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as a catalyst appears to enhance the selectivity of these reactions, which is in line with
experimental observations. Additionally, a docking study was carried out to predict the effect of
stereochemistry and the presence of specific atoms, such as fluorine, on their ability to bind to
viral proteins responsible for SARS-Covid-19 and HIV. Moreover, the notable affinity of Ligand
4 for HIV renders it a pivotal contender for extended research, possibly paving the way for
enhanced antiretroviral drugs. Similarly, the encouraging affinity demonstrated by Ligand 1
towards the Covid-19 protein highlights its promise for Covid-19 drug development.

© 2025 by the authors; licensee Growing Science, Canada.

1. Introduction

Bicyclic products are of biological interest because of their ability to interact specifically with biological targets, their
structural stability, and their pharmacological properties'. For example, many drugs, such as certain antibiotics, anti-
inflammatory drugs or anticancer agents, are bicyclic compounds®. Some bicyclic products can mimic the structure of
important natural molecules in organisms?. This can lead to a specific interaction with proteins or other cellular components,
resulting in specific biological effects - the reason why bicyclic compounds are often used in medicinal chemistry to design
molecules with specific properties, improving drug efficacy, selectivity and bioavailability*. Research into these compounds
can open up prospects for the development of new drugs or biologically active compounds based on cycloaddition reactions
[2+4]°.

[4+2] cycloaddition reactions are chemical processes in which two reactants, one of them containing two reactive atoms
(dienophile) and the other containing four reactive atoms (diene), react to form a six-membered cyclic compound®. The
[4+2] cycloaddition reaction is often associated with the Diels-Alder reaction. In the Diels-Alder reaction, a diene can react
with a cyclic dienophile to form a bicyclic compound (Scheme 1).
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Scheme 1
The substitution of fluorine atoms for bicyclic compounds represents a promising strategy in the synthesis of drugs or
biologically active compounds’. Incorporating fluorine atoms into bicyclic structures offers several advantages, including
improved chemical stability, modulation of physicochemical properties, and increased affinity for biological targets®.
Fluorine, due to its small size and high electronegative power, can significantly influence the chemical reactivity of
compounds, leading to potentially more therapeutically effective products®. This fluorine substitution approach to the design
of bicyclic compounds reflects a growing trend in medicinal chemistry to optimize the pharmacological properties and

bioavailability of active substances, opening up new prospects for the development of innovative therapies

10, 11

. In this
context, Lam et al have synthesized bicyclic compounds by reacting cyclopenta-1,3-diene with benzyl acrylate and benzyl
2-fluoroacrylate (Scheme 2)'2.
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Scheme 2
These reactions are stercoselective, and the use of catalysts such as Lewis acids makes them stereospecific (Scheme 3)
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Scheme 3
Quantum methods are theoretical approaches based on the principles of quantum mechanics for understanding and

predicting the behavior of molecular and atomic systems'®. These methods are used to solve the fundamental equations that
describe the behavior of subatomic particles, taking into account their quantum aspects, such as wave-particle duality and
probability'*. These methods are essential for understanding the electronic properties of molecules, chemical reactions, and
for accurately predicting the behavior of complex quantum systems, which is crucial in many scientific fields. Specific
methods, such as the Hartree-Fock method, Meller-Plesset (MP) perturbation theory and DFT, are widely used in quantum
chemistry to study molecular structures, chemical reactions and the electronic properties of compounds'>!8, Very recently,
and within the framework of DFT, a theory has been proposed for chemical reactivity called MEDT"
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In this survey, Molecular Electron Density Theory (MEDT) was employed to investigate the stereoselectivity and
elucidate the mechanism of the cycloaddition reaction, both catalyzed and non-catalyzed, between the compounds
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cyclopenta-1,3-diene with benzyl acrylate and benzyl 2-fluoroacrylate!?. Simultaneously, a docking analysis was
undertaken carried out against corona and HIV viruses in order to predict the impact of stereochemistry and the influence
of fluorine on the affinity and pharmacological properties of the products studied and compared to AZT and Nirmatrelvir.

