' WQ 00/ 52009 PCT/ EPO0/ 01202 1 CRYSTAL MODI FI CATION C OF
* 8- CYANG 1- CYCWIDROIS2009- (1S, 6S- 2, 8- PCT/EP00/01202
Dl AZABI CYCL( 4. 3. 0] NONAN- 8- YL) - 6- FLUORO- 1, 4- DI HYDRO 4- OXO- 3-
QUI NOLI NECARBON 5 The present invention rg¢lLates to a defined crystal
nodi fication of 8-cyano-
1-cycl opropyl -7- (1S, 6S- 2, 8-di azabi cycl o[ 4. 3. 0] nonan-8-yl)-6-fluoro-1, 4-di hy

dr o-4- 0x0- 3- gl ' Yl ' roce ' p ration and
fo i ts use | nCRARIMOIREAONTE, B BPAREEEREo] GeRORI P (RS2

8- cyano- | - cyc OAPARIEY CLOLEABINANKINBAZ BRE YU 13- BIODRO B-0kb-3.
6-f|uoro-1,4-dihydro-4-o§§-3?§§inoIinecéPboxyIic acid of the #%ggh%a (1) is
referred to QUISOMNECABBQ@N) 15 CCDC is known from DE-A 19 633 805 or PCT
Appl. No. 97 903 260.4. According to these publications, it is prepared by
reacting 7-chl oro-8-cyano-|-cycl opropyl -

6-f1 uorosl, 4- ¢ oyeleQnt- B¥Onidnd iAol iiBeqandhey! | i =t (1 : ]
S, 6S) -2, 8-di aza- %igc;?cl 0F4. SFOTgno%ang ?naa m x'tc rs%i:olﬂ()%[r:r%{ yloffo§ e de and
acetonitril e iwmytlopropdl-p( E565h2B8-dbzabivyalofd.3 Oinopabasd)-6-iaber1 4slilndeasd- t 0 t he
m xture and CCDC_i s.then ext{,act_ed from wat efr yUsi ng di chl oronet hane and is
i sol ated by rgWTanﬁgcarboxy ic acid, to processes for its préparation and to its use in

pharmaceutical preparations.

10 Hereinbelow,  8-cyano-1-cyclopropyl-7-(1S,65-2,8-diazabicyclo[4.3.0]nonan-8-yl)-
6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid of the formula (I) is referred -
to as CCDC.

F COOH

15

CCDC is known from DE-A 19 633 805 or PCT Appl. No. 97 903 260.4. According
to these publications, it is prepared by reacting 7-chloro-8-cyano-1-cyclopropyl-
6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid with (18,6S)-2,8-diaza-
bicyclo[4.3.0]nonane in a mixture of dimethylformamide and acetonitrile in the
20 presence of an auxiliary base. Water is added to the mixture and CCDC is then
extracted from water using dichloromethane and is isolated by removing the
extractant. This gives a powder whose crystal modification is not unambiguous. On
the contrary, the powder is largely amorphous and can contain mixtures of different
crystal modifications. If, by chance, a uniform crystal modification is formed, it is not
25 clear how it can be extracted and obtained in a defined form. However, it is the

precondition for preparing medicaments that, for an active compound which can be




extractant. This gives a powder whose crystal nodification is not

unanbi guous.. On the contrary, the powder is |argely anorphous and can
contain m xtures of different crystal nodifications. If, by chance, a
uniformcrystal nodification is forned, k2-is not 25 clear how it can be
extracted and obtained in a defined form However, it is the precondition
for preparing nedicanents that, for an active conpound which can be i 2
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10 the active compound content or the stability of the solid formulations produced.

It 1s therefore an object of the invention to prepare a crystalline form of a defined
modification of CCDC which, owing to its physical properties; in particular its

crystal properties, 1s easy to handle in pharmaceutical formulations.

15
This object 1s achieved according to the invention by a novel crystalline form of
CCDC which is referred to as modification C hereinbelow.
The invention accordingly provides the crystalline modification C of CCDC which is
20 characterized in that it has an X-ray powder diffractogram with the reflection signals

(2 theta) of high and medium intensity (> 15% relative intensity) listed in Table 1

below.




