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CRYSTALS OF ANTI M CROBJFAL COVPOUND FI ELD OF THE | NVENTI-ON ThIS |nvent|on
relates to crystals containing water of crystalllzatlon (hereﬁnafter
referred to as hydrate formor hydrate, sinply), and crystals w thout water
of crystallization (hereinafter referred to as anhydrate form or anhydrate,
sinply), and to a nethod for selectively preparing these crystals, and
further to pharmaceutical preparations containing such a crystalline form

BACKGROUND OF THE I NVENTI ON A qui nol one derivative represented by fornula
(1): F COOERYSTALS OF ANTIMICROBIAL COMPOUND

FIELD OF THE INVENTION

This in?ention relates to crystals containing water
of crystallization (hereinafter referred to as hydrate form
or hydrate, simply), and crystals without water of
crystallizatidn (hereinafter referred to as anhydrate form or
anhydrate, simply), and to a method for selectively preparing
these crystals, and further to pharmaceutical preparations
containing such a crystalline form.

BACKGROUND OF THE INVENTION

A quinolone derivative represented by formula (I):

| (1)

Ci F
H,N /[ \/

i.e., 7-[(7-(S)-amino-5-azaspiro[2.4]heptan-5-yl]-8-chloro-6-
fluoro-l?[(1R,2S)—2-fluorocyclopropyl]-4—oxo—l,4-
dihydroquinoline-3-carboxylic acid (hereinafter referred to
as compound (I)), has high antimicrobial activity with
excellent safety (cf. EP-A-0 341 493 or JP-A-2-231475; the
term "JP-A" as used herein means an "unexamined published
Japane;e Patent Application") -and is expected to be an

excellent synthetic antimicrobial agent.
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ie., 7-[(7-(S)-anino-5zazaspiro[2.4] heptan-5-yl]-8-chl.oro-6-

fluoro-1-((1R 2S)-2-fluorocycl opropyl ] -4-oxo-1, 4-

di hydr oqui nol i ne-3-carboxylic acid (hereinafter referred to as conpound
(1)), has high antimicrobial activity with excellent safety (cf. EP-A-0 341
493 or JP-A-2-231475; the term"JP-A" as used herein nmeans an "unexam ned
publ i shed Japanese Patent Application")-and is expected to be an excell ent
synthetic antim crobial agent. 2

It was found that the compound (I) can exist in the
form of several kinds of hydrate forms other than a 1/4
(0.25) hydrate, such as a 1/2 (0.5) hydrate (i.e.,
hemihydrate), a 1 hydrate (i.e., monohydrate), and a 3/2
(1.5) hydrate (i.e., sesquihydrate). It was also found that
an anhydrate form exists in addition to these hydrates.

Hydrate form of compound (I) include plural types of
crystals having different number of crystal water molecules.
bepending on the conditions for crystallization or
recrystallization, plural types of hydrates are formed in the

resulting crystals, and such crystals are unsuitable as a

bulk material for solid pharmaceutical preparations.

SUMMARY OF THE INVENTION

As a result of extensive investigations, the present
inventors have found that it is possible to selectively
prepare crystals of specific hydrate or anhydrate of compound
(I) by controlling the conditions for crystallization or
recrystallization. The present invention was completed based
on this finding.

Accordingly, the present invention relates to a
method for selectively obtaining a 3/2 hydrate of compound
(I) which comprises treating 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan-5-yl}-8-chloro-6-fluoro-1-{(1R,25)-2-
fluorocyclopropyl]-4-oxo-1,4-dihydrogquinoline-3-carboxylic
acid in an aqueous solvent or water or recrystallizing

compound (I) from an aqueous solvent or water.
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I't was found that the ‘conpound (1) can-exist in the formof several kinds
of hydrate fornB other than a 1/4 (0. 25) hydrate such as a 1/2 (0.5)
hydrate (i.e., hem hydrate), a 1 hydrate (i.e., nonohydrate), and a 3/2
(1.5) hydrate (i.e., sesquihydrate). It was also found that an anhydrate
formexists in addition to these hydrates. Hydrate form of conpound (1)

i nclude plural types of crystals having different nunber of crystal water
nol ecul es. Dependi ng on the conditions for crystallization or

recrystal lization, Th us@dsdypebneéntyeli atesates toraemethothéoresul ting

crystals, and such crystals are unsuitable as a bulk material for solid

phar naceutésbécpiephby abbtadning a 3/2 hydrate of compound (I) which
comprises treating 7-[(7-(S)-amino-5-azaspiro[2.4]heptan-5-
yl]-8—chloro-6—fluoro—l-[(lR,28)-2—fluorocyclopropyl]—4—oxo-
1,4-dihydrogquinoline-3-carboxylic acid in an aqueous solvent
or water.

The present invention relates to a method for
selectively obtaining a 3/2 hydrate of compound (I) which
comprises recrystallizing 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-[(1R,25)-2~
fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid from an aqueous solvent or water.

The present invention also relates to the
aforementioned methods, wherein the aqueous solvent is an

- aqueous ethanol containing ammonia.

The present invention also relates to 7-[(7-(S)-
amino-5-azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-

[ (1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline~3-
carboxylic acid 3/2 hydrate.

The present invention also relates to 7-[(7-(S)-
amino-5-azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-

[ (1R,2S)~2-fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid anhydrate.l

The present invention also relates to a crystal of 7-
[ (7-(S)-amino-5-azaspiro(2.4 ieptan-5-yl)-8-chloro-6~fluoro-

1-[ (1R, 2S)-2-fluorocyclopropyl]-4-oxo-1,4-dihydrogquinoline-3-
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SUMVARY OF THE | NVENTEGN As a result of extensive investigations, the
present inventors have found that it is possible to selectively prepare
‘crystals of specific hydrate or anhydrate of conpound (1) by controlling
the conditions for crystallization or recrystallization. The present
I nvention was conpl eted based on this finding. Accordingly, the present
I nvention relates to a nethod for selectively obtaining a 3/2 hydrate of
conmpound (I) which conprises treating 7-[(7-(S)-am no-5-
azaspi r o] Zafdbmtlae ;aqdd - B2 Hydoe e fhlubel- substaiRt 28)12- has the
fl uorocycl opropyl ] - 4- oxo-1, 4-di hydroqui nol i ne- 3- carboxylic

following X-ray dlffractlon characteristics.

d Value (lattlce spacings) Relative Intensity

(&)
11.47 Weak
10.49 Strong
9.69 Weak

7.12 Extremely Weak
6.87 Strong
6.23 Strong
5.68 Weak

5.25 Strong
4.90 Extremely Strong
4.71 Extremely Weak
4.61 Weak

4.25 Weak

4.15 Extremely Weak
4.01 Strong
3.85 Extremely Weak
3.80 Extremely Weak
3.74 : Extremely Weak
3.69 Weak

3.58 Weak

3.50 Weak

3.46 Weak

3.39 ' Weak

3.34 Weak

3.29 Weak

3.17 Weak

The present invention further relates to
pharmaceutical preparations containing the single hydrate or
anhydrate mentioned above.

The present invention relates to an antibacterial
agent comprising as an active ingredient a
therapeutically effective amount of

7—[7—(S)—amino—s-azaspiro[2.4]heptah-s—yl]—8—chloro—6-fluoro-
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acid in an aqueous solvent or water or recrystallizing-conmpound (I) from an
agueous sol vent or water. The present invention relates to a nethod for
sel ectively obtaining a 3.2 hydrate of conpound (1) which conprises
treating 7-[(7-(S)-am no-5-azaspiro[ 2. 4] heptan-5-
yl]-8-chloro-6-fluoro-1-[ (I R, 2S)-2-fl uorocycl opropyl ] -4-oxo-
1, 4-di hydr oqui nol i ne- 3-carboxylic acid in an aqueous solvent or water. The
present invention relates to a nethod for
1-[(1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid 3/2 hydrate. '
The present invention also relates to an
antibacterial agent comprising as an active ingredient a
therapeutically effective amount of
7-[7-(S)~amino-5-azaspiro[2.4]heptan-5-yl]~-8-chloro-6-fluoro-
1-[(1R,2S)~-2~fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline~3~
carboxylic acid 3/2 hydrate which substantially has the
following X-ray diffraction characteristics.

d Value (lattice spacings) Relative Intensityv
(&)

11.47 Weak
10.49 Strong
9.69 Weak

7.12 Extremely Weak
6.87 Strong
6.23 Strong
5.68 Weak

5.25 Strong
4.90 Extremely Strong
4.71 Extremely Weak
4.61 Weak

4.25 Weak

4.15 Extremely Weak
4.01 Strong
3.85 Extremely Weak
3.80 Extremely Weak
3.74 Extremely Weak
3.69 Weak

3.58 Weak

3.50 Weak

3.46 Weak

3.39 Weak

3.34 ’ Weak

3.29 Weak

3.17 T Weak
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sel ectively obtaining:a,3/2 hydrate of conpound (1) mhlch conpri ses
recrystal lizing 7-[(7-(S)-ani no-5-

‘azaspi ro[ 2. 4] hept an-5-yl ] - 8-chl or o- 6-f|uoro-|-[(IR,28)-2-

fl uorocycl opropyl ] - 4- oxo- 1, 4- di hydr oqui nol i ne- 3-carboxylic acid from an
aqueous sol vent or water. The present invention also relates to the

af orenenti oned net hods, wherein the aqueous solvent is an aqueous et hanol
cont ai ni ng anmoni a. The present invention also relates to 7-[(7-(S)-

am no- 5- azaspi r o( McldwEaN-the/| prdeseit oivvéntivnrvelates to a

[ (I R 2S)-2-fluorocycl opropyl]-4-oxo-1, 4-di hydr oqui nol i ne-3- carboxylic acid

3/ 2 hydratmgethod for treating bacterial infections which comprises
administering a therapeutically effective amount of 7-[7-(S)-
amino-5-azaspiro[ 2.4 Jheptan-5-yl]-8-chloro-6-fluoro-1-
[(lR,25)-2-f1uorocyclopropyl]—4-dxo—1,4-dihydroquinoline—3—
carboxylic acid 3/2 hydrate.

The present invention also relates to a method for
treating bacterial infections which comprises |
administering a therapeutically effective amount of 7-[7-(S)-
amino-5-azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-

[ (1R, 2S8)-2-fluorocyclopropyl]-4-oxo-1,4-dihydro-quinoline-3-
carboxylic acid 3/2 hydrate which substantially has the

following X-ray diffraction characteristics.
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The present invention al:so relates to 7-F(7-(9)- il

ani no- 5- azaspi ro[ 2. 4] hept an-5-yl ]-8-chl oro-6-fl uoro-1--"

[ (I R '2S)-2-fluorocycl opropyl 3-4-oxo- 1, 4-di hydr oqui nol i ne-3- carboxylic acid
anhydrate. The present invention also relates to a crystal of 7-

[ (7-(S)-am no-5-azaspiro(2.4)heptan-5-yl]-8-chloro-6-fl uoro-

1-[ (I R 2S) - 2-fl uorocycl opropyl ] - 4- oxo- 1, 4- di hydr oqui nol i ne- 3- carboxylic
acid 3/2 hydrate which substantially has the following X-ray diffraction
characteristigsvalue (lattice spacings) Relative Intensity

(&)

11.47 Weak
10.49 Strong
9.69 Weak

7.12 ' Extremely Weak
6.87 Strong
6.23 Strong
5.68 Weak

5.25 Strong
4.90 Extremely Strong
4.71 Extremely Weak
4.61 Weak

4.25 Weak

4.15 Extremely Weak
4.01 Strong
3.85 Extremely Weak
3.80 Extremely Weak
3.74 Extremely Weak
3.69 Weak

3.58 Weak

3.50 Weak

3.46 Weak

3.39 Weak

3.34 Weak

3.29 Weak

3.17 Weak

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 represents an example of X-ray diffraction
spectrum of a 3/2 hydrate of the compound (I).

Fig. 2 represents an example of X-ray diffraction
spectrum of a 1/2 hydrate of the compound (I).

Fig. 3 represents an example of X-ray diffraction
spectrum of an anhydrate of the compound (I).

Fig. 4 represents an-gxample of X-ray diffraction

-

spectrum of a 1 hydrate of the compound (I).
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d Val ue (lattice spaC|ngs) Rel ative Intensity (A) 11.47

Weak 10. 49 Strong 9. 69 ' Weak 7.12
‘Extrenely Wak 6.87 i Strong 6.23 Strong
5. 68 Weak 5. 25 Strong 4.90

Extrenely Strong 4.71 Extrenel y Weak

DETAILED DESCRIPTION OF THE INVENTION

First of all, the inventors studied crystals of
compound (I) and, as a result, found that there are crystals
of anhydrate form and hydrate forms and that the hydrate
forms include a 1/2 hydrate, a 1 hydrate and a 3/2 hydrate in
addition to 1/4 hydrate. From the viewpoint of the
industrial production of the crystal, the 3/2 hydrate is
preferred because of its physicochemical stability as well as
yield and ease in setting of production condition when a bulk
material for pharmaceuticals is produced. On the other hand,
the anhydrate is good in dissolution rate itself and from a
tablet.

Each of hydrates and anhydrate of compound (I)
according to the present invention exhibits the spectrum
pattern shown in the drawings and has the substantially
characteristic pattern of the powder X-ray diffraction
spectrum shown in the following Examples. The term
"substantially characteristic" means that the spectrum
pattern of each of the crystals is not limited to that of
attached figures and tables but includes errors in lattice
spacings (d values) and intensity generally accepted in this
field.

It was found that more than one hydrate are formed in
the crystals depending on the conditions for producing
hydrate. 1In particular, a 1/2 hydrate contaminates when a
3/2 hydrate is produced. Such..a mixture of hydrates is

unsuitable as a bulk material for pharmaceutical
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4.61
Extrenely
"Weak 3. 80
3.69
Weak 3. 46

o Weak 4. 25 - Veak 4.15

Weak 4.01 - Strong 3.85 T Extrenely
Extrenely Weak 3.74 Extrenmel y Weak

Weak 3.58 . Weak 3.50

Weak 3. 39 Weak

preparations. Thus, the inventors studied a method for
selectively preparing ciystals of compound (I) solely
comprising a single hydrate or a single anhydrate.

