QUINOLONE CARBOXYLIC ACIDS, DERIVATIVES THEREOF, AND
METHODS OF MAKING AND USING SAME BACKGROUND OF THE
WO k%\g}g&!:@pN The present invention relates to quinom%%%gm%gg;
acids, derivatives thereof, and methods of making and using the same. In
particular, the present invention relates to fluoroquinolone carboxylic
acids, derivatives thereof, methods of making and using the same.
Bacterial pathogens continue to pose a serious threat to public health as
indicated b a WorIdW|de resur ence of bacterlal diseases. One aspect of
(HERS) g%@% B ek il
effective, therapeutic a%dl\f)I ylacti a%%gtlcs which,
unfortunately, over time has also selected for resistant strains of various
LR Hﬁﬂgd%%% REU&Nconcer 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

multlantlb|8??8H@é?&é’fﬁ‘fe(“l\%ﬁl‘)tﬁéfit%‘fiﬁ?@ﬂ%ﬁf}g’ﬂ%‘é{ﬂ&d@‘é‘ﬁéﬁé&%‘l’“

ramfpﬁx%tx'r‘{e‘?hbﬁ‘“?”ak%“c“aaésu?”&b'oé}%eref'“%a AN A ent invention
tap%ylococcus aureus ﬁteroco ecalls %lnatéroc CCUS Tecium,
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constitute the most frequent etiological agents of nosocomial
(pagpitalsagguired) 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.
Streptoco®itsepnigumoriae aaline Soseite dspiotscand fitettihreatening
diseases, including a contagious meningitis, bacteremia, and otitis media.
Arinazddhp eratigldrada Ssuseraoerd histetidatistareal 6ine isrestiofidisdeatrgence
between 3-5 million persons globally. More recently, clinical accounts of
ﬁ@;ﬁﬁ;séa apetggﬁ;éugmﬁpéﬁamgg%eﬁ%eaa%ﬁ@e}y 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 muitiple
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
fecium, which, along with antibiotic-resistant Gram-negative strains of Escherichia coli,
constitute the most frequent etiological agents of nosocomial (hospital-acquired)
diseases, such as septicemia, endocarditis, and infections of wounds and the urinary tract.
S. aureus is currently the most frequent cause of nosocomial bacteremia and skin or
wound infection. Streptococcus pneumoniae causes several serious and life-threatening
diseases, including a contagious meningitis, bacteremia, and otitis media. Annual
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



by "flesh-eating" strains of Group-A streptococcus bacteria, such as
Streptococcus pyogenes, has heightened the concern and need for new

wo 25shrRyed antibacterial agents. Quinolones constifte R HRK¥RREs
antibiotics that have been available since the early 1960s and have
proved to be valuable antibacterial agents. Quinolone carboxylic acid
derivatives having various chemical structures have been synthesized,
developed, and marketed. Nalidix ¢ acid (1,4-dihydro-1

-ethyl-7-methyl-1,8- hthyrldln -4-one-3-carboxylic acid), the progenitor
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against’selected pathogens and improved ph armagoklnetlc and
pharmacodynamic properties. From a medical utility viewpoint, the
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compounds First-generation compounds like piromidic aci

{R-6thy!1668sdiny e prove #- bb-RuiEelicinmlinesn (3 Pyyimiling -6-carbo
xylic acid) and pipemidic acid (8-ethyl-5,8-dihydro-5-o0xo-2-0

epipendici nyiflplgrnicaf2s3 ha)py naniclin ekErdasborgicradiaygiramidadhesivetage
for Gram-negative Enterobacteriaceae. The second-generation
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Gram-negative activity, against pathogens like Escherischia cqli and
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C|pro oxacin, ofloxacin, rufloxacin ifloxaci). Norfloxacin, o
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diseases including urinary tract infections, gastrointestinal infections,
mexnatydiramsmpitgdrdiseases and the like. Third-generation antibiotics
(levofloxacin, pazufloxacin, sparfloxacin, clinafloxacin, sitafloxacin,
trovafloxacin, tosufloxacin, temafloxacin, gTepafloxacin, balofloxacin,
moxifloxaémmgatifidixalcin)igrehpsetwithq@nivinee dractivitfidgaifist-,
Grame-positive cocci (notably clinafloxacin, sitafloxacin, trovafloxacin for
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pharyngitis, and for skin and soft tissue infections ("SSI") caused by
Girarvbpasitivestrainssefostaghylotaccongneudsecodieidstraptdeseciritand
enterococci.

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, chinafloxacin, sitafloxacin,



The improvements seen in most of the third-generation antibiotics in
current use are generally attributed to their uniqueness in inhibiting DNA
rase and topoisomerase IV of the bacterial targets. T ' f
w02 %m%%zﬁe inhibition have been suggested. Type | quino%%gé%?éggﬁgiﬁgg%
enoxacin, fleroxacm, ciprofloxacin, lomefloxacin, trovafloxacin,
grepafloxacin, ofloxacin and levofloxacin) indicate a preference for
topoisomerase PV inhibition. Type Il quinolones (nadifloxazin and
sparfloxacin) indicate a preference for DNA gy, rase inhibition. Type Il
topifblores tosvileiedvisolmve Bexaenthirepgleracatidnlefinnalonewvdivngte.g.,
gatifloxacin, pazufloxacin, moxifloxacin and clinafloxacin) display,
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inhibition. an agisomerase V. inhihition. (M. Taket, et timjcrobial
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Gram-positive bacteria of the topoisomerase IV-targeting
Besmihngenelatinn.quinbioneslike: eoriipkacimdcipiofioxacinbefloxaaimical
and levofloxacin. The unusual activity of nadifloxacin described in the
Hitbratne, lesplekalinagenibearanipzsitifexe:imbrey shawipieafowu use for
explained by its ability to target DNA gyrase (N. Oizumi, et al., J. Infect.
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third-generation quinolones like moxifloxacin and gatitloxacin. However,
hrpauisecnheoetirripgihreat 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
fluoroquinolenepraamepceailyidevsiopeas, ahd somaicoapoludsiotkthisnt
family show good antimicrobial activity against a wide range of
Gram-positie dmnth Gramthregaticec e terishiStegUPSA Rarmtang, 385,900;
5,447,926, 6,685,958; and 6,699,492; all of which are incorporated herein
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In general, the present invention provides an improved
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:gfrrﬂi?czcin) 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



00 wherein R is selected from the group consisting of hydrogen,
unsubstituted lower alkyl groups, substituted lower alkyl groups, cycloalkyl

WO Zgggfdﬁs,synsubstituted C5-C24 aryl groups, substituted CprGR%& 350865
groups, unsubstituted C5-C24 heteroaryl groups, substituted C5-C24

heteroaryl groups, and groups that can be hydrolyzed in living bodies; R2
is selected from the group consisting of hydrogen, unsubstituted amino
group, and amino groups substituted with one or two lower alkyl groups;

535 selecied from e raup, consisting of ydiogen, unsubsityted lower
XiVI°Gr6Ups: substituted Tower afkyf groups, cycloalkyl groups.
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unsubsPituted 85-C24ha?ryl grgftidps. Sl%%?gd C5-C24 aryl grc])%ps,

Onsuhstitutcsl. Cora2bheteoopryligradps, teubgtitetetbCoria2daetesoaryl
groups, unsubstituted 04-C24 aryloxy groups, substituted C5-C24 aryloxy
groapk; wnshibsfitetedi @5c0A% MetesoBf YIOX2groupsy sulstitietedcCBrd 24
heteroaryloxy groups, and groups that can be hydrolyzed in living bodies;
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selected from the group consisting of oxygen and two hydrogen atoms.
surface in the future, continued effort has been devoted to develop new broad-spectrum

antibiotics.

