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~ Background of the Invention
The invention is directed to a novel crystal forr of anhydrous 7-([1a,5a,6a]-6-
amino-3-azabicyclo[3. 1.0fhex-3-yl)-6-fluoro-1-(2,4-difluorophenyt)-1,4-dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic acid, methanesuifonic acid salt, a method of using said

compound in the treatment of a bacterial infection in mammals, especiaily humans, and
to pharmaceutical compositions useful therefor.

10

15 United States Patent No. 5,229,396, which is incorporated herein by reference,

discloses 7-([1a, 50,60]-6'—amfno-'3-a_zabi_cyclo[3. 1.0]hex-3-yl)-6-fluoro-1-(2,4-

- difluorophenyl)-1,4-dihydro-4-oxo-1 ,8-naphttfyridine-3—carboxylic acid methanesulfonic
acid salit of the formula

20

25

wherein Y is o,p-difluorophenyl and R? is

30

35

II

having antibacteriai activity. . e ——
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acid salt of the formula [err] wherein Y is o, p-difluorophenyl and [err] is
30 35 -2- Summary of the Invention The invention is directed to a novel
crystal form of anhydrous 7-([1la, 5a, 6a] - 6-

am no- 3-azabi cycl o[ 3. 1. J hex-3-yl )-6-fluoro-1-(2, 4-di fl uorophenyl)-1

, 4- di hydr o- 4- oxo- 1, 8- napht hyri di ne- 3-carboxyljc acid, nethanesulfonic acid
salt which possesses valuable 5 and nonobvi oS properties. Sincethe
anhydrate is substantially hydrophobically stable,

Summary of the invention
The invention is directed to a novel crystal form of anhydrous 7-([14,5a,6a]-6-
amino-3-azabicyclo(3. 1.0Jhex-3-yi)-6-fluoro-1-(2,4-difiuorophenyl)-1,4-dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic acid, methanesulfonic acid sait which possesses valuable
5 andnonobvious properties. Since the anhydrate is substantially hydrophobically stable,
formulation problems of the active ingredient during tableting or capsulation operations
are alleviated.
Detailed Description of the invention

The 7-([1a,5a,6a]-6-amino-3-azabicyclo[3.1.0]hex-3-yl)-6-fluoro-1-(2,4-
10 difluorophenyi)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid methanesuifonic
acid salt referred to in United States Patent No. 5,229,396 characterized by the major

peaks in the following X-ray powder diffraction pattemn

Peak 1 21 3 4 5 6 7 | 8 9 10
no.

15 20(°)Cu |50 (98130148197 |209 220 {230/ 281|293
|dspace | 17919068 |60 |45 42 | 4.0 39 |32 {30
&=

=
—

is substantially hygroscopic and can pick up water from the atmosphere to form a
monohydrate. The monchydrate is characterized by the major peaks in the following
20 X-ray powder diffraction pattern

([Peak no. 1 2 3 4 5 6 7 8 ]
20c°)Cu (47 | 94 | 124 |131 | 136 | 142 | 170 | 179
dspace 187 | 94 71 | 67 6.5 6.3 52 | 5.0
Peakno. |9 10 11 12 12 | 14 15
25 [ 20¢ycu 187 [21.0 | 220 (242 | 242 | 266 | 272
| d space 47 | 4.2~ 4.0 3.7 37 |..35 3.3

w .’-.; A .' .'«J' s
The novel crystal form of 7-([1a, 5a,60]-6-amino-é—azabicycio[S.1 .Ojhex-3-yl)-6-
fluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic  acid,

30 methanesulfonic acid salt (hereinafter "the anhydrate") is hydrophobically stable and
characterized by the major peaks in the following X-ray powder diffraction pattern.
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7- ([ 1a, 5a, 6a] - 6- am no- 3- azabi cycl o[ 3. 1. 0] hex-3-yl)-6-fluoro-1 IH IIIH” Il Il
aci d, met hanesul fonic acid salt referred to ©™n United States Patent No.
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5,229,396 characterized by the major peaks in the follow ng X-ray powder
i s substanti al (m‘.ﬁc' afd? cdn @hck 13)6\/\/3!( _elis.o‘r ma.pe ptigospherxgt
forma nonohyd

onydrate 1s_cnpract Yy the e or peaks—
the fol | ow ng 1d; +on 3.9

5 The anhydrate may be prepared by heating 7-([1 a,5a,6a]-6-amino-3-
azabicyclo[3.1.0]hex-3-yl)-6-fluoro-1-(2,4-difluorophenyl)-1 ,4-dihydro-4-ox0-1,8-
naphthyridine-3-carboxylic acid, methanesulfonic acid salt or its derived monohydrate
in an organic solvent or a mixture thereof with an aprotic co-solvent, such as
isopropanol, dimethylsulfoxide, n-propanol, tetrahydrofuran or n-butanol, preferably

10 n-butanol or tetrahydrofuran/n-butanoli, to reflux or to a temperature between about
70°C to about 90°C, preferably about 85°C. Depending on the reaction temperature
and other conditions, the reaction time generally 'ranges from about 1 hour to about 20
hours, preferably about 2 hours to about 16 hours.
The crystal slurry formed is cooled to a temperature between about 20°C to
15 about 30°C, preferably about 25°C, for a time period between about 2 hours to about
24 hours, preferably about 2 hours to about 12 hours. The crystalline product is then
filtered from the mother liquid and dried under vacuum until all the solvent has been
removed.
The anhydrate may be administered as an antibacterial agent as described in
20 above-mentioned United States Patent No. 5,229,396. Administration to a subject may
be alone, but the anhydrate will generally be administered in admixture with a
pharmaceutical carrier selected with regard to the intended route of administration and
standard pharmaceutical practice. For example, it can be administered orally or in the
form of tablets containing such excipients as starch or lactose, or in capsules either
25 alone orin admixture with excipients, or in the form of elixirs or suspensions containing
flavoring or coloring agents. In the case of animals, it is advantageously contained in
an animal feed.
The invention also provides pharmaceutical compositions comprising an
antibacterially effective amount of the anhydrate together with a pharmaceutically
30 acceptable diluent or carrier.
The anhydrate can be administered to humans for the treatment of bacterial
diseases by either the oral or parenteral routes, and may be administered orally at
dosage levels of about 0.1 to 500 mg/kg/day, advantageously 0.5-50 mg/kg/day given