The inventors examined the stability of crystals of
compound (I) in an aqueous solvent or water as follows.

Equivalent amounts of a 1/2 hydrate and a 3/2 hydrate
of compound (I) were mixed, and an aqueous solvent was added
to the mixture. The mixture was stirred at a varied
temperature and, after a given period of time, the proportion
of hydrates in the total crystals was analyzed. During the
stirring, the mixture was in a suspended state, namely, a
slurried state.

.As for an aqueous solvent, an aqueous ethanol having
a water content (hereinafter defined) between 0% to 100% was
employed. It was also found that an agueous ethanol further
containing 1% of 28% aqueous ammonia increases solubility of
the crystals and accelerates the conversion rate between
hydrates. The solvent was used in an amount of 15 m{ to
30 m per 1 gram of the crystals. The water content of the
solvent used is expressed in terms of volume ratio before
mixing. For example, an aqueous ethanol having a waﬁer
content of 60% means a mixture of ethanol and water at a
volume ratio of 4:6, and an aqueoué ethanol having a water
content of 60% containing 1% aqueous ammonia is a mixture
consisting of ethanol, water and 28% aqueous ammonia at a

volume ratio of 40:59:1.
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3:34

.-Weak 3. 29 - Weak 3.17

Weak The present |nvent|on further relates to pharnaceutical preparations
contai ning the single hydrate or anhydrate mentioned above. The present

i nvention relates to an anti bacterial agent conprising as an active

I ngredient a therapeutically effective anount of

7-[7-(S)-am no-5-azaspiro[ 2. 4] - hept an-5-yl ] -8-chl oro-6-fl uoro-

The stirring was continued for 3 days at a
temperature of 25°C or 45°C. The timé period of 3 days is
not essential for conversion of crystals, and it was proved
that the conversion completes in about 1 day.

As a result of these experiments, it was proved that
the kinds of crystals existing in the mixture vary depending
on the temperature, the water content of the solvent, and the
time.

More specifically, (i) l4-hour treatment at a
refluxing temperature of the solvent gave only an anhydrate
at a water content of 5% or less, only a 1/2 hydrate at a
water content of 50%, and a mixture of a 1/2 hydrate and a
3/2 hydrate at a water content of 75% or more; (ii) 3-day
treatment at 45°C gave only a 3/2 hydrate at a water content
of 50% or more and a mixture of a 1/2 hydrate and a 3/2
hydrate at a water content of 45% or less; and (iii) 3-day
treatment at 25°C gave only a 3/2 hydrate at a water content
of 40% or more and a mixture of a 1/2 hydrate and a 3/2
hydrate at a water content of 25% or less.

It was proved from these results that a 3/2 hydrate
can be obtained as a single substance by treating in a
solvent having a water content of 50% or more when the

temperature is 45°C; or in a solvent having a water content

~of 40% or more when the temperature is 25°C.

The term "treating" as used herein means continuously

stirring a mixture of crystals .and a solvent in a slurried
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5 1-((I R 29) - 2-fl uor ocycl opropyl ] - 4- oxo-1, 4- di hydr oqui hol i ne- 3- carboxylic
_aC|d 3/2 hydrate. The “present invention also relates to an anti bacteri al
agent conprising as an active ingredient a therapeutically effective anmunt
of 7-[7-(S)-am no-5-azaspiro[2.4] heptan-5-yl]-8-chloro-6-fluoro-

1-[ (IR 28)-2-fl uorocycl opropyl ] - 4- oxo- 1, 4- di hydr oqui nol i ne- 3- carboxylic
acid 3/2 hydrate which substantially has the followng X-ray diffraction
characteristics. d value (lattice spacings) Relative Intensity

state at the aforementioned temperature for the
aforementioned period.

A slurry of crystals may be prepared either by once
dissolving the crystals followed by crystallization or by
simply mixing the crystals and the solveht.

The solvent which can be used in the present
invention is not particularly limited as long as the crystals
can dissolve in the solvent and the solvent is miscible with
water. Illustrative examples of the solvent include lower
alcohols, such as methanol, ethanol, and propanol, and
acetone, of which ethanol is preferred. In addition, water
may be used solely as a solvent.

The inventors have also found that crystals consist
of only a 3/2 hydrate can be prepared selectively by the
recrystallization which employs as conditions at the start of
crystallization the above-described conditions which allow
only a 3/2 hydrate to exist in a slurried state. The term
"at the start of crystallization" as used herein means the
point at which all the pretreatments before formation of
crystals, e.g., dissolving crude crystals in a solvent and,
if desired, subjecting the solution to a treatment with
activated carbon, concentration or the like, have finished.

The inventors also sucéeeded in establishing a method
for obtaining a 1/2 hydrate, an anhydrate or a 1 hydrate as a
single crystals by recrystallization or the treatment in a

solvent by a similar manner.

-t
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(A 11.47 . Weak 10.49 - ;7. Strong 9.69

Weak 7.12 Extrenely Weak 6.87 ' Strong 6. 23
‘Strong 5. 68 ) Weak 5. 25 Strong 4.90
Extrenely Strong 4.71 Extrenmely Weak 4.61

Weak '

For example, a 1 hydrate of compound (I) can be
prepared by the treatment at about 25°C in an aqueous
methanol having a water content of 1% or less and an
anhydrate can be prepared by the treatment in an ethanol
containing 15% (w/w) ammonia.

The following procedures are the examples of the
method for the selective preparation of the hydrates and the
anhydrate of compound (I).

A) A method for the preparation of anhydrate:

A mixture of the crude crystal of compound (I), which
can be prepared according to the method disclosed in
EP-A-0 341 493, and an agueous methanol or an aqueous ethanol
is heated under reflux with stirring in a state of slurry for
from 0.5 hour to 8 hours. The water content of the aqueous
methanol or ethanol is less than 5% (v/v). The amount of the
solvent is in the ratio of from 10 ml to 30 ml to 1 g of the
crude compound (I). Increasing the water content of the
solvent tends to lessen the time for cémpletion of the
treatment. When anhydrous ethanol was employed as the
solvent, the conversion completed at the temperature of 70°C
and the time of 8 hours.

The anhydrate can be obtained by the
recrystallization method. One of the best procedure is
exemplified as Example 3 explained later. In this procedure,
an aqueous solvent containing less than 5% (v/v) of water can

-

be employed as the solvent.
' 1This Sheet Has Been Replacec
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:Veak 4.15 - Extrenely Weak 4.01

4. 25

Strong 3.85 Extrenely VEak 3.80 - Extrenely Weak
3.74 Extrenmely Weak 3 Weak 3.58

Weak 3.50 Weak 3.46 Weak 3. 39

Weak 3. 34 Weak

B} A method for the preparation of 1/2 hydrate:

A mixture of the crude crystal of compdund (I) and an
aqueous ethanol having a water content of 50% is heated under
reflux with stirring in a state of slurry for from 1 hour to
20 hours. The amount of the solvent is in the ratio of from
10 ml to 30 ml to 1 g of the érude compound (I). It was
known that when the solvent containing ammonia was used the
rate of the formation of 1/2 hydrate was accelerated.

The 1/2 hydrate can be obtained by the
recrystallization method. One of the best procedure is
exemplified as Example 2 explained later.

C) A method for the preparation of 1 hydrate:

One of the best procedure for the selective
preparation of 1 hydrate is exemplified as Example 4
explained later.

D) A method for the preparation of 3/2 hydrate:

The 3/2 hydrate is obtained from a slurry mixture
stirred under the condition previously explained under which
the 3/2 hydrate predominantly forms. The condition in which
the 3/2 hydrate predominantly forms is mainly-determined by
the water content of the solvent and the temperature, and the

relation is summarized in the following table.
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3.29 _ _ .. Weak 3.17 - Weak 6 Moreover, the
present invention relates to a method for treating bacterial infections

whi ch conprises admnistering a therapeutically effective anount of
7-[7-(S)- am no-5-azaspiro[ 2. 4] heptan-5-yl]-8-chl oro-6-fluoro-1-

[ (I R 2S)-2-fluorocycl opropyl]-4-oxo0-1, 4-di hydr oqui nol i ne-3- carboxylic acid
3/ 2 hydrate.

Table: The predominant region in the slurry of 3/2 hydrate

Temperature Water Content
(°C)
45 more than 50%
50 more than 60%
55 more than 70%
60 more than 90%

The amount of the solvent is in the ratio of from 10
ml to 30 ml to 1 g of the crude compound (I}).

The 3/2 hydrate can be obtained by the
recrystallization procedure. The preferable procedure is
exemplified as Examples 1 and 5 explained later. For the
recrystallization procedure, it is preferable, generally, to
employ a solvent containing ammonia, because the amount of
the solvent required can be decreased. The amount of the
solvent is in the ratio of from 5 ml to 50 ml to 1 g of the
crude compound (I), and preferably from 10 ml to 20 ml. The
water content of the solvent is in the range of from 50% to
100%, and preferably from 50% to 75%. If the content of
ammonia is raised, the solvent used can be decreased. The
amount of ammonia is in the ratio of from 0.5 g to 2.0 g,
preferably from 0.7 g to 1.0 g, to 1 g of the crude compound
(I). The solvent containing ammonia can be prepared by
adding ammonia water or by introducing gaseous ammonia to the
solvent. When ammonia water is employed, the water
ingredient thereof needs to be calculated to obtain the

solvent of precise water content. The temperature for
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The present invention al'so relates to a nethod for treat.ing bacteri al

I nfections which conprises adm nistering a therapeutically effective anount

of 7-17-(S)- amino-5-azaspiro[2.4] heptan-5-yl]-8-chl oro-6-fluoro-1-

[ (I R 2S)-2-fluorocycl opropyl]-4-o0xo0-1, 4-di hydr o- qui nol i ne-3- carboxylic

acid 3/2 hydrate which substantially has the following X-ray diffraction

characteristics. 7 d Value (lattice spacings) Relative Intensity
crystallization can be determined according to the table
above.

The crystal of the present invention can be
formulated into antimicrobial preparations in an appropriate
solid preparation form by the conventional preparation
methods. The solid preparation form for oral administration
includes tablets, powders, granules and capsules.

In the preparation of solid preparations, the active
ingredient may be mixed with appropriately selected
pharmaceutically acceptable excipients, such as fillers,
extenders, binders, disintegrators, dissolution accelerators,
wetting agents, and lubricants.

.The crystal of the invention can be formulated inté
preparations for animals, such as powders, fine granules, and
solubilized powders by commonly employed preparation methods.

The present invention will now be illustrated in
greater detail with reference to Examples, but it should be
understood that the present invention is not construed as
being limited thereto.

The powder X-ray diffraction spectrum data shown in
the Examples were determined under the following conditions

using a Geiger Flex machine manufactured by Rigaku-Denki.

Target: Cu-XKo
Filter: Ni
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(A 11.47 P Weak 10.49 - .+ Strong 9.69
Weak 7.12 ““Extrenely Weak 6.87 : Strong 6. 23
Strong 5.68 . Weak 5. 25 Strong 4.90
Extrenely Strong 4.71 Extrenely Weak 4.61
Weak

EXAMPLE 1

7-[(7-(S)-Amino-5-azaspiro[2.4]heptan-5-yl}-8-
chloro-6-fluoro-1-{ (1R, 2S)-2~fluorocyclopropyl]-4-
oxo-1,4-dihydroquinoline-3-carboxylic Acid 3/2 Hydrate

Crude crystals of 7-[(7-(S)-amino-5-
azaspiro[2.4]lheptan-5-yl]-8-chloro-6-fluoro-1-[ (1R,2S)-2-
fluorocyclopropyl}-4-oxo-1,4-dihydrogquinoline-3~carboxylic
acid (150 g) were added to a mixture of 5500 mi of an agqueous
ethanol having a water content of 75% and 450 mi of 28%
aqueous ammonia, and the mixture was stirred in a water bath
at 45°C for 30 minutes. After dissolving the crystals, 7.5 g
of activated carbon was added to the solution, followed by
filtration. The filtrate was concentrated under reduced
pressure at an outer temperature of 45°C to remove about
3000 m{ of the solvent by evaporation. The concentrate was
cooled to room temperature, and the precipitated crystals
were collected by filtration and dried at 40°C under reduced
pressure to yield 143 g of the title compound.

Melting Point: 225°C (decomposition)
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4:25 _:Weak 4.15 - Extreme}y Weak 4.01

Strong 3.85 ~ Extrenely Wak 3.80 Extrenel y Wak
3.74 . , Extremely Weak 3. 69 Weak 3.58

Weak 3.50 Weak 3. 46 Weak 3. 39

Weak 3. 34 Weak

Powder X-Ray Diffractometry (characteristic peaks):

d Value (lattice spacings) Relative Intensity
(&)

11.47 Weak
10.49 Strong

.69 Weak

.12 Extremely Weak
.87 Strong

.23 Strong

.68 Weak -

.25 Strong

.90 Extremely Strong
.71 Extremely Weak
.61 Weak

.25 Weak

.15 Extremely Weak
.01 Strong

.85 Extremely Weak
.80 Extremely Weak
.74 Extremely Weak
.69 Weak

.58 Weak

.50 Weak

.46 Weak

.39 ' Weak

.34 Weak

.29 Weak

.17 Weak

WWwwWwWwwWwwWwwww s &b bbby <O

IR; Vay (KBr) cm': 3450, 3000, 2880, 1620

Elemental Analysis, for C,;¢H;sF,C1N;0;+3/2H,0:
Caled. (%): C 52.24; H 4.85; N 9.62
Found (%): C 52.07; H 4.68; N 9.47

Water Content (Karl Fischer's method):

Calcd.: 6.18%; Found: 6.5%

s Sheet Has Been Replacec
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3.29 ...\Weak 3.17 - Weak BRI EF DESCRI PTI ON
OF THE DRAWNGS Fig. 1 represents an exanple of X-ray diffraction spectrum
of a 3/2 hydrate of the conmpound (I). Fig. 2 represents an exanple of X-ray
diffraction spectrumof a 1/2 hydrate of the conpound (I). Fig. 3
represents an exanple of X-ray diffraction spectrumof an anhydrate of the
conpound (1). Fig. 4 represents an exanple of X-ray diffraction spectrum of
a 1 hydrate of the conpound (1).

