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A DFT STUDY OF CENOBAMATE AND ITS NEW
ISOMERS AS MEDICATIONS FOR AN EFFECTIVE
MEDICAL TREATMENT OF EPILEPSY

Many anti-epileptic drugs use cenobamate, a voltage-gated sodium channel blocker, to the
fullest extent. This study investigates the electronic, quantum chemical, and photolytic prop-
erties of Cenobamate and its novel designed isomers. The results show that the LUMOs levels
are higher than the HOMO energies. The HOMO levels are unpaired and of s-character locally
around the chlorine atoms. The reactivity and stability are explained by the frontier molecu-
lar energy values and different biochemical descriptors. All isomers have smallest energy gap
means with a higher reactivity for biological applications. The most frequent reaction sites are
found to be the three acyl carbons in the cenobamate molecule, the chloride related to the phenyl
ring, the heterocyclic ring, and the carbonyl orygen and nitrogen in the ester amide group. The
novel isomers have high ability to interact with species, and this takes place either in clinical
use or under clinical trials. The isomers are soft compounds, and can easily interact with big

soft molecules such as DNA.
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1. Introduction

Cenobamate, a freshly created drug, is taken orally
and is used to treat partial-onset seizures in adults.
In November 2019, the US government approved it
for the medical use, and in March 2020, Schedule
V was added. [(1R)-1-(2-chlorophenyl)-2-(tetrazol-2-
yl)ethyl] Cenobamate is chemically known as carba-
mate, having the molecular formula C10H10CIN502.
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White to off-white crystalline powder known as ceno-
bamate is non-hygroscopic and only tangibly soluble
in pure water [1,2]. Cenobamate has tereoisomerism,
because it has a single chiral center. The R-enan-
tiomer of cenobamate is synthesized, and this opens
the door for the use of this medication to treat pa-
tients with focal seizures that have proven to be resis-
tant to existing treatments [3]. A thorough review of
the literature reveals that no research has been pub-
lished to far that analyze the electrical characteristics
of cenobamate [3,4]. Several research teams have re-
cently used chemical quantum mechanics and density
functional theory to study the structure, character-
istics, and spectroscopy of medicinal molecules [5-7].
Computational chemists have traditionally found it
difficult to conduct quantum chemical analyses of the
molecular and predictive features of pharmacologi-
cally active substances. In addition, these data are
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very helpful for understanding how medications in-
teract with physiological target molecules [8,9]. The
quantum mechanical computation can provide data
and information on the electronic structures and sev-
eral compound properties. In addition, it analyzes the
crucial information about the electronic structure to
be researched and analysed [10]. To obtain significant
features such as molecular orbital energy, molecular
structures, electronic absorption, and other proper-
ties from this method, the density functional theory
(DFT) is a trustworthy standard instrument for theo-
retical processing of structures [9-12]. In this study, it
will be interesting to see what happens, when the lig-
ands in the cenobamate drug’s with an original chem-
ical structure are replaced by different ligands. The
structural, electronic, spectroscopic, and excitation
properties of cenobamate were described using the
quantum computational approach embodied by den-
sity functional theory to ascertain the eventual ap-
plicability of these new cenobamate isomers as new
active epileptic medications.

2. Computational Details

Utilizing the Lee—Yang—Parr gradient-corrected cor-
relation potential (B3LYP) method with the Gaus-
sian09 package in the ground state at gas phase, as
well as Gauss View 5.0.8, which was used to prepare
the input files to Gaussian09 and depict the initial
structure of the molecules, the geometry optimiza-
tions, electronic structure, and energy, the calcula-
tions were carried out [13-15|. Using polarized split-
valence 6-311G* (d,p) basis sets, all calculations were
performed without any symmetry restrictions. Using
the same basis sets at the hybrid functional, TD-DFT
has been used to calculate the permitted excitations
and oscillator strengths for the attributes of exactions
state CAM-B3LYP [15,17].

