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A B S T R A C T 
 
The rising concerns about the Biginelli reaction are mainly attributed to the 
therapeutic and pharmacological features of Biginelli adducts, especially 
dihydropyrimidinones (DHPMs). The density functional theory (DFT) 
framework could be used to explore molecular properties such as molecular 
structures, molecular energies, ionisation potentials, dipole moments, and 
electronic parameters. It also contributes to the correlative analysis of 
theoretical and experimental findings through providing valuable perspectives. 
Using DFT method with the 6-311++G(d,p) basis set, twelve Biginelli adducts 
were focused to ascertain various structural and chemical parameters. The 
important structural parameters such as optimized molecular structures, 
frontier molecular orbital (FMO) analysis, and molecular electrostatic potential 
analysis are addressed in the present report. In addition, different quantum 
chemical parameters were calculated to gain a deeper comprehension of the 
molecules' synthetic reactivity. The FMO and quantum chemical exploration 
revealed that BA7 molecule has a lower HOMO-LUMO energy gap, indicating 
that charge transfer interactions are inevitable within the molecule. The BA7 
molecule was also found to have a higher global softness value than the other 
derivatives. The absolute hardness of the BA6 molecule, on the other hand, was 
higher. With a value of 2.2291  eV, the BA3 molecule was revealed to have the 
highest charge transfer. 

  
Introduction 

he therapeutic and pharmacological 
properties of Biginelli adducts, 
specifically DHPMs, have sparked 
increased interest in the Biginelli 
reaction [1]. Antimalarial, 

antileishmanial, antitubercular, antioxidant, 
antidiabetic, antiproliferative, anticancer 
effects, calcium channel inhibition, anti-
inflammatory, antihypertensive, etc., have all 
been observed in various DHPMs and related 
compounds [2]. Conversely, in the following 
years, this reaction was largely ignored, and 
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thus the synthetic attributes of 
dihydropyrimidinones remained unknown until 
the 1970s. Interest grew rapidly in the 1970s, 
and since late 1980, an unprecedented boom 
has emerged as a result of a rise in the number 
of publications and patents. Numerous studies 
on the synthesis and chemical properties of 
Biginelli adducts have been published since 
then. For the synthesis of DHPMs, their thione 
analogues, and their heterocyclic derivative 
compounds, a broad range of reaction 
modifications have been produced. There have 
been reports of Biginelli adducts with high 

pharmacological potential. Monastrol (a) and 
its derivative piperastrol (b) have been 
reported as powerful anticancer agents in 
Biginelli adducts, which are promising 
compounds for the treatment of cancers (Fig. 
1). Figure 1 also shows other anticancer 
Biginelli adducts such as [R]-(+)-Mon-97 (c) 
and [R]-Fluorastro (d). Figure 2 depicts the 
Biginelli adducts with potent antitubercular 
activity (e and f). Figure 3 shows the Biginelli 
adducts, which have a strong antimalarial effect 
(g and h). 

 

Figure 1. Biginelli adducts having anticancer activity 

 

Figure 2. Biginelli adducts having antitubercular activity 

 

Figure 3. Biginelli adducts having antimalarial activity 



 

 
 

31 

 

2021, Volume 1, Issue 1 

Quantum chemical method allows the 
prediction of different properties based on 
knowledge of a few quantum superposition and 
the use of standard programming for electronic 
structure calculations [3-16]. DFT has gained a 
lot of attention in the last two decades because 
it is less computationally expensive. B3LYP 
stands for "Becke, 3-parameter, Lee-Yang-Parr". 
The DFT based on theoretical quantum 
calculations has been effectively used to explore 
the structural and chemical properties of 
organic molecules [17-22] The importance of 
spectroscopic and quantum calculations in 
predicting various quantum chemical 
parameters and thermodynamic aspects has 
been discovered [23-25]. Various structural and 
quantum chemical parameters of twelve 
Biginelli adducts were investigated in the light 
of the aforementioned essential aspects in the 
current analysis. 

