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&cyano- 1-cycl opropyl - 7- (1S. 6S- 2, 8+di aZabi cvcl o

(4. 3. d nonarW® §W320.90f | uor o- 1, 4- di hvdrd-4- oxo- 3- aui nol i REFHEBO®PR2Q3 aci d

The present invention relates to a defined crystal nodification of 8-cyano
5 1-cyclopropyl-7-( 1

S, 6S- 2, 8-di tal Viabdifi¢atior) | P oofa 8-d3-anbd-l-dycla -7H(18.68-DRetinzabicvclo-
4- oxo- 3- qU|noI|necarbox lic acid, Lo DI O ess s for its preparation and to
its use in (As:0lnenan-8-yhi6-flugrosl.4 : plinecarboxvlic acid

8- cyano- 1- cycl opropyl - 7- (18 6S- 278 dlazablcyclo[4 3. 0] nonan-8-yl) 10
6-fl uoro-1, 4-di hydr o- 4- oxo- 3- qui nol i necar boxylic acid of the fornmula (1) is
referred to Br pfetéat veéntibnUrélatzd@3 a defib&l i systalomdificatioDiof AR- 1:9a1ﬁ>33 805 or

PCT | . No. 97 903 260.4. 15 Accordi to the bl i cat
pr epgf)%d lr@é:‘}’qgrwl -7-(18,6S-2, dlazablcycllcr)ﬁ3 (?]nonarff Bu hllloro-lld? H%ydro-

7-chl or o- 8 ecar boxy
(e act d wi tFoTeTHpLRRAARKCacH Bidiodadhs forie bpdaRiPant e B

di net hyl f or rphaimieeativd] preparationsci | e in the presence of an auxiliary base.
Water is added to the m xture and CCDC is then extracted from water using
di chl oronet hane and is isolated by renoving the 20 extractant. This gives a
powder Vmosqléi'&?‘lﬁél% megarfotr«ewlels}obﬂ -Npts, $aB0digr8Hclo pﬂ BgRBLyRT Y. the
powder is largely anorphous and can contain mxtures o ferent crystal
modi f i Wat i orfsfludrb; 1 ddihytimnd-exo-d-quindliesaromydic akcido of f thsatfmmmla s(lj oisned, it
I's not clear how,it c e extracted and obtained in a defined form
However, it TFEMERL (3@8 dition for preparing nedicaments that, for an

?tCt,i:\éﬁ gg ggg{)ggnd vvhi ch can be presentQin ilc:(;‘Her ent crystal lmmm“ﬂ““mﬁﬂﬂm“w

| *G00002*
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CCDC is known from DE-A 19 633 805 or PCT Appl. No. 97 903 260.4.

15 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 (1S,6S)-
2,8-diazabicyclo[4.3.0]nonane in a mixture of dimethylformamide and acetonitrile

in the 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
20 extractant. This gives a powder whose crystal modification is not unambiguous.
On the centrary, 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 clear how it can be extracted and obtained in a defined form.
However, it is the precondition for preparing medicaments that, for an active

25 compound which can be present in different crystal modifications, it can be stated
unamibiguously which of its crystal modifications is used for preparing the

medicament.
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unam bi guously which of its crystal nodifications is used for preparing tLhZ(g\ﬂ3

‘medi canment . 2 5 JUL Z003 ,, Thes partially anorphous powder which is
obt ai ned by the preparation process outRi-ned above is furthernore

hygr oscopi c. However, anorphous solids, and in particul ar hygroscopic
solids, are difficult to handl e when being processed pharmaceutically
since, for efasmatiallyhayorphos powvdesubticlids sbtained by the prepantios fpredess y 1 ow
properties. l\/br.eg(xe{), the@k&gndl i ng of hygrascopic solids req,ui res_speci al
wor k t echni qQBUings @baysyisy Burthemrore bysroseapic. (v egncamephewsssalids, agdyin exanpl e
with respect ' : ng..c r )i L solid

f or mul at Ponsp%&gglgge}%g{dfgﬁq%%a#h%re e pg{rigngr%go%%ng;&i %{(’) thlghg n@ljgﬁ%slggdn to
prepare a cr phiralacewmtiealiyr sincd, fordekampld, nthely f howet ilow dulKCCGREsitdes clind owi ng

