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The crystal structure of the title compound, C;sH;9Nj,
comprises neutral molecules of a dipolar Schiff base
chromophore. A density functional theory (DFT) optimized
structure at the B3LYP/6-31G(d) level is compared with the
molecular structure in the solid state. The compound crystal-
lizes in the noncentrosymmetric space group Pna2; with a
herring-bone packing motif and is therefore a potential
candidate for nonlinear optical effects in the bulk.

Comment

During the past decade, the design of new materials with
nonlinear optical (NLO) properties has attracted considerable
interest (Papadopoulos et al., 2006). For the observation of
second-order NLO effects, such as frequency doubling
(second-harmonic generation, SHG) in the bulk, noncentro-
symmetric molecular and crystallographic symmetry is
required. Besides the criterion of overall noncentrosymmetric
character, large hyperpolarizabilities (8 values) are also
required. Typical synthetic targets are dipolar donor-ru-
acceptor (push—pull) molecules having the desired high B
values. In particular, stilbazolium derivatives such as trans-4'-
dimethylamino-N-methyl-4-stilbazolium  4-toluenesulfonate
(DAST) have been intensively studied (Marder et al., 1989,
1994; Ruiz et al., 2008). Related Schiff base chromophores
have also been studied (Corradin et al., 1996; Coe et al., 2002;
Sliwa et al., 2005). In this context, Coe and co-workers
reported the crystal structures of two salts containing the
Schiff base cations trans-4-[4-(dimethylamino)phenylimino-
methyl]-N-phenylpyridinium (Coe et al., 2000) and trans-4-[4-
(dimethylamino)phenyliminomethyl]-N-methylpyridinium
(Coe et al., 2001). The use of organic salts enables modifica-

tion of the crystal packing by variation of the counter-ions. It
is noteworthy that the noncentrosymmetric crystal structure
of wunsubstituted trans-N-(4-pyridylmethylene)aniline has
been known for more than two decades (Wiebcke & Mootz,
1982). A related derivative containing an amide group in the
para position of the benzene ring, which crystallizes centro-
symmetrically, has also been structurally characterized
(Aakeroy et al., 2006). However, to the best of our knowledge,
and based on a search of the Cambridge Structural Database
(CSD; Version 5.3, with February 2009 updates; Allen, 2002),
the present study of the title compound, (I), is the first crys-
tallographic study of a neutral N,N-dialkyl-N'-[(E)-4-pyri-
dylmethylene]benzene-1,4-diamine derivative.
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Compound (I) was prepared by a Schiff base condensation
of pyridine-4-carbaldehyde and N,N-diethyl-p-phenylene-
diamine in the presence of 4-toluenesulfonic acid. The well
defined band in the IR spectrum at 1649 cm ™' was assigned to
the vc—y stretching vibration. Crystals of (I) suitable for X-ray
analysis were grown from an ethanolic solution. A displace-
ment ellipsoid plot is depicted in Fig. 1. The molecular
geometry parameters are within expected ranges. As observed
in trans-4-[4-(dimethylamino)phenyliminomethyl]-N-phenyl-
pyridinium hexafluorophosphate (Coe et al., 2000) and trans-4-
[4-(dimethylamino)phenyliminomethyl]-N-methylpyridinium
4-toluenesulfonate (Coe et al., 2001), the benzene ring in (I)
shows partial quinone character, which reveals some ground-
state charge separation. The average C2——C3 and C5——C6
bond length is 1.373 (2) A, while the average of the other four
benzene C——C distances is 1.404 (5) A. These observations are
supported by the density functional theory (DFT) structure
optimization. The corresponding calculated values are 1.387
and 1.412 A, respectively. The other calculated bond lengths
of (I) are also in agreement with the crystallographically
determined values. For example, the observed and calculated
C=N bond lengths are 1.281 (2) and 1.283 A, respectively.
The dihedral angle between the mean planes of the C1-C6 and

Figure 1

The molecular structure of (I), showing the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level and H
atoms are shown as small spheres of arbitrary radii.

Acta Cryst. (2009). C65, 0385—0387

doi:10.1107/50108270109025475

0385

© 2009 International Union of Crystallography



organic compounds

(a)

(b)

Figure 2

Representation of the DFT-optimized structure of (I), showing the
isosurfaces of (a) the HOMO and (b) the LUMO with an isovalue of
0.02 a.u.

N11/C12-C16 rings is 5.8 (1)°. The corresponding value in the
DFT-optimized structure is appreciably larger at 21.8°. The
reason for the discrepancy between the observed value in the
solid state and the calculated value is not entirely clear, but the
effects of crystal packing should presumably be considered.
These effects are not included in the DFT structure optimi-
zation. However, the calculated value of 21.8° lies within the
expected range; an even larger value of 23.49 (6)° has been
crystallographically determined for the trans-4-[(4-dimethyl-
aminophenyl)iminomethyl]-N-methylpyridinium cation (Coe
et al., 2001).

Compound (I) shows an intense absorption band in the
visible region at A, = 428 nm (¢ = 8881 1 mol™* cm_l) in
acetonitrile. This band is attributed to an intramolecular
charge transfer (ICT) from the highest occupied molecular
orbital (HOMO) to the lowest unoccupied molecular orbital
(LUMO). As expected, the DFT calculation reveals that the
HOMO is primarily localized on the electron-rich diethyl-
amine group, while the LUMO is primarily localized on the
electron-deficient pyridine group (Fig. 2). For the hexa-
fluorophosphate salt of the related trans-4-[4-(dimethyl-
amino)phenyliminomethyl]-N-phenylpyridinium cation, an
absorption band was reported at A,,,x = 534 nm in acetonitrile
(Coe et al.,2000). The ICT band of (I) shows solvatochromism;
in acetic anhydride the ICT band of (I) is bathochromically
shifted to Apax = 541 nm (¢ = 9713 1mol™ ' cm ™).

