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Abstract

In the present study, Quantum chemical approach was carried out on the title compound 3-isopropoxy-2-naphthoic acid
(3IP2NA) to study the vibrational spectrum, the stability of the compound, the intramolecular and intermolecular
interactions using DFT with B3LYP/6-311++G (d,p) basis set. The observed FT-IR and FT-Raman spectra were recorded
in the region 4000-450 cm1and 4000-100 cmand compared with computational data. The vibrational assignments of
wave numbers were made on the basis of PED by VEDA 4 programme. The optimized molecular geometry, vibrational
wave numbers, infrared intensities and Raman scattering activities were calculated. Several descriptors determined from
the energies of frontier molecular orbital were applied to describe the reactivity of the 3IP2NA. The electron density
based local reactivity descriptors such as Fukui functions were calculated to explain the chemical selectivity or the
reactivity site in the 3IP2NA. The thermodynamic properties of the 3IP2NA were determined at different temperatures.
Molecular docking studies were made on 3IP2NA to study the hydrogen bond interactions and the minimum binding

energy was calculated.
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microbial resistance and to develop effective therapies.
Despite of enormous progress in medicinal chemistry,
communicable diseases continue a major threat to our
society and have provided a new challenge to researcher’s
worldwide [1]. The new molecular manipulation directs
to approach the development of new drugs [2,3]. Among
various diseases, malaria and microbial infections are the
widest spreading in nature [4-6]. As a result, the
antimicrobial studies are the best way to overcome
microbial resistance and to develop effective therapies
[7]. Our title compound 3IP2NA have exhibit interesting
biological activities such as Sphingosine kinase inhibitor,
Chymosin inhibitor, beta-adrenergic receptor kinase
inhibitor, G-protein-coupled receptor kinase inhibitor,
Phobic disorders treatment etc.

Even though a lot of experimental studies available,
but there is a no evidence for theoretical studies of the
3IP2NA compound. Hence, an attempt has been made to
present work to analyze IP2NA compound theoretically
and these results are supported by experimental FT-IR
and FT-Raman Spectral data.

A systematic study of the molecule detailed design and
vibrational spectra aid in understanding the property of
the 3IP2NA in-depth insight. Vibrational spectra of the
title compound have been analyzed on the basis of
Potential Energy Distribution (PED). The modification in
Electron Density (ED) in the o* and m* anti bonding
orbital's and stabilization energies E(2) has been
calculated by Natural Bond Orbital (NBO) investigation to
give clear evidence of stabilization originating in the
hyper conjugation of hydrogen-bond interaction. Frontier
Molecular Orbital's (FMOs) and Thermodynamic
properties of the title compound at various temperatures
were calculated. Molecular Electrostatic Potential (MEP)
and non-linear optical (NLO) properties of the 3IP2NA at
DFT (B3LYP) with the 6-311++G (d,p) level. The
molecular docking can predict the binding energy of the
ligand with respect to the protein 4XUV and 4M1C to form
a stable complex.

Material and Methods

Experimental Details

The 3IP2NA compound in the solid state was procured
from Sigma-Aldrich chemical company with a stated
purity 98% and it was used without further purification.
The FT-IR spectrum was recorded in the region 4000-450
cm! with the sample in the KBr pellet, using Perkin Elmer
FT-IR spectrometer. The resolution of the spectrum is 4
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cml. The FT-Raman spectrum was obtained in the range
4000-100 cm?! using Bruker RFS 100/S FT-Raman
spectrophotometer with a 1064 nm Nd: YAG laser source
of 100 mW power.

Computational Details

Entire theoretical calculations of 3F4PBA were work
out by DFT/B3LYP method with 6-311++G (d, p) basis set
using Gaussian 09 software package [8]. Gauss view
molecular visualization program [9] is used to visualize
the geometry structure. The theoretical vibrational
assignments were interpreted by means of PED (Potential
Energy Distribution) using VEDA 4 program [10].
Molecular docking studies give vital details about
orientation of 3IP2NA (ligands) which regulate the
binding affinity between the ligand and their protein
target. Molecular docking studies were carried out using
Auto Dock 4.2 software [11].

Prediction of Raman Intensities

The calculated Raman activities (Si) converted to
relative Raman intensities (I;) using the following
relations [12].

f(0gv)* S
v; [1 - exp (hevilk, T)]

Where, vy is the exciting frequency in cm v; is the
vibrating wave number of the ith normal mode h, c and ky
are the fundamental constants and f is a normalization
factor for all peak intensities.

