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2 .Y - A PROCESS FOR PREPARI NG NAPHTHYRI DONggy I%NWRW 17_
Thi's invention relates to a process for preparing the naphtéyri dorfe
carboxylic acid, trovafl oxacin and-deri'vatives thereof, and

i,nt érmedi at es of use therein. Trovafl oxacin has the formul a
[ert]. PCoo42A  H2N 10 1.

F ; as d| sclosed in U S. Patent No. 5,164,402. The patent al so discl oses
processes f;or maki ng t he conpound by using an internedi ate of the
formul a _ [err] wherein
R is a nitjysogen prot e£PROGESS POR PREFAKINGNAPAITHYRIDDNES ANDINTERMEDIATES 15
U.S. Patent; No. 5,475, 116 discloses the preparation of. ot her Internediates
for use in preparing the naphthyridones of US. Patent No. 5,164, 402.

The present inveriti Ghisrisventiansreletes 20 P poeess Jorf prepafingethe naphthyddone karbonytl adid,t he

I/\ﬁ(ra;négl ﬁ R is tt)rg\ﬁazﬂﬁﬁcmvﬂg demat"{eﬁ ther anq unte?'neg 'ﬁtes B%u‘r% gthrehnay be substituted
by one or Trovafioxacin has the formula
O
H.N l
H F Vil
0 F

as disciosed in U.S. Patent No. 5,164,402. The patent also discloses processes for making
the compound by using an intermediate of the formula
RHN_H
H
N<pt
H R
wherein R’ is a nitrogen protecting group, such as tertiary butyfoxywrbonyl.
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. 5,164,402.
The present invention relates to a process for prepan'n'g a compound of the formula

Rz—-ﬁHN H
H R
N<p1
H R .
wherein R' is benzyl, wherein the pheny! of the bénzyl may be substituted by one or
20 more of C,-Cg alkyl, C;-Cg alkoxy, halo, nitro, amino or trifiuvoromethyl, and
R? is C,-Ce alkyl, trifiucromethyl, or phenyl which may be substituted by one or more
of C,-C, alkyl, C,-Cs alkoxy, halo, nitro, amino or trifluoromethyl, which comprises
(a) reducing a compound of the formula
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20 more of Jerr]-Cerr] alkyl, (err]-(err] alkoxy, halo, nitro, am no

or trifluoronethyl, and _ Rlerr] is (Jerr]-(err] alkyl,

trifluoronmethyl, or phenyl which may be.substituted by one or nore of

Clerr]-Cerr] alkyl, Clerr]-Cferr] al koxy, halo, nitro, am no or

trifluoronethyl, which conprises (a) reduci ng a conpound of the

formul a -2- - 2-

[err] 5 wherein R err] is as defined above, in the presence of iron

and a organi c solvent under acidic conditions, and (b)

acyl ating the conpound of formula Il forned:

[err] 10 with an acyl ating ageﬁ;Nothhe formula RRC(O X wherein R2 is

as defined above, and X is a head ng group. i In a

pref ered enbodi ment of the invention, Yt ound of formula Ill forned in
“step (a) is not isolated before Step (b). The

invention isgfurther related to a prdcess
formul a

e . . by. .
debenzyl ating tHEHRpEATeEred2BrvsL RS P%%‘F%Ph{’%{%f”ﬁ °r§?m°1?5%fvé?tr‘ﬂ"d%fr%'d5‘s

r preparing a conpound of the

defi ned above. conditions, and In a preferred enbodi ment, the debenzyl ation
is carried out r i ng ormula | with hydrogen and
pal | adi um cat al@s/t ?%Q%féﬁéﬁreico&glglﬁggn é”na '%Pg’&%‘i'c sol vent The

- invention also relates to reacting]-%N:oh'bound of the formula IV with 20 a
conpound of the formula

H n
~ .
N<pt
H R
10  with an acylating agent of the formula R?C(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 2 compound of the formula
ﬁ
R’CHN_ H
H
Ny
15 H
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 2 compound
of formula | with hydrogen and palladium catalyst in acetic acid and an organic solvent.
The invention aiso relates to reacting a compound of the formula IV with
20 acompound of the formula
o
F CO,R3
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[err] ° - 3- 5
wherein R err] is (Jerr]-(err] alkyl, to forma conpound of the formula

