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ABSTRACT

The NIR-FT  Raman and FT-IR spectra of 2.,4-dihydroxy-N'-
(methoxybenzylidene) benzohydrazide (DMBBH) molecule have been recorded
and analysed. Density functional theory (DFT) calculations at the B3LYP/6-
31G(d) level has been used to compute energies of different conformers of
DMBBH to find out their stability, the optimized geometry of the most stable
conformer and its vibrational spectrum. Information about the size, shape, charge
density distribution and site of chemical reactivity of the molecules has been

obtained by mapping electron density isosurface with electrostatic potential



surfaces (ESP). A complete vibrational analysis has been attempted on the basis
of experimental infrared and Raman spectra and calculated vibrational modes and
potential energy distribution over the internal coordinates. The vibrational
analysis confirm the charge transfer interaction between the phenyl rings through
»C=N-N« skeleton. The broadening of the band at 1631cm™ and the appearance of

the band at 1556 cm™ strongly suggests the existence of proton equilibrium.

Keywords:, FT-IR ,FT-Raman spectra, DFT, NBO, Electrostatic potential

1. Introduction

Schiff base compounds, in addition to their role as versatile ligands in the
field of coordination chemistry, can-also act as important intermediates in many
enzymatic reactions [1,2]. Due to the presence of an imine (-N=CH-) group these
compounds are susceptible to hydrolysis and transamination by nucleophiles [3].
The synthesis and physicochemical characterization of substituted aromatic
Schiff base have received considerable attention since many of these compounds
exhibit thermochromic and photochromic properties in the solid state by
intramolecular proton transfer associated with a change in the n-electron
configuration [4,5] .Some Schiff base metal complexes have been found to have
pharmacological and antitumor properties [6,7], and can be used as model for
biological systems [8]. The resistance reversal properties of some Schiff base

compounds and metal complexes, their in vitro toxicity against cancer cells and



efficiency in slowing leukemia cell growth have also been reported in the
literature [9]. Though the crystal structure of the title compound, 2,4-dihydroxy-
N'-(4-methoxybenzylidene) benzohydrazide (DMBBH) has been reported [10],
the vibrational spectral features of DMBBH crystal have not been subject of
detailed analysis so far. NIR-FT Raman spectra combined with <quantum

chemical computations have recently been effectively applied in the vibrational

analysis of drug molecules [11,12]. biological compounds [13], natural products
[14] and NLO active compounds [15-17], since fluorescence free Raman spectra
and computed results help with unambiguous identification of vibrational modes
and provide deeper insight into the bonding and structural features of complex
organic molecular systems. The present work reports the detailed vibrational
spectral analysis of 2,4-dihydroxy-N'-(4-methoxybenzylidene) benzohydrazide
molecule (Figure 1) to elucidate the correlation between the molecular structure
and prediction of normal modes, to understand the structural and bonding
features, photon transfer equilibrium ,the intramolecular interactions and factors
influencing the vibrational spectrum of the molecule supported using the scaled
quantum mechanical (SQM) force field technique based on density functional

theory.

2. Experimental

2.1 Synthesis of the compound



4-Methoxybenzaldehyde and 2,4-dihydroxybenzoic acid hydrazide were
dissolved in ethanol and the mixture was stirred at room temperature to give a
clear colourless solution. Crystals of 2,4-dihydroxy-N'-(4-methoxybenzylidene)
benzohydrazide were formed by slow evaporation of the solvent over a period of

three days at room temperature.
2.2. IR and Raman measurements

FT-IR spectra of the title compound were recorded on Thermo
Nicolet Magna 760 FTIR spectrometer by DRIFTS (Diffuse Reflectance Infrared
Fourier Transform Spectroscopy) technique. The samples were mixed with KBr
and scanned in 400-4000 cm™ wavenumber range (Happ-Genzel apodization, 2
cm” resolution) using Pike Technology EasiDiff accessory. The Raman spectra
of polycrystalline samples and ethanol solution were collected on the same
spectrometer equipped with Thermo Nicolet Nexus FT-Raman module. The
measurements_were carried out in the range of 100-3700 cm™ (Happ-Genzel
apodization, 2 em” resolution, 1064 nm Nd:YVO, laser excitation, 450 mW
power at the sample). Both IR and Raman spectra were processed using the

OMNIC software [18].

3. Computational details

All ab initio molecular orbital calculations were carried out using the

Gaussian’03 program package [19]. Initially, the structure of DMBBH molecule
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were optimized, and then the vibrational wavenumbers were calculated with the
B3LYP method using the 6-31G(d) basis set. At the optimized structure of the
DMBBH, no imaginary frequency modes were obtained, proving that a true
minimum on the potential energy surface was found. The optimum geometry was
determined by minimizing the energy with respect to all geometrical parameters
without imposing molecular symmetry constraints. The inclusion of‘d’
polarization and double-zeta function in the split valance basis set 1s expected to
produce a marked improvement in the calculated geometry [20]. The DFT hybrid
B3LYP functional tends to overestimate the fundamental modes in comparison to
the other DFT method, therefore scaling factor s have to be used for obtaining a
considerably better agreement with experimental data. Isoelectronic molecular
electrostatic potential surfaces (MEPSs) and electron density surfaces were
calculated using 6-311G(d,p) basis set with (83,83,52) grid points with an
average resolution of 0.333 Bohr. Structures resulting from the plot of electron
density surface mapped with electrostatic potential surface depict the shape, size,
charge density and the site of chemical reactivity of a molecule. These surfaces
were plotted by the computer software Gauss View 5.0. The vibrational modes
were assigned on the basis of PED analysis using VEDA 4 program [21] and its
visualization interface. Normal coordinate analysis of the title molecule has been
carried out to obtain a more complete description of the molecular motions

involved in the fundamentals. The calculated vibrational wavenumbers were



scaled [22] with the scale factors, which accounts for systematic errors caused by
the basis set incompleteness, neglect of electron correlation and vibrational
anharmonicity. The Raman activities (§;) calculated by the Gaussian-03 program
have been converted to relative Raman intensities (/;) using the following

relationship derived from the basic theory of Raman scattering [23].

[ = f(Vo _Vi)4Si

| V[l—e p(_hc‘/iﬂ <
TP

where v, is the exciting frequency (in cm<units), v; is the vibrational

.th . .
wavenumber of the i normal mode, / ¢ and k are universal constants, and f is

the suitably chosen common scaling factor for all the peak intensities.

4. Results and discussion
4.1 Crystal structure

As i1t was previously reported [10], DMBBH crystallizes in orthorhombic
space group, Pna2,. The cell dimensions are a=12.494(3) A, b=5.196(1) A,
c=20.825(4) A and V=1351.9(5) A’. The title molecule displays a trans
configuration with respect to the C=N bond. The dihedral angle between the two
benzene rings is 15.0(2)°. The molecular conformation is stabilized by the

intramolecular N-H---O interaction. In the crystal, molecules are linked through



intermolecular O-H---N and O-H:--O hydrogen bonds, forming layers parallel to

the ab plane.

4.2. Conformational analysis

With B3LYP/6-31G(d) level the conformational analysis was done by
changing the torsional angle 0 by 10° steps between 6 = 0° (syn form) and 6 =
180° (anti form) to analyze the stability of the molecule. For each conformer, the
dihedral angle was held fixed while the remainder of the molecule was optimized
(the rigid rotor approximation was not applied). The two conformers of DMBBH
molecule, which have been optimized at B3LYP/6-31G(d) level, are shown in
Fig.1(a) & (b). The optimized energy of conformers are predicted at -2.60025 x
10° KJ/mol (conformer 1) and -2.60024 x 10° KJ/mol (conformer 2). The
relative energy is determined at 0.00001 KJ/mol for conformer 2 (Fig.la &1b).
The results show that conformer?2 is more stable than the conformerl.

