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A B S T R A C T   

The published molecule (S)-3-Benzyl-5-(phenylselanyl)-6-(p-tolyl)-3,4-dihydropyran-2-one (3B6PL) was selected 
for the identification of anticancer properties, and the computational calculations were employed using density 
function theory (DFT) with the B3LYP/6–311++G (d,p) basis set to validate the proposed molecular structure 
features by the theoretical computational calculations. Herein, the FT-IR, UV-800, 1H NMR, and 13C NMR 
analytical techniques were used for the characterization of the selected molecule. In FT-IR, the characteristic 
frequencies of the molecule were compared using an appropriate scaling factor (0.961) for the potential energy 
distribution (PED) and simulated spectra of 3B6PL. Moreover, UV-800 and NMR spectral data were validated 
using the NBO that was demonstrated to the charge transfer in the molecules and exhibits a prominent second- 
order perturbation energy, E(2) value is 309.85 kcal/mol. HOMO-LUMO, Molecular electrostatic potential (MEP) 
both find molecule’s electrical properties, as well as its softness, hardness, and overall stability. To understand 
the reactive locations of the molecule, fukui functions have been employed. Moreover, the exceptional NLO (non- 
linear optical) characteristics of the molecule were demonstrated, and intermolecular interactions were evalu
ated using a Hirshfeld surface as well. On the contrary, the druglikeness of the molecule was evaluated under 
Lipinski’s rule of five and ADME/T studies. In-silico analysis and molecular docking were also demonstrated for 
the anticancer potential of the proposed molecule against the kinase insert domain receptors of VEGFR and 
showed binding affinities of -6.3 kcal/mol for the VEGFR-ligand complex as a preliminary investigation. 
Therefore, this compound could be used for in-vitro and in-vivo analyses to find out its cytotoxicity and could also 
be derivatized to enhance its potent anticancer properties.   

1. Introduction 

Presently, disease of cancer is a common ailment among humans 
around the world. Nowadays, awareness as well as treatment related to 
cancer is needed, as is the synthesis of novel anticancer agents [1,2]. 
However, a published 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one 

derivative was chosen for the biological evaluation [3]. The skeleton of 
the synthesized compound exhibited a drug-like molecule, so we 
selected to determine the anticancer properties using in- silico studies as 
well. Moreover, density function theory (DFT) was employed for vali
dation of the characterization of synthesized compound. On the con
trary, the FDA-approved drug 4-(3-(cyclopentyloxy)− 4-methoxy 
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phenyl)pyrrolidin-2-one (Bevacizumab) is known as a multipurpose 
drug for the treatment of many cancers [4]. Therefore, it was chosen as a 
standard ligand for the comparative studies with the synthesized 
molecule due to the conformation among the benzyl rings found in the 
same skeleton Fig 1. 

The FDA has given the drug bevacizumab approval for the treatment 
of number of cancers, in spite of that non-small cell lung, colorectal, 
renal cell, cervical, ovarian, fallopian tube, peritoneal, glioblastoma 
multiforme and hepatocellular carcinomas [5]. The function of this drug 
is to inhibit the activity of the receptors located on the surface of 
endothelial cells, specially Flt-1 (VEGFR-1) and kinase insert domain 
receptor (VEGFR-2) binding to vascular endothelial growth factor 
(VEGF) through active sites found in the structure of the molecule and 
proteins. Hence, the demonstration of strong binding affinities among 
the residues of active sites of targeted proteins by the synthesized 
molecule as well as standard drugs has significant part in evaluation of 
the anticancer activities of synthesized compound as pre-screening [6]. 
In this research, we demonstrated the validation of the molecular 
structure by the DFT, when attempting to address the characteristics of 
enormous systems, the DFT technique effortlessly deal with many and 
difficult problems. Simulation results and experimental results can 
sometimes agree well. Because of its wide range application, it is sig
nificant in biological research. To anticipate the synthesis molecule’s 
vibrational, electrical and structural characteristics with triple zeta basis 
set, a number of spectroscopic methods have been used, including FT-IR, 
UV, and NMR. Theoretical investigations of HOMO-LUMO, UV, MEP, 
NLO was performed for gas, DMSO, water, ethanol and acetone solvents. 
The NMR spectra and single crystal x-ray studies both supported the 
compound’s structure. NBO is examined using the energy of inter-and 
intramolecular stabilization and not only that, we analyzed the 
drug-like properties with the help of computational chemistry like 
ADMET and molecular modeling as well. 

2. Materials and methods 

2.1. To synthesis 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one 

Bhoopendra Tiwari et al. (2022), reported to the synthesis of 3,5- 
dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one (3a) derivatives that was 

published. We chose one molecule (3 a) for the biological demonstration 
as preliminary investigation like druglikeness, ADME/T, in silico anal
ysis, on the basis of the skeleton core of the molecule. However, this 
molecule was synthesized using strategy as α,β-unsaturated aldehydes 
1a (0.2 mmol) and selenyl vinyl ketones 2a (0.1 mmol) were reacted in 
the presence of catalyst A (8 mg, 0.02 mmol) in 1.0 ml of room tem
perature in toluene. Argon was used to purge the reaction chamber 
before Cs2CO3 (13 mg, 0.04 mmol) was introduced (Scheme 1). 
Following a 15-hour period of stirring the reaction mixture at ambient 
temperature, the solvents were removed using reduced-pressure evap
oration. In order to make 3 a in a 75 % yield with 99 % ee, the unpro
cessed material was purified through flash column chromatography 
employing silica gel and a mixture of ethyl acetate and hexane. 

2.2. Experimental details 

The FT-IR Spectrometer of Agilent Cary 630 (Range: 4000–450 
cm− 1), IIRC, Integral University, Lucknow was used to record the 
infrared spectra. DMSO‑d6 was used as the solvent and an Advance-400 
MHz Brucker were generate 1H NMR spectra. The internal standard was 
trimethylsilane, and the chemical shift were represented in ppm units. 
DMSO‑d6 was used to create the 13C NMR spectra using a Brucker AVLL- 
100 MHz (Brucker, Switzerland). For UV spectra the wavelength 
recorded range 230–500 nm are determined using the kinetic Eppendorf 
Biospectrometer. For lattice parameters XRD -Bruker APEX-III CCD was 
utilized. 

3. Computational details 

In computational methods, Gaussian 09 software [7] program 
package is used, Research has shown that the hybrid and 
correlation-functional method B3LYP can strike a favorable balance 
between the precision of vibrational spectra calculations for molecules 
of varying sizes (large and medium) and the computational effort 
required, utilizing DFT approach along with the 6–311++G (d,p) basis 
set [8]. Gaussian View [9] was utilized to perform geometric structure 
optimization and assign vibrational modes for the 3B6PL compound. 
The stationary points in DFT are all minima. By molecular structure 
optimization NBO interactions, HOMO-LUMO analysis, UV studies, NLO 
property, FUKUI functions and the frequencies of all possible vibrations 
with their PED values were obtained, The PED were carried out by VEDA 
[10]. By using frequency checkpoint were run the VEDA for Vibrational 
assignments and Multiwfn software [11] where we analysis the LOL and 
ELF. To acquire NMR chemical shift and identify the chemically 
important region, a GIAO technique was used in conjunction with 
experimental data. Using the crystal explorer [12] programme, the 
hirshfeld molecular surface and its 2D plots was created, the 
drug-likeness and ADME [13] features are attained by using online swiss 
ADME. Molecular docking was done by PyRx [14]. ChemDraw Profes
sional version 15.1 and Chem3D version 15.1 [15] was used to design 
the two-dimensional and three-dimensional structures of the synthe
sized 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one, compound. 
Using the PDB ID: 1QTY, the 3D structure of VEGFR1 was downloaded 
from PDB (http://www.rcsb.org/) and represented by BIOVIA Discovery 
Studio Visualizer 2020 [16]. The structural alteration, geometrical 

Fig. 1. Structure of bioactive molecules and their conformation.  