CCDC which is referred to as nodification C hereinbel ow The invention
‘accordingly provides the crystalline nodification C of CCDC which is 20
characterized in that it has an X-ray powder diffractogramwth the
reflection signals (2 theta) of high and_gediumintensity (> 15%relative
intensity) listed in Table | below. v 3 Table 1: X-ray powder

di ffractogram of CCDC of the nodification C2 0 (2 theta) 5.7 12.6 15.5
17.2 20.2 23:4 27 5 A characteristic X-ray powder diffractogram of the

nodi fication ¥ so shown in Figure 1. Moreover, the CCDC nodification
C according to the invention differs from ot her

X-ray powder diffractogram of CCDC of the modification C

2 6 (2 theta)
5.7
12.6
15.5
17.2
202
26.4
27

A characteristic X-ray powder difiractogram of the modification C is also shown in

Figure 1.

Moreover, the CCDC modification C according to the invention differs from other
10 forms of CCDC in a number of further properties. These properties, on their own or
"together with the other parameters, may serve for characterizing the CCDC

modification C according to the invention.

CCDC of the modification C is characterized, inter alia, by a melting point,
15 determined with the aid of differential thermoanalysis (DTA), of from 235°C to
237°C. A charactenistic differential thermodiagram is shown in Figure 2.

CCDC of the modification C is further characterized in that it has an infrared
spectrum, measured in KBr, as shown in Figure 3.

20
CCDC of the modification C is further characterized in that it is obtainable by the
preparation process given below. The crystal modification C of CCDC is obtained by
storing CCDC of unknown modification or amorphous CCDC at room temperature at

a relative atmospheric humidity of at least 92% for a number of days until there is no




10 forms of CCDC in a nunber of further properties. These properties, on
"their. own or together with the other paraneters, may serve for
characterizing the CCDC nodification C according to the invention. CCDC of
the nodification Cis characterized, inted-alia, by a nelting point, 15
determined with the aid of differential thernoanalysis (DTA), of from 235C
to 237C. A characteristic differential thernodiagramis shown in Figure 2.
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preparation process given below. The crystal nodification C of CCDC is
obtained by storing CCDC of unknown nodification or anorphous CCDC at room

number of  day 41 S Phaing bS58 h 18, SRS onbioRtect el e Y-
resul ting wat esmaiafigeirodutd cil Bolaedd, rxahple, BeabvAal tehiperhrire MBSl @dabove
the rearrangenent tenperature. The water-containing product can be dried by

cust omary net peasire.Thas alse ipesside ¢o carfy ouhthgi drying iprthel possencaroflirecubtomaty f or

‘exanpl e, at el,evat ed {e erature urﬂder reduced g}re sure. It is also
possi bl e to cIPIRE BRIL W a&?{?fﬁ@a"il CROQSEIOREROOXI- 2 customary  dryi ng

agent, such as, for exanple, phosphorus pentoxi de. The tenperature required
for converting the dried sanple into nodification C can be
The temperature required for converting the dried sample into modification C can be

10 determined by DTA of the dried substance. In generzal, the temperature is between
150°C and 180°C.

CCDC of the crystal modification C is surprisingly stable and does not change into
another crystal modification or the amorphous form, even on prolonged storage. For
15 these reasons, it is highly suitable for preparing tablets or other solid formulations.
Owing to its stability, it gives these formulations the desired long-lasting storage
stability. Using the crystal modification C, it is therefore possible to prepare, in a

defined and targeted manner, stable solid preparations of CCDC.

20 CCDC of the crystal modification C is highly active against pathogenic bacteria in
the area of human or veterinary medicine. Its broad area of use corresponds to that of
CCDC.

The X-ray powder diffractogram for characterizing the crystal modification C of
25 CCDC was obtained using a transmission diffractometer STADI-P with a location-
sensitive detector (PSD2) from Stoe.

The melting point of the differential thermoanalysis was obtained using the DSC 820
unit from Mettler-Toledo. Here, the sample of CCDC of the crystal modification C
30 was heated exposed to the atmosphere in an aluminium crucible at 10 K/min.

The KBr IR spectrum was obtained using the 881 unit from Perkin-Elmer.