2. Calculation method

The B3LYP/DFT method, applied with the SDD base?’, was used to perform calculations using Gaussian 09 software
2L, This approach was used to identify transition states (TS) by verifying the existence of a singular imaginary frequency.
The use of IRC (Internal Reaction Coordinate) was also crucial in assessing the reaction trajectory, offering valuable insights
into the progression from initial to final state??. In addition, the IRC facilitated understanding of the intermediate steps and
activation barriers associated with each transition. In order to take into account, the impact of the solvent on the optimized
structures, Tomas' PCM polarizable continuum model was integrated, enriching the accuracy of the calculations by
considering the effects of the surrounding medium?*. This rigorous methodological approach, combining DFT, IRC and the
continuum model, offers an in-depth understanding of reaction mechanisms, with specific consideration of solvent
influences on the transitional states and molecular structures involved in the reaction studied?*.

Understanding the electronic behavior of molecules is based on key concepts such as electronic chemical potential,
chemical hardness, global electrophilicity index and nucleophilicity index?. Chemical electron potential is a measure of the
energy required to add an electron to a system, providing information on the system's ability to accept electrons. Chemical
hardness, on the other hand, is a measure of a system's resistance to changes in electron density, reflecting its stability.
Global electrophilicity and nucleophilicity indices are crucial parameters in the prediction of chemical reactions. The overall
electrophilicity index assesses a molecule's ability to act as an electron acceptor, while the nucleophilicity index measures
a molecule's ability to act as an electron donor®.

3. Result and discussion
3.1. Global indices

The global indices, namely chemical potential, chemical hardness, electrophilic indices, and nucleophilic indices
catalyzed and not catalyzed of the cyclopent-3-diene reactants with benzyl acrylate and benzyl 2-fluoroacrylate, are

compiled in Table 1.

Table 1. Chemical potential p, chemical hardness n, electrophilic indices ®, and nucleophilic indices N, catalyzed and not
catalyzed of the cyclopent-3-diene reactants with benzyl acrylate and benzyl 2-fluoroacrylate. (The values are given in eV)

System 1! n [0)

1 -3.25 5.35 0.98 3.43
2 -4.59 4.36 242 2.58
2-Cat -5.79 3.22 5.21 1.94
3 -4.32 4.59 2.03 2.73
3-Cat -5.93 2.52 6.97 2.16

Table 1 presents various chemical descriptors for different systems involving cyclopent-3-diene reactants with benzyl
acrylate and benzyl 2-fluoroacrylate. Let's analyze the data:

The chemical potential (i) of -3.25 for System 1 is higher than that of the other systems, indicating that the electron
transfer will occur from cyclopent-3-diene to the other reactants. The use of the catalyst reduces the hardness value of
systems 2, 3-Cat, 3 and 3-Cat, making them highly reactive. The electrophilic power of cyclopent-3-diene is very small
compared to other systems, and the use of the catalyst increases this power. The nucleophilic index of cyclopenta-3,1diene
is very high compared to other reactants. In conclusion from this table, the cyclopent-3-diene reactant behaves as a
nucleophile, while the other systems behave as electrophiles.

3.2. The Parr functions and ELF of the reactants

Parr functions are derived from density functional theory-based quantities such as electron density and its derivatives,
as proposed in 2013 by Domingo?®. They play a crucial role in studying local reactivity indices, providing information about
the reactivity of specific regions within a molecule. The use of Parr functions in local reactivity refers to their application
in understanding and analyzing the local reactivity of molecules. Figure 2 illustrates the Parr functions of benzyl acrylate
and benzyl 2-fluoroacrylate under different conditions, both with and without a catalyzer (2, 2-Cat, 3 and 3-Cat). The Parr
functions, derived from density functional theory, offer a detailed depiction of the electronic structure and reactivity of these
compounds. The comparison between the two sets of data, with and without the catalyzer, provides insights into the impact
of the catalyzer on the Parr functions and, consequently, on the electronic properties and reactivity of benzyl acrylate and
benzyl 2-fluoroacrylate (2, 2-Cat, 3 and 3-Cat). This analysis aids in understanding the role of the catalyzer in influencing
the electronic behavior of the compounds, offering valuable information for chemical and catalytic processes.
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Fig. 2. Parr functions of benzyl acrylate and benzyl 2-fluoroacrylate with and without catalyzer (2, 2-Cat, 3 and 3-Cat)

