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The present invention relates to compounds of the formula
I:

or a pharmaceutically acceptable derivative or prodrug
thereof. 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 gquantity in a biclogical sample.
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The following statement is a full description of this invention, including the best method of
performing it, known to us:
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. FIELD OF THE INVENTION: .
This lnventxon is in the field of medicinal

chemistry and relates to’ compounds, and pharmaceutical
compesitions thereof that inhibit bacterial gyrases.
The compounds are useful as inhibitors ef b&cteria}”_ )
gyrase activity. . The present invention elso relates to

methods for treat:ng bacterial 1nfectlons in mammals

" The present invention also relates to methods for

decreasing bacterial quantity in a blologlcal sample.

BACKGROUND OF THE INVENTION

Bacterial resistance to antlblotlcs has long
been recognlzed and it is today considered to be a-
serious worldwide health problem. 2As a result of.
resistance; some bacterial infections afe eithef
difficult to treat with antibiotics or even Untreatable.
This problem hag become especially ser1ous ‘with the
recent development of multiple drug resistance in certain
strains of bacteria, such as Streptococcus prieumoniae
(SP), Mycobacterium tuberculosis, and Enterococcus. . The_
appearance of vancomycin resistant en;erococcus was

- particularly alarming because vancomycin was formerly the
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only effective antibiotic for treating this infection,
and had been considered for many infectiona 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 aursus, where methicillin
resistance ig already prevalént (De Clerg, et al.,
Current Opinion in Anti-infective Invesiigational Drugs,
1999, 1, 1; Levy, “The Challenge of Antibiotic
Resistance”, Scientific 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 cnly
0.02% of the SP strains in the. U.S. 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 U.S. (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 infectiqns that were
resistant to antibiotic treatment (Lewis; “The Rise of
Antibiotic-ﬁesistant Infections”, FDA Consuiner magazine,
Sept, 1995). h
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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 topoiéomefases, 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 Microbioloéy, 1932, 6, 425; Driica
and zhao, Microbiology and Molecular Biology Reviews,
1997, 61, 377). Gyrase itself controlg .DNA sqpercciling
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 Auplex DNA to a
negatively superhelical form which is more favorable for
recombination. The mechanism of the supercoiling
reac;ion involves the wrapping of gyrase around a region
pf 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 chavage mechaniem
is characteristic of a type IT 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
conformational 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
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. 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 congisting of two A (GyrA) and two B
subunits (GyxB). Blndlng_and cleavage of the DNA is
agsoclated 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 caﬁnot introduce negative supercoils.
Ideally, an antibiotic based on the inhibitien of
bacterial DNA.gyrase would be selective for this enzyme
and be relatively inactive against the eukaryotlc type II
topoisomerases,

The ‘widely-used quinolone antibiotics inhibit
bacterial DNA gyrase. Examples of the quinolones include
the early compounds such as nalidixic acid and oxolinlc
acid, as well as the later, more»potgntqfluoroquinolones
such as norfloxacin, ciprofloxacin, and trovafloxacin.
These compounds bind to GyrA and stabilize the cleaved
complex, thus inhibiting overall gyrase functiom, leading
to cell death.. However, drug resistance‘haa also been
recognized as a problem for this class of cdmpoupds (WHC
Report, “Use of Quinolones in Food Animéls'and'Potential
Impact on Huﬁan Health”, 1998)., With the quinolones, as
with other-classes of antibiotics, bactéria exposed to
earlier compounds often quickly develop cross- res1stance
to more potent compourids in the same clase.

There are fewer known inhibitors that bind to

GyrB. Examples include the coumarins, novebiocin and

coumermycin Al, cyclothialidine, cinodine, and
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clerocidin. The coumarins have been shswn to bind to
GyrB very tightly. For example, novobiocin makes a
network of hydrogen bonds with the protein and several
hydrophobic contacts. While novobioecin and ATP do appear
te bind within the aTP binding site, there is minimal
overlap in the bound orientation 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 coﬁmarin—resistant bacteria; the most
prevalent point mutation is at a surface arginine residue
that binds to the carbonyl of the coumarin ring {Argl3e
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 ﬁsed as
antibiotics. They are geﬁerally not suitable due to
their low permeability in bacteria, eukaryétic 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
Argl3é for activity. Such an inhibitorjwould_be an
attractive aniibiotic candidate, without a history of
resistance problems that plague other clEsses of
antibiotics. .

Ag bacterial resistance to antibiotics has
become an important public health problem, there is a

continuing need to develop newer -and more potent

aﬁtihiotics. More particularly, there is a need for

antibiotics that represent a new class of compounds not
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previously used to treat bacterial infection. Such
compounds would be particularly useful in treating
nogocomial 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 treating 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 administering tcleaid mammal a

therapeutically effective amount of a compound of formula
I:

R!
W
.I/ R
\z .

HN
s
I

or -a pharmaceutically acceptable derivative or prodrug

thereof, wherein:

Z is O or N-R‘;

W is nitrogen or CR?;

R is selected from hydrogen, halogen, -CFy, R’, -OR’, or
-M{R");;

R' is an aryl or heteroaryl ring, wherein said ring‘is
optionally substituted by ué to four R’; wherein an R
substituent in the orthd;position of R' taken together

with R? may form a fused, unsaturated or partially
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unsaturated, optionally substituted 5-8 membered ring
having 0-2 ring hetercatoms selected from nitrogen,
oxygen, or sulfur;

R’ and R’ are each independently selected from RS,
halogen, CN, SR®, OR®, N(R®),, NRCO,R®, NRCON(R®},,
CON(R®}2, NRCOR®, NRN(R®),, COR®, CO,R®, COCOR®, S0,RS,
SOaN{R®)2, or NRSO,R®; or R? and R3 are taken together to
form a fused, unsaturated or partially unsaturated,
optionally substituted 5-8 membered ring containing 0-2
ring heteroatoms selected from nitrogen, oxygen, or
sulfur;

R* is selected from R®, CON(R®), COR®, CO,RS, COCOR®, SO,R®,
SON(R®)2, or (CH;)R%;

y is 1-6;

R® is selected from R’, Ar, COAr, CON(R’)Ar, (CHz) ,CO3R,
(CHz) \N(R"};, C(=NR')-N(R");, C(=NR®)-NRCOR,
C(=8)-N(R"),, CON(R");, CO;R, COR, SO;R, or SO,N(R"),;

Ar is a five membered hetercaryl, heterocyclyl, or
carbocyclyl ring, wherein said ring is optionally
substituted by up to three substituents selected from
oxo, halogen, CN, NO;, R®, OR?, NHR®, NHCOR®, NHCONHR®,
COR®, CONHR®, SO,R®, NHSO,NHR® or SO,NHR®;

each R is independently selected from hydrogen or an
optionally substituted aliphatic group having one to
six carbons;

each R® is independently selected from R’ or an optionally
substituted group selected from alkoxy, hydroxyalkyl,
heterocyclyl, heterocyclcylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, heteroaryl, heteroaralkyl,
heteroaralkoxy, or heteroarayloxyalkyl;

each R’ is independently selected from hydrogen or an
optionally substituted aliphatic group having one to
six carbons, or two R’ on the same nitrogen taken

together with the nitrogen optionally form a four to

-10-
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six member, saturated or unsaturated heterocyclic ring

having one to three heteroatoms;

11-
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R' is a C;-C, aliphatic group, whersin two R® 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;

5 each R’ is independently selected from dxo, halogen, CN,

10

s

20

25

30

NO,, Ta(haloalkyl), RY, SRS, OR®, OR®, N(RS);, CON(RS),,

CON(R)COR®, COR®, COR®, CON{R®),, COCOR®, SO.R,

SO,N (R} 2, N(R)TaCO:R®, N(R)T,CON(R®)z, N(R)T,NI(R%),,

N(R) T;NRCO,R®, N{R}T.NRCON(R®);, N(R)T,COR®, N(R)T.NECOR®,

N(R)TaSO:N(R®)2, N(R)}TaSO;R®, T,PO(OR’),, T.OPO(OR?),,

TaSP(OR)2, ToPO(OR),, or T.NPO(OR"),; '
each @ is an independently selected C,-C; branched or

straight alkyi;

T is selected from -Q- or -Qm-CH(Qm-R’)-;
each m and n are independently selected from zerc or one;
and R'® is selected from R’ or Ar.

' As used herein, the following definitions shall
apply unless otherwise indicated. 1In a@dition, uniess
otherwise indicated, functional group radicals are
independently selected.

The term “aliphatic” as used herein means
straight-chain, branched'or‘cyclic C1-Ciz hydrocarbons
which are completely saturated or which contain one or
more units of unsaturation but which are not arcmatic.
For example, suitable -aliphati¢ groups include
substituted or unsubstituted linear, branched or cyclic
alkyl, alkenyl, alkynyl groups and hybrids therecf such
as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or .
(cycloalkyl)alkenyl. The texms “alkyl”, “alkexy”,
*hydroxyalkyl”, “alkoxyalkyl”, and *alkoxycarbonyl”, used

alone or as part of a larger moiety includes both

-straight and branched chains containing ione to twelve

carbon atoms. The terms “alkenyl®” and “alkynyl” used

-12-
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alone or as part of a larger moiety shall include both
straight and branched chains containing two to twelve
carbon atoms. The term “cycloalkyl” uégd alone or as
part of a larger moiety ghall include cyElic Cy-Cy2
hydrecarbons which are completely saturﬁFed or which
contain one or more units of unsaturation, but which are
not aromatic.

The terms “haloalkyl”, “*halealkenyl” and )
*haloalkoxy* means alkyl, alkenyl or alkpxy,_as the case
may be, substituted with one or more halogen atoms. The
term “halogen” means F, -Cl, Br, or I. »

The term “hetercatom” means N, O, or S and
includes any oxidized form of nitrogen and sulfur, and
the quaternized form of any basic nitrogen.

The term “carbocycle”, “carbocyclyl”; or
“carbocyclic” ag used herein means an aliphatic ring’
system having three to fourteen members. ‘The term
“carbocycle”, “carbocyclyi", or “carbocyclic” whether
saturated or partially unsaturated, also refers to rings-
that are optionally substituted. The terms “carbocyclyl”
or “cafbocyclic" 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‘inr“aralky;h, “aralkoxy”, or
“aryloxyalkyl”, refers to aromatic ring groups having
five to fourteen members, sucb as phényl, benzyl,
phenethy;, l-naphthyl, 2—naph£hy1, l-anthracyl and 2-
anthraqy;. The term “aryl” also refers to rings that are
oPtionaily substituted. The term “aryl”: may be uged
interchangeably-wiﬁh the term “aryl ring”. ‘“Aryl® also

13-
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includes fused polycyclic aromatic ring systems in which
an aromatic ring is fused to one or more rings. Examples
include 1-naphthyl, 2-naphthyl, 1-anthracy1 and.2-
anthracyl. Also included within the gcope 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, phenanthridlnyl, 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-arcmatic ring
systems having five to fourteen members, preferably five
to ten, in which one or more ring carbonsg, preferébly one
to four, are each replaced by a heterocatom such as N, o,
or S. Examples of heterocyclic rings include 3-1H-
benzimidazal-2-one, (1-substituted)-2-oxo-benzimidazol-3-
yl, 2-tetrahydrofuranyl, 3-tetrahydrofuranyl, 2-
tetrahydroéhiophenyl, 3-tetréhydrothiophenyl, 2-
morpholinyl, 3-morpholinyl, 4-morpholinyl, 2-
thiomorpholinyl, 3-thiomorpholinyl, 4-thiomo£pholinyl, 1-
pyrrolidinyl, 2-pyrrolidinyl, 3-pyrrolidinyl, 1-
piperazinyl, 2;piperaziny1, 1-piperidiny1,’z—piperiﬁinyl,
3-piperidinyl, 4-piperidinyl, 4—thiazolidiny1,
diazolonyl, N-substituted diazolonyl, 2-phthalimidinyl,
benzoxanyl, benzopyrrolidinyi, 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 whlch
a non-aromatic heterocatom- containing ring is fused to one.
or more aromatic or non-arematic rings, ‘such ag in an -
indolinyl, chromanyl, phenanthridinyl, or
tetrahydroquinolinyl, where the radical or point of

attachment is on the non-arcmatic heteroatom-containing

-14-
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ring. ‘The term “heterocycle”, “heterocyclyl”, or
*heterocyclic” whether saturated or partially
unsaturated, also refers to'rings that are optionally
substituted.

The term “hetercaryl”, used alone or as part of
a larger moiety as in “heteroaralkyl® or
“heteroarylalkoxy”, refers to heteroarom?tic ring groups
having five to fourteen members. Examplés of heteroaryl
rings include 2-furanyl, 3-furanyl, 3-fufazany1, N-
imidazolyl, 2-imidazolyl, 4-imidazolyl, S5-imidazolyl, 3-
isbxazolyl, 4-isoxazolyl, S-isoxazolyl, 2-oxadiazolyl, 5-

oxadiazolyl, 2-oxazolyl, 4-oxazolyl, S-O?azolyl, i-

- pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, l-pyrazolyl, 3-

pyrazolyl, 4-pyrazolyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
2-pyrimidyl, 4-pyrimidyl, S-pyrimidyl, 3-pyridazinyl, 2-
thiazolyl, 4-thiazolyl, 5-thiazolyl, S-tetrazolyl, 2-

-triazolyl, S-triazolyl, 2-thienyl, 3-thienyl, carbazolyl,

benzimidazolyl, benzothienyl, benzofuranyl, indolyl,
quinolinyl, benzotriazolyl, benzothiazolyl, .
benzooxazolyl, benzimidazolyl, isoquinolinyl, indolyl,
isoindolyl, acridinyl, or benzoisoxazélyi. Also included-

within the scope of the term “heteroaryl”, as it is used

'herein, is a group in which a heterocatomic 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 tetrahydroquineline,
tet;ahydroisoquinoline, 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 “hetercaryl ring” or
the term “hetercaromatic”. S

An aryl (including-aralkyl, aralkoxy,
aryloxyalkyl and the like) or heteroaryl (including

-15-
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heteroaralkyl and heteroarylalkoxy and the like) group
may contain one or more substituents. Examples of
suitable substituents on the unsaturated carbon atom of
an aryl, heteroaryl, aralkyl, or heteroaralkyl group
include a haiogen, -R®, -OR°, -SR°, 1,2-methylene-dioxy,
1,2-ethylenedioxy, protected OH {such as acyloxy), phenyl
(Ph), substituted Ph, -0(Ph), substituted -0(ph),
-CH; (Ph) , substituted -CH,(Ph}, —CH;CH:(Ph), substituted
~CHaCHy (Ph), -NO;, -CN, -N(R®), -NR°C(O)R®, -NR°C(O)N(R%),,
-NRCO;R®, ~NR°MR°C{OQ}R®, “NR°NR°C (0)N{R®),, ~NR°NR°CO,R®,
~C(0)C(0)R°, -C(0)CHyC(O)R?, ~COR®, -C(O)RY, -C{O)N(R®),,
~OC(O)N'(R%)2, -S(0}.R°, -S0;N(R°);, -S(O)R°, -NR°SOMN (R°} ,,
-NR°SO;R°, -C(=8)N(R°)2, -C(=NH)-N(R°),, - (CHz) )NHC(Q)R®,
- (CH,) ,NHC{O) CH(V-R®) (R®) ; wherein R® is H, a substituted
or unsubstituted aliphatic group, an unsubstituted
heteroaryl or heterocyclic ring, phenyl (Ph), substituted
Ph, -0(Ph), substituted -0(Bh), -CH; (Ph), or substituted
-CH:(Ph); y is 0-6; and V is a linker group. Examples of
substituents on the aliphatic group or the phenyl ring
include amine, alkylamino, dialkylamino, aminocarbonyl,

halogen, alkyl, alkylaminocarbonyl, d1alky1aminocarbony1,

. alkylaminocarbonyloxy, dialkylamznocarbonyloxy, alkoxy,

nitro, ecyano, -carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, haloalkéxy, 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 thé unsaturated:
carbon of an aryl or heteroaryl group and the following:
=0, =S, =NNHR', =NN(R'},, =N, =NNHC(O)R’, =NNHCO; (alkyl),
=NNHSO; {alkyl), or =NR’, where each R® is independently

-16-
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selected from hydrogen, an unsubstituteq aliphatic group
or a substituted aliphatic group. Examﬁles of
substituents on the aliphatic group inc;pde amino,
alkylamine, dialkylamino, aminocarbonyl, halogen, alkyl,
alkylaminocarbonyl, dialkylaminocarbonyl,
alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl,
hydroxy, haloalkoxy, or haloalkyl.

