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ANTIBACTERIAL COMPOUNDS HAVING A (PYRROLE
CARBOXAMIDE)-(BENZAMIDE)-(IMIDAZOLE CARBOXAMIDE)
MOTIF

CROSS-REFERENCES TO RELATED APPLICATIONS
[0001] This application claims the benefit of US Provisional Patent Application No.
60/432,465, filed December 10, 2002, the content of which is incorporated herein by

reference.

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
[0002] This invention was made with Government support under Grant No. N65236-99-1-
5427 awarded by the Space and Naval Warfare Systems Command. The Government has

certain rights in this invention.

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER
PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK.
[0003] NOT APPLICABLE

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

[0004] This invention relates to aromatic compounds having antibacterial activity and

methods for their synthesis and use.
DESCRIPTION OF RELATED ART

[0005] The discovery of penicillin and other antimicrobials in the early and mid 20"
century generated a period of optimism about the medical profession’s ability to treat
microbial infections. However, the evolution of drug-resistant microbe strains — with new
ones being constantly discovered — has led to an appreciation of the continuing need to

develop new antimicrobials, preferably ones that are structurally different from extant ones or
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employ a different mechanism of action, to make the development of bacterial resistance

more difficult.

[0006] Exemplary recent disclosures of new antibacterial compounds include Ge et al., WO
01/74898 (2001); Baird et al., US Application No. 10/132887, filed Apr. 24, 2002; Biirli et
al., US Application No. 10/165856, filed Jun. 6, 2002; McMinn et al., US Application No.
10/165433, filed Jun. 6, 2002; Biirli et al., US Application No. 10/165857, filed Jun. 6, 2002;
Biirli et al., US Application No. 10/165764, filed Jun. 6, 2002; and Biirli et al., US
Provisional Application no. 60/400671, filed Aug. 2, 2002. The foregoing applications
disclose antimicrobial compounds characterized by plural aromatic carboxamide units. The
present invention relates to antimicrobial compounds also having plural aromatic

carboxamide units, but with a distinguishable structural motif.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention provides compounds according to formula (I)

H
AN
T
o L XN N ]
CH, O O\WN N 4y
Ty,
o) ZTN)\WN\R

CH3 O
and the solvates, prodrugs, and pharmaceutically acceptable salts thereof, where

[0008] Aris an unsubstituted or substituted phenyl group, an unsubstituted or substituted 5-
member heteroaryl group, an unsubstituted or substituted 6-member heteroaryl group, an
unsubstituted or substituted 6,6-condensed ring aryl or heteroaryl group, an unsubstituted or
substituted 5,5-condensed ring heteroaryl group; an unsubstituted or substituted 5,7-
condensed ring aryl or heteroaryl group, or an unsubstituted or substituted 6,5-condensed ring

heteroaryl group; and

[0009] Risa C, to Cys alkyl or heteroalkyl moiety containing a basic group having a pKy, of

12 or less or a quaternized nitrogen group.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0010] Figs. 1a, 1b, and 2 through 13 show chemical reactions used to make compounds of

this invention.

DETAILED DESCRIPTION OF THE INVENTION

Abbreviations and Definitions

[0011] The term “alkyl,” by itself or as part of another substituent, means, unless otherwise
stated, a straight or branched chain, or cyclic hydrocarbon radical, or combination thereof,
which may be fully saturated, mono- or polyunsaturated and can include di- and multivalent
radicals, having the number of carbon atoms designated (i.e. C;-Cjo means one to ten
carbons). Examples of saturated hydrocarbon radicals include groups such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, t-butyl, isobutyl, sec-butyl, cyclohexyl, (cyclohexyl)methyl,
cyclopropylmethyl, homologs and isomers of, for example, n-pentyl, n-hexyl, n-heptyl, n-
octyl, and the like. An unsaturated alkyl group is one having one or more double bonds or
triple bonds. Examples of unsaturated alkyl groups include vinyl, 2-propenyl, crotyl, 2-
isopentenyl, 2-(butadienyl), 2,4-pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl,
3-butynyl, and the higher homologs and isomers.

[0012] The term “alkylene” by itself or as part of another substituent means a divalent
radical derived from an alkane, as exemplified by -CH,CH,CH,CH,-. Typically, an alkyl (or
alkylene) group will have from 1 to 24 carbon atoms, with those groups having 10 or fewer
carbon atoms being preferred in the present invention. A “lower alkyl” or “lower alkylene” is

a shorter chain alkyl or alkylene group, generally having six or fewer carbon atoms.

[0013] The terms “alkoxy,” “alkylamino” and “alkylthio” (or thioalkoxy) are used in their
conventional sense, and refer to those alkyl groups attached to the remainder of the molecule

via an oxygen atom, an amino group, or a sulfur atom, respectively.

[0014] The term “heteroalkyl,” by itself or in combination with another term, means, unless
otherwise stated, a stable straight or branched chain, or cyclic hydrocarbon radical, or
combinations thereof, consisting of the stated number of carbon atoms and from one to three
heteroatoms selected from the group consisting of O, N, Si and S, and wherein the nitrogen
and sulfur atoms may optionally be oxidized and the nitrogen heteroatom may optionally be

quaternized. The heteroatom(s) O, N and S may be placed at any interior position of the
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heteroalkyl group. The heteroatom Si may be placed at any position of the heteroalkyl group,
including the position at which the alkyl group is attached to the remainder of the molecule.
Examples include -CH,-CH,-O-CHj3, -CH,-CH,-NH-CH3, -CH,-CH,-N(CH;)-CH3, -CH»-S-
CH,-CHa, -CH,-CHj,,-S(0O)-CHs, -CH,-CH,-S(0),-CH3s, -CH=CH-0-CH3, -Si(CH3)3, -CH,-
CH=N-OCH3, and -CH=CH-N(CH;)-CHj;. Up to two heteroatoms may be consecutive, such
as, for example, -CH,-NH-OCHj; and -CH,-O-Si(CH3);. Similarly, the term “heteroalkylene”
by itself or as part of another substituent means a divalent radical derived from heteroalkyl, as
exemplified by -CH,-CH,-S-CH,CH;- and -CH,-S-CH,-CH,-NH-CH,-. For heteroalkylene
groups, heteroatoms can also occupy either or both of the chain termini (e.g., alkyleneoxy,
alkylenedioxy, alkyleneamino, alkylenediamino, and the like). Still further, for alkylene and

heteroalkylene linking groups, no orientation of the linking group is implied.

[0015] The terms “cycloalkyl” and “heterocycloalkyl”, by themselves or in combination
with other terms, represent, unless otherwise stated, cyclic versions of “alkyl” and
“heteroalkyl”, respectively. Additionally, for heterocycloalkyl, a heteroatom can occupy the
position at which the heterocycle is attached to the remainder of the molecule. Examples of
cycloalkyl include cyclopentyl, cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and
the like. Examples of heterocycloalkyl include 1 -(1,2,5,6-tetrahydropyridyl), 1-piperidinyl,
2-piperidinyl, 3-piperidinyl, 4-morpholinyl, 3-morpholinyl, tetrahydrofuran-2-yl, tetrahydro-
furan-3-yl, tetrahydrothien-2-yl, tetrahydrothien-3-yl, 1 -piperazinyl, 2-piperazinyl, and the
like.

[0016] The terms “halo” or “halogen,” by themselves or as part of another substituent,
mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. Additionally,
terms such as “haloalkyl,” are meant to include monohaloalkyl and polyhaloalkyl. For
example, the term “halo(C,-Cs)alkyl” is meant to include trifluoromethyl, 2,2,2-
trifluoroethyl, 4-chlorobutyl, 3-bromopropyl, and the like.

