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Prospects For the Search For New 
Biologically Active Compounds Among the 
Derivatives of the Heterocyclic System of 
1,2,4-Triazole

Review Article

ABSTRACT
The purpose of this literature review was to systematize data from studies of the 
biological activity of 1,2,4-triazole derivatives with substituents in positions 4 
and 5. The authors set the task of forming an idea of current directions in the 
selection of substitutions for 1,2,4-triazole based on research. 

As a result of the study, 75 literature sources were analyzed. This made it possible 
to form a further vector in terms of searching for biologically active structures 
among 1,2,4-triazole derivatives. The review develops a modern approach to the 
search for biologically active substances among 1,2,4-triazole derivatives. Sys-
tematized data on the nature of substituents in the core of 1,2,4-triazole, which 
affect a specific type of activity.

The search material was selected over the past decade with the highest number of 
citations at the time of literature analysis.
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1. Introduction

Modern medical and pharmaceutical practice is 
based on the active use of drugs of synthetic origin. 
The arsenal of biologically active structures includes 
derivatives of heterocyclic systems, namely furan, 
pyrrole, pyrazole, pyridine, pyrimidine, purine and 
many others. Particular attention is drawn to such 
structures with low rate toxicity and high rate phar-
macological effect. Undoubtedly, the starting hetero-
cyclic substance must have several reactive centers 
for the construction of the most effective pharmaco-
phores.

Studies by scientists from around the world point to 
the prospect of using derivatives of the heterocyclic 
system 1,2,4-triazole as models for new biologically 
active substances (further BAS)

Researchers from Ukraine are also looking for prom-
ising pharmacophores among 1,2,4-triazole deriva-
tives. This is confirmed by articles [1-10]. Scientists 
are engaged in the synthesis [1-6], study of biological 
[1, 2, 5] action and analysis [7-10] of synthesized 
compounds based on 1,2,4-triazole nucleus.

The purpose of this review was to summarize data on 
the biological activity of 1,2,4-triazole derivatives 
and to form a general idea of the effect of substitu-
ents on the biological activity of the above heterocy-
clic system.

2. Antifungal activity of 1,2,4-triazole 
derivatives.

Derivatives of the heterocyclic system of 1,2,4-tri-
azole have excellent antifungal action. This is evi-

denced by the use of drugs Itraconazole, Fluconazole 
in the world medical practice. The works of scientists 
[11-20] confirm this. Systematizing the literature, 
we can conclude that the substituents adamantane, 
5-amino-2-hydroxybenzoate, 4-fluoro-2-phenoxy-
phenyl, 2-bromophenyl and hydroxybenzylidene 
fragment in the 5 position of the heterocyclic system 
of 1,2,4-triazole lead to an increase in antifungal ac-
tion. It should be noted that the best antifungal action 
is observed in hydrazides of 2-((5-substituted)-1,2,4-
triazol-3-ylthio)-alkyl(aryl, hetaryl) carboxylic acids 
(fig. 1). The results considered in [11-19] indicate in-
hibition P. cubensis, A. niger, S. fuligenea, F. oxyspo-
rum, X. Axonopodis, C. cassiicola and other strains 
of pathogenic fungi. 

Among the analyzed literature sources, the authors 
note high rates of antifungal activity of 99 molecules. 
Of these, 12 are recommended for further in-depth 
study (fig. 2)

3.Antimicrobial activity of 1,2,4-triazole 
derivatives.

Medicine today is increasingly faced with the prob-
lem of antimicrobial drugs resistance. This empha-
sizes the need for the introduction of new BAS mol-
ecules with antimicrobial properties.

