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6- N- (L- ALA- L- ALA) - TROVAFLOXACI N Backgr ound of
the Invention This invention relates to a prodrug of

trovaf | oxaci Rybawbgier t he fornul a [err] 10 15 PCT/IB96/00653

sel ected fromthe group consisting of polynorph PIl and the nonohydrate
Pll.Mand 20 pseudonorph PI1.PS thereof and processes for their
preparation. The invention further .

5 POLYMORPHS OF THE PRO DRUG 6-N- -L-ALA)-TROVAFLOXACIN
_ round .of the Invention
This invention relates to a prodrug of trovafioxacin having the formula
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selected from the group consisting of polymorph Pii and the monohydrate Pll.M and
20 pseudomorph PII.PS thereof and processes for their preparation. The invention further
relates to methods of using, and pharmaceutical compositions comprising, the
compounds of the invention for treatment of bacterial infections in mammals.
" Theantbacterial activity of trovafloxacin is described in United States Patent No.
5,164,402 (the '402 patent) and 5,229,396 (the '396 patent) issued November 17, 1992
26 and July 20, 1993, respectively, the disclosures of which are hereby inéorporated herein
by reference in their entirety. The foregoing patents are assigned in common with the
present application. A polymorph Pl of the compound of formula | and methods for its
preparation are also described in the above-indicated patents.
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rel ates to nethods of using, and pharnmaceutical conpositions conpri sing,

t he conpounds of the invention for treatnent of bacterial infections
i n mammal s. The anti bacterial activity of trovafloxacin is
described in United States Patent No. 5,184,402 (the '402 patent) and

5,229, 396 (t h@oodmepat ent) issued Novenber 17, 1992 25 ancciviByes/odes31993,
respectively, the disclosures of which are hereby incorporated herein
by reference in their entirety. The foregoing patents are assigned in

common with the present application. A polynorph PI of the conpound of
formula I and nmethods for its preparat™n are al so described in the .
above-i ndi cated patents. WO 97/ 08191

PCT/ 1 B96/ 00653 _ of the Inventio - 2-
Summary of the Invention ﬁ"ﬁn%‘r%—éﬁﬂmﬂrrent t he present

i nvention rel ates to B afirgembgdisrentthe peasenfinvention relates i japrodrig of travadigxacin

[err] having the formuia
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16 wherein said prodrug is selected from the group comprising
a) a polymorph Pil exhibiting the following X-ray powder diffraction pattern

Peskno. |1 |2 |3 |2 |s le |z |e | ﬂ

2.6(°) Cu |34

d space 26.0

20
b) a monohydrate Pit.M exhibiting the following X-ray powder
diffraction pattern _ '
m e ——
Peak mo. |1 2 3 4 5 8 Z 8
2.6 (°) Cul 38 7.3 138.7 145 | 171 21.0 236 26.7
25 |
d space 24.2 122 | 65 61 |52 4.2 3.8 3.3
b=:======

; and
c) a pseudomorph PIl.PS exhibiting the following X-ray powder
30 diffraction pattern . '



15 wherein said prodrug is selected fromthe group conprising a)
a polynorph PIl exhibiting the follow ng X-ray powder diffraction pattern

Peak no 1 2 3 4 5. 6 7 8 9

2 [err] _([err]) Cu 3.4 6.8 13.5 16.8 19.6 20.3 23.1 25.7 27.8

d space woo7osi®- 0 13.1 6.6 5.3 4.5 4.4 3. 8 pcTABS/00653. 2 20
b) a nonohydrate PI1.M exhibiting the follow ng X-ray powder

diffraction pattern Peak no. 1 2 3 4

5 6 7 8 2 [err] _([e8r]) Cu 3.6 7.3 13. 7 14.5
17.1 21.0 23. 6 26.7 25 d space 24. 2 12.2 6.6
6.4 5.2 4.2 3.8 3.3 and c) a

pSgudonDrph Pll1.PS exhibiting the followi ng X-ray powder 30 diffraction
pattern
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WD 97/ 08191 PCT/ | B96/ 00653
[err] WD 97/ 08191

PCT/ | B96/ 00653 - 4-
According to a second enbodi nent of the invention there is provided a

process for pwapswasmpg prodrug PII, as described above, whi cheCrmoewss
treating the prodrug, PI, of the forrmula I, exhibiting the X-ray powder
diffraction pattern, bel ow, with dry ethanol.

