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DIHYDROFOLATE REDUCTASE
INHIBITORS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priority under 35
U.S.C. §119(e) to U.S. Provisional Application No. 61/350,
886 filed on Jun. 2, 2010, the disclosure of which is hereby
incorporated by reference in their entirety for all purposes.

FIELD OF THE INVENTION

The disclosure relates to compounds and compositions that
inhibit the dihydrofolate reductase (DHFR) family of
enzymes; methods of making and using these compounds and
compositions for the treatment and prophylaxis of diseases in
mammals including the treatment of cell proliferative dis-
eases such as cancers and inflammation, and to their use as
anti-infective agents for bacterial, fungal or parasitic infec-
tion.

BACKGROUND OF THE INVENTION

Bacterial infections pose a continuing medical problem
because anti-bacterial drugs eventually engender resistance
in the bacteria on which they are used. Consequently, a need
exists for new drugs with efficacy against pathogenic bacteria
for use in the therapy and prophylaxis of bacterial infections.

One target for development of anti-bacterial drugs has been
dihydrofolate reductase (DHFR), an enzyme on the synthetic
pathway to purine and pyrimidine nucleotides. DHFR inhibi-
tors have been disclosed in US 20090118311, which is hereby
incorporated by reference in its entirety.

Folate (pteroylglutamate) is a vitamin which is a key com-
ponent in the biosynthesis of purine and pyrimidine nucle-
otides. Following absorption, dietary folate is reduced to
dihydrofolate and then further reduced to tetrahydrofolate by
the enzyme dihydrofolate reductase (DHFR). Inhibition of
DHER leads to a reduction in nucleotide biosynthesis result-
ing in inhibition of DNA biosynthesis and reduced cell divi-
sion. DHFR inhibitors are widely used in the treatment of
cancer, cell proliferative diseases such as rheumatoid arthri-
tis, psoriasis and transplant rejection. DHFR inhibitors have
also found use as anti-infective and anti-parasitic agents.
Many types of DHFR inhibitor compounds have been sug-
gested, and several such compounds are used as anti-cancer,
anti-inflammatory, anti-infective and anti-parasitic agents.

Methotrexate is the most widely used DHFR inhibitor,
which contains a glutamate functionality that enables it to be
actively transported into and retained inside of cells. How-
ever, cancer cells can become resistant to methotrexate by
modifying this active transport mechanism. Furthermore,
non-mammalian cells lack the active transport system and
methotrexate has limited utility as an anti-infective agent.
Lipophilic DHFR inhibitors which can be taken up by passive
diffusion into cells have therefore been developed both to
circumvent cancer cell resistance and for use as anti-infective
agents. However, agents that passively diffuse into cells also
exit the cell readily. Thus, there remains a need in the art for
DHEFR inhibitors that accumulate in cells in a way that does
not depend on the active transport mechanism of methotrex-
ate or on the lipophilicities.

SUMMARY OF THE INVENTION

The disclosure addresses these needs by providing new
compounds and pharmaceutical compositions thereof, for
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inhibiting DHFR activity and for treating cell proliferative
diseases, autoimmune diseases, inflammatory diseases or
bacterial, fungal or parasitic infections. Thus, in one embodi-
ment the disclosure provides compounds of Formula I

Formula I
R® NH,
RS
Ny
)\
T N NH,
R

wherein:

Z is a five to 10-membered aryl or heteroaryl ring com-
pound comprising 0-4 heteroatoms independently selected
from the group consisting of N, O, and S;

R represents one or more moieties independently selected
from the group consisting of H, halo, lower alkyl, lower
alkoxy, CF3, amino, CN, and optionally-substituted aryl, and
optionally-substituted heterocyclyl;

R’ is selected from the group consisting of H, halo, lower
alkyl, and lower alkoxy;

RS is selected from the group consisting of H, halo, lower
alkyl, lower alkoxy, CF3, 5-membered heteroarylmethylene,
and amino; and

pharmaceutically acceptable salts, solvates, and prodrugs
thereof.

The disclosure also provides pharmaceutical compositions
of the compound of Formula I, and methods for inhibiting
DHFR activity and for treating cell proliferative diseases,
autoimmune diseases, inflammatory diseases or bacterial,
fungal or parasitic infections using the compound of Formula
L

DETAILED DESCRIPTION OF THE INVENTION

Unless otherwise specified, technical terms take the mean-
ings specified in the McGraw-Hill Dictionary of Scientific
and Technical Terms, 6th edition.

Definitions

“Alkyl” refers to substituents derived from optionally-sub-
stituted saturated hydrocarbons, whether cyclic or acyclic, by
removal of one or more hydrogen atoms.

“Lower alkyl” refers to optionally-substituted acyclic alkyl
groups having one to six carbon atoms, and to cyclic alkyl
groups having three to six carbon atoms.

Similarly, “lower alkoxy” refers to —OR groups where R
comprises a chain of one to six carbon atoms.

“Aryl” refers to optionally-substituted monocyclic and
fused bicyclic carbocyclic groups having from five to 12
carbon atoms and having at least one aromatic ring. Examples
of particular aryl groups include phenyl and naphthyl.

“Heterocyclic,” “heterocycle,” and “heterocyclyl” refer to
optionally-substituted monocyclic and fused bicyclic groups,
saturated or unsaturated, aromatic or non-aromatic, having
the specified number of members and including 1-4 heteroa-
toms selected from N, O and S. Examples include tetrahydro-
furan, dihydropyran, tetrahydropyran, pyran, oxetane, thiet-
ane, 1,4-dioxane, 1,3-dioxane, 1,3-dioxalane, piperidine,
piperazine, tetrahydropyrimidine, pyrrolidine, morpholine,
thiomorpholine, thiazolidine, oxazolidine, tetrahydrothiopy-
ran, and tetrahydrothiophene.
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“Heteroaryl” refers to those heterocycles defined above
that are aromatic. Examples of particular heteroaryl groups
include furan, thiophene, pyrrole, imidazole, pyrazole, triaz-
ole, tetrazole, thiazole, oxazole, isoxazole, oxadiazole, thia-
diazole, isothiazole, pyridine, pyridazine, pyrazine, pyrimi-
dine, quinoline, isoquinoline, benzofuran, benzothiophene,
indole, and indazole.

The term “members” or “membered” in the context of
heterocyclic and heteroaryl groups refers to the total atoms,
carbon and heteroatoms N, O and/or S, which form the ring.
Thus, an example of a 6-membered heterocyclic ring is pip-
eridine and an example of a 6-membered heteroaryl ring is
pyridine.