[0017] The term “aryl” means, unless otherwise stated, a polyunsaturated, typically
aromatic, hydrocarbon substituent which can be a single ring or multiple rings (up to three
rings) which are fused together or linked covalently. The term “heteroaryl” refers to aryl
groups (or rings) that contain from zero to four heteroatoms selected from N, O, and S,
wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen atom(s) are
optionally quaternized. A heteroaryl group can be attached to the remainder of the molecule

through a heteroatom. Non-limiting examples of aryl and heteroaryl groups include phenyl,
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1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-
imidazolyl, 4-imidazolyl, pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl,
3-isoxazolyl, 4-isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl,
2-thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-
benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl, 2-
quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl. Substituents for each of the above
noted aryl and heteroaryl ring systems are selected from the group of acceptable substituents

described below.

[0018] For brevity, the term “aryl” when used in combination with other terms (e.g.,
aryloxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined above.

Thus, the term “arylalkyl” is meant to include those radicals in which an aryl group is
attached to an alkyl group (e.g., benzyl, phenethyl, pyridylmethy! and the like) including
those alkyl groups in which a carbon atom (e.g., a methylene group) has been replaced by, for
example, an oxygen atom (e.g., phenoxymethyl, 2-pyridyloxymethyl, 3-(1-
naphthyloxy)propyl, and the like).

[0019] Each of the above terms (e.g., “alkyl,” “heteroalkyl,” “aryl” and “heteroaryl”) are
meant to include both substituted and unsubstituted forms of the indicated radical. Preferred

substituents for each type of radical are provided below.

[0020] Substituents for the alkyl, heteroalkyl, aryl, and heteroalkyl radicals (including those
groups often referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl,
cycloalkyl, heterocycloalkyl, cycloalkenyl, and heterocycloalkenyl) can be a variety of
groups selected from: -OR’, =0, =NR’, =N-OR’, -NR’R”, -SR’, -halogen, -SiR’R”R’”,
-OC(O)R’, -C(O)R’, -CO,;R’, -CONR’R”, -OC(O)NR’R”, -NR”C(O)R’, -NR’-C(O)NR"R”,
-NR”C(0);R’, -NH-C(NH,)=NH, -NR’C(NH;)=NH, -NH-C(NH,)=NR’, -S(O)R’, -S(O)2R’,
-S(0);NR’R”, -CN and -NO; in a number ranging from zero to (2m’+1), where m’ is the total
number of carbon atoms in such radical. R’, R” and R’ each independently refer to
hydrogen, unsubstituted (C,-Cg)alkyl and heteroalkyl, unsubstituted aryl, aryl substituted with
1-3 halogens, unsubstituted alkyl, alkoxy or thioalkoxy groups, or aryl-(C,-Cs)alkyl groups.
When R’ and R” are attached to the same nitrogen atom, they can be combined with the
nitrogen atom to form a 5-, 6-, or 7-membered ring. For example, -NR’R” is meant to
include 1-pyrrolidinyl and 4-morpholinyl. From the above discussion of substituents, one of

skill in the art will understand that the term “alkyl” is meant to include groups such as halo-
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alkyl (e.g., -CF; and -CH,CF3) and acyl (e.g., -C(O)CHs, -C(O)CF3, -C(O)CH,0OCH3, and the
like). Preferably, the substituted alkyl and heteroalkyl groups have from 1 to 4 substituents,
more preferably 1, 2 or 3 substituents. Exceptions are those perhalo alkyl groups (e.g., penta-

fluoroethyl and the like) which are also preferred and contemplated by the present invention.

[0021] Similarly, substituents for the aryl and heteroaryl groups are varied and are selected
from: -halogen, -OR’, -OC(O)R’, -NR’R”, -SR’, -R’, -CN, -NO,, -CO;R’, -CONR’R”,
-C(O)R’, -OC(O)NR’R”, -NR”C(O)R’, -NR”C(0O):R’, ,-NR’-C(O)NR”R’”, -S§(0)R’,
-NH-C(NH,)=NH, -NR’C(NH,)=NH, -NH-C(NH;)=NR’, -S(O)R’, -S(0),NR’R”, -N3, -
CH(Ph),, perfluoro(C;-Cs)alkoxy, and perfluoro(C;-Cs)alkyl, in a number ranging from zero
to the total number of open valences on the aromatic ring system; and where R’, R” and R
are independently selected from hydrogen, (C,-Cg)alkyl and heteroalkyl, unsubstituted aryl
and heteroaryl, (unsubstituted aryl)-(C,-Cs)alkyl, and (unsubstituted aryl)oxy-(C;-Cs)alkyl.

[0022] Two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -T-C(O)-(CHz)q-U-, wherein T and U
are independently -NH-, -O-, -CH,- or a single bond, and q is an integer of from 0 to 2.
Alternatively, two of the substituents on adjacent atoms of the aryl or heteroaryl ring may
optionally be replaced with a substituent of the formula -A-(CH;),-B-, wherein A and B are
independently -CH;-, -O-, -NH-, -S-, -S(0O)-, -S(O)2-, -S(0);NR’- or a single bond, and r is an
integer of from 1 to 3. One of the single bonds of the new ring so formed may optionally be
replaced with a double bond. Alternatively, two of the substituents on adjacent atoms of the
aryl or heteroaryl ring may optionally be replaced with a substituent of the formula -(CH,)s-
X-(CH,).-, where s and t are independently integers of from 0 to 3, and X is -O-, -NR’-, -S-, -
S(0)-, -S(0),-, or -S(0),NR’-. The substituent R’ in -NR’- and -S(O),NR’- is selected from
hydrogen or unsubstituted (C,-Cg)alkyl.

[0023]  As used herein, the term “heteroatom” is meant to include oxygen (O), nitrogen (N),

sulfur (S) and silicon (Si).

[0024] The term “pharmaceutically acceptable salts” is meant to include salts of the active
compounds which are prepared with relatively nontoxic acids or bases, depending on the
particular substituents found on the compounds described herein. When compounds of the
present invention contain relatively acidic functionalities, base addition salts can be obtained
by contacting the neutral form of such compounds with a sufficient amount of the desired

base, either neat or in a suitable inert solvent. Examples of pharmaceutically acceptable base
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addition salts include sodium, potassium, calcium, ammonium, organic amino, or magnesium
salt, or a similar salt. When compounds of the present invention contain relatively basic
functionalities, acid addition salts can be obtained by contacting the neutral form of such
compounds with a sufficient amount of the desired acid, either neat or in a suitable inert
solvent. Examples of pharmaceutically acceptable acid addition salts include those derived
from inorganic acids like hydrochloric, hydrobromic, nitric, carbonic, monohydrogen-
carbonic, phosphoric, monohydrogenphosphoric, dihydrogenphosphoric, sulfuric, monohy-
drogensulfuric, hydriodic, or phosphorous acids and the like, as well as the salts derived from
relatively nontoxic organic acids like acetic, ascorbic, propionic, isobutyric, maleic, malonic,
lactic, malic, glutamic, benzoic, succinic, suberic, fumaric, mandelic, phthalic, benzenesul-
fonic, p-tolylsulfonic, citric, tartaric, methanesulfonic, lactobionic, and the like. Also
included are salts of amino acids such as arginate and the like, and salts of organic acids like
glucuronic or galactunoric acids and the like (see, for example, Berge, S.M,, et al,
“Pharmaceutical Salts”, Journal of Pharmaceutical Science, 1977, 66, 1-19). Certain specific
compounds of the present invention contain both basic and acidic functionalities that allow

the compounds to be converted into either base or acid addition salts.

[0025] The neutral forms of the compounds may be regenerated by contacting the salt with
a base or acid and isolating the parent compound in the conventional manner. The parent

form of the compound differs from the various salt forms in certain physical properties, such
as solubility in polar solvents, but otherwise the salts are equivalent to the parent form of the

compound for the purposes of the present invention.