Scheme 1. Strategy for the formation of 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one.  
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corrections and optimisation processes were carried out using Merck 
Molecular Force Field (MMFF94). Automatic hydrogen predictions are 
made by the web programme protoss for connection of protein-ligand 
complexes. (https://proteins.plus/). The graphical representations 
were made with Origin 6.0 programme [17,18]. 

4. Results 

4.1. The geometrical analysis 

The molecular geometry of (C25H22O2Se) compound for the gas 
phase 3B6PL was optimized at the DFT theory and the optimal structure 
as illustrated in Fig. 2 with gas ground state energy of − 3518.1927 
Hartree, it was discovered to exhibit the C1 point group symmetry [19]. 
The data from single crystal XRD and corresponding crystallographic 
information file (CIF) file of experimental values were used for com
parison. The Cambridge crystallographic data centre (CCDC) has been 
given information on structure under the reference number CCDC 2,057, 
769. It is discovered that 3B6PL has an orthorhombic crystal structure, 
with call dimensions of a = 9.3022 (5) Å, b = 9.9995 (5) Å, and c =
21.2668 (12) Å at temperature 298 K. Lactones are the group of cyclic 
carboxylic ester, The oxygen atom double bonded to the carbon atom in 
part of completing the ring structure that carbon atom attached to 
another oxygen atom. No negative vibrational modes were produced by 
any of the optimized structure, demonstrating that they were all sta
tionary points during the geometry optimization processes. [20] The 
maximum bond length is obtained for (Se15-C16) at 1.9411 Å and their 
experimental value 1.922 Å and (C13-Se15) at 1.9269 Å their respective 
experimental value found at 1.909 Å. The Typical length of C–C bond is 
1.4264 Å, the angle of C–C-C bond ranges from 130.37◦ - 108.96◦

respectively. The molecule exhibit bond length of C8-C10, which is 
found to be 1.512 Å both theoretically and experimentally. The bond 
distance of C2-C3, C3-C4, C2-C7, C6-C7 and C16-C17 are found to be 
1.391,1.395,1.39,1.39 and 1.397 Å (experimental) and slightly varied 
from theoretical values 1.398,1.399,1.393, 1.392 and 1.396 Å The data 
of the theoretical calculation for bond angle C–C-H group of 
C2-C3-H32,C4-C5-H34 and C25-C24-H45 are found experimentally at 
119.5,120.2 and 119.5◦ and for theoretical outcome as 119.5, 120.2 and 
119.5◦ then C–C-C angle were C23-C22-C27 and C25-C26-C27 found at 
118.3 and 121.3◦(theoretical) with the experimental parameters of 
118.3 and 121.3◦ [21]. Table (S1) demonstrates the high consistency 
between the DFT and XRD results when they are compared. 

4.2. Vibrational assignments 

By using vibrational spectroscopy, the molecule’s functional group is 
identified. The compound 3B6PL has 50 atoms and 144 different 
vibrational modes. The calculated frequencies are reduced by 0.961 
scale factor. In Table 1, the PED assignments were reported and the 
observed FT-IR are compared with theoretical values that have been 
calculated has seen in Fig. 3. 

4.2.1. C–H vibration 
The stretching (ϒ) vibrations of C–H atom are visible at 3100–3000 

cm− 1. In 144–132 mode, the scaled wavenumbers 3034, 3039, 3044, 
3054, 3065, and 3076 cm− 1 referred to ϒ(C–H) vibrations and have 
PED value of 90,92,99,94, and 93 %. The experimental value of 3031 
cm− 1 is corresponds with the theoretical value with 90 % of PED. The 
wave numbers of C–H vibrations align with the anticipated range [22]. 

4.2.2. C–C vibration 
The frequencies of C–C stretching fall between 1650 and 1000 

cm− 1. The frequency of phenyl rings are typically 1645, 1622, 1596, 
686, 616 cm− 1. The calculated and scaled frequencies for the phenyl 
rings in title compound are 1596 and 1581 cm− 1, while the corre
sponding observed IR peaks are 1629 and 1574 cm− 1. The C–C bond in 
the 3B6PL has values ranging from 1661 to 616 cm− 1. [23] Theoretical 
C–C vibrational mode values are in close alignment with the results of 
experiments. 

4.2.3. C = O, C–O, and C-Se vibration 
The regions attributed to C = O vibrations in IR spectroscopy are 

1780–1700 cm− 1, in the current investigation, the mode of 122 with a 
wave number of 1763 cm− 1 for C = O peak is determined theoretically 
and compared with experimental wavenumber of 1766 cm− 1, with 89 % 
PED value [24]. When a molecule has a carbonyl group, the absorbance 
generated by C–O Stretching is frequently high. The C–O vibration’s 
observed wavelength range is 1095 cm− 1, while perceived calculated 
values are 1099 cm− 1, and C–O bending vibration is 616 cm− 1, both 
sets of data are in agreement [25]. In IR Spectroscopy, the wavelength 
between 600 and 700 cm− 1 is generally absorbed by the 
selenium-carbon (Se-C) bond. The range 650 cm− 1 this absorption is a 
calculated characteristics of the Se- C stretching vibration in the 3B6PL 
compound, and the experimental results are 662 cm− 1 both values are 
resonated and lies in the range. 

4.3. Frontier molecular orbital 

It reveals compound’s chemical reactivity and provides evidence of 
an eventual charge transfer with in molecules. In 3B6PL, high energy 
gap value indicates its classification as a hard molecule. Gas solvents has 
more energy gap value of 4.375 eV. It denotes hard nature when 
compared to other solvents such as (DMSO, Ethanol, Acetone, water) i.e. 
large HOMO-LUMO gap means less reactive [26]. The solvents effects 
are depicted in Fig. 4. The electron affinity and ionization potential are 
Associated directly to FMO values of donor and acceptor region. 
Compare to other solvents, gas shows minimum electron affinity value 
1.451 eV it means the title compound has readily accept the electrons to 
create bond. Chemical stability may be good measure of chemical 
hardness. According to Table 2, the title molecule’s chemical hardness 
was determined to be 2.187, which is a high value and suggested that the 
molecule is chemically stable. The title molecule, which has a low 
chemical softness of 0.229, also discovered to be theoretically 
non-harmful. The title molecule possess high molecular hardness with 
that of low softness values gives directly assess the electrophilicity index 
has explain the biological activity of title compound [27]. 