Results and Discussion

Geometrical Structure

The optimized structure parameters of the
3IP2NAwere calculated at B3LYP levels and are recorded
in Table 1 in accordance with the atom numbering
scheme as obtained from CHEMCRAFT software and
represented in (Figure 1). This molecule has fourteen C-C
bond lengths, three C-O bond lengths, thirteen C-H bond
lengths, one C=0 bond lengths and one O-H bond length.
The molecular geometry in the gas phase may differ from
the solid phase owing to the extended hydrogen bonding
and staking interactions. From theoretical values, any
variation in the optimized bond lengths is because the
theoretical values belong to the isolated molecules in the
gas phase and the experimental values belong to the
molecules in solid state [13]. It is observed that the
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calculated C-C bond lengths and the O-C bond lengths are
found to be nearly identical at all calculation levels. The
average value of the bond distances of C-C and C-H in the
benzene ring calculated by DFT method with same basis
sets are 1.4535 A and 1.088 A, respectively. The inclusion
of O-H and C-H atoms brings a strong electron-
withdrawing nature to the compound and thus is
expected to contribute to the formation of a resonance
structure. This is the reason for the shortening of bond
lengths 013-H24 = 0.968 A and C9-H23 = 1.085 A
obtained by DFT method compared to other bond lengths
like C2-C11 = 1.489 A. In this title molecule the bond
angle C11-013-H24= 106°is smaller than the other bond
angle C4-C3-014 = 124.8° calculated.
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Figure 1: Optimized geometric structure with atom
numbering of 3IP2NA.

Atoms |  DFT Atoms | DFT Atoms | DFT
Bond Length (A) Bond Angle (0) Bond Angle (0)

C1-Cc2 1.38 C2-C1-C10 122.2 C10-C9-H23 118.8
C1-Cc10 1.414 C2-C1-H18 118.8 012-C11-013 121.2
C1-H18 1.083 C1-C2-C3 119.4 C11-013-H24 106

C2-C3 1.438 C1-C2-C11 119.2 014-C15-C16 105.4
C2-C11 1.489 C10-C1-H18 119 014-C15-C17 110.4

C3-C4 1.381 C1-C10-C5 118.2 014-C15-H25 108.7
C3-014 1.35 C1-C10-C9 122.3 C16-C15-C17 112.7

C4-C5 1.418 C3-C2-C11 121.4 C16-C15-H25 109
C4-H19 1.081 C2-C3-C4 119.3 C15-C16-H26 110.6

C4-Cé 1.42 C2-C3-014 115.8 C15-C16-H27 110.2
C5-C10 1.428 C2-C11-012 127 C15-C16-H28 110.3

C6-C7 1.375 C2-C11-013 111.7 C17-C15-H25 110.4
C6-H20 1.085 C4-C3-014 124.8 C15-C17-H29 111.9

C7-C8 1.415 C3-C4-C5 121.5 C15-C17-H30 110.1
C7-H21 1.084 C3-C4-H19 120.5 C15-C17-H31 109.9

C8-C9 1.374 C3-014-C15 121.6 H26-C16-H27 108.6
C8-H22 1.084 C5-C4-H19 117.9 H26-C16-H28 108.4
C9-C10 1.419 C4-C5-C6 122.2 H27-C16-H28 108.7
C9-H23 1.085 C4-C5-C10 119.3 H29-C17-H30 108.1
C11-012 1.206 C6-C5-C10 118.5 H29-C17-H31 108.3
C11-013 1.367 C5-C6-C7 120.7 H30-C17-H31 108.5

013-H24 0.968 C5-C6-H20 119

014-C15 1.445 C5-C10-C9 119.5
C15-C16 1.522 C7-C6-H20 120.3
C15-C17 1.527 C6-C7-C8 120.7
C15-H25 1.096 C6-C7-H21 119.8
C16-H26 1.092 C8-C7-H21 119.5
Cl6-H27 1.093 C7-C8-C9 119.9
C16-H28 1.092 C7-C8-H22 119.8
C17-H29 1.092 C9-C8-H22 120.3
C17-H30 1.094 C8-C9-C10 120.7
C17-H31 1.093 C8-C9-H23 120.5

Table 1: Optimized geometrical parameters of 3IP2NA.
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Vibrational Spectral Analysis

Experimental and theoretical comparative FT-IR and
FT-Raman spectra of 3IP2NA molecule are shown in
(Figures 2a & b). The 3IP2ZNA molecule consists of 31
atoms, therefore, they have 87modes of vibration since it
is nonlinear structure. The Vibrational frequencies are
scaled 0.961 [14] for B3LYP/6-311++G (d,p) in order to

compensate for the errors arising from the basis set
incompleteness and neglect the vibrational an
harmonicity. The measured (FT-IR and FT-Raman) wave
numbers and assigned wave numbers values are given in
Table 2. This reveals good correspondence between
theory and experiment in main spectral features.
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Figure 2: (a) Comparative FT-IR spectra and (b) Comparative Raman spectra of 3IP2NA.

