

15

20

25

CA 02952266 2016-12-19

3

preferably dimethyl sulfoxide, dimethylformamide or acetic acid, and more
preterably dimethylsulfoxide or dimethylformamide, at a temperature ranging
between 16°C and 100°C, preferably between 20°C and 70°C, and more preferably
between 25°C and 70°C.

The solution of Olaparib 1s added to an anti-solvent, preferably a polar
protic anti-solvent such as water, at a temperature ranging between -10°C and
50°C, preferably between -10°C and 30°C, and more preferably between -10°C
and 25°C.

The resulting suspension 1s left under stirring for a time ranging between
0 and 5 hours, preferably between 10 minutes and 2 hours, and more preferably
between 10 minutes and 40 minutes, at a temperature ranging between -20°C and
Y0°C, preterably between -10°C and 30°C, and more preferably between -10°C
and 25°C.

- The suspension 1s filtered and the solid washed with an anti-solvent,
preferably a polar protic anti-solvent such as water. The resulting solid 1s dried at
low pressure at a temperature ranging between 0°C and 70°C, preferably between
20°C and 60°C.

The amorphous form of Olaparib has an IR spectrum, DSC curve and
XRPD pattern as shown 1n figures 1, 2 and 3 respectively.

In particular, the amorphous form of Olaparib has:

- an IR spectrum comprising absorption peaks at + 1.5 cm™;

- a DSC curve comprising an exothermic peak at 184.9°C and an
endothermic peak at 210.8°C.
Preparation of the hydrated crystalline form of Olaparib (form B):

The hydrated crystalline form of Olaparib (form B) exhibits better solubility
In various organic solvents and in water than the crystalline forms of Olaparib A
and L. The novel crystalline form 1s a hydrated form with a water content ranging

between 3% and 7%. The water content aids the solubility of Olaparib in water.
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The hydrated crystalline form of Olaparib (form B) 1s stable to air and heat for a

long time (30 days) and, when exposed to a water-saturated environment,
maintains its original physicochemical characteristics.

The hydrated crystalline form of Olaparib (form B) is crystallized from a
crystalline form of Olaparib (form A, form L or solvated form A) by a suitable
polar solvent or a suitable mixture of polar solvents, such as carboxylic acids,

amides and/or water.

The hydrated crystalline form of Olaparib (form B) can be obtained by
adding a solution of Olaparib in a polar solvent to an anti-solvent, or adding an
anti-solvent to a solution of Olaparib i1n a polar solvent.

The crystalline Olaparib 1s dissolved in a polar solvent such as acetic acid,
propionic acid, butyric acid, valeric acid, dimethyl sulfoxide,:dimethylformamide
or dimethyl acetamide, preferably acetic acid, propionic acid, dimethylsulfoxide or
dimethyl formamide, and more preferably acetic acid, dimethylsulfoxide or
dimethylacetamide, at a temperature ranging between 20°C and 100°C, preferably
between 20°C and 70°C, and more preferably between 35°C and 70°C.

The solution of Olaparib is added to an anti-solvent, preferably a polar
protic anti-solvent such as water, at a temperature ranging between -10°C and
50°C, preferably between 0°C and 30°C, and more preferably between 10°C and
25°C.

Alternatively, an anti-solvent, preferably a polar protic anti-solvent such as
water, is added to the Olaparib solution at a temperature ranging between -10°C
and 50°C, preferably between 0°C and 30°C, and more preterably between 10°C
and 25°C.

The resulting suspension is left under stirring for a time ranging between
1 and 48 hours, preferably between 5 minutes and 24 hours, and more preterably

between 10 minutes and 18 minutes, at a temperature ranging between 0°C and

50°C, preferably between 10°C and 40°C, and more preferably between 10°C and
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30°C.
The suspension 1s filtered and the solid washed with an anti-solvent,

preferably a polar protic anti-solvent such as water. The resulting solid 1s dried at

low pressure at a temperature ranging between 0°C and 70°C, preferably between

20°C and 60°C.

Alternatively, crystalline form B of Olaparib can be obtained from the
amorphous form of Olaparib and a suitable mixture of polar solvents.

The amorphous form of Olaparib 1s treated with a polar solvent such as
water, acetic acid, propionic acid, butyric acid, valeric acid, dimethylsulfoxide,
dimethyl formamide or dimethyl acetamide, preferably acetic acid, propionic acid,
dimethyl sulfoxide or dimethylformamide, and more preferably acetic acid,
dimethylsulfoxide, dimethyl acetamide or a mixture thereof, at a temperature
ranging between 20°C and 100°C, pretferably between 20°C and 70°C, and more
preferably between 35°C and 70°C.

The resulting suspension 1s left under stirring for a time ranging between
1 and 48 hours, preferably between 5 minutes and 24 hours, and more preferably
between 10 minutes and 18 minutes, at a temperature ranging between 0°C and
50°C, preferably between 10°C and 40°C, and more preferably between 10°C and
30°C.

The suspension is filtered and the solid washed with an anti-solvent,
preferably a polar protic anti-solvent such as water. The resulting solid is dried at
low pressure at a temperature ranging between 0°C and 70°C, preferably between
20°C and 60°C.

The hydrated crystalline form of Olaparib (form B)has an IR spectrum,
DSC curve and XRPD pattern as shown in figures 4, 5 and 6 respectively.