© 4

According to a second embodiment of the invention there is provided a
process for preparing prodrug Pll, as described above, which comprises treating the

prodrug, Pl, of the formula |, exhibiting the X-ray powder diffraction pattern, below,
with dry ethanol. '
)



WO 97/ 08191

PCT/ | B96/ 00653 [err] WO 97/ 08191

PCT/ 1 B96/ 00653 Accordi ng to anot her aspect, of the above
enbodi nent, the invention provides a process for preparing a
nonohydr at e, Wblo7Ag19fSs descri bed above, of the pol ynorph, pcrithdeoosdsi ch
conpri ses a) treating the polynorph PI with an aqueous
solvent; 5 b) treating the polynorph PI1 with water; or

c) treating a pseudonorph of PII.M PI#-PS, with water. Yet

anot her aspect, of the above enbodi ment of the invention provides a
pracess for preparing a pseudonorph, PII.PS, as described above, of the
monohydr at e Pl1.M which conprises vacuum dryi ng the nonohydrate PII. M
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10 The invention al so provides pharnmaceutical conpositions conprising
an anti bacterially effective anount of a conpound of fornmula I, as
descri bed above, together with a pharmaceutically acceptable diluent or
carrier. I n anot her enbodi nent the invention provides a nethod

for treating bwoloebdied I nfection in a mammal whi ch conpr ipe€eAB96/00653
admnistering to said mammal a bacterial 15 I nfection treating effective
anount a conpound of forrmula I, as described above. Athird
enbodi nent of the invention provides a pr odr_:ég af trovafl oxacin

consi sting of the pol yrmrph Pll, characterizeéd bythe X-ray diffraction

et Char acter| zoq. by {Eo cOlafto Ko/ s W*‘ﬂ*m&““““‘m’é‘”%m“’“
characterize e X-ra i ffrac ern,descripe ove
Wik b dry et hanol 8 Bigosss o prapirine. s mgrerydiaip, PUSH o8 Speebes pboiae ot pamah,
enbodi nent there PIR which\dofylisés prodrug of trovafl oxacin ¢onsisting of
t-he nonohydrate PIl.M of po ym)r I% ﬁl&? terized bs\é erq? X-ray
diffraction pattern deseri g the pelymerp éﬁﬁﬁ@&qw’ I

a) treati ng ghe pol ynor plb) PI treﬁa.gam potirheph Pt Wlihew&(ertav diffracti | on

pattern described above, wth a ani c sol ve ng, wat er ;
b) treating the pol ym)rpt"fS Pl | a R"fﬁﬂm Pl i et c)

treating the pseudormr\phaﬁbther%pactfoﬂhéane\uﬂHodummbfthemventlon providésta

gg(r)ltsrgii ﬁ;pgfct I ?fs seu?}%gpﬁﬁngg%@%}?&? ac er1 ngggérfb%@%g ‘&f ray %&Hh%@l on
pattern descﬂfﬂeﬂhhbmmpﬂmmﬂnuum dryingthe mnplwdme&um drying the -
?&?Pégg?ggaggb M The invéiftlon 7 188 I5tdvides pharmaceutical compositi_o% comprising an
antibacterially effective amount of a compound of formula {, as described above,
together with a pharmaceutically acceptable diluent or carrier.
In another embodiment the invention provides a method for treating bacterial
infection in a mammal which comprises administering to sald mammal a bacterial

15 Infection treating effective amount a compound of formula |, as described above.

A third embodiment of the invention provides a prodrug of trovafloxacin

coneisting of the polymorph PHI, characterized by the X-ray diffraction pattern, described

" above, which is prepared by treating the polymorph Pl, characterized by the X-ray
diffraction pattern described above, with dry ethanol.

20 According to another aspect of the above embodiment there is provided a
predrug of trovafloxacin consisting of the monohydratg PilLM of polymorph PII,
characterized by the X-ray diffraction pattern described above, which is prepared by

a) treating the polymorph Pl, characterized by the X-ray diffraction
pattem described above, with an organic solvent containing water;

26 b)  treating the polymorph Pil with water; or

c) treating the pseudomorph PIL.PS, of PILM, with water.
Yet another aspect of the above embodiment provides a prodrug of trovafloxacin
consisting of its pseudomorph PIl.PS characterized by the X-ray diffraction pattern
described above, which is prepared by vacuum drying the monohydrate PILM.



Det ai |l ed Description of the Invention

a prodrug, of trovafl oxacin, having the formula
[err] 5 10 selected fromthe group consisting a

pol ymorph PIl and the nonohydrate PII.M and pseudonor ph PII.PS thereof

and phar maceuiwg@lesfpanposi tions conprising PlI, PlIl.Mor 15 pdiasodafessand
nmet hods for using them The invention also relates to processes for

This invention relates to

preparing PIl, PlIl.Mand PII.PS as illustrated in the foll ow ng reaction
schene. WD 97/ 08191

PCT/ | B96/ 00653 <7-
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) - This invention relates to a prodrug, of trovafioxacin, having the formula
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selected from the group consisting a polymorph Pil and the monohydrate PIl.M and

pseudomorph PII.PS thereof and pharmacsutical compositions comprising P, Pll.M or
16 PIL.PS and methods for using them. The invention also relates to processes for

preparing Pil, Pil.M and PIL.PS as ililustrated in the following reaction scheme.



