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Abstract: Quantum chemical calculations are widely used in the reactivity of organic compounds. The
configuration in the methodology reached a point where the reasonably predicted properties could be obtained
from the density functional theory (DFT) calculations. The geometry and molecular orbitals of organic
compounds are characterized by their activities. The electronic properties of the compounds are related to the
frontier orbital energy of highest occupied molecular orbital energy (Exomo), lowest unoccupied molecular
orbital energy (ELumo), and energy gap (AE umo -Homo)- INn this study, compounds of pyrimidine have been
researched the electronic properties using density functional theory.
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Introduction

Substituted pyrimidines attracted synthetic organic chemistry interest very much because of their biological and
chemotherapeutic importance. The pyrimidine compounds and related fused heterocycles are interesting classes
of heterocyclic compounds that exhibit a wide spectrum of biological activities such as anticancer, antiviral,
antioxidant, antibacterial, anxiolytic, antidepressant, anti-inflammatory and analgesic activities (Addepalli, at
al., 2018; Gokhale, at al., 2017).

Quantum chemical calculations are widely used in the reactivity of organic compounds. The configuration in the
methodology reached a point where the reasonably predicted properties could be obtained from the density
functional theory (DFT) calculations. The geometry and molecular orbitals of organic compounds are
characterized by their activities. The properties of the components, the highest molecular orbital energy
(Enomo), the lowest empty molecular orbital energy (E umo) and energy deficit (AE = E, ymo - Enomo) are
related to the use of the boundary orbital (Kanmazalp, 2017).

The high Enomo Value has a molecule tendency to give electrons, while a low E| yyo value indicates the ability
of the molecule to accept electrons. The difference between E_ymo and Epomo energies is called energy gap.
Larger values of the energy gap will provide low reactivity to a chemical interaction and inhibition efficiency.
But the lower values of the AE will render good reactivity to a chemical interaction and inhibition efficiency
(Karzazi, at al., 2014).

Method

Calculation Analysis

The quantum chemical parameters of the earlier synthesized pyrimidine compounds 1-5 (Taslimi, at al., 2018)
(Fig. 1.) have been investigated as electronic properties using density functional theory. Full geometry
optimizations of pyrimidine derivatives were performed using DFT based on Beck’s three parameter exchange
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functional and Lee—Yang—Parr nonlocal correlation functional (B3LYP) and the 6-31G (d, p) orbital basis sets
in Gaussian09 program (Becke,1993; Lee, at al., 1988; Frisch, at al., 2009).
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Figure 1. Molecular structures of the compounds

Results and Discussion

The highest occupied molecular orbital (HOMO) energy and the lowest unoccupied molecular orbital (LUMO)
energy and the energy gap of HOMO and LUMO are calculated at the B3LYP/6-31G(d,p) level in order to
evaluate the energetic behavior of earlier synthesized molecules 1-5. The energies and pictorial illustration of
HOMO and LUMO frontier molecular orbitals are shown in Fig. 9. The positive and negative phases are
represented in red and green color, respectively. It is very important to know the energy gap of synthesized
molecules and see the contribution of functional groups on frontier molecular orbitals because HOMO and
LUMO play an important role in the electrical and optical properties, as well as in UV-vis spectra and chemical
reactions (Cinar, at al., 2011). The bio- and chemical-activity of the molecules depend on the eigen value of
HOMO which represents the ability to donate an electron, LUMO which represents the ability to obtain an
electron as an electron acceptor and AEomo_Lumo €nergy gap (Shukla, at al., 2014). If the molecules have a
large energy gap, they are more stable molecules in terms of a chemical activity. The graphs show that HOMOs
are generally formed in the pyrimidine ring and that LUMOs are localized in the benzoyl group attached to the
pyrimidine ring shown in Figure 2.
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Compounds Molecular structure

Figure 2. The optimized structures of molecules 1-5 obtained at B3LYP/6-31 G (d, p)
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By using HOMO and LUMO energy values for a molecule, the global chemical reactivity descriptors of
molecules such as hardness (1), chemical potential (n), softness (S), electronegativity (y) and electrophilicity
index (w) have been defined. Where A is the ionization potential and | is the electron affinity of the molecule.
All the calculated values of ionization potential, electron affinity, hardness, potential, softness and
electrophilicity index are shown in Table 1.