EXAMPLE 2

7-[(7-(S)-Amino-5-azaspiro[2.4]heptan-5-yl}-8-
chloro-6-fluoro-1-[ (1R,2S)-2~fluorocyclopropyl]-4-
oxo-1,4-dihvdroguinoline-3-carboxylic Acid 1/2 Hydrate

Crude crystals of 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-[(1R,25)-2-
fluorocyclopropyl]~-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid (4.0 g) were added to a mixture of 160 m) of an agueous
ethanol having a water content of 50% and 6 m) of 28% aqueous
ammonia, and the mixture was stirred at 60°C for 30 minutes.
After dissolving the crystals, 0.2 g of activated carbon was
added to the solution, followed by filtration. The filtrate
was concentrated under atmospheric pressure to remove about
80 m) of the solvent. The concentrate was cooled to room
temperature, and the precipitated crystals were collected by
filtration and dried at 40°C under reduced pressure to give
3.6 g of the title compound.

Melting Point: 195°C (decomposition)
Powder X-Ray Diffractometry (characteristic peaks):

d value (lattice spacings) Relative Intensity
(A)

15.66 Weak
.9.19 Weak
8.42 Weak
7.80 Extremely Strong
7.60 Weak
6.82 Extremely weak
6.15 Weak
5.55 ) Weak
5.40 - Weak
4.60 Weak -
4,23 Weak
- 18 -

eet Has Been Replacec

" (i




8 DETAI LED DESCRI PTI ON.OF THE | NVENTION First of all,-the inventors studied
crystals of conpound () and, as a result, found that-there are crystals of
anhydrate formand hydrate forns and that the hydrate fornms include a 1/2
hydrafe, a 1 hydrate and a 3/2 hydrate in addition to 1/4 hydrate. Fromthe
vi ewpoi nt of the industrial production of the crystal, the 3/2 hydrate is
preferred because of its physicochem cal stability as well as yield and
ease in setting of production condition when a bul k

IR; Vg (KBr) cm'!: 3420, 3000, 2860, 1620
Elemental Analysis, for C;¢H;gF,C1N;0;+1/2H,0:

Calcd. (%): C 54.49; H 4.57; N 10.03

Found (%): C 54.59; H 4.29; N 9.88
Water Content (Karl Fischer’s method):

Caled.: 2.15%; Found: 2.1%

EXAMPLE 3
7-[(7-(S)-Amino-5-azaspiro[2.4]heptan-5-yl]}-8-

chloro-6-fluoro-1-[ (1R,2S)-2~fluorocyclopropyl]-4-
oxo-1,4-dihydroguinoline-3-carboxylic Acid Anhydrate

Crude crystals of 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-[ (1R,28)-2-
fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid (4 g) were added to 360 m{ of 15% ammonia-ethanol (on a
weight basis; prepared by blowing ammonia gas into absolute
ethanol), and the mixture was stirred for 30 minuteé. After
dissolving the crystals, 0.2 g of activated carbon was added
to the solution, followed by filtration. The filtrate was
concentrated under atmospheric pressure to remove about
260 m! of the solvent. The concentrate was cooled to room
temperature, and the precipitated crystals were collected by
filtration and dried.at 40°C under reduced pressure to give
3.5 g of the title compound.

Melting Point: 231°C (decomposition)
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rateri‘al for pharmaceuticals is produced-- On the ot her:.hand, the anhydrate
is good in dissolutionrtate itself and froma tablet. “Each of hydrates and
anhydrate of conpound (1) according to the present invention exhibits the
spectrum pattern shown in the drawi ngs and has the substantially
characteristic pattern of the powder X-ray diffraction spectrum shown in
the foll owi ng Exanples. The term "substantially characteristic" neans that
the spectrum pattern of each of the crystals is not limted to that of
attached figppgReang-Rak 03 rpvadtonlctdss @Hadfactigristid geealpari ngs (d
values) and intensity génerally accepted in this _

d value (lattice spacings) Relative Intensity

(&)
11.35 Weak
10.72 ‘Strong
9.07 Extremely Strong
6.94 Extremely Weak
5.63 Extremely Strong
5.42 Strong
4.99 Weak
4.54 Strong
4.45 Weak
4,32 Strong
3.83 Strong
3.70 Extremely Weak
- 3.56 Strong
3.47 Weak
3.42 Extremely Weak
3.35 Weak
3.19 Strong

IR; Vg (KBr) cm™': 3430, 2950, 2800, 1630, 1610
Elemental Analysis, for C;¢H;gF,C1N;03:

Caled. (%): C 55.69; H 4.43; N 10.25

Found (%): C 55.78; H 4.23; N 10.26
Water Content (Karl Fischer's method):

Calcd.: 0%; Found: 0.2%

EXAMPLE 4
7-[(7-(S)~Amino-5-azaspiro[2.4}heptan-5-yl1]-8-

chloro-6-fluoro~1-{ (1R, 2S)-2-fluorocyclopropyl]-4-
oxo-1,4-dihyvdroquinoline-3-carboxylic Acid Monohydrate

Crude crystals of 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-{(1R,25)-2-
fluorocyclopropyl]-4—oxo—1,4fQ}hydroquinoline—3—carboxylic

acid (5Ig) were added to 150 ml of an aqueous methanol having

{This Sheet Has Been Replacet - 20 - ’ THIS SHEET hiag ;,Eﬂ

LT LD




fileld. 1t was found that.nore than one hydrate are formed in the crystals
dependi ng on the conditions for producing hydrate. In particular, a 1/2
hydrate contam nates when .a 3/2 hydrate is produced. Such a m xture of
hydrates is unsuitable as a bulk material for pharnmaceutical 9
preparations. Thus, the inventors studied a nmethod for selectively
preparing crystals of conmpound (1) solely

a water content of 1% or less to form a slurry. The slurry
was stirred at 25°C for 3 days. The crystals were collected
by filtration and dried at room temperature under reduced
pressure until it was confirmed that the weight became
constant to give 4.5 g of the title compound.

Powder X-Ray Diffractometry (characteristic peaks):

d Value {lattice spacings) Relative Intensity

(&)

13.22 Strong
7.74 Extremely Strong
6.94 Extremely Weak
6.68 Weak
5.77 Weak
5.60 Strong
5.16 Extremely Weak
4.71 Medium
4.09 Strong
3.91 Weak
3.72 Weak
3.60 Strong

IR; Vux (XBr) cmt: 3620, 3410, 3080, 2870, 1630, 1610,
1540 |
Elemental Analysis, for C;¢H;gF,C1lN;0;+H,0:
Calcd. (%): C 53.34; H 4.71; N 9.82
Found (%): .C 53.31; H 4.55; N 9.93
Water Content (Karl Fischer’s method):

Calcd.: 4.2%; Found: 4.1%
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conpri'sing a single hydrate or a single anhydrate. The.inventors exani ned
the stability of crystafs of conpound (1) in an aqueous solvent or water as
foll ows. Equival ent anpbunts of a 1/2 hydrate and a 3/2 hydrate of conpound
(I') were m xed, and an aqueous solvent was added to the m xture. The
m xture was stirred at a varied tenperature and, after a given period of
time, the proportion of hydrates in the total crystals was anal yzed. During
the stirring, the mxture was in a suspended state, nanely, a slurried
state. As for an aqueous sol vent, anEX@gMPOLES Set hanol having a water content
(hereinafter defined) between 0%to 100% was _
7-[7-(S)~-Amino-5-azaspiro-[2.4)heptan-5-yl]-8-
chloro-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-4-
oxo-1,4-dihydroquinoline-3-carboxylic Acid 3/2 Hydrate

Crude crystals of 7-[7-(S)-amino-5-azaspiro-
[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-[ (1R, 2S)-2-
fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3-carboxylic
écid(7.7 g) were added to a mixture of 45 ml of ethanol,

37 ml of water and 25 ml of 28% ammonia water, and the whole
mixture was stirred on a bath of 45°C for 10 minutes. After
dissolving the crystals, about 50 ml of the solvent was
removed under reduced pressure. The mixture was cooled to
room temperature, and a resulting crystals were collected by
filtration, then dried at 40°C in vacuo to yield 7.3 g
(94.8%) of the titled compound.

FORMULATION EXAMPLE 1

Capsule:
Compound of Example 1 (3/2 hydrate) 100.0 mg
Corn starch 23.0 mg
Calcium carboxymethyl cellulose 22.5 mg
Hydroxypropylmethyl cellulose 3.0 mg
Magnesium stearate 1.5 mg

Total: 150.0 mg
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enpl oyed. It was also fqund that an aqueous ethanol furfiher containing 1%
of 28% aqueous ammoni a i'ncreases solubility of the crystals and accel erates
t he conversion rate between hydrates. The sol vent was used in an anount of
15 nferr] to 30 nferr] per 1 gramof the crystals. The water content of
the solvent used is expressed in ternms of volune ratio before m xing. For
exanpl e, an aqueous et hanol having a water content of 60% neans a m xture
of ethanol and water at a volune ratio of 4:6, and an aqueous et hanol
having a water content of 60% cOORMUDAMGONOEAHMBDES 2armonia is a mxture

consi sting of ethanol, water and 28% aqueous anmoni a at a volune ratio of
40: 59 1. Powder for Admixture with Feedstuff:

Compound of Example 1 (3/2 hydrate) l1tol1l0 g
Corn starch | 89.5 to 98.5 g

Light anhydrous silicic acid 0.5 g
| Total: 100 g
While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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10 The stirfing was continued for 3 days at a tenperature -of -25[err]C or
45[err]C. The tine period of 3 days is not essential fof_conversion of

crystals, and it was proved that the conversion conplete1hP Beefl R¥place
As a result of these experinents, it was proved that the Ki Hlls
existing in the mxture vary dependi ng on the tenperature,

content of the solvent, and the tine.

WHAT IS CLAIMED 1S:

1. A method for selectively obtaiﬁing a 3/2 hydrate
of 7-[(7-(S)-amino-5-azaspiro[2.4)heptan-5-yl]-8~chloxro-6-
fluoro-1-[(1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid which comprises treating
7-[(7-(S)-amino-5-azaspiro[2.4]heptan-5-yl]-8-chloro-6-
fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid in an agqueous solvent or
water or recrystallizing 7—[(7F(S)-amino-5—
azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-[(1R,25)-2~-
fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid from an aqueous solvent or water. _

2. A method for selectively obtaining a 3/2 hydrate
of 7-[(7-(S)-amino-5-azaspiro(2.4)heptan-5-yl]-8~chloro-6-
fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]-4-oxo-1,64-
dihydroquinoline-3-carboxylic acid which comprises treating
7-[(7-(S)-amino-5-azaspiro[2.4 Jheptan-5-yl}-8~-chloro-6-
fluoro-1-[(1R,2S)-2~-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid in an agueous solvent or
water.

3. A method for selectively obtaining a 3/2 hydrate
of 7-{(7-(S)-amino-5-azaspiro[2.4]heptan-5-yl]~-8-chloxro-6-
fluoro-1-[ (1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid which comprises
recrystallizing 7—[(7—(§)-amino—5-azaspiro[2.4]heptan-5-yl]—

8-chloro-6-£fluoro-1-[ (1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4-

8 THIS SHEET HAS BEEN
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More specifically, (i .14-hour treatnent at a refluxing-tenperature of the
sol vent gave only an danhydrate at a water content of 5%or less, only a 1/2
hydrate at a water content of 50% and a mxture of a 1/2 hydrate and a 3/2
hydrate at” a water content of 75%or nore; (ii) 3-day treatnment at 45[err]C
gave only a 3/2 hydrate at a water content of 50% or nore and a m xture of
a 1/2 hydrate and a 3/2 hydrate at a water content of 45%or |ess; and
(i) 3-day treatnment at 25[err]C gave only a 3/2 hydrate at a water

content of d4A%iebquNn6laRE -3 -Baxbokg 1ok acl/d finmir atre aquieeus/ 2ohydntt erat

a water content of 25%or less. It was proved fromthese results that a 3/2
hydr at e water.

4. A method as claimed in claim 1, 2 or 3, wherein
said agueous solvent is an aqueous ethanol containing agqueous
ammonia.

5. 7-[(7-(S)-Amino-5-azaspiro[2.4]heptan-5-yl]-8-
chloro-6-fluoro-1-[ (1R,28)-2-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid 3/2 hydrate.

6. 7-[(7-(S)-Amino-5-azaspirof2.4]heptan-5-yl]-8-
chloro-G—fluéro—l—[(1R,2S)—2-fluorocyclopropyl]-4—oxo—1,4-
dihydroquinoline-3-carboxylic acid anhydrate.

