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New crystal modlficat ion of CDCH _a_process for its preparation and

pharmaceutical formulations comprising this modification

The invention relates to the new monohydrate of 1-cyclopropyl-7-([S,S]-2,8-
diazabicyclo-[4.3.0]non-8-yl)6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarb-
oxylic acid hydrochloride (CDCH), a process for its preparation and pharmaceutical

formulations which comprise this monohydrate as the active compound.

CDCH is a chemotherapeutic for humans and animals which has a broad spectrum of
antibacterial action. The active compound can also be employed in the preservation of
materials. CDCH shows a low toxicity and is particularly effective against
Enterobacteriacea, and especially against anﬁbiotic resistant strains: S. aureus, Ps.
aeruginosa, Enterococcus faecalis and E. coli. CDCH and its preparatign as a betaine
1s described in EP-A-550 903 and EP-A-591 808.

An anhydrous form of CDCH is the only crystal modification known to date. However,
this crystal modification is not entirely satisfactory in the preparation of various
medicament forms. CDCH is hygroscopic and absorbs water under adverse storage
conditions and during pharmaceutical processing of the active compound to
medicament forms. This impairs the dosing accuracy and quality of the preparations.
Subsequent changes in the crystal struéture of the anhydrous form when CDCH is
stored in aqueous suspensions or at ambient humidity are the reason for the physical
instability of CDCH. It is therefore of great importance to use a crystal form which is

as stable as possible for the preparation of medicament forms comprising CDCH.

It has now been found that CDCH can be converted into a new water-containing
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New cfystal nodi fication of CDCH, a process for its preparation and
pharnaceutical formulations conprising this nodification : The
invention relates to the new nonohydrate of 1:cyclopropyl-7-([S, S]-2, 8-

di azabi cycl o- £ A31 3P8non- 8-yl )6-fluoro- 32 -
, 4- di hydr o- 8- net hoxy- 4- oxo- 3-qui nol i necarb- 5 oxylic acid hydrochl oride
(CDCH), a pr ocestllie motificptiep svhichi is distinguished byp@alnereased stability f ior panticuitlarons

whi ch conprise_t.hi s, nonohydr the active
chermot her apeuEPEE SIOTHRR IS EA Rl R dbs kByvm ntpireys fpmopadis™
anti bacteri al pagichRfly sﬁhsme%ﬂ e %awﬁ%mwbﬁﬁnﬁee&m P¥épatatichst he
preservation of mat eri al s. shows a low toxicity and is
particularly effective agai nst
During preparation of the monohydrate from aqueous media, the active compound
5 crystallizes in the form of needles which become severely matted. Surprisingly, the
crystal habit can be modified in a controlled manner under certain crystallization
conditions. The prisms thus formed represent a preferred embodiment of the present
invention, since they do not mat and are significantly more free-flowing than the
monohydrate in the form of needles. This has considerable advantages in the
10 preparation of medicament forms. By using a non-hygroscopic, free-flowing activ_e .

compound, a satisfactory dosing accuracy is achieved during the preparation of

medicaments, which increases safety and therefore minimizes the risk to the patient.

The invention accordingly relates to the new monohydrate of CDCH of the formula I

I F
N 3 (o)
EI)N °  XHCl xH,0
H /4
OCH, N OH

15 and to a process for its preparation, which is characterized in that anhydrous, crystalline
CDCH is treated with an amount of water sufficient for thorough mixing and for
formation of the monohydrate at temperatures below 80°C until the stoichiometric
content of water of crystallization has been absorbed and conversion of the crystals is
complete, and the crystals thus obtained are separated off and dried to the constant

20 weight of the monohydrate in order to remove the adsorbed water present. To avoid the
formation of the anhydrous form, the humidity during drying should be not less than

30 % relative humidity. The monohydrate crystallizes in the form of needles from
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10 Ent er obacteri acea, and especially against antibiotic resistant
.strains: S. aureus, Ps. aer ugi nosa, Enterococcus faecalis and E
coli. CDCH and its preparation as a betaine i s described in EP-A-550
903 and EP—AM&&-& An anhydrou@Torm of CDCH is the only crystal
nmodi fi cation known to date._ However, this crystal nodification is not
entirely sativitefcqontajning magia with sayvater epntet Qféfmféﬁgaﬂlﬂ’ %. nedi canent forms.
CDCH i s hygroscopi ¢ and absorbs water under adverse storage

conditions and during pharmaceutical processing of the active conmpound to

medi cament f Qfhesprefeied mbRcHydsaté Hornil oshitly ceystdllizesyasaphsrasiehm the ebtaibéd by
pr epar ati ons. . Subseguent changes_.in_the crystal structure of the
anhydr ous f orSHSRFAdIRE Canlydraus  crystalling,, GRCH, ing saianel/ wateh cmiiturss Sspegfally

Tt 1 ot hor of OretisBiy b 08300 yile aGaRH BF 66 o peick bR pidinpor
stabl e as$ posslibkenttuts withethp ampantdf waternddded demgrensired antilsthe oeyuired icogtefIDCH.
of water of crystallization has been absorbed and c.onversion. of the crystals is complete,
for example by stirring the suspension or shaking, swirling, rotating the reaction vessel
and the like. If the water content in the ethanol/water mixture is a maximum of 10 %,

the monohydrate crystallizes in the form of prisms.

10 Provided that the amount of water is sufficient for formation of a stoichiometric
monohydrate and for thorough mixing of the amount of CDCH employed with the
water, any desired amount of water can be used for formation of the monohydrate in
the form of needles, since the absorption of water of crystallization, which proceeds
with conversion of the crystals, ends with the formation of the monohydrate, and

15 furthermore no further hydrates are obtained. The amount of water is expediently
limited such that although thorough mixing can take place, no or low solubility losses
occur. The preparation of the monohydrate is preferably carried out at room
temperature, but can also be carried out at elevated temperature, for example 30°C to
60°C, or a low temperature, for example 5°C to 20°C. The preparation of the

20 monohydrate from the anhydrous form also takes place successfully at humidities
greater than 30 % relative humidity. However, this process is not suitable for the

preparation of the preferred monohydrate which crystallizes as prisms.