The data from the Parr electrophilic functions for reactant 2 reveal that carbon C1 has a value of 0.44, while carbon C2
has a value of 0.04. When replacing the fluorine atom with a hydrogen atom, there is an increase in the Parr electrophilic
value for the C1 center, reaching 0.51. The use of TiCly as a catalyst in conjunction with reactant 2 leads to a decrease in
the Parr electrophilic value for the C1 center, which reaches 0.27. However, the use of TiCls with reactant 3 results in the
cancellation of the Parr electrophiles. In summary, the analysis of Parr electrophilic functions suggests that the first bond
will form on carbon C1, highlighting the significant influence of substitutions and catalysts on the electronic reactivity of
the compound.

3 3-Cat

Fig. 3. The electron density basins and their values for benzyl acrylate and benzyl 2-fluoroacrylate with and without the
catalyst (2, 2-Cat, 3, and 3-Cat)
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To characterize the electronic distribution of the reactants, an in-depth ELF study was undertaken. Fig. 3 consolidates
the electronic basins of the alkenes, both in the presence and absence of a catalyst. This analysis allows for a detailed
exploration of electron localization in these molecules, providing valuable insights into their electronic behavior, notably
the influence of the catalyst and fluorine atom on the electronic distribution.

In the structure of reactant 2, careful observation reveals the presence of significant electron basins, including:
V(C1,C2)=1.78e, V’(C1,C2)=1.77e, V(C2,C3)= 2.48e, V(C3,0)= 2.73e, and two monosynaptic basins V(O)= 2.73e and
V’(0)= 2.70e. The replacement of the fluorine atom with a hydrogen atom at position C2 does not cause any change in
these same basins.

The introduction of TiCls in conjunction with reactant 3 has a significant influence on the electron distribution. A
decrease is observed in the values of bisynaptic basins: V(C1,C2)= 1.63e, V’(C1,C2)= 1.58e, V(C2,C3)= 2.29¢, while the
basin V(C3,0)= 2.73e increases and reaches 1.86e. The TiCls catalyst does not induce major changes in the electron
distribution of reactant 2; however, there is a slight modification in the values of bisynaptic basins V(C1,C2)and V’(C1,C2),
totaling 3.50e. Therefore, the TiCl4 catalyst attracts electrons from molecules 2 and 3, thereby imparting increased reactivity
to these molecules. These results highlight the importance of catalyst choice in manipulating electron distribution and, by
extension, in modulating molecular reactivity.

3.3. Energy Analysis of Cycloaddition Reaction Pathways of Cyclopenta-1,3-Diene with Benzyl-acrylate and Benzyl-2-
Fluoroacrylate with and without catalyst

The reactants used in this study are non-symmetrical acrylates. Therefore, two pathways related to stereoselectivity (endo
and exo) are conceivable. The different cycloaddition reaction pathways between cyclopenta-1,3-diene with benzyl acrylate
and benzyl-2-fluoroacrylate, with or without a catalyst, are depicted in Scheme 4. The energy profiles are presented in Fig.
4 and Fig. 5, while detailed calculations are listed in Tables S1, S2, S3, and S4.
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Scheme 4. Cycloaddition Reaction Pathways of Cyclopenta-1,3-Diene with Benzyl-acrylate and Benzyl-2-Fluoroacrylate
with and without catalyst
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Fig. 4 provides insight into the energetics of the cycloaddition reactions involving cyclopenta-1,3-diene and benzyl
acrylate. The negative values of Gibbs free energy (AG) signify the thermodynamic favorability of these reactions. Notably,
the AG values for the formation of products 1 and 2 are -2.10 kcal/mol and -3.90 kcal/mol, respectively, indicating that
product 2 is thermodynamically preferred. Furthermore, the transition states "Ts-1" and "Ts-2" exhibit high energy barriers,
with AG values of 29.1 and 24.9, respectively. These barriers suggest significant activation energy requirements for the
formation of these transition states. The relatively higher energy barrier associated with "Ts-1" indicates a more challenging
transition state compared to "Ts-2". Consequently, the kinetic favorability of product 2, as indicated by the lower energy
barrier, aligns with experimental observations. This analysis underscores the importance of considering both
thermodynamic and kinetic factors in understanding product formation in cycloaddition reactions.

