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ABSTRACT
Complex (experimental and computational) investigation of the spectral and conformational analysis of N!,N2-bis(-3-phenylallylidene)ethane-
1,2-diamine based schiff bases. Assignments were made in accordance with the calculated and experimental spectra. The experimental geometry
is compared with the results of theoretical calculations.
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INTRODUCTION

Schiff bases are well-known demanding area of research due to their simple synthesis, adaptability and different range of applications. These
types of chemical ligands are wide use in food industry, dye industry analytical chemistry, catalysis, fungicidal, agrochemical and biological
activities [1-5], DNA cleavage activity [6], biomimetic enzyme models [7-9], tumor growth inhibitors, and ability to reversibly binding oxygen
[10], liquid crystal [11,12]. Lastly, we expected to find how far experimental findings are reflected in theoretical predictions and what kind of
information can be extracted from spectroscopic investigations. However, the usefulness of electronic spectroscopy in studies of tautomeric
phenomena of this group of compounds can be studied [13-16]. The tools of computational chemistry have been used to investigate the chemical
behavior and different reactivity parameterized of synthetic derivatives [17,18]. Chemical synthesis reactions required optimized structures of
their chemical species and their transition states of synthesis reaction. The structural properties are elementary keys to understand the chemical
reactivity during the potential energy surface calculations [19,20].

In present work, synthesis reaction for Schiff's base compound, using theaddition product of different aldehyde and amine components and
confirm the possible conformations and structure by theoretical and spectral studies.
MATERIAL AND METHODS

Synthesis of N*, N%-Bis(3-phenylallylidene)ethane-1,2-diamine and its derivatives (3-6)

Trans-cinnamaldehyde 1a-b (0.02 mol) was mixed withethylenediamine 2a-b (0.01 mol) in ethanol and catalytic amount of Potassium hydroxide (0.01 mol,
0.39 g) was added and allowed to reflux at 75°C for 5 h. The progress of the reaction was monitored by using TLC-technique. After completion
of the reaction, the condensed material was then poured into ice-cold water; the precipitate was filtered and dried, then purified with column
chromatography in petroleum ether elution.

Preparation of N*, N2-Bis(3-phenylallylidene)ethane-1,2-diamine (3)

Yield 2.42 g (85%) Brown semisolid, IR (KBr): 3410, 3028, 2923, 2858, 1632, 1450 cm®; *H-NMR (500 MHz, CDCl;): 8.05 (d, 2H, Cq & Cy4-
H.), 7.46 (M, 4H, C,, Cs, C15 & C22-Honho), 7.36 (M, 4H, Cs, Cs, C19 & Cor-Huera), 726 (M, 2H, C4 & Cop-H para), 6.93 (d, 4H, C; & Cy6-H.), 6.89
(d, 4H, Cg & Cy5-Hy), 3.85(d, 4H, C1; & Cyp-H); BC-NMR (125 MHz, CDCly): 164.2, 141.8, 1.7, 129.1, 128.1, 127.2, 61.70. Mass m/z: 288 Hz.

Preparation of N*, N?-Bis(2-methyl-3-phenylallylidene)ethane-1,2-diamine (4)
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Yield 2.39 g (76%) Brown semisolid, IR (KBr): 3420, 3026, 2917, 2855, 1621, 1452 cm™*; *H-NMR (500 MHz, CDCIl5): 7.98 (d, 2H, Co& Cy,-
H.), 7.37 (m, 4H, C,, Cg, C13 & C22-Hgrino), 7.36 (M, 4H, Cs, Cs, C19 & Co1-Hmeta), 7.26 (S, 2H, Cy& Cpp-H para), 6.78 (s, 4H, C; & Cy-H,), 3.87 (s,
4H, C11& Cyp-H), 2.13 (d, 6H,J=1.24Hz, C»3& Cypq-H); *C-NMR (125 MHz, CDCly): 167.6, 139.0, 138.9, 136.9, 129.4, 128.3, 127.6, 61.5, 13.2.
Mass m/z: 317 Hz.

