Bryant University

Bryant Digital Repository

Science and Technology Faculty Journal
Articles

1-28-2021

Diamide Antimicrobial Agents

Amit Basu

Christopher W. Reid
Bryant University, creid@bryant.edu

Nola Camille Iwasaki

Joseph Prete

Science and Technology Faculty Publications
and Research

Follow this and additional works at: https://digitalcommons.bryant.edu/sci_jou

Recommended Citation

Basu, Amit; Reid, Christopher W.; Iwasaki, Nola Camille; and Prete, Joseph, "Diamide
Antimicrobial Agents" (2021). Science and Technology Faculty Journal Articles. Paper 68.

https://digitalcommons.bryant.edu/sci_jou/68

This Patent is brought to you for free and open access by the Science and Technology Faculty Publications and
Research at Bryant Digital Repository. It has been accepted for inclusion in Science and Technology Faculty Journal
Articles by an authorized administrator of Bryant Digital Repository. For more information, please contact

dcommons@bryant.edu.


https://digitalcommons.bryant.edu/
https://digitalcommons.bryant.edu/sci_jou
https://digitalcommons.bryant.edu/sci_jou
https://digitalcommons.bryant.edu/science
https://digitalcommons.bryant.edu/science
https://digitalcommons.bryant.edu/sci_jou?utm_source=digitalcommons.bryant.edu%2Fsci_jou%2F68&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:dcommons@bryant.edu

US 20210024457A1

a9y United States

a2y Patent Application Publication

(10) Pub. No.: US 2021/0024457 Al

BASU et al. 43) Pub. Date: Jan. 28, 2021
(54) DIAMIDE ANTIMICROBIAL AGENTS AG6IK 45/06 (2006.01)
AG6IK 31/4465 (2006.01)
(71) Applicants: BROWN UNIVERSITY, Providence, A6IK 31/166 (2006.01)
RI (US); BRYANT UNIVERSITY, (52) US.CL
Smithfield, RI (US) CPC ............ CO7C 233/92 (2013.01); AG1P 31/04
. . (2018.01); A61K 31/166 (2013.01); A61K
(72) Inventors: Amit BASU, Barrington, RI (US); 45/06 (2013.01); A6IK 31/4465 (2013.01);
Christopher W. REID, North Cco7D 211/34 (201301)
Kingstown, RI (US); Nola Camille
IWASAKI, Southbury, CT (US);
Joseph PRETE, Pascoag, RI (US) 7 ABSTRACT
1) Appl. No.: 16/937,933 This invention is directed to compounds of Formula (I)
(22) Filed: Jul. 24, 2020 Formula I
0 R R*
Related U.S. Application Data JI\
(60) Provisional application No. 62/878.561, filed on Jul. RIS BN RS
25, 2019. |
R? 0
Publication Classification
(51) Int. CL pharmaceutically acceptable salts, esters, and prodrugs
CO7C 233/92 (2006.01) thereof, to their preparation, to pharmaceutical compo-
A61P 31/04 (2006.01) sitions comprising compounds of Formula I, and to
CO7D 211/34 (2006.01) their uses as antimicrobial agents.



Patent Application Publication  Jan. 28, 2021 Sheet 1 of 4 US 2021/0024457 A1

: I i
T T T s e R

Tl e

FIG-1

N
Compound 3




Patent Application Publication

Jan. 28, 2021 Sheet 2 of 4

US 2021/0024457 Al

Ll

2 iierns
/M/xzfm

''''' s s SIS
bRt

NH  NH;

Compound 2

2
rrer i,

LR

?

g g

i 74

s

%%’W
SRR

FIG-2




Patent Application Publication  Jan. 28, 2021 Sheet 3 of 4 US 2021/0024457 A1

Sl
=
4
R A
ez
............................................. R L
T

EE

EX]

FIG-3

fa

£5

NH

Compound &

NH




Patent Application Publication  Jan. 28, 2021 Sheet 4 of 4 US 2021/0024457 A1

AR

FIG-4

Compound 11

© B o
o
x




US 2021/0024457 Al

DIAMIDE ANTIMICROBIAL AGENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit from U.S. Provi-
sional Patent Application No. 62/878,561 filed Jul. 25,2019,
which is incorporated herein by reference in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under grant number P20GM 103430 awarded by an Institu-
tional Development Award (IDeA) from the NIGMS of the
NIH. The government has certain rights in the invention

BACKGROUND OF THE INVENTION

[0003] Methods for the growth-inhibition and destruction
of bacteria have long been a key area of study towards the
improvement of human health. Numerous antibacterial
agents have been designed and manufactured, but many are
now exhibiting decreased efficacy due to microbial resis-
tance. The Centers for Disease Control estimates that at least
a quarter of a million illnesses and 23,000 deaths over the
past year in the U.S. were due to antibiotic resistance. A
report published in 2009 by the Alliance for the Prudent Use
of Antibiotics (APUA) estimated that over $20 billion
dollars per year is consumed by healthcare costs to treat
antibiotic-resistant infections. Although these figures could
be improved by addressing the misuse and overuse of
antibiotics in the clinic, an understanding of the mechanisms
by which bacteria develop resistance and designing drugs to
circumvent these is essential for the treatment of millions of
infections.

[0004] There are three general molecular mechanisms that
confer antibiotic resistance. The first is the inclusion of
efflux pumps into the membrane of the bacteria. These
pumps prevent the accumulation of intracellular-acting anti-
biotics such as protein synthesis inhibitors by actively
pumping them out of the cytoplasm. Efflux pumps are
generally adapted from existing membrane pumps used
either to move lipophilic molecules in and out of the bacteria
or rapidly expel naturally produced antibiotics meant to
destroy neighboring bacteria. Drugs such as tetracyclines
and erythromycins frequently fail to reach therapeutic con-
centrations due to expulsion through efflux pumps. A second
method used by bacteria is to either destroy or modify the
chemically relevant features of the antibiotic. This can
include the cleavage of bonds within the antibiotic or
chemical modification of groups on the antibiotic.

[0005] The third most method of resistance does not act on
the inhibitor at all, but instead modifies the target of inhi-
bition. By reprogramming the target structure, bacteria can
reduce the efficacy of the antibiotic while retaining the
inherent function of the target. Further, bacteria develop into
colonies that adhere to a surface within a dense extracellular
matrix consisting of DNA, proteins, and polysaccharides,
known as a biofilm. Biofilms are pervasive in implanted
medical devices and damaged tissue, leading to unresolved
infections.

[0006] Though plagued by numerous resistance issues,
cell wall-acting antibiotics are the most prevalent inhibitors
of bacterial growth, such as penicillin. In particular, potent
antibiotics target the synthesis of peptidoglycan, a key
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component of the bacterial cell wall. Peptidoglycan resists
internal turgor, mediates cell growth and division, defines
the shape of the cell, and helps to anchor proteins and
glycoproteins to the cell wall.

[0007] Peptidoglycan consists of the aminoglycosides
N-acetylglucosamine (GecNAc) and N-acetylmuramic acid
(MurNAc) linked in alternating chains through p-(1-4)
bonds. In Bacillus subtilis, each individual chain is between
50 and 250 disaccharide units. These linear glycan chains
are cross-linked by short and variable peptide strands. The
D-lactoyl group of MurNAc is amidated by a tetrapeptide in
the mature macromolecule. Cross-linking of these peptides
allows for the formation of a mesh-like matrix that sur-
rounds the cell.

[0008] The cell wall has been a prominent target largely
due to its absence in mammalian cells. Inhibitors designed
for cell wall synthesis ideally only affect bacterial infections
and do not damage host cells. Of the large number of cell
wall synthesis inhibitors currently being developed and
marketed, almost all fall into two major classes: 3-lactams
and macrocyclic polypeptides.

[0009] p-Lactams comprise penicillins and cepha-
losporins use a reactive warhead (a four-membered lactam
ring) to bind irreversibly to bacterial transpeptidases
involved in assembly of the cross-bridge peptide chains
within the peptidoglycan. Bacteria employ enzymes called
p-lactamases to destroy the warhead, opening the lactam
ring and rendering the antibiotic ineffective.

[0010] Macrocyclic polypeptides include compounds like
vancomycin. Vancomycin acts by tying up the peptide
substrates used by transpeptidases and prevents their use as
building blocks. Vancomycin’s target, though, is the highly
variable peptide cross-bridge that is readily modified by
bacteria, thus preventing binding of vancomycin and elimi-
nating its potential activity.

[0011] Additionally, macrocyclic polypeptide drugs pose a
serious problem to synthetic chemists, due to their complex-
ity. Presently, there are no successful antibiotics that target
the natural recycling of the peptidoglycan. This hydrolytic
breakdown and remodeling of the cell wall is carried out by
a set of bacterial enzymes termed “autolysins” that are
heavily implicated in peptidoglycan maturation, cell sepa-
ration and expansion, motility, cell-wall turnover, and pro-
tein secretion. Within a single generation of bacterial
growth, 50% of the peptidoglycan layer is removed and
recycled by the activity of autolysins.

[0012] During vegetative growth of Bacillus subtilis, for
example, two major enzymes present in the cell wall are
involved with the autolytic activity occurring within the
peptidoglycan: N-acetylmuramoyl-L-alanine amidase (ami-
dase) and endo-B-N-acetylglucosaminidase

[0013] (GlcNAcase). These enzymes are encoded by the
LytC and LytD genes respectively and are regulated by the
aD transcription factor. Despite their substantial expression
and cell-wall localization during exponential growth, neither
of these enzymes is individually crucial to the survival or
even proper cell-wall turnover of the cell. Furthermore, the
double-knockout mutant of LytC/LytD had no reduction in
cell separation and incomplete reduction in cell-wall turn-
over. The mutual compensatory nature of autolytic enzymes
complicates any attempts to develop autolysin inhibitors as
antibiotics.

[0014] Several compounds have some inhibitory activity
against purified autolysins but all have failed to exhibit any
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bacteriostatic or bactericidal effect. The [-hexosaminidase
inhibitor, NAG-thiazoline, was only a weak binder of LT and
had no effect on the viability of E. coli. Analogues of
2-acetamido-2-deoxynojirimycin were not active in vivo
even at 1 mM. Targeting autolysin enzymes that which act
on the invariant glycan chain may drastically reduce the
potential for development of resistance.

[0015] There is a need in the art to identify novel com-
pounds that can be used to treat or prevent bacterial infec-
tions in a subject. Treatment with such compounds should be
efficacious and prone to minimal resistance build-up, or no
resistance at all. The present invention addresses and meets
this need.

SUMMARY OF THE INVENTION

[0016] This invention is directed to compounds of For-
mula (I), to the pharmaceutically acceptable salts, esters, and
prodrugs thereof, to their preparation, to pharmaceutical
compositions comprising compounds of Formula I, and to
their uses as antimicrobial agents. In one aspect, the instant
invention is directed to a compound of Formula I:

Formula I

wherein:

[0017] R' represents a substituent selected from a group
selected from polyethyleneglycol, hydrogen, C,-C, alkyl,
and aryl, wherein said R' substituents, except when R’
represents hydrogen, are independently substituted with 1 to
3 substituents selected from a group consisting of H, X,
S(C, 4 alkyl), O(C, 4 alkyl), and CXj;

[0018] R? represents a substituent selected from a group
consisting of C,-C, alkyl, hydrogen, C;-C, cycloalkyl, allyl,
C;-Cq hetero cycloalkyl, polyethyleneglycol, propargyl,
homopropargyl, aryl, heteroaryl, arylalkyl, and heteroaryl-
alkyl, wherein each of said R? substituents, except when R>
represents hydrogen, are independently substituted with 1-3
substituents selected from a group consisting of C,-C; alkyl,
H, (CH,—0O—(CH,),_,)¢—OH, C,-C, alkenyl, C,-C, alky-
nyl, OH, O(C,-C, alkyl), F, Cl, Br, I, NO,, —C(—O)H,
—C(—=0)OH, —C(=0)O(C,-C;4 alkyl), —C(—O)NH,,
—C(—0O)NH(C,-C; alkyl), and —C(—O)N(C,-C; alkyl)
(C,-Cs alkyl);

[0019] R represents a substituent selected from a group
consisting of C,_ alkyl-NH?, hydrogen, CH(CH,)—NH,,
CH(CH,CH,)—NH,, CH(CH,CH,CH,)—NH,,
CH(CH,CH,CH,CH,>NH,, (CH,),;— C;-C4 hetero
cycloalkyl, C;-Cg cycloalkyl, propargyl, homopropargyl,
polyethylene glycol, aryl, and heteroaryl, wherein each R>
substituent, except when R> represents hydrogen, is inde-
pendently substituted with 1-3 substituents independently
selected from a group consisting of H, C,-C, alkyl, OH,
O(C,-C; alky), F, Cl, Br, I, NO,, —C(—O)H, —C(=0)
OH, —C(—0)O(C,-C4 alkyl), —C(—O)NH,, —C(=—0)
NH(C,-C;4 alkyl), and —C(—O)N(C,-C; alkyl)}(C,-Cs
alkyl);

[0020] R*represents a substituent selected from the group
consisting of C,-C, alkyl, hydrogen, alkyl-aryl, C;-Cq
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cycloalkyl, arylalkyl, and heteroaryl-alkyl, wherein each of
the R* substituents, except when R* represents hydrogen, is
independently substituted with 1-3 substituents indepen-
dently selected from the group consisting of C,-C, alkyl, H,
OH, O(C,-C4 alkyl), F, Cl, Br, I, NO,, —C(=—O)H,
—C(—=0)OH, —C(=0)O(C,-C,4 alkyl), —C(—O)NH,,
—C(—0O)NH(C,-C; alkyl), and —C(—O)N(C,-C; alkyl)
(C,-Cs alkyD);

[0021] R’ is H or methyl; and
[0022] X is selected from Cl, I, Br, and F.
[0023] A preferred embodiment provides a compound of

Formula I wherein, R' has at least one substituent ortho to
the carbonyl group, wherein the at least one substituent is
selected from the group consisting of X, S(C,-C alkyl),
O(C,_¢ alkyl), and CX;. Another preferred embodiment
provides a compound of Formula I wherein the at least one
substituent ortho to the carbonyl group is selected from the
group consisting of X, O(C, 4, alkyl), and CFj.

