PREPARI NG NAPHTHYRI DONE DI ATES This invention relates top g JUN 200
- process for preparing t ne carboxylic acid, trovafl oxacin and
derivatives thereof, and |nf1 ﬁ‘hsdl ates of use therein. Trovafl oxacin has
the formula OHF COZH HZNH~N~1 " NNHF V11 | 10 as disclosed in U S. .
Patent No. 5, 164, 402. Th 0 di scl oses processes for making the
conmpound by using an int ”mmmﬂmmnm the foqoula RHN H H- N~R~ H wherein R
IS a nitrogen protecting grogg)606 as tertiary butyl oxycarbonyl. 15 U. S.
Pat ent No. 5,475,116 disclos he preparation of other internediates for
use in preparing the naphthyridones of U S Patent No. 5,164,402. The
present i@vention reAﬂh@éESQF@RWRE‘PﬁRmd QAPHTIFFADORES ANDINPERMEDIRTES he
formula RR IITHN HOF R~ Hwhenin R 1S benzyl, wherein tne phenyl of

t he benzyl may be substituted by one or 20 nore of C -Ca alkyl, C -Ca

al koxy, hal 0) vit rihjs iavéntieh refatdsrté &l pravessiot prepbannarthle Raphtrynddne Carbakyiy lacid,
trlfluoroneth ' one or nmore of C -Cd
al kyl , réﬁ@%cmo%g%hvaﬁwtsrq%r%énﬁg“egﬁr‘lpqﬁrtﬁ h’gérjg?fé nhyl whi ch conpri ses
(a) redu0| ng a corﬁﬁwﬂ%ae‘ﬁheh@emmm 25JUN2002 -2 &NHHI I NR-
5 Hwherein R is as defined above, in the prgsence of iron and a organic
sol vent under acidic conditions, and (b) acyl gti ngcop conpound of formula
11 formed: HZN HH ~ |11 N~R~HH10 | 1 nd agent of the formula
R2C(O X wherein RZ is a#,NeH-Qed bove : i a leaving group. In a
prefered enbodi nent of theln ' rrpo nd of formula Il fornmed in
step (a) is not isolated bef Vil
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as disclosed in U.S.. Patent No. §,164,402. The patent also discloses processes for making

the compourid by using an intermediate of the formula
RHN_ H
H
N<p1

H R

wherein R’ is a nitrogen protecting group, such as tertiary butyloxycarbonyl.
15 U.S. Patent No. 5,475,116 discloses the preparation of other intermediates for use in
preparing the naphthyridones of U.S. Patent No. §,164,402.
The present invention relates to a process for prepan'rig a compound of the formula

Rz——ﬁHN H

H<

N<p1 -
H R

wherein R' is benzyl, wherein the phenyl of the Eenzyl may be substituted by one or
20 more of C,-C, alkyl, C,-C, alkoxy, halo, nitro, amino or triflucromethyl, and
R? is C4-C, alkyl, trifluoromethyl, or phenyl which may be substituted by one or more
of C,-C, alkyi, C,-C, alkoxy, halo, nitro, amino or trifluoromethyl, which comprises
(a) reducing a compound of the formula



The inpvention is further related to a process for preparing a conpound of
the formula O RZCO HNHH IV w N-H 15 H by debenzyl ating the conmpoungsgfjN 2002
-formula | wherein R and RZ are as defined above. In a preferred
enbodi nent, the debenzylation is carried out by reacting a conmpound of
formula I with hydrogen and pal | adi um cat al ysgz_i n acetic acid and an
organi ¢ solvent The invention also relates to“reacting a conpound of the
formula IV with 20 a conpound of the formula OF/ CO2R3 !~ J C NNFF
2 5 JUN 2002 -3 5 wherein R3is C -C6 alkyl, to forma conpound of the
formula OHF O CO2R3 RRZCHN H "N NN HF,VI F wherein RZ is as defined
above with reference to formula |. @ i'ﬂvention relates to hydrolyzing the
conpound of fornula VI with nmethane#i flsnic acid, water hnd an organic
solvent to formthe nononet hanesul fonic alt of the 10 conpound of the
formula VII, trovafloxacin. The i nveB ; ~R&l ates to hydrolysis of the
conmpound of sfornmula VI with nethanestl fonic acid and R30H wherein R is as
defi ned above r e ; h ' i I i nd of
the formia o CH9RE T B3R sRRER P RGP epfiee L0 S croalc solE shlp e
relates to theC?Hiter$ @89 ates of the formulae O H O COzRs RRCIHN H N N N H
VI FF 2 5 J) 20Qeylathg MeombsuntRef fofmulalit ¢amalky!l , trifluoromethyl, or
phenyl which may be substituted by one nore of Cl-C6 al kyl, C, -C6
al koxy) halo, vitro, amno or triflHgNofet hyl, and "