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

more widespread availability of these compounds.
SUMMARY OF THE INVENTION

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

fluoroquinolones that have Formula I or salts thereof.



In one aspect, a process of preparing fluoroqu nolones having Formula |

comprises contacting a first compound having Formula IT with a second
wo 253TR9 d having Formula I1l to produce a fluoroquinolopg-Hayifig ososes

ormula I, wherein the first compound and the second compound are

represented by wherein RI, R2, R3, X, Y, and Z have the meanings as
disclosed above. In another aspect, a process of preparing
fluoroquinolones having Formula TV comprises: (a) contacting a first
compound having Formula H with a third congpound having Formula V to
produce a fourth compound having Rormula VI, wherein the
quoroqumoIones haying For ula \Y the first ompound the third

()

wherein R! is selected from the group consisting of hydrogen, unsubstituted lower alkyl
groups, substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cs-Cos aryl
groups, substituted Cs-Ca4 aryl groups, unsubstituted Cs-Ca4 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-Ca4 aryl groups, substituted Cs-Ca4 aryl groups, unsubstituted
C5-C24 heteroaryl groups, substituted Cs-Cy4 heteroaryl groups, unsubstituted Cs-Cag
aryloxy groups, substituted Cs-Ca4 aryloxy groups, unsubstituted Cs-Ca4 heteroaryloxy
groups, substituted Cs-C,4 heteroaryloxy groups, and groups that can be hydrolyzed in
living bodies; X is selected from the group consisting of halogen atoms; Y is selected
from the group consisting of CHy, O, S, SO, SO, and NR?, wherein R* is selected from
the group consisting of hydrogen, unsubstituted lower alkyl groups, substituted lower
alkyl groups, and cycloalky! groups; and Z is selected from the group consisting of

oxygen and two hydrogen atoms.



wherein RI, le, X, Y, and Z have the meanings as disclosed above and R5
comprises a protected amino group having a formula of -NR6, wherein R6
WO 2885%9{17%?3 a protecting group that is capable of leaving the Riels& D565
amino group -NR6; and (b) contacting the fourth compound with a catalyst
to effect a cleavage of the protecting group from the - NR6 group, to
produce a fluoroquinolone having Formula IV. In a further aspect,
the present invention provides a process for preparing fluoroquinolones
having Formula I. The process comprises: (a) con aCtir]P% a campound

having FoPhU2saeF Wit S S R eI RERANORS TS B SaTEE &4
SRt ”c%xﬂa"‘c‘{{ﬁ‘%\'}% ula A AR (R Aalagenaling s Gompesnd
aving Formula with aphaﬁ)genatlng agent to proguce the
flueroguineianasdaving.RolRWakWIbA aiRiRI Isselaaieshiem thaigioup
consisting of hydrogen, unsubstituted lower alkyl groups, substituted lower
allfuroupd, iy sloalk yogrioups aunspbstitetebyC5-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 fragin the gr@up consisting of hydrogen,
unsubstituted amino gro [ I ps substituted with one or two
: 'group consisting of hydrogen,
Nituted [6%er alkyl groups, cycloalkyl
ups, substituted Io( er alkoxy
ps, substituted Cs-C24 aryl groups,
unsubstituted ¢ 1 S?roups, substituted C5-004 heteroaryl
groups, unsubstituted C X—CZ4 aryloxy groups, substituted C5-C24 aryloxy
groups, unsubstituted Cs-C24 hef%roaryloxy groups, substituted C5-C24
heteroaryloxy groups, and groups that can be hydrolyzed in living bodies;
X is selected fro e grQup consisting of halogen atoms: Y is selected
from the group o nsisting, of CI12, 0, S, SO, SO2, and N4, wherein R4 is
selected from the group gonsisting of hydrogen, unsubstituted lower alkyl
groups, substitut r alkyl groups,

groups, unsubstitute
groups, unsubstitute

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

In another aspect, a process of preparing fluoroquinolones having Formula
IV comprises: (2) 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



and cycloalkyl groups; and Z is selected from the group consisting of
oxygen and two hydrogen atoms. The compounds having Formulae XIII,
[Il, and XIV are shown below.
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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 ~NRS, wherein R® comprises a protecting



In a further aspect, the present invention provides qu nolone carboxylic
acids prepared by any process disclosed herein and their derivatives

wo 208k/65y @8 their salts or esters), and methods of using sucpEYiRSIBH 30865
carboxylic acids and derivatives. Other features and advantages of

the present invention will become apparent from the following detailed
description and claims. DETAILED DESCRIPTION

group that is capable of leaving the protected amino group ~NR®; and (b) contacting the
fourth compound with a catalyst to effect a cleavage of the protecting group from the —

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

In a further aspect, the present invention provides a process for preparing
fluoroquinolones 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-Caq aryl groups,
substituted Cs-Cy4 aryl groups, unsubstituted Cs-Cy4 heteroaryl 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 alky! groups, cycloalkyl
groups, unsubstituted lower alkoxy groups, substituted lower alkoxy groups,
unsubstituted Cs-Ca4 aryl groups, substituted Cs-Cps aryl groups, unsubstituted Cs-Cay
heteroaryl groups, substituted Cs-Cy4 heteroaryl groups, unsubstituted Cs-Cy4 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 CHy, O, S, SO, SO, and NR*, wherein R* is selected from the group

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



As used herein, the term "lower alkyl" or "lower alkyl group” means a
CiC15 linear- or branched-chain saturated aliphatic hydrocarbon
monovalent group, which may be unsubstituted or substi

wo Zr%]g@%é% %Jartially Or completely substituted with halogen g?éf?ngss %}lﬂ?fg‘% 6%&?0
or I). Non-limiting examples of lower alkyl groups include methyl, ethyl,
n-propyl, 1-methylethylfisopropyl), n-butyl, n-pentyl, I, Idimethylethyl
(t-butyl), and the like. It may be abbreviated as "Alk". As used
herein, the term "lower alkoxy" or "lower alkoxy group” means a CI-C15

