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Abstract. This analysis examines data from authoritative sources, as well as some data
without changes and citations. A review of 1,3,4-oxadiazole derivatives shows a high potential
for their antimicrobial activity. The new structures have a very wide range of activity, from
bacteria and fungi to protozoa and viruses. The possible mechanisms of action of some of the
new compounds, which are based on the inhibition of various enzymes, for example, DNA
gyrase, enoyl reductase and lanosterol-14a-demethylase, are described. Many of the new
derivatives exceed the activity of already known antimicrobials. The variety of new structures
and their high activity confirm their value as new drugs in the fight against antimicrobial
resistance. Further studies are needed to confirm their efficacy and safety in vivo. The
development of antimicrobial resistance around the world is forcing scientists to look for new
compounds to which microbes would be sensitive. Many new structures contain a 1,3,4-
oxadiazole ring, which exhibit various antimicrobial activity, for example, antibacterial,
antituberculous, antifungal, antiprotozoal and antiviral. In many publications, the activity of
new compounds exceeds the activity of already known antibiotics and other antimicrobials, so
their potential as new drugs is very promising. The review of active antimicrobial derivatives
of 1,3,4-oxadiazole is based on the literature for the period last 5 - 6 years.Thus, several
conclusions can be drawn regarding the relationship between structure and activity. In the
amino derivatives of 1,3,4-oxadiazole, it can be seen that the additional presence of another
heterocyclic ring can expand the spectrum of antimicrobial activity.
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Relevance. Currently, one of the urgent problems of pharmacology and pharmaceutical
chemistry is the search for new antifungal substances. In this regard, one of the most
promising in this regard are derivatives of oxadiazoles, triazoles and thiadiazoles, among
which compounds with antibacterial and antifungal activity have been found. The broad-scale
properties of these substances have been studied so far [1-5]. It is known that heterocyclic
compounds occupy a special place in organic chemistry, which is associated with their
important role in living organisms, as well as with wide practical application in various fields.
So, in turn, among them, nitrogenous heterocycles participate in the storage and transmission
of hereditary traits, ensure the work of the enzymatic apparatus, the central nervous system,
and support the energy of the body [6]. Among the various biologically active derivatives of
oxadiazoles, triazoles, including the acridone series, by now it is possible to distinguish a
whole series of products with valuable pharmacological properties, for example, antitumor
and antiviral activity, antifungal, antimicrobial and antiparasitic action. Derivatives of
oxadiazoles, triazoles, including acridonacetic acid, are successfully used in medicine as
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antiviral, immunomodulatory agents (preparations camedon, neovir, anandine, cycloferon)
[7-10]. Poor treatment of infections, excessive prescribing of antibiotics and their improper
use by patients have made some microorganisms insensitive to the currently used drugs. This
causes great difficulties in treatment, as antibiotics or other antimicrobial drugs used so far
are no longer effective, and infections are becoming more difficult to treat. Antimicrobial
resistance is one of the main problems of modern medicine. Because antimicrobial resistance
poses an increasingly serious threat to the life and health of the population. Without effective
antibacterial therapy, the cost of caring for patients with drug-resistant infections increases,
and there is a huge risk during surgery and other medical procedures. Antimicrobial
resistance occurs when microorganisms develop the ability to resist drugs designed to
destroy them. There is a wide variety of microbial protection strategies and therefore the
search for new promising compounds in this series is a very important practical task [11,12].

Purpose of the work. Interpretation of literature data on antimicrobial and antifungal
activity of compounds of various synthetic structures.

Antibacterial activity of 1,3,4-oxadiazole derivatives of different structures. So far, the
1,3,4-oxadiazole ring has aroused interest in medical chemistry and pharmacology as a
bioisostere for carbonyl-containing molecules such as carboxylic acids, esters and amides.
Because it is those containing the 1,3,4-oxadiazole core that showed a wide range of biological
activity, which compound containing 1,3,4-oxadiazole showed stronger or comparable
activity against Pseudomonas aeruginosa and Staphylococcus aureus than comparison drugs
including ciprofloxacin and amoxicillin [13-17].

