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QUINOLONE CARBOXYLIC ACIDS, DERIVATIVES THEREOF, PROCESSES FOR

ITS PREPARATION AND ITS USE AS ANTIBACTERIAL AGENTS

BACKGROUND OF THE INVENTION

The present invention relates to quinolone carbo'xylic acids, derivatives
thereof, and methods of making and using the same. In particular, the present invention
relates to fluoroquinolone carboxylic acids, derivatives thereof, methods of making and

using the same.

Bacterial pathogens continue to pose a serious threat to public health as
indicated by a worldwide resurgence of bacterial diseases. One aspect of this resufgence
appears to be the result of prior widespread, and largely effective, therapeutic and
prophylactic use of antibiotics, which, unfortunately, over time has also selected for
resistant strains of various bacterial pathogens. Of particular concern to the public health
has been the emergence and proliferation of bacterial straiqs that are rc.sistant to multiple
antibjotics in the current arsenal of antimicrobial agents. Such multiantibiotic-resistant
("MAR") bacterial strains include species of Gram-positive bacteria, such as, antibiotic-
resistant strains of Staphylococcus aureus, Enterococcus fecalis, and Enterococcus
fecium, which, along with antibiotic-resistant Gram-negative strains of Escherichia coli,
constitute the most frequent etiological agents of nosocomial (hospital-acquired)
diseases, such as septicemia, endocarditis, and infections of wounds and the urinary tract.
S. aureus is currently the most frequent cause of nosocomial bacteremia and skin or
wound infection. Streptococcus pneumoniae causes several serious and life-threatening

diseases, including a contagious meningitis, bacteremia, and otitis media. Annual
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Bacterial pathogens continue to pose a serious threat to public health as
.indi cated by a worl dw de resurgence of bacterial diseases. One aspect of
this resurgence appears to be the result of prior w despread, and |largely
effective, therapeutic and prophylactic use of antibiotics, which,
‘unfortunately, over tinme has also selected for resistant strains of various
~ bacterial pathogens. O particular concern to the public health has been
the emergence and proliferation of bacterial strains that are resistant to
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i nfections of wounds and the urinary tract. S. aureus is currently the npst
frequent cause of nosocom al bacterem a and skin or wound infection.
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di seases, including™a contagi ous nrn cterema, and otitis nedia.
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need for neM/d?&%ﬁproveégantl%acteria?'agents. y 54,
naphthyridin-4-one-3-carboxylic acid), the progenitor of the series, was used primarily as
a urinary-tract antiseptic. Later development provided agents with broader activity,

increased potency against selected pathogens and improved pharmacokinetic and

pharmacodynamic properties.

From a medical utility viewpoint, the quinolones are classified as first-,
second-, and third-generation compounds. First-generation compounds like piromidic
acid (8-ethyl-5,8-dihydro-5-oxo-2-(1-pyrrolidinyl)pyrido(2,3-d)pyrimidine-6-carboxylic
acid) and pipemidic acid (8-ethyl-5,8-dihydro-5-oxo-2-(1-piperazinyl)pyrido(2,3-
d)pyﬁmidine-é-carbdxylic acid) provided coverage for Gram-negative
Enterobacteriaceae. The second-generation compounds are divided into those with
enhanced but predominant Gram-negative activity, against pathogens like Escherischia
coli and Pseudomonas aeruginosa, and those with balanced broad-spectrum activity
(norfloxacin, pefloxacin, enoxacin, fleroxacin, lomefloxacin, ciprofloxacin, ofloxacin,
rufioxacin, nadifloxacin). N.orﬂoxacin, ofloxacin, and ciprofloxacin have, therefore,

been used mainly for treatment of diseases inciuding urinary tract infections,
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Qui nol ones constitute a group of antibiotics that have been avail abl e since
.tthe early 1960s and have proved to he val uable antibacterial agents.

Qui nol one carboxylic acid derivatives having various chenical structures
have been synt hesi zed, devel oped, and marketed. Nalidixic acid

(1, 4-di hydro-1I -ethyl-7-nethyl -1, 8- napht hyridi n-4-one-3-carboxylic acid),
the progenitor of the series, was used primarily as a urinary tract
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i ner eased p%lf'tgohrgestmzﬁ\{rﬁec%gns S {y(%r mmrﬂ%cfa cﬂseases grh E’l? like é@rg rﬁ.raﬁrPrhaCOkl netic

agal nst Se ns
and phar magc nggloncsél% Ecu} |p élﬁOXﬂC!rni srpaEﬂoxacm

rom {E%‘m {.‘utrlrtyvrewpornt
t he qurnolones ar EY ; il

¢lin aci
ecoh ahd g generation
C.

conmpounds. Fir e tlon nds | | 8 ethyl-5 ,8
" di hydro- 55 ﬁ%zgi"%@‘?ras RSB R R g Doy ¢

(5-ctny1- . BYARRF P B gt st v g e oty

d) pyri m di n -09(9&,? o GhhgRA I S RONELERe, h ol Pgmpegat f ve
Enterobacterr% €ae. SRLORC enera et rvided into those

th enhanc r at hogens
}N: ke Escher ?ésjcgﬁaqlg aflt tﬁqﬁ)% gﬂ%ﬁ‘ta o d‘gﬁnm@n%gggggﬁgﬁ%& égaﬂngtyGral%gr%gsgg vmpt h bgl anced
br oad- SpeCtI%ém aﬁ;}u nIﬂt ené?]ﬁleeozXnaé heupn A%XQ%Ia ams Qr?a)éra andEil elr xacin,
| omef | oxaci'm, & pr Ero il 1 oxac 71 B% AP .

Nor f 1 oxaci %géan’XB&Joﬁoxa@ﬂde# H%&Eh%ﬂ%htﬂ]o@lﬁ"c‘(x?hav% WRJ %&%rt‘éuné){ﬁ?ﬂxused mai nly

for treat di'seases including urifnary tract ection

gast ol it sy rnrr?nlmt OB FASorp Al ke o%ﬁ@%%&Eﬁnf?QEﬁ@s%ﬁﬁﬁgg% the Iike.

Third- genera on an ICS evof I oxacin azufl'oxacrn | oxaci n,

cli ”af'OXaChfécuo%kFiﬁ%ﬁ‘&kd@um&&%ﬁh&@é‘aﬂﬁ H%%gt@af {Ad%asﬂ Nind LETRA t% ggoxacin,

oxac noxXi OX&CI oxacl n are ose wit h

enhanced aghjovi .y -39 ASledd, MTRYSibe YGail0G lapk QA Mehdcpat | 0xaci n,

si taf | oxacin, %rova??oxacrn for Streptococcus pneunDﬁMa and, for

essential |y, all the.dabhLA-generati on qui nol ones, activity al s0 agai nst
(}anwnegatr%ebﬁbenn%hrrgscg%fluenzae and Legi onel | a pneunophila, and

agai nst anaerobes and atypical pathogens. Levofl oxacin, noxifloxacin, and

gatifl oxacin have,, therefore, found onmmuni cqui.red i nfections
Jich ae those of 1 PR TpRPRlpeRbRGIT & S i BTN PR AL TEAS. ( RTI )

i ect T ons. e Saesneralh atratinglo el pisdesid b Efine PR SFEiibhy  ococet . -

R Tost of ‘PHTRERE gatsr A bR e ceeerie efgepelee BEb R ener a1y
P o Pt hed ey t%rggéé{eduirpgﬁfqﬁﬁgéﬂ?gaﬁ%gbgﬂ?%gmﬁef%ﬁg%ﬁ BSeRr bl £ or have
o o ot xRt frokarbbec gr%?’%ffé? e Herhn By ARRMIess | oxacl ' and

1 qui not orBSeE R P ReP e d e bt | ben ARy °ﬁ§rr<§%§%<>'*\aé"'p)?f§‘} o noe for o
o e gy ﬁ'%fﬁ‘gfhacaeﬁ“ﬁ%f%ngfef%%rc”)%@ﬁ??‘sam A o q“wazours Bxaci n.

nnxrfloxacr nd ¢ xaci di.s (th eting

property, ar csaﬁﬁpfme}h egﬁ%gnﬁmg gyrasens WﬁverWFﬁxmmaﬁﬁm Obo"somerase 1V

i nhi bition Takei ., ..et. al r obi ent s and rapy, Vo
L T i TR COBEI O SRR

I's explained,the YERKE AGbULL &’nd'té‘po%r%é“m&%' mﬂn‘{lﬁon (M. Takei, et al.,
Antimicrobial Agents and Chemotherapy, Vol. 45, 3544-49 (2000)). DNA gyrase is the

primary target in bacteria, and thus is explained the weaker activity in Gram-positive



bacteria of the topoisonerase |V-targeting second-generation quinol ones

.Ii ke norfloxacin, ciprofloxacin, ofloxacin, and | evofloxacin. The unusual
activity of nadifloxacin described in the literature, especially against
Gram positive S. aureus, now can be explained by its ability to target DNA
‘gyrase (N. Gzum, et al., J. Infect. Chenother., V ol.7 , 191-194 (2001)).
That sone third-generation quinoloties are primarily capable of targeting
t opoi sonerase |V in G ampositive staphylococci, and DNA gyrase in
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dual -targeting third-generation quinolones |ike noxifloxacin and
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A famly of fluoroquinolones was recently devel oped, and sone conpounds of
this fam | ycaalveexpgond ants abigro gzt DNAtgyast (N. fgaim.st ala Jwinte. r ange of

Gram positive and G am negative bacteria. See U. S. Patents 5, 385, 900;

5, 447, 926; 6he881e8580l. Arld1-6946@90 140 Zhaedomme dfirdvgenariticargeinpledsrapor at ed herei n
by reference in their entirety. Because of the prom se of their therapeutic
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for preparing this famly of fluoroquinolones in order to allow for a nore
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In general, the present invention provides an inproved process for
preparing fduabtaggtingdirdrgensratipmquinciones ItkeymeKifioxacip andsgatiflexacine Hewéver,

because of continuing threat of new strains of antibiotic-resistant bacteria that may

surface in the future, continued effort has been devoted to develop new broad-spectrum

antibiotics.

