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ARTICLE INFO ABSTRACT

Keywords: The density functional theory with the Becke, 3-parameter, Lee-Yang—Parr (B3LYP) technique and the 6-
DFT 311++G(d,p) basis set is used to optimize the compound 1-Phenyl- 1,3-butanedione (1P1 3B). The 1-phenyl-1,3-
FT-IR butanedione may be obtained in good yield by first preparing a triketone from acetylacetone and a halogenated
FT-Raman e e . . . s . .

UV-Vis benzoyl derivative in the presence of a metal halide and tertiary amine in an organic solvent, and then deace-

tylating the triketone in the presence of an acid. The geometric characteristics of the featured molecule are
calculated, and the vibrational frequencies with potential energy distribution (PED) are determined and
compared to experimental data. The time-dependent density-functional theory (TD-DFT) technique was used to
compute the frontier Molecular Orbitals. Using the HOMO-LUMO energy values, further electronic properties for
1P1 3B were determined. The reactive sites were estimated using the Electron Localisation Function (ELF), and
the Molecular Electrostatic Potential (MEP). As a direct consequence of this, the whole molecule’s electrophilic
and nucleophilic areas have been mapped out. Natural bond orbital (NBO) calculations were used to investigate
the delocalization of electron density. The drug likeness features of 1P13B were investigated. The Ramachandran
plot is used to study the stability of hydrolase and antibody proteins. The headline molecule is subjected to
molecular docking research in order to better understand its biological activities, as well as the minimal binding
energy and hydrogen bond interactions.

Molecular docking

1. Introduction long-lasting pungent smell. This is a balsamic fragrance and flavoring

agent with a vanilla-woody scent. It is added to dishes that need a bal-

Because of the expanding use of a large variety of heterocyclic
compounds, such as insecticides, herbicides, medicines, and so on,
progress in heterocyclic chemistry has been quite rapid in recent de-
cades [1-4]. Intensive research into synthetic chemicals that are often
analogues of recognized pharmacological substances results in the cre-
ation of novel medications. For the purpose of researching keto-enol
equilibria in aqueous acid and micellar solutions, 1-Phenyl-1,3-butane-
dione (1P1 3B) has been utilized as a model for the 1,3-dicarbonyl
molecule [5]. Quantum chemistry and gas-phase electron diffraction
are two more methods that have been utilized in its investigation. It is
utilized in the pharmaceutical industry as an intermediary. 1P1 3B is a
white color crystal with a melting point of 61°C and boiling point of
261-262°C. It is soluble in water, benzene, chloroform, carbon tetra-
chloride, alcohol, ether and concentrated alkali solution. It gives a
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samic, amber, heather, oriental, or vanilla flavor. It easily absorbs
moisture.

The compound is important both biologically and chemically [6-9].
The stability of heterocyclic compounds is determined by the ring size.
Rings with three or four members are moderately unstable, but rings
with five or six members are quite stable [10-13]. The chemical com-
pound known as 1-phenyl-1,3-butanedione (1P1 3B) has the formula
C10H1002 and a molecular mass of 162.19 g/mole. An examination of
the relevant literature indicates that a significant number of studies have
been conducted to get benzoylacetone derivatives. As the 1P13B has not
been documented in the literature, we employ spectroscopy and quan-
tum chemical simulations to characterize and explain its features. The
objective of this study is to offer a comprehensive explanation of the 1P1
3B molecule based on both theoretical and empirically observed values.
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Fig. 1. Representation of the atoms in the 1P1 3B molecule’s optimal structure.

In this paper, both the theoretical and experimental spectroscopic
characterizations of 1P1 3B are presented. It is possible to determine
geometry of molecule, frequency of vibration, surface analysis of the
molecule, and chemical reactivities of the molecule by using density
functional theory in conjunction with the B3LYP technique and the
6-311++G(d,p) basis set [14-19]. Potential Energy Scan analysis was
used to investigate molecule stability (PES). Using their essential
chemical characteristics, UV-Vis and HOMO-LUMO studies are utilized
to determine the electronic properties. Molecular reactivities are
calculated using the MEP surface studies. In addition, molecular dock-
ing, which is also known as protein-ligand analysis, has been used to
explain the biological activity of antipsychotic nature in relation to bi-
polar disorders for 1P13B [20-23]. The purpose of this work is to pro-
vide an overview of the applications of spectroscopic methods for the
structural analysis, electronic transitions, and quantum chemical char-
acterization of 1-phenyl-1,3-butanedione. The interpretation of FTIR,
FT-Raman, and UV-Vis spectroscopic data using density functional
theory is the most essential of the several approaches. The utility of these
approaches lies in their ability to determine and validate molecular
structures, and the molecular docking provides information regarding
the biological activity of the molecule [24-27].

2. Experimental details

1P1 3B with a purity of 99% was purchased from Sigma Aldrich. The
study was completed without further purifications. The FT-Raman
spectrum with a resolution of 2cm™! was obtained using a Nd-YAG
laser with a wavelength of 1064 nm and a power of 100 mW in the
range 4000-100 em! equipped in a BRUKER RFS 27 at IIT SAIF in
Chennai, India. The FT-IR spectrum of 1P1 3B was reported with a
resolution of 1.0 cm™! in the region 4000-400 cm™!.The data was ob-
tained using a PERKINELMER FT-IR spectrophotometer at SAIF IIT
Chennai, India, which employs the KBr pellet technique. The UV-VIS
analysis on 1P13B was performed in the wavelength range 200-800
nm with dimethyl sulfoxide (DMSO) as the solvent.