H
~p!
H R
10 with an acylating agent of the formula RC(O)X wherein R? is as defined above, and X is a
leaving group.
In a prefered embodiment of the invention, the compound of formula il formed in step
(a) is not isolated before acylation step (b).
The invention is further related to a process for preparing a compound of the formula

R2(|3|HN H
H
H "H
15
by debenzylating the compound of formula | wherein R and R? are as defined above.
In a preferred embodiment, the debenzylation is carried out by reacting a compound
of formula | with hydrogen and palladium catalyst in acetic acid and an organic solvent.
The invention also relates to reacting a compound of the formula IV with
20 acompound of the formula

0
F CO,R? -

0]
c SN N v



R3is C-C6 alkyl, and R2-CHNHIAO H\ I N-R~- H 10 wherein R is hydrogen

(see formula IV or benzyl, wherein the phenyl of the benzyl may be 2% JUN 2002
-substituted by one or nore of Cl1-C6 al kyl, Cl1-C6 al koxy, halo, vitro, am no
or trifluoronethyl, and R2 is C -C6 alkyl, trifluoronmethyl, or phenyl which
may be substituted by one or nore 15 of Cl-C6-zal kyl) Cl-C6 al koxy, hal o,
vitro, amno or trifluoronmethyl. The term"al kyl", as used herein, includes
sat urat ed nonoval ent hydrocarbon radi cals having straight, branched or
cyclic noieties, e.g. nmethyl, ethyl. The term "al koxy", as used herein,
i ncl udes O 3l kwhe@inRis CROL4IEI, o fofth & bmpdufid oithd Bmslizabove. 20 The processes
of the invention are depicted in the follow ng, reaction schene. Unl ess
indicated otherwise, R)oR2, R and X are as ¢efi ngg ghove. 25JUN
2002 5 -5 Reaction Schemfj QZN H H IMNMHHHN .AcOH + H IV

Il HF RZCHN H ~N H VI gigN\VL{ - O HzN H--~HHNR- HNR~-I1II

I I X VI H N
N N
H \

F

wherein R? is as defined above with reference to formula .
The invention relates to hydrolyzing the compound of formula VI with methanesulfonic
acid, water and an organic solvent to form the monomethanesuifonic acid salt of the
10 compound of the formula VlI, trovafloxacin.
The invention also relates to hydrolysis of the compound of formula VI with
methanesulfonic acid and R*OH wherein R® is as defined above to form the mono-
methanesuifonic acid salt of the compound of the formula

o)
y . CO,R3
H,N = |
Y
H NN
H F

F

15 The invention further relates to the intermediates of the formulae

0
ﬁ y i CO,R?
R2CHN = |
H N \N N
H F

VI

VI



2 5 JUN 2002 -s 5 The conpound of fornmula Ill is prepared fromthe
correspondi ng conpound of fornmula Il by reduction in the presence ofy § jN72002
-and an organi c. sol vent under acidic conditions. The organic solvent is a
C, -Cs al cohol, such as ethanol, or an ether such as tetrahydrofuran (THF),
and preferably, an al cohol. The acidic conditijons are obtained by use of a
m neral acid, such as hydrochloric acid, or an organic acid, such as acetic
acid (AcOH). Acetic acid is 10 preferred since it generally results in
i ncreased yields. The conmpound of fornula 111 may then be isolated fromthe

react | on m ¥t Uifeh KRGS, JGRHEG TS prbily BhiH mallt itk loS0l L 8l

the reaction mxture. | er case, er processin

acyl ati on wi t holfh-GayhCi-fealkgerhalo pitre.raminasr triflkerometylgnd to form t he
conmpound of formul artis clitg alkpavi ng group X is conveniently a hal ogen, such
as chloro, or the 15 acetoxy group. If the conpound of fornula IIl is first
i sol at ed, t henfthe acyl ati on may be conducted under conventional acyl ating
conditions, for instance, in thgap ce of an organi c solvent of the type
di scussed above. The conpound of fafnul a s subjected to dpbenzylation to
formthe conpound of formula IV. 10is rd@xstood that in the context of
the i nvention, debenzylation includes 20 r Nof R wherein R is benzyl
or substituted benzyl. The reaction pro ac®drdance with
conventional debenzylation of tertiary nitrogen, conveniently by use of
hydr ogen artd pahéreidi um catal yst in acetic acid, and in an organi c sol vent.
The organi c sol vent = || t e