A family of fluoroquinolones was recently developed, and some compounds
of this family show good antimicrobial activity against a wide range of Gram-positive
and Gram-negative bacteria. See U.S. Patents 5, 385,900; 5,447,926; 6,685,958; and
6,699,492; all of which are incorporated herein by reference in their entirety. Because of
the promise of their therapeutic value, it is very desirable, in one aspect, to develop
improved processes for preparing this family of fluoroquinolones in order to allow for a

more widespread availability of these compounds.



wherein Rl is selected fromthe group consisting of hydrogen, unsubstituted
_lower . al kyl groups, substituted | ower al kyl groups, cycloal kyl groups,
unsubstituted C5-C24 aryl groups, substituted C5-C24 aryl groups,
unsubstituted C5-C24 heteroaryl groups, substituted C5-C24 heteroaryl
“groups, and groups that can be hydrolyzed in living bodies; R2 is selected
fromthe group consisting of hydrogen, unsubstituted am no group, and am no
groups substituted with one or two | ower al kyl groups; R3 is selected from
the group consisting of hydrogen, unsubstituted | ower al kyl groups,

subst i t ut edSUMIMAR RIOFYTHEYINMENTIOBY cl oal Kyl groups, unsubstituted | ower

al koxy groups, substituted |ower al koxy groups, unsubstituted C5-C24 aryl
groups, substituted C5-C24 aryl groups, unsubstituted C5-C24 heteroaryl

droups. - SUbSt !t Ut o, (e 68 he I AREMlon @RS m HRHBThbL BflpGBafigd ar Y1 oxy

groups, substitute OXy groups, unsubstit

het er oaryl on‘\!‘ %Mes,ﬁg%wl{%@glgﬁsagﬁm@&t eroaryl oxy groups, and groups
that can be olyzed in |living bodies; X is selected fromthe group
consi sting of halogen atons; Y is selected fromthe group consisting of

CH2, 0, S, SO S, and NR4,_wherein R4 is sglected fromthe group

consi sting of hydrogen, unsubstituted al Kyl groups, substituted | ower
al kyl groups, and cycIoaIKyI groups ig selected fromthe group

consi sting of oxygen and twe arQIE” In one aspect, a
process of preparing fluoroqu ng Fo?nula | conprises contacting
a first conpound having Fornu second conpound) havi ng Fornul a

1l to produce a flu 9 Nag-Formula |, wherein the first
conpound and the segond c ound| are erresented by

wherein R' is selected from the group consisting of hydrogen, unsubstituted lower alky!
groups, substituted lower alkyl groups, cycloélkyl groups, unsubstituted Cs-Cyy aryl
groups, substituted Cs-Caq4 aryl groups, unsubstituted Cs-Cp4 heteroaryl groups,
substituted Cs-Cy4 heteroary! groups, and groups that can be hydrolyzed in living bodies;
R? is selected from the group consisting of hydrogen, unsubstituted amino group, and
amino groups substituted with one or two lower alkyl groups; R’ is selected from the
group consisting of hydrogen, unsubstituted lower alkyl groups, substituted lower alkyl
groups, cycloalkyl groups, unsubstituted lower alkoxy groups, substituted lower alkoxy
groups, unsubstituted Cs-Cy4 aryl groups, substituted Cs-Caq aryl groups, unsubstituted
Cs-Cy4 heteroaryl groups, substituted Cs-C,4 heteroaryl groups, unsubstituted Cs-Cay
aryloxy groups, substituted Cs-Cs4 aryloxy groups, unsubstituted Cs-Ca4 heteroaryléxy

groups, substituted Cs-Cy4 heterqaryloxy groups, and groups that can be hydrolyzed in



wherein RI, R2, R3, X Y, and Z have the neani ngs as discl osed above.

.I'n anet her aspect, a process of preparing fluoroqui nol ones having Fornmul a
|V conprises: (a) contacting a first conpound having Formula Il with a
third conpound having Formula V to produce a fourth conpound havi ng Formul a
VI, wherein the '

living bodies; X is selected from the group consisting of halogen atoms; Y is selected
froﬁ the group consisting of CH,, O, S, SO, SO,, and NR4, wherein R? is selected from
the group consisting of hydrogen, unsubstituted lower alkyl groups, substituted lower
alkyl groups, and cycloalkyl groups; and Z is selected from the group consisting of

oxygen and two hydrogen atoms.

In one aspect, a process of preparing fluoroquinolones having Formula I
comprises contacting a first compound having Formula IT with a second compound
having Formula III to produce a fluoroguinolone having Formula I, wherein the first

compound and the second compound are represented by
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wherein R', R?, R, X, Y, and Z have the meanings as disclosed above.

In another aspect, a process of preparing fluoroquinolones having Formula
IV comprises: (a) contacting a first compound having Formula IT with a third compound

having Formula V to produce a fourth compound having Formula VI, wherein the



f I uor oqui nol ones having Fornula 1V, the first conpound, the third conpound,
.and the fourth conpound are represented by wherein RI, R3, X Y, and Z
~have the neani ngs as di scl osed above and R5 conprises a protected am no
group having a formula of -NR6, wherein R6 conprises a protecting group
‘that is capable of leaving the protected am no group -NR6; and (b)
contacting the fourth conpound with a catalyst to effect a cleavage of the

protecting gLaduiddiee A FohiRfa BV OtFirstlcOmpPoRd UREhitd EdhRKRS Y@k one havi ng
Formula 1V. In still another aspect, the present invention

provi des quhﬂghg&ﬂwﬁﬁggg dseni@flyds prepared by any process disclosed
herein and their derivatives (such as their salts or esters), and nethods
of using such quinolone carboxylic acids and derivatives.
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O her features and advantages of the present invention will beconme apparent
fromthe follow ng detail ed description and clains. DETAI LED DESCRI PTI ON
As used herein, the term"lower alkyl" or "lower alkyl group” nmeans a Cl-
Cl15 linear- or branched-chain saturated aliphatic hydrocarbon nonoval ent
‘group, which may be unsubstituted or substituted. The group may be
partially or conpletely substituted with hal ogen atons (F, d. Br, or I).
Non-limting exanples of |ower alkyl groups include nethyl, ethyl,

n-propyl, 1-nmethyleshyl(is opvl n-but yl . n-pentyl ,od, 1- di nethyl et hyl
(t-butyl), T R A arl‘(ffﬁraavg)ébe)emeélﬂﬁse‘bsidés 1o g R cotiprith It V) SOV

herein, the term"l.ower al koxy'". or "l.owes al ko roup” 2 Cl-C15
linear- or BPEATHEY"C 8?"?1‘"35%}5;%'{“35 oefll %(the\l\@le%"?a&#lgg% H%%%g@gt?@nrﬁ group,
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NR® group, to produce a fluoroquinolone having Formula IV.

In still another aspect, the present invention provides quinolone carboxylic

acids prepared by any process disclosed herein and their derivatives (such as their salts

or esters), and methods of using such quinolone carboxylic acids and derivatives.

Other features and advantages of the present invention will become apparent

from the following detailed description and claims.
DETAILED DESCRIPTION

As used herein, the term “lower alkyl” or “lower alkyl group” means a C;-
C)s linear- or branched-chain saturated aliphatic hydrocarbon monovalent group, which
may be unsubstituted or substituted. The group may be partially or completely
substituted with halogen atoms (F, Cl, Br, or I). Non-limiting examples of lower alkyl
groups include methyl, ethyl, n-propyl, 1-methylethyl(isopropyl), n-butyl, n-pentyl, 1,1-

dimethylethy! (t-butyl), and the like. It may be abbreviated as “Alk”.

As used herein, the term “lower alkoxy” or “lower alkoxy group” means a
C;-C;5 linear- or branched-chain saturated aliphatic alkoxy monovalent group, which
may be unsubstituted or substituted. The group may be partially or completely

substituted with halogen atoms (F, Cl, Br, or I). Non-limiting examples of lower alkoxy



The term "cycl oal kyl" or "cycloal kyl group” neans a stable aliphatic
.saturated 3- to 15-nenbered nonocyclic or polycyclic nonoval ent radical
consi sting solely of carbon and hydrogen atons which may conpri se one or
nore fused or bridged ring(s), preferably a 3- to 7-menbered nonocyclic
‘rings. O her exenplary enbodi nents of cycl oal kyl groups include 7- to

10- menbered bicyclic rings. Unless otherw se specified, the cycloal kyl ring
may be attached at any carbon atom which results in a stable structure and,

i f substituted, . be substituted at any suitable carbon atom whi ch
fesul te i n EOWSAIe SEMGE GIER: BPEIRBRE Aol ety G51PraRP BTt DYREY fide
cycl opropyl, cyclobutyghhggﬁgopentyl, cycl ohexyl, cycl oheptyl, cycl ooctyl,

cycl ononyi , PRPEY-SPEOS Tnyl, adamantyl, tetrahydronaphthyl
(tetralin), 1-decalinyl, bicyclo[2.2.2]octanyl. 1-nethylcyclopropyl,

2-met hyl cycl opentyl, 2-nmethylcyclooctyl, and the like. As used
herein, the term " ahgletm tayctoakyll’ ogicpalpatkyigangs’ mganna st dlphetér bocycl i c
nonoval ent or divalent radical. In sonme enbodi nents, the aryl group has a

nunber of, cstbged ZttohsmEmbaredmeonycriic ghpblyraglicananorgidng radicalgopsstigs, phenyl or
phenyl ene), nmultiple condensed rings (e.g., naphthyl or anthranyl), or

mul tipl e brsotiheef caibayendhydeggen dsomaerigh may domipeisssongichmpigifesed spsideéd ed, t he
aryl ring may be attached at any suitable carbon atomwhich results in a
st abl e st r udngis)eprefemdblyiaf3- wybmembentdaaonosyelic Hrgss Gkt exentplady embodimentsui t abl e
carbon atom which results in a stable structure. Non-limting exanpl es of
aryl gr oupsofiaycloalidd grspniptludenia rhtOpembesast thayglic ringseHalatstotherwis¢ ndany| .

i ndenyl, biphenyl, and the like. It may be abbreviated as "Ar".

