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ABSTRACT

INTRODUCTION: For decades there has been active work on the synthesis, identification, and exploration 
of heterocyclic compounds. However, the imidazole nucleus is the main scaffold in molecules with vari-
ous pharmacological properties such as antibacterial, antifungal, antineoplastic, antiviral, antidiabetic, 
etc. This work describes a synthesis of new metronidazole amide derivative by condensation of -(2-methyl-
5-nitro-1Н-imidazole-1-yl)acetic acid with 2-(diethylamino)ethyl 4-aminobenzoate (procaine). The chemi-
cal structure of the new compound was confirmed by its IR and UV-VIS spectral data and was evaluated for 
in vitro potential antimicrobial activity against standard bacterial strains of Staphylococcus aureus ATCC 
29213, Escherichia coli ATCC 25922, and Candida albicans ATCC 10231.

AIM: The present study aimed to synthesize, characterize, and evaluate the potential antimicrobial activity 
of a new metronidazole amide compound against standard bacterial strains of Staphylococcus aureus ATCC 
29213, Escherichia coli ATCC 25922, and Candida albicans 10231.

MATERIALS AND METHODS: The new amide metronidazole derivative 2-(diethylamine) ethyl 4-(2-(2-meth-
yl-5-nitro-1H-imidazole-1-yl)acetamide)benzoate was tested for in vitro antibacterial activity by the follow-
ing described methods: cup-plate technique, minimum inhibitory concentration determination (MIC), and 
minimum bactericidal concentration (MBC) determination.

RESULTS: A synthesis of a new metronidazole amide derivative was made by condensation of -(2-methyl-
5-nitro-1Н-imidazole-1-yl)acetic acid with 2-(diethylamino)ethyl 4-aminobenzoate (procaine). The chemi-
cal structure of the new compound was confirmed by its IR and UV-VIS spectral data and was evaluated for 
in vitro potential antimicrobial activity against standard bacterial strains of Staphylococcus aureus ATCC 
29213, Escherichia coli ATCC 25922, and Candida albicans ATCC 10231.

CONCLUSION: The obtained data assess the same 
antimicrobial activity of the new compound and 
metronidazole against Staphylococcus aureus ATCC 
29213, Escherichia coli ATCC 25922, and Candida 
albicans ATCC 10231. The highest sensitivity was 
observed against Candida albicans.
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AIM
The present study aimed to synthesize, charac-

terize, and evaluate the potential antimicrobial activ-
ity of new metronidazole amide compound against 
standard bacterial strains of Staphylococcus aureus 
ATCC 29213, Escherichia coli ATCC 25922, and Can-
dida albicans 10231.

MATERIALS AND METHODS
2-methyl-5-nitroimidazole-1-ethanol (Fluoro-

chem); sulfuric acid (99,99% Chem Lab); sodium bi-
chromate (≥99.5%, Sigma-Aldrich); ethyl-4-amino-
benzoate (98% Sigma Aldrich); procaine (2-(dieth-
ylamine)ethyl-4-aminobenzoate, Sigma-Aldrich); 
tetrahydrofuran (anhydrous, ≥99.9%, inhibitor-
free Sigma Aldrich); methanol (for HPLC ≥ 99.9%); 
N,N1-diciclohexylcarbodiimide (DCC) (Sigma Al-
drich); ethanol (≥99.5%, for HPLC, Sigma-Aldrich); 
DMSO (®, ≥99%, Sigma-Aldrich); 0.9% sodium chlo-
ride (Baxter); Bacteroides fragilis ATCC 25285—ly-
ophilized strains 25285 (Mecconti, MicroSwabs®); 
мetronidazole 5 mcg MT—antibiotic discs; Muel-
ler-Hinton broth—agar (HiEncap); Sabouraud dex-
trose agar—growth medium in capsules (HiEncap); 
Wilkins-Chalgren agar—petri dish, 90 mm (HiEn-
cap); Infusion Agar—growth medium (HiEncap), 
granulated; Soyabean Casein Digest Agar—growth 
medium; (HiEncap™); Brain Heart Broth—growth 
medium in capsules  (HiEncap); Brain Heart Infu-
sion broth—growth medium; (HiEncap).