Aidearl i EFRIMEReh il EltaitEama ML ARBR SO ST SRR ERISUP,
which may be unsubstituted, or .substituted ro be partially or
i i e s ety b A

examples of lower alkoxy groups include methoxy, ethoxy, n-propoxy,
1-methylethoxy (isopropogy), n-butoxy, npentoxy, t-butoxy, and the like.
The term "cycloalkyl- or cycloalky} group” means a stable aliphatic

~ ofiqeyglic or polycyclic monovalent radical
hydr 5en atoms which may comprise one
), preferably a 3- to 7-membex&d!)

consisting s¢
or more fus

include 7- to 10-membere'¥1 bicyclic rings. Unless otherwise specified, the
cycloalkyl ring may be attathed at any carbon atom which results in a
stable structure and, if substituted, may be substituted at any suitable

carbon j%own;ph results in a stable structure. Exemplary cycloalkyl

groupsghclude cyclopropyl, cyclobutyl, cyclopentyl, cyclohcxyl,
cycloheptyl, cyclgoctyl, cyclononyl, cyclodecyl, norbomyl, adamantyl,
tetrahytconaphthyl (tetralin), 1-decalinyl, bicyclo[2.2.2IoctanyI,('“)

opr’(:@yl, 2-methylcyclopentyl, 2-methylcyclooctyl, and the like.
rein, th&term "aryl" or "aryl group" means an aromatic
carbocyclic monovalent or divalent radical. In some embodiments, the aryl
group has a number of carbon atoms from 5 to 24 and has a single ring

results in a stable str ' stituted, may be substituted at any
suitable ¢ atom-which egsults in a stable structure. Non-limiting
exampleg of aryl groups include phenyl, naphthyl, anthryl, phenanthryl,

indanylyindenyl, biphenyl, and thedike. It may be abbreviateHh9 "Ar".

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.



The term "heteroaryl" or "heteroaryl group” means a stable aromatic
monocyclic or polycyclic monovalent or divalent radical, which may

WO tagmgpgg one or more fused or bridged ring(s). In some gmpedimeRissibe
2heteroaryl 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 BBeHRHEH B BEVGHARSHTZEG PUFBSE GHERILE K5arifiaerke
etero ring may. ttached al .Suitable heteroatom or carbon
ggjrﬁh\?vaﬁ}l{c{ ergél?ﬁs 1@%‘%?5’5%%%&@5%“%& if substituted, may be
substituted at any suitable heteroatom or carbon atom which results in a
I;?Pﬁ %ﬁ‘tﬁ?ﬁiﬂqé iting examples of heteroaryls include furanyl,
|eny{’, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, oxadiazolyl, triazolyl, tetrazolyl, thiadiazolyl, pyridinyl,

pyridaziny], pyrimidinyl,.pyrazinyl, triazinyl, indolizinyl, .azaindolizinyl, ~ _
indolyl, az[!ésln %ﬁ?ﬁ%’zﬁ%&ﬁyl, ci?%%é(é'}ngély , dﬁh?/%%grz%l'ncfgﬁ?sya i
isoindalvhazaiseindalyh fenzeiuiamlfuranmpwdid RhdrRaRYEMdiny,
furanopyrazinyl, furanopyridazinyl, dihydrobenzofuranyl,
iy ofivrannpyddinglhdifydrofisanopymiayidiydrtain zothiapilely
thicnopyridinyl, thienopyrimidinyl, thienopyrazinyl, thienopyridazinyl,
gibyrdvisderitohmesepl atdimy dFothi Enopyidlvey; ikl oxarepleh 9 invigiakyl
indazolyl, azaindazolyl, diazaindazolyl, benzimidaz%l)il, imidazopyridinyl,
HaMRRLGR e SIB Py RafpY B SRS HRIRTI R De AZtd Bm ey s L1~
enzoxazinyl,, benzoxazinonyl, oxazolopyridinyl,,0xazalopynm dinyl,
%S“r?%u%@@%{ﬁ‘,‘% fi%@%%%:%?%ghﬁlwy%%c FS‘%%%ﬂy?,sqéﬂrﬁdnzinyL quinolinyl,
dihydroquinolinyl, tetrahydroquinolinyl, isoquinolinyl, dihydroisoquinolinyl,
tetrahyd rOASs%%gfi%%lrlgl}{!’tﬁlng Olll}{g‘wg‘rza cl)?(n’o!)lrn ‘)ﬁld\%}tgﬁl%zﬁ%éhp” means a
azaphthalazinyl, qumazo?my, azaquinazolinyl, qumoxa(fl :
azeq B@é&aLB’E'Mﬁﬁ@ﬁb@%ﬁﬁ&%@@Xﬁﬁ%ﬁ%ﬁbﬂ'ﬁf&iﬁlvalm group, which
tetrahydronaphthyridinyl, pteridinyl, carbazolyi, acridinyl, phenazinyl,
phepethianiaybians phetiaxazinyt anthelikepartially bt gemsicadiythe
present invention provides an improved process for preparing
fhotivdednoibiek thaatvavd s it br Nandimidnaskapntedh iRy ¢s alkoxy
selected from the group consisting of hydrogen, unsubstituted lower alkyl
Gl SRe G er ARG BtpS SRS UPLP S ERiRited ™
C5-C24 aryl groups, substituted C5-C24 aryl groups, unsubstituted
@@E@ﬂt%g%%ﬁiﬁ%r%%%é, substituted Cs-Cu heteroaryl groups, and
groups that can be hydrolyzed in living bodies; R2 is selected from the
group consisting of hydrogen, unsubstituted amino group..and amino
groups smﬁ?itﬁ?gd %étéﬁagg(g c?g t\ﬁ/‘{)cql%%\g{ ?%ﬁ’%ﬁ g?gﬁ%gs% 1|ﬁs£&s1 %%?f:ed from

the:graun consisting.afMeregen. Unsiibstitad lowa iyl ar ebRSting

substituted lower alkyl groups, cycloalkyl groups, unsubstituted lower
adkoxyrgrpsasubstitgted doweriatkanyy gronpie bas ubsiitd tRe-Cor G2 aTY|
groups, substituted Cs-C24 aryl groups, unsubstituted Cc-C24 heteroaryl
gra(mporsizbivé diCHTE2ab fredanonryy grotipss; behswmpCaiogiments
aryloxy groups, substituted C5-C24 aryloxy groups, unsubstituted C5-C24
peters Al drotseds b it diatebsred PretEfdit o o A e E

roups that c e hydrolyzed in livi adies:; Xis selected from the
S SR e R SRR T e
consistinguef Gl 2r Qo Q%20 INRA MRS R RS RAleRIRdIIRM
the group consisting of hydrogen, unsubstituted lower alkyl groups,
substituted lower alkyl groups, and cycloalkyl pimps; and Z is selected
from the group consisting of oxygensand two hydrogen atoms.