3. Results and Discussion
3.1. The Structure Properties

Figure 1 depicts the relaxed structure of cenobamate
(C1) and its intended derivatives (C2-C6) (isomers)
(White atoms are hydrogen; gray atoms are car-
bons; red ones are oxygens, blue are nitrogens, and
green atom are chlorines). The results from the DFT
method demonstrated the usefulness of the theory in
determining the geometrical optimization of molec-
ular structures, where the optimized structure is at
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Fig. 1. Denoted the optimized geometry of the Cenobamate
and its isomers

the global minimum in the range of the virial ratio “-
V/T” from 2.0041 to 2.0033 and the relaxed structure
is completed without any imaginary frequency. These
findings are due to the fact that the DFT approach
incorporates all corrections for electron interactions
in the molecular structure, and that the theoretical
DFT method is effective at optimizing and improv-
ing the geometrical properties of a molecular struc-
ture. The intervals of bond lengths for the molecules
are: C=C = 1.378- 1.431 A, C-C = 1.363-1.571 A,
N-C = 1.309-1.311 A, N=C = 1.337-1.339 A, N-
N = 1.778-1.763 A, N-H = 1.061-1.072A, and C-
H = 1.068-1.073 A exhibiting a delocalized m-bond
character, and these values are in good agreement
with values of the experimental. The link between the
aromatic carbon and the chlorine atom bonded to the
phenyl ring has the longest length, measuring 1.6615—
1.763. The molecules’ geometric properties, including
their bonds and angles, were in good agreement with
the values obtained from X-ray data. For instance,
the dihedral angles were between 180° and —180°, the
inter-ring bonds were around the value 1.4203, and
the C—C—C bonds were about 120° [19, 20].

4. Electronic Properties

The electrical properties of the substances under
study are listed in Table 1 (C1-C6). As a result,
higher levels of HOMO suggest a better tendency for
electron donation, which improves the inhibitor for
mild steel’s ability to bind to the metal and improves
inhibition effectiveness. The ability of a molecule to
accept electrons is referred to as “LUMO”. The in-
hibitor molecule’s responsiveness to adsorption on
the metallic surface is significantly influenced by the
energy gap value. Understanding how the HOMO,
LUMO, and gap energies explain the properties of
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Fig. 2. The plots of Electrostatic Potential on the van der
Waals surface for C1-C6 molecules

Fig. 3. The plots of Electrostatic Potential on the van der
Waals surface for C1-C6 molecules

Table 1. The electronic properties
for the Cenobamate and its isomers (C1-C6)

Proprieties Isomers
(eV)
C1 C2 C3 C4 Ch Cé6

HOMO Energy -9.031|-6.502|-6.631|-6.930|-7.167|-7.810
LUMO Energy 0.570|-2.859|-4.272|-4.353|-4.435|-4.506
Energy gab 9.601| 3.643| 2.359| 2.577| 2.732| 3.304
Tonization potential| 9.031| 6.502| 6.631| 6.930| 7.167| 7.810
Electron affinity —0.570| 2.859| 4.272| 4.353| 4.435| 4.506
Chemical potential | 4.230| 4.681| 5.451| 5.641| 5.801| 6.158
Global hardness 4.801| 1.821| 1.180| 1.288| 1.366| 1.652
Global softness 0.104| 0.275| 0.424| 0.388| 0.366| 0.303
Electronegativity [-4.230|-4.681|-5.451|-5.641|-5.801| 6.158
Electrophilicity

index 1.864| 6.014(12.597(12.351{12.318(11.478
316

the chemical stability of molecules is essential in or-
der to calculate the energy of the transmitted elec-
tron. The stability of the compound, chemical reac-
tivity, and optical and electrical properties are all
governed by energy. The smaller energy gap is an in-
dicator of the compound’s biological reactivity. The
cenobamate is an insulator with a large energy gap
[21]. The new isomers under study have been used
in the semiconductor industry. As a result, it must
be related to the lower optical energy transmission
in the electronic spectrum. The greater the reactivity
for biological applications, the smaller the value of
the gap. Effectiveness in the order of the molecules
should be: C3 > C4 > C5 > C6 > C2 > C1, accord-
ing to the energy gap values.