Wave number (cm1) Intensity .
Mode E - - . Assignments
No. Xperimental Theoretical FT-IR Raman (PED>10%)d
FT-IR | Raman |Un- scaled | Scaled2 |Relative?| Absolute | Relativeb |Absolute
87 - - 3746 3611 129 29 141 42 vOH(100)
86 - - 3209 3094 5 1 202 60 vCH (90)
85 - - 3209 3093 6 1 46 14 vCH (89)
84 3190 3067 3184 3070 20 4 177 53 vCH (53)
83 - - 3169 3055 4 1 70 21 vCH (95)
82 - - 3167 3053 2 0 61 18 vCH (96)
81 - 3042 3151 3038 10 2 62 19 uCH (98)
80 - - 3138 3025 18 4 109 33 uCH (90)
79 - - 3125 3013 17 4 142 43 vCH (73)
78 3000 3004 3112 3000 16 4 35 10 vCH (97)
77 2973 2978 3070 2960 33 7 70 21 uCH (50)
76 2938 2940 3046 2936 17 4 161 48 uCH (58)
75 - 2908 3010 2901 6 1 88 26 vCH (87)
74 2841 2882 3009 2901 65 15 161 48 uCH (93)
73 1786 1726 1834 1768 442 100 21 6 v0C (94)
72 1603 1629 1665 1605 22 5 21 6 v0C (62)+vCC (34)
71 - 1579 1636 1577 26 6 10 3 vCC (55)
70 1503 - 1612 1554 76 17 64 19 vCC (26)+BCCC (14)
69 1481 1487 1538 1483 20 4 14 4 vCC (28)+BHCC (13)
68 1454 1455 1505 1451 23 5 5 2 BHCH (60)
67 - 1438 1499 1445 3 1 36 11 BHCH (15)
66 - - 1495 1442 4 1 15 4 BHCH (70)+tHCCC (11)
65 - - 1492 1439 9 2 15 5 BHCH (34)+tHCOC (14)
64 1435 - 1491 1437 23 5 5 2 BHCC (11)+BHCH (43)
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63 - 1419 1482 1429 16 4 12 4 B HCH (53)

62 | 141 | 1391 1461 1408 57 13 42 13 vCC (20)+BHCC (28)

61 | 1393 - 1415 1364 16 4 3 1 BHCH (28)

60 - - 1408 | 1357 67 15 82 24 vCC (24)+BCCC (10)

59 | 1346 - 1404 1354 4 1 334 100 ¢ (10)+B?f3%(10)+BHCP

58 - - 1378 | 1328 2 0 3 1 vCC (33)+BHCC (18)

57 | 1302 | 1295 1335 1287 | 101 0 4 1 BHCC (34)+tHCCO (22)

56 | 1264 | 1266 1308 | 1261 | 131 0 4 1 BHOC (12)+THCCO (19)

55 - - 1294 | 1248 | 140 0 4 1 BHOC (12)+BHCC (31)

54 - - 1277 | 1231 31 0 4 1 vCC (10)

53 | 1227 - 1272 1226 68 0 8 2 BHOC (17)

52 - 1195 1246 | 1201 49 0 7 2 LCC (40)

51 | 1175 | 1174 1217 | 1173 5 0 10 3 BHCC (17)+tHCOC (30)
vCC (12)+BHCC

50 - - 1199 | 1156 10 0 4 1 (1) HCOC (23)

49 - - 1190 | 1147 1 0 7 2 BHCC (64)

48 - - 1184 1141 6 0 4 1 [v0C (12)+‘£%(12)+BHCC

47 - - 1169 | 1126 1 0 2 1 BHCH (14)+tHCOC (67)

46 - 1121 1165 1123 26 0 15 4 vCC (30)+BHOC (20)

45 | 1089 | 1092 1130 | 1089 | 120 0 20 6 BCCC (13)

44 | 1071 | 1071 1096 | 1057 8 0 1 0 vCC (14)

43 - - 1091 1052 26 0 15 4 vCC (32)

42 | 1027 - 1083 1044 13 0 3 1 vOC (11)+THCCC (21)

41 - 1004 1010 974 0 0 2 1 vOC (40)+BCCC (25)
vCC (22)+THCCO

40 - - 1007 971 7 0 3 1 (10} -eHCCC (14)

39 | 963 | 961 994 958 1 0 1 0 THCCC (57)

38 | 923 - 973 938 1 0 1 0 THCCC (31)

37 | 894 | 895 931 897 21 0 2 1 BCCC (27)

36 - 865 907 875 10 0 1 0 BCCC (52)+tCCCC (10)

35 | 859 - 866 835 4 0 1 0 THCCC (22)

34 - 821 854 823 6 0 2 1 THCCC (76)

33 | 819 - 845 814 15 0 3 1 BCCC (34)

32 | 793 | 793 822 792 12 0 20 6 | tHCCC (21)+»0COC (23)

31 - - 804 775 21 0 0 0 TCCCC (27)

