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ABSTRACT ARTICLE HISTORY
Treatment for microbial infections still remains an important health Received 31 January 2022
problem for researchers around the world. Despite a broad range of
antimicrobial drugs today, there are certain obstacles associated with
the use of antimicrobial agents such as drug resistance and toxicity.
Thus, medicinal chemists concentrate on designing novel antimicrobial
drugs. In the search for new antimicrobial agents; 1,3,4-oxadiazole
compounds have come forward due to their hydrolytic stability, good
chemical and thermal stability. In the scope of this work, 2-(6-chloropyri-
din-3-yl)-5-(substitutedphenyl)-1,3,4-oxadiazole (4a-4i) were synthesize-
dusing 6-chloro-N'~(substitutedbenzoyl)nicotinohydrazide (3a-3i). These
compounds were screened for their antimicrobial activities against as
gram-positive bacteria S. aureus, E. faecalis, as gram-negative bacteria
E. coli, P. aeruginosa, as yeast C. parapsilosis, C. albicans, C. glabrata.
Among the 1,3,4-oxadiazole compounds, 4h against E. faecalis and 4b,
4f and 4g against E. coli have been found to exhibit as much as potency
chloramphenicol with MICsq values of 62.50 pg/mL.

KEYWORDS
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GRAPHICAL ABSTRACT

Introduction

Microbial resistance to antibiotics is increasing day by day and it is estimated that

700,000 people die from antibiotic-resistant infectious worldwide every year.!"]
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These deaths will reach about 10 million people from these infectious diseases each year
by 2050.2) Although many antibacterial agents were discovered and used for clinical
therapy, the incidence of fungal and bacterial infections has increased dramatically in
recent years.[3] As the bacterial resistance to antibiotics, the bacterial infection has
become one of the life-threatening diseases worldwide.!* Therefore, the development of
new antifungal and antibacterial agents is urgently needed."

1,3,4-Oxadiazoles display a wide range of biological activities such as antifungal, anti-
viral, antibacterial, antitubecular, anticancer, antidiabetic, anticonvulsant activity.!®~"!
1,3,4-Oxadiazole cores are very good bioisosteres of amide and ester functionalities
among heterocyclic compounds.'”’ Hence, they play an important role in biological
activity by hydrogen bonding interaction with different receptors or enzymes.!'"
1,3,4-Oxadiazoles found wide applications in medicinal, pesticidal, polymer and material
science.'”) Medicinal chemists have shown an interest in oxadiazole rings for a long
time due to their remarkable electron-accepting properties, hydrolytic stability, photolu-
minescence, good chemical, and thermal stability.""*! The potent pharmacological activ-
ities of 1,3,4-oxadiazoles are due to the toxophoric -N=C-O- linkage, easily reacting
with the nucleophilic centers of the microorganism cells."*) It was reported that 1,3,4-
oxadiazole derivatives act by affecting the normal physiological functions of bacteria,
their purine metabolism pathways and impairing their cell membrane permeability.''*!
There are many studies in the literature showing that oxadiazole structures have anti-
microbial activity.['*~*!

Trans-translation in bacteria is carried out by transfer-messenger RNA (tmRNA).
ArfA and ArfB which are two alternative ribosome rescue factors can take over when
translation is missing or insufficient. Ribosomal stalling is a serious problem, and bac-
teria lacking arfA cannot survive without tmRNA. In addition, even if pathogenic bac-
teria manage to survive in the absence of translation, they often lose their virulence.*"!
Trans-translation has been an attractive target for the discovery of new antibiotics
because this pathway is required for virulence or viability in most bacterial pathogens,
but not in eukaryotes, so translation inhibitors can act as antibiotics and have also low
toxicity on the ribosomes of host cells.???! 13 4-oxadiazole cores lead to ribosomal
stalling during bacterial protein synthesis and they were also identified as trans-
translation inhibitors after the high-throughput screening,!>***

On the other hand, compounds containing substituted-2-chloro-pyridine moiety are
commonly applied in medicinal and pesticide chemistry because of their highly antifun-
gal, antiviral and antibacterial activities.'**) As a result, in the light of the above-
mentioned pharmacological importance of oxadiazoles prompted us the synthesis of
novel 2,5-disubstituted-1,3,4-oxadiazoles and investigate their inhibitory activity against
various microbial strains in the present study.