Figure-1

Potential energy surface scan studies have been carried out in order to
ascertain its frans Fig.1b) form due to paucity in reliable experimental structural
data and for the popular notion that the trans form is more stable [10]. The results
obtained in PES scan studies by varying the torsional perturbation of 1 C—Ci4—
N¢—Ng with step angle of 10° are plotted in figure -2. The calculated molecular
energy at 180.0° torsion angle, (1C;—C;—N;s—Nig) is about -2.60024 x 10°

KJ/mol which is larger than that of the cis conformation.



e Figure-2
The energy barrier of rotation around the O3;-C,4 bond was calculated for
the B3ALYP with 6-31G(d) basis sets. The dihedral angles of C,5-Cy4-03;-Cs;
(around O3;-C,4 bond) were varied from 0° to 180° by steps of 10°. The energy
profile obtained from DFT method (Fig-3) as a function of ¢ has shown the
minimum at 0° and the maximum at 180°. The minimum positions were
corresponding to the trans conformer and the maximum positions were
corresponding to the cis conformer.
e Figure-3
The O;-H;; group favour planar conformation (figure -4a) due to the
energy minimum at 0/360° predicted by energy profile. This is because of the
Van der Waals’ repulsion between H;; and H;3;. The PES scan results reveal that
the molecule exists in frans-configuration, which is important for its bioactivity.
From the graph (figure-4b) the energy minimum for Oo-H,y, P, —orbital oxygen
lone pair conjugation of Og and z-system of resorcinol group is maximum
leading to the conclusion that possibility of perpendicular conformation of Og-Hq
with respect to the resorcinol group is rejected. The local minimum at 180° is less
favored compared to planar conformation which is due to the possible steric
effect arising from the Van der Waals’ repulsion between Hg and Hig

(Hg "H;=2.28 A) and H,, and H,o (H,y""H,,=2.29A).

4.3 Natural bond orbital (NBO) analysis
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The NBO analysis was performed with the NBO 5.0 program [24]. A short
outline of the NBO segments used and their structural meaning is presented
below. NBO theory allows the assignment of the hybridization of atomic lone
pairs and of the atoms involved in bond orbitals. These are the important data in
spectral interpretation since the frequency ordering is related to the bond hybrid
composition. The NBO analysis allows us to estimate the energy of the molecule
with the same geometry but in the absence of electronic delocalization.
Moreover, only the steric and electrostatic interactions .through the Ej.; are
taken into account. The most important interactions between ‘filled’ (donor)
Lewis-type NBOs and ‘empty’ (acceptor) non-Lewis NBOs are reported in Table
1. The stabilization energy AE;; associated with delocalization is estimated using

the second-order perturbation theory as:

<0|F|0'> -y 2

E(2)=-pn, =1,
g(r*_ga AE

2 . ) .
where<0'|F|0'>2 or F j; is the Fock matrix ( Kohn—Sham matrix) element between

the i and jINBO orbitals, ¢ and g .are the energies of 6 and 6* NBO's, and n,
is the population of the donor ¢ orbital.
The second-order perturbation theory analysis of Fock matrix in NBO

shows strong intramolecular hyperconjugative interactions, which are presented

in Table 1. The intramolecular hyperconjugative interactions are formed by the



orbital overlap between nt (C-C) and n*(C—C) bond orbitals which
results intramolecular charge transfer (ICT) causing stabilization of the system
[25,26]. The hyperconjugative interaction between LP; Njg— T (C14-015) [
243.1 KImol™ ], LP; Njg— 1t (N13-Cyo)[ 121.1 KImol™ ], LP; Oy — 7% ( C4-Cs) [
132.6 KImol™ ], LP,03; — 7% ( C23-Cas) [ 129.3 KImol™' ] and LP, Ojs — 0% (

C14-Nyg) [116.6 KImol™'] have higher values than the other delocalizations.
e Table-1
4.4 Geometry and Electronic Structure

The optimized structural parameters'of DMBBH are listed in Table 2. The
corresponding values obtained from X-ray diffraction pattern are also given in
the table for comparison. From the Table 2 it can be seen that there are small
deviations in the computed geometric parameters from those obtained from the
XRD data [10]. These deviations can be attributed to the fact that the theoretical
calculations have been carried out with isolated molecules in the gaseous phase
and the experimental values correspond to molecules in the crystalline state. As
evident from the observed N3-C;9 bond distance of 1.270 A, this is consistent
with an N=C double bond. The C,;-C;9-N3-Ny¢ torsion angle [178.5°] shows a
trans configuration about the C;9-N;3 bond. The C4-Ogy and C4-O; bond lengths of
1.366 A are consistent with the C-O single bond distances reported in analogous

structures [7,27]. The molecular conformation is stabilized by an intramolecular
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N-H---O hydrogen bond interaction [2.7191 A]. A short intramolecular hydrogen
bond associated with the charge flow through the system of conjugated double
bond is denoted as resonance—assisted hydrogen bonding [28] and a
delocalization parameter, Q, defined as Q= (d;- ds) + (ds- d,), where d, d, d; and
ds are C4-04[1.366 A], Cs-C[1.405 A] , C-C14[1.483 A] and C;,-Ny[1.340 A]
bond lengths respectively. The positive sign of Q value [0.104 A] in the title
compound is a consequence of the electron withdrawing of resorcinol substituent
group and is in agreement with other crystallographic structures [29]. In the
crystal, molecules are linked through intermolecular O-H:--N and O-H:--O
hydrogen bonds, forming layers parallel to the ab plane.
e Table-2

The net charges of the atoms in the title compound calculated at the
B3LYP/6-31G (d) level are shown in the figure-5. The oxygen and nitrogen
atoms in the molecule bear negative charges; the phenyl ring carbon atoms with
substituent (i.e. C4, Cg, Cy, C,; and C,y), the carbonyl carbon Cy4 and bridging Cg
atom bear positively charges while the remaining carbon atoms of the phenyl
rings bear negative charges. The large electron density at the phenolic O atoms
(O7and Oy) suggests possible protonation at O; and Oy. Due to this charge
distribution, the dipole of the molecule becomes 5.663 Debye.

e Figure-5
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The orbital energy level analysis for DMBBH at the B3LYP/6-31G(d)
level shows Epomo (highest occupied molecular orbital) and Eiymo (lowest
unoccupied molecular orbital) values of -0.31156 eV and -0.20753 eV,
respectively. The magnitude of the HOMO-LUMO energy separation could
indicate the reactivity pattern of the molecule. The charge densities for the
HOMO and LUMO are shown in Figure-6. For the HOMO and LUMO in
DMBBH there is very little charge density on the hydrogen atoms. The HOMO is
located on the C;-Cyy, C;1-Ca6,Crs-Cys and Cyy-Cy3 bonds of the phenyl ring (p-
methoxybenzylidene) as well as on the oxygen atoms of hydroxyl (Og and Oy),
carbonyl oxygen (O,s), methoxy group (Os;)and the nitrogen(N ;s and Nig) atoms,
with only minor population on the other phenyl ring (resorcinol). The LUMO in
DMBBH, however, populates on the carbon atoms (C,,,Cyy and Cy) of the
phenyl ring(p-methoxybenzylidene), C,,C4,Cs and Cq atoms of the phenyl ring
(resorcinol), carbonyl group (C;4=0;5), methoxy group (O3;) and the nitrogen
(Ng) atoms, but with only minor population on the oxygen atoms of hydroxyl
(Og and Og). The population of LUMO on the bonding between Cy-Cy3, Ci9-Csy,
C,-Ci4 and C,4-C; forms antibonding orbitals. Minor population is located on the
oxygen atoms on the methoxy groups. The difference between the orbital
energies corresponding to HOMO-1 (-0.34296 eV) and HOMO-2 (-0.35718 eV)

is much higher than 0.05 eV indicating that the HOMO-1 and HOMO-2 are
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nondegenerate in DMBBH. Similar conclusion can be drawn from the LUMO+1
and LUMO+2 orbital energy calculations.
e Figure-6

