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a b s t r a c t

Theoretical investigations on the molecular geometry, vibrational and electronic environment of (2E)-1-
(4-aminophenyl)-3-(4-benzyloxyphenyl)-prop-2-en-1-one (APBPP) are presented for the first time. The
vibration frequencies simulated were thoroughly analysed employing DFT/B3LYP using 6-311++G(d,p)
basis set and compared with experimental FT- Raman and FT- IR data which showed good agreement
vice-versa. Optimised molecular equilibrium geometry of the title compound was carried out.
Vibrational assignments of wave numbers with PED (potential energy distribution) was done using
VEDA software and the quantum chemical calculations of the molecular geometry were scaled using
quantum mechanics. The title molecule showcased excellent results on HOMO - LUMO energies, NMR
chemical shifts, 3.73 eV band gap, electronegativity (v), chemical potential (l), softness (S), global hard-
ness (g). The low softness value (0.261) and thehigh value of electrophilicity index (4.0323) explains the
biological activity of the title molecule. The reactive sites of APBPP were thoroughly investigated by
Mulliken charges, MEP (Molecular electrostatic Potential) and Fukui functions. Thermo dynamical envi-
ronment of the title compound for different temperatures were studied which reveals the correlations
between entropy (S), heat capacity (C) and enthalpy changes (H) with temperatures. The title compound
was docked into the reactive sites of antiviral (SARS-CoV-1,2) and anticancer protein using molecular
docking tool and it showed excellent results compared to the ongoing clinical trials. The paper explains
the experimental analysis which are in line with the quantum calculations and presents an optimistic evi-
dence via Molecular docking studies. The synthesized compound against various panels of microorgan-
ism projects its ability to be the most potential drug to treat various pathologies in pharmacy Industry.
� 2020 Elsevier Ltd. All rights reserved.
Selection and peer-review under responsibility of the scientific committee of the National Conference on
Material Science.
1. Introduction

The outbreak of the global pandemic human coronavirus
COVID-19 is severe acute respiratory syndrome [1]. The severity
of the virus COVID-19 which originated from China can vary from
asymptomatic to several fatal diseases. At present, there are no
registered therapies for treating the infected patients. In order to
aid the available antiviral drugs, there are many ongoing trials
across the globe, and most of them are yet to exhibit efficacy.
Recently in a clinical trial, ritonavir, and erlotinib an antiviral drug
was used to inhibit the action of RNA polymerase and was
observed to reduce the recovery record in some positive cases.
However limited information is available for the safety and effec-
tiveness of the drug [2]. The title compound is of curcumin origin
and is biologically active for many diseases the present investiga-
tion is focussed on acute respiratory syndrome-like non-small cell
lung cancer (NSCLC) and antiviral SARS-CoV-1 docking as an
attempt to evaluate the inhibitory activity of chalcones against
SARS-COVID 19.
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Historically Chalcones have widespread applications in clinical
chemistry, so it has induced vast interest among the researchers.
Chalcone abundances in nature and their origin being flavonoid
makes them to display anticancer [3], antibacterial [4], antiviral
[5], antifungal [6] and many other activities. Amino Chalcones
has been reported to be an effective antibacterial drug [7].
Thorough literature survey revealed that hardly any work on Den-
sity Functional studies has been done for the title compound there
were and no reports on the antiviral action of amino chalcones
against COVID 19. Hence the present study was carried out to
report an elaborative analysis of the title compound
usingB3LYP/6-311++G(d,p) basis set. Spectroscopic analysis
likeFT-IR and FT-Raman were performed using the same. Structure
of APBPP was optimised using Gaussian 09 W. Properties like
HOMO LUMO, Molecular electrostatic potential, thermodynamics
and vibrational characteristics shows the information about trans-
fer of charge within the title molecule. From Mulliken and Fukui
function studies the biological activity of APBPP was confirmed.
Lung cancer is most commonly spreading cancer worldwide and
80 to 85% percent cases are affected with NSCLC. The patients
affected with Lung cancer and those affected with the SARS virus
will have the acute respiratory syndrome. Since these pathologies
suits symptoms of the current ongoing pandemic caused due to
coronavirus (COVID-19) an attempt was made with Molecular
docking to understand the reactive sites of Amino Phenyl Benzy-
loxy Phenyl chalcone to be an effective drug for various respiratory
diseases. It was interesting to note that the title compound was
better than the standard drugs and thus kindles the interest of
many researchers in drug design.
2. Experimental details

The sample was re-crystallised with ethanol by slow evapora-
tion method to get single crystals. The title compound was charac-
terized by analytical methods using Perkin Elmer FT-IR
spectrometer in the range 4000–400 cm�1 with 1.0 cm�1 resolu-
tion under KBr pellet technique. FT- Raman was recorded on
Brucker RFS 27:FT-Raman spectrometer in the range from 4000
to 50 cm�1 using Nd-YAG 1064 nm laser. All the experiments were
done at IIT (SAIF) Chennai, India.
3. Computational details