[err] N wherein
R2 is as defined above with referencetoforrrulal. The
invention relates to hydrolyzing the conpound.ff formula VI with
nmet hanesul foni c acid, water and an organic solvent to formthe
nononet hanesul fonic acid salt of the 10 conmpound of the fornmula VII,
trovaf | oxaci n. The invention also relates to hydrolysis of the
conpound of Bor wierain ¥4 is/t,td} alkyl, tofdmtafb%ﬂﬁ&h%%éfbnﬁlﬁéd and R err] OH wherein
Rl err] is as defined above to formthe nono- nmet hanesul fonic acid salt
of the conpound of the f mJI a
[err] Tmalnvgntlo fu éRatestothe
i nt er nedi at es of the fog ,qe_%:\/

Vi

F
F

wherein R? is as defined above with reference to formula 1.
The invention relates to hydrolyzing the compound of formula VI with methanesuifonic
acid, water and an organic solvent to form the monomethanesulfonic aci& salt of the
10 compound of the formula V1, trovafloxacin.
The invention also relates to hydrolysis of the compound of formula V1 with
methanesulfonic acid and R®OH wherein R® is as defined above to form the mono-
methanesulfonic acid salt of the compound of the formula

CO,R?
7
: Vil

15 The invention further relates to the intermediates of the formulae

ﬁ H CO,R?
H Ny
H

Vi



[erT]

-4- 5 wherein Rerr] is (ferr]-Cerr] alkyl, trifluoronethyl, or
phenyl which may be substituted by one or nore of Jerr]-Cerr]

al kyl, (err]-Cerr] alkoxy, halo, nitro, amno or trifluoronethyl, and
Rlerr] is (Jerr]-(err] alkyl, and

[err] 10 wherein R err] s hydr ogen (see formula |V)
or benzyl, wherein the phenyl of the benzyl may be substituted by one
or nore of Cerr]-Cerr] alkyl, C[err] Clerr] al koxy, halo, nitro, am no or
trifluoronethyl al kyl ,
trifl uor omethy| Wheggin 5h'§%}% sy trflursomnethyl, E’LFEE?VI' ‘f‘%‘!?’éﬂalbcée Wgt't&d °15‘°"eof
Clerr]-derr] adfl(,y-bs alidfl.at,+ds-akby; hidio, Aitrs,anino di &ificorométhyl,Gand am no or

fl uor onet hyl . al The term"al kyl", as used herein, includes
sat ur at ed nonoval ent hyaT ot I%on radi cal s havi ng straight, branched
or cyclic noietands, e.g. nethyl, ethyl. The term "al koxy",
as used herein, i ncl udes O al ky s whegein "al kyl" is defined

above. 20 The processes ﬁlm T ion are depi ct ed in the

foll ow ng reacti on schene. Unl ess HIg cat ed ot herw se Rerr],

Rlerr], Rerr] and X are as define above.

N<pt
H R
" 10  wherein
R' is hydrogen (see formuia IV) 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 C,-Cq alkyl, triflucromethyt, or phenyl which may be substituted by one or more
15  of C,-C, alkyl, C,-Cg alkoxy, halo, nitro, amino or trifluoromethyl.
The term “alkyl”, as used herein, includes saturated monovalent hydrocarbon radicals
having straight, branched or cyclic moieties, e.g. methyl, ethyl.
The term “alkoxy”, as used herein, includes O-alky! groups wherein “alkyl® is defined
above.
20 The processes of the invention are depicted in the following reaction scheme. Unless
indicated otherwise, R, R?, R® and X are as defined above.



5 Reacti on Schene

[err] _ ' - 6-
5 The conpound of fornmula Il is prepared fromthe correspondi ng
conpound of formula Il by reduction in the presence of iron and an
organi ¢ sol vent under acidic conditions. The organic solvent is a

Clerr]-C[err] alcohol, such as ethanol, or an“ether such as tetrahydrofuran
(THF), and preferably, an al cohol. The acidic conditions are obtained by
use of a m neral acid, such as hydrochloric acid, or an organic acid,
such as acetg ¢ acid (AcOH). Acetic acigl i.s referred since it
generally results in increased yiel ds.':g?a':tm"g“)he""ep The conpound of

formula I'll may fhen l_?e i solated fromthe reaction xture or may be
reacted further u, wthout in‘ipl i on fromthj action mxture. In
either case, the fH proc jng is by acsl [ wi th an acyl ating
agent of the fornul C(RXto forn;' <comouncd mit& |. The

| eaving group X is conve ieR{Iy a halo Nsgch as chl oHe, Nhe 15
acetoxy group. If the“corrpound of fornq alll is first isolatedR then the

acylation may be O conduct ed under Iéonventi onal acyl ating conditions,
for instance, ir&zgl_ma pyesence of an organic 9 solvent of the type
di scussed above. La,R is subjected to

