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i nvention relates to quinol one carboxylic acids,

derivatives thereof, and nethods of nmaking and using

the sane. In particular, the present invention

relates to fluoroqui nol one carboxylic acids,

derivatives thereof, nmethods of making and wusing the
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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-
resistant strains of Staphylococcus 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 pneumoniae causes several serious and life-threatening
diseases, including a contagious meningitis, bacteremia, and otitis media. Annual
mortality from S. pneumoniae infection alone is estimated at between 3-5 million persons

globally. More recently, clinical accounts of highly aggressive skin and tissue infections
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skin and tissue infections 1 WD 2008/ 091752
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pyogenes, has hei ghtened the concern and need for new

or inproved anti bacterial agents. Quinol ones
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for Gram negative  Enterobacteriaceae. The

sEheBHRRogEHBNG PIoBFtigonpounds are divided into those

with enhanced but predom nant Gram negative activity,

agai nst pathogens |i ke Escherischia coli and
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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-5-0x0-2-(1-piperazinyl)pyrido(2,3-
d)pyrimidine-6-carboxylic 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,
rufloxacin, nadifloxacin). Norfloxacin, ofloxacin, and ciprofloxacin have, therefore,
been used mainly for treatment of diseases including urinary tract infections,
gastrointestinal infections, sexually transmitted diseases and the like. Third-generation

antibiotics (levofloxacin, pazufloxacin, sparfloxacin, clinafloxacin, sitafloxacin,
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f topoiBergpy 1 ¥ ©F therbhithiial itaggets. Thhyee datezompgsiofi ghioplese inbibition have
been suggested. Type I quinolones (norfloxacin, enoxacin, fleroxacin, ciprofloxacin,
lomefloxacin, trovafloxacin, grepafloxacin, ofloxacin and levofloxacin) indicate a
preference for topoisomerase IV inhibition. Type II quinolones (nadifloxacin and
sparfloxacin) indicate a preference for DNA gyrase inhibition. Type III quinolones 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 IV inhibition. (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 topoisomerase IV-targeting second-generation quinolones like

norfloxacin, ciprofloxacin, ofloxacin, and levofloxacin. The unusual activity of
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very desirable, .in one aspect, to devel op
6 699,492; ali 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.
SUMMARY OF THE INVENTION

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

fluoroquinolones that have Formula I or salts thereof.
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R2 wherein Rl is selected fron1the group consi sting of
hydr ogen, unsubstituted | ower Qal kyl © groups,
substituted | ower aIkyI groupi, cycl|pal kyl groups,
unsubstituted C5-"S4 stilysti t ut ed C5- C24
aryl groups, X het er@Hryl groups,
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consi sting drogen, unsubstituted | ower al kyl
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| ower al koxy groups, unsubstituted C5-C24 aryl
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substituted Cs-C4 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-C4 aryl groups, substituted Cs-C,4 aryl groups, unsubstituted
Cs-Ca4 heteroaryl groups, substituted Cs-C,4 heteroaryl groups, unsubstituted Cs-Caq
aryloxy groups, substituted Cs-Ca4 aryloxy groups, unsubstituted Cs-Cy4 heteroaryloxy
groups, substituted Cs-C4 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 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.



living bodies; X is selected fromthe group consisting
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is selected from the group consisting of hydrogen,
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wherein RI, Rz, 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 II with a third compound
having Formula V to produce a fourth compound having Formula VI, wherein the
fluoroquinolones having Formula IV, the first compound, the third compound, and the

fourth compound are represented by
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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
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further aspect, the present invention provides a
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to produce a conpound having Fornmula XIV; and (b)

hal ogenating the conpound having Formula XIV with a
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substituted Cs-C,4 aryl groups, unsubstituted Cs-C,4 heteroary groups substituted Cs-Caq

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-Cs4 aryl groups, unsubstituted Cs-Cay
heteroaryl groups, substituted Cs-Cy4 heteroaryl groups, unsubstituted Cs-C,4 aryloxy
groups, substituted Cs-C,4 aryloxy groups, unsubstituted Cs-C,4 heteroaryloxy groups,
substituted Cs-Cy4 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 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,
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In a further 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.
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features and advantages of the present invention wll
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-nethylethyl(lsopropyl) n- but entyl 1,
di met hy | ehhysed perekgythe rgrm “Joveer 9&@1 |oF kléwet tlksﬁﬁyoumemeans aCy-
abbreviated as "Al k". As used herein, the term"I| ower
alClksdingar- o branchogd-chaan t@@xyte@ plenkptic hiissavarban monpvagent Broup, which
i near- or branched-chain saturated aliphatic al koxy
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| dikeethylethyl (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;s 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
groups include methoxy, ethoxy, n-propoxy, 1-methylethoxy (isopropoxy), n-butoxy, n-

pentoxy, t-butoxy, and the like.

The term “cycloalkyl” or “cycloalkyl group” means a stable aliphatic
saturated 3- to 15-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 bicyclic rings. Unless otherwise
specified, the cycloalkyl ring may be attached at any carbon atom which results in a

stable structure and, if substituted, may be substituted at any suitable carbon atom which

10
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CYGhaRgX)loprdpyl qumlelopswll .@Qfettwc;ycwa&p RMé like.
cycl odecyl, norbonyl, adamantyl, tetrahydronaphthyl
(tetralin), 1- decallnyl blcyclo[2 2. 2]octany|

1- et hyl cycl opr o hyl cycl ppent,y
2t ) 0%5 g hesh I T LR P
ans an .aronati
o St BRselis menciiintintiva th GBipt] B Sine Pl R, i agd group has o
enmbodi , the ar has a nunber of carbon
af%ﬁ%efg? G ol %ﬁdg Rd dhasp jgek qnﬁrﬁgg@hegyl or pherjane);
I nultlpl condensed rings
ﬁtﬂfﬁﬂy‘)ng %41‘?‘?&5&?1%} nap @?f Hinthrasvl. %ﬁ%@éab'ﬁqla?gglngs (c.g.,
% nﬁgeq% Unl ess ot herw se specified, the
a\‘»y enyn Y niess e Wisersaeorisd: the ahyng mey hpatichadt ishsuielim
which results in a stable structure and, if
S £RQN atern adhichrresylth i asitable SingEsngs if subsijiuted] mayheesubstituted at
carbon atom which results in a stable structure.
NoH-sujtahle ¢anppreaterprpihich restlts igraystablprstugiyrel Nonddaitipdhevapiples of
napht hyl , anthryl, phenanthryl, indanyl, indenyl,
birphenyis, incligdedhehd, tapighyl, anthrydaphdnenthiyb islangdt @dergd biphenyl,
"Ar". The term "heteroaryl" or "heteroaryl group”
naglribe bkes tlaphyebeabbreatated as "Ar".

The term "heteroaryl" or "heteroaryl group" means a stable aromatic
monocyclic or polycyclic monovalent or divalent radical, which may comprise one or
more fused or bridged ring(s). In some embodiments, the heteroaryl group has 5-24
members, preferably a 5- to 7-membered monocyclic or 7- to 10-membered bicyclic
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 specified, 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
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nonocyclic or polycyclic nonoval ent or dival ent
radi cal, which nay conprise one or nore fused or
wheiodgedsz i ng(s). I n sone enbodi nents, the het PCHR2008/050865
group has 5-24 nenbers, preferably a 5- to 7-nmenbered
nmonocyclic or 7- to 10-nenbered bicyclic radical. The
het eroaryl group can have fromone to four heteroatons
in the ring(s) independently selected fromnitrogen,
oxygen, and sul fur, wherein any sul fur heteroatons
megsulispiniagrdlel syrufrereo WNodiHimsidn@acmpivy ofihdterogels ilvdtdefoabdm
may optionally be oxidized or be quaternized. Unless
otiatylipseolyph egazolyddhiatdig, nedaplydpyltazslyn Goxmylyhésothiazolyl,
attached at any suitabl e heteroatom or carbon atom
Wokliazb B lidzelyl, neterzsly B Hielisbiyvl pytidiayl, pyitliazinl, pyrimidinyl,
substituted, may be substituted at any suitable
heiesiadl eaviayl, Hdslkhomn aizemiomingh) indbWQz2088/10814A%201y1,
PCT/ US2008/ 050865 results in a stable structure.
Nafhydiiofrdblyl dilgdRarlieRyRisoh@bleT, @adiysiRlolyl Geadeurhnynany|

thienyl, pyrrolyl, oxazolyl, thiazolyl, inidazolyl,

PY %P myl' ﬁ%@gﬁhﬂlhmyl aﬁﬁrmp%,%w furarfam@da%

triazo tetrazolyl, thiadiazolyl, pyridinyl,
pmy&iagélﬁmmpy Hih%l@ﬁﬂéﬂopyncﬁﬂ}rl acﬁhfayéﬁuah&ﬁy%mh benzothienyl,
i ndol i zi nyl, azai ndol |2|nyI i ndol yl, azai ndol yi

d}1248 ﬁﬁﬂk lth MHH ntﬂf?:!n& ¥l I,
isoinbonBXtaggﬁggln& , Héﬁéopﬂraﬁgé?ﬁ&ﬁqu

f 208Ny bl dlhwsfg{&g%adg;gﬁ i hpotﬂ‘l MMW Loy,

f uranopyri dazi nyl nzof urany

dmxﬂa%l g;@{&qma%q@ylwekmﬁ dJa %Mgfoggﬁalﬁgp (;l.%tm’alz?lyl

benzot I'enopyr

t&ﬁ&%é‘l%@%‘l@é{lﬁ Iazeor%s n?lﬂg E%ldr 31? )%ag%lgl’ benzaxazmlyl benzoxazinonyl,

doxaa%%.r RS S PR el B50 fﬂaﬁﬁé’ﬁ'ﬂy'

gk Ql'rl%éw mogflﬁ'y)r %ﬁéﬁ%%%ﬁ%whom S5 ginoliny
glggéﬁ%i(o ggxﬁﬁrom%wx?qi@lylop ﬁ glfﬁi pingf(r%fi%lin%%};lrnl/l nallzgclnrqgolhnyl
phthalazinyl, azaphthalazinyl, quinazolinyl, azaquinazolinyl, quinoxalinyl,
azaquinoxalinyl, naphthyridinyl, dihydronaphthyridinyl, tetrahydronaphthyridinyl,
pteridinyl, carbazolyl, acridinyl, phenazinyl, phenothiazinyl, and phenoxazinyl, and the

like.