The ter m " hepeeifigdthgicyclegikyl rieg mpoberajipchgd aiapy carkonrnsors which pisultsdr amat i ¢
nmonocyclic or polycyclic nonoval ent or divalent radical, which may conprise
one or nor estibisgicwre apd.igybditytgds gy pe subsiitgeshas aphiydraliereanton atqmhwhiglat er oar vy
group has 5-24 nmenbers, preferably a 5- to 7-nmenbered nonocyclic or 7- to
10- nenber edrepilisyics steble wyyrtueg| Exerpplary eycdqaiak srpungrrsiisle éxakopiepye from one to
four heteroatons in the ring(s) independently selected fromnitrogen,
oxygen, andeysipbpriyk cyclgnents; eyclohgrys gydlehertik exstaoatyb rxclarayylopeliodacal | y be
oxi di zed and any nitrogen heteroatom nay optionally be oxidized or be

quat eni zed. nabtrad sadgpineylyipEahy dpeaphthy g tralimel "P?@Flé’tybélcw(’@izr@omL be attached
at any suitable heteroatom or carbon atomwhich results in a stable
structure ahdnetyicydepsenyl-2onabylcymiepentd. Zmebyleycipoeyl atd halkes i t abl e

het er oat om or carbon atom which results in a stable structure. Non-limting
exanpl es of heteroaryls include furanyl, thienyl, pyrrolyl, oxazolyl,

t hi azol yl , i m dazolaghusedpyieaz e yrm “argld xazol! gtoup'l meinhaearomytic, oxadi azol yl
triazolyl, tetrazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrimdinyl,
pyrazi nyl , tarbaagdliaydonovaietiodridhialeyd radieat.alnrsdmk embaiyrhents, thelatyy kroupbkiaiandol yl |

di azai ndol yl, di hydroi ndol yl, di hydroazai ndoyl, isoindolyl, azai soindolyl,
benzof ur anyhymtfeuofaamply atoals fryh 5 t6 24 anldpya singldiimg/ .., Phanghwphergienely | |
furanopyri dazi nyl, di hydrobenzofuranyl, dihydrofuranopyridinyl,

di hydr of ur amolpigk iconddnsay Hngslie pzoiphthgroy hpthriainil & nopyiripld brigged rings €gopyri m di nyl ,
t hi enopyrazi nyl, thienopyridazinyl, dihydrobenzothienyl,

di hydr ot hi ebipippyi).dUnlyds othdivisedspestifieid etho fry fringi nakiyrvg lagtachert 2y splitablazai ndazol yl
di azai ndazol yl, benzi m dazolyl, imdazopyridinyl, benzthiazolyl,

t hi azol opyr ¢cadbamatom winthazsailte pya stablecitmsthre ahdb ifsokkstitgddy inay bresuboiusied ayy | |
benzoxazi nonyl, oxazol opyri di nyl, oxazol opyri m di nyl, benzi soxazol yl,
purinyl, chanyrsaimaple cadheaathmorhgahyésuitgimiarsable zirupydre. Neri-frolting gtamples of

di hydroqui nol i nyl, tetrahydroquinolinyl, isoquinolinyl,

di hydr oi soqaryingdipminclud¢ gtend hnadhtbyl samehuyinpilenamstiryl, ipdamplo indenyll, biphizaydi nnol i nyl ,
pht hal azi nyl , azapht hal azi nyl, qui nazolinyl, azaqui nazolinyl, quinoxalinyl,
azaqui noxal amiythe likaaphralnpe Rebravydted agi'Ay/dr onapht hyri di nyl ,

t et rahydr onapht hyri di nyl, pteridinyl, carbazolyl, acridinyl, phenazinyl,
phenot hi azi nyl , and phenoxazi nyl, and the |ike.



In general, the present invention provides an inproved process for

.preparing fluoroquinol ones that have Fornula | or salts thereof.

Rl is selected fromthe group consisting of hydrogen,

‘al kyl groups, substituted |ower alkyl groups, cycloal kyl groups,
unsubstituted C5-C24 aryl groups, substituted C5-C24 aryl groups,
unsubstituted C5-C24 heteroaryl groups, substituted C5-C24 heteroaryl

groups, and groups that can be hydrolyzed in |iving bodies:

fromthe group conBhetinnthe@foalyythrOi@dtoaryinseups trietnstagdibiatranatigr oup,
groups substituted with one or two |ower alkyl groups: R3 is selected from
the group cacktgdit 6epddcytlictidgedent ondivddai radichie dhichway cahpeist ogrooups,
substituted | ower al kyl groups, cycloal kyl groups, unsubstituted | ower

al koxy gr oupére fisedsithiridgddathg{spwarsomé kabodirgents, s hetarostybgrbirt huk 8424 C5- C24 ar vyl

gr oups,

radical. The heteroaryl group can have from one to four heteroatoms in the ring(s)
independently selected from nitrogen, oxygen, and sulfur, wherein any sulfur
heteroatoms may optionally be oxidized and any nitrogen heteroatom may optionally be
oxidized or be quaternized. Unless otherwise Spccified, the heteroaryl ring may be
attached at any suitable heteroatom or carbon atom which results in a stable structure
and, if substituted, may be substituted at any suitable heteroatom or carbon atom which
results in a stable structure. Non-limiting examples of heteroaryls include furanyl,
thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, tetrazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, triazinyl, indolizinyl, azaindolizinyl, indolyl, azaindolyl, diazaindolyl,
dihydroindolyl, dihyd;oazaindoyl, isoindolyl, azaisoindolyl, benzofuranyl,
furanopyridinyl, furanopyrimidinyl, furanopyrazinyl, furanopyridazinyl, -
dihydrobénzofuranyl. dihydrofuranopyridinyl, dihydrofuranopyrimidinyl, benzothienyl,
thienopyridiny.l, thienopyrimidinyl, thienopyrazinyl, thienopyridazinyl,
dihydrobenzothienyl, dihydrothienopyridinyl, dihydrothienopyrimidinyl, indazolyl,
azaindazolyl, diazaindazolyl, benzimidazolyl, imidazopyridinyl, benzthiazolyl,
thiazolopyridinyl, thiazolopyrimidinyl, benzoxazolyl, benzoxazinyl, benzoxazinonyl,
oxazolopyridinyl, oxazolopyrimidinyl, benzisoxazolyl, purinyl, chromanyl,
azachromanyl, quinolizinyl, quinolinyl, dihydroquinolinyl, tetrahydroquinolinyl,

isoquinolinyl, dihydroisoquinolinyl, tetrahydroisoquinolinyl, cinnolinyl, azacinnolinyl,
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wher ei n

unsubstituted | ower

R2 is selected

and amn no

substituted C5-C24 aryl groups, unsubstituted C5-C24 heteroaryl
groups, subgémbed, pafetiyG2H th2hrmbeky mogspeifpor 7und 0sdntetst ®itydk- C24



aryl oxy groups, substituted C5-C24 aryloxy groups, unsubstituted Cs-C24
.heteroaryl oxy groups, substituted C5-C24 heteroaryl oxy groups, and groups
that can be hydrolyzed in living bodies: X is selected fromthe group

consi sting of halogen atons; Y is selected fromthe group consisting of
"CH2. 0, S, SO SO2, and NR4, wherein R4 is selected fromthe group
consiiting of hydrogen, unsubstituted | ower al kyl groups, substituted | ower
al kyl groups, and cycl oal kyl groups; and Z is sel ected fromthe group

consi sti ng Rbthalssipulervaplibrlazinyl. Ryidreolex. deqngzolinyl, quinoxalingln one aspect, Rl is
sel ected fromthe group consisting of hydrogen, Cl1-05 (or alternatively,
CL- C3)  subswhauinessinthasnivsaByl dibydensabiRyidngl. by crampiehidioh
alternatively, C3-05) cycloal kyl grou C5-Cl14 (or alternatively, C6-Cl4,
or C5-C10, Ry¢ndaml. carbagolyd, wsgqlnxlmhéwzwmﬁpwﬁgfa%w& andphengxgainyyepdithe | Cs5- C14
(or alternatively, C6-Cl4. or C5-C10, or C6-Cl10) substituted and
unsubsti t utl&g: het eroaryl groups, and groups that can be hydrol yzed in
living bodies. In one enbodinent, Rl is selected fromthe group consisting
of Cl1-05 (or alternatively, Cl-C3) substituted and unsubstituted al kyl

gr oups. Ingeastal the pregsipmedntioRrovidessalimpioeel dro@ss foly@emriogp

consi sting of unsubstituted am no group and am no groups substituted with
one or two fGlordninplohesahdt ivediotined Yor slis-thégdyf. al kyl groups. In
still another aspect, R3 is selected fromthe group consisting of hydrogen.
Cl-05 (or alternatively, Cl1-C3) substituted and unsubstituted al kyl groups.
C3-Cl10 (or alternatively, C3-05) cycl ogl kyl groups, Cl1-05 (or
alternatively, Cl-C3) substituted and Jinsubsi}i tuted al koxy groups, C5-Cl4
(or alternatively, C6-Cl4,go0r C5:C10, [£10) substituted and
unsubstituted aryl groups, € 0 rnat™wgl y, C6-Cl4, or C5-C10, or
C6- C10) substituted and unsubg groaryl groups, and C5-Cl4 (or
alternatively. C6- Cl4 :

unsubsti tut ed arylo§y’§?DU9 MOne eptiodi nent, R3 is selected fron1the
group consi sting onCB C10 (or a ternaqlvely, C3- 05) cycl oal kyl groups.
X R3

wherein R' is selected from the group consisting of hydrogen, unsubstituted lower alkyl
groups, substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cg-C24 aryl
groups, substituted Cs-Ca4 aryl groups, unsubstituted Cs-Ca4 heteroaryl groups,
substituted Cs-Cz4 heteroaryl groups, and groups that can be hydrolyzed in living bodies;
R’ is selected from the group consisting of hydrogen, unsubstituted amino group, and
amino groups substituted with one or two lower alkyl groups; R’ is selected from the
group consisting of hydrogen, unsubstituted lower alkyl groups, substituted lower alkyl
groups, cycloalkyl groups, unsubstituted lower alkoxy groups, substituted lower alkoxy
groups, unsubstituted Cs-Ca4 aryl groups, substituted Cs-Cy4 aryl groups, unsubstituted

Cs-Cy4 heteroaryl groups, substituted Cs-C4 heteroaryl groups, unsubstituted Cs-Caq
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In yet another aspect, X is selected fromthe group consisting of , F
.and Br. In one enbodinent, Xis C.- In another enbodinment, Xis F

In a further aspect, Y is hydrogen. In still another aspect. Z conprises .
two hydrogen atonms. I n one enbodi nent, the fluoroqui noione carboxylic acid
"has a Fornmul a | a. ’ -

aryloxy groups, substituted Cs-Cy4 aryloxy groups, unsubstituted Cs-Co4 heteroaryloxy
groups, substituted Cs-Cz4 heteroaryloxy groﬁps, and groups that can be hydrolyzed in
living bodies; X is selected from the group consisting of halogen atoms; Y is selected
from the group consisting of CH,, O, S, SO, SO,, and NR*, wherein R* is selected from
the group consisting of hydrogen, unsubstituted lower alky! groups, substituted lower
alkyl groups, and cycloalkyl groups; and Z is selected from the group consisting of

oxygen and two hydrogen atoms.