Results and discussion
Chemistry

The substituted-1,3,4-oxadiazole derivatives were obtained in three different steps as
given in Scheme 1. Firstly, methyl 6-chloropyridine-3-carboxylate (1) was reacted with
hydrazine hydrate to afford 6-chloronicotinohydrazide (2). Hydrazide compound was
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Scheme 1. Synthesis of target compounds. Reagents: (i) hydrazine hydrate, ethanol; (i) dichlorome-
thane, triethylamine, substituted benzoyl chloride; (iii) phosphorus oxychloride.

obtained from nucleophilic substitution reaction of hydrazine with ester compound. In
the second step, the reaction of hydrazide compound (2) with different substituted ben-
zoyl chloride in dichloromethane gave the acyl hydrazide derivatives (3a-3i). The inter-
action between hydrazides and substituted benzoyl chloride in the basic medium such as
TEA (or pyridine, NAOH) resulted in an unsymmetrical 1,2-diacylhydrazines. The syn-
thesis of 1,3,4-oxadiazole compounds (4a-4i) was carried out as a result of the cyclodehy-
dration of 1,2-diacylhydrazines using phosphorus oxychloride (POCIl;) as a dehydration
agent in high yield. This reaction can be completed with other dehydration agents such
as sulfuric acid, phosphoric acid, trifluoroacetic acid, phosphorus pentachloride instead
of POCl;. The structures of the synthesized compounds have been determined by using
IR, '"H-NMR, *C-NMR spectral data and elemental analysis results.

In the IR spectrum, N-H stretching bands of acyl hydrazide derivatives (3a-3i) were
detected at 3155-3219cm ' and the sharp stretching bands between 1631 and
1697 cm ™! have been attributed to the C=0 bond. The disappearances of N-H and
C=O0O stretching bands in the IR spectrum of 1,3,4-oksadiazole derivatives (4a-4i)
showed the synthesis of the oxadiazole ring successfully. In addition, C=N absorption
bands belonging to the oxadiazole ring were observed in the range of 1604-1638 cm™ .

In the "H-NMR spectrum of acyl hydrazide compounds (3a-3i), the protons in the
ortho position of the pyridine ring were shifted to the downfield at 8.90-8.92 ppm and
the para protons at 8.30-8.35 ppm, and the meta protons were shifted to the upfield at
7.71-7.74ppm due to the effect of nitrogen in pyridine ring. The NH protons of the
acyl hydrazide groups resonated as one or two singlet peaks at 10.48-11.01 ppm. In the
"H-NMR spectrum of oxadiazole compounds (4a-4i), the disappearance of the NH
peaks is one of the key factors that the oxadiazole ring has been synthesized success-
fully. In addition, the protons in the ortho position of the pyridine ring were shifted to
the downfield at 9.04-9.20 ppm and the para protons at 8.45-8.59 ppm, and the meta
protons at 7.79-7.85 ppm.
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In the ">C-NMR spectrum, the imine carbon of the pyridine ring produced signals in
the range of 152.77-153.83 ppm. The carbonyl carbons of acyl hydrazide derivatives
were recorded between 160.30 ppm and 165.91 ppm. The two signals in the range of
159.64-165.09 ppm were attributed to the two carbon atoms in the oxadiazole ring.

Biological activity

Antimicrobial activity results

The antibacterial and antifungal activity of the synthesized compounds were investigated
against some bacteria such as S. aureus, E. faecalis, E. coli, P. aeruginosa, and some
fungi against C. parapsilosis, C. albicans, C. glabrata by calculating minimum inhibitory
concentration (MICsy). Chloramphenicol for bacteria and ketoconazole for yeast were
used as standard drugs. The results of antimicrobial activities of synthesized compounds
were summarized in Table SI.

When the activities of the compounds against bacteria and fungi are compared; gen-
erally, the compounds were more effective on the bacteria than fungi used in this study.
There is no significant activity of the compounds against Candida species. However, all
acylhydrazide and 1,3,4-oxadiazole derivatives showed similar antibacterial activity with
MICs, value of 62.5 pug/mL against P. aeruginosa when compared with chloramphenicol
(MICso = 62.5 pg/mL).

Among 1,3,4-oxadiazoles, the compound 4h carrying methoxy substituent at the para
position of the aromatic ring indicated similar antibacterial activity to chloramphenicol
with MICs, value of 62.5ug/mL against E. faecalis. The most active compounds against
E. coli with MICs, values of 62.5 ug/mL were 4b, 4f and 4g bearing 2,6-difluorophenyl,
3-methylphenyl and 3-trifluoromethylphenyl, respectively. The most effective com-
pounds against bacterial species generally had the oxadiazole structure. Among the com-
pounds, the most active derivatives usually carry oxadiazole structures. When looking at
the most effective derivatives in oxadiazole structures, it generally bears electron-donat-
ing groups (compound 4h has methoxy; 4f has methyl substituent) or halogen substitu-
ents (4b has bearing 2,6-difluoro, 4g has 3-trifluoromethyl) in their structure.
P. aeruginosa, is one of the most resistant agents of nosocomial infections which are a
major cause of morbidity and mortality.*®! For this reason, the effectiveness of the syn-
thesized compounds against P. aerouginosa is extremely important.