Computational details 

The well-known DFT method through the 
B3LYP method was used for calculations [26]. 
The detailed about this function and its 
advantage was described in the literature [26, 
27]. DFT simulations were performed using the 
Gaussian-03 programme package on an Intel 
(R) Core (TM) i5 computer with no geometry 
constraints [28]. The DFT/B3LYP method was 
used to investigate structural elements such as 
optimized molecular geometry, bond length, 
atomic charges, and bond angle of previously 
synthesized Biginelli adducts [29] using the 6-

311++G(d,p) basis set. The Gauss View 4.1.2 
molecular visualisation programme was used to 
establish optimized geometry. Some quantum-
chemical calculations were performed using the 
DFT method with the same basis set for a 
detailed molecular structure explanation. All of 
the calculations were done in the gas phase for 
the optimized structure. The quantum and 
structural entities such as total energy, electron 
density distribution in highest occupied 
molecular orbital (HOMO) and lowest 
unoccupied molecular orbital (LUMO), charge 
distribution, electronegativity (χ), absolute 
hardness (η), softness (σ), electrophilicity (ω), 
chemical potential (Pi), charge transfer in 
molecules (ΔNmax) have been computed. 
Theoretical investigations were also used to 
investigate the molecular electrostatic potential 
(MEP). 

Results and discussion 

Molecular structure study 

The twelve Biginelli adducts that were 
previously synthesised have been labelled BA1 
to BA12. Table 1 shows the structures of the 
previously synthesised Biginelli adducts. 
Figure 4 shows the optimized molecular 
structure of Biginelli adducts. As predicted by 
DFT study, all Biginelli adducts have C1 point 
group symmetry. Of all Biginelli adducts, the 
molecule BA4 has the highest polarity (µ = 
5.2956 Debye), whereas the molecule BA6 has 
the lowest one (µ = 3.4750 Debye). 

Table 1. Structures of the Biginelli adducts and their abbreviations used

Entry Biginelli adduct Entry Biginelli adduct 

BA1 

 

BA7 

 

BA2 

 

BA8 
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BA3 

 

BA9 

 

BA4 

 

BA10 

 

BA5 

 

BA11 

 

BA6 

 

BA12 

 
 

 
 

BA1 BA2 

 
 

BA3 BA4 
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BA5 BA6 

 
 

BA7 BA8 

  
BA9 BA10 

  
BA11 BA12 

Figure 4. Optimized molecular structures of Biginelli adducts (BA1 to BA12) 

Frontier molecular orbital study 

The FMOs; HOMO and LUMO, are critical for 
determining a molecule's reactivity and 
stability. EHOMO and ELUMO are both associated 
with electron-donating and electron-accepting 

potential. The narrower the energy difference 
between HOMO and LUMO, the more stable a 
molecule becomes. As a result, it is clear that 
the HOMO-LUMO energy gap is a significant 
indicator of unsaturated systems' kinetic 
stability. The HOMO-LUMO energy gap is 
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expanded, which reduces a molecule's stability, 
polarizability, and electron transport. EHOMO and 
ELUMO values are crucial since they reflect 
ionisation enthalpy and electron affinity, 
respectively. The nucleophilic power of a 
compound is determined by its EHOMO value, 
while its electrophilic character is determined 
by its ELUMO value.  The chemical reactivity 
switches with the molecular arrangement of the 
molecule, as shown by these two parameters. 
The wave function research demonstrates that 
electron absorption corresponds to the 
transition from the ground state to the first 
excited state, which is primarily represented by 
a single electron transition from the highest 
occupied to lowest unoccupied molecular 
orbital. 

The global reactivity descriptors were 
calculated from molecular parameters a per 
previously reported methods [30, 31]. The 
ionization potential (I), electron affinity (A), 
band gap energy (Eg), electronegativity (χ), 
absolute hardness (ɳ), global softness (σ), 
global electrophilicity (ω), chemical potential 
(Pi), and maximum number of electrons 
transferred (Nmax) have all been determined 
using FMO’s energies. With the support of the η 
and σ parameters, the donor-acceptor 