30 - 761 780 752 9 0 1 0 THCCC (55)

29 | 741 | 741 758 731 35 0 0 0 vCC (11)

28 - - 737 710 9 0 27 8 BCCC (32)

27 | 672 - 696 671 4 0 2 1 vOC (12)+BOCO (26)

THCCC (11)+TCCCC

26 | 641 | 643 670 646 4 0 0 (2546 C0CC (15)
BCCC (10)+B 0CO

25 - - 626 604 7 0 2 1 (223+BCOC (10)

24 | 599 - 619 597 3 0 1 0 BCCC (37)+wCCCC (18)

23 | 570 - 569 549 26 0 3 1 THOCC (74)

22 - - 554 534 23 0 4 1 BOCO (13)+BCCC (15)

21 | 527 | 523 540 521 5 0 1 0 | tCCCC (15)+wCCCC (14)

20 - 493 519 500 22 0 5 2 BHCC (13)
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19 | 483 ; 505 486 15 0 2 1 BCCC (28)
18 ; ; 483 466 6 0 3 1 BCCC (35)
17 ; ; 465 448 5 0 3 1 B0CC (10)
16 ; 409 434 419 5 0 1 0 | TCCCC (33)+wCCCC (14)
15 i } 346 333 1 0 2 1 BCCC (11)+T0CCC (13)
14 ; ; 334 322 0 0 3 1 BCOC (17)+BCCC (17)
13 } 208 308 297 11 0 7 2 BCCC (14)+BCOC (25)
12 : } 282 272 0 0 0 0 | THCOC (17)+tCCCC (43)
11 } 231 236 228 1 0 3 1 BOCC (25)+BCCC (35)
10 ; ; 229 221 5 0 2 1 BOCC (29)+BCOC (17)
9 ; ; 226 218 1 0 1 0 THCOC (49)
8 ; 204 211 203 0 0 0 0 THCCC (72)
BOCC (23)+BCCC

7 : 161 162 156 1 0 1 0 (B)sacce 2
6 ; 146 141 136 3 0 2 1 TCCCC (30)

BCCC (27)+t CCCC
5 : 117 128 124 0 0 0 0 Ly eacbee (14)
4 } 85 2 89 5 0 1 0 COCC (18)
3 } i 48 46 0 0 2 1 | TCOCC (52)+TCCCC (10)

TCCCC (37)+T0CCC
2 - - 42 41 6 0 1 0 (19)+1COCC (11)
) ] ] 20 2 , . . . |voc (30)+1E§:g)(15)+sccc

Table 2: Observed and calculated vibrational assignments of 3IPZNA.

agcaling factor: 0.961 for B3LYP/6-311++G (d,p).

bRelative absorption intensities normalized with highest peak absorption equal to 100.

cRelative Raman intensities normalized to 100.

v - Stretching, f§ - in plane bending, w - out plane bending, T - torsion

O-H vibrations: The Oxygen- Hydrogen stretching
vibrations are expected in the region 3300-3500 cm.
These bands are stronger and broader than those of the
aromatic ether O-H stretches which appear in the same
region. For the 3IP2NA observed at 3623 cm' by DFT
method. This pure mode shows 100% PED contribution.

C-H vibrations: The aromatic compounds and its
derivatives show C-H stretching vibrations generally in
the region above 3000 cm-! for the benzene and less than
3000 cm? for non-aromatic compounds [15]. In the
experimental frequency, C-H stretching vibrations were
observed at 3068 cm? to 2884 cm? in FT-Raman
spectrum and 3192-2844 in the FT-IR spectra. The peak
corresponding to C-H stretching vibration at the range
3079-2901 cm! by theoretical method shows excellent
agreement with experimental spectral values. The PED
corresponding to this vibration contributes to 88-98%.

C-C vibrations: The aromatic ring modes are influenced
more by C-C bands. The ring stretching vibrations (C-C) is
expected within the region 1300-1000 cm[16-18]. In
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the present study, the bands which are of different
intensities were observed at 1606, 1506, 1484, 1396 and
1348 cmtin the FT-IR spectrum and Raman bands were
identified at 1632, 1582, 1488,1198, and 1004 cm-L. The
theoretical values were obtained in the range of 1559-999
cm by DFT method. It shows that the theoretical values
are in good agreement with experimental data.

0-C Vibrations: The Oxygen-Carbon stretching modes
generally exist in the region 1300-1000 cm. The
theoretical Oxygen-Carbon stretching vibration was
calculated at 1724, 1232, 1166, 1100, 1092 and 923 cm-.
Experimental bands observed at 1786, 1227, 1175, 1089
and 1071 cmlin FT-IR and at 1726, 1174, 1121, 1092 and
1071 cm-tin Raman.

