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INTRODUCTION

The high death rate and increasing incidence of cancer
are the major global health problems [1,2]. By 2030, cancer
will account for about 15 million fatalities worldwide or one
in six deaths overall [3]. Several popular cancer treatments,
including radiation, chemotherapy, and surgery, only offer
cancer patients temporary relief due to their side effects and
recurrence risks [4]. Consequently, creating safe, efficient cancer
treatments that are resistant to side effects, minimally harm
normal cells and have no adverse consequences is a very chall-
enging issue for modern researchers. Semicarbazone derivatives
have demonstrated significant promise in preventing tumor
development and metastasis, indicating that their effectiveness
in treating breast cancer is growing. These compounds offer a
novel approach to the treatment of common and challenging
diseases because of their distinct molecular makeup and targ-
eted mechanisms of action [5]. Because of their potential for
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The vibrational wavenumbers of 2,5-dimethylbenzaldehyde semicarbazone (DBS) were compared using the DFT-B3LYP/6-311++G(d,p) |
method after the FTIR and FT-Raman spectra were measured in the ranges of 4000-400 cm™ and 4000-0 cm™, respectively. The computed |
and experimental XRD results were compared with the optimized geometries. The energy gap between the lowest unoccupied molecular |
orbital (LUMO) and the highest occupied molecular orbital (HOMO) as well as the molecule electrostatic potentials (MEP) has been
illustrated using charge density distributions indicative of the biological response. The absorption spectra were generated using time- |
dependent density functional theory calculations on the same basis set. An investigation of natural bonds has revealed strong electron |
delocalization whereas the electrical properties of the molecule have been elucidated using the Fukui function and Mulliken charge |
analysis. Molecular orbital contributions were investigated using densities of states (DOS) spectrum. The docking investigation, which |
was conducted against the protein 1AQU associated with breast cancer revealed that the largest binding energy was -8.3 kcal/mol. To
assess the drug-likeness of the compound, an ADMET analysis has also been conducted and examined. Novel insights on the molecular |
structure will become possible as a result of these theoretical findings. I
|

Keywords: 2,5-Dimethylbenzaldehyde semicarbazone, DFT, Docking, Breast cancer, ADMET.

biological applications including DNA, BSA interaction and
anticancer activities, semicarbazones have been the focus of a
great deal of experimental and theoretical investigation in
recent years [6,7].

A thorough literature reveals that 2,5-dimethylbenzalde-
hyde semicarbazone (DBS) has not been the subject of any
experimental or theoretical investigation. These data have served
as the basis for significant theoretical investigations such as
spectroscopic studies that use density functional theory (DFT/
6-311++G(d,p)) computations to look at the characteristics of
DBS. DFT calculations were used to confirm spectroscopic
data from experiments, namely FT-Raman and FTIR spectra
[8-11]. DFT simulation results that the energetic electron link
and Becke’s 3 parameter (B3) exchange-correlations perform
exceptionally well when the Lee Yang and Parr (LYP) conne-
ction functional is applied [12-15]. Time-dependent (TD) elect-
ronic transitions were calculated in the gas phase to account
for the charge transfer in the molecule using the 6-311++G(d,p)
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basis set. The study of lowest unoccupied molecular orbitals
(LUMO) and highest occupied molecular orbitals (HOMO)
has enabled this. To investigate the reactive regions and
electronic transitions of molecules, the DFT/B3LYP has there-
fore been employed, based on molecular reactivity parameters
such as MEP surface analysis and frontier molecular orbital
analysis. From the overall DOS spectrum, each border mole-
cular orbital may be described. The global reactivity character-
istics [16] for DBS moleucle have also been determined inclu-
ding softness, chemical hardness, electronegativity and electro-
philicity index. By observing its natural bond orbitals, the
compound’s intra- and intermolecular interactions have been
determined. The docking investigations on proteins connected
to breast cancer have been conducted to verify the anti-breast
cancer impact of DBS and the results have shown that DBS is
the standard drug for treating breast cancer. The drug-likeness
of the molecule has also been assessed by the use of ADMET
and pharmacological activities [17].

(version: 4.2.1) was used for the molecular docking. Discovery
Studio [24] (version: 2017 R2 client) was used to evaluate the
protein structure and amino acid locations prior to molecular
docking. The structure of the ligand DBS [25] has been extracted
using PubChem, one of the publicly available ligand databases
(http://pubchem.ncbi.nlm.nih.gov).

ADMET prediction: The pharmacokinetics and physico-
chemical properties of the pharmaceutical substance DBS were
determined using the pkCSM server [26]. By importing the
SMILES of the decanal from the PubChem database into the
pkCSM server, the physicochemical and pharmacokinetic para-
meters such as absorption, aqueous solubility, distribution,
metabolism, excretion and toxicity were determined based on
the chemical structure of the molecule. The Swiss-ADME web
server was then used to execute the boiled-egg model, which
resulted in the prediction of several pharmacokinetic properties
such as water solubility and drug similarity [27].

RESULTS AND DISCUSSION

EXPERIMENTAL

A fine polycrystalline 2,5-dimethylbenzaldehyde semi-
carbazone (DBS) was supplied by Sigma-Aldrich, UK. An MCT
detector, KBr beam splitter and globar source were installed
on a BRUKER IFS 66V model FTIR spectrometer, which was
used to get the chemical’s FTIR spectrum at room temperature.
The spectra observed falls between 4000-400 cm™ at a reso-
lution of + 1 cm™. The FT-Raman spectrum was obtained with
a computer-interfaced BRUKER IFS 66V type interferometer
and the FRA-106 FT-Raman accessories.

Quantum computational details: The ideal parameters
were found by quantum chemical density functional calcu-
lations at the Becke3-Lee-Yang-Parr (B3LYP) level using a
6-311++G(d,p) basis set and the Gaussian 09 W [18] program
package. The structural properties of the DBS was tuned before
measuring the vibrational wavenumbers and electrical character-
istics. It was possible to determine the vibrational wavenumbers
by merging the results of the GAUSSVIEW [19] and VEDA
[20] algorithms. Vibrational frequency calculations analyze
the thermodynamic functions including vibrational energy,
entropy and heat capacity. The electrostatic potential (MEP),
HOMO and LUMO energies and reactive sites have all been
used to calculate the chemical activity of DBS. Performing NBO
calculations is important as it assists in measuring the second
order interactions between the empty orbitals of one subsystem
and the filled orbitals of another, which allows for a better
understanding of intermolecular delocalization. GaussSum
software [21] was also used to construct DOS spectra in addi-
tion to these calculations.

