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ABSTRACT

B-Type crystalline amrubicin hydrochloride having the formula

| OH
- OH

and having a powder x-ray diffraction pattern having average values of

diffraction angle (20) and relative intensity as given in the following table:

dltfracti'o'n-‘;an' _,.3(2-.6); (a\ie;age value) relatlva Intensity(%) (average value)

63 100
8.7 56
10.1 | 44
16.3 36
20.3 56

258 37
26.5 ' )

has excellent thermal stability and is used in production of freeze-dried

formulations.
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CRYSTALLINE AMRUBICIN HYDROCHLORIDE

TECHNICAL FIELD

The present invention relates to a crystalline form of

amrubicin hydrochloride which 1s useful as a drug.

BACKGROUND OF THE INVENTION

Japanese Patent KOKOKU(Examined) 3-5397 and U.S. Patent
4,673, 668 discloSe the preparation of (7S, 9S)-9-acetyl-9-amino-7-[(2-
deoxy- 8 -D-erythro-pentapyranosyl )oxy]-7, 8, 9, 10-tetrahydro-6, 11-
dihydroxy-5, 12-naphthacenedione hydrochloride and its usage as a
cancer-chemotherapeuti'cal_ agent, which 1s referred to as “amrubicin

hydrochloride” hereinafter and is represented by the formula:

However, these Patents do not specifically disclose thermally stable

crystalline amrubicin hydrochloride.

Japanese Patent 2,603,480 and U. S. Patent 4,952,566 disclose
stable preparations of amrubicin hydrochloride cdntaining agents
such as L-cysteine. These patents disclose preparations for
stabilized injection, but do not disclose the stabilization of

amrubicin hydrochloride itself as a medicine or a bulk drug.
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DISCLOSURE OF THE INVENTION

The inventors of the present invention have intensively carried
out research on the crystalline forms of amrubicin hydrochloride,
and found that a specific crystal form of amrubicin hydrochloride
which is referred to as “B -type crystalline amrubicin hydrochloride”
hereinafter, has excellent thermal stability. Thus, the present

invention has been accomplished.

Accordingly, the objects of the present invention are as
follows: ‘

[1] A crystalline amrubicin hydrochloride having a powder X-
ray diffraction pattern as given in Table 1:

Table 1
diffraction angle(2 &) relative intensity(%)

(average value) (average value)
6.3 - 100
6.7 56
10. 1 44
15. 3 36
20. 3 56
25.0 37
26.5 61
26.9 52

_#-—*_—-_—_-—u-—--ww-w-w“m-——-_---.“*-————"—_“lﬂ““-‘-—

(2] A process of preparing a crystalline amrubicin
hydrochloride according to [1] comprising crystallizing amrubicin
hydrochloride at a temperature of 15 C or above.

317 A process according to [2] comprising crystallizing
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amrubicin hydrochloride from a mixture of (a) hydrophilic organic
solvent and (b) a solution of amrubicin hydrochloride in water or a

mixture of water and hydrophilic organic solvent, at a temperature

of 15 'C or above.
5 [4] A process according to [2] comprising:
(1) dissolving amrubicin hydrochloride in water or a mixture of

water and hydrophilic organic solvent;

(2) adjusting the pH of the solution to a value of from pH 1.5 to
pH 4; '

10 (3) crystallizing amrubicin hydrochloride by adding the solution to
hydrophilic organic solvent at a temperature of 15 C or above,
preferably up to 50C.

[5] A process according to [2], [3] or [4], wherein the

crystallization temperature is 22 C to 40 C.

15 [6] A process according to [3], [4] or [5], wherein the
hydrophilic organic solvent (a) is acetone, isopropanol or
acetonitrile.

[7] A process of preparing a freeze-dried preparation of
amrubicin hydrochloride, comprising dissolving crystalline amrubicin

20 hydrochloride according to [1] in water, and freeze-drying the
dissolved amrubicin hydrochloride.

[8] A process according to [7] comprising:
(1) dissolving crystalline amrubicin hydrochloride according to.[l]
and L-cysteine or a salt thereof 1n water;

25 (2) adjusting the pH of the solution to a value of from pH 2 to pH
5; and

(3) freeze-drying the dissolved amrubicin hydrochloride.
[9] Use of crystalline amrubicin hydrochloride according to
[1] in the production of a freeze-dried pharmaceutical formulation.