Druglikeness and ADMET prediction

The evaluation of physicochemical and pharmacokinetic properties facilitates the priori-
tization and optimization of chemical structures.!”®’ The drug-likeness is one of the
most used tools to predict the solubility and permeability of compounds and hence their
qualification as a drug candidates.!””) Therefore we evaluated the drug-likeness proper-
ties of all 1,3,4-oxadiazoles and they did not violate Lipinski and Veber rules. The oxa-
diazole derivatives also have a good bioavailability score (Table S2).

The assessment of absorption, distribution, metabolism, excretion and toxicity
(ADMET) properties of compounds is also extremely important in the drug develop-
ment and discovery process.”®! An oral drug candidate must be absorbed through intes-
tinal cell membranes before it can reach systemic circulation. Human intestinal
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absorption (HIA) of a drug is the essential prerequisite for its oral bioavailability (F,q0)
and apparent efficacy. Another alternative route to the human intestinal epithelium,
human colon adenocarcinoma cell lines (Caco-2), has been widely used to predict
in vivo drug permeability. The green color for HIA, Caco-2 permeability and F,g, indi-
cates good absorption.

VD is a parameter that indicates whether the drug is well distributed in the systemic
circulation. The green color for VD indicates that the distributions of the compounds
may be good. The yellow color for BBB penetration demonstrates that the blood-brain
barrier crossing of the compounds is predicted to be moderate, except for 4i. Thus, it
indicates that central side effects may be less.

CYP enzymes are responsible for the metabolism of drugs. In silico data showed all
compounds are substrates as well as an inhibitor for CYP2D6 and CYP3A4.
Compounds 4e, 4h and 4i have an excellent clearance rate (CL), but other compounds
showed a low clearance rate. All compounds have a moderate half-life (T,/,) time.

Toxicity risk assessment is essential to avoid some problems later in the drug discov-
ery and development process.?”’ The green color indicates that all compounds did not
show mutagenic, tumorigenic, irritant and reproductive effects. We also evaluated their
cardiotoxicity (hERG), hepatotoxicity (H-HT), and Ames mutagenicity risks. All com-
pounds have no cardiotoxicity risks. Compounds 4b, 4e, and 4i are not safe for the
liver, but the other compounds have lower hepatotoxicity. Ames test showed that all
compounds exert no mutagenicity effects such as genetic damage and mutations except
4a. We showed that the most active compounds, especially 4b, 4f, 4g, and 4h had
acceptable ADMET properties mentioned above (Table S3).

Experimental

All chemicals and reagents were supplied from Sigma-Aldrich (St. Louis, MO, USA) or
Merck Chemical Company (Darmstadt, Germany) and used without further purification.
Melting points were determined on a Stuart SMP II apparatus (Cole-Parmer Ltd.
Staffordshire, UK) and are uncorrected. The IR spectra were recorded using a Shimadzu
FTIR 8400S spectrometry (Shimadzu Corp., Kyoto, Japan). The NMR spectra were taken
on a Bruker spectrometer, operating at 300-600 MHz ("H-NMR), and 100-125 MHz (**C-
NMR) (Bruker Bioscience, Billerica, MA, USA). Chemical shifts (6) were expressed in
parts per million relative to tetramethylsilane used as the internal reference. Analytical
TLC was carried out on silica gel F254 (Merck) plates (0.25 mm thickness). Elemental ana-
lysis was performed on CHNS-Thermo Scientific Flash 2000 (Waltham, MA, USA).

Chemicals

General synthesis procedure for compound 2

To a solution of methyl 6-chloropyridine-3-carboxylate (0.02 mol) in ethanol (20 mL) was
added 8 mL (98%) of hydrazine monohydrate. The mixture was refluxed for 6-8 h. The
precipitate was filtered, dried and purified from methanol.®% Yield: 75%; m.p.
173.5-174.0°C. Rf=0.35 (petroleum ether/ethylacetate, v/v=1/9). (CAS Registry
Number: 168893-66-1).")
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General synthesis procedure for compound 3a-3i

Compound 2 (0.5 mmol) is stirred in 15mL of dichloromethane (CH,Cl,) at room tem-
perature for half an hour. Triethylamine (1 mmol) and appropriate benzoyl chloride
(0.5mmol) derivatives were added to the solution of hydrazide. It was refluxed for
6-8h. After monitoring by thin-layer chromatography (TLC), the excess solvent was
evaporated under a vacuum. Acyl derivatives were crystallized from methanol.l**!

General synthesis procedure for compound 4a-4i

Carbohydrazide derivatives (3a-3i) were taken in a bottom flask. 15mL of phosphorus
oxychloride was added and heated in a water bath at 75-80°C for 6h. At the end of
the reaction, the solid material is poured into an ice-water mixture. The precipitate was
filtered, dried and crystallized from methanol.®*!