SCHEME 1 ' [err] 10
F 15 20

WO 97/08191 PCT/IB96/00653

CORH
5
I
10 .
CH3S0,H Polymorph I (PI)
16 Polymorph II(PII} —~————» Polynorpﬁ I[I Honohydrate (PII.M)

|

Polymorph II Pseudomorph CPII.PS)

20



WO 97/ 08191 _
PCT/ 1 B96/ 00653 Referring to Schene | polynorph Pl is
converted to polynmorph PII by treatnent with dry ethanol. The
conversion is conveniently effected at about room tenperature.

Pol ymor ph Pl nwp dsmsipr epar ed according to the nethod of Exanpicgnfdbdsst he

' 402 patent or co-pending U S. Patent application docket number PC9186
the disclosures 5 of which is hereby incorporated herein by reference in
its entirety. The PC9186 application is, assigned in common with the
present application. Polynorph PIl can “Fhen be converted to the
m)nbhydrate Pl1.Mby treatnent with water. The water be in the

PLICM. can be. pr egar e b{'/" 1o Seheme | POty KonkSince ‘ﬁtpg&f*[%%&‘ﬁ?%mm
sol vents, such adith@nesthanal.cThe egnyersien|is mmlmeffMdaairQboG{ reom thmpératues. c
aci ds and ( Fofyr I%&# B@'pkéiﬁmdsaocﬁl‘aﬂn?% the ﬂ'ue‘Tdeﬁéf &511@ fo" {BD&"A% Y05

fr om about arrblent tothe re ture o e SO
preferred sol ventalest iqapenging:Lh$ LPatentepp donket nunbieyPC188 thetdisclosums t he

conversion i s &f fopihie |atheﬁéuybihc&90|5ﬁﬁeﬁdr&§ by%@‘rﬁ{c@%yﬁsam%sfﬁﬁ a(%l 88 .

t t he oduct by azeotropic
the refl ux t empoRPIRPLSFE sstipned B coBrydlvan taa seoment PRlFRlanc Fobnare Pl can
et hanol cont ai ni tienddecesnvértédta ttivs mhoﬂlme PIl.M bytT&nGﬁtﬂMﬂﬁét&“Th&wﬁfef Riay €d
by treating PII Wetimthél?&[nsﬁlsal@[: |ts reflux tenperature (about

78[err]C) and the produ as crystal, upon cooling the
sol uti on. - NHMde.uﬂ‘teantonohydmte,l P, ecaly ibed plepared b5y Qrealrivit @t

0 ate
P ai’ﬂ°32n2b2@%ﬂve'wﬁ‘“’%“tﬁﬂ""°?e eSSl SRS SR epamer ) W&n"”
pseudonor ph can B8d{G )W@F? mmmmnmmwmmmmemme reflux
temperature of the solvent. A preferred soivent is ethyl acetate containing about 0.1%
water and the conversion is effected at about 40-50°C, preferably about 45°C. Excess
water is removed from the product by azeotropic distiliation at the reflux temperature

15  of the solvent. Another preferred soivent is ethanol containing about 5% water or less.
The conversion is effected by treating Pll with the solvent at its reflux temperature
(about 78°C) and the product is recovered, as crystal, upon cooling the solution,

The resultant crystals are dried to a water content of about 2.7% to yield the
desired product. _

20 The monchydrate PIl.M can be converted to a pseudomorph Pil.PS by vacuum
drying. The pseudomorph can be reconverted to the moriohydrate by treatment with
liquid water as indicated above with respect to the conversion of Pli to PIl.M.

The antibacterial compounds of formula |, i.e., polymorph PIi, monohydrate
Pl.M and pseudomorph PII.PS, (hereafter "the active compounds®) that can be

25 synthesized using the methods and intermediates of this invention are useful in the
treatment of animals, and humans having a broad spectrum of bacterial Infections.
They are particularly useful in treating gram-positive bacterial strains.

The active compounds may be administered alone, but will generally be

’ administered in a mixture with a pharmaceutical carrier selected with regard to the
30 intended route of administration and standard pharmaceuticat practice. For example,
’ they can be administered orally or in the form of tablets containing such excipients as

starch or lactose, or in capsules either alone or in admixture with excipients, or in the
form of elixirs or suspensions containing flavoring or coloring agents. In the case of



liquid water as indicated above with respect to the conversion of Pll to
Pl1.M The anti bacterial conpounds of formula I, i.e.,

pol ynmor ph PIl, nonohydrate Pll.M and pseudonorph PII.PS, (hereafter
"the active conpounds”) that can be 25 synthesized using the nethods and
i ntermedi at es Whohpss; | Nvention are useful in the t r eat refijiestfoness
ani mal s, and humans having a broad spectrum of bacterial infections.

