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ABSTRACT 

Fungal infections have become a serious global health concern, affecting millions of people each year. The rising 

incidence of these infections can be attributed to several factors, including an increasing number of 

immunocompromised individuals, widespread use of antibiotics, and the evolution of drug-resistant fungal strains 

Therefore, the aim of this study was to conduct a comparative discussion and analysis of the antifungal activity of 

1,2,4-triazole derivatives using modern literature data. Based on the findings, specific conclusions were drawn to 

guide future research directions in the development of promising antifungal agents. An analysis of scientific 

publications in recent years focused on the antifungal properties of 1,2,4-triazole derivatives highlights the 

undeniable potential of these compounds as a source of new biologically active agents. Numerous studies point to 

the possibility of continuous modification and innovative improvement of molecules to enhance their antifungal 

activity. A promising approach involves modifying 1,2,4-triazole derivatives by incorporating halogen-aromatic 

fragments into their structure. This modification may not only enhance antifungal properties or increase their 

effectiveness but also reduce the overall toxicity of the compounds. Based on the literature review, 2-(((3-(2-

fluorophenyl)-5-mercapto-4H-1,2,4-triazol-4-yl)imino)methyl)phenol meets these criteria and, in our view, 

warrants further investigation as a potential antifungal agent. 
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INTRODUCTION 

Fungal infections have become a serious global health concern, affecting millions of people each year. The rising 

incidence of these infections can be attributed to several factors, including an increasing number of 

immunocompromised individuals, widespread use of antibiotics, and the evolution of drug-resistant fungal strains.
[1]

 

Consequently, there is an urgent need to develop new antifungal agents with improved efficacy, safety, and resistance 

profiles. 

 

Antifungal drugs play a crucial role in the treatment and prevention of fungal infections. They are used to treat 

superficial mycoses, such as dermatophytosis, as well as systemic mycoses, including invasive candidiasis and 

aspergillosis. The availability of effective antifungal agents is of utmost importance, as some fungal infections can lead 

to severe morbidity and mortality if left untreated.
[2,3]

 

 

The current arsenal of antifungal compounds includes four major classes: polyenes, azoles, echinocandins, and 

allylamines. Among these, azole antifungals are the most widely used due to their broad-spectrum activity and 

relatively low toxicity. However, the widespread and prolonged use of azoles has led to the emergence of drug-resistant 

fungal strains, limiting the efficacy of these agents.
[4]

 

 

Moreover, existing antifungal drugs are associated with various side effects, drug interactions, and a narrow therapeutic 

index, further restricting their use. The scientific evidence presented by the authors emphasizes the urgent need for the 

development of new antifungal agents with novel mechanisms of action, improved safety profiles, and enhanced 

therapeutic potential.
[5]

 

 

Therefore, the aim of this study was to conduct a comparative discussion and analysis of the antifungal activity of 

1,2,4-triazole derivatives using modern literature data. Based on the findings, specific conclusions were drawn to guide 

future research directions in the development of promising antifungal agents. 

 

MATERIALS AND METHODS 

The 1,2,4-triazole framework has garnered significant interest as a core structure in the development of new antifungal 

agents. 1,2,4-Triazoles are a class of heterocyclic compounds characterized by a five-membered ring containing three 

nitrogen atoms and two carbon atoms. Unique properties of triazoles, such as their ability to form strong hydrogen 

bonds and high lipophilicity, make this framework an attractive candidate for drug design. 

