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invention also relates to methods for decreasing bacterial 
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GYRASE INHIBITORS AND USES THEREOF 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims priority to US. Provisional Patent 
Application No. 60/256,094 ?led Dec. 15, 2000 and US. 
Provisional Patent Application No. 60/275,292 ?led Mar. 
13, 2001, the contents of which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

This invention is in the ?eld of medicinal chemistry and 
relates to compounds, and pharmaceutical compositions 
thereof, that inhibit bacterial gyrases. The compounds are 
useful as inhibitors of bacterial gyrase activity. The present 
invention also relates to methods for treating bacterial 
infections in mammals. The present invention also relates to 
methods for decreasing bacterial quantity in a biological 
sample. 

BACKGROUND OF THE INVENTION 

Bacterial resistance to antibiotics has long been 
recognized, and it is today considered to be a serious 
worldwide health problem. As a result of resistance, some 
bacterial infections are either dif?cult to treat with antibiot 
ics or even untreatable. This problem has become especially 
serious with the recent development of multiple drug resis 
tance in certain strains of bacteria, such as Streptococcus 
pneumoniae (SP), Mycobacterium tuberculosis, and Entero 
coccus. The appearance of vancomycin resistant enterococ 
cus was particularly alarming because vancomycin was 
formerly the only effective antibiotic for treating this 
infection, and had been considered for many infections to be 
the drug of “last resort”. While many other drug-resistant 
bacteria do not cause life-threatening disease, such as 
enterococci, there is the fear that the genes which induce 
resistance might spread to more deadly organisms such as 
Staphylococcus aureus, where methicillin resistance is 
already prevalent (De Clerq, et al., Current Opinion in 
Anti-infective Investigational Drugs, 1999, 1, 1; Levy, “The 
Challenge of Antibiotic Resistance”, Scienti?c American, 
March, 1998). 

Another concern is how quickly antibiotic resistance can 
spread. For example, until the 1960’s SP was universally 
sensitive to penicillin, and in 1987 only 0.02% of the SP 
strains in the US. were resistant. However, by 1995 it was 
reported that SP resistance to penicillin was about seven 
percent and as high as 30% in some parts of the US. (Lewis, 
FDA Consumer magazine (September, 1995); Gershman in 
The Medical Reporter, 1997). 

Hospitals, in particular, serve as centers for the formation 
and transmission of drug-resistant organisms. Infections 
occurring in hospitals, known as nosocomial infections, are 
becoming an increasingly serious problem. Of the two 
million Americans infected in hospitals each year, more than 
half of these infections resist at least one antibiotic. The 
Center for Disease Control reported that in 1992, over 
13,000 hospital patients died of bacterial infections that 
were resistant to antibiotic treatment (Lewis, “The Rise of 
Antibiotic-Resistant Infections”, FDA Consumer magazine, 
September 1995). 
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2 
As a result of the need to combat drug-resistant bacteria 

and the increasing failure of the available drugs, there has 
been a resurgent interest in discovering new antibiotics. One 
attractive strategy for developing new antibiotics is to inhibit 
DNA gyrase, a bacterial enzyme necessary for DNA 
replication, and therefore, necessary for bacterial cell growth 
and division. Gyrase activity is also associated with events 
in DNA transcription, repair and recombination. 

Gyrase is one of the topoisomerases, a group of enzymes 
which catalyze the interconversion of topological isomers of 
DNA (see generally, Kornberg and Baker, DNA Replication, 
2d Ed., Chapter 12, 1992, W. H. Freeman and Co.; Drlica, 
Molecular Microbiology, 1992, 6, 425; Drlica and Zhao, 
Microbiology and Molecular Biology Reviews, 1997, 61, 
377). Gyrase itself controls DNA supercoiling and relieves 
topological stress that occurs when the DNA strands of a 
parental duplex are untwisted during the replication process. 
Gyrase also catalyzes the conversion of relaxed, closed 
circular duplex DNA to a negatively superhelical form 
which is more favorable for recombination. The mechanism 
of the supercoiling reaction involves the wrapping of gyrase 
around a region of the DNA, double strand breaking in that 
region, passing a second region of the DNA through the 
break, and rejoining the broken strands. Such a cleavage 
mechanism is characteristic of a type II topoisomerase. The 
supercoiling reaction is driven by the binding of ATP to 
gyrase. The ATP is then hydrolyzed during the reaction. This 
ATP binding and subsequent hydrolysis cause conforma 
tional changes in the DNA-bound gyrase that are necessary 
for its activity. It has also been found that the level of DNA 
supercoiling (or relaxation) is dependent on the ATP/ADP 
ratio. In the absence of ATP, gyrase is only capable of 
relaxing supercoiled DNA. 

