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ﬂBSTRACT \

N’-(5-m-Nitrophenylazosalicyliden)nicotinohydrazide 3 is synthesized from the
condensation of N’-5-m-nitrophenylazosalicylaldehyde 1 with nicotinohydrazide 2. 5-m-
nitrophenylazosalicylaldehyde was prepared by diazotization of m-nitroaniline and then the
coupling reaction with salicylaldehyde. This compound was characterized by IR, 'H and 3C NMR
spectral studies. The structure of the compound are optimized and studied by B3LYP density
functional method calculations at 6-31G(d,p) basis set using Gaussian-03 software. The HOMO-
LUMO energies and their energy gap and geometrical parameter were also computed

Qewords: Nicotinohydrazide, DFT, HOMO-LUMO, MEP.
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1. INTRODUCTION

Hydrazide derivatives have been of great
interest because of their role in natural and
synthetic organic chemistry [1l. Some widely used
antibacterial drugs such as furacilin, furazolidene
anftivazide are known to containing hydrazone
group. Hydrazone are aversalile class insecticides,
anticoagulants, antitumargents, antioxidant and
plant growth regulators [>4l. Hydrazone functional
group increases the lipophilicity of parent amides
and results in the enhancement of absorption
through biomembranes and enables them to cross
bacterial and fungal membranes [5 ¢l. Their metal
compounds have found applications in various
chemical processes like non-liner optics, sensors,
medicine etc [7]. The chemistry of Schiff bases has
been investigated in recent years. Schiff bases
hydrazones are widely used in analytical
chemistry as selective metal extracting agents as
well as in spectroscopic determination of certain
trasition metals [89. Schiff bases complexes have
been widely studied because they have industrial,
fungicide, antibacterial, anticancer and herbicidel
applications [10.11],

2. EXPERIMENTAL

Nicotinohydrazides was purchased from
sigma Aldrich. All other chemicals were used as
analytic grade. Reaction was monitored by TLC.
The melting points were measured on open
capillaries and are in corrected.

2.1. Synthesis of N’-(5-m-
Nitrophenylazosalicyliden)nicotinohydrazide
3

N’-(5-m
Nitrophenylazosalicyliden)nicotinohydrazide 3
was prepared according to the literature [12]. To
solution of N’-5-m-nitrophenylazosalicylaldehyde
1 (0.01 mol, 1.371 g) and nicotinohydrazide 2
(0.01 mol, 2.3 g) in methanol five drops of glacial
acetic acid were added and the reaction mixture
was refluxed for 6 h and then the mixture was
poured into ice cold water. The mixture was kept
overnight at room temperature. It was filtered,
washed and recrystallized from methanol. Yield
was found to be 84%, colour: orange; m.p. 163-
165°C.

2.2. Spectral measurements

The FT-IR spectrum is recorded in the
range 4000-400 cm-! with a resolution of
+4 cm-! and an accuracy of £0.01 cm~! on Nicolet
Avatar 360 FT-IR spectrometer. The sample was
mixed with KBr and the pellet technique was
adopted. The proton spectrum at 400 MHz and
proton decoupled 13C NMR spectrum at 100 MHz
in DMSO-ds were recorded at room temperature
on Bruker 400 MHz spectrometer using 10 mm
sample tube, samples were prepared by dissolving
about 10 mg of the sample in 0.5 mL of DMSO-ds
containing a few drops at TMS for 13C.

2.3. Computational studies
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Geometry optimization was carried out
according to density functional theory available in
Gaussian-03 package using B3LYP/6-31G(d,p)
basis set [13].

3. RESULTS AND DISCUSSION

The N’-(5-m-Nitrophenylazosalicyliden)
nicotinohydrazide 3 is obtained by refluxing 5-m-
nitrophenylazosalicylaldehyde 1 with
nicotinohydrazide 2 and 5 drops of acetic acid in
methanol (Scheme 1). All the synthesized
compounds are characterized by the FT-IR and the
high-resolution 'H and 13C NMR spectra and
analyzed. The theoretical vibrational frequencies
of the hydrazide 3 is calculated using DFT method
with 6-31G(d,p) basis set and scaled by a factor
0.9614.
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Scheme - 1: Synthetic route of N’-(5-m-

Nitrophenylazosalicyliden)nicotinohydrazide
3.

Table - 1: IR experimental and theoretical
values of compound 3
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the IR spectrum of 3 due to the aromatic vcu
mode. In hydrazide strong peak for N=N group is
observed at 1480 cm-! [15]. Aromatic C-H out-of-
plane bending vibration appeared around 840 and
700 cm-! [16], The experimental and calculated
(DFT) IR spectral data of 3 is displayed in Table 1
and the IR spectrum of hydrazide 3 is shown in
Figure 1.