3. Computational details

DFT (B3LYP) with 6-311G++(d,p) as the theory level was used to
calculate the quantum chemical properties of 1P1 3B [28,29]. This
particular basis set differs from others in that it provides a more in-depth
explanation and splits the orbitals that are used for valence and core
electrons. To improve the approximations, the basis set was polarized
with (d, p) and diffused with (++). Chosen base set is enough for
computing the final energy to an exact level. According to the research
that has been done, the 6-311G++ (d, p) algorithm is highly efficient in
terms of delivering appropriate computed geometries and energies at a
reasonably low level of computing expense. GAUSSIAN 09W was used to
optimize the structure. Using CHEMCRAFT [30], bond lengths and bond

angles were computed for the molecule. Using the Gauss View 5.0
program, we were able to successfully complete the geometrical com-
ponents [31]. The harmonic vibrational frequencies for this optimized
structure were assigned using VEDA software [32]. In addition, WinX
PRO [33] was used to generate the molecular electrostatic potential
(MEP) map of the 1P1 3B molecule from the potential cube file gener-
ated by the Gaussian 09W application. To compare the experimental and
theoretical vibrational wavenumbers, a scaling factor of 0.967 was used
[34,35]. The results for UV were obtained using the TD-DFT/B3LYP
theory. An estimate of the HOMO and LUMO energy levels was devel-
oped via the use of an analysis of the Frontier Molecular Orbital [36-38].
Calculations were also done on the electron density delocalization that
occurred inside the molecule’s donor and acceptor NBOs. This contrib-
uted to the evaluation of hyperconjugation and intramolecular in-
teractions. For the purpose of producing Electron Localization Function
(ELF) maps, MULTIWEN was used [39]. The DOS and PDOS spectra were
generated using GAUSSSUM 2.2 [40]. AutoDock 4.2.6 [41] was used for
molecular docking simulations. The protein-ligand interaction was
investigated with the use of software applications including PyMOL
[42], Discovery Studio [43], Ligplot [44] and Chimera [45].

4. Results and discussions

In the realms of biomaterials and computing, machine learning has
recently become more popular. Using machine learning will be a time-
saving and convenient option [46-49]. When compared to the experi-
mental technique, the computational method saves money by reducing
or eliminating chemical waste and development time for materials. DFT
approaches primary advantage is an enormous improvement in
computing accuracy with no corresponding increase in processing time.
That’s why this study employs a machine-learning based theory at the
DFT level.

4.1. Geometry analysis

The geometrical properties of the 1P1 3B molecule, such as bond
lengths and bond angles, were determined with the help of the DFT
(B3LYP level of theory) technique [28,29] employing basis sets
(6-311G++(d,p)), and the optimized scaled ball and stick model can be
shown in Fig. 1. Maximum force (0.000406 a.u.) and displacement
(0.000232 a.u.) converged for the 1P1 3B molecule, while the RMS
gradient value for the potential energy surface converged to 0.000074 a.
u. The dipole moment value was also determined to be 5.9767 Debye.
Since, according to the literature review, the 1P1 3B crystal structure has
not yet been published, the calculated structural parameters of the 1P1
3B molecule were connected via experimental XRD data [50] associated
to the structure. The resulting parameter values are shown in Table 1.
There is a little discrepancy between the experimental and calculated
values for the 1P1 3B molecule because the computed values are
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Table 1
Comparison of selected bond lengths and bond angles of the 1P1 3B molecule
with XRD data.

a

Bond Length (A)  Calculated  Exp” Bond Angle (%) Calculated  Exp'

C(1)-C(2) 1.523 1.402  C(2)-C(1)-0(5) 123.2 122.0
C(1)-0(5) 1.184 1.293  C(2)-C(1)-C(7) 116.7 122.7
C(1)-C(7) 1.511 1.481  C(1)-C(2)-C(3) 119.9 119.8
C(2)-C(3) 1.527 1.408  C(1)-C(2)-H 108.3 121.3
13)
C(2)-H(13) 1.088 1.076  C(1)-C(2)-H 108.3 121.1
a4
C(2)-H(14) 1.088 1.075  O(5)-C(1)-C(7) 120.0 116.2
C(3)-C4) 1.518 1.495  C(1)-C(7)-C(8) 117.5 121.7
C(3)-0(6) 1.181 1.281  C(1)-C(7)-C 123.6 118.9
12)
C(4)-H(15) 1.081 1.060  C(3)-C(2)-H 107.2 118.8
13)
C(4)-H(16) 1.087 1.064  C(3)-C(2)-H 107.2 118.6
14)
C(4)-HQ17) 1.087 1.050  C(2)-C(3)-C(4) 113.5 120.7
C(7)-C(8) 1.393 1.402  C(2)-C(3)-0(6) 125.1 117.3
C(7)-C(12) 1.390 1.405  H(13)-C(2)-H 105.0 106.2
14)
C(8)-C(9) 1.382 1.391  C(4)-C(3)-0(6) 121.4 117.3
C(8)-H(18) 1.073 1.079  C(3)-C(4)-H 109.4 113.0
15)
C(9)-C(10) 1.387 1.395  C(3)-C(4)-H 110.4 110.7
(16)
C(9)-H(19) 1.075 1.087  C(3)-C(4)-H 110.4 109.8
a7
C(10$)-c(11) 1.383 1.395 H(15)-C(4)-H 109.5 108.4
(16)
C(10)-H(20) 1.076 1.086  H(15)-C(4)-H 109.5 107.5
7)
C(11)-c(12) 1.386 1.392  H(16)-C(4)-H 107.5 107.2
a7
C(11)-H(21) 1.075 1.092  C(8)-C(7)-C 118.9 119.4
12)
C(12)-H(22) 1.074 1.081  C(7)-C(8)-C(9) 120.6 120.0
C(7)-C(8)-H(18) 118.8 120.6
C(7)-C(12)-C 120.6 120.1
11)
C(7)-C(12)-H 121.0 119.2
(22)
C(9)-C(8)-H(18) 120.7 119.3
C(8)-C(9)-C(10) 120.0 120.5
C(8)-C(9)-H(19) 119.9 119.3
C(10)-C(9)-H 120.1 120.2
19)
C(9)-C(10)-C 119.9 119.7
an
C(9)-C(10)-H 120.1 120.7
(20)
C(11)-C(10)-H 120.0 119.6
(20)
C(10)-C(11)-C 120.0 120.3
12)
C(10)-C(11)-H 120.2 120.2
(21)
C(12)-C(11)-H 119.8 119.5
@1
C(11)-C(12)-H 118.4 120.7
(22)

@ Experimental values taken from [50].

analyzed in gas phase and the experimental values are analyzed in solid
phase. A total of ten C-H bonds, ten C-C bonds, and two C-O bonds make
up the 1P1 3B. C-C bond lengths in 1P1 3B range from 1.382 to 1.527 A.
The bond length of the 1P1 3B aromatic hydrocarbons between 1.088
and 1.074. The bond with the longest length in 1P1 3B is C(2)-C(3) at
1.527A with the experimental value of 1.408 A.

