Crystal Structure and Conformation of 2-{(2,-Aminobenzyl)iminoethyl}5-methoxyphenol
D. K. Deya, S. P. Deya, A. Elmalib *, and Y. Elermanb *
a Department of Chemistry, Chandidas Mahavidyalaya, Khujutipara-731215,
District-Birbhum, West Bengal, India
b Department of Engineering Physics, Faculty of Science, Ankara University,
06100-Beselver, Ankara, Turkey
* Alexander von Humboldt Fellow
Reprint requests to Dr. A. Elmali. E-mail: elmali@science.ankara.edu.tr
Z. Naturforsch. 56 b, 375-380 (2001); received December 12, 2000
Schiff Base, 2-{(2'-Aminobenzyl)iminoethyl}-5-methoxyphenol
The Schiff base, 2-{(2'-aminobenzyl)iminoethyl}-5-methoxyphenol, l , 2 -C 6H4 [NH 2- 2 ']CH 2N=CHCöH 3(OMe-5 )OH (I), has been prepared by the reaction of 2 -amino- 1-benzylamine
and 2-hydroxy-4-methoxyacetophenone in methanol. The molecular structure has been con
firmed by single crystal X-ray crystallography (triclinic, space group P \, a = 7.201(2), b =
9.802(2), c = 9.993(2) Ä, a = 83.09(2), ß = 73.49(2), 7 = 84.09(2)°, R = 0.0415 for 2611
independent reflections). The 'H and 3C NMR spectra in CDCI3 solution indicate the forma
tion of some other minor conformations or dissociation in solution. The title compoundois not
planar. Intramolecular hydrogen bonding occurs between 0 ( 1) and N( 1) atoms [2.528(2) A], the
hydrogen atom essentially being bonded to the nitrogen atom. Minimum energy conformations
from AMI were calculated as a function of four torsion angles. The optimized geometry of the
molecular structure corresponding to the non-planar conformation is the most stable conforma
tion in all calculations. The results strongly indicate that the minimum energy conformation is
primarily determined by non-bonded hydrogen-hydrogen repulsions.

Introduction
Schiff bases and their biologically active com
plexes have been studied during the last decade [ 1].
Schiff bases are of great interest because of their
photochromic and thermochromic behaviour in the
solid state, which may involve reversible proton
transfer from the hydroxyl-oxygen atom to the
imine nitrogen atom [2 -4 ]. Photochromism and
thermochromism are produced by the intramolec
ular proton transfer associated with a change in ttelectron configuration [5 -7 ]. Photochromic com
pounds are o f great interest for the control and mea
surement of radiation intensity, optical computers
and display systems [8, 9].
On the basis of structural studies on pho
tochromic and thermochromic salicylaldimine
derivatives it was concluded that the significant dif
ferences lie in the manner of molecular packing
in the lattice. Molecules exhibiting thermochromy
are planar while those with photochromy are nonplanar [10]. Photochromic salicylideneanilines are

packed rather loosely in the crystal, in which nonplanar molecules may undergo some conforma
tional changes, while thermochromic salicylide
neanilines are packed tightly to form one-dimen
sional columns. Intramolecular hydrogen bonds (ei
ther N-H O or N -H -O ) can exist in aldimine
compounds derived from aromatic aldehydes hav
ing a hydroxyl group in position 2 to the alde
hyde group [11]. The existence of the enol (or
predominantly enol) tautomer has been established
in all crystal structures of N-substituted salicylaldimines listed so far in the Cambridge Struc
ture Database [11]. Recently, we studied confor
mations and structures of bi-, tri-, and tetra-dentate Schiff bases and found that the non-planar
conformation, as it is also found in the crys
tal, is the most stable [12-17]. With the aim of
gaining a deeper insight into the structural as
pect responsible for the observed phenomenon
in the solid state, conformational and crystallo
graphic analysis of the title compound has been
carried out.
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Experimental

Materials and physical measurements
Methanol was dried by refluxing over CaO and dis
tilled prior to use. 2-Hydroxy-4-methoxyacetophenone
(Aldrich) and 2-amino-1-benzylamine (Fluka) were used
as received. IR spectra (KBr pellets) were recorded on
a Perkin-Elmer 883 infrared spectrophotometer. NMR
spectra were recorded on a Bruker DPX 300 (300.01 MHz
for ’H, 75.47 MHz for !3C) with TMS as internal stan
dard. Elemental analysis (C, H, N) was carried out on a
Perkin-Elmer 2400 II elemental analyser. Melting points
were recorded on an electrical heating-coil melting point
apparatus and are uncorrected.

