QUI NOLONE CARBOXYLI C ACI DS, DERI VATI VES THEREOF, PROCESSES FOR I TS
PREPARATI ON AND | TS USE AS ANTI BACTERI AL AGENTS BACKGROUND OF THE | NVENTI ON
The present invention relates to quinol one carboxylic acids, derivatives

t hereof, and nethods of maki ng and using the same. In particular, the
present invention relates to fluoroquinol one carboxylic acids, derivatives

t hereof, nethods of naking and using the sane. Bacteri al
pat hogens continue to pose a serious threat to public health as indicated

by a worl dwi de resurgence of bacterial diseases. One aspect of this
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bacterial pathogens. O particular concern-to the public health has been
t he energence and proliferation of bacterial strains that are resistant to
multiple antibiotics in the current arsenal of antim crobial agents. Such

mul ti anti bi oPiA‘EKP&Q@f%QfWE)NTBQ@t erial strains include species of

Gram positive bacteria, such as, antibiotic-resistant strains of

St aphyl ococcus aureus, Enterococcus fecalis, and Enterococcus fecium

whi ch, al ong with aiftd ppeetiioventsi shanto @imionnegasiyie adly ddrivsivef Escherichia
coli, constitute the nost frequent etiological agents of nosocom al
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i nfections of wounds and the urinary tract, S. aureus is currently the nost
frequent causkieofo fhosgoionioad cajasyieraeids, aleavad vakharedr methuis df mefigcindon.

St rept ococcus pneunoni ae causes several serious and life-threatening

di seases, i nsingdiersgma cont agi ous nmeningitis, bacteremia, and otitis nedia.

Annual
Bacterial pathogens continue to pose a serious threat to public health as

indicated by a worldwide resurgence of bacterial diseases. One aspect of this resurgence
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 strains that are resistant to multiple
antibiotics in the current arsenal of antimicrobial agents. Such multiantibiotic-resistant
("MAR") bacterial strains include species of Gram-positive bacteria, such as, antibiotic-
vesistant strains of Sraphylococcus aureus, Enterococcus fecalis, and Enterococcus
Sfecium, 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 pnewnoniae causes several serious and ife-threatening

diseases, including a contagious meningitis, bacteremia, and otitis media. Annual



nortality fromsS. pneunoniae infection alone is estimated at between 3-5
mllion persons globally. Mdre recently, clinical accounts of highly
aggressive skin and tissue infections by "flesh-eating" strains of G oup-A
streptococcus bacteria, such as Streptococcus pyogenes, has hei ghtened the
concern and need for new or inproved antibacterial agents.

Qui ndones constitute a group of antibiotics that have been avail abl e since
the early 1960s h roved. to.be val.ua nt.i bacteri a

n ve | e . agents.
Qui nol one caﬁﬁﬁﬁ@ﬁg’m%%FﬁﬂﬁﬁWF%“%?%%%ﬂ%EJ%%8“&% Fﬁﬁg“fﬁgﬁf@gP“ TUEt ur es
have been syn i zed, devel oped, and keted. Nalidixic.aci.
Cr 4 ot myctr o B R eV R PG oA AP RS Bfireh ot SfuslBlifnioes aci a)
the progenitor.of. the series s used primarily as.a i nary-tract
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i ncreased potenc i nst s t ed ogens _and. i nprqve harr nacoki netic
and phar macody} ﬁ'ga’fv?f‘%g%e&%éep t cl?'!ehggoncem%& Qeeg%Erng‘ﬁ%oéImr%ng‘fegg?t%ﬁ&fzrllﬁé #5771 ewpoi nt
the qu nolones are classified as first-, second-, and third-generation
conpounds. First-generation conpounds |ike piromdic acid '
(8- et hyl - 5, 8- di hydr QuBClERe-coRUUHY EPE STHRAYIPY s YAt BRye Peg-adyipphleisiwradi ne- 6- car b
oxylic acid) and pipemdic acid ] , .
(8- et hyl - 5, 8helpailyd Peflsandkaye Proved toibs e plashingntipasjeriatiegents 3Quinolone
d) pyri m di ne- 6-car boxylic acid) provided coverage for G amnegative
Ent er obact er jaEhosdis acieriwgresiaYige iaitont fhemicebyiysiyrrd $a vgbecrgvyheddi nt o t hose
w th enhanced but predom nant. G am negative activity, against pathogens
| i ke Escher i %tHpredcwf waaﬁﬁtfdp§é%ﬁﬁﬁ%fég v%@hxfg?ﬁm,i-'?ﬁw&wghése with bal anced
broad-spectrum activity (norfloxacin pefloxacin, enoxacin, fleroxacin,
| omef | oxaci MPERIAEE-Bieat FAPOXSHY il cPHPropaRitPToN ks setiesneR decixaiearify) as
Nor f | oxaci n, ofl oxacin, and ciprof]oxacin have, therefore, been used mainly
for treat nmerft Ry Wi @BYERIG dfe & VRlgPUFT RETIHet perats Witfheeadprardyity.
gastrointestinal infections, sexually transmtted di seases and the |ike.
Thi r d- gener dRFBHFIDRENS] WePESeiered R3N08304 APhimPERSt PRAERACKHEISSHAr f | oxaci n,
clinafl oxacin, sitafloxacin, trovafl oxacin, tosufloxacin, tenafloxacin,
gr epaf | oxaciPREIMBHIHATBXRIEPSA SSnoxi f | oxaci n, gatifloxacin) are those with
enhanced activity against G ampositive cocci (notably clinafloxacin,
sitafl oxacin, trovafl oxacin for Streptococcus pneunoni ae) and, for
essentially all thérdmhpmiddiganghatviespoiglitrcuonksss aactlasvifitdasdlrgo agai nst
Gram negat i ve Haet nophilus influenzae and Legi onel |l a pneunophi |l a, and
agai nst anaescoksindtiddatypitalcopaiundyg eirst-geheraddn comaatinds likapuiofidixaci n, and
gatifl oxacin have, therefore, found use for conmunity-acquired infections
such as t hosad Gfetityhé.Sujdp@ro-anb-2-ohpyrrotidigphnyvaitioy-dpaetidinnb-eobooiis (" RTI ")
| i ke pneunobnia, sinusitis and pharyngitis, and for skin and soft tissue
i nf ecti ons #lB8hd jiparidis eckd K%< @y lam-gbyire-Hwao-St(i @ipasiziof stidghAy! ococci ,
pneunococci, streptococci, and enterococci.

d)pyrimidine-6-carboxylic acid) provided coverage for Gram-negative

Enterobacteriaceae. The second-generation compounds are divided into those with
enhanced but predominant Gram-regative activity, against pathogens like Escherischia
coli and Pseudomonas aeruginosa, and those with balanced broad-spectrum activity
(norfloxacin, pefloxacin, enoxacin, fleroxacin, lomefloxacin, ciprofloxacin, ofloxacin,
rufloxacin, nadifloxacin). Norfloxacin, ofloxacin, and ciproﬂoxacin have, therefore,

been used matnly for reatment of diseases including urinary tract infections,



The inprovenents seen in nost of the third-generation antibiotics in
current use are generally attributed to their uniqueness in inhibiting DNA
gyrase and topoi sonerase |V of the bacterial targets. Three categories of
qui nol one inhibition have been suggested. Type | quinol ones (norfl oxacin,
enoxaci n, fieroxacin, ciprofloxacin, |onmefloxacin, trovafl oxacin,

grepafl oxacin, ofloxacin and | evofl oxacin) indicate a preference for

t opoi soner asgstrMniestmalbnfeitons, sdypiey tdnsioinid olonesan( adikt | Diacencrame

sparfl oxacin) indicate a preference for DNA gyrase inhibition. Type II

qui nol ones t entinhtich lesofireadt, phhlokdein; shagfeneriatclionlguiinehdnesihel ong (e. g.
gati fl oxaci n, pazufl oxacin, noxifloxacin and clinafl oxacin) display,
however, a dwahkfi¢sarigebsufigxgpmopeniyxaciange@uedciny biioddxaenaaxDNAagyr ase

i nhibition and topoisonerase IV inhibition. (M Takei, et al.,

Ant i nmi crobi ajafifents) anthoGheitodnharcedsctiviiobgaindSGradbbdidOcdc20R@)Dly DNA gyr ase
is the primary target in bacteria, and thus is explained the weaker
activity in dGnainxposistaficeaciihactadlokainobr §herdropes samepase ahd/férar get i ng
second- generation qui nol ones |ike norfl oxacin, ciprofloxacin, ofloxacin,
and | evof | oxaehtlly EHéheuimusgeatraget quinofope 0 hetivag iafsb axaxsi Gragesgitdvbed i n t he
literature, especially against Gampositive S. aureus, now can be

expl ai ned byHdergpialps Infikgnzéeant degete lDNKugypidzea(dNgai@i 2uattopeeind alypicalJ .