Preparation of N, N%-Bis(3-phenylallylidene)propane-1,2-diamine (5)

Yield 2.09 g (76%) Brown semisolid, IR (KBr): 3419, 3028, 2922, 2849, 1635, 1449 cm™; *H-NMR (500 MHz, CDCls): 8.03 (d, 1H, C14-H.),
7.99(d, 1H, Cq-H. ), 7.47.43(d, 4H, Ar-C,, Cg C13 & Cp-H)7.38-7.28 (m, 6H, Ar-Cs, Cy4, C5,C19,Co0 & Cy-H), 6.88-6.91 (m, 8H, Cg, C15 Hi & C;
& Cye-H,), 3.86-3.56 (M, 3H, C11& Cyp-H), 1.31 (d, 3H, J=6.15 Hz C-H); *C-NMR (125 MHz, CDCl,): 164.2, 162.2, 141.7, 136.3, 135.7,
130.5, 129.1, 128.7, 128.5, 128.1, 128.0, 127.2, 68.0, 66.3, 20.6. Mass m/z: 275 Hz.

Preparation of N, N%-Bis(2-methyl-3-phenylallylidene)propane-1,2-diamine (6)

Yield 2.13 g (65%) Brown semisolid, IR (KBr): 3397, 3025, 2923, 2853, 1624, 1446 cm™; "H-NMR (500 MHz, CDCls): 7.97 (d, 1H, J=3.92Hz
Cis-H.), 7.92 (s, 1H,Hz Cg-H.), 7.60-7.77 (m, 4H, Cy, Cs, C1g & C22-Horho), 7.39-7.35 (m, 4H, Cs, Cs, C1o & Cpr-Hineta), 7.25 (S, 2H, C4 & Cop-H
para), 6.75 (d, 4H, C; & Cye-H,), 3.86-3.79 (m, 2H, Cy;-H), 3.75-3.59 (M, 1H, Cy,-H), 1.31(d, 3H, J=6.19 Hz, Cps-H); *C-NMR (125 MHz,
CDCly): 167.4, 165.4, 138.9, 138.6, 136.8, 136.7, 130.5, 130.4, 129.3, 128.5, 128.2, 128.0, 127.5, 67.7, 66.2, 20.5, 13.4, 13.2. Mass m/z: 332 Hz.

Theoretical studies

The molecular structures of Schiff bases 3-6 are optimized by HF and B3LYP with the 6-31G (d) basis set. The calculations are performed by
using Gauss-View molecular visualization program and Gaussian 03 program package on personal computer.
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SCHEME-I

Scheme 1: Possible conformations of Schiff bases 3 and 4
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Table 1: SCF energy values for the Schiff bases 3 and 4

Conformers SCF energy (Kcal/mol)

3 4

A 0 0
B 3.31 8.35
C 6.41 16.29

D 0 0
E 3.29 8.35
F 6.42 17.43
G 3.53 3.23
H 7.67 12.93
| 11.68 23.5
J 1.02 1.01
K 4.25 10.03

Table 2: Selected geometric parameters of N*, N2-bis(3-phenylallylidene)ethane-1,2-diamine 3

Bond length (A) Bond angle (°) Torsional angle (°)
C1-c7 1.46 C1-C7-C8 127.6 C6-C1-C7-C8 179.9
C7-C8 1.35 C7-C8-C9 122.6 C2-C1-C7-C8 -0.1
C8-C9 1.45 C8-C9-N10 121.7 C1-C7-C8-C9 -179
C9-C10 1.29 C9-N10-C11 119.3 C7-C8-C9-N10 179.8

N10-C11 1.46 N10-C11-C12 109.7 C8-C9-N10-C11 -179
Cl1-C12 1.54 C9-N10-C11-C12 -126
N10-C11-C12-N13 -171

Table 3: Selected geometric parameters of N*, N2-bis(2-methyl-3-phenylallylidene)-ethane-1,2-diamine 4

Bond length (A) Bond angle (°) Torsional angle (°)
C1-Cc7 1.46 C1-C7-C8 131 C6-C1-C7-C8 -159
C7-C8 1.36 C7-C8-C9 116.6 C2-C1-C7-C8 215
C8-C9 1.46 C7-C8-C23 126.4 C1-C7-C8-C9 -179
C8-C23 15 C23-C8-C9 116.9 C1-C7-C8-C23 1.59
C9-C10 1.28 C8-C9-N10 123 C7-C8-C9-N10 -178
N10-C11 1.46 C9-N10-C11 1195 C23-C8-C9-N10 179.7
C11-C12 15 N10-C11-C12 109.8 C8-C9-N10-C11 0
C9-N10-C11-C12 -125
N10-C11-C12-N13 -172
C11-C12-N13-C15 -125
C12-N13-C14-C15 179.7
N13-C14-C15-C24 0
N13-C14-C15-C16 -178
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Scheme 2: Possible conformations of Schiff bases 5 and 6

