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Abstract

In the present paper, the chemical potential of four flavonoids i.e. apigenin, luteolin, quercetin, and myricetin, of
interest in the pharmaceutical industry was investigated using molecular modelling. The equilibrium geometry of
molecular structures was calculated in the gas phase and ground state by using B3LYP hybrid functional in
conjunction with a 6-311G(d,p) basis set. In order to assess the chemical potential of investigated flavonoids, the
main quantum molecular descriptors, such as the dipole moment, the energy of the highest/lowest
occupied/unoccupied molecular orbital, the gap energy, the electronegativity, the chemical hardness/softness,
and the electrophilicity index have been computed. Also, the influence of the hydroxylation degree of chemical
compounds on the chemical potential is discussed.
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1. INTRODUCTION

The flavonoids are an important chemical class of bioactive products, found in several fruits,
vegetables, herbs, and spices which possess a wide range of pharmacological properties, such as
antioxidant, anti-inflammatory, anticancer, neuroprotective, cardioprotective, immunomodulatory
properties, etc. [1,2]. It is known that the oxidant compounds generate many important diseases in the
human body by the fact that they participate in the formation of many cell toxins. For this reason,
antioxidant compounds and functional foods that possess antioxidant properties have gained great
usage in the prevention of oxidation-associated diseases such as cardiovascular diseases, diabetes, and
cancer. The flavonoids are antioxidant compounds with a potent scavenger of reactive
oxygen/nitrogen species due to their antioxidant pharmacophores for free-radical scavenging [3].

In the last years, among the flavonoids that were mostly investigated with important
antioxidant  properties are the apigenin (4',5,7-trihydroxyflavone), luteolin (3',4',5,7-
tetrahydroxyflavone), quercetin (3,3',4',5,7-pentahydroxyflavone) and myricetin (3,3,4',5,5",7-
hexahydroxyflavone) [1-7]. Chemically, these compounds have a C6-C3-C6 structure that contains
two benzene rings and one oxygen containing ring with a C2-C3 carbon double bond (see Fig. 1). The
apigenin, luteolin, quercetin, and myricetin are mainly present in the form of sugar conjugated
derivative in different vegetables, fruits, and medicinal plants [3,7].
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Fig. 1. Chemical structure of investigated flavonoids

In this paper, four flavonoids (apigenin, luteolin, quercetin, and myricetin) have been
investigated from a chemical reactivity point of view using density functional theory (DFT). For this
purpose, we have evaluated some electronic parameters computed at B3LYP/6-311G(d,p) level.

2. COMPUTATIONAL DETAILS

The geometrical parameters (bond lengths and angles) and IR frequencies of studied
flavonoids have been computed by using B3LYP hybrid functional in correlation with 6-311G(d,p)
basis set with Gaussian 09 program [8]. The computations were carried out in the ground state and gas
phase for all compounds. As there are no imaginary IR frequencies it means that the optimized
geometry is located at the minimum on the potential energy surface.

The steps followed in the computational procedure are:

- for each compound, we have created a .com file using GaussView 5.09. software [9];

- the .com file has been used as input for the Gaussian 09 software, which performs the
optimization of the molecular structures and computes the IR frequencies;

- the output files of the Gaussian 09 program are the .chk file and the .log file. The .log file
has been used by the GaussView 5.09. program in order to visualize the optimized molecular
structures. Also, from the .log file, it was extracted some parameters namely, the dipole moment
(DM), the highest occupied molecular orbital (HOMO), and the lowest unoccupied molecular orbital
(LUMO).

- the electronegativity (), the chemical hardness (n)/softness (o), the electrophilicity index
(o) and gap energy (Eq.p) were calculated using the formulas shown in a previous paper [10].

3. RESULTS AND DISCUSSION

The optimized molecular structures and atom numbering of the investigated flavonoids are
shown in Fig. 2. Regarding the spatial orientation of the optimized molecular structures of apigenin
and luteolin we can mention the following: the dihedral angle (C8-C9-C11-C12) between the ring B
and ring A is small, its value being 16.55° in the case of apigenin and 18.2° in the case of luteolin,
between the hydrogen atom, H26, of the hydroxyl group (020-H26) at the C5 position of the
benzopyran structure and the oxygen atom, O18, of the C = O carbonyl group (C7 = O18) of the same
structure appeared an intramolecular hydrogen bond (IHB) with the length of 1,7 A in the case of
apigenin and 1,69 A in the case of luteolin (see Fig.1 a) and b)).