3.1. Spectral (1H and 13C NMR) Calculation

The signals in the 'H NMR spectrum
(Figure 2) were assigned based on their positions,
integrals, multiplicities and on comparison with
those signals of 5-phenylazosalicylaldehyde. In
13C NMR spectrum (Figure 3) quaternary carbons
can be easily distinguished from other carbons
based on small intensities. The 'H and 3C NMR
chemical shifts were determined theoretically by
DFT method in DMSO-ds using the basis set
B3LYP/6-311+G(2d,p) GIAO and the salvation
model PCM (SCRF=PCM) [17. The 'H and 13C
chemical shifts relative to reference material TMS
are determined from the shielding tensors using
the scale factors 31.8821 and 182.4656
respectively and they are listed in Table 1 itself.
The scale factors are based on the reference
compounds used as well as on the basis set
employed for DFT calculation. Theoretically
determined 'H chemical shifts are generally high
when compared to experimental values and large
derivatives are noted on some protons. The
experimental 13C chemical shifts are however
closer to the theoretical values. Experimental and
computational 'H and 13C NMR spectral data of
hydrazide 3 are listed in table 2 and 3.

Table - 2: 1H NMR experimental and
IR Frequency theoretical values of compound 3
Experimental Theoretical 1H NMR Values (ppm)
3357 3404 protons Observed Theoretical
3196 3225 H-2 9.11 9.30
2918 2948 H-5 7.61 793
H-6 8.79 9.15
Lot AE H-11 8.79 8.65
1528 e H-14 7.17 753
1488 1470 H-15 8.00 857
The prominent peaks in the range 3430- H-17 837 8.62
3190, 1650-1800 and 1640-1560 [14 cm-! in the H-22 8.55 9.34
IR spectrum are attributed to vn-u and Vo-n, Vc=0 H-23 - -
and ve-x and Vvc-c modes respectively. The H-24 8.37 8.94
observation of lower v¢-o is due to the extended H-25 7.89 795
conjugation of C=0 group with the nearby H-26 837 891
pyridine ring. The bending vibration of the 0-H - ’ ;
. - -

group appeared around 1350 cm-! in all the
hydrazides. The sharp peak around 3020 cm! in
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Table - 3: 13C NMR experimental and
theoretical values of compound 3

Experimental and theoretical values of 13C

NMR Spectra
Carbons Obs. DFT
C-2 148.59 153.48
C-3 129.71 134.82
C-4 135.54 144.12
C-5 123.72 129.54
C-6 152.28 160.57
C-7 161.70 167.73
C-11 146.44 153.56
C-12 119.86 123.82
C-13 161.11 172.45
C-14 117.48 122.37
C-15 126.61 145.02
C-16 144.77 152.77
C-17 123.72 122.51
C-21 152.49 160.11
C-22 115.06 134.98
C-23 148.56 156.80
C-24 124.73 132.08
C-25 131.02 135.68
3.2. Geometric parameters
From the optimized structures,

geometrical parameters were derived (Table 4).
The calculated bond lengths of C3-C7 and C11-
C12 are in agreement with the bond lengths
expected for a single bond. The observed torsional
angles indicate all the atoms lie in the same plane
except the pyridine ring. The torsional angles C4-
C3-C7-N9 [~158°] and C2-C3-C7-N9[ =24°]
indicate the distortion of pyridine ring from other
moieties. Further, the torsional angles C2-C3-C7-
08 [#156°] and C4-C3-C7-08 [*21 °] also support
the distorted nature of pyridine ring from other
moieties lying in the same plane.

Table - 4: Geometrical parameters (Bond
length, Bond angle, bond Torsional angle) of
compound 3
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C11-C12 1.45
C13-018 1.34
C16-N19 1.41
N19-N20 1.26
N20-C21 1.42
018-H18 0.99
C24-F27/C24-C27 -
C23-C27/C23-N27 1.47
Bond angle
C3-C7-08 122.7
C3-C7-N9 114.9
08-C7-N9 122.4
C7-N9-N10 119.2
N9-N10-C11 119.6
N10-C11-C12 120.6
H18-018-C13 109.5
C16-N19-N20 115.3
N19-N20-C21 114.3
Torsional angle
C4-C3-C7-N9 -158.1
C4-C3-C7-08 21.3
C2-C3-C7-08 -156.5
C2-C3-C7-N9 24.0
C3-C7-N9-N10 179.5
08-C7-N9-N10 1.0
C7-N9-N10-C11 -174.7
N9-N10-C11-C12 -179.8
N10-C11-C12-C13 -0.5
N10-C11-C12-C17 179.7
C11-C12-C13-018 -0.0
C12-C13-018-H18 -0.1
C17-C16-N19-N20 0.2
C15-C16-N19-N20 -179.8
C16-N19-N20-C21 180.0
N19-N20-C21-C22 -179.8
N19-N20-C21-C26 0.2

