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SALT OF NAPHTHYRI DI NE CARBOXYLI C ACI D DERI VATI VE

TECHNI CAL PYRP§42705 The present invention relates to ECTH RSN
associ ated hydrates of racemc

7- (3-am nonet hyl - 4- met hoxyi m-nopyrrolidi nt1- yl)~ 1-cycl opropyl -
fluoro-4-oxo- 1 ,4-dihydro- 1,8-naphthyridine-3-carboxylic aC|d processes

Lhei e ous Pr SKET 0N nAPRTRIRIINE CREBOXYLIC AU SkﬁWAhﬁQ/Ea“d
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BACKGROUND ART EP 688772 (corresponding to Korean Patent Laid
open Publication No 96-874) discloses novel
qgui nol i ne( napht hyri di ne) carboxylic acid derivatives i ncl udi ng anhydr ous

7- (3-am nonet hyl - 4- met hoxyi m nopyrro- |idi n- 1-yl)
-cycl opropyl - 6-fl uor o- 4- oxo- 1, 4-JEGHINKCAL, FIEIIt hyr| di ne-3-car- boxylic
acid of fornmula I, having antibacteri al act|V|ty

[err]
The present invention relates to a salt and associated hydrates of

racemic  7-(3-aminomethyl-4-methoxyiminopyrrolidin-1-yl)-1-cyclopropyi-6-
i

fluoro-4-0xo0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid, processes for

their preparation, pharmaceutical compositions comprising them, and their

use in antibacterial therapy.

BACKGROUND ART

EP 688772 (corresponding to Korean Patent Laid open Publication
No '96-874) discloses novel quinoline(naphthyridine)carboxylic acid
derivatives, including anhydrous 7-(3-aminomethyl-4-methoxyiminopyn‘o-
lidin-1-y1)-1 -cyclopropy1-6—ﬂuoro-4-oxo-1 ,4-dihydro-1, 8-naphthyndme-3-car—

boxylic acid of formula I, having antibacterial activity.
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DISCLOSURE OF INVENTION

According to the invention there is provided 7-(3-Aminomethyi-



DI SCLOSURE OF | NVENTI ON According to the invention there is
provi ded 7-(3-Am nonet hyl - WO 98/ 42705

PCT/ KROS/ OW$)%98/42705 ' ' 2 PCT/KR98/00051
4- et hoxyi mi nopyrrolidin- 1-yl)- 1 -cyclopropyl-6-fluoro-4-oxo- 1

, 4-di hydro- 1,8 -naph- thyridine-3-carboxylic acid nethanesul f onate.

7- (3- Am nonet hyl - 4- met hoxyi m nopyrrolidin- 1 -yl)-1 -cycl opropyl -6-

fl uoro-4-oxo- 1, 4-di hydro- 1, 8-naphthyridine-3-carboxylic acid

met hanesul f -4- n@éthbﬁyﬂfuﬁbpymhﬂﬁr-1+34)-elmwlbpmp§tls6-ﬂ1kmmb—bherue44&ﬂﬁymat198) may
be obtained as an anhydrate or a hydrate i.e. nethanesul fonate. nH[err]O

Hydr ates of <maphrehymidinen3carhoxylighacidi methanesulfonate range 1 to 4 are
preferred. Particular hydrates of the nethanesul fonate which nay be
mentioned are those in which nis 1, 1.5, 2, 2.5, 3, 3.5 and 4.

Particul ary preferg A‘iﬁg@%lﬂ?l-@rlﬁeﬂlaﬁﬂnanpgﬂ"oﬁﬁirﬂll -]tacirc?c;;grégy%i h

n=1.5 being nost preferr ure co

net hanesul f offaé®-dokioal dsdigdics$, waﬁhﬂl?rhmma:bmheunma (Retiinebite-

hydr at ed nol ecul e, The net hane- fonate has_a nol ecul ar wei ght of
485.5 thus tonatea(hereinafier refestad do @%nﬂ@nmashanﬁ,sulfanat@ )winstye be obtainedt. 5,

2, 2.5, 3, 3.5and 4 js 3.6% %. 6. 9W 10.0 11.5% and 12. 9%
respecti vel yas anl—%dé? te of Wehé(a{q?%lll 3@?,{11%9 t he

met hanesul f onat e hydrates may differ fron1the cal cul at ed val ue dependi ng
on various factors including recrystallization conditions and drying

conditions. The phatesedf thel fletimesalfordtt wherdiien Bt RRtRE UtangBal eto

hydrates where nis 1, 1.5 2, 2.5, 3, 3.5 and 4 is shown in Table 1:
4 are preferred Particular hydrates of the methanesulfonate which may
be mentioned are those in which n is 1, 1.5, 2, 25, 3, 3.5 and 4.
Particulary preferred compounds are those in which n is 1.5 or 3, with

n=1.5 being most preferred.

The moisture content of the methanesulfonate hydrates varies with
the hydration number (n) of the hydrated molecule. The methane-
sulfonate has a molecular weight of 485.5 thus the calculated moisture |
content of hydrates where n is 1, 1.5, 2, 2.5, 3, 3.5 and 4 is 3.6%,
5.0%, 6.9%, 8.5%, 10.0%, 11.5% and 12.9% respectively. However,
the actual moisture content of the methanesulfonate hydrates may differ
from the calculated value depending on various factors including
recrystallization conditions and drying conditions. The observed
moisture content for the methanesulfonate hydrates where n is 1, 1.5, 2,
25, 3,35 and 4 is shown in Table I:
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3 Tabl e 3v098/42705 Hydration Nunmber (n) . |Vb| sture Gont epé'rl‘(é(b%oég
1 2 ~

2

3

4 1.5
6 ~ 8 2.5 8 ~9
9 ~ 11 3 3.5- 11 ~ 12
4 12 ~ 13 It is possible to mx

nmet hanesul fonate hydrates having different noisture contents together to
gi ve mat eri alTlableai. ng i nt ermedi ate noisture contents. Preferred
met hanesul fonate hydrates have a noisture content of from4 to 6% or from
9 to 11% especi aIIy a noi sture content of from 4 to 6% The

nmet hanesul f ofpate—has—been—observed—to—extst—as—a—stable—hydrate over a
range of hydpat iI-Iyldramanumb(ean) Mo&turbl(limttgnto@/ot\lwm) hiydrate refers to
I ts resi st an¢e—totoss—or—gart—of—water—otecttes—eontaHned in the
conpound. The net hanekul f onat e hydrat es Mai-atdn a constant noisture
content over jam extended_refativehum dity range. ——The 153 hydrate has a
constant moi sture conteh? at a rellative hurf dity of fromat least 23 to
75% and the[n=1.5 hydr%te has a donstant ¢! sture contgnt at a relative
humdity of {rom23 to 64% (see Fijqures 3 and 4?) n contrast,

noi sture absorption by 4ke anhydrgte varieg _ g9 '

3 9 ~ 11
3.5 11 ~ 12

4 12 ~ 13

It is possible to mix methanesulfonate hydrates having different
moisture contents together to give materials having intermediate moisture

contents.

_ Preferred methanesulfonate hydrates have a moisture content of
from 4 to 6% or from 9 to 11%, especially a moisture content of from
4 to 6%. | |

The methanesulfonate has been observed to exist as a stable
hydrate over a range of hydration numbers (n). Stability of the
hydrate refers to its resistance to loss or gain of water molecules
contained in the compomid. The methanesulfonate hydrates maintain a
constant moisture content over an extended relative humidity range.
The n=3 hydrate has a constant moisture content at a relative humidity
of from at least 23 to 75%, and the n=1.5 hydrate has a constant
moisture content at a relative humidity of from 23 to 64% (see Figures
3 and 4). In contrast, moisture absorption by the anhydrate varies
greatly with relative humldlty



greatly with relative humdity. WD 98/ 42705

PCT/ KR98/ 00Q8%s/42705 4 TKREOd0Bs he
nmet hanesul foﬁatwe anhydrate. and n=3 hydrate undergo transi tll)%n to tEe1
n=1.5 hydrate in aqueous suspension indicating that the latter is

t hernmodynanically nore stable. ~ The n= 1.5 hydrate is a sesqui hydrate at
11 to 64% of relative humdity. Above 75% relative humdity, it takes up
water over 10% and its X-ray diffraction pattern changes. The hydrate

(another form of n=3 having different physio- chem cal properties fromthe
n=3 hydrate of Exagple btai ned. Jrom ne=l.5 hydrate a 3% relatjve
humidity is not stgghb tﬁ% %&k@@%g‘fg{l@t\gemﬁam tap itn’g%nglé‘#ﬁe 2%

ot sture contEnpop’ & et f-Tholiste 3R QMiedks buspension ndichfE i e

envi ronnent tater tiel diérmmdyhamicklly, mofer stablet i on Thddin=1ves hotieate i is &y
require careful handling during storage or fornulation, with operations

such as quansesqpugraico@bahly &2 6%ngl Tplativer huaidity.a dr Aboyen75% relative
hydrat es do pot .ghan Ip moisture cont as geasi and,.hence products
V\A)‘/li ch are stﬁm&?ﬁ 360‘@5?&;&5’ VT a(bvcfram&/ 4 gy t_%ﬁaw?ﬁﬁc%{)d? 0
The hydr at t ab t ' dinki [ ' -t h
wnter” cont i SOEPER. || ITRE RIS NS Toffl ok 15, Having Mfffert, BEGsion o,
be possi bl e themicd! ptopeheesafivmir thcenad aydiate | of Bxa@msler 2) obtained fromdhe

present invention also provides a process _for the preparation of ]
7- ( 3- am nonenimls hydsatgoayi 9 %o pslative i lumidity yis) not - sigbleopt dioyver 61¢lative o-

4- oxo- 1, 4-di hydr.9- 1, 8- napht hyri dj ne- 3- oxylic acid,methgnesulfo e and
hydr at es thgﬁgﬂ&tyw‘ﬁ gﬂﬁverg%mﬂ( s n—ﬁg% %e at7a Ee-lﬁﬁwengﬂ’é?ﬁ}tﬂ Bgltow

met hoxyi m nopxyés olidin- 1-yl)- 1 -cyclopropyl-6-fluoro-4-oxo- 1 ,4-dihydro
1, 8- napht hyfridi ne-3-carboxylic acid with nmethanesul fonic acid and _

crystallizing the resulting methanesul fonate from sol ution, and where -
desired or

Since the moisture content of the anhydrate changes readily
depending on the environment eg. relative humidity, formulation
additives etc, it may require careful handling during storage or
formulation, with operations such as quantifying procedures being
performed in a dry room. The hydrates do not change in moisture
content as -easily and hence products' which are stable to prolonged
storage and formulatién may be obtained. The hydrate can be
tabletted without the addition of a binder since the water contained in
the compound itself acts a binder, whereas it may not be possible to

tablet the anhydrate at a similar pressure.