The molecular structures of quercetin and myricetin are almost planar, the dihedral angle
between the ring B and ring A being extremely small (C8-C9-C11-C12) namely 0.07° in the case of
quercetin and 0.06° in the case of myricetin (see Fig.1 c¢) and d)). Also, these molecular structures
present two IHBs between H29 hydrogen atom respectively H31, of the hydroxyl group from C3
respectively C5 position of the benzopyran structure and O18 oxygen atom of the carbonyl group (C7
= 018) of the same structure. Analyzing the 3D molecular structure of studied flavonoids we mention
that the quercetin and myricetin have planar molecular structures due to the presence of hydroxyl
chemical group at the C3 position of the benzopyran structure.

The theoretical electronic parameters shown in Table 1 provide information about the
distribution of electrons in the molecule and can be used to estimate chemical reactivity.
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A very important parameter that is responsible for kinetic stability and chemical reactivity is
the gap energy. Analyzing Table 1, we observed that the Eg,, energy decreases with the increase of the
hydroxylation degree of the investigated flavonoids. Thus, the apigenin, which has three hydroxyl
groups, has the highest value of Egqp i.e. 4.20 €V, and the myricetin with six hydroxyl groups, has the
smallest value of Egap, i.e. 3.71 eV. Also, we have remarked that the Eg,, energy decreases more when
it passes from flavones (apigenin - 4.20 ¢V and luteolin - 4.13 eV) to flavonols (quercetin - 3.74 eV
and myricetin - 3.71 eV). An explanation of this fact may be the presence of the -OH chemical group

at position 3 of the benzopyran structure for flavonols.

It is known that a small (high) energy gap is responsible for low (high) kinetic stability and
high (low) chemical reactivity [10]. In our case, it is worth emphasizing the fact that the flavonols

d)
Fig. 2. Optimized molecular structure of apigenin (a), luteolin (b), quercetin (c,) and myricetin (d)

have lower kinetic stability and higher chemical reactivity than flavones.

Table 1. Gibbs free energy and some electronic parameters of investigated compounds

Compound G° Erumo | Enomo | Egap n c X ® DM
name (Hartree) | (eV) eV) | V) | (V) | (eV)!] (eV) |(eV) |(debye)
apigenin | -953.82 | -1.97 |-6.17 [420 |2.1 |0.24 |4.07|3.95]| 3.83
luteolin | -1029.06 | -1.99 | -6.12 |4.13 |2.06 | 0.24 |4.05|3.98 | 4.85
quercetina | -1104.30 | -2.05 |-5.79 |3.74 | 1.87 | 0.27 |3.93 | 412 | 5.06
myricetin | -1179.54 | -2.10 |-5.81 |3.71 | 1.85 | 0.27 |3.95 |4.21 | 3.77
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The values of the chemical hardness and chemical softness supply us with the same
information regarding the stability/reactivity of compounds. Thus, the flavonols, which have a lower
chemical hardness and higher chemical softness, present lower kinetic stability and higher chemical
reactivity than flavones. Regarding the electrophilicity index (see Table 1), we remarked that all
compounds have a strong electrophilic character, the flavonols being slightly more electrophiles than
flavones.

In drug design, an improved dipole moment has an important role to increase the binding
affinity between the ligand and its receptor by the enhancement of hydrogen bond and non-bonded
interactions [11]. In our case, of all studied compounds, quercetin has the highest dipole moment with
5.064 debye.

4. CONCLUSIONS

The chemical potential of investigated flavonoids is very influenced by the hydroxylation
degree of molecular structures and by the — OH group at position 3 of the benzopyran structure. Thus,
the flavonols, which are present at position 3 of the benzopyran structure a hydroxyl chemical group,
present lower kinetic stability/higher chemical reactivity than flavones which do not have the — OH
group at position 3 of the benzopyran structure. The most hydroxylated compound namely, myricetin,
is the flavonoid with the lowest kinetic stability and highest chemical reactivity, respectively.
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