The new amide metronidazole derivative 2-(di-
ethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-imid-
azole-1-yl)acetamide)benzoate was tested for in vi-
tro antibacterial activity by following described 
methods. 

The cup-plate technique includes dense seed 
of 0.5 MF standardized microbial culture on Muel-
ler–Hinton agar (HiMedia®). After the surfaces of the 
culture media have dried, we made 6 mm wells in the 
agar with a sterile borer and filled them with 40 μL of 
the appropriate concentration of the test compound 
2-(diethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-
imidazole-1-yl)acetamide) benzoate and metronida-
zole as a control sample. Solutions corresponded to 
1.5, 3, 6, 12.5, and 25 µg/mL. One more control was 
set for DMSO 1% (V/V). All samples were made in 
triplicate. The Petri dishes were incubated aerobical-
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For decades there has been active work on the 

synthesis, identification, and exploration of hetero-
cyclic compounds. However, the imidazole nucleus is 
the main scaffold in molecules with various pharma-
cological properties such as antibacterial, antifun-
gal, antineoplastic, antiviral, antidiabetic, etc. On the 
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a great variety of therapeutic applications (1,2,3,4). 
The main target of 5-nitroimidazoles is bacteria and 
protozoa. The most widely known agent from this 
group is metronidazole—a drug that, for the past 70 
years, has been the most efficient in severe anaero-
bic infections (5,6,7). However, metronidazole is be-
coming increasingly inefficient because of drug re-
sistance due to the microbial variability and its long-
term use (8,9,10). Therefore, it is a suitable object for 
different chemical transformations and the synthesis 
of modified metronidazole derivatives. On the oth-
er hand, designing hybrid drugs by covalently link-
ing two distinct chemical moieties with multiple ef-
fects is a common strategy in today’s search for new 
potential drugs (11). For example, current research in 
this field seems to endorse hybrid molecules as the 
next-generation antimalarial drugs. If the selective 
toxicity of hybrid prodrugs can be demonstrated in 
vivo with good bioavailability at the target site in the 
parasite, it would offer various advantages including 
dosage compliance, minimized toxicity, ability to de-
sign better drug combinations, and cheaper preclini-
cal evaluation while achieving the ultimate object of 
delaying or circumventing the development of resis-
tance (12).  The goal is to achieve better pharmacoki-
netic properties, reduced toxic effects, and extend the 
biological activity. This work describes a synthesis of 
new metronidazole amide derivative by condensa-
tion of -(2-methyl-5-nitro-1Н-imidazole-1-yl)acetic 
acid with 2-(diethylamino)ethyl 4-aminobenzoate 
(procaine). The chemical structure of the new com-
pound was confirmed by its IR and UV-VIS analysis 
and was evaluated for in vitro potential antimicrobial 
activity against standard bacterial strains of Staphy-
lococcus aureus ATCC 29213, Escherichia coli ATCC 
25922, and Candida albicans ATCC 10231.
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ly for 24 hours at 37°C for bacterial cultures and 48 
hours at 35°C for Candida albicans.

Minimum Inhibitory Concentration (MIC) 
Determination 

For the testing of the MIC of metronidazole and 
its derivative, we used Brain Heart Infusion broth 
(HiEncapTM). We made serial dilutions of the test-
ed antimicrobial agents in the range from 1.5 to 25 
μg/mL. We placed 0.1 mL of standardized microbial 
culture in each tube and cultured the samples aero-
bically for 24 hours at 37°C for bacterial cultures and 
48 hours at 35°C for Candida albicans. Minimum 
inhibitory concentrations are defined as the lowest 
concentration of the testing antimicrobial agents that 
inhibit the visible growth of a microorganism after 
overnight incubation.

Minimum Bactericidal Concentration (MBC) 
Determination 

After determining the MICs of the tested solu-
tions from all tubes in which no visual turbidity was 
reported, bacterial seeds were made on Blood Agar 
(HiMedia®). The volume of the suspensions taken 
with one bacterial loop was transferred on the agar 
media and placed in an incubator at 37°C/24 hours 
for E. coli and S. aureus and at 35°C/48 hours for C. 
albicans. The lowest concentration at which bacteri-
al growth is inhibited to 99.9% is reported as MBC.

