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Short Communication

INTRODUCTION
Flavonoids (Bostan SZ and Karadeniz T, 2006) are naturally oc-
curring and biologically active compounds found in plants. These 
compounds are typically present in various parts of plants such as 
flowers, leaves, and fruits, where they serve as pigments respon-
sible for determining the color and taste of plants (Tranfić M, et 
al., 2011). Additionally, flavonoids are known for their potent 
antioxidant properties. Antioxidants can help protect cells and 
tissues from oxidative stress by neutralizing the harmful effects of 
free radicals. Therefore, regular consumption of foods containing 
flavonoids may support heart health, reduce inflammation, and 
even exhibit protective effects against certain types of cancer.
Recent research provides significant insights into the effects of 
flavonoids on human metabolism and potential benefits for over-
all health (Dragovich PS, et al., 2002). For instance, due to their 
antioxidant activities, flavonoids have been shown to potentially 
play a role in reducing oxidative stress, thereby lowering the risk 
of chronic diseases such as cardiovascular diseases. Moreover, fla-
vonoids are noted for their anti-inflammatory (Li Q, et al., 2000) 
properties and their potential regulatory effects on the immune 
system. This article will comprehensively examine the biological 
(Dragovich PS, et al., 2002) significance of flavonoids and their 
effects on health, while discussing studies on the electronic struc-
tures and chemical interactions of flavonoid molecules using 
theoretical calculation methods like DFT/B3LYP. 

DESCRIPTION
Details of computational analysis
The molecular simulation of the molecule in its ground state was 
conducted using the Gaussian 09W program package (Frish MJ, et 
al., 2009). DFT methods were employed to intricately resolve the 
complex interactions of molecular forces and electronic structure. 
The rich data obtained from these calculations were subsequently 
analyzed and visualized in detail using the powerful visualization 
tools provided by Gaussian view 5 (Dennington R, et al., 2009), fa-
cilitating a comprehensive understanding of molecular dynamics.
All computations were meticulously performed using the B3LYP 
method, a hybrid functional developed by Becke AD, 1992 in-

corporating the LYP correlation functional. This methodological 
choice was further supported by the use of the 6-311++G(d,p) 
basis set (Lee C, et al., 1988), known for its wide applicability in 
calculating electronic structures and reaction energies of molecu-
lar systems. The 6-311++G(d,p) basis set enables detailed exam-
ination of molecular interactions, enhancing the accuracy of our 
study.

Analysis of molecular geometry structure
The crystal structure of the flavonoid-containing compound 
3’-hydroxy-5,7-dimethoxy-4-O-2’-cyclflavan (C17H16O5) was syn-
thesized by Cui YM, et al., 2011. The synthesized molecule’s X-ray 
single crystal structure is available in the Cambridge Structural 
Database (CSD) under the code CCDC 796429. The experiment-
al structure of the flavonoid compound is depicted in Figure 1. 
The theoretical geometric structure of the compound containing 
flavan, C17H16O5 was computed DFT in Gaussian 09, based on 
crystal structure data obtained from the CSD. The calculations 
were performed using the B3LYP/6-311++G(d,p) method and 
the optimized geometry structure is shown in Figure 2. The bond 
lengths (Å) and bond angles (º) of the compound containing 
flavan, C17H16O5 were theoretically calculated in the stable state 
and vacuum phase using the Gaussian 09 package. The optimized 
theoretical bond lengths and bond angles were compared with ex-
perimental results obtained from single-crystal X-ray diffraction 
data sourced from the literature, and are listed in Table 1.