Donor-Acceptor Interactions

In quantum chemistry, a calculated bonding orbital
with maximum electron density forms a natural bond
orbital (NBO). In computational chemistry, the localized
orbital’s are used to calculate the distribution of electron
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density in atoms and in bonds between atoms. The details
obtained about the interactions in both filled and virtual
orbital space can complement the study of both inter and
intra molecular interactions, which is the basis of
studying NBO. That is why NBO analysis is proved to be
an important tool for chemical analysis of hyper
conjugative interaction and electron density transfer from
filled lone electron pairs of the Lewis base (an electron-
pair donor) Y into the unfilled anti-bond o* (X-H) of the
Lewis acid (an electron-pair acceptor) X-H in X-Y...Y
hydrogen bonding systems [19]. The magnitude of energy
of hyper conjugative interactions, E (2) forms the basis of
studying the strength of the interaction between electron
donors and electron acceptors, or the donating affinity
from electron donors to acceptors and hence the degree
of conjugation of the entire system. The second-order
Fock matrix was done to evaluate the donor-acceptor
interactions in NBO analysis [20]. The interactions cause
loss of occupancy from the localized natural bond orbitals
of the idealized Lewis structure into an empty non-Lewis
orbital. For each donor (i) and acceptor (j), the
stabilization energy E (2) related to the delocalization, i —
j is estimated as

.2
(F(@.1))

€ — €

Where q; is the donor orbital occupancy
gjand g are diagonal elements
Fjj is the off-diagonal NBO Fock matrix element.

E 2)=AE;; = q;

Delocalization of electron density between occupied
Lewis-type (lone or bond pair) natural bonding orbital’s
and previously unoccupied non-Lewis (anti-bond or
Rydberg) natural bonding orbital’'s correspond to a
stabilizing donor-acceptor interaction. In order to
interpret the intermolecular hydrogen bonding,
intermolecular charge transfer (ICT) and delocalization of
electron density, NBO analysis were performed on the

3IP2NA using B3LYP/6-311++G (d,p) basis set and the
corresponding results are presented in (Table 3). The
intensity of the interaction between electron donors and
electron acceptors is directly dependent on E (2) value,
i.e. more the donating tendency from electron donors to
electron acceptors, greater is the extent of conjugation of
the whole system. The intra-molecular interaction is
formed by the orbital overlap between ¢(C-C) and o*(C-C)
bond orbital which results in intra-molecular charge
transfer (ICT) causing stabilization of the system. These
interactions are observed as anincrease in electron
density (ED) in C-C, C-H, C-0, and O-H anti-bonding orbital
that weakens the respective bonds. NBO analysis was
performed on the molecule at the DFT/B3LYP6-31++G
(d,p) level in order to explicate the delocalization of
electron density within the molecule. The delocalization
of o electron from o (02-C17) distributes to anti-bonding
o* (C14-H27), o* (C15-C16), o* (C15-H29), leading to the
stabilization energy of 16.21 kJ/mol, 85.01k]/mol, 152.83
7 respectively due to conjugative interactions. The intra-
molecular hyper conjugative interaction of o (02-H31)
distribute to o* (C14-H27), o* (C15-C16), o* (C15-H29)
leading to stabilization of 212.96 KkJ/mol. A strong
interaction has been observed due to the electron density
transfer from the lone pair LP (1) of oxygen atom (02) to
anti-bonding orbital o* (C15-H29) with a large
stabilization energy of 73.97 kJ/mol. In the case of LP(2)
of oxygen atom (03) to the anti-bonding acceptor o* (02-
C17) and o*(C8-C17) has low stabilization energy of
31.17k]/mol and 14.52 kJ/mol respectively as shown in
Table 3. The interaction energy, related to resonance in
the molecule, is electron withdrawing from the ring
through m* (03-C17) of the NBO conjugated with m* (C8-
C10) resulting with large stabilization energy of 108.51
k] /mol. Similarly, m (C11-C15) of the NBO conjugated with
m* (C15-H29) leading to stabilization energy of
50.96k]/mol.  Therefore, the maximum energy
delocalization takes place in the m*-m* transition.

Donor(i) | Type | ED(e) Acceptor(j) |Type| ED(e) (k};:;rzrr)l) E()-E(i)® (a.u.) F(i,j)c (a.u.)
02-C17 o C15-C16 o* | 0.01714 85.01 3.4 0.481
02-C17 o C15-H29 o* | 0.01366 152.83 3.46 0.651
02-H31 o 1.98776 C14-H27 o* | 0.00553 13.83 1.02 0.106
02-H31 o C15-C16 o* | 0.01714 186.82 3.13 0.684
02-H31 o C15-H29 o* | 0.01366 212.96 3.2 0.737
03-C17 o 1.995 C14-H27 o* | 0.00553 12.55 1.39 0.118