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

fluoroquinolones that have Formula I or salts thereof.
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azachromanyl, quinolizinyl, quinolinyl,
di hydroqui noli nyl, tetrahydroquinolinyl,

wo @096 i nyl , di hydroi soqui nol i nyl, PCT/US2008/050865
t et rahydr oi soqui nol i nyl, cinnolinyl, azacinnolinyl,
pht hal azi nyl , azapht hal azi nyl, qui nazolinyl,
azaqui nazol i nyl, qui noxalinyl, azaqui noxalinyl,
napht hyri di nyl , di hydronapht hyri di nyl ,
tetrahydronapht hyridinyl, pteridinyl, carbazolyl,
acridi nyl, phenazinyl, phenott azi ny®, and
phenoxazi nyl, and the like. ljp genetal, the present
i nvention provides ' ss for preparing
f 1 uor oqui nol ones t hat | orow'alts thereof.
12 WD 2008/ 091752 P 65 O:0RL N Y X Rs
Z R2 wherein he group consi@®ting
of hydrogeny sral kyl  groups,
substituted | ower\ al kyl groupq cycl oal kyl groups,
unsubstituted C5-£24 aryl greesps, substituted C5-C24
aryl groups)-unstbstituted C5-C24 heteroaryl groups,
substltuteo/CB €24 heteroaryl groups, and groups that
can be hyd&olyzq@ inliving bodies; R2 is selected
fromthe group consisting of hydrogen, unsubsti t ut ed
am no group, and am no groups substituted with one or

t r. al k roups; R3 is selected fromthe roup
iRy ﬁ@seéﬂrcYeﬂ;ﬁg%ég gHOuD FRSHEPE Py ISEPEERBFubs e Tower alkyl
groups, substituted | ower alkyl|

groups, substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cs-Ca4 aryl

groups, substituted Cs-Cy4 aryl groups, unsubstituted Cs-Cy4 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
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-C,4 aryl groups, unsubstituted
Cs-Cy4 heteroaryl groups, substituted Cs-Ca4 heteroaryl groups, unsubstituted Cs-Cyy
aryloxy groups, substituted Cs-Cy4 aryloxy groups, unsubstituted Cs-Ca4 heteroaryloxy
groups, substituted Cs-Cy4 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 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 1s selected from the group consisting of

oxygen and two hydrogen atoms.
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groups, cycl oal kyl groups, unsubstituted | ower al koxy
groups, substituted |ower al koxy groups,

W@ a®seost7st ut ed C5- C24 aryl groups, substitut edP@BUSDA8/050865
aryl groups, unsubstituted C5-C24 heteroaryl groups,
substituted C5-C24 heteroaryl groups, unsubstituted
C5-C24 aryl oxy groups, substituted C5-C24 aryl oxy
groups, unsubstituted C5-C24 heteroaryl oxy groups,
substituted C5-C24 heteroaryl oxy groups, and groups
that can henbyshea) Rzvdeleaied fronitrgringdioesisting oif Bydrogen, C;-Cs
sel ected fromthe group consisting of hal ogen atons; Y
i soraitrastivety, Ci-Oormubtduted adunednsiustiatkyl gouSH?;-CQ, (oS,

SO, S@2, and NR4, wherein R4 is selected from the
0 bt eI SC s ChHrgclodlky\eesupg en;C i (g uhahativelye dg-Cower Cs-C o, or Co-
al kyl groups, substituted |lower alkyl groups, and

CYG)) oskitedQn® uRksbstited 2yl Gogsl €ct 8o dltematitgy, @R@tp or Cs-C)q,
consi sting of oxygen and two hydrogen atons. 13

20038/-09 1 didtittied ARG roal g@(ﬂ?s ,a80 efdups Mat daﬁ be
g

sel ected fromthe group consistin hydr ogen, Cl1-C5

( Bydralyt iR &l inY Bbdies. Gh ohSdmBIdRHLt L RIi@ CL1RRY from the group
unsubstituted al kyl groups, C3-ClO0 (or alternatively,

%on%ﬁog:%fcé %I (%y zlllteﬁ{a@l’v'rg ’Cl@% Cldeidu R afd Lx?s{tﬂsqittﬂté’c%ﬂfyl groups.

substituted and
unsubstituted aryl groups C5-Cl14 (or alternatively,
C6- C14, or - C10, Cl% supstituted and
unsubst i tlmae%} %éﬁ@rb& gﬁrselgrts ﬁg hagog meémt@rpérmwﬁﬂmd
be hydrolyzed in living bodies. In one enbodi nent,
| gmiga|2ERp aad pREH NS &rgbéutpted@eﬁsqns 1 i ofCer esn(aarely, Ci-
alternatively, Cl-C3) substituted and unsubstituted
afRylkyhgieupss. | n another aspect, R2 is selected from
the group consisting of unsubstituted am no group and
am no groups substituted with one or two Cl-C5 (or

al t er nat ity edilyanotier adpdgt, R i ¥éle @O the lglouptobhdista @F Hﬁi’rogen

aspect, R3 is selected fromthe group consisting of

hiy dCO@R Biternatively, C;-Cs) substituted and unsubstituted alkyl groups, C3-Cio (or
alternatively, C;-Cs) cycloalkyl groups, C-Cs (or alternatively, C;-Cs) substituted and
unsubstituted alkoxy groups, Cs-Ci4 (or alternatively, Cq-C4, or Cs-Cjg, or C¢-Cig)
substituted and unsubstituted aryl groups, Cs-Ci4 (or alternatively, Cs-Cy4, or C5-Cig, or
C¢-C1o) substituted and unsubstituted heteroaryl groups, and Cs-C 4 (or alternatively, Ce-
Ci4, or Cs5-Cjy, or C6-C)p) substituted and unsubstituted aryloxy groups. In one

embodiment, R® is selected from the group consisting of C3-C o (or alternatively, C;-Cs)

cycloalkyl groups.

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

Br. In one embodiment, X is Cl. In another embodiment, X is F.
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Cl-C5 (or alternatively, Cl1-C3) substituted and
unsubstituted al kyl groups, C3-Cl0 (or alternatively,

wE&0899176% cl oal kyl groups, Cl-C5 (or alternatiRel/¥$2008/050865

Cl-C3) substituted and wunsubstituted al koxy groups,
C5-Cl14 (or alternatively, C6-Cl4, or C5-C10, or

C6- C10) substituted and unsubstituted aryl groups,
C5-Cl14 (or alternatively, C6-Cl4, or C5-Cl10, or

C6- C10) substituted and unsubstituted heteroaryl

groups, amna fdheChdheltol iahidesdeat nveaillyanot@raspebd 7 @prises two
C5- C10, or C6-Cl10) substituted and unsubstituted
ahydregen agimups. I n one enbodi nent, R3 is sel ected
fromthe group consisting of C3-Cl0 (or alternatively,
C3-C5) cycloal kyl groups. In yet another aspect X IS
lSﬁI g(r:]teeg E())Oclran ertng dugggq UBe @orgﬁluslrtloéoﬂl'%fﬁrbox%l}%bagiél }%gﬁtF on‘%la Ia.
is F. 14 WO 2008/091752 PCT/ US2008/ 050865 In a

further aspect, Y is hydrogen. In still another

aspect, Z conprises two hyfrogenfatons. In one

enbodi nent, the quorqu|noIone cdfr boxylic acid has a
Formula la. 0O ‘ In one aspect,

t he present inventj an i npftoved process of
preparing fluoroqu ng Formula |. The

process Zifiiii;s inhg a-first (la)
N

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 II 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

OR!

