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Abstract: The FDA-approved rufinamide, chemically 1-(2,6-difluorobenzyl)-1H-1,2,3-triazole-4-car-
boxamide, is a triazole-based scaffold, as an anticonvulsant drug in 2008; that is mainly used to treat
seizures associated with Lennox-Gastaut Syndrome (LGS). The exact mechanism of rufinamide is
unknown but some literature reported that the rufinamide works by regulating the brain’s sodium
channel activity, which aids in maintaining the stability of neuronal membranes and averting the
overabundance of electrical activity. In the view of computational chemistry, the amide group, flu-
orine atom and triazole ring are the specific parts of this skeleton and play an important role in
action with the receptor. This study explored computerized simulations of quantum chemistry tech-
niques to investigate the chemical structure and electrical properties of rufinamide. An optimizing
structure started the quantum calculation through B3LYP 6311-G (++, d, p) basis set, explored along
with investigating the maximal quantity of electronic charge transfer (Nmax), chemical hardness (1),
electrostatic potential, chemical potential (1) and electrophilicity (w). The Natural Bond Orbital
(NBO) analysis-based observation reveals that the molecule’s chemically active regions have hyper-
conjugated electron interaction within the molecule which contributes to the molecule’s stability.
This study explores the role of the amide group and difluoro substituted phenyl group in chemical
structure and in binding property with the receptor of Ca? - and voltage-activated K* channel.
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1. Introduction

Rufinamide (RFM, 1-((2,6-difluorophenyl)methyl)-1H-1,2,3-triazole-4-carboxamide)
is a triazole derivative with an amide group known to have antiepileptic properties [1]. It
is being used more frequently in combination with other drugs and treatments to treat
various seizure disorders, Lennox-Gastaut syndrome and severe epileptic encephalopa-
thy [2,3]. RFM has a favourable cognitive side-effect profile and has been demonstrated
to reduce the frequency and intensity of seizures linked to Lennox-Gastaut syndrome [4].
However, the answer to whether and how RFM affects transmembrane ionic currents in
a coordinated manner [4,5].

The electronic structure of molecules is studied using the Density Functional Theory
(DFT), a quantum mechanical modelling technique that is especially useful for compre-
hending the physical characteristics of REM. The DFT provides insights into the molecular
geometry, electronic distribution and potential energy surfaces of RFM, aiding in the pre-
diction of its chemical reactivity and interaction with biological targets. Using DFT, re-
searchers can calculate the optimized structure of RFM, allowing for a detailed analysis
of bond lengths, angles and conformational stability. The stability and reactivity of the
compound can be ascertained by determining its electronic characteristics, such as its
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lowest unoccupied molecular orbital (LUMO) and highest occupied molecular orbital
(HOMO) energies. DFT also aids in comprehending the molecule’s electron density dis-
tribution, which is crucial for predicting how RFM interacts with its biological targets,
such as sodium channels or potassium/calcium channels involved in seizure activity. This
chemical skeleton’s triazole, fluorine and amide groups are crucial in their interactions
with the residues of the active site. RFM is thought to bind to the intracellular domain of
potassium/calcium channels, according on molecular docking. The amino acids Asn427,
Asn808, and Ile810 establish hydrogen bonds with the electronegative binding sites of
RFM, according to Huang et. al., 2022 Furthermore, hydrophobic interactions are noted
with Tyr429, Asn809, and His350 amino acids [5]. In this article to apply the DFT to en-
hance the understanding RFM behaviour with the receptor by the physical properties.

2. Materials and Methods

The molecule was first designed in ChemDraw software and saved as a .cdx file for-
mat. Chem3D software was used to create three-dimensional models of every chemical
system that was analysed.

Subsequently, the structure was pre-optimized by the universal force field (UFF) in
the Avogadro program [6]. The RFM quantum chemical computations were performed at
the DFT/B3LYP level of theory with the Gaussian 09W program suite [7-11] and the 6311-
G (++, d, p) set. The UV spectra of molecule electrostatic potential surfaces, and optimized
geometrical parameters were all determined using the Gaussview 6.0 program [10,11]. By
applying the finite field method (FF) at a single location on the previously optimized ge-
ometries, the electric dipole moments (), first-order hyperpolarizability ((3) and polariza-
bility () values were determined [12-14].

3. Results and Discussion
3.1. Structural Parameter Optimization

To explain computational biological properties, a crucial step in molecular modelling
is selecting a level of theory that is both computationally feasible and yields accurate equi-
librium geometries compared to experimentally obtained molecular geometries for a po-
tent scaffold targeting a specific molecule. In this study, DFT was chosen along with the
6-311G(d, p) basis set to perform molecular optimization calculations. This combination of
method and basis set effectively described the geometric parameters of the REM molecule
(Figure 1). The Table 1 presents the theoretically calculated bond lengths, bond angles and
dihedral angles values of RFM structure using the 6-311G(++,d, p) basis set. The RFM struc-
ture belongs to the C1 point group symmetry. The Figure 1 illustrates the optimized mo-
lecular structure and Table 1 provides the theoretical data.