Geometric parameters
Bond length
C3-C7 1.50
C7-08 1.22
C7-N9 1.39
NO9-N10 1.36
N10-C11 1.29

3.3. HOMO-LUMO energies dipole moment

HOMO-LUMO energies and dipole
moments for the hydrazide 3 was calculated by
using B3LYP/6-31G(d,p) basis set in Gaussian-03
package. HOMO-LUMO pictures are reproduced in
figure 1 and 2 and From it is seen that the
introduction of electron withdrawing nitro
substituents at the para and meta position of
phenyl ring decreases the energies of both HOMO
and LUMO orbitals whereas electron releasing

145



Research Article

methyl substituents increase the energies of both
HOMO and LUMO orbitals. Introduction of
substituents at the phenyl ring decreases the

energy gap (AE).

LUMO
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AE =3.404 eV
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Figure - 1: HOMO-LUMO picture of compound 3

The dipole moment is higher in hydrazide
3 whereas in other compounds the dipole
moments are lower compared to the parent
hydrazide 1 The electronic chemical potential ‘W’
which is a characteristic of electronegativity
defined by Parr and Pearson [18] and hardness 1’
have been calculated using the formulae p = -%
[Enomo + Erumo]l, M = % [ELumo - Enomo] and the
values are also listed in table 1. The higher HOMO
energy corresponds to the more reactive molecule
in the reactions with electrophiles, while lower
LUMO energy is essential for molecular reactions
with nucleophiles [191. The hardness corresponds
to the gap between the HOMO and LUMO orbitals.
The larger the HOMO-LUMO energy gap, the
harder the molecule [2°l. Hardness measures the
resistance to change in the electron distribution in
a molecule. If lower is the HOMO-LUMO gap, there
is easy flow of electrons to the higher energy state
making it softer and more reactive [HSAB
principle].

HOMO orbitals are mainly derived from
pz orbitals of carbon, nitrogen and oxygen atoms
except pz orbitals of pyridine ring in all the
hydrazides. In hydrazide 3 in addition to the
pyridine ring the pz orbitals of substituent atoms
are also not participated in the construction of
HOMO orbitals. The LUMO orbitals are mainly
derived from pz orbitals of carbon. In nitro
derivative 3 the pz orbitals of pyridine ring,
nitrogen atoms N9 and N10 , carbonyl group,
C(14), C(11) and C(26) carbon atoms are not
participated in the formation of LUMO orbital.

3.4. MEP surfaces

www.ijcps.com

Three dimensional distribution of MEP
(molecular electrostatic potential) is highly useful
in predicting the reactive behaviour of the
molecule. The molecular electrostatic potential
MEP surface is an overlaying of the electrostatic
potential on to the isoelectron density surface.
This is a valuable tool for describing over all
molecule charge distribution as well as
anticipating sites of electrophilic addition. The
molecular electrostatic potential surface (MEP)
has been plotted for hydrazides 3 and the diagram
is given in figure 2. Region of negative charge (red
colour) is seen around the electronegative
oxygens 0(8) and 0(18) in all the hydrazides . In
hydrazide 3 in addition red colour is seen at
oxygen atoms of nitro group also. The red colour
region is susceptable for electrophilic attack. Blue
colour (around nitrogen atoms) represents
strongly positive region and the predominant
green region in the MEP surfaces corresponds to a
potential half way between the two extremes red
and blue region in hydrazide.

Figure - 2: MEP diagrams of compound 3.
4. CONCLUSIONS

The hydrazide 3 is synthesized and
characterized by spectral studies. Theoretical FT-
IR spectral frequencies are in good agreement
with experimental data. The molecular structure
of the hydrazide 3 is optimized and the calculated
geometrical parameter are tabulated. The proton
and carbon chemical shifts are calculated using
the GIAO method in DFT calculation. The
calculated chemical shifts are in good agreement
with the experimental once. The HOMO-LUMO
picture of the hydrazide and the MEP layout is also
presented.
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