The crystals of the monohydrate are separated off from the excess solvent by customary
methods, for example by filtering, decanting, centrifuging and the like. The crystals of
25 the monohydrate which have been separated off are advantageously dried at room
temperature or at elevated temperature up to 50°C at humidities of at least 30 %

relative humidity.

The CDCH monohydrate according to the invention has a characteristic IR spectrum

(Figure 1), which shows characteristic absorption bands of the water of crystallization
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I't has now been found that CDCH can be converted into a new

.Wat er - cont ai ni ng 2 crystalline nodification which is
di stingui shed by an i ncreased stability, in particular during
storage at hilghAnld@ ties, conpared with4he known anhydrous formand is

particularly suitable for the preparation of stable pharmaceutical |
pr epar at i ons.in the region of the OH valency vibrations (3600 - 3100 cm™), which are absent in the

anhydrous crystal modification. It also differs from the anhydrous CDCH in other
frequency ranges, so that a completely different arrangement of the molecules in the

crystal lattices of the two modifications can be concluded.

5 The determination of the water content confirms the presence of a stoichiometric
monohydrate of CDCH. The thermogravimetric weight loss determined in several _
samples of the monohydrate is 1 mol of water (3.9 %, Figure 2). The thermogram of
the monohydrate (Figure 3) recorded by means of DSC (Differential Scanning
Calorimetry) under atmospheric pressure shows, in agreement with  the

10 thermogravimetric measurements, the release of water by a broad endothermal peak
which indicates the rearrangement of the crystal lattice of the monohydrate analysed,
the dissociation of CDCH and water and the enthalpy of vaporization of the liberated
water of crystallization. The X-ray diffractograms and "C-NMR, Raman and FIR
spectra of the anhydrous form and of the monohydrate show characteristic differences

15 (Figures 4-7, Tables 2-5): thus, for example, the *C-NMR spectrum has a characteristic
peak at 168.1 ppm and the X-ray diffractogram a line at 26 = 26.7.

The DSC and TGA thermograms were obtained using thermoanalysers (DSC 7 and
TGA 7) from Perkin-Elmer. The X-ray diffractograms were recorded with a Stoe
transmission diffractometer. The IR, FIR and Raman spectra were recorded with
20 Fourier-IR spectrometers IFS 66 (IR), IFS 66v (FIR) and IFS 88 (Raman) from Bruker.
The “C-solid-NMR spectra were recorded with a Bruker MSL 300. The microscopic

photographs were taken with a Laborlux S microscope from Leitz.

During storage, the CDCH monohydrate according to the invention shows a higher
physical stability compared with the anhydrous crystal modification, and is therefore
25 more suitable for the preparation of various medicament forms. The preferred
monohydrate, which crystallizes in the form of prisms, furthermore imparts to CDCH
excellent trickling and flow properties, which is of great advantage in the preparation
of pharmaceutical formulations (Figure 8). The invention therefore also relates to liquid
and solid pharmaceutical formulations which comprise the CDCH monohydrate

30 according to the invention, such as, for example, suspensions, emulsions, tablets, coated
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During preparation of the nonohydrate from aqueous nedia, the active

conpound 5 crystallizes in the formof needl es which becone severely
matted. Surprisingly, the crystal habit can be nodified in a
control | ed mardeecA 3In3BK certain crystallizatton conditions. The ’

prisns thus formed represent a preferred enbodi ment of the present

i nvention, sinadetshegatetbtabldt coeds, suppositaries] handf orcsnft pelatim capsuteseand| thei liks.
t han the nmonohydrate in e formof needl es. Thi S .

consi derabl e APEAEBGESFophand bl 15,0 adiEGieutn REFElRo OmPERLte gy
using a non- hygsRhgRRkCacchfdifs {d BYAREnA6H, péfticularly preferabh{HH@E PHsmtic crystal
sati sfactory dosing accuracy 1s achieved during the preparation of

medi canents, vhimh i ncreases safety and therefore minimzes the risk to the
patient. The invention accordingly relates to the new
nonohydrate of CDCH of the formula |

5 CDCH can be present in these pharmaceutical formulations as the only active

compound or can be combined with other antibacterially active substances.

Pharmaceutical formulations can comprise the CDCH monohydrate according to the
invention by itself or in combination with several other active compounds, or be
formulated together with auxiliaries and additives usually employed in pharmacy, such
10 as tablet binders, fillers, preservatives, tablet disintegrating agents, flow regulating
agents, plasticizers, wetting agents, dispersing agents, emulsifiers, solvents, flavourings

and the like, to give presentation forms for oral, parenteral or rectal administration.

The pharmaceutical formulations are prepared in a manner known per se, for example
by mixing, stirring, suspending, dispersing, emulsifying, and the like, the active
15 compounds with or in the pharmaceutical auxiliaries and processing the components to

pharmaceutically suitable presentation forms for oral, parenteral or rectal administration.

Preparation of crystalline CDCH (needles, prisms)
Example 1 (prisms)

1 g of anhydrous CDCH is dissolved in 150 ml of absolute ethanol and the solution is
20 filtered. The solution is heat treated at 60°C until the solvent has evaporated
completely. The crystals which have precipitated out are dried at room

temperature/ambient humidity.

Example 2 (prisms)

0.1 g of anhydrous CDCH is dissolved in 10 m! of ethanol (10 % water content). The

25 solution is heat treated at 60°C until the solvent has evaporated completely. The

Til,a )
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15 and to a process for its preparation, which is

characterized in that anhydrous, crystalline

10

15

20

Le A 31 308 -6 -

crystals which have precipitated out are dried at room temperature/ambient humidity.

Example 3 (prisms)

4 g of anhydrous CDCH are dissolved in 300 ml of ethanol (96 %). The solvent is
distilled off in a rotary evaporator at 60°C under 120 mbar. The crystals are dried in a
vacuum drying cabinet under 80 mbar at 105°C for 2 hours and then exposed to

ambient humidity.

Example 4 (needles)

0.3 g of anhydrous CDCH is dissolved in 6 ml of water:ethanol (1:1). The solution is
heat treated at 70°C until the solvent has evaporated completely. The crystals which
have precipitated out are dried at room temperature in vacuo and then left to stand at

room temperature/85% relative humidity overnight.

