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Abstract: Due to the importance of dealing with the very recent coronavirus disease 

(COVID-19), the current work was done to make a comparative in silico study on 

investigating the efficacy of each of curcumin, coumarin, and cinnamaldehyde ligands for 

interacting with the main protease (MPro) of COVID-19. The single ligand models were 

optimized using density functional theory (DFT) calculations and their frontier molecular 

orbitals (FMO) features were evaluated. Next, molecular docking simulations were 

performed to analyze the infarctions of each ligand towards the MPro target by 

formations of Ligand…MPro complexes. In this case, the models were categorized by the 

results of both of singular and complex states to show the strength of complexes by the 

interacting ligand as curcumin > coumarin > cinnamaldehyde. It was interesting that the 

prediction of chemical hardness and chemical potential of ligands were the same as the 

results of Ligand…Target complexes to show suitability of investigated ligands for 

approaching the purpose of new drug design issues.  
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Introduction 

The appearance of coronavirus disease in the late of 2019 (COVID-19) not only shocked the people of all 

around the world, but it also had several adverse effects for the global human life situation [1]. In this 

regard, several attempts were dedicated to indicate the mystery of such an unknown disaster [2]. 

Indeed, the identification of main protease (MPro) of this virus helped researchers too much for 

exploring appropriate inhibitors [3]. To this aim, considerable efforts have been done even up to now to 

find the appropriate inhibitors but the success has not been certain yet and further investigations are 

still needed for providing more efficient treatment protocols against the continuous COVID-19 pandemic 

[4-6]. Examining the efficacy of available compounds against the MPro target has been found as one of 

the possible methods of developing treatments developments for this disease [7]. Interactions between 

different ligand compounds and the MPro target were accordingly investigated based on various 

research methods [8]. Employing in silico methods has been found among those most versatile research 

methods to explore the materials at the earliest time with a high level of precision [9]. Both of quantum 

chemical calculations of small ligand molecules and molecular docking simulations of interacting 

Ligand…Target complexes were applicable to explore new inhibitors against the MPro of COVID-19 [10]. 
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In the current research work, three types of natural products including curcumin, coumarin, and 

cinnamaldehyde were investigated for interacting with the MPro of COVID-19 using the in silico method. 

In any case of developing novel treatments, natural products have been found more suitable rather than 

the synthetic compounds because of an expectation of lower side effects for those naturally based 

compounds [11]. On the other hand, the availability of such natural compounds in comparison with the 

synthetic requirements of other chemicals could make them more reliable for investigations [12]. But it 

should be noted that the toxicity is still a preventing issue for employing all types of compounds for the 

living systems [13]. To approach the goal of this work, the molecular models of curcumin, coumarin, and 

cinnamaldehyde (Figure 1) were optimized by the quantum chemical calculations and their inetractions 

with the MPro of COVID-19 were investigated by performing molecular docking simulations (Figure 2). 

The results were discussed to make a comparison for the efficacy of investigated natural products ligands 

towards the COVID-19 target. 
 

 

Figure 1: The investigated molecular models of natural products and their FMO patterns. 

 

Materials and Methods 

Quantum density functional theory (DFT) calculations were preformed to optimize the molecular models 

of curcumin, coumarin, and cinnamaldehyde using the B3LYP exchang-correlation functional and the 6-

31G* Standard basis set as implemented in the Gaussian program [14]. The models of investigated 

natural products were initially obtained from the ChemSpider structural bank [15] and they were 

prepared for the optimization calculations and other electronic properties evaluations. As shown in 

Figure 1, the models were optimized and their frontier molecular orbital (FMO) features were evaluated 

in both of graphical representations and quantitative descriptions in Table 1. Distribution patterns of the 

highest occupied and the lowest unoccupied molecular orbitals (HOMO and LUMO) were shown in 

Figure 1 for the optimized states of each of curcumin, coumarin, and cinnamaldehyde models. Next, 

energy values of HOMO and LUMO levels were obtained and their related features were evaluated as 

the chemical hardness and chemical potential parameters to identify their chemical properties. 

Subsequently, the 3D model of MPro of COVID-19 was obtained from the PDB bank [16] with the 6LU7 

identifying code. After preparing all ligands and target, they were submitted to the HDOCK webserver 

[17] to perform the Ligand…Target molecular docking simulation. By evaluating the results of docking 

score and surrounding amino acids of each ligand, the models of complexes were exhibited in Figure 2. 

