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 Application of the Molecular Electron Density Theory (MEDT) for the exploration of the [3+2] 
cycloaddition processes between methyl propynoate 1 and difluoromethyldiazomethane T-1, 
have been implemented using the DFT/B3LYP/6-311(d,p) level of theory. According to an 
examination of conceptual DFT indices, difluoromethyldiazomethane (T-1) participates in this 
reaction as a nucleophile, while methyl propynoate (1) should be considered as an electrophile. 
This cyclization is regiospecific, as evidenced by the activation and reaction energies, this agrees 
with the experiment's findings. It was discovered throughout ELF analysis that analyzed [3+2] 
cycloaddition is realised by a two-step mechanism. In addition, study of interactions of the 
products studied in this paper with the protein protease Covid-19 (PDB ID: 7R98) were carried 
out, by means of molecular docking study). The results indicate that the occurrence of the transfer 
of the proton to the nitrogen atom, increases the affinity of these products to the protein (CA32-
F1 and CA32-F2).  
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1. Introduction  
 

     
     Pyrazole is a five-atom heterocyclic organic molecule containing two nitrogen atoms and three carbon atoms disposed 
inside a ring structure. It is an organic building block, commonly used in the synthesis of various drugs, herbicides and dyes 
1-3. Pyrazole has a distinctive aroma and is used as a flavoring and fragrance ingredient in food industry and personal care 
products4-6. It has a characteristic reactivity, and its electron richness makes it useful in a variety of organic reactions3. 
Additionally, the pyrazole has been used as a reactant in contemporary synthetic reactions and as pharmaceutical and 
agricultural medicines7, 8. They are a part of the azole family of chemicals, one of the most well-studied classes. The 
numerous synthetic techniques and analogs of pyrazole, have been described in recent years9-12. The pyrazole ring exists in 
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many compounds, which results in a wide range of uses in diverse industries, including technology and medicine13-14.  They 
are specifically described as anti-bacterial15, antifungal16, anticancer17, antidepressant18, anti-inflammatory19, antitubercular 
20, antioxydants21, and antiviral agents as well as inhibitors of protein glycation22. 
 
      The most universal23-31 strategy for the preparation of pyrazoles is undoubtedly, the [3+2] cycloaddition (32CA) 
processes with the participation of analogs of the diazomethane as three atom components (TAC) and 2 unsaturated 
components. In the light of the Molecular Electron Density Theory (MEDT)32, 32CA have been categorized as the few types 
of reaction: pmr, pdr, cb, and zw33, depending on the electronic structure of the fundamental TAC. The pdr type reactions 
are attained, the zw-type reactions require enough nucleophile/electrophophile activations to take place34. MEDT explicitly 
says that an electron density describes the molecular reactivity, in this context, several chemical reactions have been studied, 
to be specific [3+2]32-35 cycloadditions, [4+2] cycloaddition36-37, the epoxidation reaction38-41, thermal elimination 
reactions42-43 and the reaction of nitration44. We have established that the MEDT theory provides more information than the 
FMO theory (Frontier Molecular Orbital Theory)45. 
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Scheme 1. The synthesic protocol for the preparation of 3-difluormethyl-5-carbomethoxy-2,4-pyrazole proposed by 

Mykhailuk. 
 
     Some time ago, Mykhailiuk46  reported, that the reaction of difluoromethyl-diazomethane (T-1) and methyl propynoate 
(1) lead to pyrazole molecular system CA-32-F1 (Scheme 1). So, it is evidential, that this is not the product of the direct 
cycloaddition reaction, but the result of the further transformation of primary formed adduct. Un-fortunately, these issues 
were not explained within the mentioned work. Many possible routes should be considered, including 32CA and further 
rearrangement, as well as the tautomerization of diazocompound in to nitrilimine, which can act as TAC with the alkyne 1. 
Moreover, the mechanism of the cycloaddition cannot be established a’priori. According to the actual state several 
mechanisms should be considered regarding to 32CA reactions: (a) non-polar mechanisms (synchronical mechanism or 
stepwise, bi-radical mechanism47-48, (b) polar mechanisms (one step-two stage mechanism49-50, (c) stepwise zwitterionic 
mechanism51-53. Additionaly, zwitterionic or biradical adducts with "extended conformation" may exist in a reaction 
environmently independent of [3+2] cycloadducts54. This study, which we performed is based on analysis of interactions 
between addents, as well as, results of the full exploration of possible reaction channels. In the addition to the following 
study, we also performed a molecular docking study for the possible products in this reaction (Fig. 1) to determine their 
potential biological activity. 
 

