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Aims: The need for new antibacterial drugs is justified because many pathogens are currently
resistant to available antibacterial drugs, and this is an alarming threat to the health of future
generations. 1, 3, 4-Oxadiazole has been shown to pose a wide range of antibacterial activity.
Some of the marketed drugs also possess this heterocyclic moiety.

Materials & Methods: The new derivatives of 1, 3, 4-oxadiazole were synthesized using
a single-stage, high-yield method. Then, to measure the antibacterial activity of prepared
derivatives agar well diffusion method was employed, and the minimum inhibitory
concentration (MIC) and the minimum bactericidal concentration (MBC) were determined
at a concentration of 1mg/mL with three replications.

Findings: Compounds 4a, 4d, and 4i exhibited a promising antibacterial activity against
Acinetobacter baumannii PTCC1855. Among the three compounds mentioned, compound 4i
showed the best performance with 1Z=22+0.75 m.m , MIC=500pg/mL and MBC=125pug/mL
at a concentration of 1mg/mL.

Conclusion: The new 1, 3, 4-Oxadiazole derivative (4i) was shown to be a promising
compound for pharmaceutical applications, by adding other functional groups to its
structure, it is possible to increase the destructive power of the compound.

Keywords: Oxadiazole, Acinetobacter baumannii, Drug resistance
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Introduction
Acinetobacter spp. are Gram-negative
coccobacilli  that require to wet

environments for living ™ The most
important species of this genus is A.
baumannii, causing various diseases
such as pneumonia, septicemia, urinary
tract infections, skin and wound
infections, meningitis, and endocarditis
(21 A. baumannii cloning rate increases
in hospitalized people, especially those
who have been hospitalized for a long
time or have received extensive antibiotic
treatment and anti-cancer treatment
B, One of the main problems is that,
A. baumannii could develop resistance
to different classes of antibiotics, such
as beta-lactams, aminoglycosides, and
fluoroquinolones ™. Antibiotic resistance
is mostly mediated by genes that are
located on mobile genetic elements such
as transposons and are easily distributed
among bacteria 1. In recent years, A.

baumannii resistance to gentamicin,
streptomycin, spectinomycin, tobramycin,
kanamycin, amikacin, neomycin, penicillin,
and cephalosporin’s has been reported
[6-8] New antibacterial agents which are
effective against this bacterium seem to be
not available in the near future, increasing
the importance of discovering alternative
substances. Oxadiazoles were found by in
silico docking and scoring of compounds
of known three-dimensional structures .
Oxadiazoles are a category of heterocyclic
aromatic compounds belonging to the
azole family; with the chemical formula
C,H,N,0. Four isomers of oxadiazole’s
have been identified so far [!%; among

which, 1, 3, 4-Oxadiazole is one of the most
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important isomers, which isn’t commonly
employed in chemical science, but many of
its derivatives are important. For instance,
raltegravir is an HIV drug containing a 1,
3, 4-oxadiazole ring *1. 1, 3, 4-Oxadiazole
derivatives couldbesynthesizedinavariety
of ways 12, One pathway is the oxidation of
tetrazoles in the presence of aldehydes 3],
Similarly, the reaction of tetrazoles with
acyl chlorides provides oxadiazoles [l
Both methods involve the release of N,. In
recent years 1, 3, 4-Oxadiazole compounds
have been reported to exhibit antibacterial
(151 antifungal 0°, anti-tubercular @7,
anti-inflammatory 8 and anticancer "
activities.

Objectives: As synthesis and evaluation
of antimicrobial activity was an important
part of this research program [%; herein,
antibacterial activities of 1, 3, 4-Oxadiazole
derivatives against A.baumannii PTCC1855
were evaluated. All organic solvents used
in this study were new and different from
those used in other studies; the one-step
method of synthesizing new derivatives
was different too.

Materials and Methods
This
in microbiology laboratory of Islamic

Research study was conducted
Azad University, Tehran branch in 2019.
Starting materials, solvents, and culture
environments (Mueller-Hinton agar,
Mueller-Hinton Broth, Nutrient Broth)
were obtained from Merck, Germany and
used moving forward without any more
filtration. Infrared spectrum was measured
IR-460
Nuclear magnetic resonance spectrum was
obtained by a Bruker DRX-300 AVANCE

by a Shimadzu spectrometer.
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Figure 1) Single-Stage synthesis

spectrometer (!H NMR at300 Hz, 1*C NMR at
75 Hz) in CDCI,. Chromatography columns
were prepared using silica gel powder
(Merck, Germany). The bacterial strain (A.
baumannii PTCC1855) was prepared from

the Iranian Industrial Microorganisms
Collection Center (Lyophilized).
Microbiological tests were performed using
a Memmert- INC153T2T3 incubator.

Chemistry: 1, 3, 4-oxadiazole compounds
were synthesized using a single-stage,
high yield method (Figure 1). The chemical
structure of all the synthesized compounds
was investigated using H-NMR, C-NMR, and
IR spectroscopy.