Chemical descriptors are crucial, because they fore-
cast the compound’s biological function. Therefore,
it is obvious that the newly created isomers are
more successful in the disease treatment based on
the calculations of the electronic properties provided
in Table 1, which is a summary of the results. The
novel isomers are reactive and can interact with the
biomolecules if used as medicine, which is supported
by the drug’s application in both sterilizing and dis-
ease therapy. The biological action of the medicine
is also significantly influenced by the chemical struc-
ture and the addition of new ligands. Each molecule’s
coordination determines, Fig. 2 shows the distribu-
tion of the border molecular orbital (HOMOs and
LUMOs) features of cenobamate and its isomers in
3-D due to the LCAOs-MOs. The HOMO is found
in the ester amide ring of cenobamate, the nitro-
gen atoms, the carbonyl oxygen, the ether oxygen,
the heterocyclic ring, the phenyl ring, the chlorine
atom connected to the phenyl ring, and so on. LUMO
is present in both the phenyl and heterocyclic rings
of cenobamate, in contrast. Chemical descriptors are
important, because they can be used to predict the
biological function of a molecule.

5. Electrostatic Potential

The non-covalent interaction between polarized struc-
tures is significantly influenced by the electrostatic
potential, which also explains the electrophilic or
nucleophilic behavior by controlling the interaction
area and strength of the electrostatic and inductive
forces. It is crucial to remember that the entire charge
distribution surrounding a molecule is what causes
ESP. The van der Waals surface map coloured by ESP
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Fig. 4. IR-Spectra of the all compounds under study

of Fig. 3 depicts all of the compounds under consid-
eration and shows how the potentials were drawn to-
ward the areas of high electronegativity. This helps
the viewer to understand how to identify the posi-
tions of each compound’s actual ends in relation to
the species around them. However, the positive dif-
fusion region and the negative diffusion region, re-
spectively, are represented by the colours red and
blue. Moreover, color coding is utilized to depict the
various electrostatic potential values; high ESP values
are shown in blue, low ESP values are shown in red,
and the region of zero potential is shown in white.

6. Infrared IR Spectra

Figure 4 displays the examined compounds’ infrared
IR spectra as determined by B3LYP/DFT at 6-311G*
(d,p) level calculations. The spectra for compound
C1 revealed that the C-H bonds were stretched at
(3027.74-3239.42) cm ™! corresponding to low inten-
sities equal to 49.891 km/mol and 0.111 Km/mol, re-
spectively. The stretching C—C bonds lie at (1546.73—
1675.25) cm~! with maximum intensity to be
70.596 Km /mol corresponding to 1617.64 cm~*. The
stretching C-O bond is seen at 1270.54 cm, while
the bending C-H bonds are seen at (1411.081-
1530.232) cm~!. Moreover, the C—Cl bond’s stretch-
ing is noticed at (861.45-8711.101) cm~?. For com-

ISSN 2071-0194. Ukr. J. Phys. 2024. Vol. 69, No. 5

1400 3000 0035

1200 20 0030

0.0
1000 s 0.025

0.02¢

0.01 - 1500,

53
llator strength

0.01!

3
Oscillator strength

Osc

=0
&0

1000
0 0010
20 30 0005

0 0.000
300 400 500 600 700 8O0 900 1000

b R T TR
Wa Wavelength {nm)

velength (nm)

4500 0038 4500

4000]

C 000 E poss
— 0030
0025
00 3000 £
2500 0.020 200
. . 0020
2000 2000
3 oors
1500 1500
1000 . 1000 path
500, sl 500 0.005
'] 0.000
g 0

300 00 500 600 700

83
]