The structure of the molecule has been optimized at B3LYP/6-
31++G(d,p) level and B3LYP is well known to reproduce the exper-
imental results of an organic molecule to a greater extent [8]. The
present work explains the frequency calculation to confirm the
optimized geometry corresponding to the ground state with the
lowest energy on the potential energy surface and the optimized
structure shows all real frequencies. Introduction to the scaling
factor was employed to rectify small errors in the resultant fre-
Fig. 1. Optimized geometric structure
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quencies. Veda software [9] was used to study vibrational assign-
ments and PED calculations. UV–Vis spectra investigation by TD-
DFT method with 6-311++G(d,p) basis set for the gas phase have
been done. The 1H and 13C NMR chemical shift were calculated
with gauge-including atomic orbital (GIAO) approach by applying
B3LYP/6-311++G(d,p) method of the title molecule. To have a
greater understanding of APBPP, Frontier molecular orbital’s
(FMO) analysis has been done at the same level. To gain further
insights into the UV– visible absorption spectrum, Time- Depen-
dent Density Functional Theory (TDDFT) calculation was carried
out. The Polarisable continuum model (PCM) implemented in
Gaussian was utilized to include solvation during TDDFT calcula-
tions. All the calculations have been performed using G09 software
[10]. Further investigations on chemical reactivity of the title com-
pound along with its reactive sites were analysed using HOMO
LUMO energies and the reactive descriptors like hardness, softness,
electrophilicity and electro negativity index. Auto dock tools (ADT)
4.2.6 [11] were used to investigate the docking nature of the title
compound.
4. Results and discussion

4.1. Computational geometry

The B3LYP optimized ground state geometry is given in Fig. 1
and the computed bond parameters are given in Table1. From
the table is found that computed bond parameters are compared
with that of the synthesized crystal structure by the author [12]
and it is clear that there is an excellent agreement between the
crystal structure and the optimized geometry. The computed bond
lengths suggest that APBPP shows excellent delocalization
throughout the molecule. The title molecule adopts itself to P21/
n space group and its melting point is 140 �C. For instance, the
C–C bond lengths are found to occur between their single (�1.54
Å) and double (�1.32 Å) bond limits. Thus, this APBPP molecule
shows partial double bond character. Also, the optimized geometry
indicates that the benzyloxy moiety is not coplanar with the cen-
tral benzylidene moiety. The computed bond parameters show a
slight variation with the experimental results. This is due to inter-
molecular interaction under the influence of the solid phase envi-
ronment which was absent in optimized geometry (gas phase).
4.2. Vibrational analysis

The Fourier Transform Infra Red spectra and Fourier Transform
Raman spectra for a molecule explains the various spectral bands
at specified wave numbers. In this section vibrational analysis aims
at predicting the exact vibrational modes and its corresponding
observed bands. The title APBPP consists of 44 atoms and 126 nor-
mal modes of vibration.
of APBPP with atom numbering.



Table 1
Computed Bond Lengths and Bond Angles of APBPP for selected atoms at B3LYP/6-31+
+G(d,p) level.

S.No. Parameter Crystal Structure* Optimized Geometry

A Bond Length (A�)
1 C1-C2 1.3845 1.4096
2 C1-O9 1.3729 1.4066
3 C1-N27 1.3696 1.3882
4 C11-O26 1.2281 1.2335
5 C21-O28 1.3317 1.3617
6 C14-C12 1.3191 1.3493
7 C5-C6 1.3963 1.3915
B Bond Angle (�)
1 C1-C2-C4 120.8224 120.4598
2 N27-C1-C2 120.463 120.7084
3 O25-C11-C12 120.055 120.629
4 C12-C14-C16 128.3883 128.2524
5 C21-O28-C29 112.8236 118.6031

* Taken from Ref [12]
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A comparative graphical representation of the experimental and
theoretical FTIR and FT-Raman spectra at B3LYP/6-311++G(d,p) is
presented in Fig. 2. The computed vibrational frequencies for the
title molecule with unscaled B3LYP/6-311++G(d,p) is found to be
slightly higher than the experimental results. A scaling factor of
0.961 was adopted as compensation to errors occurring due to
incompleteness of basis set and vibrational anharmonicity and also
to match the experimental and theoretical values. The experimen-
tal and scaled frequencies are tabulated in Table 2. Using VEDA
software relative intensity for theoretical frequencies were calcu-
lated. The detailed assignment on the fundamental modes of the
title molecule were proposed using vibrational concept and is
presented.

4.2.1. N–H vibrations
Aromatic amines absorbs in the range 3500–3000 cm�1. A

strong vibrational N–H stretching band appears in the range
3390 ± 60 cm�1 [13]. Amino group frequencies for N–H stretching
appear near 3500–3300 cm�1 and the frequencies near 1700–
1600 cm�1 for scissoring and 1150–900 cm�1 for rocking deforma-
tions [14]. In the present work the elevation of the spectral lines of
N–H stretching due to the hydrogen bond, is the indication of N–H
bond dependency towards protonation. The excellent agreement
between the experimental and scaled frequency with broad bands
and 100% of PED contribution at 3558 and 3450 cm�1 for the title
compound shows that it is a complete stretching mode. The title
compound also shows bending vibrations in 1619 /1595 cm�1 in
FT-IR and in 1604/1592 cm�1 theoretically.
Fig. 2. Comparative spectrum
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4.2.2. C–H vibrations
The nature of C–H vibrations are highly polarized and they tend

to appear in highly strong Raman intensive regions they are also
found in the range of 3100–3000 cm�1 for most of the heterocyclic
amines [15]. In APBPP C-H stretching are observed at 3080 cm�1 in
FT-Raman and FT-IR spectrum. The peak representing the C–H
stretching band is observed in the region 3098 to 2903 cm-1for
APBPP by theoretical method with high PED contributes to a pure
stretching band. Unlike other amine derivatives the C–H in plane
bending and out of plane bending are depicted around 1300–
1000 cm�1 and 800–710 cm�1 respectively. In the present case
the bending vibrations show fairly good agreement with literature
survey and experimental results and are seen in 1489 cm -1 (FT-IR)
and 1488 cm�1.