In Fig. 4, the values of Gibbs free energy (AG) for different cycloaddition reaction pathways between cyclopenta-1,3-
diene and benzyl-2-fluoroacrylate are analyzed. The data reveal that the transition Ts-3 has a AG value of 29.7, suggesting
a high energy barrier for this step. However, despite this energy barrier, product 3 exhibits a AG value of -5.2, indicating
that its formation is thermodynamically favorable. Similarly, transition Ts-4 has a AG value of 24.2, also indicating an
energy barrier for this step. Nevertheless, product 4 shows a AG value of -7.7, revealing formation that is both
thermodynamically and kinetically favorable. These results confirm consistency with experimental observations and
highlight the importance of both thermodynamic and kinetic aspects in understanding cycloaddition reactions.

The analysis of Gibbs free energy (AG) values in Fig. 5 provides crucial insights into the reaction steps and catalytic
products associated with the chemical process between cyclopenta-1,3-diene and benzyl acrylate catalyzed by titanium
tetrachloride. In this context, the negative AG values observed for the "1-Cat" and "2-Cat" products indicate that the
corresponding reactions are spontaneous, meaning they are thermodynamically favorable. Additionally, 1-Cat exhibits
higher free reaction energy than 2-Cat, indicating that the 1-Cat products is thermodynamically very favorable. This
suggests that these reactions can occur efficiently with a release of energy. Conversely, the activation energies for "Ts-1-
Cat" and "Ts-2-Cat," at 2.54 kcal/mol and 11.84 kcal/mol, respectively, indicate that the 1-Cat product (endo product) is
thermodynamically and kinetically very favorable, and the gap between the two transition states becomes larger than in the
un-catalyzed reaction, indicating an increase in selectivity. This analysis of AG values also allows for the evaluation of the
stability and viability of different transition states and catalytic products associated with the reaction. In conclusion of this
analysis, reaction pathway 1 predominates, which aligns well with experimental results.

Fig. 5 depicts also the data on changes in free energy (AG) for the chemical reaction pathways between cyclopenta-1,3-
diene and benzyl-2-fluoro acrylate catalyzed by titanium tetrachloride. The formation reaction of the product 3-Cat is highly
exothermic, with a AG value of -13.58 kcal/mol, indicating a significant release of energy during its formation, similarly,
the formation reaction of the product 4-Cat is exothermic, although to a lesser extent than the preceding reaction, with a AG
value of -9.92 kcal/mol. The negative AG values for the catalyzed products ("3-Cat" and "4-Cat") indicate that these
reactions are spontaneous and that the 3-Cat product is thermodynamically favorable. Conversely, the activation energies
"Ts-3-Cat" and "Ts-4-Cat" are 2.00 kcal/mol and 1.90 kcal/mol, respectively, indicating that the Ts-4-Cat product is
kinetically favored. However, these activation energies remain relatively low, suggesting that the presence of the catalyst
facilitates these transitions. In conclusion, catalysis appears to play a crucial role in determining reaction pathways, by
reducing the energy barriers to reach the 4-Cat product (exo product). This result is in good agreement with experimental
findings. Therefore, it can be concluded that the exo product (4-Cat) is obtained under kinetic control.