Suitable substituents on the nitrogen of an
aromatic or non-aromatic heteroéyclic ring include -R*,
"N(R")z, -C{O)R', -COR*, -€(0)C(O)R', -C(Q)CH,C(0)R",
-SOR*, -SON(R')s, ~C(=8)N(R"),, -C{=NH)-N(R*),, and
-NR'SQ,R*; wherein R’ is H, an aliphatic group, a
substituted aliphatic group, phenyl (Ph), substituted Bh,
-0(Ph), substituted -O(Ph), CH,(Ph}, substituted CH;(Ph)
or an unsubstituted heterocaryl or heterocycl1c ring.
Examples of substituents on the aliphatie group or the
phenyl ring'inélude amino, alkylamino, dialkylaming,
amlnocarbonyl halogen, alkyl, alkylamlnocarbcnyl
dlalkylamznocarbonyl, alkylamlnocarbonyloxy,
dlalkylamlnocarbonyloxy, alkoxy, nitro, cyano, carboxy,
alkoxycarbonyl, alkylcarbonyl, hydroxy, haloalkoxy, or
haloalkyl.. )

The tefm “linker group” or “linker” means an
organic moiety that connects two parts of a ccmpound.
Llnkers are typlcally comprlsed of an atom such as oxygen
or sulfur a unit such as -NH-, -CHz-, -C{0)-, -C(O)NH-,
or a chaln of atoms, such as an alkyl%deée 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 C;¢ alkylidene chain which is optionally
substztuted, and wherein one or two saturated carbons of

the chain are optionally replaced by -c(0)-, -C(0)cio) -,

17-
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-CONH-, -CONHNH-, -CO;-, -OC(0)-, -NHCO;-, -0-, -NHCONH-,
-OC(O)}NH-, -NHNH-, -NHCO-, -S-, -80-, -§0,-, -NH-,
~S0;NH-, or -NHSO;-.

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
pexrmissible only if such a combination results in a
stable or chemically feasible compound. A stable
compound or chemically feasible compound is one that is
not substantially altered when kept at 'a temperature of
40 °C or less, in the absence of moisture or other
chemically reactive conditions, for at least a week.

It will be apparént 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, strﬁctures depicted
herein are also meant to include all ‘stereochemical forms
of the structure; i.e., the R and S configurations for
each asymmetric center. Therefore, single stereochemicQI
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 aré'also meant to include compounds which

differ only in the presence of cne or more lsotopically

‘enriched atoms. For example, compounds having ‘the

‘Present ‘structures except for the replacement of a

hydrogen by a deuterium or tritium, or the replacement of

‘a carbon by a C- or “C-enriched carbon are within the

scope of this invention:

18-
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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 mammal a therapeutically effective
amount of a compound having the formula Ia or Ib:

a' R!
R? R?
N\ HS "3\’0 Hs
N .
wl
RS or R
Ia Ib

or a pharmaceutically acceptable derivative or prodrug
thereof, wherein R}, R?, R, R', and R® are as described

above,

Examples of preferred R' include optionally

substituted phenyl, 2-pyridyl, 3¥pyridylL 4-pyridyl,

thienyl, pyrimidyl, imidazol-1-yl, imidazol-2-y1,
pyrazol-1-yl, amino-pyrimidinyl, quinolihyl,
aminobenzimidazole, and indolyl. Preferred R?, if-
present, on the R! aryl or heteroaryl ring include :
halegen, CN, oxo, R®, SR®, OR®, N(R®),, CON{R®);, CO,RS,
cdn(n)con‘, N(R)TaCO:R®, N(R)T.NRCO:R®, N(R)T.N{R),, NO,,
Ta(haloalkyl) , COM(R®);, COR®, $O,R, or SO;N(RY),. Examples
of such R® groups include, but are fiot’ limited to, pyrrel-
2,5-dione, NR;, OR, CO;H, NO;, OH, NHCOR, NHCO.R,

NHCH,CO;R, NH(CH;),NHCO.R, CH;CO;'R,_ CFy, SO:R,

NHCH (CH,0H) CO;H, N-SO;Me-piperidinyl, SMe, NH(CH;),NH,, and
piperidinyl. :
Preferred R* and R’ groups include halogen, CN,

CO,R®,” OR®, and RS. Examples ‘of ‘preferred R* groups

-19-
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include Br, F, C1, COOH, CN, OMe, methyl, ethyl, t-butyl,
CF;, OH, and OBn.

Examples of preferred R® include CO; (aliphatic),
C(=NH)-NH,, and CON(R’), such as COo(piperidin-1-yl),
CONHEt, CONHMe CONH (cyclopropyl), CONH(isopropyl),
CONH(propyl), CONH (pyrrolidinyl), CO;Et, and COMe.

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

(a} R' is an optionally substituted aryl or
heteroaryl ring;

(b} R* and R? are each independently selected from
halogen, CN; CO,R®, OR®, or RS;

{c) R® is COR, .COAr, COR, CON(R");, Ar, (CH;) yCO:R, or
(CH;) yN(R");; and

{d) R’ is halogen, N, oxo, R®, SR®, OR®, N(R%),,
CON(R®)2, CO;R®, CON(R)COR®, N{(R)T.CO.RS,
N(R) T-NRCO,R®, N(R)TN(R®),, No,, Ta(haloalkyl],
CON(R®)z, COR®, SORf, or SO.N(R‘),.

More preferred compounds of formula Ia and Ib
include those having one or more, or most preferably all,
of the features selected from the group conslsting of:

(a) R' is an optionally substituted ring selected
from phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,

. thienyl, pyrimidyl, imidazol-l-yl, imidazol-2-
¥l, pyrazcl-1-yl, amino-pyrimidinyl, quinolinyl
aminobenzimidazole, or indolyl;

(b) R? is hydrogen, alkoxy, amxnoalkyl, or halogen:

(e) R’ is hydrogen, alkoxy, aralkoxy, or halogen;

(d) R* is hydrogen or (CH,),R?;

(e) R® is CON(R"),, Ar; (CHz) yCOR, or (CHz) N{(R")3; and

(£) R® is halogen, CN, oxo, R®, SR®) ORY, N(Rf),,
CON(R)2, CO,R®, CON(R)COR®, or M(R)T,CO.RE.

-20-
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Selected compounds of formula Ia are gset forth
in Table 1 below. .

Table 1.
No. Ia- Structure .. . . | .No.Ia- ‘Structure
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No. Ia- Structure No. Ia- Structure
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No. Ia- Structure No. Ja- . Structure
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No. Ia- Structure -zl:; Ia- Structure
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No. Ie- Structure No. Ia- ‘ : Structure .
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No. Ia- Structure No.1a Structure
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No. Ia- Structure No. Ia- Structure
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No. Ia- Structure No. Ia. . Structure
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No. Ia- Structure No. Ia- ~Structure
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No. Ia- Structure - -2130-. Ia~ . Structure
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No. Ia- Structure No. Ia- - Structure
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Selected compounds of formula Ib are shown in
Table 2 below.
Table 2.
No. Ib- Structure No. Ib- Structure
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Another embodiment of this invention relates to
compounds of formula IIa or IIb

A y
W R 1 R?
| \ ¥
N\ R )
HY‘)——N\R‘ Hi
N
RT/N\R7 or l‘l"/M\FI7
IIa I1b

or a pharmaceutically acceptable derivative or prodrug

thefeof, wherein:

W is nitrogen or CR%;

R* is selected from hydrogen, halogen, -CF;, R’, -OR’, or
-N(R"};

R is an aryl or heteroaryl ring, wherein said ring is
optionally substituted by up to four RY; wherein an R®
substituent in the orﬁho—position of R! taken together
with R? may form a fused, unsaturated or partially
unsaturated, optionally substituted 5-8 membered ring
having 0-2 ring hetercatoms seleéted from nitrogen,
oxygen, or sulfur;

R* and R’ are each independently selected from RS,
halogen, CN, SR®, OR®, N(R®);, NRCO,RS, NRCON(R®),,
"CON(R®),, NRCOR®, NRN(R®);, COR®, CO,R®, COCORS, SO;R®,
SO:N(R®),, or NRSO;R®; or R? and R® are taken together to
form a fused, unsaturated or partially unsaturated,
optionally substituted $-8 membered ring containing 0-2
ring heteroatoms selected from nitrogen, oxygen, or
sulfur;

R' is selected from RS, CON(R®), CORS, COR®, COCOR’, SO,
SO:N(R®)2, or (CH,;),R%;
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v is 1-6;

each R is independently selected from hydrogen or an

optionally substituted aliphatic group having one to six

carbons;

each R® is independently selected from R’ or an optionally
substituted group selected from alkoxy, hydroxyalkyl,
heterocyclyl, heterocycleylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, hetercaryl, heteroaralkyl,
hetercaralkoxy, or hetexcarayloxyalkyl;

each R’ is independently selected from hydrogen or an
optionally substituted aliphatic group having one to
six carbons, or two R’ 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 hetercatoms;

each R® is independently selected from oxo, halogen, CN,
NO., Ta(haloalkyl), R, SR®, OR®, OR®, N(R®),, CON(R®),,
CON(R) COR®, COR®, CO;R®, CO.N(R®),, COCOR®, SORS,
SO,N(R%)5, N(R)TaCOsR®, N(R)T4CON(R®):, N(R)T.N(R®),,
N(R) T{NRCO,R®, N (R)T.NRCON{(R®);, N(R)T.COR®, N(R)T.NRCOR®,
N(R) ToSO.N (Rf) 2, N(R)T.30,R®, T.PO(OR’}z, TLOPO(OR"),,
T.SP(OR");, T.PO(OR")z, or TmMBO{OR’}:;

ecach Q is an independently selected C;-C; branched or
straight alkyl;

T is selected from —-Q- or -Cn-CH(Qn-R*)-; and

each m and n are independently selected from zero or one.

COMS ID No: ARCS-248966 Received by IP Australia: Time (H:m) 15:01 Date (Y-M-d) 2009-09-10
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Examples of preferred R!' include optiénally
substituted phenyl, 2- -pyridyl, 3- pyridyl 4-pyridyl,
thienyl, pyrimidyl, imidazol-1- -yl, imidazol ~2~yl,
pyrazol-1l-yl, amino- -pyrimidinyl, quinolinyl,
aminobenzimidazole, and indolyl. Preferred R®, if
present, on the R aryl or hetercaryl ring of formula IIa
or IIb include halogen, CN, oxo, R®, SR®, ORS, N(R®),,
CON(R®};, CO,R®, CON{R)COR®, and N(R)ToCO:R®. Examples of
such R® groups include, but are not limited to, pyi‘rol-
2,5-dione, NR;, OR, COzH, NO,, OH, NHCOR, NHCO;R,

NHCH;CO;R NH (CH,) ;,NHCO;R, CH,CO,R, CF;, S0:R,
NHCH (CH,0H) COH, N-SO,Me- ~-piperidinyl, SMe, NH(CH;);NH;, and
piperidinyl.

Preferred R* and R® groups include halogen, CN,
CO;R°, OR®, and R°. Examples of pref.erred R’ groups
irlclude Br, F, Cl, COOH, CN, OMe, methyl, ethyl, t-butyl,
CF,., OH, and OBn.

Preferred compounds of formulae IIa and ITh
include those having one or more, or most preferably all,
of the features selected from the group consisting of:

{a) R* is an optionally substituted aryl or
heteroaryl ring; ‘

{b) R? and R? are each independently selected from
halogen, CN, CO,RS, OR®, or R%;

{c) R® is halogen, ON, oxo, R®, SR, ORS, N(R)z,
CON(R®)z, COR®, CON(R)COR®, N{(R)ToCO;RS,
N(R}T.NRCO;R®, N(R)T,N(R®);, NOs, Ta(haloalkyl),
CON(R®)2, COR®, SO.R®, or SO.N(RE);,.