4.2.3. C–O vibrations
C–O Vibrations occurs in the range of 1870–1540 cm�1 based on

the physical and electronic environment with hydrogen bonds
[16]. In the present study C-O vibrations are foundat
1646/1035 cm�1 theoretically with PED value 48% and at
1625/1026 cm-1 in FT-Raman, 1024 cm�1 in FT-IR with PED value
57% respectively. The bending O–C–C vibrations of APBPP has been
noticed at 594, 335 cm�1 for FT -IR and 631, 334 cm-1 for FT -
Raman with its theoretical wave number of 626, 335 cm�1. Further
the present case exhibits C-O-C bending mode at 298, 197 cm�1 for
FT-Raman with its B3LYP wave number as 282,199 cm-1. The above
results of experimental and B3LYP are in line with literature sur-
vey. The PED contributions are tabulated in Table 2

4.2.4. C-C and C–C–C–C vibrations
The influence of C–C Vibrations on aromatic rings are in the

range from 1650�1400 cm�1. The C-C ring stretching frequency
for heterocyclic alkenes are expected to lie in the range of 1300–
800 cm�1 [17]. APBPP molecule exhibits C–C stretching of various
intensities at 1585, 1572, 1268, 1232, 1070, 984 cm�1 by theoret-
ical method. Experimental values of FT-Raman lie in the range of
1583, 1572, 1351, 1250, 1232, 1073 cm�1 for APBPP. IR bands were
observed at 1555, 1345, 1242, 1094 cm�1. From the results it is
well noted that the scaled and experimental values lie in the same
line with a maximum PED contribution of C-C stretching is 53%.
Bending vibrations were also seen in APBPP molecule.

C–C–C modes for the presentcompound in FT-IR has been pre-
dicted at 1094, 988, 816, 638, 681, 662, 514, 490, 390 cm-1 and
the prominent FT-Raman vibrations are ascribed at 997,700, 490,
390, 250 cm�1 with its corresponding theoretical values of 1096,
989, 817, 694, 681,657, 508, 490, 398, 282, 259 cm�1. The usage
of FT- Raman and FT-IR.



Table 2
Vibrational Assignments of the title compound using PED.

Modes Frequencies(cm-1) IR intensity Raman Activity VibrationalAssignments

Experimental Theoretical

FTIR FT-Raman Unscaled Scaled* Relative Absolute** Relative Absolute

126 3558 – 3703 3558 23 4 90 1 tNH (100)
125 3469 – 3590 3450 65 11 566 6 tNH (100)
124 – – 3224 3098 18 3 164 2 tCH (95)
123 – – 3222 3097 20 3 103 1 tCH (93)
122 – – 3217 3092 8 1 67 1 tCH (96)
121 3086 – 3213 3088 3 1 74 1 tCH (95)
120 3080 3080 3208 3082 19 3 379 4 tCH (92)
119 – 3078 3203 3078 1 0 47 0 tCH (84)
118 – 3074 3198 3073 29 5 55 1 tCH (90)
117 – 3070 3194 3070 7 1 21 0 tCH (90)
116 – 3065 3188 3064 9 2 118 1 tCH (87)
115 3060 3061 3184 3060 10 2 77 1 tCH (94)
114 – 3055 3179 3055 3 0 100 1 tCH (92)
113 – 3053 3176 3052 6 1 13 0 tCH (100)
112 – 3051 3174 3051 33 6 147 2 tCH (93)
111 – 3049 3174 3050 17 3 179 2 tCH (97)
110 3036 3040 3165 3041 1 0 23 0 tCH (98)
109 2949 3069 2949 22 4 38 0 tCH (100)
108 2857 2869 3021 2903 34 6 25 0 tCH (100)
107 – 1625 1713 1646 13 2 56 1 tOC (48) + tCC(23)
106 1619 – 1669 1604 5 1 14 0 bHNH (57)
105 1595 – 1660 1595 24 4 53 1 tCC (22) + bHNH(11)
104 – – 1660 1595 24 4 53 1 tCC (29)
103 – – 1656 1592 0 0 87 1 tCC (19) + bHNH (16)
102 – – 1656 1592 0 0 87 1 tCC (49) + bCCC(10)
101 – 1582 1650 1585 420 71 356 4 tOC (22) + tCC (20)
100 1555 1583 1650 1585 420 71 356 4 tCC (34)
99 – 1572 1635 1572 1 0 16 0 tCC (18)
98 1572 1570 1634 1570 441 75 9548 100 bHCC (48) + bCCC (12)
97 1546 1545 1608 1545 45 8 58 1 bHCC (49)
96 – 1540 1605 1542 165 28 2199 23 bHCC (63)
95 1489 1488 1551 1490 11 2 282 3 bHCH (84)
94 1486 – 1547 1486 252 43 14 0 tCC (10) + bHCC (28)
93 1422 – 1535 1475 2 0 0 0 tCC (43) + bHCC (28)
92 1455 – 1518 1459 46 8 11 0 tCC (43) + bHCC (13)
91 1422 1421 1490 1431 6 1 2 0 sHCOC (65)
90 – – 1472 1415 26 4 98 1 bHCC (30)
89 1383 – 1462 1405 57 10 307 3 tCC (54) + bHNC(11)
88 1345 1351 1411 1356 64 11 113 1 tCC(13) + bHCC (30)
87 1325 – 1380 1326 115 19 163 2 tCC (22) + bHCC (61)
86 – 1299 1374 1321 12 2 8 0 tCC (33) + bHCC(10)
85 1290 1300 1361 1308 1 0 246 3 tCC (11) + bHCC (47)
84 – – 1360 1307 1 0 3 0 bHCC (16)
83 – – 1359 1306 0 0 5 0 tNC (17) + bHCC (23)
82 – – 1342 1289 132 22 50 1 tNC (28) + bHCC (14)
81 1274 – 1325 1273 67 11 124 1 tCC (14) + tOC(43)
80 1269 – 1325 1273 4 1 3 0 bHCO (75)
79 – 1250 1320 1268 217 37 8 0 tCC(31)
78 1242 1232 1282 1232 515 87 208 2 tCC (28)
77 – 1199 1247 1199 4 1 7 0 tCC (11) + bHCC (36)
76 1167 1194 1244 1195 260 44 163 2 bHCC (51)
75 – 1190 1240 1191 144 24 79 1 bHCC(26)
74 – 1173 1235 1187 31 5 370 4 bHCC (29)
73 – 1159 1205 1158 19 3 87 1 bHCC (77)
72 – 1157 1205 1158 52 9 98 1 tCC (24) + bHCC (52)
71 – 1148 1196 1149 591 100 488 5 tCC (24) + bHCC (62)
70 1132 – 1185 1139 0 0 4 0 tCC (33) + bHCC(38)
69 1103 – 1153 1108 50 8 18 0 tCC (14) + bHNC (53)
68 1094 – 1140 1096 10 2 21 0 tCC(43) + bCCC(11) + bHCC(11)
67 – 1073 1113 1070 3 1 0 0 tCC (53)
66 1024 1026 1077 1035 11 2 47 0 tOC (57)
65 – 1016 1052 1011 1 0 30 0 sHCC(90)
64 – – 1044 1003 172 29 409 4 tOC(12) + bCCC(53) + bCCO(10)
63 988 997 1029 989 134 23 20 0 bCCC (70)
62 – – 1024 984 26 4 4 0 tCC (21) + bCCC(61)
61 – – 1023 983 17 3 6 0 sHCOC(54)
60 970 – 1019 979 54 9 115 1 sHCCC(71)
59 – – 1016 977 9 2 75 1 sHCCC(59) + sHCCN(21)
58 – – 1004 965 6 1 2 0 sHCCC (45) + sHCCC(39) + sCCCC(10)
57 – – 1004 965 2 0 0 0 tHCCC (34) + sCCCC(14)
56 956 956 996 957 0 0 0 0 sHCCC (54) + sCCCC(13)