30 [10] A crystalline amrubicin hydrochloride according to [1]
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for use in the treatment of the human or animal body by therapy.

[11] Use of a crystalline amrubicin hydrochloride according to
[1] in the preparation of a medicament comprising a freeze-dried
form thereof for use in the treatment of cancer by injection of said
freeze-dried form into a patient in need of such treatment.

[12] A pharmaceutical composition comprising a crystalline
amrubicin hydrochloride according to [1] and a pharmaceutically
acceptable carrier,

[13] A method of treating cancer comprising administrating to
a person in need thereof, a freeze-dried preparation of amrubicin
hydrochloride prepared according to [7] or [8].

[14] A method of treating cancer comprising administrating to

a person in need thereof, a pharmaceutical composition according to

[12].

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a powder X-ray diffraction spectrum of S -type
crystalline amrubicin hydrochloride obtained in Example 1.

Fig. 2 shows a powder X-ray diffraction spectrum of a-type

crystalline amrubicin hydrochloride obtained in Reference Example 1.

DETAILED DESCRIPTION OF THE INVENTION

B -Type crystalline amrubicin hydrochloride of the present
invention can be produced by crystallizing amrubicin hydrochloride
from a solvent which can hardly or slightly dissolve amrubicin
hydrochloride such as a mixture of water and hydrophilic organic
solvent, at a temperature of 15 'C or above. Specifically, B -type
crystalline amrubicin hydrochloride can be produced by crystallizing

amrubicin hydrochloride by mixing (a) a hydrophilic organic solvent
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and (b) a solution of amrubicin hydrochloride in a mixture of water

and hydrophilic organic solvent, at a temperature of 15 ‘C or above.

Prior to addition to the hydrophilic organic solvent, the
amrubicin hydrochloride is present in solution in water or a mixture
of water with hydrophilic organic solvent as described above
(hereafter referred to as “solvent dissolving amrubicin
hydrochloride”). The amount of water in mixtures of water and
hydrophilic organic solvent is, for example, at least 1 part by
weight, preferably 1 to 3 parts by weight per part of the
hydrophilic organic solvent.

The amount of the solvent dissolving amrubicin hydrochloride 1s,
for example, 5 to 50 parts by weight, preferably 10 to 30 parts by '
weight per part of amrubicin hydrochloride.

Preferably the pH of the solution of amrubicin hydrochloride
is adjusted to a value of from pH 1.5 to pH 4, more preferably from
pH 2 to pH 3 by adding an acid thereto. Suitable acids include
hydrochloric acid and straight or branched C,-Cg alkanoic acids such
as formic acid, acetic acid and propionic acid. A preferred example
1S acetic acid.

In one embodiment the solution of amrubicin hydrochloride is
prepared by dissolving amrubicin in dilute hydrochloric acid.

The solution of amrubicin hydrochloride may be prepared 1n

advance and preserved at a temperature of 0 to 20 'C, preferably 0
to 5 C.

Suitable hydrophilic organic solvents include inert organic

liquids such as ketones, alcohols, nitriles and ethers and a mixture

thereof. Ketone solvents include straight or branched C3-Cg ketones,
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such'as acetone, 2-butanone, 3-pentanone and 4-methyl-2-pentanone.

A preferred example is acetone. Alcohol solvents include straight

10

15

20

25

or branched C;-C¢; alcohols such as methanol, ethanol, l-propanol and

2-propanol. A preferred example is 2-propanol. Nitrile solvents

include straight or branched C,~C¢ nitriles such as acetonitrile and

propionitrile. A preferred example is acetonitrile. Ether solvents
include straight or branched C4-C¢ ethers such as diethyl ether,
methyl t-butyl ether and cyclic ethers having 5 or 6 membered ring
such as tetrahydrofuran and 1, 4-dioxane.

The hydrophilic organic solvent (a) may be the same as or
different from that in the solvent dissolving amrubicin
hydrochloride. The amount of the hydrophilic organic solvent mixed
with the solution of amrubicin hydrochloride may be, for example, 1
to 100 parts by weight, preferably 5 to 50 parts by weight, more
preferably 10 to 20 parts by weight per part of the solution‘of
amrubicin hydrochloride. The temperature of the hydrophilic organic
solvent with which the solution of amrubicin hydrochloride 1s mixed
may be, for example, 15 to 50 ‘C, more preferably 22 to 40 C. What
is most important is that the solution from which the amrubicin
hydrochloride is crystallized is held at a temperature of 15 C or
more during the crystallization.