They are particularly useful in treating gram positive bacterial strains.
The active conpounds nay be adm nistered al ope, -but wll general ly be
adm nistered in a mxture with a pharmaceutlcal carrier selected with
regard to the 30 intended route of adm nistration and standard '

phar maceuti cal prefhaisheyare RNamBgddusly eontatnhs:h & BnikRl REdoP uﬁwgeda@mu y
or<in the formof tablets containing such exciplents as starch or

| act ose, or in cagpngentmiien W%ﬁéﬂébﬂﬂqoﬂommlmwgﬁ& Pt 580 PRIR. i n
th f f hteh htréveh
aggnt s | nO{ weocaglgyﬁdnswrinjiﬁwg&?érfé?ﬁlfg?ﬁ Slaftiph) i \eligdy, 9 &IslynGr
PCT/ | B96/ 00653  Subocutaneously, For parenteral adminisiration, they are best used inqthe form of a
anit mals, they gr Wﬂ?ﬁeﬁ?@ﬁﬂﬁﬁ?ﬁ WHIBH taamedawﬂomerted%tgalforfm lé[feﬁB lg:sam&
water in a ncentration o ou u era
about 25 to aboutgcl akerh'm s?ﬁ'g ?P"?fe G‘Sggé?%%l g&&gﬂse% $mpaupgs of
exanple, intr arrusion'hml yan bmadmmasimamusculaﬂy os stitzutameeushs atydoskge levels of

t | ad [,
Petcous. ool utfon SHEER 1‘*ﬁabé@e%aﬁnﬁ‘s@ﬁir@%ﬁ*ﬁsﬁg‘sﬁpﬂpﬁm‘?ﬁﬂ?m@m
or gl ucose tgiverdha sirigle dailydose or U ta ddivided bosaéshe case of ani mal s, the
compounds of f O Mo chve Bnindd e o8 e fenlvBl 8 FRGH, 36/ the Yoatment of

subcutaneously at dosage
bacterial diseases by either oral or parenteral routes. They may be administered orally

at dosage levels of about 0.1 to 800 mg/kg/day, advantageously 0.5-50 mg/kg/day
given in a single dosage or up to 3 divided dosages. For intramuscular or intravenous
administration, dosage ievels are about 0.1-200 mg/kg/dey, advantageously 0.5-50
15 mQ/kglday. While |ntramusaiiar administration may be & single dose or up to 3 divided
doses, intravenous administration can include a continuous drip. Variations will
necessarily occur depending on the weight and condition of the subject being treated
and the particular route of administration chosen as wilt be known to those skilled in
the art. : _ -
20 The antibacterial activity of the compounds of the invention is shown by testing
dccording to the Steer's replicator technique which is a standard in vitro bacterial testing
method described by E. Steers et al., Antibiotics and Chemotherapy, 9, 307 (1959).
The following examples illustrate the methods and compounds of the present
inventio_n. It will be understood, however, that the invention is not limited to the specific

25 Example 1
L-Alanvi-N-{ (1 6 6-carboxy-8-(2,4-difiuoroph -3-fluoro-5.8-
. dihydro-8-ox0-1,8- in-2-vi}-3-azabicyclo]3.1.01hex-6-yi}-N'- tent-

. oxycarbonyi-L-alaninamide
The zwitterion of trovafloxacin (prepared as described in co-pending application

30 docket number PC9186) (3 g) was stirred with dichloromethane (45 mL) at about 26°C
to form a white slurry. N-tett-butyloxycarbonyi-L-alanyl-L-alanine (2.19 g) and 2-ethoxy-
1-athoxycarbonyl-1,2-dihydroquincline (1.6 g) were added to the slurry and the
resultant réaction mixture stirred for 4 hours at about 26°C. The reaction mixture was



about 0.1 to about 50 ng/ kg/day, advantageously about 0.2 to about 10

ng/ kg/ day given in a single daily dose or up to 3 divided doses. 10
The active conpounds can be adm nistered to humans, for the treatnent of,
bacterial diseases by either oral or parenteral routes. They may be

adm ni st er ed wo3klos191 at dosage | evels of about 0.1 to 5GTmgsdmésiay,
advant ageously 0.5-50 ng/ kg/ day - given in a single dosage or up to 3
di vi ded dosages. For intramuscul ar or intravenous adm ni strati on,
dosage | evels are about 0.1-200 ny/kg/ day, gﬂvantageously 0.5-50 15

mg/ kg/ day. Wil e intranmuscul ar adm nistrati’oif nay be a single dose or up to
3 di vided doses, intravenous adnministration can include a continuous
drip. Variations_ .y e M . ' i&?ﬁﬂ
condition of the%ﬁ éoctab%ueti ng ﬁgaﬂt‘dedé ﬁa%gﬁﬁaﬁﬁg&gg?‘%ggu g’?'wr;ou e %1'59