' (in
Cl N
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conmpound having Formula Il with a second conpound
having Formula Il to produce a fl uoroquinol one
w20l 7Eor mul a |, wherein the first conpound BETUS1968/050865
second conpound are represented by OO F ORS O X
Rs 15 WD 2008/ 091752 PCT/ US2008/ 050865 NH Y (Il11) Z
R2 wherein R, R2, R3, X, Y, and Z have the neani ngs
as di scl osed above. In another aspect, the first
conmpound having Formula H, which is used in a process
of the present isaveniion as disclosed above, can be
pr epar ed accord/ﬂg/ELNBrocedure di scl osed unlpublished
Eur opean Pat ent’ Applidation EP 0230946 A2, mﬂich i's
incorporated in\ts tirety by reference. For
exanpl e, the fiyASt conpound having Formula Il is
prepared by a oces® conprising: (a) reacting a
compound havi ng Fornfia X with an equi nol ar or excess
anmount of orthoformc acid ester in acetic anhydride
(1 to 20-fold volunme per total volunme of the other
r ehgeint ') RAR’ AX 1 Empe Zaiaue the nreatihgs dsalig®sdd above. about
roomtenperature to about 200 C (preferably, from
about 100 C to about 150 C) for a tinme from about 30

210 P :JTL IeZ 1R agé]thé}%%e%t, bR fﬁgt%g}ﬁggun% h%QiQE 98'1@1%1141 ,V\!Vl[ﬁgh isusedina

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 XI with an equimolar or excess amount 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
one selected from the group consisting of sodium fluoride, potassium fluoride, and
lithium fluoride) in a solvent selected from the group consisting of dioxane,
dimethylformamide, dimethylsulfoxide, and sulfolane a temperature in the range from

about 0 °C to about 200 °C (preferably, from about 50 °C to about 150 °C) for a time in
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XI'; (b) treating the conmpound having Fornula XI with
an equi nol ar or excess anount of an am ne having a

W0 a00aidEsnf NH2R3 in a sol vent conprising an aP€Cohst008/050865
(preferably, ethanol or propanol), to convert the
conpound having Formula XI to a conpound havi ng
Formula XIl; (c) treating the conpound havi ng Fornul a
XIl with a fluoride salt (such as one selected from
the group consisting of sodiumfluoride, potassium
f Itheopnggefronapeput B¢ miriutantd shoot 24d@urs, v modot terpmpelnddtaeag
fromthe group consisting of dioxane,
diFret iy [If dhereemptenddhavegiphsuhd ExKHend Hidresiiofvalbaloe. a
tenperature in the range from about 0 C to about 200
C (preferably, fromabout 50 Cto about 150 C) for a
time in 16 WO 2008/ 091752 BCT/ US2008/ 050865 the range
fromabout 30 minutes to aljout 24 hours, to produce

Fornmul ae X, X, ‘ han pegkow. O O : OR1 (X)
y21C1 X 0000 Sand(CI ( (XI) qx)/CI
OR7 G |/ R7TO X X R7 is unsubstituted [ ower

al kyl groups, cs ‘ tower al kyl groups,
unsubstituted C5-C24}aryl groups (or alternatively,
C5-Cl4, or C5-C10, ox C6-C10), cycloal kyl groups,
substituted C5-C24 aryl groups (or alternatively,
C5-Cl14, or C5-C10, or

o] 0 0 o]
F F
OR! OR!
q (X1)
an
cl
cl Cl OR’ Ci RO
X X

wherein R’ is unsubstituted lower alkyl groups, substituted lower alkyl groups,
unsubstituted Cs-Cy4 aryl groups (or alternatively, Cs-Cyq4, or Cs-Cg, or Cs-Cyp),
cycloalkyl groups, substituted Cs-Cy4 aryl groups (or alternatively, Cs-C 4, or Cs-Cyg, or
Cs-C10), unsubstituted Cs-Cs4 heteroaryl groups (or alternatively, Cs-Cy4, or Cs5-Cg, or

C-C10), and substituted Cs-C4 heteroaryl groups (or alternatively, Cs-Ci4, or C5-Cy, or

C4-Cio); and
0 0 0
F F
OR1 OR1
and
cl (Xin)
cl Cl NHR® cl R3HN
X X
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C6-C 0), unsubstituted C5-C24 heteroaryl groups (or

alternatively, C5-Cl4, or C5-Clo, or C6-Co0), and
wGeapsvIt7er ed C5- C24 heteroaryl groups (or PCT/US2008/050865

alternatively, C5-Cl4, or C5-Clo, or C6-CIO; and OO

OO ORSORS and C1 (XIl) CI NHRCC R3HN X X 17

WO 2008/ 091752 PCT/ US2008/ 050865 | n anot her aspect,

t he second conpound having Fornmula Il can be prepared

by cyclization of various am no acids. For exanpl es,

such conplowndberraptdch gheRoeand|campdund haaing bernpielbeaade prepared

according to the nethods disclosed in DLW Adanson, J.

Che nyclisg®n,of vipriou3 am(rbAdidly.; FdR exhteplee gathaosipoalds having Formula

Synt hesis, p.614 (1978); and M Saburi et al., Bull.

CHépan t8qeepaddpatnrdivgto thétethps didklesd®in(DFB Adambbre SeChem. Soc.,

references are incorporated herein by reference.

Ab 1 3r (ned3) Vel Bellegadd dt QUSSyaZ e, pes4 (7B nandensitaki dealr, rRil/a

[1'l can be prepared according to the nethods

dicseh.osedapin, Wol G001 4t48311987).J TRe MBferS@@s are Bblgorated herein

Trans., Vol. 1, 2080-86 (2002); J. Barluenga, Pure

ABPfefergﬂ'b@ MAlterv@lively! 4arid¥e azépined Baving2@enérdDbthuladI@an Be prepared
Naito et al. (available at

hidcBridid Ghethéds Assclékddan HOCheE R WY PRRRTSHE OPA/NGEX%s., Vol.

ht m | ectroni c Conference on Heterocyclic Chem stry,

Jy%sé’u%émod}»lhma%&enéa%@ne b8Iched , OBl 7@6}@%’0@17&% {(2002); and

006), using appropriate starting materials.

r @fl@&ﬁﬂﬁ &S (aQXﬂJﬂie a‘E'B'RWw“f%J ik ae. u@%ocpééhc]t%/g?d’e{rs%agﬁdex htm,

are I ncorporated herern by reference. ITn on

eﬁﬁ%n‘@@&ni&fenéerb% R &SEREc ERMERE, 9he 2 b !hH)? £944b8 QiHEE on

havi ng

December 22, 2006), 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 II 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
purified, for example, by silica gel column chromatography or by recrystallization to

obtain the fluoroquinolone having Formula I.
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Formula | is prepared as follows. One nole of the

conpound having Fornmula Il is reacted with about 1-5
wWore08®910f2 t he conpound having Fornmula 111 in aPGDUS08/050865

such as acetonitrile, dinethylsulfoxide, or the Iike,

at a tenperature in the range from about room

tenperature to about 100 C for a tine in the range

from about 10 m nutes to about 7 days. After the

reaction, the precipitate is collected by filtration

and washeld,anbtber endodmpineofdhe prewm inwenpien.at finoeyquiniotdne having

sufficient quantity of a suitable solvent, such as

nmebimanolV, ispidparedfan fallpwet B¢ molrof tHeeomplend Having Fbanuia H is

crude product. The crude product is purified, for

exaopd &ithhyosills melegel thealmpoondhavaigetongala iyt agblvbiyt such as

recrystallization to obtain the fluoroquinol one

hasekdmitriFe0 dimekta1shlfoxtide, WOh2 BR&E/209 feriprahieed inWs A0 O&HA 868ut room

I n anot her enbodi nent of the present invention, a

f leupengué talbone 0baw ifsta thy imdhexahgdé ficin JoRPEY Athu@S to about 7

follows. One nole of the conpound having Formula Il is

I 886 k@ prodhde RRPHINdIdindTbASuIAT 1.t RS 2666 0B A PM Hag
Formula V in a solvent such as acetonitrile,

ddEptiavlgal JiRtiet e cREvAgB 6 th bfotectth é‘roﬁﬁm@iﬁagﬂgaﬁe b‘cﬁal zable),
the range from about room tenpera %ure to about %

f chh s kbABbbi 0 NG abARYEndIEP ABRYS tlilsQoﬁ‘ibG&Hd%vﬁlQ F@&%s vV, is

days to produce a conpound havi ng Formul a

{@%@ to tﬂg re%@t (ﬁ'l%iQtUQJ togﬁ&? for(tgee%)‘ﬁﬁm 9112 rM&%‘hE %fouf)tﬂ{@ from

1
vage of the protecting gro acl

b@ﬁ‘? BRGSO ﬁ%%ﬁ%’é%%? B P
o ﬁeidxieSé%loB'?jﬁxﬁlﬁeatStclr)%{ég{:ﬂiel H a%gt}B( %ﬁ%qgﬁvﬂfegrsaﬁﬂ?esultlng pH is
PLRLER STl R, SL M. 0015 €100 et 2t
RS N i S LS Sy
RO TR LTS F—

Formula I'V.

In one embodiment, the compound having general Formula V has particular

Formula VIIL.

(Vi)

NO,
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produce a crude product. The crude product is
purified, for exanple, by silica gel colum

W@ boosg7eyr aphy or by recrystallization to obtBCTUS1968/050865
fl uor oqui nol one having Formula IV. In one enbodi nent,
t he conpound havi ng general Fornmula V has particul ar
Formula VI1. NH Y z N (VII) N2 19 WO 2008/091752
PCT/ US2008/ 050865 Thi s conpound can be prepared by
the following reaction. HONH CY NHY +/ \ ZN
N2 Z NHPhiNG¥npauwdl F4n)be(pirofared\iyIthe follbneing reaction.
ni trophenyl al kyl i dene protecting group is disclosed in
t he above schenme only for illustrative purposes.

O her protecting groups can be used }g/p{gce of the
NH
H o
N

NO,

vy

(1X)

)

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 HC1 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.