The most important aspect in the creation of such 
drugs is the question of selectivity of the action of 
the molecule on the pathogenic flora. Wherein it is 
necessary that the BAS has low toxicity. 1,2,4-tria-
zoles have this set of properties. The antimicrobial 
action of triazoles is described in [15, 21-30]. Analy-
sis of the literature indicates that the molecules have 

Figure 1. Structures based on 1,2,4-triazoles with the best antifungal effect.
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a broad spectrum of antimicrobial activity and low 
toxicity. Herewith it can be concluded that the best 
indicators of biological action are inherent in mol-
ecules with an unsubstituted amino group in the 4th 
position of the nucleus of 1,2,4-triazole cycle (fig. 
3). Also as highly effective antimicrobial BAS have 
acted Schiff bases based on 1,2,4-triazole matrix (fig. 
3). The vast majority of compounds published in sci-
entific papers [21-30] had low rates of acute toxicity. 
Also 1,2,4-triazoles with methoxyphenyl moiety had 
a pronounced antimicrobial effect.

Data from literature sources [21-30] allowed us to 
assess the prospect of searching for antimicrobial 
agents among 1,2,4-triazole derivatives, namely: 74 
new compounds were synthesized and studied (fig. 
4), recommended for in-depth studies of 9 com-
pounds (fig. 4).

4. Anti-cancer and anti-tumor activity of 
1,2,4-triazole derivatives. 

One of the most important pharmacological effects 
of 1,2,4-triazoles is anti-tumor and anti-cancer ac-
tion. Based on these types of activity, the drugs Le-
trazole and Anastrazole were created, which are suc-
cessfully used in modern medicine.

On the example of researchers [31-34] we can con-
clude that much attention is paid to research by mo-
lecular docking. This makes it possible to narrow the 
range of target compounds and to predict the desired 
biological effect with great accuracy. But the rele-
vance of creating compounds with anti-cancer activ-
ity encourages us to move on to the practical part 
as soon as possible. Therefore in studies [32, 35-40] 
described the anti-cancer and anti-tumor activities of 
already synthesized compounds.

Аnalysis of literature data [31-40] shows that scien-
tists can recommend about 10% of active molecules 
for further research. 

Preferable the pronuntsed activity is inherent in the 
combined forms of 1,2,4-triazoles wit and nitrile 
radical. In our opinion, one of the simplest ways to 
combine 1,2,4-triazole derivatives with a nitrile radi-
cal is the chloroacetonitrile alkylation reaction. The 
scheme of receipt is shown in fig. 5.

According to the results of molecular docking, 67 
biologically active molecules were identified, among 
which 10 compounds require special attention. Stud-
ies on live cultures indicate the prospects of 127 
compounds, with 9 biologically active compounds 
isolated as leading compounds (fig. 6).

5. Cytoprotective activity of 1,2,4-triazoles.

Separately to the ability to proliferate, 1,2,4-triazole 
derivatives are able to have a cytoprotective effect. 
Cytoprotection is manifested in antioxidant [41-45], 
antihypoxic [46-50], hepatoprotective [51-55], neu-
roprotective [56-60] action. In particular, scientists 
[60] conducted an extensive review of 64 compounds 
that can find their application in the treatment of 
Alzheimer’s disease.

In terms of the fundamental work of the authors, it 
can be concluded that the most pronounced com-
pounds with electron-donor fragments possess cyto-
protection. Water-soluble compounds were in most 
cases more active than water-insoluble analogues. 
In our opinion the best cytoprotectors are salts of 
2-(5-R-4-R-1,2,4-triazol-3-ylthio)acetic acids with 
organic(inorganic) cations containing Nitrogen het-
eroatom (fig. 7).

Figure 2. The ratio of active molecules that have shown antifungal activity and are recommended for further studies.
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Figure 3. Structures based on 1,2,4-triazoles with the best antimicrobial effect.

Figure 4. The ratio of active molecules of 1,2,4-triazole that have shown antimicrobial activity and are recommended for 
further studies.

Figure 5. The simplest combination of 1,2,4-triazole derivatives with a nitrile radical to search for new anticancer and antitu-
mor agents.
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In the analyzed works [41-60], 40 potential 
antioxidants were identified, among which the 
authors separately Note 4 molecules; 44 compounds 
with antihypoxic activity were identified, of which 
5 are recommended for further study. 106 potential 

neuroprotectors were identified, of which 7 attract 
special attention of scientists. 54 hepatoprotectors 
were found, of which 7 were the most active. 
Comparative results are shown in Fig.8.