admi ni strati on cfisation. gEhe,prystalp were, washed ovithdiskloropethapg (abeut 16 mL) ipndgried 20
The anti bact eri alinddrivadiny, Pblal4Iegcgb@ounds of the invention is shown by

testing according to the Steer's replicator technique which is a
standard in vitro bacterial testing Example?2 described by E. Steers et
al ., Antibiotigs and Cogami-R(RBH6aRS-[EEboXYINR)4 diffuorophenyi)-3-flucté8.gf ol | owi ng
exanples illustrate the_ pmgethods and conpQunds of the prese ]

invention. It will be uBtQ PR L S RARNL WOy e o-2220ICY GOl QIReX-0\tt-n ot
limted to the specific 25 L-alaninamide methanesulfonate Example 1
L A any] - N-{ (10 71 S{Eg i oGl ot Exdep 1635 Y Syl R e bl !

di hydr 0- 5- ox0- 1, 8 leapla skyy alieho®-25PC. Methemiosuipoicaicls] (2.905) wes added jo- e stueyt -
i hy xo- 1. ¥ YTy & . . .
utyl oxycar O‘Qié ahdg'llgg&d&%‘r%ion mixture heated tb'1eHL% &6 ¢ {&%ﬁ%&ﬁh@@% n

(prepared as ScCri I n co-pendi ng application doc

(3 g) was stirretpagtiommixieewes oopleciaraboptsis Grand the carsialsiof titile praguct isolated
forma white sl ugpytiirafibr, Wabhdd it kY mﬁ(ﬂdﬁf‘iﬁ_ Iﬁ%oidﬁgeg%sﬁgnﬂa%u&)\

and 2-et hoxy- 10- et hoxycar bonyl -1, 2-"di hydr oqui nol I ne : g) were
added to the sl uft4P%ndYieH®4 9. 94%.csultant reaction mixture stirred for 4

hours at about 25[err] C. The reaction niggambRe 3aS

15 L-Alanvi-N-{{1 [o) 2.4-difluorophenyi)-3-flucro-5.8-dihydro-
5-0x0-1.8- hvridin-2-vi]-8-azabicyelo]3.1.01hex-6-vi} -
' methanesulfonate

The title product of Example 1 (10 g), acetone (80 mL) and water { 1.8 mL)

were stirred to form a slurry at temperature of about 20°C. Methanesulfonic acid
20 (4.4 g) was added to the slurry and the resultant reaction mixture heated to reflux

{about 56°C) for about 4 hours. Additional acetone (40 mL) was added to the

reaction mixture during the refiux period. The reaction mixture was cooled to about

5°C and the resuitant crystals of the title product were isolated by filtration, washed

with cold acetone (about 26 mL) and dried under vacuum at about 35°C. Yield 9.9
25 g, 93%.



WO 97/ 08191 PCT/ 1 B96/ 00653

-11- cooled to about 5[err]C for 1 hour and the title product
i solated as white crystals by filtration. The crystals were washed with
di chl oronet hane (about 16 nL) and dried under vacuum Yield 4.7 g, 80

% WO 97/08191 Exanple 2 5 pCT/B96/00653
L-Alanyl -N-{(1[err],5[err],6[err])-3-[6-carboxy-8-(2,4-difluorophenyl)-3-fl
uor o- 5, 8-

di hydr o- 5- oxo- 1, 8- napht hyri di n- 2-yl ] - 3- azabi %ycl.o[ 3.1.0] hex-6-yl }-

L- al ani nam de net hanesul f onat e he title conpound of Exanple 1

(10 g) and tetrahydrofuran (60 nL) were stirred to forma slurry at
about 25[err]C. Methanesul fonic acid (2. g4 added to the slurry 10 and
the resultant reaction mxture heated to (about 66[err]C for about
6 hours. The rl=Alaf , bo.Gg)-3-|6-carbo fluarephenybr3-fluorat.8-dilvens:
crystals of the title prggik eIy s 1 \ehgdl Wi th cold
t et rahydr of uran (about T) a rred under vacuum 0T err] C.
Yield 9.4 g, 94% butyloxycarbonyl-L-alaninamide Exanpl e 3 15

L- Al anyl - N-{ (1§ err], ShqfibkaBbs-Athino-drbfhtiytin®:yi-Satebicjeid(al1.0{AbCHA)SNtor-R T |

-5, 8- di hydr o- . .