In still another aspect, a process for preparing a fluoroquinolone carboxylic
acid having Formula Ia comprises: (a) contacting a compound having Formula IIa with a
compound having Formula VIla 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 VIa
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ni trophenyl al kyl i dene group, as can be recogni zed by
peopl e having skill in the art of organic synthesis.
WO-20080%EIAP| e, anot her commonly used pr ot ect i ngPQr/U83908/050865
for the amne noiety is the t-butoxycarbonyl
("t-Boc"), which may be finally cleaved by an
anhydrous acid catalyst, such as HCl1 to yield the
am no group. Still another exanple of a protecting
group for the amine noiety is the
fl uor enyl net hoxycar bonyl ¢"Fnoc?®), which can be
cl eaved by an anhydrous Db al yst, such as
amoni a, pi perdi ne 2 ne. In still another
aspect, a procesy ng a PHuor oqui nol one
carboxylic acid]|havi ng la | a conprisegia)(a)

p 9 Formula Ila wth a
conmpound haveirig For NTa at a tenperature in the
range from about ropm perature to about 100 C for
atime fromabout 1 m nuikes to about 7 days, to
produce a conpound havi Formula Vla 20 WO
2008/ 091752 PCT/ US2008/ 050865 O OF OH (Ila) C N X
NH (Vila) NO2 O

NH

3
Z
N

(Vila)

NO,

-

OH

A —22

(Via)

Z\\\\\\ .

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 VIla at a temperature in

the range from about room temperature to about 100 °C, in a presence of methanol, to
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OHGOgNN | XR3 (Via) NNO®2 (b) contacting the

conpound having Fornmula Vila with an anount of HC
wWeqwalt’s2 about 0.1 to about 5 nol es per nol ePOF/US1968/050865

conmpound having Forrmula Vila at a tenperature in the

range from about roomtenperature to about 100 C, in a

presence of nethanol, to 21 WO 2008/ 091752

PCT/ US2008/ 050865 produce the fl uoroqui nol one

carboxylic acid having Fornmula la; and (c) recovering

t eodup¢ the flugionwodlonecackaxiybixdid bavaw kbrinalaila gné 6n) mcbeering the

la. In yet another aspect, the crude product can

c dhwprdqgmokenervatbenylic efid hemsndrondris. of t he conpound

having Formula | or enantionmers of the conmpound having

Formula W as the case may be. One of the enantioners

is often pofeaRlRipRcd e \éﬁﬁigﬁgdﬁa%}l Eda6eRL Rlixture of

Ther ef ore, "anot her aspect of e present 1 nventlon

CARfLRER o B coﬁl‘gplﬁ{d%jvlﬂg ngfmtﬁpﬁoroefnin{/tnﬁle?sncﬁgﬁel coorl{le&)éfcf cplfnaving

a crude product by washing or dissolvingt crude”

i i h .
p 'FQHMQ%]I\W'JS 'a,evxase%%@eg fbr[F%‘% LELANB NG, o{‘nhlggr% E%]B@g}%{ water

fromthe aqueous p herefore, 1n an

Ofthat‘x I?l?e dh&S gpérgiio%\,/ gllpottlile? g$pe<gt| 4t Ql%cﬁeﬁgs%ntqlgveggglﬁs?ﬁné)r}ges tﬁg

enant1 oner uor oquinol one “havi n

C ri.ses. (akr.contacting.a first . conmpound hayi ng.
TR ot 3R BRI B sl R n Y BB R aroline the
to ﬁropﬁég a, crude enantioneric mXxture _conprising
eRant VoY S

7 BV G S HE B RigFIeR Gom the adueous phase

Therefore, in another aspect of the present invention, a process of preparing
an enantiomer of a fluoroquinolone having Formula I comprises: (a) contacting a first
compound having Formula IT with a second compound having Formula I1I to produce a
crude enantiomeric mixture comprising enantiomers of the fluoroquinolone having
Formula [; (b) 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 I from the aqueous
solution. In one embodiment, the step of contacting the crude enantiomeric mixture with
water is carried out at a temperature 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.

In still another aspect, a process of preparing an enantiomer of a
fluoroquinolone having Formula IV comprises: (a) contacting a first compound having

Formula II with a third compound having Formula V to produce a fourth compound
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Formula I; (b) recovering the crude enantioneric

m xture; (c) contacting the crude enantioneric
WOro08109¥E52 hus recovered with water to produce BEI/US2008/050865

aqueous solution; and (d) recover the enantioner of

t he fluoroqui nol one having Forrmula | fromthe aqueous

solution. In one enbodinent, the step of contacting

the crude enantioneric mxture with water is carried

out at a tenperature in a range from about room

t dayeg Bérunud YD (BlovthctB@ theGpumh cdnipmomdbyithit catelgsncapable of

tenperature to about 50 C. In another enbodi nent, the

shejxtiog a cleanigaof 4 pgtet gy @oupdfeore ARIRi eTR( toPproduss bEeRde

with water is carried out at about room tenperature.

| Bntibkriamodtive bf As@ediinoléhephou@SForahlavVeRardcig@riag the crude

enantionmer of a fluoroquinol one having Fornula IV

C eigtib® s mb@yreqOydoattiinh@criid SanGan@rRunduRaMiNGcovered with

Formula Il with a third conpound having Fornmula V to

PARY &Spraddco Wk hdc6QPRRUBSE, add (MR R0QIADIhdStner of the

PCT/ US2008/ 050865 having Formula VI; (b) contacting

t BorbQUASIBnCIRRRR WREM YA TV A3mGAS AukSls sERASR vheRfin X has the
assisting a cleavage of a protecting group fromthe R5

IhRbng HiScINQUMAR. T Srcbod BRAN tHeQMB ok Corlfiokh i cAfde
f1 uor oqui nol ones having Fornmula 1V, recovering the

(c)
c E&QGomgxﬂfarﬂﬁiuﬁmt.h Qvamr ﬁtcldﬁl%'d oﬁtcgt a% Va?itﬁg{k ﬂgV\ala {agge %%IH qﬁout

enantioneric mxture thus recovere

pfo%m%ﬁﬁgfrgmgegtu 8pUR 5P b W0 R abBid ol }elﬁ\ﬂ%gag&gﬁo Jb%ﬁta 50°G. In

enanti o | Uor oqui nol one ha or nmu

f LM B8 nATHEAUS e SR Hf&%&"%ﬁ iy étESt CnixAEARD i
di's¢ eogeg a‘g‘ov’e. e?nﬁoné) eﬁ% |§T§n?e, A fzorgeirgﬁmég’?e With Sater is
cont.aacti ng.t he crlgde nantionmeric mxture with water

. camed out al bou TOO cmperature. .

iS carried out at a tenpérature in a range from about

roomtenperature to about 80 C, or from about room
tenperature to about 50 C. In another enbodi nent, the
step of dontfiatter agecthtbe presrdeingerdion poIvEies e preicsss liorepremiating
V\gltloergqulirfolones having Formula I. The process comprises: (a) contacting a compound
having Formula XIII with a compound having Formula III to produce a compound
having Formula XIV; and (b) halogenating the compound having Formula XIV with a
halogenating agent to produce the fluoroquinolones having Formula I; wherein R' is
selected from the group consisting of hydrogen, unsubstituted lower alkyl groups,
substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cs-Cy4 aryl groups,
substituted Cs-Ca4 aryl groups, unsubstituted Cs-Ca4 heteroaryl groups, substituted Cs-Cy4
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,
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carried out at about roomtenperature. In a further
aspect, the present invention provides a process for
w@e@pavi7’ay fl uor oqui nol ones havi ng Formrmul a | . PATES2008/050865
process conprises: (a) contacting a conpound having
Formula XIIl with a conmpound having Forrmula Il to
produce a conpound having Formula XV, and (b)
hal ogenati ng the conmpound having Formula XIV with a
hal ogenati ng agent to produce the fl uoroquinol ones
havsubgfitFied (sHCas dryl givvps.eubstiRited Gs-Cs el gtogps, iinmibstitined Cs-Coy
group consi sting of hydrogen, unsubstituted | ower
ahkigtoagyt gropps, sutstitogetliGsui.ebettroavgl grabpsydnsgsaitijpsi, Cs-C,4 aryloxy
cycl oal kyl groups, unsubstituted C5-C24 aryl groups,
S ghsips, tsutisa ohte@55 5624 agioxly ggrupsipasubstitaeh St LieddtodZhlo52 droups,
het eroaryl groups, substituted C5-C24 heteroaryl
g Eubsfisitedalial g haetpsryloR@igrobps) alegloysh thatyziebt hydrdli2ed Aliving
bodies; R2 is selected fromthe group consisting of
hyediag s saletsddirednh thetgtthp @Bhsiding b Ologed ABNRITY ROselHcd F®m the
substituted with one or two | ower alkyl groups; R3 is

S gioaﬁt:&;hsﬁﬁ@m ¢hE YRS, KPNEHINNRY Gherefn RMHEDRGRN, from the group
unsubstituted | ower aIkyI groups, substituted | ower

abdoélstifl SfHAroged, GhadbiitMled 1630 HRSL grb'tﬂ)'% UiBdtbebd Bel Q%roups,

al koxy groups, substituted |ower al koxy groups,

ZQIQiSJyQI%lﬁ'c?l?grE’\QE/ 4320084050863 tﬁérg%{l%%hélé%ﬁﬁ‘if &xyeER 4nd two
aryl “groups, substituted C5-C24 aryl groups,

C%?di' hiafose %Q@o%nd@ﬁatvﬁf %Mﬁlagkﬁy RE; anﬁ%%tdré H‘Io%q; below.
4 heteroaryl groups, unsubstltuted C5- C24 aryl oxy
groups, substituted C5-C24 aryl oxy groups,

unsubstituted C5-C24 heteroaryl oxy groups,

substituted C5-C24 h-’eroar¢|oxy groups, and groups

that cancbe h 8 ving bodies; Xis

sel ected
is sel ecteo
SO, Sz,
group

pup consisting of CH2, O, S
ilh R4 is selected from t hell)
ydr ogen, unsubstituted | ower

al kyl groups, substituted |ower alkyl groups,
R3

(1)

OR!

