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Annotation: Scientists are compelled by the global rise in antibiotic resistance to look for 

novel substances that microorganisms would be susceptible to. The 1,3,4-oxadiazole ring is present in 

many novel structures and has been shown to have a variety of antimicrobial properties, including 

antiviral, antibacterial, antitubercular, and antifungal properties. The potential of these new compounds 

as novel drugs is very promising, as evidenced by numerous publications showing that their activity 

outperforms that of known antibiotics and other antimicrobial agents. The literature from 2015 to 2021 

is the basis for the review of 1,3,4-oxadiazole derivatives with active antimicrobial properties. 

Different research groups are constantly creating novel drug molecules against both exploited and 

unexplored targets due to the emergence of drug-resistant microbial strains. Derivatives of 1,3,4-

Oxadiazole demonstrated notable antimicrobial activity. Antimicrobial agents that contain the 1,3,4-

oxadiazole moiety can change their polarity and flexibility, which greatly enhances biological 

activities because of a variety of bonded and non-bonded interactions with target sites, including 

hydrophobic, steric, electrostatic, and hydrogen bond interactions. The current review explains the 

mode of action and therapeutic targets of 1,3,4-oxadiazoles in relation to microbes. 1,3,4-oxadiazole 

derivatives target the following enzymes: enoyl reductase (InhA), 14α-demethylase in mycobacterial 

cells; GlcN-6-P synthase, thymidylate synthase, peptide deformylase, RNA polymerase, 

dehydrosqualene synthase in bacterial strains; protein-N-myristoyltransferase, P450-14α demethylase, 

and ergosterol biosynthesis pathway in fungal strains; FtsZ protein, interfere with purine and 

functional protein synthesis in plant bacteria. The impact of various moieties and functional groups on 

the antimicrobial activity of 1,3,4-oxadiazole derivatives is also summarized in the current review. 

Keywords: 1,3,4-oxadiazole; antiviral, antimicrobial, antibacterial, antifungal, and 

antiprotozoal properties. 

 

Introduction. In tropical nations, infectious diseases account for almost half of all fatalities. While the 

number of deaths resulting from bacterial and fungal infections has decreased in wealthy nations, these 

illnesses continue to pose a serious threat in developing nations [1]. Scientists are compelled by the 

global rise in antibiotic resistance to look for novel substances that microorganisms would be 

susceptible to. Antimicrobial resistance (AMR) is a primary issue in contemporary medicine. Certain 

germs are no longer suscepti ble to the majority of medications now in use because of inadequate 

infection treatment, excessive antibiotic prescriptions, and improper administration by patients. As a 

result, treating infections becomes increasingly challenging as the antibiotics and other antimicrobial 

medications that have been utilized up to this point are no longer effective [2,3,4]. AMR poses a 

progressively greater risk to public health and life. The expense of treating patients with drug-resistant 

illnesses rises in the absence of efficient antibiotic therapy, and surgical and other medical operations 

carry a significant risk. AMR is the result of microbes learning to withstand medications meant to 

destroy them. A wide range of microbial defense techniques exist [5,6]. The oxadiazole structure is 

one of the appealing backbones for scientists producing new therapeutic medicines. This five-



       Procedia of Theoretical and Applied Sciences 
Volume 15 | Jan 2024 

ISSN: 2795-5621 Available: http://procedia.online/index.php/applied/index 

 
60 

 

membered heterocycle has four known isomers: 1,2,4-, 1,2,3-, 1,2,5-, and 1,3,4-oxadiazole. That being 

said, 1,3,4-oxadiazole's amazing biological activities make it more significant. The pharmacological 

actions of compounds possessing the 1,3,4-oxadiazole structure range from antibacterial to antifungal, 

anti-tubercular, anticonvulsant, anti-allergic, anti-inflammatory, cytotoxic, and insecticidal. For 

carboxylic acids, esters, and carboxyamides, this structure can be employed as a bioisoester [7-11]. 