In particular, hydrated crystalline form B of Olaparib has:

- an IR spectrum comprising absorption peaks at 3513, 3163, 1681, 1651,

1438, 1222, 1012, 810, 773, 587 + 1.5 cm’;
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- a DSC curve comprising an exothermic peak at 141.5°C and an

endothermic peak at 210.5°C.
- An XRPD pattern comprising the following peaks: (20): 6.36 (29), 6.80

(14), 8.26 (13), 12.61 (65), 13.64 (10), 15.00 (100), 15.81 (14), 16.38 (17), 16.64
(13), 17.90 (16), 18.61 (20), 18.85 (15), 19.64 (37), 20.00 (19), 21.96 (31), 22.93
(35), 26.07 (30), 26.78 (22).

- A Karl Fisher value ranging between 3% and 7%.

Examples

The IR spectra were recorded with a Perkin Elmer spectrum 1000 IR
instrument, sample preparation as KBr pellet. The spectrum was recorded by
1.

performing 16 scans at a resolution of 4 cm’

The DSC curves were recorded with a Perkin Elmer Pyris]l instrument;
3-5 mg of material was used to prepare the samples. The scans were conducted at

the rate of 10°C a minute.

The NMR spectra were recorded with a Varian Mercury 300 instrument in
DMSO at 25°C, 16 scans being performed.

The XRPD spectra were recorded with a Bruker D2 instrument using the
following parameters: Wavelength CuKoa (A = 15419 A) - Energy 30 KV -
Stepsize: 0.02° - 20 Range: 2.6° - 40°.

EXAMPLE 1

Olaparib (1.0 g) is suspended in 3 ml of DMSO, and the suspension is
heated at 60°C until completely dissolved. The solution 1s poured into water (30.0
mL) at 0°C.

The resulting mixture is maintained under stirring for 30 minutes at 0°C,
and filtered through a Biichner funnel to obtain 1.0 g of a white solid, which 1is
dried in oven under vacuum for 10 h. The product (amorphous form) has an IR

spectrum, DSC curve and XRPD pattern as shown in Figures 1-3 respectively.

EXAMPLE 2
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Olaparib (2.0 g) 1s suspended in 6 ml of DMF, and the suspension is heated
at 60°C until completely dissolved. The solution 1s poured into water (60.0 mL) at
0°C.

The resulting mixture 1s maintained under stirring for 30 minutes at 0°C,
and filtered through a Biichner funnel to obtain 1.2 g of a white solid, which is
dried in oven under vacuum for 1 h. The product (amorphous form) has an IR
spectrum, DSC curve and XRPD pattern as shown in Figures 1-3 respectively.

EXAMPLE 3

Olaparib (2.0 g) is suspended in 6 ml of acetic acid, and the suspension is
heated at 50°C until completely dissolved. The solution is poured into water
(60.0 mL) at 0°C.

The resulting mixture 1s maintained under stirring for 16 h at 25°C, and
filtered through a Biichner funnel to obtain 2.0 g of a white solid, which 1s dried 1n
oven under vacuum for 24 h. The product (crystalline form B) has an IR spectrum,

DSC curve, XRPD pattern and 'H-NMR spectrum as shown in Figures 4-7

respectively.

EXAMPLE 4

Olaparib (2.0 g) is suspended in 6 ml of acetic acid, and the suspension i1s

heated at 50°C until completely dissolved. Water (60.0 mL) 1s added by dripping

at 0°C. The resulting mixture is maintained under stirring for 16 h at 25°C, and
filtered through a Biichner funnel to obtain 2.0 g of a white solid, which is dried in
oven under vacuum for 24 h. The product (crystalline form B) has an IR spectrum,

DSC curve, XRPD pattern and 'H-NMR spectrum as shown in Figures 4-7

respectively.

EXAMPLE 5

The amorphous form of Olaparib obtained in example 1 (1.0 g) is suspended
in 10 ml of a 3/7 mixture of acetic acid/water. The suspension is maintained under

stirring for 16 h at 25°C, and filtered through a Biichner funnel to obtain 0.9 g of a
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white solid, which is dried in oven under vacuum for 24 h. The product (crystalline

form B) has an IR spectrum, DSC curve, XRPD pattern and 'H-NMR spectrum as

shown in Figures 4-7 respectively.

EXAMPLE 6
Olaparib form A (2.0 g) is suspended in 60 ml of water and seeded with

Olaparib form B. The suspension is maintained under stirring at 25°C for 7 days.
The suspension is filtered through a Biichner funnel to obtain 2.0 g of a white

solid, which is dried in oven under vacuum for 24 h. The product (crystalline torm

B) has an IR spectrum, DSC curve, XRPD pattern and 'H-NMR spectrum as

shown in Figures 4-7 respectively.
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CLAIMS
1. Hydrated crystalline form of Olaparib.
2. Hydrated crystalline form of Olaparib according to claim 1, characterized
5 by:
- IR spectrum comprising absorption peaks at 3513, 3163, 1681, 1651,
1438, 1222, 1012, 810, 773, 587 £ 1.5 cm-1;
- DSC curve comprising an exothermic peak at 141.5°C and an endothermic
peak at 210.5°C.
10 - XRPD pattern comprising the following peaks: (20): 6.36 (29), 6.80 (14),
8.26 (13), 12.61 (65), 13.64 (10), 15.00 (100), 15.81 (14), 16.38 (17), 16.64
(13), 17.90 (16), 18.61 (20), 18.85 (15), 19.64 (37), 20.00 (19), 21.96 (31),
22.93 (35), 26.07 (30), 26.78 (22).
- Karl Fisher value ranging from 3% to 7%.
15 3. Amorphous form of Olaparib.
1. The amorphous form of Olaparib according to claim 3, characterized by:

20

- IR spectrum comprising absorption peaks at + 1.5 cm’™';

- DSC curve comprising an exothermic peak at 184.9°C and an endothermic

peak at 210.8°C.
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