C5-C9 g C8-C10 m* | 0.31831 18.57 0.29 0.065
C8-C10 g 1.69749 03-C17 m* | 0.24118 21.2 0.27 0.069
C8-C10 T C5-C9 m* | 0.30598 23.05 0.29 0.073

C11-C15 T 1.71984 C14-H27 o* | 0.00553 40.59 1.51 0.238
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C11-C15 T C15-C16 o* | 0.01714 34.65 3.63 0.34
C11-C15 i C15-H29 o* | 0.01366 50.96 3.69 0.416
C11-H21 o 1.98059 C14-H27 o* | 0.00553 23.64 1.25 0.154
C11-H21 o C15-H29 o* | 0.01366 20.86 3.43 0.239
C12-C16 T C11-C15 m* | 0.26862 20.34 0.28 0.068
03-C17 m* | 1.98049 C8-C10 m* | 0.31831 108.51 0.01 0.067
02 LP(1)]| 1.97699 C15-H29 o* | 0.01366 73.97 3.17 0.433
02 LP(2)| 1.97699 03-C17 m* | 0.24118 40.52 0.35 0.108
03 LP(2) | 1.98049 02-C17 o* | 0.30598 31.17 0.59 0.122
03 LP(2) | 1.98049 C8-C17 o* | 0.05816 14.52 0.71 0.093

Table 3: Second order perturbation theory analysis of Fock matrix in NBO basis of 3IP2NA.
aE(2) means energy of hyper conjugative interaction (stabilization energy)
bE(j) - E(i) is the energy difference between donor i and acceptor j

¢F(i,j) is the Fock matrix element between i and j NBO orbital’s

HOMO and LUMO Analysis

The concept of HOMO and LUMO are of fundamental
importance as it forms the basis of understating the
chemical stability and reactivity of a given molecule. On
the basis of chemical hardness, molecules can be
classified as hard and soft molecules. Large HOMO-LUMO
gap indicates that the title molecule is a hard molecule
and minor HOMO-LUMO gap indicates that it is a soft
molecule. The molecular stability and hardness are
related inversely, i.e. the molecule with the least HOMO-
LUMO gap is more reactive. The ionization potential (IP)
is determined from the energy difference between the
energy of the compound derived from electron- transfer
(Ecation - energy of radical cation) and the respective
neutral compound (E,)

IP = Ecation - En; IP = 'EHOMO.

The electron affinity (EA) is computed from the energy
difference between the neutral molecule (E,) and the
anion molecule (Eanion)

EA = E;, - Eanion; EA=-ELomo.

The minimum energy required to promote an electron
is given by the energy difference between the orbitals
(energy gap) and is therefore, the most frequent and
important energy transfer mechanism within a system.
The orbitals provideinformation about the electron
density which in turn is used in determining which part of
the molecule is most actively participating in an energy
transfer event.

Vetrivelan V and Sathyaseelan B. Spectroscopic Characterization, Quantum

The calculated quantum chemical parameters such as
the highest occupied molecular orbital energy (Enomo), the
lowest unoccupied molecular orbital energy (Eiumo),
energy gap (AE), Electro negativity (x), chemical potential
(), global hardness (m) and the softness (S) were
calculated for the 3IP2ZNA and tabulated in (Table 4). The
concept of these parameters is related to each other [21-
25], where
Chemical potential () = ¥z (ELumo +Enomo),

Electro negativity (x) = —u = - %2 (ELumo +Enomo),
Global hardness () = % (ELumo - Enomo),
Electro philicity (w) = u%/ 2n.

The inverse values of the global hardness are designated
as the softness(S), it is given by Softness (S) =1/7n

The calculated value of electrophilicity index = 3.7165
describes the biological activity of 3IP2NA. Also the bigger
the dipole moment, the stronger will be the
intermolecular interactions. Correlations have been
deduced between electrophilicity of several chemical
compounds and reaction rates in biochemical systems
and such phenomena as allergic contact dermatitis. The
energy of the HOMO and the ionization potential are
related and describes the susceptibility of the molecule
toward electro philic attack. The energy of LUMO is
directly linked to the electron affinity [26] and illustrates
the susceptibility of the molecule toward attack of
nucleophiles. The energy gap between HOMO and LUMO
indicates molecular chemical stability. The mesh
diagrams of HOMO and LUMO are given in Figure 3. The
positive and negative phase is represented in red and blue
colour respectively.
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Parameter Value
E]—[()M() (eV) -6.0309
ELUMO (eV) -1.8515

Ionization potential 6.0309
Electron affinity 1.8515
Energy gap (eV) 4.1794

Electro negativity 3.9412
Chemical potential -3.9412
Chemical hardness 2.0897
Chemical softness 0.2393
Electrophilicity index 3.7165

Table 4: Calculated energy values of 3IP2ZNAby B3LYP/6-
311++G (d,p).