I nfect. Chenother., Vol.?, 191-194(2001)). That sone third-generation

qui nol ones améogmi.neavillyxaciapadylitorefin,taad gatiiongrit npe teoefere afoend ie fan

Gram positive staphylococci, and DNA gyrase in G ampositive S. pneunonae,
expl ai ns t heomowvainta@gessdpriestiodedcibys théve oflthabipitea pngbibwagesphitog-ngener at i on
qui nol ones |i ke noxifl oxacin and gatifl oxacin. However, because of

conti nui ng tikeaats GRTHehkegnewnons, efiusgivtand plotyrgitisesid$orahin abdetarsbe t hat may
surface in the future, continued effort has been devoted to devel op new

br oad- spect inigntiamst (“Hildtoaessd by Gram-positive frdimroif sygplofochbtci oroguicsol, ones was
recently devel oped, and some conpounds of this famly show good

ant i m cr obi afreparricviany eragadonst ~a wide range-of -G am posi-tive and-o

Gram negati ve 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 GheiifiRoRhRNk S&@n@f mbdi6f fhe GLRRSMIh GnAd R in SrrMBT Y
desirable, in one aspect, to devel op i nproved processes for preparing this

fam |y of fhii@roguirne! Bresed © tird@iqubsesain lOMbifier DRA DR aidespr ead
avai lability of these conpounds. SUMVARY OF THE | NVENTI ON In

general , thepgs@sent IV BMeNbdcAalRirgsth. dHBecdd ek dits OF Qtnddme 6RSSHdQfavPr epari ng
fl uoroqui nol ones that have Fornula | or salts thereof.

been suggested. Type I guinolones (norfloxacin, enoxacin, fleroxacin, ciprofloxacin,

lomefloxacin, trovafloxacin, grepafioxacin, ofloxacin and levofloxacin) indicate a _

preference for topoisomerase IV inhibition. Type II quinoiones (nadifloxacin and

sparfloxacin) indicate a preference for DNA gyrase inhibition. Type [T quinol'ones to

which some of the third-generation quinolones belong (e.g., gatifloxacin, pazufloxacin,

moxifloxacin and clinafloxacin) display, however, a dual-targeting property, and equally

influence DNA gyrase inhibition and topoisomerase I'V inhibition. (M. Taket, 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



wherein RL is selected fromthe group consisting of hydrogen, unsubstituted
| oner al kyl groups, substituted | ower al kyl groups, cycloal kyl groups,
unsubstituted C5-C24 aryl groups, substituted Cs-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
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het er oaryl oxy groups, substituted C5- het er oar yl oxy groups, and groups
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consi sting of halogen atons; Y is selected fromt oup consi sting of
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dual-targeting third-generation quinolones like moxifloxacin and gatifloxacin. However,

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, 385,90¢0; 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 fluoroguinolones in order to allow for a

more widespread availability of these compounds.



In one aspect, a process of preparing fluoroquinol ones having Fornula I
conprises contacting a first conpound having Formula Il with a second
conmpound having Formula 11l 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 discl osed above.

I n anot her aspect, a process of preparing fluoroquinol ones having Fornul a
|V conprises: (a) contacting a first conpound having Formula Rwith a third

conpound havigngnkos Md2mé he giaduce a fourth conpound having Formula Vi,
wherein the ) )

In general, the present invention provides an improved process for preparing

fluoroquinolones that have Formula I or salts thereof.

oR!

wherein R' is selected from the group consisting of hydrogen, unsubstituted lower alkyl
groups, substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cs-Cay ary!
groups, substituted Cs-Cay aryl groups, unsubstituted Cs-Cyy heteroaryl groups,
substituted Cs-Cas 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-Cy, aryl groups, substitited Cs-Chyq aryl groups, unsubstituted
Cs-Cas heteroaryl groups, substituted Cs-Cyq heteroaryl groups, unsubstituted Cs-Ca,

aryloxy groups, substituted Cs-Cas aryloxy groups, unsubstituted Cs-Co4 heteroaryloxy

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



f I uor oqui nol ones having Fornula 1V, the first conpound, the third conpound,
and the fourth conpound are represented by wherein Rl, 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 ghathdkifeon tsheleeied\iREm gie @upp cd®iPhodilietan ibmervgutiantione havi ng
Formula 1V. In still another aspect, the present invention

provi des qui faeh ekeraacbexyih 6f Gl 0sS,[B0epax.add BR* anergn REesgedtidselnsed
herein and their derivatives (such as their salts or esters), and nethods
of usi ng sucte guimalnemengad hbdxyek:) s@siidsddovebr diby | gradids ve@Bstituted lower Q her
features and advantages of the present invention will becone apparent from
t he foll ow ngkylletwaps ed gelsaikyiprdivpn aadhd iscdet®® from the group consisting of

oxygen and two hydrogen atoms.

In one aspect, a process of preparing fluoroquinoiones having Formula I
comprises contacting a first compound having Formula II with a second compound
having Formula IH 1o produce a flucroguinoione having Formula I, wherein the first

compound and the second compound are represented by

[ OR’
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wherein R', R, R?, X, Y, and Z have the meanings as disciosed above.

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

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



DETAI LED DESCRI PTI ON As used herein, the term"|lower alkyl" or
"I oner al kyl ginp neans a Cl1-C25 linear- or branched-chain saturated

al i phati c hydrocarbon nonoval ent group, which may be unsubstituted or
substituted. The group nay be partially or conpletely substituted with
hal ogen atons (F, 0 Br, or I). Non-limting exanples of |ower alkyl

gr oups |nclude neth et hy 0 - met hy hyhi sopr op n- but yl ,
n- pentyl Lromqua‘io WF‘&% Lﬁeffm“tﬂt%b@@rs)‘ COTRRRINE HE Phirkeom ﬂChavJ %%
abbreV|ated as "Al k used hereln the term "Il ower al koxy" or
"| ower aIkoX@“@?ﬁWBMUWHﬁﬁ?Pﬁﬁﬁfdéﬁ linear- or branched-chain saturated

al i phati c al koxy nonoval ent group, which may be unsubstituted or
substituted. The group nay be partlally or conpletely substituted with

hal ogen atons (F, d, Br, or I). hbn-l i g exanpl es of | ower al koxy
groups incl ude nethoxy, et hoxy, met hyl et hoxy (i sopropoxy),
n-butoxy, npent oxy, t but o ' ‘The term "cycl oal kyr

or "cycioal kyl group"” neans a stéb e aliphatic @turated 3- to |5-nenbered
nonocyclic or polycyclic nonoyal ent i ¢al consisting sqvgly of carbon and
hydr ogen at ons whi ch CO ' nore fused or bridged ring(s),

preferably a 3- to 7-nenbéfed -nocycPﬁc rings. Qther exenplary enbodinents
of cycl oal kyl groupg include 7- ito 10- genbered bi cyclic rings. Unless
ot herwi se specified, \the £ycl oal'kyl rlng may be attached at any carbon atom
which results in a sfable structure and, if substituted, may be substituted
at any suitable carfon aEom whi ch results in a stable structure. Exenplary
cycl oal kyl groups i ncl udé™ tycl opropyl, cyclobutyl, cyclopentyt, cycl ohexyl,
cycl oheptyl, cyclooctyl, cyclonony cyckodeCyI, norbornyl, adamant yl ,
tetrahydronaphthyl (tetralin) 1-dg i Ny bi cycl o[ 2. 2. 2] oct anyl,
1- met hyl cycl opr opyl , 2 nethylcyclo 2- nethylcyclooctyl and the |ike.
As used herein, the térm "a 0 ‘ QUP" means an aromatic
car bocyclic nonoval ent orl{di val [ . “n sone enbodi nents, the aryl
group has a nunber of car] bm 5 to 24 and has a 5|ngle ring
(e.g., phenyl or phenyle N ¢ condensed rings fle. g., naphthyl or
ant hranyl ), or nultlpFe bri dged rlfgs (e.g., biphenyl). Unless otherw se
specified, the aryl ring may, be att.ached at any suitable carbon atom which
results in a stable structure and, T substituted, nmay be substituted at
any suitable carbon atig}mnlgp results in a stable structure. Non-limting
I ncl

exanpl es of aryl group de phenyl, naphthyl, anthryl, phenanthryl,
i ndanyl, indenyl, biphenyl, and the like. It my be abbreviated as "Ar".
Y,
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The term "heteroaryl” or "heteroaryl group' neans a stable aromatic
nmonocyclic or polycyclic nonoval ent or divalent radical, which nay conprise
one or nore fused or bridged ring(s). In sone enbodi nents, the heteroaryl
group has 5-24 nenbers, preferably a 5- to 7-nenbered nonocyclic or 7- to
10- menbered bicyclic radical. The heteroaryl group can have fromone to
four heteroatons in the ring(s) independently selected from nitrogen,

oxygen, and sul fur, yherein any sul fur .
wherein R'. R®, X, Y, and Z have the meanings as disclosed above and R comprises a

protected amino group having a formula of -NR®, wherein R® comprises a protecting
group that is capabie of leaving the protected amino group ~NR®; and (b) contacting the
fourth compound with a catalyst to effect a cieavage of the protecting group from the ~

NR® group, to produce a fluoroquinoione having Formula IV.