‘The present invention also prévides a process for the preparation
of 7-(3-aminomethyl-4-methoxyiminopyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-
4-0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid methanesulfonate and

“hydrates thereof which comprises reacting 7-(3-aminomethyl-4-
methoxyiminopyrrolidin- 1.-yl)- 1 -cyclopropyl-6-ﬂuor6-4-oxo- 1,4-dihydro-1,8-
naphthyridine-3-carboxylic acid with methanesulfonic acid and crystalilizing'

the resulting methanesulfonate from solution, and where desired or
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.5 nec gj usting the hydration of the conpound.  pcy/xRresoosine
met hanesul ?@?gtﬁé "’aand its hydrates nay be prepar ed by the addi tion of

met hanesul fonic acid to the free base whi ?fp may be prepared as descri bed
in EP 688772. Preferably, 0.95 to 1.5 ol ar equivalents of

nmet hanesul fonic acid is added to the free base, or 1 nolar equival ent of
met hanesul fonic acid ssol Vﬁg Ln,a suit %e sol vent, i s added to the free
base.  Sui t AFESSARY & :l?é(df?rt’é‘p'apgt ©FOMPQU. net hanesul fonate  and
Its hydrates include any solvent in which the nethanesul fonate is
substantially insoluble, suitable solvents include CJerr]-Cerr]

hal oal kanes, " [ err The] eiethanesalfoniiel Sndnes Whyefatesomay XBaIr @epiiar 891 the

Di chl or omet hane, chl or of orm 1, 2-di chl or oet hane, n®et hanol, et handl ,
propanol and adeitim ofr methaneselfonict agid etof thex freepbaseemhach snhy dret prepared

ol uti on’ bef dpeIHETHS Z&%&?&@?S‘i? Freteiplinic 0°8) ¥ hat Faaldy caviyglents

met hanesul f o t nsj.o p

suspensi on, gif Wﬁgﬁnr ee chﬁd fsn%ﬂe vtgnEh% ﬁeétﬁﬁgw%lﬁg?argg ¥ gémﬁlggfe%e
met hanesul f O’b‘fcnéﬂiﬁie%ﬁﬂoﬁi%aﬁ&idon disyivedein 2 suRtiBIEesciREyt iddau8 il Ghe
stand or is stirred for 1 to hours at a tenperature of from about -10
to 40[err] C. freeThasa.es uSmtaigienmlhmtesfmlrfﬂmapxeparatmnobf dheemetimnesul foriate

whi ch can be isolated by fi]t i on or ﬁf' I enov 'g]ré the sol vent under _
reduced pres@ifdelts ydrates Inc SR¥nsokyeat alf‘eé"’ amethangsylippatg dring

th tal| i '

ot hanesur f onapgantiglly inSeRSIE, PREbIE Ever® inblile B LE MMMk, o
met hods knowqiddhold'usA watdd, | drethixturk$ahérebf.  Dichloromdthénd)’ SH6F3form,

I nvention al so provides a process for the preparation of a hydrate of

7- ( 3- ami nonetliB-dichlorsetiane, mimedhanol ol éthiamol.] - pﬂopanel and water, or mixtures

cycl opropyl - 6-fl ugro- 4- ox 1., 4-di hydro- - napht hyri |ne 3 -carboxylic
Z. d Propy thereof, are pre erred solvents Ii1 necessa:y, @( ec base may e):/

heated in the solvent to facilitate solution before methanesulfonic acid is
added, alternatively the methanesulfonic acid may be added to a
suspension, or partial suspension, of the free base in the solvent.
Following addition of the methanesulfonic acid the reaction mixture is
preferably allowed to stand or is stired for 1 to 24 hours ‘at a
temperature of from about -10 to 40C.  The resulting methanesulfonate
is obtained as a solid which can be isolated by filtration or by removal

of the solvent under reduced pressure.

Different hydrates may be obtained by altering the recrystallization
conditions used in the preparation of the methanesulfonate, such
conditions may be ascertained by conventional methods known to those

skilled in the art.

The present invention also provides a process for the preparation
of a hydrate of 7-(3-aminomethyl-4-methoxyiminopyrrolidin-1-yl)-1-
cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-1,8-naphthyridine-3-carboxylic  acid
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6 °~ net hanesul fonate conprising exposi ng the nethanesul fonate anhydrate or

a solvate tWOBHHT0S0 a high relative humdity. ThePCT/KR98/00051
met hanesul f onate anhydrate or solvate thereof is preferably exposed to a
relative humdity of at |east 75% 6 The net hanesul fonate anhydrat-e

or solvate thereof may be exposed to high relative humdity by passing
hum di fied nitrogen gas through the nethanesul fonate anhydrate or solvate

t hereof or byné&hanckuldnateh® 12 Sl | yat. e her eof
under a high relative hum gi ty. ﬂogﬁ%t ?hgnﬁ%%{%e&lg%n%gt ?@fyéﬁa afTused
in this procassolvater thereofpte a high eglativgdsurmadityng a hunidity of at |east

75% may be made by conventional nethods. In this process it is
desirable to maintain the tenperature in the range above which noisture

condensati on coul d o rticukarly in |arge scal e production, it
is preferable to sIﬁ% ﬁ?&ha“ggﬁ&’%ﬂ?h éﬁ“l‘ﬁ/ %iqoévqtge ki isi erefarablygen
gas i s passedxpbyeAiesa reffieve tibidHy 8 Bt | Ball 99y od by standing the

met hanesul fronate anhydrate or solvate thereof under a high relative

hum dity, for exanple a relative humdity of at least 75% it is

preferable to spread the sanple_as thinly as possible in order to raise
the conversion ef f TB¢ efagthancsulfonate Trahydrateat @5 ofolwate hathesedft omaye be

anhydrate which y be,used in.th rocessg according to this aspect of the

present i nveﬁf‘?%%%i ] erH}la eegm%“gﬁyo cﬂasﬁ’ﬁgeq'ﬁ\“b‘ékﬁfiﬂs SRIMPEAR s gas

Preferred so ' Ci'q]éﬁ?args 5 | qal ernl-gert

al cohol s, fopﬁgg ﬁp e those sg{fg%%tgj y&‘ﬁ%hgi’iggr&%%gcgﬁgqog Ph yof%{aé'tdﬁ‘lﬁuol,

di chl or onet htiree methancsubfonate antydratetdry soRraRssOB#iebf under a high relative
humidity. '

The humidified nitrogen gas used in this process, for example
nitrogen gas having a humidity of at least 75%, may be made by
conventional methods. In this process it is desirable to maintain the
temperaﬁxre in the range above which moisture condensation could occur.
Also, particu.larly in large scale production, it is preferable to stir the
sample thoroughly while the humidiﬁed nitrogen gas is passed through.
When the hydrate is prepared by standing the methanesulfonate anhydrate
or solvate thereof under a high relative humidity, for example a relative
humidity of at least 75%, it is preférable to spread the sample as thinly

as possible in order to raise the conversion efficiency.

The solvates of methanesulfonate anhydrate which may be used in
the process according to this aspect of the present invention include
solvates with one or more organic solvents. Preferred solvents includé
Ci-Cs haloalkanes and C;-Cs alcohols; for example those selected from
the group consisting of ethaﬁol, dichloromethane, isopropariol and

~ 2-methyl-2-propanol.
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7 s of the methanesul fonate anhydrate are n

accordi-ng t%ég}d%rfher aspect of. the invention there is progf%agéwﬁmgoga-vate
of 7-(3-am nonet hyl - 4- met hoxyi m nopyrrolidin- 1-yl)-1 -cycl opropyl-6-fluoro
-4-0x0- 1, 4-di hydro- 1, 8-napht hyri di ne-3-carboxylic acid

net hanesul fonate w th one or nore organic sol vents. The

solvates of the nethanesulfonate are prepared by recrystallization
and control | ed by Saleatesnef t then methanesujfonate | anhygraty sarem novel Thukhe
met hanesul f onat e .and_its shydrates ot.ent |bacter| al

activity as %r@sﬁoﬁ'& ??@Sgﬁs@ed&vﬁng%d e gp pl’Qg ba solyate

net hanesul fo thﬁ t ﬂ@b?ﬁn ' em_cal
properties i ncI ud ng | rr%?% daslgﬁu 1T tﬂ?ﬁgkﬁ‘oggﬁi;?aﬁ?q %l%i)ﬁg?g W ent
regardl ess o#4-oke-1 &dﬂl}&hb-lr&inaphﬂgnﬂum-mdayboxmﬁn @dPangsthitesufenhtcee
base and other salts thereof. The nethanesulfonate and its hydrates thus -
exhi bit greaWith eng OTromofe AIBaRg, saluentsiy control and fornulation than the
free base and other salts thereof. As nentioned above the

met hanesu] fonate and its hydrates exhibit antibacterial activity. The

net hanesul fonat e qq@ol tl mgsr atgp nNEy b‘?net?:&ﬁé?ﬁ i%hﬁfé foa{readrprgéa?%é on in

any conveni ent way r use In human or erinary nmedi CI'ne to

techni ques aedrydtalliestiore andecortfollddnb ncéﬁtﬁtlaﬁtoﬂ/\&'édi‘%létﬂﬁﬁlﬁ%"%?sfeﬁl.m her
antibiotics, and the invention therefore includes hin i scope a

pharnaceutlcal conposition conprising

7-(3- am nonet hyl i_ net hofi%nqslﬁpq%ér r oqwi(rji.n- #@2%%@% géﬁ.{ﬁl)qutﬁgyls .
6- fl uor o- 4- oxo- 1, i 145 r ciSaMmge POM™sul f -
onate or a wr%eew CHS I WrkdipBn il TGS BAGR diYcIBEES Pl BB

carrier or exciprent ONns Eornpri sing t
net hanesul f GG887720r hmeahﬁzthélﬁs_&h'bnatc and its hydrates also exhibit desirable -

physicochemical properties including improved solubility and constant

t‘.'i

moisture content regardless of the ambient relative humidity when
- compared to the free base and other salts thereof. The methénesulfonate

and its hydrates thus exhibit greater ease of handling, quality control and
. formulation than the free base and other salts thereof.

As mentioned above the methanesulfonate and its hydrates exhibit
antibacterial activity.. The methanesulfonate and its hydrates may be
formulated for administration in any convenient way for use in human or
veterinary medicine, according to techniques and procedures per se
known in the art with reference to other antibioticé, and the invention

- therefore includes within its scope a pharmaceutical composition
comprising 7-(3-aminomethyl-4-meth6xyimin'opyrrolidin-l-yl)—l-cyclopropyl-
6-fluoro-4-0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid methanesulf-
onate or a hydrate thereof together with a pharmaceutically acceptéble

carrier or excipient.

. Compositions comprising the methanesulfonate or hydraté. thereof
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8 as active |n redi ent may be fornul ated for adm ni stratl ‘?’Eﬂbﬁx 0X
suitabl e r¥A8°842%Gch as oral, parenteral or topical appli cat 98100051, ¢
conpositions nmay be in the form of tablets, capsules, powders, granules, -
| ozenges, <creans or liquid preparations,Ssuch as oral'or sterile
parenteral solutions or suspensions. Tabl ets and capsul es for oral

adm nistration may be in unit dose presentation formand nay contain
convent i onal agxaotivieeinigredienh mas be doimmulategle fiors adfministratiopl by amydswixatile opy!
met hyl cel |l ul ose, hydroxy propyl elullqQse, syrup acacia, gelatin,
sorbitol, tl’@ljﬁcéﬁ%‘«lh as gral, Wil‘ﬁyF‘?R}Wll ﬁBlPﬂéﬁa“Ppl | er dhet wmesaaﬁlpné

morocr ystal e e 'z#'tﬁ? éqrntacf Bflesst BRBsuld, PEuAbE, Bratliss inees,

phosphate, s t y ’t r

magnesi um s, or 1 Ri f}ha}fﬁﬁ&{é e§ifch Qt'syﬁfﬂl & s&!rhé eﬁie?élmsﬂ%hgﬁés’
h col ate

for exanple sodium st cross |1 nked polyvl pyr o one or

potato starchi swspessiems.abl éramw oyl agpsilss fetlcxhahadﬁﬂdlstranbmuhiy sallifiat e.
The tabl ets may be coated according to nethods well known in nornal
phar naceut i cahitpdess jpsesentationy £q>tm| ad anay coptaint savsntiapalpex¢ipiants stek m

o’ eff’iifia:‘éﬁea?ﬂlgi"“s %ﬁrh% : f%pﬁqxfirﬁﬁiwe@y ?r%'?t?wicd SR
Cont ai ﬁrcﬁﬁvﬁf?.ohéw IRET caffup, c pPada Cpclas CROHI, | PagRIuEL PR T

sorbitol, nepbkvig F]ml idoney! ufilless, sforupexapsplet | miclopdyswalling hyd:ellulose
cel | ul ose, caboxyne cel | ul ose, al uni ni um stearate gel or hydrogenat ed

edi bl e fats; lastodesi| fs;agag agairesstarchs ahwne phasphate, n soghitadi tarm glycine;
nonool eat e, or, ,acaci non

| whi ch
oils), for eiaQJrfﬁ"é‘ mﬁa"&? Lfeﬁ?‘?s g C i “%F\}‘Bgrf'tﬁ%‘%te’ppag%ylpg}ie%}'blﬂ}%l,
or ethyl al copply B QAR a&isiiﬁé grants, dﬁff ?ﬂéﬁgﬁew& 'starEh Oglg/lcolaﬁ » CTOSS.

p- hydr oxybenzoat'e or sor i C acl I red conventio vouring

or coloring #akedSp owﬁwm&bnidomowpdtatooaﬁamm e avEsPtalsio alvettiigd pgénts or y
"base, e.g. cocoa-butter or other ?I yceri de For parenteral

adni ni st rat i sach fasusodium tlawyd agdiater ns Thectablatpamey be coatad segardings to
PCT/ KRo8/ 000Exsnle:thods well known in normal pharmaceutical practice. Oral liquid

preparations may be in the form of, for example, aqueous or oily
suspensions, solutions, emulsions, syrups or elixirs, or may be presented
as a dry product for reconstitution with water or other suitable vehicle
before use.  Such liquid preparations may contain conventional additives
such as suspending agents, for example sorbitol, methyl cellulose, glucose
syrup, gelatin, hydroxyethyl cellulose, caboxymethyl cellulose, aluminium
stearate gel or hydrogenated edible fats; emulsifying agents, for example
lecithin, sorbitan monooleate, or acacia; non-aqueous vehicles (which may
include edible oils), for example almond oil, oily esters, glycerine,
propylene glycol, or ethyl alcohol; preservatives, for example methyl or
propyl p-hydroxybenzoate or sorbic acid; and, if desired conventional
flavouring or coloring agents. Suppositories will contain conventional

suppository' base, e.g. cocoa-butter or other glycende.