4.2. Vibrational spectral analysis

Due to its 22 atoms, 1P1 3B will exhibit 60 different vibrational
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modes. Table 2 lists the molecule’s wavenumbers (both theoretical and
experimental), along with the accompanying vibrational assignments
and intensities. Figs. 2 and 3 show the theoretical (scaled) and experi-
mental vibrational spectra of 1P1 3B. The linear correlation (Rz) of the
infrared spectroscopy data is analysed to assess the concordance be-
tween the FTIR and FT-Raman spectral responses. Experiment and the-
ory both provide FTIR spectra with an R? of 0.99881. The R? value for
comparing FT-Raman experiments and calculations is 0.99876. Quan-
titatively comparing IR spectra from experiment and theory has the
potential to be a cutting-edge new way for evaluating quantum-chemical
procedures.

4.2.1. C-H vibrations

At higher wavenumbers, asymmetric C-H bond stretching in 1P1 3B
was observed. Typically, C-H stretching vibrations occur around 3000
em™! [51]. C-H bond stretching corresponds to the theoretical wave-
numbers 3262 cm™?, 3250 cm™!, 3237 em ™!, 3225 em ™!, 3213 ecm 7},
3175 em~!. The C-H stretching may be seen as a peak in the FT IR
spectrum at 3389 cm ! and 3056 cm ™Y, respectively. Vibrations may be
detected for the methyl group in the ranges of 3000cm ! and 2926 cm ™!
or 2941cm ! and 2905 cm™! [52-55]. Peaks observed at 3073 cm 2,
2924 cm ™! in the experimental FT-Raman spectrum correspond to the
stretching of the methyl group. In the targeted region, the theoretical
wavenumbers 3100cm !, 3074cm™!, and 3062 cm ™! are seen. These
theoretical observations were discovered to be consistent with experi-
mental facts. Usually, the frequency shift may occur due to the inter-
action of intramolecular hydrogen with C=0 and C-H vibrational modes
[56,57]. Here the intramolecular hydrogen bond unaffected the C-H
vibrations of 1P1 3B. The theoretical bending vibrations of the methyl
group have wavenumbers of 1540cm™}, 1491cm™! and 1409 cm .
According to the literature, bending modes involving CH3 vibrations
were observed in the area 1485-1400 cm ™! [58]. On the FT-IR spectra,
experimental peaks for the same were identified at 1452 cm™'. CH3
bending is represented by peaks at wavenumbers 1437 cm ™! in the FT
Raman spectra.

4.2.2. C-C vibrations

The carbon-carbon stretching vibration occurs within the range of
1650-1100cm ! [59]. On the FT-IR spectra at 1694 cm ™}, 1610 cm ™},
1494 cm™ !, 1388 cm™ !, 1364 cm ™!, 1272 em ™1, 1198 em ™%, 1065 cm ™},
1044 cm ! and 1025 cm ™! and the FT-Raman spectrum at 1497 cm™?,
1366 cm™!, 1180 ecm™! and 1018 cm™!, the same vibrations were
observed. Theoretical C-C stretching vibrations have been detected
between 1703 cm™! and 1019 cm™!. It reveals that theoretical pre-
dictions and actual observations correlate closely with one another as
well as with the PED contributions of 60, 30, 76, 84, 12, 23, 11, 45, 31,
18 % respectively.

4.2.3. C=O0 vibrations

H-bonded C=0 groups of 1-phenyl-1,3-butanedione is considerably
located near the oxygen atom attached to the carbon atom linking to a
phenyl group. The stretching vibration of the carbonyl group is observed
in the range of 1850-1550 cm ! [60,61]. The molecule exhibits a sig-
nificant absorption peak at 1903 cm™! and 1947 cm™! in FT-IR and
Raman spectra, respectively. Theoretically, the intramolecularly of
H-bonded C=0 groups are located at 1960 cm ™' and 1902 cm™! with
86% and 88% of PED respectively [62,63].

4.3. Molecular electrostatic potential

By using color grading, the preferred site of the electrophile and
nucleophile is clarified in terms of the molecule electrostatic potential.
The dynamic binding location and reactive positions of the title chem-
ical with the color regions are analysed using MEP [64,65]. Fig.4 dis-
plays the MEP diagram for the 1P1 3B. The oxygen atoms, which have a
red hue and a negative potential, operate at the nucleophilic reactive
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Table 2

Experimental and computed spectroscopic data and their vibrational assignments for 1P1 3B molecule.

