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Bacterial infections, including Methicillin resistant Staphy
lococcus aureus (MRSA) infections are a major health prob
lem that has created a pressing need for neW antibiotics.
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found in gram positive bacteria are disclosed. A structure

activity relationship (SAR) analysis led to the identi?cation
of several pyridazinone and pyrazolethione analogs that
inhibit SrtA With lC5O values in the sub-micromolar range.
Compounds that inhibit the S. aureus SrtA sortase may func
tion as potent anti-infective agents as this enzyme attaches

virulence factors to the cell Wall. Many of these molecules
also inhibit the sortase enzyme from B. anlhracis suggesting
that they may be generalized sortase inhibitors.

The novel compounds, compositions, uses, formulations,
medicaments, articles of manufacture provide improved
materials, uses, and treatments useful in combating infectious
disorders.
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EoWler,A.; Eaull, K. E. Science 1995, 268, 103). Small mol
ecules that inhibit the SrtA transpeptidation reaction may be

STATEMENT OF GOVERNMENT SUPPORT

[0001] This invention Was made With Government support
of Grant Nos. AI0522 1 7 awarded by the National Institutes of
Health. The US. government has certain rights in this inven
tion.
FIELD OF USE

[0002] This application discloses compounds, composi
tions, uses, medicaments, and methods related to sortase A
and other bacterial enzymes, binding to and inhibition of
sortase A and other bacterial enzymes, the use of such com

pounds and compositions, the preparation of medicaments
comprising such compounds and compositions, and treat
ments of bacterial infections and disorders related to sortase

A and other bacterial enzymes, and related subject matter.
BACKGROUND

[0003]

The rise of community- and hospital-acquired

methicillin resistant Staphylococcus aureus (MRSA) is a
major health problem that has created a pressing need for neW

antibiotics (Talbot, G. H.; Bradley, J.; EdWards, J. E., Jr.;
Gilbert, D.; Scheld, M.; Bartlett, J. G. Clin. Infect. Dis. 2006,
42, 657). More than 90,000 Americans acquire potentially
deadly MRSA infections each year, Which annually are esti
mated to kill more people than AIDS in the United States

(Klevens, R. M.; Morrison, M. A.; Nadle, J .; Petit, S.; Gersh
man, K.; Ray, S.; Harrison, L. H.; Lyn?eld, R.; Dumyati, G.;
ToWnes, J. M.; Craig, A. S.; Zell, E. R.; Eosheim, G. E.;

poWerful anti-infective agents as srtA' strains of S. aureus fail
to display many virulence factors and exhibit reduced viru

lence (Zink, S. D.; Burns, D. L. Infect. Immun. 2005, 73,

5222; Weiss, W. J.; Lenoy, E.; Murphy, T.; Tardio, L.; Burgio,
P.; Projan, S. J .; SchneeWind, O.; Alksne, L. J. Antimicrob.
Chemother 2004, 53, 480; Jonsson, I. M.; Mazmanian, S. K.;

SchneeWind, O.; Verdrengh, M.; Bremell, T.; TarkoWski, A. J.
Infect. Dis. 2002, 185, 1417; Mazmanian, S. K.; Liu, G.;
Jensen, E. R.; Lenoy, E.; SchneeWind, 0.; Proc. Natl. Acad.
Sci. USA 2000, 97, 5510; Mazmanian, S. K.; Ton-That, H.;
Su, K.; SchneeWind, O. Proc. Natl. Acad. Sci. USA 2002, 99,

2293; Bieme, H.; Mazmanian, S. K.; Trost, M.; Pucciarelli,
M. G.; Liu, G.; Dehoux, P.; Jansch, L.; Garcia-del Portillo, E;
SchneeWind, O.; Cossart, P. Mol. Microbiol. 2002, 43, 869;
Garandeau, C.; Reglier-Poupet, H.; Dubail, L.; Beretti, J. L.;
Berche, P.; Charbit, A. Infect. Immun. 2002, 70, 1382; Kharat,
A. S.; Tomasz, A. Infect. Immun. 2003, 71, 2758; Chen, S.;
Paterson, G. K.; Tong, H. H.; Mitchell, T. J .; Demaria, T. E.
FEMS Microbiol. Lett. 2005, 253, 151; Paterson, G. K.;
Mitchell, T. J. Microbes Infect. 2005, 12, 89; Bolken, T. C.;
Eranke, C.A.; Jones, K. E; Zeller, G. 0.; Jones, C. H.; Dutton,
E. K.; Hruby, D. E. Infect. Immun. 2001, 69, 75). There are
several antibiotics that are effective at treating Staphylococ
cus aureus and other bacterial infections. SrtA inhibitors may

also be useful in treating infections caused by other Gram
positive pathogens, since many also use related enzymes to
attach virulence factors to the cell Wall and to assemble pili

that promote bacterial adhesion (Scott, J. R.; Zahner, D. Mol.