Table 4: SCF energy values for Schiff bases 5 and 6

Conformers SCF energy (Kcal/mol)

5 6
A 1.76 175
B 5 .
c 1.76 17e
D 5 n
E 6.29 >y
F 353 314
G 0.93 333
H 331 308

RESULTS AND DISCUSSION

Treatment of ethylenediamine and 1,2-diaminopropane with trans-cinnamaldehyde and trans-methylcinnamaldehyde (mol ratio 1: 2) yielded the
corresponding Schiff bases 3-6.

CHO ; R
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Scheme 3: Synthesis of Schiff bases 3-6

IR, mass and high resolution *H and *C-NMR spectra of N*,N%bis(3-phenylallylidene)-ethane-1,2-diamine and its derivatives (3-6) have been recorded
and analyzed.

In IR Spectra the prominent peaks around 1600 cm™ in the IR spectra are attributed to V- Mode. The C=C stretching vibration of the aromatic
ring appeared around 1500 and 1450 cm™. The peaks around 750-650 cm™ are attributed to aromatic C-H out of plane bending vibration. The
peaks around 1350 cm™ in the Schiff bases 5 and 6 are due to the symmetric bending vibration of methyl group. In *H-NMR, The most downfield
doublet centered at 8.05 ppm in the Schiff base 3 is assigned to azomethine protons [H(9) and H(14)]. The coupling constant extracted from this
signal is found to be 7.71 Hz. In the *H-'H COSY spectrum, this doublet exhibits cross peaks with the signals in the region 6.96-6.86 ppm. From
this it is concluded that H(8) and H(15) [B-protons i.e., B with respect to azomethine nitrogen] resonate in this region (6.96-6.86 ppm). From the integral
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values and from the absence of extra correlation in *H-'H COSY spectrum it is concluded that the y protons [H(7) and H(16)] are also observed
in the same region. Careful analysis of the signals in this region reveals that for y-protons a doublet at 6.93 ppm with spacing 15.93 Hz is
observed and for B protons a doublet of doublet at 6.89 ppm was observed. From the comparison of the chemical shifts of Schiff base 3 with
those of N(1), N(2) bis(cinnamylidene) azine [21,22], it is found that the ortho-protons in the cinnamylidene ring resonate at 7.46 ppm (doublet
with spacing 7.23 Hz) and for meta and para-protons of the cinnamylidene ring signals are observed at 7.36 and 7.26 ppm in 3. The upfield sharp
singlet at 3.85 ppm, is assigned to methylene protons attached to the azomethine nitrogen [H(11) and H(12)].

13C-NMR spectrum shows an upfield signal at 61.70 ppm and this is assigned to the methylene carbon attached to azomethine nitrogen [C(11)
and C(12)]. The most downfield signal at 164.2 ppm is obviously due to azomethine carbons [C(9) and C(14)]. From the correlation peaks
observed in the 'H-1*C COSY spectrum, it is found that p [C(8) and C(15)] and y [C(7) and C(16)] carbons resonate at 128.8 and 141.8 ppm
respectively. The less intense signal at 135.7 ppm is assigned to ipso carbons [C(1) and C(17)] of the phenyl ring of the cinnamylidene
moiety. The remaining signals are due to aromatic carbons of the phenyl ring of the cinnamylidene moiety.