For parenteral administration, fluid unit dosage forms are prepared



9 + wutilising the conpound and a sterile vehicle, water being preferred.
The net hanegyy dgpfse or hydrate thereof, can be either susp 94/00051
di ssolved in the vehicle, depending on the vehicle and concentration

used. In preparing solutions the nethanesul fonate or hydrate thereof
can be dissolved in water for injection afld filter sterilized before
filling into a suitable vial or anpoule and sealing. Advant ageousl y,

agents  such as |ocal anaesthetic, preseryative and buffering agents can
be di ssol vaulising hthey gompeund andy anistesile vehicle,abwater y beinge prefierosd.ti on
can be | yophi-i sed ' hjlls owder sealed,n a vial, .an
acconpanyi ng fh‘"w%@‘%@fm’%@ +‘ﬁﬂ§€¢f‘%’n%ﬁ§%°gg ?&p&?q Kithes  suspended; ore
the powder pryigiolvedl iwnS&he vERCRNT PRRS ItRES r r bRag
substanti al | ydlt 0e ésaarre rra?mgr exéeggﬁétnﬁg#gt %Eel ntg?hgﬁré@tlj f%@t géj%cre_h f/u Phte
thereof is suspdndedln rpreparivg hsolitons she amhediaresuifgnates 98! Hpdrat dhereof
sterilization cannot, be acconplished by filtration. The nethansul fonate
or hydrate tK@nebe dissplued dnewatarziar byjeetigm Ande filtsr esteyilised beforte fillingr e
suspendi ng in_the stenile vehicle. Advant ageousl y, surfactant or

wet ting agentmfos 3 ﬁﬁﬁﬁ?}Sd"‘iaﬁ ‘ll’rh@“wﬂ%%sﬂ(f&ﬁgﬁ%'f aci |*‘%5¥%‘§a&?ﬂl¥s »psents

di stribution t 15édangasdthanat rl??‘tw t h ; Th

met hanesul for?gtaé %rg hydar’ate t her edf epégile a so@b?(?o?%ufﬁeg?éd agfgtsancan e

i nt ramanmary dissobasl tin othef wehick. er i nafo enbhance the stabilithe the ngsapédiAon Moy
contain fromO.1%to 100% hy weitggt, preferably from10 to 99.5%b

wei ght, nor e cgneber lyophilised namd dno Iyophijisodi powder senledadn i aevial, an

' di ent d the,f .d di th hod of .

i nl St 1 at | GREOMPIYBE cViSh o A< K15 ANECHGI 1BAY b (UORUE i FEEOnBHBNE uni 1
AN f [ 0-4k200 h | | di d

25 the froe Bago PONER Pl TI e el o BRShlBoy E PPl

preferably ranbstahtially thOGane manné? except tidaytheometharesalfonsteast hiydraki ent
(body weight 70 k?)z for WD 98/ 42705 ) )
PCT/ KR8/ 000%hereof " 1s suspended in the vehicle instead of 1being idissadved: asd0 ny

per day,. dep%?e%hnz%tiglq (t:ar}l%o% G %cggrgp{iél{ae%u%glcﬁluqa{tion. The methansulfonate

or hydrate thereof can be sterilized by exposure to ethylene oxide before

)

suspending in the sterile vehicle. Advantageously, a surfactant or
wetting agent is included in the composition to facilitate uniform

distribution of the methanesulfonate or hydrate thereof.

The methanesulfonate or hydrate thereof may alsb be formulated

as an intramammary composition for veterinary use.

The composition may contain from 0.1% to 100% by weight,
preferably from 10 to 99.5% by weight, more preferably from 50 to
99.5% by weight of the active ingredient measured as the free base,
depending on the method of administration. Where the compositions
comprise dosage units, each unit will preferably contain from 50-1500
mg of the active ingredient measured as the free base. The dosage as
émployed for adult human treatment will preferably range from 100 mg
to 12 g per day for an average adult patient (body weight 70 kg), for



adm ni stration. Such dosages correspond to approximately 1.5 to 170
ng/ kg per day. . Suitably the dosage is from1l to 6 g per day. - The
daily dosag%%s"‘gmst ably given by administering the active FPREKEIVENE! once
or several tinmes in a 24-hour period, e.g. up to 400 ng rmaybe adm nstered
once a day, in practice, the dosage and fnequency of adm nistration which
w.ll be nost suitable for an individual patient will vary with the age,

wei ght and response of the patients, and there will be occasions when the
physi ci an wi |instanoes 560 hingheperoday pvdepetidipgcorintle foste§ hg ek {l&ﬁgpe&cy
of adm nistratjon, Such dosage reginmens are within the scope 09 thr's

i nvention.  administratioge pregﬂﬁh asages icomrespend i toc hppreximately Hofl @f 170

treating bacteri;al __infectiqns,.i maps and i mal s i ch nmet hod conpri ses
i ni ster ngReld ek G | SHib thEctsnEe Troi o110 6 & per day

7- (3-am nonet hyl - 4- met hoxyi m no- pyrrolidin- 1-yl)- 1 '

-cycl opropyl -6-fl uoro-4-oxo- 1 ,4-dihydro- 1 ,8-naphthyridine-3

-carboxylic acid niheaniailyl fdosage r saithblyr gifert "By e@dministering thd Naclive
further aspect, the present invention also provides the USe'og _

7- ( 3- am nonetingrediente PRGS VATNFENSEYL Himasdim-a R4yhgurl penigd,| o oy 1t 6400 ungo- 4-
oxo- 1, 4-di hydr o-,1, 8-.napht hyyi di ne- 3: carboxylic acjd t hanesul fonate or_a
hydrate t her dBY§% 24T 'e'qi‘?‘a%{ﬁ%Fu?edq}’P m Réﬁt’é’ﬁnéh? &%ﬁg% rasuk iffeguenest @fi al

i nfection. . The e Lts hydr are tive.

agai nst a .br&é‘é‘““%sé’r?é@ofﬁﬂéﬂan?gg% %g&a?\‘g lgnﬁ)ﬁeé‘gti?\agﬁgﬁﬂt B?ﬁ%{}t il ey
be used to tvaentwith thel dge, waiglt awd reg;mﬂsgrd,ﬁ ivati i WaTod N, 1

those in i nﬁaﬁsralqconprom %eed patients. V\O%%P?Zl%fg’ WA dieRE Wil B
PCT/ KR98/ 000®gcasions when the physician will choose a higher or lower dosugengat

many ot her use t he t hanesul fonate. and its_hydrates
y 2 different r?equency oft adminiseration. Suth osage regimens are within

the scope of this invention.

The present invention also includes a method of treating bacterial
infections in humans and animals which method comprises administering
a therapeutically effective amount of 7-(3-aminomethyl-4-methoxyimino-
pyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro- 1,8-naphthyridine-3
-carboxylic acid methanesﬁlfoimte or a hydrate thereof.

In a further aspect, the present invention also provides the use of
7-(3-aminomethyl-4-methoxyiminopyrrolidin-1-y1)- 1-cyclopropyl-6-flaoro-4-
oxo-1,4-dihydro-l,8-naphthyridine—3-carboxylic acid methanesulfonate or a
hydrate thereof for the manufacture of a medicament for treating bacterial

infection.

The methanesulfonate and its hydrates are active against a broad
range of Gram-positive and Gram-negative bacteria, and may be used to
treat a wide range of bacterial infections including those in

immunocompromised patients.



‘are of value in the treatnment of skin, soft tissue, resgiratory tract. and
“urinary tract infections, and sexually transmtted di setdses in humans. The
met hanesul f BRB82MWid its hydrates nay al so be used in the trREEKRH{Y000s
bacterial infections in animals, such as mastitis in cattle.

'BRI EF DESCRI PTI ON OF DRAW NGS ' Thie fol l.owi ng exanpl es and figures
illustrate the invention but are not intended to limt the scope in any
way. Figure 1 shows the noisture sorption profile of

net hanesul fonate Amhomigstt many Bwrpuses] the fiethatesaHunite! ai®! itd iQrates
hum diti es. Figure 2 shows the isothermal noisture sorption
profile of e hefroalne dRathe dreapment coforsking apeft ctissugt 2SpizatohyC. tract and

Figure 3 shows.the equjlibriummoisture content of. the ..nmethanesuyl fonate
n=3 hydrate nﬁ'ﬁg* pIZeCtons, areﬁivae di‘P}“SB‘P‘“_Eg digpaseso, i humans.

Figure 4 sho IhifBhhtdMaA® | § ' t t : S e
n=1.5 hydrat \éﬁldctf ﬂ%(tg%sglfghgﬂ[é a reliéga'tlll ?@g&ﬁﬂnlf gyl tégéoofﬂ'éeg%é’ﬁt?gﬂ%&) Héétﬂ{é%
Figure 5 showf bautenialwitdfectionsain dinfalsgtsuoh gsamtastitisoin tide.

met hanesul f onat e anhydrate of Exanple 1. _ Figure 6 shows the
powder X-ray diffraction pattern of the WD 98/ 42705

PCT/ KR98/ 00051

BRIEF DESCRIPTION OF DRAWINGS

The following examples and figures illustrate the invention but are

not intended to limit the scope in any way.

Figure 1 shows the moisture sorption profile of methanesulfonate
anhydrate of Example 1 at 25C at several relative humidities.

Figure 2 shows the isothermal moisture sorption profile of
methanesulfonate anhydrate of Example 1 at 25C.

Figure 3 shows the equilibrium moisture content of the
methanesuifonate n=3 hydrate of Example 2 at a relative humidity of 23
to 75%.

Figure 4 shows the equilibrium moisture content of the
methanesulfonate n=1.5 hydraté of Example 3 at a relative humidity of

23 to 75%.

