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ABSTRACT

In this present work, the theoretical vibrational frequencies of 4-oxo-4H-chromone-3-
carboxaldehyde have been calculated by HF and DFT (B3LYP) methods with the basis set 6-
311G++ (d, p) and the experimental FT-IR and FT-Raman spectra of the title molecule is also
recorded in the region 4000 - 400 cm™. The calculated vibrational frequencies are compared with
the experimentally observed spectra and a detailed assignment of the vibrational spectra of the titled
molecule is carried out. The HOMO-LUMO, Natural Bonding Orbital and Molecular Electrostatic
Potential analysis of the titled compound have been performed to understand the charge transfer,
conjugative interaction, nucleophilic, electrophilic reactive sites and hydrogen bonding interaction
in the molecule system. Drug likeness, the drug bioavailability and molecular docking study of the
investigated compound have also been performed. The titled compound possess a better binding
affinity with residues of TRP 89 A, ARG 82A, THR 90A, LEU 86A, GLY87 A, ILE88A, GLUA
33, PRO A34, PHE123A by making hydrogen bonds n-n and 7-o interactions. This result reveals
that, the existence of an unsaturated reactive aldehyde at the C-3 position can react as acceptor and it
seems to be accountable for various biological activities and provides a profound knowledge about
the design of the drug related with this target protein in the pharmaceutical industry.
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INTRODUCTION

Biological activity mainly depends upon on the molecular structure and hence the
relationship between molecular structure and biological activity can be understood with the
knowledge of the complete vibrational spectrum. Chromone is the parent compound of flavonoids
which imbibes oxygen naturally and is found in normal human diet'. Most of the natural and
synthetic chromone derivatives have found wide range of biological application’. The title
compound 4-0x0-4H-chromone-3-carboxaldehyde also known as 3-
Formylchromone(3FC)with chemical formula CioHsOs is a benzo- -pyrone, substituted by an
aldehyde group in the position C-3. The 3FC is plays the significant role in various chemical
reactions as reduction, oxidation, radical nucleophilic addition, many types of annulations,
cycloaddition reactions and shows an assorted building block in synthesis of heterocycles
compound®*. Depending on the nature of the functional group present at the position three, the 3FC
is a versatile synthons for the synthesis of a variety of novel heterocyclic derivatives possessing
diverse biological applications such as antifungal, anti-viral, anti-microbial, anti-allergenic, anti-
inflammatory and anticancer®. Due to its wide range of chemical and biological application of the
titled compound, a detailed quantum computational and vibrational spectroscopic study is required in
current research. Even though a partial analysis of the 3FC is carried out by Agnieszka Dziewulska-
Kulaczkowska etal®, the lack of complete vibrational analysis of the titled compound can lead to an
experimental FTIR, FT-Raman spectral analysis along with quantum computational study for
thorough understanding of the investigated molecule. In this the present work, the optimized
molecular structure of the titled molecule is computed by HF and DFT method. The theoretically
calculated IR, Raman spectra are compared with the experimentally observed vibrational spectra
using FT-IR and FT-Raman techniques and the detailed assignment of the vibrational spectra are
assigned. The Frontier molecular orbital (FMO), Molecular electrostatic potential (MEP) and
Thermo dynamic properties of the 3FC are also presented and discussed at the DFT level. Also, in
order to validate the biological activity of the chosen compound, molecular docking study is carried
out on the optimized structure of 3FC to understand the binding mechanism with target proteins
which is related with promoting cell proliferation, tumor development in epidermis and apoptosis

activity.
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MATERIALS AND METHOD

Computational details
A quantum computational calculations of the 3FC was carried out by 6-311G++(d,p) basis set

including “d’ polarization function on heavy atoms and ‘p’ polarization functions on hydrogen atoms
at the framework of HF and DFT methods using version 8 of Gaussian 09W programme package’.
The theoretical IR and Raman spectra were simulated using Gabedit version 2.4.5° with band width
of 10cm™. The calculated vibrational wave numbers have been scaled using multiple scaling factors
in order to get a good agreement with those of the experimental ones and to offset the systematic
error caused by neglecting anharmonicity °. The ground state optimized structure of the 3FC
molecule is presented in Fig.1. For the optimized structure, the bond parameters such as bond length
and bond angle are calculated and a good correlation observed in comparisons with available
literature. In order to predict the inhibitory activity of the title compound, computer aided molecular

docking studies were performed by using AutoDock (version 4.2).

Fig.1: Optimized molecular structure of 3FC.