(XIV)
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and cycl oal kyl groups; and Z is selected fromthe

group consi sting of oxygen and two hydrogen atons.
wab@sompounds having Fornmulae X1, 111, and PONUS2088/050865

shown below OOFORS | | (X111) C NR3 NHY

(r1rr)y Z2O0O FOR NN((XIV) RBRY2 ZR24 W

2008/ 091752 PCT/ US2008/ 050865 | n one enbodi nent, a

process for preparing a fluoroquinol one carboxylic

acid having Forrmula la conprises: (a) contacting a

conpound hani rmbbdiment, apodveseifdripreparigonfhatoghiftdotiergrboxylic

Formula Vila at a tenperature in the range from about

I acithhatiagpafaildliaeoinprisebqul cohfdOtifg & @mpauid MFidgFofah ol with

10 m nutes to about 7 days, to

a compound having Formula VIla 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 XVI; (b) chlorinating the compound having
Formula XVI with a chlorinating agent to produce the fluoroquinolones having Formula
XVII; (¢) contacting the compound having Formula XVII 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 to about 100 °C, in a presence of
methanol, to produce the fluoroquinolone carboxylic acid having Formula Ia; and (d)
recovering the fluoroquinolone carboxylic acid having Formula Ia. The compounds

having Formulae XV, VIla, XVI, and XVII are shown below.

OH
(XV)
Cl N

NH
3 (Vlia)

N==

O,N
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produce a conpound having Fornula XVIi; (b)
chlorinating the conpound having Fornula XVI with a
W@RI081091182 i ng agent to produce the fluoroqui nOPOIES2008/050865
having Forrmula XVII; (c) contacting the conpound
having Fornmula XVII with an anmount of HC equal to
about 0.1 to about 5 noles per nole of the conpound
having Forrmula VIla at a tenperature in the range
from about roomtenperature to about 100 C, in a
presence of nethanol, to ®r oduq; t he fl uoroqui nol one
carboxylic acid having Forjiul a and (d) recovering
t he fl uoroqui sl or ) dyhaving Formula Ia.
The compounds MiTa, Xvi, and XVI|
are shown bel ow. Cl NNH(vila) [/ N
2N 25 WD, 2008.09 i 008/ 050865 0 0 OH )(XVBN

(XVI1)

Cl

O,N

In one embodiment, the chlorinating agent is selected from the group
consisting of sulfuryl chloride, chlorine, N-chlorosuccinic acid imide, and the like, in a
suitable solvent, such as chloroform, dichloromethane, acetic acid, methanol, ethanol,
and the like. The step of chlorinating can be carried out at a temperature in the range

from about 0 to about 100 °C (when the step of chlorinating is carried out in a liquid
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02N OO FOHd NN (XViIl) C 02N In one enbodi nent,

the chlorinating agent is selected fromthe group
wa@oensiost7sng of sul furyl chloride, chlorine, PCT/US2008/050865

N-chl orosuccinic acid imde, and the like, in a

sui tabl e solvent, such as chloroform dichl oronethane,

acetic acid, nethanol, ethanol, and the |like. The

step of chlorinating can be carried out at a

tenperature in the range fromabout 0 to about 100 C

( wheaiunt, Renstiepraérahb empRatitepdraue aswdr eithnQkd bdilngipoint of the

liquid 26 WO 2008/ 091752 PCT/ US2008/ 050865 nedi um it

meylvae) for gfoat reeslinutes egdoay4ghdugrper at ure | ower than

the boiling point of the solvent) for about 10

mnutes to about 48 hours In yet anot her aspect, the

t hav.
Ly R R S
I I nbodi , .
R B 5 P o

the process di scI osed in U. S. Patents 5, 385,900 and

5,447,926 in that such a process is sinpler and does

not requilneombembabmews, @prakssdf Bie pRatent enboiBBE a00Mtages

and 5,447,926 for the attachnent of a hal ogen atomto

t breer tegirdédesdif®lasnd inHé S cRagOUT) 3RS, d0avhd §,4F 09 Mlinaleat bych a process

la, and IV. This step requires the use of an excess

ahysimleraind dosaloogquiad the Gisegpndf sSidatens s, 3|oD0ayd 5,447,926 for
chl oride, chlorine, brom ne, iodine, fluorine,

Nthe AttashaehicaTiaiald g&Catomitérihd @osifibn 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.

Alternatively, in some other embodiment, a process of the present invention
has advantages over the process disclosed in U.S. Patents 5,385,900 and 5,447,926
because a process of the present invention effects a reaction on the material having
Formula XIII, which is more readily available and more economically favorably than

another material, identified as Compound 2 in these patents.

Compounds of this family of fluoroquinolones can be used effectively
against the survival of microbial pathogens. For example, the compounds having
Formula I, 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,
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bronmosuccinic acid imde, or the Iike. The use of such
hal ogenati ng agents, especially in the gas phase,
WO e@8ives2 i nstal | ati on of precauti onary neasurPBSI/US200$1€50865
manuf act uri ng process, which would increase the
conpl exity and cost of the manufacture.
Alternatively, in sonme other enbodi nent, a process of
the present invention has advantages over the process
di sclosed in U S. Patents 5,385,900 and 5, 447, 926
b emhsloca cpy apiesgisofartine luprue Steqttodonue fitec oy, afdf et & oacus

reaction on the material having Fornmula Xill, which
i Sysodrikicqugditrinynegatve baditren, ant anBs@eedomadti, Sahbnella nyphi,
favorably than another material, identified as

Copeline:@erinPseiteenpodeenditosa QoaRRUNS:06niis) PEothidWlgiris,
of fl uoroqui nol ones can be used effectively against

t Peorsus eityeat, and SaxiCi:0hiradssdead; OGS AStricFRK-re8X AR in dfhe
conmpounds having Formula I, la, or IV are potent
astrepfodcoii dbeia J8eY; 8.caNS. Paknfs3LB3E 9@ alkes &1 26t NBh are
against the survival of G ampositive bacteria, such
asncBatdtd duRranBY telfdiénce 9t @BRYARGQCCUS aureus, 27 WO

2008/ 091752 PCT/ US2008/ 050865 t aphyl ococcus

epiderms, Sarcina |lutea, Streptococcus faecalis, and

M crococ;gzw'lﬁso ei kticus;, Gamnpnegative bacteria, .
such as QOHURPIgne emipoudprspated by any gprthod degelased hegein can
fhe nere Pseudonpnas, aer ugi nosa, Kleisiela _

o R B Heisd i, S lckp B e Resitionfas sl OB i, e, or
Serratia garcesscens; and a netricillin-resistant
stirapelagpdmuystration, 3k 4 SompRskips comprises @ fiyoroquingjone compound
Patents 5, 385, 900 and 5, 447, 926; which are

| FAANSIFIRteBLPPREWERYS fofythe edmipistiation; a5 cambg determined dyy. person

f 1 uoroqui nol one conpound prepared by any nethod
dhayéngokdbintis ast of rhammacepsicaldpmlagion dorithe appieations disclosed above.
antim crobial conposition for topical, oral, systemc,
okerleapmplegy varipyf gxgipeenisdnowm in the ent eant ieorsed @ifotmudate a solution,
conposition conprises a fluoroqui nol one conpound

suspension, dispersion, ointment, gel, capsule, or tablet. A fluoroquinolone compound

prepared by any method disclosed herein is particularly suitable for a treatment,
reduction, amelioration, or prevention of infections of the eye, ear, nose, throat, or
respiratory system caused by bacteria, including, but not being limited to, those bacteria
disclosed above. In one embodiment, such a fluoroquinolone 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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and an excipient appropriate for the adm nistration,

as can be determ ned by a person having skill in the
w@ea0s0917phar maceuti cal formul ati on for the appPCT/HS10081850865

di scl osed above. For exanple, various excipients

known in the art can be used to fornulate a sol ution,

suspensi on, dispersion, ointnent, gel, capsule, or

tabl et. A fluoroqui nol one conpound prepared by any

met hod di scl osed herein is particularly suitable for a

treatnment, reduction, anelioration, or prevention of

I Rfaati9rs AMAhg.eye, ear, nose, throat, or

respiratory system caused by bacteria, including, but

not being limted to, those bacteria disclosed above.