Figure 5 shows the powder X-ray diffraction pattern of the
methanesulfonate anhydrate of Example 1. '

Figure 6 shows the powder X-ray diffraction pattern of the



3

12- ~‘met hanesul fonate n=3 hydrate of Exanple 2. The characteristic
peaks ar =7.7, 11.8 [err]. The exact position of can
vary sl i'.ghswéggfs{ﬂ@%endi ng on the experinental conditions. ri’(,:T/Kllg‘)gt{%mﬁi gure
7 shows the powder X-ray diffraction pattern of the met hanesul f onat e 3
n=1.5 hydrate of Exanple 3. @ The charact&istice peaks are 2 [err] = 8.0,
12.2, 14.7 [err]. The exact position of peaks can vary slightly
dependi ng on the experinental conditions. Fi.gure 8 shows the
variation i n methanesudfonate axt3 \hydrate| ofp Sxample i 2re of Theecharabiznistic| peakat e
anhydrate of Exappl e takep.after 0, 5, 1Q,. 20,_.30,. and 60 m nutes, :
respecti vel y,ar?rggl t‘_htla7-i7niaﬁ" | -poi lheoan“tpH%%ﬁ% ofu peaks @8 Neoy slightlyas

t hr ough; - M@F ' ential Scanning Calorinmetry on
t he met hane“ise’ﬁ)fe?((ifrrll éggﬁlﬁy%@%}ig 0 &Egg%‘\{t{éﬁ “and the net hanesul fonate n=3
hydrate of Exanple 2. - Figure 10 shows the results of

t hernogravi netric analysis on the nmet hanesul fonate n=3 hydrate of Exanple
2. Fi guFigurg shoshow$ethehapowdem X-rayy diffréctiont i pattrat tafi nthei t h
el apsed tine of the t hanesul fqnaj e solvate (ethanol content 0.11% of
Exanpl e 4, f ABFHARCSY naE?oinr\'tLi%]?hYgfé%@i ﬁtL; Eotagnplens di 156 pharaeigEistig apeaks

having a rel atjve shuni dity 9% 9 tehr ou .. Figure 12 shows the
change in X- %%/ gfgff?agtﬂlt’orlligat ?‘g‘?n -Wi'tﬁi]he e?’%?ﬁge'%f)sg‘il?flg (gffd RS can vary
met hanesul fO@ﬁ%fﬁﬂZ?&ﬁﬁS{?tdﬂﬁﬂ(& expefimhtal - OrdiRins, Exanple 5, fromthe

initial point a he sanple under a relative hum dity of 93%

Figure 8 shows the variation in moisture content with elapsed
time of the methanesulfonate anhydrate of Example 1, taken after 0, 5,
10, 20, 30, and 60 minutes, respectively, from the initial point of
passing humidified nitrogen gas through;

Figure 9 shows the Differential Scanning Calorimetry on the
methanesulfonate anhydrate of Example 1 and the methanesulfonate n=3
hydrate of Example 2.

Figure 10 shows the results of thermogravimetric analysis on the

methanesulfonate n=3 hydrate of Example 2.

Figure 11 shows the change in X-ray diffraction pattern with
elapsed time of the methanesulfonate solvate (ethanol content 0.11%) of
Example 4, from initial point of passing the humidified nitrogen gas
having a relative humidity of 93% through.

Figure 12 shows the change in X-ray diffraction pattern with
elapsed time of the methanesulfonate solvate (ethanol content 1.9%) of
Example 5, from the initial point of standing the sample under a relative
humidity of 93%.



WO 98/ 42705 _ PCT/ KR98/ 00051
13 FLgure 13 shows the change in X-ray diffraction pattern of
t he met hawgsggf‘#gﬁate sol vate (ethanol content 0.12% of Ex%ﬁ%ﬁg%ooﬂ der
various relative humdities, that is, relative humdity of 93% (1),

rel ative hum dity of 52%(2) and reI ati V& hum-dity of 11% (3),
respectively. BEST MODE FOR CARRYI NG QUT THE | NVENTI ON

The present inventors have perfornmed several experinments in order to
identify the noisture content and physicochenical property of the

net hanesul fonate a drat and ea rate, esults are
described in conne%hé/ H?Wé ﬁ\"’a\f#’ﬂﬂgellﬁ éa)f o‘ﬁféﬁﬂf&‘ pattern of the

Figure 1 sho e ti POf o

am nonet hyl - Z\ﬁeﬂ{%ﬁoéﬁ}fgﬁn{aﬁ%pyori?% | n- ﬁi Oﬁ%l)lﬁéflt ?%)"gr opy}g %ﬁﬂ uor omlldedxo-
1,  4-di hydrgrioud- félﬁﬂﬁé\}lfurﬁiidﬁl&ﬁ -thay b@X%la’t@v@Qilﬁlﬂﬁzh@fl%%fOl')atr@latlve
anhydrat e at several relative hunidities Over e whol e range of

relative  humimidity 0€si256, ()hand melative humitityr of adS6r (3); sespsctivelyds
rapidly at each relative humdity. In nost cases equilibrium is
achieved within 2 hours. Figure 2 shows the isothermal noisture
sorption profile of the nmet hanesul f onat e anhydrate according to the
change in relative humdity at 25[err]C. The weight increment (% of

Y-axis represents BRSEMODE' FOR CARRYING COUVETHE INVENTIONt can be
recogni zed that the equilibrium noisture content depends on the relative

hum di ty. Figure 3 shows the equi l i brium noi sture content of the n=3
hydrate (which is t ai ned recrystalli atlanfro askoent m xture of
et hanol and wat er) preseqt in f'é‘t%rsl N PEHOTMER Sevgral cexpezimaents 4@, order

N2 hydrate 1@ (ORRiY, shPcniGiRFe oonteft Al pifsicolEmic blofeid)Cot e 1 ¢
moi sture contgethadbsiifciate m@mr and each hydrate, and the results are

described in connection with the drawings in the following.

Figure 1 shows the moisture sorption velocity profile of 7-(3-
aminomethyl-4-methoxyiminopyrrolidin-1-yl)- 1-cyclopropyl-6-fluoro-4-oxo-1,
4-dihydro-1,8-naphthyridine-3-carboxylic acid methanesulfonate anhydrate
at several relative humidities. Over the whole range of relative
humidity tested, the initial moisture adsorption proceeds rapidly at each
relative humidity. In most cases equilibrinm is achieved within 2
hours. ~ Figure 2 shows the isothermal moisture sorption profile of the
methanesulfonate anhydrate according to the change in relative humidity
at 25°C. The weight increment (%) of Y-axis represents the equilibrium
moisture content, from which it can be recognized that the equilibrium
moisture content depends on the relative humidity. ~ Figure 3 shows
the equilibrium moisture content of the n=3 hydréte (which is obtained
by recrystallization from a solvent mixture of ethanol and water) after it
is allowed to stand for 2 weeks under relative humidities in the range of
23 to 75%. The result shows that the n=3 hydrate is more stable than

the anhydrate since it maintains a moisture content of around 10% under



WO 98/ 42705 ' _ PCT/ KR98/ 00051

14 the rel at] hum'dities tested. Figure 4 shows theyd I

noi sture %8334%%@% profile of the n=1.5 hydrate. Here?P(::-I[%%nsah?Jr??%i ns -a
noi sture  content of around 5% under the relative humdity in the range of
23 to 64% Thus, it is also identifiet as a-stable hydrate.

It has been identified that the physical properties of the hydrate are
very different fromthose of the anhydrate. For exanpl e, by
conparing t héhgoelptivexhnmjdigies fieatedi on JaBueer dsshows thpeisgtheymakhimoishure

Figure 5, the n=3 hydratg in.Figure 6,,and . the nz1.5. hydrate in Fiqure 7,
it can be se@dsp RE‘?@%P@S‘*‘%I“’?‘O? nléy‘i}%e'di f fEFRE 1 %Wse%éﬂoﬁﬂﬁ r.
I n addition, e deh oy S| S} i rﬁl%' : npi |-of isgetry
(DSC) shows t g. hgfe%;%lot 6egr%fh'{é&(]ioéefa prrggﬁgg E‘g{-‘/t ﬁgsg%porl atglﬁozr?ot t he

wat er nol eculgagscont Thagditi 3 4ke idedtifigdrast a stableghydrat@t around 50[err]C
and the exothermc peak by thernal deconposition is observed at
around 185 to 220 C, whereas the anhydrate shows only an exot herm c peak

at around 185 to 220Lerr] C due to t.he thernal .deconposj:tio i t hout any

endot hermi ¢ peak (gte as - %égg}t.‘ﬁed &P‘att HECS quﬁngfg);{%est r?gr.m?gﬂ‘é'\%f?fﬁtri c

anal ysi s sho i d ature range of endothermc
e Aef§! @itferent RORFTROMe BF the Sarlif/RRE:

peak, the ex ch corresponds t nol sture content quantified
by Karl -Fi sher method (Mettler Toledo DL37KF  Coul oneter) (see,

Figure 10). Therefore, it is verified that the endotherm c peak shown in
the DSC anal ysi sFos example, thye compasing: ths powderni-tay diffeaction. patterns

The present inventor | so.c ared the chenmical, stability, under heati ng

of the* hydr aicdethe SRBYGRaIE 3 TOREe InyBF Ac Ty CEpac I8 ARG the el

I nfl uence of t . e : 1 gal alpt e s Se LSt 4

anhydr at e anﬁ%@?a!‘g%\lﬁé Igaéﬁ%ptsea%é% edrtri%u;‘ gfygiﬂvxgé?zs ag%ddltf%g&u

extent of deqpymoshéh Osthes anallyzgdditivn) ithei thethabranabgianiing Diffigential
Scanning Calorimetry (DSC) shows that the endothermic peak produced

Yoot

by the vaporization of the water molecules contained in the n=3 hydrate
begins at around 50T and the -exothermic peak by thermal
decomposition is observed at around 185 to 220°C, whereas the
anhydrate shows only an exothermic peak at around 185 to 220TC due to
the thermal decomposition without any endothermic peak (see, Figure 9).
At the same time, the thermogravimetric analysis. shows a weight
decrement at the temperature range of endothermic peak, the extent of
which corresponds to the moisture content quantified by Karl-Fisher
method (Mettler Toledo DL37KF  Coulometer)(see, Figure 10).
Therefore, it is verified that the endothermic peak shown in the DSC

analysis is due to the evaporation of a water molecule.

The present inventors also cbmpared the chemical stability “under
heating of the hydrates with that of the anhydrate in order to identify
the influence of hydration on the chémical stability. In this test, the
anhydrate and hydrate were each kept at 70°C for 4 weeks, and the

extent of decomposition is analyzed by liquid chromatography. No
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15 difference in thd e;?ent of deconposition vvaf noti ced between the
hydr at es  aWWOOH&™Hhydrate, and thus confirmng that the hy&CARRIFIWS] he
sanme chem cal stability as the anhydrate. The net hanesul fonate
anhydrate or a solvate thereof may be cisnverted into a hydrate under
appropriate conditions as described above. Thi s process can be nonitored
by the change in the X-ray diffraction pattern of the conmpound and the

decrease in gifferefie!nin Otheor @8ht of sdk ositioh hevasonmstived. betwetiehthe
changes bei ng caused by the water nol ecul es newy intercalated intq the.
crystal strubydrates and the anhydvate; aand dhuse sonfirming-ithat thel hydrate basr the
diffraction peaks ,based 1.1 he sol vate .di.sappear with the passing of
huni di fi ed nSEREqeEIsal 15@%%11}}’63%,&%?@!5@59{@ based on the hydrate. This
shows that all the sol vates I's converted into hydrates. The resi dual
sol vent is decreased to the anount of less than the quantitative limt

si mul t aneously W t{ihé henethengalfonafe >anh§urate f foraat | wivate Fithereof 1haghove
that the X-ray diffraction peaks based on_ the solvate di sappear when the
sol vate i s akboverted dntot anbydratmdmden apprepriate ¢andigons, agf degsgeibed abaygever

there is no change in the X-ray diffracti,on patter.n en,the salvate is
al lowed to stAM JRAESSS cap 0§ :H‘g%"mnsﬁi the &E‘aﬁﬂ%lﬂr%&(ﬁg}ée BeHen 13) .
Therefore, it _J nj t e o] ' Fahg(H' %ﬁ g&ﬁ; not
by the spohﬁgﬁgouésfegt@gp%ra P%&oéﬁhg_&rgdsé% uaéP gglivﬂe%nt u b;%/’?tﬁ ¢
substit uti onggfyent tifie gy GRoMpPord. vent Such tlidngesybéiak bausedt by R agatees.
In preparing the hydrate according to the processes descri bed above, the
respecti ve hysolatwes mewlygirdensalated anto thedcpistalnstnigtaee: can be obt ai ned

by changing conditions such as humdity, tinme, tenperature, etc. or by
changing the recrystallization condition. Such conditions shoul d be

ggj-rfikgg / ggggrldi NIAL O BENSlert Bont RRhtd'd 1M8hE X by diffriGtion pealdObaséd-2705

on the solvate disappear with the passing of humidified nitrogen gas to
leave the peaks based on the hydrate.  This shows that all the solvates
is converted into hydrates. The residual solvent is decreased to the
amount of less than the quantitative limit simultaneously with the change
of X-ray diffraction.  Figure 12 shows that the X-ray diffraction peaks
based on the solvate disappear when the solvate is allowed to stand
under a relafivé humidity of 93%. However, there is no change in
the X-ray diffraction paftem when the solvate is allowed to stand under
a relative humidity of 11% or 52% (see Figure 13). Therefore, it is
recognized that the change shown in Figure 12 occurs not by the
spontaneous evaporation of the residual solvent but by the substitution of

the organic solvents in the crystal by water molecules.