Peakno. 1 2 3 4 5 6 7 8 [err] Cu
4.7 9.4 12.4 13.1 13.6 14. 2 17.0 17.9 d space 8.7 9.4
7.1 6.7 6.5 6.3 5.2 5.0 Peakno. 9 10 11 12

12 14 15 25 [err] Cu 18.7 21.0 22.0 24.2 24. 2 26. 6
27.2 d space 4.7 4.2 4.0 3.7 34/ 3.5 3.3 The novel
crystal formof 7-([1a, 5a, 6a]-6-am no-3-azabicyclo[3.1 .0] hex-3-yl)-6-
fluoro-1

a(C|2d4 gbf | lrjrg{ ﬁ@gégﬁ'w%ﬁfjéﬁg?ﬂgﬁa er el naggg he an yg“"%[;Jl Om}%{'&nws
hydr ophobi cal | gdrsinistifationndiosaigerievsis rarQ ablouty0. ﬂ%Onmgtkg/dpg,ak&vamagdwsly 0.5-50
fol lowing X-r a%gﬂ(%mv Wﬁifefiﬁt?fl%ﬁé)crﬁla? %Eh%&ration rﬁgy be a single dose or up to 3 divided
doses, intravenous administration can include a continuous drip. Variations will
5 necessarily occur depending on the weight and condition of the subject being treated
and the particular route of administration chosen as will be known to those skilled in the
art.
The antibacterial activity of the anhydrate is shown by testing according to the
Steer's replicator technique which is a standard in vitro bacterial testing method
10 described by E. Steers et al., Antibiotics and Chemotherapy, 9, 307 (1959).

The hydration properties were determined gravimetrically over a range of
relative humidities using a VTI microbalance system for moisture sorption studies

(Model MB300W). |

PREPARATION A

15 74[1a.5a.6a]-6-amino-3-azabicyclof3.1.0lhex-3-yl)-6-fluoro-1-
(2.4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,

methanesulfonic acid sait
7-([1a, 5a, 6a]-6-tert-butyloxycarbonylamino-3-azabicyclo]3,1.0Jhex-3yl)-6-fluoro-
1(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,ethylester,
20 (25 g) and methanesulifonic acid (11 g) was added to a mixture of water (250 mL) and
tetrahydrofuran (250 mL). The resultant slurry was heated to reflux (about 66°C)
temperature and held at this temperature for 20 hours after which time a clear solution
was obtained. The solution was cooled to 35-40°C and concentrated under reduced
pressure to about half its original volume. The resuitant crystal slurry was cooled
25 slowly to room temperature (about 20°C) and then further stirred at 10°C for 2 hours.
The crystalline product 7-([1a,5a,6a]-6-amino-3-azabicyclof3.1.0]hex-3-yl)-6-fluoro-1-
(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,
methanesulfonic acid salt was isolated by filtration and washed with a mixture of
tetrahydrofuran {12.5 mL) and water (12.5 mL). The crystals were dried under vacuum
30 at 30-35° until the residual water content of the crystals was below 0.2%. Yield 21.2
g, 90%. '
The crystals of 7-([1a,5a,64]-6-amino-3-azabicyclo[3.1.0]hex-3-yl)-6-fluoro-
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Peak no.

1 2 3 4 5 6 7 8 [err] Cu

4.5 7.7 9.1 13.6 15.0 18.2 18.6 22.8 d space 19.5 11.5
9.7 6.5 5.9 4.9 4.8 3.9 5 The anhydrate may be prepared

by heating 7-(

1 -(2,4-difluorophenyl)-1 ,4-di hydro-4-oxo-
acid, nethanesulfonic acid salt or its deri

[ 1a, 5a, 6a] - 6- am no- 3- azabicyclo[3. 1 .0]hex-3-yl)-6-fluoro-
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20(°)Cu | 50 |98 ]13.0]148 ]| 197 (209220 |23.0]| 28.1 | 29.3

dspace | 179190168 |60 |45 42 140 39 |32 |30

— - —

The crystals of 7-([1a,.5a,6a]-6-amino-3-azabicyclo[3. 1.0]hex-3-yl)-6-fluoro-
1-(2,4-diflucrophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,
methanes_ulfonic acid sailt can pick up water from the atmosphere and form a
monohydrate. The monohydrate is characterized by the major peaks in the following
X-ray powder diffraction pattern.

" Peak no. 1 2 3 4 5 6 7 8
PZG@) Cu 4.7 94 124 |[13.1 13.6 14.2 17.0 17.9

d space |8.7 94 7.1 6.7 6.5 6.3 5.2 5.0
|| Peakno. |8 |10 .- | 1 12 12 14 15

26(°)Cu 187 210 | 220 {242 | 242 | 268 | 272
dspace |47 | 42 | 40 | 37 3.7 3.5 3.3

difluorophenyl}-1,4-dihydro-4-oxo0-1,8-naphthyridine-3-carboxylic _ acid,

methanesulfonic acid sait, anhydrous
7-([1a,5a,6a]-6-amino-3-azabicyclo[3.1.0lhex-3-yl)-6-fluoro-1-(2,4-

difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,methanesulfonic

acid salt or its monohydrate (20 g) was stirred with isopropanol (220 ml). The crystal
suspension was refluxed for 16 hours or until microscopic examination had shown that
the crystal form had changed to a hexagonal form. The crystal slurry was cooled to 20-
25°C and stirred at this temperature for about 1 hour. The crystalline product was

 filtered from the mother liquor, washed with isopropanol (about 50 mL) and dried under

vacuum at 40°C until all the solvent had been removed. Yield 98%.
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24 hours, preferably about 2 hours to about 12 hours. The crystalline
product is then filtered fromthe nother liquid and dried under vacuum
“until all the solvent has been renoved. The anhydrate may be adm ni stered
as an antibacterial agent as described in 20 above-nentioned United States
Patent No. 5,229,396. Adm nistration to a sgbject may be alone, but the
anhydrate will generally be adm nistered in adm xture with a pharmaceuti cal
carrier selected with regard to the intended route of adm nistration and
standard phar maceut I [ AR n | r ~
orally or in the foTﬁrﬁ@o J&Hﬁ e%s cc?%?val nin é'gu?htf%@gl f)?n smaénes?ﬁ-gra?ﬁn%rs'

| act ose, or i razahicyele]s. ‘bDlhm3-w S-dlluomy‘le(ﬂ 4-dlfbmmphamvl§-w-tdrhekm4pomﬂ 8-

or in the for J [, el or. n
agents. T t naantinghelEeabo AR R RaAONE WER et KRN enBicReRd
feed. The i nveny therfolidwing prajori plbaks jrhits Xaay powdert diffractiors patterns conpri sing an
antibacteriall %amu.m;-_-msmg Dydr iﬂﬂf;-_héHLJl
phar maceut i galil Beak no. 1 2 3 4 5 6 7 8
ﬂ 26(°)Cu |45 7.7 9.1 1136 15.0 18.2 186 | 228
d space 95 [11.5 97 | 65 5.9 49 4.8 3.9

