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Summary: N'-(4-methoxybenzylidene)benzenesulfonohydrazide was synthesized and elemental
analysis was conducted; IR, Raman, 'H, and 3C NMR spectral data were recorded. The potential
energy surfaces (PES) of the N'-(4-methoxybenzylidene)benzenesulfonohydrazide molecule were
obtained by selected degree of torsional freedom, which varied from 0° to 360° in 4° increments. The
conformers were optimized by using a (DFT/B3LYP/6-31G(d,p)) basis set in the gas phase. The
eleven conformers in the gas phase of the obtained molecule were determined and the most stable
conformer (conformer 1) was re-optimized by three different basis sets of 6-31G(d,p), 6-311G(d,p),
and LanL2Dz.

HOMO-LUMO analyses were performed. NBO analysis was performed to describe the around of
intramolecular charge transfer. The vibrational spectra were measured in solid phase IR and detailed
analysis of the vibrational spectra of conformer 1 was done; all the bands of the spectra were
interpreted by the use of the potential energy distributions (PED) and the molecular electrostatic
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potential (MEP) was plotted.
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Introduction

Sulfa drugs were discovered by German
bacteriologist and pathologist Gerhard Domagk. The
scientist found that the active component of the
prontosil dye was the sulfonyl amide. This discovery
gave him the Nobel Prize in 1939 [1,2].

This type of drugs was used extensively
during World War 1l [3].These drugs were in the
form of white powder medicines taken orally and
included inmilitary first aid equipment. Due to
bacterial resistance, the use of these drugs has
decreased over time. Today, their use as antibacterial
drugs continues in the form of binary or triple
mixtures. Sulfa drugs do not Kill bacteria, but stop
their reproduction and growth. Conversely, antibiotic
drugs kill bacteria because the mechanism of action
is different. Therefore, treatment with sulfamide
drugs is preferred in many infections.

Sulfonylamides are important compounds
for drug chemists. The many bioactive properties of
these compounds such as anticancer [4], antidiabetic
[5], anti-inflammatory  [4], antifungal [6],
antibacterial [7], antituberculosis [8,9], antiviral [10],
and glycosidase inhibition [11]have been reported.

Computational methods are useful for
detecting various molecular properties [12]. These
studies are often used by researchers to verify

experimental results [13]. These studies provide a
pool of information for those who want to work on
such compounds with a wide range of uses.

This study has synthesized N'-(4-
methoxybenzylidene)benzenesulfonohydrazide in
order to give a different perspective to this group of
compounds, which have a wide use area. After
synthesization, spectroscopic methods from previous
studies were used to characterize it [14,15].

Vibrational frequencies [16], LUMO-
HOMO energies [17], frontier orbital energy gap
[18], dipole moment, and NBO analysis [19] were
employed. Infrared and NMR spectroscopic methods
are widely used to study the structural and dynamic
properties of molecular systems [20]. Detailed DFT
calculations were made and compared with the
experimental results.

The vibrational bands in the IR and Raman
spectra were assigned by normal coordinate analysis
(NCA) and were interpreted by theoretical
calculations using three different basis sets.
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Experimental
General materials and instruments

The chemicals available on the market were
used without purification. Solvents were distilled
because the substance was affected by water. The
melting point was determined with the melting point
device (Elektrotermal 9100). The compound was
routinely controlled by TLC wusing the DC
AlufolienKieselgel 60 F254 (Merck) and the Camag
TLC lamp (254/366 nm). IR spectra were recorded
with  the Shimadzu Model 8400 FT-IR
spectrophotometer. The 'H spectra were recorded
with the Bruker 400 MHz NMR device and **C-NMR
spectra were recorded with the Bruker 100 MHz
NMR device.

General Procedure for the Preparation ofN'-(4-
methoxybenzylidene)benzenesulfonohydrazide

The substance was synthesized by a method
used in previous studies [21]. The light yellow
product was re-crystallized from ethanol three times.
This resulting solid was stable at normal conditions
and soluble in ethanol. N'-(4-methoxybenzylidene)
benzenesulfonohydrazide was obtained at a 55%
yield as a light yellow mass(CisH16N2SO, 288.26):
Anal Found: C, 64.96; H, 5.86; N, 10.15; S, 11.70%
Calc.: C, 62.47; H, 5.59; N, 9.71; S, 11.12%. FT-IR
(cm‘l): ve-s, 723, Vs-N, 867, V5302,1178, Vass02, 1299, éc.
H, 1460, Vc-Caro, 1618, VC-N, 1654, Vs CH3, 2902, Vas CH3,
2925.'H NMR (§, ppm, 400 MHz, DMSO- dg): 8.84
(s,'H,N-CH), 8.64-7.16 (d, 9H, Ar-H), 4.05-3.49 (s,
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6H, CHs); *C NMR (100 MHz, (DMSO-ds): &=
162.10, 161.13,132.00,130.24, 126.82, 114.62,
114.28, 77.35,77.03, 76.71. The compounds’ M.p.:
187 °C.