The conpouhy
debenzyl ation to foiﬁﬁitz;gonpggﬂd of V. It is understood
that in the context NiLpventi on, deg-" i ncl udes, 20 renoval of
Rl err] wherein Rerr] is ben?yl or substrtuted benzyl . The reaction

proceeds in accordance with conventi onal @ hzyl ation of tertiary
a

nitrogen, convenientlY by use of hydr oge pal | adi um catal yst in
acetic acid, and in an organic solvent The org sol vent may be a
Clerr]-Cferr] alcoholic solvent, such as ethanolg ethyl acetate, THF or

water, or a mxture t hereof, such as ethanol and water. 25

The compound of forrmula VI is obtained by coupliVig the corres g{grR
conmpound of formula IV withgthe bicyclic intjernmeg] CoeR®
formula V. Thi s%('){pl kg rr_eacti on] maycdyes H, ducte W t hout a
sol vent The sol en used, $t be inert un t i

conditions. Suitable elts @ et hyl acefate, oni tYil g,
tetrahydrofuran, et hin , el orof orm di rret'ﬂyl sul f oxi des~pyFi di ne,
and water, and m xtuHes thereof. B0 F The reaction te ture
usual 'y ranges from about 20C. {0 gbout 150C. peso.H Nye”reaction

may advant ageously be carried on the presence of an acid dcceptor
such as an inorganic or organic base, e.g. an alkali netabor "al kal i ne
earth netal carbonate or biftarbonate, or a tertiary amne, e.g.
triethylamne, pyridine (Ir pi%ol i ne.

§  com 0 . 2
o A : [ A F coH
HN [ R?CHN Z
, « |
H F H F

MeSO,H

Vil — -



The nmesyl ate salt of the conpound of formula VII, trovafloxacin, is forned
by 35 hydrolysis of the conpound of fornmula VI wi th nethanesul fonic acid,
wat er and an organic sol vent Exanpl es of suitable organic solvents
include a CJerr]-Cerr] alcohol, acetone, dinethoxy _ et hane, gl yne,
THF, N-net hyl -pyrrolidinone, and water, and m xtures thereof.

The nesyl ate salt of the conpound of formula®11 is obtained by hydrolysis
of the conmpound of forrmula VI with nmethanesul fonic acid and a
Cerr]-Cerr] alcohol of the formula Rerr]CH 40 for exanple ethanol. The
compound of formula VIIl is an internediate in the preparation of

-7- 5 Sthe nmesyhafemreynd of fgmyla Hiig prepaiechifom the ¢aresponding romprupg piformua

ani no group i s ysyhedictien Rdhdpresdhice of iron ARA BF oREHIE s@iVend iR} 46O LordRions . The
di peptide, as disclos

d.in U P t . 5,164, 402. Th
Conpound.of -1 oPIRITE RO arendakohiu e AR AP of AR SR SYSHeth BFRVPBRIA | n
th t i(THF)f arahpreferapip uandaladholt OThlakidic conditi btaifEldeb neiinerél
fo(ram“ a Vlr ?a;néciﬁ P)Q[%ZIRTE Qaﬁ@m%%ﬂ& c;rpﬁ bfaShic g&:ﬁ%ugg;iare ")c(\al Rcéﬂ'akggi\n:ezg an'gr c
useful in the trea man%S 0?0 acteria |ﬁ$ec 1 ONS™ 0 %%oagggpec TUum oo e
particul ar |49 t peefarred sinaeitgenerally regifits iprinangagedyiels,e bacterial strains.

The active corrpound,srnareamaaan@&mbzﬁhﬁﬁ%ﬂm@oaatéaﬂom/weaaﬁaﬁm ¥r RS be

adm ni stered in adm xture W th a’ pharmaceutical carrier selected with
regard to the i¢pcteddether Bty without isolation fter e sqactian raiktumen dn Sithghersethe further

phar maceut i cal pRicadsingCe - byF&dylaforamil &n abyittig Gaentst thslTrnlia IRECEOIX1B fof dd Y
or in the form of tagl {efhs e ng_ﬁi lni nn% sucgngcigi,e%ts as stargh o | act ose,
or "in capsul es c®mpoungotfrapuial Theleqying;group JHp COMYPUSTRY £ eIR980; THERAB S8y O te ¢ he
form of el itsi r acetoxysgreyre nif ittenempourdaif formgla It is firk aetated, rthenothe @oylation mgpy be
agents. In the ' : . I | | A

ani mal feed or cé@%&e?%ao%\?ﬁ%%ﬁ?nna‘i ggbégﬁcgﬂ@%? {}%ﬁ oé El%tgggfé%%lr%@ %g?'deé}%é;%bl y
25-500 ppm Thégivent of thebipe ¢jecupsepi @beved parenteral ly, for exanpl e,

intramuscul arly, inttha\emgbind ¥t Bmud P $LEERE R deberdyiationtd forMahe Bérfischd of
adm ni stration, they are best used in the formof a sterile aqueou