7. A crystal of 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan—S—yl}—8—chloro-6—fluoro-i—[(lR,25)—2—
fluorocyclopropyl}-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid 3/2 hydrate which substantially has the following X-ray

diffraction characteristics:
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can be obtained as a single substance by treating in a sBiiv8ndet RaYBOG iy
wat er. content of 50% or nore when the tenperature is 45[err ] piace
sol vent having a water content of 40% or nore when the te ﬂwm#’uul
25[err]C. The term "treating"” as used herein nmeans continuo i a

m xture of crystals and a solvent in a slurried 11 state at the
af orenenti oned tenperature for the aforenenti oned peri od.

d Value (lattice spacings) Relative Intensity
(A)

11.47 Weak

10.49 : Strong

9.69 Weak

7.12 Extremely Weak

6.87 Strong

6.23 Strong

5.68 Weak

5.25 Strong

4.90 Extremely Strong
) 4.71 Extremely Weak

4.61 Weak

4.25 Weak

4.15 Extremely Weak

4.01 Strong

3.85 Extremely Weak

3.80 Extremely Weak

3.74 Extremely Weak

3.69 Weak

3.58 Weak

3.50 . Weak

3.46 Weak

3.39 Weak

3.34 . Weak

3.29 Weak

3.17 Weak

8. A pharmaceutical composition comprising as an active

ingredient a therapeutically effective amount of 7-[{7-(S)-
amino-5-azaspiro[2.4lheptan-5-yl]-8-chloro-6-fluoro-1-

[ {1R,2S)-2-fluorocyclopropyl}-4-oxo-1,4~-dihydroquinoline-3-
carboxylic acid 3/2 hydrate.

9. A pharmaceutical composition comprising as an active

ingredient a therapeutically effective amount of 7-[7-(S)-
amino~-5-azaspiro[2.4 Jheptan-5-ylj-8-chloro-6-fluoro-1-

[ (1R, 2S)-2-fluorocyclopropyl ]-4-oxo-1,4-dihydroquinoline-3-

Ll




- A’slur?y of crystals may be prepared either by once dissolving the crystals
f.ol lowed by crystallization or by sinply m Xbngs 6kt AoySded! %Qg! t he

sol vent. The sol vent which can be used in the pr NI s not
particularly limted as long as the crystals caimﬂgﬂmﬂ Fhe sol vent
and the solvent is mscible with water. Il lustr of the

sol vent include | ower al cohols, such as nethanol, ethanol, and propanol,
and acetone, of which ethanol is preferred. In addition, water nmay be used
solely as @asWbxghic ddedi BY2nhedsabavehakho shosdrithatl ky yisaal sheonsi st of

only a 3/2 hydrate can be prepared selectively by the
following X-ray diffraction characteristics:

d Value (lattice spacings) Relative Intensity
(&)

11.47 Weak

10.49 Strong
9.69 Weak
7.12 Extremely Weak
6.87 Strong

. 6.23 Strong
5.68 " Weak
5.25 Strong
4.90 Extremely Strong
4.71 Extremely Weak
4.61 Weak
4,25 Weak _
4.15 . Extremely Weak
4.01 Strong
3.85 Extremely Weak
3.80 . Extremely Weak
3.74 Extremely:Weak
3.69 Weak
3.58 Weak
3.50 Weak
3.46 : Weak
3.39 Weak
3.34 : Weak
3.29 Weak
3.17 Weak

10. The use of 7-[7-(S)-amino-5-azaspiro{2.4]heptan-5-
yl)-8-chloro-6-fluoro-1-[ (1R, 2S) -2-fluorocyclopropyl]-4—-oxo-
1,4-dihydroquinoline-3-carboxylic acid 3/2 hydrate for
preparing a pharmaceutical composition for treating bacterial
infections.

11. The use of

7-[7-(S)-amino-5~azaspiro[2.4]heptan-5-yl}-8-chloro-6-fluoro-

L




récrystal lization which._ enploys as conditions at the start of
crystallization the above-descri bed cwnﬂgsﬁ&wﬁa ich allowonly a 3/2
hydrate to exist in a slurried state. Th T 29eniReslagear t of
crystallization" as used herein neans th;gmyyll th all the
pretreatnents before formation of crystal's} | vi ng crude crystals
in a solvent and, if desired, subjecting the solution to a treatnment with
activated carbon, concentration or the |ike, have finished. The inventors
al so succeedpdiRN265L abkL §BrBEyR 18RRI 1014 UG N N\ £hd 20 DyEI AbEinan
anhydrate or a 1 hydrate as a Single Crystals by recrystallization or the
.treatment Bncarbekyené Q¥id SV hyur@N&hich substantially has the

following X-ray diffraction characteristics.

d Value (lattice spacings) Relative Intensity

(&)
11.47 Weak
10.49 Strong
9.69 Weak
X 7.12 Extremely Weak
6.87 Strong
6.23 Strong
5.68 Weak
5.25 Strong
4.90 Extremely Strong
4.71 Extremely Weak
4.61 Weak
4.25 Weak
4.15 Extremely Weak
4.01 ' Strong
3.85 ' Extremely Weak
3.80 Extremely Weak
3.74 Extremely Weak
3.69 Weak
3.58 Weak
3.50 Weak
3.46 Weak
3.39 Weak
e 3034 Weak
T3.29-¢ Weak
3.17 Weak

for preparing a pharmaceutical composition for treating

bacterial infections.

* 4 L ] S *

~ 28 -




12 For” exanple, a 1 hydrate of conpound ¢I) can be prepared by the
treatnment at about 25[err]C in an aqueous nethanol having a water content
of 1% or |ess and an anhydrate can be prepared by the treatnent in an

et hanol containing 15% (ww) amonia. The follow ng procedures are the
exanples of the nethod for the selective preparation of the hydrates and
t he anhydrate of conpound (1).

ABSTRACT OF THE DISCLOSURE
A method for selectively obtaining any one of an
anhydrate, a 1/2 hydrate, a 1 hydrate, and a 3/2 hydrate of
7-[(7-(S)-amino-5-azaspiro[2.4 Jheptan-5-yl]~-8~chloro-6-
fluoro—l-[(1R,2S)—2~fluorocy¢lopropyl]—4-oxo-1,4—
dihydroquinoline-3-carboxylic acid is disclosed, comprising
treating the compound in an aqueous solvent or water or

recrystallizing the compound from an aqueous solvent or

water.
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A A met hod for the preparatl on of anhydrate: A m xture..of the crude
crystal of conpound (1); which can be prepared according to the method

di sclosed in EP-A-0 341 493, and an aqueous nethanol or an aqueous et hanol
is heated under reflux with stirring in a state of slurry for fromO0.5 hour
to 8 hours. The ter content of the aqueous nethanol or ethanol is |ess

t han 5%(v/vF|g'.h anount of the solvent is in the ratio of from10 m to
30 M to 1 g of the crude conpound (1). Increasing the water content of the
solvent tends to lessen the tinme for conpletion of the treatneg. Wen
anhydrous et hanol was_enployed as the solvent, the conversion &npleted at
the tenperature of 70ferr]C <

Lp]

g4

£l

.08

29

it

. 138

18

.ABK
5.00

1
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and the tine of 8 hours.-The anhydrate can be obtained by the
recrystallization nethod. One of the best procedure is exenplified as
Exanpl e 3 explained later. In this procedure, an aqueous solvent containing
| ess than S%R}%_\/Q of water can be enployed as the sol vent. 13 B) A

met hod for the*preparation of 1/2 hydrate: A mxture of the crude crystal
of conpound (1) and an

—l

¢ <
”"

30.00

26.008

34

10.08

1 88K
5.08

§d3J

dThis Sheet Has Been Rep

M.

THIS SHEET HAS BGEEN
REPLACED




>

L
~agueous et hanol having.a. water content of- 50%is heated:under reflux wth
stirring in a state of *s$lurry for from1 hour to 20 hours. The ampunt of

t he sol vent |s inthe ratio of from10 mM to 30 nMl to 1 g of the crude
compound (1I). Qv@s known that when the solvent containing anmoni a was
used the rate of the formation of 1/2 hydrate was accel erated. The 1/2
hydrate can be obtained by the recrystallization nmethod. One oftothe best
procedure is exenplifjred as Exanple 2 explained later. O A hod for the
preparation of 1 hydfate: One of the best procedure for the<§ective

preparation of 1 hydrpte is exenplified as Exanple 4 _ )
[43

T
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20.00

I ti

16,00

=
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expl ained | ater. D) A:ethod for the preparation of 3/2.,hydrate: The. 3/2
hydrate is obtained froma slurry mixture stirred under-the condition

previ ously expl ai ned under. which the 3/2 hydrate predom nantly forns. The
condition in which the 3/2 hydrate predom nantly fornms is mainly determ ned
by the water content of the solvent and the tenperature, and the relation
I's summari zed in the follow ng table. 14

Fig. 4

|
38.00

!1

L AN

20.09

ot

£
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“

10.09

WL

.Aa

1. 48K
3

Hs]
.

SdJ

s Sheet Has Been Replace«

T

THIS SHEET HAS BEen
REPLACED




Table The' p?edon1nant region in the slurry of 3/2 hydrak REPEARECENTUPBEET
Cont ent ([err]C) 45 nore than 50% 50 fore than

the solvent is in the ratio of from 10 to 30 m to 1 ﬁ “t
conmpound (I). The 3/2 hydrate can be obtained by the rec y
procedure.
expl ained later. For the

nore than 70% 60 nore t han POP oThﬁé? Hﬁ%
cru

The preferable procedure is exenplified as Exanples 1 énd 5

CRYSTALS OF ANTIMICROBIAL: COMPOUND

FIELD OF THE INVENTION

This invention relates to crystals containing water
of crystallization (hereinafter referred to as hydrate form
or hydrate, simply), and crystals without water of
crystallization (hereinafter referred to as anhydrate form or
anhydrate, simply), and to a method for selectively preparing
these crystals, and further to pharmaceutical preparations
contéining such a crystalline form.

BACKGROUND OF THE INVENTION

[] H
A quinolone derivative represented by formula (I):

I (1)

Cl F
H,N JAAY 4

i.e., 7-[(7-(S)~amino-5-azaspiro(2.4lheptan-5-yl]-8-chloro-6-
fluoro-1-{(1R,2S8)-2-fluorocyclopropyl]~-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid (hereinafter referred to
as compound (I)), has high aptimicrobial activity with
excellent safety (cf. EP-A-0 341 493 or JP-A-2-231475; the
term "JP-A" as used herein means an "unexamined published
Japanese Patent Application") .and is expected to be an

excellent synthetic antimicrobial agent.
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recrystallization procedure, it is preferable, generally ~Bhpl oy a
sol vent containing ammoni a, because the anount of the §o vena;ﬁgpurée
be decreased. The ampunt of the solvent is in the rati f“Tron15 m

m to 1 g of the crude conpound (1), and preferably fr
The water content of the solvent is in the range of fr n15096to 100W
preferably from50%to 75% If the content of ammonia i : the
sol vent used can be decreased. The anpunt of ammonia is in the ratio of

from0.5 gto 2.0 f bly f 1 f.th
conpound (1). The lpre %‘g‘i‘\?th%ﬁgtgﬁwﬁﬁf‘gow b(gf)pﬁcgﬁfhr O%‘;h hUde

annonia\M¥é¥mcgft§%¢é¥£fdﬂlﬁgg 8?5398r5@2“¥35%£ EeH¥r than a 1/4
(0.25) hydrate, such as a 1/2 (0.5) hydrate (i.e.,
hemihydrate), a 1 hydrate (i.e., monohydrate), and a 3/2
(1.5) hydrate (i.e., sesquihydrate). It was also found that
an anhydrate form exists in addition to these hydrates.

Hydrate form of compound (I) include plural types of
crystals having different num?er of crystal water-molecules.
Depending on the conditions for crystallization or
recrystallization, plural types of hydrates are formed in the
resulting crystals, and such crystals are unsultable as a
bulk material for solid pharmaceutlcal preparatlons

SUMMARY OF THE INVENTION

As a result of extensive investigations, the present
inventors have found that it is possible to selectively
prepare crystals of specific hydrate or anhydrate of compound
(I) by controlling the conditions for crystallization or
recrystallization.‘ The present invention was completed based
on this finding. |

Accordingly, the present invention relates to a
method for selectively obtaining a 3/2 hydrate of compound
(I) which comprises treating 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-1-[(1R,25)-2~
fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3~carboxylic
acid in an aqueous solvent or water or recrystallizing

compound (I) from an aqueous solvent or water.



v

sol vent. Wien amoni a water is enployed, the water ing eEE%ﬁ@th%feﬁg eeds
to be calculated to obtain the sol vent of precise wate &hit~ The
fenperature for 15 crystallization can be determ ne cco Ak0g %6 t he
tabl e above. The crystal -of the present _invention can Qe fornufated i ntfo
antimcrobial preparations in an approp@late solid prepar
conventional preparation

The present invention relates to a method for
selectively obtaining a 3/2 hydrate.of compound (I) which
comprises treating 7-[(7-(S)-amino-5-azaspiro(2.4]heptan-5-
yl]-8-chloro-6-fluoro-1-[ (1R, 2S)~2-fluorocyclopropyl]-4-oxo-
'1,4-dihydroquinoline-3-carboxylic acid in an aqueous solvent
or water.

The present invention relates to a method for
selectively obtaining a 3/2 hydrate of compound (I) which
comprises recrystallizing 7-[(7-(S)-amino-5-
azaspiro[2.4)heptan-5-yl]-8-chloro~6-fluoro-1-[ (1R,25)-2-
fluorocyclopropyl]-4-oxo-l,4—dihydroquinoline-3-carboxylic
acid from an' agqueocus solvent or'water. :
| The present invention also relates to the
aforementioned methods, wherein the aqueous solvent is an
agqueous ethanol containing ammonia.

The present invention also relates to 7-[(7-(S)-
amino-s-azaspiro[2.4]heptan-s-yl]-a-chloro-s-fluoro—l-

{ (1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4~-dihydroquinoline-3-
carboxylic acid 3/2 hydrate.

The present invention also relates to 7-[(7-(S)-
amino-5-azaspiro[2.4)heptan-5-yl}-8-chloro-6-fluoro-1-

[ (1R,2S)~-2-fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3-
carboxylic acid anhydrate.