[0024] Inyet another embodiment is provided a compound
of Formula I wherein R? is selected from the group consist-
ing of C,-C; alkyl, C5-C, cycloalkyl, polyethyleneglycol,
propargyl, homopropargyl, phenyl, heteroaryl, aryl-(CH,),_
>—, and heteroaryl-(CH,), ,—, wherein each of the said R?
groups are independently substituted with 1-3 substituents
independently selected from the group consisting of C,-Cgq
alkyl, (CH,—O—(CH,),)s—OH, H, OH, O(C,-C; alkyl), F,
ClL Br, I, and NO,, and a further preferred embodiment
provides a compound of Formula I wherein R? is selected
from the group conmsisting of C,-C, alkyl, cyclo-hexyl,
phenyl, o-iodophenyl, o-bromophenyl, o-chlorophenyl,
o-fluorophenyl, o-methoxyphenyl, p-iodophenyl, p-brom-
ophenyl, p-chlorophenyl, p-fluorophenyl, p-methoxyphenyl,
benzyl, Ph(CH,),—, Ph,CHCH,—, and —CH(CH,)Ph.
[0025] Another preferred embodiment provides a com-
pound of Formula I wherein R? is selected from the group
consisting of C,, alkyl-NH?  CH(CH,)—NH,,
CH(CH,CH,)—NH,, CH(CH,CH,CH,)—NH,,
CH(CH,CH,CH,CH,)—NH,, (CH,), ,—C,-Cs-heterocy-
cloalkyl, C,-C, cycloalkyl, aryl, and heteroaryl, wherein
each R® group is independently substituted with 1-2 sub-
stituents selected from the group consisting of C,-C, alkyl,
OH, O(C,-Cq4 alkyl), F, Cl, Br, I, H, NO,, —C(=—O)H,
—C(—=0)OH, —C(=0)O(C,-C,4 alkyl), —C(—O)NH,,
—C(—0O)NH(C,-C; alkyl), and —C(—O)N(C,-C; alkyl)
(C,-Cg alkyl).

[0026] Yet another preferred embodiment provides a com-
pound of Formula I wherein R* is selected from the group
consisting of C,-C, alkyl, cyclo-hexyl, benzyl, wherein each
of the alkyl, cyclo-hexyl, and benzyl group is substituted
with 1-2 substituents independently selected from the group
consisting of C,-C; alkyl, H, OH, O(C,-C; alkyl), F, Cl, Br,
and I.

[0027] A further preferred embodiment provides a com-
pound of Formula I wherein, R' represents an aryl group,
said aryl group substituted with X; R? is selected from
CH,—(CH,—0O—(CH,),)s—0OH, C,-C; cycloalkyl, and
polyethyleneglycol; R> is selected from a group consisting
of C,_¢ alkyl-NH?, CH(CH;)—NH,, CH(CH,CH,)—NH.,,
CH(CH,CH,CH,)—NH,, CH(CH,CH,CH,CH,)—NH,,
and (CH,),_,-heterocyclyl; R* represents cyclo-hexyl; R’
represents H; and X represents I, Cl, or Br.

[0028] A particularly preferred aspect of the present inven-
tion provides a compound of Formula I wherein,
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3
R! represents an aryl group, said aryl group substituted with -continued
X;
R? represents C,-C, cycloalkyl;
R? is selected from a group consisting of C,_4 alkyl-NIH,, o)
CH(CH;)—NH,, CH(CH,CH,)—NH,, X ,
CH(CH,CH,CH,)—NH,, CH(CH,CH,CH,CH,)—NH,, N
and (CH,),_,-heterocyclyl; "

I O (HXC)4

R* represents cyclo-hexyl; “NH,

R’ represents H; and

X represents I, Cl, or Br.

[0029] Preferred compound of Formula I is selected from: Q
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O I
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-continued

NH.

AW

[0030] Particularly preferred is a compound of Formula I
selected from,

QX

@% L
@3

[0031] Another aspect of the present invention provides a
salt of a compound of Formula I, wherein the salt is an acid
addition salt and is selected from the group consisting of
sulfate, hydrogen sulfate, hydrochloric, hydrobromic, hydri-
odic, nitric, carbonic, sulfuric, phosphoric, formic, acetic,
propionic, succinic, glycolic, gluconic, lactic, malic, tartaric,
citric, ascorbic, glucuronic, maleic, fumaric, pyruvic, aspar-
tic, glutamic, benzoic, anthranilic, 4-hydroxybenzoic, phe-
nylacetic, mandelic, embonic (pamoic), methanesulfonic,
ethanesulfonic, benzenesulfonic, pantothenic, trifluo-
romethanesulfonic, 2-hydroxyethanesulfonic, p-toluene-
sulfonic, sulfanilic, cyclohexylaminosulfonic, stearic, alg-

and
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inic, O-hydroxybutyric, salicylic, galactaric and
galacturonic acid, and any combinations thereof.

[0032] Yet another aspect of the present invention pro-
vides a salt of a compound of Formula I wherein the salt is
a base addition salt and is selected from the group consisting
of calcium, magnesium, potassium, sodium, ammonium,
zinc, a basic amine salt, and any combinations thereof,
wherein the basic amine is selected from the group consist-
ing of triethylamine, diisopropylethylamine, trimethylam-
ine, N,N'-dibenzylethylene-diamine, chloroprocaine, cho-
line, diethanolamine, ethylenediamine, meglumine,
procaine and any combinations thereof.

[0033] Provided in yet another aspect of the present inven-
tion is a method of inhibiting N-acetylglucosaminidase in a
cell, the method comprising contacting the cell with a
compound of Formula I. Provided in a preferred aspect is a
method of inhibiting a N-acetylglucosaminidase in the cyto-
sol of a cell, the method comprising contacting the N-acetyl-
glucosaminidase with any of the compounds of Formula I,
wherein further preferred is a method wherein the N-acetyl-
glucosaminidase is derived from a bacterium, or a fungus,
and an even further preferred method is wherein the
N-acetylglucosaminidase comprises an autolysin.

[0034] A further preferred aspect of the present invention
provides a method of inhibiting N-acetylglucosaminidase by
contacting the cell with a compound of Formula [ wherein
the bacterium is Gram-positive, and even further preferred is
a method wherein the Gram-positive bacterium is selected
from the group consisting of Streptococcus sp., Staphylo-
coccus sp., Enterococcus sp., Corynebacterium sp., Listeria
sp., Clostridium sp., Bacillus sp, Clostridium difficile, Strep-
tococcus pneumoniae, Staphylococcus aureus, vancomycin
intermediate resistance S. aureus (VISA), Enterococcus
faecalis, vancomycin resistant enterococci (VRE), Strepto-
coccus pyogenes, Bacillus anthracis, Corynebacterium
diphtheria and Bacillus cereus.

[0035] Another preferred embodiment provides a method
of inhibiting N-acetylglucosaminidase by contacting the cell
with a compound of Formula I wherein the bacterium is
Gram-negative and is selected from a group consisting of
Salmonella sp., Escherichia sp., Klebsiella sp., Acineto-
bacter sp., Pseudomonas sp., Vibrio sp. Enterobacter sp,
Salmonella enterica, Salmonella typhii, Escherichia coli,
Klebsiella pneumoniae, Acinetobacter baumannii and
Pseudomonas aeruginosa.

[0036] Another aspect of the present invention provides a
method of treating or preventing a bacterial infection in a
subject comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of For-
mula I thereby treating or preventing a bacterial infection in
a subject.

[0037] Another aspect of the present invention provides a
method of treating or preventing a bacterial infection in a
subject comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of For-
mula I along with at least one additional antibacterial agent.
[0038] Yet another aspect of the present invention pro-
vides a method of treating or preventing a bacterial infection
in a subject comprising administering to a subject in need
thereof a therapeutically effective amount of a compound of
Formula I, wherein the subject is a mammal, and in par-
ticular wherein the mammal is a human.

[0039] Another aspect of the present invention provides a
prepackaged pharmaceutical composition comprising a
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compound of Formula I, including a compound of Formula
I in one of the preferred embodiments, a salt or solvate
thereof and an instructional material for use thereof. A
further preferred aspect provides a prepackaged pharmaceu-
tical composition wherein the instructional material com-
prises instructions for preventing or treating a bacterial
infection in a subject, and yet further preferred is a prepack-
aged pharmaceutical composition comprising an applicator.

[0040] In certain embodiments, the salt of any compound
disclosed herein is an acid addition salt and is selected from
the group consisting of sulfate, hydrogen sulfate, hydrochlo-
ric, hydrobromic, hydriodic, nitric, carbonic, sulfuric, phos-
phoric, formic, acetic, propionic, succinic, glycolic, glu-
conic, lactic, malic, tartaric, citric, ascorbic, glucuronic,
maleic, fumaric, pyruvic, aspartic, glutamic, benzoic,
anthranilic, 4-hydroxybenzoic, phenylacetic, mandelic,
embonic (pamoic), methanesulfonic, ethanesulfonic, benze-
nesulfonic, pantothenic, trifluoromethanesulfonic, 2-hy-
droxyethanesulfonic, p-toluenesulfonic, sulfanilic, cyclo-
hexylaminosulfonic, stearic, alginic, f-hydroxybutyric,
salicylic, galactaric and galacturonic acid, and any combi-
nations thereof.

[0041] The invention further provides a method of inhib-
iting a N-acetylglucosaminidase in a cell comprising con-
tacting the cell with a compound of the invention. In certain
embodiments, the cell is a bacterium, a fungus or a cancer
cell. In yet other embodiments, the N-acetylglucosaminidase
comprises an autolysin.

[0042] The invention also provides a method of inhibiting
a N-acetylglucosaminidase in the cytosol of a cell. In certain
embodiments, the method comprises contacting the
N-acetylglucosaminidase with at least one compound of the
invention. In other embodiments, the N-acetylglucosamini-
dase is derived from a bacterium, a fungus or a cancer cell.
In yet other embodiments, the N-acetylglucosaminidase
comprises an autolysin.

[0043] The invention further provides a method of treating
or preventing a bacterial infection in a subject comprising
administering to a subject in need thereof a therapeutically
effective amount of at least one compound of the invention,
thereby treating or preventing a bacterial infection in the
subject.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG. 1 is a proton NMR of compound 3;

[0045] FIG. 2 represents the proton NIR of compound 2;
[0046] FIG. 3 represents the proton NIR of compound 6;
[0047] FIG. 4 represents the proton NMR of compound
11.

DETAILED DESCRIPTION OF THE
INVENTION
[0048] This invention is directed to compounds of For-

mula (I), to the pharmaceutically acceptable salts, esters, and
prodrugs thereof, to their preparation, to pharmaceutical
compositions comprising compounds of Formula I, and to
their uses as antimicrobial agents. In one aspect, the instant
invention is directed to a compound of Formula I:
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Formula I
0 R R*
JI\ N
Rl a Il\I \RS
R? 0
wherein:
[0049] R! represents a substituent selected from a group

selected from polyethyleneglycol, hydrogen, C,-C, alkyl,
and aryl, wherein said R' substituents, except when R'
represents hydrogen, are independently substituted with 1 to
3 substituents selected from a group consisting of H, X,
S(C,_¢ alkyl), O(C, 4 alkyl), and CX;;

[0050] R? represents a substituent selected from a group
consisting of C,-C, alkyl, hydrogen, C,-C cycloalkyl, allyl,
C;-Cq hetero cycloalkyl, polyethyleneglycol, propargyl,
homopropargyl, aryl, heteroaryl, arylalkyl, and heteroaryl-
alkyl, wherein each of said R* substituents, except when R>
represents hydrogen, are independently substituted with 1-3
substituents selected from a group consisting of C,-C4 alkyl,
H, (CH,—O—(CH,),_,)¢+—OH, C,-C; alkenyl, C,-C, alky-
nyl, OH, O(C,-C, alkyl), F, Cl, Br, I, NO,, —C(—O)H,
—C(—=0)OH, —C(=0)O(C,-C;4 alkyl), —C(—O)NH,,
—C(—0)NH(C,-C, alkyl), and —C(—O)N(C,-C, alkyl)
(C,-Cs alkyD);

[0051] R? represents a substituent selected from a group
consisting of C,_ alkyl-NH?, hydrogen, CH(CH,)—NH,,
CH(CH,CH,)—NH,, CH(CH,CH,CH,)—NH,,
CH(CH,CH,CH,CH,)—NH,, (CH,),;— C;-C4 hetero
cycloalkyl, C;-Cg cycloalkyl, propargyl, homopropargyl,
polyethylene glycol, aryl, and heteroaryl, wherein each R>
substituent, except when R> represents hydrogen, is inde-
pendently substituted with 1-3 substituents independently
selected from a group consisting of H, C,-C, alkyl, OH,
O(C,-C; alkyl), F, Cl, Br, I, NO,, —C(—O)H, —C(=0)
OH, —C(—0)O(C,-C4 alkyl), —C(—O)NH,, —C(=—0)
NH(C,-Cy alkyl), and —C(—O)N(C,-C4 alky)(C,-Cq
alkyl);

[0052] R*represents a substituent selected from the group
consisting of C,-C4 alkyl, hydrogen, alkyl-aryl, C;-Cq
cycloalkyl, arylalkyl, and heteroaryl-alkyl, wherein each of
the R* substituents, except when R* represents hydrogen, is
independently substituted with 1-3 substituents indepen-
dently selected from the group consisting of C,-C, alkyl, H,
OH, O(C,-C4 alkyl), F, Cl, Br, I, NO,, —C(=—O)H,
—C(—=0)OH, —C(=0)O(C,-C,4 alkyl), —C(—O)NH,,
—C(—0O)NH(C,-C; alkyl), and —C(—O)N(C,-C; alkyl)
(C,-Cy alkyD);

[0053] R’ is H or methyl; and
[0054] X is selected from Cl, I, Br, and F.
[0055] A preferred embodiment provides a compound of

Formula I wherein, R' has at least one substituent ortho to
the carbonyl group, wherein the at least one substituent is
selected from the group consisting of X, S(C,-C alkyl),
O(C,_¢ alkyl), and CX;. Another preferred embodiment
provides a compound of Formula I wherein the at least one
substituent ortho to the carbonyl group is selected from the
group consisting of X, O(C, 4, alkyl), and CFj.

[0056] Inyetanother embodiment is provided a compound
of Formula I wherein R? is selected from the group consist-
ing of C,-C; alkyl, C5-C4 cycloalkyl, polyethyleneglycol,
propargyl, homopropargyl, phenyl, heteroaryl, aryl-(CH,),_
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2—, and heteroaryl-(CH,), ,—, wherein each of the said R>
groups are independently substituted with 1-3 substituents
independently selected from the group consisting of (CH,—
0O—(CH,),)s—OH, C,-C; alkyl, H, OH, O(C,-C4 alkyl), F,
Cl, Br, I, and NO,, and a further preferred embodiment
provides a compound of Formula I wherein R? is selected
from the group consisting of C,-C, alkyl, cyclo-hexyl,
phenyl, o-iodophenyl, o-bromophenyl, o-chlorophenyl,
o-fluorophenyl, o-methoxyphenyl, p-iodophenyl, p-brom-
ophenyl, p-chlorophenyl, p-fluorophenyl, p-methoxyphenyl,
benzyl, Ph(CH,),—, Ph,CHCH,—, and —CH(CH,)Ph.