According to molecular orbital energy, HOMO and LUMO are the two
important factors influencing the bioactivity. The interaction between the title
compound and the receptor can be dominated by n-n or hydrophobic interaction
among these frontier molecular orbitals. The negative charges mainly located on
07, Oy, Oys. Nig, Nig and Os; are likely to interact ‘with positive part of the
receptor. On the contrary, the most positively charged part will interact quite
easily with negatively charged part of the receptor. These interactions can play
crucial role in bioactivity.
4.5 Molecular electrostatic potential

The ESP, V(r), at a point r due to a molecular system with nuclear charges

{Z4} located at {R4 } and electron density p(r) is given by

d’r
V()= Z|r . jp(m 'y 3)

The graphical representation of the molecular electrostatic potential surface
(MEP or ESP), as described by Kollman and Singh[30] is a series of values
representing the evaluation of the interaction energy between a positively charged

(proton) probe and points on a solvent accessible surface as defined by
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Connolly[31]. As implemented within the Gauss View ver.4.1 program, areas of
high electron density, representing a strong attraction between the proton and the
points on the molecular surface, have the brightest red color and areas of lowest
electron density; have deep blue to indigo color, indicating the regions of
maximum repulsion.

Molecular electrostatic potential (ESP) at a point in the space around a
molecule gives an indication of the net electrostatic effect produced at that point
by the total charge distribution (electron + nuclei) of the molecule and correlates
with dipole moments, electro negativity, partial charges and chemical reactivity
of the molecules. It provides a visual method to understand the relative polarity
of the molecule. An electron density isosurface mapped with electrostatic
potential surface depicts the size, shape, charge density and site of chemical
reactivity of the molecules. The different values of the electrostatic potential at
the surface are represented by different colours; red represents regions of most
negative electrostatic potential, blue represents regions of most positive
electrostatic’ potential and green represents regions of zero potential. The
potential increases in the order red < orange < yellow < green < blue. Projections
of these surfaces along the molecular plane are given in Figure- 7. This figure
provides a visual representation of the chemically active sites and comparative
reactivity of atoms.

e Figure-7
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It may be seen that, in both the molecules, a region of zero potential
envelopes the n-system of the benzene rings, leaving a more electrophilic region
in the plane of the hydrogen atoms. The shape of the electrostatic potential
surfaces at sites close to the polar carbonyl group in the molecule and the
hydrazide group is influenced by the stereo structure and the charge density
distribution. These sites show regions of most negative electrostatic potential and
high activity of the carbonyl and hydrazide group. In contrast, regions close to
the other two polar atoms — oxygen of the phenyl ring and oxygen of the methoxy

group — show regions of mildly negative and zero potential, respectively.

Another quantity of utility in the analysis of intrinsic reactivity is the local
ionization potential (IP),/(r). This"is defined as the sum over orbital electron

densities, p,(r) times the absolute orbital energies,

¢,| and divided by the total

electron density p(r),

occupied  molecular orbitals
AG )|€i|
I(r)= Z L AT
i p(r)

The local IP is intended to reflect the relative ease of electron removal at any
location around a molecule [32-34]. Thus, as we use it here, it is a measure of the
susceptibility of a molecular region to electrophilic attack (reactivity). The
surface mapped values of the IP, as derived from Gauss View ver.4.1 program

are shown in Fig.7. The graphical convention used (Fig.7,) indicates a range of
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relative values, with red representing regions of highest likelihood of
electrophilic attack, and blue, at the other extreme, areas of lowest likelihood

(most nucleophilic regions).

4.6 Vibrational spectral analysis

The vibrational analysis of DMBBH is performed on the basis of the
characteristic vibrations of resorcinol, hydrazide and methoxybenzilidine groups.
Theoretical calculations were performed using density functional theory with
B3LYP/6-31G(d) basis set. The computed vibrational wavenumbers and the
atomic displacements corresponding to different normal modes are used for
identifying the vibrational modes unambiguously. The detailed vibrational
assignments of fundamental modes along with the calculated infrared and Raman
intensities and normal modes description (characterized by PED) are reported in
Table 3. For visual comparison, the observed and simulated FT-IR and FT-
Raman spectra are presented in figures-8 & 9. The calculated spectra are found to
be close to the experimental values with reasonable accuracy. H-atoms involved
in intermolecular H-bonds shows deviation in the simulated spectra, which is
attributed to the fact that the theoretical spectrum was obtained in gas phase
without considering the inter-molecular H-bonding effects. Vibrational spectral
analysis of the phenyl rings are different as expected due to their substitution and
they are comprehensively studied according to Wilson’s numbering convention

[35].
16



e Table-3

e Figure-8&9
4.6.1 Resorcinol group vibrations

The major vibrational modes of resorcinol are derived from phenyl ring
and hydroxyl groups .The hydroxyl stretching and bending bands can be
identified by their broadness and strength of the band which is dependent on the
extend of hydrogen bonding. Vibrational absorption spectra provide information
about the local properties of hydrogen-bonded groups. The line shapes of the
high-wavenumber O-H stretching mode involved in the hydrogen bonds are
often very complex and highly congested, reflecting the complicated underlying
microscopic interactions, and consequently, the dynamics and line broadening
mechanisms of hydrogen bonds. Formation of a hydrogen bond X-H'Y between
a hydrogen donor X and hydrogen acceptor Y leads to pronounced changes in the
high-wavenumber X-H stretching modes [36-38]. The non-hydrogen bonded or
free hydroxyl group absorbs strongly in the 3700-3600 cm™ region while the
existence  of intermolecular hydrogen bond can lower the O-H stretching
wavenumber in the 3550-3200 cm™ region with the increase in IR intensity and
broadness. In IR spectrum the hydroxyl stretching bands splits into two bands at
3200 cm™ and 3250 cm_lcorresponding to O;-H;3 and O¢-H;( stretching
vibrations. The DFT computations give the wavenumber of these bands at 3581

cm™ (100 % ) and 3587 cm™ (100 % ) for O,-H;3 and Oo-H,, stretching
17



vibrations .The appearance of the red shift of the Oq-H;y and O;-H,; stretching
wavenumber is clearly due to the formation of a intermolecular and Hy;...0;-H3
intramolecular hydrogen bond respectively. Interaction of lone pairs of oxygen
(electron donor) with the O-H antibonding c* orbital leads to an increase of
electron populations in this orbital, followed by a weakening of the O-H bond
which results in the lowering of O-H stretching wavenumber. The computed
results suggest the possibility of intra molecular effects. The H-O---H distances
being: Hy3 "H7=2.785 A. The intramolecular interactions are obviously weaker
and the above interactions throw off the expected values of band positions,
computed using DFT. The above mentioned interactions are expected to weaken
the bonds, thereby reducing O;-H,; stretching force constant which is manifested
as the lowering of the experimental stretching wavenumber from the computed
values. Also the observed O¢-H;y and O;-H;; stretching wavenumbers are
lowered from the computed wavenumbers due to the intermolecular O-H O
hydrogen bond interaction, justified by XRD data. The in plane bending O-H
deformation vibration usually appears as a strong band in the region 1440-1260
cm’’ in the IR spectrum, which gets shifted to higher wavenumbers due to the
presence of hydrogen bonding. The O-H in-plane bending vibration is observed
at 1463 cm™ as medium IR band together with CH; bending modes. The O-H in
plane bending mode appears in our calculations at 1473 cm™ with a composition

of 60 % 6HOC and 6CHj; (22 %). The O-H out of plane bending vibration
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gives rise to a broad band in the region 800-600 cm™.The weak band at 790 cm™
in the infrared spectrum is attributed to the O-H out of plane bending mode. The
band correlated with O-H torsional mode was identified at 463 cm™ in infrared

spectra.