 
 

Fig. 1. 3-Difluormethyl-5-carbomethoxy-2,4-pyrazole and its derivatives in the following work. 

2. Computational details 
 

      DFT (Density Functional Theory) is a theoretical method of quantum chemistry calculations that permits the description 
of molecular systems' electronic and en-ergetic properties. It is characterized as a compromise approach between ab initio 
quantum theory, which is very costly in terms of computation tempo, and classical chemistry methods, which are limited in 
their ability to describe electronic properties. B3LYP is a functional of the DFT theory that has been utilized to describe the 
molecular systems' electrical and energetic characteristics51. The basis 6-311(d,p) was ap-plied to characterize the electron 
distribution in molecules56. All the calculations are processed in Gaussian 0957, which is quantum chemistry calculation 
software that was developed by Gaussian Inc. The IRC has been employed to follow the reaction path from its initial state 
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to its final state; it also enables the determination  the intermediate steps of a chemical reaction and the associated activation 
barriers. To account for the effect of the solvent on the optimized structures, we employed Tomas' PCM (Polarizable 
Continuum Model)58-63. 

     Global electronic properties of reactants were estimated according to the equations recommended by Parr and Domingo 
64. In particular, the electronic chemical potentials (µ) and chemical hardness (η) were evaluated in terms of one-electron 
energies of FMO (EHOMO and ELUMO) using the following equations: 

2/)LUMOΕ+ΟΜΟΗΕ(≈μ (1) 

η≈ΕLUΜΟ−ΕHOMO (2) 
 

     Next, the values of µ and η were then used for the calculation of global electro-philicity (ω) according to the formula (3) 
and the global nucleophilicity (N)65 can be expressed in terms of Eq. (4). 

 ω=μ2/2 η (3) 

Ν=ΕΗΟΜΟ − ΕHOMO (tetracyanoethene) (4) 

     Parr functions have been employed to find local indices, which are basic spin wave functions that are used in quantum 
chemistry to describe the electronic spin distribution in molecules66, 67.  

     The electron localization function was described employing a Topmod software (ELF), this ELF is used to provide a 
representation of the distribution of electrons and electron cavities in the molecules68-69. 

3. Results and discussion  
 
3.1. CDFT study 
 
     Analysis of the reactivity indices provided by CDFT is an efficient method for comprehending the reactivity of organic 
compounds, as demonstrated by several studies on chemical reactions. Electrophilicity, nucleophilicity, chemical hardness, 
and electronic chemical potential, which are the global indices listed in Table 1 are exam-ined in order to prediction of the 
reactivity of difluoromethyldiazomethane (T-1,T-2) and methyl propynoate 1 in the cycloadition reaction. 
 
Table. 1. Global electronic properties of methyl propynoate 1 and TACs (T-1 and T-2), as calculated in B3LYP/6-31G(d) 
(in eV). 

Molecule η μ ω N 
1 6.43 -4.42 1.51 1.89 
T1 4.74 -4.19 1.85 2.96 
T2 5.84 -3.96 1.34 2.64 

 
     The 32CA regioselectivity involves methyl propynoate (1) and difluoromethyldiazomethane (T-1) was investigated 
based on the reactants' CDFT reactivity indices. Table 1 shows that the electronic chemical potential of T-1 (μ = -4.19 eV) 
is lower, in absolute value, than that of methyl propynoate (1) (μ = -4.42 eV), the global electron density transfer (GEDT) 
proceeds from T-1 to 1. On the other hand, the electronic chemical potential of T-2 (μ = -3,96 eV) has higher value than 1, 
so the GEDT here should be considered in the same way as T-1.  
 