[0057] Another preferred embodiment provides a com-
pound of Formula I wherein R? is selected from the group
consisting of C,, alkyl-NH?, CH(CH,)—NIH,,
CH(CH,CH,)—NH,, CH(CH,CH,CH,)—NH,,
CH(CH,CH,CH,CH,)>NH,, (CH,), ,—C,-C¢-heterocy-
cloalkyl, C,-C, cycloalkyl, aryl, and heteroaryl, wherein
each R® group is independently substituted with 1-2 sub-
stituents selected from the group consisting of C,-C, alkyl,
OH, O(C,-Cy4 alkyl), F, Cl, Br, I, H, NO,, —C(—O)H,
—C(—=0)OH, —C(=0)O(C,-C,4 alkyl), —C(—O)NH,,
—C(—0O)NH(C,-C; alkyl), and —C(—O)N(C,-C; alkyl)
(C,-Cg alkyl).

[0058] Yet another preferred embodiment provides a com-
pound of Formula I wherein R* is selected from the group
consisting of C,-C, alkyl, cyclo-hexyl, benzyl, wherein each
of the alkyl, cyclo-hexyl, and benzyl group is substituted
with 1-2 substituents independently selected from the group
consisting of C,-C; alkyl, H, OH, O(C,-C; alkyl), F, Cl, Br,
and I.

[0059] A further preferred embodiment provides a com-
pound of Formula I wherein, R' represents an aryl group,
said aryl group substituted with X; R? is selected from
CH,—(CH,—0O—(CH,),)s—OH, C;-C; cycloalkyl, and
polyethyleneglycol; R> is selected from a group consisting
of C,_, alkyl-NH?, CH(CH,)—NH,, CH(CH,CH,)—NH,,
CH(CH,CH,CH,)—NH,, CH(CH,CH,CH,CH,)—NH,,
and (CH,),_,-heterocyclyl; R* represents cyclo-hexyl; R’
represents H; and X represents I, Cl, or Br.

[0060] Preferred compound of Formula I is selected from:
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[0061] Particularly preferred is a compound of Formula I
selected from,
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[0062] Another aspect of the present invention provides a
salt of a compound of Formula I, wherein the salt is an acid
addition salt and is selected from the group consisting of
sulfate, hydrogen sulfate, hydrochloric, hydrobromic, hydri-
odic, nitric, carbonic, sulfuric, phosphoric, formic, acetic,
propionic, succinic, glycolic, gluconic, lactic, malic, tartaric,
citric, ascorbic, glucuronic, maleic, fumaric, pyruvic, aspar-
tic, glutamic, benzoic, anthranilic, 4-hydroxybenzoic, phe-
nylacetic, mandelic, embonic (pamoic), methanesulfonic,
ethanesulfonic, benzenesulfonic, pantothenic, trifluo-
romethanesulfonic, 2-hydroxyethanesulfonic, p-toluene-
sulfonic, sulfanilic, cyclohexylaminosulfonic, stearic, alg-
inic, B-hydroxybutyric, salicylic, galactaric and galacturonic
acid, and any combinations thereof.

[0063] Yet another aspect of the present invention pro-
vides a salt of a compound of Formula I wherein the salt is
a base addition salt and is selected from the group consisting
of calcium, magnesium, potassium, sodium, ammonium,
zinc, a basic amine salt, and any combinations thereof,
wherein the basic amine is selected from the group consist-
ing of triethylamine, diisopropylethylamine, trimethylam-
ine, N,N'-dibenzylethylene-diamine, chloroprocaine, cho-
line, diethanolamine, ethylenediamine, meglumine,
procaine and any combinations thereof.

[0064] Provides in yet another aspect of the present inven-
tion is a method of inhibiting N-acetylglucosaminidase in a
cell, the method comprising contacting the cell with a
compound of Formula I. Provided in a preferred aspect is a
method of inhibiting a N-acetylglucosaminidase in the cyto-
sol of a cell, the method comprising contacting the N-acetyl-
glucosaminidase with any of the compounds of Formula I,
wherein further preferred is a method wherein the N-acetyl-
glucosaminidase is derived from a bacterium, or a fungus,
and an even further preferred method is wherein the
N-acetylglucosaminidase comprises an autolysin.

[0065] A further preferred aspect of the present invention
provides a method of inhibiting N-acetylglucosaminidase
wherein the bacterium is Gram-positive, and even further
preferred dis a method wherein the Gram-positive bacterium
is selected from the group consisting of Streptococcus sp.,
Staphylococcus sp., Enterococcus sp., Corynebacterium sp.,
Listeria sp., Clostridium sp., Bacillus sp, Clostridium dif-
ficile, Streptococcus pneumoniae, Staphylococcus aureus,
vancomycin intermediate resistance S. aureus (VISA),
Enterococcus faecalis, vancomycin resistant enterococci
(VRE), Streptococcus pyogenes, Bacillus anthracis,
Corynebacterium diphtheria and Bacillus cereus.

[0066] Another preferred embodiment provides a method
of inhibiting N-acetylglucosaminidase wherein the bacte-
rium is Gram-negative and is selected from a group con-
sisting of Salmonella sp., Escherichia sp., Klebsiella sp.,
Acinetobacter sp., Pseudomonas sp., Vibrio sp. Enterobacter
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sp, Salmonella enterica, Salmonella typhii, Escherichia coli,
Klebsiella pneumoniae, Acinetobacter baumannii and
Pseudomonas aerugenosa.

[0067] Another aspect of the present invention provides a
method of treating or preventing a bacterial infection in a
subject comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of For-
mula I thereby treating or preventing a bacterial infection in
a subject.

[0068] Another aspect of the present invention provides a
method of treating or preventing a bacterial infection in a
subject comprising administering to a subject in need thereof
a therapeutically effective amount of a compound of For-
mula I along with at least one additional antibacterial agent.
[0069] Yet another aspect of the present invention pro-
vides a method of treating or preventing a bacterial infection
in a subject comprising administering to a subject in need
thereof a therapeutically effective amount of a compound of
Formula I, wherein the subject is a mammal, and in par-
ticular wherein the mammal is a human.

[0070] Another aspect of the present invention provides a
prepackaged pharmaceutical composition comprising a
compound of Formula I, including a compound of Formula
I in one of the preferred embodiments, a salt or solvate
thereof and an instructional material for use thereof. A
further preferred aspect provides a prepackaged pharmaceu-
tical composition wherein the instructional material com-
prises instructions for preventing or treating a bacterial
infection in a subject, and yet further preferred is a prepack-
aged pharmaceutical composition comprising an applicator.
[0071] In certain embodiments, the salt of any compound
disclosed herein is an acid addition salt and is selected from
the group consisting of sulfate, hydrogen sulfate, hydrochlo-
ric, hydrobromic, hydriodic, nitric, carbonic, sulfuric, phos-
phoric, formic, acetic, propionic, succinic, glycolic, glu-
conic, lactic, malic, tartaric, citric, ascorbic, glucuronic,
maleic, fumaric, pyruvic, aspartic, glutamic, benzoic,
anthranilic, 4-hydroxybenzoic, phenylacetic, mandelic,
embonic (pamoic), methanesulfonic, ethanesulfonic, benze-
nesulfonic, pantothenic, trifluoromethanesulfonic, 2-hy-
droxyethanesulfonic, p-toluenesulfonic, sulfanilic, cyclo-
hexylaminosulfonic, stearic, alginic, f-hydroxybutyric,
salicylic, galactaric and galacturonic acid, and any combi-
nations thereof.

[0072] The invention further provides a method of inhib-
iting a N-acetylglucosaminidase in a cell comprising con-
tacting the cell with a compound of the invention. In certain
embodiments, the cell is a bacterium, a fungus or a cancer
cell. In yet other embodiments, the N-acetylglucosaminidase
comprises an autolysin.

[0073] The invention also provides a method of inhibiting
a N-acetylglucosaminidase in the cytosol of a cell. In certain
embodiments, the method comprises contacting the
N-acetylglucosaminidase with at least one compound of the
invention. In other embodiments, the N-acetylglucosamini-
dase is derived from a bacterium, a fungus or a cancer cell.
In yet other embodiments, the N-acetylglucosaminidase
comprises an autolysin.

[0074] The invention further provides a method of treating
or preventing a bacterial infection in a subject comprising
administering to a subject in need thereof a therapeutically
effective amount of at least one compound of the invention,
thereby treating or preventing a bacterial infection in the
subject.
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Definitions

[0075] Unless defined otherwise, all technical and scien-
tific terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials
similar or equivalent to those described herein can be used
in the practice or testing of the present invention, the certain
specific methods and materials are described.

[0076] As used herein, each of the following terms has the
meaning associated with it in this section.

[0077] “About” as used herein when referring to a mea-
surable value such as an amount, a temporal duration, and
the like, is meant to encompass variations of 20% or 10%,
more advantageously +5%, even more advantageously 1%,
and still more advantageously 0.1% from the specified
value, as such variations are appropriate to perform the
disclosed methods.

[0078] A disease or disorder is “alleviated” if the severity
of'a symptom of the disease or disorder, the frequency with
which such a symptom is experienced by a patient, or both,
is reduced.

[0079] In one aspect, the terms “co-administered” and
“co-administration” as relating to a subject refer to admin-
istering to the subject a compound of the invention or salt
thereof along with a compound that may also treat the
disorders or diseases contemplated within the invention. In
one embodiment, the co-administered compounds are
administered separately, or in any kind of combination as
part of a single therapeutic approach. The co-administered
compound may be formulated in any kind of combination,
as mixtures of solids and liquids under a variety of solid, gel,
and liquid formulations, and as a solution.

[0080] As used herein, the term “composition” or “phar-
maceutical composition” refers to a mixture of at least one
compound useful within the invention with a pharmaceuti-
cally acceptable carrier. The pharmaceutical composition
facilitates administration of the compound to a patient or
subject. Multiple techniques of administering a compound
exist in the art including, but not limited to, intravenous,
oral, aerosol, parenteral, ophthalmic, pulmonary and topical
administration.

[0081] A “disease” as used herein is a state of health of an
animal wherein the animal cannot maintain homeostasis,
and wherein if the disease is not ameliorated then the
animal’s health continues to deteriorate.

[0082] A “disorder” as used herein in an animal is a state
of health in which the animal is able to maintain homeosta-
sis, but in which the animal’s state of health is less favorable
than it would be in the absence of the disorder. Left
untreated, a disorder does not necessarily cause a further
decrease in the animal’s state of health.

[0083] As used herein, the term “DMSO” refers to dim-
ethyl sulfoxide.
[0084] As used herein, the terms “effective amount,”

“pharmaceutically effective amount” and “therapeutically
effective amount” refer to a nontoxic but sufficient amount
of an agent to provide the desired biological result. That
result may be reduction and/or alleviation of the signs,
symptoms, or causes of a disease, or any other desired
alteration of a biological system. An appropriate therapeutic
amount in any individual case may be determined by one of
ordinary skill in the art using routine experimentation.
[0085] As used herein, the term “GcNAc” refers to
N-acetylglucosamine.
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[0086] As used herein, the term “GNT” refers to a GIcNAc
triazole.
[0087] As used herein, the term “Gram-positive bacteria”

are bacteria that give a positive result in the Gram stain test.
Gram-positive bacteria take up the crystal violet stain used
in the test, and then appear to be purple-colored when seen
through a microscope. Gram-positive bacterial include
Streptococcus sp., Staphylococcus sp., Enterococcus sp.,
Corynebacterium sp., Listeria sp., Clostridium sp. and
Bacillus sp. Examples of Gram-positive bacteria include
Clostridium difficile (also currently known as Clostridiodes
difficile),  Streptococcus  pneumoniae, Staphylococcus
aureus, vancomycin intermediate resistance S. aureus
(VISA), Enterococcus faecalis, vancomycin resistant
enterococci  (VRE), Streprococcus pyogenes, Bacillus
anthracis, Corynebacterium diphtheria and Bacillus cereus.
[0088] As used herein, the term “Gram-negative bacteria”
are a group of bacteria that do not retain the crystal violet
stain used in the Gram staining method of bacterial differ-
entiation. Gram-negative bacteria include Salmonella sp.,
Escherichia sp., Klebsiella sp., Acinetobacter sp.,
Pseudomonas sp., Vibrio sp. and Enterobacter sp. Examples
of Gram-negative bacteria include Salmonella enterica, Sal-
monella typhii, Escherichia coli, Klebsiella pneumoniae,
Acinetobacter baumannii and Pseudomonas aerugenosa.
[0089] The terms “patient,” “subject” or “individual” are
used interchangeably herein, and refer to any animal, or cells
thereof whether in vitro or in situ, amenable to the methods
described herein. In a non-limiting embodiment, the patient,
subject or individual is a human.

[0090] As used herein, the term “pharmaceutically accept-
able” refers to a material, such as a carrier or diluent, which
does not abrogate the biological activity or properties of the
compound, and is relatively non-toxic, i.e., the material may
be administered to an individual without causing undesirable
biological effects or interacting in a deleterious manner with
any of the components of the composition in which it is
contained.

[0091] As used herein, the language “pharmaceutically
acceptable salt” refers to a salt of the administered com-
pounds prepared from pharmaceutically acceptable non-
toxic acids, including inorganic acids, organic acids, sol-
vates, hydrates, or clathrates thereof.

[0092] As used herein, the term “pharmaceutically accept-
able carrier” means a pharmaceutically acceptable material,
composition or carrier, such as a liquid or solid filler,
stabilizer, dispersing agent, suspending agent, diluent,
excipient, thickening agent, solvent or encapsulating mate-
rial, involved in carrying or transporting a compound useful
within the invention within or to the patient such that it may
perform its intended function. Typically, such constructs are
carried or transported from one organ, or portion of the body,
to another organ, or portion of the body. Each carrier is
“acceptable” in the sense of being compatible with the other
ingredients of the formulation, including the compound
useful within the invention, and not injurious to the patient.
Some examples of materials that may serve as pharmaceu-
tically acceptable carriers include: sugars, such as lactose,
glucose and sucrose; starches, such as corn starch and potato
starch; cellulose, and its derivatives, such as sodium car-
boxymethyl cellulose, ethyl cellulose and cellulose acetate;
powdered tragacanth; malt; gelatin; talc; excipients, such as
cocoa butter and suppository waxes; oils, such as peanut oil,
cottonseed oil, safflower oil, sesame oil, olive oil, corn oil
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and soybean oil; glycols, such as propylene glycol; polyols,
such as glycerin, sorbitol, mannitol and polyethylene glycol;
esters, such as ethyl oleate and ethyl laurate; agar; buffering
agents, such as magnesium hydroxide and aluminum
hydroxide; surface active agents; alginic acid; pyrogen-free
water; isotonic saline; Ringer’s solution; ethyl alcohol;
phosphate buffer solutions; and other non-toxic compatible
substances employed in pharmaceutical formulations. As
used herein, “pharmaceutically acceptable carrier” also
includes any and all coatings, antibacterial and antifungal
agents, and absorption delaying agents, and the like that are
compatible with the activity of the compound useful within
the invention, and are physiologically acceptable to the
patient. Supplementary active compounds may also be
incorporated into the compositions. The “pharmaceutically
acceptable carrier” may further include a pharmaceutically
acceptable salt of the compound useful within the invention.
Other additional ingredients that may be included in the
pharmaceutical compositions used in the practice of the
invention are known in the art and described, for example in
Remington’s Pharmaceutical Sciences (Genaro, Ed., Mack
Publishing Co., 1985, Easton, Pa.), which is incorporated
herein by reference.