et hyl acetate, THF g%?@??“ §r5e %BI)L(M:BE b%rﬁzg?&)g%@mstﬂ%ﬁh%gi %’?’Flealtr’l%‘?ﬂg'lﬁ

wat er. 25 The e&uvhstivigddy ene pomanglaf CvCs piksyloBi-Gd lka¥y hale el #migo ohEfluoromethyl,
correspondi ng ggrpound of formula IV with the bicyclic internediate ester
of formula V. This coupling reaction may be conducted with or w thout a

sol vent. The sol venf, S\ Ak giiiuorpraethnyjcoriphenyl WiRly Ry e substitited;by Qne or more
condi th i 3ns];158ubtca.ttbseaqult:veglﬂso@,rt?loehiby,la_nan:oectrarltﬂeorlomemylgni Vile,

tetrahydrof uran, etRan .GNL,0oro di.met u Xl de 1 dln an

wat er, and m xtur est}ﬁl%%%o%l 10} uf%in%rs'g‘c'ﬁ%ﬁgféﬁ%&?ﬂ?&a'ﬁéh%ﬂq??%r"ar%dcéic?'s
from about 20Chaving strbightt brasahe offdyelicranieties,rg. methykethgint ageously be carri ed
out in the presence .5ﬁ£§L Qi ] Al JoFoirP o OF i
base, e.g. an al kal i-rﬁ)érrtgﬁgl or é?ﬁg{eier?greérzyt&gd%se?%I&y’cda}%%egewgrawl Reldhfeo

bi carbonate, oPP®etertiary amine, e.g. triethylanine, pyridine or picoline.

gheg)geiyldatzie sal t ?frné hecégeéwmdm?hﬂd‘n@rér?ép&b\tﬁdlih thetfﬂ@wmbhﬁeﬁ&i sl%?emé. Evmésmsd
y ydrolysis. of the co ndsof  formu wi t h met hanesul foni ¢ aci d,
wat er and an of”d"&ﬂﬁ%@ﬁ?"\'fgﬁ?HE&ﬁﬁq %?reo?s dgmef'é’B?‘?'or gani ¢ sol vents incl ude
a Cl-C6 al cohol, acetone, dinethoxy ethane, glyne THF,

N- net hyl - pynrol i di none, and water) and matures thereof. The nesylate salt

of the compound of formula VIII is obtained by hydrolysis of the conpound
of formula VI with nethanesul fonic acid and a Cl-C6 al cohol of the formula
R OH 40 for exanple ethanol. The conpound of forrmula VIII is an

internediate in the preparation of 2 5 JUN 2002 5 the nesylate salt of a
prodrug of trovafl oxacin wherein the am no group is substituted by an am no
acid or a polypeptide, e.g. dipeptide, as disclosed in U S. Patent No.
5,164, 402. The conpound of fornmula I X in the Reaction Schene is the
internediate forned in the reaction fromconpound VI to VII. The conpound
of formula VIl and the nesylate salt thereof (the active conpounds) 10 are
useful in the treatnment of bacterial infections of broad spéectrum
particularly the treatnent of gram positive bacterial strains. The active
conpounds nmay be adm ni stered al one, but will generally be adm nistered in
adm xture with a pharnmaceutical carrier selected with regard to the

i ntended route of adm nistration and standard pharmaceutical practice. For
exanpl e, they can be adm nistered 15 orally or in the "formof tablets
cont ai ni ng such excipients as starch or |actose, or in capsules either
alone or in adm xture with excipients, or in the formof elixirs or
suspensi ons containing flavoring or coloring agents. In the case of

ani mal s, they are advantageously contained in an aninmal feed or drinking
water in a concentration of 5-5000 ppm preferably 25-500 ppm They can be
injected parenterally, for exanple, intranuscularly, intravenously or
subcut aneously. 20 For parenteral adm nistration, they are best used in the
formof a sterile agueous solution which can contain other solutes, for
exanpl e, enough salt or flucose to make the solution isotonic. In the case
of animals, conpounds can be adm nistered intranuscul arly or subcutaneously
at dosage | evels of about 0.1-50 ng/kg/day, advantageously 0.2-10 ng/ kg/ day

o o o o ' 1 o oy LN T T - =y o,



2 5 JUN 2002 -8 5 Exanple 1 (1la, 5a,

6a) - 6- Acet am do- 3- benzyl - 3- azabi cycl o[ 3. 1. 0] hexane A 3-necked round Bdt JiN2007
-flask, equiped.-with a thernoneter, a overhead stirrer and a condenser with
nitrogen purge, was charged with 768 g of nitrocycl opropane, 5.75 L of