Characterization data for selected compounds

2-(6-Chloropyridin-3-yl)-5-(4-nitrophenyl)-1,3,4-oxadiazole (4a)

Yield: 77%; m.p. 216.2-216.5°C. Rf=0.80 (petroleum ether/ethylacetate, v/v=1/9). IR
(v, cm™Y): 3047 (aromatic=C-H), 1620 (C=N), 1516 (NO, asym.), 1336 (NO, sym.),
1103 (aromatic C-Cl). "H-NMR (300 MHz, DMSO-dy, ppm): 6 7.83 (d, J=8.4Hz, 1H,
pyridine meta proton), 8.41-8.50 (m, 4H, Ar-H), 8.58 (d, J=8.4Hz, 1H, pyridine para
proton), 9.20 (d, 1H, J=2.1 Hz, pyridine orto proton). 13C-NMR (100 MHz, DMSO-d,,
ppm): 6 119.14, 124.45, 125.06, 128.11, 128.17, 128.48, 137.65, 147.94, 149.29, 153.28
(C=N), 162.32 (oxadiazole C=N), 163.08 (oxadiazole C=N). Anal. Calcd for
CsH,CIN,O5: C 51.59, H 2.33, N 18.51. Found: C 51.37, H 2.35, N 18.45%.

2-(6-Chloropyridin-3-yl)-5-(2,6-difluorophenyl)-1,3,4-oxadiazole (4b)

Yield: 75%; m.p. 178.8-179.1°C. Rf=0.85 (petroleum ether/ethylacetate, v/v=1/9). IR
(v, em™'): 3093 (aromatic=C-H), 1631 (C=N), 1120 (aromatic C-Cl). 'H-NMR
(400 MHz, DMSO-ds, ppm): 6 7.39-7.44 (t, 2H, Ar-H), 7.75-7.82 (m, 2H, Ar-H and
pyridine meta proton), 8.45 (d, J=8.8Hz, 1H, pyridine para proton), 9.04 (d, 1H,
J=2.4Hz, pyridine orto proton). C-NMR (100 MHz, DMSO-dy, ppm): § 111.87,
113.13, 124.38, 125.23, 127.30, 132.49, 137.73, 138.76, 147.82, 149.04, 153.22 (C=N),
157.78, 158.94, 160.26 (oxadiazole C=N), 162.75 (oxadiazole C=N). Anal. Calcd for
C3H(CIF,N;0: C 53.17, H 2.06, N 14.31. Found: C 53.32, H 2.05, N 14.36%.

Biological activity

Microorganisms and mediums

The following microorganisms Enterococcus faecalis (ATCC 51299), Escherichia coli
(ATCC 35218), Escherichia coli (ATCC 25912), Pseudomonas aeruginosa (ATCC 27853),
Staphylococcus aureus (ATCC 25923) are tested for antibacterial activity; Candida albi-
cans (ATCC 90028), Candida parapsilosis (ATCC 22019), and Candida glabrata (ATCC
90030) were tested for anticandidal activity. All microorganisms were obtained from the
culture collection of P. Microbiology Laboratory, Anadolu University. For bacterial cul-
ture Nutrient Broth (Merck) and for Candida spp. Sabouraud Dextrose Broth (Merck)
was used to prepare fresh pure cultures.
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Inoculum

The standardization of the microbial cells number used for susceptibility tests has crit-
ical importance for obtaining accurate and reproducible results. The recommended final
inoculum amount for broth dilution was 2.5 x 10° (for antifungal susceptibility tests) or
5 x 10> (for antibacterial susceptibility tests) colony-forming units (CFU) per mL. For
these reasons, all inocula were set to 0.5 McFarland standard with McFarland Tube
Densitometer for accurate and reproducible results.!**

Micro dilution broth assays

Derivatives of substances were dissolved in dimethyl sulfoxide (DMSO) and concentra-
tions were prepared ranging from 1000 to 15,625 pg/mL. The prepared concentrations
were distributed in duplicate as 100 pL for each well on the 96-well plates. After that, fresh
pure bacterial and fungal cultures, which were set at 0.5 McFarland standard in Mueller
Hinton Broth (Sigma-Aldrich) or Sabouraud Dextrose Broth, respectively were added to
concentrations of 100 pL. After adding the bacterial and fungal cultures, the final concen-
trations for these derivatives were ranging from 500 to 7,8125 pug/mL. At the end of this
process, all plates were incubated for 24 h for bacterial culture 48 h for yeast culture. All
experimental steps were performed under the recommendations of the CLSI protocol.!*”!

Druglikeness and ADMET prediction

The SwissADME server was used to evaluate drug-likeness properties of compounds
(http://www.swissadme.ch/, accessed on 30 November 2021). The ADMET properties of
compounds were determined using the OSIRIS property explorer (Data warrior) and
ADMETIab server (https://admetmesh.scbdd.com/explanation/index, accessed on 30
November 2021).