Microbiol. 2006, 62, 320; Mandlik, A.; SWierczynski, A.;

McDougal, L. K.; Carey, R. B.; Eridkin, S. K. JAMA 2007,

Das, A.; Ton-That, H. Trends Microbiol. 2008, 16, 33). Sor

298, 1763). Proteins displayed on the surface of S. aureus

tases can be classi?ed into ?ve distinct families based on their

play key roles in the infection process as they promote bac
terial adhesion to host cells and tissue, acquire essential nutri
ents and circumvent the immune response (Navarre, W. W.;
SchneeWind, O. Microbiol. Mol. Biol. Rev. 1999, 63, 174).

primary sequence (Comfort, D.; Clubb, R. T. Infect. Immunol.
2004, 72, 2710). Enzymes most closely related to the S.
aureus SrtA protein appear to be the best candidates for
inhibitor development as their elimination in other bacterial

Most surface proteins in S. aureus are attached to the cell Wall

pathogens attenuates virulence (e.g. Listeria monocytogenes,

by the SortaseA (SrtA) enzyme (Marraf?ni, L. A.; Dedent, A.
C.; SchneeWind, O. Microbiol. Mol. Biol. Rev. 2006, 70, 192;
Paterson, G. K.; Mitchell, T. J. Trends Microbiol. 2004, 12,
89; Ton-That, H.; Marraf?ni, L. A.; SchneeWind, O. Biochim.
Biophys. Acta 2004, 1694, 269; Mazmanian, S. K.; Liu, G.;
Hung, T. T.; SchneeWind, O. Science 1999, 285, 760; Ton
That, H.; Liu, G.; Mazmanian, S. K.; Eaull, K. E; Schnee
Wind, O.Proc. Natl.Acad. Sci. USA 1999, 96, 12424). SrtAis

Streptococcus pyogenes and Streptococcus pneumoniae (Ma

located on the extracellular surface and catalyzes a transpep

tidation reaction that joins an LPXTG sorting signal Within
the surface protein precursor to the cell Wall precursor mol

ecule lipid-II [undecaprenyl-pyrophosphate-MurNAc(-L

Ala-D-iGln-L-Lys(NH2-Gly5)-D-Ala-D-Ala)-[31-4
GlcNAc)] (Mazmanian, S. K.; Liu, G.; Hung, T. T.;
SchneeWind, O. Science 1999, 285, 760; Ton-That, H.; Liu,
G.; Mazmanian, S. K.; Eaull, K. E; SchneeWind, O. Proc.
Natl. Acad. Sci. USA 1999, 96, 12424; SchneeWind, 0.;
Model, P.; Eischetti, V. A. Cell 1992, 70, 267; SchneeWind,
O.; Mihaylovapetkov, D.; Model, P. EMBO J. 1993, 12,

4803). The lipid-II linked protein product is then incorporated
into the cell Wall by the transglycolysation and transpeptida
tion reactions of cell Wall synthesis (Perry, A. M.; Ton-That,
H.; Mazmanian, S. K.; SchneeWind, O. J. Biol. Chem. 2002,

277, 16241; Ruzin, A.; Severin, A.; Ritacco, E; Tabei, K.;
Singh, G.; Bradford, P. A.; Siegel, M. M.; Projan, S. J.; and
Shlaes, D. M.; J. Bacteriol. 2002, 184, 2141; SchneeWind, 0.;

resso et al., Pharmacol. Rev. 2008, 60, 128; Suree et al.,
Mini-Rev. Med. Chem. 2007, 7, 991). Finally, SrtA is not
required for the groWth of S. aureus in cell cultures. There

fore, anti-infective agents that Work by inhibiting SrtA could
have a distinct advantage over conventional antibiotics as

they may be less likely to induce selective pressure that leads

to drug resistance (Mazmanian, S. K.; Liu, G.; Hung, T. T.;
SchneeWind, O. Science 1999, 285, 760; Cossart, P.; Jon
quieres, R. Proc. Natl. Acad. Sci. USA 2000, 97, 5013).
[0004] A number of different strategies have been
employed to search for sortase inhibitors (revieWed in refs.

28,29,31). These include screening natural products (Kim, S.
H.; Shin, D. S.; Oh, M. N.; Chung, S. C.; Lee, J. S.; Chang, I.
M.; Oh, K. B. Biosci. Biotechnol. Biochem. 2003, 67, 2477;
Kim, S. H.; Shin, D. S.; Oh, M. N.; Chung, S. C.; Lee, J. S.;
Oh, K. B. Biosci. Biotechnol. Biochem. 2004, 68, 421; Kim,
S. W.; Chang, I. M.; Oh, K. B. Biosci. Biotechnol. Biochem.