- e
#_9 LUMO plot
% First exited state
-& 5>
o
] Ejvmo=-1.8515eV
AE = 4.1794eV

Egomo = - 6 . 0309eV

HOMO plot
Ground state

Figure 3: HOMO - LUMO plots of 3IP2NA.

charges. Molecular electrostatic potential maps elucidate
information about the charge distribution of a molecule,
relative polarity, and electrostatic potential properties of
the nucleus and nature of electrostatic potential energy.

MEP is associated with the electronic density and is an
expedient descriptor in understanding sites for
electrophilic and nucleophilic reactions as well as
hydrogen bonding interactions. MEP was calculated at the
B3LYP/6-311++G (d,p) optimized geometry. In MEP, the
maximum negative region represents the site for
electrophilic attack indicated by red color while the
maximum positive region represents nucleophilic attack
indicated in blue color. While regions with the negative
potential are over the electronegative oxygen atom, the
regions with the positive potential are over the hydrogen
atoms. Potential increases in the order red < orange <
yellow < green < blue. Figure 4 provides a visual method
to understand the relative polarity of the 3IPN2A.

Espmapped density NAPNLO Esp: 0 NAPNLO EleDen: 0]

Figure 4: MEP on 3IPN2A.

Molecular Electrostatic Potential (MEP)

The force acting on a proton located at a point through
the electrical charge cloud generated through the
molecules electrons and nuclei provides the MEP at a
given point p(x,y,z) in the vicinity of a molecule [27,28].
Although the molecular charge distribution remains
unperturbed through the external test charge as no
polarization occurs, the electrostatic potential of a
molecule is a good tool in evaluating the reactivity of a
molecule towards positively or negatively charged
reactants. The MEP is characteristically pictured through
mapping its values onto the surface reflecting the
molecules boundaries. Electrostatic potential correlates
with a dipole moment, electronegativity and partial
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Thermodynamic Properties

The partition function is one of the important
parameters of thermodynamics. The partition function
associates thermodynamics, spectroscopy and quantum
theory. The standard statistical thermodynamic functions
such as standard heat capacity (Cp), standard entropy (S),
and standard enthalpy changes (H) were obtained from
the theoretical harmonic frequencies on the basis of
vibrational analysis at B3LYP/6-311++G (d,p) level using
Thermo.pl software and listed in Table 5. From the
observations in the above (Table 6), all the values of Cp, S,
and H increases with the increase in temperature from
100 K to 1000 K. This is accredited to the enhancement of
the molecular vibration. The temperature increases
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because at a constant pressure, the values of Cp, S and H
are equal to the quantity of temperature [29]. The
relations between these thermo dynamic properties and
temperatures are fitted by quadratic equations and the
corresponding fitting factor (R2?). It was found to be
0.99999, 0.99934 and 0.99938 for entropy, heat capacity,
and enthalpy, respectively. The temperature dependence
correlation graphs are represented in (Figure 5) and the

corresponding fitting equations are shown below [30]
S§=244.9274+ 0.9992T-2.15526x10-4 T2 (R% = 0.99999).
Cp=8.63323+0.95984T-3.9441x10-4T2 (R% = 0.99934).
H=-10.55911+0.01479T+2.64559x10-*T2 (Rz = 0.99938)

Thermodynamic
relationships

energies

of thermodynamic

according to the

functions can be

calculated and estimated directions of chemical reactions
in agreement with the second law of thermodynamics in
the thermo chemical field can be evaluated [31].
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Figure 5: Correlation graphic of heat capacity, entropy,
enthalpy at different temperature for 3IPN2A

Temperature(K) (cal.ms:)ln-l 1K-1) ( cal.n?(;)lnllK-l) AH°m (kcal.mol-1)
100 341.76 106.616 6.927
200 437.878 179.826 21.212

298.15 523.793 255.859 42.58
300 525.38 257.291 43.055
400 609.712 331.137 72.546
500 690.61 394.28 108.917
600 767.216 445.822 151.013
700 839.194 487.71 197.76
800 906.639 522.149 248.307
900 969.846 550.855 301.999
1000 1029.172 575.05 358.328

Table 5: Thermodynamics functions of 3IPN2A with different temperature.

Mulliken Population Analysis

The natural population analysis of 3IP2NA obtained by
Mulliken [32,33] population analysis using B3LYP/ 6-
311++G (d,p) method. Mulliken atomic charge calculation
has an important role for the application of quantum
chemical calculation of the molecular system. Atomic
charge affects dipole moment, polarizability, electronic
structure and other molecular properties of the system.
The calculated Mulliken charge values of 3IP2NA are
listed in Table 6. It can be observed graphically in Figure 6
that the carbon atom (C17) has more negative charge
whereas all the hydrogen atoms have the positive
charges. The positive charge of carbon is found C1, C2, C5,
C11 and C15 in our compound. Carbon 17 has more