10 determ ned by DTA of the dried substance. In general, the tenperature is
"bet ween 150C and 180C. CCDC of the crystal nodification Cis surprisingly
stabl e and does not change into another crystal nodification or the

anor phous form even on prolonged storage- For 15 these reasons, it is
highly suitable for preparing tablets or other solid fornulations. Ow ng
to its stability, it gives these formulations the desired | ong-1lasting
storage stabjlity. i the crystal.nodi.fication.C..it.is, therefare
po0ss: ble o primipmPIes, Blob Bfiale i ilveion, Sahothimuine i Xt dfugprtate
preparati ons @krefsscriRed FHRE cRlmpIEE6wW Stari®tlidly frefeed C is highly
active agai nst pathogenic bacteria in the ‘area of human or veterinary
medicine. Its broad area of use corresponds to that of CCDC. The X-ray
powder dif iactogramfor characterizing the crystal nodification C of 25
CCDC was obtained using a transm ssion diffractometer STADI-P with a

| ocati on- sensitive detector (PSD2) from Stoe. The nelting point of the
differential thernopanal ysis was obtained using the DSC 820 wunit from
Mettl er-Tol edo. Here, the sanple of CCDC of the crystal nodification C 30
was heated exposed to the atnosphere in an alum niumcrucible at 10 K/ m n.
The KBr IR spectrum was obtained using the 881 unit fromPerkin-Elnmer. 5
The exanples below illustrate the invention without limting it. The

di | uent/base systens described in the exanples below are particularly
preferred.




-6 Conparative Exanple A mi xture of 3.07 g of

'7-chl or 0-8-cyano-| - cycl opr opyl - 6-fl uoro-1, 4-di hydr o- 4- oxo-

3-qui nol i necarboxylic acid, 1.39 g of

(1S, 6S)-2, 8-di azabi cycl o[ 4. 3. O] nonane, 2.84 g 5 of 1, 4-diazabicyclo[2.2. 2]
octane (DABCO), 29.5 ml dinethylformam de and 29.5 ml of acetonitrile is
stirred at roon1tenperature for 16 hours. The reaction mxture is

concentrat ed E’t t‘\be o ature of 60C using a rotary evaporator, and
t he residue O M of water. The resulting solution is
adjusted to pH 7 using dilute hydrochloric acid, and the solid is filtered

off. The filtrate is extracted three tines 10 using 20 m of

di chl or onet haAemixiete afi 1@ g T -clorarf-cyapbd seycloprapryl-éfluoved ,4sdiblydroid-ew- phat e
and filtered gnd.the filtr tels nce t. a bat erature f 60C
usi ng a rotary % B?Wy E‘I’F}F‘Q égg frz]{1§a6§?§,f§gxa{;quo&%§ UBNG: £-9hé ch
has the X-ray \Qﬁl%ra g@ﬁg{ |

pr edom nant | yogﬁg ousyéla[g anpl e 151)?%%? 29'5(; H{Iﬁ tﬁylfdgﬂlghﬁgliﬂ?ﬁﬁjﬁﬁ
-cycl opr opyl - 6f ﬁctenmnmﬂa ;s45td-rddydrroem-tempe1famrq |ﬁd;rnb6 hma{mmveytnml moingkeals e

initially charged in (g m xt ure of 330(% of. et hanol 1980 m. of
N- et hy| - pyr r 6PICEBFRe R Drtly IRty & §0Hausing #/etary vaperatorcandgdh eegidug 20

reflux, and 4 1 e Z &ch r ded
dropw se. Af tﬁgt?ﬂge O'IJ) ‘glr @p@mﬁée adc d| ti o?nsmh Agnc}dbéﬁsghﬂ %B?eﬁ?élsﬁg?ﬂ@rged
under reflux hypdrochiatidiecid, Shdtharsslidnig filted off. | Theefilvhre is @atratted toeentimes
terrperaﬁ re, and the saql Is filtered off _wth suction and washed with a
total o 1800uﬁpg pngtqféJ{\ loromethane each time. The organic phase is dned over sodium
sulphate and filtered and the filtrate is concentrated at a bath temperature of 60°C
using a rotary evaporator. This gives 2.4 g of a light-brown solid which has the X-ray

powder diffractogram shown in Figure 4 and is therefore predominantly amorphous.