Chemical Physics Impact 6 (2023) 100226

Wavenumber(cm 1)

IR intensity

Raman activity

Vibrational assignments(%PED)

Experimental Theoretical
IR Raman Unscaled Scaled* Absolute Relative ' Absolute Relative '
3389(w) 3373 3262 4 1 89 58 v CH(93)
3360 3250 12 3 129 84 v CH(89)
3056(w) 3347 3237 27 7 104 68 v CH(88)
3335 3225 11 3 98 64 v CH(96)
3322 3213 1 1 47 31 v CH(89)
3254(w) 3283 3175 17 4 92 60 v CH(92)
3226 3120 24 6 63 41 v CH(92)
3205 3100 2 1 11 8 v CH(85)
3073(s) 3073(s) 3178 3074 9 3 154 100 v CH(87)
2904(m) 2924(s) 3166 3062 4 1 50 33 v CH(88)
2026 1960 442 100 37 25 v OC(86)
1903(w) 1966 1902 24 6 17 12 v OC(88)
1733(s) 1785 1727 15 4 77 50 v CC(63) + 6 HCC(27)
1694(s) 1761 1703 6 2 9 6 v CC(60) + & HCC(10) + 8 HCC(16)
1610(s) 1648 1594 1 1 1 1 8§ HCC(61) + v CC(30)
1596(s) 1597 1545 12 3 8 6 8 HCH(78)
1592 1540 24 6 2 2 v CC(16) + & HCC(38) + v CC(18)
1565(m) 1585 1533 12 3 9 6 8 HCH(81)
1562(m) 1557 1506 17 4 4 3 T HCCO(90)
1541 1491 199 46 2 2 8 HCC(43) + v CC(17)
1494(w) 1497(s) 1515 1466 12 3 1 1 y CHHH(76)
1452(s) 1437(m) 1457 1409 1 1 2 2 8 HCC(80)
1388(w) 1366(m) 1355 1311 1 1 5 4 8 HCC(84)
1364(s) 1336 1292 18 5 3 2 8 HCC(60) + v CC(12)
1320 1277 41 10 26 17 v CC(38) + 8 HCC(13)
1272(s) 1290 1248 14 4 4 3 v CC(23) + & HCC(62)
1266(s) 1260 1219 125 29 4 3 8 HCC(11) + & HCC(23) + v CH(16)
1240(m) 1214 1174 7 2 7 5 v CC(21) + 8 HCC(10) + v CC(26) + &
HCC(20) + v CC(10)
1198(s) 1180(m) 1172 1134 1 1 1 1 8 HCC(11) + 8 HCC(11) + =
HCCC(60)
1154(m) 1149 1112 3 1 3 2 8 HCH(10) + t HCCC(56)
1123 1086 1 1 1 1 T HCCC(91)
1120 1084 1 1 12 8 8 HCC(21) + v CC(62)
1109 1073 1 1 1 1 T HCCC(94)
1085 1050 18 5 20 13 8 HCC(76)
1065(s) 1076 1041 35 8 34 23 v CC(12) + v CC(45)
1044(w) 1055 1021 2 1 1 1 T HCCC(91)
1025(s) 1018(m) 1053 1019 22 5 13 9 8 HCC(12) + 8 HCC(42) + v CC(18)
974(s) 1004(s) 952 921 1 1 2 2 T HCCC(82)
972(m) 947 916 1 1 1 1 T HCCC(73)
912 882 2 1 11 8 8 HCC(15) + v CC(42) + & CCC(15)
839(s) 855 827 14 4 2 2 v CC(21) + v CC(39)
811(w) 802(m) 834 807 67 16 1 1 T HCCC(86)
757(s) 770(s) 757 733 38 9 1 1 T HCCC(93)
768(w) 728 704 6 2 10 7 8 HCC(57) + v CC(12)
690(s) 674(s) 673 651 1 1 7 5 8 HCC(87)
651 630 8 2 1 1 Tt HCCO(77)
573(m) 584 565 63 15 4 3 8 HCC(10) + & CCO(54)
514(s) 504 488 5 2 1 1 T HCCC(79)
474(w) 495 479 1 1 2 2 8§ HCC(17) + 8 HCC(11) & HCC(18) +
v CC(25)
450 436 1 1 1 1 T HCCC(96)
402(m) 428 414 1 1 1 1 T HCCO(94) + T HCCO(19)
382(w) 378 366 10 3 2 2 8 CCC(65)
294(s) 306 296 1 1 4 3 v CC(13) + & CCC(52)
219(s) 244 236 1 1 2 2 8 CCC(59)
189(w) 161 156 1 1 3 2 T HCCO(65)
120 117 3 1 1 1 8 CCC(89)
95(s) 99 96 1 1 1 1 T HCCO(76) + T HCCO(10)
74(s) 49 48 10 3 1 1 T HCCO(79) + T HCCO(11)
24 24 1 1 2 2 T HCCO(16) + T HCCO(37) + 1
HCCC(17)
17 17 1 1 1 1 T HCCO(10) + T HCCC(70)

v-stretching, 8-in-plane bending, y- out-of-plane bending and t-torsion. s-strong, m-medium, w-weak.

: scaling factor 0.967 for B3LYP/6-311++G(d,p) basis set.

 Normalised to 100.
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Fig. 2. The FT-IR spectra of the 1P1 3B molecule, both calculated and experimentally obtained.

site. The positive charge, which is concentrated on H17 and H13 and can
serve as an electrophilic reactive site, is denoted by the color blue. The
area between the color codes for -0.123 €° and +0.123 €° on the MEP
diagram of the compound under examination. The active sites of the
headline compound have been revealed using MEP visualization, and
these sites may now be taken into account for docking with various
proteins.

4.4. Donor-acceptor interactions

The NBO method improves our understanding of intra and inter-
molecular interactions by providing proof of their occurrence in both
occupied and virtual orbital regions. With the help of the fock matrix,
the interaction is analysed. The B3LYP method with 6-311++G(d,p)
basis set is used in the performance of the NBO analysis for 1P1 3B.
Donor-acceptor pairings and values of stabilisation energy are figured
out [66] and displayed in Table 3. The coincidental orbital passage that
takes place between the 6(C-C) and 6*(C-C) orbitals of bonds ultimately
results in intramolecular charge transfer (ICT) and the stabilization of
the system [67,68]. Due to conjugative interactions, electrons from
carbon atoms 6(C1-C7) disperse to the antibonding carbon atoms c¢*
(C2-Cl13), 6*(C7-C8), o* (C7-C12),6* (C8-CI),6* and (C11-C12) with
stabilization energies of 1.64, 1.67, 2.12, 2.48, and 2.18 kcal/mol
respectively. Anti-bonding electron of n*(C1-05), n*(C8- C9), and n*
(C10-011) derived from the bonding electron on n (C7-C12) with
moderate stabilization energy 16.28, 19.84 and 19.00 kcal/mol
respectively. The NBO analysis anticipated a strong ¢* interaction due to
the lone pairs of oxygen atoms LP(2)06 (C2-C3) with the stabilizing
energy of 26.94 kcal/mol. The delocalization of the electron from =
(C8-C9) distributes anti-bonding n* (C7-C12) and n* (C10-C11) with
stabilizing energies of 19.84 and 21.91 kcal/mol, respectively. It was

found that there was a robust interaction as a consequence of the
delocalization of the ©1(C10-C11) to the n*(C7-C12) state, which had a
high stabilising energy of 21.77 kcal/mol.