Molecular docking: A computer-based molecular mode-
ling approach was used to assess the inhibitory efficacy of DBS
against breast cancer marker proteins. Human progesterone
(PDB ID: 1A28), epidermal growth factor (PDB ID: 1M17),
estrogen (PDB ID: 1ERE) and estrogen sulfotransferase (PDB
ID: 1AQU) receptors are some of the ligand and protein markers
utilized with DBS to detect breast cancer. Using PyMOL mole-
cular graphical system [22] (version 1.7.4.5 Edu), the protein-
ligand binding position was shown and Auto Dock Vina [23]

Molecular geometry: The DBS numbering system at the
DFT/B3LYP level is shown in Fig. 1, which makes use of the
optimized structure and the basis set 6-311++G(d,p). The
predicted bond lengths and bond angles [28] were compared
with X-ray diffraction data from a similar molecule. The predi-
cted geometrical characteristics differ somewhat from those
in the single crystal XRD data, as shown in Table-1. The high
R? value of 0.997 indicates a strong correlation between the
regression graph and the observed oscillations. These fluctua-
tions are probably caused by intermolecular interactions in the
crystalline state. It was determined that DBS has a global mini-
mum energy of -628.54670236 Hartrees.

Fig. 1. Optimized structure of 2,5-dimethylbenzaldehyde semicarbazone

Based on the B3LYP/6-311++(d,p) calculation, the bond
length of the aromatic ring is found to be as follows: C3-C4 <
C5-C6 < C2-C3\C4-C5 < C1-C6 < C1-C2. The conjugation
between the substituent groups and the ring system clearly
caused a major distortion in the typical hexagonal shape of the
benzene ring. Inequalities in the ring can also be seen in the
bond lengths at the replacement positions, C1-C7, C2—C17 and
C5—C23. The computed values for these lengths are 1.467, 1.513
and 1.510 A (1.461, 1.509 and 1.489 A by experimental). The
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TABLE-1
THE OPTIMIZED STRUCTURAL PARAMETERS OF 2,5-DIMETHYLBENZALDEHYDE SEMICARBAZONE
Eord it Exp. [28] Eo] L3P~ Exp. [28] e LDt Exp. [28]
length (&)  BoLYP/6- o 0097 | angle  BILYP- o pe 0997 | angle ) B3LYP/6- g2 0,997
3114+G(d,p) 3114+G(d,p) 3114+G(d,p)
Cl-C2 1411 1.388 C2-C1-C6 1197 118.1 N8-N9-C10 1202 120.0
Cl-C6 1.406 1.386 C2-C1-C7 1206 1223 N8-N9-HI5 119.1 1209
C1-C7 1467 1.461 C6-C1-C7 119.7 1196 CI10-N9-HI5 1188 1178
2-C3 1399 1.382 C1-C2-C3 1179 1202 N9-C10-011 124.6 119.1
C2-C17 1513 1509 Cl1-C2-C17 1227 1227 NO-C10-N12 1118 117.4
C3-C4 1389 1388 C3-C2-C17 119.4 - 011-C10-N12 123.6 1235
C3-H21 1.085 0.930 C2-C3-C4 12138 1218 | CIO-N12-HI3 1127 114.4
C4-C5 1.402 1.373 C2-C3-H21 118.9 1199 | CI0-N12-H14 118.6 116.6
C4-H22 1.086 - C4-C3-H21 1193 119.1 | HI3-NI2-HI4 1142 1279
C5-C6 1390 1.384 C3-C4-C5 1207 1175 C2-C17-H18 112.1 -
C5-C23 1510 1.489 C3-C4-H22 1195 _ C2-C17-H19 112.1 -
C6-H27 1.084 0.930 C5-C4-H22 119.8 - C2-C17-H20 1103 -
C7-N8 1.281 1.275 C4-C5-C6 1179 1215 | HI8-CI7-H19 107.4 -
C7-H16 1.095 0.930 C4-C5-C23 1208 - HI8-C17-H20 1073 -
N8-N9 1355 1377 C6-C5-C23 1213 - C19-C17-H20 1073 -
N9-C10 1396 1362 C1-C6-C5 1220 1209 C5-C23-H24 1113 -
NO-HI5 1.017 0.930 C1-C6-H27 1179 1195 C5-C23-H25 111 -
C10-011 1.209 1.244 C5-C6-H27 120.1 1195 C5-C23-H26 1112 -
CI0-NI12 1392 1337 CI-C7-N8 1219 1221 | H24-C23-H25 107.8 -
N12-HI3 1.009 0.935 CI-C7-H16 117.7 1189 | H24-C23-H26 108.0 -
N12-H14 1.010 0.970 N8-C7-H16 1205 1189 | H25-C23-H26 107.2 -
CI7-HI8 1.095 - C7-N8-N9 1175 1158
CI7-H19 1.095 -
C17-H20 1.091 -
C23-H24 1.091 -
C23-H25 1.095 -
C23-H26 1.094 -
bond angles of C2-C1-C7, C1-C2-C3 and C4-C5-C6 are TABLE-2

120.6° 117.9° and 117.9°, respectively as determined by DFT
calculations (122.3°, 120.2° and 121.5° by experimental).
Since, the bond angles increase with electronegativity, these
variations are a result of the electronegativity of atoms O11,
N8, N9 and N12.

Thermodynamic properties: The calculated thermody-
namic parameters for DBS at the DFT/B3LYP/6-311++G(d,p)
basis set, which include zero point energy, entropy and heat
capacity, are displayed in Table-2. Based on Table-2, the DBS
molecule has a total dipole moment of 4.746 Debye. According
to simulations, there is a large range in zero-point vibrational
energy (ZPVEs), with variations ranging from 137.779 kcal mol ™.
The stronger behaviour of DBS in the molecular interaction is
shown by the thermodynamic parameters having a bigger value.
Furthermore, Table-2 presents the variations in the overall entropy
of molecule (122.408 cal mol” k™) and its total vibrational energy
(146.883 kcal mol™) at room temperature. The orientations of
chemical processes and various thermodynamic energies can be
calculated by using the thermodynamic relationships.