“Optionally-substituted” refers to the possible presence of
one or more pendant substituents in which one or more hydro-
gen atoms is replaced by groups independently selected from
C,-Csalkyl, C,-C alkoxy, oxo (which may be represented in
the tautomeric enol form), carboxyl, amino, hydroxy (which
when present in an enol system may be represented in the
tautomeric keto form), nitro, sulphono, sulphanyl, C,-C, car-
boxyl, C,-C, alkoxycarbonyl, C,-C; alkylcarbonyl, formyl,
aryl, aryloxy, aryloxycarbonyl, arylcarbonyl, heteroaryl,
amino, mono- and di(C,-C alkyl)amino; carbamoyl, mono-
and di(C,-Cy)aminocarbonyl, amino-C,-C, alkylaminocar-
bonyl, mono- and di(C,-C4 alkyl)amino-C,-C; alkyl-ami-
nocarbonyl, C,-C, alkylcarbonylamino, cyano, guanidino,
carbamido, C,-C, alkanoyloxy, C,-C, alkylsulphonyloxy,
dihalogen-C,-C4-alkyl, trihalogen-C,-C,, halogen, where
aryl and heteroaryl representing substituents maybe substi-
tuted one or more times with C,-C alkyl, C,-C alkoxy, nitro,
cyano, hydroxy, amino or halogen. In general, the above
substituents may be susceptible to further optional substitu-
tion. Furthermore, the phrase “optionally-substituted X, Y
and Z” is to be interpreted to mean that each of X, Y and Z is
optionally-substituted unless otherwise indicated.

Many of the compounds here are disclosed as hydrochlo-
ride or other salts, but those skilled in medicinal chemistry
will appreciate that the choice of salt is not critical, and other
pharmaceutically-acceptable salts can be prepared by well-
known methods. Handbook of Pharmaceutical Salts: Proper-
ties, Selection and Use. (P. Heinrich Stahl and Camille G.
Wermuth, eds.) International Union of Pure and Applied
Chemistry, Wiley-VCH 2002 and L. D. Bighley, S. M. Berge,
D. C. Monkhouse, in “Encyclopedia of Pharmaceutical Tech-
nology’. Eds. J. Swarbrick and J. C. Boylan, Vol. 13, Marcel
Dekker, Inc., New York, Basel, Hong Kong 1995, pp. 453-499
discuss such salts in detail.

More generally, those skilled in the art will appreciate that
a variety of prodrugs, salts, hydrates, solvates, and polymor-
phs can be produced from the compounds disclosed here, and
that various isotopically-substituted variants (through, e.g.,
substitution of deuterium for hydrogen, 13C for carbon, 15N
for nitrogen) can also be readily produced. All such deriva-
tives are contemplated within the scope of this disclosure.

Certain compounds of the disclosure possess asymmetric
carbon atoms (optical or chiral centers) or double bonds; the
enantiomers, racemates, diastereomers, tautomers, geometric
isomers, stereoisometric forms that may be defined, in terms
of absolute stereochemistry, as (R)-or (S)-or, as (D)-or (L)-
for amino acids, and individual isomers are encompassed
within the scope of the disclosure. The compounds of the
disclosure do not include those which are known in art to be
too unstable to synthesize and/or isolate. The disclosure is
meant to include compounds in racemic and optically pure
forms. Optically active (R)- and (S)-, or (D)- and (L)- isomers
may be prepared using chiral synthons or chiral reagents, or
resolved using conventional techniques. When the com-
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pounds described herein contain olefinic bonds or other cen-
ters of geometric asymmetry, and unless specified otherwise,
it is intended that the compounds include both E and Z geo-
metric isomers. Unless otherwise stated, structures depicted
herein are also meant to include all stereochemical forms of
the structure; i.e., the R and S configurations for each asym-
metric center. Therefore, single stereochemical isomers as
well as enantiomeric and diastereomeric mixtures of the com-
pounds are within the scope of the disclosure.

The present application discloses pharmaceutical compo-
sitions containing one or more compounds of formula (T) with
a pharmaceutically acceptable carrier. Pharmaceutical com-
positions containing one or more of the compounds described
herein as the active ingredient can be prepared by intimately
mixing the compound or compounds with a pharmaceutical
carrier according to conventional pharmaceutical compound-
ing techniques. The carrier may take a wide variety of forms
depending upon the desired route of administration (e.g., oral,
parenteral). Thus for liquid oral preparations such as suspen-
sions, elixirs and solutions, suitable carriers and additives
include water, glycols, oils, alcohols, flavoring agents, pre-
servatives, stabilizers, coloring agents and the like; for solid
oral preparations, such as powders, capsules and tablets, suit-
able carriers and additives include starches, sugars, diluents,
granulating agents, lubricants, binders, disintegrating agents
and the like. Solid oral preparations may also be coated with
substances such as sugars or be enteric-coated so as to modu-
late major site of absorption. For parenteral administration,
the carrier will usually consist of sterile water and other
ingredients may be added to increase solubility or preserva-
tion. Injectable suspensions or solutions may also be prepared
utilizing aqueous carriers along with appropriate additives.

To prepare the pharmaceutical compositions disclosed
here, one or more of the disclosed compounds is intimately
admixed with a pharmaceutical carrier according to conven-
tional pharmaceutical compounding techniques, which car-
rier may takea wide variety of forms depending of the form of
preparation desired for administration, e.g., oral or parenteral
such as intramuscular. In preparing the compositions in oral
dosage form, any of the usual pharmaceutical media may be
employed. Thus, for liquid oral preparations, such as for
example, suspensions, elixirs and solutions, suitable carriers
and additives include water, glycols, oils, alcohols, flavoring
agents, preservatives, coloring agents and the like; for solid
oral preparations such as, for example, powders, capsules,
caplets, gelcaps and tablets, suitable carriers and additives
include starches, sugars, diluents, granulating agents, lubri-
cants, binders, disintegrating agents and the like. Tablets and
capsules may include solid pharmaceutical carriers. If
desired, tablets may be sugar coated or enteric coated by
standard techniques. For parenterals, the carrier will usually
comprise sterile water, through other ingredients, for
example, for purposes such as aiding solubility or for preser-
vation, may be included. Injectable suspensions may also be
prepared, in which case appropriate liquid carriers, suspend-
ing agents and the like may be employed. The pharmaceutical
compositions herein will contain, per dosage unit, e.g., tablet,
capsule, powder, injection, and the like, an amount of the
active ingredient necessary to deliver the desired dose. The
pharmaceutical compositions herein will contain, per unit
dosage unit, e.g., tablet, capsule, powder, injection, supposi-
tory, and the like, of from about 50-100 mg and may be given
at a dosage of from about 0.1-5.0 mg/kg/day, preferably from
about 0.5-2.5 mg/kg/day. Determination of the appropriate
dosage of drugs generally is well within the ability of those
skilled in pharmacology and clinical medicine, and in the
present context may be varied depending upon the require-
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ment of the patients, the severity of the condition being
treated and the compound being employed. The use of either
daily administration or post-periodic dosing may be
employed.