Electronic properties
Molecular orbitals can be quantitatively calculated using quan-
tum chemical computational methods such as DFT. In this study, 
Energy of the Highest Occupied Molecular Orbital (EHOMO) and 
Energy of the Lowest Unoccupied Molecular Orbital (ELUMO) 
energy values of the compound containing flavan were computed 
using the DFT method. The calculated EHOMO and ELUMO energies 
were used to determine energy difference (ΔE), electron Affinity 
(A), Ionization potential (I), Electronegativity (χ), chemical Soft-
ness (S) and hardness (η) parameters based on formulas derived 
from electron density distributions. The results are listed in Table 
2. LUMO and HOMO are critical concepts in determining the 
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red. This color scheme provides a significant visual tool for understanding 
the electronic structural characteristics of the molecule and offers an in-
depth insight into the analysis of molecular interactions.
3D representation vividly illustrates the atomic-level arrangement and 
electron distribution of the molecule (Figure 3). The color coding in these 
graphics enables a detailed examination of the electrical properties of vari-
ous chemical groups and functional regions within the flavan compound. 
Furthermore, this visual analysis method aids in better understanding the 
nature of molecular interactions and chemical bonds, thereby providing 
a solid theoretical foundation for understanding potential effects on the 
biological activities of the compound.
This study, by comprehensively analyzing the structural and electron-
ic properties of the flavan-containing compound at the molecular level, 
serves as an important reference point for future pharmacological and 
therapeutic research endeavors.

electronic structure of a molecule. These terms refer to the energies of the 
LUMO and HOMO in the molecule, respectively. ELUMO and EHOMO spe-
cifically denote the energy levels of these orbitals. In the detailed analysis 
aimed at exploring the electronic structural properties (Francesca M, et 
al., 2024) of the compound containing flavan, LUMO and HOMO orbitals 
have been visualized in detail in Figure 3. These analyses not only provide 
insights into the nature of molecular interactions but also serve as a funda-
mental source of information for understanding the physical and chemical 
properties of the molecule. Such insights form an important starting point 
for advanced pharmacological and therapeutic research. The molecular 
structure of the compound containing flavan has been thoroughly exam-
ined through detailed 3D graphics depicted in Figure 3. These graphics 
visually represent electron distributions and charge densities in different 
regions of the molecule. Particularly, regions carrying negative charges are 
highlighted in green, while those with positive charges are emphasized in 

Figure 1: Experimental structure of flavan-containing compound

Figure 2: Optimized geometry of the flavan-containing compound calculated using the B3LYP/6-311++G(d,p) method

Table 1: Geometric parameters of the flavan-containing compound, their bond lengths (Å) and bond angles (º)

Bond lengths (Å) Bond angles (º)
Flavan-containing compound X-ray B3LYP Flavan-containing compound X-ray B3LYP

C17-O3 1.3972 1.42069 C17-O3-C3 119.4928 119.1397
O3-C3 1.36046 1.36373 O3-C3-C2 122.3485 115.568
C3-C2 1.39865 1.40303 O3-C3-C4 116.4094 115.568
C2-C1 1.38514 1.39593 C3-C4-C5 119.4179 119.0825
C1-O4 1.36494 1.36521 C4-C5-C9 121.7382 121.7072
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Table 2: Molecular orbital energy calculations of the flavan-containing compound

Parameters B3LYP/6-311++G(d,p)
EHOMO (eV) -5.84532
ELUMO (eV) -0.57498

ΔE=E(LUMO-HOMO) (eV) 5.27034
I (eV) 5.84532
A (eV) 0.57498
  3.21015
η  2.63517
S (eV-1) 0.085539

ETotal (a.u) -0.25457
Note: ΔE: Energy difference; electron; A: Affinity; I: Ionization potential; χ: Electronegativity; S: Chemical softness; η: Hardness and a.u: astronomical 
unit