Ig one .enbodi nent, .such a fl uoroqui nolone is

f Ar mul AR R RS H HEMaIHIUonedrting Sarmudy herfaliy thereof, the

suspensi on,, di spersion, or gel. Wiile specific

e RERSESiKRMPEsipg cqniasting » Esheomnepadhaving Heawalaplwith a second

described in the foregoing, it will be appreciated by

t Keyarowd jhpyipg Formulall tgprodupe flypspapinadenevayiag Fermula 1, wherein

nodi fi cations, substitutions, and variations may be

g luorRspmplongy th/Bigt commpennd: prdythe pesand edmepoypd arke repagsdnted by

scope of the invention as defined in the appended

clainms. 28 WD 2008/ 091752 PCT/ US2008/ 050865 WHAT | S

CLAIMED IS: 1. A process of preparingoa

fl uor oqui nol one having Fornmula]l or splts thereof, the

process conprisi ngrgcontac{ing a first [

Formula Il with a setend “SgapoundAavim

to produce a quoroqui‘ [

t he fl uoroqui nol one,

second conpound ‘

OR!
‘ (In

Cl N

(1

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

groups, substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cs-C,4 aryl
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NNYXR ZR2OO FOS ( (Il) A NXR MNH
(Irr1r)y R2 Z wherein R is selected fromthe group
w@oemsiost7sng of hydrogen, unsubstituted | ower aP&EIUS2008/050865

groups, substituted | ower alkyl groups, cycloal kyl

groups, unsubstituted C5-C24 aryl 29 WD 2008/ 091752

PCT/ US2008/ 050865 groups, substituted C5-C24 aryl

groups, unsubstituted C5-C24 heteroaryl groups,

substituted C5-C24 heteroaryl groups, and groups that

ca@mupe shistituséd/Zed.qiaryl groupn gnimbstitetsd Cs-R2, liegereeylecdups]

fromthe group consisting of hydrogen, unsubstituted

asubso tugrddUpC 24 hedroayhgnoopsy aralugysurs ulps tart bettedroli 8 imolivngibodies;

two | ower al kyl groups; R3 is selected fromthe group

c ®isd stected fiofn thy gioog emsistimsefis thioked, adsubamerd anbaylgroup, and

groups, substituted |ower alkyl
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-C4 aryl groups, substituted Cs-Cy4 aryl groups, unsubstituted
C5-Ca4 heteroaryl groups, substituted Cs-C,4 heteroaryl groups, unsubstituted Cs-Cay
aryloxy groups, substituted Cs-Cy4 aryloxy groups, unsubstituted Cs-C,q4 heteroaryloxy
groups, substituted Cs-Cy4 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 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-Cy cycloalkyl groups,
C-C14 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, C3-C)o cycloalkyl groups,
C;-Cs substituted and unsubstituted alkoxy groups, Cs-C 4 substituted and unsubstituted

aryl groups, Cs-C 4 substituted and unsubstituted heteroaryl groups, and Cs-C 4
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groups, cycl oal kyl groups, unsubstituted | ower al koxy
groups, substituted |ower al koxy groups,

W@ e®est7s: ut ed C5- C24 aryl groups, substitut edP@BUSRA8/050865
aryl groups, unsubstituted C5-C24 heteroaryl groups,
substituted C5-C24 heteroaryl groups, unsubstituted
C5-C24 aryl oxy groups, substituted C5-C24 aryl oxy
groups, unsubstituted C5-C24 heteroaryl oxy groups,
substituted C5-C24 heteroaryl oxy groups, and groups
t halistititad apé uhspdstolityd antloxy grdupsy iand Xboshlested fXéni the group consisting
sel ected fromthe group consisting of hal ogen atons; Y
i ef €bFemtdd®f. from the group consisting of CH2, 0, S,

SO, S@2, and NR4, wherein R4 is selected from the
group consi sting of hydrogen, unsubstituted | ower

I

IR GBSy BB W R P
SRR AREBTanod URR aB

s M S SR A P v

s roups that n be zed
et R R the SRR Gyt of bﬁwﬁx@@?ﬁ&% Sk el fom e
unsubsti t ut ed. am r ou oups Su ituted
WEEHD Gosbe 00 R 8 BRy  BUAIS L RS eRP B toms.
fromthe group consisting of hydrogen, Cl-C5
substituted and unsubstituted al kyl groups, C3-Clo
cy.cl oaTheyiroggrsoefpiim 3ChdEin shessdpi df ubreabtiap @ carried out at a
unsubstituted al koxy groups, C5-Cl4 substituted and
ursipb@turd intacdngedropt alguotps), teriperdlile ts bllamit 1G0Ced and

unsubstituted heteroaryl groups, and C5-Cl4 30 WO
2008/ 091752 PCT/ US2008/ 050865 substituted and

uRSUbSHLYSSEL AR Y B OHRR st BRY 3&1‘[. Fing Hle G2 8mbsQ
ﬂe ar OL?[LJ)) CCOI']SI gt I Ng Wgéf} ly:l ) SE,% aﬁ %rmg eH tecgmpou g]havmg
Formula II with the second compound having Formula III results in a crude product
comprising an enantiomeric mixture of a fluoroquinolone 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.

6. The process of claim 5, wherein the step of recovering the enantiomer from the

aqueous mixture is carried out by recrystallization.

7. A process of preparing a fluoroquinolone having Formula IV or salts thereof, the

method comprising:
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3. The process of claim1, wherein R is selected from
the group consisting of hydrogen, Cl-C5 substituted
waeasiysebst i t ut ed al kyl groups and groups thaPCTHI200$050865
hydrolyzed in living bodies; R2 is selected fromthe
group consi sting of unsubstituted am no group and
am no groups substituted with one or two Cl1-C5 al kyl
groups; R3 is selected fromthe group consisting of
C3-C10 cycl oal kyl groups; Xis selected fromthe group
consi std) ng ehtaClingmirsFompoemhipyingdsr@H2 JI vaitida fhird compound
conprises two hydrogen atons. 4. The process of claim
3, Whehaiing Hdmaukt\e mdducontacthicogposrddarving Edrmoild VAtwharein the
tenperature in a range from about roomtenperature to
about fld@oquindoncTHaeinpg FomassI\Qfthecirai dsmpounh) eheehird ddgound, and
step of contacting the first conpound having Fornula
Il W t the tfhethsenpothdeenprenshiddayi ng Fornmula |11 results
in a crude product conprising an enantionmeric mxture
of a fluoroquinolone having Forrmula |, and the
process further conprises washj ng ory di ssolving the
crude product with water to pnjoduce || an aqueous
m xture, and subsgantially reg ' an enanti oner
fromthe aqueous MU 6" > of claimb5,
wherein the step of flecoverning the enantioner fromthe
aqueous mixture is cgrriedjout by recrystalliza¥ on.
7. A procesg of “prepartog”a 46r oqui nol one havi ng
Formula 1V /or sal tthe nethod conpri si ng:
22008/ Q50865 (a) contacting a
first conpo ving Formula Il with a third conpound
having Fornfdl a ¥ to produce a fourth conpound having
Formula VIZ" wher &) the fluoroquinolone having
Formula IV, the first conpound, the third conpound,
and o o

‘ OR!

cl N (1

(V)

32



the fourth conpound are represented by OO F ORS (1V)
N#N X R3 Z NH2 OO FORS d N(Il) XRs NHV~ R
W®2008/091782 32 WO 2008/ 091752 PCT/ US2008/ 050865 PCX/USIORE050865

NN (V)

OR!

| Vi)

wherein R! is selected from the group consisting of hydrogen, unsubstituted
lower alkyl groups, substituted lower alkyl groups, cycloalkyl groups,
unsubstituted Cs-Cy4 aryl groups, substituted Cs-Ca4 aryl groups, unsubstituted
Cs-Ca4 heteroaryl groups, substituted Cs-Co4 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-Cy4 aryl groups,
unsubstituted Cs-Cy4 heteroaryl groups, substituted Cs-C,4 heteroaryl groups,
unsubstituted Cs-Cy4 aryloxy groups, substituted Cs-C,4 aryloxy groups,
unsubstituted Cs-Cy4 heteroaryloxy groups, substituted Cs-Cy4 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
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® comprises a protected amino group having a formula of
ydrog
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Y XRs Z R5 wherein R1 is selected fromthe group
consi sting of hydrogen, unsubstituted |ower alKkyl
w@e@apst7ssubstituted | ower al kyl groups, cycl oedkRYE2008/050865
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; R3 is
sel ect ed fron1the group consisting of hydrogen,
unsubstNRUmdereiroReromgirikssla pyetecting grampislsat istaapabde ¢fdweing the
al kyl groups, cycloalkyl groups, unsubstituted | owner
al koxypmgteotepsmimudistp-tNR'eehd ower al koxy groups,
unsubstituted C5-C24 aryl groups, substituted C5-C24
aryl groups, unsubstituted C5-C24 heteroaryl groups,

substi te
Sul C24Eb2 : ydcg)%cté;fggtggghﬁﬁ egragéu{lg ma%ufﬁc%ﬂ§ a% %;J &fhlyst and

groups,; , cﬂﬁ&%@rﬁ%ﬁﬁ&% go g’%o@ eﬂgéeecgfqger rh@étynﬁ%tr&}l‘b% from the —

substitute eteroary OXy~ gro

that CRRY gré}XQ&%hX& dqdoPoqlu g}éioﬁgfl?\%ﬁf‘éfa ulg 1S Sel cct od

fromt up  consi st ng ons; 'Yis
sel ected fromthe group consisting of CH2, 0, S, SO
S, and NR4, wherein R4 is selected fromthe group
cdnsi sTlileerOQ?ﬁS ofipjedn JgehereinRs iseetected fioth thogrenp edtisisting of
groups, substituted | ower alkyl groups, and
chedresenk§i-Cgsubeiguted and unsahstigadadkyl gonps Be Cgr ouipalkyl groups,
consi sting of oxygen and two hydrogen atoms; and R5
cOtrp14 whgitgeangtuastbstituteriand syupu s Hiaviubgitated ardansebsofuted
33 WD 2008/ 091752 PCT/ US2008/ 050865 NR6, wherein R6
Clppirsegogpspamdtgeaitps gt gande ydiobized i livagdloties;d is selected
| eavi ng t he
from the group consisting of hydrogen, C;-Cs substituted and unsubstituted alkyl groups,
C3-Cyg cycloalkyl groups, C-Cs substituted and unsubstituted alkoxy groups, Cs-Cy4
substituted and unsubstituted aryl groups, Cs-C4 substituted and unsubstituted heteroaryl
groups, and Cs-C14 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.