Preferably these compositions are in unit dosage forms
from such as tablets, pills, capsules, powders, granules, sterile
parenteral solutions or suspensions, metered aerosol or liquid
sprays, drops, ampoules, autoinjector devices or supposito-
ries; for oral parenteral, intranasal, sublingual or rectal

w

6

tion is then subdivided into unit dosage forms of the type
described above containing from 0.1 to about 500 mg of the
active ingredient of the present invention. The tablets or pills
of the novel composition can be coated or otherwise com-
pounded to provide a dosage form affording the advantage of
prolonged action. For example, the tablet or pill can comprise
an inner dosage and an outer dosage component, the latter
being in the form of an envelope over the former. The two
components can be separated by an enteric layer which serves

administration, or for administration by inhalation or insuf- 10 to resist disintegration in the stomach and permits the inner
flation. Alternatively, the composition may be presentedina  component to pass intact into the duodenum or to be delayed
form suitable for once-weekly or once-monthly administra- in release. A variety of material can be used for such enteric
tion; for example, an insoluble salt of the active compound, layers or coatings, such materials including a number of
such as the decanoate salt, may be adapted to provide a depot polymeric acids with such materials as shellac, cetyl alcohol
preparation for intramuscular injection. For preparing solid 15 and cellulose acetate.
compositions such as tablets, the principal active ingredient is The liquid forms in which the novel compositions of the
mixed with a pharmaceutical carrier, e.g. conventional tablet- ~ present invention may be incorporated for administration
ing ingredients such as corn starch, lactose, sucrose, sorbitol, orally or by injection include, aqueous solutions, suitably
talc, stearic acid, magnesium stearate, dicalcium phosphate  flavored syrups, aqueous or oil suspensions, and flavored
or gums, and other pharmaceutical diluents, e.g. water, to 20 emulsions with edible oils such as cottonseed oil, sesame oil,
form a solid preformulation composition containing a homo- coconut oil or peanut oil, as well as elixirs and similar phar-
geneous mixture of a compound of the present invention, or a maceutical vehicles. Suitable dispersing or suspending
pharmaceutically acceptable salt thereof. When referring to agents for aqueous suspensions, include synthetic and natural
these preformulation compositions as homogeneous, it is gums such as tragacanth, acacia, alginate, dextran, sodium
meant that the active ingredient is dispersed evenly through- 25 carboxymethylcellulose, methylcellulose, polyvinyl-pyrroli-
out the composition so that the composition may be readily done or gelatin.
subdivided into equally effective dosage forms such as tab- In one aspect, the disclosure provides a compound of For-
lets, pills and capsules. This solid preformulation composi- mula I, wherein the compound is selected from Table 1.
TABLE 1
# Structure Name

OCH;

7-(2-methoxyphenyl)quinazoline-2,4-diamine

7-(2-aminophenyl)quinazoline-2,4-diamine

7-(2,5-dimethoxyphenyl) quinazoline-2,4-diamine
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TABLE 1-continued

# Structure Name

4 NH, 7-(4-aminophenyl)quinazoline-2,4-diamine
AN

N)\ NH,
N
5

7-(4-aminophenyl )-6-methylquinazoline-2,4-

diamine
H;C I

LN

1-(3-(2,4-diaminoquinazolin-7-yl)-phenyl)ethanone

~1

1-(3-(2,4-diamino-6-methyl quinazolin-7-yl)-
pheny!)ethanone

H;C

7-(2,5-dimethoxyphenyl)-6-methylquin-azoline-2,4-
diamine

7-(1H-indol-4-yl)-6-methylquinazoline-2,4-diamine
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TABLE 1-continued
# Structure Name
10 N 6-((1H-imidazol-1-ylmethyl)-7-(3,4-
4 \5 dimethoxyphenyl)quinazoline-2.4-diamine
N NH,
SN
H;CO )\
N NH,
H;CO
11 H, 3-(2,4-diamino-6-methylquinazolin-7-
yl)benzonitrile
N N
NC
NHz
12 H, 3-amino-5-(2,4-diamino- 6-methylquin-azolin-7-
yl)benzonitrile
Ny
NC )\
NH,
13 NH; 2-(3-(2,4-diamino-6-methylquinazolin-7-yl)-
phenyl)acetonitrile
Ny
)\
NC NH,
14 H, 7-(1-(2-methoxyethyl)-5,6-dimethyl-1H-benzo[d]-
imidazol-2-yl)quinazoline-2,4-diamine
H;CO
Ny
N )\

NI,

HC

10
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TABLE 1-continued
# Structure Name
15 NH, 7-(2-cyclopropyl-5,6-dimethyl-1H-benzo[d]-
imidazol-1-yl)quinazoline-2,4-diamine
Ny
)\
/ N N NH,
N,
CHj;
H;C

7-(5,6-dimethyl-2-(pyridin-2-yl)-1H-benzo[d]-

16 NH,
imidazol-1-yl)quinazoline-2,4-diamine
\ / Ny
N
)\
/ N N NH,
N
CHj

H;C
17 NH, 7-(2-(furan-2-y1)-5,6-dimethoxy-1H-benzo[d]-
= imidazol-1-yl)quinazoline-2,4-diamine
ot Ny
/k
/ N N NI,
N
CH;