=
2
i
gt

Oscillator stren

=]
2
7

Oscillator strength

Wavelength (nm) Wavelength (nm)
5000 o 6000 0035
- L] s
0.05 0,025
£ 2000 £
g 4
3000 004 & 0020 £
R :
200 003 3 pois 3
& 000 &
002 0010
1000
001 w0 000
[1 000 0 0.000
300 400 500 600 700 600 00 300 400 00 600 700 800
Wavelength (nm) Wavelength (nm)

Fig. 5. Illustrates the simulated UV-visible spectrum of the
Cenobamate and its isomers

pounds C2-C6, the stretching C—H bonds lie in the in-
terval (3036.64-3242.26) cm ™! with maximum inten-
sity equaled to 122.67-132.75 Km/mol. These com-
puted values are consistent with experimentally mea-
sured values for phenyl compounds [12]. The stretch-
ing C-N bonds are observed at 2263.42-2322.34 cm ™!
corresponding to 71.174-73.543 Km/mol inten-
sity. The bending C-H bonds are observed at
(1481.46-1528.36) cm~! while the stretching C-O
was observed at 1282.78 cm™! corresponding to high
intensity 491.165 Km/mol. Figure provides the illus-
tration of the additional vibration modes for the com-
pounds in this study. Results from the experiment
for cyclic carbon compounds are consistent with the
above findings [22].

7. Electronic Spectra

Electronic transitions and, by extension, electronic
spectra, are time-dependent processes that can be
modeled by TD-DFT simulations. To determine whe-
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Table 2. The electronic spectra properties of Cenobamate and its isomers under study

Isomers

State

Eex.
(eV)

>\rnax
(nm)

Transition Major Transition

types

(H =HOMO, L =LUMO)

C1

C2

C3

C4

C5

C6

S1

S2

S3

S1

S2

S1

S2

S3

S1

S2

S1

S2

S3

S1

S2

S3

1.9949

2.9209

3.5566

1.8205

2.6954

1.8913

2.8047

3.6124

2.0649

2.8130

1.9715

2.7393

3.6333

3.6333

2.7049

2.7049

621.49

424.48

348.60

621.49

459.99

655.54

442.06

343.22

600.43

440.76

655.54

452.62

341.25

341.25

458.36

458.36

H-1(B) — L+ 1(B), H-1(B) — L+ 3(B),
H (B) —» L+ 1(B), H (B) — L+2(B),
H-1 (A) — L+2(A)

H-1(A) = L (A), H-6(A) = L (A),
5(A) — L+4(A), H-3(A) — L (A),
1(B) » L+1 (B), H-3(B) — L (B)

(A) = L+2(A), H (A) — L+3(A),
(A) = L+1 (A), H (B) = L+5(B),
H-1(B) > L+2 (B)

H(A) = L (A), H (A) = L+ 1(A),
H (A) — L+2(A), H (A) — L+5(A),
H (A) = L+6(A), H(B) — L+2(B),
H (B) — L+ 7(B)
H(A) — L (A), H-2(A) — L (A),
H-4(A) — L+4(A), H-3(A) — L (A),
H-1(B) - L+2(B), H-2(B) > L+1 (B)

H-2 (A) > L (A), H-3(A) - L+1 (A),
H-4(A) — L+1(A), H-5(A) — L (A),
H-2 (B) - L+1 (B), H-2(B) —» L+3 (B)
H (A) — L+1(A), H (A) > L+2(A),
H-2 (A) » L+1 (A), H(B) - L+4(B),
H-1(B) > L+1 (B)

H(A) - L (A), H (A) — L+1(A),

H (A)=L+1(A), H (A) — L+3(A),

H (A)—L+6(A), H(B) — L+ 1(B)

H(A) — L (A), H-3(A) — L (A),
H-3(A) = L+1(A), H-3(A) — L (A),
H-2 (B) - L+4 (B), H-4(B) > L+1 (B)
H-2(B) - L (B), H-1 (B) = L+ 1(B),
H (B) - L+3(B), H-1 (A) - L (A)