[0026] In addition to salt forms, the present invention provides compounds which are in a
prodrug form. Prodrugs of the compounds described herein are those compounds that readily
undergo chemical changes under physiological conditions to provide the compounds of the
present invention. Additionally, prodrugs can be converted to the compounds of the present
invention by chemical or biochemical methods in an ex vivo environment. For example,
prodrugs can be slowly converted to the compounds of the present invention when placed in a

transdermal patch reservoir with a suitable enzyme or chemical reagent.

[0027] Certain compounds of the present invention can exist in unsolvated forms as well as
solvated forms, including hydrated forms. In general, the solvated forms are equivalent to
unsolvated forms and are intended to be encompassed within the scope of the present

invention. Certain compounds of the present invention may exist in multiple crystalline or
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amorphous forms. In general, all physical forms are equivalent for the uses contemplated by

the present invention and are intended to be within the scope of the present invention.

[0028] Certain compounds of the present invention possess asymmetric carbon atoms
(chiral centers) or double bonds; the racemates, diastereomers, geometric isomers and
5  individual isomers are all intended to be encompassed within the scope of the present

invention.

[0029] The compounds of the present invention may also contain unnatural proportions of
atomic isotopes at one or more of the atoms that constitute such compounds. For example,
the compounds may be radiolabeled with radioactive isotopes, such as for example tritium
10 (*H), iodine-125 (***I) or carbon-14 (**C). All isotopic variations of the compounds of the
present invention, whether radioactive or not, are intended to be encompassed within the

scope of the present invention.

Compounds

[0030] Compounds of this invention have, as a characteristic structural motif, the sequence
15  an N-methylpyrrole carboxamide unit (“Py’), a p-benzamide unit (“Ph”), and a 1-methyl-

imidazole carboxamide unit (“Im”), as shown following:

N
R
N H
CH3 O OYN N (“Py_Ph_Im”) )
/
L
CH; O

3

The Py-Ph-Im motif is embodied in compounds (I)

H
Ar_ _N
T
o) N N H
CHy O OYN N )
/N H
0 Z‘N)ﬁ(N\R

CH3 O

20  and the solvates, prodrugs, and pharmaceutically acceptable salts thereof,
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where

[0031] Ar is an unsubstituted or substituted phenyl group, an unsubstituted or substituted 5-
member heteroaryl group, an unsubstituted or substituted 6-member heteroaryl group, an
unsubstituted or substituted 6,6-condensed ring aryl or heteroaryl group, an unsubstituted or
substituted 5,5-condensed ring heteroaryl group; an unsubstituted or substituted 5,7-
condensed ring aryl or heteroaryl group, or an unsubstituted or substituted 6,5-condensed ring

heteroaryl group; and

[0032] Risa C; to Cyg (preferably C; to Cg) alkyl or heteroalkyl moiety containing a basic

group having a pKy, of 12 or less or a quaternized nitrogen group. -

[0033] Exemplary 5-member heteroaryl groups include imidazolyl, pyrrolyl, pyrazolyl,
furanyl, isothiazolyl, oxazolyl, isoxazolyl, thiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-
thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,3,4-
oxadiazolyl, 1,2,4-oxadiazolyl, and thienyl groups. Exemplary 6-member heteroaryl groups
include pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, and triazinyl groups. Exemplary 6,6-
condensed ring aryl or heteroaryl groups include naphthyl, quinolyl, and isoquinolyl groups.
Exemplary 6,5-condensed ring heteroaryl groups include benzothienyl, indolyl, and

benzofuranyl groups.

[0034] Preferably, the moiety Ar is selected from the group consisting of
o N
/7 ® @EL
s F N

NO,
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[0035] The moiety R preferably is

A~y R
N
R2
where R' and R? independently are C; to C;¢ alkyl or heteroalkyl moieties and may join

together to form, together with the nitrogen to which they are bound, a 5 to 7 member ring.

Either R or R2, or both, may be substituted or unsubstituted.

[0036] Examples of preferred moieties R include:

£ A~
T,
f\/\,\O\O/CHa f\/\,\O\F -‘;\/\,\(‘j K\D

OH

J;\/\,O ‘;\/\N/\

Q
m
M

";\/\N/\

and
l\/N ~"0H

[0037] The R moiety in compound (I) has a basic group havin_g a pKy of 12 or less or a
quaternized nitrogen group. (Or, stated conversely, the conjugate acid of the basic group has
a pK, greater than 2 (pK, = 14 - pKy).) Preferably, the pK, is less than 10, more preferably
less than 5. Preferably the basic group is a nitrogenous group, for example an amine, an
amidine, a guanidine, a pyridine, a pyridazine, a pyrazine, a pyrimidine, an imidazole, or an

aniline. Primary, secondary, or tertiary aliphatic amines are preferred, such as:

$—NH, §—NH(CH3) §—N(CH3), §—N(CHa),

/7\_  (Q=CHy, O, S, NH, CH(OH), C(F2), N(CHs),
g‘”@ §_N\_/Q CHF, CH(CO,H), CH(OCHs))

and the like. Exemplary quaternized nitrogen groups include alkyl pyridinium and tetraalkyl

ammonium groups such as:
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W
é—@Q (W = CHp, O, S)

HaC

[0038] Specific examples of compounds (I) are shown in Table A.
Table A — Compounds (I)
Ref. Ar R
Cl );
NN
A-1 /Y "(:L
S OH
A
A-2 | _ Same
F N
Cl
A-3 @1 Same
S
Cl
A-4 \©\/ Same
F
a
A-5 x-N Same
o =
A-6 < 1N Same
'e) N
~ "N
A-7 S Same
NO,
Z N
A-8 g Same
NH,
~ "N
A-9 A | Same
Cl
7N A~
A-10 | N
Lo
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Table A — Compounds (I)

Ref. Ar R
.s;\/\N
A-11 Same @F
F
A-12 Same \\/N
“CH;
K
A-13 Same \/\ON o
~ 3
A-14 Same f\/\@N oH
~ 3
4;\/\@
A-15 Same N. _CH,
\|/
CH;,
A-16 Same &/\D
A-17 Same ;\/\"O
:;'
A-18 Same \/\"@
J‘;\/\N
A-19 Same Q\
OH
&/\N
A-20 Same O\ cH
O/ 3
’;\/\N/\/O‘CH
A-21 Same 3
CHs
fr'\/\ /\/O\
A-22 Same N S CHy
“CHj
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Table A — Compounds (I)

Ref. Ar R
)
A-23 Same f\/\N Y
H
.fj\/\N
A-24 Same
P
A-25 Same Nk CHs
CH
o
A-26 Same _;SH\/\N/\/N\)
H
A-27 Same @N
~"OH
A-28 Same ’;\/\N/\/O\CHQ,
H
f\/\ ~_Ox
A-29 Same N CHs
CH,
A-30 Same cH 3
3
A-31 Same J;\/\N/\/\O/\CH3
H
f\/\N/\/OH
A-32 Same k
CHs
A-33 Same J'el\/\N/\/\/\OH
H
A-34 Same f\/\N
a H/W
A-35 Same f\/\NO
H
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Table A — Compounds (I)
Ref. Ar R
A-36 Same Ao~ N> NO
H
A-37 Same AN CHs
H
CHa
A-38 Same f\/\N/K/o\CH
N 3
A-39 Same ‘;\/\N/\/\O’CH3
H
N
A-40 Same
&/\ Né
f\/\ N
A-41 Same O\
F
A-42 Same A NSO~ NH:
H
A-43 Same &/\ N" " 0OH
H
A-44 Same
CO,H
A-45 Same f\/\ N/\/OH
H
HsC._CHs
A-46 Same I/
f\/\ N OH
H
A~
A-47 Same N /\
L_NH
A-48 Same 'CL
CO,E
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Table A — Compounds (I)
Ref. Ar R
A-49 Same f\/\N’C(CHZOH)3
H
A-50 Same :’f\\/\N/CH(CHon)z
H
f\/\N/\(CHa
A-51 Same ‘\‘/O
CHs
CH; CHs
A-52 Same f\/\N AOH
| =
CHs CHz CHg
AR OSSN
A-53 Same 0 @
NYCH:»,
CH;,
;\/\ OH
A-54 Same NK//\O;H
F;\/\N/\l
A-55 Same ‘\/N\H/OtBu
@)
‘&/\N
A-56 Same K/)\l\ _CH,
A-57 Same o N/\/OH
OH
A-58 Same &/\r‘(/\l
N__CN
L
A-59 Same
o N/\
Lo
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Table A — Compounds (I)