Example 5 (needles)

0.1 g of anhydrous CDCH is dissolved in 5 ml of methanol. The solution is left to
stand at RT until the solvent has evaporated completely. The crystals are dried in vacuo
at room temperature and then left to stand at room temperature/85% relative humidity

overnight.

Example 6 (needles)

0.1 g of anhydrous CDCH is dissolved in 5 ml of water. The solution is left to stand
at room temperature until the solvent has evaporated completely. The crystals are dried
at room temperature in vacuo and then left to stand at room temperature/85% relative

humidity overnight.

Example 7

25.1 g of CDCH monohydrate (prisms), 3.3 g of Avicel PH 101 and 1.7 g of maize
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CDCH is treated with an anount of water sufficient for t hor ough m xi ng and

for formation of the nonohydrate at tenperatures below 80[err]C
until the stoichionetric content of water of crystallization has
been absor bege angl) gpgversion of the crystals is conpl ete, and the

crystals thus obtained are separated off and dried to the constant

Avold the | RCSHUCHALA! B b Mg el GIENEn LS R B By é?t‘eﬁg T
dryi ng shoul aspiag n@t mngs she hgamules are dned 30 a%misiHdidived fyedi &i‘lyteﬁ/ (infdk@ air
monohydrat e femy %}a%llrleliﬁ)gé) Iaurlld tsgse (C))\Eerpao(]; 8 rl!l?n?dslle%se fStrJt?sreT:luent mixing is carried out
with 0.19 g of Ac-Di-Sol and 0.01 g of magnesium stearate. The mixture is then
6 pressed on a single punch tabletting machine (tablet format 5.5 r 9, tablet weight 68.5

mg).
Example 8

196.6 g of micronized CDCH monohydrate (needles) are mixed with 88 g of Avicel in
a highshear mixer (powder mixture). 3.6 g of PVP 25 are dissolved in 97.2 g of water
10 (granulating liquid). The powder mixture is granulated with the granulation liquid. After
rasping (3 mm), the granules are dried in a dryer (intake air temperature 90°C) and
sieved over a 1 mm sieve. Subsequent mixing is carried out with 1.8 g of Ac-Di-Sol
and 0.1 g of magnesium stearate. The mixture is then pressed on a rotary press (tablet

format 5.5 r 9, tablet weight 83.4 mg).
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= 3- wat er-containing nmedia wwth a water content of nore than 10 %
."The preferred nonohydrate formwhich crystallizes as prisns can be obtained

by suspendi_ng anhydrous crystalline CDCH in ethanol /water m xtures, .
especial Iy —E___éégﬁerably in ethanol /wader with a nmaxi num of 10 % of
wat er, thorough mxing of the 5 solid contents with the anobunt of water
added bei ng &ablgrledr spectrpscoBE requi red cont ent of water of
crystallization has been absorbed and conversion of the crystals is
conpl et e, for exanple by stirring the suspension or shaking,
swirling, rofating the Tgaction vesgel and the like. If the water
content in the Asbydrws/ wat eHydtate urd i s a maxi num of 10 % t he
monohydr at e ,rﬁ@naﬁﬂﬂﬂes i n fom&'lf ormh of prisns.
722 722
5 804 804
834 835
938 875
957 938
994 994
10 1048 1045 -
1186 1082
1319 1163
1354 1184
: 1372 1319
15 1453 1352
1513 1372
1622 1394
1709 1432
2427 1456
20 2524 1517
2700 1624
2929 1709
3469 2427
3527 2456
2524
2634
2925
2698
2745
2893
2925
3472
3530

Sheet Has Been Replaced

TN




10 "Provided that the anmount of water is sufficient for formati on of a

“stoichionetric nonohydrate and for thorough m xi ng of the anount of
- CDCH enpl oyed with the wat er, any desired anmount of water can be used
for formati de Af3k B88 nonohydrate in -9the formof needles, since the
absorption of water of crystallization, which proceeds W th _

conver si on ofatl$d: Xeraytdiffractometiy with the formati on of the nonohydrate, and
15 furthernmore no further hydrates are obtai ned. The anount of water is
expediently FTmTedsuch tnag al t hough thorough m xi ng can take
pl ace, no or| AaRydeHsubi Ii t yHydmises occur. The preparation of the
nmonohydrate i s pr&®rablly cBriewdd oyt at room tenperature, but can
al so be carrli ed?ctbetaht dl evated tengerature, for exanple 30[err]C to
60[ err] or} a Iow5t nper at ur eg for lexanple 5[err]Cto 20[err]C. The
preparatton |of the8 nonoh §r ate fromthe anhydrous form al so takes
pl ace succesjsful |y hym di ti g greater than 30 % rel ative
hum dity. However ,109 i s |procesS:lis not suitable for the preparation
of the preferred ndsohydrate Whibch drystallizes as prisns.
13,6 13,4
10 14,5 14,5
15,0 14,8 .
15,8 15,6
17,3 17,0
17,5 17,2
15 18,3 17,4
18,9 17,5
19,3 17,9
19,6 18,6
20,6 19,1
20 21,5 19,6
22,5 20,4
22,8 21,1
23,0 21,8
23,8 22,7
25 242 23,0
24,7 23,6
25,0 24,1
26,3 24,5
27,0 26,5
30 27,4 26,7
27,8 27,0
28,2 27,3
294 27,5
29,7 27,8
35 30,0 28,5
30,3 28,9
31,3 29,2
31,8 29,7
34,5 31,4
40 353 31,9
37,1 323
32,6
34,2
35,1
35,5
36,8
37,5
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The crystal s of the nonohydrate are separated off fromthe excess sol vent

