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ABSTRACT

The molecular structure and conformation of nine sub-
stituted N-benzylideneaniline R1C6H4CH¼NC6H4R2 where
R1¼H, R2¼OCH3, CH3 or Cl; R1¼OCH3, CH3, Cl or
NO2; R2¼H; R1¼NO2 R2¼OCH3 and R1¼OCH3 R2¼Cl
have been studied experimentally by FTIR spectroscopy
and theoretically using the AM1 semi-empirical quantum-
mechanical method. From IR data of substitued N-benzy-
lideneaniline, a decrease in the C¼N stretching frequencies
were observed. There is a correlation between C¼N
stretching frequencies and the Hammett sR constant of
substituents. The calculated values of torsional angle (yN)
between the H-C¼N plane and the N-phenyl ring of the
compounds show that the stronger the electron withdrawing
properties of the substituent, the larger the angle. There is
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also relationship between yN and Hammett sR constant of
substituents. The dipole moments, bond order and electron
density values of studied compounds have also calculated
using semiemprical AM1 method.

Key Words: N-benzylideneaniline; Substituted N-benzylide-
neaniline; IR spectra; AM1

INTRODUCTION

Shiff bases play an important role in many fields of chemistry and
biochemistry due to the biological activity they posses1,2. A model aromatic
shiff base trans N-benzylideneaniline and their derivatives has been ex-
tensively studied over the years. The isoelectronic molecule N-benzylide-
neaniline is also the basic constituents of many compounds which show
liquid-crystal properties3. The general structure of NBA and its derivatives
studied are shown in Fig. 1.

There are several papers on the interpretation of the vibrational spectra
of N-benzylideneaniline and its derivatives4710. The most comprehensive
experimental and theoretical data on the vibrational spectra of benzylide-
neaniline and its fluoroderivatives are presented in ref [8]. In ref [6]
interpretations of vibrational spectra of the benzylideneaniline and
p-p0-disubstituted benzylideneaniline are given. The molecular structure and
conformation of benzylideneaniline and its derivatives has been studied
other experimental tehniques such as 1H and 13C NMR11713, UV14, gas
electron diffraction method15 and X-ray16718 and studied theoreti-
cally8,10,19721.

In this paper FTIR spectra of N-benzylideneaniline (NBA), seven
monosubstituted and two disubstituted derivatives have been recorded.
Vibrational assignment have been made for fundamental modes. It is diffi-
cult to interpret the spectra of these molecules because of their high com-
plexity and low symmetry. The interpretation of the observed bands is based
on the intensity of the bands and comparison with the assignments for
related molecules.

The conformational behaviour of substitued NBA are investigated by
semiemprical AM1 quantum mechanical calculation method. The dipole
moment, torsional angles, bond order and electron density values of studied
compound have calculated and discussed. The purpose of the present paper
is to discuss the interpretation of the infrared data and understanding of the
substituent effect on the conformational state.
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EXPERIMENTAL

All starting chemical used were reaged grade and used without further
purification. All compounds, synthesized by refluxing equimolecular
amounts of p-substitued benzaldehydes and p-substituedanilines in dry
benzenes. The reaction was over in about 2 h. The solvent was removed by
evaparation in vacuo and the residue was crystallized from ethanol or pet-
roleum ether. Melting points of compounds were determined. The IR
spectra of compounds were recorded between 40007400 cm�1 on Mattson
1000 FT-IR spectrometer, which were calibrated using polystrene.
The samples were prepared as mulls in nujol between CsI plates and
KBr disc.

Figure 1. Molecular model of N-Benzylideneanilines (NBA).
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Method of Calculation

Geometry optimisation of NBA and its derivatives by the AM1 semi-
emprical quantum-mechanical method22, implemented with the MOPAC
package23 running on a Pentium 233 PC, was calculated starting from their
crystallographic coordinates. Geomety optimizations of the structure of
the compounds were carried out using the Fletcher-Powell-Davidson
algorithm24,25 implemented in the package and the PRECISE option to
improve the convergence criteria. To determine the conformational
energy, two conformational parameters were chosen, yN and yC from 0� to
90�, varied every 10�. At each point a full geometry optimization was
carried out.