4.4. UV spectral analysis 

TD-DFT was employed to perform UV- Vis characterization of the 
3B6PL compound in some kinds of non-polar and polar solvents and the 
absorption maxima for molecules lower-energy singlet states were 
calculated using the B3LYP method [28]. Fig. 5 displays the experi
mental findings together with a comparison of the theoretical spectrum. 
The calculated values of the oscillatory strength, transition coefficient, 
absorption wavelength, and assignments are compared with experi
mental values. The estimated maximum absorption wavelength in gas 
phase, Acetone, DMSO, ethanol and water (338.17 nm, 341.42 nm, 

Fig. 2. Optimized structure of 3B6PL.  
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Table 1 
Calculated and observed Vibrational frequency with assignments for 3B6PL.  

No. of MODES Experimental frequency Theoritical frequency IR INTENSITY RAMAN ACTIVITY PED % c 

IR Unscaled Scaled d Relative Absolutea Relative Absoluteb 

144 – 3201 3076 4.212 0.94 103.6 13.41 ϒ(CH)(93) 
143 – 3197 3073 4.691 1.05 68.98 8.93 ϒ(CH)(93) 
142 – 3192 3068 14.58 3.27 388.2 50.25 ϒ(CH)(94) 
141 – 3189 3065 16.96 3.80 332.9 43.09 ϒ(CH)(91) 
140 – 3185 3061 17.91 4.02 20.77 2.69 ϒ(CH)(97) 
139 – 3178 3054 8.047 1.80 119.6 15.48 ϒ(CH)(92) 
138 – 3177 3053 26.12 5.86 54.40 7.04 ϒ(CH)(82) 
137 – 3168 3044 1.468 0.33 113.6 14.70 ϒ(CH)(96) 
136 – 3167 3043 6.452 1.45 105.7 13.68 ϒ(CH)(86) 
135 – 3162 3039 1.450 0.33 16.27 2.11 ϒ(CH)(90), 
134 – 3161 3038 19.69 4.42 124.2 16.08 ϒ(CH)(86), 
133 – 3160 3037 12.07 2.71 100.7 13.04 ϒ(CH)(89), 
132 3031 3157 3034 5.068 1.14 51.70 6.69 ϒ(CH)(88), 
131 – 3150 3027 8.744 1.96 40.33 5.22 ϒ(CH)(92), 
130 – 3102 2981 14.48 3.25 73.24 9.48 ϒ(CH)(96), 
129 – 3091 2970 20.13 4.51 29.05 3.76 ϒ(CH)(92), 
128 – 3076 2956 8.966 2.01 91.32 11.82 ϒ(CH)(91), 
127 – 3075 2955 10.50 2.35 115.7 14.97 ϒ(CH)(91), 
126 – 3063 2944 6.551 1.47 58.60 7.58 ϒ(CH)(92), 
125 2927 3035 2917 20.35 4.56 105.1 13.61 ϒ(CH)(82), 
124 – 3021 2903 33.98 7.62 432.9 56.03 ϒ(CH)(98), 
123  3010 2893 18.71 4.20 172.9 22.38 ϒ(CH)(92), 
122 1766 1835 1763 446.0 100.0 36.37 4.71 ϒ(OC)(90), 
121 1629 1661 1596 68.67 15.40 772.6 100.0 ϒ(CC)(78), 
120  1651 1587 14.67 3.29 286.6 37.10 ϒ(CC)(62),β(HCC)(16),β(CCC)(10), 
119 1574 1645 1581 5.979 1.34 52.29 6.77 ϒ(CC)(58),β(HCC)(24), 
118 – 1624 1561 1.152 0.26 10.18 1.32 ϒ(CC)(52),β(HCC)(10), 
117 – 1618 1555 35.35 7.93 88.97 11.52 ϒ(CC)(63),β(HCC)(17), 
116 – 1612 1549 0.649 0.15 23.97 3.10 ϒ(CC)(51),β(CCC)(10), 
115 1508 1602 1539 0.830 0.19 12.94 1.67 ϒ(CC)(59),β(HCC)(13), 
114 1496 1541 1481 22.19 4.98 14.78 1.91 β(HCC)(60),β(CCC)(10), 
113 1473 1527 1468 11.21 2.51 0.70 0.09 β(HCC)(59),β(CCC)(18), 
112 – 1505 1446 30.15 6.76 1.32 0.17 β(HCC)(66),β(CCC)(17), 
111 – 1494 1435 2.920 0.65 7.15 0.92 β(HCH)(80), 
110 1434 1492 1434 9.886 2.22 8.45 1.09 β(HCH)(68),Ʈ(HCCC)(20), 
109 – 1490 1432 6.945 1.56 19.23 2.49 β(HCH)(77),Ʈ(HCCC)(21), 
108 – 1484 1426 3.177 0.71 3.42 0.44 β(HCC)(44), 
107 – 1478 1421 3.124 0.70 33.28 4.31 β(HCH)(81), 
106 – 1467 1410 7.736 1.73 1.71 0.22 ϒ(CC)(18),β(HCC)(56), 
105 – 1434 1378 1.751 0.39 2.24 0.29 ϒ(CC)(36),β(HCC)(31), 
104 – 1414 1359 0.637 0.14 37.28 4.83 β(HCH)(95), 
103 – 1382 1328 35.70 8.01 15.80 2.04 β(HCC)(18),Ʈ(HCCC)(22), 
102 – 1368 1314 2.821 0.63 9.23 1.19 β(HCC)(44),Ʈ(HCCC)(16),Ʈ(HCCO)(14), 
101 – 1352 1299 0.589 0.13 11.18 1.45 ϒ(CC)(15),β(HCC)(27),Ʈ(HCCC)(12),Ʈ(HCCO)(15), 
100 – 1347 1295 1.253 0.28 5.12 0.66 ϒ(CC)(11),β(HCC)(75), 
99 – 1342 1290 3.978 0.89 10.89 1.41 β(HCC)(30),Ʈ(HCCC)(13), 
98 – 1339 1287 2.568 0.58 6.90 0.89 β(HCC)(50), 
97 – 1335 1283 0.202 0.05 2.29 0.30 ϒ(CC)(57),Ʈ(HCCO)(11), 
96 – 1322 1271 1.107 0.25 22.06 2.86 ϒ(CC)(66), 
95 – 1312 1261 0.961 0.22 7.89 1.02 ϒ(CC)(68),β(HCC)(11), 
94 – 1286 1236 43.10 9.67 104.6 13.54 ϒ(CC)(11),β(HCC)(33),Ʈ(HCCO)(10), 
93 1209 1264 1214 3.307 0.74 75.87 9.82 ϒ(CC)(19),β(HCC)(11), 
92 – 1233 1185 8.080 1.81 3.45 0.45 β(HCC)(39),Ʈ(HCCC)(17), 
91 – 1232 1184 0.235 0.05 47.50 6.15 ϒ(CC)(66),β(HCC)(13), 
90 – 1227 1179 4.046 0.91 25.58 3.31 ϒ(CC)(36),β(HCC)(16),β(CCC)(11), 
89 – 1212 1165 7.436 1.67 19.44 2.52 ϒ(CC)(15),β(HCC)(58), 
88 – 1204 1157 6.466 1.45 2.05 0.27 ϒ(CC)(15),Ʈ(HCCC)(10), 
87 – 1204 1157 46.12 10.34 29.17 3.78 β(HCC)(83), 
86 1155 1202 1156 11.47 2.57 15.79 2.04 ϒ(CC)(17),β(HCC)(59), 
85 1142 1182 1136 0.026 0.01 3.77 0.49 ϒ(CC)(14),β(HCC)(65), 
84 – 1182 1136 1.549 0.35 4.52 0.59 β(HCC)(64), 
83 – 1153 1108 33.84 7.59 11.62 1.50 ϒ(OC)(14),β(HCC)(24), 
82 1095 1143 1099 33.87 7.59 1.62 0.21 ϒ(CC)(22),β(HCC)(46), 
81 – 1107 1063 117.2 26.28 5.57 0.72 ϒ(CC)(43),β(HCC)(21), 
80 – 1097 1054 26.30 5.90 1.71 0.22 ϒ(CC)(34),β(HCC)(37), 
79 – 1096 1054 245.0 54.95 10.49 1.36 ϒ(CC)(22),ϒ(OC)(16), 
78 1026 1081 1039 3.284 0.74 14.84 1.92 β(CCC)(10),β(HCC)(27),β(CCC)(33), 
77 1019 1060 1018 14.35 3.22 0.40 0.05 β(HCH)(15),Ʈ(HCCC)(61), 
76 – 1053 1012 56.25 12.62 3.05 0.39 ϒ(CC)(16), 
75 – 1050 1009 2.267 0.51 18.41 2.38 ϒ(CC)(31),β(HCC)(19),β(CCC)(22), 
74 – 1042 1001 4.836 1.08 5.83 0.76 ϒ(CC)(12),β(OCO)(18), 
73 997 1039 998 15.31 3.43 42.12 5.45 ϒ(CC)(44),β(CCC)(15), 
72 – 1032 992 23.13 5.19 7.73 1.00 β(CCSe)(41), 