Bacterial DNA gyrase is a 400 kilodalton protein tetramer 
consisting of two A (GyrA) and two B subunits (GyrB). 
Binding and cleavage of the DNA is associated with GyrA, 
whereas ATP is bound and hydrolyzed by the GyrB protein. 
GyrB consists of an amino-terminal domain which has the 
ATPase activity, and a carboxy-terminal domain which 
interacts with GyrA and DNA. By contrast, eukaryotic type 
II topoisomerases are homodimers that can relax negative 
and positive supercoils, but cannot introduce negative super 
coils. Ideally, an antibiotic based on the inhibition of bac 
terial DNA gyrase would be selective for this enzyme and be 
relatively inactive against the eukaryotic type II topoi 
somerases. 

The widely-used quinolone antibiotics inhibit bacterial 
DNA gyrase. Examples of the quinolones include the early 
compounds such as nalidixic acid and oxolinic acid, as well 
as the later, more potent ?uoroquinolones such as 
nor?oxacin, cipro?oxacin, and trova?oxacin. These com 
pounds bind to GyrA and stabilize the cleaved complex, thus 
inhibiting overall gyrase function, leading to cell death. 
However, drug resistance has also been recognized as a 
problem for this class of compounds (WHO Report, “Use of 
Quinolones in Food Animals and Potential Impact on 
Human Health”, 1998). With the quinolones, as with other 
classes of antibiotics, bacteria exposed to earlier compounds 
often quickly develop cross-resistance to more potent com 
pounds in the same class. 

There are fewer known inhibitors that bind to GyrB. 
Examples include the coumarins, novobiocin and coumer 
mycin A1, cyclothialidine, cinodine, and clerocidin. The 
coumarins have been shown to bind to GyrB very tightly. 
For example, novobiocin makes a network of hydrogen 
bonds with the protein and several hydrophobic contacts. 
While novobiocin and ATP do appear to bind within the ATP 
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binding site, there is minimal overlap in the bound orienta 
tion of the two compounds. The overlapping portions are the 
sugar unit of novobiocin and the ATP adenine (Maxwell, 
Trends in Microbiology, 1997, 5, 102). 

For coumarin-resistant bacteria, the most prevalent point 
mutation is at a surface arginine residue that binds to the 
carbonyl of the coumarin ring (Arg136 in E. coli GyrB). 
While enZymes with this mutation show lower supercoiling 
and ATPase activity, they are also less sensitive to inhibition 
by coumarin drugs (Maxwell, Mol. Microbiol., 1993, 9, 
681). 

Despite being potent inhibitors of gyrase supercoiling, the 
coumarins have not been widely used as antibiotics. They 
are generally not suitable due to their low permeability in 
bacteria, eukaryotic toxicity, and poor water solubility 
(Maxwell, Trends in Microbiology, 1997, 5, 102). It would 
be desirable to have a new, effective GyrB inhibitor that 
overcomes these drawbacks and, preferably does not rely on 
binding to Arg136 for activity. Such an inhibitor would be an 
attractive antibiotic candidate, without a history of resis 
tance problems that plague other classes of antibiotics. 
As bacterial resistance to antibiotics has become an 

important public health problem, there is a continuing need 
to develop newer and more potent antibiotics. More 
particularly, there is a need for antibiotics that represent a 
new class of compounds not previously used to treat bac 
terial infection. Such compounds would be particularly 
useful in treating nosocomial infections in hospitals where 
the formation and transmission of resistant bacteria are 
becoming increasingly prevalent. 