2002, 66, 2751; Oh, K. B., Mar, W., Kim, S., Kim, J.Y., Oh,
M. N., Kim, J. G., Shin, D., Sim, C. J.; Shin, J. Bioorg. Med.
Chem. Lett. 2005, 15, 4927; Jang, K. H.; Chung, S. C.; Shin,
J.; Lee, S. H.; Kim, T. 1.; Lee, H. S.; Oh, K. B. Bioorg. Med.
Chem. Lett. 2007, 17, 5366; Kang, S. S.; Kim, J. G.; Lee, T.
H.; Oh, K. B. Biol. Pharm. Bull. 2006, 29, 1751; Park, B. S.;
Kim, J. G.; Kim, M. R.; Lee, S. E.; Takeoka, G. R.; Oh, K. B.;
Kim, J. H. J. Agric. Food Chem. 2005, 53, 9005) and small
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compound libraries (Maresso, A. W.; Wu, R.; Kern, J. W.;
Zhang, R.; Janik, D.; Missiakas, D. M.; Duban, M. E.;
Joachimiak, A., SchneeWind, O. J. Biol. Chem. 2007, 282,
23129), as Well as synthesizing rationally designed peptido
mimetics and small molecules (Kruger, R. G.; Barkallah, S.;
Frankel, B. A.; McCafferty, D. G. Bioorg. Med. Chem. 2004,
12, 3723; Jung, M. E.; Clemens, J. J.; Suree, N.; LieW, C. K.;
Pilpa, R.; Campbell, D. O.; Clubb, R. T. Bioorg. Med. Chem.
Len. 2005, 15, 5076; LieW, C. K.; Smith, B. T.; Pilpa, R.;
Suree, N.; llangovan, U.; Connolly, K. M.; Jung, M. E.;
Clubb, R. T. FEBS Len. 2004, 571, 221; Connolly, K. M.;
Smith, B. T.; Pilpa, R.; llangovan, U.; Jung, M. E.; Clubb, R.
T. J. Biol. Chem. 2003, 278, 34061; Scott, C. J.; McDoWell,
A.; Martin, S. L.; Lynas, J. F.; Vandenbroeck, K.; Walker, B.
Biochem. J. 2002, 366, 953). Recently, mechanism-based aryl
([3-amino)ethyl ketone (AAEK) inhibitors have been reported
(Maresso, A. W.; Wu, R.; Kern, J. W.; Zhang, R.; Janik, D.;
Missiakas, D. M.; Duban, M. E.; Joachimiak, A., Schnee
Wind, 0. J. Biol. Chem. 2007, 282, 23129).AAEK molecules
are speci?cally activated by sortase via a [3-elimination reac
tion that generates an ole?n intermediate that covalently

modi?es the active site cysteine thiol group (Maresso, A. W.;

Wu, R.; Kern, J. W.; Zhang, R.; Janik, D.; Missiakas, D. M.;
Duban, M. E.; J oachimiak,A., SchneeWind, O. J Biol. Chem.
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or synthetic inhibitor, and thus are excellent molecules for

further development. Some of the subject matter disclosed
herein is noW found in a paper (Bioorg Med Chem. 2009,

17(20):7174-85).
[0009]

Compounds disclosed herein are effective to inhibit

the enzymatic activity of the SrtA sortase that is required for
S. aureus infectivity. They also inhibit the activity of the SrtA
sortase from Bacillus anlhracis, another bacterial pathogen.
Accordingly, such compounds are useful for inhibiting bac
terial groWth, for the preparation of medicaments for treat
ment of bacterial infections and disorders comprising bacte
ria and bacterial infections, and for the treatment of bacterial
infections and related disorders.
[0010] Accordingly, disclosed herein are chemical com
pounds for the effective treatment of bacterial infections,

especially those caused by Staphylococcus aureus. These
compounds inhibit the sortase A (SrtA) protein in S. aureus
and related enZymes in other bacteria. Compounds having
features of the invention include three classes of compounds
commonly termed pyridaZinones, rhodanines and pyraZo
lethiones. The rhodanines are exempli?ed by 1, the pyridaZi
nones are exempli?ed by 2-9 and the pyraZolethione com

pounds are exempli?ed by 3-12.

