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Abstract:  

Triazoles and tetrazoles are the biologically significant five-membered heterocycles constituting the 

skeletons of several commercially marketed drugs and other heterocyclic compounds having a diverse range of 

biological activities including antimicrobial, antioxidant, anticancer, antidiabetic, and another potential.  This 

review accounts for the recent advancements in biological activities of triazoles and tetrazoles derivatives.  

Keywords:  Biological activity, Triazoles, Tetrazoles, Nanocatalyst  

Introduction:  

Triazole is a five-membered heterocyclic compound bearing three nitrogen and two carbon atoms. It 

exists in two isomeric forms - 1, 2, 3-triazole (1) and 1, 2, 4-triazole (2). The 1, 2, 3 isomer contains the three 

nitrogen atoms adjacent to one another, whereas, the 1, 2, 4 isomer possesses the two nitrogen atoms adjacent 

to each other, and the third nitrogen is present between the two carbon atoms. 
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1,2,3-triazole and its derivatives are well documented for various biological activities such as 

antimicrobial, analgesic, anti-HIV, anti-inflammatory, anti-allergic, anticancer, antimalarial, and anti-

tubercular1,2. The 1,2,4-triazoles also play an important role in medicinal chemistry possessing various 

biological activities such as antimicrobial, antimalarial, anticancer, antioxidant, and antimycotic activities3.  The 

triazole ring has been proven medicinally important scaffold in terms of various commercially marketed drugs 
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such as alprazolam, rizatriptan, trazodone, hexaconazole, and so on. Thus the small triazole nucleus bears 

several biological activities and remained a privileged scaffold for medicinal chemists. 

Tetrazoles are the heterocyclic compounds possessing a 5-membered ring comprised of four nitrogen 

atoms and one carbon atom existing in three different isomeric forms (3), (4), (5):  
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The heterocyclic compounds bearing tetrazole moiety have attracted the attention of medicinal and 

organic chemists due to their unique structure in various antihypertensive, anti-allergic, antibiotic, and 

anticonvulsant agents4-5. These tetrazoles also find extensive applications in photography, recording systems, 

as well as biological sciences6-7.  

Structural modifications of the triazole and tetrazole rings can lead to improving biological activities with 

improved potency and lesser toxicity. The present chapter provides an overview of recent updates in the 

biological potential and various methods for the synthesis of triazole and tetrazole based heterocycles using 

nanomaterials as catalysts. 

 

Biological significance of triazoles and tetrazoles: 

The Schiff bases of 4-amino-1, 2, 4-triazoles (6) were synthesized by the condensation of 4-amino-1, 2, 

4-triazol-3-ones with aromatic aldehydes under ultrasound irradiation and documented for antioxidant activity 

by the DPPH method. The DPPH inhibition values of the compounds were found in the range of 71.2 to 96.4% 

at 1.20 μM concentration. Molecular docking of the synthesized compounds with the active site of ACE revealed 

good inhibitory effects of the triazole Schiff’s bases8.  

The glycosyl 1, 2, 3-triazoles (7) were synthesized by reaction of the corresponding azides with vinyl 

acetate under microwave irradiation. It was found that the deprotected glucosyl and galactosyl triazoles did not 

display inhibitory activity at 1 mM. Among the screened samples, the GlcNAc-triazole was found to be 

hydrolyzed by Talaromyces flavus CCF 2686 β-N-acetylhexosaminidase. Furthermore, the β-GlcNAc triazole 

acted as a strong ligand of rat and human natural killer cell-activating receptors9. 

The 1,2,4-triazoles (8) were evaluated for antimicrobial activity by Stingaci et al. The compounds were 

highly active against Xanthomonas campestris. The antifungal activity of these compounds was found to be 

better than the reference drugs10.  
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1, 2, 4-triazole-spirodienone (9) was found as a promising pharmacophore for anticancer activity. It 

showed a remarkable in vitro cytotoxic activity by arresting the cell cycle and showed induction in apoptosis in 

MDA-MB-231 cells11.  

The 1, 2, 4-triazoles (10) were evaluated for tyrosinase inhibition potential by S. Akin et al. The 

inhibition mechanism of these compounds was reversible and uncompetitive on the tyrosinase activity. The 

most promising compound was found to bind weakly with the receptor via interactions with His244, His263, 

Phe264, and Val28312. 

The Schiff bases containing 1, 2, 4-triazole-3(4H)-thione (11) were documented for antifungal activity.  

These compounds were observed to be more effective against Wheat gibberellic as compared to the fluconazole 

standard. The more active compounds were evaluated for enzyme inhibition efficacy against the receptor 

CYP51 by docking13. 
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          The 1H-1,2,3-triazol-4-yl indoline-2,3-diones (12), (13) were found to be highly active against S. 

