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A new series of antimicrobial derivatives [3-(4,5-diaryl-1H-imidazol-2-yl)-1H-indole)] have been synthe-
sized with potent activity against strains of Staphylococcus aureus, including methicillin-resistant strains
(MRSA). Compound 17 [3-(4,5-bis(4-fluorophenyl)-1H-imidazol-2-yl)-5-bromo-1H-indole], the most
active derivative was shown to inhibit the growth of all Gram-positive strains tested, including vancomy-
cin resistant Enterococcus faecalis and Enterococcus faecium with no activity against Gram-negative
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Infections caused by multi-drug resistant bacteria are of major
health concern worldwide. Particularly important are infections
caused by the Gram-positive bacteria Staphylococcus aureus and spe-
cies of the genus Enterococcus, due to increasing incidence of infec-
tions caused by these microorganisms in hospitals and
communities, and their ability of developing antibiotic resistance
to multiple antibiotics.! New antibacterial agents to treat infections
caused by these Gram-positive bacteria have recently been intro-
duced, including the semi-synthetic streptogramins quinupristin/
dalfopristin, daptomycin, the synthetic oxazolidinone linezolid
and tigecycline.? These new treatment options are welcome addi-
tions to the armamentarium against infections caused by Gram-po-
sitive bacteria. However, the identification of intrinsically resistant
strains, reports of emergence of resistance and serious side effects
for some of these new agents, make the development of a diversified
pipeline of antimicrobials a necessity.'

Previously, we reported the synthesis and preliminary biologi-
cal characterization of new 2,4,5 tri-substituted imidazoles, includ-
ing 3-(4,5-diaryl-1H-imidazol-2-yl)-1H-indoles, some of which
exhibited antibacterial, antifungal or anticancer activities.> We re-
port herein the synthesis and structure-antibacterial activity rela-
tionship of a series of thirty 3-(4,5-diaryl-1H-imidazol-2-yl)-1H-
indole derivatives against bacterial strains of S. aureus, including
methicillin-resistant strains (MRSA). We also determined the spec-
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trum of activity of one of the most active compounds identified
through these studies, compound 17 (3-(4,5-bis (4-fluorophenyl)-
1H-imidazol-2-yl)-5-bromo-1H-indole), against bacterial strains
that belong to several Gram-positive and Gram-negative bacterial
species. This series of derivatives was obtained via classical con-
densation of an aldehyde with a dicarbonyl compound to produce
an imidazole ring system,* with 1H-indole-3-carboxyldehyde as
our choice of aldehyde, along with symmetrical and unsymmetri-
cal benzil derivatives.?

Scheme 1 shows the general synthetic strategy used to synthe-
size these compounds, and Table 1 shows their structural features.®
The antimicrobial activity was evaluated by determining the mini-
mal inhibitory concentration (MIC) using the microdilution suscep-
tibility test.”® MIC values were defined as the lowest concentration
at which no visible growth is observed. The results showed a wide
range of antimicrobial activities among the different derivatives
tested with MIC values ranging from >64 pg/mLto 1 pg/mL(Table 2).
The most active compounds belonged to compounds having the 5-
bromoindole moiety. Derivatives 17 and 22 exhibited activities
against MRSA comparable to that of vancomycin (MIC 1-2 pig/mL)
and higher activity than oxacillin (MIC 16 to >64 pg/mL) and linezo-
lid (2-4 pg/mL).

