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ABSTRACT 

Currently, many organic compounds have been synthesized and identified by chemists in chemical 

laboratories, numbering in the millions.  The triazole ring is categorized as a subset of organic heterocyclic 

compounds. It constitutes a significant and extensive subject matter, and an in-depth examination of triazoles 

and their derivatives can lead to the development of specialized medical and biological chemical agents aimed at 

preventing a range of diseases.  This article generally has two parts, the first part of the article is dedicated to 

triazole syntheses, in which the research of different authors is reviewed from 2005 to 2021, and the second part 

of this article is the biological importance of the triazole ring. Based on the special importance of medicine, we 

can mention antimicrobial and antifungal drugs that have a high level of medicinal activity. Unfortunately, we 

don’t have standard chemical labs, to perform experiments. Nowadays, lab researches are replacing one group 

by another or one atom by another to obtain compound with deferent properties. 

Keywords: 1,2,4-Triazole derivatives, Biological activity of triazole, Medicinal importance 

Introduction 

Heterocyclic compounds have a vital role in shaping the structure and categorization of compounds used in 

the field of medicine (Keri, et al., 2015). Nitrogen-containing heterocycles like triazoles and their modified 

versions have garnered significant interest in various domains, including pharmaceutical research and 

agricultural chemistry. They have also become a focal point in material science because of their distinctive 

structure and properties (Santiago, et al., 2019). Triazoles have interesting biological functions such as anti-

cancer, anti-immune-deficiency virus, and anti-fungal properties, and they also have the role of antibiotics 

(Deng, et al., 2012). Figure 1 shows ‌biological agents. Established pioneering examples show that a 

multicomponent reaction (MCR) is a simple and powerful tool for the synthesis of various heterocycle 

molecules, especially Triazoles (Chen et al., 2014). Additionally, the only purpose of writing this article is that 

teachers and students of chemistry and biology departments can get familiar with such heterocyclic compounds 

and use such compounds for addressing a range of medical conditions. 
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Figure 1: An active biological agent used as an antibiotic. 

There are many rings. In this article, two possible Triazoles isomers (structures 1 and 2) are presented 

according to the nitrogen atom's location in Figure 2 (Holla et al 2005). 
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Figure 2: Structures 1 and 2 vary with the nitrogen atom's placement. 

Triazoles, commonly referred to as azoles, belong to a class of organic heterocyclic compounds. They 

feature an unsaturated five-membered ring structure comprising three nitrogen atoms and two carbon atoms that 

are not adjacent. Each of these structures exists in three distinct tautomeric forms (a, b, and c), with variation 

based on which nitrogen atom is involved in hydrogen bonding (Keri et al., 2015). 

Synthesis of Triazoles structures using 3-amino-1,2,4-triazole 

One of the important methods for Triazoles synthesis involves the reactions of aminoazoles in the form of 

multi-component, or single and di nuclear or polynuclear reactions with different electrophiles.The presence of 

multiple reaction centers in the group of amino azoles makes them valuable reagents, offering the potential for 

producing a variety of chemical substances (Figure 3) (Dai Hong et al., 2011). 

 

Figure 3: Variation related to cyclization of heterocycles using amino azoles. 

In a study, Chebanov et al., (2005) reported a three-component condensation method involving pyruvic acid 

(3), aromatic aldehydes, and 3-amino-1,2,4-triazole (2) for synthesizing 5-aryl-5,8-dihydroazole (1,5-a) 
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pyrimidine-7-carboxylic acid (4). They conducted this reaction in a mixture of acetic acid and DMF. 

Interestingly, when they reacted 3-amino-1,2,4-triazole with pyruvic acid and aldehydes in DMF under reflux 

conditions, two isomers (4 and 5) were formed. Figure 4 in their study illustrates the influence of the solvent 

type on the resulting product's structure. 
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Figure 4: Synthesis of two isomers of 5-aryl-5,8-dihydroazole(1,5-a)pyrimidine-7-carboxylic acid. 

Similarly, Parchinsky et al., (2006), successfully generated appropriate products of imidazole-[1,2-b] 

[1,2,4]-triazole (7) through a multicomponent reaction involving 3-amino-1,2,4-triazole (2), various aldehydes, 

and isonitrile (6). This is depicted in Figure 5. Additionally, it was observed that the desired heterocyclic 

structures could be efficiently produced with medium to good yields when employing benzyl isonitriles. 