(continued on next page)
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Table 2 (continued)

Modes Frequencies(cm-1) IR intensity Raman Activity VibrationalAssignments

Experimental Theoretical

FTIR FT-Raman Unscaled Scaled* Relative Absolute** Relative Absolute

55 – – 982 944 0 0 0 0 sHCCC(58) + sCCCC(18)
54 – – 973 935 1 0 0 0 sHCCC (76)
53 – – 952 915 0 0 1 0 bCCC (24)
52 910 – 947 910 1 0 0 0 sHCC(57) + lOCCC(13)
51 – – 938 902 31 5 3 0 bOCC (14)
50 – 887 905 870 1 0 65 1 sHCCC (99)
49 846 845 880 846 0 0 12 0 sHCCN (24)
48 – – 876 842 40 7 17 0 bCCC(15)
47 – – 858 824 0 0 1 0 sHCCC (46) + sHCCN(20)
46 816 – 851 817 3 0 7 0 bCCC(13)
45 814 813 847 814 3 0 9 0 sHCCC (57) + sHCCN(11)
44 800 – 839 806 91 15 2 0 sHCCC (74)
43 794 790 826 794 2 0 50 1 tCC (23) + bHCC (11)
42 788 788 820 788 0 0 1 0 sCCCC (11) + lOCCC(25) + lNCCC(10)
41 782 – 816 785 26 4 1 0 sHCCC (36)
40 695 – 782 751 3 1 7 0 sCCCC (47) + lCCOC(13)
39 732 – 759 729 3 1 8 0 sHCCC (33) + sCCCC(16)
38 – – 751 722 54 9 5 0 sCCCC (13) + l(31) + lNCCC(10)
37 638 700 722 694 1 0 0 0 bCCC (55)
36 681 – 708 681 35 6 0 0 bCCC (33)
35 662 – 684 657 5 1 0 0 bHCC (33) + bCCC (11)
34 – 631 652 626 1 0 7 0 bHCC (79)
33 594 631 651 626 9 2 24 0 bOCC (21)
32 – – 637 612 10 2 14 0 bOCC (10) bCCC (41)
31 – – 634 609 0 0 5 0 sCCCC (14) + sCCCO (13) + lCCOC(33)
30 – – 609 585 63 11 6 0 lCCCC (18)
29 539 520 547 526 14 2 30 0 lNCCC (27) + l CCCC (11)
28 514 – 528 508 21 4 3 0 bCCC (19) + lNCCC (11)
27 500 – 527 506 2 0 8 0 tHNCC (80)
26 496 494 515 494 39 7 24 0 tHCCC (20) + sCCCC (18) + sCCCO
25 490 490 510 490 2 0 10 0 bCCO(14) + bCCC(11)
24 442 442 459 441 473 80 67 1 sHCCC (14) + sCCCC(54)
23 418 419 428 411 1 0 0 0 sCCC (36)
22 409 408 425 408 32 5 2 0 sCCCC (25)
21 – – 418 402 2 0 1 0 bNCC(43)
20 388 389 415 399 3 0 2 0 tCCCC (46) + lCCOC(10)
19 390 390 414 398 5 1 5 0 bCCC (29) + sHNCC(51)
18 367 367 382 367 1 0 4 0 bCCC (37) + sHNCC(38)
17 364 365 379 364 0 0 1 0 sCCCC(40) + lCCCC(17)
16 335 336 349 335 9 2 0 0 sCCCC (31) + lCCCC(13)
15 335 334 348 335 6 1 0 0 bOCC (12) + s CCCC (12)
14 – 298 293 282 4 1 7 0 bCCC (24) + bCOC(11)
13 – 283 288 277 9 2 4 0 sCCCO (33) + sCCCC(14)
12 – 250 270 259 0 0 3 0 bCCC (28)
11 – 223 210 202 0 0 3 0 sCCCC (47)
10 – 197 207 199 0 0 1 0 bCOC (12) + l CCCC (10)
9 – 97 103 99 3 0 1 0 sCCOC (57) + sCCCC(10)
8 – 87 91 87 1 0 0 0 sCCCC (57) + lCCCC (11)
7 – 64 67 64 0 0 1 0 sCCOC (14) + sCCCC(33) + sCOCC(22)
6 – 60 64 61 0 0 0 0 bCOC (13) + bCCC(22) + bOCC(20) + lCCCC(21)
5 – 27 29 28 1 0 3 0 bCCC (12) + sCCCC(22) + sCOCC(17)
4 – _ 27 26 1 0 4 0 bCCC (11) + sCOCC (22) + sOCCC(11)
3 – _ 25 24 1 0 5 0 sCCCC (35) + sOCCC (50)
2 – _ 15 15 0 0 6 0 sCCCC (21) + sCCOC (11) + sCOCC 13) + sOCCC(25)
1 – _ 13 13 0 0 4 0 sCCCC(67)