Vibrational analysis: The 27 atoms in DBS have a total of
75 common modes of vibration. The DFT/B3LYP/6-311++G(d,p)
approach was used to provide the precise vibrational assign-
ments for the molecule. The combined impacts of electron corre-
lation effects and basis set faults lead to computed frequencies
that are greater than the corresponding experimental frequencies.
Here, the B3LYP technique’s scale factor [29] of 0.9613 helps

THE THERMODYNAMIC PARAMETERS OF 2,5-
DIMETHYLBENZALDEHYDE SEMICARBAZONE

Parameters LDJEAPERI DA
311++G(d,p)

Optimized global minimum energy (Hartrees) -628.54670236
Total energy (thermal), B, (kcal mol™) 146.883
Heat capacity, C, (cal mol™' k') 53.290
Total entropy, S (cal mol™ k™) 122.408
Translational entropy (cal mol™ k™) 41.649
Rotational entropy (cal mol™ k™) 32.442
Vibrational entropy (cal mol™ k™) 48.318
Vibrational energy, E,;, (kcal mol™") 145.105
Zero-point vibrational energy, (kcal mol™) 137.779
Rotational constants (GHz)

A 1.244

B 0.317

C 0.254
Dipole moment (Debye) 4.746

in making sure the calculated wavenumbers are scaled appro-
priately. The vibrational frequencies of molecules derived by
theoretical and experimental methods (FTIR and FT-Raman)
are compared in Table-3 and its spectra are displayed in Fig. 2.

C-H vibrations: In the range of 3100-3000 cm™', aromatic
compounds usually exhibit a large number of weak bands due
to their C-H stretching vibrations [30]. Consequently, the Raman
bands found at 3065, 3030, 3005 and 2990 cm™ in DBS and the
infrared bands seen at 3060, 3017, 3000 and 2992 cm™ have
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TABLE-3
THE VIBRATIONAL ASSIGNMENTS BASED ON PED CALCULATIONS FOR 2,5-DIMETHYLBENZALDEHYDE SEMICARBAZONE
S. No Observed wavenumber (cm™) Wavenumber (cm™) IR intensity Raman activity Assignment with

‘ FT-IR FT- Raman Calculated Scaled (Km mol ') (A*amu™) PED (%)
1 3542(ms) 3540(w) 3680 3537 39 77 VNH(100)

2 3449(vs) 3430(w) 3569 3431 49 232 NH, ass(99)
3 3341(vw) 3340(w) 3480 3345 8 288 NH,ss(98)

4 3060(vw) 3065(w) 3185 3062 2 39 vCH(96)

5 3017(vw) 3030(w) 3169 3046 28 215 vCH(94)

6 3000(w) 3005(w) 3151 3029 10 77 vCH(91)

7 2992(w) 2990(w) 3106 2986 13 48 vCH(90)

8 2982(w) 2984(w) 3102 2982 20 71 CH; ips(92)
9 - 2955(w) 3071 2952 18 106 CH; ips(89)
10 2950(s) 2943(w) 3065 2946 18 71 CH; ss(87)
11 - 2925(w) 3039 2922 68 115 CH; ss(85)
12 2900(w) 2910(w) 3023 2906 36 289 CH; ops(84)
13 - 2895(w) 3018 2901 18 173 CH; ops(82)
14 1725(vs) 1731(w) 1804 1734 410 51 vC=0(81)
15 - 1609(vs) 1674 1610 3 767 NH,sciss(80)
16 - 1577(vs) 1642 1579 2 1224 vC=N(70)
17 1581(vs) 1560(w) 1629 1566 136 83 vCC(83)

18 1550(ms) 1550(w) 1605 1543 15 74 vCC(86)

19 1480(vs) 1499(w) 1554 1494 384 46 vCC(84)

20 1461(ms) 1465(vw) 1527 1467 66 3 vCC(81)

21 - 1451(vw) 1505 1447 25 17 vCC(85)

22 - 1431(vw) 1493 1435 4 11 vCC(80)

23 - 1428(vw) 1492 1434 8 10 CH; ipb(78)
24 1400(w) - 1488 1431 6 10 CH; ipb(79)
25 1398(w) 1381(s) 1438 1382 5 128 CH; sb (77)
26 - 1363(vw) 1416 1361 2 21 CH,sb (73)
27 - 1359(vw) 1415 1360 1 12 vCC (76)
28 1350(ms) 1340(s) 1395 1341 48 32 VvCC (74)
29 1270(vw) 1275(s) 1325 1274 5 46 vCC (75)
30 - 1250(s) 1310 1259 3 38 bNH(72)

31 1256(ms) - 1300 1249 427 21 VNN(71)

32 - 1252(ms) 1266 1217 21 204 VCN(70)

33 1170(w) 1225 1178 0 69 VCN(70)

34 1154(ms) 1150(vw) 1190 1144 50 12 CH; opb(69)
35 1100(ms) 1120(ms) 1177 1131 194 125 CH; opb(67)
36 1073(ms) - 1123 1079 86 34 CH;opr(65)
37 1052(w) 1086 1044 48 40 CH;opr(66)
38 1000(vw) - 1066 1024 5 0 bCH (68)
39 - 982(vw) 1056 1015 0 2 bCH (67)
40 990(vw) - 1039 999 2 7 bCH (62)
41 985(vw) 981(w) 1024 984 1 30 NH, rock(60)
42 965(ms) 960(vw) 1000 961 10 4 bCH (64)
43 931(vw) - 972 934 3 0 CH; ipr(65)
44 900(vw) 920(vw) 954 917 11 7 ®NH(60)

45 - 902(w) 948 911 5 35 CHj; ipr(65)
46 880(vw) - 923 888 3 0 Rasymd(66)
47 780(ms) 793(vw) 824 792 24 1 Rsymd(68)
48 765(vw) 772(w) 806 775 3 23 Rtrigd(65)
49 - 735(vw) 760 731 29 3 bCC(69)

50 - 710(vw) 733 705 2 2 bCC(67)

51 700(vw) 703(vw) 732 704 2 1 bCC(66)

52 - 653(vw) 693 666 15 3 bC=N(69)
53 - 626(vw) 651 625 1 8 bCN(64)

54 - 550(vw) 577 554 1 1 bCN(64)

55 515(ms) 523(vw) 548 527 230 4 bNN(65)

56 509(ms) 500(vw) 536 516 30 2 ®CH(58)
57 - 460(vw) 482 464 18 8 ®CH(60)