RESULTS
The condensation of metronidazole by one lo-

cal anesthetic procaine was processed in the presence 
of N,N′-Dicyclohexylcarbodiimide (DCC). The syn-
thetic procedure involves two steps, as illustrated on 
Fig. 1. The first stage of the synthesis includes oxida-
tion of the initial metronidazole in the presence of 
Jones reagent to obtain as an intermediate the cor-
responding 2-(2-methyl-5-nitro-1Н-imidazole-1-yl)
acetic acid (13). 

The next step involved the classical ami-
dation approach of direct interaction of the ini-
tial 2-(2-methyl-5-nitro-1Н-imidazole-1-yl)ace-
tic acid with the corresponding 2-(diethylamino)
ethyl 4-aminobenzoate in the catalytical presence 
of DCC to obtain the target 2-(diethylamine)eth-
yl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)acet-
amide)benzoate (13).

FTIR spectroscopy
The captured spectrum of 2-(2-methyl-5-nitro-

1Н-imidazole-1-yl)acetic acid is similar to the met-
ronidazole spectrum because only one structural 
change was done—the transformation of hydroxyl 
into carboxyl group. The vibrations that appeared at 
3140 cm-1 confirm the presence of the newly formed 
carboxyl group.  The strong absorption at 1716 cm-1 

is assigned to the carboxylic group too. The presence 
of a carboxyl group (-COOH) is also confirmed by 
the composite bands at 1275 and 1222 cm-1, corre-
sponding to C-O valence fluctuations, regarded to 
the single peak at 1264 cm-1 in the metronidazole 
spectrum. The spectra of 2-(2-methyl-5-nitro-1Н-
imidazole-1-yl)acetic acid and 2-(diethylamine)eth-
yl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)acet-
amide)benzoate are presented on Fig. 2.

A careful assessment of the 2-(diethylamine) 
ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)
acetamide)benzoate spectrum shows significant 

Fig. 1. Reaction scheme of synthesis of the targeted 
derivative.

Fig. 2. IR spectra of 2-(2-methyl-5-nitro-1Н-imidazole-1-
yl)acetic acid and 2-(diethylamine) ethyl 4-(2-(2-methyl-

5-nitro-1H-imidazole-1-yl)acetamide)benzoate.
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differences compared to 2-(2-methyl-5-nitro-1Н-
imidazole-1-yl)acetic acid. The set of bands in the re-
gion 3500-2500 cm-1 registered more complex spec-
tral imaging compared to mother structures. The 
major bands observed at 3323 and 2927 cm-1 are as-
sociated with the presence of a new amide bond. The 
strong absorption band at 1697 cm-1 can rely on the 
carbonyl group. The frequency of the nitro group is 
at 1513 cm-1. The oscillation in the 1600 to 1000 cm-1 
region is consistent with C-N, C-C, C-C-H bonds. 
The peaks at 1190 and 1174 cm-1 cannot definitely be 
relied on by the ester group because in these frequen-
cies C-N bonds have absorption too.

UV-Vis spectroscopy
UV-Vis spectroscopic analysis of 2-(2-methyl-

5-nitro-1Н-imidazole-1-yl)acetic acid and 2-(dieth-
ylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-
1-yl)acetamide)benzoate was performed to identify 
the spectral behavior and absorption properties of 
the test compound. In the spectrum of 2-(2-methyl-
5-nitro-1Н-imidazole-1-yl)acetic acid, close values ​​
of the reported absorption maximum λmax was ob-
served at 310 nm. The result is similar for the new 
amide derivative of metronidazole and its absorp-
tion maximum was reported at λmax 270 nm. We can 
conclude that the hypsochromic shift in the spec-
trum of 2-(diethylamine)ethyl 4-(2-(2-methyl-5-ni-
tro-1H-imidazole-1-yl)acetamide)benzoate is due to 
the newly introduced aromatic substituents.

