DESCRIPTION
7-{(35,4S)-3-[ (CYCLOPROPYLAMINO)METHYL] -4-FLUOROPYRROLIDINE-1-
YL}-6-FLUORO-1- (2-FLUOROETHYL) -8-METHOXY-4-0X0-1, 4—
DIHYDROQUINOLINE-3-CARBOXYLIC ACID CRYSTAL
5 Field
[0001]

The present invention relates to crystals of salts of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin

10 oline-3-carboxylicacid (hereinaftermaybereferredtoasacompound
(1)) represented by a formula (1) and to methods for producing these
crystals.

[0002]
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Background
[0003]

Generally, requirements for pharmaceutical products include

safety, quality, etc. as well as therapeutic effects on diseases.

20 Therefore, compounds serving as active components of pharmaceutical
products are required to have high storage stability under various

conditions (light, temperature, humidity, etc. have influences on
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the compounds). When a pharmaceutical product is in the form of
oral dosage formulation or injection, it is preferable for an active
component contained in the pharmaceutical product to have high
solubility in water.

[0004]

It is known that the compound (1) not only is safe and has
a strong antibacterial action but also exhibits a strong
antibacterial activity against gram-positive bacteria,
particularly resistant bacteria such as MRSA, PRSP, and VRE, for
which conventional antibacterial agents are less effective (for
example, Patent Literature 1).

Citation List

Patent Literature

[0005]

Patent Literature 1: W02005/026147 pamphlet
Summary

Technical Problem

[0006]

Patent Literature 1 only shows that the compound (1) has
physicochemical features that the compound is in free, forms of
light brown crystals. Patent Literature 1l discloses no information
about the solubility of the compound (1) in water, its stability,
the features of its crystals, etc.

It is an object of the present invention to provide a technique

capable of improving the solubility of the compound (1) in water
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and its storage stability.
Solution to Problem
[0007]

The present inventors conducted research and development on
a method for producing the compound (1) which is useful as an
antibacterial agent and found that crystals of the compound (1)
in free (hereinafter may also be simply referred to as free crystals)
obtained by the method described in Patent Literature 1 had low
solubility in water and poor storage stability against light.
Therefore, it was considered to be difficult to obtain crystals
having high solubility in water and high storage stability using
the method in Patent Literature 1.

Tosolvethe foregoingproblem, thepresent inventors conducted
extensive studies on the compound (1) and the method of producing
the same. As a result of the studies, the inventors found that
crystals of the hydrochloride salt of the compound (1) and crystals
of the methanesulfonate salt of the compound (1) had high solubility
and storage stability. The inventors also found methods for
producing homogeneous crystals of the hydrochloride salt of the
compound (1) and homogeneous crystals of the methanesulfonate salt
of the compound (1)in a commercial scale.

[0008]

More specifically, the present inventors tried to make a

hydrochloride salt of the compound (1) from the the compound (1)

in free obtained by the method in Patent Literature 1 and thereby
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obtained a crude hydrochloride salt. Then the obtained crude
hydrochloride salt was subjected to crystallization treatment
(recrystallization) to obtain crystals of the hydrochloride salt.
[0009]

The inventorsevaluatedthephysical propertiesof theobtained
hydrochloride salt crystals and found that there were three novel
types of hydrochloride salt crystals (crystals A, crystals B, and
crystals C) and a plurality of pseudomorphouscrystal forms.
[0010]

Intheobtainedcrystals, areductioninpurity (decomposition)
due to influences of temperature and humidity was more suppressed
in the crystals A and B than in the crystals C and the plurality
of pseudomorphouscrystal forms, and therefore the crystals A and
B were found to have very high storage stability against temperature
and humidity.

[0011]

As for the storage stability against light, the crystals A
were more stable than the free crystals.
[0012]

The inventors conducted detailed studies on the crystals A
and B and found that the crystals A were an anhydrous of the
hydrochloride salt of the compound (1) and the crystals B were a
hydrate of the hydrochloride salt of the compound (1).

[0013]

The inventors also conducted studies on methods for producing
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the hydrochloride salt crystals. The inventors found that the
crystals A and B could be selectively produced in an efficient manner
by controlling the amount of a solvent (crystallization solvent)
used in the crystallization treatment for obtaining purified
crystals, particularly the amount of water in the crystallization
solvent.

[0014]

The inventors also tried to make the methanesulfonate salt
of the compound (1) from the compound (1) in free obtained by the
method in Patent Literature 1 with methanesulfonic acid and thereby
obtained a crude methanesulfonate salt. Then the obtained crude
methanesulfonate salt was subjected to crystallization treatment
(recrystallization) toobtaincrystalsof themethanesulfonatesalt.
[0015]

A reduction in purity (decomposition) due to influences of
temperature and humidity was more suppressed in the obtainedcrystals
of themethanesulfonate salt thaninthecrystalsC, asinthecrystals
A and B, and the obtained crystals of the methanesulfonate salt
were found to have very high storage stability against temperature
and humidity. As for the storage stability against light, the
crystals of the methanesulfonate salt were more stable than the
free crystals.

[0016]
The crystals A and B and the crystals of the methanesulfonate

salt had higher solubility in water than the free crystals.
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[0017]

Accordingly, the present invention includes the following
aspects.
[0018]

[1] A crystal of
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt, having powder X-ray
diffraction peaks at diffraction angles 20 of 10.8° + 0.2°, 12.9°
+ 0.2° and 24.7° £ 0.2°.

[0019]

[2] The crystal according to [1], having powder X-ray
diffraction peaks at diffraction angles 20 of 4.9° * 0.2° 10.8° %
0.2°, 12.9°+0.2°, 18.2°+x0.2° 21.7°%t0.2° 24.7°%*0.2° and 26.4°
+ 0.2°.

[3] The crystal according to [1] or [2], having a powder X-ray
diffraction pattern identical to a powder X-ray diffraction pattern
shown in FIG. 1.

[0020]

[4] The crystal according to any one of [1] to [3], wherein,
in differential thermal analysis (DTA), an exothermic peak appears
only inthevicinity of 210°C, and inthermogravimetric (TG) analysis,

no weight loss occurs below 100°C.
[0021]

[5] A crystal of
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7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-

yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin

oline-3-carboxylic acid hydrochloride salt hydrate, having powder
X-ray diffraction peaks at diffraction angles 20 of 9.4° £ 0.2° and
17.7° £ 0.2°.

[0022]

[6] The crystal according to [5], having powder X-ray
diffraction peaks at diffraction angles 20 of 4.8° £ 0.2° 9.4° %
0.2° 17.7° £ 0.2° 22.8° %+ 0.2° 25.8° %+ 0.2° and 27.0° * 0.2°.

[7] The crystal according to [5] or [6], having a powder X-ray
diffraction pattern identical to a powder X-ray diffraction pattern
shown in FIG. 2.

[0023]

[8] The crystal according to any one of [5] to [7], wherein,
indifferential thermal analysis (DTA), an endothermic peak appears
between room temperature and 100°C, and an exothermic peak appears
in the vicinity of 140°C, and in thermogravimetric (TG) analysis,
weight loss until 100°C is about 7%.

[0024]

[9] The crystal according to any one of [5] to [8], wherein
a water content determined by Karl Fischer water content
determination is about 7%.

[0025]
[10] A crystal of

7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
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yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1, 4-dihydroquin
oline-3-carboxylic acid methanesulfonate salt, having powder X-ray
diffraction peaks at diffraction angles 20 of 9.9° £ 0.2°, 14.1° %

0.2°, and 28.0° = 0.2°.