Oxidation primarily occurred at the benzylic positions, resulting in the formation of N-alkylidene-4H-

imidazo[1,2-b] [1,2,4] triazol-6-amine 8. 

 

Figure 5: Condensation of 3-amino-1,2,4-triazole, aldehyde and isonitrile. 

Sakhno et al, (2008) conducted a study focusing on the multicomponent reaction involving 3-amino-1,2,4-

triazole (5-aminotetrazole 2), phenylpyruvic acid 9, and aromatic aldehydes. They carried out this reaction using 

conventional heating, ultrasound, and microwave dielectric methods. Notably, the study revealed the existence 

of two distinct pathways, influenced by either kinetic or thermodynamic control, depending on temperature and 

reaction conditions. These pathways led to the formation of different structures. As a result, by adjusting the 

reaction temperature, one could easily modify the chemical products obtained. When the starting materials were 

subjected to sonication for 30 minutes at room temperature or heated in acetic acid for 2 minutes at 140°C, they 

produced triazolopyrimidine products 10, while employing higher temperatures (acetic acid, microwave) 

resulted in the formation of thermodynamic products 11, as illustrated in Figure 6. 
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Figure 6: Various methods for the synthesis of triazolopyrimidine and pyrroles. 
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In addition, Schiff base 12 with phenyl pyruvic acid 9 in acetic acid with heating leads to the synthesis of 

triazolopyrimidine 10. 

 

Figure 7:Synthesis of triazolopyrimidine via Schiff base with phenylpyruvic acid. 

Lipson et al., (2009) conducted a study on a three-component condensation process involving 3-amino-5-

alkylthio-1,2,4-triazole 2, aromatic aldehydes, and β-acetoester 13 to establish a quasi-Biginelli reaction aimed 

at generating compounds 14 and 15. The researchers observed that the choice of reaction solvent and the 

properties of the beta-ketoester significantly influenced the reaction outcome. Notably, this study represents the 

initial report on the directional aspects of the pseudo-Biginelli reaction. 
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Figure 8: The result of pseudo Biginelli reaction in ethanol 

Gorobets et al. (2010) found that a quasi-biginely three-component condensation, involving use of 3-amino-

1,2,4-triazole, leads to an unexpected alternative pathway of formation of the hydroxylases tetra hydro 

pyrimidine ring 19 and the oxygen-bridged tetra hydro pyrimidine ring 20. It was concluded that 3-amino-1,2,4-

triazole behaves differently from di amino azole. Moreover, the aldehyde component reacts with the amino 

group outside the 3-amino-1,2,4-triazole ring instead of the nitrogen inside the ring, resulting in the production 

of product 19. The reaction under normal heating and microwave conditions and using salicylic aldehyde is an 

efficient method to produce compounds related to the tetra hydro pyrimidine ring with an oxygen bridge of 20 is 

presented in Figure 8.  

 

Figure 9: Synthesis of the tetrahydropyrimidine ring depending on the reaction conditions 

Study conducted by Saitoet al., (2011) easily replaced the stearic esters with malonic ester or sodium nitro 

malon aldehyde monohydrate. They used malonic esters 27 as effective initial substances for creating azolazines 

28 with a substituent at position 5 which is presented in Figure 9. 
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Figure 10: Malonic ester is used for the synthesis of azoloazine 
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Moreover, Gladkov et al., (2012) investigated two types of heterocyclic reactions involving 4-amino-5-

carboxy amide 1,2,3-triazole 24 and cyclic ketones 25 under conventional heating, microwave and ultrasonic 

waves. The multi-component reaction of the system with chemical differentiation between cyclopentanone and 

cyclohexanone molecules leads to products 26 under different reaction conditions. The best results in this 

synthesis were observed in microwave conditions with the help of methanol at a temperature of 120.Figure 10 

presents their process.  

 

Figure 11: Multicomponent and sequential reaction of 4-amino-5-carboxamide-1,2,3-triazole with cyclic ketones. 