More preferred compounds of formula IIa and IIb
include those having one or more, or most pre'.ferably all,
of the features selected from the group cbnsist:ing of:

(a] R' is an optionally substituted ring selected
£rdm Phenyl, 2-pyridyl, 3-'pyridyi, 4-pyridyl,
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thienyl, pyrimidyl, imidazol-1-y1, imidazol—é-
yl, pyrazol-i-yl, amino-pyrimidinyl, quinolinyl,
aminobenzimidazole, or indolyl;

(b) R® is hydrogen, alkoxy, aminoalkyl, or halogen;

5 (c) R’ is hydrogen, alkoxy, aralkoxy, or halogen;

(d) R* is hydrogen or (CH2),R?; and - »

(e) R* is halogen, CN, oxo, R%, SR®, ORS, N(R%),,
CON(R®)z, CO,R®, CON(R)COR®, or N{R) T,CO,R®.
Another embodiment of -this invention relates to

10 compounds of formula IIIa or IITh:

\
RS

IlIa I1Ib

15 or a pharmaceutically acceptable derivative or prodrug
thereof, wherein:

W is nitrogen or CR®;
R® is selected from hydrogen, halogen, -CF;, R’, -0R’, or
-N(R"),;

20 Ring A is optionally subst:tuted with up to three R%;
wherein when an R° substltuent is in the ortho-positien
of Ring A, said R® substituent may be taken together
with R? to form an optionally substituted 5-7 membered
ring containing 0-2 ring-hgtéroétoms_selected from

25 ° nitrogen, -oxygen, or sulfur;
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R’ and R’ are each independently selected from RS,
halogen, CN, SR®, OR®, N(R®),, NRCO;R®, NRCON(R®),,
CON(R®);, NRCOR®, NRN(R®);, COR®, CO,R®, COCOR®, SO,RS,
SO:N(R®);, or NRSO;R%; or R? and R’ are taken together to
form a fused, unsaturated or partially unsaturated,
optionally substituted 5-8 membered ring containing 0-2
ring heteroatoms selected from nitrogen, oxygen, or
sulfur; )

R is selected from R®, CON(R®}, COR®, COR®, COCOR®, SO,RY,
S0N(R®),, or (CHy),R?;

y is 1-6;

R® is selected from R’, Ar, COAr, CON(R')Ar, (CHz),CO:R,
(CHz) N (R")2, C(=NR')-N(R"},, C(=NR!}-NRCOR,
C(=8}-N(R"},, CON(R")z, COR, COR, SO;R, or SO,N(R'),;

Ar is a five membered heterocaryl, heterocyelyl, or
carbocyclyl ring, wherein said ring is optionally
substituted by up to three substituents selected from
oxo, halogen, CN, NO;, R®, OR®, NHR®, NHCOR?, NHCONHR®,
COR®, CONHR®, SO,R®, NHSO,NHR® or SO,MHR?;

each R is independently selected from hydrogen or an
opticnally substituted aliphatic group having one to
six carbons;

each R® is independently selected from‘R7 or an optionally
substituted group selected from alkoxy, hydroxyalkyl,
heterocyclyl, heterocyclecylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, heteroaryl, heteroaralkyl,
heterocaralkoxy, or heteroarayloxyalkyl;

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

having one to three heteroatoms;

-40-




2006201397 04 Apr 2006

-36a-

R® is a C;-C4 aliphatic group, wherein two R® on adjacent

positions of Ar, or an aryl or heteroaryl ring, may be
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taken together with their intervening atoms to form a
three to six membered fused ring;

each R’ is independently selected from oxo, halogen, CN
NO;, Ta(haloalkyl), R®, SR®, OR®, OR®, N(R®},, CON(R®),,
CON(R) COR®, COR®, COR®, CON(R®),, COCOR®, SO;RS,
SO:N(R®);, N(R}T4CO,R®, N(R)T,CON(RS),, N(R) TN (R),,
N (R) ToNRCO,R®, N(R)T.NRCON(R®),, N(R)T,CORS, N (R) T,NRCOR®,
N(R) TaSOaN (R®)2, N(R)TaSOsR®, T.PO(OR’),, T,000(0R'),,
TaSP(OR")2, T4PO(OR’);, or T,NPO(OR"),;

each Q is an independently selected C1-C3; branched or
straight alkyl;

'

T is selected from -Q- or -Qu-CH(Qu-R?)-;
each m and n are independently selected from zero or one;
and R is selected from R’ or Ar.

Preferred R®, if present, on Ring A of formulae“
IIla and IITb include halogen, CN, oxo, RS, SRS, ORS,
N(R®),, CON{R®)s, COR®, CON(R}COR®, and N(R)T,CO.R’.
Examples of such R’ groups include, but are not limited
to, pyrrol-2,5-dione, NR., OR, CO;H, NO,, OH, NHCOR,
NHCO;R, NHCH;COsR, NH(CH;):NHCO;R, CH,CO;R, CF;, SO.R,
NHCH (CH,0H) CO,H, N-SO;Me-piperxdlnyl SMe, NH(CH,;);NH,, and
piperidinyl.

Preferred R? and R’ groups include halogen, N,
CO;R®, OR®, and R®. Examples of preferred R’ groups
include Br, F, Cl, COOH, CN, OMe, methyl, ethyl t- butyl.
CF;, OH, and OBn.

. Examples of preferred R® include CO,(aliphatic),
C(=NH) - NH;, and CON(R7); such as Co(pzperidm 1-y1),

CONHEt, CONHMe, CONH (cyclopropyl), CONH(isopropyl),

CONH(propyl), CONH{pyrrolidinyl), CO,Et, and COzMe. .
Preferred compounds of formulae IIIa and IITb
include those having one or more, or most- preferably all,

of the features selected from the group consisting of:
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{a) R® and R® are each independently selected from

halogen, CN, CO;R®, OR®, or RS;

(b) R® is CO;R, COAr, COR, CON{(R");, Ar, (CH,),CO,R, or

(CHz}yN(R"};; and’

(e) R’ is halogen, CN, oxo, RS, SR®, ORS, N(R®),,

CON(R®);, CO.R®, CON(R)COR®, M(R).TLCOsRS,

N(R) TRNRCO:R®, N(R)TuN(R®);, NO,, 'T,(haloalkyl), .
CO:N(R®)2, COR®, SO,R®, or -so,u(n“)z.

More preferred compounds of formula IIXa and

IXTb include those having one or more, or most preferably

all, of the features selected from the group consisting

"of:

(a) R* is hydrogen, alkoxy, aminoalkyl,,or'halogen:
(b) R® is hydrogen, alkoxy, aralkoxy, or halogen;

(e) R' is -hydrogen or (CH;),R*; »

(d) R® is CON(R")a2, Ar, (CH,},COR, or (CH),N(R’);; and
(e) R’ is halogen, CN, oxo, R°, SR%, OR®, N(R%)a,

CON(R®),, CO.R®, CON(R)COR®, or N(R)T,CO.R®.

The compounds of this invention may be prepared

in general by methods known to those skilled in the art

for analogous compounds, as illustrated by the generai

Schemes I through VII shown below. The details of the

conditions used for preparing these compounds are set

forth in the Examples.

Scheme 1

Br NG, - Ars NO,
C( (@ ®)
. NH, ——> NH, ——

1

NHQ

. . . . Ar- H
Ar NH, NH (©.(d) \(:[N? .
U + HzNJLS'Me _— gl N EO‘R
- " 5
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Reagents and conditions: (a} Ar-boronic acid, PdCl;(dppf),
KsPCy, DMF, 95°C, 18 hours; (b} 40 psi Hz, 10% Pd/C, EtOAc;

{c) ROCOC1, NaOH, H,0, 0°C; {d) p-TsOH, ROH, reflux, 1
hour.

' The compounds 2 aré prepared by treating a
solution of 4-bromo-2-nitroaniline (1) in DMF with an
arylboronic acid (1.2 equivalents), potassium phosphate
(1.3 equivalents), and dichloro-
(diphenylphosphinoferrocene)palladium {0.1 equivalent).
The resulting mixture is heated at 95°C for 18 hours then
cooled to room temperature and diluted with ethyl
acetate. The crude product is isolated by aqueous work-
up then concentraied in vacuo. The concentr#te is
purified by silica gel chromatography to afford 2. A
wide variety of substitutions on the aryl ring are
amenable to this reaction. Examples of suitable
substituted and unsubstituted aryl groups include, but
are not limited to, those set forth ip Table 1 above.

Compound 3 is prepared by treating a solution
of 2 in ethyl acetate with 10% palladium :on carbon
(0.1g/mmol) and the resulting suspension hydrogenated at
40 psi while shaking at ambient temperature for 2 hours.
The catalyst is removed by filtration and the filtrate
concentrated in vacuo to afford 3.

Compounds of formula S are prepared by first
preparing a solution of zrmethfl-z;Ehiopseudourea (i,vl
equivalent} and alkylchloroformate (2 équivalents) in
water at 0°C. To this solution is added 25% agueous
sodium hydroxide in a dropwise fashion over 1 hour until
the pH stabilized at 8. acetic acid is then added to
achieve pH S then sodium acetate trihydrate (1

eauivalent) and a solution of 3 (1 eguivalent) in ROH are
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added. p-Toluenesulfonic acid (catalytic amount} is
added and the resultin§ mixture heated at- reflux for 1
hour. The reaction mixture is then coSled to ambient
temperature and diluted with ethyl acetate. After
aqueous work-up,. the crude product is purified by
preparative HPLC to afford 5.
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Scheme II
Me Me

Me,
ar\(;[wo2 @ eﬁp Mo | g Ar\©:NOz
— —
: NH, " Ej:NHz ) NH,

Reagents and conditions: (a) bis(pinacolato)diboren,
KOAc, PACl,(dppf), DMSO, 80°C; (b) ArBr, X.ro,,
PdCl, (dppf), DMSO, 95°C;

Scheme II above shows an alternative method for
preparing compound 2. Starting material 1 (1 equivalent)
is combined with bis(pinacolato)diboron {1.2
equivalents), PdCl;(dppf) (0.1 equivélent), and KOAc (3
equivalents) in DMSC, and the resulting mixture is heated
at 80°C for 18 hours. The reaction mixture is cocled to
ambient temperature thén the aryl bromide (1.1
equivalents) is added followed by the further addition of
KsPOy (3 equivalents) and PdCl:(dppf) (0.1 equivalent).
The resulting mixture is heated at 95°C for another 72
hours then allowed to cool to room temperature.

Purification by chromatography affords cempound 2.

T~ Me
NH, iin\l'.EN Q.2
@ S, _© N- »—NH
N O B A JNH
z

Scheme III

N
H
Ia-84

Reagents and conditions: (a) BrCN, THF, MeOH, water, room
temperature; (b} EtNCO, THF, reflux. ' :

Using the preparation of compound number Ia-84

"to illustrate, Séheme III above shows the general method
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used for preparing compounds of formula IIa. Starting
material 6 is prepared according to the method described
in Scheme I at stepz (a) énd {b). Compound 7 is prepared
by treating 6 with cyanogen bromide in acetonitrile at
room temperature over night. Aqueous work-up affords 7,
Compound Ia-84 is prepared from 7 by treating with ethyl
isocyanate in THF at reflux over night. The crude

product is purified by preparative chromatography to
afford Ia-84,

Scheme 1V

Me,
Boc., Boc. N é><:0 NG,
\l’\j\m oo N’\/"”z @ N’\/ I \;\B,

10

NHg
8 8 u
" Bog N g
m) ~ ’\/ Bot
Uﬁ e
13 NH,
NH ’ Boc., N '
2H, 80,  {d) N’\f
* [MeSJLNHz] T — I N )LOPMe
14 N
H
-86

Reagents and conditions: (a) EtCH, 80°C, 4 hours; (b}
PAC1; (dppf), K;PO4, 95°C, 48 hours; (c) Pd/C, H}, 50 psi, -6

hours; (d) 2-methyl-2- ~thiopseudourea (14), Etococl, ' 80°C,
18 hours.

Using the preparation of compound number Ia-86

to illustrate, Scheme IV -above shows a géneral method’

that may be used for preéaring compounds of formula IIXa.

Compound 10 is prepared from 5-bromo-2-chloropyrimidine

{8) and N-Boc-ethylenediamine {9) by heating a mixture of
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8 and 9 in ethanol at 80°C for 4 hours. Compound 12 is
prepared from 10 and 11 according to the method described
in Scheme II. Compound 12 is used to pPrepare Ia-86 via
steps {¢) and (d) according to steps (b} and (c) of

Scheme I.
Scheme V
NH, N Q /—Me
(a) O\&HH& {b} NHE-O
15 18

Ib-1

Reagents and conditions: (a) BxCN, THF, MeOH, water, room
temperature; (b} EtOCOCl, pyridine.

Using the préparation of compound number Ib-1
to illustrate, Scheme V above shows a general method that
may be used for preparing compounds of formula Ib.
Compound 16 is prepared from 15 according to the method
described in Scheme III, step (a). Comp&und Ib-1 is

prepared by treating 16 with ethylchloroformate in

pyridine.
Scheme VI
Q  Me
N
>N, @ "HX,‘”“
16
. Ib-3

Reagents and conditions: (a) (b) EtNCO, THF, reflux.

Using the preparation of compound number Ib-3
to illustrate, Scheme VI above shows a general method
that may be used for preparing compounds of formula IIh.
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Compound 16 is treated ethyl isocyanate in THF at reflux
according to Scheme III step, (b) to afford Ib-3.
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Scheme V11

o} 0.
F.
| +Meo% (@ Meo% ®)
Yo NO, a : N) .
2
17 18 ) 1
. ON
NC;
[o] © [o} (di o]
Mo\ —— HO‘%N 9, @N )
N}"' 3 )

N N

ol L y M
= 0 = o} =
HN—{ HN—{ HN—{
HN—, HN HN—\
Me —Le Me
Ia-156 Ia-157 Ia-170

Reagents and conditions: (a) NaH, THF, 0°C; (b) H; (45
psi), Pd-C, MeOH; (c) BrCN, MeCN, MeOH, room temperature;
(d) i EtNCC, DMSO, 80°C, ii NH,, MeOH, 80°C.

Scheme VII above shows a general method for
preparing compounds of this invention wherein R! is
imidazol-1-yl. 1In étep (a), dinitrofluorobenzene (17) is
combined with methyl-4-imidazolecarboxylate  (18) in THF
and treated with sodium hydride at 0°C, After 3 hours,
the reacticn mixture is diluted with toluene and
acidified with HCl. The phases are separated and the
aqueous phase washed with toluene,.cooled‘t0'0°c, and
basified with conc. NHOH. Ethyl acetatélis added and the
resulting mixture stirred until all solids dissolved.

The phases are separated and the organic phase. washed
with brine, dried over Na,S0,, then filtered and the
filtrate concentrated in vacuo, The mixture of

Tegioisomers are separated and purified via flash
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chromatography (silica gel, S%--»20% ethanol/ethyl
acetate gradient) to afford the desired adduct 19 as an
off-white solid.

Compound 19 is used to preparé compounds
1a-156, Ia-157, and Ia-170 in a manner substantially
similar to the methods described above for Scheme III.

A 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 mammal a therapeutically effective
amount of a compound having the formula Ila or irb:

A /!
w R w e
|
N R® R?
N .
T H R HN
N N
HT/ ~ H-7 or H7/ \RV
Ila IIb

or a pharmaceutically acceptable derivative or prodrug

thereof, wherein:

" W is nitrogen or CR%;

R* is selected from hydrogen, halogen, -CF;, R’, -OR’, or
-N(R")2;

R' is an aryl or heterocaryl riﬁg, wherein said ring is
optionally substituted by up to four Rf} wherein an R°®
substituent in the ortho-position of R® taken together
with R? may form a fused, unsaturated or partially
unsaturated, optionally substituted 5-8 membered ring
héving 0-2 ring heteroatoms selected from nitrogen,
okygen, or sulfur; .
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R?* and R’ are each independently selected from Rf,
halogen, CN, SR®, OR®, N(Rf);, NRCO,R®, NRCON(Rf),,
CON(R®),;, NRCOR®, NRN(R®);, COR®, COR®, COCOR®, SO.R°,
S0,N(R),, or NRSO.,R®*; or R’ and R’ are taken together to
form a fused, unsaturated or partially unsaturated,
optionally subgtituted 5-8 membered ring containing 0-2
ring hetercatoms selected from nitrogen, oxygen, or
sulfur;

R* is selected from RS, CON(R®), COR®, CO.R®, COCOR®, SO:R%,
SO,N(R®),, or (CH,),R*:

v is 1-6;

each R lg independently selected from hydrogen or an
optionally substituted aliphatic group having one to
six carbons;

each R® is independently selected from R’ or an optionally
substituted group selected from alkoxy, hydroxyalkyl,
heterocyclyl, heterocycleylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, hetercaryl, heteroaralkyl,
hetercaralkoxy, or hetexocarayloxyalkyl;

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

each R’ is independently selected from oxo, halogen, CN,

NO;, Talhaloalkyl), R®, SR®, OR®, OR®, N(R®)a, CON(Rf):,

COMS ID No: ARCS-248966 Received by IP Australia: Time (H:m) 15:01 Date (Y-M-d) 2009-09-10
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CON(R)COR®, COR®, CO,R®, CO:N(R®),, COCOR®, SO.RS,
SON (R} 2, N(R)TaCOR®, N(R)THCON(R®)s, N(R)T.N(R®),,
N (R} T.NRCO;R®, N (R)TuNRCON(R®)2, N(R)T,CORS, N (R)T.NRCOR®,
N(R}TaS0.N (R®),, N(R)TaSO:R®, T,PO(OR7);, THOPO(OR?),,
TuSP(OR") 2, TWPO(OR")z, Or T.NPO(OR),;
each Q is an  independently selected C;-C, branched or
straight alkyl;
T is selected from -Q- or -Qm-CH(Q,-Rz)-,-“ and
each m and n are independently selected from zero or one.
Another 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 mammal a therapeutically effective
amount of a compound of formula IIla or ;IIb:

N7 NSy .
| A . A
R? ' 2
WY W
Y R N Y R :
VN
H A H :
s or e _
IIIa - IIIb

or a.pharmaceutically acceptable derivative or px'_;:udrug

thereof, wherein:

W is nitrogen or CR%; . . .