10

difluorophenyl}-1.4-dihydro-4-oxo0-1.8-naphthyridine-3-carboxylic ___acid.
methanesulfonic acid salt, anhydrous

7-([1a,54a,6a]-6-amino-3-azabicyclo[3.1.0]hex-3-yl)-6-fluoro-1-(2,4-

diflucrophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxytlic acid, methanesulfonic

15 acid salt or its monohydrate (7 g) was dissolved in dimethylsulfoxide, DMSO (21 mL)

by heating to 80-85°C until complete solution was obtained. Isopropanol (150 mL) was

added dropwise to the solution at about 85°C to induce crystallization. The crystal
suspension was held at reflux temperature about 85°C for 2-16 hours or until
microscopic examination had shown that the crystal form had changed to a hexagonal
20 form. The resuitant crystal slurry was cooled to 20-25°C. The crystalline product was
filtered from the mother liquor, washed with isopropanol (about 50 mL) and dried under
vacuum at 50°C until all the solvents had been removed. Yield 77%.
The product is the same as in Example 1.

Example 3
25 7-{[1a, 5a. 6d]-6-amino-3-azabicyclof3.1.0lhex-3y}-6-fluoro-1-{2.4-

difluorophenyl}-1.4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic _acid,
methanesulfonic acid sait, anhydrous

7-([1a,5a,6a]-6-amino-3-azabicyclo{3.1.0]Jhex-3-yl)-6-fluoro-1-(2,4-

difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,methanesulfonic

30 acid salt or its monohydrate (55.6 g) was dissolved in dimethylsulfoxide, DMSO (159

mL) by heating to 86—85°C until complete solution was obtained. The solution was

cooled to 20-25°C and stimed for 2 hours untii a crystal slurry formed.

-
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30 acceptable diluent or carrier. The anhydrate can be adm nistered to
humans for the treatnment of bacterial diseases by either the oral or
‘parenteral routes, and may be administered orally at dosage |evels of about
0.1 to 500 ny/kg/day, advantageously 0.5-50 ng/kg/day given -4- in a
single dose or up to 3 divided doses. For nltrarruscul ar or intravenous

adm ni stration, dosage |levels are about 0.1-200 ng/ kg/ day, advantageously
0.5-50 ng/ kg/day. Wile intramuscul ar adm nistration may be a single dose

ot P o S8 ARfT VLIRS BB Db b3 SOl B0
wei ght and conifiduice nrystallizatiors UThecarysthisusperisicrpiwas hald &t fdoen RMperstulbvdrRight
of adm ni strat ' nﬁhr%fgc:eo%cgacvgxamma?lonq\ \gnshtoevnt trt]rgttS tehesgrlyétlalegnln hatdhchanged to a
hexagonal form. The crystalline product was filtered from the mother liquor, washed
5 with dichioromethane (3 x 119 mL) and dried under vacuum at 50°C until all the solvent

had been removed. Yield 91%.

The product is the same as in Example 1.
Example 4

10

methanesulfonic acid salt, anhydrous
7-([1a,5a,64a]-6-amino-3-azabicycio[3.1.0]hex-3-yl)-6-fluoro-1 -(2,4-

diﬂuon:ophenyl)-1 ,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid, methanesulfonic

acid salt or its monohydrate (1 g) was stirred with n-propano! (44 mL). The crystal
15 suspension was refluxed for 3 hours or until microscopic examination had shown that
the crystal form had changed to a hexagonal form. The crystal siurry was cooled at 20-
25°C and stirred overnight. The crystalline product was filtered from the mother liquor,
washed with n-propanot (about 10 mL) and dried under vacuum at 50-55°C untit all the
solvent had been removed. Yield 68%.
20 The product is the same as in Example 1.
Example 5§
7-([1a, Sa, 6a]-6-amino-3-azabicyclof3.1.0]hex-3y)-6-fluoro-1-(2,4-
difiuorophenyl)-1.4-dihydro-4-oxo0-1,8-naphthyridine-3-carboxylic acid,
methanesulfonic acid salt. anhydrous
25 7-([1a,5a,6a]-6-amino-3-azabicyclo[3.1.0]hex-3-yl)-6-fluoro-1 -(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,methanesulfonic

acid salt or its monohydrate (70 g) was stirred with a mixture of tetrahydrofuran (175
mt) and a n-butanol (525 mL). The crystal suspension was heated for 16 hours or until
microscopic examination had_sﬁown_that the crystal form had changed to a hexagonal
30 form._-The crystal slurry was cooled to 20-25°C and stirred overnight. The crystalline
product was filtered from the mother liquor, washed with a mixture of tetrahydrofuran
(25 mL) and n-butanol (75 mL) and dried under vacuum at 80°C until all the solvent
had been removed. Yield 95%.
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art. The antibacterial activity of the anhydrate is shown by testing
according to the Steer's replicator technique which is a standard in vitro
bacterial testing nethod 10 described by E. Steers et al., Antibiotics and
Chenot herapy, 9, 307 (1959). The hydration properties were determ ned
gravinetrically over a range of relative huygidities using a VTI

m crobal ance system for noisture sorption studies (Mdel NMB300W .
PREPARATI ON A 15 [err] [err] acid. nethanesul fonic acid salt