RESULTS AND DISCUSSION

The Discussion of Infrared Data

The IR and Raman data on NBA and its isotopomers was reported
Meic and Baranovic5 who gave approximate interpretations and selected
values of phenyl group frequencies. Kozhevina et al.8 carried out a normal
coordinate analysis for the benzylideneaniline and its fluoroderivatives.
Figueroa et al.6 also reported IR data of p,p0- disubstitued N-benzylide-
neanilines. However their assignment of some modes were not agreement
with Kozhevina et al8. We assigned the vibrations of NBA and substitued
NBA by comparison with the assignment for mono and disubstitued
benzene26729, and stilbene30.

The NBA molecule contain two aromatic ring molecules. One of them
is benzylidene ring and the other ring is aniline. In the stucture, two ring are
connected through a azomethine (-CH¼N-) group. It has 25 atoms and 69
fundemental frequencies. All the vibrations are infrared and Raman active.
The observed frequencies of NBA and its derivatives together with the re-
lative intensities, probable assignments and related data for comparison are
given in Table 1. The IR spectra of NBA and three substitued NBA are
shown in Fig. 2 as representative illustration. For nomenclature of the
normal mode of vibration, a substituted benzene in para position (point
group C2v) was considered, while the Wilson nomenclature was maintained
for the benzene ring vibrations.

Briefly, to simplify the interpretation of these complex spectra, the
vibrations can be divided into three groups: phenyl ring (Ph) vibrations,
vibrations of the CH¼N and substituent group vibrations.
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Phenyl Ring Vibrations

For the monosubstitued phenyl ring 24 vibration are independent of
the substituent and the other 6 are X-sensitive vibration. These vibrations
are described as Ph-X stretching and bending vibration, in-plane and out-of-
plane deformations. Their frequencies shift significantly with mass or
inductive or mesomeric effects of the substituent, but also influence the
absorption frequency a ring stretch, an in plane and out of plane ring de-
formation. These ring vibrations are coupled with the Ph-X vibrations in
such a way as to make it difficult to determine which frequency belongs to a
Ph-X vibrations and which frequency to a ring vibrations. It should be
noted that the phenyl ring frequencies of NBA differ slightly from the
monosubstitued benzene frequencies. For this reason, the IR data in Table 1
do not always agree completely with the assignments in the literature.

The benzene e2g degenerate ring stretch (1596 cm�1) is not greatly
perturbed upon substitution and the two frequencies in the IR lie close to
that for the benzene vibration. The e1u degenerate vibration of benzene at
1486 cm�1 also split into two bands that are close to the original benzene
frequency. We observed these bands at 1593, 1580, 1485 and 1452 cm�1 and
assigned them to ring stretching vibrations of NBA ( 8a, 8b,19a and 19b,
respectively corresponding to the Wilson notation31) 19a and 19b modes
tend to show increases in frequency upon substitution (as a results of a
preferential localization of the p-electron on the different CC bonds32).

The CH in plane vibrations derived from the two degenerate e2g
(1178 cm�1, 9a, 9b) and e1u (1075 cm�1, 18a,18b) and two non-degerate b2u
(1156 cm�1, 5) and a2g (1326 cm�1, 3) benzene vibrations. Upon mono-
substitution the degerate e2g benzene vibrations (No 9a, 9b) at 1178 cm�1 is
perturbed and gives rise to a specific vibration of a medium intensity in the
IR at ca 1170 cm�1 (No 9a) and to a nonspecific band at ca 400 cm�1 (No
9b). Therefore we assigned the 433 cm�1 band to 9b Wilson mode in dis-
agrement with the assignment of Kozhevina et al8.

The CH out of plane bending vibrations derived from the two non-
degerate b2g (995 cm�1, 5) and a2u (673 cm�1, 11) and two degerate e2u
(975 cm�1, 17a, 17b) and e1g (849 cm�1, 10a, 10b) benzene vibrations. We
observed 8 bands in the region 9907820 cm�1 which contein azomethine
group vibrations and assignments are given in Table 1.

The stronger CH in-phase out of plane deformation band (g(CH) 11 or
umbrella mode) occurring in the region ca 770 � 50 cm�1 also tends to shift
in frequency with the substituent. Kozhevina et al.8 assigned the IR band at
700 cm�1 as a CH out of plane deformation mode (Wilson mode 11).
However we observed at 749 cm�1 to the g(CH) 11 mode in agrement Meic
and Baranovic5 and Figueroa et al6. The 749 cm�1 band shifted to higher
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frequencies in the IR spectra of all of substitued benzylideneanilines except
for nitro substituent which in frequency shift occurs to lower wavenumbers.