. VS
sol ution ViR Wanlt i Hrderstpod et in the) qantext of e inventiony debepzylatio inclydes o
flucose to guakeerhdval DRUtWherein R' is beratioor Substititet engys eThef reattiongireceeds in

conpounds can be adm ni siered intr scul.arly. or . u n sl y_at
dosage | evels GFeLHBGT @F’1@56"{’?&?’@%%,}%%%\9%%"5%8'53?93" 88 %—E'T'ﬁ"%%y tseof

ng/ kg/ day gi vemydmgen a5 pglladiunigathlyst itcepeticoacidugndiim arBorganis shiveintd dheerganiGsolvent
The 1 nvention mfdaQ cEMAGR solhf/sIBF & dthdiil, e PrE0Ste! 1HING: wGBHd an

anti bacterially ective anount a conpound of the formula (1) together

with a pherepkeech 3seifiang! aadwalph abl e dil uent or carrier.
The conpoungs of t hernk ByAEYuh@6F ferialVe istsbibindld By @6&fling Be BorRERPShdIng lcofpdund of

e o oyt et Ve Bl 5. R aflinb BB e,
500 ny/ kg/ day, centuetet adflecrwithyut & sGivent The/sigérd.ayheq iusexiimist ba inert undes thegeartidns e
Cocane 1 ahelpe sk s SN il A5 RO S b
nmg/ kg/ day. Wi Ichlofofarmagimethyisuipxide, pyndine, and water, and mixtures thereof.

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

The reaction may advantagecusly 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 methanesulfonic acid, water and an organic
solvent. Examples of suitable organic solvents inciude a C,-Cq alcohol, acetone, dimethoxy
ethane, giyme, THF, N-methyl-pyrrolidinone, and water, and mixtures thereof.

The mesylate salt of the compound of formuia VHI is obtained by hydrolysis of the
compound of formula VI with methanesulfonic acid and a C,-Cg aicohol of the formula R®0OH,

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



adm nirstration may be a single dose or up to 3 divided doses, intravenous
adm ni sati on can I ncl ude a continuous drip. Variations wll
necessarily occur depending on the weight and 35 condition of the subject
being treated and the particular route of administration chosen as wll

be known to those skilled in the art The foll ow ng Exanpl es
illustrate the invention. The abbreviations iSed mean the fol | ow ng:
GC=gas chromat ogr aphy; Ms=nmass spectonetry; TLC=thin | ayer chromatography,
HPLC = hi gh performance |iquid chromatography; LCMS = |iquid chromatography
frg_ss 40 spgct the mes)'late%gftio a'\’ﬁ _rug %Hr Floxaclﬁ wﬁerem threeashgl)rpoagnrg%(lgﬁﬁtrsgtutfd by an
(1[err], 5[ er r gminé peid pi § palypéptite cng. dipetide casaijsclosedarria S Rajark Np.3, B4@Dhexane

A 3-necked round bO‘rﬁ %Bré#a@ﬁd%ffo‘?ﬂ&b Bfﬂﬁ@éé&a&n%&f‘e%‘?ﬁé ﬁ{em@uéé?é’ﬁfrﬁb%‘ngg.e
stirrer and a rogen purge, was arged w g of
ni trocycl opropEﬁﬁehonfmeEOE'P@de“OV"i sopropanol (7 5 volunmes), 1.79 L of

acetic acid (9.1 eqyhe/adniiobiid oﬁ&%uﬂal\ﬁsargj Mk nekyiie BAVHSGESS 1Re a‘:@e compounds)

equi val ent sé The react I on m Xxtu heated at 50[err] C until
reacti on wdf cB8fFeeiidy hereatment °fGEPtW@‘ infegliaps plbread|Sperup. RAstcHIEsY mﬂHSatWE“tof
acetic anhydri dﬁgdra,pdsmqmamtaesttam)s was added and stirred at 50[err]C

for 15 minutes bef t diluyted with 8 L
S T RS R M
was | erea o S

Yo TES) ., The. BaARAAREN ho SOl ABrMRANLA prfRRC IR H3HE B SRS AMRBRAC! |
to 12 with18. gomrliysr imtederm of fablejieantaining syeh excirisnts @asBEh o1 Rciges, GW§?PSUH§e

| ayers were SeBiﬁfeﬁél@:Qa &ﬁdadnhﬂur@%ﬁé?&ﬁéﬁ@wnﬁ'ﬁie%w el&lrﬂ\a'ssugééﬁ%sm{mtammg
magnesi um sul f at e sultin rk amber oil, was trgat ed »\a%man .