7-[la, b5a,

6a] -6-tert-butyl Oxy'léhaer%rodu?ta{%ﬂ}]eosaamgzaggrlrCEg/(gﬁngie?) ‘1. 0] hex-3yl)-6-fluoro- 1
(2, 4-difluorophenyl)-1, 4-di hydr o- 4- oxo- Mt hyri di ne- 3- carboxylic
aci det hyl ester, 20 5 d g}_s §ﬁgd%d t
m xture of water ( =1

5 methanesulfonic acid salt, anhydrous
7-([1a,5a,6al-6-amino-3-azabicyclo[3.1.0}hex-3-yl)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid methanesuifonic
acid salt or its monohydrate (5 g) was stirred with n-butanol containing up to 1% water
(220 mL). The crystal suspension was heated to reflux for 5 hours or until microscopic
10 examination had shown that the crystal form had changed to a hexagonal form. The
crystal slurry was cooled to 20-25°C and stirred overmnight. The crystalline product was
filtered from the mother liquor, washed with n-butanol (about 20 mL) and dried under
vacuum at 50-55°C until all the solvent had been removed. Yield 92%.
The product is the same as in Example 1.
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tetrahydrofuran (250 nL). The resultant slurry was :=
[err]) tenperature and held at this tenperature for 2
time a clear solution was obtained. The sol ution was {cog
concentrated under reduced pressure to about half its origi naI voI ume. The
resultant crystal slurry was cooled 25 slogly to roomtenperature (about
[err]) and then further stirred at [err] for 2 hours. The crystalline
product 7-([1la, 5a, 6a] - 6- am no- 3-azabi cycl o[ 3. 1. 0] hex-3-yl)-6-fl uoro-1-

(2, 4-difluorophenyl)-1, 4-di hydr o- 4- oxo- 1,/8- ht hyri di ne- 3- car boxyl i c

acid, nethanesulfonic acid salt was i sol filtration and washed with
a m xture of tetrahlydrof I{Hw, $4,8ab6rahinand-azabizyciolR 1 Dlhdx):3-yiikefluons 142 34~

Crystal s vis SHUSPEIAh I Bt Tegiaghtptd d ot flia Feh aiteultbnit "©
7- ([ 1a, 5a, 6a] -drichgalt ch3rasterikéd by the Jollowid enajer- peaks Gn fits UOray powder diffraction
5 pattern

-
i

Peak no. 1 2 3 4 5 6 7 8 "
28(°) Cu |45 7.7 9.1 13.6 15.0 18.2 186 [22.8
d space 8.5 11.5 9.7 6.5 59 4.9 48 3.9

10 2. A phammaceutical composition having antibacterial activity comprising
the compound according to claim 1 in an amount effective in the treatment of a
bacterial infection, and a pharmaceutically acceptable carrier.

3. A method of treating a bacterial infection which comprises administering
to a subject in need of treatment an antibacterial amount of the compound according

15 to claim 1.

4, A process for preparing the compound according to claim 1, which
comprises heating 7-([1a,5a,6a]-6-amino-3-azabicycliof3.1.0]hex-3-yi)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,methanesulfonic
acid salt or its derived monohydrate in the presence of an alcohol or mixture thereof

20 with an aprotic co-solvent.
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B 1 -(2,4-difluo

rophenyl)-1

, 4- di hydr o- 4- oxo- 1, 8- napht hyri di ne- 3-car boxylic acid, nethanesul fonic acid
salt are characterized by the major peaks in the followi ng X-ray powder

diffraction patter
9 10 5 no.
28.1 29.3 d space
The crystals of

n. Peak 1 2 3
[err] Cu 5.0 9.8 13.Q

17.9 9.0 6.8 6.0 .

4 5 6

gl4.-8 19.7 20.9 22.0 23.0

5 4.2 4.0 3.9 3.2 3.0

7- ([ 1a, 5a, 6a] - 6- am no- 3-azabi cycl 0[ 3. 1.0 =3-Yyl)-6-fluoro- 10
nyI)-1,4-dihydro-4-oxob§§§¥%aphthyridine-3-carboxy|ic

1- (2, 4-di fl uor ophe

aci d, net hanesul f orfihe aabydratef 7-(Id asS afial-R-amino-anabicydeid hohexdeypdrdueroatd

forma nnnohy?ggégwuég

the foll ow ng

B ahoiees

raction pa

3G RLbRrlbhel A2aPRRficP ek, "

methanesulfonic acid salt has advantageous stability for formulation as an antibacterial

5 agent.
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11 12 1

Peakno. 1 2 3 4 5
.lerr]i Cu 4.7 9.4 12.4 13.1 13.6
8.7 . 9.4 7.1 6.7 6.5 6.3 5

2

Exanple 1 [err] difluorophenyl)-1

. 4-di hydr o- 4- oxo- 1, 8- napht hyri di ne- 3- carbﬁxy%ic

acid salt anhydrous 25 7- ([ 1a, 5a, 64]

14 PH‘C?F ﬁgﬁgd"‘%pao‘&
opin aoot 157 kS,

.2
N - 14 15 [err] Cu 8.j7
26.6  27.2 d space 4.7 4.2 4.0 3.7
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DIHYDRO-4-0X0-1,8-NAPHTHYRIDINE-3-CARBOXYLIC ACID,
METHANESULFONIC ACID SALT

Background of the invention _
10 ~ The invention is directed to a novel crystal form of anhydrous 7-({1a,5a,64]-6-

amino-3-azabicyclo[3. 1.0}hex-3-y})-6-fluoro-1-(2 4-diflucrophenyl)-1,4-dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic acid, methanesulfonic acid salt, a method of using said

compound in the treatment of a bacterial infection in mammais, especially humans, and

to pharmaceutical compositions useful therefor.

