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Abstract — Malononitriles and their benzylidene derivatives stand out as a versatile class of organic
compounds acclaimed for their wide-ranging pharmacological activities. Their crucial involvement in
condensation reactions, driven by the reactivity of the active nucleophilic methylene group, holds
profound significance across diverse industries, including medicine, industry, and agriculture. As
computational methods have become integral for unraveling molecular-level behavior, this study delves
into the theoretical calculations of the compound 2-[2-(benzyloxy)benzylidene] malononitrile. Utilizing
Density Functional Theory (DFT) and Lee-Yang-Parr (LYP) with the B3LYP model, a 3-parameter
Becke mixed model with correlation energy, and the 6-311G(d,p) basis set, the theoretical framework
unfolds. The optimization process seeks the molecular system's solution, bringing it closest to the real
system and reaching its most stable state. Post-optimization, the electrophilic and nucleophilic properties,
derived from energy, are unveiled through local and global chemical activity calculations. Global
chemical activity data, integrating hardness and softness parameters derived from the HOMO and LUMO
energies (the primary molecular orbitals), offer insights into the overall reactivity. Concurrently, local
chemical activity data, obtained through molecular electrostatic potential map analysis, provide a nuanced
understanding of electrophilic and nucleophilic tendencies within the structure. This comprehensive
computational approach elucidates the molecular behavior of 2-[2-(benzyloxy)benzylidene]
malononitrile, contributing valuable insights for potential applications in various fields.
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reactivity inherent in these compounds, particularly
attributable to the reactive methylene group,
positions them as active nucleophiles in
condensation reactions. Their role in synthesizing

I. INTRODUCTION

Malononitriles and their benzylidene derivatives
constitute a diverse group of organic compounds
acknowledged for their intricate pharmacological

activities, as documented in the literature [1-3].
These substances have exhibited notable effects,
including the inhibition of epidermal growth factor
protein tyrosine kinase and the modulation of pro-
inflammatory agents such as iNOS and COX-2.
Benzylidenemalononitrile analogs, recognized for
their free radical scavenging and anti-inflammatory
attributes, particularly in suppressing TNFa
release, fall within this compound class. The

both carbo- and heterocyclic products underscores
their significance across medical, industrial, and
agricultural domains. Significantly, the
documented antithyroid effects of malononitriles,
observed through in vivo experiments on both rats
and humans, emphasize their potential applicability
in biological contexts [4-7].
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Furthermore, malononitriles manifest a spectrum
of biological activities, including the augmentation
of nucleoproteins in cells, the regulation of RNA
synthesis in neurons and nerve tissues, the
promotion of nerve tissue regeneration, the
stimulation of acetylcholine (ACh) biosynthesis,
the modulation of learning and memory processes,
and the amelioration of amnesia following electric
shock. The multifaceted nature of these properties
and biological activities underscores the
significance and  diverse applications  of
malononitriles, extending from pharmaceuticals to
neuroscience [8-10].

Density Functional Theory (DFT) has become a
prominent methodology in the field of chemistry
due to its ability to accurately predict a wide range
of molecular properties, including electronic
structure, bond lengths, bond angles, and
vibrational frequencies. This comprehensive suite
of information provides researchers with a robust
toolkit for exploring and understanding molecular
reactions, as well as for the deliberate design of
novel compounds with specified characteristics. In
the context of the present investigation, a
computational research initiative was conducted
concerning the  2-[2-(benzyloxy)benzylidene]
malononitrile  compound,  facilitating  the
acquisition of crucial data related to the Highest
Occupied Molecular Orbitals (HOMOs), Lowest
Unoccupied Molecular Orbitals (LUMOs), and a
Molecular Electrostatic Potential (MEP) map. All
of these parameters were derived through the
application of the DFT method.

Il. MATERIALS AND METHOD

Within this investigation, the Density Functional
Theory (DFT) methodology was applied, utilizing
the B3LYP/6-311G(d,p) basis set endowed with
three parameters [11-13]. DFT computations,
typically reliant on specialized software, such as
Gaussian, necessitate substantial computational
resources. In this study, the Gaussian 09W [14] and
GaussView 5.0 [15] programs were employed for
computational analyses. The primary focus of this
research pertained to the determination of pivotal
chemical descriptors, specifically the parameters of
chemical hardness and softness, providing valuable
insights into the stability of the examined
compound. These descriptors were deduced from
the energy values associated with the Highest

Occupied Molecular Orbital (HOMO) and the
Lowest Unoccupied Molecular Orbital (LUMO).

Furthermore, the inquiry extended to the
delineation of nucleophilic and electrophilic
regions within the compound. This mapping was
executed through the generation of a Molecular
Electrostatic Potential (MEP) map, serving as a
valuable instrument for characterizing electron
density distribution and electrostatic interactions
within  the molecular framework. Selected
geometric parameters are presented in Table 1,
contributing to the comprehensive analysis of the
compound's structural attributes.
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Fig. 1 The optimized structure of C17H120Na.

Table 1. Some selected geometric parameters of C17H1,0N,

Bond lenghts (&) Bond angles (%)

C31-N2 1.1643 C15-01-C18 118.82
C32-N3 1.1638 C19-C18-01 123.76
C15-01 1.4418 C14-C15-01 109.28
C18-01 1.3562 C4-C14-C15 121.64
C14-C15 1.5042 C12-C14-C15 119.67
C27-C28 1.4478 C27-C28-C30 130.76
C28-C30 1.3691 C28-C30-C31 125.62
C30-C31 1.4315 C31-C30-C32 114.86
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I11. RESULTS AND DISCUSSION

A. The Frontier Orbitals

The utilization of DFT-based quantum chemical
descriptors has proven invaluable in furnishing
essential insights into the chemical behavior of key
biochemical molecules. These descriptors not only
elucidate the chemical activity patterns but also
contribute significantly to the rational design of
novel agents and drugs employed in cancer
treatment. One such compound subjected to DFT
calculations is  2-[2-(benzyloxy)benzylidene]
malononitrile, and the computations were
conducted using the B3LYP functional and the 6-
311 G(d,p) basis set.