Experimental Details

The investigated compound 3FC is an off-white crystalline powder with a melting point of
160°C was obtained in solid form from M/s Sigma chemicals, which posses 98% of purity and the
sample is subjected to record FTIR and FTR spectra without any further purification. The room
temperature Fourier transform infrared spectrum of the title compound was recorded in 4000 - 400
cm™ region at a resolution of 2 cm™ using Brucker IFS-66 Fourier transform spectrometer using the
KBr pellet technique. The FT-Raman spectrum of the chosen compound, 3FC was recorded in the
region 3500 and 50 cm™ on the same instrument equipped with an FRA-106 FT-Raman accessories

with 1.064 nm excitation from an Nd: YAG laser. The theoretically computed and experimentally
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recorded FTIR and FT-Raman spectra of the investigated compound are shown in Fig. 2 and Fig-3
respectively.
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Fig. 2: FT-IR spectra of 3FC - (a) Theoretical with HF/6-311G++ (d, p), (b) Theoretical with B3LYP/6-311G++ (d,
p), (c) Experimental.
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Fig. 3: FT-Raman spectra of 3FC - (a) Theoretical with HF/6-311G++ (d, p), (b) Theoretical with B3LYP/6-
311G++ (d, p), (c) Experimental.
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RESULTS AND DISCUSSION

Analysis of Optimized geometry parameters
From the optimized structure of the title compound by DFT method, The self- consistent field

(SCF) energy is found to be relatively low (-610.4985 a.u) and all the theoretically computed wave
numbers gives positive values, hence the optimized geometry is concluded as the most stable
structure. The theoretically optimized structural parameters such as bond length and bond angle of

the chosen molecule are compared with experimentally observed geometry of similar molecule
11
such as  7-iodo-4-oxo-4H-chromene-3carbaldehyde ,7,8-dichloro-4-oxo-4H-chromene-3

carbaldehydelz. Usually, in a six member ring, the bond length of C-O is 1.43 A™ but, in this study
the bond length for C13-016 and C3-016 is 1.336 A and 1.381 A respectively. The reduction in the
bond length is observed due to the fusion of benzene ring with pyrone ring through 016 atom**. The
C9 = 015 and C17 = 019 bonds are confirmed by their respective distances of 1.224 A, 1.2142A and
it is seen that the bond parameter distortion is more in hetro ring compared to benzene ring. All the
calculated C-H bond length is around 1.08 A while the experimental value referred from the
literature is 0.95 A. The experimental values have been taken from X-ray diffraction method in solid
phase, whereas the theoretical method is in the gas phase, therefore there is a deviation in C-H bond
length. Generally, the difference in bond angle is characterized by the conjugation of the double
bond, electro negativity and number of lone pair of electrons in a molecular system. The aldehyde
group substitution affects the regular hexagonal structure of the ring, which is evident from the
decrease in bond angle C12-C17-H18 (117.4°). The bond length, bond angle computed by HF/DFT

methods are very close to the reported literature and which are collected in the Table 1.

Vibrational Analysis

The Cartesian coordinates of the 19 atoms of the title molecule provides 51 internal modes
and all the vibration modes are found to be active in both IR and Raman spectrum. Generally, for an
N-atomic molecule, N-3 of all vibration is out of plane and 2N-3 is in plane. Thus, our molecules
belonging to the Cs point group and 35 of all the 51 vibrations are in-plane and 16 modes is out-of
plane. The experimental FTIR and FT-Raman wave numbers are usually lower than their quantum
chemical calculation, therefore the root mean square difference in between the experimental and
theoretical vibrational frequencies are minimized by using 0.97, 0.98, 0.99 multiple scaling factor

and the wave numbers are matched with each other.
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Table No. 1: “ Geometric parameters of the 3FC by HF and DFT methods with 6-311G++ (d, p) basis set”