i sopropanol (7.5 volumes), 1.79 L of ‘acetic agid (9.1 equivalents) and 1153
g of iron powder 10 (6 equivalents). The reaction m xture was heated at 50C
until the reaction was conpleted by GO Ms anal ysis (about 6 hours). 448 nL
of acetic anhydride (1.4 equival ents) was added and stirred at 50C for 15

m nut es befgpre cooling. The reaction Kexdtidh Sciiiase di luted with 8 L

i sopropanol (10.5 volunes) and stirred™ftor 30 mnhutes. The residual iron
was filtered ofBr@ndche cake washed with 11.25 L(ﬁ?isopropanol (15

vol unes). The iS® anol sol uti om, 15 concentra&énﬁi nwyacuo to an oil,

18 L of dichloroe 4 yol ymes) 4 ded before brimging the pHto 12
with 8.8 L of 5% m hwdr,oxi de sqj ionN(adeF”IZ volt \ The | ayers
were separated and the Sepdtated organi c~tayet was dri edf Yaesi um

sul fate. The resultinb dark anmber oil wgs treated with 7.5 L of hexanes (10
vol unmes) and graﬁulated at 25C before coIIectingothe product as a white
solid. Drying gi2apQC wnder vacuum gave 619 g 20 gf the gitle conmpound (77 %
yi el d). Analysis wadydone by GO M5, NWR ah % 2 (1 a, 5a,

6a) - 6- Acet am do- 3-4va yal o[.2cdH O] hexane Pallr Bbttle was char ged with

150 g of the conpouﬂ |gple 1, 112 gl OIN-atatT c acid (3—equival ents),
1.5 L of nethanol (10 volunmes) and 15 g of (10% . 50% wet) 25 Pd/C
catal yst (0.1 equivaépnt). The bottle was purg th nitrogen and then
brought to 50 psi préssure with hydrogen. The re was shaken for 48

hours and recharged with catal yst as necessary d{ring the debenzyl ation
reaction. After TLC indicated that the reaction Was conplete) the catal yst
was filtered off, and the filtrate was concentra&ed in vacuo tQ an oil. 3 L
of ethyl acetate (20 volunes) was added to the ol'l , and granul it edef@s an
hour. The solid was 30 collected dy filtration and/dri uum at
50C to provide }07 g af the titlellcq Bhd ( 8 N5 TR etic acid
salt Exanpl e 3rachkR—3a, Z | NT N
6a) - 7- ( 6- acet an do- 357 aby X 0] trex=S8=yl ) - 1¢24-di f | uor phqpyl)-Gqu
or 0- 1, 4- di hydr o- 4- 0xQs -napht Wri di ne- 3- carboxyl i ¢ aci d, ester 35
A reaction flask was 'charged w 4£.9 g of

7-chl or06-fl uoro-1, 4-di hydr o- 4- | , 8napht hyri dve®®,8- car boxylTc acid et hyl
ester, 151.6 g of the acetic acit<Salt of the conpound of Exanple 2 (1.2
equi val ents), 2661 nL of ethyl acgtate (11 volunes) and 220 nL of
triethylamne (2.5 equival entyg). The m xture was heated at refl uxing
tenperature under nitrogen for 6 hours nonitored by HPLC or LCMS. After
reacti on was conpl eted, ghe 40 reaction m xtjure was cool ed to anbi ent
tenperature. Water (11 volunmes) waes added and the Z5 ~uN zoqy -s 5
bi phasi ¢ m xture was stirrged for HePaHs . hé?mhitﬁ solei d vas Jtol JezHed by
filtration, “ﬁSH§P it h 266 Aiyyof Water (1 R%§L s) an fed at
to provide 292 ¢ of b thile, cagpaund (95 %o yie g& e lg a
reaction flask, 220 e ®onplund of Exgnple 3, L ¥f Mbut anol
10 volunes), 1.54 L wat er (7 bs) and 141 nf of 70% net aped
acid (3.0 equivalents) were m xd he m xtyre was heated at ialn
hours, and the reaction was noni tored by HPUC or LCVB. After Cpp
reaction, the m xtur¥e$@# cooled Lo 50C and(filtered to nmake itl speck-fr
The fittrated was cooled to 0-5C and granul gted for 2 hgurs. THe solid
collected by filtration, wa¥hed with 220 nmi tef water (1 volune) and 660
nl5 butanol (3 volunes). The wet cake was m xed with 660 nL of n-butanol (3
vol unes), seeded with 0.1 gmof the desired pol ynorph and heated to
95-100C. After conplete pol ynorph conversion, in approximtely 2 hours, the
m xture was cooled to anbient tenperature. The solid was filtered, washed
with 100 nL of n-butanol (0.5 volunmes) and dried in a nitrogen atnosphere
to provide 200 g of (1a, 5a, 6a)-7-(6-am no-3-azabicyclo(3.1.0]hex-3-yl)-1
20