As mentioned above, noncentrosymmetric space-group
symmetry is required for the observation of bulk NLO prop-
erties. The prediction of crystal packing, and hence the
rational supramolecular synthesis of noncentrosymmetric
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Figure 3

The arrangement of the molecules in the orthorhombic unit cell of (I). H
atoms have been omitted for clarity.

crystals, are still a challenge in the field of crystal engineering.
Interestingly, the crystal packing of (I) is quite different to that
observed in ftrans-4-[4-(dimethylamino)phenyliminomethyl]-
N-phenylpyridinium hexafluorophosphate (Coe et al., 2000),
which crystallizes in the polar space group Cc. In the latter, the
dipolar cations are aligned head-to-tail forming polar cationic
sheets, between which the hexafluorophosphate anions are
located. It may be significant that the closely related
compound trans-4-[4-(dimethylamino)phenyliminomethyl]-N-
methylpyridinium 4-toluenesulfonate crystallizes in the
centrosymmetric space group P2,/n (Coe et al, 2001).
Compound (I) crystallizes in the polar orthorhombic space
group Pna2, with antiparallel alignment of the dipolar
chromophores. The arrangement of the molecules in the
orthorhombic unit cell is shown in Fig. 3. No face-to-face 7—m
stacking interactions occur in the crystal structure of (I), but
edge-to-face stacking interactions are indicated by the C—
H---w distances (Table 1). This arrangement leads to a
herring-bone packing motif, which is polar along the ¢ axis.
Compound (I) therefore possesses the potential to exhibit
NLO effects in the bulk.

Experimental

All chemicals were purchased from Merck and used as received.
N,N-Diethyl-p-phenylenediamine (32.850 g, 0.200 mol) was added to
a solution of pyridine-4-carbaldehyde (21.422 g, 0.200 mol) in toluene
(40 ml). 4-Toluenesulfonic acid (40 mg) was added and the mixture
was refluxed for 2 h. The Schiff base that separated after cooling was
filtered off and recrystallized from ethanol (yield 33.441 g, 66%).
Elemental analysis calculated for C;¢H;oN3;: C 75.85, H 7.56,
N 16.59%; found: C 75.88, H 7.54, N 16.60%. Single crystals of (I)
suitable for X-ray diffraction were obtained by slow evaporation
from an ethanolic solution at room temperature.

Crystal data

C6HoN; V = 1374.80 (10) A
M, = 25334 Z=4

Orthorhombic, Pna2, Mo Ko radiation
a=127984 (5) A =007 mm™

b =148116 (6) A T=110K
c=72524(3) A 0.36 x 0.12 x 0.09 mm
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Table 1 .
Hydrogen-bond geometry (A, °).

Cgl is the centroid of the N11/C12-C16 ring and Cg2 is the centroid of the
C1-C6 ring.

D—H---A D—H H---A DA D—H---A
C2—H2---Cgl! 0.95 2.83 3700 (2) 153
C6—H6---Cgl' 0.95 2.84 3633 (2) 142
CI2—HI2.--Cg2" 0.95 2.92 3754 (2) 147
C15—HI5. - -Cg?' 0.95 275 3.623 (2) 152

used to solve structure: SHELXS97 (Sheldrick, 2008); program(s)
used to refine structure: SHELXL97 (Sheldrick, 2008); molecular
graphics: DIAMOND (Brandenburg, 2008); software used to prepare
material for publication: enCIFer (Allen et al., 2004).

RWS thanks Malte Kokoschka and Dr Maik Finze for
helpful discussions. BBK thanks the Alexander von Humboldt
Foundation for a fellowship.

Symmetry codes: (i) —x+1,—y+1,z+% (i) —x+4,y+Lz—1% (i) —x+4,y -1
1
-3

Data collection

Oxford Diffraction Xcalibur2
diffractometer

Absorption correction: multi-scan
(ABSPACK in CrysAlis Pro;
Oxford Diffraction, 2009)
Tmin = 0.971, Tipax = 0.992

10508 measured reflections
1458 independent reflections
1069 reflections with 7 > 20([)
Riy = 0.041

Refinement

R[F? > 20(F?)] = 0.030
wR(F?) = 0.058
S§=0.87

1458 reflections

174 parameters

1 restraint

H-atom parameters constrained
Apmax =019 ¢ A7?

APmin = —0.10e A7

In the absence of significant anomalous scattering effects, Friedel
pairs were merged and the absolute structure was assigned arbitrarily.
H atoms were placed at geometrically calculated positions and
refined with a riding model and with U,(H) values of 1.2 (1.5 for
methyl groups) times U(C). The C—H bond lengths were
constrained to 0.95 (aromatic and iminomethyl CH), 0.99 (methyl-
ene) and 0.98 A (methyl).

The DFT quantum-chemical calculation was performed at the
B3LYP/6-31G(d) level (Becke, 1993; Lee et al, 1988) using
GAUSSIANO3 (Frisch et al., 2004). Initial atomic coordinates for the
DFT calculation were taken from the crystal structure. The harmonic
vibrational analysis at the same level of theory confirmed that the
stationary point represented a minimum. The DFT results were
visualized with CHEMCRAFT (Zhurko & Zhurko, 2009).

Data collection: CrysAlis Pro (Oxford Diffraction, 2009); cell
refinement: CrysAlis Pro; data reduction: CrysAlis Pro; program(s)

Supplementary data for this paper are available from the IUCr electronic
archives (Reference: BM3080). Services for accessing these data are
described at the back of the journal.
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