In one aspect, R' is selected from the group consisting of hydrogen, C;-Cs
(or alternatively, C,-Cs) substituted and unsubstituted alkyl groups, C3-Cig (or
alternatively, C3-Cs) cycloalkyl groups, Cs-C,4 (or alternatively, C¢-C,4, or Cs-Cjo, o1 Cs-
Cio) substituted and unsubstituted aryl groups, Cs-C,4 (or alternatively, Ce-C)4, or Cs-Cio,
or C¢-Cyo) substituted and unsubstituted heteroaryl groups, and groups that can be
hydrolyzed in living bodies. In one embodiment, R' is selected from the group

consisting of C,-Cs (or alternatively, C;-C3) substituted and unsubstituted alkyl groups.

In another aspect, R? is selected from the group consisting of unsubstituted
amino group and amino groups substituted with one or two C,-Cs (or alternatively, C;-

C3) alkyl groups.

In still another aspect, R? is selected from the group consisting of hydrogen,
C,-C; (or alternatively, C,-Cs) substituted and unsubstituted alkyl groups, C;-C,p (or
alternatively, C3-Cs) cycloalkyl groups, C;-Cs (or alternatively, C;-Cs) substituted and
unsubstituted alkoxy groups, Cs-C,4 (or alternatively, Cs-C,4, or Cs-C,g, or Cs-Cio)
substituted and unsubstituted ary! groups, Cs-C)4 (or alternatively, C¢-C)4, or Cs-Cio, or

Ce-C o) substituted and unsubstituted heteroaryl groups, and Cs-C,4 (or alternatively, Ce-
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1?1H2 In one aspect, the present invention provides an inproved

.process of preparing fluoroquinolones having Formula |I. The process
conprises contacting a first compound having Formula Il with a second
conpound having Formula Il to produce a fluoroquinol one having Fornula I,

"wherein the first conpound and the second conpound are represented by
wherein RI, R2, R3, X, Y, and Z have the neani ngs as di scl osed above.

I n anot her aspect,.the. first, c. und havi Farmula 11, which is used in a
process of ¢‘H’e°' gr"gé‘éﬂrtcf’f V@H?S?‘gugg)dgaggéwssu c?“éurs%%idi @B%?wéalr? & prepared

according a prqcedure. di,scl psed.in published ropean Pat.ent i cation EP
0930046 A2 rTHRETR A B REETSTaR g oD PrisRiTR or i B Mreplifelh aR ko
exanpl e, the F“&gt cogpound having Forrmula Il is prepared by a process
conpri si ng: Y&} YAt ng a compound having Fornula X with an equi nol ar or
excess anmount of orthoformc acid ester in acetic anhydride (1 to 20-fold
vol ume per total volune of the other reagents) at a tenperature in the
range from about r buoyet ansfsersaeasreisseedtsidram the groap copsisting AILWF, atd om about
100 C to about 150 C) for a time fromabout 30 minutes to 24 hours to
produce a cBigoarembedimsgt Kds Glulla anather ephodimenstX 84’ t he conpound havi ng
Formula XI with an equal nol ar or excess anount of an ami ne having a formula
of NH2R3 in a solvent conprising an al cohol (preferably, ethanol or
propanol ), to convafd futthe aseopvidid dioge. Mg siDinttlefasydct, tZcompeieRp@sind havi ng
Formula XIl; (c) treating the conmpound having Forrmula XIl with a fluoride
salt (such. m®&rogen atoms. :

In one embodiment, the fluoroquinolone carboxylic acid has a Formula Ia.

0 0
F
| OH
(la)
N N
Cl %
NH,

In one aspect, the present invention provides an improved process of
preparing fluoroquinolones having Formula I. The process comprises contacting a first
compound having Formula Il with a second compound having Formula III to produce a
fluoroquinolone having Formula I, wherein the first compound and the second

compound are represented by
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one selected fromthe group consisting of sodiumfluoride, potassium
.fluoride, and lithiumfluoride) in a solvent selected fromthe group
consisiting of dioxane, dinethylformam de, dinethylsulfoxide, and sul fol ane
a tenperature in the range fromabout 0 C to about 200 C (preferably, from
"about 50C to about 150 C) for a tine in the range from about 30 m nutes to'
about 24 hours, to produce the conpound having Formula Il. The conpounds
having Formulae X. XI, and XI| are shown bel ow. wherein R7 is
unsubstituted | ower al kyl groups,: ifuted | ower al kyl groups,
unsubstituted C5-C24 aryl ernatively, C5-Cl4. or C5-C10, or
C6- C10), cycl oal kyl gfs SR- C24 aryl groups (or
alternatively. C5-Cl4. o C6- C1 @fsubstituted C5-C24 heteroaryl
groups (or alternatively. C5- C10, or C6-C185, and substituted
C5-C14 heteroaryl group ively, C5-Cl4, or’C5-C10, or C6-C 0):
and F

()

wherein R', Rz, R3, X, Y, and Z have the meanings as disclosed above.

In another aspect, the first compound having Formula II, which is used in a
process of the present invention as disclosed above, can be prepared according a
procedure disclosed in published European Patent Application EP 0230946 A2, which is
incorporated in its entirety by reference. For example, the first compound having
Formula II is prepared by a process comprising: (a) reacting a compound having Formula
X with an equimolar or excess amount of orthoformic acid ester in acetic anhydride (1 to
20-fold volume per total volume of the other reagents) at a temperature in the range from
about room temperature to about 200 °C (preferably, from about 100 °C to about 150 °C)
for a time from about 30 minutes to 24 hours to produce a compound having Formula
XI; (b) treating the compound having Formula XTI with an equalmolar or excess amo:mt
of an amine having a formula of NH,R" in a solvent comprising an alcohol (preferably,

ethanol or propanol), to convert the compound having Formula XI to a compound having

Formula XII; (c) treating the compound having Formula XII with a fluoride salt (such as

14



I n anot her aspect, the second conpound having Fornmula Il can be prepared
.by cyelization of various am no acids. For exanples, such conpounds havi ng
Formula 111 can be prepared according to the nmethods disclosed in DDW
Adanmson, J. Chem Soc., p. 39(1943); R Pellegata et al., Synthesis, p.614
"(1978); and M Saburi et al., Bull. Chem Soc. Japan, Vol. 60, pp 141-48
(1987). These references are incorporated herein by reference.

Al ternatively, various azepi nes having general Fornmula IIl can be prepared
accor di ng t ond selectedfrivo die givwpchmsseidg ofsotHumGhionde, potaium flubridiClamdn  Soc.
Perkin Trans., Vol. 1, 2080-86 (2002); J. Barluenga, Pure AppL Chem, Vol.
74, No. 8, Ilifium 2&rid20032 )qlvanstictted Namtthe goupadonsifiangofldidxhee, at .
http://ww. ch.ic.ac. uk/ ectoc/ echet 96/ paper s/ 054/i ndex. ht M, using

appropri at e dseghytfomgnmde; dimetilylsulfokide, and fsafaane @sentperdtire Grbewgngetiren ., and by

J. Barluenga are incorporated herein by reference. I n one
enbodi ment elfout G prabee 360 IChpefitrabiy from abbwdP 6@ to aboltdie *Gfori axgndHar nul a | i s
prepared as follows. One nole of the conmpound having Formula Il is reacted

wi t h about fheFanye frem abdut B evirataspdabodt Hawimgo poxdnaesl the dompoumd havisgl vent such
as acetonitrile, dinmethylsulfoxide, or the like, at a tenperature in the
range from &pwowia If.oBm comppadatayng FoonddeUtXI19dXH gr skownibelowi. n t he range
fromabout 10 mi nutes to about 7 days. After the reaction, the precipitate
is collected by filtration and washed, for exanple at roomtenperature,
with a sufficient quantity of a swgitable solvent, such as nethanol,
chloroform ether, or the Ilke td obtalln a crude product. The crude
product is purlfled ica gel colum chronatography or
by recrystallization to gptairt or ogok'nol one having Fornula I.

I n anot her enbodi nent of invention, a flud®foqui nol one havi ng
Formula IV is prepared g WS. One nole of the conpound having Fornul a
Il is reacted with abdut 1- nDIe§'of t he conpound having Fornmula Vin a
sol vent such as acetonitrilg, dinethylsulfoxide, or the |ike, at a
tenperature in the range frdm about roomtenperature to about 100 C for a
time in the range fromabout 10 m nutes to about 7 days to produce a
conmpound having Formula VI. An anobunt of an acid or base (depending on
whet her the cl eavage of @the ffotecting group is ac®d- of base-catal yzabl e),

such as from about 0.1 t 5 noles_per ‘he conmpound havi ng
Formula V. is™8 he JLon m X 4 . splitting of
‘the protecting ¢ R6 fr@m the protectedjam np - NRY group. | xipone

enbodi nent, aftg& tion, a¥¥ase i 5 the reaction mxture to

convert freegk-l ; #7’t o theirgsSalt eerf ting pH is about 7),
whi ch are washed, for exanple at roomtenpergture, fromthe mxture to
produce a crude pr¥®duct. The crude product i< purified, for exanple, by
silica gel colum chromatography or by recrystallization to obtain the
f | uor oqui nol one haV|ng Formula 1V.

wherein R is unsubstituted lower alkyl groups, substituted lower alkyl groups,

unsubstituted Cs-C,4 aryl groups (or alternatively, Cs-C4, or Cs-Cig, or C4-Cg),

cycloalkyl groups. substituted Cs-Cyq4 aryl groups (or alternatively. Cs-Cy4, or Cs-Cyg, or

Ce-Cio), unsubstituted Cs-Cs4 heteroaryl groups (or alternatively, Cs-C4, or Cs-Cyp, or

Cs-Ci0), and substituted Cs-Cay4 heteroaryl groups (or alternatively, Cs-C,4, or Cs-Cyg, or

Ce¢-Ci0): and
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I n one enbodi rfent, t he conpound having Fornmula V has Formula VII. This
.conpound can be prepared by the follow ng reacti on.