Table.1. Antimicrobial activity of compounds containing 1,3,4-oxadiazole nuclei

Ne = Structure modifications Activity in relation to
microorganisms
Compounds containing a They affect
thiosemicarbazide/acidocarbazide Pseudomonas
chain instead of a carboxyl group aeruginosa and
Staphylococcus aureus,
also have
antituberculous
activity
Hybrids of 1,3,4- Containing an isosteric 1,3,4- Affect gram-positive
1. oxadiazole oxadiazole ring strains of S. aureus,
quinolone Bacillus cereus and
antibacterial drugs gram-negative strains

of Escherichia coli
Klebsiella pneumoniae,
P. aeruginosa
Norfloxacin derivatives containing S. aureus, ycTOW4YMBBIX
1,3,4-oxadiazole ring K METHULUJIJINHY
LITaMMOB S. aureus
Containing hybrid compounds Affect gram-positive
fluoroquinolone-piperazine-azole and gram-negative
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When analyzing the data presented above, it can be seen that modifications of
quinolone antibacterial drugs are carried out in two main directions. Firstly, in the case of
nalidixic acid, the 1,3,4-oxadiazole ring replaces the carboxylic part in the form of a
bioisosteric structure. Secondly, in the case of fluoroquinolones (norflaxacin/ciprofloxacin), a
1,3,4-oxadiazole molecule is introduced into a piperazine substituent preceded by a
methylene linker. Thus, methoxy or halogen substituents in the aromatic ring often enhance
the activity of derivatives.

Compounds with antibacterial activity are also sought among aromatic or
heteroaromatic derivatives of 1,3,4-oxadiazole, and it is antimicrobial activity that is most
manifested by structures with a 1,3,4-oxadiazole ring containing an aryl substituent directly
associated with the heterocycle. By separating new compounds due to the direct environment
of the 1,3,4-oxadiazole ring, we can distinguish aryl derivatives, aryl and/or heteroaryl
structures, and derivatives with an aryl and/or heteroaryl bi-/tricyclic ring [12,18-23].

Table.2. Antimicrobial activity of compounds containing 1,3,4-oxadiazole nuclei.

Ne  Structure modifications Activity in relation to
microorganisms
Compound of benzodiazepine They have activity against P.
and benzodiazepine aeruginosa and S. aureus strains.
derivatives In addition, the antituberculous
and antiprotozoal activity of the
obtained compounds was
demonstrated
derivatives  of aryl-1,3,4- They affect especially Gram-
oxadiazole-benzotriazole positive  bacteria, including
Antibacterial Epidermal Staphylococcus,
1. activity Staphylococcus aureus,
containing Enterococcus faecalis
aryl/heteroaryl combinations of three Mycobacterium bovis
derivatives of heterocyclic  rings: 1,3,4-
1,3,4- oxadiazole, thiazole and
oxadiazole pyridine

derivatives of 1,3,4-oxadiazole Mycobacterium bovis
framework based on pyridine M. tuberculosis
hybrid derivatives by Affect gram-positive bacteria: S.
combining  1,3,4-oxadiazole aureus, S. pyogenes and gram-
and isoxazole rings negative: P. aeruginosa and E.
coli.
M. tuberculosis
containing 1,3,4-oxadiazoles B. subtilis, S. aureus, E. coli, and P.
with substituted azetidine-2- aeruginosa
one.
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From the derivatives discussed, several conclusions can be drawn regarding the
relationship between structure and activity. The type and position of the substituent in the
aryl ring strongly influence the activity of compounds; often the para-position is preferable to
other substitution sites. An additional heterocyclic ring associated with 1,3,4-oxadiazole
enhances the antimicrobial effect. Antituberculous derivatives often have an additional
pyridine ring in their structure, which is one of the key elements of the molecule.