L of hexanes (i%mo'za ‘?Er?B‘Q?"gaﬁQB"'ﬁr E\Rib @d’f gpmals, they are-adyantageoysy; gptain
col l ecting thean}ilmﬁl%wtoraﬁnlmgwiaérm Sedntehtrafidnyof 56000t pp) preferably 29+50€ ppriv.aTheym

g;?:}’ (I\E/B6 lgll\/gR ;212 q h%jegteé lpSregtgw %}dexg;nple % ya'n?dsghédypfrﬁ@vg%uay %’P?ubqetgﬁeoggly

Exanple 2 20 For parenteral administration, they are Peist gsed]in ﬁ&[fgm pf a sterile aqueous solution
6lerr])-6-Acet @M%@c&@pbﬁ&%&%ﬁ }or%kglf @'H?'louqh salt or fluoose tdbmﬁé' the BOiLfidn®
was charged wt Ig e conpoun acetic
acid (3 equi vaisalepig) [nyths @sﬁf“rﬂ!’??éﬁi@mw’dﬁcﬂaﬂn%sfd’ﬂﬁﬁe'fﬁ '@"ﬁﬂ“s?”ﬁ‘f% Py w
S0% wet) 25  Bghcliafiedl yat dds@ ¢ 16WR bRl BBit) 0.15bemiRi/bdye a0aantyeo@sd o\a-1oh
nitrogen and the rou‘ge § d% @I@ﬁ%re w th hydrogen. The
m xture was shﬁﬁ&‘ﬁ‘g PR ﬁﬁ'ﬂ?% 'M&°?%‘EHBF‘8% f5%¥at al yst as
necessary @éring t h§hejelneenb9ri akkson provides | parmadetiical T@@posﬂhnsatcadprtSMt anhe
reaction was . el talys f it {af‘
filtrate was cg?lu(?gﬁ%%g?e I'n v%@%@?tdg %lln&’rﬁ@ﬁnd t i 6iml %?ﬁ% acet at e
(20 vol urres) wakprsaceutiralivacceptabls dilventqpcagieinul at ed for an hour The solid
was 38 (i 8|7| ect ]gadt Ernét éc{n?ﬁbﬂﬁdsfb? u@n.gbeﬂidnqgntsa@&h.n*s@@ummané@&rw&e@uﬁ&t of
provide g Oactenale drselasesebyceong't’rgr 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 intramuscuiar or intravenous administration, dosage
levels are about 0.1-200 mg/kg/day, advantageously 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 = nuclear magnetic resonance.



(82 %.wyield) as the acetic acid salt.

Exanple 3 (1[err], 5[err],

6[err])-7-(6-acetam do- 3- azablcyclo[S 1. 0] hex-3-yl)-1-(2, 4-di fl uorophenyl) -
6- fl uoro-1, 4-di hydr o- 4- oxo- 1, 8- napht hyri di ne- 3- car boxyl i ¢ aci d,

ethyl ester 35 A reaction flask was charged with 241.9 g of
7-ch|oro-6-f|uoro-1,4-dihydro-4-oxo-1,8- 8- napht hyri di ne- 3- car boxyl i c
acid ethyl ester, 151.6 g of the acetic acid salt of the conpound of
Example 2 (1.2 equivalents), 2661nL of ethyl acetate (11 volunes) and 220
mL of triethylamne (2.5 equivalents). The m xture was heated at

ref | uxi ng téﬁperature under n|trogen§!ﬂﬂﬂﬁ_hours noni tored by HPLC or

LCVMS. After the reaction ma@m)ea‘.ﬁﬁanﬁm géﬁzyl.@%dyggpmoﬁ%n@ was cool ed
to anmbi ent tenperatur Pé %1I volu ?%‘l was_added and

bi phasi ¢ mi xture was® g’t"f‘?" EPURpottan figsie, pauiped yith g fhefraometsy, l@%a%ﬂ"ﬁéﬁﬁde% by
filtration, wasedenser wmvmmea&ﬁagermaofchawgédewm( 168 gait mmney)clomdar&vensdr lofd
at SOlert]C 1o phnpafs (72 faishe], 178 tf:af:e'guglgcid ﬁbe@’(})&%“gﬂ%&gﬁ Xk B Aowder

Exanpl e 4 ct |
Exanple 3, 10 7EIGI§qld\ialemt$uTIwrre¢chQr8nmre wes| heated 3t 509C Gntil the (ehctwama coériplated byres)

and 141 nL of egféen%@ %la\gt%qﬁo%%sgc' 1|(nﬁ 09 acetic an@gﬁvﬁ h%ﬁﬁg;e%rv?as@ﬁ&d