Bond Ref Ref Bond Angle Ref Ref
Length(A°) HF | DFT [11] | [12] | (in degreg) HF DFT 1 [11] [12]
Cl-C2 1.375 | 1.387 1.387 1.387 | C2-C1-C6 120.9 | 120.6 121.6 120.7
C1-Cé6 1.397 | 1.403 1.401 1.399 | C2-C1-H7 119.4 | 1194 118.6 120.0
Cl- H7 1.075 | 1.084 0.950 0.950 | C6-C1-H7 119.8 | 120.0 119.8 119.3
C2-C3 1.389 | 1.394 1.389 1.399 | C1-C2-C3 118.6 | 118.6 117.7 118.3
C2-H8 1.074 | 1.083 0.950 0.950 | C1-C2-H8 122.0 | 122.0 121.2 122.8
C3-C4 1.382 | 1.399 1.392 1.393 | C3- C2-H8 119.4 | 1194 121.2 118.8
C3-016 1.360 | 1.381 1.386 1374 | C2-C3-C4 121.7 | 122.0 122.5 121.5
C4- C5 1.398 | 1.403 1.400 1403 | C2-C3-016 116.7 | 116.5 1155 116.2
C4- C9 1.481 | 1.483 1471 1.479 | C4-C3-016 121.6 | 1215 122.0 122.3
C5-C6 1.373 | 1.385 1.383 1.375 | C3-C4-C5 118.7 | 118.2 118.2 119.0
C5- H10 1.074 | 1.083 0.950 0.950 | C3-C4-C9 120.0 | 120.3 120.2 119.5
C6- H11 1.074 | 1.083 0.950 0.950 | C5-C4-C9 121.4 | 1214 1215 121.6
C9-C12 1.468 | 1.470 1.462 1.452 | C4- C5-C6 120.4 | 1205 120.8 120.0
C9- 015 1.196 | 1.224 1.230 1.233 | C4- C5-H10 118.1 | 117.7 119.6 119.9
Cl2-C13 1.338 | 1.356 1.355 1.349 | C6-C5-H10 121.4 | 121.8 119.6 119.9
Cl2-C17 1.484 | 1.483 1471 1.484 | C1-C6-C5 119.7 | 120.0 119.1 120.4
C13-Hi14 1.073 | 1.083 0.950 0.950 | C1- C6-H11 120.0 | 119.8 120.5 119.7
C13-016 1.318 | 1.336 1.334 1.346 | C5- C6- H11 120.3 | 120.1 120.5 119.8
Cl17-H18 | 1.089 | 1.103 0.950 0.950 | C4- C9-C12 113.6 | 113.8 113.9 114.2
C17- 019 1.188 | 1.214 1.222 1.207 | C4- C9- 015 123.0 | 1228 122.8 122.4
C12-C9-015 | 1234 | 1234 123.2 123.5
C9-C12-C13 |120.0 |120.4 120.5 120.8
C9-C12-C17 120.9 | 120.7 120.1 120.9
C13-C12-C17 | 119.2 | 119.0 119.4 120.9
C12-C13-H14 | 122.2 | 1225 117.4 117.7
C12-C13-016 | 125.1 |125.1 125.1 124.5
H14-C13-016 | 112.7 | 1124 117.4 117.7
C3-016-C13 119.7 | 119.0 118.2 118.3
C12-C17-H18 | 1149 | 1144 118.0 118.1
C12-C17-019 | 1235 |123.9 123.9 123.8
H18-C17-019 | 121.6 | 121.7 118.0 118.1

For numbering of atom refer Fig. 1

The correlation graphs between the experimental and theoretical wave numbers at both HF
and DFT methods are depicted in Fig.4. Gauss View (5.0) program™ is employed to perform the
theoretical vibrational frequency assignments with symmetry considerations. The experimentally

observed and theoretically computed vibrational frequencies and the scaled frequencies and their

respective vibrational assignments for the title molecule are shown in Table 2.
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Fig.4: the correlation graphs between the experimental and theoretical wave numbers at both HF and DFT level.

C-C Vibrations

In general, the aromatic skeletal ring (carbon-carbon stretching) vibrations appear in the
region of 1650-915 cm™ ** . In this study, the observed vibrational frequency at 1643cm™ in FTIR,
1639 cm™ in FT-Raman are assigned to C-C stretching vibrations in benzene ring. The observed
band 1580 cm™ at both in FTIR/FT-Raman and 1606 cm™ in FTIR, 1610 cm™ in FT-Raman have
been assigned to C=C stretching vibrations in benzene and pyrone ring respectively. These vibrations
are in good agreement with literature'” and the calculated values. Prasad et al *® reported that the C-C
in-plane bending and out -of plane bending vibrations lies in the region 1000-400 cm™. In the present
study, the characteristic absorption bands in FTIR spectrum at 920, 746, 646 and 478 cm™ and the
bands in FT-Raman at 762, 646 and 481 cm™ were assigned to C-C-C in-plane bending and the out -
of plane bending vibrations are also observed at 684, 463 and 415 cm™in FTIR and 456, 415 cm™ in

FT-Raman spectrum.

C-H Vibrations

In a heteroaromatic structure, the C-H stretching vibrations appear in the region 2900-3150
cm™ and the nature of the substituent are not appreciably affecting the vibration'®. The investigated
compound 3FC consists of a fused benzene and pyrone ring systems, in which the benzene ring
gives rise to C-H stretching, C-H in-plane and out-of-plane bending. In the present study, the bands
at3268, 3225, 3092 and 3051 cm™ in FTIR and 3080, 3052 ¢cm™ in FT-Raman were ascribed to C-H
stretching vibration in benzene ring and the vibrational frequencies 2999 cm™ in FTIR and 3033 cm™
in FT-Raman were assigned to C-H stretching vibrations of aldehyde group. The C-H in plane and
out- of plane bending appears in the region 1100-1500 cm™ and 600-900 cm™ respectively®. At
benzene ring, the bands observed at 1303, 1230, 1188 1143 cm?tin FTIR and 1310, 1235, 1178,
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1148, 1132 cm™ in FTR are assigned to C-H in - plane bending vibrations. The bands at 1411, 1329
cm™ in FTIR, and 1401and1326 cm™ in FTR are assigned to the C-H in - plane bending vibration at
pyrone ring. In the aldehyde fuctional group of the title molecule, the C-H in-plane bandings are
assigned to 1364, and 1356 cm™ in FTIR and 1347 cm™ in FTR spectrum. These assignments are in
good agreement with the literature?*. The C-H out- of plane bending is characterized at the bands
1026 cm™ in FTIR and 1029 cm™ in FTR at aldehyde group and 880, 790 768 cm™ in FTIR at