H-1(A) > L+1(A), H (A) — L+ 1(A),
H (A) — L+3(A), H (A) — L+4(A),
H-1(B) — L+2(B), H (B) - L+2(B)
H-1(A) - L (A), H (A) - L+1(A),

H (A) — L+2(A), H (A) - L+3(A),
H(B) — L+2(B), H (B) — L+ 2(B)
H-1(A) > L (A), H-2(A) —» L+1 (A),
H-1(A) - L+2(A), H-1(A) — L+3 (A),
H-2(B) = L+4 (B), H-4(B) = L+1 (B)

H-2 (A) —» L+2(A), H-1 (A) - L+ 1(A),
H (A) — L+1 (A), H (B) — L+2(B),
H-1(B) — L+2 (B)

H-2 (A) > L (A), H-2(A) - L+2 (A),
H-3(A) — L+4(A), H-3(A) — L (A),
H-3 (B) > L+2 (B), H-2(B) > L+1 (B)
H(A) — L+1(A), H-1(A) — L (A),
H-2(A) — L+3(A), H-3(A) = L (A),
H-1(B) —» L+2 (B), H-1(B) —» L+2 (B)

H-—

H-—
H
H
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ther the electronic transitions were time-dependent
phenomena, TD-DFT simulations with the hybrid
functional CAM-B3LYP and 6-311G* (d,p) basis
set were performed in this work using GaussSum
[23,24]. The frontier orbitals (HOMOs and LUMOs),
which are important in electronic spectra and chem-
ical processes, play a crucial role. The energy gap of
the cenobamate and its isomers, which include un-
paired electrons, is between (2.359-3.643) eV. This
interval of energy gaps corresponds to the UV-vis
region of electromagnetic radiation, as shown in
Fig. 5. Table 2 lists the main band, transition types,
and key transition excitation energies (from HOMO
to LUMO).

8. Conclusions

This study has explored the optimized structure
of the pharmacologically active cenobamate and its
novel isomers. The geometrical parameters values of
cenobamate and its isomers are in a good agreement
with experimental data, this indicates to a good re-
lax was obtained from the suitable functional and ba-
sis sets. The LUMOs are greater than the HOMOs,
and they are distributed according to LCAQO, Being
the HOMO level unpaired and of s-character locally
around the chlorine atoms. The reactivity and sta-
bility are explained by the frontier molecular energy
values and different biochemical descriptors. All iso-
mer have smallest energy gaps with the higher reac-
tivity for biological applications. The acyl carbons in
the cenobamate molecule, the chloride connected to
the phenyl ring, the heterocyclic ring, and the car-
bonyl oxygen and nitrogen in the ester amide group
are determined to be the most prevalent reaction
sites. The novel isomers have high ability to inter-
act with species, and it takes place either in clini-
cal use or under clinical trials. The isomers are soft
compounds, they can easily interaction with big soft
molecules such as DNA.
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JOCJIII>KEHHSA HA BA3I TEOPII
®YHKIIIOHAJIA I'VCTUHU BJIACTUBOCTEN
[IEHOBAMATY I 1OI'O HOBUX I3OMEPIB
AK EOEKTUBHUX JIIKIB ITPW EMNJIETICIT

Busuarorbcs ejleKTpoHHI, KBAHTOBOXIMiYHI 1 poTO/MTHYHI Bia-
CcTHBOCTI IleHOGaMaTy, sKuil 6JI0Kye HaTpieBl KaHaad, Ta HOro
HOBHUX i30MepiB. 3HaiifieHo, 10 HEeHTpaMu 3 HafOIIbIION pea-
KI[IHOIO 3/IaTHICTIO € TPY aTOMHM BYIJIEIIO B IleHOOamaTi, XJIo-
pun peHIIBHOrO Kilblis, a TAKOXK KUCEHb KapOOHIIBHOI IpyIu
i aToM asoTy B aMigHiil rpymi.

Katwwoei canoea: Teopin dyukmionany rycrunu, B3LYP,
neHobamaT, i30MepH, aKTUBHICTb.
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