Single-stage: 1. First, N-Iso-cyan-imino-
triphenyl-phosphoran (Immol) +
2-Pyridine-carbaldehyde (1mmoL) were
dissolved in CH,COCH, (7 mL).

2- In the next step, carboxylic acid (1mmolL)
in CH,COCH, (10 mL) was added to the
previous solution (Figure 1) 12,

The final solution was stirred for 12 hrs.
by a magnetic stirrer at room temperature.
The solvent was removed by evaporation,
and the viscous residue was purified by
flash column chromatography (silica gel
powder: petroleum ether-ethyl acetate
(4:1)). Thin-layer chromatography and
nuclear magnetic resonance indicated that

there was no side product (Figure 2).
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CH,COCH;

Table1) Functional groups

4a Ph (Phenyl)

4b Br-Ph (BromoPhenyl)
4c Cl-Ph (ChloroPhenyl)
4d N (Naphthalene)

4e 3-FI-Ph (FluoroPhenyl)
4f 4- FI-Ph (FluoroPhenyl)
4g 3,4-F1-Ph (DiFluoroPhenyl)
4h 4-M-Ph (MethoxyPhenyl)
4i 3- M-Ph (MethoxyPhenyl)

All substances were dissolved in DMSO
(Merck, Germany) at a concentration of 1
mg/mL, additionally; two antibiotics of,
ciprofloxacin (Sigma, cat. no.17850) and
ceftazidime (Sigma, cat. no.1847) were used
as positive controls.

Antibacterial Activity: Agar well diffusion,
MIC, and MBC methods were used to
investigate the antibacterial properties of the
new synthesized compounds.
Preparation of bacterial suspension: The
lipophilic ampoule containing A. baumannii
strains was first opened under sterile
conditions and transferred to the nutrient
broth culture medium and incubated for
24 hours at 37 °C. Then, to ensure that the
bacteria were pure in the nutrient broth
medium, a linear culture was performed on
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the selective-differential culture medium
and incubated for 48 hours at 37°C. Using a
sampler, 1 mL of 24-hour culture of microbial
suspension was transferred to a tube
containing sterile nutrient broth, and then
the turbidity of the microbial suspension
was visually compared to, the McFarland
standard set with a spectrophotometer at
625 nm and absorption rate of 1.5 x 108 CFU/
mL. The Mueller-Hinton agar culture medium
was used for agar well diffusion test, and
the Mueller-Hinton broth culture medium
was used to test the dilution in the tubes.
All cultivation environments were prepared
according to the manufacturer’s instructions
and sterilized using autoclave.
Preparation of compound concentrations:
Dimethyl sulfoxide (99%) (DMSO) was
used to dissolve all compounds. Initially, a
concentration of 1 mg/mL was prepared
from the powders of synthesized compounds
and control samples (1:9 ratios). Afterwards,
they were kept at -18° C in sterile test tubes
until the tests were performed.

Agar well diffusion method: To perform
this experiment, wells of 5 mm in diameter
were created by a sterile pipette in MHA
culture media containing cultured bacterial
suspension. The wells were then filled with
synthesized compounds (4a-4i) and positive
control samples and put inside the incubator
for 24 hours at 37°C. It is worth noting that all
the steps were done near the flame and in a
sterile environment 2

This experiment was repeated three times,
and their mean was reported in results.
Broth dilution method: Using the broth
dilution method, the minimum inhibitory
concentration (MIC) and the minimum
bactericidal concentration (MBC) were
determined. To determine the MIC, a series of
9 tubes were used to test the different dilutions
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of each compound. It is noteworthy that the
control samples (ciprofloxacin, ceftazidime)
were diluted in 9 separate tubes. The initial
concentration of each compound was 2 mg/
mL, which was obtained by inserting 1 mL of
the compound into the first tube containing
1 mL of culture medium at a concentration of
1 mg/mL. Different dilutions were obtained
from the tube number one (2 mg / mL) to the
tube number 9 (0.007 mg/mL). To do this,
1 mL of compound in the first tube with a
concentration of 2 mg/mL was diluted with
1 mL of MHB culture medium in the second
tube. In this way that 1 mL was removed from
the first tube and added to the second tube
containing 1 mL. This was done up to the
tube number 9, then 1 mL was removed from
the last tube and ejected, which eventually
resulted in half dilution of the previous
tube. Then 50 pL of microbial suspension
containing 1.5x 108 bacteria was transferred
to the tubes. All the test tubes were placed
at 37°C for 24 hours. After incubation, the
tubes were examined for turbidity due to
the bacterial growth. All tubes in which
no bacterial growth was observed were
sampled and cultured to determine MBC
of the compounds. For this purpose, the
tubes showing no bacterial growth were
cultured on the MHA culture medium, After
incubation for 24 hours, the cultured plates
were controlled for microbial growth. The
lowest concentration of compounds in the
relevant plates, exhibiting bacterial growth
failure, was considered as the MBC of that
compound 221,

Findings

Chemistry: Infrared, Carbon-Nuclear
Magnetic Resonance and hydrogen-Nuclear
Magnetic Resonance of all compounds were
obtained (Figure 2).
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Diffusion using wells: Antibacterial activity
of prepared 1, 3, 4-oxadiazol derivatives
(4a-4i) moieties were evaluated in terms
of their structure (Figure 2). The inhibition
zone results synthesized compounds against
tested bacteria are presented in Figure 3. As
shown in Figure 3, compound 4i showed high
antibacterial activity against A. baumannii.