 

Many derivatives of 1,2,4-triazole have demonstrated promising antifungal activity, with some even surpassing the 

efficacy of existing azole antifungal drugs. Fluconazole, itraconazole, and voriconazole are widely used azole 

antifungal agents that incorporate the 1,2,4-triazole moiety in their structures.
[6,7]

 

 

RESULTS AND DISCUSSION 

The development of new 1,2,4-triazole derivatives as antifungal agents requires a systematic approach that combines 

rational computational strategies, synthetic chemistry, and biological evaluation of inefficacy. Rational compound 

design involves modifying the 1,2,4-triazole core to introduce new functional groups aimed at enhancing antifungal 

activity while minimizing the likelihood of resistance development.
[8]
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Recent advancements in molecular modeling, including molecular docking, have facilitated the rational design of 1,2,4-

triazole derivatives with optimized pharmacological profiles. These in silico tools enable researchers to predict the 

binding affinity and selectivity of designed compounds for their target proteins, making it easier to identify promising 

candidates for synthesis and biological evaluation as antifungal agents.
[9] 

 

Synthetic chemistry plays a crucial role in the development of new 1,2,4-triazole derivatives. Diverse synthetic 

pathways and strategies have been employed to access a wide range of 1,2,4-triazole derivatives with various functional 

groups. This diversity allows for the exploration of structure-activity relationships (SAR) and the optimization of 

pharmacokinetic and pharmacodynamic properties.
[10]

 

 

Invasive fungal infections (IFIs) are increasingly becoming major infectious diseases worldwide, and the limited 

efficacy of existing drugs leads to significant morbidity and mortality due to the lack of effective antifungal agents and 

severe drug resistance. In this study, the authors presented a series of benzimidazole-1,2,4-triazole derivatives as 

typical antifungal compounds, whose activity was tested in vitro against four fungal strains: C. albicans, C. glabrata, C. 

krusei, and C. parapsilopsis.
[11] 

 

The synthesized compounds demonstrated significant antifungal potential, particularly against C. glabrata. This 

highlights the promising role of benzimidazole-1,2,4-triazole derivatives as potential candidates for further 

development in antifungal therapy. 

 

An original approach to modeling new 1,2,4-triazole derivatives is proposed by a group of authors.
[12]

 The researchers 

designed and synthesized a series of 1,2,4-triazole derivatives. To evaluate the potential of the synthesized compounds 

as antifungal agents, in silico studies were conducted, including ADME properties, drug-likeness, and molecular 

docking analysis. 

 

The in vitro antifungal activity against Candida albicans and Aspergillus niger was assessed using the agar well 

diffusion method, measuring zones of inhibition. All compounds exhibited drug-likeness profiles. Two compounds 

showed the highest binding affinities, with values of -9.2 and -10.0 kcal/mol, respectively, and demonstrated promising 

antifungal activity. 

 

At a concentration of 100 µg/mL, one compound exhibited inhibition zones of 19.9 mm against C. albicans and 20.5 

mm against A. niger, while the other compound showed inhibition zones of 19.5 mm against C. albicans and 22.5 mm 

against A. niger. In comparison, the reference drug itraconazole at the same concentration demonstrated inhibition 

zones of 23.8 mm and 24.7 mm. 

 

Given their activity profiles, these two compounds hold potential as candidates for further development as antifungal 

agents. 

 

Some fungicidal agents lose their efficacy due to the development of resistance, raising the need for the creation of 

innovative antifungal treatments.
[13]

 The 1,2,4-triazole system is one of the most significant pharmacophoric 

frameworks among five-membered heterocycles. The structure-activity relationship (SAR) of this nitrogen-containing 

heterocyclic system has demonstrated its potential antifungal activity. Therefore, another group of researchers aimed to 
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highlight recent advancements in the synthesis and SAR studies of 1,2,4-triazoles as a potential fungicidal 

framework.
[13]

 

 

The authors present results of biological activity evaluations. Literature studies have shown that 1,2,4-triazole 

derivatives exhibit a broad spectrum of antifungal activity. This review serves as a valuable resource for other 

researchers in designing new potential antifungal drug candidates with high efficacy and selectivity. 

 

Another study demonstrated that some medicinal plants containing triazole frameworks possess antifungal properties. 