Computational Details

All the calculations were computed by the
DFT method using the Gaussian 09 program [22] and
GaussView05 program [22]. The reaction mechanism
of the synthesized molecule is given in Fig 1.

The initial geometry was generated from the
standard geometrical parameters and theoretically
investigated with the Density Functional Theory
(DFT) using the B3LYP [23] hybrid exchange-
correlation function. All the optimized structural
parameters were obtained by re-optimizing the
minima structures of the PES. Harmonic vibrational
frequencies and their assignments were also
computed using the same basis set.

The results of NBO analysis, optimized
geometric, parametric and NMR spectra were
calculated by the DFT/B3LYP 6-31G(d,p), 6-
311G(d,p), and LanL2Dzbasis sets for the most stable
conformer. Vibrational and frontier molecular orbital
analysis of the most stable conformer was conducted
with the DFT/B3LYP 6-31G(d,p) basis set. Potential
energy distribution (PED) was performed with the
VEDA4 [24] program and each band of the
vibrational frequencies was interpreted.

CHg + R
|
R
CHg
-H,0
S 72 W
SN-N—CH <-———— _S\N/'}':ﬁ:H
| -H* —
CH, | H R
CHg

Fig. 1: The reaction mechanism of the synthesized molecule.
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Results and Discussion
Potential energy surfaces

To find the conformers of the obtained
molecule, a scan through of the eight torsional angle
coordinates T(C2C3512012), T(C19N15S12013),
T(N15N16Ci7H18), T(N16N15Ci9H21), T(N16C17C2Co3),
T(C25033C34H3s), 1(C19N15C16C17), and
T(C24C25033Ca4), Was done. These torsion angles are
shown in Fig 2.The potential energy surfaces were
determined with a change in eight dihedral angles in
intervals of 4°.

The relative energies of the eleven
conformers of the obtained molecule were calculated
by DFT with the 6-31G(d,p), 6-311G(d,p), and
LanL2Dz basis sets. The highest rotational energy
barrier in the gas phase was determined for the
NisN1sCi7H1s angle with 48 kcal/mol. The lowest

4- 104

J.Chem.Soc.Pak., Vol. 43, No. 02, 2021 214

rotational barrier was calculated as 3 kcal/mol for the
N16N15C19H21 angle. Some geometric parameters of
the most stable conformer can be seen in Table 1, the
eight torsion angles, which characterize the eleven
conformers, can be seen in Table 2, and the
geometries of the conformers can be seen in Fig 3.

The relative energy difference between the
most stable conformer and the other 10 conformers
was found to be 4 kcal/mol. The relative energy
difference of 82 kcal/molwas found between the most
stable conformer and conformer 11.

The highest rotational barrier was obtained
for the rotation around the bonds N1sS12 and NisCise.
The value of this barrier was calculated to be 10
kcal/mol. The NisCi7 bond could not scanned
between 100-260 degrees due to overlap of the
sulfonyl group and p-methoxy benzene ring.
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Fig 2: PES of the title compound.
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Table 1: Some Optimized geometrical parameters of the most stable conformer.

Parameters Calculated
Bond lengths (Ao) 6-31G(d,p) 6-311G(d,p) Lan2-Dz
Cs-Si2 1.79 1.80 1.86
S12-O13 1.47 1.46 1.63
S12-O14 1.46 1.45 1.63
S12-Nis 173 1.72 1.89
N15N1e 137 1.36 1.38
N15C1g 1.46 1.46 1.48
N16-Ci7 1.29 1.28 131
Ci7-His 1.09 1.09 1.09
Ci17-Cos 1.46 1.46 1.47
Cio-H2o 1.10 1.10 1.10
Cio-Hazt 1.09 1.09 1.10
Cio-H2 1.09 1.09 1.09
C24-Hzo 1.08 1.08 1.09
O33-Cas 1.42 1.42 1.46
C2CsS12 119.3 119.3 117.9
C4C3S12 119.0 119.1 118.0
C3S12013 108.2 108.2 109.7
C3512014 108.3 108.4 108.6
C3S12N1s 105.6 105.1 101.2
013N12014 122.2 122.3 120.5
O13N12N1s 104.5 104.5 102.7
014S12N15 106.9 107.1 112.2
N16N15S12 1114 111.7 108.7
C19N15S12 119.1 119.0 113.9
N16N15Cig 122.2 122.3 123.1
N15N16Ci7 120.3 120.6 1211
N16C17H18 122.7 122.6 122.3
N16C17Cos 121.1 121.2 121.3
H18C17Cas 116.2 116.1 116.4
C25C24H30 121.1 121.1 121.2
C2CsS12 119.3 119.3 117.9
C4CsS12 119.0 119.1 118.0
C3S12013 108.2 108.2 109.7
C3S12014 108.3 1084 108.6
CsS12N1s 105.6 105.1 101.2
013512014 122.2 122.3 120.5
013S12N15 104.5 104.5 102.7
014N15S12 106.9 107.1 112.2
S12N1sNie 111.4 111.7 108.7