15 United States Patent No. 5,229,396, which is incorporated herein by reference,
discloses 7-({1a,5a,6a]-6-amino-3-azabicyclo[3.1.0]hex-3-yl)-6-flucro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid methanesulfonic

acid salt of the formula

20
: 25
I
wherein Y is o,p-difiuorophenyl and R? is
30
HaN
35
11
having antibacterial activity.
~ U D
§;; - . ‘ i- i . . . g"ep

! -.n-; \ﬂ}
-
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suspensi on was refluxed for 16 hours or until mcroscopic exam nation had
shown that the crystal form had changed to a hexagonal form The crystal
slurry was cooled to 20- 30 [err] and stirred at this tenperature for
about 1 hour. The crystalline product was filtered fromthe nother |iquor,
washed with isopropanol (about 50 nL) and dried under vacuumat [err] until
all the solvent had been renoved. Yield 989% The product is a new

pol ynor phic formof 7-([1a, 5a, 6a]-6-am no-3* azabicyclo[3 .1

. 0] hex-3-yl)-6-fluoro-1 -(2,4-difluorophenyl)- 1 ,4-dihydro-4-oxo-1 , 8-

napht hyri di ne- 3- carboxylic acid, _rrgt hanesquI O”ﬂ o r?tCind salt, anhydrous,
characterized by the foll ow ng ngj ay powder diffraction
pattern. 5 Peak TH® inventioh is directed to a ndvel crystal form of afthydrous 7-§1a,5a,64]-8-
8 [err] u 4a'n?ino-32ézzbicyclg['3%1 .thé):()’-':sg(l)-s-ﬂlu%rg1 -(2,%—%if?uorop}112hy?)-1 ,4—2d%1'y§ro-4-oxo-1 8-
naphthyridine-3-carboxylic acid, methanesulfonic acid sait which possesses valuable
5 and nonobvious properties. Since the anhydrate is substantiaily hydrophobically stable,
formulation problems of the active ingredient during tableting or capsulation operations
are alleviated.
Detailed Description of the Invention
The 7-([1a,5a,6a]-6-amino-3-azabicycto[3.1.0]hex-3-yl)-6-fluoro-1-(2,4-
10 difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid, methanesulfonic
acid salt referred to in United States Patent No. 5,229,396 characterized by the major

peaks in the following X-ray powder diffraction pattem

e == e _
Peak 1 2 3 4 5 6 7 8 9 10

no.

15 20(°)Cu | 50 |98 | 130|148 | 19.7 |20.9 220 | 23.0 | 28.1 | 2.3
dspace | 17.9 190 |68 [6.0 [45 42 |40 39 |32 |30

is substantially hygroscopic and can pick up water from the atmosphere to form a
monohydrate. The monohydrate is characterized by the major peaks in the following
20 X-ray powder diffraction pattem

Peak no. 1 2 3 4 5 6 7 8

20)cu |47 | 94 | 124 [131 | 138 | 142 | 170 [479
dspace 187 |94 | 71 |67 | 65 | 63 | 52 | s0
Peakno. |8 |10 |11 |12 12 14 15

25 |[20¢ycu 187 210 | 220 (242 | 242 | 268 | 272
d space 4.7 4.2 4.0 37 3.7 3.5 3.3

The novel crystal form of 7-([1a,5a,6a]-6-amino-3-azabicycio[3.1.0]hex-3-yl)-6-

fluoro-1-(2,4-diflucrophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic  acid,

30 methanesulfonic acid salt (hereinafter "the anhydrate™) is hydrophobically stable and
characterized by the major peaks in the following X-ray powder diffraction pattern.
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d space 19.5 11.5 9.7 6.5 5.9 4.9 4.8 3.9 Exanple 2 10

L err] difluorophenyl -1, 4-di hydr o-4-oxo- 1, 8- napht hyri di ne- 3-carboxylic

acid, nethanesul fonic acid salt, anhydrous

7- ([ 1a, 5a, 6a] - 6- am no-3-azabi cyclo[3. 1 .0]hex-3-yl)-6-fluoro- 1 -(2,4-

di fl uorophenyl)-1 , 4-di hydr o- 4- oxo- 1, 8- napht hyri di ne- 3-car boxylic

aci dnet hanesul fonic 15 acid salt or its ngnohydrate (7 g) was dissolved in
di net hyl sul f oxi de, DMSO (21 nlL) by heating“to [err] until conplete solution
was obt ai ned. |sopropanol (150 ni) was- added dropwi se to the solution at
about [err] to_l | Ql':npn':lnn

refl ux tenper bout [err] »,fo rjos

exam nati on E‘éﬁﬁp@n *hai thezv. had \,..u.*ed {e & CP 40

form The resjubpepiCucr Visttl [siZiprr c Gad t05[0er ]18.2he ) I2]2L81e

product was f||1[er60 frjom t e _mnot s argout
5 The anhydrate may be prepared by heating 7-([1a,5a,6a]-6-amino-3-

azabicyclo[3.1.0}hex-3-yl)-6-fluoro-1-(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic acid, methanesulfonic acid salt or its derived monohydrate
in an organic solvent or a mixture thereof wifh an aprotic co-solvent, such as
isopropanol, dimethylsulfoxide, n-propanol, tetrahydrofuran or n-butanol, preferably
10 n-butanol or tetrahydrofuran/n-butanol, to reflux or to a temperature between about
70°C to about 90°C, preferably about 85°C. Depending on the reaction temperature
and other conditions, the reaction time generally ranges from about 1 hour to about 20
hours, preferably about 2 hours to about 16 hours.
The crystal slurry formed is cooled to a temperature between about 20°C to
15 about 30°C, preferably about 25°C, for a time period between about 2 hours to about
24 hours, preferably about 2 hours to about 12 hours. The crystalline product is then
filtered from the mother liquid and dried under vacuum until all the solvent has been
removed.
The anhydrate may be administered as an antibacterial agent as described in .
20 above-mentioned United States Patent No. 5,229,396. Administration to a subject may
be alone, but the anhydrate will generally be administered in admixture with a
pharmaceutical carrier selected with regard to the intended route of administration and
standard pharmaceutical practice. For example, it can be administered oraily or in the
form of tablets containing such excipients as starch or lactose, or in capsules either
25 alone or in admixture with excipients, or in the form of elixirs or suspensions containing
flavoring or coloring agents. In the case of animals, it is advantageously contained in
an animal feed.
The invention also provides pharmaceutical compositions comprising an
antibacterially effective amount of the anhydrate together with a pharmaceutically
30 acceptable diluent or carrier.
The anhydrate can be administered to humans for the treatment of bacterial
diseases by either the oral or parenteral routes, and may be administered orally at

dosage levels of about 0.1 to 500 mg/kg/day, advantageously 0.5-50 mg/kg/day given
This is the replacement skeet
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vacuumat [err] until all the solvents had been renoved. Yield 77% The
.product is the sane as in Exanple 1. Exanple 3 25 [err]

di f| uorophenyl -1 4-di hydro-4-oxo-1 . 8-napht hyri di ne- 3-car boxylic aci d,
met hanesul fonig acid salt, anhydrous 7-([ la, 5a, 6a] - 6- am no- 3- azabi cycl o[ 3.
1. O] hex-3-yl)-6-fluoro-1 -(2,4- difluorophenyl)-1,4-di hydro-4-oxo0-1