We observed two strong and weak bands at 693 cm�1 and 668 cm�1 ,
respectively in the IR spectrum of NBA. The 693 cm�1 band slightly shifted
to lower frequency upon substitution. The 668 cm�1 band however did not
display any shift. Therefore we assigned the 693 cm�1 band to gring (No 4 ) in
agreement with the assignment of Meic and Baronovic5. The 668 cm�1 band
is assigned to dring vibrations of phenyl ring.

We observed a weak band at 410 cm�1 in the IR spectrum ofNBAwhich
is shifted to higher frequency upon substitution and assigned to gring vibra-
tions of phenyl rings. The other phenyl vibrations observed in the IR spectrum
of NBA are assigned in agreement with Kozhevina et al8. The number of CH
stretching vibrations decreases for mono- and disubstitued NBA while 10
aromatic frequencies were expected for NBA in the 310073000 cm�1 region.
The bands observed in this region are assigned to CH stretching vibrations.

CH¼N Group Vibrations

The C¼N stretch (ca 1630 cm�1) is the most characteristic band of the
azomethine group and good group vibration. The intensity varies from
moderate to strong and the band is generally sensitive to conformation. The
IR band at 1629 cm�1 is assigned to the C¼N stretching mode. As inferred
from Table 1, this band shifted to higher frequencies in the IR spectra of
compounds 3 and 6 and lower frequencies for the other compounds studied.
The slight changes are observed for the intensities of these bands. Intensity
changes occur through the azomethine group and benzene ring conjugation
effect33. However Kozhevina et al.8 belived to the change in p-conjugation
of the azomethine group and the benzene rings is insignificant according to
the normal coordinate analysis. Chances in molecular structure, especially
those in twist angles of the aromatic rings (due to different influence of
substituents) (Table 2) are expected to affect the p-electron distribution
across the system. This will reflect on the IR band position. In previous
paper6 it was pointed out that increasing the donor or acceptor properties of
the para substituent decreases C¼N stretching frequency. The C¼N
stretching frequency have been correlated with different types of Hammett
constant. The best correlation was found for the Hammet sR constant (for
an electron-donating or electron-withdrawing group is introduced into the
para position of the benzylidene ring), as is shown in Fig. 3. It was found
that the resonance effects of substituent prevail over the inductive ones. This
is accordance with results from AM1 MO calculation. The Hammett
relation is not obtained for the p-aniline ring substituent. In such case a
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trend to a general coplanarity should be favoured (it might be considered
that steric hindrance effect of the aniline ring is significant).

Kozhevina et al.8 assigned IR bands at 1198 cm�1 and 1178 cm�1 to
the N-Ph and C-Ph stretching modes, respectively. The former mode was
assigned to the IR band at 1193 cm�1 and the latter to one at 1233 cm�1 in
ref. [34]. Figueroa et al.7 assigned these modes at 1310 cm�1 and 1190 cm�1,
respectively. We observed a medium band at 1191 cm�1, a strong band at
1168 cm�1 and two weak bands at 1235 cm�1 and 1311 cm�1. As inferred
from Table 1, the IR band at 1235 cm�1 shifted to a higher frequency upon
substitution. However, the 1168 cm�1 and 1310 cm�1 bands slightly shifted.
It was not possible to make here a straightforward assignment of C-Ph
stretching mode. The Ph-C stretching vibration in alkyl benzenes appears
weakly in the neighbourhood of 1210 cm�1. This band shifts to higher fre-
quencies in benzenes substituted with atoms with an unshared pair of
electrons next to the ring such as nitrogen35. Therefore we tentatively
assigned the 1235 cm�1 band to C-Ph stretching mode.

Calculation Results

Structural studies confirm the nonplanar conformation of the NBA
molecule in the solid18, in the gas phase15 and in solution11. The conformation
ofmolecule has been reported to be influenced to great extent by the properties
of substituents to the aromatic rings36. The insertion donor or acceptor group

Figure 3. Plot of n(C¼N) frequencies vs. Hammett sR constants in 578.
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at p-position of NBA would be expected to have a significant effect on
molecular properties such as the ground and excited state dipol moments,
electron density, HOMO energy level and molecular planarity.