2007, 282, 23129). HoWever, these compounds only inhibit
SrtA With an lC5O ofabout 5-50 uM. (Maresso,A. W.; Wu, R.;

Kern, J. W.; Zhang, R.; Janik, D.; Missiakas, D. M.; Duban,
0

M. E.; Joachimiak, A., SchneeWind, O. J Biol. Chem. 2007,
282, 23129). Other reported compounds also need to be opti

OH

Br

miZed further to be therapeutically useful as they either have

N

limited potency, undesirable physicochemical features (eg
high molecular Weights) or inactivate the enZyme sloWly
(Maresso, A. W.; SchneeWind, O. Pharmacol. Rev. 2008, 60,
128; Suree, N.; Jung, M. E.; Clubb, R. T. Mini-Rev. Med.
Chem. 2007, 7, 991; Cossart, P.; Jonquieres, R. Proc. Natl.
Acad. Sci. USA 2000, 97, 5013).
[0005] Accordingly, there is need in the art for sortase A

/

)i S

s

No2
2-9
HS

\N

|

inhibitors.

/\S

/

l

SUMMARY

[0006]

0

Applicants disclose herein compounds that are

3-12

potent inhibitors of the sortase A (SrtA) sortase enZymes,
including SrtA enzymes from S. aureus and B. anlhracis.

Br

Many of these compounds inhibit the activity of these
enZymes With lC5O values in the high nanomolar range. More
over, the compounds exhibit minimum inhibitory concentra
tions (MIC) in the millimolar range. The compounds dis

l/

N

\
S

closed herein are useful as anti-infective agents, for example

H

N

Br

Br

for preventing microbial groWth in the human host, While not
hindering groWth outside of the host.
[0007]

In embodiments, the host is a human host. The com

pounds provide advantageous properties as compared to cur
rently used antibiotics, for example, as they are unlikely to
generate selective pressures that lead to microbial drug resis
tance.

[0008]

To identify potent inhibitors of SrtA We performed

high-throughput screening (HTS) of library containing about
30,000 compounds, Which led to the identi?cation of three
promising small molecule inhibitors. These molecules can be
used as the basis to develop further anti-infective agents. A

structure activity relationship (SAR) analysis revealed sev
eral pyridaZinone and pyraZolethione analogs that inhibit
SrtA With lC5O values in the sub-micromolar. These com
pounds are more potent than any previously described natural

[0011]

Yet a further example of a compound having fea

tures of the invention is compound 4 as shoWn in the folloW

ing:

US 2012/0149710Al

[0012]

Jun. 14, 2012

Compound 4 inhibits SrtA With an lC5O of 7.2 uM.

Similar compounds are also expected to act as SrtA inhibitors
at similar or at even loWer concentrations.

[0013]

Compounds as disclosed herein, for example, mol

ecules With a pyridaZinone scaffold (such as compound 2-9
and related derivatives of the pyridaZinone series) are potent
sortase inhibitors. For example, four of these compounds are

potent sortase inhibitors (2-58, 2-59, 2-60 and 2-61). The

pyridaZinone frame-Work can reach lC5O values of about 0.20
[1M or loWer, as shoWn in Table 2. Structure-Activity Rela
tionship (SAR) analysis has led to some of the most promis
ing anti-infective agents as compounds 2-9 and 3-12 inhibit
the enZyme With lC5O values of 1.4 and 0.3 uM, respectively,

and compounds 2-58, 2-59, 2-60, and 2-61 inhibit the enZyme
With lC5O values of 0.04, 0.01, 0.05, and 0.02 uM, respec
tively. lmportantly, many of the molecules disclosed herein
do not impair microbial growth in cell culture, suggesting that

structures and measured inhibitory properties of these com
pounds are also shoWn in Table 4, Which also provides lC5O
values for sortase A inhibition by these compounds. All of

they may not spur the evolution of microbes With drug resis
tance. Many of these compounds also inhibit the B. anthracis

these compounds inhibit the SrtA sortase enzyme from Sta

phylococcus aureus With sub-micromolar lC5O values. They

SrtA, suggesting that they may be useful in treating infections
caused by other species of Gram-positive bacteria in addition

are therefore the mo st potent sortase inhibitors that have ever

to S. aureus.

been reported.

[0015]
2-58

include treatment of acute bacterial infections and treatment
of chronic bacterial infections. Such treatments may be pro

OEt
o

s—s

Yi/
N

Methods of making these compounds are also dis

closed herein.
[0016] These compounds may be used to treat a subject in
need of treatment for bacterial infections. The treatments

/

\N

phylactic, e.g., for subjects Who are in danger of acquiring

I \N
N

EtO

F

o

such an infection (e.g., patients Who are or may become
immune-compromised, or Who may become exposed to an
infection from the environment or from a surgical procedure
or hospital stay), or Who are in danger of relapsing into a
previous infection. Such treatments may be for bacterial

infections active in the patient during the time of treatment.
F

2-59

/ I
\

N

s/

s

infection.
[0017] Thus, it is disclosed herein that these compounds are
suitable for treating infectious disorders, and that these com

I \III

/\ o

N

pounds may be used for treating infectious disorders.
[0018] It is further disclosed herein that these compounds

F

may be used to formulate a medicament for the treatment of
an infectious disorder. Thus, the use of these compounds to
formulate a medicament for treating an infectious disorder is

0
2-60
OEt
o

/

\N

herein disclosed.