DESCRIPTION OF THE INVENTION 

It has now been found that compounds of this invention 
and pharmaceutical compositions thereof are useful in treat 
ing bacterial infections. One embodiment of this invention 
relates to a method of treating a bacterial infection in a 
mammal in need thereof, comprising the step of adminis 
tering to said mammal a therapeutically effective amount of 
a compound of formula I: 

or a pharmaceutically acceptable derivative or prodrug 
thereof, wherein: 
Z is O or NiR4; 
W is nitrogen or CR“; 
R“ is selected from hydrogen, halogen, iCF3, R7, 
‘0R7, or iN(R7)2; 

R1 is an aryl or heteroaryl ring, wherein said ring is 
optionally substituted by up to four R9; wherein an R9 
substituent in the ortho-position of R1 taken together 
with R2 may form a fused, unsaturated or partially 
unsaturated, optionally substituted 5*8 membered ring 
having (%2 ring heteroatoms selected from nitrogen, 
oxygen, or sulfur; 
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4 
R2 and R3 are each independently selected from R6, 

halogen, CN, SR6, OR6, N(R6)2, NRCO2R6, NRCON 
(R6)2, CON(R6)2, NRCOR6, NRN(R6)2, COR6, 
CO2R6, COCOR6, SO2R6, SO2N(R6)2, or NRSO2R6; 
or R2 and R3 are taken together to form a fused, 
unsaturated or partially unsaturated, optionally substi 
tuted 5*8 membered ring containing 0*2 ring heteroa 
toms selected from nitrogen, oxygen, or sulfur; 

R4 is selected from R6, CON(R6), COR6, CO2R6, 
COCOR6, SO2R6, SO2N(R6)2, or (CH2)yR2; 

R5 is selected from R7, Ar, COAr, CON(R7)Ar, (CH2)y 
CO2R$ (CH2)yN(R7)2, C(=NRIO)*N(R7)Z, 
C(=NRlO)iNRCOR, C(=S)iN(R7)2, CON(R7)2, 
COR, SO2R, or SO2N(R7)2; 

Ar is a ?ve membered heteroaryl, heterocyclyl, or car 
bocyclyl ring, wherein said ring is optionally substi 
tuted by up to three substituents selected from oxo, 
halogen, CN, NO2, R8, ORS, NHRS, NHCORS, 
NHCONHRS, CORS, CONHRS, SO2R8, NHSO2NHR8 
or SOZNHRS; 

each R6 is independently selected from R7 or an option 
ally substituted group selected from alkoxy, 
hydroxylalkyl, heterocyclyl, heterocyclcylalkyl, aryl, 
aralkyl, aralkoxy, aryloxyalkyl, heteroaryl, 
heteroaralkyl, heteroaralkoxy, or heteroarayloxyalkyl; 

each R7 is independently selected from hydrogen or an 
optionally substituted aliphatic group having one to six 
carbons, or two R7 on the same nitrogen taken together 
with the nitrogen optionally form a four to six member, 
saturated or unsaturated heterocyclic ring having one to 
three heteroatoms; 

R8 is a C liC4 aliphatic group, wherein two R8 on adjacent 
positions of Ar, or an aryl or heteroaryl ring, may be 
taken together with their intervening atoms to form a 
three to six membered fused ring; 

each R9 is independently selected from oxo, halogen, CN, 
NO2, Tn(haloalkyl), R6, SR6, OR6, ORS, N(R6)2, CON 
(R6)2, CON(R)COR6, COR6, CO2R6, CO2N(R6)2, 
COCOR6, SO2R6, SO2N(R6)2, N(R)TnCO2R6, N(R) 
TnCON(R6)2, N(R)TnN(R6)2, N(R)TnNRCO2R6, N(R) 
TnNRCON(R6)2, N(R)TnCOR6, N(R)TnNRCOR6, 
N(R)TnSO2N(R6)2, N(R)TnSO2R6, TnPO(OR7)2, 
TnOPO(OR7)2, TnSP(OR7)2, TnPO(OR7)2, or TnNPO 
(OR7)2; 

each Q is an independently selected CFC3 branched or 
straight alkyl; 

T is selected from ‘Of or iQm4CH(QmiR2)i; 
each m and n are independently selected from Zero or one; 

and R10 is selected from R7 or Ar. 
As used herein, the following de?nitions shall apply 

unless otherwise indicated. In addition, unless otherwise 
indicated, functional group radicals are independently 
selected. 
The term “aliphatic” as used herein means straight-chain, 

branched or cyclic CFCl2 hydrocarbons which are com 
pletely saturated or which contain one or more units of 
unsaturation but which are not aromatic. For example, 
suitable aliphatic groups include substituted or unsubstituted 
linear, branched or cyclic alkyl, alkenyl, alkynyl groups and 
hybrids thereof such as (cycloalkyl)alkyl, (cycloalkenyl) 
alkyl or (cycloalkyl)alkenyl. The terms “alkyl”, “alkoxy”, 
“hydroxyalkyl”, “alkoxyalkyl”, and “alkoxycarbonyl”, used 
alone or as part of a larger moiety includes both straight and 
branched chains containing one to twelve carbon atoms. The 
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terms “alkenyl” and “alkynyl” used alone or as part of a 
larger moiety shall include both straight and branched chains 
containing tWo to tWelve carbon atoms. The term 
“cycloalkyl” used alone or as part of a larger moiety shall 
include cyclic C3£12 hydrocarbons Which are completely 
saturated or Which contain one or more units of unsaturation, 
but Which are not aromatic. 