[0026]

[11] The crystal according to [10], having powder X-ray
diffraction peaks at diffraction angles 20 of 9.9° * 0.2°, 14.1° &
0.2° 16.6° £ 0.2° 19.8° * 0.2° 22.3° * 0.2° and 28.0° = 0.2°.

[12] The crystal according to [10] or [11], having a powder
X-ray diffraction pattern identical to a powder X-ray diffraction
pattern shown in FIG. 3.

[0027]

[13] The crystal according to any one of [10] to [12], wherein,
indifferential thermal analysis (DTA), an endothermic peak appears
in the vicinity of 213°C, and an exothermic peak appears only in
the vicinity of 220°C, and in thermogravimetric (TG) analysis, no

weight loss occurs below 100°C.
[0028]

[14] A pharmaceutical comprising the crystal according to any
one of [1] to [13].
[0029]

[15] An antibacterial agent comprising the crystal according
to any one of [1] to [13], or prepared by incorporating the crystal
according to any one of [1] to [13] as an active pharmaceutical

ingredient.
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[0030]

[16] The antibacterial agent according to [15], wherein the
antibacterial agent is an oral dosage formulation.
[0031]

[17] The antibacterial agent according to [15], wherein the
antibacterial agent is an injection.
[0032]

[18] A method for producing the crystal according to any one
of [1] to [4], comprising:

adding hydrochloric acid to a 2-propanol solution of
7-{(3S,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)—-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid to obtain a crude hydrochloride salt; and

crystallizing the obtained crude hydrochloride salt with
hydrous ethanol having a water activity of less than 0.5 or hydrous
2-propanol having a water activity of less than 0.5.

[0033]

[19] A crystal obtained by: adding hydrochloric acid to a
2-propanol solution of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid to obtain a crude hydrochloride salt; and
crystallizing the obtained crude hydrochloride salt with hydrous
ethanol havingawater activity of lessthan 0.5 or hydrous 2—-propanol

having a water activity of less than 0.5.
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[0034]

[20] A method for producing the crystal according to any one
of [5] to [9], comprising:

adding hydrochloric acid to a 2-propanol solution of
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)—-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid to obtain a crude hydrochloride salt; and

crystallizing the obtained crude hydrochloride salt with
hydrous ethanol having a water activity of 0.5 or higher or hydrous
2-propanol having a water activity of 0.5 or higher.

[0035]

[21] A crystal obtained by: adding hydrochloric acid to a
2-propanol solution of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid to obtain a crude hydrochloride salt; and
crystallizing the obtained crude hydrochloride salt with hydrous
ethanol havingawater activity of 0.5 or higher or hydrous 2—-propanol
having a water activity of 0.5 or higher.

[0036]

[22] A method of producing the crystal according to any one
of [10] to [13], comprising:

adding methanesulfonic acid to an acetone solution of
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-

yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin

10
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oline-3-carboxylic acid to obtain a crude methanesulfonate salt;
and

crystallizing the obtained crude methanesulfonate salt with
hydrous acetone.

[0037]

[23] A crystal obtained by: adding methanesulfonic acid to
an acetone solution of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid to obtain a crude methanesulfonate salt;
and crystallizing the obtained crude methanesulfonate salt with
hydrous acetone.

Advantageous Effects of Invention
[0038]

According to the present invention, a technique capable of
improving the solubility of the compound (1) in water and the storage
stability of the compound (1) can be provided.

Brief Description of Drawings
[0039]

FIG. 1 shows a powder X-ray diffraction pattern of the
hydrochloride salt of the compound (1) (crystals A).

FIG. 2 shows a powder X-ray diffraction pattern of a hydrate
of the hydrochloride salt of the compound (1) (crystals B).

FIG. 3 shows a powder X-ray diffraction pattern of the

methanesulfonate salt of the compound (1).

11
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FIG. 4 shows thermal analysis (TG/DTA) chart of the
hydrochloride salt of the compound (1) (crystals A).

FIG. 5 shows thermal analysis (TG/DTA) chart of the hydrate
of the hydrochloride salt of the compound (1) (crystals B).

FIG. 6 shows thermal analysis (TG/DTA) chart of the
methanesulfonate salt of the compound (1).

Description of Embodiments
[0040]

Crystals of the hydrochloride salt of the compound (1)
(crystalsA) inthepresent embodiment canbe producedby, for example,
the following method.

Specifically, the compound (1) in free is dissolved in
2-propanol as a solvent. Hydrochloric acid is added to the obtained
2-propanol solution of the compound (1) to make a hydrochloride
salt of the compound (1), and a crude hydrochloride salt is thereby
generated. The crude hydrochloride salt of the compound (1) can
be separated from the solvent by, for example, filtration.

Then the obtained crude hydrochloride salt is subjected to
crystallization treatment (recrystallization) using hydrous
ethanol or hydrous 2-propanol each having a water activity of less
than 0.5as acrystallization solvent, and the crystals A can thereby
be selectively obtained. Thecrystallization solvent ispreferably
hydrous ethanol or hydrous 2-propanol each having a water activity
of 0.3 or higher and less than 0.5 and more preferably hydrous ethanol

having a water activity of 0.3 or higher and less than 0.5. Still

12
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more preferably, the crystallization solvent is hydrous ethanol
having a water activity of 0.3 or higher and 0.43 or less.
[0041]

The hydrous ethanol as used herein is a solvent mixture of
water andethanol. Thehydrous 2-propanol asusedhereinisasolvent
mixture of water and 2-propanol.

[0042]

The water activity (aw) as used herein is defined as the ratio
of the pressure (P) of water vapor in a closed vessel to the vapor
pressure (PO) of pure water at the temperature of the water vapor
and is determined by the following formula (i).

aw = P/PO (1)

In a gas phase, i.e., in air, the water activity corresponds
to a value obtained by dividing a relative humidity (%) by 100.
Forexample, arelativehumidityof 75% corresponds toawateractivity
of 0.75. It is well-known that the water activity of a solution
mixture of an organic solvent and water varies depending on the
concentration of water and the miscibility between the solvent and
water and is generally nonlinear. The value of the water activity
of a solution mixture of an organic solvent and water can be obtained
from well-known chemical and physical reference databases.
[0043]

The compound (1) in free can be produced, for example, by the
method described in Patent Literature 1.

[0044]

13
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The crystals A exhibit a powder X-ray diffractionpatternwith
peaks at diffraction angles 20 of 10.8° £ 0.2°, 12.9° £ 0.2°, and
24.7° £ 0.2°. Specifically, the crystals A exhibit a powder X-ray
diffraction pattern with peaks at 4.9° * 0.2° 10.8° £ 0.2°, 12.9°
+ 0.2° 18.2° £ 0.2° 21.7° £ 0.2° 24.7° £ 0.2° and 26.4° £ 0.2°.
More specifically, the crystals Aexhibit a powder X-ray diffraction
pattern identical to, for example, apowder X—-raydiffractionpattern
shown in FIG. 1.

Indifferential thermal analysis (DTA), thecrystalsAexhibit
an exothermic peak due to decomposition only in the vicinity of
210°C. In thermogravimetric (TG) analysis, the crystals A exhibit
no weight loss below 100°C.

[0045]

The powder X-ray diffraction can be performed using, for
example, RINT2200 manufactured by Rigaku Corporation. Copper
radiation can be used as radiation, and the measurement can be
performed under the conditions of a tube current of 36 mA, a tube
voltage of 40 kV, a divergence slit of 1°, a scattering slit of 1°,
a receiving slit of 0.15 mm, a scan range of 1 to 40° (20), and a
scan rate of 2° (20)/min.