benzene ring. These findings support assignments given in the literature %

C-0 and C-CHO Vibrations

The characteristicts frequency of C-O stretching vibration is absorbed in the range 1045 cm™
2% In this title compound, a strong carbonyl band of the pyrone ring and carboxylic acid band of the
aldehyde are the two diverse type of stretching vibrations observed. The observed frequencies at
1132 cm™ in FTR and 1110, 1096 cm™ in FTIR are assigned to C-O stretching vibrations and this
observation is in good agreement with literature?. The carbonyl group C=0 stretching modes are
appeared in the region from 1780 to 1700cm™ %°. For the title molecule, a very strong band at 1759
cm™(in aldehyde group) and 1693, 1687 cm™ (in pyrone ring) are assigned to C = O stretching
vibration. Here, the carbonyl group in the pyrone ring is part of a conjugated system, and the =-
electron conjugation being localized. Hence, the wave number of the carbonyl stretching vibration
(C=0) in the pyrone ring is lower than those of carbonyl group in aldehyde and these observed and
theoretically calculated vibrational frequencies are in good agreement with the literature values®. In
this molecular vibrational study, the characteristics of absorption bands observed at 933cm™ in the
FTIR and 927cm™ in Raman are attributed to the C-CHO in-plane bending modes and out of plane
bending modes are observed at 340, 358 cm™. These assignments are in good agreement with the

literature values?’.

Table No. 2: “Observed and calculated vibrational frequencies at HF and DFT with 6-311G++(d,p) basis sets of

3FC”

o | B Experi_mental . Ca_lculated Frequencies (Qm‘l)
= E Frequencies (Cm™) with 6-311G++(d,p) basis set Vibrational Assignments
= | = HF DFT HF DFT

n FTIR FTIR Unscaled | Unscaled | Scaled | Scaled
1 | A | 3366vw 3395 3211 3361 | 3179 |vs(C-H) inpyronering
2 | A | 3268vw 3371 3205 3270 | 3172 | vs(C-H) in benzene ring
3 | A | 3225vw 3365 3201 3263 | 3168 | vs ( C-H) in benzene ring
4 | A |3092vw |3080 s | 3350 3190 3249 | 3157 | v s (C-H) in benzene ring
5 | A ]3051m 3052w | 3334 3177 3300 | 3081 | vs(C-H) in benzene ring
6 | A 2999 m 3033vw | 3205 2988 3172 | 2958 | v s (C-H) from CHO
7 | A 1759 vs 1791 1763 1773 | 1745 | vs (C=0) from CHO

IJSRR, 7(2) April - June, 2018 Page 627



A.Harikrishnan et al., IJSRR 2018, 7(2), 619-641

8 | A ]1687vs |1693s | 1981 1718 1960 | 1683 | vs (C=0) pyrone ring

9 | A |1643vs 1639 s 1769 1649 1751 | 1632 | vs (C - C) in benzene ring
10 |A’ | 1606vs |1610m | 1753 1631 1735 | 1615 | vs (C = C) in pyrone ring
11 | A’ | 1580 s 1580 m | 1739 1594 1721 | 1578 | vs (C = C) in benzene

12 | A 15555 | 1560m | 1627 | 1499 | 1610 | 1484 | vs (C=C) B(C-H) in benzene
13 | A" | 1456's 1466 s 1619 1489 1603 | 1459 | vs (C- O)+vs (C=C)

14 | A |1411s  |1401s | 1561 |1431 | 1545 | 1417 | v s(O - C)+B(C- H) in pyrone
15 | A" | 1364 s 1499 | 1374 | 1483 | 1360 | vs (C-CHO)+vs (C-C)
16 | A’ | 1356 m 1347 s 1454 1361 1439 | 1347 | vs (C—CHO)+ vs (C-C)
17 |A [1329m  [1326s [1393 | 1326 | 1378 | 1312 | v s(C- O)+B(C- H)

18 |A” [1303m |1310s |1374 |1285 |1360 | 1272 | wvs(C- C)+B(C- H)

19 |A | 1265m [1256s |1332 | 1249 | 1318 | 1236 | v s(C- C)+v asy(C-O-C)
20 |A" [1230m [1235s | 1290 |1201 | 1276 | 1188 | v s(C- C)+v asy(C-O-C)
21 |A" [1188s  [1178m [ 1281 | 1187 |1268 | 1174 | B (C - H)+p (C—O-C)
22 | A" | 1143 s 1148 m | 1204 1166 1191 | 1142 | B (C-0O-C)

23 |A” 1110 m 1132 m | 1198 1117 1186 | 1105 | B (C-0O-0Q)

24 | A" | 1096 m 1151 1048 1139 | 1037 | B (O-C-C)

25 | A" | 1026 m 1029 m | 1118 1033 1106 | 1023 | B (C-C-C)