Examples include propiconazole, triadimefon, tebuconazole, tebuconazole, propiconazole, epoxiconazole, and 

prothioconazole.
[14]

 

 

Each year, invasive fungal infections result in 1.7 million deaths worldwide, presenting a serious challenge to global 

healthcare systems.
[15]

 One of the most pressing issues is the growing resistance of various fungal pathogens to 

synthetic drugs. Therefore, the synthesis and the development of new 1,2,4-triazole derivatives with low toxicity 

remain a critical task globally.
[16]

 

 

It is widely recognized that triazoles are biologically active compounds that act by inhibiting the activity of the 

cytochrome P450-dependent enzyme lanosterol 14α-demethylase (CYP51), a crucial enzyme in the biosynthesis of 

fungal ergosterol.
[17]

 Azoles bind to the iron within porphyrins, causing a blockage in the fungal ergosterol biosynthesis 

pathway, which leads to the accumulation of 14-demethylated sterols.
[18]

 

 

Recently, research teams synthesized a series of novel 1,2,4-triazole derivatives and evaluated their fungicidal 

activity.
[19–30]

 Some of these compounds demonstrated potential activity against specific fungi. According to the authors, 

antifungal activity of new fluorophenyl-containing 1,2,4-triazoles was studied for the first time.
[31] 

 

The researchers found that most of the compounds exhibit moderate antifungal activity. However, one compound, 2-

(((3-(2-fluorophenyl)-5-mercapto-4H-1,2,4-triazol-4-yl)imino)methyl)phenol, showed notable sensitivity to Candida 

albicans, with its fungistatic and fungicidal activity levels measured at 3.9 µg/mL. Moreover, in some cases, patterns 

were identified regarding the influence of substituents on activity indicators. 

 

An analysis of scientific publications in recent years focused on the antifungal properties of 1,2,4-triazole derivatives 

highlights the undeniable potential of these compounds as a source of new biologically active agents.
[32,33]

 Numerous 

studies point to the possibility of continuous modification and innovative improvement of molecules to enhance their 

antifungal activity. 

 

A promising approach involves modifying 1,2,4-triazole derivatives by incorporating halogen-aromatic fragments into 

their structure. This modification may not only enhance antifungal properties or increase their effectiveness but also 

reduce the overall toxicity of the compounds. 

 

Based on the literature review, 2-(((3-(2-fluorophenyl)-5-mercapto-4H-1,2,4-triazol-4-yl)imino)methyl)phenol meets 

these criteria and, in our view, warrants further investigation as a potential antifungal agent. 

 

 

 



World Journal of Pharmaceutical Science and Research                                                        Volume 3, Issue 6, 2024 

296 www.wjpsronline.com 

CONCLUSIONS 

An analysis of contemporary literature underscores the significant potential of 1,2,4-triazole derivatives as powerful 

antifungal agents. In recent years, researchers have synthesized a vast number of new compounds, among which 

halogen-aromatic derivatives of 1,2,4-triazole appear particularly promising. 

 

Chemical modification of the triazole framework with various pharmacophoric substituents has clearly and 

convincingly demonstrated the potential of 2-(((3-(2-fluorophenyl)-5-mercapto-4H-1,2,4-triazol-4-

yl)imino)methyl)phenol as an antifungal compound. This compound shows great promise for the development of a 

novel, original domestic pharmaceutical product. 

 

REFERENCES 

1. Kauffman, C.A., Fungal Infections. Infectious Disease in the Aging: A Clinical Handbook, 2009; 347–366. 

https://doi.org/10.1007/978-1-60327-534-7_22 

2. Garber G., An overview of fungal infections. Drugs, 2001; 61(1): 1–12. https://doi.org/10.2165/00003495-

200161001- 00001  

3. Maertens, J., Vrebos, M., & Boogaerts, M., Assessing risk factors for systemic fungal infections. European journal 

of cancer care, 2001; 10(1): 56–62. https://doi.org/10.1046/j.1365-2354.2001.00241.x  

4. Bitla, S., Gayatri, A.A., Puchakayala, M.R., Bhukya, V.K., Vannada, J., Dhanavath, R., Kuthati, B., Kothula, D., 

Sagurthi, S. R., & Atcha, K.R., Design and synthesis, biological evaluation of bis-(1, 2, 3-and 1, 2, 4)-triazole 

derivatives as potential antimicrobial and antifungal agents. Bioorganic & Medicinal Chemistry Letters, 2021; 41: 