[0046]

The differential thermal analysis (DTA) and the
thermogravimetric (TG) analysis can be performedusing, for example,
TG/DTA6200 manufactured by Seiko Instruments Inc. The measurement

can be performed, for example, in a dry nitrogen atmosphere under

14
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the measurement conditions of a temperature of from 30°C to 250°C
at a temperature rise rate of 5°C/min. The differential thermal
analysis (DTA) and the thermogravimetric (TG) analysis are also
referred to as thermal analysis (TG/DTA).

[0047]

Crystals of a hydrate of the hydrochloride salt of the compound
(1) (crystals B) in the present embodiment can be produced by, for
example, the following method.

Specifically, the compound (1) in free is dissolved in
2-propanol as a solvent. Hydrochloric acid is added to the obtained
2-propanol solution of the compound (1) to make a hydrochloride
salt of the compound (1), and a crude hydrochloride salt is thereby
generated. The crude hydrochloride salt of the compound (1) can
be separated from the solvent by, for example, filtration.

Then the obtained crude hydrochloride salt of the compound
(1) is subjected to crystallization treatment using hydrous ethanol
or hydrous 2-propanol each having a water activity of 0.5 or higher
as a crystallization solvent, and the crystals B can thereby be
selectively obtained. The crystallization solvent is preferably
hydrous ethanol or hydrous 2-propanol each having a water activity
of 0.5orhigherand 0.8 or less andmore preferably hydrous 2-propanol
having a water activity of 0.5 or higher and 0.8 or less. Still
more preferably, the crystallization solvent is hydrous 2-propanol
having a water activity of 0.52 or higher and 0.77 or less.

[0048]

15



The crystals Bexhibit a powder X-ray diffractionpatternwith
peaks at diffraction angles 20 of 9.4° * 0.2° and 17.7° £ 0.2°.
Specifically, the crystals B exhibit a powder X-ray diffraction
pattern with peaks at 4.8° £ 0.2°, 9.4° + 0.2°, 17.7° £ 0.2°, 22.8°

5 £0.2°, 25.8°+20.2°, and27.0°%0.2°. More specifically, thecrystals
Bexhibit apowder X—raydiffractionpatternidentical to, for example,
a powder X-ray diffraction pattern shown in FIG. 2.
Indifferential thermal analysis (DTA), thecrystalsBexhibit
an endothermic peak due to dehydration during temperature rise from
10 room temperature to 100°C and an exothermic peak in the vicinity
of 140°C. Inthermogravimetric (TG) analysis, thecrystalsBexhibit
a weight loss of about 7% until 100°C. The crystals B have a water
content of about 7% as determined by Karl Fischer water content
determination.
15 [0049]

The Karl Fischer water content determination can be performed
using, for example, MKS-510N manufactured by Kyoto Electronics
Manufacturing Co., Ltd. The measurement can be performed by a
titration method.

20 [0050]

The crystals B can be converted to the crystals A, which are
thecrystalsof theanhydrousof thehydrochloridesalt of the compound
(1), by drying the crystals B at a temperature of 30°C or higher
and a reduced pressure of 100 hPa or less.

25 [0051]

16
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Crystals of the methanesulfonate salt of the compound (1) in
the present embodiment can be produced by, for example, the following
method.

Specifically, the compound (1) in free aredissolved inacetone
as a solvent. Methanesulfonic acid is added to the obtained acetone
solution of the compound (1) to salify the compound (1), and a crude
methanesulfonate salt is thereby generated. The crude
methanesulfonate salt can be separated from the solvent by, for
example, filtration.

Then the obtained crude methanesulfonate salt of the compound
(1) is subjected to crystallization treatment using hydrous acetone
as a crystallization solvent, and the crystals of the
methanesulfonate salt of the compound (1) can thereby be selectively
obtained. The hydrous acetone as used herein is a solvent mixture
of water and acetone. The volume ratio of acetone and water is
preferably 4:1 to 6:1 and more preferably 5:1.

[0052]

In powder X-ray diffraction, the crystals of the
methanesulfonate salt of the compound (1) exhibit a powder X-ray
diffraction pattern with peaks at diffraction angles 20 of 9.9° &
0.2°, 14.1° = 0.2° and 28.0° £ 0.2°. Specifically, the crystals
exhibit a powder X-ray diffraction pattern with peaks at 9.9°+0.2°,
14.1° £ 0.2°, 16.6° £ 0.2° 19.8° £ 0.2° 22.3° £ 0.2° and 28.0° £
0.2°. More specifically, the methanesulfonate salt of the compound

(1) exhibits a powder X-ray diffraction pattern identical to, for

17
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example, a powder X-ray diffraction pattern shown in FIG. 3.

In differential thermal analysis (DTA), the crystals of the
methanesulfonate salt of the compound (1) exhibit an endothermic
peak due to melting in the vicinity of 213°C and an exothermic peak
due to decomposition only in the vicinity of 220°C. 1In
thermogravimetric (TG) analysis, the crystals exhibit no weight
loss below 100°C.

[0053]

In one embodiment, a pharmaceutical containing the crystal
A, the crystal B, or the crystal of the methanesulfonate salt of
the compound (1) can be formed. For example, the pharmaceutical
in this embodiment may be formed as a pharmaceutical composition
containing, as an active ingredient, the crystal A, the crystal
B, or the crystal of the methanesulfonate salt of the compound (1)
and further containing other ingredients such as a pharmaceutically
acceptable carrier, solvent, and diluent.

The crystals relating to the present embodiments exhibit a
strong antibacterial activity against gram-positive bacteria,
particularly resistant bacteria such as MRSA, PRSP, and VRE, and
arehighlysafe. Inanembodiment, anantibacterial agent containing,
as an active ingredient, a crystal of the compound (1) relating
to the present embodiments or an antibacterial agent prepared by
incorporating a crystal of the compound (1) relating to the present
embodiments as an active pharmaceutical ingredient can be formed.

Specifically, for example, the antibacterial agent comprises, the

18
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crystal A, the crystal B, or the crystal of the methanesulfonate
salt of thecompound (1) asanactive ingredient and further containing
other ingredients such as a pharmaceutically acceptable carrier,
solvent, and diluent.
Also, for example, the antibacterial agent is prepared by
incorporating the crystal A, the crystal B, or the crystal of the
methanesulfonate salt of the compound (1) as an active ingredient
with other ingredients such as a pharmaceutically acceptable carrier,
solvent, and diluent. No particular limitation is imposed on the
form of the antibacterial agent. Examples of the form of the
antibacterial agent include: oral dosage formulations such as
powders, tablets, capsules, syrups, and liquors; injections;
ointments; eye lotions; and suppositories. The antibacterial agent
is preferably in the form of oral dosage formulation or injection.
When the antibacterial agent is in the formof oral dosage formulation
or injection, no particular limitation is imposed on the amount
added of the crystals of the compound (1), but the amount is 0.001
to 98%. When the antibacterial agent is in the form of oral dosage
formulation, the amount added of the crystals of the compound (1)
is preferably 50 to 90%. When the antibacterial agent is in the
form of injection, the amount added of the crystals of the compound
(1) is preferably 0.01 to 1%.
[0054]

In the crystals relating to the present embodiments,

decomposition due to influences of light is suppressed as compared

19
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to that in the free crystals, and therefore the crystals relating
to the present embodiments exhibit high storage stability. The
crystals relating to the present embodiments have higher solubility
inwater than the free crystals. Therefore, accordingtothepresent
embodiments, crystals of salts of the compound (1) that are useful
as active pharmaceutical ingredients of pharmaceuticals can be

provided.