9. The process of claim 7, 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 C3-Cyg
cycloalkyl groups; R® comprises a nitrophenylalkylidene group; X is selected from the

group consisting of Cl and F; Y comprises CH,; and Z comprises two hydrogen atoms.

10. The process of claim 7, wherein the catalyst is selected from the group consisting

of acids and bases.
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protected am no group -NR 6; and (b) contacting the
fourth conpound with a sufficient anount of a catal yst
w@e@s/ogt7sa condition sufficient to effect a cl PE/H0%/650865
the protecting group R6 fromthe - NR6 group, to
produce a fl uoroqui nol one having Formula 1V. 8. The
process of claim7, wherein Rl is selected fromthe
group consisting of hydrogen, Cl-C5 substituted and
unsubstituted al kyl groups, C3-C o cycloal kyl groups,
C61.Cl4Thudretdss of dameh dvhemasubsten eftcettactimglis gargedost at a
C6- Cl4 substituted and unsubstituted heteroaryl
gremypstura nth gngaufpen bbrat raoantctngerayctr tolapae dod ¥C.1 i vi ng
bodies; R3 is selected fromthe group consisting of
hydrogen, Cl-C5 substituted and unsubstituted al kyl
greups I tut ed
agg{ un?tlj ?e%%eda\{ %Igﬁgjgér)éélrtg%%sw e S%?‘%hlgﬁ‘g%:“?t ut ed
and unsubstltut ed aryl groups C5-Cl4 substituted and
unsubstituted heteroar %rou ps, and C5-Cl4
stibst i Thprgaceshef daddb %?r?@t }éecﬁt%‘ifl coxigete dppfeurtiRgpmppund with
selected fromthe group consisting of
nf e#telpH ermduagsidaridgeneduct coppEising agl crRBemerigTaixre ef the
selected fromthe group consisting of C, F, and Br.
9fluarheuipelensdusingfogids KY.2nd iseraesiess fRrthdr sompiiisgs weshifigarm
the group consisting of hydrogen, Cl-C5 substituted
agigsalisgiths ciude prductWith wagerdo podegedingnereps mixtat, apd sulipeéantially
hydrolyzed in living bodies; R3 is selected fromthe
greoenzriog ars ersiniigrgerdfonChe @ oucymodtoal kyl groups; R6
conprises a nitrophenyl al kyli dene group; X is selected
fromthe group consisting of O and F; Y conprises

' t
pr olc ess d%o c%?sr@{ 12%951 3 VWR:raX q{egg’ﬁ o ?e(:f\rg?mg Ih]eQ:na H&ﬁler gom the

wherein the cata IS se

2%08‘%%5'??2}%9%%%@%8% f%ggﬁéag%zaﬁgﬂ_ds and bases. 34 'a)

15. A process for preparing a fluoroquinolone carboxylic acid having Formula Ia 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 VIa, wherein the fluoroquinolone having Formula Ia and the

compounds having Formulae Ila, VIa, and VIla are represented by
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11. The process of claim9, wherein the step of
contacting is carried out at a tenperature in a range
WO e@aialIsut room tenperature to about 100 C.  1PCT/UK2908/050865
process of claim9, wherein the catalyst is
hydrochloric acid. 13. The process of claim7, wherein
the step of contacting the fourth conpound with a
cat al yst produces a crude product conprising an
enantiomeric m xture of the fluoroquinol one having
Formula 1V, and the process fuﬁkher npri ses washi ng
or dissolving the crude produ« wat er to produce
an aqueous mi xt ur ef~and sy t y~J ecovering an
€. 14.0HThe process
of claim 13, wherein : ecovering the
enantioner fr sJn xtdre is carried out by

fl uor oqui nofone catboxylic acid having Formula | a g7
proceS's conmpyising: (a) contacting
a conpound hawt Formul a Ha a conpound havi ng
Formula VIla at & tenperature in the range from about
roomtenperature Np about 100 C for a tinme from about
10 m nutes to about 7 days, ¢o0 produce a conpound
havi ng Formula Vla, wherein or oqui nol one havi ng
Formula | a and trge For mul ae Ha, VI a,

and Vila are represg 20084 091752
PCT/ US2008/ 050865 N (Ia) (lla)
F
NH
%m
(Vlia)

NO,
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Cl NH2 00 (ha) HFN d NHN(Vila) NO2 36 W

2008/ 091752 PCT/ US2008/ 050865 O OF OH N N (Vla) d
WER0RBIONGE2 (b) contacting the conpound havi ng MOF/I81088/050865

Vla with an anount of HC equal to about 0.1 to about

5 nol es per nole of the conmpound having Fornmula VIla

at a tenperature in the range from about room

tenperature to about 100 C,

o] 0
F
I OH
N (Via)
l,
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
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

© recovering the fluoroquinolone carboxylic acid having Formula Ia.

16.  The process of claim 15, wherein the step of contacting the compound having
Formula VIa with HC1 produces 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.

17. The process of claim 16, wherein the step of substantially recovering the

enantiomer from the aqueous mixture is carried out by recrystallization.
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in a presence of nethanol, to produce the
f1 uoroqui nol one carboxylic acid having Fornmula |a;

W@ eesLi)752 ecovering the fl uoroqui nol one car boxBpCT/US20$/050865
having Formula la. 16. The process of claim 15,
wherein the step of contacting the conpound havi ng
Formula Vla with HO produces a crude product
conprising an enantioneric mxture of the
fl uor oqui nol one having Fornmula la, and the process
f UBt heA prowpy if pepanashilmgoqrinoldiedsvhy Fognuhke therpuabess
product with water to produce an aqueous m xture, and
S udaspréiig: &) lcyntadting @\ campngddavieg BodmudnEHI #ith axémpound having
aqueous m xture. 17. The process of claim 16, wherein
t RermatleN] Bfpradibs b astpaind YavieCPariniatgvt Bed (be REl0denOiFR the
fromthe agqueous m xture is carried out by
I eGhysind hhvig@Forainla B Weh 2 08840 ntndeiiCd pidI2RAB! 050865
18. A process of preparing a fluoroquinol one having
Fauslandlondshevipg Pe@fita I cONpri sing: (a) contacting a
conpound having Fornula XIlI1 with a conpound havi ng
Forrmula 111 to produce a conpound having Fornula XV,
and (b) hal ogenating the conpound haying Formula XV
wi th a hal ogenati ng agent to prjpduce fhe
f1 uoroqui nol ones hgving For mul
Rs

FORS NNY X
OR'

"

(Xil)
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ZR OO F ORS (X111) C1 N R3 38 WO 2008/091752

PCT/ US2008/ 050865 NH Y (I11) Z OOOR NN (XIS |
WR08MIZ52@2 wherein Rl is selected fromthe grBCpUS2008/050865

consi sting of hydrogen, unsubstituted | ower alkyl

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 t be hydrolyzed in living bodies; R2is
sel ectgd from\ he group consisting of hydrogen,

unsubstji tuted am no group, and
Y. (1

OR!

(XIV)

‘s
L)
2
7,
"/
7z,

R2

wherein R! is selected from the group consisting of hydrogen, unsubstituted lower alkyl
groups, substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cs-Cy4 aryl
groups, substituted Cs-Cy4 aryl groups, unsubstituted Cs-Ca4 heteroaryl groups,
substituted Cs-Cy4 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-C,4 aryl groups, unsubstituted
C;s-Cy4 heteroaryl groups, substituted Cs-C,4 heteroaryl groups, unsubstituted Cs-Cyq
aryloxy groups, substituted Cs-Cy4 aryloxy groups, unsubstituted Cs-Cy4 heteroaryloxy
groups, substituted Cs-Cy4 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 CH,, O, S, SO, SO;, and NR*, wherein R* is selected from
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am no groups substituted with one or two | ower alkyl
groups; R3 is selected fromthe group consisting of
Woyasoges unsubstituted | ower al kyl groups, PCT/US2008/050865
substituted | ower al kyl groups, cycloal 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
het eroaryl groups, substituted C5-C24 heteroaryl
gthowgpeip agnssiivgtof hydregenCmsdpsitutegrlgivenalkyd gtoups substituted lower
substituted C5-C24 aryl oxy groups, unsubstituted
Calk@2gtouret adoaslydligy\erougs;,cugd <, is saldssediftom id g@Bp CRukisting of
het er oaryl oxy groups, and groups that can be
hyxirgeh yadeigho hydrdgewatngs.bodi es; X is selected fromthe
group consisting of halogen atons; Y is selected from
the group consisting of CH2, 0, S, SO SO2, and NR4,

rei t 3
0 R LA S e

TRy k) GLbE AR o i S BUIRL G0 %e% Faps

f {L‘g wg; suﬁ%gut%gndql%%sﬁﬁﬂeﬁ%ry?f ouﬁ,lg( %@%ﬁ%gltﬁt\l\@ unsﬁ)l%?glted

rocess o

I f d
eﬁcgrf%%ir?fj U Om dl gao Lgﬁ;?ca[n e agroiyzgci mn 11v1nl%boﬁl%%§{béiﬁf}ec?%
bst i tuted and

uﬁ E@ i e&&st?fg% °fap%ﬁq]f“te§mew%uaba§? Feeap s
SRR b Ko Y B SEE oS o B iy

the grou onsistin nsubstituted ani no grou and
%gea,r&é% WBiffued ?ﬂﬂl@a&sw"feﬂ albehpy %C@fyebalgﬂk%wum
rou s; R3is selected fromthe up consistin
hg?u%@@ﬁutu@i a’é%“@ﬁ‘b%‘f‘it?dlﬁnéﬁympﬂﬁéégsf‘%bﬁfaftl@é %c? wpbstltuted
groups, C3-C o cycloal kyl group Cl1-C5 substituted
il @ﬁ%b@r?tﬁt“@&%%ﬂ}‘n@’%ﬁ%@d hetgrorrylyerevsstndi Grred
and unsubstituted aryl groups, C5-Cl4 substituted and

urbeiiseted ent wauliseuisdaarlgry gpwspand Xjsdelegediigm the group consisting
of CL, F, and Br.