     Methyl propynoate’s (1) electrophilicity and nucleophilicity indices are calculated as = 1.51 eV and N = 1.89 eV, 
respectively. As a result, 1 can be categorized both as a moderate nucleophile and as a strong electrophile. (T-1 has an N 
nucleophilicity equal to 2.96 eV and ω electrophilicity equal 1.85 eV, it could be classified as a strong nucleophile and as 
a moderate electrophile. Clearly, methyl propynoate (1) will engage in this reaction as an electrophile and 
difluoromethyldiazomethane (T-1) will engage in this reaction as a nucleophile. According to the actual classifications70, 
the considered process should be treated as a polar process with Forward Electron Density Flux (FEDF). Almost the same 
we can establish for the compound T-2. The nucleophilicity index is 2.64 eV and electrophilicity index is 1.34 eV, which 
indicates that the chemical character of T-2 is similar to T-1, but it is definitely weaker. The reaction between 1 and T-2 
should be also considered as FEDF. To examine the regioselectivity in polar reactions, Domingo et al. proposed the concept 
of electrophilic and nucleophilic Parr functions. These functions were designed to provide a measure of the electrophilic or 
nucleophilic character of a molecule or a chemical species, and they are used in computational chemistry to study chemical 
reactions and local properties of substances. The results revealed that the C1 atom's nucleophilic Parr function  𝑃஼ଵି, is 
greater than N2 in difluoromethyldiazomethane (T-1); however, the C3 atom in methyl propynoate has an electrophilic Parr 
function (𝑃௞ା) value of 0.45, which is obviously higher than the C2 atoms' equivalent value (0.00), this outcome is fairly 
consistent with the experiment, because it shows that the C3 atom of methyl propynoate 1 is the most electrophilic center. 
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This interaction will therefore occur amid the C3 carbon of methyl propynoate (1) and the C1 carbon of 
difluoromethyldiazomethane (T-1), resulting the formation of the product P-1. 
 
3.2. ELF reagent characterization 
 
     Savin et al. are the ones who initially introduced the electron localization function (ELF) in the 1990s as a tool for 
visualizing and determining the localization of electrons in solids and molecules. The ELF provides a spatial representation 
of the electron density and enables researchers to study the distribution of electrons in chemical systems and to identify 
regions of electron localization and delocalization. Since its introduction, the ELF has been applied to a wide range of 
systems, including molecules, solids, surfaces, and materials, and has become a widely used tool in computational chemistry 
and materials science. The electron localization function (ELF), localize the electron pair in the spirit of Lewis structures. 
In particular, it helps in comprehending an empirical concept of electron localization. To identify the electrical structure of 
the reagents, (TACs T-1 and T-2) and methyl propynoate 1, we conducted an ELF topological study. This section describes 
the main ELF constituents and their relationship with chemical ideas. The ELF localization domains and valence basin 
populations are prearranged in (Fig. 2). 

 

Fig. 2. ELF localization domains with the highest population of valence basins (red color: monosynaptic basin; green 
disynaptic basins; purple color: central atom and blue color: the surface of hydrogen atom). 

     In the methyl propynoate molecule (1), there are four most important bisynaptic basins: two are located between carbons 
C2 and C3 with value V(C3,C2)=2.74e and V’(C3,C2)=2.55e, assimilating in total VT(C2,C3)=5.29e, which shows the 
existence of a semi-triple bond between carbons C2 and C3. Two others, are located between carbon C1 and carbon C2 
with value 2.45e, and between carbon C1 and oxygen O1 with value 2.46e, we also notice the existence of two monosynaptic 
basins gated by oxygen O1, integrating in total VT(O1)=5. 30e. These values indicate that there is a delocalization of 
electrons on bonds O1-C1, C1-C2 and C2-C3, as it shows the Lewis structure of methyl propynoate 1, this delocalization 
explains the great reactivity of the bond C2-C3. 