46

Determination of MIC and MBC: The
minimum inhibitory concentrations (MIC)
and minimum bactericidal concentrations
of tested compounds (4a-4i) are shown in
Table 2. The results revealed that compound
4i was active against A. baumannii. The MBC
of compounds was the same as or one fold
higher than the corresponding MIC results.

B Acinetobacter g
S Boumannii
. PTCC1855

Acinetobacter
Baumannii
PTCC1855

Acinetobacter
Baumannii
PTCC1855

Figure 3) Inhibition zone of compounds against A. baumannii at 1 mg/mL concentration

Table 2) Antibacterial activity of 1, 3, 4-oxadiazol derivatives by Agar well diffusion, MIC, and MBC methods

(Img/mL). +: Averaged three times. NA: No activity

A. baumannii PTCC1855

Compound

Infection Epidemiology and Microbiology

MIC (mg/ml) MBC (mg/ml)
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Discussion

Antibiotic resistance is considered as the
main crisis in the treatment of infectious
diseases caused by bacteria. As a result, the
increasing number of antibiotic resistant
bacteria isolated from human samples could
be a global threat. One way to solve this crisis
is to find new antimicrobial compounds to
replace current antibiotics. 1, 3, 4-oxadiazol
derivatives are  novel  antibacterial
compounds, which are good replacements
for a few antibacterial drugs ?’l. There is no
report of A.Baumannii PTCC1855 resistance
to 100% pure ciprofloxacin and ceftazidime
powders, but several studies have reported
that other strains of A.Baumannii, especially
clinical strains, have shown resistance to
ciprofloxacin 24 and ceftazidime [, In
the current study, inhibitory effects of 1,
3, 4-oxadiazol derivatives were assessed
against A.baumannii strains. This bacterium
is a multi-drug resistant bacterial pathogen
and among the foremost common and
dangerous causes of hospital infections;
therefore, there is a serious need to develop
new antimicrobial compounds to battle
these diseases.

According to IZ data, 1, 3, 4-oxadiazole
derivatives containing methoxyphenyl (4i),
phenyl (4a), and naphthalene (4d) groups
showed better activity against bacterial
strains. These functional groups, especially
4i, (with methoxyphenyl group), could be
used as a new base for antibacterial drugs by
creating an inhibitory zone diameter of 22
mm against the desired bacteria; however,
this finding needs to be more investigated
by performing further tests, including cell
toxicity tests, Also, various tests could
also be performed on cancer cell lines to
determine the anti-cancer properties of
these compounds. In a study by Lak et al.
(2017), all of the synthesized compounds
used displayed promising antibacterial
activity against Gram-positive bacteria. They

Infection Epidemiology and Microbiology
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found that Chlorophenyl group could have
a good effect on their samples. They used
CH,CN as a solvent for their compounds,
but in the present study, CH,COCH, was
used as a solvent to synthesize compounds
under study and to enhance their biological
effects [?°, Godhani et al. (2019) reported
the antimicrobial properties of some
new dihydropyrimidine substituted 1, 3,
4-oxadiazole derivatives, which were tested
on different bacteria, including A. baumannii
ATCC 19606. Their synthesized compounds
exhibited no effect on A. baumannii strains,
but in the present study, compound 4i
exhibited a promising antibacterial activity
against A. baumannii strains [?”), The present
study results showed that compound 4i,
containing methoxyphenyl group at the C-3
positiononthelinkerof1,3,4-oxadiazole,was
a potent antibacterial compound with a good
MIC. Minimal bactericidal concentration of
4i was almost equal to that of ciprofloxacin
and ceftazidime. Methoxyphenyl group is
present in the structure of some drugs such
as 2- (4- Methoxyphenyl) Acetamide 1-
(2-Methoxyphenyl) Piperazine, and several
other drugs. In another study, Alipour et al.
(2015) examined the toxicity effect of new
compoundscontainingmethoxyphenylgroup
on Hela cells. In their study, methoxyphenyl
group exhibited an inhibitory effect on the
growth of Hela cancer cells; they studied
mechanisms such as induction of apoptosis,
and stated that this functional group is likely
to cause death 18],

Conclusion

In this study, 1, 3, 4-oxadiazole derivatives
showed a narrow- spectrum antibacterial
activity. The obtained results showed that
3-methoxyphenyl could be considered as a
useful structure for possible development
of new antibacterial drugs. Moreover, the
simple workup, high returns, and short
response times make the technique very
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helpful in
synthetics.

preparing pharmaceutical
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