, 8- napht hyri di ne- 3-carboxyl i c aci dnet hanesu] fonic 30 acid salt or its
nonohydrate (55.6 g) was dissolved in di neffiyl sul foxi de, DVMBO (159 ni) by
heating to [err] until conplete solution was obtained. The sol ution was
cooled to [erﬁA gnd tifred for gpgk%egntll a %&%St | slurry faorned.

single dose or up to doses. intramuscular” or intravenous
administration, dosage levels are about 0.1-200 mg/kg/day, advantageously 0.5-50
mg/kg/day. While intramuscular administration may be a single dose or up to 3 divided
doses, intravenous administration can include a continuous drip. Variations will
5 necessarily occur depending on the weight and condition of the subject being treated
and the particular route of administration chosen as will be known to those skilled in the

art.

The antibacterial activity of the anhydrate is shown by testing according to the
Steer’s replicator technique which is a standard in vitro bacterial testing method

10 described by E. Steers et al., Antibiotics and Chemotherapy, 8, 307 (1959).

The hydration properties were determined gravimetrically over a range of
relative humidities using a VTl microbalance system for moisture sorption studies
(Model MB300W).

PREPARATION A

15 7<{[1a,5a6al-6-amino-3-azabicyclo[3.1.0]Thex-3-yi}-6-fiuoro-1-
{2,4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,

methanesulfonic acid salt
7-([1a, 5a, 6a]-6-tert-butyloxycarbonylamino-3-azabicyclo]3,1.0jhex-3yl)-6-fiuoro-
1(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,ethylester, *
20 (25 g) and methanesulfonic acid (11 g) was added to a mixture of water (250 mL) and
tetrahydrofuran (250 mL). The resultant slurry was heated to reflux {about 66°C)
temperature and held at this temperature for 20 hours after which time a clear solution
was obtained. The solution was cooled to 35-40°C and concentrated under reduced
pressure to about half its original volume. The resuitant crystal slurry was cooled
25 slowly to room temperature (about 20°C) and then further stirred at 10°C for 2 hours.
The crystalline product 7-([1a,5a,6a]-6-amino-3-azabicyclo[3.1.(G]hex-3-yl)-8-fluoro-1-
(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,
methanesulfonic acid salt was isolated by filtration and washed with a mixture of
tetrahydrofuran (12.5 mL) and water (12.5 mL). The crystals were dried under vacuum
30 at 30-35° until the residual water content of the crystals was below 0.2%. Yield 21.2
g, 90%.
The crystals of 7-([1a,5a,6a}-6-amino-3-azabicyclo[3.1.0lhex-3-yl)-6-fluoro-
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-7- -Di chl oronet hane (1200 nL) was added dropwi se to the solution at about
ferr] tofully induce crystallization. The crystal suspension was held at
room'tenperature overnight or until nicroscopic exami nation had shown that
the crystal formhad changed to a hexagonal form The crystalline product
was filtered fromthe nother Iiquor, washed 5 with dichl oronethane (3 x 119
m.) and dried under vacuumat [err] until all the solvent had been renoved.
Yield 91% The product is the sane as in EXanple 1. Exanple 4 [err] 10

di f1 uorophenyl)-1, 4- dihydro 4- oxo- 1. 8- naphthyridine 3-carboxylic aci d,

th | f al an o] 1 5 a an . no aab cl o[ 3.
rlre 0?22?3 grl)f-égft‘ 86[?: r<1|:5h By‘fl cﬁlydro o%o-?‘s- ;ph(ihyndme- -car oxly lX acd
di f | uor opheny! methafestilfonid’ al::d’rsélxﬂejch%mlibbwyltﬂé Rajcr-peakd mxthel f6llowing X-ray
aci d, net hanesul foc?er diffraction pattern.

— #—
Peak 1 2 3 4 5 7

no.

5

T

| 26¢ycu |50 [98]130] 148197 |209[220 |230]28.1]203 |
| dspace |17.9]00]68 [60 |45 |42 [40 |39 |32 [30 |

The crystals of 7-([1a,5a,64]-6-amino-3-azabicyclo[3. 1.0]Jhex-3-yl)-6-fluoro-

10 1-(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,
methanesulfonic acid salt can pick up water from the atmosphere and form a
monohydrate. The monohydrate is characterized by the major peaks in the following
X-ray powder diffraction pattern.

Peak no. 1 2 3 4 5 6 7 8
15 26(°) Cu |47 9.4 124 |13.1 13.6 14.2 17.0 17.9
d space 8.7 9.4 7.1 6.7 6.5 6.3 5.2 5.0
Peakno. |9 10 11 12 12 14 16

26(°)Cu 187 |21.0 220 |24.2 24.2 266 27.2
I‘ d space 47 42 4.0 37 37 35 3.3 "

20

difluorophenyl)-1.4-dihydro-4-oxo-1 .8-naghth1r|dme 3-carboxylic acid,

methanesulfonic acid salt, anhydrous
25 7-([ta,5a,6a]-6-amino-3-azabicyclo[3.1.0]hex-3-yl}-6-fluoro-1-(2,4-
diftuorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid methanesulfonic

acid salt or its monohydrate (20 g) was stirred with isopropanol (220 mi). The crystal
suspension was refluxed for 16 hours or until microscopic examination had shown that
the crystal form had chahged to a hexagonal form. The crystal siurry was cooled to 20-