3.4. ELF analysis of the cycloaddition reactions between cyclopenta-1,3-diene and benzyl acrylate as well as benzyl-2-
fluoro acrylate

The Electron Localization Function (ELF) Analysis is a powerful method used in theoretical chemistry to understand
complex reaction mechanisms. This approach allows visualization of electron localization within a molecule, which is
essential for understanding chemical interactions and electron rearrangements occurring during a reaction. ELF analyses
can identify sites where electrons are localized during the formation and breaking of chemical bonds, as well as regions of
increased electron density. This provides valuable insights into key steps of the reaction mechanism, such as the formation
of reaction intermediates, transition states, and final products. In this section, an ELF study was conducted to understand
the mechanism of each reaction. Table S5 and Table S6 seem to represent the values of basins between atoms involved in
the formation of new bonds during the cycloaddition reaction without catalysts, while the relevant structures are shown in
Fig. 6 and Fig. 7. On the other hand, Table S7 and Table S8 appear to present the values of basins between atoms during
the same reaction but with the addition of a catalyst, and the important structures are illustrated in Fig. 8 and Fig. 9. From
Table S5 it can see that the values of V(C1, C2), V(C3, C4), and V(C1, C4) represent the basins between different carbon
atoms. These values generally decrease when going from the 1-H structure to the 4-H structure, indicating a change in the
nature of the carbon-carbon bonds in the molecule. Similarly, the value of V(C10, C11) follows a similar trend, with smaller
basins observed in the 4-H base compared to the 1-H base. In the 3-H structure, the appearance of monosynaptic basins
V(C3) and V(C11) results in a significant increase in their values from the 3-H structure to the 4-H structure, respectively
reaching 0.49¢ and 0.42e. These two monosynaptic basins merge to form the first bond C3,C11 with a value of
V(C3,C11)=1.20e. In the 6-H structure, two monosynaptic basins appear, carried by the carbon atoms C2 and C10, with
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values of V(C2) equal to 0.20e and V(C10) equal to 0.47e. The V(C2) and V(C10) basins combine to form the second bond,
with an electronic density of V(C2,C10) equal to 1.10e. According to this analysis, it can be concluded that the mechanism
followed by the cycloaddition reaction between cyclopenta-1,3-diene and benzyl is asynchronous.
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Fig. 6. The relevant structure Fig. 7. The relevant structure

From Table S6, it is evident that the same remarks made in the previous reaction show that the values of V(C1, C2),
V(C3, C4), and V(C1, C4) decrease globally as we move from structure 1-F to structure 4-F, indicating a change in the type
of carbon-carbon bonds within the molecule. Similarly, the value of V(C10, C11) also follows a similar trend, with smaller
basins observed in base 4-F compared to base 1-F. In structure 3-F, the appearance of monosynaptic basins V(C3) and
V(C11) results in a significant increase in their values in the 4-F configuration, reaching 0.40e and 0.39e respectively. The
fusion of these two monosynaptic basins leads to the formation of the first bond in structure 5-F, with a value of 1.21e for
the bassin V(C3, C11). In this same structure, a new monosynaptic basin, V(C10), appears with a value of 0.54e. In structure
7-F, the value of this basin increases to 0.89¢, and another monosynaptic basin, V(C2), appears with a value of 0.30e. In
structure 8-F, the monosynaptic basins V(C10) and V(C2) are merged to form the second bond with a value of 1.46¢. This
shows that the mechanism followed by the cycloaddition reaction between cyclopenta-1,3-diene with benzyl-2-fluoro
acrylate is asynchronous.

S.H-Cat 6-H-Cat

Fig. 8. The relevant structure Fig. 9. The relevant structure

Table S7 appears to represent the values of electron basins within these fragments. It is notable that the values of the
V(C1,C2) basins, which connect carbons C1 and C2, decrease progressively from 3.21e to 2.18e, suggesting a reduction in
electron density between these carbons. Similarly, the values of the V(C3,C4) basins also decrease from 3.19¢ to 2.05e,
indicating a similar reduction in electron density between these carbons. However, the values of the V(C1,C4) basins
increase from 2.25e to 3.25e. Additionally, the values of the V(C10,C11) basins decrease from 3.10e to 1.97e, demonstrating
a significant decrease in electron density between these carbons. These observations suggest that double bonds are becoming
single bonds while single bonds are becoming double bonds, consequently leading to changes in carbon-carbon bonds
within the molecule. In structure 2-H-Cat, there is an emergence of two monosynaptic basins carried by C3 and C11, with
values of 0.45e and 0.33e respectively. These two basins merge to form the first bond with a value of 1.18e. Additionally,
in structure 2-H-Cat, there is an emergence of two monosynaptic basins located on C2 and C10, with respective values of
0.16e and 0.50e. These two basins combine to form the second bond, which has a value of 1.02e. Consequently, the
mechanism of the cycloaddition reaction between cyclopenta-1,3-diene with benzyl acrylate catalyzed by TiCls follows an
asynchronous mechanism.