R* is selected from hydrogen, halogen, -CF;, R’, -OR’, or
-N{R");; ' .

Ring A is optionally substituted with up to thrée R%;
wherein when an R’ gubstituent ig in the ortho-position
of Ring A, said R’ substituent may be taken together
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with R* to form an optionally substituted 5-7 membered
ring containing 0-2 ring hetercatoms selected from
nitrogen, oxygen, or sulfur;

R? and R® are each independently selected from RS,
halogen, CN, SR®, OR®, N(R®);, NRCO;R®, NRCON(R®),,
CON{R®),, NRCOR®, NRN(R®);, COR®, CO;R®, COCOR®, SO,R®,
SO.N(R®),, or NRSO.R®; or R? and R® are taken together to
form a fused, unsaturated or partially unsaturated,
opticnally substituted 5-8 membered ring containing 0-2
ring heteroatoms selected from nitrogen, oxygen, or
sulfur;

R' is selected from R®, CON(R®), COR®, CO;R®, COCORS, SO,R°,
SO;N(R®)z, or (CHp)yR%;

y is 1-6;

R® is selected from R’, Ar, COAr, CON(R')Ar, (CHy),COR,
(CHp) N {R")2, C(=NR'®)-N(R"),, C(=NR'®)-NRCOR,
C(=S)-N(R")2, CON(R"),, CO;R, COR, SOR, or SO:N{R'},:

Ar is a five membered heteroaryl, heterocyclyl, or
carbocyclyl ring, wherein said ring is optionally
substituted by up to three substituents selected from
oxo, halogen, CN, NO;, R®, OR®, NHR®, NHCOR®, NHCONHR?, .
COR®, CONHR®, SO,R®, NHSO,NHR® or SO,NHR®;

each R is independently selected from hydrogen or an
optionally substituted aliphatic group havinglone to
six carbons;

each R® is independently selected from 'R’ or an optionally
substituted group selected from alkoxy, hydroxyalkyl,
heterocyclyl, heterccycleylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, heteroaryl, heterocaralkyl,
heteroaralkoxy, or hetercarayloxyalkyl;

each R’ is independently selected from hydrogen or an

optionally substituted aliphatic group having one to six

carbons, or two R’ on the same nitrogen taken together

with the nitrogen optionally form a four to six member,
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saturated or unsaturated heterocyclic ring having cne to

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

each R’ is independently selected from oxo, halegen, (W,
NO;, Tq(haloalkyl), R®, SR®, OR®, OR®, N(R®),, CON(R%),,
CON(R) COR®, COR®, CO,R®, CON(R®),, COCOR®, SO,R®,
SOM(R®);, N(R)T:CO;R®, N(R)THCON(R®),, N(R)T.N(R®),,
N(R) T2NRCO;R®, N(R)T.NRCON(R®)z, N(R)T.COR®, N (R)T.NRCOR®
N{R} ToSON (R) 2, N{R)TaS0;R®, T.PO(OR7)2, THOPO(OR"),,
TaSP(OR)2, T.PO{OR’),, or T,NPO(OR’),;

each Q is an independently selected C,-C, branched or
straight alkyl;

T is selected from Q- or -Qu-CH(Qn-R%)~;
each m and n are independently selected from Zerc or one;
and R* is selected from R’ or Ar.

According to another émbodiment, the invention
provides a method of decreasing.bacterial quantity in a
biological sample. This method comprises the step of

contacting said biological sample with a compound of

- formula I:

-
ol
N R
)‘—z
HN

R I

or a pharmaceutically'acceptable derivative or prodrug
thereof, wherein: ' '
2 is 0 of N-R';

W is nitrogen or CR?;
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R® is selected from hydrogen, halogen, -CF;, R’, -OR’, or
~N(R7)y;

R' is an aryl or heteroaryl ring, wherein said ring is
optionally substituted by up to four R’; wherein an R®
substituent in the ortho-position of R! taken together
with R? may form a fused, unsaturated or partially
unsaturated, optionally substituted 5-8 membered ring
hav%ng 0-2 ring heteroatoms selected from nitrogen,
oxygen, cor sulfur;

R® and R’ are each independently selected from R,
halogen, CN, SR®, OR®, N(R®);, NRCO,R®, NRCON(R®),,
CON(R®),, NRCOR®, NRN(R®),, COR®, CO,R®, COCOR®, SO,RS,
SO:N(R®);, or NRSO;R®; or R? and R are taken together to
form a fused, unsaturated or partially unsaturated,
optionally substituted 5-8 membered ring containing (-2
ring hetercatoms selected from nitrogen, oxygen, or
sulfur;

R' is selected from R°, CON(R®), COR®, COsR®, COCOR®, SO;R®,
SOMN(R®), or (CHp),R%:;

y is 1-6;

R® is selected from R’, Ar, COAr, CON(R")Ar, (CHp),CO:R,
(CH2) yN(R")2, C(=NRY)-N{(R7),, C(=NR!°)-NRCOR,
C(=8)-N(R");, CON(R");, CO,R, COR, SOzR, or SO,N(R’),;

Ar is a five membered heteroaryl, heterocyclyl, or
carbocyclyl ring, wherein said ring is optionally
substituted by up to three substituents selected from
oxo, halogen, CN, NO,, R, OR®, NHR®, NHCOR®, NHCONHR®,
COR?, COMHR®, SO,R®, NHSO,NHR® or SO,NHR®;

each R is independently selected from hydrogen or an
optionally substituted aliphatic group having one to
six carbons; '

each RS is independently selected from R’ or an optionally

substituted group selected from alkoxy, hydroxyalkyl,

heterocyclyl, heterocyc;cylalkyl, aryl, aralkyl,
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aralkoxy, aryloxyalkyl, heteroaryl, heterocaralkyl,
heteroaralkoxy, or hetercarayloxyalkyl;
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each R’ is independently selected from hydrogen or an
optionally substituted aliphatic group having one to
six carbons, or two R’ on the same nitrogen taken
together with the nitrogen optionally form a four to
six member, saturated or unsaturated heterocyclic rimg
having one to three hetercatoms; )

R’ is a C;-C, aliphatic group, wherein two R® on adjacent
pesitions of Ar, or an aryl or hetercaryl ring, may be
taken together with their intervening atoms to form a
three to six membered fused ring;

each R® is independently selected from oxo, halegen, CN
NO;, Ty(haloalkyl), R®, SR®, OR®, OR®, N(R®),, CON(R®),,
CON(R}COR®, COR®, CO;R®, CON(R®),, COCOR®, SO.RS,
SO0:N(R®)2, N(R)T4COR®, N(R)T,CON(RS)z, N(R)TN(RS),,

N (R} ToNRCO;R®, N(R) T.NRCON(R®),, N(R)T,COR®, N (R}T.NRCOR®
N(R)TaS0:N(R);, N(R)THSO,R®, T,PO (CR)s, TLOPO(OR"),,
TaSP{OR")2, TaPO(OR’)2, or T.NPO(OR"),; ’

’

each Q is an independently selected C;-C; branched ox
straight alkyl;

T is selected from -Q- or -Q,-CH{Qu-R%}-;

each m and n are independently selected from zeio or one;

and R is selected from.R’ or Ar, .

The terml“biological sample”, as used herein,
includes cell cultureg or extracts thereof; biopsied
material obtained from a mammal or extracts thereof; and
blood, saliva, urine, feces, semenj tears,'or otﬁer body
fluids or exttacts thereof. The term “biologlcal sample”
also includes liv1ng organisms, in which case “contacting
a compound of this invention with a biological sample” is
synonymous with the term'“administrating said compound’
(or composition compr1sing said compound) to a mammal.”

A preferred embodiment ccmprises contacting

sa;d biological sample with a compound of formula Ia, Ib,
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.1Ia, IIb, IITa, IIIb, or a compound lisFed in either of

Tables 1 and 2. Pharmaceutical compositions useful for
such methods are described below.

The compounds of this invention are potent
inhibitors of gyrase as detérmined by enzymatic assay.
These compounds have also been shown to:have
antimicrobial activity in an antimicrobial susceptibility
assay. The details of the conditions uged for both the
enzymatic and the antimicrobial susceptibility assays are -
set forth in the Examples below.

’ The gyrase inhibitors of this invention, or
pharmaceutical salts_thereof, may be formulated into
pharmaceutical compositions for administration to animals
or humans. These pharmaceutical compositions effective
to treat or prevent a bacterial infection which comprise
the gyrase inhibitor in an amount sufficient to

measurably decrease bacterial quantity and a

-Pharmaceutically acceptable carrier, are ‘another

embodiment of the present invention. The term
"measurably decrease bacterial quantity", as used herein

means a measurable change in the nunber of bacteria

between a sample.containing said inhibitor and a sample

containing only bacteria.

Agents which increase the susceptibility of
bacterial orgaﬁisms to antibiotics are known. For
example, United States patent 5,523,288, United States
Patent 5,783,561 and United States batent 6,140,306 .
describe methods 6f-usihg bactericidal/pe;meability-
increasing protein (BPI) for increasing antibiotic
susceptibility of gfam-poéitive and gram-negative
bacteria, ‘Agents that increase the permeability of the
outer membrane of bacterial organisms have been described
by Vaara, M. in Microbiological Reviews (1992) pp. 395-
411, and the_sensitization of gram-negative bacteria hag

-60-




2006201397 04 Apr 2006

10

15

20

25

30

-54-
been described by Tsubery, H., et al, in J. Med. Chem.
{2000) pp. 3085-2092.
Another preferred embodiment of this invention

relates to a method, as described above, of treating a
bacter1a1 infection 1n a mammal in need thereof but
further compriging the step of administering to said
mammal an agent which increases the susceptibility of

~ bacterial organisms to antibiotics.

According to another preferred embodiment, the
invention provides a method, as described above, of
decreasing bacterial quantity in a bioloéical sample, but
further comprising the step of contacting said biological
sample with an agent which increases the susbeptibility
of bacterial organisms to antibiotics.

The pharmaceutical compositions and methods of
this invention wili be useful generally for contrelling
bacterial infections in vivo. Examples of bacterial
organisms that may be controlled by the compositions and
methods of this invention include, but are not limited to
the following organisms: Streptococcus pneumeniae,
Streptococcus pyrogenes, Enteracoccus fecalis, -
Snterocoécus faecium, Klebsiella pneumoniae, Enterobacter
sps. Proteus sps. Pseudomonas aeruginosa, E. coli,
Serrati; marcesens, Staphyipcoccus aureui, Coag. Neg.
Staph, Haemophilus infuenzae, Bacillus anthracis,
Mycoplasma pneumoniae, and Staphylocéccus epidermitidié
The compositions and methods will therefore be useful for
controlling, treating or reducing the advancement
severity or effects of nosocomial or non-nosocomial

infections. Examples of‘nqsccomial'uses include, but. are

. not limited to, .urinary tract infections, pneumonia,

surgical wound infections, and bacteremia. Examples of

non-nogocomial uses include but are not limited to
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urinary tract infections, pneumonia, prostatitis, skin-
and soft tissue infections, intra-abdominal infections,
and therapy for febrile neutropenic patfenés.

In addition te the compounds of this invention,
pharmaceutically acceptable derivatives or prodrugs of
the compounds of this invention may also be employed in
compositions to treat or prevent the above-identified
disorders.

A "pharmaceutically acceptable derivative or
prodrug” means any pharmaceutically acceptable salt,
ester, salt of an ester or other derivative of a compound
of this invention which, upon administration to a
recipient, is capable of providing, either directly or
dindirectly, a compound of this invention or an

-inhibitorily active metabolite or residué thereof.

Particularly favored derivatives or prodrugs are those

.that increase the bioavailability of the compounds of

~this invention when such compounds are administered to a

mammal {(e.g., by allowing an orally administered compound
to be more readily absorbed into the blood) or which
enhance delivery of the parent compound to a biological
compartment (e.g., the brain or lymphatic system)
relative to the parent species.

Pharmaceutically acceptable prodrugs of the
compounds of this invention include, without limitation,

esters, amino acid esters, phosphate esters, metal salts

and sulfonate esters.

Pharmaceutically acceptable salts of the
compounds of this invention include those derived from
pharmaéeutigally acceptable inorganic and organic acids
and bases. Examples_df»suitable acid salts include
acetate, adipate, alginatg, aspartate, benzoate,

benzenesulfonate, bisulfate, butyrate, citrate,
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camphorate, camphorsulfonate, cyclopentanepropionate,
digluconate, dodecylsulfate,  ethanesulfonate, formate,
fumarate, gluccheptanoate, glycerophosphate, glycolate;
hemisulfate, heptanoate, hexanoate, hydqoch]oride,
hydrobromide, hydroiodide, 2-hydroxyethanesulfonate,
lactate, maleate, malonate, methanesulfcnate, 2-
naphthalenesulfonate, nicotinate, nitrate, palmoate,
pectinate, persulféte, 3-phenylpropionate, phosphate,
picrate, pivalate, propionate, salicylate, succinate,
sulfate, tartrate, thiocyanate, tosylate and undecandate.
Other acids, such as oxalic, while not in themselves
pharmaceutically acceptable, may be employed in the
preparation of salts useful as intermediates in obtaining
the compounds of the invention and their pharmaceutically
acceptable acid addition salts.

salts derived from appropriate bases include
alkali metal (e.g., sodium and potassium), alkaline earth
metal (e.g:, magnesium), ammonium and N*{C,.; alkyl),
salts. This invention also envisions the quaternization
of any basic nitrogen-containing groups of the compounds
disclosed herein. Water or oil-soluble or dispersible
products may be obtained by such quaternization.

Pharmaceutical compositions of‘this invention
comprise a compound of formula X or.a pharmaceutically
acceptable salt thereof and a pharmaceutically acceptable
carrier. Such compositions may optionally comprise an
additional therapeutic agent. Such agents include, but
are not limited to, an antibiotic, an anti-inflammatory
agent, a matrix metalloprotease inhibitor, a lipoxygenase
inhibitor, a cytokine &ntagonist, an immuﬁosuppressant,
an anti-cancer agent, an -anti-viral agent, a cytokine, a
growth‘féctor, an immunoﬁodulatqr{'a prostaglandin or an

anti-vascular hyperproliferation compound,
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The term "pharmaceutically acceptable carrier"
refers to a non-toxic carrier that may be administered to
a -patient, together with a compound of this invention,
and which does not destroy the pharmacological activity
thereof.