[0019]

These compounds may be included in pharmaceu

tical compositions. A pharmaceutical composition having

s—s

N

Such treatments may be administered after a bacterial infec
tion, as a preventative measure to prevent recurrence of the

features of the invention may comprise an effective amount of
a compound as disclosed herein, in admixture With a pharma

ceutically acceptable carrier.

N

EtO

[0020]

Applicants further disclose methods of treating a

subject in need of treatment for a bacterial infection, com

0

prising administering an effective dose of a pharmaceutical

composition comprising a compound disclosed herein. The
2-61

/

\N

l

S/S I \III
/\0

N
O

[0014] The rhodanine, pyraZolethione and pyridaZinone

methods of treatment include treatment of acute bacterial
infections and treatment of chronic bacterial infections. The

bacterial infections Which may be treated include infections
due to gram positive bacteria. The gram positive bacterial
infections Which may be treated include infections from bac

teria from genera including, among others: Bacillus, Entero

coccus, Lactobacillus, Lactococcus, Listeria, Staphylococ
cus, and Streptococcus genera. For example, the gram
positive bacterial infections Which may be treated include
infections from bacteria selected from the group of bacteria

consisting of Staphylococcus aureus (S. Aureus; SA), Listeria
monocytogenes, Corynebacterium diphtheriae, Enterococ

inhibitors disclosed herein are 10 to 100 or more times more

cus faecalis, Clostridium pery‘ringen, Clostridium tetani,

active than previously reported compounds. They reversibly

Streptococcus pyogenes and Streptococcus pneumoniae,
Bacillus anthracis (B. anthracis; BA), and other gram posi

inhibit the S. aureus SrtA enZyme With lC5O values in the high
nanomolar range. For example, molecules based on the

tive bacteria. For example, compounds disclosed herein may

US 2012/0149710141
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be used to treat infections from bacteria including Methicillin
resistant Staphylococcus aureus (MRSA) bacteria.
[0021] Also disclosed herein are articles of manufacture,
comprising: a compound as disclosed herein, and a container.
Further articles of manufacture include articles of manufac
ture, comprising: a compound as disclosed herein, a con
tainer; and instructions as to hoW to administer the com

pound.
[0022]

In an embodiment, Applicants disclose herein a

pyridaZinone compound having the structure:

[0031] R2 halogen, sulfhydryl, sulfoxyl, substituted sulfyl,
alkyl-substituted aryl, alkyl substituted cyclohexyl, halogen
substituted aryl, or halogen-substituted cyclohexyl, alkyloxy,
or aryloxy;

[0032] R3 is haloalkyl, cycloalkyl, cycloaryl, alkyl-substi
tuted aryl, alkyl substituted cyclohexyl, halogen-substituted
aryl, or halo gen-sub stituted cyclohexyl, alkyloxy, or aryloxy;
and, Where R3 is phenyl or cyclohexyl, and
[0033] The pyridaZinone compound has ?ve R4 substitu

ents, Wherein R4 is independently hydrogen, halogen,

nitroxyl, alkyl, alkenyl, alkynyl, acyl, aryl, haloalkyl,
cycloalkyl, cycloaryl, alkyl-substituted aryl, alkyl substituted
1

R

l

cyclohexyl, halogen-substituted aryl, or halogen-substituted
cyclohexyl, alkyloxy, or aryloxy.

\N

|

N

R2

|
O

\

—R“

[0034]

In a further embodiment, the pyridaZinone com

pound having the structure

/

R3

R1

| \N

R2

N

|

[0023]

Wherein:

[0024] R1 is hydrogen, hydroxyl, halogen, sulfhydryl, sul
O

foxyl, substituted sulfyl, alkyl, alkenyl, alkynyl, acyl, aryl,
haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted aryl, alkyl

l

\

—R“

/

substituted cyclohexyl, halogen-substituted aryl, or halogen
substituted cyclohexyl, alkyloxy, or aryloxy;

[0025] R2 is hydrogen, hydroxyl, halogen, sulfhydryl, sul

[0035]

foxyl, substituted sulfyl, alkyl, alkenyl, alkynyl, acyl, aryl,
haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted aryl, alkyl

[0036] R1 is halogen, sulfhydryl, sulfoxyl, substituted sul
fyl, or alkyloxy;

substituted cyclohexyl, halogen-substituted aryl, or halogen
substituted cyclohexyl, alkyloxy, or aryloxy;

or alkyloxy;

[0026] R3 is alkyl, alkenyl, alkynyl, acyl, aryl, haloalkyl,
cycloalkyl, cycloaryl, alkyl-substituted aryl, alkyl substituted