(continued on next page) 
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Table 1 (continued ) 

No. of MODES Experimental frequency Theoritical frequency IR INTENSITY RAMAN ACTIVITY PED % c 

IR Unscaled Scaled d Relative Absolutea Relative Absoluteb 

71 – 1018 978 1.098 0.25 42.45 5.49 ϒ(CC)(45), 
70 – 1013 974 2.129 0.48 77.30 10.01 ϒ(CC)(38),β(CCC)(49), 
69 – 1008 968 8.364 1.88 0.75 0.10 β(HCH)(19),Ʈ(HCCC)(56), 
68 – 1002 963 0.577 0.13 0.43 0.06 Ʈ(HCCC)(76),Ʈ(CCCC)(13), 
67 – 998.1 959 3.956 0.89 0.71 0.09 Ʈ(HCCC)(75),Ʈ(CCCC)(10), 
66 – 993.3 955 34.72 7.79 12.82 1.66 β(COC)(10),β(OCC)(14),β(CCO)(16), 
65 – 989.6 951 115.4 25.87 4.35 0.56 ϒ(OC)(13), 
64 – 984.9 946 0.851 0.19 0.19 0.02 β(HCC)(64),Ʈ(HCCC)(89), 
63 – 984.3 946 2.618 0.59 3.49 0.45 Ʈ(HCCC)(86) 
62 – 979.1 941 0.703 0.16 0.09 0.01 Ʈ(HCCC)(74),Ʈ(CCCC)(21) 
61 917 967.1 929 1.184 0.27 0.21 0.03 Ʈ(HCCC)(69),Ʈ(CCCC)(16) 
60 – 932.0 896 6.310 1.42 1.04 0.14 Ʈ(HCCC)(36), 
59 – 919.6 884 12.40 2.78 0.88 0.11 Ʈ(HCCC)(67), 
58 – 918.5 883 5.647 1.27 1.58 0.20  
57 – 876.6 842 7.366 1.65 12.21 1.58 ϒ(CC)(22),ω(CCSeC)(18), 
56 823 853.8 820 0.340 0.08 0.89 0.12 Ʈ(HCCC)(96), 
55 – 851.5 818 0.208 0.05 0.25 0.03 Ʈ(HCCC)(96), 
54 – 849.3 816 7.934 1.78 6.18 0.80 Ʈ(HCCC)(66), 
53 – 842.8 810 8.820 1.98 2.22 0.29 ϒ(CC)(11),Ʈ(HCCC)(68), 
52 – 833.9 801 18.65 4.18 3.93 0.51 Ʈ(HCCC)(40), 
51 789 816.2 784 5.080 1.14 20.23 2.62 ϒ(CC)(30),β(CCC)(16), 
50 – 791.7 761 8.060 1.81 24.71 3.20 ϒ(OC)(37), 
49 737 756.3 727 21.82 4.89 7.16 0.93 Ʈ(HCCC)(42), 
48 719 748.6 719 49.02 10.99 0.51 0.07 Ʈ(HCCC)(76),Ʈ(CCCC)(11), 
47 – 741.9 713 3.725 0.84 1.35 0.18 ω(OCOC)(38), 
46 – 734.0 705 5.753 1.29 2.46 0.32 Ʈ(HCCC)(19), 
45 690 709.8 682 37.67 8.45 0.15 0.02 Ʈ(HCCC)(36),Ʈ(CCCC)(42), 
44 – 706.5 679 23.14 5.19 0.53 0.07 Ʈ(HCCC)(29),Ʈ(CCCC)(41),ω(CCCC)(19), 
43 662 676.6 650 7.822 1.75 5.62 0.73 ϒ(SeC)(17),β(CCC)(62), 
42 – 670.2 644 3.196 0.72 5.61 0.73 β(CCC)(29),ω(CCOC)(21), 
41 622 660.1 634 2.720 0.61 4.53 0.59  
40 – 641.0 616 3.115 0.70 4.53 0.59 β(CCC)(39),ω(CCOC)(18), 
39 611 635.8 611 0.227 0.05 4.27 0.55 β(CCC)(92), 
38 – 629.6 605 0.147 0.03 4.19 0.54 β(CCC)(78), 
37 – 616.3 592 14.78 3.32 3.28 0.42 ϒ(SeC)(11),β(CCSe)(28), 
36 – 601.7 578 3.189 0.72 3.00 0.39 β(CCC)(31), 
35 – 555.7 534 9.900 2.22 2.96 0.38 β(CCC)(11),β(CCO)(10), 
34 – 528.3 508 14.42 3.23 1.55 0.20 β(COC)(15),β(CCO)(12), 
33 – 507.6 488 4.412 0.99 3.70 0.48 Ʈ(CCCC)(34),ω(CCCC)(11), 
32 – 485.6 467 6.072 1.36 3.59 0.46 β(CCSe)(10),Ʈ(CCCC)(17), 
31 – 472.2 454 8.503 1.91 0.80 0.10 Ʈ(CCCC)(53), 
30 – 415.3 399 0.045 0.01 6.48 0.84 Ʈ(CCCC)(70), 
29 – 413.5 397 0.021 0.00 0.04 0.00 Ʈ(HCCC)(24),Ʈ(CCCC)(72), 
28 – 410.7 395 0.289 0.06 0.17 0.02 Ʈ(HCCC)(19),Ʈ(CCCC)(66), 
27 – 396.8 381 3.765 0.84 0.64 0.08 β(CCC)(37), 
26 – 378.1 363 5.868 1.32 1.18 0.15 ω(OCOC)(13), 
25 – 356.3 342 3.119 0.70 0.94 0.12 β(CCC)(17), 
24 – 349.3 336 0.327 0.07 0.96 0.12 β(CCC)(40), 
23 – 332 319 1.314 0.29 0.43 0.06 β(CCC)(32), 
22 – 302.6 291 1.369 0.31 1.99 0.26 β(CCC)(12),Ʈ(CCCC)(10), 
21 – 300.2 288 0.562 0.13 1.49 0.19 ϒ(SeC)(44),β(CCC)(10), 
20 – 290.8 279 1.079 0.24 2.99 0.39 Ʈ(OCCSe)(10), 
19 – 254.9 245 0.145 0.03 4.78 0.62 β(SeCC)(20),ω(CCSeC)(11), 
18 – 239.4 230 0.573 0.13 5.38 0.70 β(SeCC)(33), 
17 – 219.6 211 0.817 0.18 3.96 0.51 ϒ(SeC)(23),Ʈ(OCCSe)(14), 
16 – 194.9 187 0.539 0.12 2.44 0.32 β(CCC)(15),Ʈ(CCCC)(10), 
15 – 175.9 169 1.266 0.28 2.83 0.37 Ʈ(CCCC)(11),ω(CCCC)(41), 
14 – 153.2 147 1.509 0.34 1.75 0.23 β(CCSe)(16),β(CCC)(11), 
13 – 140.1 135 1.543 0.35 1.70 0.22 Ʈ(CCCC)(18),ω(OCOC)(10), 
12 – 107.2 103 0.409 0.09 3.12 0.40 Ʈ(CCCO)(22), 
11 – 89.29 86 1.126 0.25 2.96 0.38 β(CCC)(13),β(CSeC)(10),Ʈ(CCCC)(13),Ʈ(CCOC)(13), 
10 – 71.35 69 0.646 0.14 1.19 0.15 β(CCO)(10),β(CSeC)(16), 
9 – 64.91 62 1.175 0.26 1.09 0.14 β(CCC)(11),Ʈ(CCCC)(11),Ʈ(CCCO)(15),Ʈ(CCCC)(15), 
8 – 52.04 50 0.874 0.20 2.11 0.27 Ʈ(CCCC)(49),ω(CCOC)(11), 
7 – 49.98 48 0.276 0.06 0.80 0.10 Ʈ(HCCC)(97), 
6 – 41.95 40 0.323 0.07 7.50 0.97 Ʈ(CCCC)(72), 
5 – 38.53 37 0.072 0.02 6.24 0.81 Ʈ(CCCC)(59), 
4 – 28.47 27 0.083 0.02 3.74 0.48 Ʈ(CCCC)(80), 
3 – 25.89 25 0.046 0.01 2.52 0.33 β(CSeC)(16),Ʈ(CCSeC)(14),Ʈ(OCCSe)(12), 
2 – 15.87 15 0.137 0.03 2.54 0.33 Ʈ(CCSeC)(15),Ʈ(CCCC)(47),Ʈ(CCCO)(12), 
1 – 14.29 14 0.155 0.03 5.02 0.65 Ʈ(CCSeC)(51),Ʈ(CCCC)(12),  