58 450(ms) 451(vw) 473 455 19 1 oCH(59)
59 - 448(vw) 468 450 16 12 oCH(58)
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60 420(ms) 405(vw) 451 434 48 11 NH, wag(66)
61 412(vw) - 386 371 5 0 ©C=N(59)
62 - 351(vw) 366 352 46 3 WCN(63)
63 - 325(vw) 337 324 2 2 ®CN(63)
64 - 305(vw) 323 311 0 1 bC=0(67)
65 = 265(vw) 287 276 1 1 wCC(60)
66 - 227(vw) 241 231 0 2 ®CC(59)
67 = 185(vw) 198 190 6 3 wCC(60)
68 - 169(vw) 182 175 14 3 ©C=0(57)
69 - 150(vw) 150 145 1 1 tRasymd(55)
70 - 125(vw) 136 130 1 1 ®NN(54)
71 - 100(vw) 114 109 4 1 tRsymd(58)
7 . 60(vw) 66 63 6 2 {Rtrigd(60)
73 - 53(vw) 58 56 6 1 NH, twist(56)
74 . 41(vw) 50 48 0 1 {CH,(55)
75 = 25(vw) 31 30 11 1 tCH,(54)
100 - 100
Experimental Experimental
~80f ~ 80
> 1>
[0] [0}
g 60} g 601
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Fig. 2. FTIR and FT-Raman spectra of 2,5-dimethylbenzaldehyde semicarbazone

been linked to the C-H stretching vibrations. These assignments
are further supported by the PED values of these modes, which
exceed 90%. Sharp bands are generally observed as a result of
the interaction between C-H in-plane bending vibrations and
C-C stretching vibrations in the 1300-1000 cm™ range. In this
work, the infrared bands at 1000, 990 and 965 cm™ and the FT-
Raman bands at 982 and 960 cm™ are attributed to C-H in-
plane bending vibrations. The strongly coupled out-of-plane
C-H bending vibrations are located in the range 900-667 cm™.
Furthermore, the out-of-plane C-H bending vibrations for mole-
cules have been identified and are displayed in Table-3. For the
C-H vibrational modes, there is excellent agreement between
the observed and B3LYP calculated values.

CHj; vibrations: In aromatic ring systems, the ring usually
receives electrons from the vibrations of the CH; group. The
regions at 2980 and 2870 cm™ are due to the symmetric and
antisymmetric stretching modes of CHj group [31], respec-

tively. The vibrational bands at 2982, 2984 and 2955 cm™ are
attributed to the CHj; in-plane stretching mode of vibrations,
which accounts for over 90% of the PED, because of the two
methyl groups found in DBS. The bands at 2950, 2943 and
2925 cm™ are thought to be the result of symmetric stretching
of CHs. The bands at 2900, 2910 and 2895 cm™ are thought to
be responsible for out-of-plane CHjsstretching. For derivatives
substituted with methyl [31], the symmetric and antisymmetric
deformation modes of the CH; group frequently occur in the
ranges of 1390-1370 cm™ and 1465-1440 cm™, respectively.
Moreover, the bands at 1428 and 1400 cm™ in the molecule
are ascribed to the in-plane CH; bending modes of vibrations,
whereas the bands at 1398, 1381 and 1363 cm™ are assigned
to the symmetric CH; bending. The other modes of vibration
of the CH; group are shown in Table-3 and also exhibit a strong
agreement with the wavenumbers obtained by using the B3LYP/
6-311++G(d,p).
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C-C and C-N vibrations: The Raman and reported IR
spectra exhibit characteristic bands at 1600 and 1400 cm™, which
can be attributed to aromatic C-C stretching vibrations [32].
The FTIR at 1581, 1550, 1480, 1461, 1350 and 1270 cm™ and
the FT-Raman spectrum at 1560, 1550, 1499, 1465, 1451, 1431,
1359, 1340 and 1275 cm™ thus support the C-C stretching
vibrations, which are further substantiated by the PED% of DBS.
The ring vibrational modes are influenced by the functional
groups present in the molecular ring. The possibility of many
bands in the region mixing makes it challenging to distinguish
between C=N and C-N vibrations. According to Karabacak
et al. [33], the FTIR spectra at 1689 and 1302 cm™, respectively,
have been assigned to C=N and C-N stretching. The C=N and
C-N vibrations in this experiment are detected in Raman at
1577 and 1252, 1170 cm™. Bending vibrations of the C-N were
detected in FTIR at 515 cm™ and in FT-Raman at 626, 550 and
523 cm™. The vibrational spectrum showed the C-N out-of-
bending vibrations at 412, 351 and 325 cm.

NH, vibrations: The two stretching vibrations (symmetric
and asymmetric stretching modes) and the four bending vibra-
tions (twisted, rocking, wagging and scissoring) comprise the
six normal modes of the amino group. The N-H stretching vibr-
ations in primary amines generally occur in the range [34] of
3500-3300 cm™. The FT-Raman indicates 3430 cm™ for the
asymmetric stretching vibration of DBS, while the FTIR spect-
rum displays a highly significant peak at 3449 cm™. The symm-
etric stretching vibration of the NH, group in the FT-Raman
and FTIR spectra is indicated by two bands: one at 3341 cm’
and the other at 3340 cm™. They can both be considered pure
N-H stretching, since nearly all of these modes are seen in the
PED data. The scissoring mode for NH, groups frequently occurs
within the range of 1650-1615 cm™. The NH, scissoring mode
is matched by an extraordinarily strong band in FT-Raman at
1609 cm™. The fact that the PED contributed 80% of this peak

@ >

Evono = -6.10 eV

25
2.0

@

1.0
AE=4.47eV

=N 0.5

ELumo = -1.63 eV

provides more support for the conclusions. A remarkably weak
bands at 985 and 981 cm™ (60% PED) has been recognized as
the NH, rocking vibration; this result closely aligns with the
scaled value of 984 cm™. The wagging mode of the NH, group
is responsible for the bands located at 420 and 405 cm™ in the
vibrational spectrum. Twisting mode of NH, group is identified
as an extremely faint band at 41 cm™ in FT-Raman.