In addition, antimicrobial activity was also characterized among many 1,3,4-oxadiazole
derivatives as well as amino derivatives and 1,3,4-oxadiazole derivatives containing a free
thion or thiol group or S-substituted structures. Among them we distinguish simple or more
complex molecules.

Table.3. Antifungal activity of compounds containing 1,3,4-oxadiazole nuclei.

Ne  Structure modifications Activity in relation to
microorganisms

1,3,4-oxadiazole- four Candida strains
1,3,4-thiadiazole
derivatives
1,3,4-oxadiazole- were as strongly
benzimidazole active against the C.
hybrids and albicans

1. 1,3,4-oxadiazole derivatives containing 6-chloro-
9H-carbazole
1,3,4-oxadiazole Aspergillus fumigatus
derivatives
containing a
thiazole ring in their
structure

containing 1,3,4- A. fumigatus and C.
oxadiazole-2-thione glabrata

in the structure

2,5-disubstituted A. niger and C.
1,3,4-oxadiazoles albicans

Derivatives of 1,3,4-oxadiazole, in addition to their antibacterial activity, also had an
effect on various types of fungi. When analyzing the data presented above, in antifungal
structures, it can be seen that one substituent is preferable to another, and also the
substitution site is crucial. Electron acceptor groups, for example, NOz, play an important role,
which additionally affects the physicochemical properties of the compound (lipophilicity,
hydrophobic interactions and pKa). Some derivatives are synthesized on the basis of already
known drugs (fluconazole), and other structures, in addition to their own activity, can
increase the effectiveness of standard antifungal drugs [24-33].

Conclusions. Thus, several conclusions can be drawn regarding the relationship between
structure and activity. In the amino derivatives of 1,3,4-oxadiazole, it can be seen that the
additional presence of another heterocyclic ring can expand the spectrum of antimicrobial

F
-

activity.

IBMSCR | Volume 3, Issue 3, March

\



INTERNATIONAL BULLETIN OF MEDICAL SCIENCES IBMSCR
AND CLINICAL RESEARCH UIF = 8.2 | SIIF = 5.94 ISSN: 2750-3399

References:
1.KomeBenko A.C., fkoBaeB MW.II, HckoBen, B.H., AnanweBa E.II, Ky3pmuu H.H.,
KcenodonToBa I''B. CHHTe3 ¥ MPOTHUBOTPHUOKOBAsA aKTUBHOCTb HOBBIX XJ0PUAOB 2-[(Z) -1-
(3,5-pguapui-1,3,4-Tuaguaszosn-2 (3H)-unupen)metun|-3,5-aguapun-1,3,4-tuagruason-3-us.
XuMHKO-papMaleBTHUYECKUH KypHaJ. Tom 51,N26,2017.cT.18-20.

2.Rashidov S.Z., Rakhimboev S.D., Sanoev Z.I., Abdinazarov I.T., Khamroev T.T., Ismailova D.S.,
& Elmuradov B.J.. (2022). Study of psychoactive activity potassium salt 5-(o-aminophenyl)-
1,3,4- oxadiazole-2-thion (D-361). International Journal of Medical Sciences And Clinical
Research, 2(09), 1-5. https://doi.org/10.37547 /ijmscr/Volume0Z2Issue09-01

3.Sanoev Zafar Isomiddinovich, Rashidov Sokhib Zamon ugli, Raximboev Sukhrob Davlatyor
ugli, Abdinazarov Ibrokhim Tuychievich, Khamroev Tolmas Tolibovich, Ismailova Dilnoza
Safaralievna, & Elmuradov Burkhon Juraevich. (2022). Research of Anticonvulsant Activity of
Compound 5- (P-Aminophenyl) - 1,3,4-Oxadiazole-2-Thion. Texas Journal of Medical Science,
13, 17-21. Retrieved from https://zienjournals.com/index.php/tjms/article /view /2434
4.Rakhimboev S.D., Sanoev Z.I., Rashidov S.Z., Abdinazarov I.T., Khamroev T.T., Ismailova D.S,,
& Elmuradov B.J.. (2022). Screening Study of the Anxiolytic Activity of New Triazole
Compounds. Texas Journal of Medical Science, 13, 1-4. Retrieved from
https://zienjournals.com/index.php/tjms/article /view /2450