The terms “haloalkyl”, “haloalkenyl” and “haloalkoxy” 
means alkyl, alkenyl or alkoxy, as the case may be, substi 
tuted With one or more halogen atoms. The term “halogen” 
means F, Cl, Br, or I. 

The term “heteroatom” means N, O, or S and includes any 
oxidiZed form of nitrogen and sulfur, and the quatemiZed 
form of any basic nitrogen. 

The term “carbocycle”, “carbocyclyl”, or “carbocyclic” 
as used herein means an aliphatic ring system having three 
to fourteen members. The term “carbocycle”, “carbocyclyl”, 
or “carbocyclic” Whether saturated or partially unsaturated, 
also refers to rings that are optionally substituted. The terms 
“carbocyclyl”or “carbocyclic” also include aliphatic rings 
that are fused to one or more aromatic or nonaromatic rings, 

such as in a decahydronaphthyl or tetrahydronaphthyl, 
Where the radical or point of attachment is on the aliphatic 
ring. 

The term “aryl” used alone or as part of a larger moiety 
as in “aralkyl”, “aralkoxy”, or “aryloxyalkyl”, refers to 
aromatic ring groups having ?ve to fourteen members, such 
as phenyl, benZyl, phenethyl, l-naphthyl, 2-naphthyl, 
l-anthracyl and 2-anthracyl. The term “aryl” also refers to 
rings that are optionally substituted. The term “aryl” may be 
used interchangeably With the term “aryl ring”. “Aryl” also 
includes fused polycyclic aromatic ring systems in Which an 
aromatic ring is fused to one or more rings. Examples 
include l-naphthyl, 2-naphthyl, l-anthracyl and 2-anthracyl. 
Also included Within the scope of the term “aryl”, as it is 
used herein, is a group in Which an aromatic ring is fused to 
one or more non-aromatic rings, such as in a indanyl, 
phenanthridinyl, or tetrahydronaphthyl, Where the radical or 
point of attachment is on the aromatic ring. 

The term “heterocycle”, “heterocyclyl”, or “heterocyclic” 
as used herein includes non-aromatic ring systems having 
?ve to fourteen members, preferably ?ve to ten, in Which 
one or more ring carbons, preferably one to four, are each 
replaced by a heteroatom such as N, O, or S. Examples of 
heterocyclic rings include 3-lH-benZimidaZol-2-one, 
(l-substituted)-2-oxo-benZimidaZol-3 -yl, 
2-tetrahydrofuranyl, 3-tetrahydrofuranyl, 
2-tetrahydrothiophenyl, 3-tetrahydrothiophenyl, 
2-morpholinyl, 3-morpholinyl, 4-morpholinyl, 
2-thiomorpholinyl, 3-thiomorpholinyl, 4-thiomorpholinyl, 
l-pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, l-piperaZinyl, 
2-piperaZinyl, l-piperidinyl, l-piperidinyl, 3-piperidinyl, 
4-piperidinyl, 4-thiaZolidinyl, diaZolonyl, N-substituted 
diaZolonyl, l-phthalimidinyl, benZoxanyl, 
benZopyrrolidinyl, benZopiperidinyl, benZoxolanyl, 
benZothiolanyl, and benZothianyl. Also included Within the 
scope of the term “heterocyclyl” or “heterocyclic”, as it is 
used herein, is a group in Which a non-aromatic heteroatom 
containing ring is fused to one or more aromatic or non 
aromatic rings, such as in an indolinyl, chromanyl, 
phenanthridinyl, or tetrahydroquinolinyl, Where the radical 
or point of attachment is on the non-aromatic heteroatom 
containing ring. The term “heterocycle”, “heterocyclyl”, or 
“heterocyclic” Whether saturated or partially unsaturated, 
also refers to rings that are optionally substituted. 