Pharmaceutically acceptable carriers that may
be used in the pharmaceutical compositions of this
invention include, but are not limited to, ion
exchangers, alumina, aluminum steérate, lecithin, serum
proteins, such as human serum albumin, buffer substances
such as phosphates, glycine, sorbic acid, potassium

sorbate, partial glyceride mixtures of saturated

vegetable fatty acids, water, salts or electrolytes, such
-, as ‘protamine sulfate, disodium hydrogen phosphate,

potassium hydrogen phosphate, sodium chloride, zine
salts, colloidal silica, magnesium trisilicate, polyvinyl
pfrrolidone, cellulose-based substances, polyethylene
glycol, sodium carboxymethylcellulose, polyacrylates,
waxes, polyethylene-polyoxypropylene-block polymers, wool
fat and self-emulsifying drug delivery systems (SEDDS)
such as a-tocopherocl, polyethyleneglycol 1000 succinate,
or other similar polymeric delivery matrices.

The term "pharmaceutically effective amount®
refers to an amount effective in treating or ameliofacing
a bacterial infection in a pacient. The term
"prophylactically éffective amount" refers to an amount
effective in preventing or substantially lessening a
bacterial infection. in a patient.

Depending upen the particular condition, or
disease state, to be treated or prevented, additional
therapeutic agents, which are normally administered to
treat or prevent that con&ition, may be administered

together with the inhibitors of this invention. Such
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therapeu;ic agents include, but are not limited to, an
antibiotic, an anti-inflammatory agent, a matrix
metalloprotease inhibitor, a lipoxygenase inhibitor, a
cytokine antagonist, an immunosuppressant, an anti-cancer
agent, an anti-viral agent, a cytokine, a growth factor,
an immunomodulator, a prostaglandin or an anti-vascular
hyperproliferation compound.

The compounds of this invention may be employed
in a conventional manner for controlling bacterial
infections levels in vivo and for treating diseases or
reducing the advancement or severity of éffects which are
mediated by bacteria. Such methods of treatment, their
dosage levels and requirements may be selected by those
of ordinary skill in the art from available methods and
techniques. '

For example, a compound of this invention may
be combined with a pharmaceutically acceptable adjuvant
for administration to a patient suffering from a
bacterial infection or disease in a pharmaceutically
acceptable manner and in an amcunt effective to lessen
the severity of that infection or disease. 4

Alternatively, the compounds of this invention
may be used in compositions and methods for treating or
protecting individuals against bacterial infections or
diseases over extended periods of time. ‘The compounds
may be- employed in such compositions either aleone or
together with other compounds of this inGenticn in a
manner consistent with.the conventional utilization of
enzyme inhibitors in pharmaceutical compositions. For
example, & compound of this invention may be combined
with pharmaceutically acceptable adjuvants conventionally
employed in vaccines and administered in prophylactically
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effective amounts to protect individuals over an extended
period of time against bacterial infections or diseases.
The compounds of formula I may|also be co-

. administered with other antibiotics to increase the

effect of therapy or prophylaxis against various
bacterial infections. When the compounds of this
invention are administered in combination therapies with
other agents, they may be administered sequentially or
concurrently to the patient. Alternativély,
pharmaceutical or prophylactic compositions according to
this invention comprise a combination of a compound of
formula I and another therapeutic or prophylactic agent,

The additional therapeutic agenis described
above may be administered separately, as part of a
multiple dosage regimen, from the inhibitor-containing
composition. Alternatively, these agents may be part of
& single dosage form, mixed together with the inhibitor
in a single composition.

.. The pharmaceutical compositiéns of this
invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buceally,
vaginally or via an implanted reservoir. ‘The
pharmaceutical compositions of this invention may contain
any conventional non-toxic.pharﬁaceutically-acceptab]e
carriers, adjuvants or vehicles. ' In some cases, the pH
of the formulation may be adjusted with pharmaceutically
acceptable acids, bases or buffers to enhance the
stability of the formulated compound or igs'delivery
form. The term.pargnteral as used herein includes
subcutaneous, intracutaneous, intravenous,. intramuscular,
intra-articular{'int:asynovial, intrasternal,
intra;hecal, intralesiohal and intracranial injeétion‘or
infusion techniques.
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The pharmaceutical compositions may be in the
form of a sterile injectable preparation, for example, as
a sterile injectable aqueous or oleagin;us suspenaion,
This suspension may be formulated according to techniques
known in the art using. suitable dispersing or wetting
agents (such as, for eﬁample, Tween SO)Eand suspending
agents. The sterile injectable preparation may also be a
sterile injectable solution or suspension in a non-toxic
parenterally-acceptable diluent or solvent, for example,
as a geolution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are mannitol,
water, Ringer‘s solution and isotonie sodium chloride
solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending
medium. For this purpose, any bland fixed oil may be
employed including synthetic mono- or diglycerides.

Fatty acids,. such as oleic acid and its glyceride
derivatiQes are useful in the preparation of injectables,
as are natural pharmaceutically-acceptable oils, such as
olive oil or castor oil, especially in their
polyoxyethylated versions. These oil scluticns or
suspensions may also contain a leng-chain alcohol diluent

or dispersant, such as those described in Pharmaéopeia

_Helvetica, or a similar alcohol.

The pharmaceutical compositions of this
invention may be orally administered in any orally
acceptable dosage form including, ‘but not limited to,
capsules, tablets, and aqueous suspensions ‘and solitions.
In the case of tablets for oral use, carriers which are
commonly used include lactose and corn starch.
Lubricating agents, such ag magnesiuﬁ stearate, are also
typically added. For oral adminiétration in a cépsule

form, useful diluents include lactose and dried corn
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starch. When aqueous suspensions and solutions and
propylene glycol are administered orally, the active
ingredient is combined with emulsifying and suspending
agents. If désired, certain sweetening and/or flavoring
and/or ccloring agents may be added.

The pharmaceutical compositions of this
invention may also be administered in the form of
suppositories for rectal administration. These.
éompositiona can be prepared by mixing a]compound of this
invention with a suitable non-irrjtating excipient which
is solid at room temperature but liquid at the rectal
temperature and therefore will melf in the rectum to
release the active components. Such materials include,
but are not limited to, cocoa butter, beeswax and
polyethylene glycols.

Topical administration of the pharmaceutical-

compositions of this invention is especially useful when

_.the desired treatment involves areas or organs readily

,accessible by topical application. For application

topically to the skin, the pharmaceutical composition
should be formulated with a. suitable ointment containing
the active components suspended or dissolved in a
carrier, Carriers for topical administration of the
compbunds of this invention’iqclude, bﬁ; are not limited
to, mineral oil, 1iduid petroleum, white petroleunm,
propylene glycol, . polyoxyethylene polyoxypropylene .
compouﬂd, emﬁlsifying wax and water. Alternatively, the
pharmaceutical composition can be forﬁulate@ with a
suitable lotion or cream containing the active compound
suspended or dissolved in a carrier., Suitable carriers
igciude, but are not limited to, mineral oil, sorbitan
monostearate, polysorbate 60, cetyl esters wax, cetearyl
alcohol,‘2-octyl§odecanol,_henzyl alcohol and water. The
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pharmaceutical compogitions of this invention may also be
topically applied to the lower intest1na1 tract by rectal
suppository formulation or in a suitable enema
formulation. Topically-administered transdermal patches
are also included in this invention. '

The pharmaceutical compositions of this
invention may be administered by nasal éerosol or
inhalation. 8uch compositions are prepared according to
techniques well-known in the art of pharmaceutical
formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives,
absorption promoters to enhance bioavailability,
fluorocarbons, and/or other sclubilizing or dispersing
agents known in the art.

Dosage levels of between about 0.01 and about
100 mg/kg body weight per day, preferably between 0.5 and
about 75 mg/kg body weight per day and most preferably
between about 1 and 50 mg/kg body weight per day of the
active  ingredient compound are useful in a monotherapy
for the prevention and treatment of bacterial infections
caused by bacteria such as Streptococcus pneumoniae,
Streptococcus pyogenes, Enterccoccus fecalis,
Enterococcus faecium, Klebsiella pneumoniae, Entercbacter
sps. Proteus sps. Pseudomonas aeruginosa, E. coli,
Serratia marcesens, S. aureus, and Coag. Neg. Staph.

Typically, the pharmaceutical compositions of
this invention will ‘be administered from about 1 ﬁo 5
times per day'o; al;ernatively,;as a continuous infusion.
Or, alternatively, the compositions of the present

invention may be administered in a pulsatile formulaion.

‘Such administration can be used as a chronic or acute

therapy. The amount of active ingredient that may be

' combined with the carrier materials to produce a single
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dosage form will ‘vary depending upon the host treated and
the particular mode of administration. A typical
preparation will contain from about 5% to about 95%
active compound (w/w}. Preferably, such preparations
contain from about 20% to about 80% active compound.

When the compositions of this invention
comprise a combination of a compound of formula I and oﬁe
or more additional therapeutic or prophylactic agents,
both the compound and the additional agent should be
present at dosage levels of between aboqi 10% to 80% of
the dosage normally administered in a monotherapy regime.

Upon improvement of a patient's'condition, a
maintenance dose of a compound, compesition or
combination of this invention may be administered, if
necessary. Subsequently, the dosage or frequency of
adminigstration, or both, may be reduced, as a function of
ﬁhe symptoms, to a level at which the improved condition
is retained when the symptoms have been alleviated.to the
desired level, treatment should cease. Patients may,
however, require intermittent treatment on a long-term
basis upon any recurrence or digease symptoms.

As the skilled artisan will appreciate, lower
or higher doses than those recited above may be required.
Specific dosage and treatment regimens for any particular
patient will depend upon a variety of factors, inecluding
the activity of the specific compound employed, the age,
body weight, general health status, sex, diet, time of
administration, rate of excretion, drug combination, the
severity and course of the disease, and the patient’s
disposition to the disease and the judgment of the
treating physician. . .

According to another embodiment, the invention

provides methods for treating or preventing a bacterial
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infecticn, or disease state, comprising the step of
administering to a patient any compound, pharmaceutical
composition, or combination described herein. The term
“patient”, as used herein, means an animal, preferably a
mammal, and most preferably a human.

The compounds of this invention are also useful
as commercial reagents which effectively bind to the
gyrase B enzyme, As commercial reagents, the compounds
of this invention, and their derivatives, may be used to
bleck gyrase B activity in biochemical or cellular assays
for bacterial gyrase B or its homologs or may be
derivatized to bind to a stable resin as a tethered
substrate for affinity chromatography application;.

These and other uses which characterize commercial gyrase
B inhibitors will be evident to those of ordinary skill
in the art. .

In order that this invention be more fully
understood, the following examples are set forth. Thesge
examples are for the ﬁurpose of illustration only and are
not to be construed as 1imiting the scopé of the

invention in any way.

EXAMPLES
Example 1

N NO,
'NH;

2 .
4-(Pyridin-3-yl)-2-nitroaniline.(2): To a solution of 4-
bromo-2-nitroaniline (217 mg, 1 mmol) in DMF (6 mL} was
added 3-pyridine boronic acid (148 mg, 1.2 mmol),
potassium phosphate (276 mg, 1.3 mmol), and dichloro-

(diphenylphosphinoferrocene)palladium (75 mg, 0.1 mmol).
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The resulting mixture was heated at 95°C for 18 hours then
cooled to room temperature and diluted with ethyl acetate
(80 mL). The resulting solution was washed 8uccessively
with saturated aqueous sodium bicarbonaie, water, and
brine, dried over.magnesium sulfate then concentrated in
vacuo. The concentrate was purified by chromatography

[Silica Gel, ethyl acetate: hexanes (1:3}=(1:2)] to

afford compound 2 (117 mg, 54%). ’H NMR (CDCl,) & 8.8 (d,

1H}, 8.55 (m, 1H), 8.35 (d, 1H), 7.85 (dd, 1H), 7.65 (dd,
1H), 7.35 (m, 1H), 6.95 (d, 1H), 6.25 (br B, 2H).

Example 2
4
N NH,
NH,

3
4-Pyridin-3-yl-benzene-1,2-diamine (3}: To a solution of
compound 2 (117 mg, 0.54 mmol) in ethyl acetate (13 mlL)
was added 10% palladium on carbon {51 mg). The resulting
suspension was placed in a Parr hydrogenation apparatus
under 40 psi hydrogen gas while shaking at ambient
temperature for 2 hours. The catalyst was removed by
filtration and the filtrate concentrated in vacuo to
afford compound 2 (115 mg, quantitative yield). !H NMR
(CDC1;} '8 8.8 (m, 1H), B8.45 (m, 1H), 7.75 (m, iH), 7.25
(m, 1H), 6.95 (m, 2H), 6.80 (m, 1H), 3.25 (br 8, 4H}.

Example 3

H
o
H o]
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Ia-11
(5-Pyridin-3-yl-lH-benzoimidazol-z-yl)-catbamic acid
ethyl ester {Ia-11): To a solution of 2-methyl-2-
thiopseudourea (151 mg, 0.54 mmol) and ethylchloroformate
(0.203 mL, 1.08 mmol) in water (2 mL) at 0°C was added 25%
aqueous sodium hydroxide in a dropwige fashion over 1
hour until the pH stabilized at g. Enough acetic acid
was then added to achieve pH S then sodium acetate
trihydrate (74 mg, 0.54 mmol) and a solution of 2 (0.54
mmol) in ethanol (3 mL) were added. A catalytic amount
of p-toluenesulfonic acid was added and the resulting
mixture was heated at reflux for 1 hour.. The reaction
mixture was then cooled to ambient temperature and
diluted with ethyl acetate (50 mL}. The organic solution
was washed with aqueous NaOH, water, and brine then dried
over magnesium sulfate and concentrated in vacuo. The
crude product was purified by preparative HPLC to afford
compound Ia-11. 'H NMR (CDCly) & 9.1 (s;" 1H), 8,75 (d,
1H), 8.5 (d, 1H), 7.9% (s, 1H), 7.8 (m, 1H), 7.65 (m, 2H),
4.3 {q, 2H), 1.3 (t, 3H). (M+1) 283.

Example 4
O 2w~N
CLm
N
H

7
5-Phenyl-1H-benzoimidazol-2-ylamine (7): To a solution of
biphenyl-3,4-diamine (0.99 wmol) in THF:MeOH:water

(5 mL:10 mL:10 mL) was added cyanogen bromide (5M
sclution in acetonitrile, 1.06 mmol). The resulting
mixture was stirred at room température overnight. The
reaction was partitioned between EtOAc and aqueous sodium

hydroxide and the agueous layer re-extracted with EtOAc.
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The combined EtOAc extracts were washed with water,
brine, dried over MgS0,, then concentrated in vacuc to

afford 7 (147 mg, 71%) as an off-white solid.