to its physical propertjes, in particular its crystal properties, .is easy
to handPe inubwagféﬁ@am O [PrORSFYAS Morsper, }herhﬁ-%fﬁ%j et thygtoseasis spligs
according to i At { ; : g;g{gg: ichis
referred to 5%4&%%%1:}&?@& ?g‘ﬁ%”ﬁ%@g?ﬁ%gﬁ%ﬁ‘ﬁ%ﬁd %Slfgﬁ% ;?pgﬁﬁ%%igér I n’g%

provi des t heegamsit &tith respacbth fhe aative coipamd@ohEntbr the stabilityaofahée solidzed i n
that it has an X-ray powder, diffractogramwth the reflection signals (2
theta) of hi g‘i’F"éﬁlﬁdmﬁ%&"Qﬁ‘fq‘imensi ty (> 30%relative intensity) listed in 20
Tabl e 1 bel ow. | , -3 Table 1. X-ray powder diffractogram of CCDC of the

nodi fication D2 8 (2 theta) 7.6 9.5 12.8 14.2 17.5 19 19.3 19.5 20.4 21
21.8 2206 25Its 2heréfotse 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, is easy to handle in pharmaceutical formulations.

This objeét is achieved according to the invention by a novel crystalline form of

15 CCDC which is referred to as modification D hereinbelow.

The invention accordingly provides the crystalline modification D of CCDC which

1s characterized in that it has an X-ray powder diffractogram with the reflection

signals (2 theta) of high and medium intensity (> 30% relative intensity) listed in
20 Table 1 below.



The'. X-ray powder diffractogram of the nodification Dis also shown £ JUL 2003
Figure 1. 2 5J Ul 2003 Mreover,sthe'CCDC nodification D according to the
invention differs fromother 10 forms o-CCDC in a number of further
properties. These properties, on their own or together with the other
paranmeters, may al so serve for characterizing the CCDC nodification D
accordi ng toTalble 1t nventi on. CCDC of the nodification Dis characterized by
a nelting point, determned with 15 the aid of differential thernpanalysis
(DTA), of from 261 Cto 265C. A characteri stic differential thernodiagram
is shown in %i &t26t0 characterized in that
it has an ingrrggégwggectrung;arrﬁe%@ %b&lﬁggldsrﬁl)ovm in Figure 3. 20 2
5J UL 2003 -4 Crystal nodification D of CCDC i s obtained by dissolving
CCDC of an unknown nodifi cati OR=ef—akBphous—CCRC at a concentration
between 1 and 3 per cent by wei ght 20 (@hett) all owing the solution to stand
until a solid precipitates out, tilterl oft this solid, drying the
resul ting water-containing product, follTowed by 5 heating to a tenperature
above the rearrangement tenperature. THe water-containing product can be
dried by customary nethods. Thus, the ymgercontaining product can be dried,
for exanple, at elevated tenperature ug&jg reduced pressure. It is also

possible to carry out the drying in th resence of a 10 customary drying
agent, such as, for exanple, phosphoru?-pentoxide. The tenperature required
for rearranging the dried sanple into nedi fication D can be determ ned by
DTA of the dried substance. i's geneigﬁly bet ween 130C and 160C. 15 CCDC
of the crystal nodification D is surpr ngly stable and does not change
into another crystal nodification or th5anorphous form even on prol onged
storage. Fox these reasons, it is highpygsuitable for preparing tablets or
other solid fornulations. OMng to its gtability, it gives these
formul ati ons the desired | ong 20 Iastiﬁé storage stability. Using the
crystal nodification D, it is therefor2l.Bossible to

22.6
25.2
27.5

The X-ray powder diffractogram of the modification D is also shown in Figure 1.

Moreover, the CCDC modification D according to the invention differs from other

10 forms of CCDC in a number of further properties. These properties, on their own

r or together with the other parameters, may also serve for characterizing the CCDC
modification D according to the invention.

CCDC of the modification D is characterized by a melting point, determined with

15 the aid of differential thermoanalysis (DTA), of from 261°C to 265°C. A

characteristic differential thermodiagram is shown in Figure 2.