In still another aspect, the present invention provides quinolone carboxylic
acids prepared by any process disciosed herein and their derivatives (such as their salts

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

Other features and advantages of the present invention will become apparent

. from the following detailed description and claims,

DETAHED 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-iimiting examples of lower alkyl
groups include methyl, ethyl, n-propyl, 1-methylethyl(isopropyl), n-butyl, n-pentyl, 1,1-

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

As used herein, the term “lower alkoxy” or “lower alkoxy group” means a
Cy-Cy5 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, Ci, Br, or I). Non-limiting exampiles of jower alkoxy



het eroat ons may optionally be oxidized and any nitrogen heteroatom may
optionally be oxidized or be quatem zed. Unl ess otherw se specified, the
heteroaryl ring may be attached at any suitabl e heteroatom or carbon atom.
which results in a stable structure and, if substituted, nay be substituted
at any suitable heteroatom or carbon atomwhich results in a stable
structure. Non-limting exanples of heteroaryls include furanyl, thienyl,
pyrrolyl, oxazolyl, thiazolyl, imdazolyl, pyrazoly/, isoxazolyl,

i sot hi azol yl groaxadiaz oleyhivxy, ethbaz alpydpoxy etrianodtydxy (isbirashixay eliyloxy, pyri di nyl ,

pyridazinyl, pyrimdinyl,
pentoxy, t-butoxy, and the like,

The term “cycloalkyl” or “cycloalky! group” means a stable aliphatic
saturated 3- to [5-membered monocyclic or polycyclic monovalent radical consisting
solely of carbon and hydrogen atoms which may comprise one or more fused or bridged
ring(s), preferably a 3- to 7-membered monocyclic rings. Other exemplary embodiments
of cycloalkyl groups include 7- to 10-membered bicyelic rings. Unless otherwise
specified, the cycioalky! ring may be aftached at any carbon atom which resulis in a
stable structure and, if substituted, may be substituted at any suitable carbon atom which
results in a stable structure. Exemplary cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, cyclooctyl, cyclononyi, cyclodecyl,
norbornyl, adamanty!, tetrabydronaphthyl (tetralin), 1-decalinyl, bicyclo[2.2.2]octanyl,

I-methyleyclopropyl, 2-methylcyciopentyl, 2-methylcyclooctyl, and the like,

As used herein, the term "aryl” or "aryl group” means an aromatic
carbocyclic monovalent or divalent radical. In some embodiments, the ary] group has a
number of carbon atoms from 5 to 24 and has a single ring (e.g., phenyl or phenylene),
multiple condensed rings (e.g., naphthyt or anthranyl), or multipie bridged rings (e.g..
biphenyl). Unless otherwise specified, the ary[ ring may be attached at any suitable
carbon atom which results in a stable structure and, if substituted, may be substituted at
any suitable carbon atom which resuits in a stable structure. Non-limiting examples of
aryl groups include phenyl, naphthyl, anthryl, phenanthryl, indanyl. indenyl, bipheny!,

and the fike. It mayv be abbreviated as "Ar".



pyrazinyl, triazinyl, indolizinyl. azaindolizinyl, indolyl, azaindolyl,

di azai ndol yl, di hydroi ndolyl, dihydroazai ndoyl, isoindolyl, azaisoindolyl,
benzof uranyl . furanopyridinyl, furanopyrimdinyl, furanopyrazinyl,
furanopyridazi nyl, dihydrobenzofuranyl, dihydrofuranopyridinyl,

di hydr of uranopyri m di nyl, benzothi enyl, thienopyridinyl, thienopyrimdinyl,
t hi enopyrazi nyl, thienopyridazinyl, dihydrobenzothienyl,

dlhydrothlenopyrldl I dlh .hie azai ndazol yl .
di azai ndazol yl , beﬁ§¥nfah %9) az%ﬁlg%gm ¥Y{eambenzf |azé?

t hi azol opyr Ir&“ X)}chc 51{}10?2 cl% e% &yc!wallé%?aé%x]]%ﬁ ay Qenzrg;x?in Qrz]" yl
benzoxazi nonyl , "0xaz oxazo opyrlr |ny I'soxaz onI
purinyi, chr

dlhydrqu|n5$g%§¥%(¥§§§%Er@aggﬁ+ﬁ%ﬁ: ISOQUIHO %?&”524

di hydrol SOl e Wil g%%%@m%&%‘ LY oy 705508%'119 feg ofEFAG P00 LVL

pht hal azi nyl’, aza i'nyl, quinazolin azaqui nazol'iny qU|noxat|nyI

azaqu noxal Iﬂ%t hyrl QQEIQF{\-@! bg}’éaalhgveq}’oq{ &Q%)Fg X%t&% Ql¥xsi the Il'mg(BhenaZi nyl ,

tetrahydrona I ny carbazo

phenot hi azi ma!:pen@m? m%gemm ﬁ¥$aenmg%¢mh5d suf@r, herein an Sun-‘un general, the

present invention provides an | nproved process’for é%

fl uoroqui nok&&%ﬁoﬁxbﬁ&y (Elﬁ%ﬁalllz% %yldae(i iy, an? ﬁlltr%gent ]Q?errc%%m may opnonally be
oxidized or be quaternized. Unless otherwise specified, the heteroaryl ring may be
attached af any suitable heteroatom or carbon atom which resulfs 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,
oxadiazolyi, trazolyl, tetrazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, triazinyl, indoiizinyl, azaindelizinyl, indolyl, azaindolyi, diazaindolv],
dihydroindolyl, dihvdroazaindoyl, isoindolyl, azaisoindolyl, benzofuranyl,
furanopyridinyl, furanopyrimidinyl, furanopyrazinyl, furanopyridazinyl,
dihydrobenzofuranyl, dihydrofuranopyridinyi, dihydrofuranopyrimidinyl, benzothienyl,
thienopyridinyl, thienopyrimidinyl, thienopyrazinyl, thienopyridazinyl,
dihydrobenzothienyl, dihydrothienopyridinyl, dihydrothienopyrimidinyl, indazolyl,
azaindazolyl, diazaindazolyl, benzimidazolyl, imidazopyridinyl, benzthiazoly!,
thiazolopyridiny!, thiazolopyrimidinyl, benzoxazolyl, benzoxazinyl, benzoxazinonyl,
oxazolopyridinyl, oxazolopyrimidinyl, benzisoxazolyl, purinyl, chromanyl,
azachromanyl, quinolizinyl, quinolinyl, dihydroguinolinyl, tetrahydroguinolinyl,

isoquinolinyl, dihydroisoguinolinyl, tetrahydroisoquinolinyi, cinnolinyl, azacinnolinyl,
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wherein Ris selected fromthe group consisting of hydrogen, unsubstituted
| oner 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 SUbSthﬁ&ﬁk%ﬁMa&%hﬁeng%L gumzmw?haghikyioxag\vzpammﬁgi,i s selected from

the group consisting o rogen, unsubstituted 1ower al kyl groups,

substituted - Kyl ‘ : u Liuted | ower

al koxy groupégﬁgﬁggﬁﬁ¥ﬂﬁg%9#gﬁgﬁgﬁ%gé%Kg$8%%gfQEﬁ?ﬁ%@%ﬁ?&?Qg%CS-C24 aryl
groups, substi.f; 5 Ve sidasthidmt = h aryl
TR o b R R A