Petrova, et al., (2013) synthesized indole- [1,2, c]-azolo [1,5, a]-quinazoline-8- and 10-diones as shown in 

Figure 12 as a result of multicomponent reactions that 1,3-diketones and 3-aminotriazoles were used.Certain 

additional aspects of the interaction may reveal distinct behaviors. Therefore, Peter and his co-workers 

synthesized multi-ring heterocyclic compounds, exemplified by the structures illustrated in Figure 11. 

 

Figure 12: Multicomponent reaction between amino-azole, 1,3-diketone and glyoxal derivatives. 

Moreover, Niu et al., (2014) proposed a sequential process without using transition metals for the synthesis 

of 1,2,4-triazoloquinoxaline 32. The synthesis of this three-ring compound employs aromatic nucleophilic 

substitution reactions. This approach is particularly suitable for compounds containing aromatic aldehydes with 

halogens or nitrogen substituents, as demonstrated in Figure 12. Various derivatives of 1,2,4-triazoloquinoxaline 

32 are synthesized by condensation and aromatic nucleophilic substitution in a one-pot process without 

intermediate metal. Notably, this synthesis method is applicable not only to aromatic aldehydes but also to 

aromatic ketones, effectively yielding three-ring compoundsshown in Figure 12.  
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Figure 13: Synthesis of 1,4-triazoloquinoxaline in a process without intermediate metal. 

Karami et al., (2015) and Weiet al., (2016) conducted studies involving 1-ethyl-4-pyridinone 33 attached to 

the C-H acidic group of aromatic aldehydes. In the presence of 3-amino-1,2,4-triazole, heating the mixture in 
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acetonitrile solvent at 100 °C yielded the product prided- [3,4, d]-triazolo- [3,4, a]-pyrimidine 34. Following 

this, oxidation was initiated as seen in Figure 13. 

 

Figure 14: Synthesis of pyrido[4,3-d]triazolo[1,5-a]pyrimidine by condensation of 1-ethyl-4-pyridineone in CH-acid 

Moreover, Komykhovet al., (2017) investigated an examination of three-component reactions involving 

(5S,7R)-aryl-7-methyl-4,5,6,7-tetrahydro [1,2,4]-pyrimidin-7-yl 47. This investigation resulted in the generation 

of two products, one from the interaction between 1H-1,2,4-triazole and 3-amine, and the other from the 

reaction of aromatic aldehydes and acetone, with TSOH serving as the solvent. These products displayed 

antifungal properties and were subjected to comprehensive laboratory analysis, as depicted in Figure 14. 
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Figure 15: A four-component strategy for the synthesis of [1,2,4]- triazole-[1,5-a] pyrimidine-6-carboxamide derivatives. 

Gladkov et al., (2018) synthesized novel spiro dihydro-1,2,4-triazolo[1,5-a]-pyrimidine derivatives (48) 

through a three-component reaction. This reaction involved 3-amino-1,2,4-triazole (2), amines, malonitrile, and 

cyclohexanone. The reaction was conducted under both microwave and conventional heating conditions, 

yielding the desired heterocyclic product, as depicted in Figure 15. Similarly, a one-pot synthesis of highly 

efficient compounds was achieved using 5-amino imidazo-[2,1-c] [1,2,4]-triazole derivatives (50) through 

straightforward reactions. These compounds were produced from readily available starting materials, including 

aromatic aldehydes, benzoylcyanide (49), and 3-amino-1,2,4-triazole (2), all in the presence of pyridine under 

controlled microwave heating. This method is environmentally friendly, operationally simple, time-efficient, 

and demonstrates high reaction efficiency, as reported by Sadek K., (2019) and illustrated in Figure 16. 
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Figure 16: Three-component reaction of amines with cyclohexanone and malonitrile 
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Figure 17: Synthesis of –amino imidazo-[2,1-c] [1,2,4] triazole derivatives 50. 

Ashok et al., (2020) employed a nitrogen-containing triazole ring along with an acid catalyst and mineral 

clay. They successfully synthesized a range of novel compounds, specifically 3-(5-methyl-1-aryl-1H-1,2,3-

triazol-4-yl)-1-phenyl-1H-pyrazole-4-carbaldehydes (4(a–g)) and their corresponding Benz imidazole 

derivatives (6(a–g)). These compounds were obtained using both conventional and microwave irradiation 

techniques, as shown in Figure 17. 