Table-2: Computational relative energies, dipole moments, and flexible bonds of the PES minima.

3
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Q
4
Conf.1 0 7.02 165.9 28.4 14 68.5 -175.3 61.4 -15.6 -0.4
Conf.2 0 7.03 165.9 28.4 14 68.5 4.8 61.4 -15.6 179.4
Conf.3 0.0028 5.52 167.8 29.7 1.69 -52.3 5.83 61.3 -15.5 0.2
Conf.4 0.1914 4.88 147.2 -160.7 -1.7 52.3 -5.8 61.1 15.6 -0.2
Conf.5 0.1914 4.88 162.0 -91.4 24 70.0 1.9 61.4 -16.6 -04
Conf.6 0.1914 4.88 148.9 -39.9 -2.3 50.9 -1.8 61.0 16.6 0.4
Conf.7 0.5933 6.41 165.8 50.8 0.3 63.7 1.2 61.7 -152.7 -0.6
Conf.8 3.2217 4.13 1355 -167.7 1.6 66.0 -1.6 61.2 -15.6 -0.1
Conf.9 3.2300 4,90 117.2 -26.9 4.9 70.3 1.8 61.5 -157.8 -0.4
Conf.10 4.0219 6.44 144.3 -54.7 -0.2 51.2 -1.8 61.2 133.2 0.2

Conf.11 82.5603 4.06 1477 922 11 518 0.6 609 141 0.4
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Fig. 3: Geometries of the conformers.
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Natural Bond Analysis

The results of the natural bond orbital
(NBO) were calculated using the Gaussian 09
program with the DFT/B3LYP method and the 6-
31G(d,p), 6-311G(d,p), and LanL2Dz basis sets.
NBO calculations offer the opportunity to explore
charge intermolecular bonding and the interaction
among bonds. A larger stabilization energy value
shows greater intensity of the interaction between
electron donors and electron acceptors. The natural
bond orbital analysis of the obtained molecule is
given in Table 4.

NBO analysis was performed on the title
compound at the B3LYP/6-31G(d,p), 6-311G(d,p),
and LanL2Dz level. The most stable conformer was
determined with intra-molecular hydrogen bonding.
The highest interaction energies between the LP (1)
of Nis and BD*(1) of Ci-His were calculated as
11.05, 10.25, and 10.49 kcalmol* for 6-31G(d,p), 6-
311G(d,p), and LanL2DZ, respectively. The second
interaction energy E(2) value calculated for the
oxygen lone pair Nis with anti-bonding CioH2o was
found to be 6.12 kcal/mol with the B3LYP/6-
31G(d,p) basis set. There was a similar interaction
between the oxygen lone pair Nis and anti-bonding of
CigHz1. The interaction value was found to be 2.4
kcal/mol. The interaction energy values of the
oxygen lone pair Oss with anti-bonding Cas- Hssand
Cas- Hsz were calculated to be (E2 1.26- 5.44
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kcal/mol, and E2(2) 1.25- 5.43 kcal/mol) for the
obtained compound, and are presented in Table-3.

NMR calculations

Chemical shifts were reported in ppm
relative to TMS for the NMR spectra. The most
stable conformer of the obtained molecule was used
to calculate the NMR spectra with the B3LYP
method at 6-311G(d,p) level using the gauge-
including atomic orbital (GIAO) [22] *H and **C
chemical shift calculations were performed by the
B3LYP functional with the 6-31G(d,p), 6-311G(d,p),
and LanL2Dz basis sets. The *H NMR and *C NMR
diagrams of N'-(4-
methoxybenzylidene)benzenesulfonohydrazide  are
presented in Fig. 4. andFig. 5., respectively. The
correlation graphs between the experimental and
calculated NMR spectra by three different methods
are shown in Fig. 6.