According to the methods for producing the crystals A and B
exemplified in the present embodiments, the crystals A and B can
be selectively produced in an efficient manner. Therefore, these
methods can further contribute to the provision of the crystals
of the salts of the compound (1) that are useful as active
pharmaceutical ingredients of pharmaceuticals.

[0055]

The present invention will next be described in more detail
by way of examples, but the inventionisnot limitedtothese examples.
[0056]

Amelting point was measured using a Yanagimoto micro-melting
point apparatus MP-500D. An IR spectrum was measured using an
infrared spectrophotometer of the type Nicolet6700 manufactured
by Thermo Fisher Scientific K.K. An NMR spectrum was measured using
a nuclear magnetic resonance apparatus of the type JINM-EX400
manufactured by JEOL Ltd. with tetramethyl silane (TMS) as the
internal standard. An MS spectrum was measured using mass

spectrometers of the types JMS-T100LP and JMS-SX102A manufactured

20



10

15

20

25

by JEOLLtd. Anelementaryanalysiswasperformedusinganelementary
analysis apparatus of CHN CORDER MT-6 manufactured by yaic.yanaco.
A specificrotation was measured using DIP-370 manufactured by JASCO
Corporation.

[0057]

Powder X-ray diffraction was performed using RINT2200
manufactured by Rigaku Corporation. Copper radiation can be used
as radiation, and the measurement was performed under the conditions
of a tube current of 36 mA, a tube voltage of 40 kV, a divergence
slit of 1°, a scattering slit of 1°, a receiving slit of 0.15 mm,

a scan range of 1 to 40° (20), and a scan rate of 2° (20)/min.

Differential thermal analysis (DTA) and thermogravimetric
(TG) analysis were performed using TG/DTA6200 manufactured by Seiko
Instruments Inc. The measurement was performed in a dry nitrogen
atmosphere under the measurement conditions of a temperature of
from 30°C to 250°C at a temperature rise rate of 5°C/min.

Karl Fischer water content determination was performed using
MKS-510N manufactured by Kyoto Electronics Manufacturing Co., Ltd.
The measurement was performed by a titration method.

[0058]
(Reference Example 1)

7-{(3S,4S)-3-[ (cyclopropylamino)methyl]-4-fluoropyrrolidi
ne-1-yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1, 4-dihydr
oquinoline-3-carboxylic acid hydrochloride salt

A solutionmixture (whichmay also be referred to as a reaction

21
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mixture) of 3.56 kg (15.4 mol) of
(3R,4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine, 11.7 L
(84.2 mol) of triethylamine, and 30.0 L of dimethylsulfoxide was
stirred at 23.0 to 26.3°C in a nitrogen atmosphere for 15 minutes.
6.00 kg (14.0 mol) of

bis(acetato-0) [6, 7T-difluoro-1-(2-fluorocethyl)-8-methoxy-4-oxo—
1,4—dihydroquinoline—3—carboxylato—o3,O4]boron was added to the
reaction mixture at 23.0 to 26.3°C, and the reaction mixture was
stirred at 23.7 to 26.3°C for 2 hours. 120 L of ethyl acetate was
added to the reaction mixture, and 120 L of water was added to the
reaction mixture. Then a solution of 960 g of sodium hydroxide (an
amount giving a 2 mol/L solution) in 12.0 L of water was added to
thereactionmixture. Theresultantmixturewasstirredfor S5minutes,
and an aqueous layer was separated. 120 L of ethyl acetate was added
to the aqueous layer, and the mixture was stirred for 5 minutes.
Then an ethyl acetate layer was separated.

The ethyl acetate layer was combined, and 120 L of water was
added thereto. The mixture was stirred for 5 minutes and left to
stand, and an aqueous layer was discarded. Then the ethyl acetate
layer was evaporated under reduced pressure. The obtained residue
was dissolved in 60.0 L of 2-propanol, and the solution was left
to stand overnight at room temperature. A solution of 5.24 L (62.9
mol) of hydrochloric acid in 26.2 L of water (an amount giving a

2mol/L solution) was added to the solution, and the resultant mixture

was stirred at 28.2 to 30.0°C for 30 minutes. The mixture was heated
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at an external temperature of 55.0°C for dissolution (dissolution
was observed at 47.1°C) and then cooled for crystallization. The
mixture was stirred at 39.9 to 41.0°C for 30 minutes, cooled
(approximate temperature settings: 7.0°C until 20.0°C and -10.0°C
below 20.0°C), and stirredat 2.2 to 10.0°C for 1 hour. Precipitated
crystals were separated by filtration and washed with 60 L of
2-propanol to obtain 9.57 kg of wet crude crystals of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt.
[0059]
(Reference Example 2)
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidi
ne-1-yl}-6-fluoro-1-(2-fluorocethyl)-8-methoxy-4-oxo-1,4-dihydr
oquinoline-3-carboxylic acid hydrochloride salt hydrate (crystals
C)

0.3 mL of hot water at 70°C was added to 0.02 g (0.04 mmol)
of the
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt obtained in Reference
Example 1 to dissolve the hydrochloride salt. The solution was
allowed to cool to room temperature and left to stand overnight
at 5°C. Precipitatedcrystalswere filtratedanddriedunder reduced

pressure to obtain a white powder of
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7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt hydrate (crystals C).
[0060]
(Reference Example 3)

7-{(3S,4S)-3-[ (cyclopropylamino)methyl]-4-fluoropyrrolidi
ne-1-yl}-6-fluoro-1-(2-fluorocethyl)-8-methoxy-4-oxo-1,4-dihydr
oquinoline-3-carboxylic acid

A solutionmixture (whichmay also be referred to as a reaction
mixture) of 142 g (615 mmol) of
(3R, 4S)-3-cyclopropylaminomethyl—-4-fluoropyrrolidine, 274 mL
(1,960mmol) of triethylamine, and 2.40 L of acetonitrile was stirred
at an internal temperature of 30 to 35°C for 0.5 hours. 240 g (559
mmol) of
bis(acetato-0) [6, 7T-difluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-
1, 4-dihydroquinoline-3—-carboxylato-0’,0%]boron was added to the
reaction mixture at an internal temperature of 33.8 to 34.1°C, and
the reaction mixture was stirred at an internal temperature of about
35°C for 4 hours. A solution mixture of 240 g of methanesulfonic
acid and 2.40 L of ice water was added to the reaction mixture,
and the reaction mixture was stirred at an internal temperature
of about 35°C for 1 hour. 4.32 L of ethyl acetate was added to the
reactionmixture. Theresultant mixture was stirred for 10minutes,
and an aqueous layer was separated. A solution mixture of 120 g

of methanesulfonic acid and 1.20 L of ice water was added to an
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organic layer. The resultant mixture was stirred for 10 minutes,
and then an aqueous layer was separated.

The aqueous layers were combined and cooled, and a 2 mol/L
sodium hydroxide solution was added thereto at an internal
temperature of 15°C or less to obtain a solution mixture having a
pHof 7.3. 5.76 L of an ethyl acetate/acetone (5:1) solvent mixture
was added to the obtained solution mixture. The resultant mixture
was stirred for 10 minutes, and an organic layer was separated.
4.80 L of an ethyl acetate/acetone (5:1) solvent mixture was added
toanaqueous layer. Theresultantmixturewasstirredfor 10minutes,
andanorganic layer was separated. Theorganiclayerswerecombined,
washed with 2.40 L of ice water, and concentrated under reduced
pressure to obtain 177 g of a yellow powder of crude crystals of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid.