Ref. Ar R
A-60 Same &/\I\O\ )Ok/\
0 NH,
A-61 Same K/N \/\OJK/NTO\t-Bu
@]
J;\/\
A-62 Same N/\ o
£
A-63 Same \/\D CH,
N OH
A-64 Same K/N L _tBu
N (0}
T
A-65 Same K/N
NH,
T
A-66 S };\AO\ LH
- ame N 0
(o] ~t-Bu
T
A-67 Same J;\/\IO\ 0
g™
f\/\N 0 H
A-68 Same O)K/N\S/OH
I\
A-69 Same f\‘/\UOH
A-70 Same £ \/\D,OH
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Table A — Compounds (I)
Ref. Ar R
&
A-71 Same \/\DNOH
A-72 Same
OH
A-73 Same
A-74 Same
A-75 Same
A-76 Same
A-77 Same N/\r'\l C;:H3
~"8H
A~y CHj
A-78 Same ON\/E
OH
A-79 Same N., ('\
1" CHjy
CH;
A-80 Same K/N':(CH.?
HsC” “OH
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Table A — Compounds (I)
Ref. Ar R
&
A-81 Same \/\"O
HO\\\‘“

[0039] Those skilled in the art will appreciate that some of the compounds in Table (I) are
prodrugs, which are convertible to active compounds (I). Examples of prodrug compounds (I)
include compounds A-59 to A-62, A-66 to A-67, and A-73 to A-74. They will also
appreciate that some compounds (I) in Table A can serve as intermediates for the synthesis of

other compounds (I) (e.g., compound A-47 and A-62).

[0040] Compounds of this invention have been found to have anti-bacterial and/or
antifungal properties and therefore may be used for preventing and/or treating infections in
eukaryotic organisms. For human anti-infective applications, an effective amount of a
compound of this invention is used, optionally in combination with a pharmaceutically
acceptable carrier. The composition may be dry, or it may be a solution. Treatment may be
reactive, for combating an existing infection, or prophylactic, for preventing infection in an
organism susceptible to infection. Preferably, compounds of this invention are used to treat
infections by drug-resistant strains of bacteria, for example MRSA (methicillin resistant .
aureus), MRSE (methicillin resistant S. epidermidis), PRSP (penicillin resistant .
pneumoniae) or VRE (vancomycin resistant Enterococci). By “drug-resistant” it is meant that

the bacteria are resistant to treatment with conventional antibiotics.

[0041] Host organisms that can be treated include eukaryotic organisms, in particular plants
and animals. The plant may be an agriculturally important crop, such as wheat, rice, corn,
soybean, sorghum, and alfalfa. Animals of interest include mammals such as bovines,
canines, equines, felines, ovines, porcines, and primates (including humans). Thusly, in
another aspect of this invention, there is provided a method for treating a bacterial infection
— particularly an infection by Gram-positive bacteria — comprising administering to a
patient in need of such treatment an effective amount of compound (I). Compounds of this
invention can be used in the preparation of a medicament for treating a bacterial or fungal
infection in a mammal. The compounds may be administered orally, topically, parenterally

(e.g., intravenously, subcutaneously, intraperitoneally, transdermally) or by inhalation.
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[0042] The practice of our invention can be further understood by reference to the

following examples, which are provided by way of illustration and not of limitation.

Svynthesis — General Remarks

[0043] Common abbreviations and acronyms are employed for various terms, including:
Boc for t-butyloxycarbony! (and (Boc);O for the corresponding anhydride); BopCl for bis(2-
oxo0-3-oxazolidinyl)phosphinic chloride; DIEA for diisopropylethylamine; DCC for
dicyclohexylcarbodiimide; DMAP for 4-(dimethylamino)pyridine; DMF for N,N-dimethyl-
formamide; HATU for O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexa-
fluorophosphate; HBTU for 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexa-
fluorophosphate; MP-CNBH; for MP-cyanoborohydride; NMP for N-methylpyrrolidone;
Et,0 for diethyl ether; AcOEt for ethyl acetate; PyBop for benzotriazole-1-yl-oxytripyr-
rolidinophosphonium hexafluorophosphate; RT for room (ambient) temperature; and 'H-

NMR for proton NMR.

[0044] The structures of intermediate and final compounds were confirmed by 'H-NMR
and mass spectrometry. Unless noted otherwise, the "H-NMR and mass spectra were
consistent with the assigned structures and did not indicate the presence of significant

impurities.

[0045] The skilled artisan will understand that: (a) an intermediate described in the context
of the synthesis of a particular compound of this invention can also be used to make other
compounds of this invention, mutatis mutandis; (b) in certain experimental sections only the
preparation of an intermediate compound is described, because its incorporation into a final
compound of this invention straightforwardly follows synthetic methodology described
herein; and (c) for some reactions that recur herein, detailed reaction and work-up conditions
sometimes are not provided in each instance in the interest of brevity and that the conditions
described elsewhere in this application are adaptable to the instance at hand without undue

experimentation.

Synthesis — General Procedures

[0046] Two general synthetic strategies for making compounds (I) are described. In Fig. 1a,
intermediate (Ia) containing Ar, Py, and Ph is coupled with a complementary intermediate

(Ib) containing Im and R (or a precursor of R) to yield a compound (I). In Fig. 1b,
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intermediate (Ic) containing Py, Ph, Im and R (or a precursor of R) is coupled with an
aromatic carboxylic acid (Id) to yield a compound (). In either scheme, the R group can be
further modified or derivatized after the coupling step to yield a different desired R in a
compound (I). Generally, final compounds were purified using reverse phase HPLC
(Hamilton PRP-1 column, CH3CN/0.5% aqueous AcOH, 0% to 60% in 60 min, UV detection
at 310 nm).

Svnthesis — Specific Compounds

Example A
[0047] Amine 4. Referring to Fig. 2, a solution of ethyl 1-methyl-4-nitroimidazole-2-

carboxylate 1 (10.0 g, 50 mmol) and 1(2-aminoethyl)-4-hydroxypiperidine 2 (10.0 g, 69
mmol) in 1,4-dioxane (10 mL) was refluxed for 1h, cooled to RT and treated with CH,Cl,
(200 mL). The organic solution was washed with H,O (3 x 100 mL) and brine (50 mL) and
dried (Na,SO4). The solvent was evaporated and the resulting solid was recrystallized from
AcOEt/hexane twice to give yellow crystalline nitro compound 3 (5 g, 34% yield). Nitro
compound 3 (3.0 g, 10 mmol) was dissolved in CH,Cl,/MeOH (100 ml; 10 : 1) and treated
with Pd/carbon black (150 mg). The mixture was stirred under H, atmosphere (5 atm) at RT
for 2 h and filtered through Celite. Evaporation of the filtrate gave the amine 4 (2.5g, 93%),

which was used in subsequent coupling reactions without further purification.

Example B
[0048] Carboxylic Acid 11. Referring to Fig. 3, a solution of amino ester 6 (2.7 g) in

AcOEt (20 mL) was treated with pyridine (20 mL) and nitro acid chloride § (3.6 g) at RT,
refluxed for 1 h, cooled to RT, and diluted with AcOEt (200 mL) and H,O (100 mL). The

organic layer was washed with H,O (3 x 100 mL) and brine. Evaporation of the solvent gave

nitro ester 7 as a yellow solid. Pd-catalyzed hydrogenation (similarly to above) of nitro ester

7 in MeOH gave the amino ester 8.