:C

18 7-(5,6-dimethyl-2-(thiophen-2-yl)- 1H-benzo[d]-

imidazol-1-yl}quinazoline-2,4-diamine

NH,

7‘Y©
Z

Z, Z,
i

CH;
HC

12
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TABLE 1-continued

# Structure Name

19 NH, 7-(5,6-dimethyl-2-morpholino- 1H-benzo[d]-

[¢]
imidazol-1-yl)quinazoline-2,4-diamine
: Ny
N
)\
/ N N NH,
N

CHj
H;C
20 F F NH, 7-(2-(3,3-difluorobutylthio)-6-methoxy-1H-benzo-
[d]imidazol-1-yl)quinazoline-2,4-diamine
N
H;C S
)\
J N N NH,
N
OCH;
21 NH, 7-(5,6-dimethyl-2-(thiophen-3-yl)- 1H-benzo[d]-
imidazol-1-yl)quinazoline-2,4-diamine
Ny
)\
N NI,
CHj
HsC
22 NH, 7-[5,6-dimethyl-2-(thiazol-2-y1)- 1H-benzo[d]-
K\ imidazol-1-yl]quinazoline-2,4-diamine
N
S/ Ny
)\
/ N N NI,
N
CHj
H;C
23 NH, g-chloro-7-(3,6-dimethoxy-2-(thiazol-2-y1)-1H-
(\ benzo[d]imidazol-1-yl)quinazo-line-2,4-diamine
N Cl
S N
)\
J N N NH,

OCH;
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TABLE 1-continued
# Structure Name
24 NH, 7-(5,6-dimethoxy-2-(thiazol-2-yl}-1H-benzo[d]-
= imidazol-1-y1}-6-methylquin-azoline-2,4-diamine
NH;C SN
Sw s N
)\
/ N N NI,
N
OCH;
H;CO
25 NH, 6-chloro-7-(3,6-dimethyl-2-(thiazol-2-y1)-1H-
= benzo[d]imidazol-1-yl)quinazeline-2,4-diamine
N
Se s Ny
)\
/ N N NH,
N
CH;
H;C
26 NH, 7-(5,6-dimethyl-2-(thiazol-2-y1)- 1H-benzo[d]-
= imidazol-1-y1}-6-methylquin-azoline-2,4-diamine
NH;C
S~/ Ny
)\
/ N N NH,
N
CH;
H;C
27 6-methyl-7-(1H-pyrrelo[2,3-b]pyridin-5-yl)quin-
azoline-2,4-diamine
28 7-(5-chloro-2-methoxypyridin-4-yl}-6-methylquin-

,C0

azoline-2,4-diamine

16
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TABLE 1-continued

# Structure Name
29 NH, 7-(2,4-dimethoxypyrimidin-5-y1)-6-methylquinazo-
line-2 4-diamine
HsC
3 xn N
)\
I\'| X N NH,
)\ Vs
H;CO N OCH;
30 N-(3'-(2,4-diaminoquinoazlin-7-yl)-4'-
ethoxybiphenyl-3-yl)methanesulfonamide
31 7-(2-ethoxynaphthalen-1-y1)-6-
methylquinazoline-2,4-diamine
32 methyl 1-(2,4-diaminoquinazolin-7-yl}-2-(thiazol-
2-yl)-1H-benzo[d]imidazole-5-carboxylate
33 NH, 6-methyl-7-(3,4,5-trimethoxyphenyl) quinazoline-
2,4-diamine
NN
0 )\
-~ N NH,
\O
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TABLE 1-continued
# Structure Name
34 NH, 6-chloro-7-(5,6-dimethyl-2-(thiazol-2-y1)-1H-
(\ benzo[d]imidazol-1-yl)quinazoline-2,4-diamine
S Cl
N \ N
)\
/N N NH,
| ;
35 NH, 7-(5,6-dimethoxy-2-thiazcl-2-y1)-1H-
K\ benzo[d]imidazol-1-yl)quinazoline-2,4-diamine
S
Naw Ny
)\
/ N N NH,
N
OCH;
H;CO
36 NH, 7-(5-methyl-2-thiophen-2-y1)-1H-
== benzo[d]imidazol-1-yl)quinazoline-2,4-diamine
S
S . = N
)\
/ N N NH,
| ;
37 NH, 7-(2-furan-2-ylj-5-methoxy-3H-imidazc[4,5-
= b]pyridine-3-yljquinazoline-2,4-diamine
O
[ X N
)\
/ N N NH,
N
=
/N
o
38 7-(2-chloro-5-methyloxypyridin-4-yl)-6-

methylquinazoline-2,4-diamine
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TABLE 1-continued

# Structure Name

39 NH, tert-butyl 1-(2,4-diaminoquinazolin-7-yl)-5-
methyl-2-thiophen-2-yl)-1H-imidazole-4-
carboxylate

40 3-(2,4-diamino-6-methylquinazolin-7-yl)-4-
ethoxy-N,N-diethylbenzamide

41 7-(1H-indol-3-yl)-6-methylquinazoline-2.4-

diamine

In another aspect, the disclosure provides a pharmaceutical
composition of a compound of Formula I together with a
pharmaceutically acceptable carrier.

In another aspect, the disclosure provides methods for
impeding growth of a bacterium by exposing the bacteria to a
compound of Formula I.

In another aspect, the disclosure provides methods for
treating a mammal prophylactically or therapeutically for a
bacterial infection by administering to the mammal a com-
pound of Formula I.

In another aspect, the disclosure provides methods for
treating a mammal prophylactically or therapeutically for a
bacterial infection comprising administering to the mammal a
pharmaceutical composition composition of a compound of
Formula I together with a pharmaceutically acceptable car-
rier.

In another aspect, the disclosure provides methods for
inhibiting DHFR activity by contacting the DHFR enzyme
with an amount of a compound of Formula I effective for such
inhibition.

In another aspect, the disclosure provides methods for
treating cell proliferative diseases, autoimmune disease,
inflammatory disease or bacterial, fungal or parasitic infec-
tion, by administering to asubject in need thereof; an effective
amount of a compound of Formula 1.

In another aspect, the disclosure provides methods for
treating cell proliferative diseases, autoimmune disease,
inflammatory disease or bacterial, fungal or parasitic infec-
tion, by administering to asubject in need thereof, an effective

40
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amount of a compound of Formula I, wherein the disease is
cancer, theumatoid arthritis, or fungal, bacterial or parasitic
infection.

EXAMPLES

Some aspects of the disclosure can be further illustrated by
the following non-limiting examples.

General Procedure for the Preparation of Diaminoquinazo-
lines:

General procedures for the preparation of the diamino-
quinazoline

Scheme 1
o HO\B _on
\ CN
1 AN Pd[0]
1 — —— .
R=r P AN K>COyDMF
Br F |
S
K
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CN
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Scheme 2
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Specific examples of diaminoquinazoline compounds pre-
pared by these methods are provided in Schemes 5-7.