26 | A7 9925 1115 1009 1104 | 999 | (C- C- C) -Trigonal bending
27 | A" [ 9505 1099 | 985 1087 | 955 | (C-C)- Ring breathing
28 |A"[933m  [927s [1093 | 960 1082 | 931 [P (C-CHO)+B(C-H)
29 [ A" [920m 1010 | 944 1000 [ 916 [B(C-C-C)+ y (C-H)
30 | A" | 880 vw 978 888 968 |879 |B(C-C-C)+ y (C-H)
31 [A" [ 8465 848m | 925 857 915 |848 |B(C-C-C)+ y (C-H)
32 | A" | 790 m 882 805 873 |788 |y (C-H)

33 |A"| 7685 856 778 847 769 |y (C-H)

34 | A" | 764 s 762 W 834 774 825 766 y (C-H)

35 | A" | 746 vs 742 vw | 808 753 799 745 y (C-H)

36 | A" | 684 s 770 701 762 | 687 |y (C-H)

37 | A" | 646s 646 vw | 708 659 700 645 y (C-H)

38 | A7 | 553 m 596 556 590 |550 |y (H)(C=0)

39 | A" | 540m 546 s 595 549 589 543 vy (C-0-C)

40 | A7 | 490 m 530 495 524 490 y(O-C-0)

41 | A7 | 478 m 481s 523 487 517 476 y (C-C-QC)

42 | A" | 463 m 456 s 504 469 498 464 B (C=0)

43 | A7 | 415 m 415s 449 415 444 415 v (C=0)

44 | A7 | 340s 358 w 373 349 368 342 y C-CHO

45 | A" | 301s 298 m 320 297 316 294 y C-C-C

46 | A7 | 253 m 252 vs 299 280 296 276 y C-C-C

47 | A7 | 226 m 253 229 250 226 y C-C-C

48 | A" | 170 m 188 174 186 171 y C-C-C

49 | A" | 140s 150 141 148 139 y C-C-C

50 | A" | 126 w 138 129 136 | 126 | Lattice vibration

51 | A7 | 62s 63 57 62 56 Lattice vibration

Vs-Very strong, s-strong, m-medium, w-weak, vw-very weak,
VS - symmetric stretching, vas- asymmetric stretching, 3- in-plane-bending, y - out-of-plane bending.
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Frontier Molecular orbitals analysis
In general, the frontier molecular orbital HOMO and LUMO characterize the electron

donating and accepting ability and the energy gap between HOMO and LUMO can be used to
characterize the molecular chemical stability and interaction of the molecules with other species?®°.
The plot of HOMO and LUMO for the title molecule is shown in Fig. 5.and the positive negative
phases are represented in red and green colour. From the figure, The HOMO is localized over the
C=C bond in the benzene ring but the LUMO is located over the oxygen atoms of the pyrone ring.

Hence the HOMO — LUMO electron density transfer occurs from pyrone ring to aldehyde group.

Energy Gab
(—————
——— AE=-0.1347

HOMO LUMO

Fig. 5:Frontier molecular orbital’s of 3FC

Molecular Electrostatic Potential energy surface

The total electron density mapped with molecular electrostatic potential (MEP) surface is a
very useful descriptor in understanding the nucleophilic, electrophilic reactive sites and hydrogen
bonding interaction®®. The total electron density and molecular electrostatic potential (MEP) surface
has been plotted for the optimized geometry of the title compounds 3FC at the B3LYP/6-311++G
(d,p) basis set. As can be seen from the MEP map of the investigated molecule, the blue region is the
maximum positive region, which indicates the strongest attraction and preferred site for nucleophilic
reactivity; hence the positive potentials are mapped over the nucleophilic reactive hydrogen atoms.
The red and yellow colored regions are the negative potential regions which are preferred site for
electrophilic reaction and mainly associated with lone pair of electro negative oxygen atoms O15 and
019 which shows a strongest repulsion in the molecule. From these results, lone pair of oxygen
atoms O16 participated in the delocalization of ring m electron because of which O16 posses less
negative charge when compared to O15 and O19. The green color covers C-C and C-H part of the

title molecule where the potentials are close to zero. The accumulation of charge and depletion of the
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charge is represented by dense and depletion region respectively. The observed contour map of the
title molecule is as shown in Fig. 6.

Fig.6: (a) Electrostatic Potential, (b) Molecular Electrostatic Potential and (c) Contour surface of the 3FC