In one aspect, R1 is selected from the group consisting of hydrogen, CI-05
(or alternatively, C1-C3) substituted and unsubstituted alkyl groups,

C3-C/0 (or alternatively, C3-05) cycloalkyl groups, CS'C:%éi(/gszons/osnms
WO 24 e/??]lai]a%/ely, C5-C14, or Cs-C-10, or Cr C 10) substituted an T

unsubstitmed aryl groups, C5-C14 (or alternatively, C6-C14, or C5-Cio, or
C6-C10) substituted and unsubstituted heteroaryl groups, and groups that
can be hydrolyzed in living bodies. In one embodiment, R. is selected from
the group consisting of C1-05 (or alternatively, C1-C3) substituted and
wAststistade slkyitiroUpsmplary cyglefbrhaioagpeeliR2yglgsreted from
the group consisting of unsubstituted amino groulo and amino groups
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n still another as ' - ISt f
l:}ﬁ}"ggmal, aé&{ﬂ% P?e%éf?gnj)%?%%ﬁ ’ gtgtgﬁ ,thgeggﬁH}H,%?ﬁ}gla %%@Ocmngé

rogen, {or alterna 1-C3) substituted a stitut

allvhigierS 3 CLAaL RIIGHBIVE Y. hediDB)q¥sinalkyh arours, C1-05 (or
alternatively, C1-C3) substituted and unsubstituted alkoxy groups, C5-C14
(or alternatively, C6-C14, or C5-C30, or C6-C10) substituted and

unsubstitutg M1 GEQL BS. thrr M1 (Q alSINALIHR et -fa orRhife 5-C 10, or
C6-C10) substituted and unsubstituted heteroaryl groups, and Cs-C14 (or

altesbativahanC dBilet, divaleht A 0alorCeEd Ghisutstitttableanyl group has a
unsubstituted aryloxy groups. In one embodiment, R3 is selected from the
Brobpr ob psleint GRCERIT fi¢ar altd A sl OB eyboaIke Riatpse),
InP}/et another aspect, Xis selected from the group consisting of Cl, F, and

BH Rl FRPATASE AIRFS it Ex TP BT PR B Bntb SRR Pridgedgnes (e.g..

biphenyl). Unless otherwise speciﬁed, the aryl 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 results in a stable structure. Non-limiting examples of
aryl groups include phenyl, naphthyl, anthryl, phenanthryl, indanyl, indenyl, biphenyl,

and the like. It may be abbreviated 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

11



In a further aspect, Y is hydrogen. In still another aspect, Z comprises two
hydrogen atoms. In one embodiment, the fiuoroquinolone carboxylic acid

wo 20@%sy grmula la. PCT/US2008/050865

results in a stable structure. Non-limiting examples of heteroaryls include furanyl,
thienyl, pyrrolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl,
oxadiazolyl, triazolyl, tetrazolyl, thiadiazolyl, pyridinyl, pyridazinyl, pyrimidinyl,
pyrazinyl, triazinyl, indolizinyl, azaindolizinyl, indolyl, azaindolyl, diazaindolyl,
dihydroindolyl, dihydroazaindoyl, isoindolyl, azaisoindolyl, benzofuranyl,
furanopyridinyl, furanopyrimidinyl, furanopyrazinyl, furanopyridazinyl,
dihydrobenzofuranyl, dihydrofuranopyridinyl, dihydrofuranopyrimidinyl, benzothienyl,
thienopyridinyl, thienopyrimidinyl, thienopyrazinyl, thienopyridazinyl,
dihydrobenzothienyl, dihydrothienopyridinyl, dihydrothienopyrimidinyl, indazolyl,
azaindazolyl, diazaindazolyl, benzimidazolyl, imidazopyridinyl, benzthiazolyl,
thiazolopyridinyl, thiazolopyrimidinyl, benzoxazolyl, benzoxazinyl, benzoxazinonyl,
oxazolopyridinyl, oxazolopyrimidinyl, benzisoxazolyl, purinyl, chromanyl,
azachromanyl, quinolizinyl, quinolinyl, dihydroquinolinyl, tetrahydroquinolinyl,
isoquinolinyl, dihydroisoquinolinyl, tetrahydroisoquinolinyl, cinnolinyl, azacinnolinyl,
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.

12



tqH2 In one aspect, the present invention provides an improved
process of preparing fluoroquinolones having Formula I. The process
WO 2008 05)” es contacting a first compound having Formula “PW%J&&%%%%R
mpound having Formula 1l to produce a fluoroquinolone having
Formula I, wherein the first compound and the second compound are
represented by wherein RI, R2, R3, X, Y, and Z have the meanings as
disclosed above. In another aspect the first compound having
Formula Il, which is used in a process of the present invention as

incorporated in its entire
having Formula Il is prep

compound having Form

orthoformic}ftﬁ%ﬂg n aceti (

volume of the other feagents) at a terfnperature in the range from about
room tempexature toy‘about 200C (préferably, from about 100C to about

150 'V) for agime-ffom about 30 minutes to 24 hours to produce a
compound aving’;:zormula
R

wherein R' is selected from the group consisting of hydrogen, unsubstituted lower alkyl
groups, substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cs-Cyq aryl
groups, substituted Cs-Cp4 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-Caq aryl groups, unsubstituted
Cs-Cy4 heteroaryl groups, substituted Cs-Ca4 heteroaryl groups, unsubstituted Cs-Coy
aryloxy groups, substituted Cs-Ca4 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; and Z is selected from the group consisting of

oxygen and two hydrogen atoms.
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XI; 0) treating the compound having Formula XI with an equimolar or
excess amount of an amine having a formula of N112R3 in a solvent

WO ngp{jlgpg an alcohol (preferably, ethanol or propanol), fQ}’fR@Y@ﬁ/&%(;s

compound having Formula )d to a compound having Formula XII; (e)
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

temperatfeHi Tﬁ@?‘al%gésﬁ%?ﬁt%%_?ﬂ]é‘& FPEREURSBEBST bb’?é‘fé?&’ogy,_cﬁom
B Tt R S B v Sy A W
ARMARKALS hayjRg RAMHASS, &LANbXIkAESRIGNE,REION.C,-C 1o, or C-
C10) substituted and unsubstituted aryl groups, Cs-Cys (or alternatively, Cg-Cis, ot Cs-Cio,
or Cg-Cyo) substituted and unsubstituted heteroary! groups, and groups that can be

hydrolyzed in living bodies. In one embodiment, R' is selected from the group

consisting of C1-Cs (or alternatively, C;-C3) substituted and unsubstituted alkyl groups.

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

Cs) 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-Cg (or
alternatively, Ci-Cs) cycloalkyl groups, Ci-Cs (or alternatively, C;-Ca) substituted and
unsubstituted alkoxy groups, Cs-C4 (or alternatively, Cg-C4, or Cs-Cjg, or C¢-Cyg)
substituted and unsubstituted aryl groups, Cs-Ci4 (or alternatively, Ce-Ci4, or Cs-Cyy, or
C¢-C o) substituted and unsubstituted heteroaryl groups, and Cs-C,4 (or alternatively, Cq-
C 4, or Cs-Cjg, or C¢-C o) substituted and unsubstituted aryloxy groups. In one
embodiment, R’ is selected from the group consisting of C3-Cyo (or alternatively, C3-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.