    In the structure of difluoromethyldiazomethane (tautomer T-1), there are three relevant bisynaptic basins: two are located 
between the two nitrogen atoms of total value VT(N1,N2)=3.73e and the third bisynaptic basin is placed at a distance 
between the nitrogen atom N1 and the carbon atom C1 of value V(N1,C1)=3.00e, which there are semi double bonds 
between the three centers of the TAC as mentioned in the Lewis structure.  The two fluorescent atoms have two 
monosynaptic basins integrating in total to 6.67e, so there are more than six electrons around each fluorescent atom, which 
makes the TAC very reactive, this high reactivity of TAC was also demonstrated by the presence of two pseudo-radicals 
carried by the carbon atom C1 of value VT(C1)=1. 09e, the nitrogen number 2 (N2) also carries a monosynaptic basin of 
value V(N2)=3.74e, consequently the TAC is very reactive. The passage from tautomer T-1 to tautomer T-2 requires a very 
high energy of about 87 Kcal/mol, this passage reverses the bisynaptic basins between the TAC centers and becomes two 
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bisynaptic basins between carbon C1 and nitrogen N1 of value 4. 47e, so the C1-N1 bond becomes semi-triple bond instead 
of semi-double bond, the monosynaptic basin value carried by carbon C1 changes to 1.71e, thus the total amount of nitrogen 
N2 transported in the monosynaptic basin rises to 3.21e. 

3.3. Energetical aspects 
 
    The two reactants are asymmetric, the TAC (between methyl propynoate and difluoromethyldiazomethane) can also have 
two tautomeric forms, so there are four cycloaddition reaction pathways 3+2, and during these pathways there occurs 
tautomerization either at the beginning of the reaction (the transition state TS-T) or during the reaction (the transition states 
TS-CA32-2 and TS-CA21). There could also be a path of an elimination of a nitrogen molecule during a cycloaddition 
reaction type 2+1. Consequently, we have located eight transition states named TS-T, TS-CA32-1, TS-CA32-F1, TS-
CA32-2, TS-CA32-F2, TS-CA32-3 and TS-CA32-4 and TS-CA21. We have also characterized the cyclic products 
corresponding to each transition state. The reactions activations relative energies are prearranged in Scheme 2 and Fig. 3 
depict the profile of free energy, while the detailed calculations are given in the supplementary. Fig. 4 shows the various 
geometries of the transition states localized in the cycloaddition reaction between methyl propynoate (Alk) and 
difluoromethyldiazomethane. 

 
Scheme 2. Possible reaction routes in the reaction between difluoromethyldiazomethane and methyl propynoate. 

 
     The transition states Ts-CA-32-1, Ts-CA-32-2, and Ts-T have respective values of 14.4 kcal/mol, 16.3 kcal/mol, and 
87.6 kcal/mol, indicating that CA-32-F1 product is kinetically more favorable. The exothermic characters of these products 
are: CA-32-F1 (-85.0 kcal/mol), CA-32-F2 (-81.6 kcal/mol) and CA21 (-50.6 kcal/mol), It demonstrates that the item CA-
32-F1 is thermodynamically favorable, thus the product CA-32-F1 is obtained under kinetic and thermodynamic control. 
It should be noted that the part realized via Ts-T must be considered as forbidden from the kinetic point of view71,72. 
 
      Entropy is detrimental to the bimolecular process, causes the free Gibbs relative energies to grow dramatically when the 
term TS is taken into account in comparison to the relative enthalpies of 12–15 kcal/mol, Fig. 3 illustrates that the free  
activation energy of the [3+2] cycloaddition reaction paths between difluoromethyldiazomethane (T-1) and methyl 
propiolate (Alk) are: Ts-CA32-1 (27.6 kcal/mol), Ts-CA32-2 (30.0 kcal/mol) and Ts-T (84.2 kcal/mol), which shows 
pathway 1 is more favorable, so CA32-1 is the preferred product, consequently the [3+2] cycloaddition reaction between 
difluoromethyldiazomethane T-1 and methyl propynoate (Alk) is regiospecific. On the other hand the energetic difference 
between Ts-CA32-1 and Ts-T is very big (56. 6 kcal/mol), indicates that the tautomerization reaction is impossible to 
realize at the beginning of this cycloaddition reaction. Therefore, the tautomeric form T-1 of difluoromethyldiazomethane 
which will react with methyl propynoate (Alk) and consequently the tautomeric form T-2 of difluoromethyldiazomethane 
is not formed in the [3+2] cycloaddition reaction between difluoromethyldiazomethane and methyl propynoate. 
 