5- 0x0- 1, 8- napht hyR4sifiuotaanenyl)zts dxinyiseraxcr Graeshtbygeine:a-cararyiier afd,

Ergg h?rE )es ul L ona{ e metl'lafsulfr?{mte (Ab g) wad #tm?mﬁu%mdaé?:&hmdaeo Lf a&b@t \it 20RC=foone
and wat er, 8. e S e orma slur .

t enper at ure of am a?ﬁ?‘&r’)"j’@.’ I@%ﬂﬁ%ﬁ%ﬁl» ﬁ'@%ﬁ"'ﬂ%‘?‘a‘m%‘%&.’d
to the slurry and23.régyarig-éthoiy-1-ethotycarbong-t 2uditeydhepineting (2124 f) were addedto -
bout 56 4 | ] t
the " *h cact e b B4 1t R8af bl BRFR wE RirR ok Abodfnp 8GR, 44866 ' ©
was cool ed to ab@8eC. The régction mtura svas iceoled:touakionh 5° G forstt hdus and thetiitle praduct

duct i sol \ ' h ] t
D5 L) and dr i o 68 B whitd et B ket crystae e e st HOFrn AReHS

(about 80 mL) and dried under vacuum. -Yield 42.6 g, 83 %.

Example 5
15 Polymorph Pll of L-Ala-N-{{1 -] 6-car -8-(2.4-diflucroph -3-

u 0-1 idi -3-azabicyclo]3.1.0lhex -L-alaninamide
methanesulfonate ' .
' The title product of Example 2 or 3 was stifred in dry (water content less than
about 0.1%) ethanot (2.0 mL) for 48 hours at about 25°C. The title product was
20 isolated by filtration. ,
The product is a characterized by the X-ray difiraction pattemn described above.
~ . Example6 '
_ 0 e of Po h il (PIL.M
A. The title. product of Example 2 or 3 (4 g) was heated to refiux (about 78 °C) in
25 ethanol containing water (<5%) (40 mL) for about 1 hour. A further quantity of ethanol
(8 mL) was added during the reflux period to obtain solution. The reaction mixture was
cooled to about 25°C to obtain a crystal slurry. The crystals were isolated by fiitration
and dried to a water content of 2.7% to obtain the title product. Yisld 90%.
B.  The il product of Example 2 or 3 (20 g) was heated to about 45°C in ethyl
30 acetate (300 mL). Water (21 mL) was then slowly added to form a slurry. The slurry
was heated to refiux and the water (about 19 mL.) azeotropically removed. The solution
was cooled to about 25°C to obtain a crystal slurry. The crystals wers Isolated by
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-12- Exanpl e 4

L-Alanyl -N-{(1[err],5[err],6[err])-3-[6-carboxy-8-(2, 4-difluorophenyl)-3-fl
uor o- 5, 8-di hydr o-

5- oxo0- 1, 8- napRbleysdei n- 2-yl ] - 3-azabi cycl o[ 3. 1. 0] hex- 6-y! } - Npchasidernesss
butyloxycarbonyl L-al ani nam de 5

7-([1[err],5[err], 6[err]] 6- Am no- 3- napht hyri di n- 2- yI] 3-azabicyclo[3.1.0]h
ex- 3yl ) - 6- quoro 1- (2, 4-difluorophenyl)-1

, 4- di hydr o- 4- oxo- 1, 8- napht hyri di ne- 3- car boX¥Ti ¢ aci d, met hanesul f onat e
(40 g) was stirred with dichloronethane (600 nL) at about 20[err]C to

forma white sl t.h m ,

Nt ert-butyl oxy(L:“ H;ﬂ‘“’eﬂ"s‘i@ ﬁf“%@%“%mmz%?%da %ﬂ‘&f@ﬂ%bﬂ?ﬁ
-ethoxycarbonyl -99%- di hydr oqui nol i ne’ (21 24 Q) mere added to 10 the slurry
and the resultant re i k ni‘@'ﬁ r MJTS ut
25[err] C. The reacti ?&Er}lmgt%&eﬁ#va{ C00 eEI out [er%‘]’%ﬁfor ﬁ%&?‘%&ﬁd
the title productbove. jsolated as mhlte crystals by filtration. The
crystals weregwashed with d|chIoronethangzﬂnmg_(about 80 nL) and dried
under vacuum Yield 42.6 g

Exanple 5 15 Pol ynor p of Polymorph }i Mono

le Al a- N%{g 1([jeLfL 5[§f1riletﬂ&@fddh):t& dﬁfmdr&d(ﬁd&ﬁbﬁ&ru%mr&l%%k&eﬁms ’
uor o- [ ro- ridin za e

- al‘ani nani de g %Xﬁ e’}/ The'tid pﬁ@%?%@‘%ﬁ?ﬂ%b E?§ Y
Exanple 2 or 3 V\dﬁraeﬁorrpﬂmdudﬂbec(ahﬂmr content |ess than about 0.1%

et hanol (2.0 ) for 48 hours at about 25[err]C The title product was 20
| solated by filtration.