Figure 1. Optimized structure of RFM skeleton.
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Table 1. bonds parameter of the optimized RFM skeleton.

Bond Length (A°) Bond Angle (°) Dihedral Angle (°)
c4C2 1.385 C5C2C4 123.194 C3C5C2C4 0.196
C5C2 1.394 C3C5C2 115.806 C6C4C2C5 -0.17
C3C5 1.394 C6C4C2 118.476 C7C3C5C2 -0.127
CoC4 1.393 C7C3C5 123.525 F1C2C4C5 118.014
C7C3 1.384 F1C2C4 118.79 F8C3C5C7 118.919
F1C2 1.353 F8C3C5 117.557 C9C5C2C3 121.949
F8C3 1.356 C9C5C2 122.242 N10C9C5C2 -94.454
C9C5 1.508 N10C9C5 113.002 C1IN10C9C5 ~77.413
N10C9 1.47 C11IN10C9 129.105 N17N10C9C11 110.863
C11N10 1.349 N17N10C9 120.013 C12C11N10C9 178.629
N17N10 1.353 C12C11N10 104.217 N16N17N10C9  -178.809
C12C11 1.378 N16N17N10 107.421 C13C12C11N16 123.87
N16N17 1.299 C13C12C11 127.833 H20C7C3C6 122.003
C13C12 1.484 H20C7C3 119.783 N14C13C12C11  -179.554
H20C7 1.082 N14C13C12 114.477  O15C13C12N14  124.244
N14C13 1.351 015C13C12 121.279 H18C4C2C6 121.894
015C13 1.228 H18C4C2 119.63 H19C6C4C7 119.596
H18C4 1.082 H19C6C4 119.619 H23C11IN10C12 132.476
H19C6 1.083 H23C11N10 123.307 H21C9C5N10 105.857
H23C11 1.076 H21C9C5 110.544 H22C9C5N10 107.796
H21C9 1.087 H22C9C5 110.69 H24N14C13C12  -179.768
H22C9 1.089 H24N14C13 119.595  H25N14C13H24  119.696
H24N14 1.008 H25N14C13 120.709
H25N14 1.008

3.2. Electronic Properties

The Highest Occupied Molecular Orbital (HOMO) and Lowest Unoccupied Molecu-
lar Orbital (LUMO) are the two molecular orbitals boundary that play a key role in chem-
ical reactivity. In chemical reactions, the HOMO acts as an electron donor whereas LUMO
act as an acceptor by its surface. The energy difference between the HOMO and LUMO
referred to as the frontier energy gap (AEgap), characterizes a molecular system’s hardness
or softness, kinetic stability, optical polarizability and chemical reactivity. Generally, the
systems with a low HOMO-LUMO gap (AEgap) are associated with low kinetic stability
and high chemical reactivity, indicating a soft electronic system. For UV-Vis electronic
spectrum studies, RFM was dissolved in methanol. The TD-DFT method was applied to
the theoretical analysis of the electronic spectrum with a basis set of B3LYP/6-311++g(d,p).
The primary RFM contributions are shown in Table 2, together with the oscillator
strengths (f), excitation energies (E), and wavelengths (A). Three bands were found in the
theoretical electronic spectra at 239.10 nm, 220.86 nm, and 243.93 nm. To evaluate the RFM
chemical stability, the HOMO and LUMO energy gaps were calculated to assess the RFM
chemical stability. The HOMO, HOMO-1, HOMO-2, and LUMO orbitals are shown in
Figure 2, together with the corresponding energies and energy gaps. The Table 2 indicates
that the HOMO-LUMO energy gap is ~6.04 eV and shows higher chemical stability. In
HOMO-LUMO pictorial representation shows, the positive phases are yellow and the
negative phases are green in colour.
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Table 2. The excitation energy E (eV) and theoretical absorption wavelength A (nm) of REM by using
the 6-311++g(d,p) basis set and B3LYP functional.

Electronic Transitions

Energy (in  Oscillatory Calculated Amax in

(Molecular Orbitals eV) Strength (f) nm (B3LYP)
Involved)
01 HOMO—LUMO 6.04 0.0191 239.10
02 HOMO-1-LUMO 6.31 0.0004 220.86
03 HOMO-2—LUMO 6.45 -—- 243.93
04 Urea 7.36 --- -

-1.34363 eV

AEgqp= 6.04€V

-7.38398 eV

AEgpp= 6.314eV

-7.65526 eV

AEgqp= 6.45¢V

‘ad -7.79757 €V

9 HOMO-2

Figure 2. Molecular orbitals (HOMO—LUMO, HOMO-1-LUMO and HOMO-2—LUMO) of RFM
at the B3LYP/ 6-311++g(d,p) basis set.
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3.3. Molecular Electrostatic Potential Surface (MESP)

A molecular electrostatic potential surface is applied for the calculation of nucleo-
philicity and electrophilicity of RFM computationally. These surfaces indicate electronic
density variation with a change of colour. The molecular surface of RFM is represented
by a colour scale ranging from red to blue: —6.830 x 102 to 6.830 x 102 a.u. The red regions
depict areas of highest electron repulsion and the blue areas signify regions of strongest
electron attraction as depicted in Figure 3. The pictorial representation shows that, the
benzyl group has electron-deficient zones as shown in blue and that the oxygen atom in
the amide group has electron-rich regions are shown in red as shown in Figure 3.