The *H-NMR spectrum of the Schiff base 4 reveals a sharp singlet at 7.98 ppm for azomethine protons. The upfield sharp singlet at 3.87 ppm is
assigned to methylene protons attached to azomethine nitrogen. The spectrum also reveals a doublet with spacing 1.24 Hz at 2.13 ppm. The
small spacing indicates the long range coupling observed with this proton and this is assigned to the methyl protons present in the side chain of
the cinnamylidene moiety. From the comparison of chemical shifts of Schiff base 4 with those of Schiff base 3 it is predicted that the y protons
resonate at 6.78 ppm. The ortho and meta protons of the phenyl ring of the cinnamylidene moiety are observed at 7.37 and 7.36 ppm. The signal
at 7.26 ppm is assigned to the para-proton of the phenyl ring of the cinnamylidene moiety. *H-'H COSY spectrum, exhibits a weak cross peak
between the methyl signal at 2.13 ppm with a signal at 6.78 ppm which corresponds to H(7) and H(16) [H(y)] protons. The *C NMR spectrum of the
Schiff base 4 reveals signals at 61.5 and 13.2 ppm for the methylene carbons attached to azomethine nitrogen [C(11) and C(12)] and methyl
carbons [C(23) and C(24)] present in the side chain respectively. The most downfield signal at 167.6 ppm is obviously due to azomethine carbons [C(9) and
C(14)]. The signal at 139.0 ppm is assigned to the y carbon [C(7) and C(16)] of the side chain moiety. The signal at 138.9 ppm is assigned to 3
carbons [C(8) and C(15)] The less intense signal at 136.9 ppm is due to ipsocarbons [C(1) and C(17)] of the phenyl rings of the cinnamylidene moiety.
The remaining signals in the spectrum are due to the remaining aromatic carbons. This assignment is further confirmed from the results derived from *H-
13C COSY spectrum. The signal for azomethine protons (7.98 ppm) exhibits cross peak with the signal at 167.6 ppm, thus confirming the
assignment of signal at 167.6 ppm to azomethine carbons. The signal centered at 6.78 ppm which is assigned to y proton shows correlation with the signal at
139.0 ppm. From this it is confirmed that y carbon signal was observed at 139.0 ppm. The upfield sharp singlet at 3.87 ppm exhibits cross peak
with the signal at 61.5 ppm. From this it is confirmed that methylene carbons of the ethane moiety resonate at 61.5 ppm. The signal centered at 2.13
ppm, which is assigned to methyl protons shows correlation with the signal at 13.2 ppm, thus confirming the signal at 13.2 ppm to methyl carbons [C(23) and
C(24)].

'H-NMR spectrum reveals the presence of two doublets at 1.31 and 1.37 ppm for methyl protons of 1,2-diaminopropyl moiety and four signals
for azomethine protons in the region 8.0-8.4 ppm. This clearly shows that the Schiff base 5 exists in two isomeric forms. The signals of the
azomethine protons and the methyl protons of the diaminopropyl moiety in the major isomer can be differentiated from the minor isomer based
on intensities. However, for other protons overlapping of signals for the major and minor isomer occurs. In the major isomer, the doublets
observed at 8.03 and 7.99 ppm are assigned to azomethine protons [H(9) and H(14)]. The coupling constants extracted from these signals are
found to be 7.55 and 8.05 Hz respectively. The doublet at 1.31 ppm is assigned to the methyl protons of the 1,2-diaminopropyl moiety. The
coupling constant extracted from this signal is found to be 6.15 Hz. Among the signals for azomethine protons at 8.03 and 7.99 ppm the one at
higher frequency i.e. 8.03 ppm is assigned to H(14). This assignment is based on the following observations. Among the azomethine carbons
C(14) is y with respect to the CH3 group at C(12) whereas C(9) is 3. Generally y carbon is expected to resonate at lower frequency [23].
Therefore, the signals for azomethine carbons are first assigned and from the *H-*C COSY spectrum, the corresponding proton resonances are
assigned. Obviously, the remaining azomethine proton signal at 7.99 ppm is due to H(9) only.