[0049] A solution of isoquinoline carboxylic acid 9 (1.5 g), HBTU (3.7 g), and DIEA (2
mL) in NMP (30 mL) was stirred at 35°C for 30 min, treated with amino ester 8 (2.2 g), and
stirred for 2 h at 60°C. After cooling to RT, the mixture was poured into ice-water (300 mL)
and the resulting precipitate was washed with H,O (3 x 50 mL) and dried to yield trimeric
ester 10. Treatment of the ester 10 with 1M NaOH in MeOH/ H,0 at 60°C for 2 h, and
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acidification with 1M HCI to pH 5 caused formation of a precipitate, which was washed with

H,O0 and dried to yield carboxylic acid 11 as a pale solid.

Example C
[0050] Compound A-19. Referring to Fig. 4, a solution of carboxylic acid 11 (5.0 g, 12.0

mmol) and BopCl (3.0 g, 13.2 mmol) in NMP (40 mL) was treated at RT with DIEA (3.1 g,
24.0 mmol) and DMAP (0.3 g, 2.5 mmol), stirred for 30 min, and treated with a solution of

amine 4 (3.5 g, 13.3 mmol) in NMP (5 mL). The mixture was stirred at 60 °C for 30 min and
poured into 450 mL stirring ice-water . The resulting precipitate was collected, washed with
H,0 (2 x 100 mL), and lyophilized to give compound A-19 (4.1 g, 52% yield). 'H-NMR
(300 MHz, d6-DMSO) & 10.90 (s, 1H), 10.70 (s, 1H), 10.17 (s, 1H), 9.46 (s, 1H), 8.65 (s,
1H), 8.28 (d, J= 6.0 Hz, 1H), 8.26 (d, J= 6.0 Hz, 1H), 7.99 (d, J = 6.3 Hz, 2H), 7.95~7.75
(comp, 5H), 7.59 (s, 1H), 7.53 (s, 1H), 7.45 (s, 1H), 4.54 (s, 1H), 3.95 (s, 3H), 3.89 (s, 3H),
3.42 (m, 2H), 2.72 (m, 2H), 2.42 (m, 2H), 2.04 (m, 2H), 1.69 (m, 2H), 1.38 (m, 2H).

[0051] Examples A, B, and C in combination illustrate the synthesis of a compound ()
using the general approach of Fig. 1a with specific reference to compound A-19, but other
compounds (I) can be made in like manner by using analogs of carboxylic acid 11 and/or
amine 4 to yield such other compounds (I). Compound A-10 was synthesized by such a
method.

Example D
[0052] Amine-acetal 14. Referring to Fig. 5, a mixture of ethyl 1-methyl-4-nitroimidazole-

2-carboxylate 1 (4.0 g, 20 mmol) and 2,2-dimethoxyethylamine 12 (3.5 g, 33 mmol) was
stirred at 110 °C for 20 min, treated with AcOEt (200 mL) and washed with H,O (3 x 50 mL)
and brine, and dried (Na;SO,). The solution was concentrated to 20 mL, treated with hexanes
(100 mL), and cooled to ~10 °C for 12 h to yield yellow crystals of nitro-acetal 13 (3.5 g,
69% yield). Hydrogenation of nitro-acetal 13 was conducted according the same procedure

described for amine 4 above to give the acetal 14 quantitatively.

Example E
[0053] Compound 15. Referring to Fig. 6, a solution of carboxylic acid 11 (4.6 g, 11.1

mmol) and BopCl (2.81 g, 11.1 mmol) in NMP (30 mL) was treated with DIEA (7.0 mL) and
DMAP (0.12 g, 1.1 mmol), stirred at RT for 30 min, treated with a solution of the acetal 14
(3.2 g, 14.0 mmol) in NMP (3 mL), and stirred at 60 °C for 30 min. The solution was poured
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into 300 mL stirring ice-water. The resulting precipitate was collected by filtration and

washed with H,O (2 x 50 mL), dried under lyophilizing to give compound 15 (5.2 g, 75%

yield). Compound 15, bearing the Ar-Py-Ph-Im scaffold, is a versatile intermediate for the

synthesis of compounds (I), as illustrated in Example F, following.

Example F
[0054] Compound 17. Still referring to Fig. 6, MP-cyanoborohydride (200 mg) was added

to a solution of compound 15 (70 mg) and amine 16 (100 mg) in THF (3 mL). CL,CHCO.H
(0.5 mL) was added. The mixture was sealed and put in a microwave reactor for 10 min at
150 °C. The solids were removed by filtration and the resulting solution purified by HPLC to

give compound 17.

[0055] Examples D, E and F in combination illustrate a variant of the approach of Fig. 1a
by which numerous compounds (I) can be made by the reductive amination of compound 15
using a desired amine 16. Specific examples of compounds made in this manner include: A-

11 to A-18, A-20 to A-46, A-48 to A-52, A-54, A-69 to A-72, and A-81.

Example G
[0056] Compound 18. Referring to Fig. 7, the dimer 18 was prepared by coupling the Boc-

protected amino-pyrrole OBt ester to ethyl 4-amino benzoate in DMF at 90 °C for 15 hours.

[0057] Compound 20. Still referring to Fig. 7, a solution of carboxylic acid 18 (1.7 g, 4.5
mmol) and BopCl (1.27 g, 5.0 mmol) in NMP (20 mL) was treated with DIEA (1.3 g, 10.0
mmol) and DMAP (0.12 g, 1.0 mmol), stirred at RT for 30 min, treated with a solution of
amine 4 (1.34 g, 5.0 mmol) in NMP (2 mL), and stirred at 60 °C for 30 min. The solution
was poured into 300 mL stirring ice-water. The resulting precipitate was collected by
filtration, washed with H,O (2 x 100 mL), and lyophilized to give protected compound 19
(1.46 g, 54% yield). A solution of 19 (0.80 g) in MeOH (10 mL) was treated at RT with HCI
gas, stirred for 30 min, and treated with Et,O (100 mL). The resulting precipitate was
collected by filtration and dried to give the amine 20 as the hydrochloride salt (700 mg, 92%).

Example H
[0058] Compound 22. Still referring to Fig. 7, a mixture of carboxylic acid 21 (ArCO,H,

0.12 mmol, 1.2 eq), HATU (46 mg, 0.12 mol), DIEA (31 mg, 0.24 mmol) in NMP (1 mL)

was stirred at RT for 30 min, treated with a solution of amine 20 (58 mg, 0.1 mmol, HCl salt)
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in DIEA (65 mg, 0.5 mmol) and NMP (1 mL), and stirred at 60 °C for 30 min. Preparative

HPLC purification of the crude material gave compound 22.

[0059] Examples F and G in combination illustrate the synthesis of compounds (I) by the
general approach of Fig. 1b. A variety of compounds (I) can be synthesized by the selection
of an appropriate carboxylic acid 21 for coupling with amine 20. Examples of compounds

synthesized in this manner include compounds A-1 to A-7 and A-9.

Example [
[0060] Compound A-47. Referring to Fig. 8, mixture of ethyl ester 1 (20 g) and 1(2-

aminoethyl)piperazine 23 (20 g) was heated to 100 °C for 10 min in dioxane. After cooling
to RT, Et,0 (1000 mL) was added to the mixture. The resulting precipitate was collected by
filtration and washed with AcOEt (3 x 200 mL), Et,0 (2 x 100 mL) and dried to give nitro
intermediate 24 (23 g, 82% yield). A solution of nitro intermediate 24 (5.6 g) in CH,Cl, (100
mL) was treated at RT with (Boc),0 (4.8 g) and DMAP (0.24 g), stirred for 1 hour, and
washed with 0.1 N NaOH (50 mL), H,O (50 mL) and brine, and dried (Na,SO,).