 

Figure 18: synthesis of 3-(5-methyl-1-aryl-1H-1,2,3-triazol-4-yl)-1-phenyl-1H-pyrazole-4-carbaldehydes. 

And finally, Pacifico, et al., (2021) identified and synthesized an important drug that is of great importance 

in medicinal chemistry today. In this reaction, an environmental catalyst was used; therefore, they can be used 

as the leading biological compound (Figure 18). 

 

Figure 19: Synthesis of triazole derivatives that have medicinal properties. 

The medicinal and biological importance of Triazoles 

In recent decades, triazole rings have attracted unique interest from both chemists and biologists has been 

piqued because of their value in chemotherapy Holla et al, (2005).They exhibit a diverse array of medicinal 

activities such as antimicrobial activity (Sheremet et al., 2004), anti-inflammatory (Holla et al., 

2005)analgesic(Hafez et al., 2007), antineoplastic (Guan et al., 2007), anticonvulsant(Passannanti et al.,1998), 

anti-proliferative (Manfredini et al., 2000),In addition, they have anti-cancer (Duran et al., 2002), antimalarial 

(Gujjar et al., 2009),and antiviral activities (Johns et al., 2009). They also exhibit inhibitory activity against 

phosphor diesterases (Beasley et al.,1998), hepatitis C (De Clercq et al. 1997), beta-lactamase inhibitors (Weide 

et al., 2010), insecticides (Chai et al., 2003), and other cases. 
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Triazoles as antifungal agents 

Triazoles are a major component of antifungal drugs, which are used medicinally. Such compounds have 

minimal adverse effects and are toxic at low levels. A lot of research has been done in this regard and a lot of 

research is still going on in this field. To conclude, it should be noted that this type of anti-fungal drug is less 

toxic, and in recent years, the research on anti-fungal drugs is as follows (Zhou et al., 2012): 

(1) Optimizing the structure of anti-fungal products, improving their chemical and physical properties in the 

process, and their compatibility, which results in increased biological activity. And it does this for the purpose 

of reducing the problems and increasing the benefits of antifungal drugs. 

(2) To extract new antifungal agents, new derivatives can be obtained from triazole. In this process, the 

triazole ring combines with other drugs, from which a new compound or triazole derivative is obtained, the 

quality of the synthesized product is better than the original compound. And this drug can open the way as a 

new anti-fungal drug. 

Modifying the Structure of Clinical Azole Antifungal Drugs 

Figure 19 shows the uses of triazole in clinical fields: terconazole, itraconazole, fluconazole, bittertanol, 

cyproconazole as a fungicide, trazodone as an antidepressant, and triazolam as a sedative and hypnotic. is used 

(Keri et al., 2015). 
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Figure 20: Clinical azole anti-fungal drugs 

Pairing the Triazole Ring with Different Pharmacophores 

The triazole ring has been found to engage in reactions with other drugs, leading to the creation of novel 

antifungal compounds. Recent years have seen increased research in this area, yielding a substantial number of 

new compounds with potent antifungal properties. It is widely recognized that chitin serves as the principal 

structural component in the cell walls of fungi. Given its absence in mammals, a promising eco-friendly 

approach for combating pathogenic fungi involves targeting the enzyme chitin synthase responsible for chitin 

synthesis. Nikkomycin, a naturally occurring chitin synthase inhibitor, has been pivotal in this regard. By 

substituting the peptide bond in nikkomycin with a triazole moiety, which shares similar atom placement and 

electronic properties, new derivatives (21a-c) were developed, resulting in a significant enhancement of 

antifungal activity, as demonstrated by (Chaudhary et al., 2009). 

MATERIALS AND METHODS 
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In this article, a qualitative bibliographic method has been used, in which various scientific research articles 

have been used and it should also be said that most of the sources used in this article are new and have been 

published after 2010.  

Introduction of Synthesis Triazoles 

 Following are five methods for triazole synthesis: 

1. From thiocyanates: 
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Physical properties 

There are usually solid state tri azoles. Substituted triazole derivatives melt with respect to 1, 2, 4-triazole 

during high-temperature exothermic (when the temperature is 316 °C) continuously heated for 30 min (Holla et 

al., 2005). This compound exhibits limited solubility in solvents that lack polarity. Nevertheless, introducing 

substitutions on the nitrogen atom can enhance the solubility of these substances in non-polar solvents 

(Sheremet et al., 2004). 