The m xture vvas | ux ours, Teacti on
moni t ored by HPL“Q:SMWC for i%‘ﬂln@@%ﬁf@'@@wl@mcﬂe{)ﬁm@%@m&ww @*Umgﬂﬂ!@dl ed

to 50[err]C anqsoproganél giotﬂoﬁﬂweE)chn%Kﬁed' for ﬁ)lﬁﬁb,tég fife reéréiﬁl |Fdn:v5aE5ﬁIt§gd ¥fand

cooled to O-5[err anul at ed he solid

col l ected by fith® F%I‘tel"tﬁ gq/\)d‘gh Rk Pwsmam Qﬁ valipes). Ple iFeArenaRg! Slvlierowes ni
n- 15 but aml doacemétumyacua' e amvell, 18Rk @f \WRAloiemart (@4 volumes) was added-dafbrainol
3 I , d d d I d h dt
(3 YO00mS) . e vty B8 b SR 4K <Ldtk BB S GRAEL, FRRET TR 1°
hours, the m xtlayees wexs sepacstedcant theamparated organipleyanwvas dried by enagnesiuncudfate. Tbes

f Iter ed, wash I

n:trogen > g'tgsrrd[‘)agé}&ge(e bgl‘%fr)‘g?/ GAQI%@IB?&? ?%ﬁhé%ﬁaéfﬁg&f%& Sgnfu&e@at

6[ err]) - 7- ( 6- ard5He beforg Lallsicting dhegfrasiugt, a@]amfm solig| Prying ap§0°C under vacuum gave 610 g
(2, 4-di f1 uogphsthdlhie Sontdolhd (B7 Jorytbrcd Nssg}&oeuésam&&mgmmmﬁdﬂwe 3- car boxy

lic aci d, nononet hanesul fonat e %o yi el d)
Exanple 5 0.8 nL of net hanesu@ﬁﬂ?&-am d (2.7 equival ents) was

added dropwi se t o a sol ution Qqfig, 5a, 6u)8-Ade@imith-32abicRI0I0KExaie Exanpl e in
10 nL of ethanol vol.u ﬂle eaction 2 r
heated at refl uxing ﬁsg @Ed‘gaﬁc 4‘6&11{)%? gf I?SF?‘B?“@& gm* ﬁ?lzt@'? f he
reacti on was ccaqaﬁcacdo[a equivalsass), dISILlnfméthanalmOatoluyrIes)aarvdt1aIg@f (12% byiwt. Scwet)
washed wi t hyd 3% Iy yer
was separ at ed (f}é) QAA 'Y)Stgo 1 e%‘ﬁg%ﬁoﬂ*gg %@Q&%@é&@ s"ﬁtﬁ m%%%%ggﬁgﬁggﬁa %beérsgd
The filtrate W@éﬁd@h!‘yq{?@d T"I? nigletgovas shakep far 48 hqurgan rged 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 ethyl 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 title compound

(82 % yield) as the acetic acid sait

Exampie 3
{1a, Sa, 8a)-7-{6-acetamido-3-azabicyciof3.4 .Olhex-s-yl)-‘l-(2.4-diﬂuompheﬁyl)—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 ethy! 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




(1[err], 5[err],
6[err])-7-(6-am no-3-azabicyclo[3.1.0] hex-3-yl)-1-(2, 4-di fl uorophenyl )-6-fl
uoro-1,4- 30 dihydro-4-o0xo-1, 8-naphthyridine-3-carboxylic acid ethyl

ester, nononet hanesul fonate (96% yi el d).

-10- 5 : Cl ai nms

1. A process for preparing a conpound of Phe formula

[err] wherein . Rlerr] is benzyl, wherein the

phenyl of the benzyl may be substituted by one or nore of 10

L1 11 or omet hyfenels isins Wab st w17 Bi? e Wit Baidyas e bf frghon, washed

trifluoronet hy\Mth 2661 ghie nf/ watei{12 volomygs) laad udrs thicdudt S0 Mo prowdeo292nP bethe title  Of
Clerr]-Cerr] %%nd(%@ JldC[err] al koxy, halo, nitro, amno or

trifluoronethy |ses (a) reduci ng a conpound of the
fornmul a Example4 [err] 15 wherein

under acidic condi ti ons, 9/ % he conpoun
formul a 1119 fooluses), 1.54 L of water (7 volumes) and 141 mL of 70% me anesp@ryc] acid (3.0

equivalents) were mixed. The mixture was heated at reflux for 21 hours, and the reaction was
monitored by HPLC or LCMS. After complete reaction, the mixture was cooled to 50°C and
filtered to make it speck-free. The fiitrated was cooled to 0-5°C and granulated for 2 hours,
The solid was collected by filtration, washed with 220 mL of water (1 volume) and 660 mL n-
15 butanol (3 volumes). The wet cake was mixed with 660 mL of n-butanol (3 volumes), seeded
with 0.1 gm of the desired polymorph and heated to 95-100°C. After compiete polymorph