55 Scheme 5
HO\ 5 /OH
HsC CN
Pd[0]
+
K,CO;/DMF
60
Br F
1
CN

65
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F Guanidine Carbonate
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Example 1

Preparation of 3'-(cyanomethyl)-5-fluoro-2-methyl-

biphenyl-4-carbonitrile (3) 35

Tetrakis(triphenylphosphine)palladium (10 mg, 0.1 mmol)
was added into the solution of 4-bromo-2-fluoro-5-methyl-
benzonitrile (110 mg, 0.5 mmol), K,CO, 70% aqueous solu-
tion (1 mL) and 3-(cyanomethyl)phenylboronic acid (96 mg,
0.6 mmol) in 10 ml N,N-dimethyl formamide, the solution
was heated at 150° C. under microwave condition for 20
minutes, and the reaction mixture was partitioned with 20 mLL
water and 50 ml ethyl acetate, the aqueous layer was
extracted with ethyl acetate (100 mL.x2), and the combined
organic layer was washed by saturated solution of sodium
bicarbonate, sodium chloride, and dried by sodium sulfate,
and concentrated by give quantitative products 3'-(cyanom-
ethyl)-5-fluoro-2-methylbiphenyl-4-carbonitrile 3 (114 mg,
88% yield, confirmed by LCMS: 251.10) without purification
for next steps.

40
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Example 2
55

Preparation of 2-(3-(2,4-diamino-6-methylquinazo-
lin-7-yl)phenyl)-aceto-nitrile (4)

To the above solution of 3'-(cyanomethyl)-3-fluoro-2-me- 60
thylbiphenyl-4-carbonitrile 3 was added guanidine carbonate
(180 mg, 0.5 mmol) and N,N-dimethy] formamide (5 mL).
The reaction was heated at 150° C. under microwave condi-
tion for 20 minutes. The mixture was purified by high perfor-
mance liquid chromatography to yield compound 4 as white
solid trifluoroacetic acid salt (89 mg, Yield: 68%, confirmed

by LCMS: 290.15 and HPLC).

65
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Scheme 6
CN H,N.
ol
+ = .
H EtOH
F N
0 2
1
CN
F (0}
H
N / \/\ Br
_—
\ NaH, DMF
N
3
/ CN
[0}
\ F
N Guanidine carbonate
\ microwave, DMF
N
4

Example (3)

Preparation of 4-(5,6-dimethyl- 1 H-benzo[d]imida-
z0l-2-yl)-2-fluorobenzo-nitrile (3)

To a solution of 2-fluoro-4-formylbenzonitrile 1 (100 mg,
0.7 mmol) and 4,5-dimethyl benzene-1,2-diamine 2 (109 mg,
0.8 mmol) in ethanol (10 m!) was added a catalytic amount of
p-toluenesulfonic acid (0.5 mg, 0.5 mmol). The mixture was
stirred reflux for 2 hours and concentrated by rotor evapora-
tion. The crude material was purified through column chro-
matography with 40% ethyl acetate in hexane to yield com-
pound 3 as white solid (68% yield, 121 mg, confirmed by
LCMS: 266.20).
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Example (4)

Preparation of 2-fluoro-4-(1-(2-methoxyethyl)-5,6-
dimethyl-1H-benzo[d]imidazol-2-yl)benzonitrile (4)

4-(5,6-dimethyl-1H-benzo[d]imidazol-2-y1)-2-fluoroben-
zonitrile 3 (110 mg, 0.4 mmol) was combined with 1-bromo-
2-methoxyethane (76 mg, 0.55 mmol), NaH (13 mg, 0.55
mmol), and N,N-dimethy! formamide (5 ml). The reaction
was heated at 100° C. for 1.5 hours. The product solution
(confirmed by LCMS: 324.22) was carried on to the next step
without purification.

Example 5

Preparation of 2-fluoro-4-(1-(2-methoxyethyl)-5,6-
dimethyl-1H-benzo[d]imidazol-2-y1)benzonitrile (5)

To the above solution of 2-fluoro-4-(1-(2-methoxyethyl)-
5,6-dimethyl-1H-benzo[d]imidazol-2-yl)benzonitrile 4 was
added guanidine carbonate (180 mg, 0.5 mmol) and N,N-
dimethyl formamide (5 mL). The reaction was heated at 150°
C. under microwave condition for 20 minutes. The mixture
was purified by high performance liquid chromatography to
yield compound 5 as white solid trifluoroacetic acid salt (96
mg, Yield: 64%, confirmed by LCMS: 363.15 and HPLC).

Scheme 7

NH; 0
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N N
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3 K,CO;3, DMF,
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N S CN
X
K;CO3, DMF,
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Example 6

General Method for the Preparation of
7-(benzimidaol-1-yl1)-2,4-diaminoquinazolines

The Preparation of 2-(5,6-dimethyl-1H-benzo[d]imida-
zol-2-y)thiazole (3): To a well-dissolved solution of 4,5-
dimethyl-1,2-phenylenediamine (1.382 g, 10 mmol) in
methanol (75 ml) was added catalytic amount of acetic acid
(121 mg, 2 mmol) followed by the drop-wise addition over 30
minutes of the solution of 2-thiazole carboxaldehyde (1.25 g,
11 mmol) in methanol (25 ml). The resulting mixture was
stirred at room temperature while oxygen was gently bub-
bling through from one-layer balloon for two days. The sol-
vent was then removed by rotor evaporation. The residue was
purified through reverse phase chromatography (150 g Tele-
dyne HP C18 column; 35% of CH,CN (0.1% TFA) in water
(0.1% TFA). Acetonitrile in the combined eluates was
removed by rotor evaporation, and the resulting aqueous solu-
tion was neutralized by sodium bicarbonate. It was then
extracted with dichloromethane (150 mlx3). The combined
organic layers were dried over magnesium sulfate, and the
solvent was taken off by rotor evaporation to afford the title
compound as yellow solid (69.4% yield, 2.08 g, confirmed by
LCMS: 230.09).

Example 7

Preparation of 4-(5,6-dimethyl-2-(thiazol-2-y1)-1H-
benzo[d]imidazol-1-y1)-2-fluorobenzonitrile (5)

2-(5,6-Dimethyl-1H-benzo[ d]imidazol-2-yl)thiazole 3
(174 mg, 0.5 mmol) was combined with 2,4-difluorobenzoni-
trile (76.5 mg, 0.55 mmol), potassium carbonate (139 mg, 1
mmol), and anhydrous N,N-dimethyl formamide (5 mL). The
reaction was heated at 100° C. under microwave condition for
3 hours. The crude product solution (confirmed by LCMS:
349.13) was carried on to the next step without purification.