aryl oxy grougg, substituted C5-C24 arytoxy groups. unsubstituted C5-C24
het er oaryl 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 halog?n atong; Y is.seLectedﬁfron]the grogp %pnsisting of
CH2, 0, S, SO SO2, hEd-RRH" PIRHEE &Y TR PTOS s EIgPED Y P8R NEPGPETHS
consi ki ng of _ hydr ogen ubstituted | r al kyl groups, substituted | ower
al kyl groupsﬁm%%ﬁﬂgggFH&QE?ﬁ%épgﬂﬁ ors ﬁ%ﬁﬁﬁ$g sel ected fromthe group
consi sting of oxygen and two hydrogen atons. In one aspect, Rl is
sel ected fromthe group consisting of hydrogen, C1-05 (or alternatively,
Cl-C3) substituted and unsubstituted al® grups, C3-C,0 (or
alternatively, C3-05) cycloal kyl groups 4 (or alternatively, C6-Cl4,
or C5-Cl10, or C6- Cl1l0) substitutedsand Nfuted aryl groups, C5-Cl4
(or alternatively, Cb6-Cl4, or - C10) “8ubst it uted and

unsubstituted heteroaryl groups groups that can be Xdrolyzed in
|l iving bodies. In one di pren RIS sel ected fromthe’/group consisting
of C-05 (or alternatively,NCl-C3) subsfituted and unsubstituted al kyl

gr oups. I n anot her} aspect, Ri’s selected fromthe group consisting
of unsubsti uted am nQ grqup and’%nino‘broups substituted with one or two
Cl-05 (or alternativ L£1- C3) al kyl groups.

wherein R’ is selected from the group consisting of hydrogen, unsubstituted lower alkyl
groups, substituted lower alky! groups, cycloalkyl groups, unsubstituted Cs-Caq aryl
groups, substituted Cs-Cyy aryl groups, unsubstitated Cs-Coy heteroaryl groups,
substituted Cs-Ca4 heteroaryl groups, and groups that can be hydrolyzed in living bodies;
R? is selected from the group consisting of hydrogen, unsubstituted amino group, and
aming groups substituted with one or two lower alkyl gréups; R’ is selected from the
group consisting of hydrogen, unsubstituted lower alky! groups, substituted lower alky]
groups, cycioalkyl groups, unsubstituted lower alkoxy groups, substituted lower alkoxy
groups, unsubstituted Cs-Caq aryi groups, substituted Cs-Caq aryl groups, unsubstituted

Cs-Caa heteroaryl groups, substituted Cs-Cos heteroary! groups, unsubstituted Cs-Cosg
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In still another aspect, R 3 is selected fromthe group consisting of

hydr ogen. C1-05 (or alternatively, Cl-C3) substituted and unsubstituted

al kyl groups, C3-Cl10 (or alternatively, C3-05) cycloal kyl groups, C/ -Cs (or
alternatively, Cl-Q3) substituted and unsubstituted al koxy groups, C5-Cl4
(or alternatively, C6-C34, or C5-Cl10, or C6-Cl0) substituted and
unsubstituted aryl groups, C5-Cl4 (or alternatively, ©6-Cl4, or C5-Cl0. OF

CB-Ci 0) suba%gmwgﬁ%sasn&um@% %ir%??v%(}éfﬁ%ﬁéf il Ot hﬁ%’ag"@%g |4t ﬁf ed

alternatively, substi tut'ed and unsl

arylo ro ups by . el con5|st|n
o1 48 ot B ARR ST MR 0 BB LA bR AR o7, o1 0

anot her aspe o o and Br
O e aopealvingbolis 3% 84 FfAR L BidHimd rréggﬁfoé%g S 2E S

further aspeciom e kRup¥dkS B ch ¢l tda %p&ﬁheﬁgaaﬁ%g@&pw% QDR 3GS WO
hydr ogen atons. [n one erbodi nent, the fluoroqui nol one carboxylic acid has
a Formula |a.g, group consiting of hydrogen, unsubstituted lower alkyi groups, substituted jower

alkyl groups, and cycloalkyl groups; and Z 1s 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;-Cj) substituted and unsubstituted alkyl groups, C3-C)g (o1
alternatively, C3-Cs) cycloalky! groups, Cs-Ciy (or alternatively, Cg-Ciy, or Cs-Crg, or Ce-
Cio) substituted and unsubstituted aryl groups, Cs-C,4 (or alternatively, C¢-Cja, or Cs-Cyg,
or C4-C o) substituted and unsubstituted heteroaryl groups, and groups that can be
hydrolyzed in living bodies. Tn one embodiment, R is selected from the group

congsisting of C,-Cs (or alternatively, C,-Cs) substituted and unsubstituted alkyl groups.

In another aspect, R” is selected from the group consisting of unsubstituted

armino group and amino groups substituted with one or two C;-Cs (or alternatively, C;-

Ci) alkyl groups.

in still another aspect, R” is selected from the group consisting of hydrogen,
C,-Cs (or alternatively, C,-Cs) substituted and unsubstituted alkyl groups, C3-Ciq (or
alternatively, C3-Cs) cycloalky! groups, C;-Cs (or alternatively, C;-Cs) substituted and
unsubstituted alkoxy groups, Cs-Cy4 (or alternativeiy, Cg-C 4, or Ce-Cyg, or Ce-Cio)
substituted and unsubstituted aryl groups, Cs-Cy4 (or alternatively, Ce~C 4, or Cs-Cig, or

Ce-Cyo) substitated and unsubstituted heteroaryl groups, and Cs-Cy4 (o1 alternatively, Ce-
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In one aspect, the present invention provides an inproved process of

preparing fluoroquinol ones having Fornula |I. The process conpri ses
contacting a first conpound having Fornula Il with a second conpound havi ng
Formula 111 to produce a thoroqui nolone having Formula I, wherein the first

conpound and the second conpound are represented by wherein RI, R2, RS,
X, Y, and Z have the neanings as discl osed above. In another aspect, the

first conpouad, favidgoForou) abdtiytedrdnid ahsubsitits@gryioRy @roups. In one

embodiment, R’ is selected from the group consisting of C3-Cg (or alternatively, C3-Cs)

cycloalkyl groups.

In yet another aspect, X s selected from the group consisting of Cl, F, and

Br. In one embodiment, X is Cl. In another embodiment, X is F.

In a further aspect, Y is hydrogen. In still another aspect, Z comprises two

hydrogen atoms.

In one embodiment, the fluoroquinoione carboxylic acid has a Formuia la.

o) o
F.
*OH
(la}
N N
o
NH,

In one aspect, the present invention provides an improved process of
preparing fluoroguinolones having Formula I. The process comprises contacting a first
compound having Formula II with a second compound having Formula ITI to produce a

fiuoroquinolone having Formula I, wherein the first compound and the second

compound are represented by
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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
exanple, the first conpound having Fornmula Il is prepared by a process
conprising: (a) reacting a conpound having Fornmula X with an equi nol ar or
excess anount of orthofoimc acid ester in acetic anhydride (1 to 20-fold
vol une per total volune of the other reagents) at a tenperature in the
range from about roomtenperature to abo 200C (preferably, from about
100C to about 150 C) fer a tj 30 mnutes to 24 hours to
produce a conpound havi ng @ating the conmpound havi ng
Formula XI with an equal s anount of an am ne having a formula
of NR2R3 in a solvent co i Si an alicohol (preferablyy ethanol or
propanol ), to convert t# F vfraving Fornmula XI to a conpound havi ng
Formula XIl; (c) treating the conmpcound having Formula XIl with a fluoride
salt (such as one selected 'ron1tge group consi sting of sodium fluoride,
potassium fluoride, and lithiumfluoride) in a solvent selected fromthe
group consisiting of diox di et hyl f or mam de, di net hyl sul f oxi de, and
sul fol ane a tenperature gﬁnfag“#hnge fromabout 0 C to about 200C
(preferably, from about $0C to mbout 150 C) for a tilke in the range from
about 30 m nutes to about\24 urs, to produce the conpound having Formul a
1. The conpounds having fForml ae X, XI, and Xl I are shown bel ow.

z

2

e

wherein R\, R% R®, X, Y, and Z have the meanings as disclosed above.