[0093] The term “prevent,” “preventing” or “prevention,”
as used herein, means avoiding or delaying the onset of
symptoms associated with a disease or condition in a subject
that has not developed such symptoms at the time the
administering of an agent or compound commences. As used
herein, the term “procure” or “procuring” as relating to a
subject in need of being administered a therapeutically
active compound refers to the act of synthesizing, packag-
ing, prescribing, purchasing, providing or otherwise acquir-
ing the compound so that the subject may be administered
the compound.

[0094] By the term “specifically bind” or “specifically
binds,” as used herein, is meant that a first molecule pref-
erentially binds to a second molecule (e.g., a particular
receptor or enzyme), but does not necessarily bind only to
that second molecule.

[0095] A “therapeutic” treatment is a treatment adminis-
tered to a subject who exhibits signs of pathology, for the
purpose of diminishing or eliminating those signs.

[0096] As used herein, the term “treatment™ or “treating”
is defined as the application or administration of a thera-
peutic agent, i.e., a compound of the invention (alone or in
combination with another pharmaceutical agent), to a
patient, or application or administration of a therapeutic
agent to an isolated tissue or cell line from a patient (e.g., for
diagnosis or ex vivo applications), who has a condition
contemplated herein, a symptom of a condition contem-
plated herein or the potential to develop a condition con-
templated herein, with the purpose to cure, heal, alleviate,
relieve, alter, remedy, ameliorate, improve or affect a con-
dition contemplated herein, the symptoms of a condition
contemplated herein or the potential to develop a condition
contemplated herein. Such treatments may be specifically
tailored or modified, based on knowledge obtained from the
field of pharmacogenomics.

[0097] As used herein, the term “alkyl,” by itself or as part
of another substituent means, unless otherwise stated, a
straight or branched chain hydrocarbon having the number
of carbon atoms designated (i.e., C,-C,, means one to ten
carbon atoms) and includes straight, branched chain, or
cyclic substituent groups. Examples include methyl, ethyl,
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propyl, isopropyl, butyl, isobutyl, tert-butyl, pentyl, neopen-
tyl, hexyl, and cyclopropylmethyl. Certain specific examples
include (C,-Cy)alkyl, such as, but not limited to, ethyl,
methyl, isopropyl, isobutyl, n-pentyl, n-hexyl and cyclopro-
pylmethyl.

[0098] As used herein, the term “cycloalkyl,” by itself or
as part of another substituent means, unless otherwise stated,
a cyclic chain hydrocarbon having the number of carbon
atoms designated (i.e., C;-C4 means a cyclic group com-
prising a ring group consisting of three to six carbon atoms)
and includes straight, branched chain or cyclic substituent
groups. Examples include cyclopropyl, cyclobutyl, cyclo-
pentyl, cyclohexyl, cycloheptyl, and cyclooctyl. Certain
specific examples include (C;-Cy)cycloalkyl, such as, but
not limited to, cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl.

[0099] As used herein, the term “alkenyl,” employed alone
or in combination with other terms, means, unless otherwise
stated, a stable mono-unsaturated or poly-unsaturated
straight chain or branched chain hydrocarbon group having
the stated number of carbon atoms. Examples include vinyl,
propenyl (or allyl), crotyl, isopentenyl, butadienyl, 1,3-
pentadienyl, 1,4-pentadienyl, and the higher homologs and
isomers. A functional group representing an alkene is exem-
plified by —CH,—CH—CH,,.

[0100] As used herein, the term “substituted alkyl,” “sub-
stituted cycloalkyl,” “substituted alkenyl” or “substituted
alkynyl” means alkyl, cycloalkyl, alkenyl or alkynyl, as
defined above, substituted by one or more substituents
selected from the group consisting of halogen, —OH,
alkoxy, tetrahydro-2-H-pyranyl, —NH,, —N(CH,),,
(1-methyl-imidazol-2-yl), pyridin-2-yl, pyridin-3-yl, pyri-
din-4-yl, —C(=0)OH, trifluioromethyl, —C—N,
—C(—=0)O(C,-C,)alkyl, —C(—O)NH,, —C(—O)NH(C, -
C,alkyl, —C(—=0)N((C,-C,)alkyl),, —SO,NH,,
—C(—=NH)NH,, and —NO,, advantageously containing
one or two substituents selected from halogen, —OH,
alkoxy, —NH,, trifluoromethyl, —N(CH,),, and —C(=—0)
OH, more advantageously selected from halogen, alkoxy
and —OH. Examples of substituted alkyls include, but are
not limited to, 2,2-difluoropropyl, 2-carboxycyclopentyl and
3-chloropropyl.

[0101] As used herein, the term “alkoxy” employed alone
or in combination with other terms means, unless otherwise
stated, an alkyl group having the designated number of
carbon atoms, as defined above, connected to the rest of the
molecule via an oxygen atom, such as, for example,
methoxy, ethoxy, 1-propoxy, 2-propoxy (isopropoxy) and
the higher homologs and isomers. In certain embodiments,
alkoxy includes (C,-C;)alkoxy, such as, but not limited to,
ethoxy and methoxy.

[0102] As used herein, the term “halo” or “halogen™ alone
or as part of another substituent means, unless otherwise
stated, a fluorine, chlorine, bromine, or iodine atom, advan-
tageously, fluorine, chlorine, or bromine, more advanta-
geously, fluorine or chlorine.

[0103] As used herein, the term “heteroalkyl” by itself or
in combination with another term means, unless otherwise
stated, a stable straight or branched chain alkyl group
consisting of the stated number of carbon atoms and one or
two heteroatoms selected from the group consisting of O, N,
and S, and wherein the nitrogen and sulfur atoms may be
optionally oxidized and the nitrogen heteroatom may be
optionally quaternized. The heteroatom(s) may be placed at
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any position of the heteroalkyl group, including between the
rest of the heteroalkyl group and the fragment to which it is
attached, as well as attached to the most distal carbon atom
in the heteroalkyl group. Examples include: —O—CH,—
CH,—CH,;, —CH,—CH,—CH,—OH, —CH,—CH,—
NH—CH,, —CH,—S—CH,—CH,, and —CH,CH,—S
(=0O)—CHj,;. Up to two heteroatoms may be consecutive,
such as, for example, —CH,—NH—OCH;, or —CH,—
CH,—S—S—CH,.

[0104] As used herein, the term “aryl,” employed alone or
in combination with other terms, means, unless otherwise
stated, a carbocyclic aromatic system containing one or
more rings (typically one, two or three rings) wherein such
rings may be attached together in a pendent manner, such as
a biphenyl, or may be fused, such as naphthalene. Examples
include phenyl, anthracyl, and naphthyl. In certain embodi-
ments, aryl includes phenyl and naphthyl, in particular,
phenyl.

[0105] As used herein, the terms “heterocycle”, “hetero-
cyclyl”, “heterocyclic” or “hetero cycloalkyl”, by itself or as
part of another substituent means, unless otherwise stated,
an unsubstituted or substituted, stable, mono- or multi-cyclic
heterocyclic ring system that consists of carbon atoms and at
least one heteroatom selected from the group consisting of
N, O, and S, and wherein the nitrogen and sulfur heteroa-
toms may be optionally oxidized, and the nitrogen atom may
be optionally quaternized. The heterocyclic system may be
attached, unless otherwise stated, at any heteroatom or
carbon atom that affords a stable structure. A heterocycle
may be aromatic or non-aromatic in nature. In one embodi-
ment, the heterocycle is a heteroaryl.

[0106] As used herein, the term “heteroaryl” or “het-
eroaromatic” refers to a heterocycle having aromatic char-
acter. A polycyclic heteroaryl may include one or more rings
that are partially saturated. Examples include tetrahydroqui-
noline and 2,3-dihydrobenzofuryl.

[0107] Examples of non-aromatic heterocycles include
monocyclic groups such as aziridine, oxirane, thiirane, aze-
tidine, oxetane, thietane, pyrrolidine, pyrroline, imidazoline,
pyrazolidine, dioxolane, sulfolane, 2,3-dihydrofuran, 2,5-
dihydrofuran, tetrahydrofuran, thiophane, piperidine, 1,23,
6-tetrahydropyridine, 1,4-dihydropyridine, piperazine, mor-
pholine,  thiomorpholine, pyran, 2,3-dihydropyran,
tetrahydropyran, 1,4-dioxane, 1,3-dioxane, homopiperazine,
homopiperidine, 1,3-dioxepane, 4,7-dihydro-1,3-dioxepin
and hexamethyleneoxide.

[0108] Examples of heteroaryl groups include pyridyl,
pyrazinyl, pyrimidinyl (such as, but not limited to, 2- and
4-pyrimidinyl), pyridazinyl, thienyl, furyl, pyrrolyl, imida-
zolyl, thiazolyl, oxazolyl, pyrazolyl, isothiazolyl, 1,2,3-tri-
azolyl, 1,2,4-triazolyl, 1,3,4-triazolyl, tetrazolyl, 1,2,3-thia-
diazolyl, 1,2,3-oxadiazolyl, 1,3,4-thiadiazolyl and 1,3,4-
oxadiazolyl.

[0109] The aforementioned listing of heterocyclyl, hetero
cycloalkyl, and heteroaryl moieties is intended to be repre-
sentative and not limiting.

[0110] As used herein, the term “substituted” means that
an atom or group of atoms has replaced hydrogen as the
substituent attached to another group.

[0111] In this disclosure, “comprises,” “comprising,”
“containing” and “having” and the like can have the mean-
ing ascribed to them in U.S. Patent law and can mean
“includes,” “including” and the liken “consisting essentially
of” or “consists essentially” likewise has the meaning
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ascribed in U.S. Patent law and the term is open-ended,
allowing for the presence of more than that which is recited
so long as basic or novel characteristics of that which is
recited is not changed by the presence of more than that
which is recited, but excludes prior art embodiments.
[0112] Throughout this disclosure, various aspects of the
invention can be presented in a range format. It should be
understood that the description in range format is merely for
convenience and brevity and should not be construed as an
inflexible limitation on the scope of the invention. Accord-
ingly, the description of a range should be considered to
have specifically disclosed all the possible sub-ranges as
well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should
be considered to have specifically disclosed sub-ranges such
as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from
2 to 6, from 3 to 6 etc., as well as individual numbers within
that range, for example, 1, 2, 2.7, 3, 4, 5, 5.1, 5.3, 5.5, and
6. This applies regardless of the breadth of the range. The
invention is based, at least in part, on the unexpected
identification of novel small molecule inhibitors of N-acetyl-
glucosaminidases. In certain embodiments, the compounds
of the invention inhibit bacterial autolysins.

[0113] In one embodiment, the compounds of the inven-
tion are active against Gram-positive bacteria. In another
embodiment, the Gram-positive bacterium is selected from
the group consisting of Streptococcus sp., Staphylococcus
sp., Enterococcus sp., Corynebacterium sp., Listeria sp.,
Clostridium sp. and Bacillus sp. In yet another embodiment,
the Gram-positive bacterium is Clostridium difficile (now
Clostridiodes difficile, Streptococcus pneumoniae., Staphy-
lococcus aureus, vancomycin intermediate resistance S.
aureus (VISA), Enterococcus faecalis, vancomycin resistant
enterococci  (VRE), Streprococcus pyogenes, Bacillus
anthracis, Corynebacterium diphtheria or Bacillus cereus.
[0114] In another embodiment, the compounds of the
invention are active against Gram-negative bacteria. In
another embodiment, the Gram-negative bacterium is
selected from the group consisting of Salmonella sp.,
Escherichia sp., Klebsiella sp., Acinetobacter sp.,
Pseudomonas sp., Vibrio sp. and Enterobacter sp. In yet
another embodiment, the Gram-negative bacterium is Sal-
monella enterica, Salmonella typhii, Escherichia coli, Kleb-
siella pneumoniae, Acinetobacter baumannii or Pseudomo-
nas aerugenosa.

[0115] As demonstrated herein, the compounds of the
invention inhibit GlcNAcases, such as bacterial GlcNA-
cases.

[0116] In certain embodiments, the compounds of the
invention exhibit whole-cell antibiotic activity. In other
embodiments, the compounds modulate an extracellular
enzyme, do not contain a reactive warhead susceptible to
cleavage, and their target does not act on highly variable
substrates. Without wishing to be limited by any theory, the
molecular resistance mechanisms of efflux pumps, rapid
chemical inactivation, and target substrate modification may
be ineffective against the compounds of the invention.

Compounds and Compositions

[0117] The compounds herein disclosed have antibacterial
activity against S. preumoniae, S. aureus and/or C. difficile.
[0118] The invention further provides a pharmaceutical
composition comprising at least one compound of the inven-
tion and a pharmaceutically acceptable carrier. In certain
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embodiments, the composition further comprises at least one
additional antibacterial agent. In other embodiments, the at
least one additional antibacterial agent comprises at least
one agent selected from the group consisting of amoxicillin,
azithromycin, biaxin, biocef, cefaclor, cinoxacin, cipro-
floxacin, clindamycin, doryx, emgel, enoxacin, fortaz, gati-
floxacin, levofloxacin, linezolid, maxaquin, moxifloxacin,
neomycin, ofloxacin, penicillin, rifampin, spartloxacin,
streptomycin, sulfatrim, tetracycline, trovafloxacin, vanco-
mycin and zotrim. In yet other embodiments, the compound
and the agent are co-formulated in the composition.

[0119] The compounds of the invention may possess one
or more stereocenters, and each stereocenter may exist
independently in either the (R) or (S) configuration. In one
embodiment, compounds described herein are present in
optically active or racemic forms. The compounds described
herein encompass racemic, optically-active, regioisomeric
and stereoisomeric forms, or combinations thereof that pos-
sess the therapeutically useful properties described herein.
Preparation of optically active forms is achieved in any
suitable manner, including by way of non-limiting example,
by resolution of the racemic form with recrystallization
techniques, synthesis from optically-active starting materi-
als, chiral synthesis, or chromatographic separation using a
chiral stationary phase. In one embodiment, a mixture of one
or more isomer is utilized as the therapeutic compound
described herein. In another embodiment, compounds
described herein contain one or more chiral centers. These
compounds are prepared by any means, including stereose-
lective synthesis, enantioselective synthesis and/or separa-
tion of a mixture of enantiomers and/or diastereomers.
Resolution of compounds and isomers thereof is achieved by
any means including, by way of non-limiting example,
chemical processes, enzymatic processes, fractional crystal-
lization, distillation, and chromatography.