HOMO-LUMO and DOS spectrum analysis: The stab-
ility of the structure is shown by the energy gap of the frontier
molecular orbital (FMO). In addition, the FMOs reveal the
kinetic stability and chemical reactivity of the molecule. It can
assist in identifying the most reactive areas of a molecule and
found that the HOMO and LUMO orbitals the will have energies
of -6.10 and -1.63 eV, respectively. The energy gap of the mole-
cule (AEnomo — ELumo) was found to be 4.47 eV. Softness is
shown by a wide energy gap, which is linked to low stability
and high chemical reactivity, while good stability and low
chemical reactivity are indicated by a small energy gap. The
molecule under investigation has lower values of the HOMO
and LUMO energy gaps, which suggests that it is highly polar-
izable, biologically active and chemically reactive. The frontier
molecular orbital dispersion of the DBS molecule is displayed
in Fig. 3. Moreover, Table-4 displays the calculation results
for the global reactivity parameters, which include global soft-
ness (S), chemical potential (1), electrophilicity index (®) and
global hardness (1)). For DBS, the calculated values of chemical
potential, chemical hardness, chemical softness and electrophi-
licity index are -3.87 eV, 2.24 eV, 0.22 eV and 3.34 eV, respec-
tively.

It is possible for neighbouring orbitals to have the same
degenerate energy levels in a border zone, which might not be
acceptable to characterize border orbitals using only HOMO
and LUMO. As such, the density of states (DOS) is equivalent
to the total of the electron densities of states for alpha (o) and

(b)

== DOS spectrum
— Occupied orbitals
— Virtual orbitals

HOMO
LUMO

-15 -10

Energy (eV)

Fig. 3. (a) HOMO-LUMO and (b) DOS spectrum of 2,5-dimethylbenzaldehyde semicarbazone
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TABLE-4
GLOBAL REACTIVITY DESCRIPTORS FOR
2,5-DIMETHYLBENZALDEHYDE SEMICARBAZONE

Molecular properties B3LYP/6-311++G(d,p)
HOMO (eV) -6.10
LUMO (eV) -1.63

AE (Egomo— ELumo) (€V) A
Tonization potential (I) (eV) 6.10
Electron affinity (A) (eV) 1.63
Global hardness (1) (eV) 2.24
Global softness (S) (eV™) 0.22
Electronegativity (x) (€V) 3.87
Chemical potential (u) (eV) -3.87
Global electrophilicity (@) (eV) 3.34

beta () [35]. These are generated by employing the GaussSum
3.0 program [36] to combine Gaussian curves with the mole-
cular orbital data. The impact of DBS’s orbital arrangement
on the chemical bonds that bind its atoms together is depicted
in Fig. 3. The density of states graphic illustrates the composi-
tion of the energy gap and the orbitals at the system’s boundary.
For DBS, which has 51a.and 513 electrons respectively, DOS
is occupied by 102 electrons overall.

Molecular electrostatic potential: The theoretical concept
of molecular electrostatic potential is commonly utilized to
study electrophilic, nucleophilic and hydrogen bonding sites
[37]. The MEP surfaces of DBS at the B3LYP/6-311++G(d,p)
technique are shown in Fig. 4. Molecule reactivity can be pre-
dicted visually by observing different colours, which represent
different MEP values and magnitudes. The colour red denotes
the greatest electronegative potential or strong repulsion,
whereas the colour blue denotes the highest positive region,
or strong attraction. Areas that are tinted green often represent
a neutral potential [38]. In the following order, electrostatic
potential rises gradually from negative to positive: red < orange
< yellow < green < blue. The semicarbazone branching region

-0.129 e0

0.129 e0

Fig. 4. MEP plot of 2,5-dimethylbenzaldehyde semicarbazone

in the MEP diagram of DBS is linked to the highest negative
regions, which are primarily over the O11 atom. MEP demons-
trated the highest positive regions in case of a positive potential
are above hydrogen atoms. The benzaldehyde semicarbazone
moiety of the O-alkylated isomer is therefore shown to have
outstanding electrical characteristics with a broad spectrum
of electrophilic and nucleophilic sites, which these results both
confirm and strengthen.

Natural bond orbital analysis: NBO analysis has been
used to investigate the donor-acceptor interactions. Table-5 pre-
sents the findings from the NBO study for DBS using the DFT/
B3LYP/6-311++G(d,p) basis set. In NBO analysis, stronger
system conjugation and a higher probability of donors giving to
acceptors are generally indicated by the greatest value of E(2).
The orbitals that have the highest stabilization energies in DBS

TABLE-5
SECOND-ORDER PERTURBATION THEORY ANALYSIS OF FOCK MATRIX
FOR 2,5-DIMETHYLBENZALDEHYDE SEMICARBAZONE

. . . . Stabilization ener; Energy difference Fock matrix element
e ED@ ()  Acceptor()  ED() (@) B(2) (Koalimol) EGj) "B (arb, anits) L) e, i)
m(C1-C2) 1.629 m*(C3-C4) 0.326 19.30 0.28 0.07
(C1-C2) 1.629 1*(C5-C6) 0.303 18.57 0.29 0.07
m(C1-C2) 1.629 *(C7-N8) 0.191 18.76 0.25 0.06
m(C3-C4) 1.681 m*(C1-C2) 0.396 20.10 0.29 0.07
1(C3-C4) 1.681 1*(C5-C6) 0.303 18.74 0.30 0.07
1(C5-C6) 1.657 m*(C1-C2) 0.396 20.37 0.28 0.07
1(C5-C6) 1.657 *(C3-C4) 0.326 20.65 0.28 0.07
m(C7-NB) 1.936 m*(C1-C2) 0.396 8.67 0.38 0.06
LP(1)N8 1.911 o*(C7-H16) 0.036 9.98 0.76 0.08
LP(1)N8 1.911 o*(N9-H15) 0.040 8.95 0.73 0.07
LP(1)N9 1.713 *(C7-N8) 0.191 27.33 0.30 0.08
LP(1)N9 1.713 m*(C10-011) 0.309 42.28 0.35 0.11
LP(2)011 1.840 o*(N9-C10) 0.090 27.73 0.65 0.12
LP(2)011 1.840 o*(C10-N12) 0.072 25.08 0.65 0.12
LP(1)N12 1.834 m*(C10-011) 0.309 25.97 0.37 0.09
T*(C3-C4) 0.326 *(C5-C6) 0.303 210.55 0.01 0.08
*(C7-N8) 0.191 *(C1-C2) 0.396 50.90 0.03 0.07
m#(C10-011) 0.309 o*(C10-011) 0.038 10.46 0.52 0.16
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are T(C-C2)—n*(C3-C4), n(C1-C2)—r*(C-C6), t(C1-C2)
—1#(C7T-N8), 1(C3-C4)—->n*(C1-C2), n(C3-C4)—n*(C5-
C6), n(C5-C6)—n*(C1-C2) and n(C5-C6)—>n*(C3-C4)
(19.30, 18.57, 18.76, 20.10, 18.74, 20.37 and 20.65 kcal mol™)
orbitals. The stabilization energies of 42.28 and 27.73 kcal mol”
are obtained by the lone pair nitrogen and oxygen with the anti-
bonding orbitals 6*(C10-O11) and 6*(N9-C10), indicating a
significant delocalization. It is demonstrated that the antibon-
ding orbitals 7w*(C3-C4)—>n*(C5-C6) and ©n*(C7-N8)—
*(C1-C2) in DBS exhibit superior intramolecular interaction,
with maximal stabilization energies of 210.55 and 50.90 kcal
mol’, respectively. The presence of these interactions within
the molecule is indicative of more advanced biological activity.