(2, 4-di fluorophenyl)-6-fluoro-1, 4-di hydr o- 4- oxo- 1, 8- napht hyri di ne- 3- car boxy
lic acid, nononethanesul fonate (87% vyield). Exanple 5 0.8 nL of

met hanesul fonic acid (2.7 equival ents) was added dropwi se to a sol ution of
2.2 g of the conmpound of Exanple 3 in 10 nL of ethanol (4.5 volunes). The
resulting reaction 25 m xture was heated at refluxing tenperature for 40
hours, nonitored by GCMS. After the reaction was conpleted, it was diluted
with ethyl acetate (20 nL) and washed with (3x 10nl) 1 M sodi um hydr oxi de
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-~0 5'Cains 1. A process for preparing a conmpound of the fornmula O R2l CHN
HH | NR Hwherein R is benzyl, wherein the phenyl of the benzyl 5quq%2
*substituted by. one or nore of 10 C -Cs al kyl, Cl1-C6 al koxy, hal o,

amno or trifluoronethyl, and R2 is C -C6 alkyl) trifluoronethyl, or phenyl
whi ch may be substituted by one or nore of C, pCa alkyl, Cl1-C6 al koxy, halo,
vitro, amno or trifluoronethyl, which conprlses (a) redUC|ng a conpound of
the formula &ZNHHI1 | N~R~ H 15 wherein R is as defined above, in the
presence of iron and a organic sol vent under acidic conditions, and (b)

| at t . -
Byl atf ng aSSnf’ Oof 1T Ré oqthpolfl Sl bl e AR frotit drkblohdind tbpothd birdilh |
X is a 20 | eavl'ky regustign in she meisﬂ@ﬁ:efg@naee@ﬂmrs?g-cmlvemnﬁerlamﬂmonsheThe

conpound of t hgr Eﬂé @Hivéht'lé b &, @&bhbin s@ctheis éthandi, Sor 't eﬂme’?tﬂuaﬁ ¢ 1&Rh9drBturan
to.claimil 2 wherein the

acyl ation ste ocess accor

conpound of fgff 22N, prﬁ\ﬁ@P& %PE ﬁ? ?fl—f{’]g?fﬁ‘ﬂm?'?f ?,’Fé’Pﬁi"Ed by uise ghp sviberd t o
debenzyl ati on &ed fsocmsﬂyerocmatwaiddoraﬁ oifanit atid)dueh ad/acetic atid(AIOM). 2Adelc adidis5 O
RZCIHN H H bv %BJé‘dgncel ?Aé \Afr%%ﬁtﬁ?ncﬁé?ég Qgie@g) claim3 wherein the

debenzyl at | on reac rogen ‘pal | adi um catal yst in acetic
acid and an organi cTg@wmwnqwfqunpladibmsthmwmatngfwmtr@|reacnor8mmre ¢ramay be

conprising r ea%g«gg farmer i %rfwmt %uaﬁmfmhh the!r¥actib hm@ur& 0%&%9% hﬁ{&.nper

formula OF / 0 wherein 3
form a corrpounﬂmﬁ?sstnﬁés fbdr?FM'PEP"O‘"F‘I' A" 3°MR399QEYPI\|“"FI mN‘% R C(OXX to Yorm the

compound of formula I. The leaving group X is conveniently a halogen, such as chiloro, or the

15 acetoxy group. If the compound of formula Il is first isolated, then the acylation may be
conducted under conventional acylating conditions, for instance, in the presence of an organic
solvent of the type discussed above.

The compound of formula | is subjected to debenzylation to form the compound of
formula IV. it is understood that in the context of the invention, debenzylation includes

20 removal of R' wherein R' is benzyl or substituted benzyl. The reaction proceeds in
accordance with conventional debenzylation of tertiary nitrogen, conveniently by use of
hydrogen and palladium catalyst in acetic acid, and in an organic solvent. The organic solvent
may be a C,-C; alcoholic solvent, such as ethanol, ethy! acetate, THF or water, or a mixture
thereof, such as ethanol and water.

