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Abstract: This work was done to assess in silico interactions of some of the 1,2,4-triazole derivatives 

with the main protease (MPro) of coronavirus to approach insights into enzymatic activity inhibition. 

Fifteen models of triazole derivatives (T2-T16) were investigated in this work to examine such benefits 

of structural modifications of T1 for approaching better ligand structures. The density functional theory 

(DFT) calculations indicated that the derivative ligand models were in their new characteristic 

specifications compared with the original T1 ligand and other T ligands. One important point was that 

the derivatives ligands were in higher levels of activity in comparison with the original T1 affirming 

the benefits of employing such structural modifications. Next, the results of molecular docking 

simulations indicated the potential of derivative ligands for participating in efficient interactions with 

the MPro target of coronavirus. As a result, the ligand models were stabilized. Their interactions with 

the MPro of coronavirus revealed that the investigated triazole derivatives could be considered possible 

inhibitors of MPro of coronavirus. 
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1. Introduction 

Of the occurrence of a novel coronavirus disease pandemic in late 2019 (COVID-19), 

almost all researchers focused on the development of a new protocol of treatment for this 

unknown disease [1-3]. Soon after the appearance of such a pandemic, serious negative impacts 

have been seen on all sides of the human life system all around the world [4-6]. Because of 

such a complicated issue, it has been the first research topic to provide more insights into this 

disease [7-9]. In this regard, developing protocols for both the prevention and medication sides 

of COVID-19 have been investigated by researchers, but a certain success has not yet been 

achieved [10-12]. To this aim, several works have been investigated to know possible 

treatments for COVID-19 patients; one of them has been the innovation of novel inhibitors for 

the main protease (MPro) of coronavirus [13-15]. Although the earlier efforts revealed some 

possible inhibitors for MPro, further investigations are still required to approach more insights 

into inhibiting the activity of this enzyme [16-18]. Accordingly, this work was performed to 
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recognize the possibility of inhibition of MPro by triazole derivatives. The issue of drug design, 

discovery, and development has been a non-stop process from the ancient era up to this time 

[19-21]. Accordingly, several methodologies have been employed to recognize the features of 

both chemical and biochemical systems to learn the benefits of investigating such systems for 

approaching pharmaceutical applications [22-24]. In the case of COVID-19, several efforts 

have been made to learn how to deal with this disease [25-27].  

Triazole (Figure 1) is a starting organic material for synthesizing other organic and 

bioorganic compounds [28, 29]. Several organic compounds with pharmaceutical potentials 

have been introduced at this time [30, 31]. A series of synthesized triazole compounds (Figure 

2) by an earlier work was investigated against the inhibition of MPro of coronavirus through 

computational methods [32, 33]. First, quantum chemical calculations and molecular docking 

simulations were performed to investigate features of triazole ligand molecules and their 

interactions with the MPro target; the results were summarized in Table 1 and Figures 2 and 3. 

Next, the obtained results were discussed to approach a point of assessing triazole derivatives 

for interacting with the MPro of coronavirus to show potentials of activity inhibitions. 

 

 
 

Figure 1. Representation of 1,2,4-triazole; R1 and R2 are the sites of derivatization. 

2. Materials and Methods 

In this work, the 3D molecular models and the computational tools and concepts were 

employed to perform an in silico investigation of some triazole derivatives' interactions with 

the coronavirus MPro. To this aim, fifteen derivatives of 1,2,4-triazole were extracted from 

earlier work [32] to be investigated as possible inhibitor ligands for the MPro target of 

coronavirus. As shown in Figure 1, R1 and R2 sites of triazole were substituted by other 

molecular groups to yield T2-T16 derivatives, which the models described in Figure 2. In the 

original triazole model, the hydrogen atoms substituted T1, R1, and R2. Geometries of 3D 

structures of ligand models were optimized, and their stabilized representations and frontier 

molecular orbitals patterns were shown in Figure 2, including the energetic descriptors in Table 