Mulliken’s population analysis: Fig. 5 shows the charge
distribution in DBS using B3LYP and the 6-311++G(d,p) basis
set. Table-6 presents the findings when amino and methyl groups
are substituted in the aromatic ring, there is a redistribution of
electron density and revealed that the charge density at C2 was
higher compared to the other carbon atoms in the ring. The
significant positive charge at C2 is caused by the influence of

1.0

I oss

084 &
0.6-
0.4-
0.2

0-

Charges

-0.2-
-0.4
-0.6
-0.84

-1.0

-1.2
Atoms

Fig. 5. Mulliken charges plot of 2,5-dimethylbenzaldehyde semicarbazone

TABLE-6
MULLIKEN ATOMIC CHARGES FOR
2,5-DIMETHYLBENZALDEHYDE SEMICARBAZONE

Atomic charges Atomic charges
Mulliken) b Mulliken) b
Atoms el Atoms el
311++G(d,p) 311++G(d,p)
Cl1 0.621 H15 0.218
2 0.766 Hil6 0.090
C3 -0.706 C17 -0.673
C4 -0.067 H18 0.157
C5 0.181 H19 0.154
C6 -0.999 H20 0.159
C7 -0.318 H21 0.111
N8 -0.043 H22 0.170
N9 0.024 C23 -0.522
C10 0.169 H24 0.159
Ol11 -0.356 H25 0.157
N12 -0.321 H26 0.147
H13 0.291 H27 0.208
H14 0.221

the methyl group attached to C2. The atom N12 in DBS has a
higher negative charge (-0.321) than the other nitrogens. More-
over, there have been negative reactive reactions involving the
nitrogen atoms N8 (-0.043), N12 (-0.321) and O11 (-0.356).
All of the carbon atoms with negative charges are C3 (-0.706),
C4 (-0.067), C6 (-0.999), C7 (-0.318), C17 (-0.673) and C23
(-0.522). These arise from the increased electronegativity of
oxygen and nitrogen atoms linked by a carbon bond and all
hydrogen in DBS has a positive charge.

Fukui function: The Fukui function and the local softness
are two additional local reactivity parameters that are needed
in addition to the global features to address the reactive behav-
iour of the atoms in building molecules in different ways. The
fukui function also referred to as the frontier function is used to
predict the reactivity sites of molecules and to detect nucleophilic
and electrophilic assaults, respectively. The condensed form of
the Fukui function is stated as for an atom k in a molecule [39,
40].

fy =q;(N+1)—q;(N)

fy =q;(N)—q;(N-1)

= [a+h-g,N-1]

These are the DBS groups that are electrophilic, nucleo-
philic and free radicals. In case of neutral (N), anionic (N+1)
and cationic (N-1) chemical species, the atomic charge at the
j™ site is denoted by the symbol g;. A dual descriptor, defined
as the difference between the nucleophilic and electrophilic

functions [41] and can represented as follows:

Af(r) =1 —f_

All the three equations above were used to define the Fukui
function, which determines the pin point distribution of the
atomic sites on the molecule by evaluating the reactivity at
atomic resolution. Here, Mulliken population analysis was used
to determine the fukui function of DBS at the B3LYP/6-311++
G(d,p) basis set. The dual descriptor employs their sign in a
specific location to discriminate between electrophilic and
nucleophilic assaults. C1, C2, C5, C17, C23, O11, N9, N12,
H14, H20, H21, H22, H24 and H27 are the nucleophilic sites
for DBS that meet the requirements of the dual descriptor based
on the values as displayed in Table-7. In contrast, B3LYP/6-
3114++G(d,p) basis set have negative values for the electrophilic
sites C3, C4, C6,C7,N8, C10,H13, H15, H16, H18, H19, H25
and H26. Depending on its local behaviour during the process,
the molecule DBS responds to both electrophilic and nucleo-
philic assaults.

Molecular docking: The DBS docking simulations have
involved the selection of human progesterone and estrogen rece-
ptors based on previous research findings [42,43]. The receptors
for human progesterone (PDB ID: 1A28,40OAR), human estrogen
(PDB ID: 1ERE), human growth factor (PDB ID: IM17) and
estrogen sulfotransferase (PDB ID: 1AQU) are among the pro-
teins. These proteins have been shown to interact with DBS
(Figs. 6 and 7 from in silico analysis) and the docking scores
are shown in Table-8. The target protein was pre-processed to
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TABLE-7
FUKUI FUNCTIONS FROM MULLIKEN CHARGES FOR 2,5-DIMETHYLBENZALDEHYDE SEMICARBAZONE
In gas phase
Atoms Mulliken charges Fukui functions
q(N+1) q(N) q(N-1) fe fe £ Af(r)

Cl1 0.678 0.621 0.669 0.057 -0.048 0.005 0.104
C2 0.810 0.766 0.760 0.044 0.006 0.025 0.038
C3 -0.714 -0.706 -0.711 -0.007 0.004 -0.001 -0.012
Cc4 -0.226 -0.067 0.062 -0.159 -0.128 -0.144 -0.031
C5 0.222 0.181 0.144 0.042 0.037 0.039 0.004
C6 -1.069 -0.999 -1.010 -0.070 0.010 -0.030 -0.081
Cc7 -0.442 -0.318 -0.284 -0.124 -0.034 -0.079 -0.089
N8 -0.253 -0.043 0.098 -0.210 -0.140 -0.175 -0.070
N9 0.144 0.024 0.035 0.120 -0.011 0.054 0.131