phenomenon of a chemical system can be easily 
predicted. A hard molecule has a large energy 
gap, whereas a soft molecule has a small energy 
gap. As a result, soft molecules may be more 
polarizable than hard molecules. The absolute 
hardness and global softness are related to the 
chemical structure's stability and correspond to 
the distance between the EHOMO and ELUMO. The 
chemical potential (Pi) of an electron 
determines its ionisation potential, which is 
also linked to its χ. The tendency of a molecule 
to lose an electron increases as the Pi value 
rises. Chemical hardness and chemical potential 
are important aspects of a molecule's overall 
reactivity and are important components of 
charge transfer. A lower value of ω indicates the 
strong nucleophilic nature, while higher values 
indicate strong electrophilic nature, The FMO of 
Biginelli adducts (BA7 and BA8) are 
represented in Figure 5. Table 2 shows the 
electronic parameters of Biginelli adducts, 
while Table 3 shows global reactivity 
descriptors. According to the FMO examination, 
molecule BA7 has the smallest energy 
difference, while molecule BA8 has the largest. 
This knowledge is important for evaluating the 
molecule's reactivity and charge transfer 
phenomena. 
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Figure 5. Frontier molecular orbital pictures; A: BA7 and B: BA8  

Table 2. Electronic parameters of Biginelli adducts 
Entry E (a.u.) EHOMO (eV) ELUMO (eV) I (eV) A (eV) Eg (eV) 

BA1 −1546.5798 −6.2790 −2.2637 6.2790 2.2637 4.01 
BA2 −1316.0384 −6.0430 −2.2808 6.0430 2.2808 3.76 
BA3 −1276.7394 −6.1287 −2.3228 6.1287 2.3228 3.79 
BA4 −1430.6071 −6.0275 −2.2884 6.0275 2.2884 3.80 
BA5 −1223.6237 −6.7170 −1.9456 6.7170 1.9456 3.74 
BA6 −1068.3156 −7.5393 −2.0993 7.5393 2.0993 4.77 
BA7 −1220.9604 −5.3935 −1.9505 5.3935 1.9505 3.44 
BA8 −878.5878 −6.5211 −1.4824 6.5211 1.4824 5.04 
BA9 −898.0018 −5.3445 −1.6863 5.3445 1.6863 3.66 
BA10 −1338.1575 −6.8125 −2.1900 6.8125 2.1900 4.62 
BA11 −878.5110 −6.6920 −2.1377 6.6920 2.1377 4.55 
BA12 −763.9212 −6.7369 −2.1423 6.7369 2.1423 4.59 

Note: Abbreviations: I, ionization potential; A, electron affinity; Note: I = −EHOMO & A = −ELUMO. 

In comparison to the other Biginelli adducts, 
the molecule BA7 has a lower HOMO-LUMO 
energy gap, indicating that charge transfer 
interactions are unavoidable within the 
molecule. BA7 has the most reactive HOMO 
(EHOMO = −5.3445 eV) and BA6 has the least 
reactive HOMO (EHOMO = −7.5393 eV) of all 
Biginelli adducts. In molecule BA3 (ELUMO = 
−2.3228 eV), the LUMO has a lower energy and 
with high energy in the molecule BA8 (ELUMO = 
−1.4824 eV). BA6 has the highest ionization 
potential (I = 7.5393 eV), while BA7 (I = 5.3445 
eV) has the lowest. The molecule BA3 has a 

higher electron affinity value (A = 2.3228 eV) 
than the molecule BA8 (A = 1.4824 eV). Since 
the global electrophilicity value is greater than 
1.5 eV, the global descriptor study indicates 
that all Biginelli adducts would be strong 
electrophiles. When it comes to global softness, 
the molecule BA7 has a higher value than the 
other derivatives, with a global softness value 
of 0.5809 eV. The absolute hardness of the 
molecule BA6 is higher, which is 2.7200 eV. 
BA3 is the molecule with the highest charge 
transfer, with a value of 2.2291 eV. 