Conclusions

In summary, we synthesized novel 2,5-disubstituted-1,3,4-oxadiazole derivatives. The
compounds were investigated for their antimicrobial activity potential against four bac-
teria and three fungi species. Among 1,3,4-oxadiazoles, the compound 4h against
E. faecalis; 4b, 4f and 4g against E. coli displayed similar antibacterial activity as chlor-
amphenicol with MIC5, values of 62.5ug/mL. In addition, all compounds exhibited
similar antibacterial activity against P. aerouginosa as the reference standard. This may
be due to the presence of a more stable oxadiazole ring which may enhance the
biological potency and lipophilicity. These oxadiazole compounds also had good physi-
cochemical and pharmacokinetic properties. Thus, we suggest that the 2,5-disubstituted-
1,3,4-oxadiazole derivatives can be further optimized and developed as lead molecules
for antibacterial activity.

Disclosure statement

The authors declare that they have no conflict of interest.


http://www.swissadme.ch/
https://admetmesh.scbdd.com/explanation/index

SYNTHETIC COMMUNICATIONS® @ 933

Funding

This study was supported by the Marmara University Scientific Research Commission under
grant number: SAG-K-130319-0090. This study was partly presented in 4th International Health
Sciences Congress, 11-12 November 2021, Kirklareli University, Kirklareli, Turkey.

ORCID
Fatih Tok (® http://orcid.org/0000-0002-4569-008X

References

(1]

(6]

(10]

Hofny, H. A,; Mohamed, M. F. A;; Gomaa, H. A. M,; Abdel-Aziz, S. A,; Youssif, B. G. M;
El-Koussi, N. A.; Aboraia, A. S. Design, Synthesis, and Antibacterial Evaluation of New
Quinoline-1,3,4-Oxadiazole and Quinoline-1,2,4-Triazole Hybrids as Potential Inhibitors
of DNA Gyrase and Topoisomerase IV. Bioorg. Chem. 2021, 112, 104920-104912.
DOI: 10.1016/j.bioorg.2021.104920.

Jansen, K. U.; Knirsch, C; Anderson, A. S. The Role of Vaccines in Preventing Bacterial
Antimicrobial Resistance. Nat. Med. 2018, 24, 10-20. DOI: 10.1038/nm.4465.

Khalilullah, H.; Khan, S; Nomani, M. S; Ahmed, B. Synthesis, Characterization and
Antimicrobial Activity of Benzodioxane Ring Containing 1,3,4-Oxadiazole Derivatives.
Arab. J. Chem. 2016, 9, 1029-1035. DOLI: http://dx.doi.org/10.1016/j.arabjc.2011.11.009.
Hannoun, M. H.; Hagras, M.; Kotb, A.; El-Attar, A. M. M.; Abulkhair, H. S. Synthesis and
Antibacterial Evaluation of a Novel Library of 2-(Thiazol-5-yl)-1,3,4-Oxadiazole
Derivatives against Methicillin-Resistant Staphylococcus aureus (MRSA). Bioorg. Chem.
2020, 94, 103364-103310. DOI: 10.1016/j.bioorg.2019.103364.

Li, Y.; Luo, Y.; Hu, Y;; Zhu, D. D;; Zhang, S.; Liu, Z. J.; Gong, H. B,; Zhu, H. L. Design,
Synthesis and Antimicrobial Activities of Nitroimidazole Derivatives Containing 1,3,4-
Oxadiazole Scaffold as FabH Inhibitors. Bioorg. Med. Chem. 2012, 20, 4316-4322.
DOI: 10.1016/j.bmc.2012.05.050.

Nayak, S.; Sinha, R. K. Lewis, P. M, Kulkarni, S. D.; Gaonkar, S. L. Synthesis,
Characterization, DFT and Photophysical Studies of New Class of 1,3,4-Oxadiazole-
Isobenzofuran Hybrids. J. Lumin. 2021, 238, 118212-118219. DOI: 10.1016/j.jlumin.2021.
118212.

Singh, R. B.; Das, N.; Singh, G. K,; Singh, S. K; Zaman, K. Synthesis and Pharmacological
Evaluation of 3-[5-(Aryl-[1,3,4]Oxadiazole-2-yl]-Piperidine Derivatives as Anticonvulsant
and Antidepressant Agents. Arab. J. Chem. 2020, 13, 5299-5311. DOIL: 10.1016/j.arabjc.
2020.03.009.