128004. https://doi.org/10.1016/j.bmcl.2021.128004  

5. Amin, N.H., El-Saadi, M.T., Ibrahim, A.A., & Abdel-Rahman, H.M., Design, synthesis and mechanistic study of 

new 1,2,4-triazole derivatives as antimicrobial agents. Bioorganic chemistry, 2021; 111: 104841. 

https://doi.org/10.1016/j.bioorg.2021.104841  

6. Bagihalli, G.B., Avaji, P.G., Patil, S.A., & Badami, P.S., Synthesis, spectral characterization, in vitro antibacterial, 

antifungal and cytotoxic activities of Co (II), Ni (II) and Cu (II) complexes with 1, 2, 4-triazole Schiff bases. 

European Journal of Medicinal Chemistry, 2008; 43(12): 2639-2649. 

https://doi.org/10.1016/j.ejmech.2008.02.020  

7. Gupta, D., & Jain, D.K., Synthesis, antifungal and antibacterial activity of novel 1,2,4-triazole derivatives. Journal 

of advanced pharmaceutical technology & research, 2015; 6(3): 141–146. https://doi.org/10.4103/2231-

4040.161515  

8. Wu, J., Ni, T., Chai, X., Wang, T., Wang, H., Chen, J., Jin, Y., Zhang, D., Yu, S., & Jiang, Y., Molecular docking, 

design, synthesis and antifungal activity study of novel triazole derivatives. European journal of medicinal 

chemistry, 2018; 143: 1840–1846. https://doi.org/10.1016/j.ejmech.2017.10.081  

9. Amin, N.H., El-Saadi, M.T., Ibrahim, A.A., & Abdel-Rahman, H.M., Design, synthesis and mechanistic study of 

new 1, 2, 4-triazole derivatives as antimicrobial agents. Bioorganic Chemistry, 2021; 111: 104841. 

https://doi.org/10.1016/j.bioorg.2021.104841  

10. Sangshetti, J.N., Kalam Khan, F.A., Qazi, Y. Q., Damale, M.G., & Zaheer, Z., 3D-QSAR, docking study, 

pharmacophore modeling and ADMET prediction of 2-amino-pyrazolopyridine derivatives as polo-like kinase 1 

inhibitors. International Journal of Pharmacy and Pharmaceutical Sciences, 2014; 6(8): 217–223. Retrieved from 

https://journals.innovareacademics.in/index.php/ijpps/article/view/1639  

https://doi.org/10.1007/978-1-60327-534-7_22


World Journal of Pharmaceutical Science and Research                                                        Volume 3, Issue 6, 2024 

297 www.wjpsronline.com 

11. Güzel E., & Çevik U.A., Synthesis of Benzimidazole-1,2,4-triazole Derivatives as Potential Antifungal Agents 

Targeting 14α-Demethylase. ACS Omega, 2023; 8(4): 4369-4384 https://doi.org/10.1021/acsomega.2c07755 

12. Godge, R.K., Nalawade, A.K., & Kolhe, P.V., Exploring the Antifungal Potential of 1,2,4-Triazole Derivatives: A 

Comprehensive Study on Design and Synthesis. Eurasian Journal of Chemistry, 2023; 4(112): 4-19. 

https://doi.org/10.31489/2959- 0663/4-23-1 

13. Kazeminejad, Zahra, Marzi, Mahrokh, Shiroudi, Abolfazl, Kouhpayeh, Seyed Amin, Farjam, Mojtaba, Zarenezhad, 

Elham, Novel 1, 2, 4-Triazoles as Antifungal Agents, BioMed Research International, 2022; 4584846, 39 Pages, 

https://doi.org/10.1155/2022/4584846 

14. Howard Díaz-Salazar, Carlos M. Ramírez-González, Miguel A. Rosas-Ortega, Susana Porcel, Synthesis of 1,3,5-

Trisubstituted 1,2,4-Triazoles Enabled by a Gold-Catalyzed Three-Component Reaction, Tetrahedron, 

10.1016/j.tet.2024.134358, 2024; 134358. 