. by custonary net hods, for exanple by filtering, decanting,
centrifugi ng_and e like. The crystals o t he nmonohydrat e whi ch have
been sepgr a?é&-!%-f;é—g&ge advant ageoﬁsl y dri LQi room yt enperature or at.
el evated temperature up.to 50/ err] C at hum dltles of at least 30 %
rel ati ve hum éb]&; Mm%mmat e according to the invention
has a characteristic | R spectrum (Figure 1), which shows
characteristjc ﬁﬁ%ﬁ;ﬂs' on b%%% tof the water of crystallization

form [ppm] [ppm]
8,5 7,7
5 12,3 8,3
14,1 9,0
18,2 10,8
20,0 12,1
22,8 18,2
10 35,2 19,8
39,7 22,9
46,5 34,9
49,5 40,2
52,3 47,0
15 55,9 49,5
59,2 50,1
62,6 52,6
65,8 55,9
105,4 56,8
20 108,1 59,4
116,9 64,1
117,5 66,8
134,7 105,0
136,0 107,1
25 137,3 116,3
140,1 1174
142,6 135,2
150,1 136,1
152,6 1374
30 165,3 140,8
166,0 143,5
175,5 1493
150,9
168,1
175,5
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- 4 . in the region of the OH val ency vibrations (3600 - 3100

.cnferr]), which are absent in the anhydrous crystal nodification. It
also differs fromthe anhydrous CDCH i n ot her frequency ranges, so.
that a conpl dieep\318G& er ent arrangenent oftlthe nol ecules in the
crystal lattices of the two nodifications can be concl uded. 5 The
det er m nat i orlable 4:hRaman spectrosgopyit confirns the presence of a
stoichionetric nonohydrate of CDCH. The thernogravinmetric wei ght
| oss deternirEErTTT?ﬁﬁﬁﬁTF Sajpl es of the nonohydrate is 1 nol of
water (3.9 % Pﬁﬁllﬂdéo‘ﬂ'%. Theydratenogt am of t he nonohydrate (Figure
3) recorded by formardemoi PsC (@i erehtial Scanning

110 109
5 147 148
243 243
278 278
388 309
425 425
10 496 496
543 543 -
723 724 -
833 833
964 962
15 1031 1031
1191 1191
1267 1305
1305 1321
1320 1352
20 1354 1376
1376 1433
1433 1490
1491 1554
2891 1619
25 2922 1711
2957 2835
2991 2888
3020 2923
3054 2942
30 3069 2958
3082 2977
3088 2990
3110 3019
3056
3069
3089
3106
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Calorlnetry) under atnospheric pressure shows, in agreenment with the
.10 t her nogravi netric nmeasurenents, the rel ease of water by a broad
endot her mal peak whi ch indicates the rearrangenent of the crystal
lattice of tHee AoHoB&Irate anal ysed, - 12 -t he di ssoci ation of CDCH and
wat er and the enthal py of vaporization of the |iberated wat er of
crystalIizaIFEMMGShﬁﬁkﬂﬁﬁggﬁQQIractograns and [err] G-NVR, Raman and FIR
spectra of the anhydr ous forn1and of the nonohydrate show characteristic

di fferences E |%ure ablep 2-5): thus, for exanple, the
[err] G NWR sp } C ?H eriptic peak at 168.1 ppm and the
X-ray diffradgt Ffar{fﬂall e at[CIEFbrr] = 26.7. The DSC and TGA
t her nograns Were ohtai ned using,therphoanal ysers (DSC 7 and TG 7)
fron1Perg n-ﬁlner.zgge X{ray di?%rac.ograns were recorded with a Stoe
transm ssion|diffr onefer. T | R, | FIR and Raman spectra were recorded
with 20 Furier-183 spgctrond®rs | FS 66 (IR), IFS 66v (FIR) and |IFS 88
(Ranman) from|Bruker219 The 1p&rr] C-sol i d-NVR spectra were recorded with
a Bruker MSL|300. 238 nmi ¢r oscofdbd
248 185
10 279 220
289 230
311 277
342 313
370 340
15 386 369
396 388
412 399
423 412
436 423
20 456 436
474 459
494 476
494
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phot ographs were taken with a Laborlux S m croscope fromLeitz.
.During storage, the CDCH nonohydrate according to the invention shows a

hi gher - hysj c stability conpared WI th the anhyd

modi ficati on,ﬁ%\#di—k—gﬁ herefore 25 mor & 1dui tabl e for ’m mumlmuumf
vari ous nedi cErrent forms. The preferred nmonohydr at & %hilch® s
crystallizes m of prisns, furthernore inparts to CDCH

excellent trickling and flow properties, which is of great advantage in the
preparation of pharmaceutical for mul ati ons (Figure 8). The invention
t heref ore al sh r el Mibashydoatt ioff CH, of the fomindal i d phar maceuti cal

formul ati ons which conprise the CDCH nonohydrate 30 according to the
i nvention, such as, for exanple, suspensions, emrulsions, tablets, coated

0
N O xHCl xH,0
H /

OCH, N OH

which has a characteristic peak at 168.1 ppm in the *C-NMR spectrum and a

5 band at 20 = 26.7 in the X-ray diffractogram.
2. Compound according to Claim 1 in the prismatic crystal form.
3. Process for the preparation of the CDCH monohydrate according to Claim 1,

characterized in that anhydrous CDCH is treated with an amount of water which
is at least sufficient for thorough mixing and hydration until the stoichiometric
10 content of water of crystallization has been absorbed and conversion of the
crystals is complete, the crystals of the monohydrate thus obtained are separated

off and the adsorbed water present is removed.

4, Process according to Claim 3, characterized in that a suspension of the
anhydrous CDCH in aqueous media is stirred until hydration and conversion of

15 the crystals is complete.

5. Process according to Claim 3, characterized in that, to prepare the monohydrate
in the form of prisms, anhydrous CDCH or CDCH monohydrate in the form of
needles is dissolved in media having a water content which is stoichiometrically

sufficient but limited to 10 %, and the solvent is then removed.

20 6. Process according to Claim 3, characterized in that anhydrous CDCH is exposed
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- 5- tablets, coated tablet cores, suppositories,

r soft
gelatin capsules and the |ike. Agqueous suspensi onsDMﬁ(Lmqumugm
oral administratjqn pref bl ' th h .

L2 E erably conprise monohy gl o

the inventionk =2l arly preferably in'f‘h'e prismatic crystal form
5 CDCH can be present in these pharmaceutical formul atipons as the only
active conpo tih Busidityagnty dhe erystRlSRVEOEER BenYERed AVARIAUVER - al | y acti ve
subst ances.