14



wherein R7 is unsubstituted lower alkyl groups, substituted lower alkyl
groups, unsubstituted C5-C24 aryl groups (or alternatively, C5-C14, or
WO 2 §7&}%20r Cs-Cio), cycloalkyl groups, substituted CS-Q;éﬁﬁgzgggy@gb@r
alternatively, C5-C14, or C5-C10, or C.6-C10), unsubstituted C5-C24
heteroaryl groups (or alternatively, C5-C14, or C5-Cio, or C6-00), and
substituted C5-C24 heteroaryl groups (or alternatively, C5-C14, or
C5-C10, Or C4-C10); and 000 In another aspect, the second
compound having Formula 1l can be prepared by cyclization of various
amino ackiis: Bk REpAPISS SAYEFP 88 P SHEE ARG THEPES i PP EA T Be
prepared according to the methods disclosed in D.W. Adamson, .1. Chem.
hafes #Y1943); 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 incor orateg ?ﬁrein b rfaferenge. ,%\Iternéa}tlivelyﬁ, vari ys
azepines]I’i‘a(\ﬂ?@"g)g B S A O B B repars A Acedraing 1o thé:
methods disclosed in H. Chong et al., J Chain. Soc., Perkin Trans., Vol. 1,
2080-86 (2002); J. Barluenga, Pure Appl. Chant, Vol. 74, No. 8, 1317-25
(2002); and T. Naito et al. (availahje at htt.;
Avww.chic.ae.uklectodechet96Mapers/054/index.htm. Electronic

¢ une~24 to July 22, 1996, visited

late starting materials. The

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'

‘ (i
cl N
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In one embodiment of the present invention, a fluoroquinolone having
Formula I is prepared as follows. One mole of the compound having

wo ZofdMa,!l is reacted with about | -5 moles of the compoyRe-dYidglsoses
Formula Ill 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, chloyotorm;gther, or the like, to obtain a crude product. The
crude product is gurified, for example, by silica gel coléithn
chromatography stallization to obtain the fluoroquinolone
having Formula I. ¢ In another embodiment of the present invention,
a fluoroquinolone’having fFormula IV is prepared as follows. One mole of
the compound having Formula llls reacted with about 1-5 moles of the
compound having Formula V in a solvent such as acetonitrile,
dimethylsulfoxidc, or the like, at a temperature in the range from about

PSR Seriure th ALOATE0E RSPERHE HE AR from about 10

minutes to about 7 days to produce a compound having Formula VI. An
amount of an acid or base (depending on whether the clegvage of the

protecting GrEUINE AEe: O BE RIS COER LR S BT P
ARELL 2RI RATMAIS A DG CATRMACL X BOJ QR R Yorifrd0ed o

reaction mixture to allow for the splitting of the protecting group R6

fremdie aselaeted ABiRRdYRRERURGR ARsIRMbRdIMERtoalantisich is
reaction, a base is added to the reaction mixture to convert free HF and
mbérpecigsdm teintbatisbiresettimg. pibis:abpld, T firkichrarenndistvad; for
example at room temperature, from the mixture to produce a crude
Brodulet!I TherareibDy o BIGe eSS OUMAER £T6p esasinsle cpyRiHes kyairoligrla
chromatography or by recrystallization o obtain, the fluoroquinglone

RV EOHATTOT o0 TG L HBSUEREthe Eoact I RO (L t

9ERSIAl fonm “e'{"%é/ has RRUFUAL FOraManNla: 1 RIS LAMRONHGARL From
By the Yo

prepare e Tollowing reaction.
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; (¢) 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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wo 28%86?%7 aving skill in the art of organic synthesis. For examp

The nitrophenylalkylidene protecting group is disclosed in the above
scheme only for illustrative purposes. Other protecting groups can be
used in [Z)Iace of the nitrophenylalkylidene group, as can pg’lﬁﬁ?%%ﬁﬂﬁgy

e, another
commonly used protecting group for the amine moiety is the
t-butoxycarbonyl (-1-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
(rEraRse STORBILE AN B e &0/ 8P By 2 AR R RIPERIR 5180 COMBAYEE BtéPeas
amm?niff\, iperidine, Qr mog}p Iine1 XIIn sdti nother as c?ct, a
fronea oﬁﬁré%rﬁ%uélé’ H PG TRIGR & BBy A RATAY Ebrmula ia
comprises: (a) contacting a compound having Formula Ha with a
compound having Formula Vfia at a temperature in the range from about
room temperature to about 100 ( for a tifne from about 10 minutes to
about 7 days, to ing Formula Via

Ci

o) o) o) 0
F F
OR1 OR1
(X1
d
an cl
cl cl OR’ cl R0
X X

wherein R’ is unsubstituted lower alkyl groups, substituted lower alkyl groups,
unsubstituted C;-Cy4 aryl groups (or alternatively, Cs-Ci4, or Cs-Cyg, or Cs-Cig),
cycloalkyl groups, substituted Cs-Cp4 aryl groups (or alternatively, Cs-Ci4, or Cs-Cyg, OF
Cs-C10), unsubstituted Cs-Cyq heteroaryl groups (or alternatively, Cs-Cj4, or Cs-Cyp, or

Ce-C1o), and substituted Cs-Cy4 heteroaryl groups (or alternatively, Cs-Cy4, or Cs-Cyg, o1

CG-CIO); and
0 0 o) 0
F F
OR' OR?
and a (Xtt)
al (0] NHR® ci ROHN
X X
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(b) contacting the compound having Formula Via with an amount of HO
equal to about 0.1 to about 5 moles per mole of the compound having
wo 26RpHa Vila at a temperature in the range from about rqeR/{RMEEAIKE
to about 100 C, in a presence of methanol, to produce the
fluoroquinolone carboxylic acid having Formula la; and (c) recovering the
fluoroquinolone carboxylic acid having Formula la. In yet another
aspect, the crude product can comprise a mixture of enantiomers of the
compound having Formula | or e(pantiomeé% of th; con]g?ﬁmd havin