In anotﬁer aspect, the first compound having Formula II, which is used ina
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 o about 200 °C (preferably, from about 100 °C to about 150 °C)
for a fime from about 30 minutes to 24 hours to produce a compound having Formula
X1 (b) treating the compound having Formula X1 with an equalmolar or excess amount
of an amine having a formula of NH:R’ in a solvent comprising an alcohol (preferabiy,
ethanol or propanol}, 1o convert the compound having Formuia X1 to a compound having

Formula XII; (¢) treating the compound having Formula X1IT with a fluoride salt {such as
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wherein R7 is unsubstituted | ower al kyl groups, substituted |ower alkyl
groups, unsubstituted C5-C24 aryl groups (or alternatively, C5-Cl4, or
C5- C10, or C6-Cl10), cycloal kyl groups, substituted C5-C24 aryl groups (or
alternatively, C5-Cl4. or C5-Cl10, or C6-Cl0), unsubstituted C5-C24

het eroaryl groups (or alternatively, C5-Cl4, or C5-C10, or C5-C10), and
substituted C5-C24 heteroaryl groups (or alternatively, C5-Cl4, or CyCl0,
or C6-Cl10): %C!‘.elﬁcted from the gadu c%gtikhecgf s@xﬁ%%}pﬂ&pﬁotﬁﬁmﬁh&ﬁmfﬁmd havi ng

Forrmula 111 can be prepar y cyclization of various am no ‘acids. For

exanpl es, sugh; GOMRAKAGS, hawiNGi-Foi AL @l drd be,Ps red according to

t he net hods digclose%ginaD.MI Aganson, fé&éﬁ%nlm%o%gf%%%&%b (1943); R

Pel | egat a et @lnesyRYRLARS] BmeByiQiddiaf 297 &hio1A0d [l thlan @ fropm BUl 1 -

Chem Soc. Japgn?_VbI. 6b.m%py141-28 (198?}. Thede rg?e#encg _%Pé

i ncor por at ed, BEIBIN, Bbul BISEGHESrapR] AGH BB YEY 1o A (845, 3Z8RIAH havi ng

general Fornula Il can be prepared according to the nethods disclosed in

H Chong et @l runoelironPRRM 3030Guies B&hdH: A 1580% pro¥@k thelrord 2002); J.

Bar | uenga, Eur?n%pgi. Chem , %di. 74, No. 8f}%§17-é§ F?%d%??gaﬁé T. Naito

et al. (avaidaRhifnatrhe compounds having Formulae X, XL and XII are shown below, _

htt p: // ww. ehi c. ac. uki ect odechet 96/ paper s/ 054/ 1 ndex. htm). usi ng appropri ate

starting materials. The references by H Chong et al., and by J. Barluenga

are incorporated herein by reference. a I n one enbodi nent of the

present invention, a fluoroquinolagne haying Formula | is prepared as

follows. One nole of the conpoundjhaving Fornmula Il is reacted with about
bkiiNn a solvent such as

1-5 nol es of the conpounhd Afavig Forvaut a
acetonitrile, dinethylsul idg, or the like, at a temperature in the range
from about roomtenperatufe tg. about 100C for a tine in the range from
about 10 m nutes to ahelUt ~#@ays>~cAfter the reaction, the precipitate is
collected by filtration and |washed, for exanple at roomtenperature, with a
sufficient quantity of a suixtabl e solvent, such as nmethanol, chloroform
ether, or the like, to obtain a crude product. The crude product is
purified, for exanple, by silica get colum chromatography or by
recrystallization to obgain tshe fluoroqui nol one haying Eormula |

I n anot her enbodi nent oi t he {lpresent invention,

Formula 1V is8 3 s f o

Il is reacted
sol vent such as
tenperature ;- | m.-about roqQmtenpe ature’to about 100C for a
time in the range {fromabout 10 m nutes to about fjdays to produce a
conpound having Farmula VI. An anount of an amacid or base (depending on

whet her the cl eavage of the protecting group is acid- or base-catal yzable),
such as fromabout 0.1 to about 5 noles per nole of of the conpound having

Formul a V, v&lﬁwﬂﬁ@'ﬁgurEszsE}Lb%‘gdﬁ&@éﬁ%ik?&réﬂp&‘,tsHEs“r‘iu&éh 1%&%‘%5 %J'E)u ne splitting of

the protecting group R6 fromthe protected am no - up. I'n one

enmbodi nent ,,,abli8ked IS, LEAGLIANr MRS/ 8..2ddgd-1e the Feaction mxture to
convert free HE and imﬂgg?%sl$gmihgir sg}tg F?@gﬁﬁgﬁﬁgeﬁﬁm’s about 7),

whi ch are washed; grg%bst%@mcﬁcﬁézm@%%@%@ﬁ%%wf E:Eé m<§rft%-dn,>&ure to

produce a crude pro The crude "pro I's puri'fied, for exanple, by
silica get c,c), unsubstituted Cs-Cae heteroaryl groups (or alternatively, Cs-C)4, or Cs-Cp, o1

aVi ng ®Or aVina
helike,rrg{”a

Cs-Cio), and substituted Cs-Caq heteroaryl groups (or alternatively, Cs-C4, or Cs-Cyg, or

Ce-Cig): and
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col um chr omat ography or by recrystallization to obtain the fluoroquinol one
having Formula I'V. In one enbodi nent, the conpound having Formula V has
Formula VI1. This conmpound can be prepared by the foll ow ng reaction.

OR?
and o (X
o] NHR? F ASHN

In another aspect, the second compound having Formula IH can be prepared
by cyclization of various amino acids. For examples, such compounds having Formuia
I11 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., Bull.
Chem. Soc. Japan, Vol. 60, pp 141-48 (1987). These references are incorporated herein
by reference. Alternatively, various azepines having general Formuia ITI can be prepared
according to the methods disclosed in H. Chong et al., J. Chem. Soc., Perkin Trans., Vol.
I, 2080-86 (2002); J. Barluenga, Pure Appl. Chem., Vol. 74, No. 8, 1317-25 (2002); and

T. Naito et al. {availabie at hitp://www.ch.ic.ac uk/ectoclechel96/papers/054/index it },

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
Formuia I is prepared as follows. One mole of the compound having Formuia 17 is
reacted with about 1-5 moles of the compound having Formula III in a solvent such as
acefoniiriie, 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, chioroform, ether, or the like, to obtain a crude product. The crude product is
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The nitrophenyl al kyl i dene protecting group is disclosed in the above schene

only for illustrative purposes. Qther protecting groups can be used in
pl ace of the nitrophenylal kylidene group, as can be recogni zed by peopl e
having skill in the art of organic synthesis. For exanple, another comonly

used protecting group for the amne noiety is the t-butoxycarbonyl
("t-Boc"). hich may be finally cleaved by an anhydrous acid catal yst, such
as HCl to yield the am no group. Still another exanple of a protecting
group for theusrdnier promeleybyi sdice lge colugarcdroptamerdpbx yctartoopydliifatifmoc” ), whi ch
can be cl eaved by an anhydrous base catal yst, such as ammoni a, piperidine,
or nor phof i nebtain|the fywickbingdnethising Fepeda L a process for preparing a

f I uor oqui nol one carboxylic acid having Forrmula la conprises: (a) contacting
a conpound having Fornula Ha with a conpound having Fornula Vila at a
tenperature in the §angeef HHIRRAUL HORRHEANSNBE, UiRobGuiAleutnJQP C for a
time fromabout 10 m nutes to about 7 days, to produce a conpound having
Formul a Vi a Forfol)a [ Wrgitddng fdlaes CORPALIB&f ha¥bMgoun@ hili roh@a Wit h an anount
of HCl equal to about 0.1 to about 5 noles per nole of the conpound having
Formul a Vit aeafiedawith@ibp@riad Méies 6Mhd ddnpbatgeyvht Famallovtn £ Qomnt gaparature to
about 100 C, in a presence of nethanol, to produce the fluoroquinol one
carboxyl i ¢ agk@ninayidngetizeumtiiae, bathe 806 af £EmpOERANEF tHR Farleb BohlHOK @Rth NOI ONe
car boxylic acid having Formul a Ia. In yet another aspect, the
crude produckmg@itue @MMbiiSIE0 aC Mrttiniean G rFa RoinibBE:S 0 findidieo eapound havi ng
Formula | or enantioners of the conpound having Fornula IV, as the case may
be. One of tdgs @pasdtite® @FPoirs hafihe Poriievs Alidh®ni ¢F Madi@tr taban the ot her.
Therefore, another aspect of the present invention conprises the separation
of one of theependand sronREE:r GF cRaGEIcRhPiodunts dyupwesit- BEbRE-cHiigaekyi Ng t he
crude product with water, and recovering such an enantioner fromthe
aqueous phasech as frem 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 aniino ~NR’ group. In one embodiment, after this reaction, a base is added
to the reaction mixtare to convert free HF and HX acids to their salts (resulting pH 1s
about 7), which are washed, for example at room temperature, from the mixture to
produce a crude product. The crude product is purified, for example, by silica gel
column chromatography or by recrystallization to obtain the fluoroquinolone having