From the results regarding the shift of the
hydrogen atom, the chemical shifts of H10 and H9
were higher than those of the other hydrogen atoms
in the chain. This is purely due to the extended
influence on the hydrogen atom by nearby sulfur
atoms.

The shifts of the title molecule were
calculated at 7.07-8.07 ppm with B3LYP/6-31G(d),
at 6.82-7.87 ppm with B3LYP/6-311G(d,p), and at
6.82—7.87 ppm with B3LYP/ LanL2Dz.

Table-3: Theoretical and experimental *C and *H chemical shift for the title compound (ppm).

EXp. 6-31G(d,p) 6-311G(d,p) Lan2-Dz A(Exp.-(6-31G)) A(Exp.-(6-311G)) A(Exp-(cc-PVDZ)) Atom
114.6 144.8 167.1 150.1 30.1 52.4 355 25-C
161.1 129.4 146.9 136.1 317 14.2 25.0 3-C
162.1 1218 139.4 128.3 40.3 22.7 338 17-C
126.8 117.1 136.3 123.0 9.7 9.5 3.8 6-C
114.3 116.8 134.7 122.9 25 20.4 8.6 23-C
132.0 115.6 134.4 120.0 16.4 2.4 12.0 2-C
114.3 114.7 133.1 119.3 0.4 18.8 5.1 28-C
130.2 113.6 132.6 118.4 16.6 2.3 11.8 1-C
130.1 112.9 131.9 118.2 17.2 1.8 11.9 5-C
132.0 112.3 130.8 117.6 19.7 11 14.3 4-C
114.4 112.0 130.6 115.8 2.4 16.2 14 27-C
1145 104.6 122.8 111.2 9.9 8.3 33 26-C
114.6 94.6 110.0 98.9 20.0 4.6 15.7 24-C
77.0 43.1 54.3 48.0 33.9 22.7 29.0 34-C
55.4 21.8 30.6 22.2 33.6 24.9 33.2 19-C
7.0 85 8.3 8.4 15 14 15 32-H
8.1 8.3 8.0 8.3 0.2 0.0 0.2 8-H
7.8 8.0 7.8 8.0 0.2 0.0 0.2 9-H
75 7.6 75 7.6 0.1 0.0 0.1 11-H
7.4 7.6 7.4 7.6 0.2 0.1 0.2 10-H
7.3 75 7.4 7.6 0.2 0.1 0.2 7-H
6.9 7.1 7.1 7.3 0.2 0.2 0.4 31-H
7.0 7.1 7.0 7.0 0.1 0.1 0.0 29-H
8.8 6.9 6.9 6.9 1.9 1.9 1.9 18-H
6.8 6.7 6.5 6.4 0.1 0.3 0.4 30-H
2.2 43 4.2 4.2 2.1 2.0 1.9 22-H
41 4.1 4.0 38 0.0 0.1 0.2 36-H
3.7 3.7 35 34 0.0 0.2 0.3 37-H
35 3.7 35 3.4 0.2 0.0 0.1 35-H
2.2 3.0 2.8 2.7 0.8 0.6 0.5 21-H
2.1 2.0 1.8 1.5 0.0 0.3 0.5 20-H
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Table-4: Natural Bond Orbital analysis of the title compound.

6-31 G(d,p) 6-311 G(d,p) Lan2-Dz
P Acceptor NBOG) — E®  EEG” RS E@®  EDED”  Fa)° E@®  EGED°  FQQ)°
LP (3) O13 BD*(1) C19 - H22 124 0.75 0.029 0.67 0.71 0.02 1.02 0.78 0.026
LP (2) N15 BD*(1) C19 - H20 6.12 0.73 0.063 6.15 0.69 ).06 6.45 0.75 0.065
LP (1) N15 BD*(1) C19-H21 24 0.74 0.04 3.05 0.69 0.043 2.67 0.76 0.043
LP (1) N16 BD*(1) C17 - H18 11.05 0.81 0.086 10.25 0.78 0.081 10.49 0.81 0.084
LP (1) 033 BD*(1) C34 - H35 1.26 0.97 0.031 0.74 0.92 0.023 1.04 0.97 0.028
LP (1) 033 BD*(1) C34 - H36 1.84 1.00 0.039 3.02 0.94 0.048 2.18 1.01 0.042
LP (1) 033 BD*(1) C34 - H37 125 0.97 0.031 0.73 0.92 0.023 1.02 0.97 0.028
LP (2) 033 BD*(1) C34 - H35 5.44 0.74 0.059 5.72 0.69 0.058 5.37 0.75 0.059
LP (2) 033 BD*(1) C34 - H37 5.43 0.74 0.059 5.69 0.69 0.058 5.35 0.75 0.059

2 E(2) means energy of hyperconjugative interactions.(kcal/mol)
b Energy difference between donor and acceptor i and j NBO orbitals.(a.u)
° F(i, j) is the Fock matrix element between i and j NBO orbitals.(a.u)
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Fig. 4. Experimental *H NMR chemical shift spectrum of the obtained molecule.
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Fig. 6: Calculated and experimental NMR Spectra of the title compound.