[0120] The methods and formulations described herein
include the use of N-oxides (if appropriate), crystalline
forms (also known as polymorphs), solvates, amorphous
phases, and/or pharmaceutically acceptable salts of com-
pounds having the structure of any compound of the inven-
tion, as well as metabolites and active metabolites of these
compounds having the same type of activity. Solvates
include water, ether (e.g., tetrahydrofuran, methyl tert-butyl
ether) or alcohol (e.g., ethanol) solvates, acetates and the
like. In one embodiment, the compounds described herein
exist in solvated forms with pharmaceutically acceptable
solvents such as water, and ethanol. In another embodiment,
the compounds described herein exist in unsolvated form.

[0121] In one embodiment, the compounds of the inven-
tion exist as tautomers. All tautomers are included within the
scope of the compounds recited herein.

[0122] In one embodiment, the compounds of the inven-
tion exist as polymorphs. All polymorphs are included
within the scope of the compounds recited herein.

[0123] In one embodiment, compounds described herein
are prepared as prodrugs (see for example Hacker, et al.,
Pharmacology: Principles and Practice. Academic Press,
Jun. 19, 2009. pp. 216-217). A “prodrug” is an agent
converted into the parent drug in vivo. In one embodiment,
upon in vivo administration, a prodrug is chemically con-
verted to the biologically, pharmaceutically or therapeuti-
cally active form of the compound. In another embodiment,
aprodrug is enzymatically metabolized by one or more steps
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or processes to the biologically, pharmaceutically or thera-
peutically active form of the compound.

[0124] In certain embodiments, sites on, for example, the
aromatic ring portion of compounds of the invention are
susceptible to various metabolic reactions. Incorporation of
appropriate substituents on the aromatic ring structures may
reduce, minimize or eliminate this metabolic pathway.
Accordingly, in one embodiment, a prodrug is created by
methods well known in the art, by which the appropriate
substituent to decrease or eliminate the susceptibility of the
aromatic ring to metabolic reactions is added, by way of
example only, a deuterium, a halogen, or an alkyl group.
[0125] In one embodiment, the compounds described
herein are labeled by other means, including, but not limited
to, the use of chromophores or fluorescent moieties, biolu-
minescent labels, or chemiluminescent labels. Synthesis
[0126] The compounds described herein, and other related
compounds having different substituents, are synthesized
using techniques and materials described herein and tech-
niques known in the art such as those described, for
example, in Fieser & Fieser’s Reagents for Organic Synthe-
sis, Volumes 1-17 (John Wiley and Sons, 1991); Rodd’s
Chemistry of Carbon

[0127] Compounds, Volumes 1-5 and Supplements (Else-
vier Science Publishers, 1989); Organic Reactions, Volumes
1-40 (John Wiley and Sons, 1991), Larock’s Comprehensive
Organic Transformations (VCH Publishers Inc., 1989),
March, Advanced Organic Chemistry 4” Ed., (Wiley 1992);
Carey & Sundberg, Advanced Organic Chemistry 4th Ed.,
Vols. A and B (Plenum 2000, 2001), and Green & Wuts,
Protective Groups in Organic Synthesis 3rd Ed., (Wiley
1999) (all of which are incorporated by reference for such
disclosure). General methods for the preparation of com-
pounds as described herein are modified by the use of
appropriate reagents and conditions, for the introduction of
the various moieties found in the formula as provided herein.
Compounds described herein are synthesized using any
suitable procedures starting from compounds that are avail-
able from commercial sources, or are prepared using pro-
cedures described herein or known in the art.

[0128] In one embodiment, reactive functional groups,
such as hydroxyl, amino, imino, thio or carboxy groups, are
protected in order to avoid their unwanted participation in
reactions.

[0129] Protecting groups are used to block some or all of
the reactive moieties and prevent such groups from partici-
pating in chemical reactions until the protective group is
removed. In another embodiment, each protective group is
removable by a different means. Protective groups that are
cleaved under totally disparate reaction conditions fulfill the
requirement of differential removal.

[0130] Inone embodiment, protective groups are removed
by acid, base, reducing conditions (such as, for example,
hydrogenolysis), and/or oxidative conditions. Groups such
as trityl, dimethoxytrityl, acetal and t-butyldimethylsilyl are
acid labile and are used to protect carboxy and hydroxy
reactive moieties in the presence of amino groups protected
with Cbz groups, which are removable by hydrogenolysis,
and Fmoc groups, which are base labile. Carboxylic acid and
hydroxy reactive moieties are blocked with base labile
groups such as, but not limited to, methyl, ethyl, and acetyl,
in the presence of amines that are blocked with acid labile
groups, such as t-butyl carbamate, or with carbamates that
are both acid and base stable but hydrolytically removable.
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[0131] In one embodiment, carboxylic acid and hydroxy
reactive moieties are blocked with hydrolytically removable
protective groups such as the benzyl group, while amine
groups capable of hydrogen bonding with acids are blocked
with base labile groups such as Fmoc. Carboxylic acid
reactive moieties are protected by conversion to simple ester
compounds as exemplified herein, which include conversion
to alkyl esters, or are blocked with oxidatively-removable
protective groups such as 2,4-dimethoxy benzyl, while co-
existing amino groups are blocked with fluoride labile silyl
carbamates.

[0132] Allyl blocking groups are useful in the presence of
acid- and base-protecting groups since the former are stable
and are subsequently removed by metal or pi-acid catalysts.
For example, an allyl-blocked carboxylic acid is deprotected
with a palladium-catalyzed reaction in the presence of acid
labile t-butyl carbamate or base-labile acetate amine pro-
tecting groups. Yet another form of protecting group is a
resin to which a compound or intermediate is attached. As
long as the residue is attached to the resin, that functional
group is blocked and does not react. Once released from the
resin, the functional group is available to react.

[0133] Typically blocking/protecting groups may be
selected from:
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[0134] Groups in Organic Synthesis, 3rd Ed., John Wiley
& Sons, New York, N.Y., 1999, and Kocienski, Protective
Groups, Thieme Verlag, New York, N.Y., 1994, which are
incorporated herein by reference for such disclosure.

[0135] The compounds of the invention may be prepared
according to the general methodology illustrated in the
synthetic schemes described below. The reagents and con-
ditions described herein may be modified to allow the
preparation of the compounds of the invention, and such
modifications are known to those skilled in the art. The
scheme included herein are intended to illustrate but not
limit the chemistry and methodologies that one skilled in the
art may use to make compounds of the invention. Salts

[0136] The compounds described herein may form salts
with acids, and such salts are included in the present
invention. In one embodiment, the salts are pharmaceuti-
cally acceptable salts. The term “salts” embraces addition
salts of free acids that are useful within the methods of the
invention. The term “pharmaceutically acceptable salt”
refers to salts that possess toxicity profiles within a range
that affords utility in pharmaceutical applications. Pharma-
ceutically unacceptable salts may nonetheless possess prop-
erties such as high crystallinity, which have utility in the
practice of the present invention, such as for example utility
in process of synthesis, purification or formulation of com-
pounds useful within the methods of the invention.

[0137] Suitable pharmaceutically acceptable acid addition
salts may be prepared from an inorganic acid or from an
organic acid. Examples of inorganic acids include hydro-
chloric, hydrobromic, hydriodic, nitric, carbonic, sulfuric
(including sulfate and hydrogen sulfate), and phosphoric
acids (including hydrogen phosphate and dihydrogen phos-
phate). Appropriate organic acids may be selected from
aliphatic, cycloaliphatic, aromatic, araliphatic, heterocyclic,
carboxylic and sulfonic classes of organic acids, examples of
which include formic, acetic, propionic, succinic, glycolic,
gluconic, lactic, malic, tartaric, citric, ascorbic, glucuronic,
maleic, malonic, saccharin, fumaric, pyruvic, aspartic, glu-
tamic, benzoic, anthranilic, 4-hydroxybenzoic, phenylacetic,
mandelic, embonic (pamoic), methanesulfonic, ethanesulfo-
nic, benzenesulfonic, pantothenic, trifftuoromethanesulfonic,
2-hydroxyethanesulfonic, p-toluenesulfonic, sulfanilic,
cyclohexylaminosulfonic, stearic, alginic, P-hydroxybu-
tyric, salicylic, galactaric and galacturonic acid.

[0138] Suitable pharmaceutically acceptable base addition
salts of compounds of the invention include, for example,
metallic salts including alkali metal, alkaline earth metal and
transition metal salts such as, for example, calcium, mag-
nesium, potassium, sodium and zinc salts.
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[0139] Pharmaceutically acceptable base addition salts
also include organic salts made from basic amines such as,
for example, N,N'-dibenzylethylene-diamine, chloropro-
caine, choline, diethanolamine, ethylenediamine, meglum-
ine (N-methylglucamine) and procaine. All of these salts
may be prepared from the corresponding compound by
reacting, for example, the appropriate acid or base with the
compound. Methods

[0140] The invention provides a method of inhibiting a
N-acetylglucosaminidase in a cell. In certain embodiments,
the method comprises contacting the cell with at least one
compound of the invention. In other embodiments, the cell
is a bacterium, a fungus or a cancer cell. In yet other
embodiments, the N-acetylglucosaminidase comprises an
autolysin.

[0141] The invention also provides a method of inhibiting
a N-acetylglucosaminidase in the cytosol of a cell. In certain
embodiments, the method comprises contacting the
N-acetylglucosaminidase with at least one compound of the
invention. In other embodiments, the N-acetylglucosamini-
dase is derived from a bacterium, a fungus or a cancer cell.
[0142] The invention further provides a method of treating
or preventing a bacterial infection in a subject in need
thereof. In certain embodiments, the method comprises
administering a therapeutically effective amount of at least
one compound of the invention to the subject.

[0143] In yet other embodiments, the subject is further
administered at least one additional antibacterial agent. In
yet other embodiments, the at least one additional antibac-
terial agent comprises at least one agent selected from the
group consisting of amoxicillin, azithromycin, biaxin, bio-
cef, cefaclor, cinoxacin, ciprofloxacin, clindamycin, doryx,
emgel, enoxacin, fortaz, gatifloxacin, levofloxacin, lin-
ezolid, maxaquin, moxifloxacin, neomycin, ofloxacin, peni-
cillin, rifampin, sparfloxacin, streptomycin, sulfatrim, tetra-
cycline, trovafloxacin, vancomycin and zotrim.

[0144] In certain embodiments, the compound of the
invention and the additional agent are separately adminis-
tered to the subject. In other embodiments, the compound
and the agent are co-administered to the subject. In yet other
embodiments, the compound and the agent are co-formu-
lated. In yet other embodiments, the compound is adminis-
tered to the subject by at least one route selected from the
group consisting of intravenous, oral, inhalational, rectal,
vaginal, transdermal, intranasal, buccal, sublingual, paren-
teral, intrathecal, intragastrical, ophthalmic, pulmonary and
topical routes. In yet other embodiments, the subject is a
mammal. In yet other embodiments, the mammal is a
human. In yet other embodiments, the method further com-
prises procuring the at least one compound of the invention
for the subject. Kits

[0145] The invention includes a kit comprising a com-
pound of the invention, an applicator, and an instructional
material for use thereof. The instructional material included
in the kit comprises instructions for preventing or treating a
disorder or disease contemplated within the invention in a
subject. The instructional material recites the amount of, and
frequency with which, the compound of the invention
should be administered to the subject. In certain embodi-
ments, the kit further comprises at least one additional
antibacterial agent. Combination Therapies

[0146] In certain embodiments, the compounds of the
invention are useful in the methods of the invention in
combination with at least one additional agent useful for
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treating or preventing bacterial infection. This additional
agent may comprise compounds identified herein or com-
pounds, e.g., commercially available compounds, known to
treat, prevent or reduce the symptoms of bacterial infection.
[0147] Non-limiting examples of additional agents con-
templated within the invention include amoxicillin, azithro-
mycin, biaxin, biocef, cefaclor, cinoxacin, ciprofloxacin,
clindamycin, doryx, emgel, enoxacin, fortaz, gatifloxacin,
levofloxacin, linezolid, maxaquin, moxifloxacin, neomycin,
ofloxacin, penicillin, rifampin, sparfloxacin, streptomycin,
sulfatrim, tetracycline, trovafloxacin, vancomycin and
Zotrim.

[0148] A synergistic effect may be calculated, for
example, using suitable methods such as, for example, the
Sigmoid-E,, . equation (Holford & Scheiner, 19981, Clin.
Pharmacokinet. 6: 429-453), the equation of Loewe addi-
tivity (Loewe & Muischnek, 1926, Arch. Exp. Pathol
[0149] Pharmacol. 114: 313-326) and the median-effect
equation (Chou & Talalay, 1984, Adv. Enzyme Regul.
22:27-55). Each equation referred to above may be applied
to experimental data to generate a corresponding graph to
aid in assessing the effects of the drug combination. The
corresponding graphs associated with the equations referred
to above are the concentration-effect curve, isobologram
curve and combination index curve, respectively.

Administration/Dosage/Formulations

[0150] The regimen of administration may affect what
constitutes an effective amount. The therapeutic formula-
tions may be administered to the subject either prior to or
after the onset of a disease or disorder contemplated in the
invention. Further, several divided dosages, as well as
staggered dosages may be administered daily or sequen-
tially, or the dose may be continuously infused, or may be a
bolus injection. Further, the dosages of the therapeutic
formulations may be proportionally increased or decreased
as indicated by the exigencies of the therapeutic or prophy-
lactic situation.

[0151] Administration of the compositions of the present
invention to a patient, in particular a mammal, more par-
ticularly a human, may be carried out using known proce-
dures, at dosages and for periods of time effective to treat a
disease or disorder contemplated in the invention. An effec-
tive amount of the therapeutic compound necessary to
achieve a therapeutic effect may vary according to factors
such as the state of the disease or disorder in the patient; the
age, sex, and weight of the patient; and the ability of the
therapeutic compound to treat a disease or disorder contem-
plated in the invention. Dosage regimens may be adjusted to
provide the optimum therapeutic response. For example,
several divided doses may be administered daily or the dose
may be proportionally reduced as indicated by the exigen-
cies of the therapeutic situation. A non-limiting example of
an effective dose range for a therapeutic compound of the
invention is from about 1 and 5,000 mg/kg of body weight/
per day. One of ordinary skill in the art would be able to
study the relevant factors and make the determination
regarding the effective amount of the therapeutic compound
without undue experimentation.

[0152] Actual dosage levels of the active ingredients in the
pharmaceutical compositions of this invention may be var-
ied so as to obtain an amount of the active ingredient that is
effective to achieve the desired therapeutic response for a
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particular patient, composition, and mode of administration,
without being toxic to the patient.

[0153] In particular, the selected dosage level depends
upon a variety of factors including the activity of the
particular compound employed, the time of administration,
the rate of excretion of the compound, the duration of the
treatment, other drugs, compounds or materials used in
combination with the compound, the age, sex, weight,
condition, general health and prior medical history of the
patient being treated, and like factors well, known in the
medical arts.