[0061]
(Reference Example 4)

Bis (acetato-0)-[6, 7-difluoro-1-(2-fluoroethyl)-8-methoxy—
4—oxo—l,4—dihydroquinoline—3—carboxylato—o3,O4]boron

86.4 g (1.40 mol) of boric acid (for production of a catalyst)
was added to 17.9 L (190 mol) of acetic anhydride in a nitrogen
atmosphere, and the mixture was heated and stirred at 70.0 to 77.7°C
for 30 minutes. Then the mixture was cooled to an internal

temperature of 24.7°C (warmwater temperature setting: 23.0°C) . Then
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boric acid was added in four portions to the solution mixture. More
specifically, 842 g (13.6 mol) of boric acid (the first portion)
was added to the solution mixture, and the resultant mixture was
stirred at 24.7 to 27.4°C for 30 minutes. Then 842 g (13.6 mol)
of boric acid (the second portion) was added to the solutionmixture,
and the resultant mixture was stirredat 24.3 to 26.3°C for 30 minutes.
842 g (13.6 mol) of boric acid (the third portion) was added to
the solution mixture, and the resultant mixture was stirred at 24.3
to 26.8°C for 30 minutes. 842 g (13.6 mol) of boric acid (the fourth
portion) was added to the solutionmixture, and the resultant mixture
was stirred at 25.1 to 28.3°C for 30 minutes. The solution mixture
was stirred at 50.0 to 54.9°C for 30 minutes to obtain a boric acid
triacetate adjusting solution.

4.60 kg (14.0 mol) of
6, 7-difluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydrogquin
oline-3-carboxylic acid ethyl ester was added to the boric acid
triacetate adjusting solution to obtain a reaction preparation
solution, and this solution was stirred at 53.7 to 56.9°C for three
hours. The reaction preparation solution was cooled to 30.0°C and
left to stand overnight at room temperature. The reaction
preparation solution was heated to 55.0°C to dissolve precipitates,
and 13.8 L of acetone was added thereto to obtain a reaction mixture
(1) .

Separately, 161 L of water and 28.2 L (464 mol) of ammonia

water (28%) were mixed in a nitrogen atmosphere, and the mixture
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was cooled to 1.6°C. The above-prepared reaction mixture (1) was

added to the mixture, and the resultant mixture was washed with
9.20 L, of acetone to obtain a solution for obtaining crude crystals.
The solution for obtaining crude crystals was cooled to 15.0°C and

stirred at 6.2 to 15.0°C for one hour. Precipitated crystals were

separated by filtration and washed with 46.0 L of water to obtain
9.07 kg of wet crude crystals. The wet crude crystals were dried
under reduced pressure at a temperature setting of 65.0°C for about
16 hours to obtain 5.89 kg of crude crystals.

29.5Lof acetone and the crude crystalsweremixedinanitrogen
atmosphere, and the obtained solution mixture was heated for
dissolution (dissolution temperature: 52.6°C). In the heating,
58.9L of diisopropyl ether was added dropwise to the solutionmixture
until crystallization occurred (the amount of dropwise addition:
10.0L, 52.8 —>48.7°C, crystallization temperature: 49.0°C). After
the occurrence of crystallizationwas observed, the solutionmixture
was stirred at 49.0 to 50.1°C for 15 minutes, and the remaining
diisopropyl ether was added dropwise to the solution mixture (50.1
—-> 46.4°C), and the resultant mixture was stirred at 46.7 to 51.7°C
for 15 minutes. The solution mixture was cooled to 15°C and stirred

at 8.1to015.0°C for30minutes. Precipitatedcrystalswere separated
by filtration and washed with 5.89 L of acetone and 11.8 L of

diisopropyl ether toobtain6.19kgof wet crystals. Thewetcrystals
were dried under reduced pressure at a warmwater temperature setting

of 65.0°C for about 20 hours to obtain 5.42 kg of
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bis(acetato-0)-[6, 7-difluoro-1-(2-fluoroethyl)-8-methoxy-4-0oxo0
-1, 4-dihydroquinoline-3-carboxylato-0°,0%boron (yield: 90.4%).
[0062]

Melting point: 183 to 185°C (dec).

Elemental analysis (%): as Ci17H15BF3NOg

Calcd.: C, 47.58; H, 3.52; N, 3.26.

Measured: C, 47.91; H, 3.44; N, 3.04.

'"H-NMR (CDCls;, 400 MHz) &: 2.04 (6H, s), 4.22 (3H, d, J = 2.4 Hz),
4.88 (2H, dt, J = 47.0, 4.4 Hz), 5.21 (2H, dt, J = 24.9, 4.4 Hz),
8.17 (1H, t, J = 8.8 Hz), 9.11 (1H, s).
ESI MS (positive) m/z: 430 (M+H)".
IR (KBr) cm ': 3080, 1703.
[0063]
(Reference Example 5)
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidi
ne-1-yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1, 4-dihydr
ogquinoline—-3-carboxylic acid hydrochloride salt
25.0Lof dimethylsulfoxide, 9.72L (69.9mol) of triethylamine,
and 2.96 kg (12.8 mol) of
(3R, 4S)-3-cyclopropylaminomethyl-4-fluoropyrrolidine were mixed
inanitrogenatmospheretoobtainareactionmixture, andthereaction
mixture was stirred at 23.3 to 27.5°C for 15 minutes. 5.00 kg (11.7
mol) of
bis(acetato-0)-[6, 7-difluoro-1-(2-fluoroethyl)-8-methoxy—-4-oxo

-1, 4-dihydroquinoline-3-carboxylato-0°, 0% boron was added to the
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reaction mixture at 26.4 to 28.1°C, and the reaction mixture was
stirred at 23.7 to 28.3°C for 2 hours. 100 L of ethyl acetate was
added to the reaction mixture, and 100 L. of water was added thereto.
Then a solution of 800 g of sodium hydroxide (an amount giving a
2mol/L solution) in10.0 L of water was added to the reactionmixture.
The reaction mixture was stirred for 5 minutes, and an agqueous layer
was separated. 100 L of ethyl acetate was added to the aqueous layer.
The resultant mixture was stirred for 5Sminutes, and an ethyl acetate
layer was separated.

The ethyl acetate layer was combined, and 100 L of water was
added thereto. The resultant mixture was stirred for 5 minutes and
left to stand, and an aqueous layer was discarded. Then the ethyl
acetate layer was evaporated under reduced pressure. The obtained
residue was dissolved in 50.0 L of 2-propanol and the resultant
solutionwas left to stand overnight at room temperature. Asolution
of 4.37 L (52.4 mol) of hydrochloric acid in 21.8 L of water (an
amount giving a 2 mol/L solution) was added to the solution, and
the resultant mixture was stirred at 23.6 to 26.4°C for 30 minutes.
The mixture was heated at an external temperature of 55.0°C for
dissolution (dissolution was observed at 48.3°C) and then cooled
for crystallization. The mixture was stirred at 39.8 to 41.4°C for
30 minutes, then cooled (approximate temperature settings: 7.0°C
until 20.0° and -10.0°C below 20.0°C), and stirred at 4.4 to 10.0°C