Figure 6. The ratio of active molecules that have shown anti-inflammatory and anti-cancer activity and are recommended for 
further studies.

Figure 7. Examples of structures based on 1,2,4-triazoles with the best cytoprotective effect
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6. Other types of biological activity.

According to the studied literature sources [61, 62] 
derivatives of 1,2,4-triazole are able to show acto-
protective effect (today, this is an actual issue, be-
cause due to the COVID-19 pandemic, one of the 
consequences of the disease is excessive fatigue).

1,2,4-Triazole derivatives can be used as effective di-
uretics. The works [63-65] evidence this. The mole-
cules recommended by the authors can be considered 
by the authors as remedy that increases the excretory 
function of the kidneys.

Modified 1,2,4-triazole molecules can be used in dia-
betic conditions because they are able to show hy-
polipidemic action [66-70] and hypoglycemic action.

It is also possible to intensify the effect on a specific 
receptor (epidermal growth factor receptor (EGFR) 
and vascular endothelial growth factor receptor 
(VEGFR), γ-Aminobutyric acid type A (GABAA) 
receptors, CB1 Cannabinoid Receptor, Liver X Re-
ceptor (LXR)) with the help of modern methods of 

computer modeling of BAS molecules. An example 
is the work of scientists [70-75].

Based on the results of the analysis, it was found that 
two literature sources describe the actoprotective 
activity of 22 compounds, 5 of which the authors 
proposed to study in more detail. Diuretic activity 
was found in 50 compounds, 3 of which were the most 
active. 44 compounds have hypolipidemic activity 
and 8 are recommended.the ability to influence 
EGFR, VEGFR, GABAA, CB1, and LXR receptors 
is inherent in 85 compounds, and 3 compounds 
attracted special attention of the authors. The ratio of 
the number of active compounds recommended by 
the authors is shown in Fig. 9.

7.Conclusions.

Among the analyzed literature sources, 806 active 
molecules were identified that have antifungal, 
antimicrobial, antitumor and anti-cancer, antioxidant, 
antihypoxic, neuroprotective, hepatoprotective, 
diuretic, actoprotective, hypolipidemic effects and 

Figure 8. Еhe ratio of active molecules of 1,2,4-triazole, which have a cytoprotective effect (antioxidant, antihypoxic, neuro-
protective, hepatoprotective effect) and are recommended for further studies.
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the ability to influence EGFR, VEGFR, GABAA, 
CB1, LXR receptors. Among biologically active 
molecules, the authors especially note 82. the 
ratio of the number of literature sources to the 
biologically active 1,2,4-triazoles found is shown in 
the comparative graph in Fig. 10

The 1,2,4-triazole nucleus is a multifunctional ma-
trix for the creation of new BAS, which may differ 
low rates of acute toxicity. Due to the high reactivity 
of thio- and aminotriazoles, it is possible to create 
molecules for targeted exposure to a target receptor 
group or a specific receptor.

Widely studied molecules of 3-thio-1,2,4-triazoles 
having substituents at the 4N and 5N positions. How-
ever, in our opinion, it is expedient to emphasize the 
combination of two heterocyclic triazole systems in 
one BAS molecule and to continue the search for 
biologically active agents on the di-triazole matrix.

In this literature review the main directions of bio-
logical researches among 1,2,4-triazole derivatives 

are collected. From the carried out review we can 
draw the following conclusion:

At the first stage of research, it is expedient to carry 
out molecular docking and to establish theoreti-
cal influence on oxidative processes of cells, tu-
mors and cancers diseases. Make computer cal-
culations of hepatoprotective, diuretic, actopro-
tective, hypolipidemic and hypoglycemic action

In vitro to make research the antioxidant effect, an-
timicrobial and antifungal action.
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