The product is a characterized by the X-ray diffraction pattern described

above. Exanpl e 6
Monohydrate of Pol ynmorph 11 (PII. A The title product of Exanple
2 or 3 (4 g) was heated to Hmmmumﬁ"ﬂtuml[e”]q in 25 ethanol
cont ai ni ng Waivorer/seir |-5% 1 hour. A furt perragesmoéssty of
et hanol (8 mL) was added dur it ng "thd refl ux period to obtain solution.
The reaction m xture was . cooled to about 25[err]C to obtain a crystal
slurry. The crystals were isolated by filtrgtion .and dried to a water
content of 2.7%to obtain the title product.” Yield 90% B. The title
product of Exanmple 2 or 3 (20 g) was heated to about 45[err]C In ethyl 30
acetate (300 nmL). Water (21 nmL) was then @&l added to forma slurry. The
siurry was heated to reflux and the (about 19 nlL) azeotropically
renoved. The sol utiod- A prediug etirevafioxgciniheving ] fomlaC t 0 obtain a crystal
slurry. The crystals were isol ated by WO 97/08191
PCT/ | B96/ 00653 0 -13-
filtration and dried to a water content o;f about 2. G!%r‘}ﬁi” the title
product. Yielg 99% The titMe_pfodyet N s characterized by
the X-ray diffraction pattern described 3
Exanpl e 7 Pseudorr ph PI A8 dl ynor ph |1
Monohydr at e The title prod pl e'*6 wag dried ur%der
vacuum until all the vvater(:l'lfgeslfl N
\Y s
10 2 0 CHs H
. F
CH,S0,H

wherein said prodrug is selected from the group comprising
a) - a polymorph Pii exmbmng the following X-ray powder diffraction pattern

16

1
»
o

1356 | 168 | 19.6

68 (53 |45

b) a monohydrate Pli.M, of polymorph Pli, exhibiting the following
20 X-ray powder diffraction pattern

|

145 | 171 210 236 {267

d space 24.2 122 | 66 6.1 82 |42 3.8 3.3 H

25 — —

c) a pseudomorph PII.PS , of polymorph Pll, exhibiting the following
X-ray powder diffraction pattern
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renoved yielding the title prodquuet I's characterized by
the X-ray diffraction patte escri bed abov

1+ A prodrug of trovafloxac nhm‘\l‘i“\‘\}m‘“‘\m\m P

[err] WO 97/08191 PCT/IB96/00653

-16-
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wherein said prodrug is 10 a) a nohydr at e pol ynor ph
Pl1.M exhibiting the follow ng X;La%—pewder’/ﬁ?raction pattern

Peak No

8 2] err]_([err])lcu 3. 6\\“\“\@\\&!\“%\“\ 14.5 ?7 1 ;1_0

23.6 26. 7 wooosi$l space 12.2 6 pbT/IB 95/60633
5.2 4.2 3.8 3.3 b)

pseudonorph PI1.PS, exhibiting t he’ foI | owi ng X-ray powder 15 d| ffraction
pattern - [err] PP

' 2. The compound according to ciaim 1 consisting of the polymorph PIl. -
3. 'The compound according to claim 1 consisting of the monohydrate
Pll.M.
4, The compound according to claim 1 consisting of the pseudomporph
5 PIL.PS.
5. - A process for preparing prodrug polymorph Pll, of trovafloxacin, of the
formula |, which comprises treating the prodrug polymorph Pi exhibiting the X-ray
powder diffraction pattern

-
et Has Been Re‘laced
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5 2. The conpound amconsi sting of the

nmonohydrate PI1. M ccording to claim1l
consi sting of the pseudonporph P”ng ‘“‘ﬂm‘l“ ‘\a A process for

preparing prodrug polynorph trovaf | oxaci n,

of the fornul wolgzesder ch conpri ses (a) pcTRBSEVAESENY

pol ynorph PIl exhibiting the X-ray powder diffraction pattern ) Peak
No 1 2 3 4 5 6 7 8 9
2 [err] _([err]) Cu 3.4 6.8 13.517- 16.8  19.6 20. 3 23.1

25.7 27.8 d space 26.0 13.1 6.6 5.3 4.5
4.3 3.8 3.5 3.2 10 by treating the prodrug pol ynor ph PI
exhl biting the X-ray povvder dlffractlon pattern [err]
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5 wth dry ethanol; or an organi cw wat er; and
b) treating the polynorph Pl w treatlnga
pseudonmorph of PII.M PII.PS wth water

of claim4 step a) wherein said or ga |ﬂ\“§ﬁ 4“““““4“\ ect ad fr'(l;fr:qe procefﬁe
e

group. consi st iyigofisidsClerr]-Clerr ])aI ra oﬁ (C[e r] - GeFipbe/dilskarnNoi C

acids and ((Jerr]-(err])al kanol s. The process of claim
5 wherein said solvent is ethyl acet ate 7. The process of
claim4 steps (a) and (b), further conprisi n%rvacuum drying the

nonohydrate PIl. M to formthe pseudonor ph, t her eof .