5.S.D. Rakhimboev, Z.I. Sanoev, T.T. Khamroev, S.Z. Rashidov, I.T. Abdinazarov, D.S. Ismailova,
& B.J. Elmuradov. (2022). Screening study of neurotropic properties of new triazole
derivative. Oriental Journal of Medicine and Pharmacology, 2(04), 12-20.
https://doi.org/10.37547 /supsci-ojmp-02-04-02

6.ConoBbéB H. A., lllupokoBa W. I'. buosiornyeckass aKTUBHOCTb MOJHUHUTPOMETHUJIbHbBIX
NPOXU3BO/JIHBIX reTepouUKandYeckoro psazga. »KypnHasu Llapckocenbckue yteHus. 2012, Ct.98-
102.

7.AK. TypcbiHOoBa, A. Kapunxan, A. AkbepreH. Keilbip MoHOTepmneHzep »oHe OJapJblH
TYbIH/bLJIAPbIHBIH, 6uoioTUANbIK G6esncenainir. JILH. l'ymuneB atbingarel EYY Xab6apuibichl -
Bulletin of L.N. Gumilyov ENU, 2019, 3(128) DOI: https://doi.org/10.32523/2616-6771-
2019-128-3-64-69

8.Timea G., Peter B, Istvan Z., Ferenc F, Zsolt Sz. Stereoselective Synthesis, Synthetic and
Pharmacological Appli-cation of Monoterpene-Based 1,2,4- and 1,3,4-Oxadiazoles //
International Journal of Molecular Sciences. - 2017.Vol. 19. -P. 81-92.

9.KanuuuHa TaTtbsiHa AHppeeBHa. CMHTe3 OMOJIOTMYECKU AKTHBHBIX FeTepOLMKJINYEeCKUX

coeIMHEeHUH Ha  OCHOBe 1,2,3-tuaauazosn-4(5)-uakapb6oHUIU 1,2,3-THaauaso-5-
uiarnapasuHos. [uccepranus. Ekatepun6ypr - 2016. Ct.175.

10.borateipeB K.B., Kyzpsasuesa T.H., Kiuumosa JILI. HccinemoBanve cuHTe3a U
AHTUMUKPOOHOW aKTHBHOCTH PSAJQa HOBBIX NMPOM3BOAHBIX aKpPUJOHA. YCIIEXM B XUMUU M
xuMHYeckod TexHosoruu. Tom XXVIIL. 2013. N24.cT.92-95.

11.Annunziato G. Strategies to Overcome Antimicrobial Resistance (AMR) Making Use of Non-
Essential Target Inhibitors: A Review. Int. ]. Mol. Sci. 2019;20:5844. doi:
10.3390/ijms20235844.

12.Glomb T, Swiqtek P. Antimicrobial Activity of 1,3,4-Oxadiazole Derivatives. Int ] Mol Sci.
2021 Jun 29;22(13):6979. doi: 10.3390/ijms22136979.