0 0 0 0
F F
OR! OR'
and ol (X)
E Cl NHR? F AN
X X

In another aspect, the second compound having Formula III can be prepared
by cyclization of various amino acids. For examples, such compounds having Formula
III can be prepared according to the methods disclosed in D.W. Adamson, J. Chem. Soc..,
p- 39 (1943); R. Pellegata et al., Synthesis, p.614 (1978); and M. Saburi et al., Budl.
Chem. Soc. Japan, Vol. 60, pp 141-48 (1987). These references are incorporated herein
by reference. Alternatively, various azepines having general Formula IIT can be prepared
according to the methods disclosed in H. Chong et al., J. Chem. Soc., Perkin Trans., Vol.

1, 2080-86 (2002); I. Barluenga, Pure Appl. Chem., Vol. 74, No. 8, 1317-25 (2002); and

T. Naito et al. (available at http://www.ch.ic.ac.uk/ectoc/echet96/papers/054/index.htm),
using appropriate starting materials. The references by H. Chong et al., and by J.

Barluenga are incorporated herein by reference.

In one embodiment of the present invention, a fluoroquinolone having
Formula I is prepared as follows. One mole of the compound having Formula Il is
reacted with about 1-5 moles of the compound having Formula III in a solvent such as
acetonitrile, dimethylsulfoxide, or the like, at a temperature in the range from about room
temperature to about 100 °C for a time in the range from about 10 minutes to about 7
days. After the reaction, the precipitate is collected by filtration and washed, for
example at room temperature, with a sufficient quantity of a suitable solvent, such as

methanol, chloroform, ether, or the like, to obtain a crude product. The crude product is
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The ni trophenyl al kyl i dene protecting group is disclosed in the above schene

.only for illustrative purposes. Ot her protecting groups can be used in
pl ace of the nitrophenyl al kylidene group, as can be recognized by people
having skill in the art of organic synthesis. For exanple, another comonly

"used protecting group for the anmine noiety is the t-butoxycarbonyl
("t-Boc"), which may be finally cleaved by an anhydrous acid catal yst, such
as HC1 to yield the amno group. Still another exanple of a protecting

group for ;A%lﬁg@%&gﬁ{ﬂgdéﬁt% siliSa geheom[lnh'%@H&bg@ﬁ@%w%&g&mat&a froc”), which

can be cl eave rous- base catalys as “ammoni a, pi peridine,

or nor phol i g in the fluoroqu 1nolncmgv§%FAi? not her aspect, a process for preparing
a fl uoroqui nol one- Car b IC ac aving Formula |a conprises: (a)

contacting a conpound haV|ng Fornula Ha with a conpound having Forrmula Vila
at a tenperature ip the range fromabout roomtenperatur about 100C for
AL 8

atime from about Fn &ftprﬁse‘ﬁé?/@m“’t“ ‘r‘%%‘ﬁ‘(‘,”@ﬁ’é‘e g‘b Mpound havi ng
of HOI - equaTrbs RS SLPEraEed o BN on °””ﬂ@%‘%ﬁav”ﬁﬁfl:@arv%”s'@wﬁf@%éﬁn‘a‘“hZU? g
Rbout 100 CEe PRRArURS 6 Oy RN i FORURGY VSR PSR nol one
Car o SRR} 8 B0 {ShpdSERYEE: R B TSL o 1 o
T A DA e
be. One of {he en ntloners | of t sol ubl e in water than the other.
Ther ef or e, %Pﬁ@?“g%ﬁ%gwow? aﬁ@gSP%€2%§lr$w%W?WHﬁ388 ?5%@5 the separation
Cr ude procu/ArPeRTRonaRare v it s PRE o Bl PoREr S BB Cho”
aqueous phas%%h as from about 0.1 to about 5 moles per mole of of the compound having Formula V,
is added to the reaction mixture to allow for the splitting of the protecting group R® from
the protected amino -NR? group. In one embodiment, after this reaction, a base is added
to the reaction mixture to convert free HF and HX acids to their salts (resulting pH is
about 7), whic_;h are washed, for example at room temperature, from the mixture to
produce a crude product. The crude product is purified, for example, by sjlica gel

column chromatography or by recrystallization to obtain the fluoroquinolone having

Formula IV.

In one embodiment, the compound having Formula V has Formula VIL.
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Therefore, in another aspect of the present invention, a process of
.preparting an enantionmer of a fl uoroqui nol one having Forrmula | conprises:
(a) contacting a first conpound having Fornmula Il with a second conpound
having Formula 111 to produce a crude enantioneric mxture conprising
“enantioners of the fluoroquinolone having Formula |I; (b) recovering the
crude enantioneric mxture; (c) contacting the crude enantironmeric m xture
thus recovered with water to produce an aqueous solution; and (d) recover
the enantionmer of t uor oqui nol one having Formula | fromthe aqueous
solution. In one enbodi , the step of contacting the crude enantioneric
mxture wiwth watervis carfied out at a tenperature in a range from about
roomtenperature to\abour” 80 C, or from about roomtenperature to about
50C. In anot her enmbgdimgnt, the step of contacting the crude enantioneric
mxture with water 7{s catged out at about room tenperat {e. I n
still another aspect, a process of preparing an enantio ) of a

f I uor oqui nol one havi ng Fornul7 Aconprises: (a) contacting a first
conmpound having Formula Il w/k hird conpound having Fornula V to
produce a fourth conpound ha gr mul'ge VI ; (b) contacting the fourth
conpound with a catal yst capable=gf assisting a cleavage of a protecting
group fromthe R5 group, to produce a crude enantioneric m xture of

f I uoroqui nol ones having Formula IV; (c) recovering the crude enantioneric
mxture; (c) contaghisREmpdifd Sl PrepRradby @RIl idgrddetisie t hus recovered with
wat er to produce an aqueous solution; and (d) recover the enantioner of the
f I uoroqui nol one having Formula IV fromthe aqueous sol ution; wherein X has
t he neani ng di scl osed above. I n one enbodi nent he step of contacting the
crude enantioneric mxture with water is carrfed Onb at a tenperature in a

range from about roon1qupg?ature to about C, on from about room
tenperature to out 50 CCS In another enbodi he step of contacting
the crude eqﬁﬁ?ﬁghn{ic m xtyre wth water is 4 ed out at about room

t enperat urey + 1In anot her—asprecy/, the sent invention
provi des a fluor ogui nol one pula 1,"la, of prepared by any

appropriate ss di scl osed

%
”,
Z

N

Zz H,

(VT (1%

Iy

The nitrophenylalkylidene protecting group is disclosed in the above scheme
only for illustrative purposes. Other protecting groups can be used in place of the
nitrophenylalkylidene group, as can be recognized by people having skill in the art of
organic synthesis. For example, another commonly used protecting group for the amine
moiety is the t-butoxycarbonyl (“t-Boc”), which may be finally cleaved by an anhydrous
acid catalyst, such as HCI to yield the amino group. Still another example of a protecting
group for the amine moiety is the fluorenylmethoxycarbonyl (“Fmoc™), which can be

cleaved by an anhydrous base catalyst, such as ammonia, piperidine, or morpholine.
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The processes of the present invention has advantages over the process
.disclesed in U S Patents, 5,385,900 and 5,447,926 in that the present
processes are sinpler and do not require the last step of U S. Patents
5,385,900 and 5,447,926 for the attachnment of a hal ogen atomto the
position 8 on the conpounds having Fornulae I, la, and IV. This step
requires the use of an excess anount of a hal ogenati ng agent such as

sul furyl chloride, chlorine, brom ne, iodine, fluorine. N-chlorosuccinic
acid inide, Noronodutllisaptheragncet. # Riogiss fopprepive piflugroamplonssarbgrylicuch

hal ogenating agents, especially in the gas phase, requires installation of
precaut i onafjd bRYEE FPEa |3 cPMBrises ARCARESHNE AEOTPRAYBG BAY g Hiorpya %M’I’tﬂ 3j ncr ease
the conplexity and cost of the manufacture. Conmpounds of this
famly of framRRoBRLhaNie Sprawla Wil #@ SRReFptuss g 1apes fPmgPoPHSP™t he survival of
m crobi al pathogens. For exanple, the conmpounds having_Fornmula |, la, or IV
are potent S APFTAIUES 0 BRoN l@ggr{?rsa tigpcfrog %bof‘b]lﬂ‘lﬂmt“és 'Bé‘b‘é‘gﬁ daysi R?é’“%ii@%ﬁ nst the
survival of Gampositive bacteria, such as Bacillus subtilus,

St aphy| ococttrpeurdiying Epmia YBcoccus epi dermi s, Sarcina | ut ea,
Streptococcus faecalis, and M crococcus |ysodei kticus; G amnegative
bacteria, such as Escherichia coil, Sanonella typhi, Shigella flexneri,
Pseudononas aer ugi nosa. KIe|S|eIaOpneu oni as, Pr ot eus vul gari s, Proteus
rettgeri, and Serratia marcessceng a netricillin-resistant strain of
Streptococcus aureus. FSge; _exgd- \S. patents 5,385,900 and 5, 447, 926;

whi ch are incorporated hgfeinY T enceOln their entirety. A
f1 uoroqui nol one conpound preparied byjany nmethod di scliged herein can be
formul ated into an anti copposition for topical, oral, systenic,
ocular, or intraocul & admynistr&tion. Such a conposition conprises a

fl uor oqui nol one conpound and an eXci pi ent appropriate for the

admini stration, as can be détermiped by a person having skill in the art of
pharmaceutical fornulation for t appl i cations di scl osed above. For
exanpl e, various excipients known in the art can be used to formulate a
sol ution, suspension, di sion, ointnment, gel, capsule, or tablet. A
quoroquinoIone conmpound pre Hred by any met hod di scl osed herein is
particularly suitable for a tireatnment, reduction, anelioration, or
prevention of infection he eye, ear, nose, throat, or respiratory
system caused by bacteri a, 1nc|ud|ng but not bei ng Ilnlted to, those
bacteri a discl osed above. | f=eae enbodi nent, such aVfikur oqui nol one is
formul ated into an ophthal m c soNution, ointnent, suspensi on, di spersion,

or gel. Whi | e specific gmbadi nents of the present invention have
been described in the foregoi ng, |_he appreciated by those skilled in
9

the art that many equival ents, yationd, substitutions, and variations
may be nade thereto wi thout depar¥ag fron1the spirit and scope of the
invention as defined in the appended cl ai ns.
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VWHAT IS CLAIMED I S: 1. A a process of preparing a fluoroquinol one having
.Formula | or salts thereof, the process conprising contacting a first
conpound having Formula Hwith a second conmpound having Forrmula IIl to
produce a fluoroqui nol one having Fornmula |I. wherein the fluoroquinol one,
‘the first conpound, and the second conpound are represented by wherein R
Is selected fromthe group consisting of hydrogen, unsubstituted | ower

al kyl groups, substituted |ower al kyl groups. cycl oal kyl groups,
unsubstituted C5-C24 aryl 2 o

F
| |
X 3
R (Via)
2
N
NO,

(b) contacting the compound having Formula VIa with an amount of HCI equal to about
0.1 to about 5 moles per mole of the compound having Formula V1la at a temperature in
the range from about room temperature to about 100 °C, in a presence of methanol, to
produce the fluoroquinolone carboxylic acid having Formula Ia; and (c) recovering the

fluoroquinolone carboxylic acid having Formula Ia.