O4-C16 1.42058 1.42143 C9-C1-C2 121.7135 121.6354
C1-C9 1.40003 1.40487 C3-C2-C1 118.3194 118.6757
C9-C5 1.39381 1.40362 C9-C1-O4 115.1605 115.2232
C5-C4 1.37872 1.39258 C1-O4-C16 117.558 119.1714
C4-C3 1.37036 1.39048 C9-C8-C7 109.6136 109.7156
C5-O1 1.37078 1.36405 C8-C7-C6 106.1242 105.8798
O1-C6 1.44797 1.45397 O1-C6-C7 106.1242 109.237
C6-C7 1.50218 1.52454 O1-C6-C15 111.0062 111.4194
C7-C8 1.50382 1.52494 C8-O2-C10 113.8194 115.3884
C9-C8 1.49909 1.50484 C6-C15-C10 119.1686 118.8789
C6-C15 1.51352 1.51274 C7-C8-O2 108.8068 108.5367
C15-C10 1.38144 1.395 C7-C6-C15 109.9552 110.0424
C10-O2 1.3643 1.371 C15-C14-C13 121.3186 120.3851
O2-C8 1.46113 1.46267 O2-C10-C11 114.9268 115.2496

C15-C14 1.38919 1.40039 C10-C11-O5 119.7083 119.9124
C14-C13 1.36612 1.38954 C12-C11-O5 120.1047 120.4562
C13-C12 1.38975 1.39755 C10-C11-C12 120.1821 119.6313
C12-C11 1.37375 1.38763 C12-C13-C14 120.5066 120.3945
C11-O5 1.36453 1.3637 C5-O1-C6 114.7414 116.6118
C11-C10 1.39415 1.40438 C1-C9-C8 121.7732 121.6654

Figure 3: 3D orbital energies of the flavan-containing compound
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CONCLUSION 
The compound containing flavan is recognized for its antioxidant prop-
erties, which are known to mitigate the oxidative damage associated with 
aging caused by free radicals. This attribute suggests potential benefits in 
reducing cardiovascular risks. Our study marks a significant advancement 
in exploring the anti-tumor properties of flavan-containing molecules. The 
findings support the hypothesis that this compound could serve as a po-
tential drug candidate for combating free radical species within cells. These 
comprehensive molecular-level analyses finds the way for further investi-
gations into the utilization of flavan-containing compounds in pharmaco-
logical and therapeutic applications.
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Molecular Electrostatic Potential surfaces (MEPs)
MEP (Gümüş HP, et al., 2014) is a useful method for describing the reac-
tivity of molecular behaviors, structural activity, and hydrogen bonding. 
The 3D molecular electrostatic potential maps of the structures optimized 
using the B3LYP/6-311++G(d,p) method for the benzothiazole derivative 
molecule are depicted in Figure 4.

Figure 4: Molecular electrostatic potential surface map
Note: ( ): Electron-rich and ( ): Electron-poor regions
Analysis of the electron density of the molecule reveals a wide distribution. 
MEP maps show the size, shape and electrostatic properties of the mol-
ecule in detail. When the figure was analyzed, it was determined that the 
regions with the highest electron density for the neutral form were gener-
ally gathered around the oxygen atoms, while the regions with the lowest 
electron density were generally around the C-H bonds.
MEP maps provide an important tool for understanding the biologic-
al effects of the molecule. These maps can help predict the molecule’s 
interactions and potential reactivity. For example, electron-rich regions 
may indicate regions where the molecule is active in chemical reactions, 
while electron-poor regions may indicate regions that may be less active 
in reactions. Such analyzes provide an important source of information for 
understanding how the flavan-containing compound interacts with bio-
logical systems and potentially its health effects.
The widely used Gaussian package program in computational chemistry 
was employed to determine the molecular structure and energy of the 
compound containing flavan, C17H16O5 DFT calculations provided by this 
program utilized the Becke’s three-parameter hybrid exchange-correlation 
functional combined with B3LYP method and the 6-311++G(d,p) basis 
set. These settings facilitated the optimization of the molecular structure 
of the flavan-containing compound, thereby identifying the stable states 
of molecular systems.
Furthermore, the calculations allowed for a detailed examination of im-
portant molecular properties such as molecular orbital energies, molecu-
lar characteristics, and molecular electrostatic potential surface maps. Par-
ticularly, molecular orbital energies and electron distributions play critical 
role in understanding the biological activities of compounds containing 
flavan. Such analyses provide important insights into evaluating the poten-
tial effects of the compound on cancer or other diseased cells.
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