1. The dominant frontier levels of molecular orbitals were assigned by the highest occupied 

and the lowest unoccupied molecular orbitals (HOMO and LUMO). The B3LYP/6-31G* 

computational level of density functional theory (DFT) was used in this work as implemented 

in the Gaussian program [34]. Next, the 3D structure of MPro was extracted from the Protein 

Data Bank (6LU7) [35], and it was prepared for involvement as the target of molecular docking 

simulations. Afterward, molecular docking simulations of the models of ligands and targets 

were performed using the HDOCK web server [36]. As a consequence, the interacting 

bimolecular ligand-target models were found, and they were shown in Figure 3, besides 

including their scores in Table 1. To this point, the investigated models and their features were 
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recognized for further discussing the major problem of this work to learn the potentials of 

triazole derivatives for inhibiting the MPro of coronavirus. 

 

T1: R1=H, R2=H 

 

 

 

L 

 

 

T9: R1=NH2, R2=C11N2O4H13 

 

 

L 

 
H 

 

H 

 
 

T2: R1=NH2, R2=CH2O 

 

 

L 

 

 

T10: R1=NH2, R2=C8N2OH5Cl2 

 

 

L 

 

H 

 

H 

 
T3: R1=NH2, R2=C2O2H3 

 

L 

 

T11: R1=NH2, R2=C10N3OH12 

 

L 

 

H 

 

H 

 
T4: R1=NH2, R2=CN2OH3 

 

L 

 

T12: R1=NH2, R2=C7NOH6 

 

L 

 

H 

 

H 

 
T5: R1=NH2, R2=C8N2OH7 

 

L 

 

T13: R1=NH2, R2=C7NOH5F 

 

L 

 
H 

 

H 

 

T6: R1=NH2, R2=C8N2OH6F 

 

L 

 

T14: R1=NH2, R2=C7N2O3H5 

 

L 

 
H 

 

H 

 
T7: R1=NH2, R2=C8N2OH6Cl 

 

L 

 

T15: R1=NH2, R2=C5N3OH10 

 

L 

 
H 

 

H 

 
T8: R1=NH2, R2=C9N2O3H9 L 

 

T16: R1=NH2, R2=C5NO2H8 L 

 

https://doi.org/10.33263/BRIAC134.382
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC134.382  

 https://biointerfaceresearch.com/ 4 of 11 

 

 

H 

 

 

H 

 

Figure 2. Representations of the optimized ligand models and HOMO/LUMO pattrens (H/L). 
 

Table 1. The evaluated energetic features of the models.1 
Ligand HOMO eV LUMO eV EGap eV CH eV CS eV-1 Score kcal/mol Rank 

T1 -7.38 0.13 7.52 3.76 0.27 -61.1 16 

T2 -6.26 -0.75 5.51 2.75 0.36 -95.88 14 

T3 -6.17 -0.62 5.56 2.78 0.36 -95.83 15 

T4 -6.56 -0.52 6.04 3.02 0.33 -100.35 13 

T5 -5.77 -1.34 4.42 2.21 0.45 -124.95 8 

T6 -5.78 -1.39 4.39 2.20 0.46 -133.67 4 

T7 -5.89 -1.55 4.33 2.17 0.46 -132.05 6 

T8 -5.42 -1.19 4.23 2.12 0.47 -153.27 1 

T9 -5.47 -1.29 4.18 2.09 0.48 -137.48 2 

T10 -6.02 -1.69 4.33 2.16 0.46 -125.99 7 

T11 -4.84 -0.96 3.88 1.94 0.52 -133.06 5 

T12 -5.71 -0.85 4.86 2.43 0.41 -110.45 12 

T13 -5.71 -0.91 4.79 2.40 0.42 -115.44 10 

T14 -6.48 -2.18 4.31 2.15 0.46 -133.82 3 

T15 -6.02 -0.33 5.69 2.85 0.35 -113.95 11 

T16 -6.25 -0.38 5.87 2.93 0.34 -120.72 9 
1The models were shown in Figures 2 and 3. HOMO: the highest occupied molecular orbital, LUMO: the 

lowest unoccupied molecular orbital, EGap: energy gap between HOMO and LUMO, CH: chemical 

hardness, CS: chemical softness, Score: molecular docking score, Rank: priority of ligands for interactions 

with the target based on the obtained scores. 