     We obtained, from paths 1 and 2, two intermediates named CA32-1 and CA32-2, which respectively have a free energy 
of reaction -30.1 kcal/mol and -30.5 kcal/mol, which shows that the intermediate CA32-1 is less stable than the intermediate 
CA32-2, the intermediate CA32-1 can be transformed by tautomerization to the product CA32-F1 or is going to lose one 
molecule of nitrogen to form the product CA21. The energetic diference between the free energies of activation (Ts-CA32-
F1 and Ts-CA21) is 18.7 kcal/mol. It demonstrates that the product CA32-F1 is much preferable than the product CA21, 
thus the tautomerization is more favorable than the removal of a nitrogen molecule in this stage. It should be noted that 
transformation of CA32-1 and CA32-2 can be formally treated as hydrogen sigmatropic shift24,45. The exothermic character 
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of the products CA32-F1, CA32-F2 and CA21 respectively in order: -66.0 kcal/mol, -61.6 kcal/mol and -47.2 kcal/mol, 
shows that the product CA32-F1 is thermodynamically more favorable, this finding correlates well with the experiment. 
 

 
Fig. 3. Gibbs free energy profiles for the reaction of 
difluoromethyldiazomethane and methyl propynoate. 

Fig. 4. Views of key structures of the reaction between 
methyl propynoate and difluoromethyldiazomethane in 
the light of DFT calculations. 

 
3.4. Solvent effect 
 
     To estimate how this 32CA process is impacted by the solvent, we calculated the energies, enthalpies, entropy and free 
enthalpies of activation of path 1 that leads to the formation of the product CA32-F1 in different solvents. We have 
assembled the energies and thermodynamic parameters of the reactants in Tables S3 and S4, and we have tabulated these 
parameters of the TS-CA31-1 transition state in Table S5 while the different activation free energies are provided in Table 
2 and in the Fig. 6 we presented activation free energies as a function of the dipole moment. 
 
     It can be seen in Table 2 that the polar protic solvents have the lowest free energy of the activation followed by the polar 
aprotic solvents. Utilizing water as a solvent in the cycloaddition reaction between difluoromethyldiazomethane (T-1) and 
methyl propiolate (1) activation energy ranks about 27.84 kcal/mol, followed by methanol 27.87 kcal/mol and ethanol's 
activation free energy around 27.89 kcal/mol. This indicates that the use of water and ethanol as environmentally friendly 
solvents are as well an efficient way for considered cycloaddition reaction. 

     In the series of polar aprotic solvents the free energy of activations of THF, DMSO, DCM, diethyl ether, DCE, 
chloroform, nitromethane, acetonitrile, acetone and chlorobenzene are respectively 28.11, 27.85, 28.06, 28.29, 28.03, 28.25, 
27.86, 27.87, 27.92 and 28.31 kcal/mol,  showing that the solvent DMSO is the most efficient for the 32CA reaction between 
difluoromethyldiazomethane (T-1) and methyl propiolate (Alk), followed by Nitromethane, Acetonitrile and Acetone. In 
this series of solvents chlorobenzene is the least efficient. 

     In the series of polar solvents, the solvents' activation free energy is higher than 28 kcal/mol except cyclohexane, which 
has a free activation energy 27.94 kcal/mol. To conclude this part, the most efficient solvent is water. Unfortunately, there 
are several reagents insoluble in water, so the clear choice here should be to use DMSO or ethanolhowever, considering 
environment, it is recommended to use ethanol. 
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Table 2. Dipole moment and activation free energy for various solvents (dipole moment computed using DFT/B3LYP/6-
311(d,p)). 