for 1 hour. Precipitated crystals were separated by filtration and

washed with 50 L of 2-propanol to obtain 7.07 kg of wet crude crystals
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of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt.
[0064]
(Example 1)
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidi
ne-1-yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydr
oquinoline-3-carboxylic acid hydrochloride salt (crystals A)
9.57 kg of the crude
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)—-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt obtained in Reference
Example 1 was added to a solvent mixture of 60 L of ethanol and
10.8 Lof purifiedwater, and themixture was heated for dissolution.
The solutionwas filtrated througha filter and washed with a solvent
mixture of 24.0 L of ethanol and 1.20 L of purified water. After
dissolution was confirmed, 96.0 L of heated ethanol (99.5) was added
to the solution at 71.2 to 72.6°C. Then the resultant solution was
cooled (warm water temperature setting: 60.0°C). After the
occurrence of crystallization was observed (crystallization
temperature: 61.5°C), the mixture was stirred at 59.4 to 61.5°C for
30 minutes. The mixture was cooled in stages (the warm water
temperature setting at above 50.0°C was 40.0°C; the warm water

temperature setting at above 40.0°C was 30.0°C; the warm water
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temperature setting at above 30.0°C was 20.0°C; the temperature
setting at above 20.0°C was 7.0°C; the temperature setting at above
15.0°C was -10.0°C; and then the mixture was left to stand) and then
stirred at 4.8 to 10.0°C for one hour. Precipitated crystals were
separated by filtration and washed with 30.0 L of ethanol to obtain
5.25 kg of wet crystals of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt. The filtration rate
of the precipitated crystals was high, and the crystals could be
easily filtratedeven in an industrial scale. The obtainedcrystals
was dried under reduced pressure at a temperature setting of 50.0°C
for about 13 hours to obtain 4.83 kg of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt (crystals A) (yield:
72.6%) .

The results of powder X-ray diffraction are shown in FIG. 1.
As can be seen in FIG. 1, peaks appeared at 4.9°, 10.8°, 12.9°, 18.2°,
21.7°, 24.7°, and 26.4°, and characteristic peaks were found at 10.8°,
12.9°, and 24.7°.

The results of thermal analysis (TG/DTA) are shown in FIG.
4. As can be seen in FIG. 4, indifferential thermal analysis (DTA),
only an exothermic peak due to decomposition appeared at 210°C, and

no other endothermic peaks and exothermic peaks were observed. In

31



10

15

20

25

thermogravimetric (TG) analysis, no weight loss was observed until
150°C, at least 100°C.

[0065]

Elemental analysis (%): as C,1H,4F3N304-HCL

Calcd.: C, 53.00; H, 5.30; N, 8.83.

Measured: C, 53.04; H, 5.18; N, 8.83.

'"H-NMR (DMSO-dg, 400 MHz) & (ppm): 0.77-0.81 (2H, m), 0.95-1.06 (2H,
m), 2.80-2.90 (2H, m), 3.21-3.24 (1H, m), 3.35-3.39 (1H, m), 3.57
(3H, s), 3.65-3.78 (3H, m), 4.13 (1H, dd, J=41.8, 13.1Hz), 4.64-4.97
(3, m), 5.14 (1H, dd, J = 32.7, 15.6 Hz), 5.50 (1H, d, J = 53.7
Hz), 7.80 (1H, d, J =13.7 Hz), 8.86 (1H, s), 9.44 (2H, br s), 15.11
(1H, br s).

ESI MS (positive) m/z: 440 (M+H)".

[0066]

(Example 2)

7-{(3S,4S)-3-[ (cyclopropylamino)methyl]-4-fluoropyrrolidi
ne-1-yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1, 4-dihydr
oquinoline—-3-carboxylic acid hydrochloride salt hydrate (crystals
B)

30.0 g (63.0 mmol) of the
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)—-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt obtained in Reference
Example 1 was added to a solvent mixture of 600 mL of 2-propanol

and 90.0 mL of water, and the mixture was heated for dissolution
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(internal temperature: 72°C). Then the solution was cooled. After
the occurrence of crystallization was observed (internal
temperature: 49°C), the mixture was stirred at around the
crystallization temperature (internal temperature: 48 to 49°C) for
5 minutes. The solution was heated from the crystallization
temperate until the internal temperature increased about 10°C and
stirred at this temperature for 30 minutes (internal temperature:
48 to 60°C). The solution was gradually cooled (cooled by about
1°C per minute) and stirred at 10°C or less for 1 hour (internal
temperature: 2 to 10°C). Precipitated crystals were filtrated and
washed with a solvent mixture of 143 mL of 2-propanol and 7.5 mL
of water to obtain 34.5 g of a white powder of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt hydrate (crystals B).

The results of powder X-ray diffraction are shown in FIG. 2.
As can be seen in FIG. 2, peaks appeared at 4.8°, 9.4°, 17.7°, 22.8°,
25.8°, and 27.0° and characteristic peaks were found at 9.4° and
17.7°.

The results of thermal analysis are shown in FIG. 5. As can
be seen in FIG. 5, in the differential thermal analysis (DTA), an
endothermic peak due todehydrationwas observed when the temperature
increased from room temperature to 100°C (at 75.9°C in FIG. 5), and
exothermic peaks were observed at 142.3°C and 210°C. In the

thermogravimetric (TG) analysis, a weight loss of 7.01% was observed
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until 100°C.

The measurement value in Karl Fischer water content
determination was 7%.

The mole ratio of the compound : water was 1 : 2 caluculated
based on the measurement value in Karl Fischer water content
determination. Additionally, the weight loss until 100°C in the
thermogravimetric (TG) analysis corresponded to the measurement
value in Karl Fischer water content determination, and it was clearly
observed the endothermic peak when the temperature increased from
room temperature to about 100°C in the differential thermal analysis
(DTA). That is, it is realized that the desporption of crystalline
water from the the crystalline structure caused by heating from
roomtemperature to about 100°Cwas occurred, and the obtainedcrystal
was identified as the hydrated crystals.
[0067]
'H NMR (DMSO-dg, 400 MHz) & (ppm): 0.77-0.81 (2H, m), 0.98-1.00 (2H,
m), 2.79-2.93 (2H, m), 3.22 (1H, dd, J = 8.4, 12.2 Hz), 3.58 (3H,
s), 3.65-3.81 (3H, m), 4.13 (1H, dd, J = 13.2, 42.1 Hz), 4.81-4.97
(2H, m), 5.15 (1H, dd, J = 15.7, 32.8 Hz), 5.55 (1H, 4, J = 53.8
Hz), 7.79 (1H, dd, J =2.4, 13.2 Hz), 8.85 (s, 1H), 9.56 (2H, brs),
15.07 (1H, brs).
[0068]
(Examples 3 to 7)

Hydrochloride salts of the compound (1) were obtained as in

Example 2 except that solvent ratio and solvent amount conditions
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and the types of obtained crystals.