The period of time for mixing the solution of amrubicin
hydrochloride and the hydrophilic organic solvent 1s not limited,
but preferably it is in the range of 10 minutes to 1 day. '

After mixing, the mixture 1s preferably preserved at an
approximately constant temperature for a period preferably of 30
minutes to 1 day, more preferably for 1 to 5 hours to accomplish the
crystallization. Seed crystals of B -type crystalline amrubicin

hydrochloride may be added into the mixture to accelerate
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cystallization,

The thus obtained crystals may be recovered by common
prOcedures, for example, by filtration under reduced pressure or by
centrifugal filtration, followed by drying the crystals, to obtain
B -type crystalline amrubicin hydrochloride of the present invention.

B -Type crystalline amrubicin hydrochloride may be also
prepared by subjecting another form of crystalline amrubicin
hydrochloride or a mixture of several forms of crystalline amrubicin

hydrochloride to the procedure as described above.

Occasionally, the B -type crystalline amrubicin hydrochloride
bears the hydrophilic organic solvent used in crystallization. In
that case, the organic solvent may be removed from the crystals, if
desired, by moistening the crystals and'drying the moistened
crystals again., |

The moistening treatment can be carried out in a conventional
manner, for example, by letting the crystals stand under moistened
air at 0 to 50 C, preferably 10 to 30 'C. The moistened air has a
relative humidity of 50 to 95%, more pfeferably 80 to 90% RH. The
pressure of the moistened air is not limited, but usually 1 mmHg to
1 atm, preferably 10 mmHg to 200 mmHg. The moistening treatment can
be monitored by measuring the amount of organic solvent in the
crystals. Usually, the moistening may be completed in about 1 to 24
hours.

The drying treatment can be carried.out in a conventional
manner, for example by subjecting the moistened crystals to a
reduced pressure at 0 to 50 ‘C, preferably 10 to 30 C. The
pressure in drying may be, for example, less than 200 mmHg,

preferably 1 to 50 mmHg. The drying treatment can be monitored by
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measuring the amount of water in the crystals. Usually, the drying

will be completed in 1 to 24 hours.

A freeze-dried preparation of amrubicin hydrochloride can be
prepared by dissolving B -type crystalline amrubicin hydrochloride
in water, and freeze-drying the dissolved amrubicin hydrochloride.
Preferably, a freeze-dried preparation of amrubicin hydrochloride

can be prepared by:

(1) dissolving B -type crystalline amrubicin hydrochloride and L-

cysteine or a salt thereof 1n water;

(2) adjusting the pH of the solution to a value of from pH 2 to pH
5; and I

(3) freeze-drying the dissolved amrubicin hydrochloride.
Specifically, a freeze-dried preparation of amrubicin hydrochloride
can be prepared by the method described in Japanese Patent 2,603,480
and U. S. Patent 4,952,566, but using the B8 —-type crystalline form.

Suitable salts of L-cysteine include the hydrochloride and
sulfate salts. A preferred amount of L-cysteine or a salt thereof
may be, for example, 0.1 to 50 mg, more preferably 0.6 to 9 mg, to
every 20 mg of B -type crystalline amrubicin hydrochloride. The pH
of the solution of B -type crystalline amrubicin hydrochloride and
L-cysteine or a salt thereof is preferably adjusted to a value of
from pH 2 to pH 5, more preferably from pH 2.5 to pH 3.5. Alkaline
hydroxides or carbonates such as sodium hydroxide and sodium
carbonate and inorganic acids such as hydrochloric acid and sulfuric
acid may be added as a pH adjusting agent.

The thus-obtained, pH-adjusted solution may be subjected to
further process steps such as sterile filtration if desired, and 1s

then filled into vials, and subjected to freeze-drying to prepare a
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powdered freeze-dried preparation of amrubicin hydrochloride.
Additives such as conventional excipients may be added before,
during or after freeze-drying if desired.
The freeze-dried preparation of amrubicin hydrochloride can be
dissolved in a suitable solvent such as water for injection Jjust

before it is applied as injection or another preparation.

The present invention will be described in detail below,
referring to Examples, which are not limitative of the present

invention.