a relative absorption intensities normalized with highest peak absorption equal to 100. 
b relative raman intensities normalized to 100. 
c ϒ-stretching, β-bending, Ʈ-torsion, ω- out plane bending. 
d Scale factor: 0.961. 

S. Durgadevi et al.                                                                                                                                                                                                                              



Chemical Physics Impact 8 (2024) 100482

6

341.74 nm, 341.46 nm, and 341.48 nm) the solvents moreover in same 
wavelength, with corresponding energy values are E = 3.666eV, 
3.631eV, 3.628eV, 3.631eV and 3.630eV accordingly. The simulated 
energy gap values are represented in Table 3. The observed absorption 
wavelength in solid phase was 247 nm, it means the shift towards Red, 

with corresponding high Band gap value are 5.02 eV, when compare to 
theoretical. Table (3) lists the solvents with the highest HOMO-LUMO 
contribution (96 %). From the solid phase depicts the smaller value of 
wavelength at 247 nm, it shows better electronic properties [29]. 

Fig. 3. FT-IR Spectra of 3B6PL.  

Fig. 4. HOMO-LUMO plots of various solvent effects for 3B6PL.  
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4.5. MEP 

The relationship between the distribution of nucleophilic and elec
trophilic charges in three-dimensional space around molecules can be 
understood with the help of MEP surface charts, which provide impor
tant visual indicators. It aids in determining the 3B6PL compound’s 
electrostatic potential, size, shape, and reactivity. By using color 
grading, MEP values are displayed. The generated MEP surface map, 
which was created after analysis of the data, revealed that the com
pound’s negative area are located near the oxygen atom, which repre
sent strong negative electrostatic potential and indicates an electrophilic 
attack [30]. Whereas blue indicates the maximum positive electrostatic 
potential around the hydrogen atoms, which indicates a powerful 
attraction known as a nucleophilic attack. The investigated molecule’s 
potential range include − 5.557 e− 2 to 5.557 e− 2 (gas), − 6.718 e− 2 to 
6.718 e− 2 (acetone), − 6.787e− 2 to 6.787e− 2(DMSO), − 6.739e− 2 to 
6.739 e− 2(ethanol), - 6.809 e− 2 to 6.809 e− 2 (water). As gas and sol
vation’s are moreover with the same potential, that atoms are repre
sented. The color grading in decreasing sequence, as seen in Fig. 6, is 
blue > green> red. MEP surface with electron deficient sites is blue, 
while those with neutral areas are a light green shade. Green signifies 
zero electrostatic potential, whereas a small amount of yellow colour 
around the carbon of phenylselenyl and benzyl rings suggests low Ta
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Fig. 5. Simulated and experimental UV–Vis spectra of 3B6PL with 
different solvents. 
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electrostatic potential [31]. The more negatively charged red surface 
region is more suited to interact with atoms that lack electrons. The fact 
that 3B6PL possesses a negative potential at the location of the oxygen 
(O29) atom indicates that the compound may have biological action. 

4.6. Lol and ELF 

The ELF and LOL colour-filled maps produced by the multiwfn 3.8 
program describe the interaction due to covalent bonding, which dem
onstrates molecular orbital delocalization. The ELF map in the current 
investigation has a scale spectrum that spans from 0.000 to 1.000 as 
represented in Fig. 7. The presence of carbon atoms on a blue surface 
with a lesser than 0.500 range indicates that the electron is delocalized 
and scale values larger than 0.500 reveal a strong ELF region [32], 
which indicates that the H-atom in the red surface area is highly local
ized. The LOL map has a region of 0.0 to 0.8 bohr, and LOL reaches its 
highest value with a value of more than 0.5, the white area in the middle 
of the hydrogen atom in (H30,H35) indicates an electron density that is 
more than 0.8 it is more than the highest limit of the colour scale. 