Epidermidis, B. Subtilis, E. Coli, & P. Aeruginosa bacterial strains. Some of them exhibited better antifungal 

potential than the standard Fluconazole against A. Niger and C. Albicans. Results demonstrated the key role of 

the triazole unit in these compounds for high antimicrobial activities14.  
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The 3-amino-1, 2, 4-triazole scaffold containing compounds (14) and (15) were evaluated for anticancer 

activity against cancer cell lines using MTT assay. In addition, these compounds exhibited good anti-angiogenic 

activity indicating their highly promising dual anticancer activity 15. 
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The 1, 2, 3-triazoles (16) were synthesized via azide-alkyne click chemistry approach and evaluated for 

anti-leishmanial activity against the promastigote form of Leishmania donovani. Three of these compounds 

were identified for a promising antileishmanial activity and were non-cytotoxicity towards macrophage cells. 

The molecular docking study supported good interactions with the key residues in the catalytic site of 

trypanothione reductase16.  

The 1,4-disubstituted triazole or a-ketotriazole (17) derivatives synthesized by the copper-catalyzed 

[3+2] cycloaddition of alkynes with different azides bearing a lipophilic chain mimicking the substrate were 

able to inhibit InhA. One of the compounds exhibited a minimum inhibitory concentration inferior to 2 mg/mL 

against Mycobacterium tuberculosis H37Rv 17. 

The disubstituted-1, 2, 3-triazole-thiosemicarbazone hybrid molecules (18) exhibited an excellent potency result 

for B. Subtilis and P. Aeruginosa bacterial strains as compared to reference drug ciprofloxacin. Antibacterial 

activity results were supported by molecular docking and DFT studies18. 
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The triazoles (19) were reported for an inhibitory potential of cyclin-dependent kinase 5 enzyme 19.  The fluorine 

and piperazine moiety bearing 1,2,4-triazole thione derivatives (20) synthesized by the Mannich reaction of 

triazole intermediates, substituted piperazines, and formaldehyde was documented for significant fungicidal 

activity against Cercospora arachidicola, Physalospora piricola, and Rhizoctonia cerealis at 50 mg/mL20. 

The Schiff bases of 1, 2, 4-triazole derivatives (21) synthesized by the condensation of N-[(4-amino-5-

sulfanyl-4H-1, 2, 4-triazol-3-yl)methyl]-4-substituted-benzamides with various aldehydes exhibited a good 

antibacterial and antifungal activity21.  
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The 1, 2, 4-triazole-3(4H)-thiones (22) were screened for antibacterial and antifungal activity by A. M. 

Isloor et al.  Some of the compounds were found to exhibit significant antimicrobial activity22. 
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Khan et al. developed the triazole heterocyclic derivatives (23) for analgesic, ulcerogenic and anti-

inflammatory activity23 .  
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S. Penjarla, et al. documented tetrazoles (24) possessing C-nucleoside analogs for antitumor activity24.  

The newly synthesized drug candidate (25) was demonstrated for in vitro anticancer potential by N. Dhiman et 

al. 25. 
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N. Maheshwari et al. documented a series of 1H-tetrazole derivatives (26) for protein tyrosine 

phosphatase 1B (PTP1B) inhibitory activity. Among the series, the 5-Cl substituted benzothiazole analogs 

revealed a considerable PTP1B inhibition with an IC50 of 1.88 μM aligned with reference standard suramin 

(IC50≥10 μM). In addition, an excellent in vivo anti-diabetic activity of these compounds was also observed as 

compared to the standard drugs - glimepiride and metformin. Studies revealed the necessity of the presence of 

tetrazole moiety for the enhancement of non-carboxylic inhibitors of PTP1B through anti-diabetic potential26. 

Inspired by the chemical structure of cilostazol, a selective phosphodiesterase 3A (PDE3A) inhibitor, 

the new hybrids of nucleobases and tetrazoles (27) were synthesized and studied for inhibitory activity on 

PDE3A as well as their cytotoxicity on HeLa and MCF-7 cancerous cell lines by M. Shekouhy et al. The 

obtained results showed a linear correlation of the inhibitory effect of the synthesized compounds and their 

cytotoxicity. In some cases, the PDE3A inhibitory effects of synthesized compounds are higher than the 

cilostazol. Some of the synthesized compounds revealed higher cytotoxicity against the HeLa and MCF-7 

cancerous cell lines27. 
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Zhang et al. documented 31 ursolic acid bearing a tetrazole moiety (28) for probable anti-tumor activities 

as HIF-1α transcriptional inhibitor. The structure-activity relationships of these compounds through HIF-1α 

recommended the existence of a tetrazole group at C-28 to enhance their inhibitory activities28.  
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Conclusion: 

In summary, triazoles and tetrazoles are the biologically significant five-membered heterocyclic 

compounds which are the core structures of several commercially marketed drugs and other heterocyclic 

compounds of great biological significance. This review article summarizes the various biological activities of 

triazole and tetrazole based heterocyclic. 
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