In preparing the hydrate according to the processes described
above, the respective hydrates having a different hydration number can
be obtained by changing conditions such as humidity, ﬁme, temperature,
etc. or by changing the recrystallization condition. Such conditions

should be adjusted according to whether the starting material is the



16 anhydrate or a solivate, and depending on the fhature of the solvate.
The presentwd 9g/garbs on wi I | ° be nore specifically explai ned bypdlieresooeos:
foll ow ng exanpl es and experi nmental exanpl es. However, it should be
under stood that the exanples are intended 6;0 illustrate but not in any
manner |imt the scope of the present i nvEht i on: Exanpl e 1:
Synt hesi s of 7 (3 am nonet hyl - 4- net hoxy| m nopyrrol idin- 1 -yl)- 1

-cycl opro fl,uor o- 4- ox dr,o0- napht hyri di_ne- 3- car bo

xyl>/| c gm gy q@gﬁlqro?n ivgﬁhf}ﬂﬁi a‘i@y nding oh e haturd of the solvate

7- ( 3- Ani nonet hyl - 4- met hyl oxyi mi nopyrrolidin-1-yl)-1-cycl opropyl - 6-

fl uoro-4-oxo0-1, 4-di hydro- 1, 8-napht hyri di ne-3-carboxylic acid (3.89g, 10

mol ) was suspende@he Ngﬁbsewtmvmu&l itihiber a6t hgpificulhyethphihed IhP the
merr], 8:2 v/iv). t hanesul fonic acid (0. 94(1; 9.8mmvl ) was added
dr opwi se and foHewuq;mxamMeSsan t éxperimentsl exampldsor 1 Hwweveaf iD[shouldCbe

The resultin oI|d filtered, shed vmt t han hen drledto give
the title co ‘ﬁa’gﬂ ¢ examples argy igtende SSE‘erﬁ not m any

770B(5H, br) T ?(?h?%f?}*? 3450 8, S iyl 1?5?)1H mg TN .

3.42(1H, m, 3.20~3.10(2H m, 1.20 1.10(4HM : Exanpl e 2:

Synt hesi s of 7-(3-am nonet hyl - 4- met hoxyi m nopyrrol -

i din-1-yl)-1-cycl oﬁ xampie 61:f |Symthesis oa% 7b¢31r-ammszmed*ﬂ,ﬂ__mbdmwnnnwme13 car
bo xylic acid nes Ifot —3hdrate onlcator filled

wi th water

'l 1 "and ULl GARhftesult D SRRSOV O

| 7-(3-Aminomethyl-4-methyloxyiminopyrrolidin-1-yl)-1-cyclopropyl-6-
fluoro-4-0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid (3.89g, 10
mmol) was suspended in a mixture of dichloromethane and ethanol (110
ml, 8:2 Vi) Methanesulfonic acid (0.94g, 9.8mmol) was added
dropwise and the resulting solution was stirred for 1 hour at 0T.
The resulting solid was filtered, washed with ethanol then dried to give
the title compound '(4.55g).

m.p. : 195C (dec.) _
''H NMR(MDMSO-dy) & (ppm) : 8.57(1H,s), 8.02(1H,d),
7.98(3H,br), 4.58(2H,br), 4.39(1H,m), 3.91(3H,5), 3.85(1H,m), 3. 71(1H m),
3.42(1H,m), 3.20~3.10(2H,m), 1.20~ 1.10(4H,m)

Example 2: Synthesis of _7-(3-aminomethyl-4-methoxyiminopyrrol-

idin-1-y1)-1-cvclopropyl-6-fluoro-4-oxo-1,4-dihydro-1.8-naphthyridine-3-carbo

xylic acid mefhanesulfonate n=3 hvdrate

A sonicator filled with water was adjusted' to 40°C, sealed with a

lid and a nitrogen inlet and outlet connected, When the pressure of



WO 98/ 42705 o o \g PCT/ KR98/ 00051
17 t he | I {rogen introduced through the inlet s 2 |

relative S{ﬁﬁggﬁ’?’ﬁ of the nitrogen exiting through the outlwmqsé t han
93% The anhydrate of Exanmple 1 having a noisture content of 2.5% (1.09)
was introduced into a fritted filter and ¥he hunidified nitrogen produced
as descri bed above passed through the filter. Sanples were taken after O,

5, 10, 20, 30, and 60 mnutes and the noisture content neasured. Fromthe
resul ts showthe rdrigidgumtrogen t indeaduced s deoughathen indsit s wase 20psintthet redtivbout

10% i s maintai ned when the . hum difying procedure is, carried out over about
30 m nutes. ‘PWég‘W r%ﬂ)tlEﬁ f’FF&E?IPd‘ﬁX t ‘H‘gg’f t{‘ﬁé’u"]fﬁ!in’}”@fﬁfm@ﬁesf #b| B %eas
identical to a e = t L Al e | 1d I, Op.
dentt cal * rhBhulanitic o BOIE!  ORALY Splknge BRNBRP A 33900 0p

i di n-1-yl) - logy¥cireridepyd -itd | 4/ fFitted- fiker ahd* € Hidkidifidd nitrogen produced

8- napht hyri di ne-3-carbo xylic acid nethanesul fonate n=1.5 hydrart)e

The title coapalescribed apovppassedhroughf thel filleng r c3amples were taken Bfiet e A

The anhydrate of Exanple (1.09), was dissolved in a mxture of water and
acet one” (17nfPerd] ,]0’13}.& é?jv)arnd ggoTHEH%‘FS\/éWld & BOHIIE contans, measured.

dar k I ' ' X | t.d ) i
The annydr ot ENOR G el GRS Bk, o8 0 ol B9 ooy ther 3 mshifbfi,e
m xture was begeRE JfoaBeke0bs isOndlifitaflicds Ghidn e hnﬁhﬂﬁﬂ%%gg%%g] s was

added and the resulting solution stirred then allowed to st
resul ting sotamiedasuf ioveeabdut3d diinetesunddheaXFraywdififraction opstterh cof the

humidified sample was identical to that of the n=3 hydrate obtained by

recrystallization.

Example 3: Synthesis of 7-(3-aminomethvl-4-methoxvhnﬁlopvﬁol-

idin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1.4-dihydro-1,8-naphthyridine-3-carbo

xvlic acid methanesulfonate n=1.5 hydrate
The title compound was prepared by the following routes:

Route A

The anhydrate of Example 1 (1.0g) was dissolved in a mixture
of water and acetone (17mf, 10:7 v/v). The solvent was slowly

evaporated in darkness leaving the title compound as a solid (0.8g).
Route B

The anhydrate of Example 1 (5.0g) was added to water (10ml)
and the mixture was heated to 45°C to aid dissolution.  Ethanol (20m#{)
was added and the resulting solution stirred then allowed to stand.

The resulting solid was filtered and dried under a flow of nitrogen to
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18 give the title conpound (2.69). : Exg;pl e 4. Synthesis of

t he hydr at V@ P¥M795 (3- ami nonet hyl - 4- et hoxyi mi nopyrrol i di RCTKRIB0P0S1)
-cycl opropyl -6-fluoro-4-oxo- 1 ,4-dihydro- 1,8- naphthyridine-3-carboxylic
aci d net hanesul fonate sol vate using a hunigd- if.ied nitrogen gas i
A sonicator filled with water was adjusted to 40[err]C and was sealed with
alid. Then, a nitrogen inlet and outlet were connected to the vessel.
When t he pr egbie ﬁle)ftitleheoﬁh;io&ddr(z_s en introduced through the nitrogen
inlet was adjusted to about 20psi, the relative humdity of the humdified
nitrogen gas exiting through the outlet was nore than 93% The sol vate
(1g, ethanol 0.11%. of fhe a ' oduced j
fritted filter and=XHBPLHT-giYH 2s4REXERGIRE
was passed t 1+ he o '
and 6 hours, reaped.-u\}é\{}{r&ﬁ%el
sol vent and Yaplahysidfrfe-3iarisoxyliet taeid) meitahesdtforiatd soledte t 5B WAT Bumid-
exam ned. Arter 3.5 hours, 1Tt was i1dentified that The product

cont ai ned t hifiesk gaimogers @agent in an amount of |ess than 50ppm and that

t he peaks based on the sol vate di sappeared, = whilst the peaks based on the
m xture of n=3 hydrate and n=1.5 hydrate appeared. Exanpl e 5:

Synthesis of the hydr :4 3 Ad0 hyl.-4-

met hoxyi m nopyr r-o!)i(disg’b%aglér?ﬂsé:yc op:\gg%-éj-afc'l &g'rug!eﬁl- ot>(<)o-4oloc, Z(m}ﬁll h‘%f‘ 0-
1,8-  napht fagiédliwith3a CRA.00XThefi, a2aittoge MBEUnl! 6aRéte weet VdtnhepdN b a
hi gh relative humdity - Saturated aqueous potassiumnitrate
sol uti on wasthel aesseli n Whenidbe cpressure ofh dhe drisddnitrigent frerodsicedi theough

humi dity inside the desjiccator - . . . 1
am Y T e ntitrogen'- infet” was msted to about 20psi, the relative humidity of

-

the humidified nitrogen gas exiting through the outlet was more than
93%. The solvate (lg, ethanol 0.11%) of the anhydrate of Example 1
was introduced into a fritted filter and the humidified nitrogen gas
prepared as described above was passed through the filter. Samples
were taken after 40 minutes, 3.5 and 6 hours, respectively. The change
in the amount of residual organic solvent and X-ray diffraction pattern
with the lapse of time were examined. After 3.5 hours, it was
identified ﬂlat ‘the product contained the organic solvent in an amount of
less than 50ppm and that the peaks based on the solvate disappeared,
whilst the peaks based on the mixture of n=3 hydrate and n=1.5 hydrate

appeared.