C10 0.164 0.169 0.152 -0.004 0.017 0.006 -0.021
0Ol11 -0.415 -0.356 -0.276 -0.059 -0.080 -0.069 0.020
N12 -0.332 -0.321 -0.289 -0.010 -0.032 -0.021 0.022
H13 0.250 0.291 0.323 -0.041 -0.031 -0.036 -0.010
H14 0.202 0.221 0.243 -0.019 -0.021 -0.020 0.002
H15 0.165 0.218 0.268 -0.053 -0.050 -0.051 -0.003
Hl16 0.030 0.090 0.149 -0.060 -0.059 -0.059 -0.002
C17 -0.666 -0.673 -0.640 0.007 -0.033 -0.013 0.039
H18 0.097 0.157 0.189 -0.060 -0.032 -0.046 -0.028
H19 0.087 0.154 0.185 -0.067 -0.031 -0.049 -0.036
H20 0.125 0.159 0.195 -0.035 -0.036 -0.035 0.001
H21 0.051 0.111 0.171 -0.060 -0.060 -0.060 0.000
H22 0.108 0.170 0.242 -0.062 -0.072 -0.067 0.010
C23 -0.566 -0.522 -0.472 -0.044 -0.050 -0.047 0.006
H24 0.141 0.159 0.184 -0.019 -0.024 -0.021 0.005
H25 0.115 0.157 0.195 -0.042 -0.038 -0.040 -0.004
H26 0.109 0.147 0.181 -0.039 -0.034 -0.036 -0.005
H27 0.183 0.208 0.240 -0.025 -0.032 -0.028 0.007

PBD ID: 1AQU with DBS

Interactions

- Conventional hydrogen bond
[: Carbon hydrogen bond
;:?3 e b - Unfavourable positive-positive
- Unfavourable donor-donor
[ 1 pi-sulfur
[T Pi-Pi Stacked
[ Pi-Pi T-shaped
L] Ayl
[ Pi-Alkyl
HIS
A:108
H-Bonds
ILE
A:146 Donor '
2.49
TYR: ' p
A:139 A‘?E'EZ fgq Acceptor |

Fig. 6. Molecular docking of 3D and 2D interaction with H-Bond donor-acceptor colour grade for 2,5-dimethylbenzaldehyde semicarbazone
with 1AQU target protein and stranded drug anastrozole
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PDB ID: 1M17

ALA LEU
g 17 A2

PDB ID: 1ERE
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3.92 446 39g
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2.73

PDB ID: 40AR

Fig. 7. Molecular docking of 3D and 2D interaction with H-Bond donor-acceptor colour grade for 2,5-dimethylbenzaldehyde semicarbazone

with 1A28, 1ERE, 1M17, 40AR target proteins

TABLE-8
BINDING ENERGIES OF 2,5-DIMETHYLBENZALDEHYDE SEMICARBAZONE WITH BREAST CANCER PROTEIN MARKERS
Binding affinity ) Standard Binding affinity
Protein ID with DBS H-bonding with distance (A) Bond type in DBS anti-breast with anastrozole
kcal/mol) cancer drugs (kcal/mol)
ARG A:130 Conventional HB
1AQU 8.3 2.68 A) Carbon HB -84
LEU A:718 Unfavourable positive-positive
2 Il (2.80 A) Unfavourable donor-donor e
GLY A:521 Pi-Sulfur
1ERE -7.0 (1.92 A) Pi-Pi Stacked Anastrozole 215
IM17 68 ALA A:719 (2.67 A), LEU A:764 Pi-Pi T-Shaped 82
’ (2.19 A), THR A:766 (2.67, 2.57 A) Alkyl :
AGR A:766 (2.73 A), ILE A:699 Pi-Alkyl
GO o (243 A), GLN A:725 (2.63 A) Pi-sigma e

eliminate ligand groups and water molecules before being trans-
formed into macromolecules by the Autodock vina procedure
[44]. Following that the ligand molecule was changed into
“pdbqt” by reducing their energies. Table-8 illustrates the results,
which show that DBS interacts with the 1AQU receptor in a
single conventional hydrogen bond interaction. At 2.68 A, there
is a strong binding between the conventional bond type in DBS
and the ARG A:130 residue. With a binding affinity of -8.3 kcal
mol ™, these interactions establish the maximum contact between
protein 1AQU and DBS. Like THR A: 766 (2.67 A and 2.57 A),
LEUA:764 (2.19), ALA A:719 (2.67 A) and ARG A:766 (2.73
A), GLN A:725 (2.63 A) and ILE A:699 (2.43 A), these mole-
cules have three hydrogen bond interactions with DBS for the
receptors IM17 and 40AR. Their binding affinities are -6.7
kcal mol” and -6.8 kcal mol”, respectively. Further analysis
revealed that 1ERE and 1A28 held a single conventional
hydrogen bond, with GLY A: 521 and LEU A: 718 separated
by 1.92 A and 2.80 A, respectively. The binding affinities of -7.1
and -7.0 kcal mol™ with DBS are produced by these proteins.