Solvents ΔG (μ) 

 
Protic 

polar solvents 

Methanol 1 27,87 1.71 
Ethanol 2 27,89 1.65 
Water 3 27,84 2.09 

Aniline 4 28,12 1.71 

 
Aprotic 

polar solvents 

THF 5 28,11 1.84 
DMSO 6 27,85 4.14 
DCM 7 28,06 1.85 

Diethylether 8 28,29 1.10 
DCE 9 28,03 2.34 

Chloroform 10 28,25 1.24 
Nitromethane 11 27,86 3.15 
Acetonitrile 12 27,87 3.88 

Acetone 13 27,92 2.76 
Chlorobenzene 14 28,31 1.97 

 
Non-polar 
solvents 

Toluene 15 28,20 0.35 
Benzene 16 28,17 0.00 

CCl4 17 28,05 0.00 
Cyclohexane 18 27,94 0.00 

Heptane 19 28,33 0.05 
 
3.5. ELF topological exploration 
 
    To provide the description of the formation of the new single bonds along the most favorable reaction path of the 32CA 
reaction involving difluoromethyldiazomethane (T-1) and methyl propiolate (1), an ELF topological research of specific 
sites on the IRC graph was carried out.  
 

 
Fig. 5. The locations of the corresponding ELF basin attractors. 
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     Fig. 5 shows the locations of the associated ELF basin attractors, whereas Table S2 provides information on the 
populations of the most important ELF valence basins that contributed to the formation of the C-C and C-N single bonds in 
the selected structures. The S1 structure contains two monosynaptic basins carried by the C1 carbon of the diazomethane 
of values V(C1')=0.80e and V'(C1')=0.70e, these values are going to diminished in the S2 structure becoming V(C1')=0.60e 
and V(C1')=0.37e, in the S3 structure we observe the disappearance of one of the two basins carried by the C1' carbon, there 
remains only one monosynaptic basin of value V(C1')=0.83e, the presence of a monosynaptic basin in the structure S4 
carried by the carbon C3 with the value V(C3)=0.14e.In the structure S4 we noticed the formation of the first bond between 
the carbon C3 of the alkyne and the carbon C1' of diazomethane, at a distance d(C1',C3) equal to 2.034 (Å), this formation 
is obtained starting from the union by the two monosynaptic basins carried by the two centers of the formed bond. 
 
     In structure S6, we have the formation of 77% of the C1'-C3 bond, additionally, the C2 carbon appears to be carrying a 
monosynaptic basin of value V(C2)=0.44e, this value increases until 0.69e in structures S10 and S11. In structure S10 we 
have the appearance of a second monosynaptic basin carried by the nitrogen N2 of values V(N2)=2.94e and V(N2)=0.73e, 
these values become V(N2)=2.87e and V'(N2)=0.85e in structure S11. In structure S12 the monosynaptic basin V'(N2) will 
unite with the monosynaptic basin carried by the carbon C2 to form the second bond N2-C2 at an equal distance d(N2-C2)= 
1.678 (Å), this structure will relax until the product CA-32 is obtained. In the structure S15 we have the beginning of the 
tautomerisation, in this structure the basin V(C1',H)=1.67e, this basin will disappear in the following ones, which indicates 
the disappearance of the C1'-H bond, in the structure S18, we observe the appearance of a new bond between the nitrogen 
2 and a hydrogen atom, thus the formation of the product CA-321F. 
 
3.6. Molecular Docking Study 

     Our knowledge of interactions between viruses and hosts, the acute severe respiratory syndrome coronavirus 2 (SARS-
CoV-2), and immune response, pathogenicity, evolution and transmission are ongoing quite restricted despite significant 
work over the past two years. This restriction necessitates additional study. Because of their effectiveness, low cost, and 
lack of safety and ethical restrictions, computational studies have emerged as a crucial tool in the fight against coronavirus 
2019 (COVID-19) sickness. In order to determine potential interactions between the examined products and the Corona-
Virus protein, a docking study of the products was conducted in this section.  