Example 5: Synthesis of the hydrate from 7-(3-aminomethyl-4-

methoxyiminopyrrolidin-1-y1)- 1-cyclopropyl-6-fluoro-4-oxo-1.4-dihydro-1,8-

naphthyridine-3-carboxylic acid methanesulfonate solvate using a_ high

‘relative humidity

Saturated aqueous potassium nitrate solution was placed in a

desiccator, and accordingly the relative humidity inside the desiccator was
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19 controlled to 93% For tests under relative huﬁdi tly I%M%aﬂr
52% desi WOBBF I cont ai ni ng saturated aqueous sol utions of GIRRTUm

chl ori de and magnesium nitrate, respectively, were prepared. Into the
desi ccat or having a relative humidity o9 93% was introduced a :
solvate(1l.9% ethanol) of the anhydrate of Exanple 1, and into each of the
desi ccators having a relative hum-dity of 93% 52%or 11% was i ntroduced
a solvate (conidliedt tarf3%. of Roretestshyddest eclativExbwpidityl .of 11%heors62¥%@t es
were stored spo as not to directly contact the afqrene tii&ged salt

sol utions.  gestesators cantanmg, satusateds aqueops nsalutions of lituum chlagidec and

taken and subjecte o] ch rap i.n _Ql to a zg the .

resi dual sol v‘bﬁ I.les%gha r&@ét&f ;fegi}?&%iﬁi Bé%ljtei fp?_é‘gﬁPﬂ‘at so%(}/at@’se Stfég}cgatqror.
4 weeks _U“derlré’vifif' 3t | pepativem lﬂhﬁiﬂiﬁf IB87039Nt YaBednirbuddiag! %omlté@@%_ In
an amount of [ess”than 50ppm AlsO, it was identified by X-ray

di ffracti on pethamolp dfhtite pebydraten o dExamplee 1saindairde efichapfethe edesaédators 4

weeks. . To the contrary, ip the cas ere e sanples were. stored

under a rel athavangufi @aﬁE)/V%f RBQ"/&‘&‘ 9 ng%ﬂe5gpl'{t)uﬂlf 1% q¥pgjuitrodugedagi ¢
sol vent and X-ray djf ct) a n e, i denty,cal i.th

t hose at the %’é tﬁn‘:ongi.% Eﬂﬁgoﬁ B%etéﬁa%%#@}%é gw& !)T n:g[l ya?'é{fﬁgé
from 7-(3-anjno- nghied -so 45 MHoP Oy MdireRity " Qonecd- the/| hforementioned salt
1-cycl opropyl -o6-fl uoro-4-oxo- 1,4-di hydro-"1,8

- napht hyri di n@l@tiess: boxylAfteraa derteinhpesod! bfntine hab vpassed, samples werbri ed

nitrogen gas and hum difjied nitrogen gas having,a relative hum dity_ of 78
to 84% were pakerdandcsubigctedurte, gassshramategiabhyn gy pider 119y @ralyzsy the

G 1 erent oL xeiga Saug! Ve basie HHAET B0 HLA SR donalP YRR o
anal yzed: therrBeiy uRAE b Relates SRmmie DR (otincd R orgilo sobdent
diffracti on ajpalaysiamaunevef tiess thap Soppmes Alsqugh wis ddentified by t Xeggn
diffraction pattern that peaks based on the solvates disappeared after 4
weeks. To the contrary, in the case where the samples were stored
under a relative humidity of 52% or 11%, the amount of residual
organic solvent and X-ray diffraction pattern after 4 weeks were identical

with those at the beginning.

Example 6: Synthesis of n=3 hydrates from 7-(3-amino-methyl-

4-methoxyiminopyrrolidin-1-yl)-1-cyclopropyi-6-fluoro-4-oxo-1,4-dihydro-1,8

-naphthyridine-3-carboxylic acid methanesulfonate solvates

Dried nitrogen gas and humidified nitrogen gas having a relative
humidity of 78 to 84% were passed over 24 hours, respectively, through
10g of four different solvates each of which had a different kind and
amoﬁnt of organic solvent from the others. The amount of residual
organic solvent was measured and the change in X-ray diffraction pattern
was ana]yzed, the results of which are shown in Table 2. The X-ray

diffraction anaiysis shows that the samples through which dried nitrogen
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20 gas ed remai ned as the original sol vates, whil | es
t hr ough m%g?{%ﬁii fied nitrogen gas was passed had the. saﬁﬁ@%@w

diffraction pattern and crystallinity as those of the n=3 hydrate obtained

by recrystallization. The resufts fromthis Exanpl e suggests

t hat wat er nol ecul es contained in the humdified nitrogen gas repl ace the
organi ¢ solvents in t he sol vate. This suggestion is al so supported by

t he change | gax- way pagsed rigmained pas tthe n originale selvatdasy whilel abé vsamples
hum-dity. he

Table 2. < g . : : T
kind and amodiotgh pifiich humidified nitroges,gas,we Fsseh ik the same Xeray

resi dual or ggﬂfgﬁcﬁghV§gﬁeﬁ{ 80 crystallinity as gé?rs&r g? ;\@gah=9rﬂ9ﬂ¥a?e WWifek

after resi dual orgahic solven

hum di fied niyr eggypstalization - dried nitrogen gas has passed
"84% RH) has passed for 24 . for 24 hours

hour s Met hyl ene chl oride 1.14% 0. 08%

1 Et hanol 3,.73% . <50ppm ' 2

| sopr opanol 0. 45% Tﬁe “results from this Exampley, sugg%gts that water molecules

2-1 sopr opanol 4% - ‘s : 04% . .
2- Nt hyl - 2- p Fgggaﬁ% d dno%% humidified mtrog%q Og%%) replace thﬁ organic solvents in

Et hanol 0.06%e solvate.  This suggestion<BORRB supported by the change in X-ray
diffraction pattern influenced by a relative humidity.

Table 2.
The kind and amount of th
The kind and amount of the ) ) ount of He
) ) residual organic solvent after
residual organic solvent after . .
Sample No. dried nitrogen gas has assed humidified nitrogen gas (78 ~
gen & P 84% RH) has passed for 24
for 24 hours
hours
. Methylene chloride 1.14%, 0.08%
Ethanol 3.73% < 50ppm
2 Isopropanol 0.45% . 0.06%
3 2-Isopropanol 0.24% 0.04%
4 2-Methyl-2-propanol 0.07% ' 0.01%
~ FEthanol 0.06% < 50ppm

Example 7: Synthesis of the ethanolate containing ethanol 0.11%

The anhydrate of Example 1 (5.0g) was added to a solvent
mixture of ethanol (25ml) and water (25ml) and the mixture was heated
to S0C to facilitate dissolution.  Then, the solution was cooled slowly

to -3°C and allowed to stand at that temperature for about 3 hours. The



Exanpl € 7: Synthesis of the ethanolate containing et hanr 0.11%.

The anhydra anple | (5.0g) was added to a sol ven ]
mﬁhzﬁgwater (25m ) and the m xture was heated %ﬁh@g%&{og

et hanol (25

facilitate dissolution. Then, the solution was cool ed sl owy to
-3[err]C and allowed to stand at that tenpérature for about 3 hours. The
WD 98/ 42705 PCT/ KR98/ 00051

21 resulting solid was fi Iftered and washed with a solvent m xture of
ethanol  andresiliting saled owas fdtesedhind washed withoa sobvent/ mixtuee gifvethahel

title conpoun ti | yel ) _ Test  Exagpl ., Moi.sture .
sorption of t aﬂﬁ%grg%gg’}f" lg:qwater = 20 Thgprfg?’it'i?r S1¥G  the; ditle
vel ocity and i gl wﬁ‘,gﬁ jsture content of the anhydrate of Exanple
1 was det erm%(;e}ﬁpgy nggﬁfslhof " autommtic noisture sorption analyzer (MB
300G Gravinetric Sorption .Analyzer). ‘Thi s instrunent produces a
specific relative humdity at a specific tenperature and continuously
records the wei ght ample,l: Mojsture sorption ofdther anhvdrate ofdExampleoh of
noi sture as neasured by m cro bal ance inside the instrunent. The
anhydrate of Example 1 (16 ng) was | oaded onto the mcro bal ance and the
noi sture cont ai ned 1 tHei . nd a r of . drie L trogen
at 50[err]C A WéEngéhtHl%lsc angge%l?%;lbﬁgg‘gétgﬁ% %Pgr rﬁﬁg Sﬁ&@%ﬁhutésowvtv% t he
criterion forcomem efethe amhyirate. of Hkanphf tlefwast determiged b5 RESaRE UHE aas
adjusted to 25[err]C and the sanple tested at 5% intervals whilst varying
t he huni di ty dutomatict oisgme, sorptiea snalyasT wiMB o3906e rGhvimetriv eSompaioned

Flure 1 ShovkRalygR mo! Shily inshaGtR, PAYFER oa | thPcifs qeldtye Rumydipy ot a
required for %ﬁaﬁ@?fe@m&fh rﬁ@%oﬁﬂﬂu&?@@'n%&fdsegfé‘ ﬁ@iﬁ?\g: éﬁa M LY

As can be seen Initia nol st ure adsor proceeded ra each
rel ative humigiplet da¢ eth, adsorptionstorc desorption! bf bimoistuia s’ apasekdwibihian 2
hours. Fi gure 2 shows t he weight increment at each relative humdity,

i .e. the equimidpi balancerdnsidar thec srstawment. | tThe anhydrate rofnEx@mple el A16hat
the equilibr inlfg was loaded onto the micro balance and the moisture contained in the
sample removed under a stream of dried nitrogen at 50TC. A weight
change of less than 5ug per 5 minutes was the criterion for complete
dryness. Thereafter, the inner temperature was adjusted to 25C and
the sample tested at 5% intervals whilst varying the humidity from 0 to
95%. The sainple was considered to have reached equilibrium when
the weight change was less than Syg per 5 minutes.  Figure 1 shows
the moisture adsorption velocity, that is the time required for the sample
to reach equilibrium at each relative humidity. @ As can be seen initial
moisture adsorption proceeded rapidly at each relative humidity tested, in
most cases equilibrium was reached within 2 hours.  Figure 2 shows
the weight increment at each relative humidity, ie. the equilibrium
moisture content. It is clear from Figure 2 that the equilibrium

moisture content of the ‘anhydrate is dependent on the relative humidity.

~ Test Example 2: Thermal analysis of the anhydrate of Example I

and n=3 hydrate of Example 2




noi stur'e content of the anhydrate is dependent on t relative humdity.
Test Exarrpl‘%é:%pégrzmal anal ysis of the anhydrate of Exanple 1 and n=3

hydrate of WD 98/ 42705 PCT/KR98/00051

PCT/ KR98/ 00051 : 22 ' For the
Differential Scanning Calorinmetry, METTLERRTOLEDO DSC821e and METTLER ~
TOLEDO STARe System were used. The sanple (3.7ng) was wei ghed into the

al um num pan which was then press sealed with an alumnumlid. Three
tiny needle holes were made on the lid and the sanple tested by heating

from normal tenperatur 250[err]C at a rate of 10[err]C/ mn. “As can
be seen from Fi gu?@%ﬁ‘q ﬁalffersaé@ I#ﬁaﬁé"@ daalorimesys o E'ITELERpoT(Dﬁ,ﬁD@n

of the water ate begi ns at, aroun
50[err] C and I?%bgg)i('%t er n@mkwlﬁé mﬁeé)ﬁFmd ﬁpB%th i on il g

observed at azafiye 433%2}3 wad wei@feﬂ] Qntd "the 04} 20V 38 tﬂgr\'lve 185

only an exot hermc peak due to her mal ecorrpos tion at arou
to 220[err] @ressi s¢aled with aneaidmmumrﬂld pedthree tiny needle |holedavere made

thernogravi metric gnal ysi SElI KO TG DTA220 was used. The sanple (3.8ny)
was wei ghed 9% @%ﬁ“ﬁ and alﬁn ?%wfés%s by, chaatiag ﬁoﬁmnmnhltenmcpatum woe to

oo am - A8 Enck 88 Of L Euigr e '”%"@mis“e%gi P Figis Sodbeved
at the terrpereﬂagﬂﬂnhwgPegg IMAOt 3T fHeC v m Bﬁ F| s% r?i&ﬁs es

corresponds to the noisture content deter

(Mettler Tol edntad&VHf theulnsdehydiate begins at aﬂi&ﬂd Eﬂ'ﬁmdn@ @ie Estathdrhiis Um
noi sture content determ natlonai)f hydrat es . Si x sat urated agueous

salt sol uti oRsakedue torthsqtheamal slesompegition is observed at around 180 to 220
C. In contrast, the anhydrate showed only an exothermic peak due to

the thermal decomposition at around 185 to 220 without any

endothermic peak.

In the thermogravimetric analysis, SEIKO TG/DTA220 was used.
The sample (3.8mg) was weighed into an aluminum pan and was heated
from normal temperature to 250C at a rate of 10C/min according to
the temperature raising program. As can be seen from Figure 10,
weight decrement was observed at the temperature range éf endothermic

peak, the extent of which corresponds to the moisture content determined
by Karl-Fisher method (Mettler Toledo DL37KF Coulometer).