[0154] A medical doctor, e.g., physician or veterinarian,
having ordinary skill in the art may readily determine and
prescribe the effective amount of the pharmaceutical com-
position required. For example, the physician or veterinarian
could start doses of the compounds of the invention
employed in the pharmaceutical composition at levels lower
than that required in order to achieve the desired therapeutic
effect and gradually increase the dosage until the desired
effect is achieved.

[0155] In particular embodiments, it is especially advan-
tageous to formulate the compound in dosage unit form for
ease of administration and uniformity of dosage. Dosage
unit form as used herein refers to physically discrete units
suited as unitary dosages for the patients to be treated; each
unit containing a predetermined quantity of therapeutic
compound calculated to produce the desired therapeutic
effect in association with the required pharmaceutical
vehicle. The dosage unit forms of the invention are dictated
by and directly dependent on (a) the unique characteristics
of the therapeutic compound and the particular therapeutic
effect to be achieved, and (b) the limitations inherent in the
art of compounding/formulating such a therapeutic com-
pound for the treatment of a disease or disorder contem-
plated in the invention.

[0156] In one embodiment, the compositions of the inven-
tion are formulated using one or more pharmaceutically
acceptable excipients or carriers. In one embodiment, the
pharmaceutical compositions of the invention comprise a
therapeutically effective amount of a compound of the
invention and a pharmaceutically acceptable carrier.

[0157] The carrier may be a solvent or dispersion medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, and liquid polyethylene glycol,
and the like), suitable mixtures thereof, and vegetable oils.
The proper fluidity may be maintained, for example, by the
use of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use
of surfactants. Prevention of the action of microorganisms
may be achieved by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, ascor-
bic acid, thimerosal, and the like. In many cases, it is
advantageous to include isotonic agents, for example, sug-
ars, sodium chloride, or polyalcohols such as mannitol and
sorbitol, in the composition. Prolonged absorption of the
injectable compositions may be brought about by including
in the composition an agent which delays absorption, for
example, aluminum monostearate or gelatin.

[0158] In one embodiment, the compounds/compositions
of the invention are administered to the patient in dosages
that range from one to five times per day or more. In another
embodiment, the compositions of the invention are admin-
istered to the patient in range of dosages that include, but are
not limited to, once every day, every two, days, every three
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days to once a week, and once every two weeks. It is readily
apparent to one skilled in the art that the frequency of
administration of the various combination compositions of
the invention varies from individual to individual depending
on many factors including, but not limited to, age, disease or
disorder to be treated, gender, overall health, and other
factors. Thus, the invention should not be construed to be
limited to any particular dosage regime and the precise
dosage and composition to be administered to any patient is
determined by the attending physical taking all other factors
about the patient into account.

[0159] Compounds of the invention for administration
may be in the range of from about 1 pg to about 10,000 mg,
about 20 pg to about 9,500 mg, about 40 pg to about 9,000
mg, about 75 pug to about 8,500 mg, about 150 pg to about
7,500 mg, about 200 pg to about 7,000 mg, about 3050 ng
to about 6,000 mg, about 500 pg to about 5,000 mg, about
750 pg to about 4,000 mg, about 1 mg to about 3,000 mg,
about 10 mg to about 2,500 mg, about 20 mg to about 2,000
mg, about 25 mg to about 1,500 mg, about 30 mg to about
1,000 mg, about 40 mg to about 900 mg, about 50 mg to
about 800 mg, about 60 mg to about 750 mg, about 70 mg
to about 600 mg, about 80 mg to about 500 mg, and any and
all whole or partial increments therebetween.

[0160] In some embodiments, the dose of a compound of
the invention is from about 1 mg and about 2,500 mg. In
some embodiments, a dose of a compound of the invention
used in compositions described herein is less than about
10,000 mg, or less than about 8,000 mg, or less than about
6,000 mg, or less than about 5,000 mg, or less than about
3,000 mg, or less than about 2,000 mg, or less than about
1,000 mg, or less than about 500 mg, or less than about 200
mg, or less than about 50 mg. Similarly, in some embodi-
ments, a dose of a second compound as described herein is
less than about 1,000 mg, or less than about 800 mg, or less
than about 600 mg, or less than about 500 mg, or less than
about 400 mg, or less than about 300 mg, or less than about
200 mg, or less than about 100 mg, or less than about 50 mg,
or less than about 40 mg, or less than about 30 mg, or less
than about 25 mg, or less than about 20 mg, or less than
about 15 mg, or less than about 10 mg, or less than about 5
mg, or less than about 2 mg, or less than about 1 mg, or less
than about 0.5 mg, and any and all whole or partial incre-
ments thereof.

[0161] In one embodiment, the present invention is
directed to a packaged pharmaceutical composition com-
prising a container holding a therapeutically effective
amount of a compound of the invention, alone or in com-
bination with a second pharmaceutical agent; and instruc-
tions for using the compound to treat, prevent, or reduce one
or more symptoms of a disease or disorder contemplated in
the invention.

[0162] Formulations may be employed in admixtures with
conventional excipients, i.e., pharmaceutically acceptable
organic or inorganic carrier substances suitable for oral,
parenteral, nasal, intravenous, subcutaneous, enteral, or any
other suitable mode of administration, known to the art. The
pharmaceutical preparations may be sterilized and if desired
mixed with auxiliary agents, e.g., lubricants, preservatives,
stabilizers, wetting agents, emulsifiers, salts for influencing
osmotic pressure buffers, coloring, flavoring and/or aromatic
substances and the like. They may also be combined where
desired with other active agents, e.g., other analgesic agents.
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[0163] Routes of administration of any of the composi-
tions of the invention include oral, nasal, rectal, intravaginal,
parenteral, buccal, sublingual or topical. The compounds for
use in the invention may be formulated for administration by
any suitable route, such as for oral or parenteral, for
example, transdermal, transmucosal (e.g., sublingual, lin-
gual, (trans)buccal, (trans)urethral, vaginal (e.g., trans- and
perivaginally), (intra)nasal and (trans)rectal), intravesical,
intrapulmonary, intraduodenal, intragastrical, intrathecal,
subcutaneous, intramuscular, intradermal, intra-arterial,
intravenous, intrabronchial, inhalation, and topical admin-
istration.

[0164] Suitable compositions and dosage forms include,
for example, tablets, capsules, caplets, pills, gel caps, tro-
ches, dispersions, suspensions, solutions, syrups, granules,
beads, transdermal patches, gels, powders, pellets, magmas,
lozenges, creams, pastes, plasters, lotions, discs, supposito-
ries, liquid sprays for nasal or oral administration, dry
powder or aerosolized formulations for inhalation, compo-
sitions and formulations for intravesical administration and
the like. It should be understood that the formulations and
compositions that would be useful in the present invention
are not limited to the particular formulations and composi-
tions that are described herein.

Oral Administration

[0165] For oral application, particularly suitable are tab-
lets, dragees, liquids, drops, suppositories, or capsules,
caplets and gelcaps. The compositions intended for oral use
may be prepared according to any method known in the art
and such compositions may contain one or more agents
selected from the group consisting of inert, non-toxic phar-
maceutically excipients that are suitable for the manufacture
of tablets. Such excipients include, for example an inert
diluent such as lactose; granulating and disintegrating agents
such as cornstarch; binding agents such as starch; and
lubricating agents such as magnesium stearate. The tablets
may be uncoated or they may be coated by known tech-
niques for elegance or to delay the release of the active
ingredients. Formulations for oral use may also be presented
as hard gelatin capsules wherein the active ingredient is
mixed with an inert diluent.

[0166] For oral administration, the compounds of the
invention may be in the form of tablets or capsules prepared
by conventional means with pharmaceutically acceptable
excipients such as binding agents (e.g., polyvinylpyrroli-
done, hydroxypropylcellulose or hydroxypropylmethylcel-
Iulose); fillers (e.g., cornstarch, lactose, microcrystalline
cellulose or calcium phosphate); lubricants (e.g., magnesium
stearate, talc, or silica); disintegrates (e.g., sodium starch
glycollate); or wetting agents (e.g., sodium lauryl sulphate).
If desired, the tablets may be coated using suitable methods
and coating materials such as OPADRY™ film coating
systems available from Colorcon, West Point, Pa. (e.g.,
OPADRY™ QY Type, OYC Type, Organic Enteric OY-P
Type, Aqueous Enteric OY-A Type, OY-PM Type and
OPADRY™ White, 32K18400). Liquid preparation for oral
administration may be in the form of solutions, syrups or
suspensions. The liquid preparations may be prepared by
conventional means with pharmaceutically acceptable addi-
tives such as suspending agents (e.g., sorbitol syrup, methyl
cellulose or hydrogenated edible fats); emulsifying agent
(e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond
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oil, oily esters or ethyl alcohol); and preservatives (e.g.,
methyl or propyl p-hydroxy benzoates or sorbic acid).
[0167] Granulating techniques are well known in the phar-
maceutical art for modifying starting powders or other
particulate materials of an active ingredient. The powders
are typically mixed with a binder material into larger per-
manent free-flowing agglomerates or granules referred to as
a “granulation.” For example, solvent-using “wet” granula-
tion processes are generally characterized in that the pow-
ders are combined with a binder material and moistened
with water or an organic solvent under conditions resulting
in the formation of a wet granulated mass from which the
solvent may then be evaporated.

[0168] Melt granulation generally consists in the use of
materials that are solid or semi-solid at room temperature
(i.e. having a relatively low softening or melting point
range) to promote granulation of powdered or other mate-
rials, essentially in the absence of added water or other
liquid solvents. The low melting solids, when heated to a
temperature in the melting point range, liquefy to act as a
binder or granulating medium. The liquefied solid spreads
itself over the surface of powdered materials with which it
is contacted, and on cooling, forms a solid granulated mass
in which the initial materials are bound together. The result-
ing melt granulation may then be provided to a tablet press
or be encapsulated for preparing the oral dosage form. Melt
granulation improves the dissolution rate and bioavailability
of an active (i.e. drug) by forming a solid dispersion or solid
solution.

[0169] U.S. Pat. No. 5,169,645 discloses directly com-
pressible wax-containing granules having improved flow
properties. The granules are obtained when waxes are
admixed in the melt with certain flow improving additives,
followed by cooling and granulation of the admixture. In
certain embodiments, only the wax itself melts in the melt
combination of the wax(es) and additives(s), and in other
cases both the wax(es) and the additives(s) melt.

[0170] The present invention also includes a multi-layer
tablet comprising a layer providing for the delayed release of
one or more compounds of the invention, and a further layer
providing for the immediate release of a medication for
treatment of a disease or disorder contemplated in the
invention. Using a wax/pH-sensitive polymer mix, a gastric
insoluble composition may be obtained in which the active
ingredient is entrapped, ensuring its delayed release.

Parenteral Administration

[0171] As used herein, “parenteral administration” of a
pharmaceutical composition includes any route of adminis-
tration characterized by physical breaching of a tissue of a
subject and administration of the pharmaceutical composi-
tion through the breach in the tissue. Parenteral administra-
tion thus includes, but is not limited to, administration of a
pharmaceutical composition by injection of the composition,
by application of the composition through a surgical inci-
sion, by application of the composition through a tissue-
penetrating non-surgical wound, and the like. In particular,
parenteral administration is contemplated to include, but is
not limited to, subcutaneous, intravenous, intraperitoneal,
intramuscular, intrasternal injection, and kidney dialytic
infusion techniques.

[0172] Formulations of a pharmaceutical composition
suitable for parenteral administration comprise the active
ingredient combined with a pharmaceutically acceptable
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carrier, such as sterile water or sterile isotonic saline. Such
formulations may be prepared, packaged, or sold in a form
suitable for bolus administration or for continuous admin-
istration. Injectable formulations may be prepared, pack-
aged, or sold in unit dosage form, such as in ampules or in
multidose containers containing a preservative. Formula-
tions for parenteral administration include, but are not
limited to, suspensions, solutions, emulsions in oily or
aqueous vehicles, pastes, and implantable sustained-release
or biodegradable formulations. Such formulations may fur-
ther comprise one or more additional ingredients including,
but not limited to, suspending, stabilizing, or dispersing
agents. In one embodiment of a formulation for parenteral
administration, the active ingredient is provided in dry (i.e.,
powder or granular) form for reconstitution with a suitable
vehicle (e.g., sterile pyrogen-free water) prior to parenteral
administration of the reconstituted composition. The phar-
maceutical compositions may be prepared, packaged, or sold
in the form of a sterile injectable aqueous or oily suspension
or solution. This suspension or solution may be formulated
according to the known art, and may comprise, in addition
to the active ingredient, additional ingredients such as the
dispersing agents, wetting agents, or suspending agents
described herein. Such sterile injectable formulations may
be prepared using a non-toxic parenterally-acceptable
diluent or solvent, such as water or 1,3-butanediol, for
example. Other acceptable diluents and solvents include, but
are not limited to, Ringer’s solution, isotonic sodium chlo-
ride solution, and fixed oils such as synthetic mono- or
di-glycerides. Other parentally-administrable formulations
which are useful include those which comprise the active
ingredient in microcrystalline form, in a liposomal prepara-
tion, or as a component of a biodegradable polymer system.
Compositions for sustained release or implantation may
comprise pharmaceutically acceptable polymeric or hydro-
phobic materials such as an emulsion, an ion exchange resin,
a sparingly soluble polymer, or a sparingly soluble salt.

Topical Administration

[0173] An obstacle for topical administration of pharma-
ceuticals is the stratum corneum layer of the epidermis. The
stratum corneum is a highly resistant layer comprised of
protein, cholesterol, sphingolipids, free fatty acids and vari-
ous other lipids, and includes cornified and living cells. One
of the factors that limit the penetration rate (flux) of a
compound through the stratum corneum is the amount of the
active substance that can be loaded or applied onto the skin
surface. The greater the amount of active substance which is
applied per unit of area of the skin, the greater the concen-
tration gradient between the skin surface and the lower
layers of the skin, and in turn the greater the diffusion force
of the active substance through the skin.

[0174] Therefore, a formulation containing a greater con-
centration of the active substance is more likely to result in
penetration of the active substance through the skin, and
more of it, and at a more consistent rate, than a formulation
having a lesser concentration, all other things being equal.
[0175] Formulations suitable for topical administration
include, but are not limited to, liquid or semi-liquid prepa-
rations such as liniments, lotions, oil-in-water or water-in-oil
emulsions such as creams, ointments or pastes, and solutions
or suspensions. Topically administrable formulations may,
for example, comprise from about 1% to about 10% (w/w)
active ingredient, although the concentration of the active
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ingredient may be as high as the solubility limit of the active
ingredient in the solvent. Formulations for topical adminis-
tration may further comprise one or more of the additional
ingredients described herein.

[0176] Enhancers of permeation may be used. These mate-
rials increase the rate of penetration of drugs across the skin.
Typical enhancers in the art include ethanol, glycerol mono-
laurate, PGML (polyethylene glycol monolaurate), dimeth-
ylsulfoxide, and the like. Other enhancers include oleic acid,
oleyl alcohol, ethoxydiglycol, laurocapram, alkanecarbox-
ylic acids, dimethylsulfoxide, polar lipids, or N-methyl-2-
pyrrolidone.