     The target COVID-19 protease protein's crystal structure in three dimensions before docking was retrieved from the 
Protein Data Bank at www.rcsb.org. The simulation of molecular docking was carried out with Autodockvina program73 
beside with the graphical interface AutoDockTools (ADT) version 1.5.6 accustomed to investigate substituted CA-32-1, 
CA-32-F1, CA-32-2, CA-32-F2 and CA-21 derivatives binding to the single-domain antibody B6 protein and the SARS-
CoV-2 N protein's RNA-binding domain's 7R98 structure. Before docking protocol, the 7R98 protein was altered to remove 
the water molecules, atoms of polar hydrogen, followed by the addition of Kollman and Gasteiger atom charges using ADT. 
The grid maps were created to 40 Å in X, Y and Z directions and the center grid box is about (14.229 Å, -58.381 Å and -
7.841 Å) by the ligand location in the protein. The docked molecule and its H-bond interactions were visually verified using 
Discovery Studio Visualizer and PyMol software, and the potential binding mechanism of our derivatives with their target 
proteins was demonstrated to explain their anti-Covid properties. According to docking examinations, The figure illustrates 
the results of docking all of the CA-32-1, CA-32-F1, CA-32-2, CA-32-F2 and CA-21 derivatives with the target 7R98 
protein, whereas Fig. 6 reveals the results of docking the CA-32-F1, all of the ligands interacted with the Covid-19 
Protease's Ser78(A), Asn75(A), Gln83(A), and Gln40(A), which are important active site residues, the ester fragment and 
N atoms of the pyrazole compounds largely generated typical hydrogen bonds with the docked molecules. The bound 
residues, binding distances, and affinities of the investigated products are displayed in Table 3. Affinity of CA-32-1, CA-
32-F1, CA-32-2, CA-32-F2 and CA-21 derivatives with the protein protease Covid-19 (PDB ID: 7R98) showed dock values 
between -5.9 and -4.9 kcal/mol. The following is a list of the affinity in order of therapeutic potential against 7R98: CA-
32-F1>CA-32-1>CA-32-F2>CA-32-2>CA-21. 

Table 3. The cyclic derivatives' derived docking parameters. 
Product Residual bonds Bonding distances Affinity (kcal/mol) 

CA-32-1 - Ser78(A) 
- Asn75(A) 

* 3.33 
* 3.26 and 2.94 -5.4 

CA-32-F1 - Ser78(A) 
- Asn75(A) 

* 3.23 
* 2.81 -5.9 

CA-32-2 - Asn75(A) 
- Gln83(A) – Gln40(A) 

* 3.00 
* 3.03 
* 3.06 

-5.2 

CA-32-F2 - Ser78(A) 
- Asn75(A) 

* 3.23 
* 3.14 and 2.80 -5.7 

CA-21 - Asn75(A) 
- Gln83(A) – Gln40(A) 

* 2.95 
* 3.04 
* 3.08 

-4.7 
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     The 7R98 protein and compound CA-32-F1 produced a strong van der Waals connection with Ser78(A) (3.23 ) and a 
conventional hydrogen bond with Asn75(A) (2.81 ). The results obtained show that the CA-32-F1 and CA-32-F2 
derivatives have a significant anti-Covid-19 activity. Design and development of new drug candidates against Covid-19 
may be influenced by the docking data. 

Complex+Ligand CA-32-1F  

Fig. 6. Interactions between CA-32-F1 and the major protease of COVID-19's amino acid residues. 

4. Conclusions  
 
     The DFT study shed new light on the regiochemistry and molecular mechanism of the reaction between methyl 
propynoate and difluoromethyldiazomethane. It was found that reaction components (difluoromethyldiazomethane (T-1) 
and methyl propynoate (1) behave as an electrophile and a nucleophile, respectively, whereas the Mulliken atomic spin 
densities of the reactants methyl propynoate (1) and difluoromethyldiazomethane (T-1) demonstrate the regiospecificity of 
this cycloaddition reaction. All considered cycloadditions are realized via a one-step mechanism without participation of 
any zwitterionic or biradical intermediates independently of the polarity of the solvent. DMSO and ethanol are both 
extremely efficient solvents for this reaction, according to research on the subject. In complete agreement with the 
experimental data, the energetical analysis clearly demonstrates that the CA-32-1 product is very favorable, showing that 
this cycloaddition reaction is regiospecific. Lastly, the ELF investigation suggests that the mechanism of this cycloaddition 
reaction is one-step but non-concerted. 
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