Table 1. Calculated quantum chemical parameters of the studied molecules

Compounds 1 2 3 4 5
Enowmo (eV) -5.0956 -5.0080 -5.0056 -4.8347 -5.0507
ELumo (eV) -2.0836 -2.5565 -2.6012 -2.5312 -2.6325
lonization potential: 5.0956 5.0080 5.0056 4.8347 5.0507
1 (eV)

Electron affinity: 2.0836 2.5565 2.6012 2.5312 2.6325
A(eV)

Electronegativity: x(eV) 3.5896 3.7823 3.8034 3.6830 3.8416
Chemical hardness: 3.012 2.4515 2.4044 2.3035 2.4182
n(ev)

Chemical softness: S 0.3320 0.4079 0.4159 0.4341 0.4135
Dipole moment: [L(gepye) 3.6072 1.5520 6.2170 4.6906 4.6787
Electrophilicity  index: 2.1600 0.4913 8.0376 4.7757 4.5261
(@)

Transferred electrons 0.5661 0.6563 0.6647 0.7200 0.6530
fraction: (AN)

Energy gap: 3.012 2.4515 2.4044 2.3035 2.4182
AE=E ymo -Enomo (V)

AEpack donation -0.753 -0.6129 -0.6011 -0.5759 -0.6046

As presented in Table 1, the compound which have the lowest energetic gap is the compound 4 (AE = 2.3035
eV). This lower gap allows it to be the softest molecule. The compound that have the highest energy gap is the
compound 1(AE = 3.012 eV). The compound that has the highest HOMO energy is the compound 4 (Enomo =

- 4.8347 eV). This higher energy allows it to be the best electron donor. The compound that has the lowest
LUMO energy is the compound 5 (E_ymo = -2.6325 eV) which signifies that it can be the best electron acceptor.

The two properties like | (potential ionization) and A (affinity) are so important, the determination of these two
properties allow us to calculate the absolute electro negativity (y) and the absolute hardness (n). These two
parameters are related to the one-electron orbital energies of the HOMO and LUMO respectively. Compound 4
has lowest value of the potential ionization (I =4.8347 eV), so that will be the better electron donor. Compound
5 has the largest value of the affinity (A = 2.6325 eV), so it is the better electron acceptor. The chemical
reactivity varies with the structural of molecules.

Chemical hardness (softness) value of compound 4 (n = 2.3035 eV, S =0.4341 eV) is lesser (greater) among all
the molecules. Thus, compound 4 is found to be more reactive than all the compounds. Compound 5 possesses
higher electro negativity value (3 = 3.8416 V) than all compounds so; it is the best electron acceptor. The value
of o for compound 3 (0 = 8.0376 eV) indicates that it is the stronger electrophiles than all compounds.

Compound 4 has the smaller frontier orbital gap so, it is more polarizable and is associated with a high chemical
reactivity, low kinetic stability and is also termed as soft molecule.

Molecular Electrostatic Potential (MEP) Surface

MEP is a protocol of mapping electrostatic potential onto the iso electron density surface. Red color shows
electron rich regions which are partially negatively charged. Blue color shows electron deficient regions which
are partially positively charged. Light blue shows slightly electron deficient regions. Yellow color shows
slightly electron rich regions and green color represents neutral regions. The MEPs have been used for
interpreting and predicting relative reactivities of sites for electrophilic and nucleophilic attack, investigation of
biological recognition, hydrogen bonding interactions, studies of zeolite, molecular cluster and crystal behavior
and the correlation and prediction of a wide range of macroscopic properties (Ravikumar at al., 2008). In this
study, 3D plots of MEP for 1-5 have been drew in Figure. 3.
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Fig. 3. Molecular electrostatic potential for 1-5

Conclusion

The calculated HOMO-LUMO energy gaps showed that eventual charge transfer took place within the
compound. The predicted MEPs revealed the negative regions of the molecules, subjected to the electrophilic
attack of these compounds and positive regions of the molecules which are attacked by nucleophiles. To
sumup, the calculated data, molecular orbital diagrams and Molecular Electrostatic Potential (MEP) maps
provided information about the electronic properties of pyrimidine compounds.
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