Example 8

Preparation of 7-(5,6-dimethyl-2-(thiazol-2-y1)-1H-
benzo[d]imidazol-1-yl)quinazoline-2,4-diamine (6)

To the above solution of 4-(5,6-dimethyl-2-(thiazol-2-y1)-
1H-benzo[d|imidazol-1-yl)-2-fluorobenzonitrile 5 was
added guanidine carbonate (360.4 mg, 2 mmol), potassium
carbonate (552.8 mg, 4 mmol), and anhydrous N,N-dimethyl
formamide (2 mL). The reaction was heated at 140° C. under
microwave condition for 20 minutes. The mixture was puri-
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fied by high performance liquid chromatography to yield —continued
compound 6 as white solid trifluoroacetic acid salt (80 mg,
Yield: 60%, confirmed by LCMS: 388.43 and HPLC). %—O
Example 9 5 o =
N N —>
General Method for the Preparation of N
7-aryl-2.4-diaminoquiazolines: (Scheme 4)
F
Tetrakis(triphenylphosphine)palladium (10 mg, 0.1 mmol) 10 7 s
was added into the solution of 7-bromo-6-methylquinazo- —
line-2,4-diamine (126 mg, 0.5 mmol), K,CO, 70% aqueous 4
solution (1 mL) and substituted arylboronic acid (0.6 mmol)
in 10 ml N,N-dimethyl formamide, the solution was heated at
150° C. under microwave condition for 20 minutes, and the 15
reaction mixture was partitioned with 20 mL water and 50 m[L
ethyl acetate, the aqueous layer was extracted with ethyl
acetate (100 m[.x2), and the combined organic layer was
washed by saturated solution of sodium bicarbonate, sodium
chloride, and dried by sodium sulfate, concentrated and the 20
residue was subjected to pre-HPLC separation to give the
desired compounds.
Example 10
25
Preparation of tert-butyl 1-(2,4-diaminoquinazolin-7-
v1)-5-methyl-2-thiophen-2-y1)-1H-imidazole-4-car-
boxylate (compound 39)
30
Scheme 8
0] 0]
J< 5 CH;CN
| 0 " @/\NH reflux 3 5
\OH :
. tert-butyl 2-(hydroxyimino)-3-oxobutanoate 1 (1.85 g,
40 9-89 mmol) was mixed with thiophen-2-ylmethanamine 2
\/‘ ; o (1.07 mL, 10.44 mmol) in anhydrous acetonitrile (30 mL).
The resulting mixture was heated to reflux for 3 hrs, upon
N cooling, the suspension was filtered, and the filtered material
0 = N was washed with a small amount of acetonitrile to afford the
N 45 desired solid product 3 (LC-MS: 265.10). Compound 3 was
F ¥ F, converted to tert-butyl 1-(2,4-diaminoquinazolin-7-yl)-5-
methyl-2-thiophen-2-yl)-1H-imidazole-4-carboxylate 5
a (compound 39) by the method described in Examples 6-9.
3 0 Purther examples of diaminoquinazoline compounds pre-
pared by these methods are provided in
TABLE 2
# Structure Name

7-(2-methoxyphenyl)quinazoline-2,4-diamine
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# Structure Name
2 7-(2-aminophenyl)quinazoline-2,4-diamine
3 7-(2,5-dimethoxyphenyl) quinazoline-2.4-diamine
4 7-(4-aminophenyl)quinazoline-2,4-diamine
5 7-(4-aminophenyl)-6-methylquinazoline-2 ,4-
diamine
6 1-(3-(2,4-diaminoquinazolin-7-yl)-phenyl)ethanone
7 1-(3-(2,4-diamino-6-methyl quinazolin-7-yl)-
phenyl)ethanone
8 7-(2,5-dimethoxyphenyl)-6-methylquin-azoline-2,4-

diamine
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TABLE 2-continued

# Structure Name

7-(1H-indol-4-yl)-6-methylquinazoline-2.4-diamine

10 6-((1H-imidazol-1-ylmethyl)-7-(3,4-
4 5 dimethoxyphenyl)quinazoline-2 4-diamine
N NH,
NN
H;CO, )\
N NH,
H;CO
11 H, 3-(2,4-diamino-6-methylquinazolin-7-
yl)benzonitrile
O ) |
O NHz
12 H, 3-amino-5-(2,4-diamino- 6-methylquin-azolin-7-
yl)benzonitrile
O ) |
O NHz
13 H, 2-(3-(2,4-diamino-6-methylquinazolin-7-yl)-
phenyl)acetonitrile
Ny
)\
14 H, 7-(1-(2-methoxyethyl)-5,6-dimethyl-1H-benzo[d]-

imidazol-2-yl)quinazoline-2,4-diamine
H3CO
Y

A
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TABLE 2-continued
# Structure Name
15 NH, 7-(2-cyclopropyl-5,6-dimethyl-1H-benzo[d]-
imidazol-1-yl)quinazoline-2,4-diamine
Ny
)\
/ N N NH,
N,
CHj;

H;C

16 NH, 7-(5,6-dimethyl-2-(pyridin-2-yl)-1H-benzo[d]-
imidazol-1-yl)quinazoline-2,4-diamine
\ / Ny
N
)\
/ N N NH,
N
CHj
H;C

17 NH, 7-(2-(furan-2-y1)-5,6-dimethoxy-1H-benzo[d]-

>\_

=
pSoe
/N N NH»

18

JE
'z

—
Q/%
/N N)\ NH,
N
é “CH;

HC

imidazol-1-yl)quinazoline-2,4-diamine

7-(5,6-dimethyl-2-(thiophen-2-yl)- 1H-benzo[d]-
imidazol-1-yl}quinazoline-2,4-diamine
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TABLE 2-continued