8.3 A met hod f Qun g bacterial infection in a mammal which conprises
adni ni stering to sal marma a bacterial infection treating effective
adount of the prodrug®eof 1%he pecassefriaim & further comprisingy The nethod of

cl'ai m 8 wherein said prodryg i Syg@Rgne ofph! PiMvith an o enlg. solvent tentaininf€
met hod of claim 8 wherein Sg.l d prodgug Pgﬁﬁg‘sghdonorph r? Bh

11. A phar maceWa®fal conposition for treating bacterial i nf ection in a
manmal cgnprising a cht e{m@h FShimdtph Pl Gfth wateredrf ect i ve anount of

the prodrug of claim1l and a ar maceut I C C abl e carrier.

12. The conposition of cFlal m "&H@rﬂ??‘ﬂf’% ﬁJr%bﬁ éﬁﬁé e at e
Pll.M . ] to formlmonohydhute Bmlmaf&hépdlym&bh@nal m 11 vvhfere: n sai dhprodrug
I S pseudonorp PIIPS Qnpou of .claim v
water content of about’" 2. 73;h°pmm°f°}aim6“°f§?wg%}b cﬂ?’&ﬁ"'ﬁf% #%:#ggln
consi sting of t heframo thehgrbupt eongistingrof (0)-GlalkylVest@s of (Chr&)alkaroic 2eids andt (O -

X-ray diffrac n, described above, which is prepared by
(a) treating bh r%g%&r?%%ph Pl, characterized by the X-ray diffraction

pattern descri béd abd’hepmmmfchlgﬂné'tmm said solvend isgethyt @cetelev ent
containing water to fQm PqhyNhoBkks of claim & further comprising vacuum drying the
monohydrate Pll.M to form the pseudomorph, PII.PS, thereof. '
10. A method for treating bacterial Infection in a mammal which comprises
15 administering to said mammal a bacterial infection treating effective amount of the
compound of claim 1.
11.  The method of claim 10 wherein said compound is polymorph PIil.
12. The method of claim 10 wherein said compound is monohydrate PIL.M.
18.  The method of claim 10 wherein said compound is pseudomorph PII.PS.
20 14.  Aphamaceutical composition for treating bacterial infection Ina mammal
comprising a bacterial infection treating effective amount of the compound of claim 1
and a pharmaceutically acceptable carrier.
15.  The composition of claim 14 wherein said compound is polymorph Pll.
16.  The composition of claim 14 wherein sald compound is monohydrate
- 25 PIM.
17.  The composition of claim 14 wherein sald compound is pseudomorph
PIL.PS. _
18. The compound of claim 3 having a water content of about 2,7%.
19.  Aprodrug of trovafioxacin consisting of the polymorph PII, characterized
30 by the X-ray diffraction pattern, described above, which is prepared by treating the
polymorph Pl, characterized by the x-ray diffraction pattern described above, with dry
ethanol.
20. The prodrug of claim 18 consisting of its monohydrate PILM,
characterized by the X-ra); diffraction pattern described above, which is prepared by
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Pll, characterized by the X-ray diffraction pattern descri bed above; and

b) treating the polynorph PII vm‘[‘h*—wat—er_,or\?,()t:rFﬁati ng the pseudonor ph
PlI1.PS, of PlII.M with water. 16. e prodrug of claim15
consi sting of its pseudonorph PIIUMM”M[! ' by the X-ray
diffracti on pgbgifiefescri bed aboVe, ol M’dﬁﬁar ed by vaecgusisdtess Ng t he
nonohydrate Pl 1. M WO 97/ 08191 s _

PCT/ | B96/ 00653 -19-

a) treating the polyrnorph PI, characterized.by the X-ray diffraction

pattern descri bed above, with an organic sot%ent " cont ai ni ng water;
b): treating the polynorph PIl with water;

or c)
pfodrug_of ol im 16 consitti njesie bt balfoeiih s, Sleserzalos te Xy ifsctin ;o
by the X-ray di fpatten tescribad above, wiklsan oigenic sblvent conthining wederpr epar ed by _
vacuum dryi ng the m)nohydrbﬁt e El)'ulﬂthhe polymorph Pl with water; or
. c) treating the pseudomorph PIl.PS, of Pil.M, with water.
b 21. The prodrug of claim 19 consisting of its pseudomorph PIL.PS
characterized by the X-ray diffraction pattern described above, which is prepared by
. vacuum drying the monohydrate PIl.M.
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