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Abstract
We have previously synthesized new N-alkylated azoles (1b-7b) as antifungal

agents. Here, we evaluated the antibacterial activities of these compounds against
two gram positive and two gram negative bacteria by broth microdilution method.
The aminothiazole derivative (7b) showed an excellent antibacterial activity. Other
compounds exhibited moderate to good antibacterial activity. All compounds are more
active against gram positive than against gram negative bacteria.
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1. Introduction
Due to the changes in the culture and life

style, new diseases are emerging among the
human population such as cancers and AIDS
which increase the risk of bacterial  infections
[1].  Increasing resistance of microorganisms
to currently available antimicrobial drugs is the
major cause of morbidity and mortality
throughout the world. Thus, development of
novel antimicrobial drugs is still in demand [2].
Among several classes of antimicrobial agents,
azoles have very good antibacterial properties
and nitroimidazoles are the most known
among them. Other azoles ring such as triazole
[3, 4], benzimidazole [5-8], and pyrazole [9]
are investigated as potent antibacterial agents.

The best known antimicrobial property for
N-alkylated azoles is their antifungal activity,
and their mechanism of action is the inhibition
of 14-α-demethylase (CYP51) [10]. To
develop new azole derivatives as potential
antifungal agents, previously, we have
synthesized novel N-alkylated azoles including
benzimidazole, benzotriazole and
aminothiazole derivatives that had moderate
antifungal activity [11]. In the present study,
antibacterial activity of these new N-alkylated
azoles was evaluated against two gram positive
and two gram negative bacteria by borath
microdilution method.

2. Material and methods
2.1. Chemistry

A group of N-alkylated azole derivatives
(1b-6b) bearing different length of alkyl chain
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were synthesized using previously published
methods [11]. Briefly, benzimidazole or
benzotriazole ring, alkyl bromides, tetraethyl
ammonium bromide (TEAB), sodium
hydroxide and potassium carbonate in
acetonitrile were refluxed for 48 h. The
reaction mixture was then filtered and
concentrated. The organic compound was
extract between water and chloroform, dried
over Na2SO4 and concentrated. The crude
compound was purified by plate
chromatography on silica gel using petroleum
ether and ethyl acetate as solvent to obtain the
final products [11] (Scheme 1).

For synthesis of aminothiazol derivative
(7b), we use the previously published method
in two steps. In brief, the amide intermediate
was prepared by adding 3-chloropropionyl
chloride to a solution of 2-aminothiazole in the
presence of triethylamine (TEA) and 1,4-
dioxane as solution and refluxed for 5 h.
Then, it was purified by extraction between
dichloromethane and water. In the second
step, piperazine 2-ethanol was reacted with the
amide intermediate in a similar condition as
benzimidazole and benzotriazole compounds
reacted with bromoalkanes [11] (Scheme 2).

2.2. Tested organisms
The antibacterial activities of the desired

compounds were screened against the

following bacterial stains: gram-negative
bacteria proteus vulgaris (PTCC1312),
escherichia coli (PTCC1338), and gram-
positive bacteria bacillus subtilis (PTCC1023),
and staphylococcus epidermis (PTCC1114).
The strains under study were obtained from the
Persian Type Culture Collection. Bacteria were
maintained on nutrient agar.

2.3. Antibacterial activity
In vitro antimicrobial activity was

evaluated by the minimum inhibitory
concentration (MIC) using broth microdilution
method. Ampicillin and metronidazole were
used as positive control and the solvent was
applied for negative control.  In order to
detect MIC, first The Mueller-Hinton broth
powder (Merck, 21 g) was suspended in
distilled water (100 ml) and heated until it
dissolved completely. The medium were
autoclaved at a pressure of 4 lb/inc2 and 121
°C for 20 min. Serial dilutions of the selected
compound (0.5-128.0 μg/ml) were prepared
in a sterile 96-well microtitre trays using
Mueller-Hinton broth media. Stock inoculums
were prepared by suspending some colonies
of the examined bacteria in 3 ml of sterile
water, and adjusting the turbidity of the
inoculums to 0.5 McFarland standards at 600
nm wavelength (this yields stock suspension
of 1-1.5×108 cells/ml). Then, this suspension

Scheme 1. Synthesis of N-alkylated benzimidazole and benzotriazole derivatives (1b-6b).
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was diluted up to 100 ml with borath media
and the final concentration of bacteria
confirmed at 1-1.5×106 cells/ml. The test
compound was dissolved in DMSO and a
concentration of 512 μg/ml and 0.1 ml of
this solution was added in the second well,
which was serially diluted with 0.1 ml media.
The first well (containing 0.1 ml borath
media) was defined as the blank well. A fixed
volume of 0.1 ml bacteria suspension was
added in all wells which were incubated at 37
°C for 24 h. After 24 h, the turbidity of 96-well
microtitre tray wells were measured by Elisa
reader. The MIC50 was determinate as the
concentration of the first well witch there
was less than 50% turbidity of bacterial
suspension relative to blank well.

3. Results and discussion
The antibacterial activity was determined

by microdilution assay and the MIC50 values
are shown in Table 1. There are 3 categories
of central nucleus that are aminothiazole,
benzotriazole and benzimidazole. The most
potent compound was 7b which has the
aminothiazole moiety. On the other hand,
from the MIC values can concluded that if the
benzotriazole nucleus exist in the structure, the
antibacterial activity will be increased. More
lipophilic bezotriazol derivatives had more
antibacterial activity. Among the
benzimidazole analogues compound 1b is
the most active. In this group antibacterial
activity decreased when lipophilicity is
increased. Another point of interest is that
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Table 1. In vitro antibacterial screening of the compounds 1b–7b (MIC values are given in μg/ml). 
Bacterial strains tested

Proteus vulgris Escherichia Coli Bacillus subtilis            Staphylococcus epidermis
Compounds (PTCC1312) (PTCC1338) (PTcc1023) (PTCC1114)
1b 16 32 8 8
2b 32 32 64 64
3b 32 64 32 32
4b 32 64 64 32
5b 8 16 8 4
6b 8 16 8 16
7b 16 8 4 4
Ampicillin 2 0.05 2 0.05
Metronidazole 16 64 16 8

Scheme 2. Synthesis of N-alkylated aminothiazol derivative (7b).
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on the basis of the observed MIC values of
these compounds, gram positive bacteria are
generally more sensitive than gram negative
bacteria which can be correlated with their cell
wall structure. The antibacterial effect of
aminothiazol derivative was even more than
metronidazole.

4. Conclusion 
The preliminary study on the selected

compounds demonstrated that these
compounds have good antibacterial effects on
the gram positive bacteria. This could initiate
further study for synthesis of new compounds
with these three nucleuses especially
aminothiazol derivatives.
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