[0039] R4 is hydrogen, halogen, nitroxyl, alkyl, alkenyl,

cyclohexyl, halogen-substituted aryl, or halogen-substituted
cyclohexyl, alkyloxy, or aryloxy; and, Where R3 is phenyl or

cyclohexyl, and
[0027] The pyridaZinone compound has ?ve R4 substitu
ents, Wherein R4 is independently hydrogen, hydroxyl, halo

as disclosed herein has substituents Wherein:

[0037] R2 halogen, sulfhydryl, sulfoxyl, substituted sulfyl,
[0038]

R3 is phenyl or cyclohexyl; and

alkynyl, acyl, aryl, haloalkyl, cycloalkyl, cycloaryl, alkyloxy,
or aryloxy.
[0040] In a still further embodiment, the pyridaZinone com

pound having the structure:

gen, nitroxyl, alkyl, alkenyl, alkynyl, acyl, aryl, cycloalkyl,
cycloaryl, haloalkyl, alkyloxy, or aryloxy, With the proviso
that compounds named herein 2(lead), 2-1, 2-2, 2-5 to 2-10,
2-22, 2-25, 2-27, 2-28, 2-39 and 2-42 to 2-48 are excluded.
[0028] In a further embodiment, the pyridaZinone com
pound as disclosed herein has the structure:

[0041]

as disclosed herein has substituents Wherein:

[0042]

R1 and R2 are independently halogen, sulfhydryl,

sulfoxyl, aryl-substituted sulfhydryl, iSiSiRS, Wherein
R5 is hydrogen, halogen, nitroxyl, alkyl, alkenyl, alkynyl,

acyl, aryl, haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted
aryl, alkyl substituted cyclohexyl, halogen-substituted aryl,
[0029]

And has substituents Wherein:

[0030] R1 is halogen, sulfhydryl, sulfoxyl, substituted sul

or halogen-substituted cyclohexyl, alkyloxy, or aryloxy;
[0043] R3 is phenyl or cyclohexyl; and

fyl, alkyl-substituted aryl, alkyl substituted cyclohexyl, halo

[0044] R4 is hydrogen, halogen, nitroxyl, alkyl, alkenyl,

gen- sub stituted aryl, or halogen- sub stituted cyclohexyl, alky
loxy, or aryloxy;

alkynyl, acyl, aryl, haloalkyl, cycloalkyl, cycloaryl, alkyloxy,
or aryloxy.
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In embodiments, Applicants disclose herein a

R

[0052]

In an embodiment, Applicants disclose herein a

pyridaZinone compound selected from

pyridaZinone compound having the structure:

2-58

S

2\S/ I \III
R3\O

N

OEt

|

O

\

o

s—s

—R1

/

N

/

N

\N

[0046]
[0047]

o

Wherein
Five R1 substituents are independently hydrogen,

hydroxyl, halogen, nitroxyl, alkyl, alkenyl, alkynyl, acyl,
aryl, haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted aryl,

F

EtO

F
2-59

(1

alkyl substituted cyclohexyl, halogen-substituted aryl, or
halogen-substituted cyclohexyl, alkyloxy, or aryloxy;
[0048] R2 is hydrogen, hydroxyl, halogen, nitroxyl, sulf

\

hydryl, sulfoxyl, substituted sulfyl, alkyl, alkenyl, alkynyl,
acyl, aryl, haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted
aryl, alkyl substituted cyclohexyl, halogen-substituted aryl,

N

s/

S

I \IiI

/\ o

N

F

0

or halogen-substituted cyclohexyl, alkyloxy, or aryloxy; and

2-60

[0049] R3 is hydrogen, hydroxyl, halogen, nitroxyl, sulf

hydryl, sulfoxyl, substituted sulfyl, alkyl, alkenyl, alkynyl,
acyl, aryl, haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted
aryl, alkyl substituted cyclohexyl, halogen-substituted aryl,

OEt
o

or halogen-substituted cyclohexyl, alkyloxy, or aryloxy.
[0050]

N

In an embodiment, Applicants disclose herein a

2-11, 2-12, 2-13, 2-14, 2-15, 2-16, 2-17, 2-18, 2-19, 2-20,
2-21, 2-23, 2-24, 2-26, 2-29, 2-30, 2-31, 2-32, 2-33, 2-34,
2-35, 2-36, 2-37, 2-38, 2-40, 2-41, 2-49 and 2-50 (see, e.g.,
Table 2).