[0069]
[Table 1]
AMOUNT OF
wroor  SONRTONT ey
CRYSTALLIZATION 9 | ACTIVITY | CRYSTAL
SOLVENT OF CRUDE VALUE
HYDROCHLORIDE
SALT)
EXAMPLE 1 | EtOH:H,0 = 15-1 32 mL 0.33 CRYSTALS A
EXAMPLE 3 | EtOH-H,0 = 10-1 20 mL 0.43 CRYSTALS A
EXAMPLE 4 | EtOH-H,0 = 419 4mL 0.67 CRYSTALS B
EXAMPLE 2 | IPAH,0 = 20-3 23 mL 0.77 CRYSTALS B
EXAMPLE 5 | IPAH,0 = 101 22 mL 0.67 CRYSTALS B
EXAMPLE 6 | IPAH,0 = 946 50 mL 0.52 CRYSTALS B
EXAMPLE 7 | IPAH,0 =973 100 mL 0.33 CRYSTALS A

EtOH: ETHANOL, IPA: 2-PROPANOL

[0070]

(Example 8)
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidi

ne-1-yl}-6-fluoro-1-(2-fluorocethyl)-8-methoxy-4-oxo-1,4-dihydr

oquinoline-3-carboxylic acid hydrochloride salt hydrate (crystals

B)

1 g of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt (crystals A) was spread
over a petri dish and placed in a desiccator in which a saturated

potassium sulfate solution had been placed. The crystals A were
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stored at 25°C for 1 week to obtain
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt hydrate(crystals B).
[0071]
(Example 9)

7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidi
ne-1-yl}-6-fluoro-1-(2-fluorocethyl)-8-methoxy-4-oxo-1,4-dihydr
oquinoline-3-carboxylic acid methanesulfonate salt

3.36 L of acetone was added to 178 g of
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)—-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid synthesized according to Reference Example
3, and the mixture was heated for dissolution. 0.48 L of an acetone
solution of 59.1 g of methanesulfonic acid was added dropwise to
the solution at an internal temperature of around 40°C (the solution
obtained is hereinafter referred to as a solution mixture). The
solution mixture was stirred at an internal temperature of around
40°C for 0.5 hours. The solution mixture was cooled and stirred
ataninternal temperatureof 10°Cor less for 0.5hours. Precipitated
crystals were separatedby filtration, washedwith 1.44 L of acetone,
and dried at 50°C under reduced pressure for 2 hours to obtain 198
g of crude
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-

yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
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oline-3-carboxylic acid methanesulfonate salt.

1.98 L of a solvent mixture of acetone and water (5:1) was
added to 198 g of the crude product, and the mixture was heated
for dissolution. The solution was filtrated through a filter, and
the vessel was washed with 2.96 L of acetone. The filtrate was
combined with the washings, and the mixture was stirred at room
temperature. After crystals were precipitated, the mixture was
stirred for 15minutes, heated, andstirredat aninternal temperature
of 35 to 41°C for 0.5 hours. The mixture was cooled and stirred
ataninternal temperatureof 10°Cor less for0.5hours. Precipitated
crystals were separated by filtration and washed with 0.99 L of
acetone. And the wet crystals (136 g) were dried under reduced
pressure at 40°C for 19 hours and then at 50°C for about 4 hours
to obtain 133 g of crystals of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)—-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid methanesulfonate salt.

The results of powder X-ray diffraction are shown in FIG. 3.
As can be seen in FIG. 3, peaks appeared at 9.9°, 14.1°, 16.6°, 19.8°,
22.3°, and 28.0°, and characteristic peaks were observed at 9.9°,
14.1°, and 28.0°.

The results of thermal analysis (TG/DTA) are shown in FIG.
6. As can be seen in FIG. 6, in the differential thermal analysis
(DTA), an endothermic peak due to fusion was observed at 213.1°C,

and an exothermic peak due to decomposition was observed at 220.2°C.
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No other endothermic peaks and exothermic peaks were observed. 1In
the thermogravimetric (TG) analysis, no weight loss was observed
until 200°C, at least 100°C.
[0072]
Melting point (hot platemethod): 207 to 210°C (decomposition)
[a]p*® =176 (c 1.0, Hy0)
IR (KBr method); 1727, 1626, 1466, 1227, 1059 cm*
Elemental analysis (%): as C,1Hp4F3N304-CH,03S
Calcd.: C, 49.34; H, 5.27; N, 7.85.
Measured: C, 49.49; H, 5.15; N, 7.62.
'H NMR (DMSO-dg¢, 400 MHz) 8 (ppm): 0.78-0.92 (4H, m), 2.35 (3H, d,
J=1.7 Hz), 2.73-2.87 (2H, m), 3.28 (l1H, dd, J = 12.8, 7.0 Hz),
3.42 (14, dd, J = 13.0, 6.6 Hz), 3.58 (3H, s), 3.65-3.76 (3H, m),
4.13 (14, ddt, J =42.1, 12.9, 2.8 Hz), 4.66-4.97 (3H, m), 5.08-5.22
(lH, m), 5.46 (1H, d, J=53.6Hz), 7.80 (1H, d, J=13.6Hz), 8.78-8.93
(3H, m), 15.07 (1H, Dbrs).
ESI MS(positive) m/z: 440 (M+H)".
[0073]
(Example 10)
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidi
ne-1-yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydr
oquinoline-3-carboxylic acid hydrochloride salt (crystals A)
7.07 kg of the crude
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-

yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
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oline-3-carboxylic acid hydrochloride salt obtained in Reference
Example 5 was added to a solvent mixture of 50 L of ethanol and
9.0 L of purified water, and the mixture was heated for dissolution.
The obtained solution was filtrated through a filter and washed
with a solvent mixture of 20.0 L of ethanol and 1.0 L of purified
water. After dissolution was confirmed, 80.0 L of heated ethanol
(99.5) was added to the solution at 70.6 to 71.4°C. The solution
was cooled (warm water temperature setting: 60.0°C). After the
occurrence of crystallization was observed (crystallization
temperature: 61.4°C), the mixture was stirred at 60.0 to 61.4°C for
30 minutes. The mixture was cooled in stages (cooled until 50.0°C
with a warm water temperature setting of 40.0°C, cooled until 40.0°C
with a warm water temperature setting of 30.0°C, cooled until 30.0°C
with a warm water temperature setting of 20.0°C, cooled until 20.0°C
with a temperature setting of 7.0°C, cooled until 15.0°C with a
temperature setting of -10.0°C, and then left to stand) and then
stirred at 1.2 to 10.0°C for one hour. Precipitated crystals were
separated by filtration and washed with 25.0 L of ethanol to obtain
4.52 kg of wet crystals of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid hydrochloride salt. The wet crystals were
dried at a temperature setting of 50.0°C under reduced pressure for
about 14 hours to obtain 4.07 kg of

7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
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yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin

oline-3-carboxylic acid hydrochloride salt (crystals A) (yield:
73.4%) .

[0074]

Elemental analysis (%): as Cy1H,4F3N304-HCL

Calcd.: C, 53.00; H, 5.30; N, 8.83.

Measured: C, 52.80; H, 5.35; N, 8.82.

'H NMR (DMSO-dg, 400 MHz) & (ppm): 0.71-0.86 (2H, m), 0.90-1.07 (2H,
m), 2.73-2.98 (2H, m), 3.15-3.29 (1H, m), 3.30-3.45 (1H, m), 3.58
(3H, s), 3.63-3.83 (3H, m), 4.13 (1H, dd, J=42.1, 13.2Hz), 4.64-5.00
(3, m), 5.15 (1H, dd, J = 32.8, 15.7 Hz), 5.52 (1H, dt, J = 53.8,
2.9 Hz), 7.80 (1H, 4, J = 13.7 Hz), 8.86 (1lH, s), 9.55 (2H, brs),
15.11 (1H, brs).

ESI MS (positive) m/z: 440 (M+H)".