In the minor isomer, the azomethine protons resonate at 8.29 ppm (doublet) [H(14)] and 8.24 ppm (singlet) [H(9)]. The coupling constant
extracted from the doublet centered at 8.29 ppm is found to be 3.60 Hz. The methyl protons are observed at 1.37 ppm. The coupling constant extracted
from this signal is found to be 6.20 Hz. The 'H-NMR spectrum reveals overlapping of signals of the other protons of major isomer with the minor
isomer. The signals in the region 3.86-3.56 ppm are due to methine and methylene protons of the 1,2-diaminopropyl moiety [N-CH and N-CH,].
The signals in the region 6.88-6.91 ppm are due to § [H(8) and H(15)] and y [H(7) and H(16)] protons of the side chain of cinnamylidene moiety.
The spectrum reveals a triplet at 1.31 ppm (two doublets overlapped with each other) and this is assigned to the methyl protons of 1,2-diaminopropyl
moiety of the dimer of 5A. The signals of other protons in the dimer are however overlapped with the signals of the Schiff base 5. **C-NMR
spectrum of the Schiff base 5 reveals signals at 20.6 and 29.7 ppm for the methyl carbons of the 1,2-diaminopropyl moiety. The most downfield
signals at 164.2, 162.3, 162.2 and 160.5 ppm are obviously due to azomethine carbons present in the major and minor isomer. The p-carbon
signals are overlapped with the aromatic signals in the region 128.1-130.6 ppm. The signals at 141.8 and 141.7 ppm are assigned to y carbons of
the cinnamylidene moiety. The remaining signals in the region 137-127 ppm are due to aromatic carbons. The signals in the region 68-66 ppm are due
to methine and methylene carbons of the 1,2-diaminopropyl moiety. The signals for the major isomer can be differentiated from the minor
isomer based on intensities. This assignment is further confirmed from the results derived from *H-'3C COSY spectrum. The signals for
azomethine protons centered at 8.03 and 7.99 ppm in the major isomer exhibit cross peaks with the signals at 162.2 and 164.2 ppm respectively.
The signals for azomethine protons in the minor isomer (8.29 and 8.24 ppm) show cross peaks with the signals at 160.5 and 162.3 ppm. From the
correlation peaks it is confirmed that azomethine carbons resonate at 164.2 and 162.2 ppm in the major isomer and 160.5 and 162.3 ppm in the
minor isomer. The signals in the region 6.88-6.91 ppm which are assigned to B and y protons show correlation with the signals at 141.8 and 141.7
ppm and the signals in the region 128.1-130.6 ppm. From this it is confirmed that y carbons resonate at 141.8 and 141.7 ppm and [ carbons
resonate in the region 128.1-130.6 ppm. The signals in the region 3.86-3.56 ppm which are assigned to methine and methylene protons of the
diaminopropyl moiety show correlation with the signals at 68.0, 67.9, 66.3 and 66.2 ppm. From these correlations it is established that methine
carbons of the diaminopropyl moiety absorb at 68.0 ppm in the major isomer and 67.9 ppm in the minor isomer. The remaining two signals at
66.3 and 66.2 ppm are assigned to methylene carbons of the diaminopropyl moiety in the major and minor isomer respectively. The methyl
carbons of the diaminopropyl moiety absorb at 20.6 ppm in the major isomer and 29.7 ppm in the minor isomer and this is confirmed by the
cross peaks observed with the doublets at 1.31 (major) and 1.37 ppm (minor). Two doublets at 1.31 and 1.35 ppm for methyl protons of 1,2-
diaminopropyl moiety and four signals for azomethine protons in the region 7.9-8.3 ppm are observed in the *H-NMR spectrum. From this it is
concluded that the Schiff base 6 also exists in two isomeric forms. Based on intensities the signals corresponding to major isomer can be
differentiated from the minor isomer. The doublet at 7.97 ppm and a singlet at 7.92 ppm observed in the major isomer are assigned to
azomethine protons. The coupling constant extracted from the doublet is found to be 3.92 Hz. The spectrum shows a doublet at 1.31 ppm with

93



Preethi B et al. Der Pharma Chemica, 2018, 10(11): 88-96

spacing 6.19 Hz for the methyl protons of 1,2-diaminopropyl moiety in the major isomer. However, the methyl protons of cinnamylidene moiety
absorb at 2.12 ppm. Among the signals for azomethine protons at 7.97 and 7.92 ppm the one at higher frequency i.e., 7.97 ppm is assigned to H
(14).