* Scaling factor 0.958 for B3LYP/6-311++G(d,p), t-stretching, b-in plane bending, l -out plane bending, s- torsion.
** Normalized to 100.
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of appropriate scaling factor maintains a good agreement between
the B3LYP values and the experimental wave numbers along with
PED and is presented in the Table 2.

4.2.5. Torsion and other vibrations
In APBPP Chalcone, out vibrations with moderate PED values

are also produced. In the title Chalcone the H-C–C torsion vibra-
tions are estimated at 1016, 1011 cm�1 in FT-Raman spectrum
and based on normal co-ordinates calculation method the theoret-
ical values were noted at 1011, 870 cm�1 with a high PED contribu-
tions of 90%, 99% respectively. C–C-C torsion vibrations were
assigned at 418/419/411 cm-1in FT-IR/FT-Raman/theoretical spec-
2820
trum with 36% PED. H-C–C–C torsion wave numbers is found in
the region 970, 956, 814, 800, 782, 732, 496 cm�1 at FT- IR spectra
and 956, 813, 494 cm�1 at FT-Raman and its equivalent B3LYP val-
ues is 979, 957, 814, 806, 785, 729, 494 cm�1 along with its PED
values as listed in the Table 2. Torsion vibrations for H-C–C-N
and H-N-C–C appears in the region of 846, 500 cm�1 at FT-IR spec-
tra and 845 cm�1 at FT-Raman spectra and 846,506 cm�1 for B3LYP
with 24%,80% PED contributions respectively. The assigned out
vibrations of APBPP O-C–C–C atoms are listed at 910, 788,
695 cm-1in FT-IR and 947, 788 cm�1 in FT-Raman with its theoret-
ical predictions at 910, 788, 751 cm�1 andlow PED values. Mixed
vibrations of C-C–C–C (torsion + out) were also found in the title
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molecule. The above experimental results and B3LYP values of
APBPP are in good compliance.
Fig. 4. Molecular Electrostatic Potential (MEP) of APBPP using Gauss View.
4.3. Thermodynamical properties

In thermodynamics partition function plays a key role in inter-
linking Quantum Thoery and spectroscopy. The investigations on
thermal nature of a compound plays a vital role in designing of
functional materials under the conditions of high pressure and
temperature. Using Thermo.pl software [18] and B3LYP/6-311++G
(d,p) level the thermodynamical functions such as entropy (S),
enthalpy (dH) and heat capacity (Cp) for the title compound was
found to be increasing with increase in temperature from 100 K
to 1000 K. Fig. 3 shows that the title compound has more stability
and storage capacity and also an accreditation to the enhancement
of spectroscopic vibrational intensities. The correlation equations
of temperatures verses entropy, enthalpy and heat capacity are
studied and the fitting factors (R2) were found to be.

S = 301.79479 + 1.39375 T-2.81681 � 10�4 T2(R2 = 0.99998)
Cp = 1.87833 + 1.39845–5.7889 � 10�4 T2 (R2 = 0.99865)
H = �9.87912 + 0.11799 + 4.1737681 � 10�4 T2 (R2 = 0.99946).
According to the second law of thermodynamics [19] the above

inferences are used to evaluate the thermodynamic energies and
proximate directions of thermo chemical reactions with thermody-
namic parameters.
4.4. MEP (Molecular Electrostatic Potential)

Molecular Electrostatic Potential (MEP) is a three dimensional
visual methodology in analysing the charge distributions at the
surface and around the molecule. It is an excellent descriptor to
study molecular structure, electrophilic and nucleophilic reactive
sites, nature of hydrogen bond interactions and also about the
interaction of the molecule with neighbour [20]. The various col-
ours ranging from �6.19 � 10�2eV to 6.19 � 10�2eV indicates the
distinct electrostatic potentials; red indicates the most negative
electrophilic regions of the electrostatic potential, white and blue
indicates the most positive nucleophilic regions of the electrostatic
potential. Green indicates neutral potential. In the present study as
seen in Fig. 4 negative regions shows strong attraction over O and
N atoms. The positive regions shows repulsion over H atoms. These
analysis predicts that APBPP could be biologically active.
Fig. 3. Graphs representing the effect of temperature on entropy, specific heat
capacity and enthalpy.
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4.5. Frontier molecular orbital