In yet another aspect, the crude product can comprise a mixture of
enantiomers of the compound having Formula I or enantiomers of the compound having
Formula IV, as the case may be. One of the enantiomers is often more soluble in water
than the other. Therefore, another aspect of the present invention comprises the
separation of one of the enantiomers of a crude product by washing or dissolving the

crude product with water, and recovering such an enantiomer from the aqueous phase.

Therefore, in another aspect of the present invention, a process of preparting
an enantiomer of a fluoroquinolone having Formula I comprises: (a) contacting a first

compound having Formula IT with a second compound having Formula III to produce a
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groups, substituted C5-C24 aryl groups, unsubstituted C5-C24 heteroaryl
.groups, substituted C5-C24 heteroaryl groups, and groups that can be
hydrolyzed in living bodies; R2 is selected fromthe group consisting of
hydr ogen, unsubstituted am no group, and am no groups substituted with one
or two lower alkyl groups; R3 is selected fromthe group consisting of

hydr ogen, unsubstituted | ower al kyl groups, substituted | ower al kyl groups,
cycl oal kyl groups, unsubstituted | ower al koxy groups, substituted | ower

al koxy grouggde daBioRRtiE nln@e cémprisitg ednyibmers OLRS flusibdiddldn hedngC5- C24 aryl
groups, unsubstituted C5-C24 heteroaryl groups, substituted C5-C24

heteroaryl psRMRY; (bYREMRARG theltRge (andeodtkrid nl@¥Y(c Qo tiedsdei t ut ed C5- C24
aryl oxy groups, unsubstituted C5-C24 heteroaryl oxy groups, substituted

C5- C24 het e¢Rafionh e Yni QLR WRS recd e W i@ RSerlth plod @ An Bguebysdbrtiy@ asd ddn | i vi ng
bodies; X is selected fromthe group consisting of halogen atons; Y is

sel ected f I REdveN e S &R the Flubroguifdloretavin®Forula3@omShPaquand NR4, wher ei n
R4 is selected fromthe group consisting of hydrogen, unsubstituted | ower
al kyl gr oupsolutfdb & drk in6bilhemeane adpflco@idinPthe cAidéleyGdmaickyikugrwathps; and Z
is selected fromthe group consisting of oxygen and two hydrogen atons.

2. The proceastefil cati@l dut i a thigsrim il rahge il Sntedorh tapetaife @rabolp 880Nsi st i ng
of hydrogen, Cl-05 substituted and unsubstituted al kyl groups, C3-Cl10

cycl oal kyl g1 0HRpSm abfut fobh ertfSitirt W SHAuteB0AC U NSibhEr dmbogichend, the sgp oups, C5- Cl4
substituted and unsubstituted heteroaryl groups, and groups that can be
hydrol yzed tdntdctivg figclag@ckingionterc insxtare wvarhi ivadr fsicaried bie agiboutpo@onsi sti ng of
unsubstituted am no group and ami no groups substituted with one or two
C1-05 al kyl tegriperdfuge. R3 is selected fromthe group consisting of hydrogen.
Cl1- 05 substituted and unsubstituted al kyl groups, C3-Co cycl oal kyl groups,
Cl-05 substituted and unsubstituted al koxy groups, C5-C, 4 substituted and

unsubstituted aryl Sthera? dhsti d gﬂ% psitd tuted heteroaryl
groups, and Co- Cl4hg£tﬁ t'i%rutegLl ﬁﬁ)unsdta%ﬁt%t y oxy groups; and X is

sel ected fr ﬁﬂ&r&ﬂﬁrﬁﬁf ng Wi ﬁl P9l nsg (a) Eontaifly Bfirst compoldihaPhpcess of
erei

claimi1, wh I's select fromthe group consisting of hydrogen.

Cl- 05 subst F&M]tuﬁqx @nﬂlEg@?gbﬁﬁmﬁ%ﬁ&ma@rtea%u&&%a&l%%omat can be

hydrol yzed in ['iving R2 I's selected fromthe group consisting of

unsubst i t ut gl A RRINEYD) AREcFHTIRGHHURPoHRSh L difa Bk W{)m @ne or two
Cl-05 al kyl groups; R3 is selected fromthe group consisting of C3-Cl10

cycl oal kyl gqiQiRs clesvag% &@b&%m FrEirdnl@e & Srefp, @&l{r@a&a h Bﬁd@f G and F Y
conpri ses hydrogen: and Z conprises two hydrogen atoms

en;mtnomenc mixture of fluoroquinolones having Formula IV; (c) recovering the crude

enantiomeric mixture; (c) contacting the crude enantiomeric mixture thus recovered with

water to produce an aqueous solution; and (d) recover the enantiomer of the

fluoroquinolone having Formula IV from the aqueous solution; wherein X has the

meaning disclosed above. In one embodiment, the step of contacting the crude

enantibmeric mixture with water is carried out at a temperatufe in a range from about

room temperature to about 80 °C, or from about room temperature to about 50 °C. In

another embodiment, the step of contacting the crude enantiomeric mixture with water is

carried out at about room temperature.
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4. The process of claim1l1l, wherein the step of contacting is carried out at
.& tenperature in a range from about roomtenperature to about 100 C. 5.
The process of claim3, wherein the step of contacting is carried out at a
‘tenperature in a range from about roomtenperature to about 100 C. 6. The
process of claim1, wherein the step of contacting the first conpound
having Formula T1 with the second conpound having Formula IIl results in a
crude product “conprising an enationeric mxture of a fluroquinol one having

Formula |, and theprocess. ;pb@&h[ﬁé CQIPHISRSn é\%ﬁm@hu%ro 91@594 ving the

crude product W th ter to oduc an aqueous m xture substantial ly

recovering A0 RRABKLOTRL o NOMELDE AP ictss aichorclire 0CCos of ol aim

6, wherein recov he” e rom the aqueous m xture
is carried out by recrystallizatlon met hod conpri si ng:

The processes of the present invention has advantages over the process
disclosed in U.S. Patents 5,385,900 and 5,447,926 in that the present processes are
simpler and do not require the last step of U.S. Patents 5,385,900 and 5,447,926 for the
attachment of a halogen atom to thg position 8 on the compounds having Formulae I, Ia,
and IV. This step requires the use of an excess amount of a halogenating agent such as
sulfuryl chloride, chlorine, bromine, iodine, fluorine, N-chlorosuccinic acid imide, N-
bromosuccinic acid imide, or the like. The use of such halogenating agents, especially in
the gas phase, requires installation of precautionary measures in the manufacturing

process, which would increase the complexity and cost of the manufacture.

Compounds of this family of fluoroquinolones can be used effectively
against the survival of microbial pathogens. For example, the compounds having
Formula L, Ia, or IV are potent antimicrobial agents and are found to be effective against
the survival of Gram-positive bacteria, such as Bacillus subtilus, Staphylococcus aureus,
Staphvlococcus epidermis, Sarcina lutea, Streptococcus faecalis, and Micrococcus
lysodeikticus; Gram-negative bacteria, such as Escherichia coli, Samonella typhi,
Shigella flexneri, Pseudomonas aeruginosa, Kleisiela pneumonias, Proteus vulgaris,
Proteus rettgeri, and Serratia marcesscens; and a metricillin-resistant strain of
Streptococcus aureus. See; e.g., U.S. Patents 5,385,900 and 5,447,926; which are

incorporated herein by reference in their entirety.

A fluoroquinolone compound prepared by any method disclosed herein can

be formulated into an antimicrobial composition for topical, oral, systemic, ocular, or
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(a)contacting a first conmpound having Formula Il with a third conpound
.having Formula V to produce a fourth conpound having Fornula VI, wherein
t he fl uoroqui nol one having Fornula IV, the first conpound, the third
conmpound, and the fourth conpound are represented by wherein Rl is

‘sel ected fromthe group consisting of hydrogen, unsubstituted |ower alkyl
groups, substituted | ower al kyl groups, cycloal kyl groups, unsubstituted
C5-C24 aryl groups, substituted C5-C24 aryl groups, unsubstituted C5-C24
het er oar yl igtranepiar adsulisttationut Sdh £erfiid4itior temmaes/d flgraumslonacahpgueups t hat
can be hydrolyzed in living bodies; R3 is selected fromthe group

consi sti ng of ahyxhipege appremmieiort thd adnesistraoimeras edrkbgldegrmaugaishy agetsst i t ut ed | ower
al kyl groups, cycloal kyl groups, unsubstituted | ower al koxy groups,

subst i t ut edhavigekill anh the xy ofphampescuticalSodosd atibu fop the @pplicadona digt logd abups.,
substituted C5-C24 aryl groups, unsubstituted C5-C24 heteroaryl groups,
subst i t ut edFdCex4Biple, haricas eaipiéntsgmowp in theimrs chndt iusadtte thri@ila€a4olation], oxy gr oups,
substituted C5-C24 aryl oxy groups, unsubstituted C5-C24 heteroaryl oxy
groups, subskpensivredis@E5ssiGR 4inlredng rgolacapsd\or gbleu ps fluanghirgiae pesmpduad can be
hydrolyzed in living bodies; X is selected fromthe group consisting of
hal ogen at oprspared bysng medod distldsedmrtihe ngrigulprlcanehls faragreamei@2, 0, S. SO
S2, and NR4, wherein R4 is selected fromthe group consisting of hydrogen,
unsubst i t ut educkiomemelairition, gpoypsion sfilnékciiong béthe eyaear, sk yHroggrooups, and

cycl oal kyl groups; Zis selected fromthe group consisting of oxygen and
t wo hydr ogemspaomnssystamdaiRed byorapteris desludingr bt eettheihg dimitndtogthosghattend ng a
formula of -NR6, wherein R6 conprises a protecting group that is capable
of | eavi ng dispdospd dtoes tle dnagmbodinggnt syrh-aNiREyquimnigne is formulated into an

ophthalmic solution, ointment, suspension, dispersion, or gel.