I \N
|

/

N

\N

compound selected from the compounds named herein 2-3,

[0051]

s—s

\

EtO

,

and

U
2-61

(I

In an embodiment, Applicants disclose herein a

pyridaZinone compound having the structure selected from:

\

N

s/

s

I \III
N

/\O
2-49

.

o

s

\S/ I \III
N

/\O

[0053]

In an embodiment, Applicants disclose herein a

rhodanine compound having the structure:
0

R1
2-50

/

R2——

/

\

N

I

s/

S

\

0

I
N

I \I|\I

S

N

/\O

/

|

\

—R3

/

S
0

[0054]

Wherein

[0055] R1 is hydrogen, hydroxyl, halogen, nitroxyl, alkyl,

alkenyl, alkynyl, acyl, aryl, haloalkyl, cycloalkyl, cycloaryl,
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alkyl-substituted aryl, alkyl substituted cyclohexyl, halogen

[0067] R2 is hydrogen, hydroxyl, halogen, sulihydryl, sul

substituted aryl, or halo gen- sub stituted cyclohexyl, alkyloxy,

foxyl, substituted sulfyl, alkyl, alkenyl, alkynyl, acyl, aryl,
haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted aryl, alkyl

or aryloxy;

[0056] R2 is hydrogen, hydroxyl, halogen, nitroxyl, sulf

hydryl, sulfoxyl, substituted sulfyl, alkyl, alkenyl, alkynyl,
acyl, aryl, haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted
aryl, alkyl substituted cyclohexyl, halogen-substituted aryl,

substituted cyclohexyl, halogen-substituted aryl, or halogen
substituted cyclohexyl, alkyloxy, or aryloxy;
[0068] R3 is cyclohexyl, cycloaryl, substituted cycloaryl,

substituted cyclohexyl, pyridinyl, alkyl-substituted aryl,

or halogen-substituted cyclohexyl, alkyloxy, or aryloxy; and

alkyl substituted cyclohexyl, halogen-substituted aryl, or

[0057] R3 is hydrogen, hydroxyl, halogen, nitroxyl, sulf

halogen-substituted cyclohexyl; and

hydryl, sulfoxyl, substituted sulfyl, alkyl, alkenyl, alkynyl,
acyl, aryl, haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted
aryl, alkyl substituted cyclohexyl, halogen-substituted aryl,

that compounds named herein 3(lead), 3-1, 3-2, 3-3, 3-4, 3-5,
3-6, 3-7, 3-8, 3-9, 3-10, 3-11, 3-12, 3-13, 3-14, 3-15, 3-16,

or halogen-substituted cyclohexyl, alkyloxy, or aryloxy,
[0058] With the proviso that compounds named herein
1(lead), 1-1, 1-2, 1-3, 1-4, 1-5, 1-6, and 1-7 are excluded.

3).

[0059]

In an embodiment, Applicants disclose herein a

[0069]

R4 includes any suitable R2 and X, With the proviso

3-17, 3-18, 3-19, 3-20, and 3-21 are excluded (see, e.g., Table
[0070]

In an embodiment, Applicants disclose herein the

compound having the structure:

rhodanine compound having the structure:

[0071]

In an embodiment, Applicants disclose herein a

compound selected from

[0060] Wherein
[0061] R1 is hydrogen, hydroxyl, halogen, nitroxyl, alkyl,

alkenyl, alkynyl, acyl, aryl, haloalkyl, cycloalkyl, cycloaryl,
alkyl-substituted aryl, alkyl substituted cyclohexyl, halogen

0

OH

substituted aryl, or halo gen- sub stituted cyclohexyl, alkyloxy,

Br

or aryloxy; and

N

[0062] R4 is hydrogen, hydroxyl, halogen, nitroxyl, sulf

/

)i S

hydryl, sulfoxyl, substituted sulfyl, alkyl, alkenyl, alkynyl,
acyl, aryl, haloalkyl, cycloalkyl, cycloaryl, alkyl-substituted
aryl, alkyl substituted cyclohexyl, halogen-substituted aryl,

s

N02

or halogen-substituted cyclohexyl, alkyloxy, or aryloxy, With

the proviso that compounds named herein 1-8, 1-9, 1-10,

(1050 - 3.7 MM)

1-12, and 1-13 are excluded (see, e.g., Table 1).
[0063] In an embodiment, Applicants disclose herein a

HS

| “I

pyraZolethione compound having the structure:

N

\O

Cl

O

(IC50 I 4.5 MM)

11/
N

\

t
No2

S

[0064] Wherein
[0065]

X is O or S;

[0066]

Five R1 substituents are independently hydrogen,

hydroxyl, halogen, sulihydryl, sulfoxyl, substituted sulfyl,
alkyl, alkenyl, alkynyl, acyl, aryl, haloalkyl, cycloalkyl,
cycloaryl, alkyl-substituted aryl, alkyl substituted cyclo

(1050 - 5.2 MM)

[0072]

In an embodiment, Applicants disclose herein a

pharmaceutical composition comprising an effective amount

hexyl, halo gen- sub stituted aryl, or halo gen- substituted cyclo

of a compound as disclosed herein, in admixture With a phar

hexyl, alkyloxy, or aryloxy;

maceutically acceptable carrier.
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In an embodiment, Applicants disclose herein a

pharmaceutical composition comprising an effective amount
of a pyridaZinone compound as disclosed herein, in admix
ture With a pharmaceutically acceptable carrier.
[0074] In an embodiment, Applicants disclose herein the

-continued
III
0

R

[0075]

OR’

\IiI I

use of the compound as disclosed herein, for treating an
infectious disorder.