15. Andreia Bento-Oliveira, Maria-Luísa C.J. Moita, Rodrigo F.M. de Almeida, Radosław Starosta, Unraveling 

environmental effects in the absorption and fluorescence spectra of p-methoxyphenylpiperazine derivatives, 

Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 10.1016/j.saa.2023.123583, 2024; 306: 

123583. 

16. Alina A. Alimova, Maria V. Gureeva, Mariya I. Gladkikh, Ekaterina Yu Nesterova, Mikhail Yu Syromyatnikov, 

Artem P. Gureev, Alternative oxidase of plants mitochondria is related with increased resistance of tomato mtDNA 

to the difenoconazole exposure, Plant Gene, 10.1016/j.plgene.2024.100475, 2024; 40: 100475. 

17. Ambar Iqbal, Muhammad Ashraf, Avinash Karkada Ashok, Farah Chafika Kaouche, Bushra Bashir, Abdul Qadir, 

Naheed Riaz, Exploration of 4-tolyl-5-(p-tolyloxymethyl)-4H-1,2,4-triazole thioethers as potent 15-LOX inhibitors 

supported by in vitro, in silico, MD simulation and DNA binding studies, Journal of Molecular Structure, 

10.1016/j.molstruc.2024.139963, 2024; 139963. 

18. Elham Zarenezhad, Somayeh Behrouz, Marzieh Behrouz, Mohammad Navid Soltani Rad, Synthesis, Anti-

microbial, Antifungal and In Silico Assessment of Some 2,4,5-Trisubstituted Imidazole Analogues, Journal of 

Molecular Structure, 10.1016/j.molstruc.2023.136839, 2024; 1296: 136839. 

19. Bavita Kumari, Gourav Kumar, Kiran Singh, Mahak Mittal, Synthesis, structural and antimicrobial studies of 

transition metal complexes of a novel Schiff base ligand incorporating 1,2,4-triazole and 4-

(benzyloxy)benzaldehyde moieties, Journal of Organometallic Chemistry, 10.1016/j.jorganchem.2024.123114, 

2024; 1010; 123114. 

20. Nasim Ahmed, Partha Biswas, Md. Roman Mogal, Md. Rifat Sarker, Md. Mohaimenul Islam Tareq, Sabbir 

Ahmed, Mahfuza Akter, Md. Thandu Miah, Netish Kumar Kundo, Md. Nazmul Hasan, Md. Nurul Islam, Breaking 

down resistance: Verapamil analogues augment the efficacy of antibiotics against Streptococcus pneumoniae via 

MATE transporter interference, Informatics in Medicine Unlocked, 10.1016/j.imu.2024.101493, 2024; 47: 101493. 

21. S. Vishnupandi, M. Ganga, K. Rajamani, R. Kannan, S. Manonmani, Suhail Ashraf, V. G. Shobhana, N. 

Manikanda Boopathi, Colchicine-induced Jasminum sambac polyploids possessed altered metabolic profile with 

unique antifungal compounds, Genetic Resources and Crop Evolution, 10.1007/s10722-023-01822-2, 2024. 

22. Kateřina Černá, Petr Kozlík, Chromatographic method for rapid determination of triazoles in ribavirin 

intermediates synthesis: stationary phase comparison, Monatshefte für Chemie - Chemical Monthly, 

10.1007/s00706-024-03232-1, 2024; 155(8-9): 805-811. 



World Journal of Pharmaceutical Science and Research                                                        Volume 3, Issue 6, 2024 

298 www.wjpsronline.com 

23. Olena O. Pylypenko, Liudmyla K. Sviatenko, Kostyantin P. Shabelnyk, Sergiy I. Kovalenko, Sergiy I. Okovytyy, 

Reaction of [2-(3-hetaryl-1,2,4-triazol-5-yl)phenyl]amines with ketones: a density functional theory study, 

Theoretical Chemistry Accounts, 10.1007/s00214-024-03110-3, 2024; 143: 4. 