CCDC of the modification D is characterized in that it has an infrared spectrum,

measured in KBr, as shown in Figure 3.
20



. prepare, in a defined and targeted manner, stable solid preparation%5owlzm3
"'CCDC. CCDC of the crystal nodification Dis highly active against

pat hogeni c bacteria in the area of humaf-or veterinary nedicine. Its broad
area of use corresponds to that 25 of CCDC. The X-ray powder diffractogram
for characterizing the crystal nodification D of CCDC was obtai ned using a
transm ssi onCelstal radifivadbe D &TECDCHs wbtained Hyodisdolving SO bf e ualeionat or
(PSD2) from Stoe. 30 The ne|ting point of the dlfferentlal t her noanal ysi s
was obt ai nedmadificatiomer amprphoys G 3t onfmiatign betyeer d andigRer cemedYsanpl e

of CCDC of t 00 p sphere
in an al um n?glr%ﬁ{:)r{ﬁé@ab?@g? &/g'cgaKgﬂm lBldﬁaﬁ)Slg@ﬂ%qﬂm ?51 8&ﬁg piﬁ%eot' {%Er at%hgo

spect r um wasfihéring off chissolid) dryiag iklresultihg fwacemcBataltiing prodect, folleevedXanpl es
bel ow il | ustrate the inventiopn without limting it. The sol vent/base

syst ens? used ‘?aﬁngﬁféa%ﬁﬁt@§ abeyeie EATapeamSIe IAMREr3fUSy ef erred. 2 5 J U L
2003 -6 Conparative Exanpl e

The water-containing product can be dried by customary methods. Thus, the water-

containing product can be dried, for example, at elevated temperature under

reduced pressure. It is also possible to carry out the drying in the presence of a
10 customary drying agent, such as, for example, phosphorus pentoxide.

The temperature required for rearranging the dried sample into modification D can
be determined by DTA of the dried substance. It is generally between 130°C and

160°C.
15

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

prepare, in a defined and targeted manner, stable solid preparations of CCDC.

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

The X-ray powder diffractogram for characterizing the crystal modification D of
CCDC was obtained using a transmission diffractometer STADI-P with a location-
sensitive detector (PSD2) from Stoe.
30

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 D was heated exposed to the atmosphere in an aluminium crucible at
5 K/min.



A mxture of 3.07 g of 25 JuL 2003
“7-chl or o- 8-cyano- 1-cycl opropyl - 6-f | uor o- 1, 4- di hydr o- 4

o0xo0- 3- qui nol i necar boxylic acid, |.39 g-df-

(1S, 6S) -2, 8-di azabi cycl o[ 4. 3. O] nonane, 5 2.24 g of

1, 4-di azabi cycl o[ 2. 2. 2] oct ane (DABCO), 29.5 ml dinethyl formam de and 29.5

m of acet onithe KIBY IRSp&dtiuit &ds abtain@® Wihg HeedBA tunitdfrdr® Perkén-Blers. The

reaction mxture is concentrated at a bath tenperature of 60C using a
rotary evaporator, and the residue is taken up in 10 mL of water. The

he sol 14 1 o TP efpels BRPY ARSI ot inbentf bt b o RP SBMEfiBE L1, 70

20 M of di cRig¢nsidel anthetRamples BElowBiep&atigEnilg pRidfed. i s dried over sodium
sul phate and filtered and the filtrate I1s concentrated at a bath

tenperature of 60C using a rotary evaporator. This gives 2.4 g of a

| i ght-brown solid which has the X-ray powder diffractogram shown in Figure
4 and is therefore predom nantly anorphous. 15 Exanple 1 1012 g of

7- chl or o- 8- cyano- 1- cycl opropyl - 6-fl uor o- 1, 4- di hydr o- 4- oxo- 3- qui no

| i necarboxylic acid are initially charged in a m xture of 3300 m of

et hanol, 20 1980 ml of N-nethyl-pyrrolidone and 534 g of Huni g base. The

m xture i s heated under reflux, and 459 g of

(1S, 6S)-2, 8-di azabi cycl o[ 4. 3. 0] nonane are then added dropw se. After the
dropwi se addition has ended) the mxture is stirred under reflux for

anot her 3 hours and then allowed to cool to roomtenperature, and the solid
is filtered off with suction and washed with a total of 1800 m of ethanol.
25 The resulting solid is suspended in a m xture of 4650 m of ethanol and
41 g of Hinig base, and the reaction m xture is heated under reflux for 3
hours. The reaction mxture is allowed to cool again to roomtenperature,
and the solid is filtered off with suction, washed with a total of 1000 m
of EtOH and dried at from30 60 to 70C in a vacuumdrying cabinet until the
wei ght remains constant. This gives 1130 g of a beige solid which has the
X-ray powder diffractogram shown in Figure 5. 25J UL 2003 7_