7. Medicaments comprising compounds according to Claims 1 and 2.

8. Antibacterial compositions comprising compounds according to Claims 1 and 2.

9. Use of compounds according to Claims 1 and 2.

5 10. Use of compounds according to Claims 1 and 2 in the preparation of

medicaments.
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Phar maceuti cal fornul ati ons can conprise the CDCH nonohydrate according to

t he invention by itself or in conbination with several other active
conmpounds, or be formul ated together with auxiliaries and additives.
usual |y enpligygd31 sopPhEERBGEYCowmitass 10 as tablet binders, fillers,
preservatives, tablet disintegrating agents, flow regulating agents,
pl asticizers, wetting agents, dispersing agents, emulsifiers, solvents,
fl avouri ngs and the Ilke to glveIPresentatlon forms for oral,
par ent er al \ : hhE paration and
fornulatlons.argd%reaa ‘? fgr exanple by
m xi ng, stirer FetTCH sPe ' el g, and the |ike, the
active 15 conpounds mnth or in the pharnaceutlcal auxiliaries and
processi ng the conmponents to pharmaceutically suitable presentation
forms for oral, parenteral or rectal adm nistration.

Abstract

The invention relates to the new monohydrate of I-cyclopropyl-7-([S,S]-2,8-
diazabicyclo-[4.3.0]non-8-y1)6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarb-
oxylic acid hydrochloride (CDCH), a process for its preparation and pharmaceutical

formulations which comprise this monohydrate as the active compound.
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‘Preparation of crystalline CDCH (needles, prisns) Exanple 1
(prismns) 1 g of anhydrous CDCH is dissolved in 150 m of absolute
et hanol and the solution is 20 filtered. The solution is heat treated at
60[err]C wuntil the solvent has evaporated conpletely. The crystals
whi ch have precipitated out are dried at room t enper at ur e/ anbi ent
hum dity. Exanple 2 (prisns)

£00
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1200 1000

1600 14600
Wave numbers cm~!

1800

3000 2500 2000

¥

Anhydrous form
3500

Hydrate

21
IR spectra of COCH
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0.1 g of anhydrous CDCH is dissolved in 10 ml of ethanol (10 % water

content). The 25 solution is heat treated at 60[err]C until the sol vent
has evaporated conpletely. The
6 - crystals which have precipitated out are dried at room

tenperature/anblent hum dity.

Fig 2
TGA thermograms of COCH

Anhydrous form
101

04—

8 8

O
~3

Weight loss[% by weight]
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Exanmpl e 3 (prisns) 4 g of anhydrous CDCH are dissolved in 300 m
of ethanol (96 % . The solvent is distilled off in a rotary
evaporator at 60[err] C under 120 nmbar. The crystals are dried in a 5
vacuum dryi ng cabi net under 80 nbar at 105[err]C for 2 hours and then

exposed to anbient humdity. Exanpl e 4 (needl es)
0.3 g of anhydrous CDCH is dissolved in 6 m of water:ethanol (1:1). The
solution is heat treated at 70[err]C until the solvent has

evapor ated conpl etely. The crystals which 10 have precipitated out are
dried at roomtenperature in vacuo and then left to stand at

Fig. 3
OSC thermograms of CDCH
Anhydrous form

—

'
4

&
T

Heat flow [mW)]

O S NW P UTONg O VO

4
2

~

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Temperature [°(]

Y
1 2

-
o

Y —d.
L Lg

3
\J

+

Heat flow [mW]
O SN W~ U O~ @O

0 20 40 60 80 100 120 10 160 180 200 220 240 260 280 300
Temperature [°C]

This Sheet Has Been Repl

pui

I



room tenperature/ 85%rel ative humdity overnight. Exampl e 5
(needl es) 0.1 g of anhydrous CDCH is dissolved in 5 m of

met hanol . The solution is left to stand at RT until the solvent has
evapor ated conpletely. The crystals are dried in vacuo 15 at room
tenperature and then left to stand at roomtenperature/85%relative

hum dity overni ght. Exanpl e 6 (needl es)
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0.1 g of anhydrous CDCH is dissolved in 5 m of water. The solution is |left
t he sol vent has evaporated

to stand at roomtenperature until

conpletely. The crystals are dried 20 at roomtenperature in vacuo and
then left to stand at roomtenperature/85%rel ative hum dity

over ni ght. Exanple 7 25.1 g of CDCH nonohydrate (prisns),

3.3 g of Avicel PH 101 and 1.7 g of maize

Anhydrous form

WMJW JMMJ |

Hydrafe

13C solid- state NMR spectra of CDCH

Fig 5
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-7 - starch are mxed in a highshear m xer and then granul ated with

13 g of water. After rasping (4 mm, the granules are dried in a
mni-fluidized bed dryer (intake air tenperature 80[err]C) and sieved
over a 0.8 mm sieve. Subsequent mxing is carried out with 0.19 g of

Ac-Di -Sol and 0.01 g of nagnesium stearate. The m xture is then 5
pressed on a single punch tabletting nachine (tablet format 5.5 r 9, tabl et
wei ght 68.5 ny) .
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Exanpl e 8 196.6 g of m cronized CDCH nonohydrate (needles) are

m xed with 88 g of Avicel in a hi ghshear m xer (powder m xture). 3.6
g of PVP 25 are dissolved in 97.2 g of water 10 (granulating liquid). The
powder m xture is granulated with the granulation liquid. After

rasping (3 mm), the granules are dried in a dryer (intake air tenperature
90[err] C) and sieved over a 1 nmm sieve. Subsequent mxing is carried
out with 1.8 g of Ac-Di - Sol and 0.1 g of magnesium stearate. The

m xture is thenpressed on a rota Nress 9,

t abl et wei ght [83. 47 np) .
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FIR spectra of COCH
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Tabl e 1:

Fig. 8

Ir

Microscopic photograhs of COCH

spect r oscopy

Polarized transmitted light
Image diagonal about 1.2mm
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New crystal modification _of CDCH, a process for its preparation and

pharmaceutical formulations comprising this modification

The invention relates to the new monchydrate of 1-cyclopropyl-7-([S,S]-2,8-
diazabicyclo-[4.3.0]non-8-yl)6-fluoro-1,4-dihydro-8-methoxy-4-ox0-3-quinolinecarb-
oxylic acid hydrochloride (CDCH), a process for its preparation and pharmaceutical

formulations which comprise this monohydrate as the active compound.