The oxadiazole derivatives tiodazosin, nosapidil, and furamizole have been approved as 

antihypertensive and bactericidal medications, respectively. It has been demonstrated that a variety of 

2,5 substituted 1,3,4-oxadiazoles are effective against a broad spectrum of gram-positive and gram-

negative bacteria [12-16]. These characteristics of the 1,3,4-oxadiazole ring have led to a multitude of 

pharmacological uses for this molecule. The literature claims that for a long time, researchers all over 

the world have been creating novel compounds with the 1,3,4-oxadiazole core, which has a variety of 

biological activities, such as analgesic, anti-inflammatory, antidepressant, anticancer, and anti-diabetic 

effects. Furthermore, a large body of research has confirmed the wide-ranging antimicrobial activity of 

substances with the 1,3,4-oxadiazole ring in their structure. Research on compounds with a 1,3,4-

oxadiazole scaffold that have antibacterial, antifungal, or antiviral properties has been done [7-21]. 

Owing to the broad antimicrobial activity of 1,3,4-oxadiazole derivatives, we wish to highlight the 

scientific accomplishments of the previous seven years in this review. The PubMed database was 

searched for relevant literature using the following keywords: "1,3,4-oxadiazole," "antibacterial," 

"antitubercular," "antifungal," "antiprotozoal," "antiviral," and "activity." The review is based on 

articles published between 2015 and 2021. Where possible, a division based on chemical structure was 

also used; otherwise, structures were categorized based on specific antimicrobial activities [22-25]. 

The main purpose of the study is to conduct a brief analysis of the literature on the antimicrobial 

activity of heterocyclic compounds with high activity. 

The antibacterial properties of derivatives of 1,3,4-Oxadiazole. Scientists are now using known 

quinolone antibacterial medications as a foundation to change their structural makeup. Nalidixic acid 

was a pharmacophore moiety for structure modification according to Peraman et al. (2015). A 

thiosemicarbazide/acid carbarbazide chain or a thioxo-1,2,4-triazole/1,3,4-oxadiazole coupled with 

quinoxaline was used to substitute the carboxylic group. Compared to the reference medications 

(ciprofloxacin and amoxicillin), the compound containing 1,3,4-oxadiazole (1, Figure 2) demonstrated 

greater or comparable activity against Pseudomonas aeruginosa and Staphylococcus aureus. 

Furthermore, the novel derivatives exhibited antitubercular properties [26-29]. 

It is evident from examining the data above that quinolone antibacterial medication modifications 

occur in two ways. The 1,3,4-oxadiazole ring functions as a bioisosteric structure in place of the 

carboxylic moiety in nalidixic acid. The 1,3,4-oxadiazole molecule is introduced at the piperazine 

substituent in the case of fluoroquinolones (norflaxacin/ciprofloxacin), preceded by a methylene 

linker. The activity of the derivatives is frequently increased by halogen or methyl substituents on the 

aromatic ring [30–33]. 

The antibacterial properties of 1,3,4-Oxadiazole's aryl/heteroaryl derivatives. Antibacterial 

compounds are also searched for in 1,3,4-oxadiazole derivatives that are heteroaromatic or aromatic. 

We can identify aryl derivatives, aryl and/or heteroaryl structures, and derivatives with an aryl and/or 

heteroaryl bi- or tricyclic ring by dividing the new compounds based on the direct surrounding of the 

1,3,4-oxadiazole ring [34, 35, 36]. Structures with a 1,3,4-oxadiazole ring that have an aryl substituent 

directly on top of the heterocycle exhibit antimicrobial activity. 

A number of benzothiazepine and benzodiazepine derivatives of aryl-1,3,4-oxadiazole were created in 

2016 by Navin et al., and their broad antimicrobial activity was evaluated. In comparison to the 

reference medication ampicillin, the most active derivatives, represented as a general structure 6 in 
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Figure 4, proved to be more effective against strains of P. aeruginosa and S. aureus. Furthermore, the 

produced compounds' antitubecular and antiprotozoal properties were shown [37–40]. 