The term “heteroaryl”, used alone or as part of a larger 
moiety as in “heteroaralkyl” or “heteroarylalkoxy”, refers to 
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6 
heteroaromatic ring groups having ?ve to fourteen members. 
Examples of heteroaryl rings include 2-furanyl, 3-furanyl, 
3-furaZanyl, N-imidaZolyl, 2-imidaZolyl, 4-imidaZolyl, 
5-imidaZolyl, 3-isoxaZolyl, 4-isoxaZolyl, 5-isoxaZolyl, 
2-oxadiaZolyl, 5-oxadiaZolyl, 2-oxaZolyl, 4-oxaZolyl, 
5-oxaZolyl, l-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, l-pyraZolyl, 
3-pyraZolyl, 4-pyraZolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
2-pyrimidyl, 4-pyrimidyl, 5-pyrimidyl, 3-pyridaZinyl, 
2-thiaZolyl, 4-thiaZolyl, 5-thiaZolyl, 5-tetraZolyl, 2-triaZolyl, 
5-triaZolyl, 2-thienyl, 3-thienyl, carbaZolyl, benZimidaZolyl, 
benZothienyl, benZofuranyl, indolyl, quinolinyl, 
benZotriaZolyl, benZothiaZolyl, benZooxaZolyl, 
benZimidaZolyl, isoquinolinyl, indolyl, isoindolyl, acridinyl, 
or benZoisoxaZolyl. Also included Within the scope of the 
term “heteroaryl”, as it is used herein, is a group in Which a 
heteroatomic ring is fused to one or more aromatic or 
nonaromatic rings Where the radical or point of attachment 
is on the heteroaromatic ring. Examples include 
tetrahydroquinoline, tetrahydroisoquinoline, and pyrido[3, 
4-d]pyrimidinyl. The term “heteroaryl” also refers to rings 
that are optionally substituted. The term “heteroaryl” may be 
used interchangeably With the term “heteroaryl ring” or the 
term “heteroaromatic”. 
An aryl (including aralkyls, aralkoxy, aryloxyalkyl and 

the like) or heteroaryl (including heteroaralkyl and het 
eroarylalkoxy and the like) group may contain one or more 
substituents. Examples of suitable substituents on the unsat 
urated carbon atom of an aryl, heteroaryl, aralkyl, or het 
eroaralkyl group include a halogen, iRO, ‘0R0, iSRO, 
1,2-methylene-dioxy, 1,2-ethylenedioxy, protected OH 
(such as acyloxy), phenyl (Ph), substituted Ph, 4O(Ph), 
substituted iO(Ph), iCH2(Ph), substituted iCH2(Ph), 
%H2CH2(Ph), substituted %H2CH2(Ph), iNOz, iCN, 
iN(R°)2, iNROC(O)R°, iNR°C(O)N(R°)2, 
iNRoCOzRo, iNR°NR°C(O)R°, iNR°NR°C(O)N(R°)2, 
iNRoNRoCOzRo, iC(O)C(O)R°, iC(O)CH2C(O)R°, 
iCO2RO, iC(O)R°, iC(O)N(R°)2, iOC(O)N(R°)2, 
iS(O)2R°, iSO2N(R°)2, iS(O)R°, iNR°SO2N(R°)2, 
iNRosOzRo, iC(=S)N(R°)2, iC(=NH)iN(R°)2, 
i(CH2)yNHC(O)R°, i(CH2)yNHC(O)CH(ViR°)(R0); 
Wherein R0 is H, a substituted or unsubstituted aliphatic 
group, an unsubstituted heteroaryl or heterocyclic ring, 
phenyl (Ph), substituted Ph, iO(Ph), substituted 4O(Ph), 
4CH2(Ph), or substituted 4CH2(Ph); y is (%6; and V is a 
linker group. Examples of substituents on the aliphatic 
group or the phenyl ring include amino, alkylamino, 
dialkylamino, aminocarbonyl, halogen, alkyl, 
alkylaminocarbonyl, dialkylaminocarbonyl, 
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy, 
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl, 
hydroxy, haloalkoxy, or haloalkyl. 
An aliphatic group or a non-aromatic heterocyclic ring 