Introduction of MTT colorimetric method in investigating the cytotoxic effect of pharmaceutical 

compounds 

Measuring the survival, growth and proliferation of cells has various applications in research. In the 

enzymatic method of investigating the effect of cytotoxicity, soluble tetrazolium salts are used as the starting 

material of the reaction, the most important of which is MTT. This test allows for the assessment of how various 

cells react to external influences like growth factors, cytotoxic drugs, and other chemical substances. This 

allows for the assessment of whether the level of activity and speed of cell proliferation may increase or remain 

unchanged under the influence of hormones, growth factors, cytokines, and mitogens. Additionally, under the 

influence of certain drugs and cytotoxic agents, such as anti-cancer drugs, cells may undergo necrosis or 

apoptosis, leading to a decrease in the speed of their reproduction or growth. Therefore, the MTT colorimetric 

method is used to investigate the effect of cytotoxicity of pharmaceutical compounds on the growth and 

proliferation of cancer cells, as well as to determine the IC 50 value for these compounds (Asif et al., 2014). 
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RESULTS  

Triazoles are widely used in medicine, biology and agricultural research chemistry as drugs. Triazoles and 

their derivatives are active compounds. Today, numerous research studies are conducted, leading to the 

emergence of new medicinal compounds with strong biological activity that is widely employed. Today, 

imidazole has replaced the Triazoles as an important drug. Triazoles are considered azo esters and imidazole’s 

in which the imidazole carbon atom is substituted on nitrogen in the form of azo esters. Currently, Triazoles find 

extensive application as drugs for conditions such as depression, neoplastic, malaria, viral, reproductive, cancer, 

pain, wound healing, CNS stimulants, sedatives, anxiety, anti-microbial, anti-fungal activities. This phrase 

seems incomplete and unclear. Please provide more context or rephrase. Triazole derivatives are significant due 

to their enhanced biological activity and their crucial role in heterocyclic chemistry (Tendon. V. K., 2004). 

Therefore, triazole has proved to be useful as a good pharmaceutical agent among the researchers working in 

this field, Due to its lower toxicity. Consequently, modifying different positions of triazole is suggested as a 

means to enhance the biological activity of these compounds and to facilitate synthesize of novel compounds in 

the future. 

DISCUSSION  

Triazoles are an integral part of a person, responsible for various biological functions. This article 

consolidates the collaborative research endeavors of multiple investigators, centering on the medicinal prospects 

of compounds derived from the triazole ring, resulting in the creation of innovative derivatives. These partial 

compounds are incorporated into Triazoles as a whole. This article is written in the light of specific biological 

activities and specific methods. It is evident from the presented information that 1,2,4-triazole derivatives offer 

the capacity for ring-opening reactions and the subsequent introduction of novel functional groups. Currently, 

extensive research and efforts are dedicated to improving the properties of 1,2,4-triazoles. Notably, heterocyclic 

compounds, including triazoles, are being increasingly recognized for their profound medicinal potential. As we 

navigate this research landscape, it is conceivable that novel 1,2,4-triazole derivatives with enhanced attributes 

will be uncovered. Such derivatives may eventually serve as therapeutic agents against many prevailing medical 

conditions. Furthermore, the reaction involving the combination of activated methylene, halogen derivatives in 

astatine, and beta-nitrothiazolidine as a bifunctional molecule in ethanol offers an accessible method (Asif., 

2014). 

CONCLUSION 

Considering the remarkable activity exhibited by 1,2,4-triazole derivatives, they offer a versatile platform 

for synthesizing a range of heterocyclic compounds through methods like ring opening and group transfer. The 

heightened significance of these novel, Triazoles in the realm of disease treatment underscores their growing 

prominence. These heterocyclic compound derivatives have solidified their reputation as potent pharmaceutical 

agents. It remains optimistic that ongoing research in this area will yield further insights, potentially uncovering 

novel triazole compounds poised to address a spectrum of global medical challenges. 
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