HOMO-LUMO analysis HOMO-LUMO helps to characterize the
chemical reactivity and kinetic stability of the

The HOMO-LUMO analysis for the title  molecule [24]. The HOMO orbital is concentrated on
compound was calculated at the B3LYP/6-31G(d,p) the methoxybenzene ring and sulfonyl groups. This
level. The frontier molecular orbital is seen in Fig7. means that electrophilic attack occurs here. The
LUMO orbital is located over the sulfonyl group’s
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benzene ring; for this reason, nucleophilic attack
occurs here. The LUMO orbital is also slightly
located over the methoxy group. The HOMO and
LUMO energy gap value is 3.81 eV. A small energy
gap value is polarized and is known as a soft
molecule. This energy gap value explains the
eventual charge transfer interactions taking place.

An atom occupied by more densities of
HOMO should have a stronger ability for donor
electrons, whereas an atom occupied by more
densities of LUMO should have a stronger ability to
attract electrons.

Molecular electrostatic potential

The molecular electrostatic potential (MEP)
gives information about the net electrostatic effect
produced at that point by the total charge distribution
of the compound and correlates with the chemical
reactivity of the compounds. The molecular
electrostatic potential (MEP) of the obtained
molecule is illustrated in Fig8.

Maps help provide understanding of the relative
polarity of a molecule. The different values of
electrostatic potential on the surface are represented
by different colors. Electrostatic potential shows an
increase from red to blue. The red regions represent
the most negative potential, blue represents regions
of the most positive potential, and green represents
regions of zero potential. Regions of negative
potential are usually associated with alone pair of
electronegative atoms. As seen from the MEP map of
the title molecule, the orange regions are localized
over C=0 groups and N atoms. The yellow region,
which has positive potential, is located over the
phenyl rings.

Vibrational Analysis

The title compound has 37 atoms and is
expected to have 106 normal modes of fundamental
vibrations. The normal mode analyses are provided in
Table 5.The experimental and theoretical spectra are
shown inFig9.

The vibrational frequencies calculated with
the DFT method with the 6-31G(d,p), 6-31G(d,p),and
LanL2DZ basis sets were scaled by 0.961, 0.967, and
0.961 for wave numbers greater than 1700 cm?,
respectively. The values of the DFT calculations
enabled good agreement with the experimentally
recorded organic compounds when the vibrational
harmonic frequencies were scaled using the scale
factor. This was obtained by considering systematic
errors; basis set deficiencies, and anharmonicity [25-
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29]. After the calculated wave numbers were scaled,
the deviation from the experiments was less than 10
cm™. The correlation graph of the calculated and
experimental wave numbers is shown in Fig 10.

LUMO +1 (-1.40 eV)

2a® %
o'e

v 9

2

LUMO(-1.98eV)

HOMO -1 (-7.15eV)

Fig. 7: The frontier molecular orbital pictures of the
most stable conformer.
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Fig. 8: MEP of the obtained molecule.

CH vibrations

The title compound consists of an aromatic
ring system and sulfonyl hydrazine. The C-H
stretching vibration of the benzene ring appears in the
region 3000-3100 cm?, which is the characteristic
region of C-H stretching vibration [30]. The
stretching vibrations of the C-H methyl group were
localized and observed in the range 3000-2800 cm™
[31].
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Fig. 9: Calculated IR Spectra of the title compound.
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Fig. 10: Calculated and experimental IR Spectra of
title compound.

The C-H stretching vibrations of the
obtained molecule were observed at 3181, 3154,
3117, 3098, 3076, 3032, 3030, 3005 cm™ in the IR
spectrum and calculated at 3109- 3100, 3098-3095,
3084-3081, 3075, 3065-3064, 3051, 3029 cm™* by 6-
31G(d,p), at 3110- 3100, 3098-3096, 3086-3081,
3076, 3065-3064, 3051, 3029 cm™by 6-311G(d,p)
3117, and at 3112-3107, 3101-3097, 3091, 3078-
3064, 3062, 3042 cm? by LanL2Dz with the
contribution and were acquired at 100% on the PED
table. The bands were found at 2968, 2920, 2900 cm*
in the title compound and calculated at 2960, 2900,
2898 cm'hy 6-31G(d,p), at 2960, 2903, 2898 cm* by
6-311G(d,p) and at 2989, 2912, 2905 cm® by
LanL2Dz, and are ascribed to CHs stretching
vibrations.
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The H-C-H in-plane bending vibrations
appear as a medium band in the IR spectrum at 1532-
1443 cm™. These vibrations were calculated at 1519-
1447 cm*. The C-H out-of-plane bending vibrations
are coupled vibrations and occur in the region 1000—
750 cm™ [32, 33]. The aromatic C-H out-of-plane
bending vibrations were calculated at 945-729 and
were observed at 954- 652 cm™ in the IR spectrum.