The present invention also relates to a crystal of 7-
[(7-(S)famino~5—azaspiro[2.4jhéptan—Sle]-8—chloro—6-fluoro—
1-[ (1R,2S)-2-fluorocyclopropyl]-4-oxo~-1,4-dihydroquinoline-3-
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met hods. The solid preparation formfor oral adn1n|straw&PDNﬁchﬂda& - \
tabl ets, powders, granules and capsules. In the prepar solid 1}
preparations; the active ingredient may be mxed with p rap ggelwo i
sel ect ed pharmaceutically acceptabl e exg pients, such gs fisf pérs de_j
extenders, binders, disintegrators, dissolution accel enatior ng
agents, and Iubrlcants The crystal of the invention c |
preparations for aninmals, such as powders, fine granule ol ubilized
powder s bycsemgnceaehayg?zp atld Qhieh hogbstdneinnesehias RNt on
will now be illuStrated in greafer detail with reference to Exanples, but
it should Bg1llowing X-ray diffraction characteristics.

d Value (lattice spacings) Relative Intensity
(A)

11.47 Weak

10 49 Strong
9.69 - Weak

7.12 Extremely Weak
6.87 Strong
6.23 Strong
5.68 Weak

5.25 ) Strong
4.90 Extremely Strong
4.71 Extremely Weak
4.61 Weak

4.25 Weak -
4.15 Extremely Weak
4.01 ' Strong
3.85 Extremely Weak
3.80 Extremely Weak
3.74 Extremely Weak
3.69 Weak

3.58 Weak

3.50 L Weak

3.46 Weak

3.39 Weak

3.34 Weak

3.29 Weak

3.17 Weak

The present invention further relates to
pharmaceutical preparations containing the single hydrate or
anhydrate mentioned above.

The present invention relates to an antibacterial
agent comprising as an active ingredient a
therapeutically effective amount of

7-[7-(S)~-amino-5-azaspiro(2.4}heptan-5-yl]-8~chloro-6-£fluoro-



t her et o.

t The powder X-ray diffraction spectrumdata $h In the
were determ ned under the follow ng conditions usingja GE@@BAUﬁﬁ

manuf act ured by Ri gaku- Denki

Vol t age:

40 kV Current:

Tar get :

a es
§§¥ C i ne

Cu-Ka Hiltter:
20° A e

oo

1-[(1R,28)-2-fluorocyclopropyl]-4-oxo-1,4~-dihydroquinoline-3-

carboxylic acid 3/2 hydrate.

The present invention also relates to an

antibacterial agent comprising as an active ingredient a

therapeutically effective amount of

7-[7-(S)~-amino-5-azaspiro[2.4]heptan-5-yl]-8-chloro-6-fluoro-

1-[(1R,2S)-2-fluorocyclopropyl]-4-oxo~1,4-dihydroquinoline-3-

carboxylic acid 3/2 hydrate wpich substantially has the

following X-ray diffraction characteristics.

d Value (lattice spacings) Relative Intensity

(&)

11.47
10.49
9.69
7.12
6.87
6.23
5.68
5.25
4.90
4.71
4.61
4.25
4.15
4.01
3.85
3.80
3.74
3.69
3.58
3.50
3.46
3.39
3.34
3.29
3.17

' Weak
Strong
Weak
Extremely Weak
Strong
Strong
Weak
Strong
Extremely Strong
Extremely Weak
Weak
Weak
Extremely Weak
Strong
Extremely Weak
Extremely Weak
Extremely Weak
Weak
Weak
Weak
Weak
Weak
Weak
Weak
T Weak



16 EXAMPLE 1 7-[(7-(S)-Am no-5-azaspiro[ 2. 4] hept an-
chloro-6-fluoro-1-( IR 2S)-2-fluorocycl opropyl]-4-
0x0-1, 4-di hydr oqui nol i ne- 3-carboxylic Acid 3/2 Hydrat
7-1(7-(S)-am no-5- 50k
azaspi rof 2. 4] heptan- 5-yl ] - 8- chi or o- 6- f1 foro- 1- -[(I1R 28) 2-

Ctirred i 25&/;?254%%’%%6”%{\ PRI S RETBY Ay gL g 0 e e

crystals, dethdd for treating bacterial infections which comprises

administering a therapeutically effective amount of 7-[7-(S)~-
amino-5-azaspiro[2.4 }heptan-5-yl]-8-chloro~6-fluoro-1-
[(1R,28)~2-fluorocyclopropyl}-4-0oxo-1,4-dihydroquinoline-3-
carboxylic acid 3/2 hydrate.

The present invention also relates to a method for
treating bacterial infections which comprises
administering a therapeutically effective amount of 7-[7-(S)-
amino-5-azaspiro[2.4}heptan-5-yl}-8-chloro-6-fluoro-1-
[(1R,25)-2-fluorocyclopropyl]—4-oxo-1,4—diﬁydro-quinoline-3-
carboxylic acid 3/2 hydrate whiéh substantially has the

following X-ray diffraction characteristics.



d . . REP! AL P'?\fig T Ql'n_....
of activated carbon was added to the solution, followell by-tittratTon]
filtrate was concentrated under reduced pressure at anjouter.tg esgy Ul €
45[err]C to renove about 3000 nferr] of the solvent byle apprﬁﬁg gﬁll’
concentrate was cooled to room tenper at and the preci
were collected by filtration and dried gt 40[err]C under reduced pressur e
to yield 143 g of the title conpound. Melting Point: 235-es+}-C

(deconposi tion) 17

d Value (lattice spacings) Relative Intensity

(4)
11.47 Weak
10.49 Strong
9.69 _ Weak

7.12 Extremely Weak
6.87 Strong
6.23 Strong
5.68 Weak

5.25 Strong
4.90 Extremely Strong
4.71 Extremely Weak
4.61 . Weak

4.25 Weak

4.15 Extremely Weak
4.01 Strong
3.85 Extremely Weak
3.80 Extremely Weak
3.74 . Extremely Weak
3.69 Weak

3.58 Weak

3.50 Weak

3.46 Weak

3.39 Weak

3.34 Weak

3.29 Weak

3.17 Weak

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 represents an example of X-ray diffraction
spectrum of a 3/2 hydrate of the compound (I).

Fig. 2 represents an example of X-ray diffraction
spectrum of a 1/2 hydrate of the compound (I}).

Fig. 3 represents an example of X-ray diffraction
spectrum of an anhydrate of the compound (I)-.

Fig. 4 represents an example of X-ray diffraction

-t

spectrum of a 1 hydrate of the compound (I}).
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Powder X-Ray Diffractonetry (characteristic peaks): d Vé%ﬁfﬁ@léiﬁ+%%¥4
spaci ngs) Relative Intensity (A 11.47 Weak 10

Strong 9. 69 Veak 7.12 *Extrér%lf‘yv’v@ég .47
Strong 6.23 Strong 5.68 Weak 5.
Strong 4.90 Extrenely Stron -

DETAILED DESCRIPTION OF THE INVENTION

First of all, the inventors studied crystals of
compound (I) and, as a result, found that there are crystals
of anhydrate form and hydrate forms and that the hydrate
forms include a 1/2 hydrate, a 1 hydrate and a 3/2 hydrate in
addition to 1/4 hydrate. From the viewpoint of the
industrial producfioh of the crystal, the 3/2 hydrate is
preferred because of its physicochemical stability as well as
yield and ease in setting of production condition when a bulk
material for pharmaceuticals is produced. On the other hand,
the anhydrate is good in dissolution rate itself and from a
tablet. . '

Each of hydrates and anhydrate of compound (I)
according to the present invention exhibits the spectrum
pattern shown in the drawings and has the substantially
characteristic pattern of the powder X-ray diffraction
spectrum shown in the following Examples. The term
"substantially characteristic" means that the spectrum
pattern of each of the crystals is not limited to that of
attached figures and tables but includes errors in lattice
spacings (d values) and intensity generally accepted in this

field.

It was found that more than one hydrate are formed in
the crystals depending on the conditions for producing
hydrate. In particular, a 1/2 hydrate contaminates when a
3/2 hydrate is produced. Such..a mixture of hydrates is

unsuitable as a bulk material for pharmaceutical
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4. 71 Extrenely Weak 4.61

REPL ,”‘,1' % o -
Weak 4.15 Extrenely Weak 4.01 weeis HeE . |85
Extrenely Weak 3.80 Extrenmely Weak 3. 74 3 , trjemel y
Weak 3.69 Weak 3.58 W AKEIH5H

Weak 3. 46 Weak I

— |

preparations. Thus, the inventors studied a method for
selectively preparing crystals of cdmpound (I) solely
comprising a single hydrate or a single anhydrate.

The inventors examined the stability of crystals of
compound (I) in an aqueous solvent or water as follows.

Equivalent amounts of a 1/2 hydrate and a 3/2 hydrate
of compound (I) were mixed, and an aqueous solvent was added
to the mixture. The mixture was stirred at a varied
temperature and, after a given period of time, the proportion
of hydrates in the total crystals was analyzed. During the
stirring, the mixture was in a suspended state, namely, a
slurried state. _ '

As for an aqueous solvent, an aqueous ethanol having
a water content (hereinafter defined) between 0% to 100% was

. employed. It was also found that an agueous ethanol further

containing 1% of 28% aqueous ammonia increases solubility of
the crystals and accelerates the conversion rate between
hydrates. The solvent was used in an amount of 15 ml to
30 m} per 1 gram of the crystals. The water content of the
solvent used is expressed in terms of volume ratio before
mixing. For example, an agqueous ethanol having a water
content of 60% means a mixture of ethanol and water at a
volume ratio of 4:6, and an aqueous ethanol having a water
content of 60% containing 1% aqueous ammonia is a mixture
consisting of ethanol, Qater and 28% agqueous ammonia at a

volume ratio of 40:59:1.

-



3.39
Weak 3.17

2880, 1620 Elenmental Analysis, for Clerr]Herr]Flerf] g N graii.em ]
3/2Herr] O Calcd. (%: C 52.24; H 4. 8;6 N 9. 62 Folinfl (%gdkﬂéﬁ%
4.68; N 9.

6. 5%

weak 3.34 REPLACEIMBRT SHEET
Wak IR, V[err] (KBr) ¢nmferr]: 3450, B0PO,

p7; H
s net hod) : | Cateth——6-+8%—Found:

47 Water Content (Karl Fische

The stirring was continued for 3 days at a
temperature of 25°C or 45°C. The time period of 3 days is
not essential for conversion of crystals, and it was proved
that the conversion completes in about 1 day.

As a result of these experiments, it was proved that
the kinds of crystals existing in the mixture vary depending
on the temperature, the water content of the solvent, and the
time.

More specifically, (i) l4-hour treatment at a
refluxing temperature of the solvent gave only an anhydrate
at a water content of 5% or less, only a 1/2 hydrate at a
water content of 50%, and a mixture of a 1/2 hydrate and a
3/2 hydrate at a water content of 75% or more; (ii) 3-day
treatment at 45°C gave only a 3/2 hydrate at a water content
of 50% or more and a mixture of a 1/2 hydrate and a 3/2
hydrate at a water content of 45% or less; and (iii) 3-day
treatment at 25°C gave only a 3/2 hydrate at a water content
of 40% or more and a mixture of a 1/2 hydrate and a 3/2
hydrate at a water content of 25% or less.

It was proved from these results that a 3/2 hydrate
can be obtained as a single substance by treating in a
solvent having a water content of 50% or more when the
temperature is 45°C; or in a solvent having a water content
of 40% or more when the temperature is 25°C.

The term "treating” as used herein means continuously

stirring a mixture of crystals .and a solvent in a slurried
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18 EXAMPLE 2 7-[(7-(S)-Anino-5-azaspiro[2.4]thtan-5-yI] LfACEMENT 5“53
hl oro-6-fluoro-I-[ (IR, 2S)-2-fl uorocycl opropyl]- N
gxo 1, 4- di hydr oqui nol i ne- 3-carboxyl i ¢ Acid 1/2 Hydratfe |Cra@eAld@yid3al § of
7-[(7-(S)-am no-5- azaspiro[2. 4]heptan-§-y|] 8-chlorg-6-fluoro-I-(lRf2p)-2-
f 1 uorocycl opropyl ] - 4- oxo- 1, 4- d|hydrqu|noI|ne 3-carbgxylic acrd (&0 g
were added to a m xture of 160 nferr] of an aqueous anol _hayjng a wht er
content of 50% and 6 nierr] of 28% aqueous amoni a, and the m xture was

stirred als+QQerat) CH'a AL U £Sned temperature for the

aforementioned period.

A slurry of crystals may be prepared either by once
dissolving the crystals followed by cryStallization or by
simply mixing the crystals and the solvent.

The solvent which can be used in the present
invention is not particularly limited as long as the crystals
can dissolve in the solvent and the solvent is miscible with
water. Illustrative examples'of the solvent include lower
alcohols, such as methanol, ethanol, and propancl, and
acetone, of which ethanol is preferred. In addition, water
may be used solely as a solvent.

The inventors have also found that crystals consist
of only a 3/2 hydrate can be prepared selectively by the
recrystallization which employs as conditions at the start of
crystallization the above-described conditions which allow
only a 3/2 hydrate to exist in a slurried state. The term
"at the start of crystallization" as used herein means the
point at which all the pretreatments before formation of
crystals, e.g., dissolving crude crystals in a solvent and,
if desired, subjecting the solution to a treatment with
activated carboﬁ, concentration or the like, have finished.

The inventors also succeeded in establishing a method
for obtaining a 1/2 hydrate, an anhydrate or a 1 hydrate as a
single crystals by recrystallization or the treatment in a

solvent by a similar manner.
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After dissolving the crystals, 0.2 g of activated carbpn} was ad“"H“Tﬁ“n e
solution, followed by filtration. The filtrate was concent Sab édiguggr f
atnDspherlc pressure to renove about 80 n{err] of the |sgl vent. The
concentrate was cooled to roonltenperati and the prfecl pi ' -staIs
were collected by filtration and dried £ 40[err]C un educed pressuje
to give 3.6 g of the title conpound. Melting Point: 195[err]C
(deconposition) Powder X-Ray Diffractonetry (characteristic peaks): d Val ue

(lattice Spac'ngs)Fgel%&E&%lgqtenilﬁ§éigte oP compound (I) can be veak

prepared by the treatment at about 25°C in an aqueous
methanol having a water content of 1% or less and an
anhydrate can be prepared by the treatment in an ethanol
containing 15% (w/w) ammonia.