Karabelyov, V.; Kondeva-Burdina, M.; Angelova, V. T. Synthetic Approaches to
Unsymmetrical 2,5-Disubstituted 1,3,4-Oxadiazoles and Their MAO-B Inhibitory Activity.
A Review. Bioorg. Med. Chem. 2021, 29, 115888-115822. DOI: 10.1016/j.bmc.2020.115888.
Acar Gevik, U; Saghk, B. N; Osmaniye, D.; Levent, S.; Kaya Gavusoglu, B.; Karaduman,
A. B, Athd, O.; Ath Eklioglu, O.; Kaplancikli, Z. A. Synthesis, Anticancer Evaluation and
Molecular Docking Studies of New Benzimidazole- 1,3,4-Oxadiazole Derivatives as
Human Topoisomerase Types I Poison. J. Enzyme Inhib. Med. Chem. 2020, 35,
1657-1673. DOI: 10.1080/14756366.2020.1806831.

Duhan, M,; Kumar, P.; Sindhu, J; Singh, R; Devi, M,; Kumar, A,; Kumar, R; Lal, S.
Exploring Biological Efficacy of Novel Benzothiazole Linked 2,5-Disubstituted-1,3,4-
Oxadiazole Hybrids as Efficient o-Amylase Inhibitors: Synthesis, Characterization,
Inhibition, Molecular Docking, Molecular Dynamics and Monte Carlo Based QSAR
Studies. Comput. Biol. Med. 2021, 138, 104876-104818. DOI: 10.1016/j.compbiomed.2021.
104876.


https://doi.org/10.1016/j.bioorg.2021.104920
https://doi.org/10.1038/nm.4465
http://dx.doi.org/10.1016/j.arabjc.2011.11.009
https://doi.org/10.1016/j.bioorg.2019.103364
https://doi.org/10.1016/j.bmc.2012.05.050
https://doi.org/10.1016/j.jlumin.2021.118212
https://doi.org/10.1016/j.jlumin.2021.118212
https://doi.org/10.1016/j.arabjc.2020.03.009
https://doi.org/10.1016/j.arabjc.2020.03.009
https://doi.org/10.1016/j.bmc.2020.115888
https://doi.org/10.1080/14756366.2020.1806831
https://doi.org/10.1016/j.compbiomed.2021.104876
https://doi.org/10.1016/j.compbiomed.2021.104876

934 (%) F.TOKET AL

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

Ningaiah, S.; Bhadraiah, U. K.; Doddaramappa, S. D.; Keshavamurthy, S.; Javarasetty, C.
Novel Pyrazole Integrated 1,3,4-Oxadiazoles: Synthesis, Characterization and Antimicrobial
Evaluation. Bioorg. Med. Chem. Lett. 2014, 24, 245-248. DOI: 10.1016/j.bmcl.2013.11.029.
Bitla, S.; Sagurthi, S. R;; Dhanavath, R.; Puchakayala, M. R; Birudaraju, S.; Gayatri, A. A
Bhukya, V. K; Atcha, K. R. Design and Synthesis of Triazole Conjugated Novel 2,5-Diaryl
Substituted 1,3,4 Oxadiazoles as Potential Antimicrobial and Antifungal Agents. J. Mol.
Struct. 2020, 1220, 128705-128713. DOI: 10.1016/j.molstruc.2020.128705.

Nayak, S.; Gaonkar, S. L.; Musad, E. A,; Dawsar, A. M. A. 1,3,4-Oxadiazole-Containing
Hybrids as Potential Anticancer Agents: Recent Developments, Mechanism of Action and
Structure-Activity Relationships. J. Saudi Chem. Soc. 2021, 25, 101284-101229. DOI: 10.
1016/j.jscs.2021.101284.

Desai, N. C.; Bhatt, N.; Somani, H.; Trivedi, A. Synthesis, Antimicrobial and Cytotoxic
Activities of Some Novel Thiazole Clubbed 1,3,4-Oxadiazoles. Eur. J. Med. Chem. 2013,
67, 54-59. DOI: 10.1016/j.ejmech.2013.06.029.

Wang, X,; Hu, H; Zhao, X,; Chen, M,; Zhang, T.; Geng, C.; Mei, Y.; Lu, A,; Yang, C.
Novel Quinazolin-4(3H)-One Derivatives Containing a 1,3,4-Oxadiazole Thioether Moiety
as Potential Bactericides and Fungicides: Design, Synthesis, Characterization and 3D-
QSAR Analysis. J. Saudi Chem. Soc. 2019, 23, 1144-1156. DOI: 10.1016/j.jscs.2019.07.006.
Kandemir, H.; Ma, C; Kutty, S. K; Black, D, Griffith, R; Lewis, P. J; Kumar, N.
Synthesis and Biological Evaluation of 2,5-di(7-Indolyl)-1,3,4-Oxadiazoles, and 2- and 7-
Indolyl 2-(1,3,4-Thiadiazolyl)Ketones as Antimicrobials. Bioorg. Med. Chem. 2014, 22,
1672-1679. DOI: 10.1016/j.bmc.2014.01.025.