According to Table S8, we notice that the values of the V(C1,C2) basins, which connect carbons C1 and C2, gradually
decrease from 3.18e to 2.19e. Similarly, the values of the V(C3,C4) basins also decrease from 3.17e to 2.05e, indicating a
similar decrease in electron density between these carbons. However, the values of the V(C1,C4) basins increase from 2.26e
to 3.21e. Additionally, the values of the V(C10,C11) basins decrease from 3.10e to 2.09e. These observations thus lead to
changes in the carbon-carbon bonds within the molecule, suggesting that double bonds are converting into single bonds
while single bonds are becoming double bonds. In structure 2-F-Cat, the emergence of two monosynaptic basins carried by
C3 and C11 is observed, with respective values of 0.43¢ and 0.38e. These two basins combine to form the first bond with a
value of 1.20e. In structure 3-F-Cat, the emergence of two monosynaptic basins on C2 and C10 is noted, with respective
values of 0.16e and 0.82e. These two basins unite to form the second bond, which displays a value of 1.31e. Consequently,
the mechanism of the cycloaddition reaction between cyclopenta-1,3-diene with benzyl-2-fluoro acrylate catalyzed by TiCl4
follows an asynchronous mode.

3.4. Exploring the Binding Affinity of a Product under Study towards COVID-19 and HIV-1 Proteins

Molecular docking is a crucial step in modern pharmaceutical research focused on identifying new candidate molecules
for therapeutic purposes. This approach involves predicting and analyzing how a specific molecule spatially interacts with
a given biological target, typically a protein. By using advanced computational techniques such as molecular modeling and
molecular dynamics simulation, molecular docking enables visualization of potential binding sites, the forces involved, and
the characteristics of molecular interaction. This method is essential for the systematic design of drugs, facilitating the
exploration of promising chemical compounds by precisely targeting the active sites of proteins involved in various
pathologies. Thus, molecular docking represents a powerful approach for the design and improvement of drugs, leading to
significant advancements in the development of more precise and effective therapies. In this innovative study, we examine
the interaction between a specific derivative of benzyl-2-fluorobicyclo[2.2.1]heptane-2-carboxylate (Figure 2) and proteins
associated with the Covid-19 virus and HIV. Our approach aims to elucidate the underlying molecular mechanisms of the
binding between these compounds and these viral proteins. This study promises to provide significant insights into the
understanding of molecular interactions between the studied derivatives of heptane-2-carboxylate and the key proteins of
the Covid-19 and HIV viruses, thereby opening new perspectives in the development of potential therapies.

The data presented in Table 2 provide an overview of the energy affinities (expressed in kcal/mol) between different
ligands, including 1, 2, 3, 4, Nirmatrelvir, and L’AZT, towards proteins associated with Covid-19 and HIV. These affinity
values are crucial for assessing the potential binding strength between each ligand and the target proteins. Additionally, Fig.
10 complements this analysis by providing a visual representation of molecular interactions in two and three dimensions
for specific ligands, 1, 4, Nirmatrelvir, and L’AZT. This visualization allows for a better understanding of the spatial
interaction patterns between these compounds and the studied proteins, thus paving the way for significant insights in the
context of drug design and therapeutic research.