N

S

In an embodiment, Applicants disclose herein the

use of the compound as disclosed herein to formulate a medi

N
R'O

cament for treating an infectious disorder.

[0076]

\R

In an embodiment, Applicants disclose herein a

method of making a pyridaZinone compound, comprising
steps of:
[0077] Adding a thiol solution to an ethanol-containing
solution of compound having the structure I, to provide a

compound having the structure II,

[0082] Wherein R is cyclohexyl, phenyl, alky, alkenyl,

alkynyl, acyl, acyloxy, aryl, aryloxy, alkyl-substituted aryl,
alkyl substituted cyclohexyl, halo, halogen-substituted aryl,
or halogen-substituted cyclohexyl; and

[0083] Wherein R' is cyclohexyl, phenyl, alky, alkenyl,
HS

alkynyl, acyl, acyloxy, aryl, aryloxy, alkyl-substituted aryl,
alkyl substituted cyclohexyl, halo, halogen-substituted aryl,

\N

|

l

R'O

—>

or halogen-substituted cyclohexyl.
[0084]

\R

In an embodiment, Applicants disclose herein a

method of treating a subject in need of treatment, comprising
administering an effective dose of a pharmaceutical compo

O

sition as disclosed herein.
I

[0085] In an embodiment, Applicants disclose herein the
method of treating a subject in need of treatment comprises

/

treatment for a bacterial infection. In an embodiment, the
\

N

s/

S

method of treating a subject in need of treatment, comprising

I \1|\I

treatment for a bacterial infection comprises treatment of an

N

R'O

\R
0

II

[0078] Wherein R is cyclohexyl, phenyl, alky, alkenyl,

alkynyl, acyl, acyloxy, aryl, aryloxy, alkyl-substituted aryl,
alkyl substituted cyclohexyl, halo, halogen-substituted aryl,

infection of a gram positive bacterium. In embodiments, the
gram positive bacterium is selected from the group of bacteria

consisting of Staphylococcus aureus (S. Aureus; SA), Listeria
monocytogenes, Corynebacterium diphtheriae, Enterococ
cus faecalis, Clostridium perfringen, Clostridium tetani,

Streptococcus pyogenes and Streptococcus pneumoniae,
Bacillus anthracis (B. anthracis; BA). In embodiments, the
gram positive bacterium is a Methicillin resistant Staphylo
coccus aureus (MRSA) bacterium.

alkynyl, acyl, acyloxy, aryl, aryloxy, alkyl-substituted aryl,
alkyl substituted cyclohexyl, halo, halogen-substituted aryl,

[0086] In an embodiment, Applicants disclose herein an
article of manufacture, comprising: a compound as disclosed
herein, and a container.
[0087] In a further embodiment, Applicants disclose herein
an article of manufacture, comprising: a compound as dis

or halogen-substituted cyclohexyl.

closed herein, a container, and instructions as to hoW to

[0080]

administer the compound.

or halogen-substituted cyclohexyl; and

[0079] Wherein R' is cyclohexyl, phenyl, alky, alkenyl,

In an embodiment, Applicants disclose herein a

[0088] Accordingly, the compounds, compositions, uses,

method of making a pyridaZinone compound comprising
steps of:

formulations, medicaments, articles of manufacture and

[0081]

methods disclosed herein provide advantages over the art.

adding a compound having the structure I to an

ethanol-containing solution of compound having the struc
ture II, providing a mixture in said ethanol-containing solu
tion having a ratio of approximately 3 parts structure I to 2
parts structure II, to provide a compound having the structure

III,

FIGURE LEGENDS

[0089]

FIG. 1. (A) FRET assay for measuring SrtA enZy

matic activity. Three progress curves are overlaid and corre

spond to inhibitors With different potencies. (B) Histogram
shoWing the distribution of 30,000 compounds in the Chem
Bridge library as a function of % inhibition of SrtA deter
HS

mined by an end-point analysis during the high-throughput
screening campaign. (C) Venn diagram shoWing hoW the
initial velocity (vi) and end-point analyses Were used to iden
tify 44 inhibitors of S. aureus SrtA. Lead compounds 1-3
Were selected from these inhibitors and have the best physi
cochemical and inhibitory properties. The number of com

pounds in each population is shoWn in parentheses.

