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Abstract

The crystal structure of the title compound consists of discrete 4-N,N-dimethylamino-4'-
N'-methyl-stilbazolium, CiHiN,, and tosylate, C;H,SOs;, dimer. The 4-N,N-dimethylamino-
4'-N'-methyl-stilbazolium molecule has a trans conformation at the central C=C double
bond: the dihedral angle between the phenyl and the pyridyl rings is 5.7(2)° and the whole
molecule is planar within 0. 138(8)A. Tosylate molecules display hydrogen-bonded dimers
with the O-H..O distances of 2.855(9) and 2.899(8)A, respectively. The shortest in-
termolecular contact is the distance 3.10(1)A between O(3) and C(16).
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1. Introduction

Organic materials with large second-order non-
linear optical (NLO) effects are of great in-
terest because of their potential applications in
frequency conversion and electro-optic mo-
dulation.”™ Much effort has been made to
search for novel molecular crystalline materials

composed of stable chromophoric molecules
with larger molecular hyperpolarizabilities with
an optimized orientation for large macroscopic
NLO properties. 4-N,N-dimethylamino-4'-N'-
methyl-stilbazolium tosylate (DAST) is reported
to have one of the highest value of electro-optic
coefficient, ri=400 pm/V.?

DAST crystals which exhibit second harmonic
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generation has a non-centrosymmetric structure.
However when DAST crystals absorb water,
the structure changes and the crystals do not
show second harmonic generation any longer.
The color of the DAST crystals is greenish dark
red, but the color of the DAST-HxO crystals
changes into orange.

The structure of DAST crystals has been det-
ermined by Marder et al.” So it is very in-
teresting to investigate the structure of hy-
drated form of DAST.

DAST was synthesized by the condensation of
4-methyl-N-methyl pyridinium tosylate of 4-N,
N-dimethylamino-benzaldehyde in the presence
of piperidine.” DAST-H;0 was purified by re-
crystallization from water and methanol, and
orange colored crystals were obtained by eva-
porating methanol solution.
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2. Experimental

The crystallographic data of the title com-
pound (I) are listed in Table 1. The accurate
cell parameters were refined from setting an-
gles of only 8 reflections with 11.41<6<12.24°
because they gave the least estimated standard
deviations. Cell refinement, data collection and
data reduction were done using SDP.” The
structure of the compound was solved by using
SHELX86® and refined by full-matrix least
squares with SHELX76.” All H atom positions
except for water molecules were calculated
geometrically (C-H:1.084) and H-atoms of wat-
er were found from difference Fourier map. All
H-atoms were refined isotropically. Fractional
atomic coordinates are given in Table 2. Soft-
wares used for molecular graphics were

Table 1. Experimental details of the X-Ray diffraction study of C;;H,,N,SO;-H,0

Crystal data
C23H28N2803'H20
M,=430.563
Triclinic

P
a=9.640(4)A
b=14.805(6)A
c=8.09(2)A
0=79.29(7)°
B=78.75(7)°
Y=81.21(3)°
V=1105.1A*
Z=2

Data collection

Enraf-Nonius CAD-4 diffractometer

®/26 scans

absorption correction: none

No. of measured reflections: 3109

No. of independent reflections: 3070

No. of observed reflections: 2129

criterion for observed reflections: F,>36(F,)

Refinement
Refinement on F
Final R=0.058
®R=0.058
S$=1.0461

383 parameters

Mo Ko radiation
A=0.71069 A
Cell parameter determination
from 8 reflections
0=11.41-12.24°
p=0.13 mm™
T=297 K
Light red
Rectangular plate
0.50%0.20X0.12 mm
Dee=1.29 Mg m™®

0na=23"

h= — -10-10

k= — -15-16

I= — 0-8

3 standard reflections
monitored every 180 minutes
intensity variation <2.1%

w=unit weights

(A/p)max=0.354

Apmax=0.222 eA’

Apmax= —0.250 eA‘S

Atomic scattering factors
were provided in SHELX76
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Table 2. Positional and equivalent isotropic thermal
parameters (A% for non-hydrogen atoms of CyH,
N204S
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Table 3. Bond lengths, angles, selected torsion angles
and hydrogen bonds with e.s.d.s in parentheses