Table 2, shows the superiority of compounds having bromine on
the indole moiety at position 5 over compounds with a methyl
group at position 2 in the same moiety, with the exception of com-
pounds 19 and 23. For example, MICs of compounds 16, 17, 20, 21,
22,24, 27, and 30 are lower than those of the corresponding com-
pounds with the methyl group at position 2 namely 1, 2, 5, 6, 7, 9,
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Scheme 1. Synthesis of the target compounds of general formula C from indole derivatives A and benzil derivatives B. Reagents: (a) NH4Ac, AcOH, reflux 4-8 h.
Table 1
Structures of synthetic 3-(4,5-diaryl-1H-imidazol-2-yl)-1H-indole compounds
R2
Compound R! R? R3 R* Compound R! R? R® R*
1 CH; H H H 16 H Br H H
2 CH; H F F 17 H Br F F
3 CH; H N(CH3), N(CHs), 18 H Br N(CH3), N(CH3),
4 CH3 H Br Br 19 H Br Br Br
5 CH; H Cl Cl 20 H Br Cl Cl
6 CH; H CHj CHj; 21 H Br CHj; CH;
7 CH3 H H Cl 22 H Br H Cl
8 CH; H H NO, 23 H Br H NO,
9 CH; H H F 24 H Br H F
10 CH3 H O-Ph O-Ph 25 H Br O-Ph O-Ph
11 CH; H Ph Ph 26 H Br Ph Ph
12 CH; H H Br 27 H Br H Br
13 CH3 H H Ph 28 H Br H Ph
14 CH; H NO, NO, 29 H Br NO, NO,
15 CH; H H CH; 30 H Br H CH;
Table 3
Spectrum of in vitro activity (MIC; pg/mL) of compound 17 against several bacterial
species
Strain ATCC # 17 \'%
B. subtillis 14579 2 1
Table 2 B. subtillis 6633 2 0.25
In vitro antimicrobial activity (MIC pg/mL) of synthetic compounds tested against E. faecalis 29212 2 4
strains of Staphylococcus aureus’® E. faecalis 51299 2 16
E. faecium 51559 2 >64
Compound MRSA MSSA Compound MRSA MSSA M luteus 10240 1 025
1 4-8 8 16 4 4 S. epidermidis 13518 2 0.5
2 4-32 4 17 1 1 S epidermidis 12228 2 2
3 2-4 2 18 2-4 2 S. epidermidis 35983 2 4
4 2-4 2-4 19 >64 >64 S .saprophyticus 15305 2 2
5 4 4 20 2-4 2-4 S. pneumoniae 49150 2 4
6 8 8 21 4 2-4 S. dysgalactiae 12388 2 0.5
7 8 8 22 1 1 S. dysgalactiae 12394 2 1
8 8 8 23 >64 >64 S. pyogenes 19615 2 1
9 4-8 4 24 2 2 S. sanguinis 10556 1 1
10 >64 >64 25 >64 >64 S. agalactiae 13813 2 1
11 >64 >64 26 >64 >64 S. agalactiae 12386 2 2
12 4 4 27 2 2 E. coli 12435 >64 >64
13 2-4 4 28 4 4 E. coli 35333 >64 >64
14 >64 >64 29 >64 >64 P. aeruginosa 19142 >64 >64
15 4-8 4 30 2 P. aeruginosa 39324 >64 >64
L 2-4 1-2 \Y 1-2 1 S. typhimurium 14028 >64 >64
Ox 16->64 0.5-4 S. typhimurium 13311 >64 >64

L = linezolid; V = vancomycin; Ox = oxacillin.

V = vancomycin.
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12, and 13. Substitutions in the phenyl ring at positions 4 and 5 of
the imidazole moiety with either nitro, phenoxy or phenyl groups
abrogated the activity.

Compounds with halogenated phenyl groups in the imidazole
moiety exhibited higher activity than compounds with other sub-
stituents at the same positions. Compound 17 was the most active
from this series of derivatives. The spectrum of activity of com-
pound 17 against different microorganisms, including Gram-posi-
tive and Gram-negative bacteria, was investigated. In addition, its
activity was compared with that of vancomycin.

Compound 17 exhibited consistent activity toward all Gram-po-
sitive strains tested (Table 3), with MIC values ranging from 1 to
2 ug/mL, including Enterococcus faecium (ATCC # 51559) and
Enterococcus faecalis (ATCC # 51299), both of which are resistant
to vancomycin (MIC >64 pg/mL and 16 pg/mL, respectively). Com-
pound 17, however, showed no activity against Gram-negative
bacteria such as Escherichia coli, Pseudomonas aeruginosa and Sal-
monella typhimurium. These results suggest the selectivity of this
new synthetic compound for Gram-positive bacteria.’

In conclusion, the structure-antibacterial activity relationship of
a new series of 3-(4,5-diaryl-1H-imidazol-2-yl)-1H-indole deriva-
tives has been described, with some derivatives exhibiting potent
in vitro antimicrobial activity against various strains of MRSA
and other Gram-positive bacteria. Several synthesized compounds
exhibited comparable activity to that of vancomycin and higher
activity than oxacillin and linezolid.

The characterization of the antimicrobial spectrum of com-
pound 17 indicates a selective activity of this derivative for
Gram-positive bacteria. Studies are currently underway to charac-
terize the mode of action of this series of compounds, including the
investigation of possible common mechanisms involved in the
growth inhibition of Gram-positive bacteria and cancer cells, since
several derivatives were also capable of inhibiting human colon
carcinoma cell proliferation (data not shown).?® Additional studies
are also underway to determine the in vivo efficacy of selected
compounds in several animal models of infection.
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