In resorcinol group, the phenyl ring is asymmetrically tri substituted. The
C-H stretching wavenumber of tri substituted benzene is expected in the region
3000 - 3100 cm™ [36-38]. These are 3091, 3078 and 3008 cm’' vibration, in
which only the C-H bonds of the Ph, ring participate: The selection rule allows all
the three bands 2, 20a and 20b modes of C-H stretching [35]. But 2 and 20b is
absent or mixed with very broad band of hydroxyl stretch in that region which
cannot be distinctly observed .The ring mode 20a can be observed in IR at 3074

cm and in Raman at 3076 cm’".

For asymmetrically tri substituted benzene and its derivatives, the modes 1,
8a, 8b, 19a, 19band 14, are allowed for tangential C-C stretch [35]. The mode 8b
appears in calculation at 1609 cm’ with a composition of 51% 8b. The
experimental value of this wavenumber is 1609 cm™ in Raman spectra, which
indicates an excellent agreement with the calculations. The 8a modes appear at
lower wavenumber of 1582 cm™ with a composition of 50% 8b. The ring mode
8a can be observed as very strong bands at 1576 cm™ (IR) and 1574 cm’' (Raman
and solution Raman). The 19b mode is found having considerable contribution to

this mode, appearing at 1500 cm'l, which is mixed with 11% vcc and 33 % dccy,
19



and cannot be distinctly observed experimentally. The 19a mode is attributed to
1433 cm’', with significant contribution of 41% vcc .The mode 19a is found as
medium bands at 1424 cm™ in IR , Raman and solution Raman spectrum. Mode
14 was assigned to the wavenumber of 1307 cm’', since it has a composition of
57 % vee and 26 % Suoc. The weak band observed at 1335 cm’™ (IR) corresponds
to the 14 mode.

The normal vibrations 3, 15 and 18b are classified as C-H in-plane bending
vibrations [35]. The strong bands observed at 1258 cm™ (IR), 1257 cm™' (solution
Raman) and 1259 cm™' (Raman) are assigned to mode 3. The medium IR band
appearing at 1193 cm™ is attributed to vibrational mode 15. The mode 18b is
coupled with the CCC bending mode and is found active in the Raman spectrum
at 1073 cm™' as a medium band and in the IR spectrum at 1074 cm™". The normal
modes 10a, 10b and 11 which allow C-H out-of-plane bending vibrations, are
expected in the region 960-780 cm™' [37-39] .The mode 10a is observed in the IR
at 950 cm™' and the calculated wavenumber is 958 cm™ (32% PED). The weak
bands observed in the IR at 807 cm™ and in the Raman spectrum at 808 cm™' are
assigned to 10b mode. The radial skeletal (1, 6a and 6b) and the out-of-plane

skeletal (4,16a and 16b) vibrations are listed in Table 3.

4.6.2 Hydrazide group vibrations

The vibrational analysis of hydrazide is performed based on the

characteristic vibrations of amide group, C-N and N-N groups. The secondary
20



amides exhibit bands due to the N-H stretching and deformation vibrations. The
positions of the NH stretching and deformation bands are dependent on the
strength of hydrogen bond formed. The free NH stretching modes of secondary
amides are generally observed in the region 3550-3250 cm'for the N-H
stretching mode and a weak band at 3100-3070 cm'for the overtone of the N-H
bending [36-40]. The N-H stretching modes are observed as a medium broad
band in the IR spectrum at 3160 cm’. The DFT computations give the
wavenumber of this band at 3352 cm’™ (100% N-H) for the N-H stretch. The red-
shifting of the N-H stretching wavenumbers are due to the formation of inter- and
intramolecular N-H....O hydrogen bonds. The calculated geometry Hj;....0;
(1.922 A)Nj;....01 (2719 A) and" N;e—Hjs....0; (132.82°) supports the
intramolecular N-H....O hydrogen bonding. From Table 1 it is evident that the
ED in Njs-H;; antibonding o™ orbital was significantly increased (0.8750 e) by
the strong hydrogen bond between N-H group (Nj4-H7 ) and lone pair of O; in
the molecule providing unambiguous evidence about the weakening of the bond,
its elongation (116.1 pm) and concomitant red shift of the N-H stretching
wavenumber. The stabilization energy E® associated with hyperconjugative
interaction LP (O7) — o*(N6-Hy7) is obtained as (37.45 kJ/mol). It is noteworthy
that the N-H bond order correlates with the calculated N"O distance, by
increasing the hydrogen bond strength, reducing the N~O distance, the N-H

bond order decreases.
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The N-H in- plane deformation vibrations normally appear in the region
1650-1550 cm™ [36-39]. The weak band at 1536 cm™ in IR spectra corresponds to
the N-H in-plane deformation mode, which is coupled with the CCH bending, as
revealed by PED calculations. The DFT computation gives the wavenumber at
1548 cm™ has 47 % N-H in-plane bending character because of its association
with the 14 % CCH bending modes.The N-H out-of-plane bending mode can be
observed as a weak band in IR and Raman at 572 cm’ and 571 cm’
respectively, whereas the computed value is 596 cm™'(325). The C-N stretching
vibrations generally occur in the region 1170-1040 e¢m™. The C-N stretching
wavenumber was calculated to be 1024 cm™ (27 % PED) and the corresponding
IR band is found at 1024 cm™, which is coupled with N-N stretching mode (37 %

PED).

Carbonyl vibrations are considered to give rise to characteristic bands in
the vibrational spectrum and, for this reason, such bands have been subject of
extensive studies [36-40]. The intensity of these bands can increase owing to the
conjugation or formation of hydrogen bonds. The increase of conjugation,
therefore, leads to an intensification of the Raman lines as well as increased
infrared band intensities. Carbonyl stretching vibrations generally appear in the
region 1750-1600 cm™'. The broad, intense IR band at 1631 cm™ corresponds to
the C=0 stretching vibration. The DFT computation gives the C=0 stretching
wavenumber of this mode as 1695 cm™ (63 % PED). The carbonyl stretching
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mode is simultaneously influenced by the conjugation of C=0O with amide
nitrogen and mesomeric effect. When a nitrogen, oxygen or chlorine is attached

to a carbonyl carbon, the nonbonding electrons on the attached atom N can

rearrange and donate electrons to the carbonyl oxygen O=C-N <> O-C=N". This
weakens the C=0 force constant depending on the electron donation tendency of
N. In DMBBH it is a dominant effect, as the C=0 stretching wavenumber is
lower than that of ketones (1715 cm'l), even though the nitrogen is more
electronegative than a carbon. This is justified by DFT ‘calculation also. The
unusual lowering of the carbonyl stretching wavenumber is also contributed by
the electron releasing effect of the C=0O bond in the acceptor subunit due to
intramolecular charge transfer, as reported earlier [15-18] in addition to the
intermolecular effect and n-conjugation. This mechanism plays an important role
in the biological activity of DMBBH. The broadening of the band at about
1631cm” and the appearance of the band at 1556 cm™ strongly suggests the

existence of proton equilibrium.