3. Results and Discussion 

This work investigated fifteen models of derivatives of 1,2,4-triazole for involvement 

in interactions with the MPro of coronavirus through the in silico media. The models' 

derivatives were listed as T2-T16 based on the types of substituted molecular groups to each 

of R1 and R2 shown 1,2,4-triazole of Figure 1. In the original T1 model, both R1 and R2 were 

substituted by the hydrogen atoms, whereas they were substituted with other molecular groups 

in the rest of the T2-T16 models, as shown in Figure 2. The ligand models were optimized to 

yield the stabilized forms of T1-T16 as the investigating ligands for involvement in the 

interactions with the MPro target of coronavirus. As shown in Figure 2, R1 was fixed in whole 

T2-T16 models with a substituted –NH2 group, whereas different substituted R2 groups 

variated the models. It should be mentioned that the current ligand models were synthesized 

before and were proposed for working in biological systems [32]. Therefore, they were 

investigated in this work to assess their potential for interacting with the MPro of coronavirus 

for approaching the inhibition of enzymatic activity. The stabilized models of T1-T16 showed 

structural variations of R1 and R2 substitutions. Their obtained configurations provided 

possibilities for examinations of different structural geometries for involvement in the 

interactions with a macromolecular target. To this point, the models were provided regarding 

the stabilized features. Next, the graphical distribution patterns of HOMO and LUMO indicated 

variations of electronic molecular orbitals features among the ligand models, in which the 

localization of patterns was different in the stabilized models. Although the core structure of 

all models was the same, substituting the additional molecular groups yielded different features 

for the products. In this regard, the observed HOMO and LUMO distributions showed the 

benefits of employing such molecular modifications to obtain the models' specific electronic 

features for further use. The results of Table 1 also indicated such variations in the quantitative 

scale, in which the levels of HOMO and LUMO were changed in T1-T16 model systems. As 
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known for the electron-occupied level of HOMO and electron-unoccupied level of LUMO, 

HOMO could stand for a level of electron donor, and LUMO could stand for a level of electron 

acceptor. Accordingly, their participation in future interactions with other substances will be 

changed due to the existence of different HOMO and LUMO levels. A general achievement on 

the obtained values of HOMO and LUMO of T1-T16 could reveal that the levels of HOMO 

and LUMO were closer to each other in T2-T16 derivatives in comparison with the original T1 

model. This trend could be emphasized by obtaining a higher activity for the derivatives for 

involving in interactions with other substances. The values of EGap, standing for the energy 

gap between HOMO and LUMO, indicated smaller values for the derivatives in comparison 

with T1. As a consequence, the values of CH, chemical hardness, were decreased for the 

models, and the values of CS, chemical softness, were increased. In this regard, the employed 

modification of models was assumed to be more interactive with other substances based on 

their characteristic electronic features. To assess such achievement, molecular docking 

simulations were performed to recognize the tendency of ligand models to interact with the 

MPro target to create the ligand-target complexes, as shown in Figure 3. 

A molecular docking simulation is a tool of in silico media for investigating details of 

interactions of ligand-target complexes. Accordingly, this tool was employed in this work to 

recognize interactions between each of the T1-T16 ligand models and the MPro target of 

coronavirus. As mentioned earlier, the ligand models showed characteristic structural and 

electronic features regarding the modification of R1 and R2 groups of 1,2,4-triazole. Hence, 

their interaction features were also investigated in this part of the current research work to learn 

about their potential for inhibition of the activity of the MPro target. As shown in Figure 3, 

each ligand interacted with a collection of amino acids of MPro, as indicated by the disk shapes 

around the central ligand structure. Such interactions occurred by a mixture of physical types 