Table 2. The energy binding affinities (in kcal/mol) of different ligands, specifically 01, 2, 3, 4, Nirmatrelvir, and L’AZT

Molecule HIV affinity (kcal/mol) Covid-19 affinity (kcal/mol)
1 -4.9 -6.4
2 4.5 52
3 -4.8 5.9
4 -5.2 -6.1
AZT 49
Nirmatrelvir 6.2

Table 2 presents a detailed analysis of the energetic affinities between different ligands and the Covid-19 protein. Each
ligand, including 1, 2, 3, 4, and Nirmatrelvir, is associated with a specific energy affinity value. Negative values indicate
favorable affinity, where lower values suggest potentially stronger binding between the ligand and the protein. This data
analysis allows for comparing each ligand's ability to bind to the Covid-19 protein, providing crucial insights for evaluating
their potential as inhibitors or therapeutic compounds. For example, ligand 1 exhibits the lowest affinity, indicating
potentially stronger binding with the Covid-19 protein compared to other ligands. This in-depth analysis assists in guiding
the selection of promising ligands for further studies as potential therapeutic agents. From this analysis, it can be inferred
that the inclusion of the fluorine atom does not improve the affinity of the studied fluorinated products; Ligand 1 has shown
promising affinity with the Covid-19 protein in this study. This observation underscores its potential as a candidate for the
development of a drug against Covid-19. Further research on ligand 1 could consolidate this preliminary finding by
assessing its ability to specifically inhibit the functions or propagation of the SARS-CoV-2 virus. These studies could also
explore the molecular signaling pathways involved in the interaction between ligand 1 and the viral protein, thus paving the
way for innovative therapeutic approaches to combat Covid-19.

Table 2 also offers a thorough examination of the energetic affinities exhibited by various ligands towards the human
immunodeficiency virus (HIV). The ligands under investigation encompass 1, 2, 3, 4, and Zidovudine. All recorded energy
affinity values were negative, indicating a favorable interaction between the ligands and HIV. Lower values imply a more
robust binding between the ligand and HIV. By scrutinizing these data, we can assess the binding capability of each ligand
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to HIV, thus providing crucial insights into their potential as inhibitors or therapeutic agents. For instance, ligand 4
demonstrates the highest affinity, suggesting a particularly potent interaction with HIV compared to the other ligands listed.
This comprehensive analysis aids in selecting promising ligands for further exploration as potential therapeutic candidates.
Specifically, ligand 4 exhibits significantly high affinity for human immunodeficiency virus (HIV), making it a major
subject of interest for further research. Its strong affinity suggests a robust ability to bind to HIV viral proteins, which could
potentially lead to the development of new, more effective anti-retroviral drugs. Additional studies on ligand 4 could provide
detailed insight into its binding mechanisms with HIV, as well as exploring its therapeutic implications and potential for
developing improved treatments against HIV.
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Fig. 10. A graphical depiction of molecular interactions in both two and three dimensions involving compounds 1, 4, AZT,
and nirmatrelvir

4. Conclusion

The investigation delved into the cycloaddition reactions involving cyclopenta-1,3-diene and benzyl acrylate, as well as
benzyl 2-fluoroacrylate, both with and without the catalyst (TiCl4). This exploration employed the Molecular Electron
Density Theory (MEDT) at the DFT/B3LYP/SDD calculation level. This methodology allowed for a comprehensive
analysis of the energy profiles linked to these reactions, thereby providing valuable insights into their mechanisms and
stereochemical selectivity. The findings gleaned from the energy profiles suggest that these reactions exhibit
stereoselectivity, showing a preference for the formation of specific stereoisomers over others. Furthermore, the inclusion
of TiCls as a catalyst appears to enhance the selectivity of these reactions, in line with experimental observations.
Additionally, a docking analysis was conducted to forecast how stereochemistry and the presence of specific atoms, such
as fluorine, might impact their binding affinity to viral proteins associated with SARS-Covid-19 and HIV, in addition Ligand
4's high affinity for HIV makes it a prime candidate for further research, potentially leading to improved antiretroviral
medications, while ligand 1's promising affinity with the Covid-19 protein underscores its potential as a candidate for Covid-
19 drug development. Additional investigations into ligand 1 could bolster its candidacy by exploring its ability to inhibit
SARS-CoV-2 and understanding its molecular interactions, offering avenues for innovative therapeutic strategies against
Covid-19.
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