4.7. Hirshfeld surface analysis 

Investigations of interaction within the molecular structure is done 
using hirshfeld surface analysis. The 3B6PL compound uses CIF as input 
file. In 3B6PL, surface analysis and 2D finger prints were created. The 
title compound in 3D with several parameters, including dnorm 
(− 0.1607–1.2617), shape index (− 1.0000–1.0000) and curvedness 
(− 4.0000–0.4000) were shown in the Fig. 8a. it is explicable by the 
colour scheme, red areas denote near proximity to neighbor molecule, 
blue spots longer proximity, and white spots proximity around 

Table 3 
Experimental and theoretical values of electronic properties for 3B6PLcompound with various solvents.  

Experimental Theoretical 

Wavelength (nm) Band gap(eV) Solvents Energy (eV) Wavelength (nm) Band gap(eV) Osc. Strength (a.u) Major contribsa 

247 5.02 Gas 3.6663 338.17 3.666 0.0958 H–>L(95 %)   
Acetone 3.6314 341.42 3.631 0.1219 H –>L(96 %)   
DMSO 3.6280 341.74 3.628 0.1254 H –>L(96 %)   
Ethanol 3.6309 341.46 3.631 0.1219 H- ->L(96 %)   
Water 3.6307 341.48 3.631 0.1196 H –>L (96 %)  

a -H-Homo, L- Lumo. 

Fig. 6. MEP map of 3B6PL compound.  

Fig. 7. ELF and LOL colored diagram and contour maps.  
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vanderwalls separation [33,34]. Over all molecules in a full fingerprint 
interaction, the interior and exterior intermolecular contacts have 
contributed. In two-dimensional finger print plots on the hirshfeld sur
face and their percentage contributions are displayed in Fig. 8b. The 
significant interaction determined with H–H(48.5 %),C–H(16.5 %), 
O–H(6.8 %),Se-H(3.5 %) surface with neighboring molecules. 

4.8. NBO analysis 

The NBO analysis utilized to identified the orbital bonding’s 
maximum electron density, transferring of charges, interactions of donor 
and acceptors of 3B6PL molecule. To determine intra- and intermolec
ular bonding’s as well as donor and acceptors stabilization energies E(2), 

in NBO by applying second order perturbation theory. The intense 
interaction it indicates across accepting and donating electrons shows 
large stabilization energy. In the study it shows the transportation of 
charges from antibonding π* (C16-C21) with occupancy of 0.3854 to π* 
(C19-C20) with the occupancy of 0.3356 involving highest stabilization 
energy of 309.85 kcal/mol. The lone pair electron donor LP(2)-O29 has 
been shown to interact strongly with antibonding acceptor σ*(C10-O11) 
is reason for strong electron delocalization it cause the next maximum 
E2 value of 36.65 kcal/mol and this lone pair with antibonding σ*(C8- 
C10) having the energy value 17.13 kcal/mol. [35] The hyper-
conjugative interaction between LP(O) atom and the π* orbitals LP 
(2)-O11 → π*(C10-O29) and π* (C12-C13) has the next high E2 value 
of 33.04 and 25.28 kcal/mol. The delocalization of π electrons from 

Fig. 8. a) Hirshfeld surface (i)dnorm, (ii)curvedness, (iii) shapeindex.  

Fig. 8. b) Fingerprint plots view of total surface of 3B6PL compound with individual contribution.  
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π(C24-C25) distribute to π*(C22-C23) and π(C26-C27) → π*(C24-C25) 
and π(C22-C23) → π*(C26-C27) and the delocalization from π(C6-C7) → 
π*(C2-C3) and π(C4-C5) → π*(C6-C7) and π(C4-C5) → π*(C2-C3) leading 
to some stabilization energy of 23.24, 21.61, 21.23 kcal/mol and 20.93, 
20.81 and 19.95 kcal/mol as illustrated in Table (S2). The lone pair LP 
(2)-Se15 to antibonding π*(C16-C21) having E(2) value 9.15 kcal/mol 
and σ electron delocalized from carbon and selenium (C13-Se15) to σ* 
(O11-C12) represents less E(2) value of 7.97 kcal/mol was detected 
[36]. 

4.9. Fukui function 

The Fukui functions, which were computed from the NBO charges, 
define electrophilic and nucleophilic properties. It involves the 
computation of addition or termination of one electron from a molecule, 
it has a negative value when one electron is introduced to a molecule 
electron density is turn down. As a result, when density rose in some 
areas, the electron was removed from the molecule. [37] It demonstrates 
where density changes. The entire understanding of the reactivity order 
and position of electrophilic and nucleophilic sites is unmistakably 
explored by dual descriptors study. The atom C18 has large negative 
dual descriptive of − 0.124 indicates that the atom has greater electro
philic attack is in the order of C18>H43>H42>C27>
H41>H40>C21>O29>C10>H48>H47>H37>C13>H31>H30 was 
expressed in Table (S3). The highest positive dual descriptive for the 
atom C19 is 0.195, and it has a nucleophilic attack. In terms of reac
tivity, the atoms are in the following order C19>Se15>C20>C24>
C17>H39>C16>C1>C8>C25>O11>C12>C7>H32>C3>H33>H45. 
[38] 

Studying the local softness can provide insight into the significant 
role of biological investigations, as well as ligand and protein 
interactions. 

4.10. NLO-properties 

The simplest and least expensive method to discover the NLO char
acteristics is by DFT computing. The gas phase and other solvents 
(Acetone, ethanol, DMSO, water) of 3B6PL’s properties were deter
mined and tabulated in Table 4. Optoelectronics, optical data processing 
and numerous industrial applications all make use of nonlinear optical 
material. The NLO of Compounds is Resultant from polarizability of 
electrons in bonding orbitals [39]. The title compound has first order 
hyperpolarizability (β0), polarizability (α) and molecular dipole moment 
(μ) are 5.8822 × 10− 30esu, 9.1721 × 10− 23 and 1.4584 Debye. In order 
to compare with urea which is the threshold material, it has the β0 value 
of (0.372 × 10− 30 esu). [40] As shown in Table (4) β0 of 3B6PL in gas 
phase is 5.8822 × 10− 30e.s.u., which is 16 folds more than urea. 25 times 
greater polarizability in acetone and ethanol (β0 = 9.4634 × 10− 30esu& 
9.4815 × 10− 30esu) and 26 times greater in DMSO and water 

(β0=9.5131 × 10− 30esu& 9.5231 × 10− 30esu). The differences in such 
properties support the solvents have made 3B6PL has more polarizable. 
Higher value of β0 and non-zero value of dipole moment results could 
indicate good NLO material, which are regarded as a crucial kinds of 
compound in medical chemistry. 