[0177] One acceptable vehicle for topical delivery of some
of the compositions of the invention may contain liposomes.
The composition of the liposomes and their use are known
in the art (for example, see Constanza, U.S. Pat. No.
6,323,219).

[0178] In alternative embodiments, the topically active
pharmaceutical composition may be optionally combined
with other ingredients such as adjuvants, anti-oxidants,
chelating agents, surfactants, foaming agents, wetting
agents, emulsifying agents, viscosifiers, buffering agents,
preservatives, and the like. In another embodiment, a per-
meation or penetration enhancer is included in the compo-
sition and is effective in improving the percutaneous pen-
etration of the active ingredient into and through the stratum
corneum with respect to a composition lacking the perme-
ation enhancer. Various permeation enhancers, including
oleic acid, oleyl alcohol, ethoxydiglycol, laurocapram,
alkanecarboxylic acids, dimethylsulfoxide, polar lipids, or
N-methyl-2-pyrrolidone, are known to those of skill in the
art. In another aspect, the composition may further comprise
a hydrotropic agent, which functions to increase disorder in
the structure of the stratum corneum, and thus allows
increased transport across the stratum corneum.

[0179] Various hydrotropic agents such as isopropyl alco-
hol, propylene glycol, or sodium xylene sulfonate, are
known to those of skill in the art.

[0180] The topically active pharmaceutical composition
should be applied in an amount effective to affect desired
changes. As used herein “amount effective” shall mean an
amount sufficient to cover the region of skin surface where
a change is desired. An active compound should be present
in the amount of from about 0.0001% to about 15% by
weight volume of the composition. In particular, it is advan-
tageously present in an amount from about 0.0005% to about
5% of the composition; more particularly, it is advanta-
geously present in an amount of from about 0.001% to about
1% of the composition. Such compounds may be syntheti-
cally- or naturally derived.

Buccal Administration

[0181] A pharmaceutical composition of the invention
may be prepared, packaged, or sold in a formulation suitable
for buccal administration. Such formulations may, for
example, be in the form of tablets or lozenges made using
conventional methods, and may contain, for example, 0.1 to
20% (w/w) of the active ingredient, the balance comprising
an orally dissolvable or degradable composition and, option-
ally, one or more of the additional ingredients described
herein. Alternately, formulations suitable for buccal admin-
istration may comprise a powder or an aerosolized or
atomized solution or suspension comprising the active ingre-
dient. Such powdered, aerosolized, or aerosolized formula-
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tions, when dispersed, preferably have an average particle or
droplet size in the range from about 0.1 to about 200
nanometers and may further comprise one or more of the
additional ingredients described herein. The examples of
formulations described herein are not exhaustive and it is
understood that the invention includes additional modifica-
tions of these, and other formulations not described herein,
but which are known to those of skill in the art.

Rectal Administration

[0182] A pharmaceutical composition of the invention
may be prepared, packaged, or sold in a formulation suitable
for rectal administration. Such a composition may be in the
form of, for example, a suppository, a retention enema
preparation, and a solution for rectal or colonic irrigation.
[0183] Suppository formulations may be made by com-
bining the active ingredient with a non-irritating pharma-
ceutically acceptable excipient which is solid at ordinary
room temperature (i.e., about 20 "C) and which is liquid at
the rectal temperature of the subject (i.e., about 37 "C in a
healthy human). Suitable pharmaceutically acceptable
excipients include, but are not limited to, cocoa butter,
polyethylene glycols, and various glycerides. Suppository
formulations may further comprise various additional ingre-
dients including, but not limited to, antioxidants, and pre-
servatives.

[0184] Retention enema preparations or solutions for rec-
tal or colonic irrigation may be made by combining the
active ingredient with a pharmaceutically acceptable liquid
carrier. As is well known in the art, enema preparations may
be administered using, and may be packaged within, a
delivery device adapted to the rectal anatomy of the subject.
Enema preparations may further comprise various additional
ingredients including, but not limited to, antioxidants, and
preservatives.

Additional Administration Forms

[0185] Additional dosage forms of this invention include
dosage forms as described in U.S. Pat. Nos. 6,340,475;
6,488,962, 6,451,808; 5,972,389; 5,582,837, and 5,007,790.
Additional dosage forms of this invention also include
dosage forms as described in U.S. Patent Applications Nos.
20030147952; 20030104062; 20030104053; 20030044466,
20030039688; and 20020051820. Additional dosage forms
of this invention also include dosage forms as described in
PCT Applications Nos. WO 03/35041; WO 03/35040; WO
03/35029; WO 03/35177, WO 03/35039; WO 02/96404;
WO 02/32416; WO 01/97783; WO 01/56544; WO
01/32217; WO 98/55107, WO 98/11879; WO 97/47285;
WO 93/18755; and WO 90/11757. Controlled Release For-
mulations and Drug Delivery Systems

[0186] Inone embodiment, the formulations of the present
invention may be, but are not limited to, short-term, rapid-
offset, as well as controlled, for example, sustained release,
delayed release and pulsatile release formulations. The term
sustained release is used in its conventional sense to refer to
a drug formulation that provides for gradual release of a drug
over an extended period of time, and that may, although not
necessarily, result in substantially constant blood levels of a
drug over an extended time period. The period of time may
be as long as a month or more and should be a release which
is longer that the same amount of agent administered in
bolus form.
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[0187] For sustained release, the compounds may be for-
mulated with a suitable polymer or hydrophobic material
which provides sustained release properties to the com-
pounds. As such, the compounds for use the method of the
invention may be administered in the form of microparticles,
for example, by injection or in the form of wafers or discs
by implantation.

[0188] In one embodiment of the invention, the com-
pounds of the invention are administered to a patient, alone
or in combination with another pharmaceutical agent, using
a sustained release formulation.

[0189] The term delayed release is used herein in its
conventional sense to refer to a drug formulation that
provides for an initial release of the drug after some delay
following drug administration and that may, although not
necessarily, includes a delay of from about 10 minutes up to
about 12 hours.

[0190] The term pulsatile release is used herein in its
conventional sense to refer to a drug formulation that
provides release of the drug in such a way as to produce
pulsed plasma profiles of the drug after drug administration.
[0191] The term immediate release is used in its conven-
tional sense to refer to a drug formulation that provides for
release of the drug immediately after drug administration.
[0192] As used herein, short-term refers to any period of
time up to and including about 8 hours, about 7 hours, about
6 hours, about 5 hours, about 4 hours, about 3 hours, about
2 hours, about 1 hour, about 40 minutes, about 20 minutes,
or about 10 minutes and any or all whole or partial incre-
ments thereof after drug administration after drug adminis-
tration.

[0193] As used herein, rapid-offset refers to any period of
time up to and including about 8 hours, about 7 hours, about
6 hours, about 5 hours, about 4 hours, about 3 hours, about
2 hours, about 1 hour, about 40 minutes, about 20 minutes,
or about 10 minutes, and any and all whole or partial
increments thereof after drug administration.

Dosing

[0194] The therapeutically effective amount or dose of a
compound of the present invention depends on the age, sex
and weight of the patient, the current medical condition of
the patient and the progression of a disease or disorder
contemplated in the invention. The skilled artisan is able to
determine appropriate dosages depending on these and other
factors.

[0195] A suitable dose of a compound of the present
invention may be in the range of from about 0.01 mg to
about 5,000 mg per day, such as from about 0.1 mg to about
1,000 mg, for example, from about 1 mg to about 500 mg,
such as about 5 mg to about 250 mg per day. The dose may
be administered in a single dosage or in multiple dosages,
for example from 1 to 4 or more times per day. When
multiple dosages are used, the amount of each dosage may
be the same or different. For example, a dose of 1 mg per day
may be administered as two 0.5 mg doses, with about a
12-hour interval between doses.

[0196] It is understood that the amount of compound
dosed per day may be administered, in non-limiting
examples, every day, every other day, every 2 days, every 3
days, every 4 days, or every 5 days. For example, with every
other day administration, a 5 mg per day dose may be
initiated on Monday with a first subsequent 5 mg per day
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dose administered on Wednesday, a second subsequent 5 mg
per day dose administered on Friday, and so on.

[0197] The compounds for use in the method of the
invention may be formulated in unit dosage form. The term
“unit dosage form” refers to physically discrete units suit-
able as unitary dosage for patients undergoing treatment,
with each unit containing a predetermined quantity of active
material calculated to produce the desired therapeutic effect,
optionally in association with a suitable pharmaceutical
carrier. The unit dosage form may be for a single daily dose
or one of multiple daily doses (e.g., about 1 to 4 or more
times per day). When multiple daily doses are used, the unit
dosage form may be the same or different for each dose.
[0198] Toxicity and therapeutic efficacy of such therapeu-
tic regimens are optionally determined in cell cultures or
experimental animals, including, but not limited to, the
determination of the LDy, (the dose lethal to 50% of the
population) and the ED, (the dose therapeutically effective
in 50% of the population). The dose ratio between the toxic
and therapeutic effects is the therapeutic index, which is
expressed as the ratio between LDs, and EDs,. The data
obtained from cell culture assays and animal studies are
optionally used in formulating a range of dosage for use in
human. The dosage of such compounds lies advantageously
within a range of circulating concentrations that include the
ED,, with minimal toxicity. The dosage optionally varies
within this range depending upon the dosage form employed
and the route of administration utilized.

[0199] Those skilled in the art will recognize or be able to
ascertain using no more than routine experimentation,
numerous equivalents to the specific procedures, embodi-
ments, claims, and examples described herein. Such equiva-
lents were considered to be within the scope of this invention
and covered by the claims appended hereto. For example, it
should be understood, that modifications in reaction condi-
tions, including but not limited to reaction times, reaction
size/volume, and experimental reagents, such as solvents,
catalysts, pressures, atmospheric conditions, e.g., nitrogen
atmosphere, and reducing/oxidizing agents, with art-recog-
nized alternatives and using no more than routine experi-
mentation, are within the scope of the present application.
[0200] It is to be understood that wherever values and
ranges are provided herein, all values and ranges encom-
passed by these values and ranges, are meant to be encom-
passed within the scope of the present invention. Moreover,
all values that fall within these ranges, as well as the upper
or lower limits of a range of values, are also contemplated
by the present application.

[0201] The following examples further illustrate aspects
of the present invention. However, they are in no way a
limitation of the teachings or disclosure of the present
invention as set forth herein.

Examples

[0202] The invention is now described with reference to
the following Examples. These Examples are provided for
the purpose of illustration only and the invention should in
no way be construed as being limited to these Examples, but
rather should be construed to encompass any and all varia-
tions which become evident as a result of the teaching
provided herein. Materials and Methods

[0203] Thin layer chromatography was performed on
Merck silica gel 60 F254 precoated glass plates and spots
were visualized by UV light. Column chromatography was
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performed with DAVISIL. Chromatographic Silica Media
LC60A 35-70 micron, Silicycle media, or on a Teledyne
ISCO CombiFlash Rf purification system. Solvents were
evaporated under reduced pressure at 30-40° C. Electrospray
ionization high-resolution mass spectra (ESI-HRMS) were
obtained using a Jeol JMS-600H spectrometer in positive
ion mode.1H, 13C, COSY, and HSQC spectra were recorded
on a Bruker Avance III HD Ascend 600 MHz or Advance
400 MHz spectrometer. Chemical shifts are reported on a 6
scale relative to residual solvent peaks in either (CD3)2CO
(1H=93 2.05 ppm, 13C=0 29.84 ppm) or (CD3)2SO (1H=5
2.50 ppm, 13C=9 39.52 ppm) 0.19F NMR chemicals shifts
were externally referenced to C6H5CF3 (-63.72 ppm). All
NMR data are reported in the form: chemical shift (S ppm),
(multiplicity (s=singlet, d=doublet, dd=doublet of doublets,
t=triplet, tt=triplet of triplets, q=quartet, qt=quartet of trip-
lets, m=multiplet, br=broad), coupling constant (Hz), inte-
gration, and assignment). The diamide products from the
Ugi reaction can exist as mixtures of the amide bond
rotamers, as well as atropisomers about the acid-derived
phenyl ring. Partial assignments are provided. Representa-

tive Ugi Procedure

[0204]

four-component condensation reaction. The Ugi condensa-

Terminal alkynes were prepared using the Ugi

tion is a one-pot reaction that combines an acid, an amine,
an aldehyde, and an isocyanide to form a dipeptide. The
general Ugi reaction utilized is shown in Scheme 2. In
certain non-limiting embodiments, propargylamine and
n-butyl isocyanide were held constant for all Ugi-derived
compounds. The first four Ugi compounds synthesized held
all aspects of the fgba structure (Scheme 3) constant while
varying the substituent on the benzyl ring of the acid. The
last two Ugi compounds instead varied only the aldehyde
substituent while retaining the iodobenzoic acid. The syn-
thetic schemes and final structures of non-limiting Ugi

compounds are illustrated in the Scheme below:

Scheme 1: Synthesis of N-Boc protected Di-amide (5)

R,—NH—R?
0 0 *
1
2
0.1M in MeOH
R*—CN + R'—COOH —m0878M
3 4 3-4 H, heat
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-continued

0 NH%Z %

R! N—R*

R? 0] RS

[0205] A 0.1 M solution of each reactant-amine (1), alde-
hyde (2), isocyanide (3) and acid (4)—in MeOH was pre-
pared. Amine (5.0 mL of 0.1 M) and aldehyde (5.0 mL of 0.1
M) were stirred in a capped scintillation vial for 30 min. at
40° C. Next, the isocyanide (5.0 mL of 0.1 M) was added to
this solution and the reaction mixture was stirred for addi-
tional 20 minutes at 50° C. Lastly the acid (5.0 mL of 0.1M)
was added and the reaction mixture was continuously stirred
at 55° C. for 3-5 hours. The progress of the reaction was
monitored by TLC plate using UV-light, p-anisaldehyde
and/or potassium permanganate staining for visualization.
When the reaction was complete the solvent was removed in
a Centrifan™ evaporator and the crude product was dried
under high vacuum until all methanol had evaporated. The
dried crude product was dissolved in 30 mL of ethyl acetate.
The organic layer was then extracted with 1 M HCl (2x),
H,0, saturated NaHCO; (2x), H,O and brine (2x). The
organic layer was then dried with Na,SO, and the solvent
was evaporated on a rotary evaporator. The final product (5)
was dried under high vacuum. Individual yields and physical
descriptions are provided below. All reactions were carried
out at a scale of 0.5 mmol.