Test Example 3: Equilibrium moisture content determination of

hydrates

Six saturated aqueous. salt sol.utions. were ihtroduced Into each
desiccator to control the inner relative humidity to a specific value as
shown in Table 3. Then, equilibrium moisture contents of n=3
hydrate and n=1.5 hydrate of Examples 2 and 3, reépectively, were’

determined at several relative humidities.



desiccator to control the inner relative humdity to a specific val ue as

shown in Table 3. Then, equilibrium noisture contents of n=3
hydrat e andV98142303hydrate of Exanples 2 and 3, respectivel yPCRE4RIS/00051
determined at several relative hundities. WO 98/ 42705

PCT/ KR98/ 00051 23 . 23 ~ Table 3.
Saturated salt solutions inside the desiccator Salt Sol ution
Rel ative Humdity (% at 25[err]C ' Pot assi um Acet at e

23 Tabkgne S atirated Qaltdﬁ)lutlons inside the desiccafor Pot assi um
Car bonat e Magnesium Nitrate

52 ~Sodium Nitri te 64 Sodi um

Chl ori de The sanple (100ng) was spread

on a pre-wei ghed Petrd,,d d t hel t . & C te1Iy

measur ed, thqgn t hree g'oa’llt Fﬁ@nggrrpl e werle R&g#lacedgmhmgg/ﬂa‘%eﬁ at or of
Table 3. Thé desiccators were alTowed to stand é nor mal terrperature for
7 days and then thePQassine WFaken to-be wei ghg After 13 days, one
of " the three[sanpl es I nsi de H deS| ccator was taken and the noisture
content of each wa a&%ﬁ&ﬂ‘e € the fthermogravi méric anal ysisi descri bed

in Test Exanpre Z. ECIulllbé rg —noistjure content af each relatiye humidity
i s represented i n Potaispum fLarbonate A

Magnesium Nitrate 52
Sodium Nitrite ' 64
Sodium Chloride ' 75

The sample (100mg) was spread on a pre-weighed Petri dish and
the total weight was accurately measuréd, then three of the sample were
placed in each desiccator of Table 3. The desiccators were allowed to
stand at normal temperature for 7 days and then the sample was taken
to be weighed. After 13 days, one of the three samples inside each
desiccator was taken and the moisture content of each was measured by
the thermogravimetric analysis described in Test Example 2. Equilibrium
moisture content at each relative humidity is represented in Figure 3
(n=3 hydrate) and Figure 4 (p=1.5 hydrate). @~ Figure 3 shows that
moisture content of the n=3 hydrate is maintained around 10% for the
whole relative humidity range tested,; Figure 4 shows that the moisture
content of the n=1.5 hydrate is maintainéd around 5% at the relative
humidity of 23 to 64%. Both hydrates are stable since they maintain
a constant equilibrium moisture content regardless of the relative

humidity change.



(n=3 hydrate) and Figure 4 (n=1.5 hydrate). Figure 3 shows that

moi sture content of the n=3 hydrate is maintained dund 10%%é$e

whol e rel atWOSBHE ity range tested; Figure 4 shows that tHe o
content of the n=1.5 hydrate is nmaintained around 5% at the relative .
hum dity of 23 to 64% Bot h hydrates aké stable since they maintain a
constant equilibriumnoisture content regardl ess of the relative hum dity
change. WO 98/ 42705 _

PCT/ KR98/ 00051 Test Example 4: X-ray diffraction analysis 24 Test
Example 4: X-ray diffraction analysis The anhydrate of Exanple
1, n=3 hydrate of Exanple 2 and n=1.5 hydrate of Exanple 3 (50ng of each)
were thinly spread t eghol der, . X-ray i actd Lysi s 5kV
x 20mA Ri gaku GerTg'@f Iag’ilygairggg#lf‘x@p%er]e ﬁleL?’f ot}(yr‘f%%treur?fe%kaﬁﬁﬁgo diaﬂ&%ns
listed bel xafiiple S 2 r LN

sanpling ti rre%l:rl'g. Sgdrsa(taec of B -?gggrq&ngggég&éoﬁ%ﬁu%ﬁgy spread on thze
[err] / [err]sanipiél clooldery X-ray diffraciont amgelysisNi (35KVery 20mA Rigaku
Results of X-ray diffraction_ analyses on the anhydrate, n=3__  hydrate,
and the n=1. 5Gpigeflexe Rimaxfldwl) nwergyuperformed amger; the  gprditions f disted i on
patterns il I%ihr ate the difference in crystal formof these 3 conpounds.
According to XYW ther aspect of the invention we provide

7- (3-am nonet hyl - 4- net hoxyi m nopyrrolidin- 1 -yl)- 1

-cycl opropyl -6-fluoro-4-o x0- 1, 4- di hydr o- 1, 8- napht hyri di ne- 3-carboxylic
aci d met hanesul f onat scanasperd (29 ) 5°/mi :

- sampling time : 0.03 sec
- scan mode : continuous
-26/6 reflection

- Cu-target (Ni filter)

Results of X-ray diffraction analyses on the anhy_drate,' n=3
hydrate, and the n=1.5 hydrate are shown in Figure 5, 6, and 7. The
diffraction patterns illustrate the difference in crystal form of these 3

compounds.

According to a further aspect of the invention ‘we provide
7-(3-aminomethyl-4-methoxyiminopyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-o
x0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid methanesulfonate having
an X-ray diffraction pattern substantially as shown in Figure 5, 6 or 7.

We also provide 7-(3-aminomethyl-4-methoxyiminopyrrolidin-
1-yl)- 1-cyclopropyl-6-ﬂuoro-4-6xo- 1,4-dihidro-1,8-naphthyridine-3-carboxylic
acid methanesulfonate hydrate having peaks at 26 = 8.0, 12.2 and 14.7°
in  its | X-ray = diffraction  pattern; and  7-(3-aminomethyl-4-
methoxy-iminopyrrolidin-1-yi)-1-cyclopropyi-6-fluoro-4-oxo-1,4-dihidro-1,8-n
aphthyridine-3-carboxylic acid methanesulfonate hydrate having peaks at 2



an- X-ray diffraction pattern substantially as shown in&igure 5 6 or 7.

W al so rovi de 7- (3-am nonet hyl - 4- met hoxyi m nopyr Rol i di_n; =vl) -
1-cycl opro 4% 10r 0- 4- oxo- 1 , 4-dihidro- 1,8- napht hyri di kg:rg(_l?glglgogiyl iC
aci d net hanesul fonate hydrate having peaks. at 2[err] = 8.0, 12.2 and 14.7
in its X-ray diffraction pattern2s and 7- ( 3- am nonet hyl - 4-

met hoxy-i m nopyrrolidin- 1-yl)-1 -cycl opropyl -6-fl uoro-4-oxo- 1 ,4-dihidro-

1,8-n apht hyri di ne- 3-car boxyl i c aci d net hanesul fonate hydrate having
peaks at 2 8 = 7Vipapd/ 42.805in its X-ray diffraction pattern.

PCT/ KR98/ 00051 . 25 [err] = 7.7 and
11.8 inits X-ray diffraction pattern. - The change of '

‘ystallinity durigg.t | QO | : h d '
B apres -4 and b vabe RSN AR ultilg the Bifversibh kif HETBV T
same condi t i gaSthas hiyfté one Exahples 4Sead 5i %&eidéﬁti_fieﬁobylﬁx-ray Hiffratfor 1

- shows the X-ray diffraction pattern of the solvate is changéd i nto that
of the n=3 hypdabtsis der theasphe dondifionsiras brentionedr ebeve (s¢deFigwmegelin

X-ray diffraction pattern of the solva o aining 1.9% .of ethanol,
bef ore and aﬁ‘?e‘r”stor%@&urﬁf b rshopse the b&ﬁ’y ‘ﬁﬂé@@é‘?nta?@nv\o@% € SRevate s
weeks at 93% of relatijye m i ty. an LQur 3 | nts. ti apge in
X-ray di ffra%ﬁ%e‘i)aﬁtér I%H%f qc}*hetMe @aﬁ&@@%nﬁgﬁi @%ﬁég%h i egﬁgléqnoi19 '
after stor ag?%@fgg 1Ry meek&5a§\ge9?a% X-fag% @ifftadfidn Ofpatetrat ioYe_thé'”}ééWate

respectively Exanpl e Test Exanple 5: Chem ca
stability  containing TH#%uc énethahokthefiotei tandofftehestoragehpflirane wéelkoxtwpl e 2

and the n=1.5 hydrate of Exanple 3 and_the aphydrate of. ample 1 were
conpared at eéyesksi drees iyesles &W“or‘ﬂ%ﬁks_t 8t J&1 % ngelgﬂge%%gﬁtyénand
chem cal. stabibifeyy P IditeSette he®  cHMMPE 2%h O%-ray diffraction pattern of the

~ solvate containing 0.12% of ethanol after storage of four weeks at 93%,

52% and 11% of relative humidity, respectively (see, Example 5).

Test Example 5: Chemical stabil_itv

The chemical stability of the n=3 hydrate of Example 2 and the
n=1.5 hydrate of Example 3 and the anhydrate of Example 1 were
compared at elevated temperature in order to determine the effect on

chemical stability of the extent of hydration.

The anhydrate and each of the hydrates were introduced into a
glass vial and maintained at 70C.  The extent of decomposition with
elapsed time was analyzed by liquid chromatography. The results

obtained are shown in Table 4.



The anhydrate and each of the hydrates were introduced into a

The extent of deconpodition wth
The resul ts PCHERABPIF! ar e

and mai nt ai ne

d at 70[err]C

time was an¥098@3705y | i qui d chr omat ogr aphy.

shown i n Tabl

e 4.
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gl ass
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PCT/ KR98/ 00051 26 . 26 Tabl e 4. Thermal
stability with elapsed tine (at 70[err]C, Unit: % Ti me(week)
Initial 1 2 4 Sanpl e Anhydr at e
100 99. 8Table @8 TEhermal s&bﬂ?l%/ with9@lapsed time (aﬂ“ﬁb"byd"@ﬁi‘? %) 100
102. 4 100. . n=1.5 hydrate 97.3
95.8 97.2 96. 2 As can be.seen from Tabl e 4, the n=3
hydrate and the n=1.5 hydrate bhoth show the sane degree of chenical
stability as fhe~. armyétm&]e) .. Test Exanple 6: In vitro
anti bacterial| acti Vi Initigd of derlto get e2ni n¢ whdt hey 4
7-.( 3- ani nonet hsFmHlerret hy [ oxyd m' no- yrrolidin- 1-yl
-cycl opr opyl -6- f | yor0-,4- oxo- I hyfr Ogale » 84 N hyt i d' -3 =carbgxylic
aci d net hanesul fo dﬁ‘é t he sa ant i bact er alaﬁgé t%ﬂst_ tﬂé'a}free
base, in vitrpo antibacterial |activityjof the fret hanesul fonat e |was

n=3 hydrate 100 102.4 100.7 99.2 99.2

n=1.5 hydrate 100 973 95.8 97.2 96.2

As can be seen from Table 4, the n=3 hydrate and the n=1.5
hydrate both show the same degree of chemical stability as the
anhydrate.

Test Example 6: In vitro antibacterial activity

In order to determine whether 7-(3-aminomethyl-4-methyloxyimino-

yrrohdm- -yl)- l-cyclopropyl-6-ﬂuoro—4-oxo—1 4-dihydro-1,8-naphthyridine-3

-carboxylic acid methanesulfonate has the same antibacterial activity as

the free base, in vitro antibacterial activity of the methanesulfonate was

measured using agar medium dilution method.

in Tables 5.