Ia-84
1-Ethyl-3- (5-phenyl-1K-benzoimidazol-2-yl) -urea (Ia-84}:
To a solution of 7 (40 mg, 0.19 mmol) in THF (1 mL) was
10 added ethyl isocyanate (27 HL, 0.34 mmol) as a solution
in THF (0.5 mL). The reaction was heated to reflux
" overnight then concentrated in vacuo. The crude product

was purified by preparative HPLC to afford Ia-B4.

15 Example 6

BOC\N/\~IRWTN\
H N“‘l‘ﬂr
10
[2-(5-Bromb-pyrimidin-z-ylamino)-ethyl]-carbamic acid
‘tert-butyl ester (10): A mixture of 5-bromo-2-

20 chloropyrimidine (500 mg), N-Boc-ethylenediamine (496
mg), and triethylamine (1 mL) in ethanol (10 nL) was
heated at 80°C for 4 hours. The reaction was then
concentrated in vacuo and the residue purified by
preparative HPLC (hexanes:EtOAc; 60:40) to afford

25 compound 10 (700 mg} as a white solid.
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Example 7
[o]
s
N’
oeNo2
1
1-(3,4-D1nibro-pheny1)-1H=imidazole-4-ca:bcxylic acid
methyl ester (19): To a stirred, 0°C solution of 1,2-
dinitro-4-fluorobenzene (325 mg, 1.74 mmcle) and methyl-
4-imidazolecarboxylate (200 mg, 1.55 mmole) in THF (5 mL)
was added NaH (70 mg, 1.74 mmole} in one portion. The
resulting mixture was stirred at 0°C for 3 hours, then
diluted with toluene and acidified with 6N HCl. The
phases wére separated and the aqueous phase washed with
toluene, cocled to 0 °C, and basified with conc. NH,OH.
Ethyl acetate was added and the resulting mixture stirred
until all solids dissolved. Phases separated, organic
phase washed with brine, dried over Nazsd;, filtered,

concentrated in vacuo. The mixture of regioisomers were

.separated and purified via flash chromatography (silica

gel, 5%-->20% ethanol/ethyl acetate gradient} to fford
the desired adduct 19 (225 mg, 48%) as an off-white
solid. 1H NMR (500 MHz, dmso dé): 8.41 (1H, d); 8.13
(1H, d); 7.5(1H, broad s); 7.28 (1H, s); 7.02 {1H, d);

3.80 (3H, s)
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Ia-156
1-[2-(3-Ethy1-ureido)-3H-ben=oinidazol-5-y1]-lﬂ-imiazole~
4-carboxylic acid methyl ester {Ia-156): A mixture of 19
{225 mg, 0.770 mmole) and 10% P4-C (catalytic amount) in
MeOH (10 mL) was placed under 45 psi of H; (Parr Shaker)
overnight. The mixture was filtered, concentrated in
vacuo, re-diluted with MeCN and MeOH (5 mL/5 mL), and
treated with cyanogen bfomide (168 mg, 1.54 mmole) at
rocm temperature. The resulting mixture was stirred for
4 hours (precipitate formed), then quenched by the
addition of 7N NH,-MeOH. The crude reaction was
concentrated in vacuo and directly flash chromatographed
(silica gel, 10%-->35% 7N NH3-MeOH/CH2Clz gradient) to -
give the pure aminobenzimidazole as a white solid.

The purified aminobenzimidazole was diluted in
DMSO (1 mL), treated with excess ethyl isocyanate (0.5
mL) and heated to 80 °C for 3 hours. The reaction was
cooled to.room temperature, excess ethyl isocyan;te
;emgved in vacuo, azeotroped with MeOH (thrice), diluted
with MeOH (S mlL), treated with NH4OH (2 mL), and heated
to 80 °C for 3 hours. The mixture was cooled to room

temperature, concentréted in vacuo, diluted with . 1/1

‘water/brine, and extracted twice with 4/1 ethyl

acetate/ethancl. The combined organic extracts were

dried over Na2804, filtered, concentrated in vacuo, and
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flash chromatographed (silica gel, 5%--»30% 2N NH,-
EtOH/CH;Cl, gradient) to give the desired product Ia-156
contaminated with ethyl urea. The solid was triturated
with @rater and filtered to give pure Ia-156 (115 mg, 41%
over four steps) as a white solid. 1H NMR (500 MHz, dmso-
dé): 11.81 (1H, br s); 9.94 {(1H, br d}; 8.32 (1H, br 4);
8.26 {1H, br d); 7.58 (1H, br d); 7.48 (1H, m); 7.28 (1H,
d); 7.12 (1H, br d); 3.78 (3H, 8); 3.20 (2H, dq); 1.12
(3R, t).

NH
u;ﬁ_eo
HN—}MQ
Ia-157

1-[2-(3-Ethyl-ureido)-3H-benzoimidazol-5-yl]-1 H-imidazole-4-carboxylic acid
1-[2- (BEthyl-ureidc) -3H-benzoimidazol-5-yl] -1H-imizaole-4-
carboxylic acid (Ia-157): A solution of Ia-156 (S5 mg,
0.289 mmole} in 6N HC1l (2 mL} was refluxed for 6 hours.
The solution was then cooled to room temperature,
concentrated in vacuo, and azeotroped sequentially with
MeOH (twice) and acetone '(twice). The resulting sclids
were suspended in acetone, filtered, and washed with
acetone folldwed by hexanes to givé Ia-157 (115 mg, 100%)
as a white solid. IH NMR (500 MHz, dmso-dé): 8.77 (1H,
m}; 8.52 (1H, m); 7.79 (1H, 8); 7.72 (1H, m); 7.65 (2H,
m}; 5.6-4.0 (2H, br s); 3.20 (2H, 4t); 1.11 (3H, t).
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Example 10

[o]
m%
o
N»,

NH
= o
HN
HN
Mo

Ta-170
A solution of Ia-157 (20 ﬁg. 0.051 mmole) and morpholine
(0.050 mL, excess} in DMF (1 mL) was treated with PyBrop
(20 mg, excess) at room temperature. The resulting
mixture was stirred overnight, then diluted with 4:1
ethyl acetate:ethanol, washed with 1:1 biine:water (five
times), dried over Na,SO,, filtered, and flash
chromatographed (silica gel, 5%-->20% 2N NHa-EtOH/CH,Ci,
gradient} to give Ia-170 (13 mg, 72%) as a white solid.
LRMS: 384.5 (M + H)

Example 11
We have prepared other compounds of formula I

by methods substantially similar to those described in
the above Examples 1-6 and those illustrated in' Schemes
I-VI. The characterization data for these compounds is
summarized in'Tablg 3 below and includes mass spectral
(as M+1) and 'H'NMR data.
'H NMR data is summarized in Table 3 below

wherein "Y" designates 'H NMR data is available and was
found to be consistant with structure. Compound numbers

correspond to the compound. numbers listed 'in Table 1.

Table 3. Characterjization Data for Selected Compounds

f No. Ia- | M+1 TH NMR No. Ia- M+l "H NMR
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No. Ia- M+1 'THNMR | No.Ia- M+l 'HNMR
85 321 - 86 442 Y
a7 370 Y 88 342 -
89 359 Y 90 298 Y
a1 446 Y 92 329 -
93 489 Y 94 387 Y
97 294 Y 98 389 -

100 370 - 101 280 -
102 370 - 102 312 Y
106 409 - 108 300 Y
109 394 - 110 467 Y
111 367 Y 112 343 Y
113 409 - 115 298 Y
118 343 - 117 369 -
118 282 Y 119 296 ¥
120 296 Y 121 322 Y
122 340 Y 124 445 -
125 382 - 126 328 Y

127 394 - 128 432 -
129 368 - 130 196 ¥
131 316 Y 132 312 Y
133 296 ¥ 134 316 Y
135 410 Y 136 300 Y
137 310 Y 138 388 -

139 352 ¥ 140 101 Y
141 388 Y 142 310 Y
143 S11 Y 144 EFE) ¥
145 3583 - 146 400 Y
147 326 Y 148 411 Y
149 270 ¥ 150 LT -
151 - - 152 317 ¥
153 162 Y 154 389 ¥
155 299 - 156 - -
157 - - 158° - -
159 328 - 160 - -
161 - - 162 Z =
163 326 164 67

165 297 166 1367
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No. Ia- M+t THNMR No. Ia- M+1 - "H NMR
167 350 - 168 : 298 Y
169 - ¥ 170 - -
171 - - 172 - -
173 - - 174 , - -
175 365 Y 176 - Y
177 n - 178 - Y
179 367 ¥ 180 . Y
181 315 Y 182 366 Y
183 330 ¥ 184 - -
185 - - 186 ' - -
187 - - 188 - -
Example 12

Gyrase ATPase Agsay

The ATP hydroiysiS'activity of DNA gyrase was
measured by coupliﬁg.the production of ADP through
pyruvate kinase/lactate dehydrogenase to the oxidation of
NADH. . This method has: been described previously (Tamura
and Gellert, 1990, J. Biol. Chem., 265, 21342).

ATPase assays are carried out at 30°C in
Euffered solutions containing 100 mM TRIS pH 7.6, 1.5 mM
MgCl,, 150 mM KCl. The coupling aystem contains (final
concentrations) 2.5 mM phosphognol pyruvate, 200 uM
nicotinamide adenine dinucleotide (NADH), 1 mM DTT,'

30 ug/ml pyruvate kinase, and 10 ug/ml lactate
dehydrogenase. 40 nanomolar enzyme (374 kDa Gyr A2B2
subunit from Staphylococcus aureus) and a DMSO solution
of the inhibitor to a final concentratioﬁ of 4% are added
and the reaction mixture is allowed to incubate for 10
minutes at 30°C. The reaction is then started by the
addition of ATP to a final concentration of 0.9 mM and
the rate of NADH disappearance at 340 nanometers is
measured over the course of 10 minutes. !The percent

inhibition values are determined from rate versus
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concentration profiles and are reported as the average of
duplicate values.

Table 4 shows the results of the percent
inhibition activity of selected compounds of this
invention in the Gyrase inhibition assay at.10 pM
concentration. The compound numbers correspond to the
compound numbers in Table 1. Compounds having an
activity designated as "A" provided a pe%cént inhibition
value below 50 percent; compounds having an activity
designated as "B" provided a percent inhibition value
between 50 and 75 percent; and compounds having an
activity designated as "C" provided a percent inhibitien

value greater than 75 percent.

"Table 4. Gyrase Inhibitory Activity of Selected Compounds

No, Ja- Activity No.Ia- | Activity
1 B 2 B
3 B P c
3 A 7 A
8 A 3 A
10 A 11 c
12 B 13 n
14 B 15 B

16 c 17 c
18 c 19 c
20 A 21 ¢
22 c 23 c
24 c 26 B
33 A 34 c.
35 5 36 A
37 c 38 B
39 c 40 C
a1 A 42 [3
a3 c 44 c
45 c 46 A
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(_ No.la- Activity No. Ia- Activity
132 [ 133 c -
134 C 13s [ad
136 C - 137 [
138 C 139 c
140 C 141 C
142 (o 143 C
144 [ 145 c
146 c 147 B
148 [« 149 C
150 B 151 (o4
152 (o4 153 B
154 C 185 A
156 o] 157 c
158 c 159 A
160 [o4 161 A
162 C 163 NS
164 C 165 (o
166 c 167 C
168 c 169 (o
170 (o4 171 c
172 (o] 173 [o
174 [ 178 c
176 A 177 c
178 C 17% C
180 C 181 B
182 [ 183 B
184 B 185 C
186 C 187 C
188 (o] - - -
Example 13

Susceptibility Testing in Liguid Media

Compounds of this invention were also tested
for antimicrobial activity by susceptlbllity testing in
liquid media. Such assays were performed within the
guidelines of the latest NCCLS document govgrning‘auch
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practices: “M7-A5 Methods for dilution Antimicrebial
Susceptibility Tests for Bacteria that Grow Aerobically;
Approved Standard - Fifth Edition (2000{". Other
publications such as “Antibiotics in Laboratory Medicine”
(Edited by.V. Lorian, Publishers Williams and Wilkins,
1996) provide essential practical techniques in
laboratory antibiotic testing. Essentially, several
discrete bacterial colonies (3 to 7) from a freshly
streaked plate were transferred to an appropriate rich
broth medium such as MHﬂ, supplemented where appropriate
for the more fastidious organiems. This was grown
overnight to high density followed by a 1 or 2-thousand-
fold dilution to give an incculation density of between
5 x 10° and 5§ x 10° CFU per mL. Alternatively, the
freshly picked colonies can be incubated at 37°C for about
4 to 8 hrs until the culture equals or exceeds a
turbidity of a 0.5 McFarland standard {approximately 1.5
x 10° cells per mL) and diluted to give the same CFU per
mL as above. In a more convenient method, the inoculum
was prepared using a commercially available mechanical
device (the BBL PROMPT System) that involves touching
five colonies directly with a wand; containing crosshatch
grooves at its bottom, followed by suspensiocn of the
bacteria in an appropriate volume of saline. Dilution to
the appropriate inoculum cell density was made from this
cell suspension. The broth used for testing consists of .
MHB supplemented with 50 mg per L of Ca® and 25 mg per L
of Mg**. Standard dilution panels of control antibiotics
were made and stored as in the NCCLS standard M7-A5S, the

dilution range typically being in the "128 pg per mL to

0.015 Ug per mL (by 2-fold serial dilution). Thé test
compounds.were dissolved and diluted fresh for

experimentation on the same day; the same or similar
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ranges of concentration as above being used. The test
compounds and controls were dispensed into a multiweil
plate and test bacteria added such that the final
inecculation was approximately 5 x 10* CFU per well and the
final volume was 100 L. The plates were incubated at
35°C overnight (16 to 20 hr) and checked by eye for
tﬁrbidity or quantitated with a multiwell plate reader.
The endpoint minimal inhibitory concentration (MIC) is
the lowest concentration of drug at which the
microorganism tested does not grow. Such determinations
were also compared to the appropriate tables contained in
the above two publications to ensure that the range of
antibacterial activity is within the acceptable range for
this standardized assay.

Table 5 shows the results of the MIC assay for
selected compounds of tﬁis invention. The compound
numbers correspond to the compound numbers in Table 1.
Compounds having an activity level designated as "A"

:prévided an MIC of less than 10 ug/mL; compounds having

an activity level designated as "B" provided an MIC of
between 10 and 40 pg/mL; compounds having an activity
level designated as "C" provided an MIC of greater than

40 pg/mL.

Table 5. MIC Values of Selected Compounds

No. Ja- Activity No. Ia- " Activity
12 B 58 - . A
90 A 52 A
98 B 112 A
116 3] 117 c
118 A 119 c
120 c 121 c
122 [4 133 A
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No. fa- Activity No. Ia- Activity
137 3] 138 C
139 c 140 A
141 A 142 A
144 B 145 B
146 A 147 C
148 B 149 C
150 C 151 C
152 B 153 3
154 C 156 B
157 ¢ 158 [
159 ] 160 c
161 C 162 ¢
163 A 182 C
165 B 166 c
167 c 168 A
169 B 170 C
171 B 173 B
174 [o4 175 c
177 [o4 pics:] A
179 c 180 B
181 c 182 [
183 c 1os c
185 c 186 A
187 B 168 Fy
196 B 197 B
198 B - -

While we have described a number of embodiments
of this invention, it is apparent that our basic =
congtructions méy be altered to provide other embodiments
which utilize the products and processes of this

invention.
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The term “comprise’ and variants of the term such as

“comprises” or “comprising” are used herein to denote the

inclusion of a stated integer or stated integers but not
to exclude any other integer or any other integers,

5 unless in the context or usage an exclusive

10 Sep 2009

interpretation of the term is required.