30 25°C and stirred at this temperature for about 1 hour. The crystalline product was
filtered from the mother liquor, washed with isopropanol (about 50 mL) and dried under
vacuum at 40°C until all the solvent had been removed. Yield 98%.
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acid salt or its nonohydrate (1 g) was stirred wth n-propanol (44 nmL). The
.crystal 15 suspension was refluxed for 3 hours or until mcroscopic

exani nati on had shown that the crystal form had changed to a hexagona

form The crystal slurry was cooled at 20- [err] and stirred overnight. The
crystalline product was filtered fromthe nother |iquor, washed with

n- propanol (about 10 nlL) and dried- under ygguunlat [err] until all the

sol vent had been renoved. Yield 68% 20 The product is the sane as

in Exanple 1. Exanple 5 [err]

et TR 0, O S

g_— ]g I[ 12, gahgﬁ] laﬁaﬁiﬁgﬁﬂ_{fﬁ-1 gﬂh@ﬁ-@yﬁgﬁfﬂ%orﬁ;-ﬁ%AI‘tﬁﬂhcliﬁoph?H)g)-ﬂJ4'djhyx_iﬂ064-oi(e-1(,8-, 4-
i f1uor -1, 4-di hydr - 4- 0X0-.1, 8- ridi pe-3: car i .

aci d, net E\ane)s/ U%P%Yﬁ%%%’&a&ﬁxyl?co?c'%t @eﬁ’@ﬁﬁfg%f‘gt %é??ét’g%%hgg@%'t ‘rc“rar’%‘éevﬁdh a

m xture of tebyathe followinganajod péaks in its X-ray powder diffraction pattem.

10

15

20

25

30

Peak no. 1 2 3 4 5 6 7 8
26(°) Cu 4.5 7.7 9.1 136 15.0 18.2 18.6 22.8

I d space 85 [115 9.7 65 | 59 4.9 4.8 3.9

7-([1a, 5a, -6-fluoro-1-{2,4-
difluorophenyl)-1.4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic __acid
methanesulfonic acid salt, anhydrous

7-([1a,5a,6a]-6-amino-3-azabicyclo[3.1.0]hex-3-yl)-6-fluoro-1-(2,4-
diflucrophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,methanesulfonic
acid salt or its monohydrate (7 g) was dissolved in dimethylsulfoxide, DMSO (21 mL)
by heating to 80-85°C until complete solution was obtained. Isopropanol (150 mL) was

added dropwise to the solution at about 85°C to induce crystallization. The crystal
suspension was held at reflux temperature about 85°C for 2-16 hours or until
microscopic examination had shown that the crystal form had changed to a hexagonal ‘
form. The resultant crystal siurry was cooled to 20-25°C. The crystalline product was
filtered from the mother liquor, washed with isopropanol (about 50 mL) and dried under
vacuum at 50°C until all the solvents had been removed. Yield 77%.

The product is the same as in Example 1.
Example 3

difluorophenyl)-1.4-dihydro-4-oxo-1.8-naphthyridine-3-carboxylic acid,
methanesulfonic acid sait, anhydrous
7-([1a,5a,6a]-6-amino-3-azabicyclo[3.1.0]hex-3-yl)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid, methanesulfonic
acid salt or its monohydrate (55.6 g) was dissolved in dimethylsulfoxide, DMSO (159
mL) by heating to 80-85°C until complete solution was obtained. The solution was
cooled to 20-25°C and stirred for 2 hours until a crystal slumry formed.
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m.). and a n-butanol (525 nmlL). The crystal suspension was heated for 16
.hours or. until m croscopi c exam nation had shown that the crystal form had
changed to a hexagonal 30 form The crystal slurry was cooled to [err] and
stirred overnight. The crystalline product was filtered fromthe nother

i quor, washed with a m xture of tetrahydrofuran (25 nlL) and n-butanol (75
m.) and dried under vacuumat [err] until all the sol vent The product is
the sane as in Exanple 1. Exanple 6 7-(1a.‘7'5a.

6a] - 6- am no- 3- azabi cycl o[ 3.1 . 0] hex-3y)-6-fluoro-1-(2, 4-

di fl uorophenyl) -1, 4-di hvdr0-4- oxo- 1. 8- napht hyri di ne- 3- car boxyl i c acid, 5
met hanesul f on #’E‘?{Pﬂ‘eﬂ}ﬁ"ﬁ(?%%? was a‘i’df‘F 4'39?&!%968%%5%{%%@%855%?&@ figlly3

1 .0] hex- 3-yinduee khydtilization. (Phefcrystal suspension was held at room temperature overnight

or until microscopic examination had shown that the crystal form had changed to a
hexagonal form. The crystalline product was filtered from the mother liquor, washed

5 with dichloromethane (3 x 119 mL) and dried under vacuum at 50°C until all the solvent
had been removed. Yield 81%. |

The product is the same as in Example 1.
Example 4

10

methanesulfonic acid salt, anhydrous
7-([1a,5a,6a]-6-amino-3-azabicyclo[3.1.0]hex-3-yl}-6-fluoro-1-(2,4-

diﬂuofophenyl)-1 /4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid methanesulfonic
acid salt or its monohydrate {1 g) was stirred with n-propanol (44 mL). The crystal

15 suspension was refluxed for 3 hours or until microscopic examination had shown that
the crystal form had changed to a hexagonal form. The crystal slurry was cooled at 20-
25°C and stirred overnight. The crystalline product was filtered from the mother liquor,
washed with n-propanol (about 10 mL) and dried under vacuum at 50-55°C until all the
solvent had been removed. Yield 68%.

20 The product is the same as in Example 1.
Example 5

methanesulfonic acid salt, anhydrous .

25 7-([1a,5a,6a}-6-amino-3-azabicyclo{3.1.0]hex-3-yl)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid, methanesulfonic
acid salt or its monohydrate (70 g) was stirred with a mixture of tetrahydrofuran (175
ml.) and a n-butanol (525 mL). The crystal suspension was heated for 16 hours or until
microscopic examination had shown that the crystal form had changed to a hexagonal

30 form. The crystal slurry was cooled to 20-25°C and stirred overnight. The crystalline
product was filtered from the mother liquor, washed with a mixture of tetrahydrofuran
(25 mL) and n-butanol (75 mb) and dried under vacuum at 80°C until all the solvent
had been removed. Yield 95%.
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di f Fuorophenyl)-1 , 4-di hydro-4-o0xo0-1 , 8-napht hyri di ne- 3-car boxylic

.aci d, net hanesul fonic acid salt or its nonohydrate (5 g) was stirred with

n- but anol containing up to I % water (220 nlL). The crystal suspension was
heated to reflux for 5 hours or until mcroscopic 10 exanm nation had shown
that the crystal form had changed to a hexagonal form The crystal slurry
was cooled to [err] and stirred overnight. The crystalline product was
filtered fromthe nother |iquor, washed wi 81 n- but anol (about 20 m.) and
dried under vacuumat [err] until all the solvent had been renoved. Yield