Ningegowda, R.; Chandrashekharappa, S.; Singh, V.; Mohanlall, V.; Venugopala, K. N.
Design, Synthesis and Characterization of Novel 2-(2,3-Dichlorophenyl)-5-Aryl-1,3,4-
Oxadiazole Derivatives for Their anti-Tubercular Activity against Mycobacterium tubercu-
losis. Chem. Data Collect. 2020, 28, 100431-100438. DOI: 10.1016/j.cdc.2020.100431.
Farshori, N. N,; Rauf, A; Siddiqui, M. A.; Al-Sheddi, E. S.; Al-Oqail, M. M. A Facile One-
Pot Synthesis of Novel 2,5-Disubstituted-1,3,4-Oxadiazoles under Conventional and
Microwave Conditions and Evaluation of Their in Vitro Antimicrobial Activities. Arab. J.
Chem. 2017, 10, 2853-2861. DOL: http://dx.doi.org/10.1016/j.arabjc.2013.11.010.

Shi, J; Luo, N; Ding, M., Bao, X. Synthesis, in Vitro Antibacterial and Antifungal
Evaluation of Novel 1,3,4-Oxadiazole Thioether Derivatives Bearing the 6-
Fluoroquinazolinylpiperidinyl Moiety. Chinese Chem. Lett. 2020, 31, 434-438. DOIL: 10.
1016/j.cclet.2019.06.037.

Tresse, C.; Radigue, R; Borowski, R. G. V. Thepaut, M.; Le, H. H; Demay, F;
Georgeault, S.; Dhalluin, A.; Trautwetter, A.; Ermel, G; et al. Synthesis and Evaluation of
1,3,4-Oxadiazole Derivatives for Development as Broad-Spectrum Antibiotics. Bioorg.
Med. Chem. 2019, 27, 115097-115097. DOI: 10.1016/j.bmc.2019.115097.

Alumasa, J. N; Keiler, K. C. Clicking on Trans-Translation Drug Targets. Front.
Microbiol. 2015, 6, 498-494. DOI: 10.3389/fmicb.2015.00498.

Keiler, K. C.; Feaga, H. A. Resolving Nonstop Translation Complexes is a Matter of Life
or Death. J. Bacteriol. 2014, 196, 2123-2130. DOI: 10.1128/JB.01490-14.

Ramadoss, N. S.; Alumasa, J. N.; Cheng, L; Wang, Y.; Li, S.; Chambers, B. S.; Chang, H;
Chatterjee, A. K.; Brinker, A.; Engels, I. H; Keiler, K. C. Small Molecule Inhibitors of
Trans-Translation Have Broad-Spectrum Antibiotic Activity. Proc. Natl. Acad. Sci. USA.
2013, 110, 10282-10287. DOI: 10.1073/pnas.1302816110.

Song, X, Li, P; Li, M; Yang, A; Yu, L; Luo, L; Hu, D; Song, B. Synthesis and
Investigation of the Antibacterial Activity and Action Mechanism of 1,3,4-Oxadiazole
Thioether Derivatives. Pestic. Biochem. Phys. 2018, 147, 11-19. DOI: 10.1016/j.pestbp.
2017.10.011.

Labovskd, S. Pseudomonas aeruginosa as a cause of nosocomial infections. Pseudomonas
aeruginosa-biofilm formation, infections and treatments, IntechOpen 2021, 75039.
DOI: 10.5772/intechopen.95908.


https://doi.org/10.1016/j.bmcl.2013.11.029
https://doi.org/10.1016/j.molstruc.2020.128705
https://doi.org/10.1016/j.jscs.2021.101284
https://doi.org/10.1016/j.jscs.2021.101284
https://doi.org/10.1016/j.ejmech.2013.06.029
https://doi.org/10.1016/j.jscs.2019.07.006
https://doi.org/10.1016/j.bmc.2014.01.025
https://doi.org/10.1016/j.cdc.2020.100431
http://dx.doi.org/10.1016/j.arabjc.2013.11.010
https://doi.org/10.1016/j.cclet.2019.06.037
https://doi.org/10.1016/j.cclet.2019.06.037
https://doi.org/10.1016/j.bmc.2019.115097
https://doi.org/10.3389/fmicb.2015.00498
https://doi.org/10.1128/JB.01490-14
https://doi.org/10.1073/pnas.1302816110
https://doi.org/10.1016/j.pestbp.2017.10.011
https://doi.org/10.1016/j.pestbp.2017.10.011
https://doi.org/10.5772/intechopen.95908

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

SYNTHETIC COMMUNICATIONS® @ 935

Dong, J.; Wang, N. N,; Yao, Z. J.; Zhang, L.; Cheng, Y.; Ouyang, D.; Lu, A. P.; Cao, D. S.
ADMETlab: A Platform for Systematic ADMET Evaluation Based on a Comprehensively
Collected ADMET Database. J. Chem. Inform. 2018, 10, 1-11. DOI: 10.1186/s13321-018-
0283-x.