The opto-electronic parameters of the structure of the title com-
pound were obtained using Frontier theory at the B3LYP/6-31++G
(d,p) basis set. Frontier Molecular Orbital’s (FMOs) such as highest
occupied molecular orbital (HOMO) and lowest unoccupied molec-
ular orbital (LUMO) is used to draw useful information on the opto-
electronic properties of various organic molecules [21]. The
electron donors will be present in HOMO and the innermost orbital
unoccupied by the electrons performs as the electron acceptor.
EHOMO has the electron-donating capability of the molecule. The
greater the HOMO energy the more will be the electron donating
capability. The energy gap DE ¼ 3:81eV between the HOMO, and
LUMO orbital’s indicates the reactivity and stable structure of
APBPP. Therefore, the FMOs including HOMO�1, HOMO, LUMO
and LUMO + 1 are obtained from the optimized geometry and are
shown in Fig. 5. HOMO and LUMO predominantly occupy the cen-
tral benzylidene and p-amino benzylic moieties leaving the benzy-
loxymoiety. However, it is interesting to look into the LUMO + 1 of
the molecule where benzyloxy unit contributes a lot towards the
stabilization of LUMO + 1. The parameters obtained using quantum
chemical calculations for the title compound APBPP at B3LYP/6-31
++G(d,p) are tabulated in Table 3. From the FMO study, it is evident
that the compound exhibits good transfer of charge within the
molecule and from the values of electron affinity we understand
the electro nuclear attraction of APBPP. Low softness value reveals
that the title compound is less toxic and high electrophilicity index
highlights the biological activity of the compound [22].

4.5.1. UV–visible spectral analysis
Theoretical UV–visible spectrum of the title molecule is shown

in Fig. 6. From the graph, it is observed that the electron absorption
Fig. 5. Frontier Molecular Orbital for APBPP.



Table 3
Calculated energy values of APBPP using B3LYP/6-311++G(d,p).

Parameter Value

EHOMO (eV) �5.8328
ELUMO (eV) �2.879
Ionization Potential 5.8328
Electron Affinity 2.879
Energy gap(eV) 3.8178
Electronegativity 3.9234
Chemical Potential �3.9234
Chemical Hardness 1.9089
Chemical Softness 0.2619
Electrophilcity Index 4.0323

Table 4
Calculated absorption Maxima , Electronic Transition Energies (DE, eV), and Oscillator
Strength (f) of Cross Linked Polymer in Ethanol Solvent Calculated Using TD-DFT
Method.

kmax(nm) eV f0 Assignment

380.23 3.6441 0.1641 HOMO-1? LUMO (96%)
252.04 4.7314 0.1335 HOMO? LUMO + 1 (68%)

Table 5
Theoretical chemical shifts of 1H and 13C NMR.

Atoms Chemical shifts Atoms Chemical shifts

26-H 9.926 1-C 165.611
42-H 9.702 8-C 150.145
31-H 9.470 22-C 142.741
39-H 9.047 3-C 132.732
27-H 8.677 13-C 129.894
29-H 8.637 19-C 126.580
38-H 8.541 24-C 124.101
35-H 8.429 6-C 122.113
28-H 8.369 5-C 121.059
34-H 8.353 18-C 120.523
36-H 8.335 21-C 120.477
40-H 8.304 14-C 120.154
41-H 8.284 16-C 119.708
30-H 7.946 23-C 110.159
32-H 5.963 10-C 117.599
33-H 5.557 2-C 110.159
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corresponds to transition to the first excited state from the ground
state [23]. It explains the electronic excitation from the highest
occupied molecular orbital (HOMO) to the lowest (LUMO) with
96% contribution and is referred to as p to p* transition. The calcu-
lated electronic transition energies, absorption wavelength and
oscillator strength were calculated by the TD-DFT method with
6-311++G(d,p) basis set. All the calculations were done assuming
the title compound was in liquid phase with ethanol as solvent.
The calculated results of UV–Visible spectral data were listed in
Table 4. The band gap energy calculated from TD-DFT method is
3.73 eV and is comparable with many other bioactive compounds
[24].
44-H 4.999 7-C 106.637
43-H 4.932 12-C 66.705
4.6. NMR analysis

The Nuclear Magnetic Resonance spectrum is used in the anal-
ysis of structure of organic compounds. The chemical shift analysis
of title compound is presented in Table 5. It is one of the frequently
used tools to identify the reactive organic species. The theoretical
carbon (13C) and proton (1H) NMR chemical shifts are calculated
using the B3LYP/6-311++G(2d,p) GIAO method [25] with ethanol
as a solvent and is shown in Fig. 7. Gauge Invariant Atomic Orbital
method is one of the most important techniques to calculate iso-
tropic nuclear magnetic shielding tensors [24]. The chemical shifts
are tabulated relative to the internal standard reference TMS,
dppm = 0 ppm. Usually, for an organic molecule, the chemical shift
range is above 100 [26]. Mostly highly shielded atoms are found
near downfield and vice versa. The chemical shift values of protons
on carbon belonging to a methyl group was expected to be in the
range 2–5 ppm [26]. The observed theoretical chemical shift of
1H is from 3.81 � 9.92 ppm and are in line with the reported val-
ues. The signals at 5.55 and 5.96 ppm are due to the amino group
in the title compound.
Fig. 6. UV spectrum of APBPP.
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The carbon attached to the oxygen will have a maximum chem-
ical shift and is found at 165.61 ppm in the title compound. The
carbons of the Phenyl ring lies in the range 120.15–150.14 ppm
and the range from 106.83�119.93is due to C@C environment for
the title compound. The singlet at 66.70 ppm corresponds to the
carbon present in the CH2 group because it has a more electroneg-
ative atom attached.
4.7. Charge distribution analysis