While specific embodiments of the present invention have been described in
the foregoing, it will be appreciated by those skilled in the art that many equivalents,
modifications, substitutions, and variations may be made thereto without departing from

the spirit and scope of the invention as defined in the appended claims.
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(b)contacting the fourth conpound with a sufficient anmobunt of a catal yst
.and at a condition sufficient to effect a cl eavage of the protecting group
R6 fromthe - NR6 group, to produce a fluoroqui nolone having Fornmula |IV.
9. The process of claim8, wherein Rl is selected fromthe group consisting
‘of hydrogen, Cl1-05 substituted and unsubstituted al kyl groups, C3-C10
cycl oal kyl groups, C6-Cl4 substituted and unsubstituted aryl groups, C6-Cl4
substituted and unsubstituted heteroaryl groups, and groups that can be
hydrolyzed in living bodies; R3 is selected fromthe group consisting of
hydr ogen, Cl-05 substituted and unsubstituted al kyl groups, C3-Cl10
cycl oal kyl \ﬁ{W&,C@@@ﬂbsti tuted and unsubstituted al koxy groups,
C5-Cl4 substituted and unsubstituted aryl groups, C5-Cl4 substituted and
unsubstituted heteroaryl groups, and C5-Cl4 substituted and unsubstituted
aryl oxy groups; ARGproeessd] pespheng § fluvmquineloge mymgdomwilsl origtsahereof. the
ni trophenyl al kyl i dene, t-Boc, and Fnoc; and X is selected fromthe group
consi st i ng pbcetd comiprisiagnchnBcting alfirst chmpoymd hadssFamulp Tewith Bsecodderein Rl i s
selected fromthe group consisting of hydrogen, Cl-05 substituted and
unsubst i t ut @thpatidhavigg Sops:lalbldo grodeges flub@tjuioeonelheving Horolulgdewhdrein| | vi ng
bodies; R3 is selected fromthe group consisting of C3-Cl0 cycl oal kyl
groups; R6 mefpropdamiae thd finploepylra| dodlthedecvad goropnund e represeiteidtyed from t he
group consisting of C and F;, Y conprises hydrogen; and Z conprises two
hydrogen atons. of acids and bases.

o} 0

' OR'

("

()

wherein R' is selected from the group consisting of hydrogen, unsubstituted lower alkyl

groups, substituted lower alkyl groups. cycloalkyl groups, unsubstituted Cs-Cy4 aryl
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12. The process of claim8, wherein the step of contacting is carried out
.at a tenperature in a range fromabout roomtenperature to about 100 C
13. The process of claim 10, wherein the step of contacting is carried out
at a tenperature in a range from about roomtenperature to about 100 C
14. The process of claim 10, wherein the catalyst is hydrochloric acid.
15. The process of claim8, wherein the step of contacting the fourth
conpound with a catal yst produces a crude product conprising an

enant i omer i g X {ubkRud Cl-08 ah)i BRUAIUADOARR dav), RderbRY I Rs,! V. and the
process further conprises washing or dissolving the crude product with

wat er to pradiGgied ;- edURRHArTLLA Snd RO BHOShBOhIRI)2%d HERONIolRE an
enanti onmer fromthe aqueous ‘mxture. ~ 16. The process of claim 15, wherein

the step of gf QGON&Ed fdn hl@%rdﬁ?@&{sisﬁﬁg%f hydregent RuRAHRQAWHhidH fdupl adi S carri ed
out by recrystallization. =~ 17. A process for preparing a fluoroquinol one
carboxylic amifd A%l Q8sdrREOWitRodedr Blo BRbLatkyl BRLRORT iskh&IRFEHS conpri sing:

group consisting of hydrogeri, unsubstituted lower alkyl groups, substituted lower alkyl

groups, cycloalkyl groups, unsubstituted lower alkoxy groups, substituted lower alkoxy

groups, unsubstituted Cs-Ca4 aryl groups, substituted Cs-Cy4 aryl groups, unsubstituted

Cs-Ca4 heteroaryl groups, substituted Cs-Ca4 heteroaryl groups, unsubstituted Cs-Caq

aryloxy groups, substituted Cs-Ca4 aryloxy groups, unsubstituted Cs-Ca4 heteroaryloxy

groups, substituted Cs-C,4 heteroaryloxy groups, and groups that can be hydrolyzed in

living bodies; X is selected from the group consisting of halogen atoms; Y is selected

from the group consisting of CHy, O, S, SO, SO,, and NR*, wherein R* is selected from

the group consisting of hydrogen, unsubstituted lower alkyl groups, substituted lower

alkyl groups, and cycloalkyl groups; and Z is selected from the group consisting of

oxygen and two hydrogen atoms.

2. The process of claim I, wherein R! is selected from the group consisting of
hydrogen, C,-Cs substituted and unsubstituted alkyl groups, C;-C)o cycloalky! groups,
Ce-C, 4 substituted and unsubstituted aryl groups, Cs-Cy4 substituted and unsubstituted
heteroaryl groups, and groups that can be hydrolyzed in living bodies; R? is selected
from the group consisting of unsubstituted amino group and amino groups substituted
with one or two C,-Cs alkyl groups; R is selected from the group consisting of
hydrogen, C,-Cs substituted and unsubstituted alkyl groups, C;-Cio cycloalkyl groups,
C,-C; substituted and unsubstituted alkoxy groups, Cs-C,4 substituted and unsubstituted

aryl groups, Cs-C,4 substituted and unsubstituted heteroaryl groups, and Cs-C4
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(a)contacting a conpound having Formula Ha with a conpound havi ng Formul a
M la at a tenperature in the range from about roomtenperature to about
100C for a tine fromabout 10 m nutes to about 7 days, to produce a
conmpound having Formula Vla, wherein the fluoroquinolone having Fornula |a
and the conpounds having Formul ae Ha, Vla, and Vlla are represent by (b)
contacting the conpound having Fornmula Vla with an anount of HCl equal to
about 0.1 to about 5 noles per nole of the conpound having Formula Vila at

a tenperat L&ﬁ@stiitd?edtarmuﬁs@ﬁéﬂlﬁtédr%@bgﬁbﬂps:réﬂ@miE SIRRU MM Be bBuPRALLink00 C, in a
presence of nethanol, to produce ‘the fluoroqui nol one carboxylic acid having

Formul a | a;o;@0 g and Br.

3. The process of claim 1, wherein R' is selected from the group consisting of
hydrogen, C;-Cs substituted and unsubstituted alkyl groups and groups that can be
hydrolyzed in living bodies; R* is selected from the group consisting of unsubstituted
amino group and amino groups substituted with one or two C,-Cs alkyl groups; R’ is
selected from the group consisting of C3-Cyo cycloalkyl groups; X is selected from the
group consisting of Cl and F; Y comprises hydrogen; and Z comprises two hydrogen

atoms.

4. The process of claim 1, wherein the step of contacting is carried out at a

temperature in a range from about room temperature to about 100 °C.

S. The process of claim 3, wherein the step of contacting is carried out at a

temperature in a range from about room temperature to about 100 °C.

6. The process of claim 1, wherein the step of contacting the first compound having
Formula II with the second compound having Formula IH results in a crude product
comprising an enatiomeric mixture of a fluroquinolone having Formula I, and the
process further comprises washing or dissolving the crude product with water to produce
an aqueous mixture, and substantially recovering an enantiomer from the aqueous

mixture.

7. The process of claim 6, wherein the step of recovering the enantiomer from the

aqueous mixture is carried out by recrystallization.
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(c) recovering the fluoroquinolone carboxylic acid having Formula la. 18.
.The process of claim17, wherein the step of contacting the conpound having
Formula Via with HCl produces a crude product conprising an enantioneric
mxture of the fluoroquinolone having Fornmula la, and the process further
conprises washing or dissolving the crude product with water to produce an
aqueous m xture, and substantially recovering an enantioner fromthe
aqueous m xture. 19. The process of claim 18, wherein the step of

substanti alg.y ragexess digrebitthgeITRididqeiBlond Kx0g FoenaaneasItsthotbfithe i s carried
out by recrystallization. claim6. 21. An enantionmer of a fluoroquinol one
havi ng For midtiodlicompagag:ed by the process of claim?7.

(a) contacting a first compound having Formula 11 with a third compound
having Formula V to produce a fourth compound having Formula VI, wherein the
fluoroquinolone having Formula IV, the first compound, the third compound, and

the fourth compound are represented by

(o] 0
F
OR!
l (V)
|
X R3
o] (0]

F
e N ()
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22. An enantioner of a fluoroquinolone having Fornula |V prepared by the
.process of claim15. 23. An enantioner of a fluoroquinol one having Forml a
|V prepared by the process of claim16. 24. An enantioner of a
fluoroquinolone having Fornmula |a prepared by the process of claim18. 25.
An enantionmer of a fluoroquinolone having Fornula Ia prepared by the
process of claim19. 26. A nethod of effecting an antim crobial activity
in a subject, conprising adm nistering into said subject a conposition that
conprises an enantionmer of a fluoroqw nolome of claim?20. 27. A nethod of
effecting an antimcrobial activity i ject, conprising adm nistering
Into said subject a conpasitiaq e€s an enantioner of a

f I uor oqui nol one of claim 2.