15 Example 1

1012 g of 7-chloro-8-cyano-1-cyclopropyl-6-fluoro-1,4-dihydro-4-0xo0-3-
quinolinecarboxylic acid are initially charged in a mixture of 3300 ml of ethanol,
1980 ml of N-methyl-pyrrolidone and 534 g of Hiinig base. The mixture is heated to
20 reflux, and 459 g of (1S,65)-2,8-diazabicyclo[4.3.0]Jnonane are then added dropwise.
After the dropwise addition has ended, the mixture is stirred under reflux for another
3 hours and then allowed to cool to room temperature, and the solid is filtered off

with suction and washed with a total of 1800 ml of ethanol.

25 The resulting solid is suspended in a mixture of 4650 ml of ethanol and 41 g of
Hiinig base, and the reaction mixture is heated under reflux for 3 hours. The reaction |
mixture is allowed to cool again to room temperature, and the solid is filtered off ‘
with suction, washed with a total of 1000 ml of EtOH and dried at from 60 to 70°C in
a vacuum drying cabinet until the weight remains constant. This gives 1130 g of a

30 beige solid which has the powder X-ray diffractogram shown in Figure 5.



25 The resulting solid is suspended in a m xture of 4650 ml of ethanol and
‘41 g of Hunig base, and the reaction mxture is heated under reflux for 3
hours. The reaction mxture is allowed to cool again to roomtenperature,
and the solid is filtered off wth suctign, washed with a total of 1000 mi
of EtOH and dried at from60 to 70C in a vacuumdrying cabinet until the
wei ght remains constant. This gives 1130 g of a 30 beige solid which has

t he powder X-r iffr a howa, | igure 3. 7 anmount _of 500, ng of
the Sol1a pred uiolinel 30 M0t AP 390 pltkisd hforfios fp s FPokdllne g siobc &
tenper at ure alodin tehFritiR 22 b FBIRHNE itnfospheic Hutnidi ofﬁ@:ﬂ‘%@fyﬁ.@ﬁﬁﬁﬁﬁhlu@. d
using a saturated solution with sedinent of NaZHPO4 x 12 H20 in water) for
11 days. Thi s a sgiurated SdBiomwith sqlimentodf NGHPOQ xniR {0 ithwatesdut 11 dayssThisd ar e
dried at 100C in %%acu%m dyyi ng cabinet over P20 for 24 hours. This
gives 134 ny &IVe0RMEPLRFMAL according to powder X-ray diffractogram
(Fig. 6)5 is substantially anmorphous and has the DTA shown in Fig. 7. 10
Under nitrogen, 30 ng of the resulting solid are heated at 180C for 2
hours. This Q@i¢esy ef7thegenilting selld arevdriedhat HOS°C hir apestdait dfyihg)cabinet over

di ffractogramshown in Figure 1, the differential thernpdi agram shown in
Figure 2 and #r@s faR 2phaurs. Jihis &deh 13hmemfqsadidavhiolr asgpndmeoy mowvderPomy01202

-8 diffractogram (Fig. 6), is substantially amorphous and has the DTA shown in Fig. 7.

10 Under nitrogen, 30 mg of the resulting solid are heated at 180°C for 2 hours. This
gives 27 mg of a solid which has the powder X-ray diffractogram shown in Figure 1,
the differential thermodiagram shown in Figure 2 and the IR spectrum shown in
Figure 3.
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Patent Cainms 1. 8-Cyano- |-cyclopropyl-7-(1
'S, 6S-.2, 8-di az¥WME2002. 3. 0] nonan-8-yl) 5 PCT/EP00/01202
6- fl uoro- 1, 4- di hydr o- 4- oxo- 3- qui nol i necar boxylic acid (CCDC) of the crystal
nodi fication C, characterized in that it-Bas an X-ray powder diffractogram
with the followng reflection signals (2 theta) of high and nedi um
intensity 2 0 (2 theta) 5.7 12.6 15.5 17.2 20.2 26.4 27 10 2.
8- Cyano- 1-cycl opropyl -7-(1 S, 6S-2, 8-di azabi cycl o[ 4. 3. 0] nonan- 8-yl ) -
6- fl uor o- 1, 4- di hydr o- 4- oxo- 3- qui nol i necar boxylic acid (CCDC) of the crystal
nodi fication C, characterized in that it has an X-ray powder diffractogram
with the following reflection signals (2 theta) of high and nedi um

intensity 9 ZPQte‘lgdaq;er;tsa) 5.7 12.6

1. 8-Cyano-1-cyclopropyl-7-(18,6S-2,8-diazabicyclo[4.3.0]nonan-8-yl)-
5 6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (CCDC)}) of the crystal
modification C, characterized in that it has an X-ray powder diffractogram

with the following reflection signals (2 theta) of high and medium intensity

2 6 (2 theta)