4.5. Electron localisation function and localised orbital locator

The electron localisation function (ELF) and the localised orbital
locator (LOL) are the methods that are used during the process of
computing the amount of electron density that is present in the com-
pounds. The study of covalent bonds is carried out by both of them, and
they reveal the areas of the molecular space in which the probability of a
verdict being reached on an electron pair is high [69,70]. Figs. 5 and 6
present the color-filled projection map, as well as the vector field of ELF
and LOL with the contour map, all of which were derived from the
Multiwfn software for the 1P1 3B molecule. These maps are supposed to
fall within the range of 0 — 1.0, which indicates that the chemical
components that they include are comparable. If the value of ELF is
between 0.5 and 1.0 on the figure, then they contain both bonding and
non- bonding localized electrons. On the other hand, they have delo-
calized electrons if the value is below 0.5. Even though the in-
terpretations are quite similar to one another, LOL provides a more
comprehensive and spotless description than ELF does. The upper end of
the scale is represented by the color red, while the lower end of the scale
is represented by the color blue in this scale. The regions surrounding
C1,C2,C3,C4,C7,C8,C9, C10, Cl11, and C12 reveals strong localization
of both bonding and nonbonding electrons. On the other hand, the re-
gions around H16, H18, H19, H20, H21, and H22 suggest that the
electrons are predicted to be delocalized due to their smaller values. In
LOL, the covalent areas that have a high LOL value are represented by
red zones that are displayed between carbon atoms and hydrogen atoms.
These regions include C4-H16, C7-H16, C8-H18, C9-H19, C10-H20,
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Fig. 3. The FT-Raman spectra of the 1P1 3B molecule, both calculated and experimentally obtained.

T
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Fig. 4. Surface map of the 1P1 3B molecule’s electrostatic potential.

Cl11-H21, and C12-H22.