\D]

wherein R' is selected from the group consisting of hydrogen, unsubstituted
lower alkyl groups, substituted lower alkyl groups, cycloalkyl groups,
unsubstituted Cs-Ca4 aryl groups, substituted Cs-Ca4 aryl groups, unsubstituted
Cs-Cy4 heteroaryl groups, substituted Cs-C,4 heteroaryl groups, and groups that
can be hydrolyzed in living bodies; R? is selected from the group consisting of
hydrogen, unsubstituted lower alkyl groups, substituted lower alkyl groups,
cycloalkyl groups, unsubstituted lower alkoxy groups, substituted lower alkoxy
groups, unsubstituted Cs-Cy4 aryl groups, substituted Cs-Ca4 aryl groups,
unsubstituted Cs-Cy4 heteroaryl groups, substituted Cs-Ca4 heteroaryl groups,
unsubstituted Cs-Co4 aryloxy groups, substituted Cs-Cy4 aryloxy groups,
unsubstituted Cs-Ca4 heteréaryloxy groups, substituted Cs-Ca4 heteroaryloxy
groups, and groups that can be hydrolyzed in living bodies; X is selected from the
group consisting of halogen atoms; Y is selected from the group consisting of
CHa, 0, S, SO, SO-, and NR*, wherein R* is selected from the group consisting of
hydrogen, unsubstituted lower alkyl groups, substituted lower alkyl groups, and
cycloalkyl groups; Z is selected from the group consisting of oxygen and two

hydrogen atoms; and R’ comprises a protected amino group having a formula of
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28. A nethod of effecting an antimcrobial activity in a subject,
.conprising admnistering into said subject a conposition that conprises an
enanti omer of a fluoroquinolone of claim?22. 29. A nethod of effecting an
antimcrobial activity in a subject, conprising adm nistering into said
subj ect a conposition that conprises an enantioner of a fluoroqui nol one of
claim23. 30. A nethod of effecting an antim crobial activity in a

subj ect, conpri sing :

~NR®, wherein R® comprises a protecting group that is capable of leaving the

protected amino group -NR®; and

(b)  contacting the fourth compound with a sufficient amount of a catalyst and
at a copdition sufficient to effect a cleavage of the protecting group R® from the —

NR group, to produce a fluoroquinolone having Formula IV.
group, 1o p q g

9. The process of claim 8, wherein R'is selected from the group consisting of
hydrogen, C,-Cs substituted and unsubstituted alkyl groups, C3-Cjo cycloalkyl groups,
Cs-C 4 substituted and unsubstituted aryl groups, Cs-Ci4 substituted.and unsubstituted
heteroaryl groups, and groups that can be hydrolyzed in living bodies; R’ is selected
from the group consisting of hydrogen, C;-Cs substituted and unsubstituted alkyl groups,
C;-Cyp cycloalkyl groups, C;-Cs substituted and uﬁsubstituted alkoxy groups, Cs-Ci4
substituted and unsubstituted aryl groups, Cs-C,4 substituted and unsubstituted heteroaryl
groups, and Cs-Ci4 substituted and unsubstituted aryloxy groups; R® is selected from the
group consisting of nitrophenylalkylidene, t-Boc, and Fmoc; and X is selected from the

group consisting of Cl, F, and Br.

10.  The process of claim 8, wherein R' is selected from the group consisting of
hydrogen, C,-Cs substituted and unsubstituted alkyl groups and groups that can be
hydrolyzed in living bodies; R’ is selected from the group consisting of C;-Cyp
cycloalkyl groups; R¢ comprises a nitrophenylalkylidene group; X is selected from the
group consisting of Cl and F; Y comprises hydrogen; and Z comprises two hydrogen

atoms.
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adm nistering into said subject a conposition that conprises an enanti oner
.of a fluoroquinolone of claim24. 31. A nethod of effecting an
antimcrobial activity in a subject, conprising adnmnistering into said
subj ect a conposition that conprises an enantiomer of a fluoroquinolone of
claim?25. 32. The nethod of claim 26, wherein said adm nistering is
carried out to effect a treatnent, reduction, anelioration, or prevention
of an infection of an eye, ear, nose, throat, or respiratory system = 33.

The nmethod of clTak Brodoss ofdMEMES, Whééin theadiXiyst is tedcted GromSthe gbiip @Msigting t 0 ef f ect
a . : )

of acids and bases.

12.  The process of claim 8, wherein the step of contacting is carried out at a

temperature in a range from about room temperature to about 100 °C.

13.  The process of claim 10, wherein the step of contacting is carried out at a

temperature in a range from about room temperature to about 100 °C.
14.  The process of claim 10, wherein the catalyst is hydrochloric acid.

15.  The process of claim 8, wherein the step of contacting the fourth compound with
a catalyst produces a crude product comprising an enantiomeric mixture of the
fluoroquinolone having Formula IV, and the process further comprises washing or
dissolving the crude product with water to produce an aqueous mixture, and substantially

recovering an enantiomer from the aqueous mixture.

16.  The process of claim 15, wherein the step of recovering the enantiomer from the

aqueous mixture is carried out by recrystallization.

17. A process for preparing a fluoroquinolone carboxylic acid having Formula Ia or

salts thereof, the process comprising:

(a) contacting a compound having Formula IIa with a compound having
Formula VIIa at a temperature in the range from about room temperature to about

100 °C for a time from about 10 minutes to about 7 days, to produce a compound
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treatnment, reduction, anelioration, or prevention of an infection of an
.eye, ear, nose, throat, or respiratory system 34. The nmethod of claim 28,
wherein said adnmnistering is carried out to effect a treatnent, reduction
;anmelioration, or prevention of an infection of an eye, ear, nose, throat,
or respiratory system 35. The nethod of claim 29, wherein said
admnistering is carried out to effect a treatnent, reduction, _
anelioration, or prevention of an infection of an eye, ear, nose, throat,

or respiratory ﬁngf&mulg’ela, WhEre et YRrfilin6loAd MV FolhRd RiaRd &ai d

adm ni,stering Is carried out to effect a treatnent, reduction,

amel i oration, O, RNRHaliRPFR P 1h R CInk 9M1aQfe RpteYfpy €ar, nose, throat,
or respiratory system

OH

(la)

o]

(lia)

NH

(Viia)

NO,
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37. The nethod-of claim 31, wherein said admnistering is carried out to
.effect a treatnment. reduction, anelioration, or prevention of an infection
of an eye, ear, nose, throat, or respiratory system 38. A conposition
conprising an enantionmer of a fluoroquinolone having Fornula | prepared by
the process of- claim6. 39. A conposition conprising an enantioner of a

f 1 uor oqui nol one having Fornmula | prepared by the process of claim7. 40. A
conposi tion conprising an enantioner of a fluoroquinolone having Formula IV
prepared by the process of claim 150 41.cA conposition conprising an

enanti omer of a fluoroqui nol one havilng Foflrmula 1V prepared by the process
of claim16.. 42. A conpositi pri sing_an enantionmer of a

bgrt he process of claim 18.

(Via)

NO,

(b)  contacting the compound having Formula VIa with an amount of HC]
equal to about 0.1 to about 5 moles per mote of the compound having Formula
VIla at a temperature in the range from about room temperature to about 100 °C,
in a presence of methanol, to produce the fluoroquinolone carboxylic acid having

Formula Ia; and
(c) recovering the fluoroquinolone carboxylic acid having Formula Ia.

18.  The process of claim 17, wherein the step of contacting the compound having
Formula VIa with HCl producés a crude product comprising an enantiomeric mixture of
the fluoroquinolone having Formula Ia, and the process further comprises washing or
dissolving the crude product with water to produce an aqueous mixture, and substantially

recovering an enantiomer from the aqueous mixture.

19.  The process of claim [8, wherein the step of substantially recovering the

enantiomer from the aqueous mixture is carried out by recrystallization.

32



43. A conpositi on'cc')rrpri sing an enantiomer of ‘a fluoroquinol one having
.Pormui a | a prepared by the process of claim19.

20.  Anenantiomer of a fluoroquinolone having Formula I prepared by the process of

claim 6.

21.  Anenantiomer of a fluoroquinolone having Formula I prepared by the process of

claim 7.

22.  Anenantiomer of a fluoroquinolone having Formula IV prepared by the process

of claim 15.

23.  Anenantiomer of a fluoroquinolone having Formula IV prepared by the process

of claim 16.

24.  Anenantiomer of a fluoroquinolone having Formula Ia prepared by the process

of claim 18.

25.  Anenantiomer of a fluoroquinolone having Formula Ia prepared by the process

of claim 19.

26. A method of effecting an antimicrobial activity in a subject, comprising
administering into said subject a composition that comprises an enantiomer of a

fluoroquinolone of claim 20.

27. A method of effecting an antimicrobial activity in a subject, comprising
administering into said subject a composition that comprises an enantiomer of a

fluoroquinolone of claim 21.
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28. A method of effecting an antimicrobial activity in a subject, comprising
administering into said subject a composition that comprises an enantiomer of a

fluoroquinolone of claim 22.

20. A method of effecting an antimicrobial activity in a subject, comprising
administering into said subject a composition that comprises an enantiomer of a

fluoroquinolone of claim 23.

30. A method of effecting an antimicrobial activity in a subject, comprising
administering into said subject a composition that comprises an enantiomer of a

fluoroquinolone of claim 24.

31. A method of effecting an antimicrobial activity in a subject, comprising
administering into said subject a composition that comprises an enantiomer of a

fluoroquinolone of claim 25.

32.  The method of claim 26, wherein said administering is carried out to effect a
treatment, reduction, amelioration, or prevention of an infection of an eye, ear, nose,

throat, or respiratory system.

33.  The method of claim 27, wherein said administering is carried out to effect a
treatment, reduction, amelioration, or prevention of an infection of an eye, ear, nose,

throat, or respiratory-system.

34.  The method of claim 28, wherein said administering is carried out to effect a
treatment, reduction, amelioration, or prevention of an infection of an eye, ear, nose,

throat, or respiratory system.
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35. The method of claim 29, wherein said administering is carried out to effect a
treatment, reduction, amelioration, or prevention of an infection of an eye, ear, nose,

throat, or respiratory system.

36.  The method of claim 30, wherein said administering is carried out to effect a
treatment, reduction, amelioration, or prevention of an infection of an eye, ear, nose,

throat, or respiratory system.

37.  The method of claim 31, wherein said administering is carried out to effect a
treatment, reduction, amelioration, or prevention of an infection of an eye, ear, nose,

throat, or respiratory system.

38. A composition comprising an enantiomer of a fluoroquinolone having Formula I

prepared by the process of claim 6.

39. A composition comprising an enantiomer of a fluoroquinolone having Formula I

prepared by the process of claim 7.

40. A composition comprising an enantiomer of a fluoroquinolone having Formula

IV prepared by the process of claim 15.

41. A composition comprising an enantiomer of a fluoroquinolone having Formula

IV prepared by the process of claim 16.

42. A composition comprising an enantiomer of a fluoroquinolone having Formula Ia

prepared by the process of claim 18.
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43. A composition comprising an enantiomer of a fluoroquinolone having Formula Ia

prepared by the process of claim 19.
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