Natural Bonding Orbital (NBO) Analysis

In the framework of molecular orbital theory of a molecular system, the interaction between
the filled molecular orbital and unfilled (vacant) orbital can be expressed in terms of electron
delocalization®. In the electron delocalization, the electron density is transferred from intra
molecular donor orbital to acceptor orbital and the delocalization energy is estimated as the
difference between the energy of the delocalized wave function and the energy of the reference wave
function. The NBOs for a molecule system are calculated by a sequence transformation from Natural
atomic orbital into Hybrid atomic orbital and Hybrid atomic orbital into Natural bond orbital. The
wave function transformed into NBO form are in good agreement with Lewis structure and the
covalence effects in molecules described by the strongly occupied NBOs of the natural Lewis
structure®. In NBO analysis, a set of strongly occupied one centre like core, lone pair, two centre m
, 6 bonds and a set of weakly occupied one centre Rydber , two centre n*, 6* are generated. The
strength of all the possible interaction between the strongly occupied Lewis type NBOs and weakly
unoccupied non-Lewis type NBOs can be estimated from second-order perturbation theory analysis
of the off-diagonal Fock matrix element which connects the two orbitals®®. The second order
perturbation analysis of Fock matrix of 3FC is tabulated in the Table 4, with different types of donor
— accecptor interactions and their stabilization energy not less than 4.0 k cal mol™. In the present
study, A hyper-conjugative charge transfer occurs from the filled Lewis lone pair NBOs nC5 - C6 to
the unfilled antibonding NBOs 7*C1 - C2 and nC1 — C2 to n*C3 — C4 and the resulting stabilization
energy are 22.04 and 21.49 Kcal mol™ respectively. The filled lone pair NBO n015(2), exhibits a
good overlap with unfilled antibonding NBOs n*C12 - C13 with relatively high energy 20.83 Kcal
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mol™. From the table, it is seen that the maximum occupancies 1.99628, 1.99517 and1.99024 are
obtained for nO19 (2), 6C12 - C17 and nO16 (2) respectively. Thus, the results obtained from NBO
analysis provides convenient basis for investigating conjugative interactions or intra molecular

charge transfer in molecular systems.

Table No. 3: “Lists the selected values of the calculated second order interaction energy (E2) between donor—
acceptor orbitals”

_ _ E’ Ej—Ei | F(ij
Donor (i) Occupancy | Acceptor(j) | Occupancy Kcal mol™ (Ja.u) (;.uj))

cCl1-C2 1.97421 6 *C3-015 0.01299 4.89 0.94 0.061
nCl-C2 1.67098 n* C3 - C4 0.31288 21.49 0.27 0.07
nCl-C2 1.9811 n* C5-C6 0.01545 17.27 0.29 0.064
cC2-C3 1.98054 c*C3-C4 0.01188 4.04 1.27 0.064
nC3-C4 1.97654 n*C1 - C2 0.02017 17.11 0.29 0.064
nC3-C4 1.97777 n*C5 - C6 0.01196 18.7 0.3 0.068
nC3-C4 1.97556 n*C9 - 016 0.03044 18.09 0.28 0.066
cC4-C5 1.63627 6*C3 - C4 0.41191 4.32 1.26 0.066
cC4-C5 1.98753 6*C3-015 0.03567 4.33 0.95 0.057
nC5-C6 1.97028 n* Cl - C2 0.01972 22.04 0.27 0.07
nC5-C6 1.97574 n* C3-C4 0.06478 20.16 0.27 0.067
6 C5-H10 1.97946 c*C3-C4 0.01371 4.58 1.08 0.063
nC9-016 1.65691 n* C3-C4 0.2825 4.38 0.37 0.04
nC9-016 1.97785 n*C12-C13 | 0.01274 4.94 0.37 0.039
nCl12-C13 1.98103 n*C9 - 016 0.01265 18.85 0.3 0.068
nCl12-C13 1.97858 n*C17-019 | 0.06178 14.92 0.29 0.06
cCl12-C17 1.99517 6*C13 - 015 0.0072 4.45 0.88 0.056
o C13 - H14 1.96908 o* C9 - C12 0.21582 5.16 0.97 0.064
nC17 - 019 1.98717 n*C12 - C13 0.0167 4.31 0.38 0.037
n 015 (1) 1.81687 c*C3-C4 0.14746 4.71 1.15 0.066
n 015(2) 1.97846 n*C3 - C4 0.05836 17.81 0.37 0.077
n 015 (2) 1.98101 n*C12 - C13 0.01624 20.83 0.37 0.079
n 016(2) 1.98745 6*C4 - C9 0.02136 17.64 0.66 0.097
n 016(2) 1.99024 6*C9 - C12 0.04107 17.81 0.65 0.097
nO 19(2) 1.99628 6*C12 - C17 0.00228 17.22 0.63 0.094
n 019(2) 1.9827 c*C17-H18 | 0.0872 15.57 0.69 0.094
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The Mulliken population analysis

11H(Q.4886)

Fig. 7: Mulliken atomic charges of 3FC.

