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Biological studies of synthetic analogs of heterocyclic compounds widespread in the 

animal and plant world have shown that most of them exhibit a wide range of biological 

actions. In this series, derivatives of 1,2,4-triazole, which are mainly of synthetic origin, are of 

particular interest. 1,2,4-triazole derivatives containing different heterocyclic fragments in the 

5 position increase the possibility of new activity emergence. 

According to the literature, esters containing a 1,2,4-triazole fragment in their 

structure often exhibit various types of biological activity. Some representatives of this class 

of compounds exhibit a hypotensive effect, have antitumor, fungicidal, antibacterial and other 

types of biological activities. 

The goal of the robot was the targeted synthesis of esters 2-((4-phenyl-5-(((5-

(phenylamino)-1,3,4-thiadiazol-2-yl)thio)methyl)-1,2,4-triazol-3-yl)thio)acetic acid and the 

establishment of their physicochemical and biological properties. 

Materials and methods. Target esters were obtained in two ways. The first method 

was the alkylation of the starting 4-phenyl-5-(((5-(phenylamino)-1,3,4-thiadiazol-2-

yl)thio)methyl)-1,2,4-triazole-3-thiol with methyl , ethyl, n-propyl, isopropyl, tert-butyl, n-

pentyl, iso-pentyl ester of 2-chloroetanoic acid in propan-2-ol with an equivalent amount of 

sodium hydroxide. 

The second method was based on the etherification of 2-((4-phenyl-5-(((5-

(phenylamino)-1,3,4-thiadiazol-2-yl)thio)methyl)-1,2,4-triazol-3-yl)thio) acetic acid. For this, 

the alkylation of the starting 4-phenyl-5-(((5-(phenylamino)-1,3,4-thiadiazol-2-

yl)thio)methyl)-1,2,4-triazole-3-thiol 2-chloroethanic acid in propan-2-ol in the presence of an 

equivalent amount of sodium hydroxide. The resulting acids were used in the reaction with 

aliphatic monohydric alcohols (methanol, ethanol, propan-1-ol, propan-2-ol, butan-1-ol, 1,1-

dimethylethanol, pentan-1-ol, 3-methylbutane- 1-olom) in the presence of a catalytic amount 

of concentrated sulfuric acid. The reaction was carried out under microwave irradiation 

conditions. 

The first way. To a solution of 0.01 mol of sodium hydroxide in 25 ml of propan-1-

ol was added 0.01 mol of the corresponding thiol. To the resulting solution was added 0.01 

mol of the corresponding 2-chloroethanoic acid ester. Heated for 1 hour. The solution was 

cooled and 50 ml of purified water was added. The resulting precipitate was filtered off, 

washed with purified water. 

The second way. A mixture of 0.01 mol of the starting carboxylic acid, 25 ml of the 

corresponding alcohol, 0.5 ml of concentrated sulfuric acid. The prepared mixture is boiled 

for 12 hours, cooled, the solvent is evaporated, neutralized with aqueous sodium bicarbonate 

solution. The resulting precipitate is filtered off, washed on the filter with 50 ml of purified 

water. For analysis, purified by crystallization from a mixture of water and ethanol (1: 1). 

For analysis, the synthesized compounds were purified by crystallization from 

methanol. 
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Synthesized compounds are white crystalline substances that are soluble in aliphatic 

monohydric alcohols, DMF and DMSO. 

The structure of the synthesized substances was established using modern 

physicochemical methods of analysis: 1H NMR, IR, chromato-mass spectroscopy. 

The next stage of work involved the establishment of the biological activity of the 

obtained substances. With the help of the «PASS On-line» Internet service, the possible 

biological activity of the obtained substances was predicted. The screening results are 

presented in table 1. 

Prediction of possible antimicrobial activity 

 
Table 1 

№ R Prediction, % № R Prediction, % 

1 CH3 45 5 C4H9 32 

2 C2H5 41 6 C(CH3)3 51 

3 C3H7 35 7 C5H11 35 

4 CH(CH3)2 39 8 C3H5(СН3)3 31 

Results and discussion. Analysis of the obtained data revealed that an increase in the 

length of the carbon chain leads to a decrease in antimicrobial activity. In turn, the branching 

of the carbon chain of the alcohol residue of the ester group leads to an increase in this 

activity. 