1,3,4-Oxadiazole's Amino Derivatives' Antibacterial Activity. Amino derivatives were among the 

numerous 1,3,4-oxadiazole derivatives that exhibited antibacterial activity. Many 2-amino-1,3,4-

oxadiazole derivatives with quinoline rings in their structures were obtained by Ladani et al. (2015). A 

thorough assessment of the novel compounds' antimicrobial activity was conducted. In comparison to 

ampicillin, the strongest derivative 20, which also possessed a pyridine moiety, had a strong to 

moderate effect on strains of C. tetani, B. subtilis, S. typhi, and E. coli. Furthermore, it exhibited good 

to excellent antimalarial and tubeculostatic activity [41–44]. 

In conclusion, there are a number of conclusions that can be drawn about the structure-activity 

relationship. It is evident from the amino derivatives of 1,3,4-oxadiazole that the addition of a second 

heterocyclic ring can increase the antimicrobial activity's range. The structures with 10–12 carbon 

atoms in the chain exhibit the highest activity when it comes to N-alkyl derivatives. Amidine 

structures, as opposed to amide or imine groups, exhibited the best activity in the symmetrically 

substituted 2,5-diamino-1,3,4-oxadiazole derivatives. The enhanced anti-MRSA potency in the 5-(4-

methyl-thiazol-5-yl)-1,3,4-oxadiazole-2-amine derivatives was caused by the hydrazine or guanidine 

moiety's increased polarity of the nitrogenous group [45-48]. 

Discussion. Novel derivatives of oxadiazole and triazole were synthesized. The targeted compounds' 

antioxidant and antimicrobial qualities were assessed. Compound 7b demonstrated half the 

antimicrobial activity of the common medication chloramphenicol against B. subtilis, while all 

compounds demonstrated weak antibacterial and antifungal activity. With IC50 values of 2.75 and 

2.67 mg/mL, compounds 4a and 7a demonstrated exceptional antioxidant capabilities, while ascorbic 

acid had an IC50 value of 0.49 mg/mL. The pharmacokinetic. It is simpler and more convenient to 

prepare oxadiazole derivatives from N, N-diacylhydrazine intermediate in two steps as opposed to 

directly preparing them from carboxylic acids and acylhydrazides in one step [49-53]. A 

straightforward, one-step process under mild conditions was employed to create the derivative of 

furan-oxadiazole. N-acylhydrazone was produced in high yields by a condensation reaction involving 

2-hydroxy-2-phenyl-acetohydrazide and 5-nitro-2-furaldehyde in 95% ethanol, with glacial acetic acid 

serving as the catalyst. Compound nitro-furan-oxadiazole is readily produced by reacting moderately 

yielding amounts of N-acylhydrazone with acetic anhydride. The antimicrobial results indicated that 

oxadiazole furan derivatives had possible antibacterial properties and that oxadiazole para-substituted 

phenyl derivatives had strong antifungal properties [54,55,56]. 

In conclusion, an easy, practical, and effective synthetic route was used to design and synthesize a 

series of azole derivatives based on 1,4-benzodioxane for the first time. Azole combined with 1,4-

benzodioxane is a promising template for antibacterial and antifungal activities, according to the 

antimicrobial results [57,58,59]. 

The 1,3,4-oxadiazole derivatives reviewed have a high potential for antimicrobial activity. The new 

structures are active against a broad range of microorganisms, including viruses, bacteria, and fungi. 

Some of the new compounds have their probable mechanisms of action described, based on inhibiting 

different enzymes such as lanosterol-14α-demethylase, enoyl reductase, and DNA gyrase. The activity 

of many of the novel derivatives is higher than that of the well-known antimicrobial medications. Their 

value as novel drugs in the fight against antimicrobial resistance is confirmed by the diversity of new 

structures and their high activity. For in vivo safety and efficacy to be confirmed, more research is 

required [60-64]. 
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