4.6. Electronic properties

Both the experimental and theoretical UV-Vis spectra of 1B1 3P have
been done in DMSO solution, with the latter being calculated using TD-
DFT/6-311++G (d,p) as the basis set. Table 4 displays the important
parameters during electronic transitions, including absorption wave-
length (1), excitation energy (E), and oscillator strengths (f) as estimated
experimentally and theoretically (TD-DFT). Fig. 7 depicts theoretical
and experimental absorption values at 335, 281, 262, 249 nm, which
correspond to the 0.0016, 0.2257, 0.0307, 0.0167 oscillator frequencies,
respectively. The major contributions come from the H-2 LUMO (13%),
HOMO LUMO (83%), HOMO L+1 (34%), HOMO L+2 (43%), H-2 LUMO
(75%), HOMO - LUMO (14%), H-3 LUMO (33%), H-1 LUMO (50%)
Energy gap (E) values for 1B1 3P include 3.69 eV (H-2 LUMO; 13%),
(HOMO - LUMO; 83%), and 3.39 eV, with an experimental value of 3.07
eV. As a result, the experimental peaks correspond well with the
calculated UV-Vis spectrum. FMOs serve a key function in interactions of
the molecules. Furthermore, the energy differential between molecular
orbitals gives a substantial viewpoint on the optical, electrical, and
chemical characteristics of the molecule under research. The HOMO is
the electron donor that contributes to a filled state, whereas the LUMO is
the electron acceptor that contributes to an empty state [71]. The HOMO
and LUMO energies, as well as their orbital energy gaps, were calculated
using the B3LYP/6-311++G(d,p) approach. Fig. 8 depicts simulated
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Table 3
Second order perturbation theory analysis of Fock matrix in NBO basis of 1P1 3B molecule.
Donor Type ED/e (qi) Acceptor Type ED/e E(2)" E()-E()’ F(L,j)
(qi) Kcal/mol a.u a.u
Cl-C2 [ 1.98521 Cl - 05 o* 0.00878 1.05 1.3 0.033
C3-C4 c* 0.06134 1.65 1.02 0.037
C7-C8 [ 0.02193 1.9 1.22 0.043
Cl-05 [ 1.99589 Cl-C7 o* 0.07417 1.06 1.55 0.037
C7 -C12 o* 0.36789 1.12 1.72 0.039
Cl-05 b 1.97501 C2-H13 o* 0.01036 1.39 0.81 0.03
C2-H14 [ 0.01036 1.39 0.81 0.03
C7 -C12 ¥ 0.36789 4.78 0.41 0.044
Cl-C7 o 1.97909 C2-C3 o* 0.07412 1.64 1.03 0.037
C7-C8 [ 0.02193 1.67 1.23 0.04
C7 -C12 o* 0.36789 2.12 1.23 0.046
C8-C9 c* 0.01538 2.48 1.25 0.05
C11 - C12 [ 0.01656 2.18 1.23 0.046
C2-C3 c 1.98607 Cl-C7 o* 0.07417 1.98 1.06 0.042
C4 - H15 ¥ 0.00489 1.07 1.11 0.031
C2-H13 o 1.95596 Cl-05 o* 0.00878 1.95 1.19 0.043
Cl-05 * 0.11208 4.43 0.56 0.045
C3-06 o* 0.01275 2.12 1.19 0.045
C3-06 n* 0.01275 4.55 0.56 0.045
C2-H14 o 1.95596 Cl-05 [ 0.00878 1.95 1.19 0.043
Cl-05 ¥ 0.11208 4.43 0.56 0.045
C3-06 c* 0.01275 2.12 1.19 0.045
C3-06 n* 0.01275 4.55 0.56 0.045
C3-C4 [ 1.99058 Cl-C2 o* 0.06134 2.17 1.02 0.043
C3-06 n 1.98433 C2-H13 o* 0.01036 1.31 0.81 0.029
C2-H14 o* 0.01036 1.31 0.81 0.029
C4 - H16 o 0.00603 1.5 0.83 0.032
C4 - H17 c* 0.00603 1.5 0.83 0.032
C4 - H15 o 1.98924 C2-C3 o* 0.07412 3.57 0.9 0.051
C4 - H16 [ 1.97624 C3-06 [ 0.01275 1.77 1.19 0.041
C3-06 ¥ 0.01275 4.46 0.55 0.045
C4 - H17 c 1.97624 C3-06 c* 0.01275 1.77 1.19 0.041
C3-06 n* 0.01275 4.46 0.55 0.045
C7-C8 [ 1.9736 Cl-C2 o* 0.0687 1.94 1.08 0.041
Cl-cC7 o* 0.07417 1.74 1.12 0.04
C7-C12 [ 0.36789 4.06 1.28 0.064
C8-C9 [ 0.01538 2.62 1.29 0.052
C8 - H18 o* 0.0162 1.32 1.2 0.036
C9 - H19 o* 0.01296 2.32 1.19 0.047
Cl12 - H22 [ 0.0139 2.58 1.18 0.049
C7-C12 c 1.97632 Cl-05 o* 0.00878 1.26 1.37 0.037
Cl-cC7 c* 0.07417 1.57 1.13 0.038
C7-C8 [ 0.02193 4.06 1.29 0.065
C8 - H18 o* 0.0162 2.03 1.22 0.044
Cl1 - C12 o* 0.01656 3 1.29 0.056
Cl11 - H21 o* 0.01264 2.15 1.2 0.045
Cl12 - H22 [ 0.0139 1.48 1.19 0.038
C7 - C12 n 1.65111 Cl-05 ¥ 0.11208 16.28 0.29 0.065
C8 -C9 n* 0.28746 19.84 0.29 0.069
Cl10-C11 * 0.32016 19 0.29 0.067
C8-C9 c 1.97945 Cl-C7 o* 0.07417 3.06 1.13 0.053
C7-C8 o* 0.02193 3.1 1.29 0.056
C8 - H18 o* 0.0162 1.44 1.21 0.037
C9 - C10 o 0.01705 2.69 1.29 0.053
C9 - H19 o* 0.01296 1.29 1.2 0.035
C10 - H20 o* 0.01266 2.38 1.19 0.048
C8-C9 T 1.65093 C7-C12 ¥ 0.36789 19.84 0.28 0.067
C10 - C11 ¥ 0.32016 21.91 0.28 0.071
C8 - H18 c 1.9797 C7-C8 o* 0.02193 1.23 1.1 0.033
C7-C12 [ 0.36789 4.41 1.11 0.062
C8-C9 o 0.01538 1.01 1.12 0.03
C9-C10 c* 0.01705 3.79 1.1 0.058
C9-C10 [ 1.98054 C8-C9 o* 0.01538 2.71 1.3 0.053
C8 - H18 o* 0.0162 2.35 1.21 0.048
C9 - H19 c* 0.01296 1.26 1.2 0.035
Cl10-Cl11 [ 0.01655 2.66 1.29 0.052
C10 - H20 o* 0.01266 1.25 1.19 0.034
C11 - H21 o* 0.01264 2.47 1.19 0.048
C9 - H19 c 1.98224 C7 -C8 c* 0.02193 3.9 1.11 0.059
C8-C9 [ 0.01538 1.01 1.13 0.03
C10 - C11 o* 0.01655 3.66 1.12 0.057
C10-C11 c 1.98038 C9-C10 c* 0.01705 2.64 1.29 0.052
C9 - H19 [ 0.01296 2.35 1.2 0.047

(continued on next page)
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Donor Type ED/e (qi) Acceptor Type ED/e E(2)" E()-E()’ F(Lj)*
(qi) Kcal/mol a.u au
C10 - H20 o* 0.01266 1.27 1.2 0.035
Cl1-C12 c* 0.01656 2.77 1.29 0.053
Cl11 - H21 c* 0.01264 1.32 1.19 0.036
Cl12 - H22 c* 0.0139 2.35 1.19 0.047
C10-C11 T 1.65308 C7 - C12 b 0.36789 21.77 0.29 0.071
C8-C9 ¥ 0.28746 18.15 0.29 0.066
C10 - H20 c 1.98249 C8 -C9 c* 0.01538 3.62 1.13 0.057
Cl1-Cl12 o* 0.01656 3.75 1.12 0.058
Cl1-C12 c 1.97888 Cl-cC7 c* 0.07417 3.57 1.13 0.057
C7 -C12 c* 0.36789 3.46 1.29 0.06
€10 - C11 o* 0.01655 2.72 1.29 0.053
C10 - H20 o* 0.01266 2.39 1.19 0.048
Cl11 - H21 c* 0.01264 1.26 1.19 0.035
C12 - H22 o* 0.0139 1.4 1.19 0.036
Cl11 - H21 c 1.98236 C7 -C12 o* 0.36789 3.93 1.12 0.059
C9-C10 c* 0.01705 3.64 1.12 0.057
C12 - H22 c 1.98099 C7-C8 c* 0.02193 4.04 1.12 0.06
C7 -C12 o* 0.36789 1.19 1.12 0.033
C10-C11 c* 0.01655 3.66 1.13 0.057
05 LP(1) 1.97755 Cl-C2 c* 0.0687 1.41 1.05 0.035
Cl-C7 o* 0.07417 2.02 1.09 0.042
LP(2) 1.87169 Cl-C2 o* 0.0687 25.67 0.65 0.117
Cl-cC7 o* 0.07417 23.16 0.68 0.114
06 LP(1) 1.97658 C2-C3 [ 0.07412 1.74 1.04 0.039
C3-C4 c* 0.06134 1.89 1.05 0.04
LP(2) 1.87323 C2-C3 o* 0.07412 26.94 0.64 0.119
C3-C4 c* 0.06134 23.85 0.64 0.112
# E2 represents stabilization energy.
b E(j)-E(i) represents the donor i and acceptor j energy difference.
¢ F(i,j) represents the Fock matrix element.
910 1.000
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0.600
0.00
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—-11.00 -734 367 0.00 3.67 7.34 11.00
Length unit: Bohr
Fig. 5. Electron localisation function (ELF) of 1P1 3B.
FMOs with a positive Rhgse in green and a negative phase in red to Chemical hardness 7 — 1/2(ELUMO — EHOMO) 3)
reflect charge transfer inside the molecule. The computed band gap
energy value (.)f.1P1 3B Er%e.rgy gap 10.239 (eV) supports the molecule’s Electrophilicity index o = p? /21 “4)
chemical stability. In addition, the values of the HOMO and LUMO or-
bitals are associated with the ionization potential and electron affinity of Chemical Softness S = 1/21 )