may contain one or more substituents. Examples of suitable 
substituents on the saturated carbon of an aliphatic group or 
of a non-aromatic heterocyclic ring include those listed 
above for the unsaturated carbon of an aryl or heteroaryl 
group and the folloWing: =0, =S, =NNHR*, =NN(R*)2, 
=Ni, =NNHC(O)R*, =NNHCO2(alkyl), =NNHSO2 
(alkyl), or =NR*, Where each R* is independently selected 
from hydrogen, an unsubstituted aliphatic group or a sub 
stituted aliphatic group. Examples of substituents on the 
aliphatic group include amino, alkylamino, dialkylamino, 
aminocarbonyl, halogen, alkyl, alkylaminocarbonyl, 
dialkylaminocarbonyl, alkylaminocarbonyloxy, 
dialkylaminocarbonyloxy, alkoxy, nitro, cyano, carboxy, 
alkoxycarbonyl, alkylcarbonyl, hydroxy, haloalkoxy, or 
haloalkyl. 
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Suitable substituents on the nitrogen of an aromatic or 

non-aromatic heterocyclic ring include iR+, iN(R+)2, 
iC(O)R+, iCO2R+, C(O)C(O)R+, iC(O)CH2C(O)R+, 
iSO2R+, iSO2N(R+)2, iC(=S)N(R+)2, %(=NH)iN 
(R+)2, and iNR+SO2R+; Wherein R+ is H, an aliphatic 
group, a substituted aliphatic group, phenyl (Ph), substituted 
Ph, 4O(Ph), substituted iO(Ph), CH2(Ph), substituted 
CH2(Ph), or an unsubstituted heteroaryl or heterocyclic ring. 
Examples of substituents on the aliphatic group or the 
phenyl ring include amino, alkylamino, dialkylamino, 
aminocarbonyl, halogen, alkyl, alkylaminocarbonyl, 
dialkylaminocarbonyl, alkylaminocarbonyloxy, 
dialkylaminocarbonyloxy, alkoxy, nitro, cyano, carboxy, 
alkoxycarbonyl, alkylcarbonyl, hydroxy, haloalkoxy, or 
haloalkyl. 

The term “linker group” or “linker” means an organic 

moiety that connects tWo parts of a compound. Linkers are 
typically comprised of an atom such as oxygen or sulfur, a 

unit such as iNHi, iCH2i, iC(O)i, 4C(O)NHi, 
or a chain of atoms, such as an alkylidene chain. The 
molecular mass of a linker is typically in the range of about 
14 to 200. Examples of linkers include a saturated or 
unsaturated Cl_6 alkylidene chain Which is optionally 
substituted, and Wherein one or tWo saturated carbons of the 

chain are optionally replaced by 4C(O)i, iC(O)C(O)i, 
iCONHi, iCONHNHi, icozi, ioc(o)i, 
iNHCOZi, ioi, iNHCONHi, iOC(O)NHi, 
iNHNHi, iNHCOi, isi, isoi, isozi, 
iNHi, isOzNHi, or iNHsOzi. 

The term “alkylidene chain” refers to an optionally 
substituted, straight or branched carbon chain that may be 
fully saturated or have one or more units of unsaturation. 

The optional substituents are as described above for an 

aliphatic group. 
A combination of substituents or variables is permissible 

only if such a combination results in a stable or chemically 
feasible compound. A stable compound or chemically fea 
sible compound is one that is not substantially altered When 
kept at a temperature of 400 C. or less, in the absence of 
moisture or other chemically reactive conditions, for at least 
a Week. 

It Will be apparent to one skilled in the art that certain 
compounds of this invention may exist in tautomeric forms, 
all such tautomeric forms of the compounds being Within the 
scope of the invention. 

Unless otherWise stated, structures depicted herein are 
also meant to include all stereochemical forms of the struc 
ture; i.e., the R and S con?gurations for each asymmetric 
center. Therefore, single stereochemical isomers as Well as 
enantiomeric and diastereomeric mixtures of the present 
compounds are Within the scope of the invention. Unless 
otherWise stated, structures depicted herein are also meant to 
include compounds Which differ only in the presence of one 
or more isotopically enriched atoms. For example, com 
pounds having the present structures except for the replace 
ment of a hydrogen by a deuterium or tritium, or the 
replacement of a carbon by a 13C- or l4C-enriched carbon 
are Within the scope of this invention. 
One preferred embodiment of this invention relates to a 

method of treating a bacterial infection in a mammal in need 
thereof, comprising the step of administering to said mam 
mal a therapeutically effective amount of a compound 
having the formula Ta or lb: 

20 

25 

30 

35 

40 

45 

50 

65 

or a pharmaceutically acceptable derivative or prodrug 
thereof, Wherein R1, R2, R3, R4, and R5 are as described 
above. 