Figure 3. Molecular electrostatic surface potential surface (MESP) analysis of REM.

3.4. Global Reactivity Descriptors

The terms used to explain global reactivity are electronegativity (x), global hardness
(n), chemical potential (1) and electrophilicity index (w) etc. These are utilized in the com-
putation of the molecular systems’ chemical reactivity and site selectivity by DCT calcu-
lation. The global reactivity descriptors values can be calculated by using Koopman's the-
orem by HOMO and LUMO energies [15-19].

lonization potential (IP) =—¢,,0u0 (1)
Electron affinity (EA) =—¢_,uo )
. 1
Electronegativity (y) =— > (eLumo + €nomo) 3)
1
Global hardness (77) = > (&Lumo — €nomo) (4)
. . 1
Chemical potential () =—y = > (eLumo + €nomo) 5)
2
Electrophilicity index (@) = ‘2‘— ©)
n
ON) === @)
n

The hardness of the molecule is related to stability and its calculated by the energy
gap between the HOMO and LUMO. From the theoretical calculations, the HOMO and
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LUMO energy gap, and global reactivity parameters of the REM molecule are summa-
rized in Table 3.

Table 3. Global reactive descriptor values.

Compound &H eL £1-gH 1P EA X n v W ONmax
RFM -7.38  -1.34 6.04 7.38 1.34 4.18 3.02 —4.18 3.49 1.38

3.5. Nonlinear Optical Properties

The large first-order hyperpolarizabilities of molecules are key to nonlinear optical
properties. These properties have wide-ranging applications in engineering, physics, and
chemistry. When subjected to an electric field, a molecule’s hyperpolarizability, polariza-
bility, and dipole moment exhibit unique characteristics. The average linear polarizability
(atot), mean first-order hyperpolarizability (tot), and total static dipole moment (utot)
can be determined using the x, y, and z components.

dipole moment (u,,,) = (1%, + 1, + u*,)"? 8)
N 1
polarizibality (o) = 5(0:XX ta, ta, )
hyperpolarizability (8,,,) =[(Bu + By + Baz)’ + By + By + Bra)’ + (Buy + P + By )’ T* (10)

To evaluate the NLO properties of RFM, the total molecular polarizability (aut), along
with its components, the total molecular dipole moment (i) and the first-order hyperpo-
larizability (Pwt), were calculated. The results are presented in Table 4. The electronic di-
pole moment (utt) was found to be 2.669 Debye, while the first-order hyperpolarizability
of RFM was measured at 173.848 esu. The significant hyperpolarizability value suggests
that the NLO behaviour of the system is associated with intramolecular charge transfer.

Table 4. Dipole moment (Jtotal), polarizability (atota) and hyperpolarizability (Brotal) of REM.

Dipole Moment Polarizability Hyperpolarizability
Iix 1.6759991 Oxx 179.5048736 Broo 3.4307371
Ly 0.0290843 Qyy 5.1002585 Byyy 120.5448139
Lz -2.0780206 Olzz 150.8724504 Bzzz 78.9210451

ot (D) 2.669 Olxy —-6.1887669 Bxyy 13.6938889
Oxz 0.8133262 Brxy —27.5238732

Olyz 108.409047 Brxz 78.6629049

ao (esu) 111.828 Bxzz -19.8625254

Byzz -6.0133395

Byyz -7.1003707

Bryz —65.2994778

Bo (esu) 173.848

4. Conclusions

This study investigates the structural and electronic characteristics of RFM using
quantum chemistry simulations through DFT calculations. The HOMO-LUMO plots were
utilized to assess the chemical stability of RFM, focusing on the energy gap between
HOMO and LUMO, which indicates the reactive sites of the molecule. The MESP surfaces
were analyzed to identify electronic-poor and electronic-rich regions. The computed small
energy gap between HOMO and LUMO confirmed charge transfer, suggesting lower ki-
netic stability and higher chemical reactivity, facilitating NLO activity. Additionally, the
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calculated first-order hyperpolarizability and dipole moment values further supported
the NLO-active nature of the RFM. The molecular analysis of RFM via DFT provides sub-
stantial information about its structural and electronic characteristics, which correlate
with its anticonvulsant properties. The study’s insights pave the way for future research
on RFM derivatives and their applications in neurotherapeutics and diagnostics.
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