The results are shown

The minimum inhibitory concentration (MIC, ug/m¢) was

simply calculated in the ratio of weight without considering the

molecular weight, and ciprofloxacin was chosen as the control.



neasured using agar rredl um dilution method. The results. are shown I n
Tabl es 5. The nminimuminhibitory concentration (MC, [err]g/nierr]) was
simply cal cHaA8&@785n t he rati o of wei ght w thout consideri ngpCTIER98/00051
nol ecul ar wei ght, and ci profl oxacin was chosen as the control. WO
98/ 42705 : 27 . PCT/ KR98/ 00051

27 Table 5. In vitro Antibacterial activity (Mninmum I nhibitory
Concentration MC, [err]g/nferr])

Met hanesul fo 1 '5 In vitro AntibactefiaP
Ci prof | oxaci nnrgb ¢ St a% ‘;’/ll gcoccugC aur e&éﬁggg g\ﬁlmmum Inhlbltory COBCWUOH

0.13 St aphyMI:(D,cgg/émﬂaureus giorgio 0. 016 0.13

St aphyl ococcus aureus 0. 031 0. 25 '

St aphyl ococcus aur eus 241 4 128

St aphyl ococcus—aureus—epi-aerfi-ai-s—88+4E 0,016 _ 0 13

St aphyl ococcus aureus epidermdis 178 4 | Methanesulfonic [L28 :

St aphyl ococcus aur eus faechest StrRgE12 0113 4 sal Qiprefloxacin

Baci | us subt|ilis 6633 0.101621¢ sat 0.031

"M crococcus lju 43 ' 0.;13 2

Escheri chi a co%ﬁgﬁﬂgg%&us aureus 6.538;_’ 0.]008 0.016 <0. 0(9813

Escheri chi a cloBtapBylotoccus aureus giorgio 0.008 0.016 <0. 0@813

Escheri chi a coki, 833 77 0.[016 ¢ <0.0

Escheri chi a coﬁapﬁél\/g)cﬁs%ageus 0.125 031 0. SQﬁ5

Escheri chi a doStapireRgocspggprens 241 0.[13 4 0.128

Escheri chi a COStapﬁﬁU@oééﬁ@%Ereus epidermidis 887E  0./031 0,016 0. 0163

Pseudononas deé H}osa 191 dermidis 178 0./25 0.13

Pseudonpnas de @8 8%%“%?356”5 epidermidis ols 4 0.538
Staphylococcus aureus faecalis 29212 0.13 0.5
Bacillus subtilis 6633 0.016 0.031
Micrococcus luteus 9431 0.13 2
Escherichia coli 10536 0.008 <0.008
Escherichia coli 3190Y 0.008 <0.008
Escherichia coli 851E 0.016 <0.008
Escherichia coli TEM3 345SE 0.25 0.5
Escherichia coli TEMS5 3739E 0.13 0.13
Escherichia coli TEM9 2639E 0.031 0.016
Pseudomonas aeruginosa 1912E 0.25 0.13
Pseudomonas aeruginosa 10145 0.5 0.5
Acinetobacter calcoaceticus 15473 0.031 0.25
Citrobacter diversus 2046E 0.031 0.016
Enterobacter cloacae 1194E 0.031 0.016
Enterobacter cloacae P99 0.016 <0.008
Klebsiella aerogenes 1976E 0.13 0.13
Klebsiella aerogenes 1082E 0.031 0.016
Proteus vulgaris 6059 0.25 0.031

| Seratia marsecence 1826E 0.13 0.063

Salmonella thypimurium 14028 0.031 0.031




Act net obact er cal coaceti cus 15473 0.031 0.25
Citrobacter diversus 2046E 0. 031 ( 0.016
Ent er obact eWQ18#aW%e 1194E 0. 031 PGTAFRE8/00051
Ent er obact er cl oacae P99 0. 016 <0. 008
Kl'ebsi el | a aerogenes 1976E 28 0.13 - 0.13
Kl ebsi el | a aerogenes 1082E 0.031 0. 016
Proteus vulgaris 6059 - 0. 25 0. 031

Seratia marsecence Ti¢&26Example 7: Water solubility (bflﬁm anhydrate ofOE;@éﬁnle 1
Sal monel | a thypi nurium 14028

98/ 42705 PCT/ KR98/ 00051
28 : Test r solwubjlity of the anhydrate of Exa le -
1 The ﬁ% nE"(ﬁ‘Efbl ?q\ié@ﬁ e Peef}'/??asb”&ncﬁnﬁﬂr VeIQuUS; o S3lts o

Loyel opropy! - EXprataHEmANYL AeRé hindhPmobaii-l bt rortoprmpy S sty o

aci d, includi ﬂmtmlmrbanmaphwﬂdmmec@bo@qmc«fd L indtRding> 4" e 25

C. The results are shovvn in Tabl e 6. Tabl e Wat er

Sol ubility (asulﬁfnatg of Example 1, vgsmmeasured at 25301 ubi | i Thei resndts eare
(my/ M) orm 0. 007 - Tartrate
6.7 Sh(BYFI‘f‘Hr i@@ 6. 11. 4 p- Tol uenesul f onat e
7.5 '

Table 6. Water Solubility (at 257C)

Sample Solubility in water
(mg/mi)
Free form 0.007
Tartrate | - 67
Sulfurate 114 |
p-Toluenesulfonate 75
Methanesulfonate ?30

As can be seen, the inethanesul_fonate shows increased water
solubility compared to that of the tartrate, the sulfurate, and the

p-toluenesulfonate and the free base.



Met hanesul f onat e >30 As can be seen, the

nmet hanesul f onat e_ shows i ncreased wat er solubility conpare f t he
tartrate, tW2%@#Prate, and the p-tol uenesul fonate and t%ﬁﬁ%%s

WD 98/ 42705 PCT/KR98/00051
29 VHAT |S CLAIMED | S: 1. 29 -

7- (3- Am nonet hyl - 4- net hoxyi m nopyrrolidin- 1 yI) 1 -cycl opropyl -
6-fluoro-4-oxo- 1 ,4-dihydro- 1 ,8-naphthyridine-3-carboxylic acid
met hanesul f - WRAT S CLAIMED IS :

7-(3-Aninonethy| 4- nethoxyininopyrrolidin 1-yl)-1-cycl opropyl - 6-

fl uor o- 4- oxo- , 4-di hydro- 1, 8- naphthyrldlne 3- carboxylic acid

A “""“iSELLSOLnd TR BrigotgoF hdoRdntinhBrp Bl BYD- Poyplopboy ©
conpound accagg I@rppgo.uooﬁ-q'm glaawmnagﬁﬂamin@ﬁ%mox ic0 aci® methaf@dd4- 7

inits X-ray d raction patt conpound according to claim
2 having an Jorawy, diffraction pattern substantially as shown in Figure 7.
6. . A conpound according to claim?2 wherein nis 3.

2. 7-(3-Aminomethyl-4-methoxyiminopyrrolidin- 1-yl)-1-cyclopropyl-6-
fluoro-4-o0x0-1,4-dihydro-1,8-naphthyridine-3-carboxylic acid methanesulfo-
nate.nH,O, wherein n is in the range of from 1 to 4.

3. A compound according to claim 2 wherein n is 1.5.

4. A compound according to claim 2 havmg peaks at 24 = 8.0, 12.2
and 14.7° in its X-ray diffraction pattern.

5. A compound according to claim 2 having an X-ray diffraction

pattern substantially as shown in Figure 7.
6. A compound laccording to claim 2 wherein n is 3.

7. A compound according to claim 2 having peaks at 2= 7.7 and
11.8° in its X-ray diffraction pattern.

8. A compound according to claim 2 having an X-ray diffraction

pattern substantially as shown in Figure 6.

9. ‘A compound according to claim 2 which has a moisture content
of from 4 to 6%.

10. - A compound according to claim 2 which has a moisture content

R




7. A conpound according to claim2 having peaks at 2[err]= 7.7 and
11.8[err] in its X-ray diffraction pattern.: 8. ' A conpound according
to claim MRA¥HY an X-ray diffraction pattern substanti HANKREIwn | n
Fi gure 6. 9. A compound according to claim2 which has a noisture
cont ent of from4 to 6% 10. . A cospound .according to claim2 which
has a noi sture content WO 98/ 42705 _

PCT/ KR98/ 00051 ' 30 of from9 to
11% 11. of frophad s®CEMY%I cal conposition conprising a conpound accordi ng
to any one of the preceding clains, together with a pharmaceutically
acceptabl e carrier or excipient. 12. A conpound according to any one

of clains 1 tq 10, ,for, use as. .a pharnmaceutical, . 13. A met hod of
treating bactlari al A ihaTmageatical RORBASIIARG camprising a vaemeppunshaccerding

adm ni stering,a,hherapelri gal | -ect ] t,of a.. conpound accoyding
to any one o ocF%?rréﬁg Pg% ﬁe@é‘ﬁ[‘% émﬁﬂgnggge%?r Mnﬁogﬁﬂﬁ%\n&? ¥ to
any one of claat¢ptaBlet GarHer orf excipightmanuf acture of a nedi cament for
treating bacterial infection. :

12. A compound according to any ‘one of claims 1 to 10, for use as

a pharmaceutical.

13. A method of treating bacterial infections in humans and animals
which comprises administering a therapeutically effective amount of a

compound according to any one of claims 1 to 10.

14. The use of a compound according to any one of claims 1 to 10

for the manufacture of a medicament for treating bacterial infection.

15. A process for the preparation of a compound according to any
one of claims 1 to 10, which comprises reacting 7-(3-aminomethyl-
4-methoxyiminopyrrolidin-1-yl)-1 -cYclopropy1-6-ﬂuoro-4-oxo- 1,4-dihydro-1,8
-naphthyridine-3-carboxylic ~ acid with methanesulfonic acid and
crystallizing the resulting compound from solution, and where desired or

necessary, adjusting the hydration of the compound.

16. A pfocess for the preparation of a compound according to any
one of claims 2 to 10, comprising exposing. 7-(3-aminomethyl-4-
methoxyiminopyrrolidin-1-yl)-1-cyclopropyl-6-fluoro-4-oxo-1,4-dihydro-1,8- |
naphthyridine-3-carboxylic acid methanesulfonate anhydrate or a solvate
thereof to a relative humidity of at least 75%. '

17. A process according to claim 16, wherein the solvate is a solvate
I

TN A AR



15.° A’'process for the preparation of a conmpound according to any one of
clains 1 to i.ch conprises reacting 7-(3-an‘inometh€|-

4- met hoxyi mnopyrrolidin- 1 -yl)- 1 -cycl opropyl -6-fl uor o- 4- BKEKR38/00051

, 4-di hydro- 1,8 - napht hyri di ne-3-carboxylic acid wth met hanesul f oni ¢
acid and crystallizing the resulting cétpound. fromsolution, and where”
desired or necessary, adjusting the hydration of the conpound. 16. -

A process for the preparation of a conmpound according to any one of
claims 2 to Wilh, oBenprimore orgagiossolyents- §lectsi nfromt ')-C4- haloalkanes an

met hoxyi m nopwrr '%,@i g 1-yl)- 1-cycl opropyl -6-fluoro-4-oxo- 1 ﬂ“oﬁ hygr 0-
1, 8- napht hy i 0 91§ar boxylic acid nethanesul fonate anhydrate or a

sol vat e thereof to a relative humdity of at |east 75% 17. A
process according to claim 16, wherein the solvate is a solvate

VO
98/ 42705 18. A lvat f 7-(3-ami -4- M - Kl 0051
a0 solvate of 7-(3-aminomethyl-4 ‘é‘&ﬂ}Oﬁ‘Xﬁ%“Et°é’VFf5.cf’a'%'ﬁ?§{)pl-

with one or nore organic solvents select
hal oal kanes ay¢lopropyl-6tfl@rer4-oxat Géidihyadro-1,8-nbBhthyriling8LombexylRf  acid
1-

7-(3-am nomet hyl.- 4- hoxyi m hopyrrolidin-1-yl)-
cycl opropyl - @%ﬂ@&?gﬁg"wgwﬂﬂzﬁﬂﬁ Ry gRere1 organge shlvepts.di ne- 3 - car boxyl i c
acid met hanesul fonate with one or nore organic sol vents.

e