Preparation
The Schiff base, 2-{(2'-aminobenzyl)iminoethyl}-5methoxyphenol, has been prepared by refluxing 4-methoxy- 2 -hydroxyacetophenone ( 1.10 g, 6.62 mmol) with 2 amino-1-benzylamine (0.40 g, 3.305 mmol) in methanol
for 2 h and then cooled to room temperature. The light
green crystals were obtained on keeping the solution at
room temperature for 1 d. Yield: 74%. M. p. 140 -141 °C.
- IR (cm- 1 ): = 1620 (C=N), 3419, 3339 z/(N-H). - ‘H
NMR (CDCI3): 6 = 16.70 (s, br, 1H, OH), 6.28 - 6.44
(m, 2H, Ar-H), 6.67 - 6.79 (m, 2H, Ar-H), 7.06 - 7.15(m,
2H, Ar-H), 7.40 (d, 2H, Ar-H), 4.63 (s, 2H, CH 2), 3.83
(s, 3H, O C // 3), 2.40 (s, 3H, CH3). - I3C NMR (CDC13):
6 = 55.23 (O C // 3), 14.60 (CH3), 49.32 (CH2), 102.16,
105.72, 112.48, 116.51, 118.93, 122.63, 128.76, 129.11,
129.49, 144.65, 164.04, 169.25 (Ar-C's), 172.45 (C=N).
- C i6H i8N 202 (270.4): calcd. C 71.08, H 6.71, N 10.36;
found C 71.36, H 6.53, N 10.55.

X-ray crystallography
Light green single-crystals of I (size 0.60 x 0.40 x
0.10 mm) were grown from methanol. The measurements
were performed at 303(2) K on an Enraf-Nonius CAD4 diffractometer using graphite-monochromated Mo-A'q
radiation (A = 0.71093 A). Orientation matrix and unit
cell parameters from the setting angles of 25 centered re
flections: monoclinic, space group P i, a = 7.201(2), b =
9.802(2), c = 9.993(2) A, a = 83.09(2), ß = 73.49(2), 7 =
84.09(2)°, Dcaic = 1.341 Mg/m3, V = 669.6(3) A3, Z = 2,
Sealed = 1.341 Mg/m3, F(000) = 288, p = 0.089 mm“ 1.
A total of 3093 reflections were recorded with Miller in
dices, - 8 < h < 1, -1 2 < k < 12, -1 2 < / < 12 in
the 6 range 2.10 - 26.40 0 . There were 2611 indepen
dent reflections [Rim = 0.0109] satisfying the I > 2 a (I)
criterion of observability for in the subsequent struc
ture determination and refinement. Three standard reflec
tions were measured every 120 seconds and a 2.4% de-

Table 1. Atomic coordinates (x o104) and equivalent
isotropic displacement parameters (A 2 x 103) for 1. U(eq)
is defined as one third of the trace of the orthogonalized
Uij tensor.
Atom

X

y

z

U(eq)

C (l)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
C ( ll)
C(12)
C( 13)
C(14)
C(15)
C(16)
N (l)
N(2)
0 (1 )
0 (2 )

-607(2)
74(2)
2031(3)
3355(2)
2703(2)
745(2)
10(2)
2432(2)
3950(2)
4481(2)
5945(2)
6882(2)
6403(2)
4968(2)
8839(3)
1846(2)
1547(2)
-2602(2)
3663(2)
8345(2)

8735(1)
9128(2)
9154(2)
8808(2)
8397(1)
8333(1)
7871(2)
6334(1)
6247(1)
7451(1)
7305(1)
6043(2)
4867(2)
4975(1)
6924(2)
5101(2)
7546(1)
8696(2)
8664(1)
5816(1)

-1552(2)
-2972(2)
-3626(2)
-2862(2)
-1458(2)
-784(1)
749(2)
1602(1)
2288(1)
2762(2)
3471(2)
3660(1)
3176(2)
2523(2)
4917(2)
1093(2)
1433(1)
-925(2)
2556(1)
4287(1)

38(1)
47(1)
51(1)
49(1)
40(1)
35(1)
41(1)
37(1)
36(1)
38(1)
39(1)
39(1)
44(1)
41(1)
53(1)
51(1)
42(1)
53(1)
55(1)
51(1)

cay of intensity was noted. The structure was solved by
direct methods using SHELX-97 [18] program and re
fined by full-matrix least-squares procedures on F 2 using
SHELX-97 [19] with allowance for anisotropic thermal
motion of all non-hydrogen atoms. All hydrogen posi
tions (except for the H(N1) atom) were calculated using
a riding model. The H(N1) atom was found from dif
ference Fourier maps calculated at the end o f the refine
ment process as a small positive electron density. The
refinement converged to R = 0.0415, R w2 = 0.1203 for
all data and 328 parameters. The weighting scheme was
w =1/[<72(F02) + (0.0623 P )2 + 0.1552 P] where P =
( F02 + F 2)/3. Largest difference peak and hole are 0.208
and -0 .2 4 0 eA ~3. Crystallographic data (excluding struc
ture factors) for the structure reported in this paper have
been deposited with the Cambridge Crystallographic Data
Centre, e-mail: deposit@ccdc.cam.ac.uk as supplemen
tary publication no. CCDC 154351 [20].