Sultan, M. A; Galil, M. S. A; Al-Qubati, M.; Omar, M. M.; Barakat, A. Synthesis,
Molecular Docking, Druglikeness Analysis, and ADMET Prediction of the Chlorinated
Ethanoanthracene Derivatives as Possible Antidepressant Agents. Appl. Sci. 2020, 10,
7727-7719. DOI: 10.3390/app10217727.

Schyman, P.; Liu, R; Desai, V.; Wallgvist, A. VNN Web Server for ADMET Predictions.
Front. Pharmacol. 2017, 8, 889-814. DOI: 10.3389/fphar.2017.00889.

Rashid, M.; Afzal, O.; Altamimi, A. S. A. Benzimidazole Molecule Hybrid with Oxadiazole
Ring as Antiproliferative Agents: In-Silico Analysis, Synthesis and Biological Evaluation.
J. Chil. Chem. Soc. 2021, 66, 5164-5182. DOI: 10.4067/S0717-97072021000205164.
Kocyigit-Kaymakcioglu, B.; Yazici, S. S.; Tok, F.; Dikmen, M.; Engiir, S.; Oruc-Emre, E. E;
Iyidogan, A. Synthesis and Anticancer Activity of New Hydrazide-Hydrazones and Their
Pd (II) Complexes. Lddd. 2019, 16, 522-532. DOI: 10.2174/1570180815666180816124102.
Frei, P.; Silbermann, M.; Mal/;Hlethaler, T.; Jiang, X.; Schwardt, O.; Hevey, R; Ernst, B.
Comparison of Affinity Ranking by Target-Directed Dynamic Combinatorial Chemistry
and Surface Plasmon Resonance. Arkivoc 2019, 2019, 143-167. DOIL 10.24820/ark.
5550190.p010.913.

Tok, F.; Kocyigit-Kaymakcioglu, B.; Tabanca, N.; Estep, A. S.; Gross, A. D.; Geldenhuys,
W. J; Becnel, J. J.; Bloomquist, J. R. Synthesis and Structure-Activity Relationships of
Carbohydrazides and 1,3,4-Oxadiazole Derivatives Bearing an Imidazolidine Moiety
Against the Yellow Fever and Dengue Vector, Aedes Aegypti. Pest. Manag. Sci. 2018, 74,
413-421. DOI: 10.1002/ps.4722.

Tok, F; Ugras, Z.; Saglk, B. N.; Ozkay, Y.; Kaplancikli, Z. A.; Kogyigit-Kaymakg¢ioglu, B.
Novel 2,5-Disubstituted-1,3,4-Oxadiazole Derivatives as MAO-B Inhibitors: Synthesis,
Biological Evaluation and Molecular Modeling Studies. Bioorg. Chem. 2021, 112,
104917-104910. DOI: 10.1016/j.bioorg.2021.104917.

Clinical and Laboratory Standard Institute (CLSI) 2007 Performance standards for anti-
microbial susceptibility testing; 17th informational supplement. CLSI document MS100-
§17. Clinical and Laboratory Standards Institute, Wayne, PA.

Reller, L. B.; Weinstein, M.; Jorgensen, J. H.; Ferraro, M. J. Antimicrobial Susceptibility
Testing: A Review of General Principles and Contemporary Practices. Clin. Infect. Dis.
2009, 49, 1749-1755. DOI: 10.1086/647952.


https://doi.org/10.1186/s13321-018-0283-x
https://doi.org/10.1186/s13321-018-0283-x
https://doi.org/10.3390/app10217727
https://doi.org/10.3389/fphar.2017.00889
https://doi.org/10.4067/S0717-97072021000205164
https://doi.org/10.2174/1570180815666180816124102
https://doi.org/10.24820/ark.5550190.p010.913
https://doi.org/10.24820/ark.5550190.p010.913
https://doi.org/10.1002/ps.4722
https://doi.org/10.1016/j.bioorg.2021.104917
https://doi.org/10.1086/647952

	Abstract
	Introduction
	Results and discussion
	Chemistry
	Biological activity
	Antimicrobial activity results
	Druglikeness and ADMET prediction


	Experimental
	Chemicals
	General synthesis procedure for compound 2
	General synthesis procedure for compound 3a–3i
	General synthesis procedure for compound 4a–4i

	Characterization data for selected compounds
	2-(6-Chloropyridin-3-yl)-5-(4-nitrophenyl)-1,3,4-oxadiazole (4a)
	2-(6-Chloropyridin-3-yl)-5-(2,6-difluorophenyl)-1,3,4-oxadiazole (4b)

	Biological activity
	Microorganisms and mediums

	Inoculum
	Micro dilution broth assays
	Druglikeness and ADMET prediction

	Conclusions
	Disclosure statement
	Funding
	Orcid
	References