To do such calculations and simulations, the in silico approach was indeed employed as a benefit of 

employing computational tools for exploring the chemical and biochemical related systems [18-20]. The 

purpose of this work for comparing the efficacy of each of curcumin, coumarin, and cinnamaldehyde for 

interacting with the MPro target of COVID-19 was accordingly investigated in this work using the 

evaluated parameters and features. The models were comparable by the assistance of each of DFT 

calculated and molecular docking simulated features.  
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Table 1: DFT calculated FMO features of optimized ligands.  

Chemical Potential eV Chemical Hardness eV LUMO eV HOMO eV Model 

-3.77 2.02 -1.75 -5.79 Curcumin 

-4.19 2.31 -1.88 -6.50 Coumarin 

-4.33 2.24 -2.09 -6.58 Cinnamaldehyde 
 

 

Results and Discussion 

A comparative in silico investigation was carried out to investigate interactions of curcumin, coumarin, 

and cinnamaldehyde for interacting with the MPro target of COVID-19. To this aim, the molecular 

models were optimized and their features were evaluated as exhibited in Figure 1 and Table 1. First it 

should be mentioned that the molecules had different molecular weights and formulas; curcumin with 

C21H20O6 and mw = 368, coumarin with C9H6O2 and mw = 146, and cinnamaldehyde with C9H8O and mw 

= 132, but the types of including atoms were the same for all of them as a mixture of carbon, oxygen 

and hydrogen atoms. Based on such different architectures, the models were found with different FMO 

features, in which all related parameters were different in comparison with each other. The levels of 

HOMO and LUMO stand for two main levels of electron transferring processes, and their variations could 

dictate new electronic environments for the molecular models. For approving such achievement, 

different values of chemical hardness and chemical potential showed the symbolic differences of such 

electronic systems in the models. As a result, the ligand models were suitable for being compared 

regarding their initial electronic features and feature activities towards the target. Curcumin had the 

largest mw but its chemical hardness indicated its more suitability for involving in additional reactions 

and interactions comparing with cinnamaldehyde and coumarin, respectively. More results on such 

models were dissuadable by the evaluated patterns, in which the models were variated by their patterns 

in comparison with each other. For curcumin, the patterns of HOMO and LUMO were in a discrete mode, 

but they were in a continuous mode in both of coumarin and cinnamaldehyde models. As a 

consequence, the models were comparable and their FMO related features affirmed the idea of 

performing such comparative work.  

The interacting Ligand…Target complexes of each of curcumin, coumarin, and cinnamaldehyde the MPro 

of COVID-19 were obtained by performing molecular docking simulations as shown in Figure 2. The 

models were aligned by a central ligand and surrounding amino acids, in which various types of 

interactions were found for each of them and all of them. In the case of categorizing the strength of 

interactions between ligand and target, the models were assigned by a number implying for the docking 

score. The results indicated that the complex formation of Curcumin…MPro was at the highest suitability 

regarding a very better score than two other ones. Remembering the FMO results of ligands, the 

chemical hardness of curcumin was lower than two other ligands and an easier contribution to additional 

reactions and interactions was supposed for this ligand. Accordingly, the models of complexes showed 

a better formation of complexes between curcumin and target than other two ligands; coumarin and 

cinnamaldehyde. For the case of coumarin and cinnamaldehyde, although the chemical hardness of 

cinnamaldehyde was slightly better than that of coumarin, but a better chemical potential of coumarin 

made it more suitable for involving in stronger interactions. Consequently, the models of Ligand…Target 

complexes were categorized for curcumin > coumarin > cinnamaldehyde regarding their strengths of 

complex formations. The combinations of results of singular ligand molecular models through DFT 

calculations and Ligand…Target complexes through molecular docking simulations, it was found that the 

idea of exploring such natural products for developing possible antiviral inhibitors could be considered 

for further investigations. Not only the results of such models but also their featured properties could 

be expected for new opening in such drug design issues.  
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Figure 2: Interacting Ligand…Target complexes and their (docking scores). 

 

Conclusion 

The obtained results of singular ligand models and Ligand…Target complexes indicated benefits of 

employing the investigated ligands for inhibiting the activity of MPro target of COVID-19. The obtained 

FMO results showed various aspects of electronic features and the values of chemical hardness and 

chemical potential helped to predict a future contribution of ligand to other reactions and interactions. 

The complex models were analyzed based on the docking scores and the results were in agreement with 

already predictions of FMO results indicating the strength of complex formations; curcumin > coumarin 

> cinnamaldehyde with MPro target. As a final remark, further investigations of such systems for 

developing new antiviral drugs could be proposed. 
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