Conformational analysis
Theoretical calculations were carried out with the stan
dard parameters using a local package [21 ] which includes
the AMI Hamiltonian [22], Geometry optimizations of
the crystal structure of the title compound were carried
out using the Fletcher-Powell-Davidson algorithm [23,
24] implemented in the package and the PRECISE op
tion to improve the convergence criteria. To determine the
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Table 2. Selected bond lengths [A] and angles [°] for 1.
C (l)-N (2)
C (7)-N (l)
C(8)-C(9)
C (1 0 )-0 (l)
C(12)-C(13)
C (15)-0(2)
N(2)-H(2AN)

1.397(2)
1.449(2)
1.436(2)
1.291(2)
1.412(2)
1.440(2)
0.92(2)

C.(6)-C(7)
C (8)-N (l)
C(8)-C(16)
C (12)-0(2)
C(13)-C(14)
N(1)-H(1N)
N(2)-H(2BN)

1.502(2)
1.305(2)
1.508(2)
1.358(2)
1.360(2)
1.02(2)
0.88( 2)

C (2)-C (l)-N (2)
C(5)-C (6)-C (l)
C(l)-C(6)-C(7)
N (l)-C (8)-C (9)
C(9)-C(8)-C(16)
0(1)-C(10)-C(11)
0(2)-C (12)-C (l 1)
C(7)-N(1)-H(1N)
C( 1)-N(2)-H(2BN)
C (12)-0(2)-C15

119.93(14)
118.96(13)
118.64(13)
117.05(13)
122.76(13)
118.58(13)
123.88(14)
124.2(10)
113.4(13)
119.16(12)

N (2)-C (l)-C(6)
C(5)-C(6)-C(7)
N (l)-C(7)-C(6)
N (l)-C (8)-C (16)
C(14)-C(9)-C(8)
0(1)-C(10)-C(9)
0(2)-C(12)-C(13)
C( 1)-N(2)-H(2AN)
H(2AN)-N(2)-H(2BN)

121.45(14)
122.38(12)
113.12(12)
120.19(13)
120.70(13)
122.09(13)
114.86(13)
114.8(12)
112.3(18)

conformational energy profiles full geometrical optimiza
tions were performed and values o f the AM 1 total energy
were calculated as a function of four torsion angles 6 \
(C7-N1-C8-C9), 02 (C5-C6-C7-N1), 6>3 (C6-C7-N1-C8)
and 64. (N1-C8-C9-C10), varied every 5°. The optimized
values of the torsion angles are scaled to zero as illustrated
in Figs. 2 - 5 .

Results and Discussion
The compound has been characterized by ele
mental analysis and IR, ]H, and 13C NMR spectra.
The molecular structure has been confirmed by an
X-ray crystal structure determination. A broad band
in the region 3100 - 2450 cm - 1 has been assigned
to the intramolecularly hydrogen bonded OH. The
C=N) stretching appears at 1620 cm - 1 and the
z/(N-H) stretchings at 3419 and 3339 cm- 1 . In the
'H NMR spectrum, the phenolic OH proton reso
nance is found in the low field region, 6 16.70 ppm.
The proton resonances for OCH 3 , CH2 and CH3
groups appear at 6 3.83, 4.63 and 2.40 ppm, respec
tively, as sharp singlets. There are some weak peaks
at 6 2.19, 2.25, and 2.56 ppm, which may arise due
to formation of some other conformations or from
dissociation in solution. The resonance for the NH 2
protons has not been clearly identified. The number
of signals observed in the 13C NMR spectrum is as
expected from the solid state structure, but here also
some extra small signals are observed.
Fractional atomic coordinates and equivalent
isotropic thermal parameters for the non-hydrogen
atoms are given in Table 1. Bond distances and bond
angles are listed in Table 2. An ORTEP view of the

Fig. 1. The molecular structure of the title compound.
Displacement ellipsoids are at the 50% probability level.