Formula K7 2BHResh a3 B0 SRR R & et S A T B R BB AL

@gé%!%al{'oxvsft%mnamﬁoomsg; Fherefors.angihesAsnast RM;&; Pigsent

mvention comprises the separation of one of the enantiomers of a crude
IRreguet Ry arRshing:aih dissabvingntiie Grdde-praadyot wWithnatey, andhy. Soc.,
recovering such an enantiomer from the aqueous phase. Therefore,
pn3anbiner Aspditgefattieprésemsinvetiofl 9asprockls SfvprepatinB:én
enantiomer of a fluoroquinolone having Formula 1 comprises: (a) _
Cloattingadisst doMppruit HAVHE Porthena Aistitie s $6dBrPessp deise:
having Formula 1l to produce a cr,udehenantiome[ig mix ure co prisingr g
istcirers SFRRE Lo 8GOS &S gﬁaﬁﬁﬁgr—ggrlreﬁﬁIaQWBgarec%%?erlerPgre e
cdEnRalomEa RIE EhERNAGInaing enide ehaniomerie mixe

a
thus recovered with water to produce an aqueous solution: and (d)

respvesdaenantnmenet tha-flugpnauinelons. hayving &aqomuls (foom); the
agueous solution. In one embodiment, the step of contacting the crude
VLS I | Y10 1805 (50 1L BYS Y B4 M GC EATNINE
from about room temperature to about 80 C, or from about room
Kasipraiatoealesatsoun Bocroc ksl {opmiseim hodidtear whie stey o dtinheting
the crude enantiomeric mixture with water is carried out at about room
RO 00 S SO ARG BUE S Shock 6T PRt Qone

nantiome flu roqymg e having;Fermula Iy, comprises: (a)
ezc??té‘%%rr?é% irst %%%%Bounél %%v?ng For}nu{a IT Witﬁ“a third compound
having Formula V to produce a fourth compound

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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having Formula VI; (b) contacting the fourth compound with a catalyst
capable of assisting a cleavage of a protecting group from the R5 group,
WO 2@8%%9%% .a crude ena_ntiomeric mixture of quorQqui.noIq;&?JgMgggsﬁsﬁs
ormula IV; (c) recovering the crude enantiomeric mixture; (c) contacting
the crude enantiome 'c mixture thus recovered with water to produce an
agueous solution; and (d) recover the enantiomer of the fluoroquinolone
having Formula IV from the aqueous solution; wherein X has the meaning
disclosed above. In one embodiment, the step of contacting the crude
enantiomBr iR GRPORTHRERE S REEHL N YA & (A PR e Phge
from about room t%‘e;%ns[% ature to ab?yg ptge%bor fro aboULF%oo

hemparat i & te 4B W5 i )0

ou vin allis .
T another emboadiment, the étep o?contactlng
eSS SNAPTAMEHS USRS TS IEArkiRg ouE ALARGULIGPL
temperature. In a further aspect, the present invention provides a
REQsEssSeRseRainex i e nRlpRes ARG fedfithd fahgd RO EBEESDOmM
comprises: (a) contacting a compound having Formula XIII with a
tempypouadodving Mdthfuta Himpipfochaoge drewriyou he thiaviagiEahentla
XIV; and (b) halogenating the compound having Formula XIV with a
deatcg errsiing AgECI HPaTNEE BB Fo e ABBIE STRAGHE EbAsTula I;
wherein R1 is S%\I?ec{ed from th?tgrou consistir\lx?.of hxdro en

(RS R PSP Bt R S BB e IO et Ay I g Pt S B iy

QUR %f&ﬂ{‘%&?ﬂtk' 1§ qbglﬁ'g%él%r %Q:%Wéf fisle) pﬁﬂ%‘iﬁﬁ A2 Ao A A V, is

groups, unsubstituted C5-024 heteroaryl groups, substituted Cs C24
hetareand grauRsm aRd awARs thatican hedayitelmeddndivingpadiesnR 2
is selected from the group consisting of hydrogen, unsubstituted amino
yEquieend aaritin eNROppss Ubstitutetwitheoh efor tortowion i roufsisd
R3 is selected from the group consisting of hydrogen, unsubstituted lower
tal iyl i§retigTsmEt ISR teR FaUEse ARG radirs by e Bsikst Groeyding pH is
unsubstituted lower zzl;< Xy groups, substtituted lowe aIk&X)éngxrt%u&s,
Theuti Dt 8385 =§%?|/"'§P8&’ S OB R L CRR AN T Groups.©
unsubstituted CH- e rot SH - oaryl
B e e oy
SRR HASMESIIHE 6 G 16y e LREaaR DN GH AtDSu SURSHIdRE Haling 24
heteroaryloxy groups, and groups that can be hydrolyzed in living bodies;
Kisasiasted from the group consisting of halogen atoms; Y is selected
from the group consisting of 011, 0, S, SO, SO2, and NR4, wherein R4 is
selected from the group consisting of hydrogen, unsubstituted lower alkyl
groups, stibstittmblodiwentAlke/banpops) mvihg getesdkomroapsharmhdaglar
selected from the group consisting of oxygen and two hydrogen atoms.
Fererdar¥iBounds having Formulae XIlI, 11, and XIV are shown below.

(Vi)

NO,
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In one embodiment, a process for preparing a fluoroquinolone carboxylic
acid having Formula la comprises: (a) contacting a compound having
wo 2hRfHa XV with a compound having Formula Vila at a tegpgsatenesizdhe
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; (c) contacting
the compqund havin dForrpul%XVI& Wit&@a&&n\wuqt oft.HCI equal to about
0.1 to about B Males pé?“m&% of the c\,/ompound \?ﬁ%d(f—lbrmula Vita at a
temperature in the range from about room temperature to about 100 C, in
a presence of methanol, to produce the fluoroquinglone carboxylic acid
haying Formulahla; and (d) recovering the fIL'J;g’m/q?J‘ijﬁ»l@ne carboxylic acid

having Formula la. e compounds having Formulae\XV, Vila. XVI, and

)?Lu/azgshown beldw. 02N
NH
b

NO,
(VI )

(Vi)

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

cleaved by an anhydrous base catalyst, such as ammonia, piperidine, or morpholine.

In still another aspect, a process for preparing a fluoroquinolone carboxylic
acid having Formula Ia cbmprises: (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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WO 2008/091752 PCT/US2008/050865
(0] (0]
F
OH
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NH
S (Viia)
NO,
O o]
F
‘ OH
| |
3
X R (Via)
P
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 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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In one embodiment, the chlorinating agent is selected from the group
consisting of sulfuryl chloride, chlorine. N-ehlorosuccinic acid imide, and

wo 2Higdikes4n a suitable solvent, such as chloroform, dichloigmgibaegeaeetic
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 liqguid medium, it may be
preferred to employ a temperature lower than he boiling point of the

SUENO Ok Aba A inules In Ao AB houts,., 1, opInyeLanather,
%spect, tﬁe present invention provides a fluoroquinoione ving T’—%ﬁnu‘ia I,

ﬁnngnggg@mwi@gmggw@g@@{g,}ggqgess _disclosed herein. In some
embodiments, a process of the present invention has advantages over the

process disclosed in U.S. Patents 5,385,900 and 5,447,926 in that such a

process issimpiiaidgeasmotaayitadhedashaignof HinuRatents
5,385,900 and 5,447,926 for the attachment of a halogen atom to the

pesiiiened ontlibeddgrmpolinghpavingkoomasidmeanst thé cbRifostehaving
requires the use of an excess amount of a halogenating agent such as
Epfairal 10h iwvibe cashioan&e bfamiridhd soinbofiers ineftdd whiorobibtzinivaoid
im de, Nbromosuccinic acid imide, ar the like, The use of such

hage Abeh g TRGES: BLhw AR thb e pHARE g frawTiistdiation of

recauionay neasuies n e mAnMaCna pocess, wiichwoud,,
Increase the complexity and cost of the manufacture.