(1) Bond lengths (A)

S-0(D) 1.443(4) C(6)-C(9) 1.451(7)
S-0(2) 1.434(4) C(N)-C(8) 1.371(8)
S-0(3) 1.433(5) C(9)-C(10)  1.335(8)
S-C(2D) 1.779(5) C(10)-C(11) 1.462(7)
N(1)-C(1) 1.435(9) C(11)-C(12) 1.395(8)
N(1)-C(2) 1.447(9) C(1D-C(15) 1.392(8)
N(1)-C(3) 1.372(6) €(12)-C(13) 1.353(8)
N(2)-C(13) 1.340(8) C(14)-C(15) 1.369(9)
N(2)-C(14) 1.352(8) C(17)-C(18) 1.520(12)
N(2)-C(16) 1.499(8) C(18)-C(19) 1.367(8)
C(3)-C(4)  1.410(7) C(18)-C(23) 1.389(9)
C(3)-C(8)  1.400(7) C(19)-C(20) 1.391(9)
C(4)-C(5)  1.370(8) C(20)-C(21) 1.360(8)
C(5)-C(6)  1.395(7) C(21)-C(22) 1.389(7)
C6)-C(7)  1.402(7) C(22)-C(23) 1.386(8)

X y z Ueq
S 0.2836(2)  0.6676(1) -0.6671(2) 0.048
0(1)  0.4250(4) 0.6225(3) -0.6503(5) 0.073
0(2)  0.2274(5) 0.7259(3) -0.5406(5) 0.074
0(3)  0.1880(5) 0.6044(3) -0.6771(5) 0.084
O(W)  0.4963(6) 0.4318(5) -0.6854(8) 0.077
N(1)  0.1980(5) 0.1010(3) 1.1460(5) 0.058
N(2)  0.1515(5) 0.4241(3) -0.1497(5) 0.051
C(D 0.0670(8)  0.0726(6) 1.2456(9) 0.071
C(2) 0.3242(8)  0.0841(6) 1.2243(9) 0.064
C(3) 0.2057(5)  0.1399(3) 0.9773(6) 0.045
C(4) 0.0881(6)  0.1500(4) 0.8927(7) 0.046
C(5) 0.0958(6)  0.1912(4) 0.7255(7) 0.048
C(6) 0.2196(5)  0.2243(4) 0.6293(6) 0.045
C(7) 0.3373(6)  0.2119(4) 0.7126(7)  0.055
C(8) 0.3312(6)  0.1709(4) 0.8799(7)  0.050
C(9) 0.2291(6)  0.2730(4) 0.4553(7) 0.048
C(10)  0.1229(6) 0.2943(4) 0.3655(7) 0.049
C(11)  0.1360(6) 0.3411(4) 0.1884(6) 0.046
C(12)  0.0234(6) 0.3472(4) 0.1000(7) 0.051
C(13)  0.0340(7) 0.3871(4) -0.0658(7) 0.053
C(14)  0.2623(7) 0.4219(5) -0.0685(8) 0.063
C(15)  0.2557(6) 0.3816(5) 0.0990(7) 0.060
C(16)  0.1637(10) 0.4704(6) -0.3322(8) 0.071
C(17)  0.3347(11) 0.9198(8) -1.3563(12) 0.086
C(18)  0.3218(5) 0.8567(4) -1.1844(7) 0.050
C(19)  0.2960(6) 0.8923(4) -1.0356(8) 0.054
C(20)  0.2852(6) 0.8359(4) -0.8769(8) 0.049
C(21)  0.3016(5) 0.7423(4) -0.8675(6) 0.040
C(22)  0.3307(6) 0.7040(4) -1.0165(7) 0.051
C(23) 0.3396(6) 0.7610(5) -1.1738(7) 0.054
NRCVAX'” and ORTEP."

3. Discussion

Fig. 1 is a view of the molecule showing the
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atom-numbering scheme.