CDCH is a chemotherapeutic for humans and animals which has a broad spectrum of
antibacterial action. The active compound can also be employed in the preservation of
materials. CDCH shows a low toxicity and is particularly effective against
Enterobacteriacea, and especially against anﬁbiotic resistant strains: S. aureus, Ps.
aeruginosa, Enterococcus faecalis and E. coli. CDCH and its preparatign as a betaine
is described in EP-A-550 903 and EP-A-591 808.

An anhydrous form of CDCH is the only crystal modification known to date. However,
this crystal modification is not entirely satisfactory in the preparation of various
medicament forms. CDCH is hygroscopic and absorbs water under adverse storage
conditions and during pharmaceutical processing of the active compound to
medicament forms. This impairs the dosing accuracy and quality of the preparations.
Subsequent changes in the crystal struéture of the anhydrous form when CDCH is
stored in aqueous suspensions or at ambient humidity are the reason for the physical
instability of CDCH. It is therefore of great importance to use a crystal form which is

as stable as possible for the preparation of medicament forms comprising CDCH.

It has now been found that CDCH can be converted into a new water-containing

15
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crystalline modification which is distinguished by an increased stability, in particular
during storage at high humidities, compared with the known anhydrous form and is

particularly suitable for the preparation of stable pharmaceutical preparations.

During preparation of the monohydrate from aqueous media, the active compound
crystallizes in the form of needles which become severely matted. Surprisingly, the
crystal habit can be modified in a controlled manner under certain crystallization
conditions. The prisms thus formed represent a preferred embodiment of the present
invention, since they do not mat and are significantly more free-flowing than the
monohydrate in the form of needles. This has considerable advantages in’ the
preparation of medicament forms. By using a non-hygroscopic, free-flowing activ.e _
compound, a satisfactory dosing accuracy is achieved during the preparation of

medicaments, which increases safety and therefore minimizes the risk to the patient.

The invention accordingly relates to the new monohydrate of CDCH of the formula I

H
| H F
N o)
[:v:]z:>N o x HCl  xH,0
H 72
OCH, N OH

and to a process for its preparation, which is characterized in that anhydrous, crystalline
CDCH is treated with an amount of water sufficient for thorough mixing and for
formation of the monohydrate at temperatures below 80°C until the stoichiometric
content of water of crystallization has been absorbed and conversion of the crystals is
complete, and the crystals thus obtained are separated off and dried to the constant
weight of the monohydrate in order to remove the adsorbed water present. To avoid the
formation of the anhydrous form, the humidity during drying should be not less than

30 % relative humidity. The monohydrate crystallizes in the form of needles from
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water-containing media with a water content of more than 10 %.

The preferred monohydrate form which crystallizes as prisms can be obtained by
suspending anhydrous crystalline CDCH in ethanol/water mixtures, especially
preferably in ethanol/water with a maximum of 10 % of water, thorough mixing of the

5 solid contents with the amount of water added being ensured until the required content
of water of crystallization has been absorbed and cbnversion' of the crystals is complete,
for example by stirring the suspension or shaking, swirling, rotating the reaction vessel
and the like. If the water content in the ethanol/water mixture is a maximum of 10 %,
the monohydrate crystallizes in the form of prisms.

10 Provided that the amount of water is sufficient for formation of a stoichiometric
monohydrate and for thorough mixing of the amount of CDCH employed with the
water, any desired amount of water can be used for formation of the monohydrate in
the form of needles, since the absorption of water of crystallization, which proceeds
with conversion of the crystals, ends with the formation of the monohydrate, and

15 furthermore no further hydrates are obtained. The amount of water is expediently
limited such that although thorough mixing can take place, no or low solubility losses
occur. The preparation of the monohydrate is preferably carried out at room
temperature, but can also be carried out at elevated temperature, for example 30°C to
60°C, or a low temperature, for example 5°C to 20°C. The preparation of the

20 monohydrate from the anhydrous form also takes place successfully at humidities
greater than 30 % relative humidity. However, this process is not suitable for the

preparation of the preferred monohydrate which crystallizes as prisms.

The crystals of the monohydrate are separated off from the excess solvent by customary
methods, for example by filtering, decanting, centrifuging and the like. The crystals of
25 the monohydrate which have been separated off are advantageously dried at room
temperature or at elevated temperature up to 50°C at humidities of at least 30 %

relative humidity.

The CDCH monohydrate according to the invention has a characteristic IR spectrum

(Figure 1), which shows characteristic absorption bands of the water of crystallization
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in the region of the OﬁZ/afEncy vibrations (3600 - 3 1001&1& Q which are absent in the
anhydrous crystal modtﬁcg’uon It also differs from t}wa@ydrous CDCH in other

frequency ranges, so tgat a completely different arrangement of the molecules in the

crystal lattices of the two modifications can be concluded.

The determination of the water content confirms the presence of a stoichiometric
monohydrate of CDCH. The thermogravimetric weight loss determined in several
samples of the monochydrate is 1 mol of water (3.9 %, Figure 2). The thermogram of
the monohydrate (Figure 3) recorded by means of DSC (Differential Scanning
Calorimetry) under atmospheric pressure shows, in agreement with the
thermbgravimetric measurements, the release of water by a broad endothermal peak
which indicates the rearrangement of the crystal lattice of the monohydrate analysed,
the dissociation of CDCH and water and the enthalpy of vaporization of the liberated
water of crystallization. The X-ray diffractograms and C-NMR, Raman and FIR
spectra of the anhydrous form and of the monohydrate show characteristic differences
(Figures 4-7, Tables 2-5): thus, for example, the >C-NMR spectrum has a characteristic
peak at 168.1 ppm and the X-ray diffractogram a line at 26 = 26.7.

The DSC and TGA thermograms were obtained using thermoanalysers (DSC 7 and
TGA 7) from Perkin-Elmer. The X-ray diffractograms were recorded with a Stoe
transmission diffractometer. The IR, FIR and Raman spectra were recorded with
Fourier-IR spectrometers IFS 66 (IR), IFS 66v (FIR) and IFS 88 (Raman) from Bruker.
The "C-solid-NMR spectra were recorded with a Bruker MSL 300. The microscopic

photographs were taken with a Laborlux S microscope from Leitz.