25 The compound of formula VI is obtained by coupling the corresponding compound of
formula IV with the bicyclic intermediate ester of formula V. This coupling reaction may be
conducted with or without a solvent. The solvent, when used, must be inert under the reaction
conditions.  Suitable soivents are ethyl acetate, acetonitrile, tetrahydrofuran, ethanol,
chloroform, dimethylsulfoxide, pyridine, and water, and mixtures thereof.

30 The reaction temperature usually ranges from about 20°C. to about 150°C.

The reaction may advantageously be carried out in the presence of an acid acceptor
such as an inorganic or organic base, e.g. an alkali metal or alkaline earth metal carbonate or
bicarbonate, or a tertiary amine, e.g. triethylamine, pyridine or picoline. - '

The mesylate salt of the compound of formula Vii, trovafloxacin, is formed by

35 hydrolysis of the compound of formula VI with methanesutfonic acid, water and an organic
solvent. Examples of suitable organic solvents include a C,-C, alcohol, acetone, dimethoxy
ethane, glyme, THF, N-methyl-pyrrolidinone, and water, and mixtures thereof.

The mesyiate salt of the compound of formula Vil is obtained by hydrolysis of the
compound of formula VI with methanesuifonic acid and a C4-C, aicohol of the formula R®0OH,

40 for example ethanol. The compound of formula VIl is an intermediate in the preparation of



HF F VWV wherein R is C -Cs alkyl, trifluoronethyl or phenyl which nay be
substituted by one or nore of C -C6 alkyl, C, -C6 al koxy, halo, vitro?5atiNie?
-or trififuoromethyl. 15 6. A process according to claim5 further conprising
hydrol ysis of the conmpound of fornmula VI wth nethanesul fonic acid, water
and an organic solvent to formthe ﬁﬁﬁonethan9§ulfonic acid salt of the
conpound of the fornula. Zz 5 ~uN 2002 -12 OHF CO2HH2N/ I H NNNHF
VI 1 I 5. F7. Aprocess according to claim5 or 6 further conprising
hydrol ysis of the conpound of fornula VI with nethanesul fonic acid and R CH

wherein R 4s tﬁérﬂé@ilét@%ﬁlt bfa Fﬂoam@o'éxrmﬂéﬁewn%maem fg?dﬂuﬁﬁyLJbgﬁtHaE%@' f'|

salt of the conpound ormula O COZ

/1 F 10 8. A pinypacd ‘Prc?rmﬁ’éptlS'Fe?)&rdéﬁeP'éﬂ? 2§ digcloserhip M Palsnt N 8. 16880811 2 O H F
CO2R3 R2CHN | H ~N Tﬁel\éol'ﬂlpvlhnd'_of Foritviig 1)einhdRedclion$ehérfie fotneltemiesiate formed in the

trifluoronet hyI hen y be substituted by one or nore of C -Cs
alkyl, C -06 & 'Q?/f' 'ﬁgP'}éPO'-{V,thV?qugm no or trifluoronethyl) and R3 is Cl-C6

al kyl , whi ch conpr i Bescamgaotd offormutzoVib andhthe ofiesylate shib thetdofi(the actibe ddihpolds)
- -13 OF 40 mﬁgﬁse}ﬁl i.-Pmé’uQLmNni\bf%a&eél %&Qon@ O?W%gtnm. prantﬁgulgrgrﬂ%’!r@atment
of gram-positive bacterial strains.

The active compounds may be administered alone, but will generaily be administered
in admixture with a pharmaceutical carrier selected with regard to the intended route of
administration and standard pharmaceutical practice. For example, they can be administered

15  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 animals, they are advantageously contained in an
animal feed or drinking water in a concentration of 5-5000 ppm, preferably 25-500 ppm. They
can be injected parenterally, for example, intramuscularly, intravenously or subcutaneously.

20 For parenteral administration, they are best used in the form of a sterile aqueous solution
which can’ contain other solutes, for example, enough salt or flucose to make the solution
isotonic. In the case of animals, compounds can be administered intramuscularty or
subcutaneously at dosage levels of about 0.1-50 mg/kg/day, advantageously 0.2-10
mg/kg/day given in a single daily dose or up to 3 divided doses.

25 The invention also provides phamaceutical compositions comprising an
antibacterially effective amount of a compound of the formula (I) together with a
pharmaceutically acceptable diluent or carrier.

The compounds of the invention can be administered to humans for the treatment of
bacterial diseases by either the oral or parenteral routes, and may be administered orally at

30 dosage levels of about 0.1 to 500 mg/kg/day, advantageously 0.5-50 mg/kg/day given in a
single dose or up to 3 divided doses. For intramuscular or intravenous administration, dosage
levels are about 0.1-200 mg/kg/day, advantageousily 0.5-50 mg/kg/day. While intramuscular
administration may be a single dose or up to 3 divided doses, intravenous administration can
include a continuous drip. Variations will necessarily occur depending on the weight and

35 condition of the subject being treated and the particular route of administration chosen as will
be known to those skilled in the art.