24. Sucheta Singh, Meenakshi Kaira, Hrithik Dey, Kailash C. Pandey, Sumit Tahlan, Kuldeep Singh, Synthetic 

Methodology, SAR and Pharmacology of Commercialized Preparations Employing 1, 2, 4‐Triazole Analogues, 

ChemistrySelect, 10.1002/slct.202404350, 2024; 9: 44. 

25. Bakr F. Abdel‐Wahab, Mohamed H. Sharaf, James C. Fettinger, Abdelbasset A. Farahat, Ahmed F. Mabied, 

Synthesis, Crystal Structure, DFT Calculations, Bioactivity Study, and Docking Results of Bis‐Hydrazone Based 

on 1,2,4‐Triazol‐3‐Thione, ChemistrySelect, 10.1002/slct.202402829, 2024; 9: 40. 

26. Helal F. Hetta, Yasmin N. Ramadan, Israa M. S. Al-Kadmy, Noura H. Abd Ellah, Lama Shbibe, Basem Battah, 

Nanotechnology-Based Strategies to Combat Multidrug-Resistant Candida auris Infections, Pathogens, 

10.3390/pathogens12081033, 2023; 12(8): 1033. 

27. R. Bernadett Vlocskó, Guoshu Xie, Béla Török, Green Synthesis of Aromatic Nitrogen-Containing Heterocycles 

by Catalytic and Non-Traditional Activation Methods, Molecules, 10.3390/molecules28104153, 2023; 28(10): 

4153. 

28. Maria Marinescu, Benzimidazole-Triazole Hybrids as Antimicrobial and Antiviral Agents: A Systematic Review, 

Antibiotics, 10.3390/antibiotics12071220, 2023; 12(7): 1220. 

29. Bakr F. Abdel-Wahab, Saud A. Alanazi, Emad Yousif, Benson M. Kariuki, Gamal A. El-Hiti, Crystal structure of 

(Z)-3-(4-methoxyphenyl)-4-(5-methyl-1-phenyl-1 H -1,2,3-triazol-4-yl)- N -phenylthiazol-2(3 H)-imine, C 25 H 

21 N 5 OS , Zeitschrift für Kristallographie - New Crystal Structures, 10.1515/ncrs-2023-0503, 2023; 239(1): 147-

149. 

30. E. S. Ashlin, G. Edwin Sheela, P. R. Babila, Synthesis, Antifungal Activity, Molecular Docking Studies, RDG 

Analysis, and DFT Computations on Structural Vibrational and Electronic Spectra of 3,5-Diamino-1,2,4-

Triazolinium Picrate, Polycyclic Aromatic Compounds, 10.1080/10406638.2023.2266094, 2023; 44(8): 5584-5608. 

31. Bihdan, O. A., Antimicrobial and antifungal activity of new fluorophenyl-containing 1,2,4-triazoles. 

Farmatsevtychnyi Zhurnal, 2021; 2: 87-93. https://doi.org/10.32352/0367-3057.2.21.09 

32. Prytula, R. L., Parchenko, V. V., Bushuieva, I. V., Trokhymchuk, V. V., Antifungal properties of new 1,2,4-

triazole derivatives (literature review). Farmatsevtychnyi Zhurnal, 2024; 2: 33-44. https://doi.org/10.32352/0367-

3057.2.24.03 

33. Ogloblina, M. V., Bushueva, I. V., Parchenko, V. V., Modern approaches to studying the antimicrobial and 

antifungal activities of new 1,2,4-triazole derivatives. Farmatsevtychnyi Zhurnal, 2022; 3: 94-102. 

https://doi.org/10.32352/0367-3057.3.22.11 

https://doi.org/10.32352/0367-3057.3.22.11