Atomic charge distributions in a molecular system play a vital role in computational
chemistry and have strong relations to the biological activity**. The charges computed by Mullikan
population analysis employing different methods but with same basis sets are not identical and in
addition even with the same method but using different basis sets cannot be correlated. The
Mulliken population analysis of the 3FC is carried out by employing HF and DFT methods using the
same basis set 6-311++G (d,p). The electron distribution in the title molecule using DFT method are
depicted in the Fig.7 and the Table 5 shows the comparison of Mullikan charge with natural atomic
charges. The Mulliken atomic charges suggest the preferred position of nucleophilic attack and
another interesting point from the population analysis is that the influence of the electronegative
oxygen atoms O15, O16 and O19 makes the hydrogen atoms H14 and H18 to posses’ high
electropositive charge and this may be mainly due to the fact that these hydrogen atoms are flanked

by oxygen atoms in the molecular structure of 3FC.
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Thermodynamic Properties
By considering the title molecule as an asymmetric top and its rotational symmetry number as

unity, the thermodynamic parameters such as entropy, enthalpy,internal energy, heat capacity, were
calculated in gas phase using Moltran v.2.5% and are framed in Table 4.The correlation graphs
between thermodynamic parameters and the temperatures (100-1000 K) are shown in Fig.8. It is
worth mentioning that, the thermodynamic functions change shows that the molecule possesses more
flexibility for changing its own thermodynamic system with respect to the temperature. The standard
thermodynamic functions increase for all temperature from 100 to 1000 K, due to the increase of the
intensities of molecular vibration as temperature increases *® In accordance with relationships of
thermodynamic functions, these standard thermodynamic functions used to estimate directions of

chemical reactions in thermo chemical field®’.

Table No. 4: “Thermodynamic properties at different temperatures at the B3LYP/6-311++G(d,p) level for 3FC”

Temp. | CV CP :Enr:::gjl Enthalpy Entropy
(K) (J/K/mol) (J/K/mol) (k/mol) (kJ/mol) (J/K/mol)
100 62.172 70.486 361.915 | 362.746 289.932
200 109.615 117.929 370.474 | 372.137 353.144
298.15 | 158.64 166.95 383.64 386.12 409.36
300 159.55 167.865 383.932 | 386.427 410.399
400 206.168 214.483 402.27 405.596 465.223
500 245.401 253.715 424915 | 429.072 517.447
600 276.98 285.30 451.09 456.08 566.60
700 302.24 310.55 480.10 485.92 612.55
800 322.62 330.93 511.38 518.03 655.40
900 339.28 347.59 544.50 551.98 695.37
1000 | 353.06 361.38 579.14 587.45 732.73
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Fig.8: the correlation graphs between thermodynamic parameters and the temperatures

Drug-Likeness and Bioactivity Scores
As a part of this study, Molinspiration® version 2016.10 validate the Lipinski’s rule*®® (Rule

of Five)and bioactivity score of the title compounds by predicting pharmaceutical molecular
properties such as molecular volume, molecular weight,H- bond acceptors, H-bond donors, and logP
(octanol/ water) to evaluate the drug likeness of the compounds. It can be noted from the Table .8
that the compound 3FC shows good drug likeness score and fulfills Lipinski’s rule, which means that
the titled molecule shows good permeability across cell membrane. Few more important
pharmacokinetic parameters such as Topological polar surface area (TPSA) and number of rotatable
bonds are introduced by Veber et al*® to facilitate the identification of active lead compounds for
drug bioavailability. These parameters are also computed for the title molecule and reported in
Table-8. For a good drug, the TPSA value is 140 A° or less expected to exhibit poor intestinal
absorption and the rotatable bonds is less than 10 may have problems with bioavailability**. The
TPSA and rotatable bonds of the title molecule is 47.28 A° and 1 respectively. Thus, the investigated
compound is expected to have good intestinal absorption. The bioactivity score of title compound
including GPCR ligand, ion channel modulator, kinase inhibitor and nuclear receptor ligand are
reported in Table.5. A molecule exhibits considerable bioactivity and when the bioactivity scores
more than 0.00. The bioactivity score is -5.00 to 0.00 and is predicted to be in the moderate activity
and is less than -5.00 is exhibits to be inactive*’. The bioactive scores of the title molecule indicates

that the molecule has moderate bioactivity and its score is comparable with that of the coumarin
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which is having close structural similarity with the 3FC, and known to posses good therapeutic
properties®.
Table No. 5: “Drug-Likeness and bioactivity Scores of 3FC”

Drug likeness 3FC .| Bioactivity score 3FC .
score Coumarin coumarin
miLogP 1.54 2.01 GPCR ligand -1.03 | -144
TPSA 47.28 30.21 lon channel modulator -0.88 -0.86
natoms 13 11 Kinase inhibitor -1.06 | -1.57
nON 3 2 Nuclear receptor ligand -091 | -142
NOHNH 0 0 Protease inhibitor -1.64 | -143
nviolations 0 0 Enzyme inhibitor -0.36 | -0.58
nrotb 1 0

volume 147.57 | 128.59

MW 17416 | 146.15

Logarithm of partition coefficient between n-octanol and water (miLogP).Topological polar surface
area (TPSA).Total number of atoms (natoms). Number of hydrogen bond acceptors (n-ON). Number
of hydrogen bond donors (n-OHNH). Number of rotatable bonds (n-rotb). Molecular weight (MW)

and volume.