crude product with water, and recovering such an enantiomer from the aqueous 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 II with a second compound having Formula III to produce a
crude enantiomeric mixture comprising enantiomers of the fluoroquinolone having
Formula I; (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 I'V 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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Alternatively, in some other embodiment, a process of the present
invention has advantages over the process disclosed in U.S. Patents
WO 2?(%}?/? ,%90 and. 5,447,926 becayse a process of the presge&jﬁg%%gbsﬁ
effects a reaction on the material having Formula X1TI, 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, la,

Tiing Hrenptenl Shtrentcimhsdents sppparadaita foplsermaalierhgainst

the survival of Gr@m-lpositjve bact%ria, %:hu as Ba(t:illus ubtilus,d
&SP fodGRASE A BRI EREIRIIBITER & chilioRiL BRFESE (e

SHERIQGOCEY %C&PHM&%IM&%@%WM@H@iq%ﬁééz;@mﬁsge@@%e

acteria, such as Escherichia colt, Samonella typhi, Shigella flexneri,

Bsaudomonasaeruginnsadkicisicladenaumontas, MseleusskattseRioteus
rettgeri, and Serratia marcesscens; and a metricillin-resistant strain of

@ire ptaerodcusaeqecsisSaetion; AddS dPatentstbc3861900candlths447,926;
which are incorporated herein by reference in their entirety. A
frrsperinmens Havasnieandd Dr&ioar i BIRSRF MBI tisEsgsEd#idhéin can
be formulated jnto ana%ntimicr%bciial com ositior}forttogica, oral, systemic,
BEUAE SRRy ABR LIRS R KR ShTSBERTE BSfibEes a
JRAMIIANG LAMRGHAA AU SHEIPIPREABAIRTAIEIRL IABm abou
administration, as can be determined by a person having skill in the art of
RbArMasawtical fasnuledian fpnihe Applicatiormpisalasesabave. o
example, various excipients known in the art can be used to foiniulate a
solitormisubpensibn seispbreicuiingriimenticgahntapsulemortdatiath Aater is
fluoroquinolone compound prepared by any method disclosed herein is
paritid grAy Bkt RTEPHeBiisent, 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. InTandisthticdnsréribesuessnd RtierbejumRTsse IPTRstRIRItBE AT SN

ophthalmic solutign, ointment, suspension, dispersion, or gel. Whjle
RS M5 Y OBy S RO SR ST 155 B SRERHBE & TS BT e

foredqing, it willibe appregialad v oseskillesin thesar tb@c}nm@&ge

eguivalents, modifications substitutions and variations may be made

thersteonihevtide Rainmhilepardie Spisit b seORS RE PG HINE IV RAR a
defined in the appended claims.

halogenating agent to produce the fluoroquinolones having Formula I; wherein R'is
selected from the group consisting of hydrogen, unsubstituted lower alky! groups,
substituted lower alkyl groups, cycloalkyl groups, unsubstituted Cs-C,4 aryl groups,
substituted Cs-Caq aryl groups, unsubstituted Cs-Ca4 heteroaryl 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,
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WHAT IS CLAIMED TS: 1.A process of preparing a fluoroquinolone
enantiomer having Formula TV or salts thereof, the method comprising:

wo 2kR3GRmMacting a first compound having Formula Il with a thirg e@mpRaLds
haying Formula V to produce a fourth compound haying Formula VT,

wherein the fluoroquinolone having Formula IV, the first compound, the
third compound, and the fourth compound are represented by
unsubstituted Cs-Caq aryl groups, substituted Cs-Ca4 aryl groups, unsubstituted Cs-Coyg
heteroaryl groups, substituted Cs-Ca4 heteroaryl groups, unsubstituted Cs-Caq aryloxy
groups, substituted Cs-Cy4 aryloxy groups, unsubstituted Cs-Cy4 heteroaryloxy groups,
substituted Cs-Ca4 heteroaryloxy groups, and groups that can be hydrolyzed in living
bodies; X is selected from the group consisting of halogen atoms; Y is selected from the
group consisting of CHy, O, S, SO, SO, and NR*, wherein R* is selected from the group
consisting of hydrogen, unsubstituted lower alkyl groups, substituted lower alkyl groups,
and cycloalkyl groups; and Z is selected from the group consisting of oxygen and two

hydrogen atoms. The compounds having Formulae X111, III, and XIV are shown below.

OR!
XH)

(1)

OR!

(XIV)
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MC S L. L.P wherein R1 is selected from the group consisting of
hydrogen, unsubstituted lower alkyl groups, substituted lower alkyl groups,

WO zga/sgégﬂgl groups, unsubstituted C5-C24 aryl groups, su@,&t}t){@&/%&%

aryl groups, unsubstituted C5-C24 heteroaryl groups, substituted C5-C24
heteroaryl groups, and groups that can be hydrolyzed in living bodies; R3
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,

unsubstitdehCEERIMsAH HPEHS St pEprites dc s iBpiAg ey lic
unsubstituted C5-C24 heteroaryl groups, substituted C5-C24 heteroar,
TS EASTE A ELEE o ) b PR SBLENT e etz iy
%E&%E&un Sa%'%’xggﬁ'%%%%%ﬁ%‘#ah@ QAVIONY Y %@%&%&4@3&5%&&5'024

eteroaryloxy groups and groups that can be hydrolyzed in living bodies;

ZipsRlecedisam dheraunsrnsisting, of Nalagassatams Y daysht2; Z is
selected from the group consisting of oxygen and two hydrogen atoms;

@aduR5S: compriad havippdiecteth Ain (G pebloprgvinteacdonmutd bh-hR6,
wherein R6 comprises a protecting group that is capable of leaving the
Proatted/ LWt g}pbmga_qng g2eahtp produce the fluoroquinolones having Formula

XVII; (c) contacting the compound having Formula XVII with an amount of HCl 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.