molecular structure of the title compound is given
in Fig. 1 [25].
Thermochromic and photochromic properties of
the salicylideneanilines are a function of the crystal
and molecular structure [4]. On the basis of struc
tural studies on salicylaldimine derivatives it was
concluded that the significant differences are related
to the manner of molecular packing in the crys
tal. Molecules exhibiting thermochromy are pla
nar while those showing photochromy are nonplanar [26]. In agreement with the above conclu
sions, the title compound is photochromic and the
molecule is not planar. The 2-aminobenzyl part is al
most at right angle to the rest part of the molecule,
87.76(4)°. The C(6)-C(7)-N(l)-C(8) torsion angle
[-92.6(2)°] also indicates that the molecule is not
planar. The conformation at C(8 )-N (l) is trans. Two
types of intramolecular hydrogen bonding (either
N ... H -0 or N -H ... O) can exist in Schiff bases.
The Schiff bases derived from salicylaldehyde al
ways form the N . .. H-O type regardless of the na
ture of the substituent on nitrogen [11]. In the title
compound, the N ( l ) . .. 0 (1 ) distance [2.528(2) A]
indicates a strong intramolecular hydrogen bond.
In this case a migration of phenolic proton to the
imine nitrogen atom is observed. The compound
exists as a ketamine rather than in the enol-imine
form. The C (10)= 0(l) bond [1.291(2) A] is con
sistent with C = 0 double bonding. This, along with
the short C (ll)-C (12) bond [1.365(2) A], suggests
a quinoidal effect. After the geometry optimizations
of the title compound, the C (10)-0(l) and C(11)C(12) bond distances were found to be 1.255(2) and
1.360(2) A, respectively. These results also indicate
that the ketamine form is dominant in the title com
pound.
In order to define the conformational flexibility
of I, semi-empirical calculations using the AMI

378

D. K. D ey et al. ■2-{(2'-A m inobenzyl)im inoethyl}-5-m ethoxyphenol

^ (0 7 ^ 1-08-09)

Fig. 2. AMI heat o f formation
for the 9\ (C7-N1-C8-C9) torsion
angle.

Fig. 3. AMI heat of formation
for the 62 (C5-C6-C7-N1) torsion
angle.
02(C5-C6-C7-N1)

molecular orbital method were carried out. The
AMI optimized geometry and conformations are
in agreement with those crystallographically ob
served. The energy profile of 0\ (C7-N1-C8-C9)
shows two maxima at 183° and 258°. The largest
energy barrier arises from the steric interactions of
H(C16) with H(C14). The smallest energy barrier
is due to the non-bonded interactions between 0(1)
and C(5). The energy profile as a function of 62 (C5C6-C7-N1) has two maxima at 120° and 245°. The
smaller energy barrier is due to steric interactions

between H(C5) and H(C16) and the other between
H(N2) and H(C16). The conformational energy as a
function of O3 (C6-C7-N1-C8) shows two maxima
near 85° and 165°, because of the steric interactions
between H(C5) and H(C16) and H(C7) and H(C16).
The conformational energy as a function of O4 (N 1C8-C9-C10) shows very small differences, and the
energy barrier is less than 25 kcal mol-1 .
The planarity of I is clearly controlled by these
four torsion angles. The non-planar conforma
tion corresponds to zero values of these torsion
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0 (C6-C7-N1-C8)

04(N1-C8-C9-C1O)

angles (see Figs. 2 - 5). Bürgi and Dunitz car
ried out an extensive theoretical and experimen
tal study on the non-planar conformation of the
N-benzylideneaniline and related compounds [27].
Their explanation for the non-planarity of N-benzylideneaniline involves a competition between two
principal factors: (a) The interaction of the ortho
hydrogen atom on the aniline ring and the hydrogen
atom on the “bridge” carbon atom, which is repul
sive in the planar conformation but is reduced with
increasing non-planarity, (b) The 7r-electron system,
itself divisible into two components, including, on
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Fig. 4. AMI heat of formation for the
63 (C6-C7-N1-C8) torsion angle.

Fig. 5. AMI heat of formation for the
9\ (N1-C8-C9-C10) torsion angle.

the one hand, delocalization between the -CH=Ndouble bond and the aniline phenyl ring, (which is
maximized for a planar conformation) and, on the
other hand, delocalization of the nitrogen lone pair
electrons into the aniline ring which is essentially
zero for the planar conformation but increases with
increasing non-planarity (where the lone pair den
sity on the nitrogen may interact with the 7r system
of the ring).
In summary, the AM 1 optimized geometry of the
structure of I corresponding to the non-planar con
formation is the most stable conformation in all
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calculations. The results indicate that the most sta
ble conformation is primarily determined by non
bonded hydrogen-hydrogen repulsions. The inter
action between the N-lone pair and the ir electrons
o f the phenyl ring, however, might also contribute
to the conformational energy.
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