Examples of preferred Rl include optionally substituted 
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, thienyl, pyrimidyl, 
imidaZol- l -yl, imidaZol-2-yl, pyraZol- l -yl, 
aminopyrimidinyl, quinolinyl, aminobenZimidaZole, and 
indolyl. Preferred R9, if present, on the R1 aryl or heteroaryl 
ring include halogen, CN, oxo, R6, SR6, OR6, N(R6)2, 
CON(R6)2, CO2R6, CON(R)COR6, N(R)TnCO2R6, N(R) 
TnNRCO2R6, N(R)TnN(R6)2, NO2, Tn(haloalkyl), CO2N 
(R6)2, COR6, SO2R6, or SO2N(R6)2. Examples of such R9 
groups include, but are not limited to, pyrrol-2,5-dione, 
NR2, OR, CO2H, NO2, OH, NHCOR, NHCOZR, 
NHCH2CO2R, NH(CH2)2NHCO2R, CH2CO2R, CF3, 
SOZR, NHCH(CH2OH)CO2H, NiSO2Me-piperidinyl, 
SMe, NH(CH )2NH2, and piperidinyl. 

Preferred R and R3 groups include halogen, CN, CO2R6, 
OR6, and R6. Examples of preferred R3 groups include Br, 
F, Cl, COOH, CN, OMe, methyl, ethyl, t-butyl, CF3, OH, 
and OBn. 
Examples of preferred R5 include CO2(aliphatic), 

C(=NH)iNH2, and CON(R7)2 such as CO(piperidin-l 
yl), CONHEt, CONHMe, CONH(cyclopropyl), CONH 
(isopropyl), CONH(propyl), CONH(pyrrolidinyl), CO2Et, 
and COZMe. 

Preferred compounds of formula la and lb include those 
having one or more, or most preferably all, of the features 
selected from the group consisting of: 

(a) R1 is an optionally substituted aryl or heteroaryl ring; 
(b) R2 and R3 are each independently selected from 

halogen, CN, CO2R6, OR6, or R6; 
(c) R5 is CO2R, COAr, COR, CON(R7)2, Ar, (CH2)y 
CO2R, or (CH2)yN(R7)2; and 

(d) R9 is halogen, CN, oxo, R6, SR6, OR6, N(R6)2, 
CON(R6)2, CO2R6, CON(R)COR6, N(R)TnCO2R6, 
N(R)TnNRCO2R6, N(R)TnN(R6)2, NO2, Tn(haloalkyl), 
CO2N(R6)2, COR6, SO2R6, or SO2N(R6)2. 

More preferred compounds of formula la and lb include 
those having one or more, or most preferably all, of the 
features selected from the group consisting of: 

(a) R1 is an optionally substituted ring selected from 
phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, thienyl, 
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pyrimidyl, imidazol-l-yl, imidazol-Z-yl, pyrazol-l-yl, (e) R5 is CON(R7)2, Ar, (CH2)yCO2R, or (CH2)yN(R7)2; 
amino-pyrimidinyl, quinolinyl, aminobenZimidaZole, and 

or inflolyl; _ (i) R9 is halogen, CN, 0X0, R6, SR6, 0R6, N(R6)2, 
(b) R3 '15 hydrogen, alkoxy, am1noalkyl, or halogen, 5 CON(R6)2’ CO2R6’ CON(R)COR6’ or N(R)TM'COZR6_ 
(C) R 15 hydrogen, alkoxy, aralkoxy, Or halogen; Selected compounds of formula Ia are set forth 1n Table 
(d) R4 is hydrogen or (CH2)yR2; 1 beloW. 

TABLE 1 

No. Ia- Sttucture 

1 

N 

\>—NH 
N O 
H 

O \_ 

2 / 

s N H 

N\ O 
H O \— 

3 \ 

/ 
N N\ >—NH 

N O 
H 

O \_ 

4 NI \ 
/ N 

\>—NH 
N O 
H 

O \_ 

m2 
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TABLE l-continued 
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TABLE l-continued 

No. Ia- Sttucture 
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TABLE l-continued 

Sttucture No. Ia 
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TABLE l-continued 

No. Ia- Sttucture 
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TABLE l-continued 

No. Ia- Sttucture 
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TABLE l-continued 

67 
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90 

N 

95 / l 

92 

93 

94 




















































































































