the molecule. Electronic charge, electronegativity, chemical hardness,
chemical softness (S), chemical potential (i), and electrophilicity index
(y) were all predicted for 1P1 3B, and the results are reported in Table 5.
The parameters specified by the relationship as,

Chemical Potential ¢ = 1/2(ELUMO + EHOMO) 1)

Electro negativityy = — 1/ 2(ELUMO + EHOMO) 2)

Increasing chemical hardness and decreasing softness value indicate
a stable compound. The compound was found to have a hardness of
5.1645 and a softness of 0.9681. The chemical has biological action
because of its low electrophilicity index value of 1.8671.
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Fig. 6. Contour line map of the Electron Localisation Function (ELF) of 1P1 3B.

4.7. Density of energy states

Neighbouring orbitals in the border area may show the quasi-
degenerate energy levels. In these circumstances, HOMO and LUMO
alone might not be sufficient to provide a useful description of the
boundary orbitals. As a result, the total and projected densities of states
(TDOS and PDOS, respectively) were examined. The TDOS, PDOS and
OPDOS are plotted in Figs. 9 and 10 respectively. In the DOS plot, the
orbital HOMO is shown by the color green, and the orbital LUMO is
shown by the color red. A binding interaction was used to verify the
PDOS’s positive value, an anti-bonding interaction was used to verify
the PDOS’s negative value, and a non-binding interaction was used to
verify the PDOS’s near-zero value [72]. In the boundary region, nearby
orbitals may have energy levels that are almost the same. The projected
density of state plot (PDOS) is primarily responsible for introducing the
arrangement of the fragment orbitals that contribute to the molecular
orbitals that are shown in Fig. 10.

4.8. Drug likeness

In Table 6, a summary of the drug similarity characteristics that were
analysed can be seen. The number of hydrogen bond donors (HBD), the
number of hydrogen bond acceptors (HBA), the number of rotatable
bonds, the value of A logP, and the value of topological polar surface
area (TPSA) are all included in these parameters. There is a correlation
between the values of 1-phenylbutane-1,3-dione and the rule of five
developed by Lipinski [73,74]. As a direct result of this, the value of HBD
is 0 and the value of HBA is 2, and both of these values are less than the

Chemical Physics Impact 6 (2023) 100226

onset value of 10, which is 5, respectively. The molecule has one bond
that may rotate freely. The value of A logP is 0.725, which is less than
the cut-off number of 5, which is understood to be the bare minimum
amount that may be considered acceptable. The TPSA of the chemical is
much less than the value that is considered to be unsafe. According to
the criteria shared by pharmaceutical drugs, the highlighted chemical
has useful pharmacological properties.

4.9. Ramachandran plot

Examining the degree to which protein molecules are stable may be
accomplished with the use of the Ramachandran plot. Moreover, it offers
information that may be used for identifying, predicting, and confirming
the structures of proteins. Protein dihedral angles are shown on a two-
dimensional plane at several sites where stable conformations are
known to exist along the protein’s backbone [75,76]. The Ramachan-
dran plots for the proteins 7EOA, 6XSU, and 5K59 are shown in
Figs. 11-13. This demonstrates that the proportion of allowed regions in
both proteins is more than ninety percent. In addition to that, the
structures of these proteins include a substantial number of residues. In
addition, none of the proteins has any residues in the places that are
specifically prohibited from having them. In all, there were 259 residues
in 7EOA, but 696 in 6XSU. The difference may be attributed to the
number of residues present in each molecule. The number of residues of
a protein called 5K59, which has the ability to neutralize antibodies, was
1982.

Experimental
- —— TD-DFT

219

Absorbance

T T T T T
200 250 300 350 400
Wavelength (nm)

Fig. 7. Experimental and theoretical UV-Vis spectra of 1P13B in
DMSO solution.