Formuta IV,

i one embodiment, the compound having Formuta V has Formula VIL
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Therefore, in another aspect of the present invention, a process of
preparting an enanti onmer of a fl uoroqui nolone 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
enantionmers of the fluoroquinolone having Formula I; (b) recovering the
crude enantioneric mxture; (c) contacting the crude enantioneric m xture
thus recovered with water to produce an aqueous solution: and (d) recover
the enantionmer of th I oqui nol one having Fornula | fromthe aqueous
solution. In one enbodi nent, the step of contacting the crude enantionefic
mxture with water s carrjed out at a tenperature in a range from about
roomtenperature to 80 C. or from about roomtenperature to about
50C. In another enmbodi mery, the step of contacting the crude enantioneric
mxture with water fs carh out at about room tenperat yyg. I n
still another aspect, a process_of preparing an enantio er of a

f I uor oqui nol one havi ng For nmul a \Pnprises: (a) contacting a first
conmpound having Formula Il w —-dnvgonpound having Fornmula V to
produce a fourth conpound havi mula VI; (b) contacting the fourth
conpound with a catal yst capabl assisting a cleavage of a protecting
group fromthe R5 group, to produce a crude enantioneric m xture of

f 1 uoroqui nol ones having Fornula 1V, (CE recovering the crude enantioneric
m xture; (c) contactiinepntieanddepdere fygheloliewing xaaeft®. 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 step of contacting the
crude enantioneric m xture weth water is carrfgafgg**at a tenperature in a
range from about roomte ature to about 8GC, or from about room
tenperature t ut 50 C. \I n anot her enbodi he step of contacting

t he crude enéntio ?ic+nixt, wi th water is garrred out at about room

t enper at ure. I \-notN r aspezt, thR=psesent invention
provi des a flyor ggui nol one g Forimula |, la, or |IV'prepared by any
appropriate ocess di scl osed=herein. The progésses of the

present inventionwsas advantages over the process disc osed Wn o> Patents
5, 385, 900 and QV ﬂ7,926 in that the present processes are sinpler "and do
not require the st step of UP8. Patents 5,385,900 and“5&47,926 for the
attachnment of a hal ogen atomto the position 8 on the conpounds having
Formulae 1, la. and IV. This step requires the use @f; an excess anount of a
hal ogenati ng agent such as sul furyl chloride, chlorine, brom ne, iodine,
fluorine, N-chlorosuccinic acid imde, Noronosuccinic acid imde, or the

| i ke. The use of such hal ogenati ng agents, especially in the gas phase,

requires installatjion of pr tionary neasures.in the nuf act uri ng
process, which mouhH3WH@¢g5§égﬁﬂgméﬁ ‘?@%??Vpﬁﬁﬁw@ﬁﬁﬂ“8$EVHﬁs af act ure.

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 yieid the amino group. Still another exampie of a protecting
group for the amine moiety is the fluorenylmethoxycarbonyl (“Fmoc”), which can be

cleaved by an anhydrous base catalyst, such as ammoniz, piperidine, or morphoiine.
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Compounds of this famly of fluoroquinolones can be used effectively

agai nst the survival of mcrobial pathogens. For exanple, the conpounds
having Formula I, la, or IV are potent antimcrobial agents arid are found
to be effective against the survival of Grampositive bacteria, such as
Baci |l us subtilus, Staphylococcus aureus, Staphyl ococcus epiderm s, Sarcina
| utea, Streptococcus faecalis, and M crococcus |ysodei kticus; G am negative

bacteria, such as Eseherinehir _s&:lgiEpééémﬂﬁ!pl'e@mtis}é%]ﬁuom%mng%hé arbd:Ganeri,

Pseudononas aer ugi nosa, Kieisiela pneunoni as, teus vul garis, “Proteus

rettgeri, angiSefiRtrofnlRhLCERSSENT) Bkt TRbMbGInkhkfad %ﬁ&mtw@tar ain of
Streptococcus aureus. See; e.g., U S Patents 5,385,9 and 5, 447.926;

whi ch are i ngRKRORALCH: PEHRIVIRYat b efr§l-8RGE id Re &hg&j froE Mcul Bb¥ A
f I uor oqui nol one conpound prepared by any net hod di scl osed herein can be

formul ated iRfQeraireaR ol RHOOKGR: GRMRASAHLON Hifhrel ARERN 4@l &) prog¥st em c.

ocul ar, or i ntraocul ar adm nistration. Such a conposition conprises a
f1 uoroqui nol pagyHEMMAVRLSF&RMIAN.eXCi pi ent appropriate for the
adm ni stration, as can be determ ned by a person having skill in the art of

pharmaceutical fornulation for the applications disclosed above. For
exanpl e, various excipients known Bn theoart can be used to fornmulate a

sol ution, suspension, dispersion, ¥intne t, gel, capsule, or tablet. A

f I uor oqui nol one conpouPd prepared Py anyjnet hod di scl osed herein is
particularly suitable f0 - Rea etucti on, anelioration, or
prevention of infections d ar, nose, throat, or respiratory
system caused by bacteria but not being | ted to. those
bacteria discl osed abqyﬂ. one~eodi ment, such a fluroquinolone is
formul ated into an ophthal mic solufion, ointnent, suspension, dispersion,
or gel. Wi |l e specific enbodi nents of the present invention have
been described in the foregoing, /t\ will be appreciated by those skilled in
the art that many equival ents, i cations, substitutions, and variations
may be made thereto witho departing fromthe spirit and scope of the

i nvention as defined inthe™~gppended clainms. MCSLLP

_

(Vlia)

NO,
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VWHAT IS CLAIMED | S: 1. A process of preparing a fluoroquinol one having
Formula | or salts thereof, the process conprising contacting a first
conmpound having Formula Il with a second conpound having Fornula Il to
produce a fluoroqui nol one having Fornmula |, wherein the fluoroquinol one,
the first conmpound, and the second conpound are represented by

Q O
E
' |
X 3
R (Vla)
S
34
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 VIIa at a temperature in
the range from about room temperature tc about 100 °C, in a presence of methanol, to
produce the fluoroguinolone carboxylic acid having Formula Ia: and {¢) recovering the

fluocroguinoione carboxylic acid having Forrnula 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 I'V, 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 fluoroguinolone having Formula I comprises: (a) contacting a first

compound having Formula II with a second compound having Formuia III to produce a
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[ 11 CSLLP wherein R is selected fromthe group consisting of hydrogen,
unsubst tuted | ower al kyl groups, substituted | ower al kyl groups,

cycl oal kyl groups, unsubstituted C5-C24 aryl groups, substituted C5-C24
aryl groups, unsubstituted C5-C24 heteroaryl groups, and substituted C5-C24
het eroaryl groups; R2 is selected fromthe group consisting of
unsubstituted am no group, and am no groups substituted with one or two

| | kyl . R3.is.selected. f th i sti .of hyd
onsunats e FUSPAry B S ekl ol gl T
i ups, unsubst i kox u ubst i
aYkoxy g?ou%@?mgﬁgﬂf ???ﬁ?%Hﬂﬁgyﬁiﬂmﬁp?FnﬁpgﬁﬁgfcE@B@Fﬁ?ﬁ%ﬁﬁm%B-C24 aryl
, bstituted.C5-C24 het | A bstituted C5-C24

Reteroaryl gP MR RETRE AT fron e e dIgrBRye 3 slisets ket fedfbd cs- coa

| bstitut - C24 t | . d bstituted
Oy oS LSUSLLULER. €3, C20 81BN GrY 0L gpe ang subt Lt
hal t = Y i | ect.ed th i St f. CH2, 0..5, SO
i ouen L0 1 P LSRR LA TP MR BT LOR 1 0y 005 S0

unsubstituted | ower. al kyl groups, substituted |ower alkyl qgrou and

cycl oal kyl d%%ﬁﬁ%?“§§8m§“ﬁs“?8a%%i% r?%%h??ﬁgmﬁP%ﬁbmggﬂéﬁ§g?%ﬁﬂg$}oxygen
and two hydr,ogen atons. 2. The process iml. wherein is sel ected
from the o oo onpaned SPPRRhRaEIRP Codb Ran PRTER u e shalbst t ut ed
al kyl groups - C10 | oal. . gr.oups. . -Cl14 substituted and

nsubsti &t ST e S £ PR RSy B AR A s 1 ¢ ut e

het er oar yl goug&&eRQ is selected fromthe group consisting of

unsubst it ut ed fam no group and am no groups substituted with one or two
Cl-05 al kyl groups; 123 is selected fromthe group consisting of hydrogen,
Cl -05 substituted and unsubstituted al kyl groups, C3-CuO cycl oal kyl groups,
Cl- 05 substituted AneflietiBISPICHESEPCEF Rolgparing an enantiomer of a