In the minor isomer the azomethine protons absorb at 8.28 (doublet, J=6.13 Hz) [H(14)] and 8.23 ppm (singlet) [H(9)] and methyl protons
resonate at 1.35 ppm (Jy cn,=6.34 Hz). The methyl protons of cinnamylidene moiety resonate at 2.09 ppm. From the comparison of the chemical

shifts of 6 with those of 3-5 it is suggested that the y protons resonate at 6.75 (major) and 6.71 ppm (minor). The signals in the region 3.59-3.75
ppm and 3.79-3.86 ppm are assigned to methine and methylene protons of diaminopropyl moiety in both the major and minor isomers. This
assignment is based on the results obtained in *H-*H COSY spectrum. In the 'H-'H COSY spectrum cross peaks are observed between the
doublets at 1.31 and 1.35 ppm (methyl protons) with the multiplet in the region 3.59-3.75 ppm. From this it is confirmed that the methine
protons resonate in the region 3.59-3.75 ppm. Obviously the other multiplet (3.79-3.86 ppm) is due to methylene protons. The spectrum reveals
additional signals for the dimer of trans-a-methyl cinnamaldehyde in the region 2.1 ppm and aromatic regions. The downfield signals observed
at 167.4 and 165.4 ppm (high intense signals) and at 162.4 and 160.5 ppm (less intense signals) in the **C-NMR spectrum are assigned to
azomethine carbons in the major and minor isomer respectively. The signals observed at 138.9 and 138.6 ppm are assigned to y carbons in the major
isomer. In the minor isomer y carbons resonate at 139.0 and 138.6 ppm. The [ carbons resonate at 136.7 and 136.8 ppm in the major isomer and
at 136.9 and 137.0 ppm in the minor isomer. The high intense signals resonating at 66.2 and 67.7 ppm are assigned to the methylene and methine
carbons of diaminopropyl moiety in the major isomer and in the minor isomer these carbons resonate at 66.5 and 67.5 ppm. The spectrum also
reveals signals at 13.4 and 13.2 ppm. These signals are due to methyl carbons of the cinnamylidene moiety and both the major and minor
isomers absorb in the same region. The signals at 20.5 and 20.4 ppm are obviously due to methyl carbons of the diaminopropyl moiety. These
assignments were further confirmed from the results derived from *H-3C COSY spectrum. The signals for azomethine protons centered at 7.97
and 7.92 ppm in the major isomer exhibit cross peaks with the signals at 165.4 and 167.4 ppm respectively. The signals for azomethine protons
in the minor isomer (8.28 and 8.23 ppm) show cross peaks with the signals at 160.5 and 162.4 ppm respectively. From this it is confirmed that
azomethine carbons resonate at 165.4 and 167.4 ppm in the major isomer and 160.5 and 162.4 ppm in the minor isomer. The signals at 6.75 and
6.71 ppm, which were assigned to y—protons in the major and minor isomer show correlation with the signals in the region 138.6-139.0 ppm thus
confirming the y-carbon signals at 138.9 and 138.6 ppm in the major isomer and at 139.0 and 138.6 ppm in the minor isomer. The signals in the
region 3.59-3.75 ppm and 3.79-3.86 ppm which were assigned to methine and methylene protons of diaminopropyl moiety exhibit correlation
peaks with the signals in the region 67.7 to 66.2 ppm, thus confirming the methine and methylene carbon signals in the region 67.7-66.2 ppm. The
signals at 20.5 (major) and 20.4 ppm (minor) are assigned to methyl carbons of diaminopropyl moiety based on the correlation peaks observed with the
doublets at 1.31 and 1.35 ppm. The remaining signals in the region 13 ppm are due to methyl carbons of the cinnamylidene moiety.

Conformation of schiff bases
Spectral studies

In the Schiff base 3 the azomethine proton is associated with the coupling of 7.71 Hz which is closer to the value observed in trans-
cinnamaldehyde 1a [21]. There are two possible ways of attaching the ethylene moiety to the nitrogen (i) syn to azomethine proton, (ii) anti to
azomethine proton.