Table 4
The computed and experimental UV-Vis wavelengths of 1P1 3B using DMSO as solvent.
Computed Experimental
No.  Wavelength Band Gap Energy Oscillatory Assignments (Major contributions) Wavelength max Band Gap
(nm) (eV) (em™) Strength (nm) (eV)
1 335 3.69 29770.73 0.0016 H-2->LUMO (13%), HOMO->LUMO (83%) 364 3.07
2 281 4.41 35564.21 0.2257 HOMO->L+1 (34%), HOMO->L+2 (43%) 317 3.88
3 262 4.73 38152.44 0.0307 H-2->LUMO (75%), HOMO->LUMO (14%) 270 4.68
4 249 4.97 40094.63 0.0167 H-3->LUMO (33%), H-1->LUMO (50%) 219 5.72
5 231 5.35 43153.89 0.0201 HOMO->L+1 (57%), HOMO->L+2 (34%)
6 227 5.46 44027.39 0.0057 H-3->LUMO (53%), H-1->LUMO (39%)
7 214 5.78 46605.94 0.0002 H-2->L+1 (42%), H-2->L+2 (39%), HOMO->L+2
(18%)
8 198 6.24 50305.61 0.0213 H-2->L+1 (44%), H-2->L+2 (51%)
9 195 6.36 51100.87 0.0307 H-3->L+1 (17%), H-1->L+1 (49%), H-1->L+2
(24%)
10 194 6.39 51541.25 0.0003 HOMO->1+3 (87%)
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Fig. 8. Frontier molecular orbital diagram of 1P13B with band gap values.

Table 5
Second order perturbation theory analysis of Fock matrix in
NBO basis of 1P1 3B molecule.

Parameters Values (eV)
Enomo (eV) -9.556
Erumo (€V) 0.773
Energy gap (eV) 10.329
Tonization potential (I) 9.556
Electron affinity (A) -0.773
Electronegativity (y) 4.3915
Chemical potential (u) -4.3915
Chemical Hardness (n) 5.1645
Chemical softness (S) 0.9681
Electrophilicity (o) 1.8671
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Fig. 9. Density of States (DOS) graph of 1P1 3B.
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Fig. 10. Projected Density of States (PDOS) graph of 1P1 3B.

Table 6

Calculated drug-like properties for 1P1 3B molecule.
Descriptor value
Hydrogen Bond Donor (HBD) 0
Hydrogen Bond Acceptor (HBA) 2
AlogP 0.725
Topological polar surface area (TPSA) 34.14
Number of atoms 22
Number of rotatable bonds 1
Molecular weight 162.19

4.10. Molecular docking

In recent years, numerous researchers have determined the biolog-
ical property to be the most important parameter for organic molecules.
In this context, protein receptors appropriate for in silico analysis have
been selected from a protein data bank. The ligand (header chemical) to
a certain protein receptor binding site is predicted, and the highest rank

10
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Fig. 12. Ramachandran plot for protein 6XSU.

cluster configuration scoring molecules with the best binding energy
function are identified. To learn more about the docking process at the
molecular level and to design complex 3D structures, Auto-Dock 4.2.6 is
utilized. A survey of the relevant published research reveals that ben-
zoylacetone compounds exhibit powerful hydrolase and antibody
behaviour. PASS Online is the software used to predict the pharma-
ceutical activity of a compound. The investigated chemical is paired
with the hydrolase proteins 7EOA, 6XSU, and antibody protein 5K59 in
the docking process [77-79]. The molecular docking binding energies
for 7EOA, 6XSU, and 5K59 are -3.85, -4.60 and - 4.30 kcal/mol,
respectively, in spite of the fact that the inhibition constants are 361.51,
424.68 and 410.03um, and the inter- molecular energy is -4.74, -5.50
and -5.19 kcal/mol. Table 7 shows the characteristics of the molecule’s
docking position in regard to the protein 6XSU that is being targeted and
had the proteins with the least amount of binding energy, with a value of
-4.60 kcal/mol, and the vast majority of the inhibitors had some kind of
interaction with the ligand at the 6XSU bonding point. They had three
hydrogen bonds, and their inhibition constant of 424.68um and an

11
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Fig. 13. Ramachandran plot for protein 5K59.

RMSD of 84.24 involving ANS74, TRP180 and GLU297. Figs. 14-16
show how the ligand interacts with three different receptors.

5. Conclusion

The experimental and theoretical FTIR and FT Raman spectra were
compared, and notable peaks were analysed in more detail. There were
60 different vibrational modes in the molecule under study, and all of
them have been assigned. The HOMO and LUMO energy levels of 1P1 3B
were determined using frontiers. Absorption peaks were seen in the UV-
Vis spectra at 335.90 nm, 281.18 nm, 232.11 nm, and 249.11 nm (for
gas), and at 364 nm, 317 nm, 270 nm, and 219 nm (for DMSO). The
energy gap and global reactivity parameters were computed using this
data and this reflects the molecular stability. The biological activity of
1P1 3B was established by calculating the electrophilicity index. The
computed chemical softness value explains the low toxicity of 1P1 3B.
All active sites were investigated using 2D color-coded MEP and ELF
maps. NBO was utilised to identify intermolecular and intramolecular
interactions. Stability of the molecule was figured out by computing the
lone pair transitions, ¢ to ¢ * transitions, and « to © * transitions. Donors
interacting with nearby anti-bonding acceptors are analysed in terms of
their LP(O5) and LP(06) stabilization energies. The compound satisfies
Lipinski’s rule, Veber’s rule, and the Ghose filter. In addition, molecular
docking simulations have been carried out using protein targets 7EOA,
6XSU, and 5K59 that have been shown to demonstrate the biological
activity. The three targeted proteins had minimum binding energies of
—3.85 kecal/mol, —4.60 kcal/mol, and —4.30 kcal/mol, respectively.
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Table 7
Molecular docking of 1P1 3B molecule with antagonist protein target.
Protein ID Residues Bond Length (A) Inhibition constant (um) Binding energy (kcal/mol) Intermolecular energy (kcal/mol) RMSD (A)
7EOA THR169 2.0 361.51 -3.85 -4.74 89.40
LEU210 2.2
GLU294 2.9
6XSU ANS74 2.0 424.68 -4.60 -5.50 84.24
TRP180 2.2
GLU297 2.9
5K59 THR52 3.0 410.03 -4.30 -5.19 88.65
HIS237 3.1
THR97 3.1
THR100 3.2

[
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‘J;;
/\(

N

Fig. 16. Docking the hydrogen bond interactions of 1P1 3B with 5K59 protein.
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