In phenyl hydrazones the possibility of obtaining a charge transfer
interaction is related to the absence of even the slight amount of strain in the
hydrazo group, which must be perfectly planar to allow conjugation of the group.
The C=N stretching mode can be used as a good probe for evaluating the bonding
configuration around the amino N atom and the electronic distribution of the

aromatic amine compounds [40-41]. The C=N stretching appears in the region
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1670-1630 cm™ [39]. The C=N stretching wavenumber is found to have
considerable contribution to this mode and is appearing at 1624 cm’', which is
mixed with 32 % vcig-ni9 and 40 % vc.c . This cannot be distinctly resolved
experimentally. The downshifting of C=N stretching wavenumber is due to the
charge transfer interaction between the phenyl rings through >C=N-N«skeleton.
The charge transfer interaction is related to the presence of at least one H atom
bonded to the atoms of the phenylhydrazone skeleton (>C=N-N<). The C=N
stretching vibration is observed as a medium band at 1240 em’' (Raman) and at
1241cm™ (Solution Raman). According to PED calculations, vibrational mode
C=N has only 20 % C=N stretching contribution and 16 % C-C stretching

character.

4.6.3 p-Methoxybenzylidene group vibrations

The methoxy group vibrations are observed as intense bands in both IR
and Raman, but with large variation from the normal values of methyl groups.
This must be due to the electronic effect caused by the presence of oxygen atoms,
which causes a deviation from the expected values [38-39]. The vibrational
modes of methoxy groups in DMBBH are known to be influenced by a variety of
interesting interactions such as electronic effects and conjugation. For methoxy-
substituted phenyl groups, the conjugation of the lone pair of oxygen with the p,

orbital of the aryl ring and the back donation are two competitive effects whose
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relative weights determine the conformation dependent molecular properties [15-
18]. The internal rotation of the OCHj; group can be described in terms of an
angle ¢ between the plane of the ring and the plane containing C,,, O and C,,
atoms. Two effects influence the internal rotation about the C,,-O axis are (i) the
steric repulsion between the methyl hydrogen and the hydrogen at the adjacent
position of the ring and (ii) the conjugation of the oxygen atom with ring. During
the methoxy rotation, the conjugation of the oxygen lone pair with the aryl p,
orbital changes, reaching a maximum when the carbon atom of the methoxy
group lies in the plane of the ring(¢ = 0°). In DMBBH the methoxy carbon atom
lies in the ring plane (¢ = 0.001°), the induction effect is prominent. Induction
produces stronger polarization of C-H bonds along with the increase of C-H force
constant and charge on the hydrogen atom and with the decrease of C-H bond
length [42]. This will cause the conjugation of the oxygen lone pair with the aryl
p. orbital changes, reaching a maximum when the carbon atom of the methoxy
group lies in the plane of the ring (¢ = 0°).

The methoxy asymmetric and symmetric stretch bands are usually
observed around 2960 cm'and 2846 cm’ respectively [36-39,43]. DFT
computations exhibit three vibrations at 3016 cm™, 2949 cm™ and 2892 cm’
respectively. As indicated by the PED, these three modes involve 100%. The
asymmetric stretching mode is observed as weak bands at 2988 cm™ in both IR

and Raman spectrum. The asymmetric in phase stretching vibration is active in
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IR as a weak band at 2954 cm™'. The weak band at 2912 cm’ (Raman) and at
2912 cm™ (IR) is assigned to methyl symmetric stretching mode. The mode at
2902 cm™ has 100 % v,(CHj) character. This composition suggests that we can

assign confidently this mode to the symmetric stretching of the three methyl C-H

bonds.

The asymmetric and symmetric bending vibrations of methyl groups
normally appear in the region 1470-1440 cm™ and 1390-1370 cm™' respectively
[36-39]. The weak band at 1454 cm™ in infrared spectrum and corresponding
Raman band at 1453 cm™ is attributed to the CHs asymmetric bending mode. The
weak band around 1436 cm” in IR and 1436 cm’ in Raman spectrum
corresponds to the symmetric bending mode. As revealed by the PED, vibrational
mode 6CH; has only 82 % symmetric bending mode. The rocking vibrations of
the CH; group in DMBBH appear as mixed vibrations. These modes usually
appear in the region 1170-1100 cm™'[36-39]. The medium bands observed in IR
and Raman spectrum at 1172 cm™ are attributed to the CH; rocking mode, which

is coupled with aromatic CCH bending mode.

The selection allows for C-H attached modes 7b, 2, 20a and 20b for p-
disubstituted ring [30]. The computed eigen vector distribution using DFT shows
that, for p-disubstituted ring, mode 20b is found to be active. The weak bands
observed at 3067 cm™' (IR) and at 3065 cm™ (Raman) is assigned to mode 7b.

The normal vibrations 3, 9a, 18a and 15 are classified as C—H in-plane bending
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vibrations. The medium band observed at 1193 cm™ in the IR spectra is assigned
to mode 3. The medium bands appearing in both IR and Raman spectrum at 1152
cm™' corresponds to vibrational mode 9a. The mode 18a is coupled with the C—C
stretching mode and is found active in the IR spectrum at 1104 cm™" as a medium
band. Weak band at 984 cm™ in Raman corresponds to the mode 15: Normal
vibration 1 of phenyl ring is usually referred to as substituent sensitive vibration.
For heavy substitution the modes found in the region 900-800 cm™ are strongly
IR active [35]. This is confirmed by the medium band in IR spectra at 826 cm’.
The C-H out-of-plane bending vibrations are expected in the region 960-780
cm”'. The mode 17a is observed in the IR at:930 em™'. The weak bands observed
in the IR at 918 cm™" are assigned to 10a mode. The radial skeletal (6a and 6b)

and the out-of-plane skeletal (16a and 16b) are listed in Table 3.

The normal modes 8a, 8b, 19a, 19b and 14 are classified as the C-C
stretching vibrations. The mode 8a is found at a higher wavenumber than 8b and
they appear in the range 1610 -1580 cm™' [35-39]. According to the calculated
PED, the very strong band at 1600 cm™ in the Raman spectrum is assigned to
mode- 8, which is described as the in-phase stretching vibrations of the C=C
bonds in the aromatic ring v(C,s5-Cy6) + V(Cp-Cy3). This mode corresponds to the
so called mode 8a in the benzene ring [35]. The 8b mode appears as very strong
bands at 1556 cm_l(IR), 1559 cm™ ( solution Raman) and its strong counterpart
at 1558 cm™' in Raman. According to PED calculations, vibrational mode 8b has
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only 55 % C-C stretching contribution and 10 % C-H in-plane bending
character. The strong band observed at 1514 cm™ in IR is assigned to the 19a
mode and the medium counterpart in the Raman spectrum occurs at 1514 cm™.
As revealed by the calculated PED, vibrational mode 19a has only 15 % C-C
stretching contribution and 47 % C-H in plane bending character. The mode 19b
is observed only in the IR spectrum as a weak band at 1390 cm™'. The 19b mode
1s attributed to 1410 cm'l, with significant contribution of, 40 % v¢c and 30 % C-
H in plane bending character. The very strong band at 1279.em™" in the IR and an
intense band at 1278 cm™' in the Raman spectrum are attributed to vibrational
mode 14 of C-C stretching. The 14 mode appears in the calculation at 1293
cm”' with a composition of 56 % C-C stretch and 28 % C-H in plane bend .The
8b, 19b and 14 modes appear simultaneously in both the IR and Raman spectra

providing evidence for charge transfer interaction.