Comparison of the chemical shifts of aldehydic proton in cinnamaldehyde (9.66 ppm) with the azomethine protons in the Schiff base 3 (8.05
ppm) reveals that conversion of the aldehyde to Schiff base shields —CH proton by 1.61 ppm. Such a large shielding magnitude suggests that the
azomethine proton should be syn to the N-C(H,) bond in the Schiff base. This conclusion is based on the following observations.
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Generally in Schiff bases and azines protons which are syn to N-C/N-N bond are expected to resonate at lower frequency relative to anti protons.
For example in acetone azine [24] methyl protons which are syn to N-N bond (1.83 ppm) resonate at lower frequency compared to methyl protons
anti to N-N bond (2.00 ppm) and the chemical shifts of antiprotons are closer to the values observed in acetone (2.09 ppm). Moreover, comparison
of chemical shifts of aldehydic proton in salicylaldehyde (9.89 ppm) [21,22] with that of azomethine proton in the Schiff base (8.70 ppm) [25]
reveals considerable shielding (-1.19 ppm) due to conversion of aldehyde to Schiff base. The crystal structure of the Schiff base reveals that the
azomethine proton is syn to C-aryl bond only. Therefore, the favored conformation of Schiff base 3 is predicted to be the trans conformation as
shown below.

O—I
O—I
O—T

,C _N

Ir—O0
Ir—O0
Ir—0

One can visualize three possible conformations of the Schiff base 3 due to C-C rotation about —N-CH,-CH,-N moiety. The two gauche forms A
and C are destabilized due to severe interaction between the substituent attached to azomethine nitrogen. Therefore, the stable conformation of
the Schiff base is predicted to be the antiform. Similar comparison of the chemical shifts of azomethine protons in the Schiff bases 4-6 with
those of aldehydic protons in trans-cinnamaldehyde (9.66 ppm) and trans-a-methylcinnamaldehyde [24] (9.56 ppm) reveals considerable shielding
of CH protons due to conversion of aldehyde to Schiff bases. The shielding magnitude observed ware closer to the values observed in the Schiff
base 3. Hence, it is reasonably concluded that the conformations of Schiff base 4 and major isomers of 5 and 6 are similar to the conformation of
Schiff base 3. The minor isomers of the Schiff bases 5 and 6 probably exist in the gauche conformation. In 5 both the gauche conformations are
expected to be of the same energy and hence equally populated. However in the Schiff base 6, the gauche conformation C' is ruled out since in
this confirmation two gauche interactions exists. Hence, the favored conformation of the minor isomer is predicted to be A’. The major isomer exists
in conformation B'.

Theoretical studies of the Schiff bases 3 and 4

There are several conformations possible for the Schiff bases 3 and 4. Since, trans-cinnamaldehydes are used for synthesis the conformations
derived from cis-cinnamaldehydes are ruled out in the present study. In conformations G-L in Scheme 1 the two C-N bonds are gauche with
respect to each other, whereas in conformations A-F, the two C-N bonds are anti to each other. In the gauche conformation the torsional angle is
close to 60°, whereas in the anti-conformation, the angle is close to 180°. In the conformations A-C the two C=N bonds are on opposite side to each
other whereas in conformations D-F the two C=N bonds are on same side. Same trend is also seen in conformations G-I relative to J-L. Both the
azomethine protons are syn to N-C(H,) bond in the conformations A, D, G and J i.e., syn-syn arrangement, whereas they are anti in conformations
C, F, I and L i.e., anti-anti arrangement. In conformations B, E, H and K one of the azomethine protons is syn to N-C(H,) bond and the other
azomethine proton is anti to N-C(H,) bond i.e., syn-anti arrangement. Density functional theory calculations available in Gaussian-03 package were
carried out using the basis set BsLYP/6-31G [26,27 ]. The relative SCF energy values determined for the Schiff bases 3 and 4 are shown in Table 1.
Tables 2 and 3 report the selective bond length, bond angle and torsional angles in the optimised structures 3A and 4A.