The following procedures are the examples of the
method for the selective preparation of the hydrates and the
anhydrate of compound (I}).

A) A method for the preparation of anhydrate:

A mixture of the crude crystal of compound (I), which
can be prepared according to the method disclosed in
EP-A-0 341 493, and an aqueous methanol or :an aqueous ethanol
is heated under reflux with stirring in a state of slurry for
from 0.5 hour to 8 hours. The water content of the aqueous
methanol or ethanol is less than 5% (v/v). The amount of the
solvent is in the ratio of from 10 ml to 30 ml to 1 g of the
crude compound (I). Increasing the water content of the
solvent tends to lessen the time for completion of the
treatment. When anhydrous ethanol was employed as the
solvent, the conversion completed at the temperature of 70°C
and the time of 8 hours.

The anhydrate can be obtained by the
recrystallization method. One of the best procedure is
exemplified as Example 3 explained later. In this procedure,
an agueous solvent containing less than 5% (v/v) of water can

be employed as the solvent.
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9.19 Weak 8. 42 R A° A
Extrenely Strong 7. 60 Weak 6.82 s AL G trepely
weak 6. 15 Weak 5.55 - FUCE s

Weak 4. 60 Weak 4. 23 13 \eak

B) A method for the preparation of 1/2 hydrate:

A mixture of the crude crystal of compound (I) and an
aqueous ethanol having a water content of 50% is heated under
reflux with stirring in a state of slurry for from 1 hour to
20 hours. The amount of the solvent is in the ratio of from
10 ml to 30 ml to 1 g of the crude compound (I). It was
known that when the solvent containing ammonia was used the
rate of the formation of 1/2 hydrate was accelerated.

The 1/2 hydrate can bé obtained by the
recrystallization method. One of the best procedure is
exemplified as Example 2 gxplained later.

C) A method for the preparation o 1 hydrate:

One of the best procedure for the selective
preparation of 1 hydrate is exemplified as Examéle 4
explained later. _

D) A method for the preparation of 3/2 hydrate:

The 3/2 hydrate is obtained from a slurry mixture
stirred under the condition previously explained under which
the 3/2 hydrate predominantly forms. The condition in which
the 3/2 hydrate predominantly forms is.mainlyldetermined by
the water content of the solvent and the temperature, and the

relation is summarized in the following table.



19 IR, V[err] (KBr) cnferr]: 3420, 3000, 2860, 1620 éléﬁﬁh&éﬂﬁﬁﬁaﬁ%@ﬂé for
Cerr]Herr]Flerr]ONerr](err] 1/2Herr]Herr]O Cqldga— (% CT54.49; H
4.57; N 10.03 Found (% : C 54.59; H 4.29; N 9.88 Watgr |Cogtentia(#5s!

Fi scher's met hod): Cal cd.: 2.15% Found: 2 1% EXAMPLE 7-
(7-(S)-Am no-5- azasplro[z 4] hept an- 5- yI]
chloro-6-fluoro-I-[(IR 2S)-2- quorocycIopropyI]-
0x0-1, 4- di hydr oqui nol i ne- 3- car boxyli ¢ Acid Anhydrate

Table: The predominant region in the slurry of 3/2 hydrate

[0V)

Temperature Water Content
(°C)
45 moxe than 50%
50 more than 60%
55 more than 70%
60 more than 90%

The amount of the solvent is in the ratic-'of from 10
ml to 30 ml to 1 g of the crude compound (I).

The 3/2 hydrate can be obtained by the
recrystallization procedure. The preferable procedure is
exemplified as Examples 1 and S'explained later. For the
recrystallization procedure, it is preferable, generally, to
employ a solvent containing ammonia, because the amount of
the solvent required can be decreased. The amount of the
solvent is in the ratio of from 5 ml to 50 ml to 1 g of the
crude compound (I), and preferably from 10 ml to 20 ml. The
water content of the solvent is in the range of from 50% to
100%, and preferably from 50% to 75%. If the content of
ammonia is raised, the solvent used can be decreased. The
amount of ammonia is in the ratio of from 0.5 g to 2.0 g,
preferably from 0.7 g to 1.0 g, to 1 g of the crude compound
(I). The solvent containing ammonia can be prepared by
adding ammonia water or by introducing gaseous ammonia to the
solvent. When ammonia water is employed, the water
ingredient thereof needs to be“calculated to obtain the

solvent of precise water content. The temperature for



Crude crystals of 7- [(7 (S)-am no- 5- PEPLAruer‘(rrg?_\
azaspi ro[ 2. 4] hept an- 5-yl ] - 8- chl or o- 6-f | uor o- I-((IR 2S) - 2-0 P e

f1 uorocycl opropyl ] - 4- oxo- 1, 4 di hydr oqui nol i ne- 3-carboxyli ¢ &acid 4{9) r
added to 360 nmferr] of 15% amoni a- et hanal (on a wei ght basis:S Bridpa %%Fb
bl ow ng anmoni a gas into absol ute ethand”, and the mxtutelwas stirred
30 mnutes. After dissolving the crystals, 0.2 g of activat ¢ar bon was
added to the solution, followed by filtration. The filtratje was

concentrated under atnn heri ¢ pressure to renove apout 26 err of the
sol vent . (ﬁﬁéi%ﬁ?%ﬁ%&%%@?% £ et B8IMbBR: & inet %hﬂg%hEa

precipitatg@)cr stals were collected by filtration and dried at 40[err]C
under redu 5¥essure to give

The crystal of the present invention can be

formulated into antimicrobial preparations in an appropriate
solid preparation form by the conventional preparation
methods. The solid preparation form for oral administration
includes tablets, powders, granules and capsules.

In the preparation of solid preparations; the active
ingredient may be mixed with appropriately selected
pharmaceutically acceptable excipients, such as fillers,
extenders, binders, disintegrators, dissolution accelerators,
wetting agents, and lubricants.' .

The crystal of the invention can be formulated into
preparations for animals, such as powders, fine granules, and
solubilized powders by commonly employed preparation methods.

The present invention will now be illustrated in
greater detail with reference to Examples, but it should be
understood that the present invention is not construed as
being limited thereto.

The powder X~-ray diffraction spectrum data shown in
the Examples were determined under the following conditions

using a Geiger Flex machine manufactured by Rigaku-Denki.

Target: Cu-Ka
Filter: Ni
Voltage: 40 kV -

Current: 20 mA



3.5 g of the title conpound. Melting Point: 231[err]C ({d LORY =120

Powder X-Ray Diffractonetry (characteristic peaks): d Va?@g &ﬁgﬁ%WcéHL”

spacings) Relative Intensity ([err]) 11.35 Weak 10}72

Strong 9. 07 Extremely Strang 3 0 AUS 1996
EXAMPLE 1

7-[(7-(S)-Amino-5-azaspiro[2.4]heptan~5-yl]~-8-
chloro-6-fluoro-1-{(1R,2S)-2-fluorocyclopropyl]-4-
oxo-1,4-dihydroguinoline-3-carboxylic Acid 3/2 Hvdrate

Crude crystals of 7-[(7-(S)-amino-~5=~

azaspiro[2.4]heptan-5-yl]-8-chloro~-6-fluoro-1-[ (1R,25)-2~
fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3-carboxylic -
acid (150 g) were added to a mixture of 5500 m} of an agueous
ethanol having a water content of 75% and 450 m) -of 28%
agqueous ammonia, and the mixture was stirred in a water bath
at 45°C for 30 minutes. After dissolving the crystals, 7.5 g
of activated carbon was added to the solution, followed by
filtration. ' The filtrate was céncentrated'under reduced
pressure at an outer temperature of 45°C to remove about

3000 m¢ of the solvent by evaporation. The concentrate was
cooled to room temperature, and the precipitated crystals
were collected by filtration and dried at 40°é under reduced

pressure to yield 143 g of the title compound.

Melting Point: 225°C (decomposition)



6. 94 Extrenely Weak 5. 63 Ext;gnﬁC&MEWV6thB 42

Strong 4.99 Weak 4.54 oSt ONTg 44
Weak 4.32 Strong 3.83 ! Sprggg 139470
Extrenely Weak 3.56 §tyong 3. 47 SR Ak
3.42 Extrenely Weak

Powder X-Ray Diffractometry (characteristic peaks):

d Value (lattice spacings) Relative Intensity
(&)

11.47 Weak
10.49 Strong
9.69 Weak

7.12 Extremely Weak
6.87 Strong
6.23 Strong
5.68 Weak

5.25 Strong
4.90 Extremely Strong
4.71 " Extremely Weak
4.61 Weak

4.25 Weak

4.15 Extremely Weak
4.01 Strong’
3.85 , Extremely Weak
3.80 Extremely Weak
3.74 Extremely Weak
3.69 wWeak

3.58 Weak

3.50 Weak

3.46 Weak

3.39 Weak

3.34 Weak

3.29 - Weak

3.17 Weak

IR; Vax (KBr) cm': 3450, 3000, 2880, 1620

Elemental Analysis, for CisH,sF,C1N;0;+3/2H;0:
Calcd. (%): C 52.24; H 4.85; N 9.62
Found (%): C 52.07; H 4.68; N 9.47

Water Content (Karl Fischer’s method):

Calcd.: 6.18%; Found: 6.5%
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.43; N 10,25-4oun
chers £ bt

3.35 Weak 3.19

(KBr) cnierr]: 3430, 2950, 2800, 1630, 1610 El enent
Cerr]Herr]Flerr]CANerr]Q Calcd. (%: C 55.69; H
(9%9: C55.78; H4.23; N 10.26 Water Cbnagnt (Karl Fi
Calcd.: 0% Found: 0.2% EXAMPLE 4
7-1(7-(S)-Am no-5-azaspi ro[ 2. 4] hept an- 5-yl ] - 8-
chloro-6-fluoro-I-[ (IR, 2S)-2-fluorocycl opropyl] - 4-
oxo-1,4-dihydroquinoIine-3-carboxy|i%xé&biéwgpohydrat

7-[(7-(S)-Amino-5-azaspiro[2.4)heptan-5-yl]-8-
chloro-6-fluoro-1-{ (1R,2S)-2-fluorocyclopropyl]-4-
oxo-1,4-dihydroquinoline-3-carboxylic Acid 1/2 Hydrate

Crude crystals of 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan-5-yl}~8~-chloro-6-fluoro-1-[(1R,28)-2-
fluorocyclopropyl}-4-oxo-1,4-dihydroquinoline-3-carboxylic
acid (4.0 g) were added to a mixture of 160 nm! of an agueous
ethanol having a water content of 50% and 6 m! of 28% agueous
ammonia, and the mixture was stirred at 60°C for 30 minutes.
After dissolving the crystals, 0.2 g of activated carbon was
added to the solution, followed by filtration. The filtrate
was concentrated under atmosphe;ic pressuré to remove about
80 mi of the solvent. The concentrate was cooled to room
temperature, and the precipitated crystals were collected by
filtration and dried at 40°C under reduced pressure to give
3.6 g of the title compound.

Melting Point: 195°C (decomposition)
Powder X-Ray Diffractometry (characteristic peaks):

d Value (lattice spacings) Relative Intensity
(A)

15.66 Weak

9.19 : Weak

8.42 Weak

7.80 Extremely Strong
7.60 Weak

6.82 Extremely weak
6.15 Weak

5.55 Weak

5.40 Weak

4.60 Weak

4.23 Weak



Crude crystals of 7-[(7-(S)-ami no-5- REPLAGERMENT SHEET
azaspiro[ 2. 4] heptan-5-yl]-8-chloro-6-fluoro-1-[ (IR 2S) {2-

fl uorocycl opropyl ] - 4- oxo- 1, 4- di hydr oqui nol i ne- 3- car boxyl itc @ei 865580 el

added to 150 nferr] of an aqueous nethaggl havi ng 21 4 water conteni

1% or less to forma slurry. The slurry Wwas stirred at {25terrt€-ftor—3—days

The crystals were collected by filtration and dried at jroomtenperature

under reduced pressure until it was confirned that the werght becane
IR; Vmx (KBr) cm: 3420, 3000, 2860, 1620

Elemental Analysis, for C;¢H;gF,C1N;0;¢1/2H,0:
Calcd. (%): C 54.49; H 4.57; N 10.03
Found (%): C 54.59; H 4.29; N 9.88
Water Content (Karl Fischer’s method):
Calcd.: 2.15%; Found: 2.1%
EXAMPLE 3
7-[{(7-(S)-Amino-5-azaspiro(2.4]heptan-5-y1]-8-

chloro-6-fluoro-1-[ (1R,25)-2-fluorocyclopropyl]-4-
oxo-1,4-dihvdroquinoline-3-carboxylic Acid Anhydrate

Crude crystals of 7-[(7-(S)-amino-5-
azaspiro[2.4]heptan-s-yl]-8—chloro-6-fluord—l-[(1R,25)-2-
fluorocyclopropyl]—4-oxo—l,4-diﬂydroquinolihe-3—carboxylic
acid (4 g) were added to 360 mi of 15% ammonia—ethénol (on a
weight.basis; prepared by blowing ammonia gas into absolute
ethanol), and the mixture was stirred for 30 minuteg. After
dissolving the crystals, 0.2 g of activated carbon was added
to the solution, followed by filtration. The filtrate was
concentrated under atmospheric pressure to remove about
260 m} of the solvent. The concentrate was cooled to room
temperature, and the precipitated crystals were collected by
filtration and dried at 40°C under reduced pressure to give
3.5 g of the title compound.