Attempts to determine of bond length or bond order of molecules con-
sidered here using the AM1 method were unsuccessful while this method
correctly predicts the expected twisted structure of molecules. We choose the
two conformational parameters which define the molecular conformation
(Fig. 1) the torsion angle (yN)which has been determined to be 55� in the solid18

and 52� in the gas phase15, yC which is�10.3� in the solid18 and nearly zero in
the gas phase15. AM1 calculation results obtained for NBA and its derivatives
are reported in Table 2 which contain some available experimental data.

Data collected in Table 2 clearly shows that the stronger the electron
donor properties of substituent, the larger the angle yN while the enhanced
accepting ability of substituent is accompanied by the lowering of yN in ben-
zylidene ring. The present charecteristic trend is confirmed by plotting the yN
against the Hammets sR constant, as is shown in Fig. 4. As can be seen from
Table 2, there is opposite case for aniline ring (except for CH3 group). For the
same substituent, the values of yN are different for R1 and R2 positions.

Figure 4. Plot of yN frequencies vs. Hammett sR constants in 578.
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N-lone pair delocalization may be suppressed by the electron relasing
effect of the 4-substituents resulting in less twisted conformation. In pre-
vious studies37, explanation for the non-planarity on NBA involves a
competition between two principal factors: (1) the interaction of the ortho
hydrogen on the aniline ring and the hydrogen on the bridge carbon, which
is repulsive in the planar conformation but is reduced with increasing non-
planarity, and (2) the p-electron system: delocalization between the
7CH¼N- double bond and the aniline ring which is maximised for a planar
conformation and delocalisation of the nitrogen lone pair electrons into the
aniline ring which is essentially zero for the planar conformation but in-
creasing non-planarity (where the lone pair density on the nitrogen may
interact with the p system of the ring).

If strong electron withdrawing and electron donating groups are in-
troduced in both ends of the molecule, the yN decreases to 28.38� which can
be explained with increasing p-electron conjugation.

The plot of the substituent constant sþ against electron density at the
azomethine nitrogen for benzylidene ring shows a good lineer relationship
(Fig. 5). Results from Table 2 reveal that the increase of the polar structure

Figure 5. Plot of electron density at the azomethine nitrogen vs. Hammett s+

constants in 578.

N-BENZYLIDENEANILINES 95

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

(I) to the ground state makes for an increase in the electron density of the
azomethine nitrogen (Fig. 6). When substituent is an acceptor, the con-
tribution of the polar structure (II) also increase. However, the electron
density at the azomethine nitrogen decreases4. From these results it can be
expected that C¼N bond order decreases as polar structure increases.
However this is not in accordance with results from AM1 MO calculation
but in accordance IR results.

There is increase in the dipol moment in substutied benzylideneanilines
except metoxybenzylideneaniline and benzylidenemetoxyaniline. The
resonance effect of the substituents to HOMO energy levels are found sig-
nificantly greater at its R1 position than that of R2 position. Electron ac-
cepting substituents lowers the HOMO energy level (Table 2).
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30. Baranovic, G.; Meic, Z.; Güsten, H.; Mink, J.; Keresztury, G. J. Phys.

Chem. 1990, 94, 2833.
31. Wilson, E.B. Jr. Phys. Rew. 1934, 45, 427.
32. Figueroa, K.; Pena, A.R.; Campos-Vallette, M.M. Z. Naturforsch.

1989, 446, 923.

N-BENZYLIDENEANILINES 97

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
0
9
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



ORDER                        REPRINTS

33. Korobejicheva, I.; Furin, G.; Zibarev, A. Izv. Acad. Nauk SSSR, Ser.
Khim. 1984, 3, 568.

34. Ostrowska, B.; Tramer, T. Acta Phys. Polon. 1967, 33, 111.
35. Roeges, N.P.G. A Guide to the Complete Interpretation of Infrared

Spectra of Organic Structures; John Wiley & Sons Ltd.: England, 1994;
pp. 3067312.

36. Patnaik, L.; Das, S. Int. J. Quant. Chem. 1985, 27, 135.
37. Burgi, H.B.; Dunitz, J.D. Helv. Chim. Acta 1971, 54, 1255.
38. Bally, T.; Haselbach, E.; Lanyiova, S.; Marschne, F.; Rossi, M. Helv.

Chim. Acta 1976, 59, 486.
39. de Gaouck, V.; Le Feure, R.J.W. J. Am. Chem. Soc. 1938, 741.

Received January 18, 2000
Accepted July 23, 2000
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