5. Molecular Docking Study of DMBH with Phospholipase A,
Based on the Glide energy and Glide score the poses were ranked. The binding

mode (figure 1-3) and hydrogen bond interactions (table) were computed. There
are six subsites were reported for phospholipase A, Based on the combination of
subsites, the target complexes were chosen and subjected for docking with the
DMBH. The results confirm that the DMBH prefers the subsite 4, 5 and 6 and is
similar to the indomethacin [3] binding mode with human pancreatic secretary

PLA,. It could be confirmed by the interactions in table 1 and the corresponding
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cartoorn diagram of the DMBH-PLA, complex. In order to confirm the binding
preference of DMBH to subsites 4, 5 and 6, the molecular docking is performed
with the PLA; — inhibitor complexes (monomer and dimer form) with specificity
to the subsites 1, 2 and 3. Here, in both the cases, the DMBH failed to interact
with the active site amino acids H47 and D48 and shows unfavourable score and
energy comparing to the binding with subsites 4, 5 and 6. Hence, the results
confirms that DMBH can able to inhibit Phospholipase A2 and exhibit anti-
inflammatory and anticoagulant activity thereby indirectly involve in tumor
suppression.
5. Conclusions

FT-Raman and IR spectra of the Schiff base compound, 2,4-dihydroxy-N"-
(methoxybenzylidene) benzohydrazide have been recorded and analyzed. The
detailed interpretation of the vibrational spectra has been carried out with the aid
of normal coordinate analysis (NCA) following the scaled quantum mechanical
force field methodology. The various intramolecular interactions that is
responsible for the stabilization of the molecule was revealed by natural bond
orbital analysis. Information about the size, shape, charge density distribution and
site of chemical reactivity of the molecules has been obtained by mapping
electron density isosurface with electrostatic potential surfaces (ESP). A
complete vibrational analysis has been attempted on the basis of experimental

infrared and Raman spectra, calculated frequency, intensity of the vibrational
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bands and potential energy distribution over the internal coordinates. The
broadening of the band at about 1631 cm™ and the appearance of the band at
1556 cm™ strongly suggests the existence of proton equilibrium. The lowering of
HOMO and LUMO energy gap clearly explicates the charge transfer interactions
taking place within the molecule.
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Figure Caption

Fig. 1 Optimized molecular structure of DMBBH (a) Cis (b) Trans

Fig. 2 Potential energy surface scan for dihedral angles C;—C;4—N;—Ns

Fig. 3 Potential energy surface scan for dihedral angles C,5-Cys-O31-Cs;,

Fig. 4 Potential energy surface scan for torsion around O-H group (a) Cs-C4-Oy-
Hjo (b) Cs-Cs<O7-Hi3

Fig. 5. The Mulliken charge distribution of DMBBH calculated at the B3LYP/6-
31G(d) level of theory

Fig.: 6. HOMO and LUMO plot of DMBBH at B3LYP/6-31G(d).

Figure-7 Electron density isosurface mapped with Electrostatic potential surface

for DMBBH calculated at B3ALYP/6-31G(d) levels of theory (a) Electrostatic
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potential surface ,(b) Electrostatic potential counter map, (c) local ionization

potential and (d) Total density

Fig. 8. FT-IR and simulated IR spectra of DMBBH

Fig. 9. FT-Raman and simulated Raman spectra of DMBBH

Table Caption

39



Table 1 Second order perturbation theory analysis of Fock matrix in NBO basis

Table 2 Optimized Geometry of DMBHH Cis and Trans conformation by

B3LYP/6-31G(d) in comparison with XRD data

Table-3. Calculated vibrational wavenumbers, measured IR and Raman band

positions (cm'l) and assignments for DMBBH
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Fig. 1 Optimized molecular structure of DMBBH (a) Cis (b) Trans
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Fig. 5. The Mulliken charge distribution of DMBBH calculated at the B3LYP/6-31G(d) level of theory
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Fig. 9. FT-Raman and simulated Raman spectra of DMBBH



Table 1 Second order perturbation theory analysis of Fock matrix in NBO basis

Lone pail Occupancy  Donor— acceptor interaction E(2)? EG)-E(i)° F(ij)°©
(KJ mol™?) (a.u.) (a.u.)

LP; Oy 1.9650 n (LP, O;) — o *(Cs-Cy) 21.34 1.17 0.069
n (LP; O;) — 0 * (Nyg-Hi7) 37.45 1.07 0.088

LP, O; 1.8831 n (LP, O;) — 7 *(C4-Cy) 109.1 0.37 0.095
LP, Oy  1.9793 N (LP; Og) —> 0* (C4-Cs) 26.99 1.16 0.077
LP, Oqg 1.8631 n (LP, Og) — 77*( C4-Cs) 132.6 0.34 0.10
LP1 O 1.9779 n(LP;015) = 0 * (C4-Cya) 11.34 1.08 0.049
N (LP; Os5) = 0 * (C14-Nys) 5.81 112 0.036

LP,Oy;  1.8535 n (LP,O15) —> 0* (C4-Cys) 85.77 0.65 0.105
N (LP, O15) = 0 * (Cp-Hyp) 3.80 0.72 0.024

N (LP, O15) = 0 * ( C1a-Nyg) 116.3 0.68 0.125

LPi Ny 1.6522  n(LP,Nig) = 7* (C1s-O15) 243.1 0.29 0.116
N (LP2Nig) = 7* (Nig-Cio) 121.1 0.28 0.083

LP;Njg  1.9212 N (LP; Nig) —> 0 (Nyg-Hi7) 34.27 0.81 0.073
n (LP; Nig) = & * ( Cyg-Hy) 45.81 0.79 0.084

N (LP; Nig) —> 0 * (Cy9-Cyy) 8.20 0.87 0.037

LP:Os  1.9637  n(LP;Os) = 0 *(Cys-Caa) 276 1.11 0.024
N (LP; O3;) = 0 * (Cps-Cps) 31.25 110 0.081

N (LP; Os1) = 0 *(Cap-Hz) 5.18 0.97 0.031

N (LP; Os1) = 0™ ( Cgp-Has) 7.74 1.00 0.039

N (LP; Oz) = 0 *(Csy-Hss) 5.18 0.97 0.031

LP,O3; 1.8355 n(LP, O3) — 77* (Cx-Cps) 129.3 0.34 0.097
n (LP;03) = 0 * (Ca-Hag 22.8 0.73 0.059

n (LP, O31) —> 0 * ( Csp-Has) 22.8 0.73 0.059




Table 2 Optimized Geometry of DMBHH Cis and Trans conformation by B3LYP/6-31G(d) in comparison with XRD data

Bond Cis Trans X-ray Bond Angle Cis Trans X-ray Torsion angle Cis Trans X-ray
Length