All the bond angles are closer to 120°, except N(10)-C(11)-C(12) or N(13)-C(12)-C(11) in the Schiff bases 3 and 4. Comparison of bond angles
in Schiff base 3 with those of 4 reveals that introduction of methyl substituent in the cinnamylidene moiety influences the bond angle
considerably. The torsional angles C(6)-C(1)-C(7)-C(8) (179.9°) and C(2)-C(1)-C(7)-C(8) (0.1°) reveals the coplanar nature of the phenyl ring
with the conjugated side chain carbons C(7) and C(8) in the Schiff base 3. However, the corresponding bond angles in the Schiff base 4 (-159.0° and
+21.5°) reveals that this planarity is deviated considerably due to the introduction of methyl substituent in the cinnamylidene moiety. However, the
torsional angle N(10)-C(11)-C(12)-N(13) is not affected due to the introduction of CH; substituent (171° in 3; 172° in 4). The other torsional
angles are closer to 180° in both the Schiff bases 3 and 4 except C(9)-N(10)-C(11)-C(12)/C(11)-C(12)-N(13)-C(14) (126° in 3 and 125° in 4).
These values suggest nearly coplanar nature of other moieties with the nearby nitrogen and the adjacent sp? hybridized carbons except the
ethylenic moiety. Thus, the theoretical study predicts the same conformations as the one derived from solution studies. Similar conformation has also
been reported in a closely related N,N'-bis-(4-methoxybenzylidene)-ethylenediamine by Unaleroglue, et al. [28].

Theoretical studies of the Schiff bases 5 and 6

From the theoretical study of the conformations of the Schiff bases 3 and 4 it is inferred that conformations in which both the azomethine
protons syn to N-C(H,) bond are more stable when compared to syn-anti and anti-anti arrangements. Therefore, for the Schiff bases 5 and 6
calculations were performed only for conformations in which both the azomethine protons are syn to N-C(H,) bond. The possible conformations
for the Schiff bases 5 and 6 are shown in Scheme 2. Calculations were performed for all the conformations shown in Scheme 3 and the relative
SCF energies calculated for the Schiff bases 5 and 6 are displayed in Table 4. For the Schiff base 5 theoretical calculations predict 5B or 5D as the
minimum energy conformer and it is found to be the favored conformation of the major isomer. The optimized structure corresponding to 5B is
similar to 5D. The argument given for Schiff bases 3 and 4 is applicable for the Schiff base 5 also. Therefore, in the favorable conformer of the
major isomer of 5 (5B or 5D) the plane of the cinnamylidene moiety at one nitrogen is nearly perpendicular to the plane of the cinnamylidene
moiety at the other nitrogen. The next favorable conformer is predicted to be 5G in which the two C=N bonds are gauche with respect to each
other and methyl group is anti to azomethine nitrogen. It is seen from Table 4, that the favorable conformer for the major isomer of the Schiff
base 6 is predicted to be 6B or 6D. The next favorable conformer (conformation of the minor isomer) is predicted to be 6A or 6C. Similar to the
Schiff base 5 the optimized structure corresponding to 6B is similar to 6D and 6A is similar to 6C. In these conformers the plane of the
cinnamylidene moiety at one nitrogen is nearly perpendicular to the plane of the cinnamylidene moiety at the other nitrogen. The conformation
of the minor isomer of the Schiff base 6 (6A/6C) is different from the conformation of the minor isomer of the Schiff base 5. The gauche
conformer of the Schiff base 6, i.e., 6G is expected to be of higher energy compared to the gauche conformer 5G due to severe interaction
between the methyl group in the cinnamylidene moiety with the nearby azomethine proton at the other end and hence it is destabilized in the
Schiff base 6.
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CONCLUSION

It is conclude that, Calculation reveals that the stable conformer is predicted to be either 3A or 3D. The optimised structure corresponding to 3A
is similar to 3D. Table 1 inferred that the conformations in which both the azomethine protons syn to N-C(H,) bond i.e., syn-syn arrangement
(3A, 3D, 3G and 3J) are more stable when compared to syn-anti (3B, 3E, 3H and 3K) and anti-anti arrangements (3C, 3F, 31 and 3L). The order
of stability is syn-syn>syn-anti >anti-anti. For the Schiff base 4 also the stable conformers is predicted to be 4A or 4D similar to the Schiff base 3.
The Schiff base 5 exists as an equilibrium mixture of conformer 5B/5D (major isomer) and 5G (minor isomer) only. The Schiff base 6 exists as
an equilibrium mixture of conformations of 6B/6D (major isomer) and 6A/6C (minor isomer). Thus, the conformations of Schiff bases 3-5
predicted from theoretical calculations are in good agreement with the conformations predicted from spectral data. The conformation of the
major isomer of Schiff base 6 predicted in solution is the same as that observed by theoretical calculation. However, for the minor isomer there is
a discrepancy between the conformations predicted in solution (gauche conformation) and by theoretical studies (trans conformation).
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