Evaporation of the solvent left nitro compound 25 as a yellow solid (4.5 g, 52% yield). Pd-
catalyzed hydrogenation of nitro compound 25 in MeOH and CH,Cl, yielded the
corresponding amino imidazole 26 quantitatively. Coupling of amino imidazole 26 with
carboxylic acid 11 was conducted using the procedure of Example C to give compound A-55.
Deprotection of compound A-55 with HCI in MeOH (as above) afforded compound A-47 as
the hydrochloride salt.

Example J
[0061] Compound A-63. Fig.9 illustrates the synthesis of compound A-63 and its cognate

compounds A-77 to A-80. The procedure is described here with specific reference to
compound A-63: A solution of compound A-47 hydrochloride (115 mg) and propylene oxide
(200 mg) in NMP (1 mL) and DIEA (0.3 mL) was heated at 135~180°C for 10 min.
Preparative HPLC purification gave compound A-63 as the acetate salt. Compounds A-77 to

A-80 were also prepared from compound A-47, mutatis mutandis.

Example K
[0062] Compound A-58. Still referring to Fig. 9, a solution of compound A-47

hydrochloride (50 mg) in DMF (2 mL) and DIEA (0.1 mL) was treated with BrCH,CN (0.1
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. mL) and stirred at RT for 10 min. HPLC purification of the crude mixture gave compound

A-58 as the acetate salt.

Example L
[0063] Compound A-75. Compound A-47 can serve as the precursor for the synthesis of

other compounds of this invention, as illustrated in Fig. 10. A solution of compound A-47
hydrochloride (137 mg) and (D)-glucuronic acid (77 mg) in NMP (10 mL) and DIEA (1.0
mL) was treated with PyBop (230 mg) and stirred at 60°C for 12 h. HPLC purification of the

crude mixture gave compound A-75 as the acetate salt.

Example M
[0064] Compound A-56. Still referring to Fig. 10, a solution of compound A-47

hydrochloride (50 mg) in NMP (5 mL) and DIEA (1.0 mL) was treated with CH3SO,ClI (50

mg) and stirred at RT for 30 min. HPLC purification of the crude mixture gave compound A-

56 as the acetate salt.

Example N
[0065] Compounds A-64 and A-65. Still referring to Fig. 10, a solution of Boc-Gly-OH

(114 mg, 0.65 mmol) and BopCl (165 mg, 0.65 mmol) in NMP (2 mL) was treated with
DIEA (167 mg, 1.3 mmol) and DMAP (16 mg, 0.13 mmol), stirred at RT for 30 min, and
treated with a solution of compound A-47 hydrochloride (360 mg, 0.5 mmol) in NMP (1 mL)
and DIEA (0.5 mL). The mixture was stirred at 60°C for 30 min and poured into 40 mL

stirring ice-water. The resulting precipitate was collected by filtration, washed with H,O (2 x
20 mL) and dried by lyophilization to give compound (170 mg, 43% yield). A solution of
compound A-64 (130 mg) in MeOH (10 mL) was treated at RT with a stream of anhydrous
HCI gas for 2 min. Addition of Et;O (40 mL) gave a precipitate, which was collected by
filtration and dried to afford compound A-65 as the hydrochloride salt.

Example O
[0066] Compounds A-61 and A-62. Referring to Fig. 11, at 0°C, DCC (2.06 g, 10 mmol)

and DMAP (122 mg, 1 mmol) was added to a solution of Boc-Gly-OH 27 (1.75 g, 10 mmol)
and 2-bromoethanol 28 (1.24 g, 10 mmol) in CH,Cl, (20 mL). The mixture was stirred at 0

°C for 30 min and the resulting precipitate removed by filtration. The filtrate was concen-
trated to give crude intermediate 29, which was used for next reaction without further purifi-

cation. A solution of intermediate 29 in DMF (100 mL) was treated with nitro intermediate
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AcOEt (200 mL). The organic phase was washed with H,O (3 x 100 mL) and brine and dried
(Na,SOy). Evaporation of the solvent and purification of the crude material by column chro-
matography (SiO;) gave Boc-protected compound 30 (1.2 g). Pd-catalyzed hydrogenation of
compound 30 gave compound 31. Coupling of 31 with carboxylic acid 11 was performed
following the procedure of Example C to give compound A-61. Deprotection of compound

A-61 in saturated HC1/MeOH solution gave compound A-62 as the hydrochloride salt.

Example P
[0067] Compounds A-66 and A-67. Referring to Fig. 13, compounds A-66 and A-67 were

synthesized from compounds 3 and 35 following the procedure described in Example O.

Example Q
[0068] Compound A-68. A mixture of compound A-66 (100 mg), SO;*NEt;, NMP (4 mL)

and DIEA (0.2 mL) was stirred at 140°C for 2 min, cooled to RT, treated with 30 mL of H,O,

and acidified to pH = 4 using an aqueous 1M HCl solution. The resulting precipitate was

collected by centrifugation and washed with H,O (2 x 30 mL) to give compound A-68.

Example R
[0069] Compounds A-73 and A-76. Returning to Fig. 11, compound A-62 can serve as the

precursor for other compounds of this invention. Reaction of compound A-62 and sulfur
trioxide-triethylamine complex using the procedure in Example Q yielded compound A-73.
Reaction of compound A-62 and (D)-glucuronic acid following the procedure of Example L

gave compound A-76.

Example S
[0070] Compound A-74. Compound A-74 was prepared from compound A-66 and (D)-

glucuronic acid using the procedure of Example L.

Example T
[0071] Compounds A53, A-57, A-59, and A-60. Referring to Fig. 12, a solution of

compound A-19 (200 mg) in NMP (5 mL) was treated at RT with DIEA (0.1 mL) and

acryloyl chloride 32 (100 mg). The mixture was stirred at RT for 10 min and diluted with
AcOEt (20 mL). The resulting precipitate was collected by filtration, washed with Et,0, and
dried to give intermediate 33. A solution of intermediate 33 (50 mg) in NMP (2 mL) was
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treated at RT with N-isopropylpiperazine (0.5 mL) and stirred at 60°C for 30 min. The crude
product was purified by HPLC to give compound A-53. Compounds A-57, A-59, and A-60

were also made by this general approach, mutatis mutandis, by using appropriate amines 34.

Example U
[0072] Compound A-7. Compound A-7 was prepared from compound A-8 by Pd-catalyzed

hydrogenation in MeOH, followed by purification by HPLC.

In vitro Biological Activity — Minimum Inhibitory Concentrations

[0073] In vitro biological activity data were collected for a variety of microorganisms,
including Staphylococcus aureus (ATCC 27660, a methicillin resistant strain (MRSA);
ATCC 13709, a methicillin sensitive strain (MSSA)), Enterococcus faecalis (ATCC 29212),
Bacillus cereus (ATCC 11778), Streptococcus pneumoniae (ATCC 49619), Candida
albicans (ATCC 38247), Escherichia coli (ATCC 25922), and Moraxella (now Branhamella)
catarrhalis (ATCC 25238). It is noteworthy that some compounds of this invention exhibit
activity against the Gram-negative bacterium E. coli, a trait not commonly found among

poly(heteroaromatic carboxamide) antimicrobial agents.

[0074] Preferably, compounds of this invention have a minimum inhibitory concentration
of 4 ug/mL or less against at least one of Staphylococcus aureus (ATCC 27660),
Streptococcus pneumoniae (ATCC 49619), and Enterococcus faecium (ATCC 29212).