Rlerr] is as defineg é‘?ﬂ!ﬁ‘m flabk, tz%’ ngf%eEl%\%oQﬁd bf B&\nﬁ‘%% % ﬁ@%ﬁ‘h%ué%lé@m

conversion, in approximately 2 hours, the mixture was cooled to ambient temperature. The
solid was filtered, washed with 100 mL of n-butanol (0.5 volumes) and dried in a nitrogen
atmosphere to provide 200 g of (fa, 5a, Ba)-7-(6-amino-3-azabicyclof3.1.0lhex-3-yi)-1-
20 (2,4-difluorophenyl}-6-fluoro-1,4-dihydro-4-oxo-1,8-naphthyridine-3-carboxylic
acid, monomethanesulfonate (87% yield). -
Example §
0.8 mL of methanesulfonic acid (2.7 equivalents) was added dropwise to a solution of
2.2 g of the compound of Example 3 in 10 mL of ethanol (4.5 volumes). The resulting reaction
25 mixture was heated at refluxing temperature for 40 hours, monitored by GCMS. After the
reaction was completed, it was diluted with ethy! acetate (20 mL) and washed with (3x 10ml)
1M sodium hydroxide solution. The organic layer was separated, dried over anhydrous
magnesium sulphate and fiitered. The filtrate was concentrated in vacuo to provide 1.37 g of
(1a, 5¢, 6a)-7-(6-amino-3-azabicyclo[3.1.0Jhex-3-yl)-1-(2,4-difluorophenyl)-6-fiuoro-1,4-
30 dihydro-4-oxo-1,8-naphthyridine-3-carboxylic acid ethyl éster, monomethanesulfonate (96%
yield).



with an acylating agent of the formula Rlerr]C(O X wherein Rerr] is as
defi ned above, and X is a 20 |eaving group. \2\

B 1o B o ot oot or Combolind, oF Lt o amlmmﬂmllnfl{iﬁﬁ
A process according to claim1 or 2 wherein the conpound of ot mut

wherein Rlerr] is as defined in claim1, is subjected to debenzylation to
formthe conpound of 25 formula IV:

[err] 4. A process according to claim3 wherein the
debenzyl atiog is by reaction wth hydragen and pal | adium catal yst in
acetic acid and an organic sol vent 5. A process according
to claim3 further cbnpri épwgesﬁ&cptﬂpﬂgwtammpwmpotﬂmfomma formula IV
wi th a conpound of the fornula
[err] 10 wherein R[ern] is CJerr]-Cerr] alkyl, to forma
conpound of the formula R’CHN H [err]

H |

H N\R'

wherein

R is benzyl, wherein the phenyl of the benzyl may be substituted by one or more of
10  C,-Cg alkyl, C4-C; atkoxy, halo, nitro, amino or trifiuoromethyl, and
R? is C,-Cg alkyl, trifiuoromethyl, or phenyl which may be substituted by one or more
of C,-C; alkyl, C;-C; alkoxy, halo, nitro, amino or trifiucromethyl, which comprises
(a) reducing a compound of the formuia
oN_H
H< |
1
H "R
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 IIl formed:

HN H
2 fll

with an acylating agent of the formula R2C(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 formula I
formed in step (a) is not isolated before acylation step (b).
3. A process according to claim 1 or 2 wherein the compound of formula |

wherein R' is as defined in claim 1, is subjected to debenzylation to form the compound of
25 the formula

—_—
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N Vi wherein Rerr] is (Jerr]
-Cerr] alkyl, trifluoronethyl or phenyl which may stituted by one or
nor e of Jerr]-Cerr] alkyl, Cerr]-Cerr] al kmamno
or trifluoronethyl. 15 6. A process mw Imb5
further conprising hydrolysis of the corrpoun f Mﬂ%

nmet hanesul fonic acid, water and an organic s vent to formth{é
nononet hanesul fonic acid salt of the conpound of the formula.