During storage, the CDCH monohydrate according to the invention shows a higher
physical stability compared with the anhydrous crystal modification, and is therefore
more suitable for the preparation of various medicament forms. The preferred
monohydrate, which crystallizes in the form of prisms, furthermore imparts to CDCH
excellent trickling and flow properties, which is of great advantage in the preparation
of pharmaceutical formulations (Figure 8). The invention therefore also relates to liquid
and solid pharmaceutical formulations which comprise the CDCH monohydrate

according to the invention, such as, for example, suspensions, emulsions, tablets, coated
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tablets, coated tablEtAff:%bs, suppositories, hard or soft %%lz%m capsules and the like. 26. 5
Aqueous suspénsichs and tablets for oral admﬁﬁsﬂa;ion?)prcferably comprise the27, 8
monohydrate according to the invention, particularly preferably in the prismatic crystal

form.

CDCH can be present in these pharmaceutical formulations as the only active

compound or can be combined with other antibacterially active substances.

Pharmaceutical formulations can comprise the CDCH monohydrate according to the
invention by itself or in combination with several other active compounds, or be
formulated_together with auxiliaries and additives usually employed in pharmacy, such
as tablet binders, fillers, preservatives, tablet disintegrating agents, flow regulating
agents, plasticizers, wetting agents, dispersing agents, emulsifiers, solvents, flavourings

and the like, to give presentation forms for oral, parenteral or rectal administration.

The pharmaceutical formulations are prepared in a manner known per se, for example
by mixing, stirring, suspending, dispersing, emulsifying, and the like, the active
compounds with or in the pharmaceutical auxiliaries and processing the components to

pharmaceutically suitable presentation forms for oral, parenteral or rectal administration.

Preparation of crystalline CDCH (needles, prisms)

Example 1 (prisms)

1 g of anhydrous CDCH is dissolved in 150 ml of absolute ethanol and the solution is
filtered. The solution is heat treated at 60°C until the solvent has evaporated
completely. The crystals which have precipitated out are dried at room

temperature/ambient humidity.
Example 2 (prisms

0.1 g of anhydrous CDCH is dissolved in 10 ml of ethanol (10 % water content). The

solution is heat treated at 60°C unti] the solvent has evaporated completely. The
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gg ? crystals which have precipitated out are dried at room tggapgrature/ambient humidity.
36, 8 37,5
Example 3 (prisms)

4 g of anhydrous CDCH are dissolved in 300 ml of ethanol (96 %). The solvent is
distilled off in a rotary evaporator at 60°C under 120 mbar. The crystals are dried in a
5 vacuum drying cabinet under 80 mbar at 105°C for 2 hours and then exposed to

ambient humidity.

Example 4 (needles)

0.3 g of anhydrous CDCH is dissolved in 6 ml of water:ethanol (1:1). The solution is
heat treated at 70°C until the solvent has evaporated completely. The crystals which
10 have precipitated out are dried at room temperature in vacuo and then left to stand at

room temperature/85% relative humidity overnight.

Example 5 (needles)

0.1 g of anhydrous CDCH is dissolved in 5 ml of methanol. The solution is left to
stand at RT until the solvent has evaporated completely. The crystals are dried in vacuo
15 at room temperature and then left to stand at room temperature/85% relative humidity

overnight.

Example 6 (needles)

0.1 g of anhydrous CDCH is dissolved in 5 ml of water. The solution is left to stand
at room temperature until the solvent has evaporated completely. The crystals are dried
20 at room temperature in vacuo and then left to stand at room temperature/85% relative

humidity overnight.

Example 7

25.1 g of CDCH monohydrate (prisms), 3.3 g of Avicel PH 101 and 1.7 g of maize
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starch are mixed in a highshear mixer and then granulated with 13 g of water. After
rasping (4 mm), the granules are dried in a mini-fluidized bed dryer (intake air
temperature 80°C) and sieved over a 0.8 mm sieve. Subsequent mixing is carried out
with- 0.19 g of Ac-Di-Sol and 0.01 g of magnesium stearate. The mixture is then
pressed on a single punch tabletting machine (tablet format 5.5 r 9, tablet weight 68.5

mg).

Example 8

196.6 g of micronized CDCH monohydrate (needles) are mixed with 88 g of Avicel .in
a highshear mixer (powder mixture). 3.6 g of PVP 25 are dissolved in 97.2 g of water
(granulating liquid). The powder mixture is granulated with the granulation liquid. After
rasping (3 mm), the granules are dried in a dryer (intake air temperature 90°C) and
sieved over a | mm sieve. Subsequent mixing is carried out with 1.8 g of Ac-Di-Sol
and 0.1 g of magnesium stearate. The mixture is then pressed on a rotary press (tablet

format 5.5 r 9, tablet weight 83.4 mg).
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Table 1: Ir spectroscopy

Anhydrous Hydrate

form [cm™] [em™]
722 722

804 804

834 835

938 875

957 938

994 994

_ 1048 1045
1186 1082
1319 1163
1354 1184
1372 1319
1453 1352
1513 1372
1622 1394
1709 1432
2427 1456
2524 1517
2700 1624
2929 1709
3469 2427
3527 2456
2524

2634

2925

2698

2745

2893

2925

3472

3530

[

ppn]
14,1

12,1

40,

2

39,7

8,5

9,0
22,8
22,9
52,3



15 - 49. 5 59, 2 50, 1

55, 9 ;
62,6 | | 2UMK ®S7 ] 65, 8 55, 9 105, 4
56,8 20/ | __ 108,1: f 59, 4 116, 9 64, 1
117,5 |  TTBG; 8 i 134, 7 105, 0 136, 0
107,1 26— 137,3 | 116,3 =-9- 140, 1 117, 4

142, 6 135, 150, 1 136, 1 152, 6

137, 4 Table 2: X-ray diffractometry

Anhydrous Hydrate

form (2 Theta]

[2 Theta]