20. The process of claim 18, 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-C) cycloalkyl groups; X is selected from the

group consisting of Cl and F; Y comprises CH;; and Z comprises two hydrogen atoms.

21.  The process of claim 18, wherein the halogenating agent is a chlorinating agent,

and X is Cl.
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substituted and unsubstituted aryl oxy groups; and X is

sel ected fromthe group consisting of d, F, and Br
wWQ@oshespr ocess of claim 18, wherein R is sePEUS08/050865

fromthe group consisting of hydrogen, Cl-C5

substituted and unsubstituted al kyl groups and groups

that can be hydrolyzed in living bodies; R2 is

selected fromthe group consisting of unsubstituted

am no group and am no groups substituted with one or

t 8. ClA@Bogkkipl prgparing9; fluR®qiimologetasltxetic fqidhavitpeF qgmolagda, the

consi sting of C3-Cl10 cycl oal kyl groups; X is selected

f poessikempgsing) fa)coneétsiziarngmpdun@ haging FermuYa EK&npitli s@snpound

CH2; and Z conprises two hydrogen atons. 21. The

p hadesBorofulaCVHa anali8npasktereen thetritee Hi@ahodenabom germgediire tGabout

a chlorinating agent, and Xis C. 40 WO 2008/ 091752

POIY YSRO@8nRSBB6 sboul P miwps acanat T ddys 16 epdnédecdpound having

f I uor oqui nol one carboxylic acid having Forrmula la, the

PFoGass XVONpy didoriigting B¢ canpiuad hivigy FortBIovNdithavilfgnating

Formula XV with a conpound having Fornmula Vlila at a

t eFgpetofretuRe the flubfqhiabBeesiHatiy; ab@iilla KON ) esmastiak tee

to about 100 C for a tine fromabout 10 mnutes to

ab&iouRd BaMSy FdrthuRl 0VL GEthan GABRAWIHIAN yan® abb@r0oibout 5
XVI; (b) chlorinating the conmpound havi ng Fornul a XVi

Wiofts Berchb1e b ha thRBoun@ 88N FAmRNOAIER alhBperature in the range from
fl uor oqui nol ones having Formula XVIIl; (c) contacting

t Bout FRAREMPLatl@Mb A8our P61, 8 A YWkdentd anné‘ﬁhn@f'% bRk he
HCl1 equal to about 0.1 to about 5 nples per le o

t ' a - ein

t e R S R s Pl i) RERSRBE S 00"
i - d he

fﬁﬂ%? dﬁﬁﬁgf%ﬁ§§%g§%g§§?#§F§§?§£ﬁ%gﬁﬁg&Fornula la; and
(d) recovering the fluoroquinolone carboxylic acid

having Forrmul a | a; wherein °

(la)

(XV)
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00 V1 OH(la) : "11~NNC N2 OO F OH (XV)
Cl N 41 WD 2008/ 091752 PCT/ US2008/ 050865 NH / (VI a)

WOR008AN762 0 OH | | N N (XVI) N PCT/US2008/050865
NH
',,/N___ (Vlla)
O.N

(XVI)
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02N 42 WO 2008/ 091752 PCT/ US2008/ 050865 OO0 F 1 OH N
N (XVIl) C 02N 23. An enantioner of a

W0 bawsooiged nol one having Formula | prepared by BEEUS2008/050865
process of claim5. 24. The enantioner of claim23,
wherein the step of recovering of the enantioner from
t he aqueous m xture is carried out by
recrystallization. 25. An enantioner of a
f 1 uor oqui nol one having Fornula |V prepared by the
process of claim13. 26. OThe egantioner of claim 25,
wherein the ﬁ}ep of [ the enantioner from
t he aqueous X

recrystallizati g tioner of a

f 1 uor oqui nol one | a prepared by the
process ~ (0D-2008/ 091752 9own
PCT/ US26008/ 050865 . enantioner of claim?2

wherein the step ofcirecovegring of the enantioner from
t he aqueous my/xture is c i ed out by
recryst akli ion
A
O,N
23. An enantiomer of a fluoroquinolone having Formula I prepared by the process of
claim 5.
24, The enantiomer of claim 23, wherein the step of recovering of the enantiomer

from the aqueous mixture is carried out by recrystallization.

25.  An enantiomer of a fluoroquinolone having Formula IV prepared by the process
of claim 13.
26. The enantiomer of claim 25, wherein the step of recovering of the enantiomer

from the aqueous mixture is carried out by recrystallization.

27. An enantiomer of a fluoroquinolone having Formula Ia prepared by the process

of claim 16.
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29. An enantioner of a fluoroquinol one having Fornul a
| a prepared by the process of claim18. 30. An
wep@svyoaer of a fluoroqui nol one havi ng For nul BCT/ES2008/050865

prepared by the process of claim22. 31. A nethod of

effecting an antimcrobial activity in a subject,

conprising admnistering into said subject a

conposition that conprises an enantiomer of a

fl uoroqui nol one of claim23. 32. A nethod of effecting

ad8.ant ihd enapfimagdr ofielriny2 %, ywhiersinethe sibyp efcecovermgefithd ¢rgntiomer

adm nistering into said subject a conposition that

c Gropr the eagieaus reinting is omeied oft by redrystdiizagon.nol one of claim

25. 33. A nethod of effecting an anti m crobi al

activity in a subject, conprising admnistering into

caid subi _ Lo _ .

caint | SRRl b B RO S pSaredy g proces
mgthgd, of effecting an antimcrobial activity in a
ubject, conprising admnistering into said subject a
conposition that conprises an enantioner of a

fl uoroqui nol one of claim29. 44 WD 2008/ 091752

P&/ us2pegmsDged 2 figrogpinglens bayingrFospnla da pisparethby the process
antimcrobial activity in a subject, conprising
afhdléimsd2ering into said subject a composition that
conprises an enantionmer of a fluoroquinolone of claim
30. 36. The nmethod of claim 31, wherein said

agim ni 8 HREHADS bFectiat it SinAttbbialachlteiata sBbjedt! @RIPMERE,
reduction, anelioration, or prevention of an infection

of drfiRisRYifg irfaid BREs a composition that comprises an enantiomer of a

fluoroquinolone of claim 23.

32. 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.

33. 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 27.

34, 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 29.
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throat, or respiratory system 37. The nethod of claim
32, wherein said admnistering is carried out to
w@kdoswme17582 treatnent, reduction, amelioration, PGF/US2008/050865

prevention of an infection of an eye, ear, nose,
throat, or respiratory system 38. The nethod of claim
33, wherein said admnistering is carried out to

effect a treatnent, reduction, anelioration, or
prevention of an infection of an eye, ear, nose,

t Rf.oat A mathadefsitectingray antymicemipial 3QivitTirea subjehip dorpristigai m
34, wherein said admnistering is carried out to
ehdrawistaing irte atidrevyect ¢ eatustsition thagpehproesdn epantioprer of a
prevention of an infection of an eye, ear, nose,

t inoagyindpng g@spiimadtory system 40. The nethod of claim
35, wherein said admnistering is carried out to

effect a treatnent, reduction, anelioration, or

: E@ venihaieddd (?fr&ldlﬂfﬁ C\tvhé?&n Qid @%B}Is%mg %Caﬁﬁgso% to elffect a

roat, or respl rat ory system e net

3?%211’%% %h&tl‘%ﬁ“ a%e%QM1Qﬁ g& g{ek/é}%oh of & fec@ fon of (%n e&e ear, nose,

ect a treatnent, I Oora

p fection of an eye, ear, nose,
h?%ag?’t”e%ﬁ“g&%’%p“érﬁory system 45 WO 2008/ 091752

PCT/U82008/050865 42. A conposition conprising an
enanti omer of a fl uoroquinolone having Formul a |
p#epar By mgthadnd cjsim désshentin edidndmiBisteaiBg isnautsdposidvterior a
conprising an enanti omer of a fluoroqui nol one having
Faeatmér, teducip parclioratign, pherepmtior stanghfectic afiaf 8ye, 44k, noke,
conposition conprising an enantionmer of a
f thoet, oguispicitameydtan. ng For mul a

38. The method of claim 33, 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.

39. The method of claim 34, 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.

40. The method of claim 35, 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.

41. The method of claim 36, 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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IV prepared by the process of claim16. 45. A
conposition conprising an enantioner of a

W0 bawsoiged nol one having Formula |1V prepared bRCT/H82008/050865
process of claim 18. 46. A conposition conprising an
enanti omer of a fluoroqui nol one having Formula | a
prepared by the process of claim20. 47. A conposition
conpri sing an enantioner of a fluoroqui nol one having
Forrmula la prepared by the process of claim22. 46

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

prepared by the process of claim 5.

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

prepared by the process of claim 13.

44, A composition comprising an enantiomer of a fluoroquinolone having Formula

IV prepared by the process of claim 16.

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

IV prepared by the process of claim 18.

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

prepared by the process of claim 20.

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

prepared by the process of claim 22.
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