-12- [err]

H2N 5 F

7. A process according to clainy5 or 6 further conprising hydrolysis of
t he conmpound of forrula Vi &\n '_I?Nne anesul fonic acid and R err] OH

wherein R err] is as defined in m5 to formt
nmonomet hanesul fonic acid salt of thedlcghpourd of the forl
[err]

5
4. A process according to claim 3 wherein the debenzylation is by reaction with
hydrogen and paliadium catalyst in acetic acid and an organic solvent.
5. A process according to claim 3 or 4 further comprising reacting the compound
of formula IV with a compound of the formula
Ij\'/uj/ -
10

wherein R® is C,-C; alkyl, to form a compound of the formula

0 CO,RS
l 7
N \

wherein R? is as defined in claim 1
6. A process according to claim 5 further comprising hydrolysis of the compound
15 of formula VI with methanesulfonic acid, water and an organic soivent to form the
monomethanesulfonic acid salt of the compound of the formula

—_—
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0 8. A process for the preparation of a co of the

formul a [err] L/ er err]
is Rlerr] is (err]-Cerr] alkyl, trifluoromethyl, or ph /ﬂy
substituted by one or more of CJerr]-Cferr] alkyl, (el ”ﬁ
al koxy, halo, nitro, amno or trifluoronethyl,, and rs

Cerr]-Cerr] alkyl, which conprises reacti ngjna conpound of the forrrul a

[err]

CO,H

@

7. A process according to claim 5 or 6 further comprising hydrolysis of the
compound of formula VI with methanesulfonic acid and R0OH wherein R® is as defined in
claim 5 to form the monomethanesulfonic acid salt of the compound of the formula

3
H - CO,R
N = I
S
) N N N Vil
H ; . !
F

10 8. A process for the preparation of a compound of the formula

o)
CO,R3
=
RZCHN |
NN SN
VI
: |

wherein R?is 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, and

=
\

R? is C,-C; alkyl, which comprises reacting a compound of the formufa



with a compound of the formula [err]

1V 9. A process according to claim@8, furtherconpri-st-ag—
hydrol ysis of the conpound of forrmula VI with net haneﬁmm

wat er and an organic solvent to formthe 10 nononet hanes ””'”z,m(ﬂmmm
of the conmpound of the formula 13-

[err] e VI |

10. A process according to claim8, further conprising hydrolysis of the
conmpound of formula VI with methanesulfonic acid and R err] CH wherein

Rlerr] is as defined in claim5 to fgrmthe nononet hanesul fonic acid

salt of the conpound of the formula .
- 14- ijlj/cozas [err]

with a compound of the formuia

R? CHN H
% ’
9. A process according to claim 8, further comprising hydrolysis of the

compound of formuia VI with methanesulfonic acid, water and an organic soivent to form the
10  monomethanesulfonic acid salt of the compound of the formula

H,N ~
N \
: Vi

10. A process according fo claim 8, further comprising hydrolysis of the
compound of formula VI with methanesutfonic acid and R*OH wherein R® is as defined in
claim 5 to form the monomethanesulfonic acid sait of the compound of the formula



F * 5 11. A compound of the formul a

[err] wherein Rlerr] is (Jerr]-(err

al kyl, trifluoronmethyl, or phenyl which may be substltute y one_or

10 of CJerr]-Clerr] alkyl, Clerr]-Cferr] al koxy, halo, M‘ m“mmﬂ”“\

trifluoronethyl, and Rlerr] is Cierr] Jerr]

12. A conpound of the formul a err]
wherein 15 Rlerr] is hydrogen or benzyl, wherein the phenyl of
t he benzyl may be substituted by one or nore of CJerr]-C[err] alkyl,

rifluoromethyl, and

o R

Cerr]-Cerr] al koxy, halo, nitro, am no or
Rlerr] is (Jerr]-Cerr] alkyl, trifluoronethyl,
substituted by one or nore H of :

al koxy, halo, nitro, ap,Re oy trifluoysfie

H Vil

11. A compound of the formula

0
ﬁ ’ - CO,R?
R2CHN = |
H N~y N
H F

Vi

wherein
R?is C,-Cg alkyl, trifluoromethyl, or phenyl which may be substituted by one or more
10 of C,-Cq alkyl, C,-C; alkoxy, halo, nitro, amino or trifluoromethyl, and

R?is C,-C¢ alkyl.
12. A compound of the formuia
R2—(ﬁHN H
@) H !
N pt
H R
wherein
15 - R'is hydrogen or benzyl, wherein the pheny! of the benzy! may be substituted by one

or more of C,-Cg alkyl, C,-C, alkoxy, halo, nitro, amino or trifluoromethy!, and
R?is C,-Cg alkyl, trifluoromethyl, or phenyl which may be substituted by one or more
of C-C; alkyl, C4-Cg alkoxy, halo, nitro, amino or triflucromethyl.