fluoroquinoione having Formuia IV comprises: {a) contacting a first compound having
Formula II with a third compound having Formuia V to produce a fourth compound
having Formula VI, (b) contacting the fourth compound with a catalyst capable of
assisting a cleavage of a protecting group from the R* group, to produce a crude
enantiomeric mixture of fluorequinolones having Formula IV (¢} recovering the crude
enantiomeric mixture; (c) contacting the crude enantiomeric mixture thus recovered with
water to produce an aQu.eous solution; and (d) recover the enantiomer of the
fluoroguinolone having Formula IV from the agueous solution; wherein X has the
meaning disciosed above. In one embodiment, the step of contacting the crude
enantiomeric mixture with water is cairied out at a temperature in a range from about
room temperature to about 80 °C, or from about room ternperature 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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groups, C5-C4 substituted and unsubstituted aryl groups, C5-Cl4 substituted
and unsubst tuted heteroaryl groups, and C5-Cl4 substituted and
unsubstituted aryl oxy groups; and Xis selected fromthe group consisting of
Cl, F, and Br, 3. The process of claiml, wherein RL is selected fromthe
group consi sting of hydrogen, and Cl1-05 substituted and unsubstituted al kyl
groups; R2 is selected fromthe group consisting of unsubstituted am no
group and am no groups substituted with one or two Cl-05 al kyl groups; R3

i s sel ected from t h® Yfaufnee 81eitsts PgpentinCaLion progifed olddsduingiodeps; X i s

sel ected fron1he§group consisting of d and F;, Y cg&ﬁéises hydr ogen; and Z
i s two hydrobfefgdrems L Iy or Phrepregde 48y rariglemracesseisiossdhersie st ep of
contacting is carried out at a tenperature in a range from about room
tenperature to about 100 "C. 5. The process of claim3, wherein the step

of contacting is cafhd @ocesdst ofthe prefeanipemndbiii atvuntgEsangend promsabout room
tenperature to about 100 C. '

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 the position 8 on the compounds having Formulae I, Iz,

and IV. This step requires the use of an excess amount of a halogenating agent such as

“sulfuryl chioride, chiorine, hfomine, iodine, fluorine, N—chlorosucéinic 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 I, Iz, or I'V are potent antimicrobial agents and are found to be effective against
the survival of Gram-positive bacteria, such as Bacillus subtilus, Staphylococcus aureus,
Staphylococcus epidermis, Sarcina lutea, Streprococcus faecalis, and Micrococcus
ivsodeikticus; Gram-negative bacteria, such as Escherichia coli, Samonella typhi,
Shigella flexneri, Pseudomonas aeruginosa, Kieisiela pneumonias, Proteus vulgarts,
Proteus rettgeri, and Serratia marcesscens; and a metriciilin-resistant strain of

Streprococcus aureus. See; e.g., U.S. Patents 5,385,900 and 5,447.926; which are

incorporated herein by reference in their entirety.

A fluoroguinolone compound prepared by any method disclosed herein can

be formulated into an antimicrobial cornposition for topical, oral, systemic, ocular, or
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6. The process of claim1l, wherein the step of contacting the first

conpound having Fornmula Il with the second conpound having Fornula I
results in a crude product conprising an enationeric mxture of a
fl uroqui nol one having Formula I, and the process further conprises washing

or dissolving the crude product with water to produce an aqueous m xture,
and substantially recovering an enantiomer fromthe aqueous m xture.

The process of ¢ n.,the ste recover e enanti ogmer from
t he aqueous H%m?CU? n&mmié%rironegu%ﬁtc Worteecnrwmtpzélfeisl zélJ i g”ma 3% ORI p

A process of eparln a fluorog havi n I or salts
t her eof , theanﬁeﬁnxﬁpIc nﬁ?bgmgag % %3%Q%3szﬁ El?%qﬂmgﬁgguﬁﬁﬂ avi ng

Formula Il Whawng ktl} aﬁ%%%%geuncai formutlation for the applications disclosed above.
For example, varions excipients known in the art can be used to formulate a solution,
suspension, dispersion, ointment, gel, capsule, or tablet. A fluoroguinolone compound
prepared by any method disclosed herein is particularly suitable for a treatment,
reduction, amelioration, or prevention of infections of the eye, ear, nose, throaz, or
respiratory system caused by bacteria, including, but not being limited to, those bacteria

disciosed above. In one embodiment, such a fluroquinolone is formulated into an

ophithalmic 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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having Formula V to produce a fourth conpound having Formula VI, wherein
t he fl uoroqui nol one having Formula IV, the first conpound, the third

and the fourth conpound are represented by MCS L L P wherein

conpound, al = i
RI n?s selected fromthe group consisting of hydrogen, unsubstituted
MOSLLP
WHAT IS CLAIMED 1S;
1. A process of preparing a fluoroquinolone having Formula I or sals thereof, the

process comprising contacting a first compound having Formula 11 with a second
compound having Formula IIT to produce a fluoroquinolone having Formula I, wherein

the fluoroquinolone, the first compound, and the second compound are represented by

0 0
F‘
OR*
j ()
N
!
X g3
o} 0
F
OR"
j (In

F N

(1)
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| ower al kyl groups, substituted | ower al kyl groups, cycloal kyl groups,
unsubstituted C5-C21 aryl groups, substituted C5-C24 aryl groupssiip
unsubstituted C5-C24 heteroaryl groups, and substituted C5-C24 heteroaryl
groups; R3 is selected fromthe group consisting of hydrogen, unsubstituted
| ower al kyl groups, substituted |ower al kyl groups, cycloal kyl groups,

unsubsti t yhedid BWRIseRLEDHNIF St _ ‘
unsubstitutedHCB-Cﬁﬁ ary|ME?gﬁg@?”@ﬁ%???%%?@gﬂ%gg%gQ“ﬁ@éﬁﬁéﬁgﬁﬁéﬁﬁkﬂ

unsubsti t stituted Co- het er car yl
oroupe. | ubse ST ELREIRY pyRhR DG ol L bbb BT ) oxy
groups, unsubstituted -C24 het er oaryl ox rqups,, and substituted C5-C24
heteroaryg%yg&é?%%%%?d§§f§?@§rgﬁyﬁﬁ“F%ﬁﬁ?%ﬁ%‘g? e EINEY 5€OHRS 8R4 hal ogen
atons; Y is selected fromthe grougégonsisting of CH2, 0, S, SO SO, and
NR4, wher BibatRIEd &-Guhstereaygomst Re isgielsgisd desms itha graup ednskyide o§en,
unsubstituted | ower al kyl groups, substituted | ower al kyl groups, and

cycl oal kyinsgpsifysd aRinsgroep.eot ethifio gronpheibgtitoup! witinshssi ;g lofveoxygen and
two hydrogen atons; and R5 is a protected am no group having a fornmul a of

~

-NR6,  whegreiym; R6 id s:latqirfodieclid igugtaispiibpar hidrosanabbesofutdedwengihe
protected amno 28 group -NR6 and is sel ected fromthe group consisting of

ni t r ophenybabskyvilisdangs loveBoky! @06hLBRIoFEA é@[‘%&%ﬁ%ﬁ aGhiNI e fourth
compound with a sufficient amount” of  a catal yst an

groups, substituted lower alkoxy groups, unsubstituted Cs-Cyy aryl groups, substituted

Cs-Cyq aryl groups, unsubstituted Cs-Cyy heteroaryl groups, substituted Cs-Chy heteroaryi

groups, unsubstituted Cs-Cyy aryloxy groups, substituted Cs-Cys aryloxy groups,

unsubstituted Cs-Cy4 heteroaryloxy groups, and substituted Cs-Cyy heteroaryloxy groups;

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

2. The process of claim 1, wherein R' is selected from the group consisting of
hydrogen, C,-Cs substituted and unsubstituted alkyl groups, C3-Cy4 cycloalky! groups,
Cg-Cyy substituted and unsubstituted ary! groups, and Cs-C,4 substituted and
unsubstituted heteroaryl groups; 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, C3-Cy cycloalkyl groups, Cy-Cs substituted and unsubstituted alkoxy
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at a tenperature in the range fromroomtenperature to 100C. to effect a

cl eavage of the protecting group R6 fromthe -NR6 group, to produce a

f I uor oqui nol one having Fornmula IV, wherein said catalyst is an ﬁgig en R6
1S the nitrophenyl al kyl i dene group, and said catalyst is a base’%ﬁ h R6 is
the t-Boc or F-nbc group. 9. The process of claim8, wherein Ris selected

fromthe gf 1St 4G bst -t u ..and unsubstituted
Al Kyl or ounatP GO 5 ey A e T HRaRtRe g S B L B b

unsubsti t I S, .and C6- Cl4 substituted and unsuhstituted

het er oar yﬁﬁsglg%tﬁ%%sé;d i%?ﬂy%yis% Pud, & ﬁ%’éh“\ ﬁuﬁglt ?%L?Bg éIBHg%SE'tuiteﬁiga%lPXﬁydr ogen,