Conclusions. 8 new substances not previously described in the literature were 

synthesized. The structure of the obtained substances is confirmed by modern 

physicochemical methods of analysis, possible biological activity is predicted. The directions 

of the most perspective further researches in vivo are defined. 
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Nowadays, computer modeling methods including virtual screening methodologies are 

widely used in drug discovery being implemented into the early stages of potential 

biologically active compounds construction [1]. Molecular docking is one of the most 

powerful and successful tools for the virtual screening which has been used since the early 

1980s. As the structure-based method molecular docking provides the possibility to predict 

the interaction between the target protein and the ligand, as well as to estimate the energy of 

their binding, thereby determining the stability of the formed complex.  

The main scope of in silico methods application in drug development process is to 

evaluate a biological effect of a drug candidate based on the binding ability of a ligand 

towards a specific site of a target protein involved in the development and / or pathogenesis of 

a disease [2]. Thus, molecular docking, on the one hand, searches for the optimal orientations 

and conformations of the ligand molecule relative to the receptor protein, and, on the other 

hand, determines the binding sites of the target protein - the sites of the molecule where 

docking with the ligand is possible. Moreover, molecular docking possess other predictive 

functions: it`s also possible to predict the side effects of the investigated drug candidates 

according to the principle of complementarity of the ligand and the biological target. In 

polypharmacology molecular docking may be applied for the identification and optimization 

of pharmaceutical agents which modulate a set of targets simultaneously involved into a 

certain pathological process or disease. Another major function of molecular docking is 

ligand-protein binding evaluation and scoring [3]. Different types of scoring functions are 

implemented into docking software which allows to calculate the approximate energy of the 

ligand-target complexes, the heat effect and entropy change for the ligand-protein interaction, 

and to rank the various suitable conformations of the ligand at the binding site to determine 

the most likely orientation or, if several different ligands are compared, which one has the 

greatest affinity for the target protein. At this stage, a large number of difficulties arise, since 

the scoring functions are not always accurate enough due to the occasional errors in the 

modeling of the complex structure as well as the unsatisfactory accuracy of the free binding 

energy estimation. During molecular docking many factors must be taken into account: intra- 

and intermolecular interactions, electrostatic effects, electrodynamic and steric factors, non-

valence interactions, the specificity of ligands and targets, the nature of the solvent and many 

others which greatly complicates an accurate docking procedure. Nevertheless, molecular 

docking was implemented in a large number of studies which were carried out and aimed at 

determining the effectiveness of drugs from various pharmacological groups. 

Currently a vast number of computer programs were developed for docking and a 

tremendous amount of researches report the docking results as the background for novel drug 

candidates design. Most docking algorithms deal satisfactorily with the positioning of the 

ligand in the binding site of the protein target, which is an important tool in pharmaceutical 

research. The most widely used software for rigid and flexible molecular docking include 
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Molecular Operation Environment (MOE) package, Molegro Virtual Docker, AutoDock and 

AutoDock Vina, FRED as a part of OpenEye Scientific package, GOLD and others.  

With the current spread of the novel coronavirus (SARS-CoV-2), the discovery of 

antiviral drugs is of great importance [4]. AutoDock Vina was reported as a software being 

used to screen potential drugs by molecular docking with the structural and non-structural 

protein sites of the coronavirus. The common antiviral drugs ribavirin, remdesivir, 

chloroquine and luteolin were under this study. In traditional Chinese medicine, honeysuckle 

is supposed to possess antiviral effect. In the reported research, it was found that luteolin (the 

main flavonoid of honeysuckle) binds with high affinity to the same regions of the main 

protease SARS-CoV-2 as the control molecule. Chloroquine has been shown to be clinically 

effective and can bind to a main protease which may be the assessed as the drugs antiviral 

mechanism. It has been determined that interaction with a basic protease may play a key role 

in the fight against viruses. 
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