"From 450 g of this solid and 29 450 g of doubly distilled water, a 2.5%L 2003
“strength (ww) aqueous solution is prepared, which is filtered through a
0.2 ~mfilter to renobve any undi ssol ved particles. This solution is then
stored at room tenperature under exclusion of light in canisters of

pol yethyl ene for 4 weeks. After this period 5 of tinme, the precipitated
solid is fil Gomparative Examplenh a 0.8 pmfilter and dried at 75C overni ght.
This gives 2 g of a solid which, according to X-ray powder diffractogram
i's predom nantly anorphous (Figure 6) and has the DTA shown in Fig. 7. 10
30 ng of the Asedikiredbf 3i.07ed b7 ichiofo-BRyRRI-12FElopRpleéfabrol 63 kyuted-
nitrogen for 2 hours. This gives 28 ng of a solid which has the X-ray
powder di f f r ase-dcauinalioheasboxyhic Fciflirle391g of (KES.651-2.8rdiznabigyclobd Ainenas: am

h in Fi 2 and ! h o Fi _ 0003 VIO
0052018 - 5 24cH] e S BER AN, RO B il Timetrsiimnihioe
8- Cyano- 1- cy ah@p9.9 1l of AcdtditrfiSisstivred iatzcdini yperiitre 3o10]6tsurs The yéactibh | uor o- 1

, 4- di hydr o- 4- oxo- 3- qui nol i necarboxylic acid (CCDC) of the crystal 5
modi i cat i on MBXIUE i GARERINTasesat; a\bath demperatyeesof00°% psine BJRHEY CWRROFHAGt ogr am

ntensity 2 94 S RBESIs B RRncigRPEnes G HEhly PGLERIIBRYIT, ,

22.6 25.2 27 pH P usifig @flarohydroghlbixpadpy hnd the sblid is filtered off. The filtrate is

[l or 0118, 2. cleRgeR e tiomss.sinen i) i g epRgefhans efch e e csBanisghast st

W th the fol 1oueo eE e e Siprat drdTcrid SRENERIue By cRRUGed § pak ! coram

intensity 2erbperatute GOBBC gpinga Botady ¢vapom)or/This Rites124 & dfd Hglitzbréwa9 19. 3

19.5 20.4 21 sc2>l}d \%hlzc%'hgs t 5e')%—r§y7;505wder 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-oxo-3-quino-
linecarboxylic acid are initially charged in a mixture of 3300 ml of ethanol,
20 1980 ml of N-methyl-pyrrolidone and 534 g of Hiinig base. The mixture is heated
under reflux, and 459 g of (1S,6S)-2,8-diazabicyclo[4.3.0]nonane 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 m! 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
30 60 to 70°C in a vacuum drying cabinet until the weight remains constant. This

gives 1130 g of a beige solid which has the X-ray powder diffractogram shown in
Figure 5.



~and a nelting point, determned by DIA, of from261C to 265C. 5 3. 25 JUL 2003
" 8- Cyano- 1-cycl opropyl - 7- ( 1

S, 6S- 2, 8-di azabi cycl o[ 4. 3. 0] nonan- 8-yl 3j?6f | uor o- 1, 4- di hydr o- 4- oxo- 3- qui nol i
necar boxylic acid (CCDC) of the crystal nodification D, obtainable by

di ssolving 1 to 3 per cent by wei ght of CCDC of unknown nodification or
anor phous C%ufsov?bfﬂfms {dild g1d 29485 & o BuBKD ldl&df@ﬁ'\ﬁzﬂerp 2CC5R dtheh Out
after a whil dryi IS so 8 errperatu e above
the rearr and&ﬁ@haqqe@#f)éelatlm és pwpaqadowéyb rsd'rltqwcbs&wghga &Shamofilterhte

nodi fi cati Ohefdové Afy ﬁﬁﬁﬁblv&@ﬁat‘tn@lc’s ais golhﬁ'or?‘lsﬁﬁén ﬁ&% aPYooltt tehferdthire CCOC Of
unknown nodi ficati n |sso ved in water, and the solid

whi ch preci d-l“fl%&@@ Or(%ﬁ{gff macam@t%p; %°1V%‘ ylene fardwesks, Afier is Regi@dheat ed

to a temper ajfuirge, ahe precipiated salid a8 figeRdt off EiFPestAL W Sum fikerSand ddidd #4003 - to
5. Medi carren7t chara terized in that it conprises, in addition to customary
auxiliaries éng %’I 'ents, CCDC of the nodification D according to either