[0075]

(Test Example 1)

Storage stability test on crystals of hydrochloride salt
(crystals A), crystals of hydrochloride salt hydrate (crystals B),
crystals of hydrochloride salt (crystals C), and crystals of
methanesulfonate salt

Afterthecrystalsof hydrochloridesalt (crystalsA), crystals
of hydrochloride salt hydrate (crystals B), crystals of
hydrochloride salt (crystals C), and crystals of methanesulfonate

salt of the compound (1) were stored in a closed or open condition

at 40°C and a relative humidity of 75% with opaque containers, the
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amounts of these crystals were measured by HPLC.
[0076]

HPLC conditions: a column, which is Inertsil ODS-3V
manufactured by GL Sciences Inc., and has an inner diameter of 4.6
mm, a length of 15 cm, and a particle diameter of 5 um, was used.
A mobile phase used was a mixture of a mobile phase A and a mobile
phase B. Diluted phosphoric acid (1 —> 1000) was used as the mobile
phase A, and methanol for liquid chromatography was used as the
mobile phase B. The ratio of the mobile phase A was changed from
65% to 70% at 0 to 10 minutes, from 70% to 65% at 10 to 20 minutes,
and from 65% to 20% at 20 to 40 minutes and held at 20% at 40 to
45 minutes to control the concentration gradient, and the mobile
phase was fed at a flow rate of 1 mL per minute. The measurement
wavelength used was 294 nm.

[0077]

TABLE 2 shows the results of the analysis of the amounts of
remaining unaltered crystals at different times when the crystals
of hydrochloride salt (crystals A), the crystals of hydrochloride
salt hydrate (crystals B), the crystals of hydrochloride salt
(crystals C), the crystals of methanesulfonate salt, and the free
crystals were stored under the conditions of 40°C and 75%RH.
[0078]

[Table 2]
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Storage stability (40°C/75%RH) of crystals of hydrochloride salt (crystals A), crystals
of hydrochloride salt hydrate (crystals B), crystals of hydrochloride salt (crystals C),

crystals of methanesulfonate salt, and free crystals .

2 WEEKS 4 WEEKS
CRYSTAL FORM INITIAL  FopEN CLOSED | OPEN CLOSED
CONDITION | CONDITION | CONDITION | CONDITION
CRYSTALS A 99.52 ND ND 99.51 99.52
CRYSTALS B 99.59 ND ND 99.64 99.65
CRYSTALS C 99.75 99.47 99.37 ND ND
CRYSTALS OF
METHANESULFONATE | 95.18 ND ND 95.89 96.09
SALT
FREE CRYSTALS 95.18 95.27 95.13 95.35 95.00
ND = No data
[0079]

As is clear from TABLE 2, in the crystals C, the amount of
unaltered crystals was found to decrease at 2 weeks, and therefore
the storage stability was not high. However, in the crystals A,
the crystals B, and the crystals of methanesulfonate salt, no change
in the amount of unaltered crystals was observed at 4 weeks, and
therefore, like the free crystals, they were stable.

[0080]
(Test Example 2)

Test of storage stability against light on crystals of
hydrochloride salt (crystalsA), crystals of methanesulfonate salt,
and free crystals

TABLE 3 shows theresultsof analysisof theamounts of remaining

unaltered crystals at different times when the crystals A, the
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crystals of methanesulfonate salt, and the free crystalswere stored
under irradiation using a D65 fluorescent lamp.

[0081]

[Table 3]

Storage stability against light (D65 irradiation) of CRYSTALS OF hydrochloride salt

(crystals A), CRYSTALS OF methanesulfonate salt, and free crystals

TOTAL IRRADIATION AMOUNT((Ix - hrs)
CRYSTAL FORM INITIAL

110,000 {220,000 {530,000 {860,000 |1,280,000
CRYSTALS A 98.68 97.74 97.43 97.32 96.32 91.33
CRYSTALS OF
METHANESULFONATE | 98.83 98.01 97.5 96.91 95.37 95.11
SALT
FREE CRYSTALS 96.12 77.71 75.31 66.34 49.82 44.85
[0082]

In the free crystals, the amount of unaltered crystals was
found to significantly decrease evenat 110,000 1x-hrs. On the other
hand, in the crystals A and the crystals of methanesulfonate salt,
almost nochangewas observedat that irradiationamount. Theamounts
of the crystals A and the crystals of methanesulfonate salt were
found to decrease at 1,280,000 1lx-hrs. However, the reduction in
the amount of the free crystals at 1,280,000 1x-hrs was 50% or larger.
Therefore, the stability of the crystals A and the crystals of
methanesulfonate salt were found to be significantly improved.
[0083]

(Test Example 3)
Test of solubility of crystals of hydrochloride salt (crystals

A), crystals of hydrochloride hydrate (crystals B), crystals of
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methanesulfonate salt, and free crystals in water
TABLE 4 shows the solubilities of thecrystals of hydrochloride
salt (crystals A), the crystals of hydrochloride salt hydrate

(crystals B), the crystals of methanesulfonate salt, and the free

crystals in water.

[0084]

[Table 4]

CRYSTAL FORM SOLUBILITY(mg/mL)
CRYSTALS A >10
CRYSTALS B >10
CRYSTALS OF
METHANESULFONATE >10
SALT

FREE CRYSTALS <1
[0085]

The solubility of the free crystals was 1 mg/mL or less. On
the other hand, the solubilities of the crystals A, crystals B,
and crystals of methanesulfonate salt were 10 mg/mL or larger, and
the solubilities in water were clearly improved.

Industrial Applicability
[0086]

Thepresent inventioncanprovidecrystalsof thehydrochloride
salt, hydrochloride salt hydrate, and methanesulfonate salt of
7-{(35,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid that is safe and not only has a strong

antibacterial action but also is effective for resistant bacteria
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for which conventional antibacterial agent are less effective.
These crystals have high solubility in water and high storage
stability. According to the methods of the invention, the crystals
of the hydrochloride salt, hydrochloride salt hydrate, and
methanesulfonate salt can be supplied independently in a stable
manner. These hydrochloride salt, hydrochloride salt hydrate, and

methanesulfonate salt can be selectively used as pharmaceuticals.
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CLAIMS

1. A hydrochloride salt of a compound
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)—-8-methoxy-4-oxo-1,4-dihydroquin

oline-3-carboxylic acid.

2. The hydrochloride salt according to claim 1, wherein the
hydrochloride salt includes an anhydrous of the hydrochloride salt
of the compound and/or a hydrate of the hydrochloride salt of the

compound.

3. The hydrochloride salt according to claim 1, wherein the
hydrochloride salt includes an anhydrous crystal of the

hydrochloride salt of the compound.

4. The hydrochloride salt according to claim 1, wherein the
hydrochloride salt includes a hydrate crystal of the hydrochloride

salt of the compound.

5. A pharmaceutical comprising the hydrochloride salt according

to claim 1.

6. An antibacterial agent comprising the hydrochloride salt

according to claim 1 or prepared by incorporating the hydrochloride
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salt according to claim 1 as an active pharmaceutical ingredient.

7. The antibacterial agent according to claim 6, wherein the

antibacterial agent is an oral dosage formulation.

8. The antibacterial agent according to claim 6, wherein the

antibacterial agent is an injection.

9. A method for producing the hydrochloride salt according to
claim 1, comprising:

adding hydrochloric acid to a 2-propanol solution of
7-{(3S5,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}—-6-fluoro-1-(2-fluoroethyl)-8-methoxy-4-oxo-1,4-dihydroquin

oline-3-carboxylic acid.

10. A hydrochloride salt of a compound

7-{(3S,4S)-3-[(cyclopropylamino)methyl]-4-fluoropyrrolidine-1-
yl}-6-fluoro-1-(2-fluoroethyl)—-8-methoxy-4-oxo-1,4-dihydroquin
oline-3-carboxylic acid obtained by adding hydrochloric acid to

a 2-propanol solution of the compound.
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