5.7

12.6 |
15.5

17.2

20.2

26.4

27

10 2. 8-Cyano-1-cyclopropyl-7-(1S,65-2,8-diazabicyclo[4.3.0]nonan-8-yl)-
6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (CCDC) of the crystal
modification C, characterized in that it has an X-ray powder diffractogram

with the following reflection signals (2 theta) of high and medium intensity
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15.5 17.2 20.2 26.4 27 and a nelting point, determ ned by DTA, of from
*235C to 237C. 3. 8-cyano- | -cyclopropyl-7-(1
S, 6S- 2, 8-di azabi cycl o[ 4. 3. 0] nonan- 8-yl ) -

6- f | uor o- 1, 4- di hydr o- 4- oxo- 3- qui nol i necarBexylic acid (CCDC) of the
crystal nodification C, which has an X-ray powder diffractogramw th reflex
signals (2 theta) of high and nediumintensity according to claim1,

obt ai nabl e by subjecting CCDC ofqpag?qﬂrirﬂnTTtafTon or anorphous CCDC to
a relative atnospheric humdity o 288t 92%until there is no 10
further weight increase followed By drying of the product and subsequent
heating to a tenperature above the rearrangenent tenperature. 15 20 4.
Process for preparing 8-cyano-|-cyzbopropyl-7-(1S, 6S-2,8- diazabicyclo
[4.3.0] nonan-8-y|)-6-f|uoro-|,4-£gg¥dro-4-oxo-3- qgui nol i necar boxylic acid
(CCDC) of the crystal nodification’€ according to any of clains 1 to 3,
characterized in that CCDC of unkpewn nodification or anorphous CCDC is
subjected to a relative atnospheric hunmidity of at |east

20.2

264
27

and a melting point, determined by DTA, of from 235°C to 237°C.

3. 8-cyano-1-cyclopropyl-7-(18,6S-2,8-diazabicyclo[4.3.0]nonan-8-yl)-
5 6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (CCDC) of the
crystal modification C, which has an X-ray powder diffractogram with reflex
signals (2 theta) of high and medium intensity according to claim I,
obtainable by subjecting CCDC of unknown modification or amorphous
CCDC to a relative atmospheric humidity of at least 92% until there is no
10 further weight increase followed by drying of the product and subsequent

heating to a temperature above the rearrangement temperature.

4. Process for preparing  8-cyano-1-cyclopropyl-7-(1S,65-2,8-
diazabicyclo[4.3.0]nonan-8-yl)-6-fluoro-1,4-dihydro-4-0xo0-3-
15 quinolinecarboxylic acid (CCDC) of the crystal modification C according to
any of claims 1 to 3, characterized in that CCDC of unknown modification or
amorphous CCDC is subjected to a relative atmospheric humidity of at least
92% until there is no further weight increase, followed by drying of the
product and subsequent heating to a temperature above the rearrangement

temperature.
20



92% until there is no further weight increase, followed by drying of the
‘product and subsequent heating to a tenperature above the rearrangenent
tenperature. - 10 5. , Medicanent, characterized in that it conprises, in
addition to customary auxiliaries and ed®i-pi ents, CCDC of the nodification
C according to any of Cains 1 to 3. 6. The use of CCDC of the
nodi fi cation C according to any of Clains 1 to 3 for preparing

medi canents. 7. 8- i:yanddédxcmbmprchﬁmbteﬁzédl in that it comprises, in addition to

S, 6S- 2, 8-di azabi cycl o[ 4. 3. 0] nonan- 8-yl ) -

6-f | uor o- 1, 4- di hy dfi§tomasy augligrigs i cxeipiane SHDE of hegnodificatjondt acenading
nodi fication C acqgrag?ggdaqmgqqogf claims | to 3 for use as an

anti bacterial conpositiaon. )

6. The use of CCDC of the modification C according to any of Claims 1

to 3 for preparing medicaments.

7. 8-cyano-1-cyclopropyl-7-(1 S,6S-2,8-diazabicyclo[4.3.0]nonan-8-y1)-
6-fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (CCDC) of the
modification C according to one of claims 1 to 3 for use as an antibacterial

composition.