Example 1
B -Type crystalline amrubicin hydrochloride

IN Hydrochloric acid (2.05 g) and acetic acid (0.75 g) were
added to a solution of amrubicin (1.0 g) in water (10 g) and acetone
(6.7 g) at 0 to 5 C, to adjust the pH to 2.5, and stirred for 30
minutes. The reaction mixture was poured into acetone'(280 g) at 30
to 34'13, and stirred for 3 hours. The precipitated crystals were
collected by filtration, and washed with acetone (9.8 g) to give wet
crystals of amrubicin hydrochloride. The wet crystals were added
again to mixture of acetone (280 g) and water (11.8 g), and stirred
at 30 to 34 C for 1 hour. The crystals were collected by
filtration, and washed with acetone (9.8 g), and dried under reduced
pressure at room temperature,

Next, the acetone in the crystals was removed by allowing the
crystals to stand in a vacuum desiccator together with a piece of
wet filter paper at room temperature under a pressure of 50 mmHg for
8 hours, to moisten the crystals, Then, the crystals were al 1owed

to stand in a vacuum desiccator at room temperature under a pressure
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of 10 mmHg, to give the B -type crystalline amrubicin hydrochloride
(1.02 g). '

Example 2
8 -Type crystalline amrubicin hydrochloride ‘

IN Hydrochloric acid (3.65 g) and acetic acid (1.31 g) were
added to a solution of amrubicin (1.5 g) in water (15 g) and
acetonitrile (10.1 g) at 0 to 5 C, to adjust the pH to 2.5, and
stirred for 30 minutes. The reaction mixture was poured into
acetonitrile (420 g) at 30 to 34 'C, and seed crystals of B -type
crystalline amrubicin hydrochloride (3 mg) were added thereto, and
stirred for 3 hours. The crystals formed were collected by
filtration, and washed with acetonitrile to give wet crystals of
amrubicin hydrochloride, which were dried under reduced pressure at
room temperature,.

Then the acetonitrile in the crystals was removed 1n a manner
similar to that of Example 1, to give the B -type crystalline
amrubicin hydrochloride (1.44 g).

Example 3
B-—Typé crystalline amrubicin hydrochloride

Example 2 was repeated exactly except that isopropanol (420 g)
was used in place of acetonitrile in the crystallization step and
isopropanol was used in place of acetonitrile in washing step.

Then the isopropanol in the crystals was removed 1n a manner

similar to that of Example 1, to give the B -type crystalline
amrubicin hydrochloride (1.17 g).

Reference example 1
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Another form of crystalline amrubicin hydrochloride

Example 1 was repeated exactly except that the reaction mixture
was poured into acetone at 10 to 14 C instead of 30 to 34 C.

Then the acetone in the crystals was removed 1n a manner
similar to that of Example 1, to give another form of crystalline
amrubicin hydrochloride (1.07 g), which is referred to as “a-type

crystalline amrubicin hydrochloride” hereinafter.

Example 4

Powder X-ray diffraction spectrum of crystalline amrubicin
hydrochlorides

‘ Powder X-ray diffraction spectra were measured using 1.541A of
Cu-+K a with the X-ray diffraction spectrometer RINT 2500V (Rikagaku
Electric Co. Ltd.).

The average values of diffraction angles and the relative
intensities in the powder X-ray diffraction spectrum of A -type
crystalline amrubicin hydrochloride obtained in Example 1 are given
above in Table 1. The powder X-ray diffraction spectrum is shown i1n
Figure 1.

The powder X-ray diffraction spectrum of a-type crystalline
amrubicin hydrochloride obtained in Reference example 1 is shown In
Figure 2.

The average values of the diffraction angle has normal
precision, for example, about *+0.1. The relative intensity also

has normal precision.

Example 5
Preservation stability of crystalline amrubicin hydrochlorides

B -Type crystalline amrubicin hydrochloride obtained in Example

e - -
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] and a-type crystalline amrubicin hydrochloride obtained 1n
Reference example 1 were each kept at a temperature of 80C for 24
hours. Thereafter, the remaining amount of crystals were measured
using high performance liquid chromatography. The amount at the'

starting time is defined as 100%. The results are shown in Table 2:

Table 2
amrubicin hydrochloride remaining amount (%)
B -type crystalline 100. 4
a—-type crystalline 92.2

_-mm__“_--.——p-“w-m-“—-“m“__u-a——-——‘-——————-—mm-wmm-—nm

The results indicate that A -type crystalline amrubicin
hydrochloride of the present invention has higher thermal stability

than a-type crystalline amrubicin hydrochloride.