92% The product is_.the sa s in Exanple 1. CLAI M5 1. 7-([1a, b5a,

6a] - 6- ani no- 3- azabi AYcP8 %‘Tis. g]erm%%lr'lygéa-‘f‘l"ﬁd'r 0-1-(2, 4-
di f1 uorophenyl) -1, 4-di hydr o- 4- oxo- 1, 8- ngrbinpy 6di ne- 3- carboxylic :

aci d, net hanesul foni7c . .
([1a, 5a, 6dl-6-amino-3-azabicyclo[3.1.0]hex-3y}-6-fluoro-1-(2.4-
difluorophenyi)-1,4-dihydro-4-o0x0-1,8-naphthyridine-3-carboxylic acid,
5 methanesulfonic acid sait..anhydrous

7-([1a,5a,64a]-6-amino-3-azabicycio[3.1.0]hex-3-yl)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid methanesulfonic

acid sait or its monohydrate (5 g) was stirred with n-butanol containing up to 1% water
(220 mL). The crystal suspension was heated to refiux for 5 hours or until microscopic
10 examination had shown that the crystal form had changed to a hexagonal form. The
crystal slurry was cooled to 20-25°C and stirred ovemight. The crystalline product was
filtered from the mother liquor, washed with n-butanol (about 20°inL) and dried under
vacuum at 50-55°C until all the solvent had been removed. Yield 92%.
The product is the same as in Example 1.
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acid salt characterized by the followi ng major peaks in its X-ray powder

{diffraction 5 pattern Peak no. 1 2 3 4 5 6
7 " 8 [err] Gu 4.5 7.7 9.1 13.6 15.0 18. 2 18.6 22.8
d space 19.5 115 9.7 5.9 4.9 4.8 3.9 10

2. A pharmaceutical conposition having antibacterial activity conprising

the conmpound according to claiml in an a _gnt effective in the treatnent
of a bacterial infection, and a pharnaceutially acceptable carrier. 3. A
use of a pharmaceutical conposition as recited in claiml, for the
treatnment of a bacterial infection which él ses adm ni sterl ng to a
subject in need of treatnent an anti bact anount of the conpound.

according to cI aim1. 4. 7-([1@054166]“»6$éi'ni‘n©l’-3-@263%§/b16£8 1 loghesestynLeflugioc fslisng

t | 1, h ti 1
6?efr ﬂ m6 am r%éc ﬁph?ﬁﬁ%ﬁ%ﬁw;{ %[ %;ﬁh%dpptﬁf#@sy "gagid methanesuifonic
di f 1 uor ophenylécfdlsdlt Ghéradiefized ©Y ahd fSltowii riajori pEaRS -iits X-RAX Pobwderddiffthction

met hanesul fgnl C

ttern
Peak no. 3 4 5 6 7 8
l 20(°) Cu |4. . 9.1 |136 | 150 | 182 | 186 P28
« 97 |65 | 59 | 49 | 48 |39

10 2 A pharmaceutical composition having antibacterial activity comprising

the compound according to claim 1 in an amount effective in the treatment of a
bacterial infection, and a pharmaceutically acceptable carrier.

3. A method of treating a bacterial infection which comprises administering
to a subject in need of treatment an antibacterial amount of the compound according

16 toclaim 1.

4, A process for preparing the compound according to claim 1, which
comprises heating 7-([1a,5a,6a4]-6-amino-3-azabicyclo[3.1.0]hex-3-yl)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid,methanesuifonic
acid salt or its derived monohydrate in the presence of an alcohol or mixture thereof

20 with an aprotic co-solvent.
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ackd salt or its derived nonohydrate in the presence of an al cohol or

‘m xture thereof with an aprotic co-solvent; the heating is to reflux or to
a temerature between [err] to [err]; and the fornmed crystal slurry is
cooled to a tenperature between [err] i& [err], for a time period between 2
hours to 24 hours. TR

NOVEL_CRYSTAL FORM OF ANHYDROUS 7-(1 ,5 ,6 ]-6-AMINO-3-
AZABICYCLO[3.1.0JHEX-3~YL)-6-FLUORO-1-(2,4<DIFLUOROPHENYL)-1,4-

DIHYDRO-4-0XO-1,8-NAPHTHYRIDINE-3-CARBOXYLIC ACID,
METHANESULFONIC ACID SALT

Abstract
Theanhydrateof7-([1a,5a, 6a]-6-amino-3-azabicyclo[3.1.0}hex-3-yl)-6-fluoro-1-
(2,4-difluorophenyl)-1,4-dihydro-4-oxo-1 .8-naphthyridine-3-carboxylic  acid,
methanesulfonic acid salt has advantageous stability for formulation as an antibacterial

5 agent.
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CLAIMS
1. 7-({1a,5a,64a]-6-amino-3-azabicyclo{3.1.0}hex-3-yi)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid methanesuifonic
acid salt characterized by the following major peaks in its X-ray powder diffraction

Peak no. 1 2 3 4 5 6 7 8
20(°)Cu {4.5 7.7 9.1 13.6 15.0 18.2 186 2.8

dspace §9.5 [115 97 | 65 5.9 439 48 |39

10 2. A pharmaceutical composition having antibacterial activity comprising
the compound according to claim 1 in an amount effective in the treatment of a
bacterial infection, and a pharmaceuticaily acceptable carier.

3. A use of a pharmaceutical composition as recited in claim 1, for the

treatment of a bacterial infection which comprises administering to a subject in need of

treatment an antibacterial amount of the compound. according to claim 1.

4, A process for preparing the compound according to claim 1, which

comprises heating 7-([la, Sa, 6a]-6-amino-3-azabicyclo[3.1.0]Thex-3-yl)-6-fluoro-1-(2,4-
difluorophenyl)-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid, methanesulfonic

acid salt or its derived monohydrate in the presence of an alcohol or mixture thereof
with an aprotic co-solvent;
the heating is to reflux or to a temperature between 70°C to 90°C; and

the formed crystal slurry is cooled to a temperature between 20°C to 30°C, for a

time period between 2 hours to 24 hours.
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