4.11. NMR studies 

The magnetic properties of molecular nuclei are dependent on their 
chemical environment are a viable explanation for the geometrical, 
magnetic and chemical characteristics of 3B6PL using NMR. Utilizing 
TMS as an internal reference and DMSO‑d6 as solvent, the proton and 
carbon NMR of the 3B6PL was obtained as shown in Fig S1 (a) and (b). 
The combination of the NMR and computed simulation using GIAO 
technique yields a potent tool for deciphering and forecasting the 
structure of massive biomolecules. The 3B6PL was examined both 
experimentally and theoretically for 1H NMR and 13C NMR analysis, as 
shown in Table 5. In the δ- lactone ring, the calculated chemical shift of 
13C NMR, C-atoms coupled with O and H-atom by double bonds were 
found to be 177.03 and 121.76 ppm for C10 and C13 atom, respectively. 
While 170.17 and 104.99 ppm were found to represent the comparable 
experimental shift. C28 is a methyl group, and it falls within the ex
pected range of 10–40 ppm with a value of 21.83 ppm. [41] since the 
aromatic proton signals anticipated range is 4–9 ppm, the obtained 
theoretical chemical shift of H45, H35,H34,H41,and H33 which is from 
7.6 to 7.45 ppm, is in accordance with the experimental results of 7.49 to 
7.28 ppm. [42] Moreover, a quick scan of the literature revealed that the 
chemical shift measurements of related compounds showed very strong 
correlation. 

Table 4 
The calculated NLO properties of 3B6PL.  

NLO properties GAS ACETONE DMSO ETHANOL WATER NLO properties GAS ACETONE DMSO ETHANOL WATER 

Dipole moment μ (debye) Hyperpolarizabilityβ (x10¡30e.s.u) 
μx 0.6890 0.8962 0.9045 0.8988 0.9072 βxxx − 39.5949 − 75.8228 − 68.7023 − 73.8373 − 65.9788 
μy 0.9679 1.4485 1.4819 1.4586 1.4929 βxxy 173.6488 269.022 269.66 269.3099 269.6722 
μz 0.8459 1.1085 1.1265 1.1139 1.1325 βxyy − 90.9188 − 354.438 − 377.308 − 361.294 − 385.035 
μ(D) 1.4585 2.0323 2.0696 2.0436 2.0819 βyyy 247.7276 216.9974 196.4095 211.0237 189.042 
Polarizabilityα (x10¡23e.s.u) βzxx − 35.9561 − 86.0071 − 87.1773 − 86.4065 − 87.4694 
αxx 350.0047 449.3775 455.2962 451.1786 457.2401 βxyz 65.80709 155.7779 163.6877 158.1318 166.3998 
αxy − 4.5601 − 1.9923 − 1.7918 − 1.9311 − 1.7264 βzyy 192.1149 341.9156 349.088 344.1388 351.3563 
αyy 397.6971 536.9175 545.2331 539.4494 547.9609 βxzz 22.21748 22.54518 23.42244 22.79982 23.73473 
αxz 8.9833 11.7009 11.8510 11.7468 11.8998 βyzz 237.5173 524.2406 545.9551 530.8168 553.145 
αyz 0.3692 0.9524 0.7961 0.9095 0.7348 βzzz − 23.0456 − 141.75 − 163.189 − 147.977 − 170.862 
αzz 256.2608 368.2379 376.9380 370.8570 379.8544 βtot (e.s.u) 5.88e− 30 9.46e− 30 9.51e− 30 9.48e− 30 9.52e− 30 

α (e.s.u) 4.96e− 23 6.69e− 23 6.80e− 23 6.73e− 23 6.84e− 23       

Δα (e.s.u) 9.17e− 23 1.17e− 22 1.19e− 22 1.18e− 22 1.19e− 22        

Table 5 
Observed and calculated 13C chemical shifts for 3B6PL in DMSO‑d6 solvent.  

Atoms Experimental (ppm) Theoretical Chemical shift (ppm) 

H45 7.491 7.6604 
H35 7.471 7.6495 
H34 7.381 7.5305 
H41 7.361 7.5416 
H33 7.284 7.4555 
H37 2.924 3.0696 
H48 2.685 2.7269 
H9 2.509 2.7408 
H30 2.491 2.7998 
H38 2.418 2.5811 
H50 2.377 2.3147 
C10 170.17 177.031 
C22 137.88 136.5981 
C20 132.87 134.225 
C19 130.35 131.5256 
C13 104.99 121.7669 
C1 41.5 41.2055 
C14 35.33 38.8728 
C28 21.41 21.8323  
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4.12. Drug-likeness and ADME 

4.12.1. Novel 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one exert 
drug-like properties 

In order to identify drug-like properties resembling those found in 
medications, the Drug Determination Program (DDP) operates by eval
uating a group and recognizing corresponding attributes.it does this by 
using physicochemical, lipophilicity, pharmacokinetics and drug like
ness analyses. The online tool ADMET (Absorption, Distribution, Meta
bolism, Excretion, and Toxicity) can be employed for the purpose of 
scrutinizing these properties [43–46]. To evaluate the drug-like char
acteristics of our recently created molecule, we also used covert 
AI-based methods, such as study of Lipinski’s rule of five and ADME, 
inside the same framework. According to Lipinski’s rule, any chemical 
substance has to conform to a set of physicochemical characteristics in 
order to be considered suitable drug-like molecules. 

The molecular weight should be (M.W. < 500 Da), the number of H- 
bond donors (HBDs: < 5) which is within range, H-bond acceptors 
(HBAS) must be less than 10, rotatable bonds should less than 10, to
pological polar surface area (TPSA) has the maximum thresholds of 140 
Å2, and (Log P) remaining below the threshold of 5 constitute a number 
of these descriptors [26,27]. According to the initial drug-likeness study, 
the synthetic 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one met 
Lipinski’s standards for acceptable scores of five as in Table 6. In brief, 
the synthesized compound was found to have a molecular weight (M.W.) 
of less than 500 daltons, and its HBD and HBA counts fell within the 
desired ranges of fewer than 5 and 10, respectively. On contrary, it was 
also demonstrated that the compounds have either 4 or 5 rotatable 
bonds, which is within the acceptable range of fewer than 10. 

Contrarily, the permeability of drug candidate has frequently been 
evaluated using study of Log P in order to account for the possibility of 
hydrophobicity in the drug distribution pattern, while the TPSA is 
employed to determine the polarity and trans-membrane transit of 
substance [47]. Log P and TPSA analyses revealed the synthesized 
compound has an advantageous Log P value (Log P <5). Additionally, 
the values for TPSA were reported as being less than 140 Å2 for both 
manufactured and standard molecules (TPSA < 140 Å2, range 47.56 to 
26.30 2), and less than 140 Å2 for compounds. These characteristics 
show that the distinct synthesized molecule passes all drug-likeness tests 
which may then be evaluated potential pharmacological effects [48]. 

4.12.2. Novel 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one has 
acceptable ADME properties 

The most important and essential point in the screening for chemical 
library for subsequent drug development is to predict various pharma
cological metrics, such as ADME, utilizing AI-based in-silico techniques. 
The 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one that was synthe
sized showed variable aq. solubility ranging from 4599.46 mgL− 1, ac
cording to our ADME investigation. The anticancer drug of choice, 
bevacizumab, has the highest aq. solubility (642.480 mgL− 1). However, 
blood-brain barrier (BBB) penetration scores (1.67161 C. brain/C. 
blood) were determined to be less than 2 [49–52]. To sum up, Table 7 
reveals that the synthesized compound showed either poor or moder
ated transport against BBB. 