Example 6
Freeze-dried preparation of amrubicin hydrochloride

B -Type crystalline amrubicin hydrochloride obtained 1n Example
1 (20 mg), L-cysteine hydrochloride monohydrate (12 mg) and lactose
(50 mg) were dissolved in distilled water for injection (10 ml) at O
to 5 C. A small amount of sodium hydroxide and hydrochloric acid
were added thereto until the pH was adjusted to about 2.5. Then the
mixture was sterileiy filtered and filled into vials (18 ml each),
which were then subjected to freeze-drying and sealed with rubber
stoppers to obtain a freeze-dried preparation of amrubicin

hydrochloride.

Example 7

Freeze-dried preparation of amrubicin hydrochloride
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B -Type crystalline amrubicin hydrochloride obtained in Example
1 (20 mg), L-cysteine hydrochloride monohydrate (3.2 mg) and lactose
(50 mg) were dissolved in distilled water for injection (10 ml) at O
to 5 C. A small amount of sodium hydroxide was added thereto until
the pH was adjusted to about 3.0. Then the mixture was sterilely
filtered and filled into vials (18 ml each), which were then
subjected to freeze-drying and sealed with rubber stoppers to obtain

a freeze-dried preparation of amrubicin hydrochloride.
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CLAIMS

1. A crystalline amrubicin hydrochloride having the formula

and having a powder X-ray diffraction pattern having average values of

diffraction angle(2 0) and relative intensity as given in the following table:

diffraction angi'-e(z @) relative intensity(%)

(average value) ~ (average value)

6. 3 100

6.7 56
10.1 44
15.3 36
20. 3 ob
29.6 37
26.5 61
26.9 52

2. A process of preparing a crystalline amrubicin hydrochloride according

to claim 1 comprising crystallizing amrubicin hydrochloride from a mixture of
(a) hydrophilic organic solvent and (b) a solution of amrubicin hydrochloride
in water or a mixture of water and hydrophilic organic solvent, at a

temperature of 15 °C or above.
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A process according to claim 2 comprising;:

(1) dissolving amrubicin hydrochloride in water or a mixture of

water and hydrophilic organic solvent;
(2)  adjusting the pH of the solution to a value of from pH 1.5 to pH 4;

(3) crystallizing amrubicin hydrochloride by adding the solution to
hydrophilic organic solvent at a temperature of 15°C to 50°C.

A process according to any one of claim 2 or 3, wherein the

crystallization temperature is 22 °C to 40°C,

S.

A process according to any one of claims 2 to 4, wherein the

hydrophilic organic solvent (a) is acetone, isopropanol or acetonitrile.

6.

A process of preparing a freeze-dried preparation of amrubicin

hydrochloride, comprising dissolving crystalline amrubicin hydrochloride

according to claim 1 in water, and freeze-drying the dissolved amrubicin

hydrochloride.

8.

A process according to claim 6 comprising:

(1)  dissolving crystalline amrubicin hydrochloride according to

claim 1 and L-cysteine or a salt thereof in water;

(2) adjusting the pH of the solution to a value of from pH 2 to pH 5;

and

(3) freeze-drying the dissolved amrubicin hydrochloride.

Use of crystalline amrubicin hydrochloride according to claim 1 in the

production of a freeze-dried pharmaceutical formulation.

9.

A crystalline amrubicin hydrochloride according to claim 1 for use in

the treatment of the human or animal body by therapy.
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10.  Use of a crystalline amrubicin hydrochloride according to claim 1 in the
preparation of a medicament comprising a freeze-dried form thereof for use in

the treatment of cancer by injection of said freeze-dried form into a patient in

need of such treatment.

11. A pharmaceutical composition comprising a crystalline amrubicin

hydrochloride according to claim 1 and a pharmaceutically acceptable carrier.

12. Use of a freeze-dried preparation of amrubicin hydrochloride prepared

according to claim 6 or claim 7 in the manufacture of a medicament for the

treatment of cancer.

13. Use of a pharmaceutical composition according to claim 11 in the

manufacture of a medicament for the treatment of cancer.

14.  Use of a freeze-dried preparation of amrubicin hydrochloride prepared

according to claim 6 or claim 7 for the treatment of cancer.

15.  Use of a pharmaceutical composition according to claim 11 for the

treatment of cancer.
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