Any reference to publications cited in thig
specification is not an admission that the disclosures

constitute common general knowledge in Australia.
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E§ The claims defining the invention are as follows:
o)
A . D1 o
o 1. A method of treating a bacterial infection in a
J% mammal in need thereof, compriesing the step of
=) administering teo said mammal a therapeutically effective
— amount of a compound of formula I:
> 1
(o)} R
(o} r?
— WS
o |
A R®
O h 7
Eg HN,
Q R?

I

or a pharmaceutically acceptable salt thereof, wherein:

% 1 O or N-R%;

W is nitrogen or CR?;

R® is selected from hydrogen, halegen, -CFi;, R’, -OR’, or
-N(R7)3;

R! is an aryl or hetercaryl ring, wherein said ring is
optionally substituted by up to four R’; wherein an R’
substituent in the ortho-position of R taken together
with R? may form a fused, unsaturated or partially
unsaturated, optionally substituted 5-8 membered ring
having 0-2 ring heteroatoms scelected from nitrogen,
oxygen, or sulfur;

R’ and R® are each independently selected from R,
halogen, CN, SR®, OR®, N{R®)2, NRCO;R®, NRCON(R®),,
CON(R®),, NRCOR®, NRN(R®),, COR®, CO;R®, COCOR®, SO:R®,
SO,N(R®);, or NRSO;R®; or R? and R® are taken together to
form a fused, unsaturated or partially unsaturated,
optionally substituted 5-8 membered ring containing 0-2
ring hetercatoms selected from nitrogen, oxygen, or

gulfur;

COMS ID No: ARCS-248966 Received by IP Australia: Time (H:m) 15:01 Date (Y-M-d) 2009-09-10
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R* iz selected from R®, CON(R®), COR®, CO,R®, COCOR®, SO;R®,
SO:N(R®)2, or (CHa),R%;

vy is 1-6;

R® is selected from R’, Ar, COARr, CON(R")Ar, (CH,),CO:R,
(CHz)yN (R") 2, C(=NR')-N{(R"},, C(=NR')-NRCOR,

C(=8) -N(R7),, CON(R")., COR, SO,R, or SO0.N(R"),:

Ar is a five membered hetercaryl, heterccyclyl, or
carbocyclyl ring, wherein gaid ring is optionally
gubgtituted by up to three substituents selected from
oxo, halogen, CN, NO,, R®, OR®, NHR?, NHCOR®, NHCONHR®,
COR®, CONHR®, SO:;R®, NHSO,NHR® or SO.NHR®;

each R iz independently selected from hydrogen or an
optionally substituted aliphatic group having one to
gix carbons;

each R® is independently selected from R’ or an optionally
substituted group selected from alkoxy, hydroxyalkyl,
heterocyclyl, heterocycleylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, hetercaryl, heterocaralkyl,
heterocaralkoxy, or heteroarayloxyalkyl;

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

R® i8 a C;-Cs aliphatie group, wherein two R® on adjacent
positions of Ar, or an aryl or hetercaryl ring, may be
taken together with their intervening atoms to form a
three to six membered fused ring;

each R’ is independently selected from oxo, halogen, CN,
NO;, Ta(haloalkvl), R®, SR®, OR®, OR®, N(R®);, CON(R®),
CON(R) COR®, COR®, CO,R®, CON(R®)z, COCOR®, SO.RY,
S0,N(R®);, N(R)TnCO:R®, N(R)TnCON(R®)a, N(R)TaN(R®)z,

N (R) TANRCOzR®, N(R)TWNRCOM(R®)2, N(R)T,COR, N(R)T.NRCOR®,

COMS ID No: ARCS-248966 Received by IP Australia: Time (H:m) 15:01 Date (Y-M-d) 2009-09-10
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o)) N (R) TuSOzN (R®) 2, N{R)TnSO:R®, TLPO(OR);, T4OPO(OR’),,
8 TSP (OR7) 5, TnPO(OR"').z, or TRNPO{OR"),;
2;4 each Q is an independently selected & -¢i branched or
J% straight alkyl;
o T is selected from -Q- or -Qun-CH(On-R?)-;
— each m and n are independently selected from zero or one;
and R is selected from R’ or Ar;
E; provided that the following compounds are excluded:
SQ 2-[3-(3,5-dibromobenzylaming) prop-1-ylamine] -1H-
53 benzimidazole;
ég 2-[3-(2-ethoxy-3,5-dibromobenzylamine) prop-1-ylamine-1H-
53 benzimidazole;

2-[3-(6,8-dichlorochroman-4-ylamino) prop-l-ylaming] -1H-
benzimidazole;
2-[2-(6,8-dibromo-1, 2,3, 4-tetrahydroquinolin-4-

ylamine) prop-1l-ylaminol -1H-benzimidazole;
2-[3-(4,6-dichloroindol-2-ylmethylamino)prop-1-ylamino] -
1H-benzimidazole;
2-[3~(6-ethyl-8-iodo-1,2,3,4-tetréhydroquinolin-4-
ylamino)prop-1l-ylamine] -1H~benzimidazele dihydrochloride;
2-[3-(4,5-dibromothien-2-yl)methylamine) prep-1-ylamine] -
1H-benzimidazole dihyrdochloride;
2-{3-[4,6-dichlore-1-{2-hydroxyehtyl)-1H-indol-2-
ylmethylamino] prop-1-ylamino}-1H-benzimidazole;
2-[3-{2-ethoxy-3,5-dichlerocbenzylamine) prop-1l-ylamino] -
1H-benzimidazole;

2-[3- (3-brome-2-2thoxy-5-methoxybenzylamine) prop-1-
ylamino] ~-1H-benzimidazola;
2-[3-(2-ethoxy-5-iodo-3-methylbenzylamine) prop-1-
ylamino] -1H-benzimidazole;
2-[3-(4-trifluoromehtyl-6-methoxyindol-2-
vimethylamino)prop-1-ylamino] -1H-benzimidazole;
2-[3-(3,5-dibromobenzylamino) prop-1-ylamino] -5-methoxy-

1H-benzimidazole;

COMS ID No: ARCS-248966 Received by IP Australia: Time (H:m) 15:01 Date (Y-M-d) 2009-09-10
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2-amino-5- (4-methoxypyridin-2-yl)benzoxazole
dihydrochloride;

2-amino-5- (4-methoxypyridin-2-yl) -1-methylbenzimidazole
dihydrochloride;

2-amino-l-ethyl-5- (4-methoxypyridin-2-yl)benzimidazole
dihydrochloride;

2-amino-5- (4 -methoxypyridin-2-yl) -1-phenylbenzimidazole
dihydrochloride;

2-amino-5- (4-methoxypyridin-2-ylbenzimidazole
dihydrochloride.

2, The method according to claim 1, wherein said

compound has the formula Ta or Ib:

R R
R? R?
N R® N R
\ \
)'- N‘R4 >'_ 0
HN, HN
RS or RE
Ia Ib

or a pharmaceutically acceptable salt thereof.

3. The method according teo claim 2, wherein said
compound has one or more features selected from the group
consisting of;
() R* im an optionally substituted aryl or
hetercaryl ring;
(b) R® and R® are each independently selected from
halogen, CN, CO.R®, OR®, or RY;
(c) R® is CO.R, COAr, COR, CON(R");, Ar, (CHp),CO:R, or
(CH2) N (R")2; and
(d) R’ is halogen, CN, oxo, Rf, SR, OR®, N(RP),,
CON(R®)z, CO;R®, CON({R)COR®, N(R)T.COR®,

COMS ID No: ARCS-248966 Received by IP Australia: Time (H:m) 15:01 Date (Y-M-d) 2009-09-10
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N (R) ToNRCO;R®, N(R)TulN(R®);, NO;, Ts(haloalkyl),
CO.N(R®)a2, COR®, SOsR®, or SO0.N(R®),.

4. The method according te claim 2 or claim 3, wherein:

(a)

(k)

(¢)

(4

R! is an optiocnally substituted aryl or
heterocaryl ring;

R? and R' are each independently selected from
halogen, CN, CO.R®, OR®, or Rf;

R% is CO;R, COAr, COR, CON(R"), Ar, (CH;),CO:R, or
(CHz) ,N(R"); and

R? is halogen, CN, oxo, R%, SRY, OR®, N(R%).,
CON(R®)5, CO,RS, CON(R)COR®, N(R)T.COs;R®,

N(R) T-NRGO,R®, N{(R)TuN{R)2, NQ:, Tn(haloalkyl),
CO:N(R%)2, COR®, BC.R%, or SG;N(Rf),.

5. The method according to claim 2 or claim 3, wherein

gaid compound has one or more features selected from the

group consisting of:

(a)

(b)
(e)
(d)
(e)
(£)

R' is an optiomally substituted ring selected
from phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
thienyl, pyrimidyl, imidazol-1-yl, imidazol-2-
vl, pyrazol-1-yl, amine-pyrimidinyl, gquinelinyl,
aminobenzimidazeole, or indelyl;

R? ism hydrogen, alkoxy, aminoalkyl, or halogen;
R? is hydrogen, alkoxy, aralkoxy, or halogen;

R* 1s hydrogen or (CHp).R%;

R® iz CON(R")2, Ar, (CH.),C0:R, or (CH:)yN(R")s; and
R’ is halogen, CN, oxo, R°®, SR®, ORS, N(Rf).,
CON(R®)2, CO.R®, CON(R)COR®, or N(R)T.CO;RE.

6. The method acceording to claim 5, wherein:

(a)

R! is an optionally substituted ring selected
from phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
thienyl, pyrimidyl, imidazol-1-yl, imidazol-2-
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yl, pyrazol-1l-yl, aminc-pyrimidinyl, gquinolinyl,
aminobenzimidazele, or indolyl;
(b) R® ig hydrogen, alkoxy, aminoalkyl, or halogemn;
(¢) R® 1g hydrogen, alkoxy, aralkoxy, or halogen;
(d) R* is hydrogen or (CH,)yR%;
(e) R® is CON(R"}:, Ar, (CH:),CO:R, or (CHs)yN(R7):; and
(£} R’ is halogem, CN, oxe, RY, 8RS, OR®, N(RY),,
CON (R®);, COsR®, CON{R)COR®, or N(R)T.COsR®.

7. The method according to claim 1, wherein said

compound has the formula IIa or IIb:

R gt
r? 2
R
V‘l" w
s |
N R N R®
é—-N )_0
o R
HN
—0 >=0
R N 7N 7
R R ar R R
IIa IIb

or a pharmaceutically ac¢ceptable salt thereof, wherein:

W is nitrogen or CR?;

R* is selected from hydrogen, halogen, -CFi, R’, -OR’, or
-N(R")2;

R’ is an aryl or heteroaryl ring, wherein said ring is
optionally gubsgtituted by up to four R°; wherein an R’
substituent in the ortho-position of R taken together
with R? may form a fused, unsaturated or partially
unsaturated, optionally substituted 5-8 membered ring
having 0-2 ring hetercatoms selected from nitrogemn,
oxygen, or sulfur;

R* and R® are each independently selected from R®,
halogen, CN, sR®, OR®, N(R®),, NRCO,R®, NRCON(R®).,
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CON(R®),, NRCOR®, NMRN(R®),, COR®, CO,R®, COCOR®, SOR®,
S0,N (Rf);, or NRSO;R®; or R? and R' are taken together to
form a fused, unsaturated or partially unsaturated,
optionally substituted 5-8 membered ring containing 0-2
ring heteroatoms selected from nitrogen, oxygen, or
sulfur;

R® is selected from R, CON(R®), COR®, CO.R®, COCOR®, 30,Rf,
SOsN(R%)s, or (CHa)yR?:

y is 1-6;

each R isg independently selected from hydrogen or an
optionally substituted aliphatic group having one to
six carbons;

each R® is independently selected from R’ or an optionally
substituted group selected from alkoxy, hydroxyalkyl,
heterocyclyl, heterocyclcylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, hetercaryl, hetercaralkyl,
hetercaralkoxy, or hetervarayloxyalkyl;

each R’ is independently selected from hydrogen or an
optionally substituted aliphatic group having one to
gix carbons, or two R’ on the same nitrogen taken
together with the nitrogen opticnally form a four te
six member, saturated or unsaturated heterccyclic ring
having one te three hetercatoms;

each R® is independently selected from oxo, halogen, CN,
NO;, Ta(haloalkyl), R®, SR®, OR®, OR®, N(R®)z, CON(R®):,
CON (R) COR®, COR®, CO;R®, CO;N(R®);, COCOR®, SO.RS,
SO:N(R)2, N(R)TnCO:R®, N(R)T.CON(R®)2, N(R)TuN(R®)a,
N (R) T-NRCOzR®, N (R) T,NRCON(R?);, N(R)T,COR®, N(R)T,NRCOR®,
N(R) T,SO;N (R®) ;, N(R}TnS0R°, TPO(OR");, T,O0PO(OR’).,
TuSP(OR") 3, ToPO{OR’}s, or TLNPO(OR’),;

each Q isg an independently gelected C,-Cs; branched or
straight alkyl;

T is selected from -Q- or -Qu-CH{Qw-R*)-; and

each m and n are independently selected from zero or one.
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8. The method according to claim 1, wherein said

compound has the formula IIIa or TIIb:

NS NSy
| ~ | A
R? r?
1 i
R® R?
N\ N
)_-N\R4 Lo
HN, HN
RS or k6
IIIa IIIb

or a pharmaceutically acceptabkle salt thereof, wherein:

W is nitrogen or CR®;

R* is selected from hydrcgen, halogen, -CF;, R’, -OR’, or
-N(R")2;

Ring A is optionally substituted with up to three R®;
wherein when an R’ substituent is in the ortho-position
of Ring A, said R’ substituent may be taken together
with R® to form an optionally substituted 5-7 membered
ring containing 0-2 ring heteroatoms selected from
nitrogen, oxygen, or sulfur;

R? and R? are each independently selected from RY,
halogen, CN, SR®, OR®, N(R®):;, NRCOzR®, NRCON(R®),,
CON(R®),, NRCOR®, WNRN(R®},, COR®, COR®, COCOR®, SO.RS,
S0.N(R®)., or NRSO;R®: or R? and R’ are taken together to
form a fused, unsaturated or partially unsaturated,
optionally substituted 5-8 membered ring containing 0-2
ring heteroatoms selected from nitrogen, oxygen, or
zulfur;

R* ig selected from R®, CON(R®), COR®, CO.R®, COCOR®, SORS,
SO;N(R®);, or (CHz),R%;

COMS ID No: ARCS-248966 Received by IP Australia: Time (H:m) 15:01 Date (Y-M-d) 2009-09-10