.
-

IBMSCR | Volume 3, Issue 3, March

\



INTERNATIONAL BULLETIN OF MEDICAL SCIENCES IBMSCR

AND CLINICAL RESEARCH UIF = 8.2 | SJIF = 5.94 ISSN: 2750-3399

13.Peraman R., Varma R.V.,, Reddy Y.P. Re-Engineering Nalidixic Acid’s Chemical Scaffold: A
Step towards the Development of Novel Anti-Tubercular and Anti-Bacterial Leads for
Resistant  Pathogens.  Bioorg. Med. Chem. Lett. 2015;25:4314-4319. doi:
10.1016/j.bmcl.2015.07.071.
14.0mar F.A., Abelrasoul M., Sheha M.M., Hassan H.Y., Ibrahiem Y.M. Synthesis, Antibacterial
Activity and Molecular Docking of Substituted Naphthyridines as Potential DNA Gyrase
Inhibitors. ChemistrySelect. 2018;3:2604-2612. doi: 10.1002/slct.201800108.
15.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 [V. Bioorg. Chem. 2021;112:104920. doi: 10.1016/j.bioorg.2021.104920.
16.Guo Y., Xu T., Bao C,, Liu Z,, Fan ], Yang R., Qin S. Design and Synthesis of New Norfloxacin-
1,3,4-Oxadiazole Hybrids as Antibacterial Agents against Methicillin-Resistant Staphylococcus
Aureus (MRSA) Eur. J. Pharm. Sci. 2019;136:104966. doi: 10.1016/j.ejps.2019.104966.
17.39. Mermer A., Faiz 0., Demirbas A., Demirbas N., Alagumuthu M., Arumugam S. Piperazine-
Azole-Fluoroquinolone Hybrids: Conventional and Microwave Irradiated Synthesis, Biological
Activity Screening and Molecular Docking Studies. Bioorg. Chem. 2019;85:308-318. doi:
10.1016/j.bioorg.2019.01.009.
18.Navin P., Sarvil P., Amit P., Divyesh P., Dhansukh R., Moo-Puc R., Rivera G. Synthesis and
Biological Evaluation of Newer 1,3,4-Oxadiazoles Incorporated with Benzothiazepine and
Benzodiazepine Moieties. Zeitschrift Naturforsch. Sect. C J. Biosci. 2017;72:133-146. doi:
10.1515/znc-2016-0129.
19. Alghamdi A.A., Alam M.M,, Nazreen S. In Silico ADME Predictions and in Vitro Antibacterial
Evaluation of 2-Hydroxy Benzothiazole-Based 1,3,4-Oxadiazole Derivatives. Turkish J. Chem.
2020;44:1068-1084. doi: 10.3906/kim-1912-55.
20.Dhumal S.T., Deshmukh A.R., Bhosle M.R., Khedkar V.M., Nawale L.U., Sarkar D., Mane R.A.
Synthesis and Antitubercular Activity of New 1,3,4-Oxadiazoles Bearing Pyridyl and Thiazolyl
Scaffolds. Bioorg. Med. Chem. Lett. 2016;26:3646-3651. doi: 10.1016/j.bmcl.2016.05.093.
21.Desai N.C., Somani H., Trivedi A., Bhatt K., Nawale L., Khedkar V.M., Jha P.C., Sarkar D.
Synthesis, Biological Evaluation and Molecular Docking Study of Some Novel Indole and
Pyridine Based 1,3,4-Oxadiazole Derivatives as Potential Antitubercular Agents. Bioorg. Med.
Chem. Lett. 2016;26:1776-1783. doi: 10.1016/j.bmcl.2016.02.043.
22. Desai N.C,, Trivedi A., Somani H., Jadeja K.A., Vaja D., Nawale L., Khedkar V.M., Sarkar D.
Synthesis, Biological Evaluation, and Molecular Docking Study of Pyridine Clubbed 1,3,4-
Oxadiazoles as Potential Antituberculars. Synth. Commun. 2018;48:524-540. doi:
10.1080/00397911.2017.1410892.
23. Mansoori M.H., Khatik G.L., Mishra V. Synthesis and Pharmacological Evaluation of
Pyridinyl-1,3,4-Oxadiazolyl-Ethanone Derivatives as Antimicrobial, Antifungal and
Antitubercular Agents. Med. Chem. Res. 2018;27:744-755. doi: 10.1007/s00044-017-2098-0.
24.Gavarkar P.S., Somani R.R. Synthesis of Novel Azole Heterocycles with Their Antitubercular
and Antifungal Evaluation. Int. ]. Chem. Sci. 2015;13:432-440. [Google Scholar]
25.Wani M.Y,, Ahmad A., Shiekh R.A., Al-Ghamdi K.J., Sobral A.].F.N. Imidazole Clubbed 1,3,4-
Oxadiazole Derivatives as Potential Antifungal Agents. Bioorg. Med. Chem. 2015;23:4172-
4180. doi: 10.1016/j.bmc.2015.06.053.