Melting Point: 231°C (decomposition)



constant to give 4.5 g of the title conpound. Powder X-Ray hdf, E a8y
: ) ce uéﬂﬁﬂﬁéﬁﬁfﬁgﬁﬁ b7

(characteristic peaks): d Value (lattice spacings) Relati A
13. 22 Strong 7.74 Extrenel y| S rgng 6. 94
Extremely Weak 6.68 Weak 5.77 S U AUdness
5. 60 Strong. 5.16 Extrenely ak 4.71

Medi um

Powder X-Ray Diffractometry (characteristic peaks):

d Value (lattice spacings) Relative Intensity

(A)

11.35 _ Weak

10.72 Strong

9.07 Extremely Strong
6.94 Extremely Weak

5.63 Extremely Strong
5.42 Strong

4.99 Weak

4.54 Strong

4.45 Weak

4.32 ' Strong

3.83 Strong

3.70 Extremely Weak

3.56 Strong

3.47 Weak

3.42 , Extremely Weak

3.35 Weak

3.19 Strong

IR; V.. (KBr) cm': 3430, 2950, 2800, 1630, 1610
Elemental Analysis, for C,¢H;sF,C1lN;0;:
Calcd. (%): C 55.69; H 4.43; N 10.25
Found (%): C 55.78; H 4.23; N 10.26
Water Content (Karl Fischer’s method):
Calcd.: 0%; Found: 0.2%
EXAMPLE 4

7-[{(7~(S)-Amino~5-azaspiro(2.4]heptan-5-yl}-8-
chloro-6-fluoro-1~[ (1R,28)-2-fluorocyclopropyl]-4-

oxo-1,4-dihvdrogquinoline-3-carboxylic Acid Monohydrate

Crude crystals of 7-((7-(S)-amino-5-
azaspiro(2.4]heptan-5-yl]-8-chloro-6-fluoro-1-((1R,25)-2-
fluorocyclopropyl]—4-oxo-1,4fQEhydroquinoline—3-carboxylic

acid (5 g) were added to 150 ml of an aqueous methanol having



4.09 Strong 3.91 Ve dlEPRAGEMENT SHEET
Weak 3. 60 Strong IR, V[err] (KBr) cnijerf]: 3620, 341Q,
3080, 2870, 1630, 1610, 1540 El enental Analysis, for S 0 AUG 1996
Cerr]Herr]Flerr]CONerr]OHerr]O Calcd. (%9: C53.34;1 H4.71; N 9.82
Found (%: C 53.31; H4.55 N 9.93 Waér Content (Kar| Frscher-s-method):
Calcd.: 4.2% Found: 4.1%

a water content of 1% or less to form a slurry. The slurry
was stirred at 25°C for 3 days. The crystals were collected
by filtration and dried at room temperature under reduced
pressure until it was confirmed that the weight became
constant to give 4.5 g of the title compound.

Powder X-Ray Diffractometry (characteristic peaks):

d value (lattice spacings) Relative Intensity
(R)

13.22 ' Strong
7.74 Extremely Strong
6.94 Extremely Weak
6.68 Weak
5.77 Weak
5.60 . Strong,
5.16 Extremely Weak
4.71 Medium
4,09 Strong
3.91 Weak
3.72 Weak
3.60 Strong

IR; Vamx (KBr) cml: 3620, 3410, 3080, 2870, 1630, 1610,
1540
.Elemental Analysis, for C;¢HgF,C1lN;0;+H,0:
Calcd. (%): C 53.34; H 4.71; N 9.82
Found (%): C 53.31; H 4.55; N 9.93
Water Content (Karl Fischer'’s method):

Calcd.: 4.2%; Found: 4.1%
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22 EXAMPLE 5 7-[7-(S)-Am no-5-azaspiro-[2. 4] heptan-5-yl]-
chloro-6-fluoro-1-[ (IR 2S)-2-fl uorocycl opropyl ] - 4-

0xo0- 1, 4- di hydroqui nol i ne- 3- carboxYlic Acid 3/2 Hydrate Clude.§(M§@@J§ggﬁ
7-[7-(S)-am no-5-azaspiro-

[ 2. 4] hept an- 5-yI | - 8- chl or o- 6- f | uor o- 1- [ (¥R 25) - 2- -
fl uorocycl opropyl ] - 4- oxo- 1, 4- di hydr.oqui nol i ne- 3- carboxyl c acid(7.7 g) wer
added to a mixture of 45 m of ethanol, 37 ml of water and 25 ni Of ~28%

ammoni a water, and the whol e EXAMPLE 5

7-[7-(S)-Amino-5-azaspiro-[2.4 lheptan-5-yl}-8-
chloro-6-fluoro-1~[(1R,28)~2-fluorocyclopropyl]-4-~
oxo-1,4-dihydroquinoline-3-carboxvlic Acid 3/2 Hydrate

Crude crystals of 7-[7-(S)-amino-5-azaspiro-
(2.4]heptan-5-yl]-8-chloro~6-fluoro-1-[ (1R,2S)-2-
fluorocyclopropyl])-4-oxo~-1,4-dihydroquinoline-3-carboxylic -
écid(?.? g) were added to a mixture of 45 ml of ethanol,

37 ml of water and 25 ml of 28% ammonia water, and the whole
mixture was stirred on a bath of 45°C for 10 minutes. After
dissolving the crystals, about 50 ml of the solvent was
‘removed undef reduced pressure. The mixture was cooled to
room temperature, and a resultiﬁg crystals:were collected by
filtration, then dried at 40°C in wvacuo to yield 7.3 g
(94.8%) of the titled compound.

FORMULATION EXAMPLE 1

Capsule:
Compound of Example 1 (3/2 hydrate) 100.0 mg
Corn starch 23.0 mg
Calcium carboxymethyl cellulose 22.5 mg
Hydroxypropylmethyl cellulose 3.0 mg
Magnesium stearate 1.5 mg

Total: 150.0 mg

®



m xture was stirred on a bath of 45[err]C for 10 M NUtESumbiter— |§§§ﬁV|ng
the crystals, about 50 m of the solvent was renoved 1 hé@

pressure. The m xture was cooled to room tenperature, Tesultlng
crystals were collected by filtration, Egen dried at 40[ Ayt ¥86ua tio
yield 7.3 g (94.8% of the titled conpound FORMULATI LE 1 Capsul
Compound of Exanple 1 (3/2 hydrate) 100.0 ng Coin s
23.0 ng Cal ci um car boxynet hyl cell ul ose 2215 ny B
Hydr oxypr opyl net hyl cel | ul ose FORMULATION BxAMPLEY 2
Powder for Admixture with Feedstuff:

Compound of Example 1 (3/2 hydrate) 1 to 10 g

Corn starch 89.5 to 98.5 g

Light anhydrous silicic acid 0.5 a

Total: 100 g
While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.



Magnesi um st ear ate 1.5 mg Tot

23 FORMULATI sBesn for Admixture with Feed
“ 1to 10 g Corn starc
us siIicicggﬂd

89.5to 98.5 ¢
Total : 100 g
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‘Exanpl e 1 (3/2,
WHAT IS CLAIMED IS:

l. A method for selectively obtaining a 3/2 hydrate

of 7-[(7-(S)-amino-5-azaspiro(2.4]heptan-5-yl]-8-chloro-6-

fluoro-1-{(1R,2S)~2-fluorocyclopropyl]-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid which comprises treating

7-[{(7-(S)-amino~-5-azaspiro(2.4 Jheptan-5-yl}-8-chloro-6-

fluoro-1-[(1R,25)~-2-fluorocyclopropyl]-4-oxo-1,4~

dihydroquinoline-3-carboxylic acid in an agqueous ‘solvent or

water or recrystallizing 7-({(7-(S)-amino-5-

azaspiro({2.4}heptan-5-yl}-8-chloro-6-fluoro-1~{(1R,25)-2-

fluorocyclopropyl]-4-oxo—l,4-dihydroquinoline-3-carboxylic

acid from an’aqueous solvent or water.

2. A method for selectively obtaining a 3/2 hydrate

of 7-({(7-(S)-amino-5-azaspiro(2.4)}heptan~-5-yl}-8-chloro-6-

fluoro-1-[(1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4-

dihydrogquinoline-3-carboxylic acid which comprises treating

7-{{7~(S)~amino-5-azaspiro[2.4 }heptan-5-yl}-8-chloro-6-

fluoro-1-[(1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid in an aqueous solvent or

water.

3. A method for selectively obtaining a 3/2 hydrate

of 7—[(7-(S)—amino-5-azaspiro[2.4jheptan—s-yl]-8-chloro-6-

fluoro-1-[(1R,2S)~-2-fluorocyclopropyl}-4-oxo-1,4-

dihydroquinoline-3-carboxylic acid which comprises

recrystallizing 7-[(7-(S)-amino-5-azaspiro[2.4]heptan-5-yl]-

8-chloro-6-fluoro-1-((1R,2S)-2-fluorocyclopropyl}-4-oxo-1,4-

W




Whil e the invention has been described in detail and w
specific exanples thereof, it wll be apparent to one s
t hat various changes and nodifications can be made ther
departing fromthe spirit and scope ther - 24 -
1. A nethod for selectively obtaining a? §/2 hydr at e of
(7-(S)-am no-5-azaspi ro[ 2. 4] hept an- 5yl ] - 8- chl or o- 6-

eifn wi t hout
TS IBACEARNED
7-

i 1 A

dihydroquinoline-3-carboxylic acid from an agqueous solvent or

water.

4. A method as claimed in claim 1,

2 or 3, wherein

said aqueous solvent is an agueous ethanol containing agueous

ammonia.

5. 7-[(7-(S)-Amino-5-azaspiro(2.4)heptan-5-yl]-8- -

chloro-6-fluoro-1-[(1R,2S5)-2-fluorocyclopropyl]-4-oxo-1,4-

dihyd:oquinoline—3-carboxylic acid 3/2 hydrate.

6. 7-{(7-(S)-Amino-5-azaspiro(2.4]heptan-5-yl)-8-

chloro-6-fluoro-1-[ (1R,2S)~-2-fluorocyclopropyl]-4-oxo-1, 4~

dihydroquinoline-3-carboxylic ac;d anhydrate

7. A crystal of 7-((7- (S) -amino- 5—

azaspiro{2.4)heptan-5-yl}~8-chloro-6-fluoro-

1-[(1R,28)=-2~

fluorocyclopropyl]~-4-oxo-1,4-dihydrogquinoline-~3~carboxylic

acid 3/2 hydrate which substantially has the following X-ray

diffraction characteristics:

s Sheet Has Been Replaced
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fl uoro- I-[(IR'QS)“Z-fIuorocyclopropyl] 4- oxo-1, 4-

REPLACEMERT SHEET

di hydr oqui nol 4 nes3- arboxyllc acid in crystalllne foﬁnlwh|%

Iuorocy propyl] 4- 0X(

§ﬁ'ro[2 4] hept an- 5-yl ] < 84

Al

-1 4-

ri ses

------

Hu.'\..i T

“treating 7-[ (7" e
chl oro-6-fluoro
di hydr oqui nolin

m ni mum wat er content of said aqueous sol vent depend

acid in an aqueous sol ¥

ent wherein the
$0i.tn

e

such that said water content is at |east 40%at 25[err]C and at |east 90%

t 60[err]C
?heptgﬁrg]y 9h108CTYSERY

fl uorocycl opropyl | -4-0

7-(%;%2&,0 P fZRSPLyOl2 - 4

)1 4- dlhydrqu|noI|ne 3-carboxylic acid from an

aqueous sol vent, wherein the wat er content of sq{d aqueous solvent is in

t he range of 50@6to 1dd%;9preferably 50%

Strong
9.69 Weak
7.12 Extremely Weak
6.87 Strong
6.23 Strong
5.68 Weak
5.25 Strong
4.90 Extremely Strong
4.71 Extremely Weak
4,61 . Weak
4.25 Weak
4.15 Extremely Weak
4,01 Strong
3.85 Extremely Weak
3.80 Extremely Weak
3.74 1 Extremely Weak
3.69 . Weak
3.58 ‘Weak
3.50 . Weak
3.46 Weak
3.39 Weak
3.34 Weak
3.29 Weak
3.17 Weak

8. A pharmaceutical composition comprising as an active

ingredient a therapeutically effective amount of 7-[7-(S)-

amino-5-azaspiro(2.4)heptan-5-yl}-8-chloro-6-£fluoro-1-

[ (1R,2S)~2~-fluorocyclopropyl]-4-oxo-1,4-dihydrogquinoline-3-

carboxylic acid 3/2 hydrate.

9. A pharmaceutical composition comprising -as an active

ingredient a therapeutically effective amount of 7-[{7-(S)-

amino-5-azaspiro(2.4]heptan-5-yl}-8~chloro-6-£fluoro-1-

{ (1R, 2S)-2-fluorocyclopropyl}-4-oxo-1,4-dihydroquinoline~-3-

KR R ) W




to 75% 2. A net hod accordi ng to claim1 for selectivel BERLACRMENT SHEED

hydrate of 7- 7
-thl or0-6-fl uo

dihydroquinolin%
treating 7-[(7-(

i

(IR, 2S)-2-fluorocycl opropyl ] - 4-
i n an aqueous solvent, wherein the m nimumwater content of sald aquUeEGUS"
sol vent dQﬁ&W@&gﬂidf&tidﬂﬁ%ﬂéﬂymfasuchhﬁhatsubstawmbaliynhastths at | east
40% at 25 C and at |east 90% at 60[err]C. 3. A method accordlng to claim1
for sel ectfioldlowioty -xayy diffraction characteristics:

agpiro[ 2. 4] heptan-5-yl ] - 8-
uorocycl opropyl ] -4-oxo-114+ 3 0 AUG 1596
acid in ystalllne f or mf whi ch conpri ses
piro[2.4 eptan-5-y|]-8- chtoro=6=ft+uere- 1
oxo- 1, 4- di hydroqui nol i ng-3-carboxylic aci

d Value (lattice spacings Relative Intensity
(A7)

11
10

WWWWWWwWwwwWww b ey 3 WO

.47
.49
.69
.12
.87
.23
.68
.25
.90
.71
.61
.25
.15
.01
.85
.80
.74
.69
.58
.50
.46
.39
.34
.29
.17

Weak
Strong
Weak
Extremely Weak
Strong
Strong
Weak
Strong
Extremely Strong
Extremely Weak
Weak
Weak
.Extremely Weak
Strong
Extremely Weak
Extremely Weak
Extremely:Weak
Weak
Weak
Weak
Weak
Weak
Weak
Weak
Weak

10. The use of 7-(7-(S)=-amino-5-azaspiro[2.4]heptan-5-
yl]-8-chloro-6-fluoro-1-[ (1R, 2S) -2-fluorocyclopropyl]-4-oxo-
1,4-dihydroquinoline-3-carboxylic acid 3/2 hydrate for

-

d

preparing a pharmaceutical composition for treating bacterial

infections.