The analysis on the natural atomic charge distribution on the
title molecule using Mullikan Population Analysis (MPA) plays a
vital role in the complete understanding of the atomic environ-
ment of the molecule like chemical and ionization potential and
further to analyze the influence individual charge on every atom
present in the title molecule, the electronic structure, polarizabil-
ity, dipole moment and various other molecular characteristics of
the system [27]. The bar graph depicts the corresponding charge
distribution in Fig. 8. From the graph it is evident that all hydrogen
atoms show positive charge. The highest positive charge is due to
(C19) than all other atoms in the compound may be due to nega-
tively charged (N25) and (C20) atoms. Similarly the highest nega-
tive charge is due to (C24). Least positive charge is shared by (H26
and C18) which may be due to the methyl group of APBPP. Addi-
tionally the presence of negatively charged (O4,O11) atom act as
donor and the transfer of charge takes place from the two oxygen
atoms to the neighbouring sites of carbon atoms.

One of the most extensively used DFT descriptor to understand
the chemical reactivity of a chemical system is Fukui functions.
This plays a vital role in interpreting the most prone atom to
undergo an electron density based electrophilic or nucleophilic
attack. According to Parr and Yang [28] Fukui functions can also
be defined as

f r
- = q r (N)-q r (N-1)

f r
+ = q r (N + 1)-qr (N)

f r
0 = 1/2 [q r (N + 1)-q r (N �1)]



Fig. 7. NMR spectrum of 13C and 1H.

Fig. 8. Bar Graph of Mulliken Charge distribution.

Table 6
Mulliken Charges , Fukui Functions and Local softness for APBPP.

Atoms Mulliken atomic charges Fukui Functions Local Softness

(N) (N-1) (N + 1) fr + fr - fr 0 Df sr + fr+ sr-fr- sr0 fr0

1C 0.256 �0.235 �0.267 �0.523 0.491 �0.016 �1.014 �0.141 0.129 �0.004
2C �0.194 0.241 0.058 0.252 �0.435 �0.092 0.687 0.068 �0.114 �0.024
4O �0.346 �0.419 �0.571 �0.225 0.073 �0.076 �0.298 �0.060 0.019 �0.020
7C �0.137 0.442 0.386 0.523 �0.579 �0.028 1.102 0.141 �0.152 �0.007
10C �0.049 �0.579 �0.576 �0.527 0.53 0.001 �1.057 �0.142 0.139 0.000
11O �0.344 �0.209 �0.297 0.047 �0.135 �0.044 0.182 0.013 �0.035 �0.012
14C �0.053 �0.335 �0.302 �0.249 0.282 0.017 �0.531 �0.067 0.074 0.004
17C �0.092 0.034 0.001 0.093 �0.126 �0.016 0.219 0.025 �0.033 �0.004
18C �0.058 �0.44 �0.431 �0.373 0.382 0.004 �0.755 �0.100 0.100 0.001
21C �0.08 0.197 0.157 0.237 �0.277 �0.020 0.514 0.064 �0.073 �0.005
22C 0.132 �0.162 �0.119 �0.251 0.294 0.022 �0.545 �0.067 0.077 0.006
25 N �0.471 �0.419 �0.559 �0.088 �0.052 �0.070 �0.036 �0.024 �0.014 �0.018
30H 0.105 0.188 0.126 0.021 �0.083 �0.031 0.104 0.006 �0.022 �0.008
31H 0.088 0.089 0.068 �0.020 �0.001 �0.010 �0.019 �0.005 0.000 �0.003
42H 0.086 0.061 0.049 �0.037 0.025 �0.006 �0.062 �0.010 0.007 �0.002
43H 0.212 0.329 0.277 0.065 �0.117 �0.026 0.182 0.017 �0.031 �0.007
44H 0.213 0.342 0.291 0.078 �0.129 �0.026 0.207 0.021 �0.034 �0.007
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The signs �, +, 0 show electrophilic, nucleophilic and radial
attack in that order. where q r is the charge of an atom (from Mul-
likan Charges)in the rthsite and N (neutral), N-1 (cationic), N + 1
(anionic) within the system. The differentiation of an atom as elec-
trophile or nucleophile for selected atoms is tabulated in the
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Table [6]. In the title molecule the nucleophilic sites are
2C,7C,11O,17C,21C,30H,43H,44H and the electrophilic sites are
1C,4O,10C,14C,18C,22C,25 N,31H,42H. From the results it is
observed that APBPP shows change in density against electron
alteration in the preferred regions and exhibits chemical reactivity
[29] Table 6.
4.8. Molecular docking procedure

Molecular docking studies is a search algorithm for the best ori-
entation of the small molecules known as ligand which perfectly
fits in to the target protein’s cavity and therefore plays a vital role
in drug design and therapy. It is also used to analyze the affinity
and binding orientation of the molecule with the target. In this pre-
sent study a graphical tool known as Auto Dock suite 1.5.6 (ADT) is
used to predict how the ligand bind with a receptor in 3D.
4.8.1. Protein setup
The crystal structures of (PDB ID: 2W2G) [30], (PDB ID: 6LU7)