-96-




10708 2009 14:53 FAX +B1 7 3223 3384 CULLENS @ 016/081

=90~

vy is 1-6;

R® is selected from R’, Ar, COAr, CON(R")Ar, (CH;),CO:R,
(CH2) N (R7) 2, C{=NR*)-N(R"),, €{=NR')-NRCOR,
C(=8)-N(R")z, CON(R"):, COR, SO;R, or $O;N(R").;

Ar is a five membered hetervaryl, heterccyclyl, or

10 Sep 2009

carbocyclyl ring, wherein said ring is optionally
substituted by up to three substituents selected from
oxo, halogen, CN, NOs, R°, OR°, NHRY, NHCOR®, NHCONHR®,
COR®, CONHR®, SO,R?, NHSO,NHR® or SO,NHRY;

each R is independently selected from hydrogen or an
optionally substituted aliphatic group having one to

g2ix carbons;

2006201397

each R® is independently selected from R’ or an optionally
subatituted group selected from alkoxy, hydroxyalkyl,
heterocyeclyl, heterocyclceylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, heterocaryl, heteroaralkyl,
hetercaralkoxy, or heteroarayloxyalkyl;

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

R® is a C1-C. aliphatic group, wherein two R’ on adjacent
positions of Ar, or an aryl or heterocaryl ring, may be
taken together with their intervening atoms to form a
three to six membered fused ring;

each R’ is independently selected from oxo, halogen, CN,
NO,, Tn(haloalkyl), R®, SRf, OR®, OR?, N(R®),, CON(R?),,
CON(R)COR®, COR®, CO,R®, CO.N(R®);, COCOR®, SO;Rf,
SO.N(R®) 5, N(R)T,COR®, N(R)TaCON(R®)z, N(R)TaN(R®),,

N(R) T-NRCO;R®, N(R)T.NRCON(R®),, N{(R)T,COR®, N(R)T.NRCOR®,
N(R) TaSO0:N(R®) 2, N(R)TaSO;R®, Ta.FO{OR’):, TaOPO(OR’):,
ToSP (OR") 3, ToPO(OR7),, or TLNPO(OR")a;
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8 straight alkyl;
a T ig selected from -Q- or ~Qu-CH{Ow-R3*)-;
C%) each m and n are independently selected from zero or one;
o and R* is selected from R’ or Ar.
—
9. The method according te c¢laim 1, wherein said
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10. The method according to claim 1, wherein the diseace
in mammals is alleviated by administration of an

inhibitor of gyrase of formula I:
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(@)Y or a pharmaceutically acceptable =alt thereof.
[ag]
—
=)
o~ 11. A compound of formula IIa or IIb:
o 1
o R r!
e} R? 2
(@] w W R
' |
N R? N R?
)—N \
N
HN R HN>#
o o
R7/N\.R7 or R7/N\R7
IIa ITh

or a pharmaceutically acceptable salt thereof, wherein:

W is nitrogen or CR%;

R® ig celected from hydrogen, halogen, -CF;, R’, -OR’, or
-N(R");;

R’ is an aryl or heteroaryl ring, wherein said ring is
optionally substituted by up to four R’; wherein an R?
substituent in the ortho-position of R' taken together
with R* may form a fuged, uneaturated or partially
unsaturated, optionally substituted 5-8 membered ring
having 0-2 ring heteroatoms selected from nitrogen,
oxygen, or sulfur;

R® and R® are each independently selected from R,
halogen, CN, SR®, OR®, N{R®);, NRCO;R®, NRCON(R®).,
CON(R®),, NRCOR®, NRNW(R®),, COR®, CO,R®, COCOR®, SO.R%,
80.N (R®),, or NRSO;R®; or R* and R® are taken together to

form a fused, unsaturated or partially uneaturated,
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optionally substituted 5-8% membered ring containing 0-2
ring heteroatoms selected from nitrogen, oxygen, or
sulfur;

RY is selected from R®, COM(R®), COR®, CO;R®, COCOR®, SO;R®,
SON(R®)a, or (CH,),R?;

y is 1-6;

each R is independently selected f£rom hydrogen or an
optionally substituted aliphatiec group having one to
six carbons;

each R® isg independently selected from R’ or an optionally
gubstituted group selected from alkoxy, hydroxyalkyl,
heterocyelyl, heterocycloylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, hetervaryl, hetercvaralkyl,
heterparalkoxy, or hetercarayloxyalkyl;

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

each R’ is independently selected from oxo, halogen, CN,
NO., Ta.(haloalkyl), R®, SR®, OR®, OR®, N(R®)s, CON(R®),,
CON(R) COR®, COR®, CO:R®, COMN(R%)., COCCR®, 80:R°,
SO:N (R®) 5, N(R)TaCO:R®, N(R)}T,CON(R®)2, N(R)TN(R®)s,
N(R) TmNRCO:R®, N{(R)TNRCON(R®):, N(R)TsCOR®, N(R)T.NRCOR?,
N (R) TuSO2N (R®) 2, N(R)TaS0:R®, TPO(OR")3, THOPO(OR')3z,
TnSP(OR")5, TaPO(OR"}:, or T.NPO(OR'):;

each Q ig an independently selected C;-Cy; branched or
straight alkyl;

T ig selected from —-Q- Of -Qu-CH(Qn-R?)-; and

each m and n are independently selected from zero or one.
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compound according to claim 11, wherein said

compound has one or more features selected from the group

congisting of:

(a)

(b)

13. The

(a)

(b)

(c)

14. The

R! is an optionally substituted aryl or
heteroaryl ring;

R? and R® are each independently gelected from
halogen, CN, CO.R®, OR®, or R®; and

R® is halogen, CN, oxo, R®, SR°, OR®, N(R®),,
CON(R%),, COR®, COM(R)COR®, N(R)T,CO;R%,

N (R) T;NRCO,R®, N(R) TyN(R®);, NOz, Ta(haloalkyl),
CO,N (R%),, CORY, B80,R%, or SC;N(R%);.

compound according to ¢laim 11 or claim 12,
wherein;

R! is an opticnally substituted aryl or
heteroaryl ring;

R? and R® are each independently selected from
halogen, CN, CO;R®, OR®, or R%; and

R’ is halogen, CN, oxo, RY, SR®, OR®, N(R®),,
CON(R®),, CO;R®, CON(R)COR®, N(R)T,CO:R®,

N (R) ToNRCO;R®, N{(R)T,N(R%);, NO;, Ti(haloalkyl),
CO;N(R®)s, COR!, SO:R®, or S0.N(R)..

compound according to claim 11 or claim 12,

wherein said c¢ompound has ¢ne oy more features selected

from the

(a)

(b)
(c)
(a)

group consisting of:

R* is an optionally substituted ring selected
from phenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl,
thienyl, pyrimidyl, imidazol-1-yl, imidazol-2-
vl, pyrazol-l-yl, amino-pyrimidinyl, guinolinyl,
aminobenzimidazole, or indolyl;

R? is hydrogen, alkoxy, aminoalkyl, or halogen;
R' is hydrogen, alkoxy, aralkoxy, or halogen;

R* is hydrogen or (CH»),R*; and
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(o)) (e) R® ip halogen, CN, oxo, RY, SR®, OR®, N(R®),,
§ CON(R®),, CO.R®, CON(R)COR®, or N{R)TaCO.R®.
joF
C%) 15. The compound according to claim 14, wherein:
o (a) R* 18 an opticnally substituted ring selected
— from phenyl, 2=-pyridyl, 3=-pyridyl, 4-pyridyl,

thienyl, pyrimidyl, imidazel-l1-yl, imidazol-2-
lo\\ yl, pyrazol=-1l-yl, amino-pyrimidinyl, quinolinyl,
2 aminobenzimidazole, or indelyl;
8 (b) R* ig hydrogen, alkexy, aminoalkyl, or halogen;
8 (¢) R® is hydrogen, alkexy, aralkexy, or halogen;
8 (@) R* is hydrogen or (CH;),R*; and

(e} R® is halogen, CN, oxo, R®, SR®, OR®, N(R®),,
CON(R®),, CO.R®, CON(R)COR®, or N{(R)T,CO;R®.

16. A compound of formula IIIa or IIlb:

NSy NSy
| A | A
w R w R?
| |
N R N e
>L—N )L—o
Nt
HN R HN
RE or \RE

ITIa ITIb

or a pharmaceutically acceptable salt thereof, wherein:

W is nitrogen or CR®;

R* is selected from hydrogen, halogen, -CFi, R/, -OR’, or
-N(R7);

Ring A is optionally substituted with up to three R’;
wherein when an R? substituent is in the ortho-position

of Ring A, said R’ substituent may be taken together
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with R? to form an optionally substituted 5-7 membered
ring containing 0-2 ring hetercatoms selected from
nitrogen, oxygen, or sulfur;

R* and R’ are each independently selected from RS,
halogen, CN, SRS, OR®, N(R%),, NRCO,R®, NRCON(RS),,

CON (R®)2, NRCOR®, NRN(R®):, COR®, CO.R®, COCOR®, SO:R®,
SO:N(R®),, or NRSO.R®; or R® and R’ are taken together to
form a fused, unsaturated or partially unsaturated,
optionally substituted 5-8 membered ring containing 0-2
ring heteroatoms selected from nitrogen, oxygen, or
sulfur;

R* is selected from R®, CON(R®), COR®, CC;R®, COCOR®, SO;R%,
8SO:N(R®)s, or (CH:)yR%;

y is 1-6;

R® is selected from R’, Ar, COAr, CON(R')Ar, (CHz)yCO:R,
(CHz) N (R")z, C{=NR™)-N(R");, C(=NR)-NRCOR,
C(=8)-N(R");, CON(R"):, COR, SO;R, or SC;N(R’);:;

Ar is a five membered hetercaryl, heterocyclyl, or
carbocyclyl ring, wherein said ring is optionally
substituted by up to three substituents selected from
oxo, halogen, CN, NO;, R°, OR®, NHR®, NHCOR!, NHCONHR®,
COR®, CONHR?, SO,R®, NHSO,NHR® or SO,NHR®;

each R is independently selected from hydrogen or an
optionally substituted aliphatic group having one to
six carbong;

each R® is independently selected from R’ or an optionally
gubptituted group pelected from alkeoxy, hydroxyalkyl,
heterocyclyl, heterocyclcylalkyl, aryl, aralkyl,
aralkoxy, aryloxyalkyl, heaterocaryl, hetercaralkyl,
heteroaralkoxy, or hetercarayloxyalkyl;

each R’ is independently selected from hydrogen or an
opticnally substituted aliphatic group having one to
six carbons, or two R’ on the same nitrogen taken

together with the nitrogen opticnally form a four to
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gix member, saturated or unsaturated heterocyclic ring
having one to three hetercatoms;

R® igs a ¢,-C4 aliphatic group, wherein two R® on adjacent
positions of Ar, or an aryl or heterocaryl ring, may be

taken together with their intervening atoms to form a

10 Sep 2009

three to six membered fused ring;

each R’ is independently selected from oxo, halogen, CN,
NOz, Ta(haloalkyl), R®, sR®, OR®, OR®, N(R®)s, CON(R®),,
CON (R) COR®, COR®, CO;R®, CO.N{R°}),, COCOR®, SO;RS,
S0;N(R®) s, N(R)T.CO.R®, N(R)T,CON(R®)s, N(R)T.N(R®),,
N (R) T:NRCOzR®, N(R)T NRCON(R")z, N{R)Tn.COR®, N(R)T.NRCOR®,
N{(R) ToS0:N (R) 5, N(R)T.SO;R®, T.PO(CR7)z, T.OPO(OR’),,
TuSP(OR") 2, TaPQ(QR)2, or TLNPO(OR"):;

each @ is an independently selected <;-C; branched or
straight alkyl;

T is selected from -Q- or -0.-CH{Q.-R?) -;

2006201397

each m and n are independently selected from zero or one;

and R is selected from R’ or Ar.

17. The compound according to claim 16, wherein said
compound has one or more features selected from the group
consgisting of:
{a) R® and R® are each independently selected from
halegen, CN, CORf, OR®, or R%;
(b) R® is CO,R, COAr, COR, CON(R"),, Ar, (CH;),CO:R, or
(CHz) N (R")z2; and
(¢) R? is halogen, CN, oxo, R®, 8R®, OR®, N(R%),,
CON (R®);, COsR®, CON(R)COR®, N(R)T.CO:R®,
N(R) TsNRCO,RS, N{R)T.MN(R®),, NO;, Tn(haloalkyl),
COZN(R®);, COR®, SOR®, or SO;N(R®)..

18. The compound according to ¢laim 16 or claim 17,

wherein:
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(a)

(b)

()

19. The

3229 3384 CULLENS
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R? and R? are each independently selected from
halogen, CN, CO;R®, OR®, or RY;

R® is CO.R, COAr, COR, CON(R'):2, Ar, (CHz),CO:R,
(CHy) N (R")5; and

R® ig halegen, CN, oxe, Rf, SRS, ORY, N(Rf).,
CON (R®)5, CO:R®, CON(R)COR®, N(R)T.COsR®,

N(R) T,NRCOR®, N(R)TM{R%);, NOz, Ty(haloalkyl),
CO:N(R®),, COR®, 80;R®, or SO.N(R®)).

compound according to claim 16 or claim 17,

wherein said compound has one or more features selected

from the
(a)
(b)
(c)
(d)
(e)

20. The
(a)
(b)
(e)
(d)
(e)

group consisting of:
R* is hydrogen, alkoxy, aminoalkyl, or halogen;
R® is hydrogen, alkoxy, aralkoxy, or halogen;

R* is hydrogen or (CHs),R%;

@ 037/081

or

R® is CON(R")s, Ar, (CHa),CO:R, or (CH)yN(R'):; and

R® is halogen, CN, oxo, R®, SR®, OR®, N(R%),,
CON(R®),, COR®, CON(R}COR®, or N(R)T.CO.R®,

compound according to claim 19, wherein:

R? is hydrogen, alkoxy, aminoalkyl, or halogen;
R} is hydrogen, alkoxy, aralkoxy, or halogen;
R* ig hydrogen or (CH;),R*;

R® is CON(R")s, Ar, (CHs),CO:R, or (CHs)yN(R"):; and

R’ is halogen, CN, oxo, R%, SR®, OR°, N(Rr®),,
CON(R®),, CO.R®, CON(R)COR®, or N(R)TaCO:R*.

21. A composition comprising a compound according to any

one of claims 11 to 20;

carrier.

22. The

composition according to claim 21 further

and a pharmaceutically acceptable

comprising an additional therapeutic agent selected from

an anticbiotic, an anti-inflammatory agent, a matrix
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metalloprotease inhibiter, a lipoxyyenase inhibitor, a
cytokine antagonist, an immuncsuppressant, an anti-cancer
agent, an anti-viral agent, a cytokina, a growth factor,
an immunomodulator, a prostaglandin or an anti-vascular

hyperproliferation compcound.

23, A compound of formula IIa or IIb as defined in claim
11 or a compound of formula IITa or ITITb as defined in
¢laim 146, substantially as hereinbefore described with

reference to one or more of the accompanying examples.

24. A pharmaceutical composition comprising the compound

of claim 23 and a pharmaceutically acceptable carrier,

Dated; 10 September 2009
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