of interactions, including hydrogen bond and non-hydrogen bond interactions. The green color 

dash lines showed the hydrogen bond interactions, the cyan color showed van der Waals 

interactions, pi-types of interactions were shown in the violet color, and an unsuitable 

interaction was shown by the red color. Consequently, the models of bimolecular T…Mpro 

complexes were stabilized by performing molecular docking simulations to show the numbers 

and types of interactions involving each T ligand and the MPro target. Returning to the results 

of ligand models, observation of different interaction features was expected for each ligand 

versus the MPro target. Accordingly, different interaction environments were observed for the 

complexes of each ligand and the target. The evaluated molecular docking scores were 

summarized in Table 1 to show the strength of such interacting complex formation and to 

compare the potential of each ligand for participating in a more efficient interaction with the 

target. Additionally, comparing the current results with those of other works [13-18] indicated 

reasonable potentials of all T1-T16 ligand models for interacting with the MPro target of 

coronavirus for approaching a possible inhibition of enzymatic activity. In this regard, the 

models were ranked for showing the ligands with their potency of involvement in interactions. 

T8 was the ligand with the highest potency of interactions, and T1 was the ligand with the 

lowest potency of interactions with the MPro target. Here with this observation, the idea of 

structural modification of 1,2,4-triazole for achieving better-interacting ligands was affirmed 

based on the higher scores of all T2-T16 ligands compared to the T1 ligand. Accordingly, the 

rest of the ligand models were recognized by their scores in this way: T8 > T9 > T14 > T6 > 

T11 > T7 > T10 > T5 > T16 > T13 > T15 > T12 > T4 > T2 > T3 > T1.  
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Figure 3. Representations of the ligand…target interactions; Part 1: T1-T8. 
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Figure 3 (Continued). Representations of the ligand…target interactions; Part 2: T9-T16. 
 

 

To interpret such observation, it could be mentioned that the ligand models were 

involved in interactions based on their suitable interacting molecular and atomic sites and were 

more or less in comparison with each other. By examining the attached molecular groups, the 
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results showed the potency of T8 for involvement in more efficient interaction with the MPro 

target. In Figure 2 and Figure 3, the graphical features of T8 were exhibited to learn this model's 

structural and electronic advantages compared with other models. For drug design issues, the 

structure-activity relationship (SAR) emphasizes the impacts of structural features on the 

corresponding activity of a ligand. Hence, learning the characteristic features of ligands could 

help to make them appropriate for specific activity applications, in which such SAR issues 

could also examine further modifications of the models. Accordingly, new molecular 

molecules could be recognized for showing specific applications [37-40]. 

Comparing the interacting representations of T…Mpro complexes (Figure 3) could 

show the specification of each ligand for involvement in interactions with the corresponding 

amino acids. Although some amino acids are observed for almost all of the interacting models, 

the types of interactions and the involving site of ligands for participating in interactions are 

both different. In this regard, the ligand models could be specified regarding the desired mode 

of interaction with the target to show the drug design, discovery, and development routes.  

4. Conclusions 

Within this work, in silico interactions of some of the 1,2,4-triazole derivatives with the 

MPro of coronavirus were investigated to approach insights into the inhibition of the enzymatic 

activity. The results indicated that all the investigated T2-T16 derivatives were working better 

than the original T1 ligand structure in interaction with the MPro target. By performing DFT 

calculations, the stabilized ligand models indicated different structural and electronic features 

showing the impacts of modifications of the original ligand to achieve specified results. 

Moreover, the ligand interacted with the MPro target in different potency levels, in which the 

bimolecular T…MPro complex models were obtained by performing molecular docking 

simulations. Consequently, the obtained different features of ligands yielded different modes 

of interactions between the ligands and the target, in which the achievement could emphasize 

the benefits of modifying the structures to approach more efficient results. To summarize this 

work regarding its major problem, it could be mentioned that the investigated 1,2,4-triazole 

derivatives could be expected to work as potent inhibitors of MPro of coronavirus. 
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