[0075] The minimal inhibition concentration (MIC) of these compounds was determined
using the National Committee for Clinical Laboratory Standards (NCCLS) broth
microdilution assay in microtiter plates, as set forth in: (1) the guidelines of the National
Committee for Clinical Laboratory Standards (NCCLS) Document M7-A4 (NCCLS, 1997); (2)
the guidelines of the National Committee for Clinical Laboratory Standards (NCCLS)
Document M11-A4 (NCCLS, 1997); and (3) the guidelines and reference method of the
National Committee for Clinical Laboratory Standards (NCCLS) Document M27-T (NCCLS,
1995). For antifungal assays, the method recommended in Murray, PR., /995 Manual of
Clinical Microbiology (ASM Press, Washington, DC.), was employed.

[0076] The results are presented in Table B below, which is keyed as follows:
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Organism tested against:

A =S. aureus ATCC 13709

C =F. faecalis ATCC 29212

E = S. pneumoniae ATCC 49619

G =E. coli ATCC 25922
Activity:

+++ = MIC < 4 pg/mL

+ =12 < MIC < 32 pg/mL

27
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B =S. aureus ATCC 27660

D = B. cereus ATCC 11778

F =C. albicans ATCC 38247

H = M. catarrhalis (ATCC 25238)

++ =4 < MIC < 12 pg/mL
>32 = MIC greater than 32 pg/mL
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Table B
Ref No. Organism (Minimum Inhibitory Concentration (MIC), pg/mL)

A B C D E F G H
A-1 ++ +++ +++ ++ +++ >32 >32 +
A-2 - At +++ -+ ++ >32 >32 +
A-3 -+ -+ +++ +++ +++ >32 >32 ++
A-4 +++ +++ R bt ++ + ++ +++
A-5 A+ +++ -+ +++ -+ >32 >32 >32
A-6 +++ +++ +++ +++ +++ + + ++
A-7 +++ +++ ++ +++ +++ >32 >32 +
A-8 +++ +++ +++ Ht +++ ++ ++ ++
A-9 -+ +++ +H++ +++ ++ ++ ++ +
A-10 +++ +++ ++ +++ ++ >32 >32 +H+
A-11 +++ +++ ++ +++ +++ >32 >32 +++
A-12 -+ +++ +++ A+ >32 >32 et
A-13 +++ 4+ -+ +++ +++ >32 >32 +++
A-14 +++ +++ =+ ++ ++ >32 >32 +++
A-15 +4++ +++ =+ +++ +H+ >32 >32 ++
A-16 -+ +++ +H+ +++ +++ >32 -+ ++
A-17 ++ +4+ ++ +++ +++ + +++ 4+
A-18 +++ +++ ++ +++ +++ >32 >32 +++
A-19 +++ ++- 4+ + +++ >32 + +++
A-20 +++ +++ -+ -+ ++ + +++ ++
A-21 +++ +++ ++ +H+ -+ >32 >32 -+
A-22 +++ +++ +++ ++ +++ >32 >32 ++
A-23 +++ +++ +++ +++ +++ >32 >32 +++
A-24 +++ +++ +++ ++ +++ ++ >32 +++
A-25 +++ +++ +++ ++ +++ >32 >32 +H+
A-26 +++ +++ ++ +++ +++ >32 >32 >32
A-27 +++ +++ + +++ +++ >32 >32 +++
A-28 +++ +++ -+ +++ +++ + ++ +++
A-29 +++ +++ -+ +++ +++ + ++ +++
A-30 +++ 4+ +++ +++ +++ >32 >32 +
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Table B
Ref. No. Organism (Minimum Inhibitory Concentration (MIC), pg/mL)

A B C D E F G H
A-31 4+ +++ ++ ++ +++ + >32 >32
A-32 +++ ++ +++ ++ +++ >32 >32 ++
A-33 +++ ++ +++ +++ +++ >32 -+ >32
A-34 +++ +++ +++ +++ +++ >32 ++ +++
A-35 +++ +++ +++ +++ +++ >32 >32 ++
A-36 +++ +++ et +++ +++ + >32 ++
A-37 4+ +++ 4+ ot 4+ >32 +++ +++
A-38 +++ +++ +++ +++ +++ >32 >32 +++
A-39 +++ +++ +++ +++ +++ >32 >32 >32
A-40 ot At -+t -+ +++ >32 >32 ++
A-41 -+ ++ +++ ot >32 >32 -+
A-42 +++ +++ + + + >32 >32
A-43 +++ +++ +++ +++ +++ >32 >32 >32
A-45 +++ +++ +++ +++ +++ >32 >32 +
A-46 +++ -+ +++ +H+ +++ >32 >32 ++
A-47 +++ ++ +++ ++ +H+ + >32 +++
A-48 +++ +++ +++ ++ +H+ >32 >32 +++
A-49 ++ +++ + >32 ++ >32 >32 >32
A-50 +++ ++ ++ + +++ >32 >32 >32
A-51 +++ +++ +++ +++ ++ >32 >32 +++
A-52 >32 ++ >32 >32 >32 >32 >32 >32
A-53 +++ +++ 4+ +++ +++ >32 >32 +++
A-54 +++ +++ +++ +++ +H+ >32 >32 >32
A-55 +++ +++ =+ +H+ +H >32 >32 +
A-56 -+ +++ +++ -+ ++ >32 >32 +++
A-57 +++ 4+ ++ et ++ >32 ++ ++
A-58 +++ +++ +++ +++ ++ >32 >32 +++
A-59 +++ -+ +++ ++ -+ >32 >32 +++
A-60 =+ +++ +H+ +++ ++ ++ >32 ++
A-61 +++ +++ ++ +++ ++ >32 >32 +++
A-62 +++ ++ +++ +++ ++ >32 >32 +++
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Table B
Ref No. Organism (Minimum Inhibitory Concentration (MIC), pg/mL)

A B C D E F G H
A-63 4+ 4+ +++ +++ +++ >32 +++ -
A-64 +++ 4+ +++ +++ +++ >32 >32 ++
A-65 4+ 4+ ot +++ e ++ >32 +++
A-66 ++ +++ +++ +++ - >32 >32 +++
A-67 +++ -+ +++ +++ - ++ + +++
A-68 +++ -+ ++ +++ + >32 >32 >32
A-69 o+ -+ +++ +++ +H+ >32 >32 ++
A-70 +++ ++ +++ +++ 4+ >32 +++ +++
A-71 +++ +++ +++ +H+ +H+ >32 ++ ++
A-72 +++ +++ +++ ++ =+ >32 >32 ++
A-73 -+ -+ ++ ++ ++ >32 >32 >32
A-74 ++ +++ ++ - ++ >32 >32 >32
A-75 +++ +++ +++ =+ 4+ >32 >32 >32
A-76 +++ +++ +H+ +++ 4+ >32 >32 =
A-77 +++ ++ +++ +++ +++ >32 >32 +
A-78 i+ +++ ++ —+ 4+ >32 + +++
A-79 +++ +++ ++ 4+ ++ >32 >32 +
A-80 +++ +++ +++ +++ +++ >32 >32 ++
A-81 +++ +++ +++ +++ +++ >32 >32 +++

In vitro Biological Activity — Diffusion Analysis

[0077] The diffusion assays on a compound of this invention were performed according to
NCCLS Guidelines (Performance Standards for Antimicrobial Susceptibility Testing, M100-
S12 vol. 22 and Performance Standards for Antimicrobial Disk Susceptibility Tests, M2-A7

vol. 20) with the following modifications:

[0078] 1. Disk Diffusion of Formulated Creams: A sterile filter paper disk was wet with
0.85% sodium chloride and cream was applied to one side of the disk. The disk was placed,

cream side down, on the agar (tryptic soy agar, or TSA).
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[0079] 2. Diffusion of Formulated Creams from Wells with 1.2% Cation-Adjusted Mueller
Hinton Agar (CAMHB) Overlay: Glass cylinders were used to create wells in an 15 ml

overlay of 1.2% CAMHB containing the test microorganism. Cream was applied to the wells.