(XV)

NH

(Vila)

O,N
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MCSLLP (b)contacting the fourth compound with a sufficient amount of a
catalyst and at a condition sufficient to effect a cleavage of the protecting
wo 2808 RS from the - NR6 group, to produce a fiuoroquinelonedanssngosss
Formula IV; wherein the orientation of R2 is preserved throughout the
process. 2. The process of claim 1, wherein Rl is selected from the group
consisting of hydrogen, C1-05 substituted and unsubstituted alkyl groups,
C3-Cto cycloalkyl groups, C6-C14 substituted and unsubstituted aryl
groups, C6-C14 substituted an%unsubstituted heteroaryl groups, and
groups that can be hydrolyzed i living Bodies; R3 is selected from the
group consisting.of hydxegen, €1-Q5 substituted and unsubstituted alkyl
groups, C3-C10c ¢li-Cs SUbstituted and unsubstituted
alkoxy groups, C5 !
substituted.and eteroaryl groups, and C5-C14gypstituted

and un ; R6 is selected from the group
consisting of nitrpphenylalkylidene, t-Roe, and Fmoe; and X is selected
from t and Br.
e
O,N
O 0
F I OH
N N (XVII)
cl l
e
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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3. The process of claim |, wherein Rl is selected from the group consisting
of hydrogen, C1-05 substituted and unsubstituted alkyl groups and groups

WO -ihgthsan,be hydrolyzed in living bodies; .R3 is selected frapyfHe,EORs6s
consisting of C3-C10 eyeloalkyl groups; R6 comprises a

nitrophenylalkylidene group; X is selected from the group consisting of Cl
and F; Y comprises Cl12; and Z comprises two hydrogen atoms. 4. The
process of claim 1, wherein the catalyst is selected from the group
consisting of acids and bases. MC S LLP The process of claim 3,
mpgdareint theydte prefboehtactimipisacarmse TR ar er Eppks Aaivag RAa M g
from about room temperature to about 100 C. 6. The process of claim 3,

SRR ErRiFPTAR BRI PUP R A BRI iRA R .
In yet another aspect, the present invention provides a fluoroquinolone

having Formula I, Ia, or IV prepared by any appropriate process disclosed herein.

In some embodiments, a process of the present invention has advantages
over the process disclosed in U.S. Patents 5,385,900 and 5,447,926 in that such a process
is simpler and does 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 1,
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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7. The process of claim 1, wherein the process further comprises
recovering the enantiomer by recrystallization. 8. A process for preparing

—_— %Jg%gli?%umolone carboxylic acid enantiomer ha FormulaplarafsaliSososss
ereof, the process comprising: (a)contacting a compound having

Formula Tta 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 Vla,
wherein the fluoroquinglone having Formula Ta and the compounds

éﬁé”hvdoﬁ‘&fr‘i’f‘fu‘fﬁéiﬁfg’\/‘lgéf"%{ﬁ‘a i | SPETBprELEtacry and Micrococcus

lysodeikticus; Gram-negative bacteria, such as Escherichia coli, Samonella typhi,
Shigella flexneri, Pseudomonas aeruginosa, Kleisiela pneumonias, Proteus vulgaris,
Proteus rettgeri, and Serratia marcesscens; and a metricillin-resistant strain of
Streptococcus aureus. See; e.g., U.S. Patents 5,385,900 and 5,447,926; which are

incorporated herein by reference in their entirety.

A fluoroquinolone compound prepared by any method disclosed herein can
be formulated into an antimicrobial composition for topical, oral, systemic, ocular, or
intraocular administration. Such a composition comprises a fluoroquinolone compound
and an excipient appropriate for the administration, as can be determined by a person
having skill in the art of pharmaceutical formulation for the applications disclosed above.
For example, various excipients known in the art can be used to formulate a solution,
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 nto 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.

28



(b) contacting the compound having Formula Vla with an amount of IIC1
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 thoroquinglofigh.?
carboxylic acid having Formula la; and (c) recovering the fluoroquinolone
carboxylic acid enantiomer having Formula la; wherein the orientation of

Wwihe andne Lewr:is presented throughout the process. 9.The process of
claim 8, wherein the step of recovering the fluoroquinolone carboxylic acid

enantiomer is carried out by reerystallization.

1. A process of preparing a fluoroquinolone enantiomer having Formula IV or salts

thereof, the method comprising:

(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
fluoroquinolone having Formula IV, the first compound, the third compound, and

the fourth compound are represented by

0 0
F
OR?
l (V)

N

|

X R3
0 O
F
‘ OR!
Cl T (h
X R3
V)
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MCSLLP

0] (0]
F
Y M RO

z 7’25

wherein R’ is selected from the group consisting of hydrogen, unsubstituted
lower alkyl groups, substituted lower alkyl groups, cycloalkyl groups,
unsubstituted Cs-Cyq aryl groups, substituted Cs-Cay4 aryl groups, unsubstituted
Cs-Cyq heteroaryl groups, substituted Cs-Cyy 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-Cypq aryl groups, substituted Cs-Cy4 aryl groups,
unsubstituted Cs-Cy4 heteroaryl groups, substituted Cs-Cy4 heteroaryl groups,
unsubstituted Cs-Cy4 aryloxy groups, substituted Cs-Cy4 aryloxy groups,
unsubstituted Cs-Cyq heteroaryloxy groups, substituted Cs-Caq heteroaryloxy
groups, and groups that can be hydrolyzed in living bodies; X is selected from the
group consisting of halogen atoms; Y is CHy; Z is selected from the group
consisting of oxygen and two hydrogen atoms; and R’ comprises a protected
amino group having a formula of ~NR®, wherein R® comprises a protecting group

that is capable of leaving the protected amino group ~NRS; and
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MCSLLP

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

NR® group, to produce a fluoroquinolone having Formula IV;

wherein the orientation of R, is preserved throughout the process.

2. The process of claim 1, wherein R' is selected from the group consisting of
hydrogen, C;-Cs substituted and unsubstituted alkyl groups, C;-Co cycloalkyl groups,
C-C4 substituted and unsubstituted aryl groups, Cs-C14 substituted and unsubstituted
heteroaryl groups, and groups that can be hydrolyzed in living bodies; R? is selected
from the group consisting of hydrogen, C;-Cs substituted and unsubstituted alkyl groups,
C;-Cyp cycloalkyl groups, C;-Cs substituted and unsubstituted alkoxy groups, Cs-Cyy
substituted and unsubstituted aryl groups, Cs-Cy4 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.

3. The process of claim 1, wherein R! is selected from the group consisting of
hydrogen, C;-Cs substituted and unsubstituted alkyl groups and groups that can be
hydrolyzed in living bodies; R is selected from the group consisting of C3-Cig
cycloalkyl groups; R® comprises a nitrophenylalkylidene group; X is selected from the

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

4, The process of claim 1, wherein the catalyst is selected from the group consisting

of acids and bases.
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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 3, wherein the catalyst is hydrochloric acid.

7. The process of claim 1, wherein the process further comprises recovering the

enantiomer by recrystallization.

8. A process for preparing a fluoroquinolone carboxylic acid enantiomer having

Formula Ia or salts thereof, the process comprising:

(a) contacting a compound having Formula I1a 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, wherein the fluoroquinolone having Formula Ia and the

compounds having Formulae Ila, Vla, and Vlla are represented by
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0] 0]
F
l OH
\ (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
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 enantiomer having

Formula Ia;

wherein the orientation of the amino group is presented throughout the process.

9. The process of claim 8, wherein the step of recovering the fluoroquinolone

carboxylic acid enantiomer is carried out by recrystallization.
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