Vetrivelan V and Sathyaseelan B. Spectroscopic Characterization, Quantum

positive charge compared to other atoms. The carbon
atom is identified positive and negative charges. The
carbon negative charge is identified C17 and positive is
identified at C1, C2, C5, C11 and C15. The oxygen atom is
clearly shown negative charge and all the hydrogen atoms
have positive charges. Similarly, themore negative charge
is also carried by the carbon atom (C17) and less positive
charge of carbon atom was identified at C1, C2, C5, C11,
and C15 due to carbonyl, ether oxygen group and
dimethyl groups. One oxygen atom has a negative charge
and all the hydrogen atoms have positive charges. The
result suggests that the oxygen atom acted as lone paired
donor.
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Figure 6: Illustration of Mulliken atomic charges of 3IP2NA.
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Atom Charge
C17 -0.42280
H18 0.17603
H19 0.07469
H20 0.14169
H21 0.16296
H22 0.16351
H23 0.13377
H24 0.29056
H25 0.12185
H26 0.15629
H27 0.14732
H28 0.16005
H29 0.12615
H30 0.14569
H31 0.17935

Atom Charge
C1 0.34080
C2 0.17461
C3 -0.05373
C4 -0.20075
C5 0.17295
Cé6 -0.08286
c7 -0.19837
C8 -0.33473
C9 -0.05322
C10 -0.11635
C11 0.15123
012 -0.26960
013 -0.17802
014 0.04787
C15 0.02385
Clé6 -0.49917

Table 6: Mulliken atomic charges of 3IP2NA.

Molecular Modeling Analysis

Auto Dock- automated docking software designed to
predict how small molecules (substrates or drug
candidates) bind to a receptor of the known 3D structure.
The 31P2NA was selected to be docked into the active site
of the proteins 4XUV and 4M1C were obtained from
(www.rcsb.org) protein data bank. The ligand was docked
into the functional sites of the relevant proteins
independently and the docking energy was a check to
achieve a minimum value. Auto Dock results indicate the
binding position and bound conformation of the peptide,
together with a bumpy estimate of its interaction. Docked
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conformation which had the minimum binding energy
was preferred to figure out the mode of binding. Auto
Dock binding energies (kcal/mol) and inhibition
constants (um) were also obtained and publicized in
Table 7. Among them, 4XUV exhibited the lowest free
energy at -5.40 kcal/mol and most docked inhibitors
interacted with the ligand within the 4XUV binding site.
They exhibited up to four hydrogen bonds involving SER
292, MET 359, SER 358 and SER 358 with RMSD being
50.74 A. The 3IP2NA ligand interacts with different
receptors are shown in Figures 7a & b.

Copyright© Vetrivelan V and Sathyaseelan B.

Computational and Molecular Docking Studies on 3-Isopropoxy-2-Naphthoic
Acid: A Potential Antibacterial Agent. Nanomed Nanotechnol 2018, 3(3): 000148.



Nanomedicine & Nanotechnology Open Access

Figure 7: Docking and Hydrogen bond interactions of 3IP2NA with (a) 4XUV and (b) 4MIC.

(b)

N Estimated
Protein Bonded B o No. of g Inhibition LG
(PDB ID) residues dlst?nce hydrogen bond energy Constant RMSD
(A) (kcal/mol) A)
(nm)

SER292 1.8
MET359 2.8

4XUV SER358 18 4 -5.4 110.43 50.74
SER358 2.5
LYS566 2.1

4M1C LYS896 25 3 -4.99 221.5 78.02
LYS896 2.2

Table 7: Hydrogen bonding and molecular docking with 4XUV and 4M1C.

Conclusion

In the present work, the optimized molecular
structure, electronic properties, vibrational frequencies
and the intensity of vibrations of the 3IP2NAare
calculated by DFT method using B3LYP/6-311++G (d,p)
basis set. The optimized geometric parameters are
theoretically determined by DFT theory. The vibrational
FT-IR and FT-Raman spectra of the ADHPT molecule are
recorded and on the basis of agreement between the
calculated and experimental results, the assignments of
all the fundamental vibrational modes of the 3IP2NAare
made unambiguously based on the results of the PED. The
possible electrophilic and nucleophilic reactive sites of
the molecule were predicted and the intra molecular
interactions of the molecule were also confirmed through
NBO analysis. Low HOMO-LUMO energy gap value
indicates the intra molecular charge transfer takes place
within the molecule. The charge and multiplicity are
varied in order to compare the variation in the Mullikan
charges in each case. Fukui function helps to identify the
electrophilic / nucleophilic nature of a specific site within
a molecule. The MEP shows the negative potential sites

Vetrivelan V and Sathyaseelan B. Spectroscopic Characterization, Quantum

are on oxygen atoms as well as the positive potential sites
around the hydrogen atoms. Molecular docking of the title
compound is also reported due to the different biological
activity of 3IP2NA.
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