C=C vibrations

The C=C stretching vibrations normally
appear around 1650- 1400 cm™ in an aromatic
compound. These four peaks confirm that the
compound is aromatic in nature [34]. The C=C
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stretching vibrations of the obtained molecule were
found at 1680- 1560 cm™ and were also observed at
1664-1545 cm™ in the IR spectrum.

CCC bending bands always occur at~600
cm? [35]. The CC in -plane bending vibrations
appeared at 1361,1071,1021, 644, 634 cm™, whereas
the out -of -plane bending vibrations were observed
at 954, 721, 666, 644, 522, 493 cm? In the title
molecule, the computed values found as 1364-1361,
1074,1047, 694,652-627 cm™* by the 6-31G(d,p) basis
set, as 1319-1343, 1061,1042, 691,652-628 cm?by
the 6-311G(d,p) basis set and as 1380-1371,
1061,1029, 652, 643-624 cm by the LanL2Dz basis
set were assigned to CCC bending vibrations.

Table-5: Normal coordinate analysis of the title compound.

No. Exp. 6-31G(d,p) 6-311G(d,p) Lan2-Dz % PED Assignment
1 3181 3109 3110 3117 87 C:H vCiH
2 3181 3100 3100 3117 87 C4H vCiH
3 3154 3098 3098 3112 76 CasH + 21 CosH v CH
4 3154 3095 3096 3107 92 CxH v CH
5 3117 3084 3086 3101 97 CsH vCiH
6 3117 3081 3081 3097 98 Co7/H v CH
7 3098 3075 3076 3091 78 CsH + 22 CH v CH
8 3076 3065 3065 3078 98 CioH veaH
9 3076 3064 3062 3064 86 CsH vCiH
10 3032 3051 3054 3062 88 CasH v CH
11 3030 3029 3032 3042 81 CasHas + 12 CaaHs7 v CmoH
12 3005 2985 2985 2997 78 C17H + 10 CioH vCH
13 2984 2975 2975 2994 100 CioH vCH
14 2968 2960 2960 2989 90 CasH v CmoH
15 2920 2900 2903 2912 91 CauH v CmoH
16 2900 2898 2898 2905 94 CioH vCrmH
17 1654 1680 1664 1661 65 C17=N +13N16C17H vCN
18 1644 1667 1651 1642 72 C26Ca7 + 10 C23C24 vCC
19 1626 1641 1626 1636 56 C4Cs vCiC
20 1617 1640 1625 1622 52CsCs + 28 C2Cs + 10 C3Cs vCiC
21 1599 1620 1605 1605 58 C27C2s+ 10 C7N vCC
22 1572 1560 1545 1546 40 C26Cor+ 27 C23Ca4H30 vCC
23 1532 1519 1507 1519 77 HC1woH o HCnH
24 1532 1518 1505 1518 77 HCxH & HCmoH
25 1505 1517 1504 1514 83 HC1oH o HCnH
26 1505 1505 1492 1507 82 HCxH & HCmoH
27 1459 1501 1491 1501 60 HC1oH o HCnH
28 1487 1487 1477 1484 81 HCxH & HCmoH
29 1487 1487 1477 1478 60 C1CsH + 29 C:1C2 8 HCgaH
30 1459 1468 1455 1466 64 C24Ca3H + 10 C26C27 8 HC.C>
31 1443 1447 1441 1455 65 HC19H + 10 C2sC17H o HCnH
32 1418 1414 1403 1414 46 C2Cy7H + 10 HC1oH 8 HC.Ca
33 1361 1364 1319 1380 77 C1C2Cs 8 C:1CiCy
34 1361 1361 1343 1371 58 C23C2Cos 8 C.C2C2
35 1335 1344 1333 1352 65 OS12 4 0SO
36 1319 1337 1329 1345 58 C3CsH 8 C:.CiH
37 1300 1334 1328 1278 30 C2sCa7H+ 13 C23CoaH 8 C2CH
38 1295 1298 1280 1265 37 C33025+ 17 C17Cos v OCrmo
39 1247 1269 1260 1214 62 HC17Cast+ 14 C17Cas 8 CCaH
40 1211 1220 1213 1211 43 HCy9H + 14 S12C15 & SHCwH
41 1211 1211 1204 1206 75 HCasH + 14 O34Css 8 HCmoH
42 1184 1204 1199 1195 58 C4CsH 8 HC1Cy
43 1184 1198 1190 1192 67 C26CorH 8 HC2C:
44 1179 1190 1185 1150 85 CsCsH 8 HC1Cy
45 1179 1189 1181 1147 41 C17NN+ 13 CsCeH +13 C26C27H 6 HCcalC
46 1164 1177 1170 1130 31 HCasH +30 C25033C 8 HCmoH +6 COC
47 1147 1147 1138 1111 43 C3S +30 01350 vCS
48 1107 1138 1132 1106 53 C26C27H + 30 C28C240 & C2.C2H +6 COC
49 1107 1132 1125 1081 64 HC19H +21 N15Cao d HCnH
50 1100 1105 1100 1050 60 C2C1Cs 8 C1C1Cy
51 1071 1085 1078 1034 52 C3512+21 C2Cs vCS
52 1071 1074 1061 1029 47 C23C24C25 + 19 O33Css 8 C2C.C,
53 1021 1047 1042 1028 62 C1C6Cs + 11 C5S 38 C1C1Cy
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54 1021 1026 1023 1027 77 1(C26C27) 1C2C2