y 4

y 4

IBMSCR | Volume 3, Issue 3, March

\



INTERNATIONAL BULLETIN OF MEDICAL SCIENCES IBMSCR

AND CLINICAL RESEARCH UIF = 8.2 | SJIF = 5.94 ISSN: 2750-3399

26.Liao |, Yang F., Zhang L., Chai X,, Zhao Q., Yu S., Zou Y., Meng Q., Wu Q. Synthesis and
Biological Evaluation of Novel Fluconazole Analogues Bearing 1,3,4-Oxadiazole Moiety as
Potent Antifungal Agents. Arch. Pharm. Res. 2015;38:470-479. doi: 10.1007/s12272-014-
0378-5.

27.Nimbalkar U., Tupe S., Seijas Vazquez ]., Khan F., Sangshetti ]., Nikalje A. Ultrasound- and
Molecular Sieves-Assisted Synthesis, Molecular Docking and Antifungal Evaluation of 5-(4-
(Benzyloxy)-Substituted Phenyl)-3-((Phenylamino)Methyl)-1,3,4-Oxadiazole-2(3H)-Thiones.
Molecules. 2016;21:484. doi: 10.3390/molecules21050484.

28.Stoica C.I., Marc G., Pirnau A,, Vlase L., Araniciu C., Oniga S., Palage M., Oniga O. Thiazolyl-
Oxadiazole Derivatives Targeting Lanosterol 14a-Demethylase as Potential Antifungal Agents:
Design, Synthesis and Molecular Docking Studies. Farmacia. 2016;64:390-397.

29.Frost J.R., Scully C.C.G., Yudin A.K. Oxadiazole Grafts in Peptide Macrocycles. Nat. Chem.
2016;8:1105-1111. doi: 10.1038/nchem.2636.

30.Revie N.M., Robbins N., Whitesell L., Frost ]J.R.,, Appavoo S.D., Yudin A.K., Cowen L.E.
Oxadiazole-Containing Macrocyclic Peptides Potentiate Azole Activity against Pathogenic
Candida Species. mSphere. 2020;5 doi: 10.1128/mSphere.00256-20.

31.Levent S, Kaya C.B. Saglik B. Osmaniye D., Acar C.U, At O. Ozkay Y., Kaplancikh Z.
Synthesis of Oxadiazole-Thiadiazole Hybrids and Their Anticandidal Activity. Molecules.
2017;22:2004. doi: 10.3390/molecules22112004.

32.Karaburun A.C., Cavuso G.B.K,, Cevik U.A,, Osmaniye D., Sa Glik B.N., Levent S., Ozkay Y., Ath
0., Koparal A.S., Kaplancikh Z.A. Synthesis and Antifungal Potential of Some Novel
Benzimidazole-1,3,4-Oxadiazole Compounds. Molecules. 2019;24:191. doi:
10.3390/molecules24010191.

33.Bordei Telehoiu A.T., Nuta D.C., Caproiu M.T., Dumitrascu F., Zarafu I., Ionita P., Badiceanu
C.D., Avram S, Chifiriuc M.C,, Bleotu C,, et al. Design, Synthesis and In Vitro Characterization of
Novel Antimicrobial Agents Based on 6-Chloro-9H-Carbazol Derivatives and 1,3,4-Oxadiazole
Scaffolds. Molecules. 2020;25:266. doi: 10.3390/molecules25020266.

IBMSCR | Volume 3, Issue 3, March

\