Antimicrobial activity of 2-(diethylamine)
ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)
acetamide)benzoate against Staphylococcus aure-
us ATCC 29213, Escherichia coli ATCC 25922, and 
Candida albicans ATCC 10231

In the study with agar media–cup–plate meth-
od, zones of inhibition were not reported. The reason 
was that the antimicrobial agents in the wells did not 
show visible diffusion in the agar. When conduct-
ing studies to determine the minimum inhibitory 
and minimum bactericidal concentration, we found 
that there is an antimicrobial activity of 2-(diethyl-
amine)ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-
1-yl)acetamide)benzoate and metronidazole against 
the tested microorganisms, but apparently the diffu-
sion method is not suitable for its reporting.

Determination of minimum inhibitory con-
centration of metronidazole and 2-(diethylamine)
ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)
acetamide)benzoate Against Staphylococcus au-
reus ATCC 29213, Escherichia coli ATCC 25922, 
and Candida albicans ATCC 10231 by a modified 
method  

Solutions with dilutions of metronidazole and 
2-(diethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-
imidazole-1-yl)acetamide)benzoate and metronida-
zole corresponding to 1.5, 3, 6, 12.5, and 25 µg/mL, 
were prepared. Again, DMSO 1% was used as a dilu-
ent. The demonstrated minimal inhibitory concen-

Concentrations of DMSO Solutions
µg/mL 1.5 3 6 12.5 25

Staphylococcus aureus
M + + - - -
M1 + + - - -

Escherichia coli
M + + - - -
M1 + + - - -

Candida albicans
M + + - - -
M1 + + - - -

Table 1. Determination of MIC of metronidazole and 2-(diethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)
acetamide)benzoate against Staphylococcus aureus ATCC 29213, Escherichia coli ATCC 25922, and Candida albicans 

ATCC 10231.

Legend: (+) - bacterial growth is observed; (-) - lack of bacterial growth;  
M—metronidazole; M1—2-(diethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)acetamide)benzoate.
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trations of M and M1 against E. coli, S. aureus, and 
C. albicans were determined  to be 6 µg/mL (Table 1 
and Fig. 3). 

Determination of the minimum bactericid-
al concentration of metronidazole and 2-(diethyl-
amine) ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-
1-yl)acetamide)benzoate against Staphylococcus 

Fig. 3. a) determination of MIC of 2-(diethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)acetamide)benzoate 
(left photo) and metronidazole (right photo) against E.coli; b) determination of the MIC of 2-(diethylamine)ethyl 

4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)acetamide)benzoate (left photo) and metronidazole (right photo) against S. 
aureus; c) determination of  the MIC of 2-(diethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-imidazole-1-yl)acetamide)

benzoate (left photo) and metronidazole (right photo) against Candida albicans ATCC 10231.
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aureus ATCC 29213, Escherichia coli ATCC 25922, 
and Candida albicans ATCC 10231 

After determining the MICs of the test solutions, 
from all tubes without visible growth, we transferred 
from the suspension into Blood Agar. After an incu-
bation period, the following minimum bactericidal 
concentrations were obtained: metronidazole—25 
µg/mL; 2-(diethylamine)ethyl 4-(2-(2-methyl-5-ni-
tro-1H-imidazole-1-yl)acetamide)benzoate—25 µg/
mL against S. aureus;  metronidazole —25 µg/mL; 
2-(diethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-
imidazole-1-yl)acetamide)benzoate—25 µg/mL 
against E.coli, and metronidazole—12 µg/mL; 2-(di-
ethylamine)ethyl 4-(2-(2-methyl-5-nitro-1H-imid-
azole-1-yl)acetamide)benzoate—12 µg/mL against 
Candida albicans, shown in Fig. 4. 

CONCLUSION
Despite advances in medicine, we remain vul-

nerable to infections with limited or non-standard 
therapies. It is important to look at the situation in 
the context of AMR as well, as resistant pathogens 
are evolving and leading us to the era of incurable in-
fections. There is a need to develop newer function-
al antimicrobial agents. One new metronidazole de-
rivative was successfully synthesized and its antimi-
crobial properties were evaluated by agar and broth 
dilution assays. The obtained data evaluate the same 
antimicrobial activity of the new compound and 
metronidazole against Staphylococcus aureus ATCC 
29213, Escherichia coli ATCC 25922, and Candida al-

bicans ATCC 10231. The highest sensitivity was ob-
served against Candida albicans.
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