C:-C, 1.406 1406 1.394 C:-Co-C3 123.02 123.04 12294 C1-C2-C5-Cy 0.001 0.0 -1.3
C,-Cs 1.384 1384 1.375 C»-C3-C4 118.96  118.97 118.52 Cy- C3-C4-Cs 0.000 0.0 2.5
Cs-Cy 1.399 1399 1.393 C3-C4-Cs 119.87 119.84 120.36 C3-C4-Cs5-Cg -0.001 0.0 -0.8
C4-Cs 1.396 1396 1.380 C4-Cs5-Cs 120.25 120.23 120.26 C4-Cs5-Ce-Cy 0.000 0.0 -2.2
Cs-Cs 1.397 1397 1.384 Cs-Ce-Cy 121.12 12119 120.82 Cs-Ce-C1-C; 0.001 0.0 3.4
Ce-Cy 1.408 1.408 1.405 Ce-C1-C, 116.79  116.73 117.00 Cs-C1-Co-C3 -0.001 0.0 -1.7
Cx-Hi, 1084 1084 0930 C;-Co-Hypz 116.45 116.30 118.50 Ce-C1-Co-H1z 179.99  -180.0 178.3
Cs-H;y 1.084 1084 0931  Cy-Cs-Hyy 121.72 12171 120.80 C4-C,-C3-Hyy -179.99  -180.0 178.7
Cs-O9 1361 1362 1.365 C3-C4-Og 117.69 117.68 117.50 Ce-C5-C4-Og -180.00  180.0 179.2
Og-Hip 0969 0969 0.820  C4-Og-Hig 109.58  109.59 109.50 C5-C4-O9-Hyp -0.01 0.0 -0.90
Cs-Hg  1.090 1.090 0.930 C4-Cs-Hg 120.15 120.16 119.90 C1-Cs-Cs-Hg -179.99  -180.0 177.8
Ce-O; 1374 1376 1.366 C5-Cs-Oy 119.58  119.37 -119.10 C4-Cs5-C6-O7 179.99 180.0 179.5
O7-Hiz 0969 0969 0.820 Cg-0O7-His 109.85 109.58 109.50 C5-C6-O7-Hy3 .024 0.005 -25.8
C;-Cy4 1507 1507 1483 C;-Ci4-035 12032 121.01 12191  Cp-C1-Cy4-O35  -179.99  -180.0 179.2
C1s-O15  1.231 1.222 1.235 Cy4-Ngg-Hiz 11798  119.62 120.00 C;-C14-Nig-Hiz  -0.004  -0.001 0.4
Cu-Nig  1.374 1382 1.340 Ni-Nig-Ci9 12156 - 116.83 11496 Ci4-N3g-Nig-Ci9 0.012 180.0 175.9
Nig-Hiz  1.010 1.017 0.90 Nig-Cio-Hyp 12255 121.47 118.10 Nip-Nig-Ci9-Hzo  0.000 0.0 -1.5
Nig-N1ig  1.371 1358 1.379 Cyu-Cio-Hyp 11761  116.52 11820 Hyp-Ci9-C21-Coo 0.011 0.0 -0.5
Nig-Ci9 1290 1.285 1270 Cp9-Cy-Cp;  119.03 119.84 121.10 Cy9-Cy-Cp-Cp3  179.99  -180.0  -179.7
Ci9-Cyx 1.086 1.100 0.930 Cp-Cp-Cpz 121.31 121.19 120.20 Cy-C-Cy3-Cs 0.000 0.0 0.5
C1o-Cxn 1465 1461 1455 Cp-Cp3-Cop o 11996 11998 121.00  Cyp-Cy3-Cyy-Cos 0.001 0.0 -0.6
Cn-Cz 1407 1406 1394 Cp-CuCyps 11960 11959 11950 Cyp3-Cyp-Cp5-Cys  -0.001 0.0 0.8
Cxn-Cps 1387 1.387 1373 Cy-Cp-Cps 11979 11985 11910 Cypy-Cyp5-C6-Cy; -0.001 0.0 -0.8
Cx-Coy 1402 1402 1.390 Cp5-Cp-Cpn 12133 121.16  121.90  Cy5-Cp-C21-Co 0.002 0.0 0.7
Cou-Cps 1403 1403 1381 - Cpe-Cx-Ci9 122,97 12195 11957 Cyp-Cy-Cp-Cy3  -0.002 0.0 -0.5
Cxs-Cp 1391 1.391 1388 - Cp-Cpo-Hye 119.27 11950 1199  Cy9-Cp-Cao-Hpe  -0.003 0.0 0.4
Cop-Cxn 1403 1404 1381 Cyp-Cp-Hz 118.60 12142 1194  Cy-Cypp-Cy-Hzp  180.00 180.0 -179.5
Cap-Hye 1.087 1.088 0.931 Cyp-Coe-Hyy 11998  120.14  119.0  Cy9-Cy1-Coe-Hyy 0.003 0.0 -0.1
Ca-Hzp  1.085 1.085 0.930 Cus-Cys-Hyg 120.85 12090 1204  Cy-Cyp6-Cys-Hyg  -179.99  180.0 179.1



Cos-Hasg
Co6-Ha7
C2s- O3y
O31-Ca2
Csz-Has
Cs2-Haq
Csz-Hss
O7 'Hyy

1.084
1.085
1.364
1.418
1.098
1.091
1.098
1.902

1.084
1.085
1.364
1.419
1.097
1.001
1.097
1.923

0.930
0.930
1.359
1.427
0.960
0.960
0.960

1.94

C24-031-Cs2
0O31-Ca2-Has
031-C32-Hzq
0O31-C32-Hzs
N1g-N1s-H17
N16-C14-O15
C1-C6-0O7
N1e-Hi7"O7

118.37
111.61
105.89
111.61
111.73
123.03
119.30
135.22

118.37
111.58
105.86
111.58
120.04
122.56
119.44
132.80

117.8
109.5
109.4
109.5
120.0
120.2
120.1
134.0

C22-C23-C24-O31
C23-C24-031-Ca2
C24-031-Cs2-Hs3
C24-031-C3p-H3y
C24-031-Cs2-Hss
C19-N1g-N16-H17
C21-C19-N1g-Nyg
Nie-Hi7"O7-His

-179.99
-179.99
61.12
179.99
-61.21
-179.99
-179.99
179.96

-180.0
-180.0
61.20
179.99
-61.20
0.0
180.0
179.99

179.9
177.4
63.3
-176.8
-56.7
-5.0
178.5
180.0




Table-3. Calculated vibrational wavenumbers, measured IR and Raman band positions (cm™) and assignments for DMBBH

Relative intensity

Experimental

Cis Trans PED(%)
Veal Veal
IR Raman IR Raman

0.42

3589 3587 8.99 3250 mbr 3270 vw VogH1o(1OO) yVOH(...0)s VNH(...0)y VOH(...N)
0.56

3582 3581 9.14 3200 mbr 3210 vw V07H13(100), VOH(...0)s VNH(...0)y VOH(...N)
1.99

3446 3352 10.9 3160 mbr VNH(].OO), VOH(...0)s VNH(...0)s VOH(...N)
0.64

3001 3091  1.05 2ven of Ph2(95)
0.5

3082 3085 1.89 2vcn of Ph1(99)
0.63

3078 3078 0.4 3074 wsh 3076 w 20a vcy of Ph2(100)
0.8

3071 3072 1.2 3067 wsh 3065 wsh 7b vcn of Ph1(83)
0.32

3067 3071 1.7 3048 vw 20b vcy of Ph1(94)
0.34

3061 3036 2.56 3011w < 3012 vw 20b vcy of Ph1(91)
1.07

3042 3016 5.26 2988 vw . 2988 vw Vasy cH3(100)
0.69

3015 3008 3.62 20b vcy of Ph2(99)
0.36

3009 2949 7.02 2954 vw 2954 vw Vasy cH3(100)



2946
2890
1666
1622
1613
1598
1585
1565
1532
1509
1503
1478
1466
1446
1438

1412

2894
2892
1695
1624
1609
1600
1582
1557
1548
1504
1498
1473
1460
1441
1433

1410

6.42
15.2
51.1
0.8
49
28.3
2.46
4.34
64
5.73
524
13
0.93
4.34
7.27

1.27

0.42

0.79

52.18
14.08
100.0
1.11
13.59
17.98
8.27
2.06
0.46
1.03
0.43
3.82

2.71

2942 vw
2912 vw
2902 vw

1631s

1605 vs

1576 vs
1556 vs
1536 wsh

1514 vvs

1463 m
1454 wsh
1436 vvw

1424 m

1390 w

2942 vw
2912 vw

2902 vw

1609 vvs
1588 msh
1574 vs

1558 vs

1514 m

1463 wsh
1453 w
1436 w
1424 m

1384 w

VC19-H20
vei9-H20(94)
Vsym cr3(100)
ve=0(63), dn17-N16-N18(13)
veis=n19(32), vec (40)
1609 Vs 8b ve.s Ph2(51)
8a vc.c Ph1(38) ,vcis-nio(21)
1574 vs 8a vc.c Ph2(50)
1559 vs 8b ve.c Ph1(55)+ dcerPh1(10)
dcnn (47), dcen (14)
1515 m 19a vee Ph1(15) +6ccnPhl(47)
. 19b vee Ph2 (11)+8cch Ph2(33)
1460 w S Hoc (60) , Scrs asy(22)
dchz sym (72), dnoc(22)
OCH3 umbrella mode (82)
1424 m 19a vee Ph2(41)