The following Examples illustrate the invention. The abbreviations used mean the
following: GC=gas chromatography, MS=mass spectometry; TLC=thin layer chromatography,
HPLC = high performance liquid chromatography; LCMS = liquid chromatography mass

40 spectometry; and NMR = nuciear magnetic resonance.



ORCIHNHHIV NN\HH 9. A process according to claim8) further conprising
hydrol ysis of the conpound of forrmula VI w th methanesul fonic acid, W&t 2002
-and an organic solvent to formthe 10 nononet hanesul fonic acid salt of the
conmpound of the formula O HF CO2ZHHZN/ H NNNHF VII I F 10. A process
according to claim8, further conprising hydrg_ysi s of the conmpound of -
formula VI with nmethanesulfonic acid and R OH wherein R is as defined in
claim5 to formthe nononet hanesul fonic acid salt of the conpound of the
formul a 25J UNZ2002 -14 HF 2N HN H 5 11. A conpound of the fornula
Q2R3 VIl @ HF O Q2R3 RRCHN HN NN H W E. iy F wherein R2 is Cl1-C6
al kyl, trifluoronmethyl, or phenyl which ma stituted by one or nore
10 of C,-C6 alkyl, C -C6 al Hexie 6w:f-Aoetamide-grbengt-hazabicydof3.1.0lhexaneet hyl , and

R is C1-C6 alkyl. 12 neAckS@Fm Shﬁltoﬁ\fﬂaglﬂ@qu ;a{drmihaa tﬁ?nngﬁg{bﬁa%frweﬁ" shE‘e?"é}ﬁr? n

15 R is hydrogen or benzy ere| nt enz
substituted by COMENsAr Wity @"Qﬁe“@l"% wap @PW%I“W%IQ(S&M@PWPWH P35 lanf no

or trifluoronetdaploparfdl ¢y 8¢olirfest 1: 7@8_ &l dertc acld fﬂéd;ﬁ:mem)msh ,11szrg Bhi&fhytipowe!@i ch

\r/r:a %/r ge erjnbf]t I or(é ?gql\qgh}%? O'Hﬁrﬁ{;pnénemgture was%%ated a¥ J.id°C untll(f}'?e rea ctlon xés oomp?éted by
GC/MS analysis (about 6 hours). 448 mL of acetic anhydride (1.4 equivalents) was added
and stirred at 50°C for 15 minutes before cooling. The reaction mixture was diluted with 8 L
isopropanol (10.5 volumes) and stirred for 30 minutes. The residual iron was filtered off and

the cake washed with 11.25 L of isopropanol (15 volumes). The isopropanoi solution was
15 concentrated in vacuo to an oil, 18 L of dichloroethane (24 volumes) was added before
bringing the pH to 12 with 8.8 L of 5% sodium hydroxide solution (about 12 volumes). The
layers were separated and the separated organic layer was dried by magnesium sulfate. The
resulting dark amber oil was treated with 7.5 L of hexanes (10 volumes) and granulated at
25°C before collecting the product as a white solid. Drying at 50°C under vacuum gave 610 g

20 of the titile compound (77 % yield). Analysis was done by GC/MS, NMR and TLC.

) Example 2
(1a, 5a, 6c.)-6-Acetamido-3-azabicycio{3.1.0]hexane

A Parr Bottle was charged with 150 g of the compound of Example 1, 112 mL of
acetic acid (3 equivalents), 1.5 L of methanol (10 volumes) and 15 g of (10% by wt. 50% wet)
25 Pd/C catalyst (0.1 equivalent). The bottle was purged with nitrogen and then brought to 50 psi

pressure with hydrogen. The mixture was shaken for 48 hours and recharged with catalyst as
necessary during the debenzylation reaction. After TLC indicated that the reaction was
complete, the catalyst was filtered off, and the filtrate was concentrated in vacuo to an oil. 3 L
of ethy! acetate (20 volumes) was added to the oil, and granulated for an hour. The solid was
30 collected by filtration and dried under vacuum at 50°C to provide 107 g of the titte compound
(82 % vyield) as the acetic acid salt.
Example 3
(1a, 5a, 6a)-7-(6-acetamido-3-azabicycio]3.1.0]hex-3-yi)-1-(2,4-difluorophenyl)-6-
fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid, ethyl ester
35 A reaction flask was charged with 241.9 g of 7-chloro-6-fluoro-1,4-dihydro-4-oxo-1,8-
naphthyridine-3-carboxylic acid ethyl ester, 151.6 g of the acetic acid salt of the compound of
Example 2 (1.2 equivalents), 2661mL of ethyl acetate (11 volumes) and 220 mL of