Similar to the binding affinity found in this work, anastrozozole,
a commonly used drug, has a binding affinity of -8.4 kcal mol.
DBS is a more successful treatment for breast cancer because
of its positive interactions with protein markers.
Pharmacokinetic prediction: The pkCSM server was used
in this work to predict a number of pharmacokinetic parameters
pertaining to the absorption, distribution, metabolism, excr-
etion and toxicity of the chemical. The DBS pharmacokinetic
data are shown in Table-9. There is higher Caco-2 permeability
if the log Papp value that the pkCSM server has recorded is
greater than 0.90. According to the log Papp 10 cm/s of 0.714,
the molecule is most likely permeable to Caco-2. The human
gutis necessary for the absorption of nutrients and medications.
Poor intestinal absorption is defined as any drug whose absor-
ption level is less than 30% [45]. In the human stomach, a mole-
cule absorbs 83.372% of its contents. When administered orally,
a higher HIA suggests that the medication may be absorbed
more quickly. The most difficult challenge in the development
of topical medications is getting beyond the skin’s protective
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TABLE-9
ADMET PROFILE OF 2,5-DIMETHYLBENZALDEHYDE SEMICARBAZONE
ADMET prediction DBS ADMET prediction DBS Pharmacokinetic properties DBS
. 191.23
_ Molecular weight (g/mol) g/mol
(]
CaCo-2 permeability (log é % INTgh @7 esy o o 2
. 6 0.714 S acceptors
Papp in 107 cm/s) Total clearance (log 2 5
o 0.67 5 & No. of hydrogen bond 2
= g g 2 S donors
g 2 z5
g 3 £ Fraction Csp3 0.20
Q@ Intestinal absorption 2
£ (human) (%) 83372 | ©
. .- Renal OCT2 substrate >
Skin permeability (log Kp) -2.957 Renal OCT?2 substratc No 5 E ESOL -1.98
P-glycoprotein substrate No § % ALI -2.35
P-glycoprotein I inhibitor No “  SILICOS-IT -291
P-glycoprotein II inhibitor No AMES toxicity test No ILOGP 1.08
Max. tolerated dose z
- VDss (human) (log L/kg) 0.02 (human) (log mg/kg/day) 0.941 3 XLOGP3 1.33
-2 Fraction unbound (human) =
= 0.435 = WLOGP 1.31
2 2
2 BBB permeability (log BB) -0.331 hERG I inhibitor No — MLOGP 1.69
A SILICOS-IT 1.50
CNS permeability (log PS) -2.364 >, hERG II inhibitor No Lipinski Yes
'S Oral Rat Acute %
CYP2D6 substrate No ;é Toxicity (LDy;) (mol/kg) 2.303 § Veber Yes
Oral rat chronic toxicity 2
g CYP3A4 substrate No (LOAEL) (log mg/kg_bw/day) 0.954 fa Ghose Yes
S CYPIA?2 inhibitior No g Egan Yes
% CYP2C19 inhibitior No Hepatotoxicity No Bioavailability score 0.55
S CYP2C9 inhibitior No Skin Sensitization No
CYP2D6 inhibitior No T. pyriformis toxicity (log 0119
pg/L)
CYP3A4 inhibitior No Minnow toxicity (log mM) 2.007

barrier. Several in silico techniques are used to evaluate the skin
penetration depth of DBS. The logKp value of -2.957 suggests
that the molecule has better dermal permeability, according to
the statistics provided by the pkCSM server. The whole dosage
of a medication that would be dispersed evenly to provide a
concentration comparable to blood plasma is known as the hypo-
thetical volume of distribution (VDss). A greater distribution
of the medication in tissue compared to plasma is shown by
increased VDss. A molecule with a VDss of 0.02 was found,
suggesting a significant volume of dispersion.

It implies that the brain can be shielded from dangerous
drugs via the permeable blood-brain barrier (BBB). If the log
BBB is -1, it indicates that the molecule is not well distributed
to the brain [46]. However, if the chemical can cross the blood-
brain barrier at a rate of greater than 0.3, it may be able to do
so with ease. The brain is significantly impacted by molecules, as
evidenced by the pkCSM server’s BBB permeability of -0.331.
Another simple measurement obtained via in situ brain insertion,
in which the medication is administered right into the carotid
artery, is CNS permeability (log PS). According to the pkCSM
prediction technique, compounds with log PS > -2 are thought
to be capable of entering the central nervous system. The logPS
value of -2.364 for the DBS molecule has been demonstrated
to indicate its ability to enter the central nervous system [47].
It is believed that P-glycoprotein (P-gp) plays a part in the DBS
molecule and its activation and suppression are both necessary

for drug metabolism. The pkCSM server reports a total clear-
ance rate of -0.014 when the molecule is used as a renal OCT2
substrate [48]. The acute and chronic toxicity limits of oral
molecule treatment in rats were determined to be 2.303 (LDs)
and 0.954 (LOAEL), respectively. There is no suppression of
hERG I or II [49] that the pkCSM server can find.

The lead drug DBS’s efficaciousness, lipophilicity, solub-
ility and boiled egg model were assessed using the free online
program SwissADME [50]; the results are displayed in Table-9.
If a ligand can pass through the blood-brain barrier (BBB), it
can be demonstrated using the boiled-egg model. As to this
research, the yellow part of the yolk symbolizes brain pene-
tration, whereas the white, or albumin, component signifies
gastrointestinal absorption. Fig. 8 shows that the drug comp-
onent is located inside the yolk portion of the molecule’s boiled
egg model, which was generated by the SwissADME website.
This indicates the blood-brain barrier-crossing capacity of the
medicine. Only two hydrogen bond donors and acceptors are
found in DBS, according to the results. One can use the fraction
of sp? carbon atoms to forecast and characterize the solubility
and aliphatic degree of medicinal molecules. A particular
chemical’s medicinal effectiveness rate may be increased by
increasing its saturation as per some theories [51]. The DBS’s
fraction C sp* of 0.20 shown a substantial degree of saturation.
Fig. 8 presents the generated radar map. The iLOGP, XLOGP3,
WLOGP, MLOGP and SILICOS-IT had lipophilicity values
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Fig. 8. (a) Boiled-Egg plot and (b) Radar plot of 2,5-dimethylbenzaldehyde semicarbazone

of 1.08, 1.33, 1.31, 1.69 and 1.50, respectively, according to the
study. In that order, the water solubility values for ESOL, ALI
and SILICOS-IT were -1.98, -2.35 and -2.91. Thus, DBS has
been shown to meet all the criteria and be regarded as a poten-
tially effective and safe medication, as indicated by these
expected pharmacokinetic features.

Conclusion

Using the B3LYP/6-311++G(d,p) basis set computations,
the ideal geometrical parameters, vibrational frequencies
and vibrational intensities of the vibrational bands of 2,5-di-
methylbenzaldehyde semicarbazone (DBS) were examined and
compared with the experimental vibration values. The PED
computation has yielded the most reliable theoretical evidence
for the vibrational characteristics of the molecule. Mulliken’s
charge and HOMO-LUMO analysis were examined the electr-
onic characteristics of the molecule and its molecular charge
transfer interactions. As indicated by the oxygen and hydrogen
atoms, the MEP analysis shows that the assaults are nucleo-
philic and electrophilic, respectively. According to the NBO
results, there is a significant conjugative interaction between
the molecules. The estrogen sulfotransferase receptor (PDB ID:
1AQU) has the highest binding affinity (-8.3 kcal mol™) and
is the receptor that interacts with the DBS the most, based on
docking studies. The physico-chemical and ADMET properties
confirmed that DBS possesses drug-like qualities, indicating
that the molecule is safe and complies with the Lipinski rules.
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