# Structure Name

19 NH, 7-(5,6-dimethyl-2-morpholino- 1H-benzo[d]-

[¢]
imidazol-1-yl)quinazoline-2,4-diamine
: Ny
N
)\
/ N N NH,
N

CHj
H;C
20 F F NH, 7-(2-(3,3-difluorobutylthio)-6-methoxy-1H-benzo-
[d]imidazol-1-yl)quinazoline-2,4-diamine
N
H;C S
)\
J N N NH,
N
OCH;
21 NH, 7-(5,6-dimethyl-2-(thiophen-3-yl)- 1H-benzo[d]-
imidazol-1-yl)quinazoline-2,4-diamine
Ny
)\
N NI,
CHj
HsC
22 NH, 7-[5,6-dimethyl-2-(thiazol-2-y1)- 1H-benzo[d]-
|/\ imidazol-1-yl]quinazoline-2,4-diamine
N
S s SN
)\
/ N N NI,
N
CHs
H;C
23 NH, g-chloro-7-(3,6-dimethoxy-2-(thiazol-2-y1)-1H-
(\ benzo[d]imidazol-1-yl)quinazo-line-2,4-dimaine
N Cl
S N
)\
J N N NH,
N
OCH;
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TABLE 2-continued
# Structure Name
24 NH, 7-(5,6-dimethoxy-2-(thiazol-2-yl)-1H-benzo[d]-
(\ imidazol-1-y1}-6-methylquin-azoline-2,4-diamine
NH;C
Sl Ny
)\
/ N N NI,
N
OCH;
H;CO
25 NH, 6-chloro-7-(3,6-dimethyl-2-(thiazol-2-y1)-1H-
= benzo[d]imidazol-1-yl)quinazoline-2,4-diamine
N Cl
St Ny
)\
/ N N NH,
N
CH;
H;C
26 7-(5,6-dimethyl-2-(thiazol-2-y1)- 1H-benzo[d]-
imidazol-1-y1}-6-methylquin-azoline-2,4-diamine
27 6-methyl-7-(1H-pyrrolo[2,3-b]pyridin-5-yl)quin-
azoline-2,4-diamine
28 7-(5-chloro-2-methoxypyridin-4-yl}-6-methylquin-

azoline-2,4-diamine
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TABLE 2-continued

# Structure Name

29 NH, 7-(2,4-dimethoxypyrimidin-5-y1)-6-methylquinazo-
line-2 4-diamine

30 N-(3'-(2,4-diaminoquinoazlin-7-yl)-4'-
ethoxybiphenyl-3-yl)methanesulfonamide
31 7-(2-ethoxynaphthalen-1-y1)-6-
methylquinazoline-2,4-diamine
32 methyl 1-(2,4-diaminoquinazolin-7-yl}-2-(thiazol-
K\ 2-yl)-1H-benzo[d]imidazole-5-carboxylate
S
N / Ny
)\
33 6-methyl-7-(3,4,5-trimethoxyphenyl) quinazoline-

OE ;
0"
NH;
2,4-diamine

AN

0 )\

-~ N NH,

\O

/
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TABLE 2-continued
# Structure Name
34 NH, 6-chloro-7-(5 ,6-dimethyl-2-(thiazol-2-yl)-1H-
K\ benzo[d]imidazol-1-yl)quinazcline-2,4-diamine
S Cl
N X N
)\
/ N N NH,
| ;
35 NH, 7-(5,6-dimethoxy-2-thiazel-2-yl)-1H-
K\ benzo[d]imidazol-1-yl)quinazoline-2,4-diamine
S
N Ny
)\
/ N N NI,
N
OCH;
H;CO
36 NH, 7-(5-methyl-2-thiophen-2-y1)-1H-
= benzo[d]imidazol-1-yl)quinazoline-2,4-diamine
S
e x N
)\
/ N N NH,
| ;
37 NH, 7-(2-furan-2-yl)-3-methoxy-3H-imidazol[4,5-
= b]pyridine-3-yljquinazoline-2,4-diamine
O
= A N
)\
/ N N NH,
N
=
o
38 7-(2-chloro-5-methyloxypyridin-4-yl)-6-

methylquinazoline-2,4-diamine
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TABLE 2-continued
# Structure Name
39 NH, tert-butyl 1-(2,4-diaminoquinazolin-7-yl)-5-
methyl-2-thiophen-2-yl)-1H-imidazole-4-
N X carboxylate
o]
/k
/ N N NH,
40 3-(2,4-diamino-6-methylquinazolin-7-yl)-4-
ethoxy-N,N-diethylbenzamide
41 7-(1H-indol-3-y1)-6-methylquinazoline-2.4-

diamine

Determination of Anti-Bacterial Efficacy

Antibacterial Activity Assays

Antibacterial activity as measured by the minimal inhibi-
tory concentrations (MIC) and minimal bactericidal concen-
trations of compounds are well known (see., e.g., National
Comumittee for Clinical Laboratory Standards 2000 Perfor-
mance standards for antimicrobial disk susceptibility tests:
approved standard, 7% ed. M2-A7, vol. 20, no. 1, Committee
for Clinical Laboratory Standards, Wayne, Pa.)

In vitro testing for antibacterial activity may be accom-
plished through use of a whole-cell bacterial growth inhibi-
tion assay. For example, an agar dilution assay identifies a
substance that inhibits bacterial growth. Microtiter plates are
prepared with serial dilutions of the test compound, adding to
the preparation a given amount of growth substrate, and pro-
viding a preparation of bacteria. Inhibition of bacterial
growth is determined, for example, by observing changes in
optical densities of the bacterial cultures. Inhibition of bacte-
rial growth is determined, for example, by comparing (in the
presence and absence of a test compound) the rate of growth
or the absolute growth of bacterial cells. Inhibition includes a
reduction of one of the above measurements by at least 20%.

The compounds of the present invention are active against
a wide range of bacteria. In some embodiments, the bacteria
are Gram-positive bacteria including methicillin-susceptible
and methicillin-resistant Staphylococci (including Staphylo-
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coccus aureus, Staphylococcus epidermidis, Staphylococcus
haemolyticus, Staphylococcus  hominis, Staphylococcus
saprophyticus, and co-agulase-negative Staphylococci), gly-
copeptide intermediary-susceptible Staphylococcus aureus
(GISA), penicillin-susceptible and penicillin-resistant Strep-
tococci (including Streptococcus pneumoniae, Streptococcus
pyogenes, Streptococcus agalactiae, Streptococcus avium,
Streptococcus bovis, Streptococcus lactis, Streptococcus
sangius and Streptococei Group C, Streptococei Group G and
viridans Streptococci), enterococci (including vancomycin-
susceptible and vancomycin-resistant strains such as Entero-
coccus faecalis and Enterococcus faecium), Bacillus anthra-
cis, Clostridium difficile, Clostridium  clostridiiforme,
Clostridium innocuum, Clostridium perfringens, Clostridium
ramosum, Haemophilus influenzae, Listeria monocytogenes,
Corynebacterium jeikeium, Bifidobacterium spp., Eubacte-
rium aergfaciens, Eubacterium lentum, lactobacillus acido-
philus, Lactobacillus casei, Lactobacillus plantarum, Lacto-
coccus  spp.,  Leuconostoc  spp.,  Pediococcus,
Peptostreptococcus anaerobius, Peptostreptococcus asac-
carolyticus, Peptostreptococcus magnus, Peptostreptococcis
micros, Peptostreptococcus prevotii, Peptostreptococcus pro-
ductus, Propionibacterium acnes, and Actinomyces spp. In
some embodiments, the Gram-positive bacterium is Staphy-
lococcus aureus.
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TABLE 3