triethylamine (2.5 equivalents). The mixture was heated at refluxing temperature under
nitrogen for 6 hours monitored by HPLC or LCMS. After the reaction was completed, the
40 reaction mixture was cooled to ambient temperature. Water (11 volumes) was added and the
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wherein
R' is benzyl, wherein the pheny:l of the benzyl may be substituted by one or more of
10  C,4-Cq alkyl, C4-Cg alkoxy, halo, nitro, amino or trifiuoromethyl, and
R? is C,-Ce alkyl, trifluoromethyl, or phenyi which may be substituted by one or more
of C,-Cs alkyl, C,-Cyq alkoxy, halo, nitro, amino or triflucromethyl, which comprises
(a) reducing a compound of the formula

o,N_H

15  wherein R' is as defined above, in the presence of iron and a organic solvent under acidic
conditions, and

(b) acylating the compound of formula I}l formed:
HN_H
H

~p1
H "R
with an acylating agent of the formula RC(O)X wherein R? is as defined above, and X is a
20 leaving group.

2. A process according to claim 1 wherein the compound of the formuia 1l

formed in step (a) is not isolated before acyiation step (b). ' -
3. A process according to claim 1 or 2 wherein the co_mpound of formula |,
wherein R' is as defined in claim 1, is subjected to debenzylation to form the compound of

25 formula IV;
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hydrogen and palladium catalyst in acetic acid and an organic soivent.
5. A process according to claim 3 further comprising reacting the compound of
formula IV with 2 compound of the formula

0
98
Cl N N
i |

10
wherein R® is C,-Cg alkyl, to form a compound of the formula
CO,R3
] Z
R2CHN
N \
: Vi
wherein R? is C,-C; alkyl, trifluoromethyl or phenyl which may be substituted by one or more
of C,-C¢ alkyl, C,-C; alkoxy, halo, nitro, amino or trifluoromethyl.
15

6. A process according to claim 5 further comprising hydrolysis of the compound
of formula VI with methanesulfonic acid, water and an organic solvent to form the
monomethanesulfonic acid salt of the compound of the formula.
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7. A process according to claim § or 6 further comprising hydrolysis of the
compound of formula VI with methanesulfonic acid and R*0OH wherein R® is as defined in

claim 5 to form the monomethanesulfonic acid salt of the compound of the formula

O

CO,R3
H F 2
H,N = |
X
" N N N Vill
H F
F
10 8. A process for the preparation of a compound of the formula
O
O CO,R3
|| H F
e
R2CHN |
X
H N N N Vi
H F
F

wherein R? is R? is C,-Cg alky!, trifluoromethyl, or pheny! which may be substituted by one or
more of C,-C; alkyl, C,-C; alkoxy, halo, nitro, amino or trifluoromethyi, and
R?is C,-Cs alkyl, which comprises reacting a compound of the formula
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with a compound of the formula
R? CHN H
}C N
9. A process according to claim 8, further comprising hydrolysis of the

compound of formula Vi with methanesulfonic acid, water and an organic solvent to form the

10  monomethanesulfonic acid salt of the compound of the formula

CO,H
H2
N \

Vi

10. A process according to claim 8, further comprising hydrolysis of the
compound of formula VI with methanesulfonic acid and R®OH wherein R® is as defined in

claim 5 to form the monomethanesulfonic acid salt of the compound of the formula
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11. A compound of the formula

0
ﬁ y . CO,R?
R2CHN = |
H N N
H F

Vi

wherein
R?1s C,-Cs alkyl, trifluoromethyl, or phenyl which may be substituted by one or more
of C,4-Cg¢ alkyl, C4-C¢ alkoxy, halo, nitro, amino or trifluoromethyl, and

R*is C,-Cq alkyl.
12. A compound of the formula
R2— C|HN H
[ N |
N<p1
H R

wherein -

R' is hydrogen or benzyl, wherein the phenyl of the benzy! may be substituted by one
or more of C,-Cg alkyl, C;-C¢ alkoxy, halo, nitro, amino or trifluoromethyl, and

R?is C4-Cq alkyl, trifluoromethyl, or pheny! which may be substituted by one or more
of C;-C, alky!, C;-C; alkoxy, halo, nitro, amino or triftuoromethyl.
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