11. The use of :
7-{7-(S)~amino-5-azaspiro[2.4}heptan-5-yl]-8-chloro-6-fluoro-

* c L M S *



a 3/2 hydrate dfu%”f(f"(é) ani no- 5- azaspi rof 2. 4]hepr§¥f?-yé@F%¥r¢%ET

chl or 0- 6- f | uor OFhis- eéﬂiéfaeeﬁﬁéblmocycl opr opyd] - 4- ok
dlhydrqu|noI|ne-

recrystallizing 7

' idin crystalline fpr
I Zi -5-azaggpiro] 2. 4] hepta
5-yl]-8-chl oro-6- uoro- S) - 2- quorocycIoprop

di hydr oqui nol i ne- 3- carboxyllc acid froman aqueous $o0
wat er content of said agueous solvent is in the range of 50%t 0 100%

- 3 0 AUG 1996
]-4 oxo-1, 4-
ent ;" Wnereirn t

m whi ch conprijses

ne

preferably[$0%, 26 )43%f Lluorodyclopropyl ]-4-oxo-1,4-dihydro-quinoline-

3-carboxylic acid 3/2 hydrate which substantially has the

following X~ray diffraction characteristics.

d Value {lattlce spacings) Relative Intensity

(&)
11.47 Weak
10.49 Strong
9.69 Weak
i 7.12 Extremely Weak
6.87 : Strong
6.23 . Strong
5.68 Weak
5.25 Strong
4.90 Extremely Strong
4.71 Extremely Weak
4.61 : Weak
4.25 ! Weak
4.15 Extremely Weak
4.01 Strong
3.85 ' Extremely Weak
3.80 Extremely Weak
3.74 Extremely Weak
3.69 Weak
3.58 Weak
3.50 Weak
3.46 Weak
3.39 Weak
e 334 Weak
T 3.29": Weak
3.17 Weak

for preparing a pharmaceutical composition for treating

bacterial infections.

) AR



) R EMEN
4. A nethod as clained in claiml1, 2, or 3, wherein said ajggﬁhcvé FJ%ﬁ%T
o

v

aqueous et hanol containi ng aqueous ammoni a. 5.
7-[(7-(S)-Am no-5-azaspirof 2. 4] hept an-5-yl ] - 8- chloro 6-
fluoro-1-[(IR 2S)-2-fluorocycl opropyl]-4-oxo-1, L
di hydr oqui nol i ne- 3-carboxylic acid anhydrate. 6 A net hodl according to
anyone of clains 1 to 4 for selectively obtaining
7-[(7-(S)-am no-5-azaspirof 2. 4] hept an-£9-yl | - 8- chl or o- 6- quoro 1 [(

R, 2S)-2-fl uorocycl opropyl ] -4-oxo- 1, 4-dihydroquinoline-3-carboxylic acid
3/2 hydrate in crystalline f orm whi ch substantially has t ng.x;ray

diffraction characteri stigs:y do¥al eufd@bthC 2oRPAioNGs) Ryl'als vﬁ;’fﬁzgsns' £
D

3 0 AUG 998

ABSTRACT OF THE DISCLOSURE

A method for selectively obtaining any one of an
anhydrate, a 1/2 hydrate, a 1 hydrate, and a 3/2 hydrate of
7-{(7-(S)-amino-5-azaspiro[2.4}heptan-5-yl]-8-chloro-6-
fluoro-1-[ (1R,2S)-2-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid is disclosed, comprising:
treating the compound in an agueous solvent or water or
recrystallizing the compound from an agueous solvent or

water.

FIGURE 1

heet Has Been Replaced
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3.29
phar maceuti cal

Weak 3.17

conposition conprising as an active

therapeutically effective amount of 7-[(7-(S)-

am no- 5- azaspi ro[ 2. 4] hept an- 5-yl ]

| uor ocycl opropyl ]
8.

chloro-6-fluoro-I-[ (1R, 2S)-2-fluorocycl opropyl]-4-

-3-

CPS

-8-chl oro-6-fl uor ot
-4-0xo0-1, 4-di hydroquinoline-3-cafl
The use of 7-[(7-(S)-am no-5-azaspiro[2.4] hept
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bbxyl1c acid anhy

AN -5y

Xo-1, 4-

1H (B2 1998 fl

| Q.
O

dr at e.

Fig. 3

2

v ¥ ~
g |

é

é;__k
N S
s

]

-

—— e

>—
8/_

Re_ _
S 2
8



di hydr oqui nol i ne- 3-carboxylic acid anhydrate for
conposition for treating bacterial infections.
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WHAT IS CLAIMED IS : i

1. A method for selectively obtaining a 3/2 hydrate
of 7-[(7~(S)~amino-5-azaspiro{2.4]heptan~5yl}-8~chloro-6
fluoro-1-{(1R,2S)-~2-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid in crystalline form which
.;comprlses treating 7~ (7~ (S)-am1no-5—azasp1ro[2 4]heptan— —yl] -8-
chloro-6-fluoro-1- [(IR 28 )=2~ fluorocyclopropyl] -4-ox0-1, 4-
dihydroquinoline-3-carboxylic acid in an aqueous solvent wherein
the minimum water content of said aqueous solvent depends on the
temperature such that said water content is at least 40% at
25°C and at least 90% at 60°C, or recrystallizing 7-[(7-(S)-
amino-5-azaspiro[2.4 jheptan-s—yl ]-8-chloro-6-fluoro-1{(1R,2S)~2-~
fluorocyclogaropyl ]~4~-0x0-1,4~-dihydroquinoline-3~carboxylic acid
from an agqueous solvent, wherein the water content of said
aqueous solvent is in' the range of 50% to 100%, preferably 50%.
to .75%. . o
2. A method according to claim 1 for selectively obtaining
a 3/2 hydrate of 7-[(7-(S)~-amino-5-azaspiro[2.4]lheptan~5-~yl]-8=
chloro-6-£fluoro-1-[(1R,2S8)-2- fluorocyclopropyl’] 4-0x%x0-1,4-
~dlhydroqulnolz.ne-3—carboxyllc acid in crystalline form th.ch,
comprises treating 7-[(7-(S)-amino-5-azaspiro[2. 4]heptan-5-y1]-8-
chloro-6-fluoro-1-{ (1R, 28)~2-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3~carboxylic acid in an aqueous solvent, wherein
the minimum water content of said aqueous solvent depends on the
tempe_raturé such that said water content is at least 40% at
25°C and at least 90% at 60°C.

3. A method according to claim 1 for selectively obtaining
a 3/2 hydrate of T=[(7~ (S)—amlno—s-azasplro[z 4 1heptan-5 —yl] ~-8- .
chloro-6-fluoro-1- {(1R,2S)~2-fluorocyclopropyl]-4-oxo-1,4~ °
dihydroquinoline-3-carboxylic acid in crystalline form which-"
comprises recrystallizing 7-[ (7-(S)-amino-5-azaspiro[2.4]heptan-
5~yl]-8-chloro-6-fluoro-1{ (1R, 2S)-2-fluorocyclopropyl j-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid from an aqueous solvent,
wherein the water content of said aqueous solvent is in the range
of 50% to 100%, preferably 50% to 75%.

o




4. A method as claimed in claim 1, 2, or 3, wherein said
- aqueous solvent is aqueous ethanol containing aquecus ammonia.

5. 7-{(7-(S)~Amino-5-azaspiro(2.4)heptan-5-yl}-8-chloro-6~-
fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]—-4-oxo-1, 4~
dihydroquinoline-3-carboxylic acid anhydrate. .

6. A method according to anyone of claims 1 to 4 for
selectively obtaining 7-[(7-(5)—amino45—azaspiro[2.4]heptan-s-
yl]-8-chloro-é-£fluoro~1-{ (1R,25) ~2~fluorocyclopropyl) -4 -oxo-
1,4-dihydroquinoline-3-carboxylic acid 3/2 hydrate in
- erystalline form which substantially has the following X-ray

diffraction characteristics:

d Value (lattice spacings) Relative Intensity

(&)

11.47

10.49

9.69

7.12

6.87
6.23
5.68
5.25
4.90
4.71
4.61
4.25

4.15 -

4.01
3.85
3.80
3.74
3.69
3.58
3.50
3.46
3.39
3.34
3.29
3.17

Weak
Strong
Weak
Extremely Weak
Strxong -
Strong
Weak
Strong
Extremely Strong
Extremely Weak
Weak
Weak
Extremely Weak
Strong
Extremely Weak
Extremely Weak
Extremely Weak
Weak
Weak
Weak
Weak
Weak
Weak
Weak
Weak
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7. A pharmaceutical composition comprising as an active
~ingredient a therapeutically effective amount of 7-[(7-(S)-

- amino-5-azaspiro(2.4]heptan-5-yl]-8~chloro-6-fluoro-1-((1R,2S)~
%24f1uorocyclopropyl]-4-oxo—1,4-dihydroquinoline—3—carboxylic

- acid anhydrate. _

8. The use of 7-[§7-(S)-amino-s—azaspiro[z.4]heptan—5-yl]—8-
" chloro-6-fluoro-1-[ (1R, 2S)-2-fluorocyclopropyl]l-4-oxo~1,4-

. dihydroquinoline-3-carboxylic acid anhydrate for préparing a
:pharmaceutic;l composition for treating bacterial infections.

e



-A- REPLACEMENT SHEET
WHAT IS CLAIMED IS :

1. A method for selectively obtaining a 3/2 hydrate
of 7-[(7-(S)~amino-5-azaspiro(2.4]heptan-5yl]-8-chloro-6—
fluoro~1l-[ (1R,2S)=~2~-fluorocyclopropyl]~-4-oxo~1,4-
dlhydroqua.noln.ne-3-carboxyl:.c acid in crystall:.ne form which
_.comprlses treating .7~ ~[(7- (S)-amino-5-azaspiro[2. 4]heptan-5—y1] 8-~
chloro-6-~fluoro-1-[(1R,2S)~2~ fluorocyclopropyl] 4-0x0-1,4-
dihydroquinoline-3~carboxylic acid in an aqueous solvent wherein
the minimum water content of said aqueous solvent depends on the
temperature such that said water content is at least 40% at
25°C and at least 90% at 60°C, or recrystallizing 7-{(7-(S)=-
amino-5-azaspiro[2.4 iheptan-s—yl ]-8~chloro~6-fluoro~1{(1R,28)-2~
fluorocyclopropyl]-4-oxo-1,4-dihydroquinoline-3~carboxylic acid
from an aqueous solvent, wherein the water .content of said
aqueous solvent is inm the range of 50% to 100%, preferably 50%.
to 75%, . . o C e

2. A method according to claim 1 for selectively obtaining
a 3/2 hydrate of 7-[(7-(S)-amino-5-azaspiro[2.4]heptan~5-yl}-8-
chloro-6-fluoro-1-[ (1R,2S)-2-fluorocyclopropyl}-4-oxo~1,4-
- dihydroquinoline-3-carboxylic acid "in crystalline form which_
comprises treating 7-{(7- (S)-am:.no-s—azasplro[z 4]heptan-5-yl]-8-'
chloro-6<fluoro-1-{ (1R, 25)-2-f1uorocyclopropyl] -4-0X0=1,4~
dihydroquinoline-3~carboxylic acid in an aqueous solvent, wherein
the minimum water content of said aqueous solvent depends on the
temperature such that said water content is at least 40% at
25°C and at least 90% at 60°C. ;

3. A method according to claim 1 for selectively obtaining
a -3/2 hydrate of 7-[(7- (S)-am:.no—s—azasplro[z 41heptan-~5 —yl] ~8-~ .
chloro-6-fluoro-1l- ~[(1R,2S8)-2~-fluorocyclopropyl]-4-oxo-1,4-
dihydroquinoline-3-carboxylic acid in crystalline form which-
comprises recrystallizing 7-[ (7-(S)-amino-5-azaspiro[2.4] heptan-
5~yl]~-8-chloro-6-£luoro-1{ (1R,2S)-2-fluorocyclopropyl]-4~oxo-~1,4~
dihydroquinoline-3-carboxylic acid from an aqueous solvent,
wherein the water content of said aqueous solvent is in the range
of 50% to '100%, preferably 50% to 75%.
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REPLAGEMENT SHEET

CRYSTAL OF ANTIMICROBIAL COMPOUNﬁ

ABSTRACT OF THE DISCLOSURE

A method for selectively obtaining any one of an
anhydrate, a 1/2 hydrate, a 1 hydrate, and a 3/2 hydrate of
7~{(7-(S)-amino~5-azaspiro[2.4 }heptan-5-yl]-8-chloxro-6~-
fluoro-1-[ (1R,2S)~2-fluorocyclopropyl]-4-oxo-~1,4~
dihydroquinoline;B—cérboxylic acid is disclosed, comprising-
treating the compound in an agueous solvent or water;or
recrystallizing the compound from an agueous solvent or

water.

FIGURE 1