Enzymatic and Antibacterial Activity of Compounds 1-41

MIC in pg/ml DHFR Ki (nM)
S. aureus S. aurues
Compound # S, qureus  in20% serum  human DHFR ~ DHFR

1 2 4 1138 2.7

2 8 8 3922 153

3 4 8 345 4

4 4 2 702 2.7

5 1 1 138 0.89

6 4 g 323 44

7 0.5 1 26.3 0.48

8 1 1 27.5 0.66

9 0.25 1 245 0.61
10 8 2 53.6 0.51
11 1 2 55 1.2

2 1 1 44 0.65

3 0.5 2 44 0.5
14 4 4 263 1.6
15 <0.5 1 1164 0.14
16 =0.125 0.25 572 0.022
17 =0.125 0.25 943 0.007
18 =0.125 0.5 1026 0.005
19 1 4 1086 0.6
20 0.5 4 586 0.12
21 =0.1235 0.25 663 0.012
22 =0.125 =0.125 93.5 0.002
23 =0.1235 0.5 320 0.011
24 =0.5 =0.5 170 0.019
25 =0.125 1 7.6 0.011
26 <0.125 <0.125 29 0.03
27 4 4 235 2.6
28 0.5 1 56 0.72
29 0.5 0.5 54.7 04
30 <0.5 2 5.8 0.02
31 =0.125 0.5 4.5 0.026
32 0.25 2 53.1 0.021
33 =0.5 1 47.1 0.91
34 <0.125 2 8.8 0.016
35 0.25 0.25 854 0.16
36 1 1 314 0.005
37 0.25 0.5 797 0.039
38 1 1 52.4 1.4
39 1 2 1913 0.2
40 0.25 0.25 34 0.025
41 0.25 0.5 50.5 0.11

Although the disclosure has been described with reference
to the above examples, it will be understood that modifica-
tions and variations are encompassed within the spirit and
scope of the disclosure. Accordingly, the disclosure is limited
only by the following claims.

The invention claimed is:
1. A compound having the structure

(Formula I}
RS NH,
RG
Ny
)\
T N NH,
R

wherein

7 is a seven to 10-membered heteroaryl ring comprising
0-4 heteroatoms independently selected from the group
consisting of N, O, and S;

when two rings comprise the seven to 10-membered het-
eroaryl ring, the two rings are heteroaromatic;
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R represents one or more moieties independently selected
from the group consisting of H, halo, lower alkyl, lower
alkoxy, CF;, amino, CN, CO,CHj;, optionally-substi-
tuted aryl, and optionally-substituted heterocyclyl;

R’ is selected from the group consisting of H, halo, lower
alkyl, and lower alkoxy;

R® is selected from the group consisting of H, halo, lower
alkyl, lower alkoxy, CF;, 5-membered heteroarylmeth-
ylene, and amino; and pharmaceutically acceptable salts
and solvates thereof.

2. The compound of claim 1, wherein Z is selected from the
group consisting of optionally-substituted isoquinoline, ben-
zofuran, benzothiophene, indole. pyrrolopyridine, imida-
zopyridine, indazole benzimidazole, benzothiazole, quino-
line, and benzotriazole.

3. The compound of claim 2, wherein Z is optionally-
substituted benzimidazole.

4. The compound of claim 1, whereinR is selected from the
group consisting of halo, optionally-substituted lower alkyl,
lower alkoxy, and heterocyclyl.

5. The compound of claim 1, whereinR is selected from the
group consisting of Me, Et, i-Pr, Cl, F, MeO, cyano, and CF,

6. The compound of claim 1, wherein R is an optionally-
substituted heteroaryl group.

7. The compound of claim 1, wherein R® and R® are inde-
pendently selected from the group consisting of F, Cl, lower
alkyl, OMe, CF, NMe,, and imidazolylmethyl.

8. The compound of claim 1, where the compound is

NH,

/N N)\ NH,
N
; ‘CH;
HC

7-(5,6-dimethyl-2-(pyridin-2-yl)- 1H-benzo[d]-imidazol-
1-yl)quinazoline-2,4-diamine.
9. The compound of claim 1, where the compound is

NI
9
N
S/ Ny
)\
/N N NH,
N
CH,
HC

7-[5,6-dimethyl-2-(thiazol-2-y1)-1H-benzo[d]-imidazol-
1-yl]quinazoline-2,4-diamine.
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10. The compound of claim 1, where the compound is

-

\g/\N N)\ NI,

N

Z,

OCH,
H;C0

7-(5,6-dimethoxy-2-(thiazol-2-yl)-1H-benzo[d]imidazo-
1-yl)quinazoline-2,4-diamine.
11. The compound of claim 1, where the compound is

NH,

/

o Xy
)\

N N NH,

N

CH;
H;C

10

15

20

[ 3
[

50
7-(2-(furan-2-y1)-5,6-dimethoxy-1H-benzo[d]-imidazol-
1-yl)quinazoline-2,4-diamine.
12. The compound of claim 1, where the compound is

NH;
/
4 Ny
)\
/N N NH,
N
CH;
HC

7-(5,6-dimethyl-2-(thiophen-2-y1)-1H-benzo[ d]-imida-
zol-1-yl)quinazoline-2,4-diamine.
13. The compound of claim 1, where the seven to 10-mem-

bered heteroaryl ring is an eight to 10-membered heteroaryl
ring.

14. A pharmaceutical composition comprising a com-

pound of claim 1 and a pharmaceutically acceptable diluent
or carrier.

15. A method of impeding growth of a bacterium by expos-

ing the bacterium to a compound of claim 1.
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