In Figure 1, the optimized structure of the
C17H120N2  compound is depicted, and the
corresponding bond lengths and bond angles are
detailed in Table 1. Moving further, Table 2
provides a comprehensive overview of calculated
global descriptors, including AE (energy gap), p
(chemical  potential), 1 (hardness),
(electrophilicity index), and ANmax (maximum
charge difference), exclusively for the 6-311
G(d,p) basis set.

It's worth noting that the HOMO-LUMO
(Highest Occupied Molecular Orbital - Lowest
Unoccupied Molecular Orbital) energy gap,
represented by AE, plays a crucial role in
understanding the electronic transitions and
reactivity of the compound [16-17]. A smaller AE
often indicates enhanced electronic delocalization
and a potentially higher reactivity, while a larger
AE signifies greater stability. These HOMO-
LUMO insights contribute significantly to
unraveling the electronic structure and reactivity of
the studied compound, offering valuable
information for drug design and cancer treatment
applications.

The energy levels and spatial distributions of the
Highest Occupied Molecular Orbital (HOMO) and
Lowest Unoccupied Molecular Orbital (LUMO) of
the investigated molecule are illustrated in Figure
2. Calculated HOMO and LUMO energies reveal
values of -6.49 eV and -2.64 eV, respectively,
resulting in an energy gap (AE) of 3.85 eV. This
gap serves as a metric for the molecule's stability.
Further analysis yields a hardness value of 1.92 eV
and a softness value of 0.26 (eV)™.
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Fig. 2 HOMO-LUMO energy gap of C17H120Na.

Hardness, indicative of a molecule's resistance to
electron transfer, stands in contrast to softness,
which represents the opposite characteristic. A
higher hardness value implies a reduced likelihood
of intramolecular charge transfer. With a notably
high energy gap, elevated hardness, and low
softness values, the studied molecule is identified
as stable and hard, signifying low chemical
reactivity and heightened kinetic stability.

Table 2. HOMO-LUMO energy parameters of C17H120N»
Parameters

ELUMO (EV) -2.64
EHOMO (eV) -6.49
Energy bandgap |Exomo-ELumol 3.85
lonization potential (I = -Exowmo) 6.49
Electron affinity (A = -ELumo) 2.64
Chemical hardness (n = (1-A)/2) 1.92
Chemical softness (S = 1/27) 0.26
Electronegativity (y = (I1+A)/2) 4.56
Chemical potential (1 = -(I1+A)/2) -4.56
Electrophilicity index (w = 1%/2n) 5.42
Max. charge transfer index (ANmax = -u/n)  2.38
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B. The Molecular Electrostatic Potentials

In the context of molecular orbitals and chemical
reactivity, the terms "positive-negative potential”
and "electrophilic-nucleophilic attacks" are closely
related. Generally, negative potential is often
associated with colors like red or yellow, while
positive potential is associated with blue or green.
These color assignments are used in visual
representations to highlight regions of positive and
negative electrostatic potential on molecular
surfaces. Positive potential typically indicates
regions where electron density is relatively low,
and there is a tendency to attract electrons.
Conversely, negative potential regions tend to have
higher electron density. Electrophilic attacks
involve electron-seeking species (electrophiles),
while nucleophilic attacks involve electron-
donating species (nucleophiles). These attacks play
a crucial role in chemical reactions, with
electrophiles and nucleophiles interacting to form
new chemical bonds [18-21].

Molecular Electrostatic Potential (MEP) analysis
is a valuable technique employed to visualize the
electron density distribution within a molecule,
offering insights into its electron-rich and electron-
poor regions. MEP surfaces are systematically
color-coded, where blue denotes -electron-poor
regions, and red signifies electron-rich areas.

Fig. 3 The MEP surface of C17H120No.

In the C17H120ON2 molecule under investigation,
the MEP analysis highlights the nitrogen atoms as

possessing the most negative potential, indicative
of a highly electron-rich environment. Conversely,
the hydrogen atoms exhibit the most positive MEP,
signaling electron deficiency. As seen in Figure 3,
the most negative regions are located on nitrogen
atoms, while the most positive regions are located
on hydrogen atoms. While the electrophilic
dominant regions of the structure are on the most
negative regions, the regions prone to nucleophilic
attack are concentrated on hydrogen atoms.

IV.CONCLUSION

All theoretical calculations for the investigated
structure were conducted using density functional
theory with the B3LYP functional and 6-311G(d,p)
basis set. The selection of the method followed
optimization and thorough testing of the basis set's

reliability.  Subsequently, various molecular
properties were derived from the energy
calculations.

Detailed analysis of the molecular and chemical
structure included the examination of local and
global chemical activity, as well as the
determination of charge transfer, which is not
attainable through experimental means. With
Molecular Electrostatic Potential (MEP) analyses
based on global activity data, revealed an
electrophilic dominance localized on N2 and N3
atoms within the structure. The computation of
global chemical activity parameters indicated a
structure with a very high energy range,
characterized by high hardness (n =1.92 eV) and a
low softness parameter (S = 0.26 eV?). These
findings signify low chemical activity and high
Kinetic stability, suggesting that the molecule under
study is in a highly stable state.
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