Cl - 05 substitut eg)gnd Gnsg%g{ﬂ{tut ed al kyl groups, C3-Cl10 cycl oal kyl groups,
Cl- 05 subStPPH*8d “aRdcehs G EEIPARFG IS, aBe14 substit ut ed and

unsubstituted aryl groups, Cs-Cl4 substituted and unsubstituted heteroaryl

groups, and C5-Cl4 substituted and unsubstituted aryl oxy groups; and X is

sel ected 8rom Thep@boiRreRnal 1SWhaitR' Slselefred #h Ble-orohPeon %&%QPCGSS of
"

claim8, wherein Rl is selected fromthe group consisting o ogen, and
Cl- 05 subgfd e d ‘ vl . - R3.,25 selected fromthe
gr oup con@%dsn% Hg%of@bg?gq%%%%# %ﬁ&ﬁﬁéggﬂé{ﬂ%{é@y%oyg& & Sected from the

ni trophenyl al kyl i dene .group,.. X.is .selected fromthe group consisting of C
and F; Y TOMprise: mﬁf&%ﬁ%ﬁ@“ﬁﬁ&“ﬂ@ SrOURANY SR VEY Bibstituled pith ReOTpr ocess
of claim 10, V\eer in the catalyst is hydrochloric acid. 12. The process of
claim8, Wi halﬁﬁ'egrgt‘%‘b Rofis csldtam hergeun eeiriting ofipetndewiledikid cat al yst
produces a crude product conprising an enantionmenc m xture of the

f | uor oqui $iovrsn& Ihasietgd Formik grduy coasiglinghd Prapdds & famprives hehops; S66

washi ng or dissolving the crude product with water to produce an aqueous

m xt ur e, ZAandwsllydtcaphiagdnhsgy recovering an enantionmer fromthe aqueous

m xture. 13. The process of claim 12, wherein the step of recovering the
enantiomer fromthe

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

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

5. 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 IT with the second compound having Formula II 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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aqueous m xture is carried out by recrystallization. 14. A process for
preparing a fluoroqui nol one carboxylic acid having Fornmula la or salts
t hereof, the process conprising: (a)contacting a conmpound havi ng;Frurul a Ha
wi th a conpound having Fornula Vila at a tenperature in the range from
about roomtenperature to about 100 C. for a tine from about 10 ninutes to
about 7 days, UOBLAAUEErBaGAIPAUAGeIAYAg AR fie
quorqu|noIoneq%aV|ng ES? ﬂ@’ %e cOnpg¥ﬁ§§Mﬁgyfﬁgg &%ﬁﬁ
Xla and hiR g, gxﬁggresented by the foll owi ng, wherein Xis and R3 IS
ycl opr opy

(a) contacting a first compound having Formula I 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

0 0
F
OR’
f (V)
|
X =
e} O

F

’ orR*
= N (1
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FAGS (b)contacting the conpound having Formula Vla with an anobunt of HCl

MOSLLP

OR?

wherein R is selected from the group consisting of hydrogen, unsubstituted
lower alkyl groups, substituted lower alkyl groups, cycloalkyl groups,
unsubstituted Cs-Cag aryl groups, substituted Cs-Cay aryl groups, unsubstituted
Cs-Coyq heteroaryl groups, and substituted Cs-Cay heteroaryl groups; R? is selected
from the group consisting of hydrogen, unsubstituted lower alkyl groups,
substituted lower alkyl groups, eycloalkyl groups, unsubstituted lower alkoxy
groups, substituted lower alkoxy groups, unsubstituted Cs-Co4 aryl groups,
substituted Cs-Cyq aryl groups, unsubstituted Cs-Cay heteroaryl groups,
substituted Cs-Cy4 heteroaryl groups, unsubstituted Cs5-Cyq aryloxy groups,
substituted Cs-Cy4 aryloxy groups, unsubstituted C5-Cay heteroaryloxy groups,
and substituted Cs-Cyy heteroaryloxy groups; 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 alkyl groups, substituted lower alkyl groups, and
cycloalkyl groups; Z is selected from the group consisting of oxygen and two
hydrogen atoms; and R® is a protected amino group having a formula of -NRS,

wherein R® is a protecting group that is capable of leaving the protected amino
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equal to about 0.1 to about 5 noles per nole of the conpound having Fornul a

Vila at a tenperature in the range from about roon1tenperatureg@9 gﬁgut 100
C., in a presence of nmethanol, to produce the fluoroqu nol one c B ylic
acid having Formula fa; and (c) recovering the fluoroquinol one carboxylic
acid having Formula la. 15. The process of claim 14, wherein the step of

contacting t he coaPauTd Ay iddd i Ch oM iR %\ﬁ)gp g\éﬁs{?_ﬁfeﬂgﬂf %ﬁt?o&y‘i’:@ﬁﬁ%qﬁgﬁée%%gt\—/i ng

product conprising an enantioneric m Xt uor aqul ne

Formul a | a, a”%o%ﬂﬁd@%&%e%Suﬁ%&ther conprises washing or dissolving the
crude product w t’h water %o ﬁro%uce an aqueous m xture, and substantially

recovering an enantioner fromthe agueous m xture. 16. The process of
claim15, wherein the step of substantially recovering the enantiomer from
t he aqueous ni &)ur ecirsactiap theduabcoMporeiow s k alifficzal k@dunt of a catalyst and

at a temperature in the range from room temperature to 100°C. to effect a
cleavage of the protecting group R® from the ~NR® group, to produce a
fluoroquinolone having Formula IV, wherein said catalyst is an acid when R® is
the nitrophenylalkylidene group, and said catalyst is a base when R® is the t-Boc

or F-moc group.

9. The process of claim 8, wherein R’ is selected from the group consisting of
hydrogen, C;-Cs substituted and unsubstituted alkyl groups, C3-C\o cycloalkyl groups,
Ce-Ci4 substituted and unsubstituted aryl groups, and C¢-C,4 substituted and
unsubstituted heteroaryl groups: RY is selected from the group consisting of hydrogen,
C:-Cs substituted and unsubstituted alkyl groups, C5-Cyg cycloalkyl groups, Ci-Cs
substituted and unsubstituted alkoxy groups, Cs-C14 substituted and unsubstituted aryl
groups, Cs-C)4 substituted and unsubstituted heteroaryl groups, and Cs-C14 substituted
and unsubstituted aryloxy groups; and X is selected from the group consisting of CI, F,

and Br.

10, The process of claim 8, wherein R' is selected from the group consisting of
hydrogen, and C;-Cs substituted and unsubstituted alkyl groups; R? is selected from the
group consisting of C3-Cyg cycloalkyl groups; R® is the nitrophenylalkylidene group; X
is selected from the group consisting of Cl and F; Y comprises hydrogen; and Z is two

hydrogen atoms.
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11. The process of claim 10, wherein the catalyst is hydrochloric acid.

12. 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 1V, 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 agueous mixture.

13. The process of claim 12, wherein the step of recovering the enantiomer from the

aqueous mixture is carried out by recrystallization.

14. A process for preparing a fluoroquinolone carboxylic acid having Formula la or

salts thereof, the process comprising:

(a) contacting a compound having Formula ITa with a compound having
Formula Vlla 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
having Formula Vla, wherein the fluoroquinolone having Formula Ta and the

compounds having Formulae Ifa, VIa, and VIa are represented by the following,

wherein X is Cl and RY is cyclopropyl
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NH

Cl
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NO,

OH

{Vila)

OH

(Ha)

(la)
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0 0
F
, OH
N N (Via)
X R?
/,///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
Vlla 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
(¢) recovering the fluoroquinolone carboxylic acid having Formula Ia.

15, The process of claim 14, wherein the step of contacting the compound having
Formula VIa with HCI produces a crude product comprising an enantiomeric mixture of
the ﬂﬁoroquinolone 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.

16, The process of claim 13, wherein the step of substantially recovering the

enantiomer from the aqueous mixture is carried out by recrystallization.
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