The DDP’s most important measurement has been identified as the 
assessment of the permeability of Caco-2 and MDCK cells [45–47]. 
PreADMET predicted the absorption of MDCK and Caco-2 cells. Ac
cording to this investigation, the synthesized compound had a Caco-2 
permeability range of 34.9837 nm/sec, which indicated that it had a 
moderate permeability toward Caco-2 cells. Similar to how the synthe
sized compound in the current investigation shown decreased perme
ability across MDCK cells, varied from 0.0444 for nm/sec. In several 
cellular models, the permeability scores of 4, Greater than 4 to 70 and 
Greater than 70 nm/sec indicate, respectively, low, intermediate, or 
elevated permeability [53]. 

An investigation of permeability through skin and epidermal linings, 
as well as the Caco-2, BBB and other MDCK cells are regarded to be of 
considerable significance as it deals with transdermal medicine delivery 
and unintentional contact with dangerous chemical compounds [54]. In 
this regard, it was found that the newly synthesized compound’s skin 
permeability score (Log Kp) was negative (− 2.4491 cm/h), which is 
within the permissible range for therapeutic medicines [55]. High M.W., 
solubility, and HBAs and HBDs are a few of the characteristics that 
control how medications behave after entering the bloodstream and 
reaching their intended target tissues, but plasma protein binding (PPB) 
may be the main unfavorable factor [56]. Chemical species with very 
high PPB scores typically exhibit greater circulating persistence or a 
longer plasma half-life (t1/2). More significantly, as the circulation 
percentage of drug is usually associated with their potent pharmaco
logical actions, high PPB efficiency also affects therapeutic efficacy [57, 
58]. The PPB for unique synthesized compound varied from 100 % to 
created chemical in a similar vein. Bevacizumab had a somewhat lower 

Table 7 
ADME indices of novel 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one.  

S. 
No. 

Compounds Skin 
permeability 

HIA (%) BBB (C. 
Brain/C. 
Blood 

Aq. 
Solubility 

MDCK cell 
Permeability 
(nm/sec) 

PPB (%) CYT. p450 
2D6 
substrate 

CYT. p450 
2D6 
inhibition 

Caco2 cell 
permeability 
(nm/sec) (logKp; cm/ 

h)  
(mg/L) 

1 3,5-dibenzyl-6-(p- 
tolyl)− 3,4- 
dihydropyran-2-one 

− 2.4491 − 1 1.67161 4599.46 0.0444 100 Non inhibitor 34.9837 

2 bevacizumab − 3.77187 95.0585 0.2162 642.48 187.974 70.9957 Non inhibitor 53.7801 

*Human intestinal absorption (HIA): Blood brain barrier (BBB):Plasma protein binding (PPB). 

Table 6 
Drug-likeness studies of novel 3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one.  

Molecular descriptors Drug-likeness analysis 

MW HBA HBD TPSA (Å2) Log Kp (cm/s) Rotatable bonds (RB) 
(g/mol) 

Drug Bevacizumab 275.34 3 1 47.56 − 6.41 4 
Drug-like synthesized molecule 435.42 2 0 26.3 − 4.71 5  

S. Durgadevi et al.                                                                                                                                                                                                                              



Chemical Physics Impact 8 (2024) 100482

12

PPB efficiency (only 70.995 %), which may have been due to poor ab
sorption and dispersion as well as its ineffectiveness in treating various 
cancers [59]. 

4.13. Molecular docking studies 

3,5-dibenzyl-6-(p-tolyl)− 3,4-dihydropyran-2-one wasput through 
PyRx to find optimum inhibitor of the binding affinity domain of human 
1QTY protein. The protein represented by a grid box of X=25xY=25 x Z 
= 25 points, and the grid spacing was employed X= 72.0897, Y =
48.5255, Z = 77.2097 [60]. Molecular docking holds significant value as 
a virtual technique for distinguishing stability of docked complexes 
considering their binding affinities (kcal/mol) at specific RMSD (root 
mean square deviation) values. Drug-like properties of selected syn
thesized compound have been successfully demonstrated. Further, we 
also evaluated their anticancer properties as a preliminary investigation 
using molecular docking. However, Bevacizumab has authorized by the 
FDA (Food and Drug Administration) as multipurpose drug to treat of 
cancer which was selected as a standard drug for the molecular docking 
investigations [61]. Actually, this drug is used in those types of cancer 
that develop endothelial cells related to the Flt-1 and kinase insert 
domain receptors of VEGFR. Although the VEGF receptor has greater 
significance not only in physiological but also in most pathological 
vasculogenesis as well as angiogenesis, like cancer, Therefore, docked 
complexes were showed the binding affinities − 6.3 kcal/mol for the 
VEGFR-Ligand complex (A) and − 5.9 kcal/mol of VEGFR-standard drug 
(B), respectively . Docked complexes with their 2D structures are shown 
in Fig. 9. 

5. Conclusions 

In conclusion, we have successfully demonstrated the 3B6PL’s po
tential inhibitor’s impact against non-small cell lung, colorectal, renal, 
cervical, ovarian, fallopian tube, peritoneal, glioblastoma multiforme, 
and hepatocellular carcinomas as a preliminary test. Further, vibrational 
assignment was performed with PED, and the vibrations of 3B6PL were 
clearly seen in both theoretical and experimental spectra with high 
agreement. Theoretical geometrical parameters and experimental XRD 
results were examined and found to resonate. The experimental char
acterizations were accomplished for FT-IR, UV, XRD, and NMR. In 
UV–Vis spectra, molecules in various solvents exhibit identical absorp
tion wavelengths that are in line with the results of experiments, 
demonstrating that the solvents are non-effective on the molecule’s 
optical activity and that the electronic property is revealed. Moreover, 
HOMO-LUMO parameters indicate that 3B6PL was showed a good 
chemical reactivity; this molecule anticipated to have both positive and 
negative sites based on characteristic from MEP, surface analysis, and 
Fukui function. To gauge the level of electron localization, ELF was 
developed. The compound’s structure has been resolved using NMR 
spectroscopy. Hirshfeld with dnorm, shapeindex, and curvedness with 
accompanying 2D fingerprint plots provides information on the inter
molecular interaction and biological activity of the molecules. Accord
ing to NBO research, the transition from anti-bonding σ*(C10-O11) to 
lone pair (O29) transitions has the greatest influence and the highest 
stabilization energy. First order hyperpolarizability was used to explore 
the NLO characteristics, and the results demonstrate increased dipole 
moment, polarizability values in solvents phase, water and DMSO has 26 
times higher polarizability than urea. The bioreactivity and toxic ac
tivity of the molecule were predicted by ADME and druglikeness, which 

Fig. 9. Docked complexes with their 2D structures.  
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made it possible to use the molecule as a pharmaceutical compound. The 
docked complexes were demonstrating the binding affinities − 6.3 kcal/ 
mol for the VEGFR-Ligand complex (A) which is the lowest binding 
energy when compared to VEGFR- standard drug (B), this study shows 
the 3B6PL compound may have a greater anti-cancer activity. 
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