5 5,8 5,8

8,6 8,5

10,3 10,1

11,6 11,6

13,6 13,4

10 14,5 14,5

15,0 14,8

15,8 15,6

17,3 17,0

17,5 17,2

15 18,3 17,4

18,9 17,5

19,3 17,9

19,6 18,6

20,6 19,1

20 21,5 19,6

22,5 20,4

22,8 21,1

23,0 21,8

23,8 22,7

25 24,2 23,0

24,7 23,6

25,0 24,1

26,3 24,5

27,0 26,5

30 27,4 26,7

27,8 27,0

28,2 27,3

29,4 27,5

29,7 27,8

35 30,0 28,5

30,3 28,9

31,3 29,2

31,8 29,7

34,5 31,4

40 35,3 31,9

37,1 32,3

32,6

34,2

35,1

35,5

36,8

37,5
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Table 3: C solid-state NMR _spectroscopy

Anhydrous Hydrate
form [ppm] [ppm]
8,5 7,7
12,3 8,3
14,1 9,0
18,2 10,8
20,0 12,1
22,8 18,2
35,2 19,8
39,7 22,9
46,5 34,9
49,5 40,2
52,3 47,0
55,9 49,5
59,2 50,1
62,6 52,6
65,8 55,9
105,4 56,8
108,1 59,4
116,9 64,1
117,5 66,8
134,7 105,0
136,0 107,1
1373 116,3
140,1 1174
142,6 135,2
150,1 136,1
152,6 1374
165,3 140,8
166,0 143,5
175,5 1493
150,9
168,1

175,5
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Anhydr ous

110
243
425

Table 4: Raman spectroscopy

Anhydrous Hydrate
form [em™] [em™]
110 109
147 148
243 243
278 278
388 309
425 425
496 496
. 543 543
723 724
833 833
964 962
1031 1031
1191 1191
1267 1305
1305 1321
1320 1352
1354 1376
1376 1433
1433 1490
1491 1554
2891 1619
2922 1711
2957 2835
2991 2888
3020 2923
3054 2942
3069 2958
3082 2977
3088 2990
3110 3019
3056

3069

3089

3106

278

425

-11 -

Hydr ate
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1031
1305
1376
1491

Table 5: FIR spectroscopy

Anhydrous Hydrate
form [em™] [em™]
137 95

165 111

187 139
219 145
230 163
248 185
279 220
289 230

- 311 277
342 313
370 340
386 369
396 388
412 399
423 412
436 423
456 436
474 459
494 476
494

543
833
1191
1321
1376
1554

-12 -

543
964
1191
1320
1433
2891
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Patent Claims

1. Monohydrate of CDCH, of the formula

H
N o]
[/\CN °  xHOl xH,0
H /
OCH, N OH

which has a characteristic peak at 168.1 ppm in the “C-NMR spectrum and a

5 band at 26 = 26.7 in the X-ray diffractogram.
2. Compound according to Claim 1 in the prismatic crystal form.
3. Process for the preparation of the CDCH monohydrate according to Claim 1,

characterized in that anhydrous CDCH is treated with an amount of water which

- is at least sufficient for thorough mixing and hydration until the stoichiometric

10 content of water of crystallizatioﬂ has been absorbed and conversion of the
crystals is complete, the crystals of the monohydrate thus obtained are separated

off and the adsorbed water present is removed.

4, Process according to Claim 3, characterized in that a suspension of the
anhydrous CDCH in aqueous media is stirred until hydration and conversion of

15 the crystals is complete.

5. Process according to Claim 3, characterized in that, to prepare the monohydrate
in the form of prisms, anhydrous CDCH or CDCH monohydrate in the form of
needles is dissolved in media having a water content which is stoichiometrically

sufficient but limited to 10 %, and the solvent is then removed.

20 6. Process according to Claim 3, characterized in that anhydrous CDCH is exposed
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10.

to humidity until the crystals have been converted quantitatively.
Medicaments comprising compounds according to Claims 1 and 2.
Antibacterial compositions comprising compounds according to Claim_s 1 and 2.
Use of compéunds according to Claims 1 and 2.

Use of compounds according to Claims 1 and 2 in the preparation of

medicaments.
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New _crystal modification of CDCH, a process for its preparation and
pharmaceutical formulations comprising this modification

Abstract

The invention relates to the new monohydrate of l-cyclopropyl-7-([S,S]-2,8-
diazabicyclo-[4.3.0]non-8-y1)6-fluoro-1,4-dihydro-8-methoxy-4-oxo-3-quinolinecarb-
oxylic actd hydrochloride (CDCH), a process for its preparation and pharmaceutical

formulations which comprise this monohydrate as the active compound.

No sultable flgure suggested
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Fig. 2
TGA thermograms of CDCH
Anhydrous form
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m xi ng and hydration until the stoichionmetric 10 content of water

of crystallization has been absorbed and conversion of the
crystals is conplete, the crystals of the nonohydrate thus obtained are

separated [} g 3
DSC thermograms of CDCH

Anhydrous form
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L i 4 e e e 2 v . rmn, steaniri s

of f andggﬁéﬁéﬁ%@@ﬂeﬂHEBTEr present is renoved. 4. Process
accordifng to C ai m™3,tharacterized in that a suspension of the

anhydr ous CDOHMAR ig5guepus media is stirred until hydration and conversion
of 15 the crysgals is conplete. 5. Process accordi ng
to C at m3,Tharactertzed in that, to_pgepare the nonohydrate

in thelformof prisns, aphydrous CDCH e+~-CDCH nonohydrate in the form of
needl es i s dissolved in nedia having a water content which is
stoichionetrically sufficient but limted to 10 % and the
solvent is then renoved. 20 6. Process according to Caim 3,
characterized i nthat—anhydreds—EBEHTS EYPOSEd
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- hum dity until the crystals have been converted
quant it at i veINé\ { 7. Medi canent s conpri sing conpounds according to
Caing 1 ahtMAR 1997 |
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13¢ solid-state NMR spectra of CDCH
Anhydrous form
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“‘éorrposi tions conprising conpounds according to Clains 1
Wse of conpounds according to Clains 1 and 2. 5

' h@m@LRﬁw’Pounds according to Clains 1 and 2 in the preparation of
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Fig 8 ...8... S

Microscopic photograhs of COCH

Prisms
Polarized transmitted light
image diagonal about 1.2mm