[0080] Generally, diffusion of the drug from the inoculation site (the disk or the well, as the
case may be) through the agar creates a concentration gradient of the test compound.
Bacterial growth is inhibited by the drug, creating a zone of inhibition. A larger inhibition

zone corresponds to a more active compound.

[0081] The activity of the compound was determined by measurement of the zone of
inhibition surrounding the disk. The results are provided in Tables C, D, and E. The diffusion
results of Table C measure the diffusion of free compound. The diffusion results of Tables D

and E measure the diffusion of compound formulated into a cream.

Table C
Disc Diffusion of Non-formulated Compounds

Zone Diameter (nearest whole mm)
Compou.nd Staphviococcus aureus Enterococcus faecalis | Streptococcus pneumo-
(30 pg/disc) ATPC% 13700 on TsA | ATCC292120nTSA+ | niae ATCC 49619 on
5% Sheep Blood TSA + 5% Sheep Blood
13873 * 9 7 9
Vancomycin 15 15 19

(6.3 mm is the diameter of the disc, indicating no inhibition zone/diffusion.)
* Precipitation of compound observed after 1:6 dilution in sterile water.

Table D

Disc Diffusion of Formulated Creams

Compound (20 L saline, then
cream applied to disc)

Zone Diameter (nearest whole mm)

Staphylococcus aureus
ATCC 13709 on TSA

Staphylococcus epidermidis
ATCC 12228 on TSA

13873

9

13

3-in-1 Antibiotic Ointment *

9

16

(6.3 mm is the diameter of the disc, indicating no inhibition zone/diffusion.)
* Contained bacitracin, neomycin, and polymyxin B
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Table E
Disc Diffusion of Formulated Creams from Wells in 1.2% CAMHA Overlay

Zone Diameter (nearest whole mm)
Compound Staphylococcus aureus Staphylococcus epidermidis
ATCC 13709 on TSA ATCC 12228 on TSA
13873 14 17 .

(8 mm is the diameter of the well indicating no inhibition zone/diffusion)

[0082] The above results demonstrate that the tested compound has the diffusion properties

needed for use as a topical antibiotic.

In vivo Biological Activity

[0083] This example demonstrates in vivo efficacy against infection by methicillin resistant

Staphylococcus aureus ATCC 33591, using a murine neutropenic thigh model.

[0084] A S. aureus ATCC 33591 culture was grown to log phase overnight and diluted in
phosphate buffered saline (pH 7.4) to an optical density of about 0.1 at 600 nm, giving an
approximate concentration of 10® cfw/mL. The suspension was diluted 1:100 in phosphate

buffered saline (pH 7.4) for a final concentration of 10® cfu/mL.

[0085] Outbred female ICR mice (approx. 25 gram body weight) were rendered
neutropenic by treatment with cyclophosphamide (200 mg/kg body weight, intraperitoneal
injection) at 1 and 4 days prior to inoculation. Groups of 3-5 mice were inoculated with 0.05
mL of the bacteria (approx. 10° cfiymL) into the anterior thigh. Each group was treated
intravenously two hours post infection with vehicle or test compound. The mice were
sacrificed at predetermined time-points (e.g. 5 or 24 hrs) after treatment and thighs were
collected aseptically. Each thigh was placed into sterile saline, and homogenized. The tissue
homogenates were diluted appropriately for plating on agar plates. Colony counts were
recorded (cfu/thigh) and compared to control groups. The data are presented in Table F

below:
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Table F
Murine Neutropenic Thigh Model
Compound No. Dose Colony Count (log cfu/gram)
(Time) (mg/kg) Compound Vehicle
13873 (5hrs) 25 4.10 7.16
13873 (24hrs) 30 4.24 7.11
13781 (5Shrs) 40 5.95 7.45
13781 (Shrs) 20 6.50 7.45
13876 (Shrs) 50 6.29 7.28
13881 (Shrs) 50 6.22 7.28
13874 (5hrs) 50 6.42 7.28

[0086] In vivo efficacy was shown by a decrease in colony count (log cfu/gram of tissue) in
the compound-treated animals when compared against the colony count in animals given only

the vehicle.

[0087] The foregoing detailed description of the invention includes passages that are
chiefly or exclusively concerned with particular parts or aspects of the invention. It is to be
understood that this is for clarity and convenience, that a particular feature may be relevant in
more than just the passage in which it is disclosed, and that the disclosure herein includes all
the appropriate combinations of information found in the different passages. Similarly,
although the various figures and descriptions herein relate to specific embodiments of the
invention, it is to be understood that where a specific feature is disclosed in the context of a
particular figure or embodiment, such feature can also be used, to the extent appropriate, in
the context of another figure or embodiment, in combination with another feature, or in the

invention in general.

[0088] Further, while the present invention has been particularly described in terms of
certain preferred embodiments, the invention is not limited to such preferred embodiments.

Rather, the scope of the invention is defined by the appended claims.
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WHAT IS CLAIMED 18S:

1. A compound according to formula (I)

H
Ar\”/ N H
BN
N H
CH; O N\(N ’ @
/N
° Syt
|
CH; O
and the solvates, prodrugs, and pharmaceutically acceptable salts thereof, wherein
Ar is an unsubstituted or substituted phenyl group, an unsubstituted or substituted 5-member
heteroaryl group, an unsubstituted or substituted 6-member heteroaryl group, an
unsubstituted or substituted 6,6-condensed ring aryl or heteroaryl group, an
unsubstituted or substituted 5,5-condensed ring heteroaryl group; an unsubstituted or
substituted 5,7-condensed ring aryl or heteroaryl group, or an unsubstituted or
substituted 6,5-condensed ring heteroaryl group; and
R is a C; to Cyg alkyl or heteroalkyl moiety containing a basic group having a pKy of 12 or

less or a quaternized nitrogen group.

2. A compound according to claim 1, wherein Ar is an unsubstituted or
substituted phenyl, imidazolyl, pyrrolyl, pyrazolyl, furanyl, isothiazolyl, oxazolyl, isoxazolyl,
thiazolyl, furazanyl, 1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl, 1,3,4-
thiadiazolyl, 1,2,3-triazolyl, 1,2,4-triazolyl, 1,3,4-oxadiazolyl, 1,2,4-oxadiazolyl, thienyl,
pyridyl, pyrimidyl, pyrazinyl, pyridazinyl, triazinyl, naphthyl, quinolyl, isoquinolyl,
benzothienyl, indolyl, or benzofuranyl group. '

3. A compound according to claim 1, wherein Ar is selected from the

group consisting of

cl N a ©
1, L, OO
F7ON
S S F
N Z>N <O Z>N
N \l o \'
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2\ ~ "N =~ "N
N , N N
NO, NH, Cl
4. A compound according to claim 3, wherein Ar is
Z "N
o I
5. A compound according to claim 4, wherein R is
OH
6. A compound according to claim 1, wherein R is
1
R/\N .R

"22
where R' and R? independently are C; to C4 alkyl or heteroalkyl moieties and may join

together to form, together with the nitrogen to which they are bound, a 5 to 7 member ring.

7. A compound according to claim 1, wherein R is selected from the

group consisting of

A~y ENGZN A~y A~y
S 9% g g

F
£ & A~ A
OH
ENPA

’f\/\N o)
SNy
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8. A compound according to claim 1, having a minimum inhibitory
concentration of 4 pg/mL or less against at least one of Staphylococcus aureus (ATCC
27660), Streptococcus pneumoniae (ATCC 49619), and Enterococcus faecium (ATCC
29212).

0. A method of treating a bacterial infection in a mammal, comprising
administering to a patient in need of such treatment an effective amount of a compound

according to claim 1.

10. A method according to claim 7, wherein the bacterial infection is an

infection by drug resistant bacteria.

11.  The use of a compound according to claim 1 for the preparation of a

medicament for the treatment of a bacterial infection in a mammal.
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