Scheme II: Deprotection of N-Boc protected Di-amide

0
NH%
O o% 3M HCIL, MeOH
— ®r

R! N—R*

R2 0] RS

NH,

R! N—R*

[0206] N-Boc-diamide (5) (0.3 mmol) was suspended in
20 mL of MeOH. To the suspension 20 mL of 3 M HCl in
MeOH was added and stirred for 15-60 min at room tem-
perature. The progress of the reaction was monitored by
TLC plate using UV-light or ninhydrin staining for visual-
ization. When the reaction was complete, solvent was
evaporated to dryness under vacuum and the resulting
residue dissolved in ether. The precipitated diamide com-
pound of Formula I (6) was collected by filtration and dried
in vacuo.
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[0207] Compounds in Table I were synthesized using the
procedure(s) discussed above:

TABLE I
Ex Compound Name
1 N-(4-amino-1-(cyclohexylamino)-1-oxobutan-
cyclohexyl-2-iodobenzamide
e}
N
N
H
I O (CH,),
N\
NH,
2 N-(4-amino-1-(cyclohexylamino)-1-oxobutan-
cyclohexyl-2-iodobenzamide
e}
N
N
H
I e}
NH,
3 N-(3-amino-1-(cyclohexylamino)-1-

oxopropan-2-yl)-N-cyclohexyl-2-
iodobenzamide

e}
N
N
H
I e}
NH,

4 N-(5-amino-1-(cyclohexylamino)-1-
oxopentan-2-yl)-N-cyclohexyl-2-
iodobenzamide

e}
N
N
H

I 0 (CHz);
\
NH,

5 N-(6-amino-1-(cyclohexylamino)-1-
oxohexan-2-yl)-N-cyclohexyl-2-
iodobenzamide

e}
N
N
H
I O (HxXCh
\

NH,
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TABLE I-continued

Ex Compound Name
6 N-cyclohexyl-N-(2-(cyclohexylamino)-2-oxo-
1-(piperidin-4-yl)ethyl)-2-iodobenzamide
e}
N
N
H
I e}

N

H

7 N-cyclohexyl-N-(1-(cyclohexylamino)-1-oxo-
3-(piperidin-4-yl)propan-2-yl)-2-
iodobenzamide

e}
N
N
H
I ¢}
N
H

8 N-(3-amino-1-(cyclohexylamino)-1-
oxopentan-2-yl)-N-cyclohexyl-2-
iodobenzamide

e}
N
N
H
I e}
NH,
CH;

9 N-(3-amino-1-(cyclohexylamino)-1-
oxoheptan-2-yl)-N-cyclohexyl-2-
iodobenzamide

e}
N
N
H
I e}
HN (CH,);CH;
10 N-(3-amino-1-(cyclohexylamino)-1-

oxohexan-2-yl)-N-cyclohexyl-2-
iodobenzamide

=z

o\

N
H,N (CH,),CH;
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TABLE I-continued
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Ex Compound Name

NH

NH

Antimicrobial Testing

[0208] 1. Bacterial Strains and Growth Conditions
[0209] Bacillus subtilis ATCC 11775 was plated on agar
from a 20% glycerol stock solution stored at —-80° C.
Inoculated plates were then incubated at 37° C. under
aerobic conditions for 16 hours. Single cultures were trans-
ferred to Nutrient Broth (NB) and cultured for 16 hours
under the same conditions. Samples of first passage cultures
that exhibited growth were transferred again to fresh NB
media and cultured for 6 hours under identical conditions.
Second passage cells were standardized to O.D. 600 nm=1
[0210] 2. Antimicrobial Screening Assay

[0211] Antimicrobial Screening Assays were conducted
using one of the following two procedures:

Procedure 1:

[0212] The resazurin microtiter assay procedure described
by Palomino and coworkers is used for assessing antimi-
crobial activity (Palomino, et al., 2002, Antimicrob Agents
Chemother. 46:2720-2722). The assay is performed in LB
broth. Resazurin sodium salt powder is prepared in distilled
water and filter sterilized at 0.001% (w/v) for MIC assays
and at 0.01% (w/v) for single concentration assays. Com-
pounds are first screened in MIC assays to assess whether
growth inhibition is dependent on inhibitor concentration.
The plates are incubated for 30 min under aerobic condi-
tions. Growth controls containing no inhibitory compound,
sterility controls without inoculation, and controls contain-
ing a known antibiotic, chloramphenicol, are also included.
The innoculum was prepared from second passage cultures
in Nutrient Broth (NB) and standardized to O.D.4,,,,=1.0
and the wells inoculated with a 1:20 dilution. Serial two-fold
dilutions of each compound in 100 ul. of medium are
prepared directly in 96 well plates at concentrations ranging
from 250 uM to 7 uM. After incubation 30 uL. of resazurin
solution is added to each well and incubated for 30 min. A
change in color from blue to pink indicates reduction of
resazurin, and therefore bacterial growth. Minimum inhibi-
tory concentration (MIC) was determined as the lowest drug
concentration that prevented the color change from blue to
pink. Inhibition was quantified by observation of color
change. Further studies were carried out at a single inhibitor
concentration of 250 uM. The plates were incubated for 4 h

under aerobic conditions with the same controls. After
incubation 30 pl of resazurin solution was added to each
well and incubated for 60 min. Inhibition was quantified by
fluorescence readings from plate reader SAFIRE, Firmware:
V 2.2008/02 Safire. Excitation wavelength set to 560 nm,
emission wavelength set to 590 nm. Well containing dye and
non-inoculated cells was used as gain set. Plates are held at
37° C. and fluorescence measurements are taken at 0, 5, 10,
20, 30, and 60 min after addition of dye. Lower fluorescence
values correlate to greater degrees of inhibition.

Procedure 1I:

[0213] Antimicrobial Assay (MIC) values were deter-
mined using the rezasurin method. Briefly, second passage
cells of B. subtilis 11774 were grown in LB media and
standardized to an ODy, ,,,,=1.0. Diamides were analyzed
via serial dilution into LB media in microtitre plates. Micro-
titre plates were innoculated with a 1/20 dilution of the
ODgo0 ,m=1.0 cell culture. Cultures were grown statically
for 4 h at 37° C., followed by addition of 30 ul. of a 0.01%
(m/v) solution of resazurin. The plates were allowed to
incubate for 15 min to allow stabilization of color produc-
tion. MICs were read directly off the plate or via fluores-
cence (A, 560 nm, A_,, 590 nm). MICs were recorded as the
lowest concentration that inhibited growth.

[0214] Resazurin In Vivo Assay

[0215] Selected compounds of the invention are assayed
for antibiotic activity. The initial screens are performed
against whole cells, and not purified enzymes, in order to
eliminate those compounds that did not reduce bacterial
growth

[0216] Compounds are tested in vivo for their capacity to
inhibit B. subtilis growth. In order to determine growth
inhibition, a resazurin whole-cell assay was used (Kuhn, et
al., 2014, Medchemcomm 5:1213-1217). Briefly, second-
passage bacteria are incubated with inhibitor in a 96-well
plate for four hours, then resazurin dye is added and color/
fluorescence change is observed. The resazurin is naturally
a blue color, but with reductive species produced during
bacterial growth, it is reduced to resorufin, which appears
pink. Resorufin is also fluorescent and can be measured by
a plate-reader. The disclosures of each and every patent,
patent application, and publication cited herein are hereby
incorporated herein by reference in their entirety.
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[0217] Although the invention has been disclosed and
described with reference to specific embodiments, it is
apparent that other embodiments and variations of this
invention may be devised by others skilled in the art without
departing from the true spirit and scope of the invention. The
appended claims are intended to be construed to include all
such embodiments and equivalent variations.

[0218] MIC Assay Results for compounds of Formula I
are provided in Table II below:

TABLE 1I

Compound/Example # Apparent MIC Value

2 5 uM (B. subtilis)
3 5 uM (B. subtilis)
6 5 uM (E. Coli)

1. A compound of Formula I

Formula I

wherein:

R! represents aryl, wherein aryl is substituted with 1 to 3
substituents selected from a group consisting of H, X,
S(C, ¢ alkyl), O(C, 4 alkyl), and CXj;

R? is selected from the group consisting of C,-Cy alkyl,
C;-C4 cycloalkyl, C;-Cg hetero cycloalkyl, and poly-
ethyleneglycol, wherein each of said R* groups are
independently substituted with 1-3 substituents
selected from a group consisting of C,-C; alkyl, H,
C,-C4 alkenyl, (CH,—O—(CH,), ,)e—OH, C,-Cq
alkynyl, OH, O(C,-C4 alkyl), F, Cl, Br, 1, NO,,
—C(—=0)H, —C(—0)OH, —C(—0)O(C,-C; alkyl),
—C(=0O)NH,, —C(=O)NH(C,-C4; alkyl), and
—C(=O)N(C,-C, alky])(C,-C; alkyl);

R? is selected from a group consisting of C,_ alkyl-NH,,
CH(CH;)—NH,, CH(CH,CH,CH,)—NH,,
CH(CH,CH,CH,CH;)—NH,, C;-C; cycloalkyl, aryl,
and heteroaryl, wherein each R group is independently
substituted with 1-3 substituents independently
selected from a group consisting of H, C,-C; alkyl, OH,
O(C,-C4 alkyl), F, Cl, Br, I, NO,, —C(—O)H,
—C(—0)OH, —C(—0)O(C,-C4 alkyl), —C(=0)
NH,, —C(—O)NH(C,-C alkyl), and —C(—O)N(C, -
C, alky])(C,-Cgq alkyl);

R* is selected from the group consisting of C,-C alkyl,
C;-C4 cycloalkyl, arylalkyl, and heteroaryl-alkyl,
wherein each of the R* groups is independently sub-
stituted with 1-3 substituents independently selected
from the group consisting of C,-C, alkyl, H, OH,
O(C,-C4 alkyl), F, Cl, Br, I, NO,, —C(—O)H,
—C(—0)OH, —C(—0)O(C,-C4 alkyl), —C(=0)
NH,, —C(—O0)NH(C,-C; alkyl), and —C(—O)N(C, -
C, alkyl)(C,-C, alkyl);

R® is H or methyl; and

X is selected from Cl, I, Br, and F.

2. The compound of claim 1, wherein in R* has at least

one substituent ortho to the carbonyl group, wherein the at
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least one substituent is selected from the group consisting of
X, O(C,_¢ alkyl), and CXj; and

X is selected from I and Br.

3. The compound of claim 1, wherein R? is represents
C,-C; alkyl, substituted with 1-3 substituents independently
selected from the group consisting of (CH,—O—(CH,),)
«—OH, C,-C; alkyl, H, OH, and O(C,-C; alkyl).

4. The compound of claim 1, wherein R? is selected from
the group consisting of C,_, alkyl-NH,, CH(CH;)—NH,,
CH(CH,CH,)—NH,, CH(CH,CH,CH,)—NH,,
CH(CH,CH,CH,CH,)—NH,, (CH,), ,—C,-Cs-heterocy-
cloalkyl, wherein each R group is independently substituted
with 1-2 substituents selected from the group consisting of
C,-Cy alkyl, OH, O(C,-C, alkyl), F, Cl, Br, 1, H, NO,,
—C(—=0)H, —C(—=0)OH, —C(=—0)O(C,-Cs; alkyl),
—C(—0)NH,, —C(=—O)NH(C,-C; alkyl), and —C(=—0)
N(C,-C4 alkyl)(C,-C alkyl).

5. The compound of claim 1, wherein R* is selected from
the group consisting of C;-C alkyl, cyclo-hexyl, benzyl,
wherein each of the alkyl, cyclo-hexyl, and benzyl group is
substituted with 1-2 substituents independently selected
from the group consisting of C,-C, alkyl, H, OH, O(C,-C,
alkyl), F, Cl, Br, and L.

6. The compound of claim 1, wherein

R! represents an aryl group, said aryl group substituted
with X;

R? represents C,-C, cycloalkyl;

R? is selected from a group consisting of C, _ alkyl-NH,,
CH(CH;)—NH,, CH(CH,CH,)—NH,,
CH(CH,CH,CH,;)»—NH,, CH(CH,CH,CH,CH,)—
NH,, and (CH,),_,-heterocyclyl;

R* represents cyclo-hexyl;
R’ represents H; and
X represents I, Cl, or Br.

7. A compound of Formula I of claim 1 selected from:

I 0 (CH,),
\
NH,
O
N ,
N
i1
I 0
NH,
CH;
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-continued

[0}
N , and
N
H
I e}

HN (CH,)3CH3"

N (CH;)>CH3z

8. The compound of claim 1, wherein the salt of com-
pound I is an acid addition salt and is selected from the group
consisting of sulfate, hydrogen sulfate, hydrochloric, hyd-
robromic, hydriodic, nitric, carbonic, sulfuric, phosphoric,
formic, acetic, propionic, succinic, glycolic, gluconic, lactic,
malic, tartaric, citric, ascorbic, glucuronic, maleic, fumaric,
pyruvic, aspartic, glutamic, benzoic, anthranilic, 4-hydroxy-
benzoic, phenylacetic, mandelic, embonic (pamoic), meth-
anesulfonic, ethanesulfonic, benzenesulfonic, pantothenic,
trifluoromethanesulfonic, 2-hydroxyethanesulfonic, p-tolu-
enesulfonic, sulfanilic, cyclohexylaminosulfonic, stearic,
alginic, B-hydroxybutyric, salicylic, galactaric and galac-
turonic acid, and any combinations thereof.

9. The compound of claim 1, wherein the salt is a base
addition salt and is selected from the group consisting of
calcium, magnesium, potassium, sodium, ammonium, zinc,
a basic amine salt, and any combinations thereof, wherein
the basic amine is selected from the group consisting of
triethylamine, diisopropylethylamine, trimethylamine, N,N'-
dibenzylethylene-diamine, chloroprocaine, choline, dietha-
nolamine, ethylenediamine, meglumine, procaine and any
combinations thereof.

10. A method of inhibiting a N-acetylglucosaminidase in
a cell, the method comprising contacting the cell with a
compound of claim 1.

11. The method of claim 10, comprising inhibiting a
N-acetylglucosaminidase in the cytosol of a cell.

12. The method of claim 11, wherein the N-acetylglu-
cosaminidase comprises an autolysin.

13. A method of treating or preventing a bacterial infec-
tion in a subject comprising administering to a subject in
need thereof a therapeutically effective amount of a com-
pound of claim 1, thereby treating or preventing a bacterial
infection in a subject.

14. The method of claim 13, wherein the bacterium is
Gram-positive.

15. The method of claim 14, wherein the Gram-positive
bacterium is selected from the group consisting of Strepto-
coccus sp., Staphylococcus sp., Enterococcus sp., Coryne-
bacterium sp., Listeria sp., Clostridium sp. and Bacillus sp.

16. The method of claim 13, wherein the bacterium is
Gram-negative.

17. The method of claim 16, wherein the Gram-negative
bacterium is selected from the group consisting of Salmo-
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nella sp., Escherichia sp., Klebsiella sp., Acinetobacter sp.,
Pseudomonas sp., Vibrio sp. and Enterobacter sp.

18. The method of claim 13, wherein the subject is further
administered at least one additional antibacterial agent.

19. The method of claim 13, wherein the subject is a
mammal.
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