19b vce Ph1(40), SHcc(SO)



1359
1345
1313
1309
1294
1270
1255
1242
1212
1184
1176
1173
1156
1153
1142
1133

1099

1356
1341
1307
1305
1293
1267
1253
1223
1212
1180
1172
1169
1156
1150
1137
1130

1099

3.17
4.85
10.5
13.8
0.46
5.25
49.6
100
31
7.95
30.1
2.52
21.2
23.3
0.12
26.3

6.88

1.38
0.26
0.1
10.03
1.07
0.38
2.96
10.08
58.28
0.57
0.25
0.53
11.96
2.27
0.24
26.41

0.69

1366 w
1359 wsh
1335 vw

1310 m

1279 vs
1258 ssh

1250 vvs

1220 m
1212 msh
1193 m
1179 s
1172 m

1152 m

1104 s

1362 wbr

1312 m

1278 m

1259 m

1240 m

1213 wsh

1179 m

1171 m

1152 s

1103 w

1313w
1278 m

1257 m

1241 m

1180'm
1173 m

1152 m

OH20 c19 N18(55)
vco(36), vee Ph2(11), 81cc(19)
14vee Ph2 (57), Snoc(26)
vee Ph1(50)
14vee Ph1(56), Seen Ph1 (28)
3 8cen Ph2(31),vec Ph2(22), veo(11)
Vcas- 031 (42)
ve=n (20), vee(16)
3 dccn Ph1(32), Suen(11), Succ(11)
15 dpcc Ph2 (40) ,vec Ph2(21)
1 vee Ph2(56), 1oc(10),0ucc(10)
8 ccH (20),tocHs(61)
9a dccnPh1(43), Shoc (10)
Sroc (29), rcc(16)
OHcH(22), tcus (77)
ven(12), vnen(19), Succ(14)

18a 8rice Ph1(57) vee Phi(14)



1081

1039

1001
991
971
965
958
929
920
915
836
815
812
798
762
747

731

1078

1057

1034
988
961
958
942
929
908
894
829
812
811
797
759
746

728

6.93
5.92
12.4
0.02
3.86
0.17
1.2
0.38
0.58
3.8
3.71
6.46
5.29
0.01
0.47
6.44

0.88

1.67
2.95
0.56
0.17
1.05
0.07
0.86
0.24
0.01
0.83
0.45
0.13
0.13
0.4
2.93
0.53

2.01

1074 m

1024 s
984 w
956 w

950 vw

930 vw

918 vw

853 m
826 m
807 vw
790 w
774 vw
756 m

736 W

1073 m

984 w

950 vww

918 w

855 vw
825 vw

808 vw

775w
750 w

738 w

1072 w

984 vw

948 vw

924 vw

854 w

774 vw

750 vw

18b Shcc Ph2 (24), Scce Ph2(14)
vV 031-c32 (73)
v n16-c14(27), V n16-N18(37)
15 8ccn Ph1(61)
THenn(82)
10a Scce Ph2 (32), veo(21), dccc(22)
Treee(77)

172 8cen Ph1(70), tecen Ph1(17)
10a dcen Ph1 (79)
docn(20), denn (31)
vee Phi(42)

T cece Phi (71)
10b Scc Ph2(78)

Snce Ph1(35), dopcon(35)
dcc Ph1(15), 8¢co(19)

Theee Ph2(44), tecec(13), T ocec(22)

4 vce Ph2 (19), Vco(16), Scccphz (53)



721

705

663

629

623

623

597

582

545

526

521

491

447

424

413

399

398

720

702

653

626

611

606

596

549

545

524

517

499

447

419

410

400

393

0.07

0.14

0.22

0.08

0.88

3.18

5.18

13.8

0.51

11

3.35

0.55

0.38
0.1

741

0.16

0.18

0.21

0.03

0.88

0.02

0.18

0.21

0.33

0.73

0.07

0.99

1.11

0.02

0.26

0.22

0.83

0.71

690 vw
647 s
634 vw
619 m
605 m

572w

539 wsh
528 mbr
492 w
475 vw
463 vw
456 vw

422 vw

718 w
692 vw
646 w
632 w

620 w

571w

536 w
530 wsh
489 w
478 vw
464 vw
457 vw
425 w

395w

619 vw

491 vw

424 vw

tHnne(13), Theee Ph2 (14) dop onec (58)

4tccPh1(59), Sop ccc(13)
6a tccce Ph2 (17),thnnce (26), theee Ph2 (12),
dop ccc(14)

wan(10),3 cce Phi, Ph2/(29)
vecPh1,Ph2(11), 5 cce Phl Ph2 (43)
THNNe (25), 6b decce Ph2 (15), dop cce
Ph2(40)
dcnn (32), dop nee(13) dop cec(34)
docc (24)
dccc Phl, ph2(34)

Tceee Ph1(10), tunee(32), 60p cccc Phl (15)
veo(11), 16a Scee Ph2 (19) 80p oce Ph2 (21)
docc(17), dcoc(22)

Torcee(14), 16b Toccee Ph2 (45), 80p ocec Ph2 (24)
docn (23), dcen (16) dcec Phl (13)
16b Tecee Ph1(62)
16a tccee Phl (41), T enne(16), dop occe (14)

docc(14), dcce Phl, Ph2 (11), dnne (17),
dcen(12)



360
358
343
315
290
277
258
246
228
216
190
153
131
120
97
69

45

354
351
338
318
275
274
256
228
228
216
198
193
122
106
100
78

47

0.84
19
1.88
5.86
0.83
16.7
0.27
0.64
0.78
0.14
0.34
0.04
0.42
0.34
0.03
0.82

0.37

0.1
0.77
0.19
0.13
1.19
0.94
0.18
0.32
0.99
0.75
0.21

0.4
0.23
0.88
2.45

0.58

329 w

274 w

238w

205w

165 vw

vee(15), dcec Phl, Ph2 (34)
Torcc(94)

332 vw Scce Ph2(15), 8occ(76)
Tonce(18), tccc Ph2(39)
docn(13),0ccc Phl,ph2(31) dcnn(14)
ToHcc (55), tnee(10)
Torcc(14) T Heoc (30), T nnee(12)
dccc(11), docc(33), 8coc(29)
Thooc(32), Tnee(16), T op cocc(16)
Teeec(66), 6 op ocec(26)

T neee(26), T ceec(20)
T ceee (16), T enne (17), T ccen(21)
T cocc(49)
T ccen(52)
T ccec(40)
T neee(38)

T cnne(62)



41
27
17

35
22
20
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1.26
0.48 T CCCC(52)

2.23
0.03 T ccec(35)

0.07

0.39 T CCCN(45) ‘



Graphical Abstract

The experimental and theoretical vibrational analysis of 2,4-dihydroxy-N'-(4-
methoxybenzylidene)benzohydrazide has been performed. The molecular geometry, vibrational
wavenumber, infrared and Raman intensities of the molecule in the ground state have been
calculated by using DFT method.The NBO analysis explained the intramolecular hydrogen
bonding and the hyperconjugative interaction. Information about the size, shape, charge density
distribution and site of chemical reactivity of the molecules has been obtained by mapping
electron density isosurface with electrostatic potential surfaces (ESP). A complete vibrational
analysis has been attempted on the basis of experimental infrared and Raman spectra and
calculated vibrational modes and potential energy distribution over the internal coordinates.



Highlights

Vibrational spectra of the 2,4-dihydroxy-N'-(4-
methoxybenzylidene)benzohydrazide have been analysed.

The computed vibrational wavenumbers were seen to be in good
agreement with the experimental data.

Conformation analysis

The natural bond orbital (NBO) analysis has been carried out.
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