[31], and (PDB ID: 1M17) [32] were obtained from the RCSB Protein
Data Bank [34]. All the water, non-interacting ions and the co-
crystallized inhibitors were removed. AutoDockTools (Version
1.5.6) was used to prepare the proteins for molecular docking.
Polar hydrogens were added, Gasteiger charges and Kollman
charges were calculated to examine its minimum binding energy
and the generated PDBQT files were saved. Centers were con-
structed using grid box parameters in AutoDockTools.
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4.8.2. Ligand setup
The 3D structure of APBPP was prepared by Chemdraw Pro12.0

software. [Chemical Structure Drawing Standard: Cambridge Soft
Corporation, USA (2010)]. The title compound was selected as
ligand and the docking studies were done to the proteins and a
comparative study has been done for the title compound against
the standard drug used for antiviral (SARS-CoV-1,2) and NSCLC
lung cancer treatment. The structures of the two FDA-approved
protease drugs (ritonavir, and erlotinib) were obtained from the
Drug bank database RCSB [33]. All the ligand structures were opti-
mized using PASS an online tool [34] and converted to PDB format
using Open Babel software. Auto Dock tools were used to dock, the
ligand into the active sites. The title compound acting as a ligand
was computed with partial charges by the Geistenger method.
The ligand was added with torsion information depending on
which torsions need to be rotated during docking and was saved
as PDBQT format.

4.8.3. Docking against antiviral and anticancer proteins
The docking parameters namely binding energy (kcal/mol),

inhibition constant (lm), and intermolecular energy (kcal/mol) of
Table 7
Docking Parameters of APBPP.

Protien PDB Bonded Residues Hydrogenbonds

2W2G-SARS-CoV-1 (APBPP) LYS505
CYS39

2

2W2G-Ritonavir GLU 52
ARG 628

2

6LU7 -Covid19 (APBPP) GLU16
ALA2
VAL3
LEU4

4

1M17-Lung cancer (APBPP) THR766
ALA719
LEU764
GLY772

4

1 M17-Erlotinib LEU654
GLY678
GLY684
THR759

4

Fig. 9. Docking conformations of APBPP (ligand
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the APBPP molecule with respect to the target proteins are com-
pared with the standard drug and is tabulated in Table 7. The
best-docked conformation was analyzed by the minimum binding
energy of APBPP molecule with different residues of the proteins of
antiviral (2W2G-SARS, 6LU7- COVID-19) and anticancer (1M17-
LUNG CANCER) against the standard drug ritonavir [2,36] and erlo-
tinib [35] are presented in Fig. 9. The chalcone fits tightly into the
inhibition site of the 6LU7 COVID-19 protein [31] forming four
hydrogen bonds (H-bonds) with residues GLU16, ALA2, and
VAL3, LEU4, and also in 1M17 NSCLC protein, four hydrogen bonds
were formed (GLY772, THR766, LEU764, ALA719). Interestingly
APBPP is found to be a stronger inhibitor of COVID-19 than riton-
avir as it exhibits a larger negative binding energy and better inhi-
bition constant than ritonavir, which is an inhibitor drug that is in
the clinical trials for COVID-19 [2]. APBPP is better than a standard
drug-like erlotinib used for lung cancer. Though APBPP forms four
hydrogen bonds and is comparable with erlotinib it shows higher
binding energy and inhibition constant than erlotinib.The benzy-
loxy oxygen, the carbonyl oxygen, and the nitrogen of the amino
group act as H-bond acceptors for the active-site residues. From
the binding structures, it is noted that atoms O2, O4, O11 and
Bond length (Å) Binding enegy (Kcal/mol) Inhibition constant(ki)

1.79
2.16

�4.79 309.30 lmol

2.53
1.84

�4.38 1.38 lmol

1.98
2.59
1.84
1.96

�9.47 632.98 nmol

2.68
2.33
2.49
2.93

�8.53 3.32 mmol

2.53
2.82
2.87
2.71

�7.11 2.67 mmol

) a) 2W2G,6LU7, Erlotinib,1M17,Ritonavir.
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H22, H36, H43, H44, N25 were undergoing hydrogen bonds with
the protein residues in the title compound. The least value of the
inhibition constant gives the minimum value for binding energy
which indicates the increase in biological activity and hence lower
dosage of the drug for clinical trials [37].The binding energies of
the present work is compared with that of standard drugs
[38,39], and the amino acid residues such as MET165 and VAL2
are also observed in APBPP as in the literature. These results high-
light that a stable complex is formed from the docked ligand with
the target proteins and hence makes the title compound to be a
suitable drug for various acute respiratory syndrome specially
SARS-CoV-2 virus and lung cancer treatment. Further experimental
analysis is required to validate this point.

5. Conclusion

In the present study a proper vibrational assignments for a
novel (2E)-1-(4-aminophenyl)-3-(4-benzyloxyphenyl)-prop-2-en-
1-one Chalcone derivative has been reported from FT-IR and FT-
Raman, UV and NMR spectral analysis. A comparative study on
experimental and theoretical investigations on the optimized
structure was found to be in good agreement for the title molecule.
The significant variation in HOMO -LUMO energies supports polar-
ization within the molecule and further the high electrophilicity
index and least value of softness confirms the that APBPP is biolog-
ically active. MEP and Fukui calculations reveals the positive and
negative sites within the molecule. Thermodynamical properties
for APBPP Chalcone and its correlation for various temperatures
are reported and can be used for further research on the title com-
pound in the context of its thermodynamic properties and also to
estimate the direction of chemical reaction. Molecular docking
for the title molecule on three different proteins related to respira-
tory syndrome was done and compared with standard drug using
Auto Dock suite software. These results show that title Chalcone
can be used as an effective respiratory drug in pharmaceutical
industry due to its optimistic blend with anticancer and antiviral
SARS -CORONA proteins and economical to synthesize. This is a
unique observation on APBPP as a potential drug. Hence the title
compound paves its way for the clinical chemists to proceed fur-
ther research in chalcone drug design.
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