56 1008 1008 1011 1008 68 7(C1Cs) + 11 C1Cs 1C1Ct1

57 983 987 992 990 75 1(C26C27) 1 C2C2

58 983 982 988 979 85 1(C4Cs) 1C1Ct1

59 970 959 959 956 59 7(C17C2s) + 14 7(C23C24) 1 C2Ca

60 954 947 941 945 82 N1sNis+ 12 CioN vNN

61 954 941 937 892 20 7(C1Cz) + 18 P(Cy) T C1Cit v (C1)
62 942 928 930 887 60 7(C17C2s8) + 37 ©(C23C24) 1C1C1+ 1C2C2
63 867 896 891 880 59 C23Cas + 21 C26Ca7 v C2C2

64 828 859 856 866 40 1(C1C2) + 11 1(C4Cs) v CiCy

65 828 854 853 844 41 1(C26C27) + 33 1(C4Cs) 1C1C1+ 1C2C2
66 815 820 817 822 41 t(C26C27) + 39 1(C23C24) 1C2C2

67 780 804 800 795 47 C23C28C27+ 19 C25033Cas 8C2C2C2 +6C20Cmo
68 721 766 758 777 34 1(CsCe)+ 30 P(Cs) T C1Cit v (Cr)
69 666 732 738 760 45 P(Cas)+ 29 P(Czs) v(C2) +y(C2)
70 652 729 725 712 41 1(C3Cy) + 39 CsS12 17 C1C1+ v (CS)
71 644 698 698 688 51 P(Cy)+ 16 P(Cs) v(C1)

72 644 694 691 652 52 C1CsCs+ 27 CsS12 8C1C1C1
73 634 652 652 643 18 C24C23Co8+ 13 C27C26Cos 8C2C2C2
74 630 627 628 624 60 C1C2Cs+ 36 C4CsCs 8C1C1C1
75 583 604 604 565 17 ©(N15N16)+ 16 T(N25Ss3) + 07(C17Cos) 7NN+ 1 NS
76 571 562 561 550 70 013523014+ 15 C25033C 8 0OSO

77 522 548 547 520 47 T(N1sN1s)+ 137(C17Cz8) + 107(C23Cas) TNN

78 522 545 542 490 48 P(Cas)+ 13 P(Czs) v(C2) +y(C2)
79 510 511 510 463 35 1(S12N15)+ 13 1(C25C33Ca4) TSN

80 493 473 471 440 36 P(Cs)+ 13 P(Ce) v(C1)

81 474 446 444 434 30 T(N15N16)+ 10 C25033C24 TNN

vStretching, J in-plane, y out-of-plane, z—torsion C atoms; Ca:A ring, Cg: B ring, Cc:C ring, Cq: quercetin ring-, Cgai: galactoside ring.