Molecular Docking Study
In the structure based drug design, molecular docking is a one of the most recurrently used

methods because of its ability to sense the best conformation of ligand molecule which is small and
is within the appropriate target site of the protein structure ****. In this molecular docking study, the
target protein is kept rigid and the ligand molecule is allowed to act flexibly. There are three proteins
were selected as the protein target such as the p38delta (PDB ID: 3coi), Human NAD(P)H-quinone
oxidoreductase (PDB ID: 1gg5) and Human NAAS5O cell line(PDB ID: 4x5k).The p38delta is a
member of the mitogen activated protein kinase, which is involved in promoting cell promoting
proliferation and tumor development in the outer layer of the skin and may posses therapeutic
implication for skin cancer. NAD (P) H: quinone oxidoreductase 1 (NQOL1) is a flavo-enzyme, which
plays a vital role in shielding the cell from oxidative stresses*® highly found in diverse epithelial
cells, vascular endothelium, adipocytes*’ and in many human solid tumours ****°. The molecular
geometry of the title compound ligand (3FC), is optimized and energies is minimized with the
density functional theory (DFT) at the B3LYP/6-311G++ (d,p) level using Gaussian 09 program. For
all the three target protein 3coi, 1gg5 and 4x5k, atomic charges are calculated by Kollman method

and polar hydrogen atoms are added to the protein, co-crystallized ligands and the water molecules
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are removed. In Auto Dock, ten runs are performed for each target proteins and the best
conformation is chosen with the lowest binding energy after completing the docking search. The
lowest binding energy for the best poses is taken as the final binding affinity value and the
interaction between the different targets proteins with title compound are analyzed using Discover
Studio Visualizer 4.0. The docking pose of the 3FC with the  target protein and their interactions
are shown in the Figure 9, 10,11 and 12 and the docking results are summarized in the Table 6. The
binding energy value and the H-bonds are obtained in the present docking study confirm that
inhibition may be specific to those sites where oxygen atom is present and all these interactions
stabilize the inhibitor substrate of protein - ligand complex. This virtual screening study validate that
the title compound 3FC have a better interaction with Human NAAS5O cell line with more number of
hydrogen bonds due to the existence of a formyl group at the C-3 position. The docking pose of the
3FC with the Human NAAS5O cell line is as shown in Figure 8 and 9. The existence of an unsaturated
reactive aldehyde at the C-3 position can react as acceptor and it seems to be accountable for various

biological activities *°.

Table No. 6: “The predicted binding energies and H-bond analysis”

Name of Binding Estllm_a_ted Binding Donor Acceptor H- Bond

the Target Energy Inhibition site atom atom Distance | n-m Residue

protein (BE) constant residues A)

kcal/mol (Ki) um

TRP89 NE1 0 2.893

3coi -4.69 364.37 ARG82 NE 0 2.843 GLU A:33
ARG82 NH2 0 3.090
VAL A:108 N O 3.104

1995 -6.31 23.55 VAL C:108 N O 3.073 PHE A:123
LYS C:113 NZ 0 2.881
THR90 0G1 0 2.879

4x5k -6.62 14.13 ILE88 N 0 2.978
GLY87 N 0 3.085 PHE A:123
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Fig.9: Docked orientation of 3FC with target protein( PDB ID : 3coi). (a) & (b) are three-dimensional Structural
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Fig. 11: Docked orientation of 3FC with target protein (PDB ID: 4x5k). (a) & (b) are three-dimensional Structural

views and (c) is the two -dimensional structural views.
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Fig. 12: The docking pose of the 3FC with the Human NAA5O cell line (PDB: 4x5Kk)

CONCLUSION
In this study, the FT-IR and FT-Raman spectra of the 3FC are recorded experimentally and is

theoretically simulated by employing HF and DFT methods utilizing 6-311++G (d,p) basis sets from
the optimized molecular structure. The calculated vibrational frequency values are scaled to
rationalize the observed values and the complete assignments are proposed for the first time. The
charge transfer interaction within the molecule are analyzed by carrying out FMO analysis which
shows that the electron density transfer occurs from pyrone ring to aldehyde group. By mapping the
molecular electrostatic potential, the possible sites of nucleophilic attacks in the molecule are
identified as sites where an oxygen atom is present. The thermo chemistry data for the titled
compound are computed and the variation of entropy, enthalpy and specific heat capacity with
temperature are also presented. The pharmaceutical molecular properties such as drug
bioavailability, drug likeness of the chosen compounds are studied and compared with similar drug.
The titled molecule obeys the Lipinski rule and indicates that the chosen molecule is a better drug
candidate. The biological activity of the titled compound can be understood by molecular docking
study. The docking analyses indicated that the title compound interact mainly with residues TRP 89
A, ARG 82A, THR 90A, LEU 86A, GLY87 A, ILEB8A, GLUA 33, PRO A34, PHE123A by making
hydrogen bonds and n-m, n-c interactions. This molecular docking study is also shows that the
molecule 3FC docks better with residues of the Human NAAS5O cell line and hence can be used to

treat diseases affecting this protein.
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