of Clainms 1 and 2. 6. The use of CCDC of the nodification Daccording to

ei ther of d f ri T (rstCDCof
the nodifica f}{l g%% A 0% %h haggorgﬁ%d%alﬁerr@g °“7d d a%%’g'b i ng
anti bacteri airedsmpwlytarmrshous (ElgBTQ]ﬁJI@nQ(h@%tthUTIS Shmmnd?igeht characterized

in thafgit conprises, in addition to customary auxiliaries and exci pi ents,

CCDC of the nodification D according to either of
30 mg of the solid obtained 1n this manner are heated at 160°C under nitrogen for 2

hours. This gives 28 mg of a solid which has the X-ray powder diffractogram
shown in Figure 1, the differential thermodiagram shown in Figure 2 and the IR
spectrum shown in Figure 3.
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Claims 1 and 2. 6. The use of CCDC of the rmdification D according to5JUL 2003

“either of d gi 2 for preparing di canents. T Z‘L‘gﬁéﬂ: of
the nodifi cag]@"ézﬁg ording to either"of Cains 1 and Zpé'gmo
anti bacterial conpositions. .A r.A3. A3h. AsY. A 5. Ay{. A" . Ay. AAF
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-fTFL0O%& () -!4@$Y" 109%\NbNb&' () -: { peF19310%0 (10%&' ()-Y 10b 10b
10b10%&' () -y710%& () - ySGlo%)& () Y4*" 580‘/1&0& (0)-
v}[ <peFf"31010%& ()-!CyG' 109%& () -
109 ()-!+& 109 ()-& & 109 () - &310% & () -7

21.8
22.6
25.2
27.5

o

8-Cyano-1-cyclopropyl-7-(1S,6S-2,8-diazabicyclo[4.3.0]nonan-8-yl)-6-
10 fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (CCDC) of the crystal
modification D, 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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j kKI'mu~oP1y109&' ()-y9 10%& ()-!310%ss& ()- 10 10 10! Vf, 25 U7
- 9$M

i 1098 () -z! CyLnd 109%&' () - gW ~<oPly!s ' MB1O%&' ()-!:s ' MBLOY&' ()-' 10%& ()
1098 ()-1"10%&' ()-!TZ 10%! & ()- @baVk@&‘ 10 10

10, &9109& () - 7109& () -54109%& () - 2g109%& ()-!>Sf/ m' 109& () - 2r aaBVK@! " f
Z"10%@& ()-,!4f Z"10%& () -, 10%&' () - &410%& () - S10%&' ()-"s' 10%& () - PSAaBVK@!
' 109 () - $109& () - S#Nt 109& () - 4109& () - S10U& () - ! #s, Mb10%& () - DUEVK@'!
@310%&' ()-1 109 ()-/ 10%&' ()=3-3100& (}- S + 109%& ()-y) 109%& ()- YbQy!

1090/ () - 91000V () - 109V ()-' 109%vg( )3 10 104GLO%& () - YbCy! &
109 ()-109%& () -f10%& ()-s' 10()/&—@-—23%@41‘:‘@4—}9%' 109%VE () - aSehdEbCy!

7.6

9.5

12.8

14.2

17.5

19

19.3

19.5

20.4

21

21.8

22.6

25.2

27.5

and a melting point, determined by DTA, of from 261°C to 265°C.

5 3. 8-Cyano-1-cyclopropyl-7-(1S,6S-2,8-diazabicyclo[4.3.0]nonan-8-yl)-6-
fluoro-1,4-dihydro-4-oxo-3-quinolinecarboxylic acid (CCDC) of the crystal
modification D, obtainable by dissolving 1 to 3 per cent by weight of
CCDC of unknown modification or amorphous CCDC in water, filtering
off the solid which precipitates out after a while, drying this solid and

10 heating it to a temperature above the rearrangement temperature.
4. Process for preparing CCDC of the modification D, characterized in that 1
to 3 per cent by weight of CCDC of unknown modification or amorphous
CCDC is dissolved in water, and the solid which precipitates out after a
15 while is filtered off, dried and heated to a temperature above the

rearrangement temperature.
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6. The use of CCDC of the modification D according to either of Claims 1 and 2

for preparing medicaments.

7. The use of CCDC of the modification D according to either of Claims 1 and 2

for preparing antibacterial compositions.
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6. The use of CCDC of the modification D according to either of Claims 1 and 2

for preparing medicaments.

7. The use of CCDC of the modification D according to either of Claims 1 and 2

for preparing antibacterial compositions.