Table 3. Global reactivity parameters of Biginelli adducts 
Entry Χ (eV) ɳ (eV) σ (eV-1) ω (eV) Pi(eV) ΔNmax (eV) µ (Debye) 
BA1 4.2713 2.0076 0.4981 4.5437 −4.2713 2.1275 4.8199 
BA2 4.1619 1.8811 0.5316 4.6041 −4.1619 2.2125 3.7383 
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BA3 4.2308 1.8980 0.5269 4.7154 −4.2308 2.2291 4.2775 
BA4 4.1580 1.8695 0.5349 4.6238 −4.1580 2.2241 5.2956 
BA5 4.3313 2.3857 0.4192 3.9318 −4.3313 1.8155 4.5894 
BA6 4.8193 2.7200 0.3676 4.2694 −4.8193 1.7718 3.4750 
BA7 3.6720 1.7215 0.5809 3.9162 −3.6720 2.1330 5.1408 
BA8 4.0018 2.5193 0.3970 3.1783 −4.0018 1.5884 3.9845 
BA9 3.5154 1.8291 0.5467 3.3782 −3.5154 2.1503 4.6953 
BA10 4.5012 2.3113 0.4326 4.3831 −4.5012 1.9475 4.8463 
BA11 4.4148 2.2771 0.4391 4.2796 −4.4148 1.9387 3.5945 
BA12 4.4396 2.2973 0.4353 4.2899 −4.4396 1.9326 4.8359 

Note: χ = (I + A)/2; ɳ = (I − A)/2; σ = 1/ɳ; ω = Pi2/2ɳ; Pi = −χ; ΔNmax = −Pi/ɳ. Abbreviations: χ, electronegativity; 
ɳ, absolute hardness; σ, global softness; ω, global electrophilicity; Pi, chemical potential; ΔNmax, maximum no. of 
electron transferred. 

Molecular electrostatic plot study 

The red and yellow regions on the 
pyrimidinone/thione nucleus, according to 
these MEP plots (Figure 6), show a region of 
high electron density. The green zone is often 
found on the saturated portion and represents 
zero potential regions. The blue part, on the 
other hand, represents nucleophilic reactivity. 
The molecular electrostatic potential (MEP) can 
be used to correlate properties such as dipole 
moment, electronegativity, partial charges, and 
chemical reactivity of any molecule. The use of 
a MEP can be used to evaluate phenomena such 
as nucleophilic and electrophilic locations, 
solvent effects, hydrogen bonding interactions, 
and so on. The MEP has emerged as a 
convincing guide to look at molecular 
interactions in recent years. It has been 
successfully linked to a wide range of biological 

and chemical scaffolds in modern science. The 
total charge distribution of a molecule space is 
the MEP. The various electrostatic potential 
values at the molecule's surface are expressed 
by different colours. Positive, negative, and 
neutral potentials are all represented by 
different colours. Electrophilic reactivity is 
correlated with the red and yellow zones, which 
leads to high electron density. Low electron 
density and nucleophilic reactivity are 
expressed by the blue parts, while positive 
electrostatic potential is represented by the 
white parts. Green colours, on the other hand, 
reflect areas with no potential. These zones of 
varying electrostatic potential may provide 
useful information about different forms of 
intermolecular interactions, allowing one to 
predict a molecule's chemical behaviour. The 
electrophilic and nucleophilic sites indicate the 
area of the compound where it can interact. 

  
BA1 BA2 
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Figure 6. MEP plots for the Biginelli adducts 

Conclusion 

In conclusion, twelve Biginelli adducts were 
investigated structurally using the DFT 
approach with the 6-311++G(d,p) basis set. To 
examine the stability and chemical behaviour, 
structural parameters such as molecular 
descriptors and global reactivity descriptors 
were addressed. The negative potential sites 
were found around oxygen atoms, while the 
positive potential sites were found around 
hydrogen atoms, according to the MEP map. 
Total energy, electron density distribution in 
the HOMO and LUMO, charge distribution, 
electronegativity, absolute hardness, softness, 
electrophilicity, chemical potential, and charge 
transfer in molecules were measured. All 
Biginelli adducts were found to have C1 point 
group symmetry. The molecule BA4 was the 
most polar amongst studied Biginelli adducts. 
The BA7 molecule was shown to have a 
narrower HOMO-LUMO energy gap, implying 
that charge transfer interactions would occur 
within the molecule. The global softness value 
of the BA7 molecule was also found to be 
higher than that of the other derivatives. The 
BA6 molecule, on the other hand, possesses 
higher absolute hardness The BA3 molecule 
was revealed to have the largest charge 
transfer. The current quantum chemical 
analysis could contribute to a better 
understanding of the properties of the title 
molecules, as well as its application in more 
advanced applications. 
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