S=0, C-S Vibrations

The SO; stretching vibrations occur in the
region 1125-1150 and 1295-1340 cm™[21].The
bands appeared at 1335 cm™? in IR and were
calculated at 1344 cm™ by the 6-31G(d,p) basis set at
1333 cm™* by the 6-311G(d,p) basis set, and at 1352
cm by the LanL2Dz hasis set. In a recent study, the
SO; in-plane bending vibrations were found at 590
cm* for a benzenesulfonic acid methyl ester structure
[21]. In this paper, the & OSO in-plane bending
vibration was observed at 571 cm™ and calculated at
562 cm by the 6-31G(d,p) basis set, at 561 cm™ by
the 6-311G(d,p) basis set, and at 550 cm™ by the
LanL2Dz basis set.

Normally, the C-S stretching bands are
observed in the range of 930-670 cm™ [33,34]. For
the title molecule, the C-S stretching vibration was
observed at 1147 cm™? (30% contribution & OSO in-
plane bending vibration), and at 1071 cmlin IR
diagram; this agrees well with the calculated
stretching vibration at 1147 and 1085 cm™ by the
B3LYP/6-31G(d,p) method, at 1138 and 1078 cmby
the B3LYP/6-31G(d,p) method and at 1111 and 1034
cm by the B3LYP/LanL2Dz method.

C=N, O-CHgs Vibrations

The C-N stretching usually lies in region
1400-1200 cm™ [33, 34].

The stretching vibration of the C=N group in
the title molecule was observed at 1654 cm™ and was

calculated with a 65% contribution of the C=N
stretching force constant and calculated at 1664 cm™
by the 6-311G(d,p) basis set and at 1661 cm™* by the
LanL2Dz basis set.

The O-CHjs stretching mode is normally
assigned in the region 1000-1150 cm™ and the O-
CHs bending mode is assigned at 310 cm[33-35].
The OC band was observed at 1295 cm? and
calculated at 1298 cm™by the 6-31G(d,p) basis set, at
1280 cmtby the 6-311G(d,p) basis set and at 1265
cm™ by the LanL2Dz basis set. The Cs03C in-
plane bending was observed at 1164 cm? and
calculated at 1177 cmby the 6-31G(d,p) basis set,
at1170 cm* by the 6-311G(d,p) basis set and at 1130
cmthy the LanL2Dz basis set.

Conclusion

In this present study the conformer analysis
were performed to find the most stable conformer. 11
conformational isomers were obtained in gaseous
phases. The most important difference between
conformers is found to be the replacement of the
benzene ring and -OCHjs groups.

The potential energy curves around the
flexible bonds of N'-(4-methoxybenzylidene)
benzenesulfonohydrazide was performed. The
highest rotational barrier 48 kcal/mol  for
N15N16C17H18torsiyonal angles. This is an
expected result because the rotation around the
double bond is difficult. The lowest rotational barrier
3 kcal/mol for N16N15C19H21torsiyonal angles.
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The dipole moment values of the determined
conformers in the gas phase vary between 4.06
Debye (conformer 11) and 7.03 Debye (conformer 2).

NBO analysis was performed on the title
compound at the B3LYP/6-31G(d,p), 6-311G(d,p),
and LanL2Dz level. The most stable conformer was
determined with intra-molecular hydrogen bonding.
The highest interaction energies between the LP (1)
of N16 and BD*(1) of C17-H18 were calculated as
11.05, 10.25, and 10.49 kcal/mol for 6-31G (d,p), 6-
311G(d,p), and LanL2DZ, respectively. The second
interaction energy E (2) value calculated for the
oxygen lone pair N15 with anti-bonding C19H20 was
found to be 6.12 kcal/mol with the B3LYP/ 6-
31G(d,p) basis set.

Based on the DFT calculations at B3LYP/6-
31G(d,p), B3LYP/6-311G (d,p), and B3LYP
/LanL2Dz levels, all the properties of the synthesized
title molecule were investigated by FT-IR and NMR
spectroscopy. FT-IR diagrams were theoretically
drawn in three ways. Experimental data and
theoretical data were compared in the graph. Thus, it
was determined that the R2 values of the graphs
obtained with 6-31 G(d,p) and 6-311 G(d,p) methods
were closer to the real result. Also, the optimized
bond length, bond angle, and dihedral angles were
calculated and compared by different DFT methods.
The PES of the obtained molecule was calculated by
DFT/6-31G(d,p). Among the eleven conformers in
the gas phase, the most stable conformer was
determined by a relaxed scan through 8 dihedral
angles. The strong hyper conjugative interaction
energy values were calculated between the LP (N16)
atom and BD* (C17-H18) bond. The HOMO-LUMO
energy gaps were calculated at 3.82 eV for conformer
1. In general, compounds having a HOMO-LUMO
gap of 1.5 eV or less are considered to be chemically
active [36]. The HOMO-LUMO gap value of our
compound, 3.82 eV, shows that its chemical activity
is weak.
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