In (D, the bond lengths N(1)-C(1) [1.435(9)A]
and N(1)-C(2) [1.447(9)A] are in good agree-
ment with the comparable bonds in 1,1'-methyl-
enebis(4,4'-dimethylaminopyridinum) iodide.'”

As shown in Table 3, the eleven C-C bond
lengths in the aromatic phenyl and pyridyl rings
range from 1.353(8) to 1.410(7)A with mean
value 1.386A which is comparable with the nor-
mal C-C resonance bond distance of 1.395A(13),
and valence angles from 116.2(5)° to 122.3(5)°
with mean value 120°.

The bonds connecting the phenyl and pyridyl
rings [C(9)-C(10)=1.335(8)A, average bond dis-
tance 1.457A of C(6)-C(9) and C(10)-C(11)]

show double- and single-bond character, respec-
tively. The torsion angle of C(6)-C(9)-C(10)-C
(11) is —178(1)".

Fig. 1. Molecular structure showing 40% probability displacement ellipsoids.
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Table 3. Continued
(2) Bond angles (%)

0(1)-S-0(2) 1124(3) C(3)-CB)-C(7")  1214(5)
o(1)-S-0(3) 112.8(3) C(6)-C(9)-C(10)  126.0(5)
0(2)-5-0(3) 113.0(3) C(9)-C(10)-CA1) 125.0(5)

0(1)-8-C(21)
0(2)-s-C2D
0(3)-5-C(2D)
CQ)-ND-C2)

106.0(2) C(10)-CA1)-C(12)
106.2(3) C(10)-C(11)-C(15)
105.7(2) C(12)-C(11)-C(15)
1188(5) C(11)-C(12)-C(13)
CQ)-N@)-C(3) 1209(5) N(2)-C(13)-C(12)
C(2-N(1)-C(3) 120.2(5) N(2)-C(14)-C(15)
C(13)-N(2)-C(14) 119.9(5) CQ1)-CQ5)-C(14)
C(13)-N(2)-C(16) 121.9(5) C(17)-C(18)-C(19)
C(14)-N(2)-C(16) 118.2(5) C(17)-C(18)-C(23)
NQ)-CR)-C@ 121.8(4) C(19)-C18)-C(23)
N)-C(3)-C(8) 121.6(4) C(18)-C(19)-C(20)
C4)-C(3)-C® 1166(5) C(19-C20)-C(21)

119.6(5)
124.0(5)
116.4(5)
121.1(5)
121.2(6)
120.5(6)
120.9(5)
121.0(6)
121.0(6)
118.065)
122.0(5)
119.6(5)

(3) Selected torsion angles (°)

0(1)-S-C(21)-C(20) -109.8(5)
0(1)-S-C(21)-C(22) 71.2(5)
0(2)-S-C(21)-C(20) 9.9(5)
0(2)-S-C(21)-C(22) -169.0(5)
0(3)-5-C(21)-C(20) 130.2(5)
0(3)-S-C(21)-C(22) -48.8(4)
C(1)-N(1)-C(3)-C(4) -2.8(5)
C(1)-N(1)-C(3)-C(8) 177.8(8)
C(2)-N(1)-C(3)-C(4) 174.4(8)
C(2)-N(1)-C(3)-C(8) -5.1(5)
C(5)-C(6)-C(9)-C(10) 1.4(6)
C(7)-C(6)-C(9)-C(10) -175.7(9)
C(6)-C(9)-C(10)-C(11) -178.1(9)
C(9)-C(10)-C(11)-C(12) 170.4(9)
C(9)-C(10)-C(11)-C(15) -9.9(6)

(4) Hydrogen-bonding geometry (A, °)

D-H.A DH H.AD.A DH.A
O(W)-H(w1)..0(1) 0.95(8) 1.9(8) 2.855(9) 163(7)

O(W)-H(w2)..0(1)" 0.66(8) 2.3(8) 2.899(8) 165(10)
H(w1)-O(W)-H(w2) 106(8)

Symmetry code: (i) 1-x, 1-y, -1-z.

The stilbene moiety in (I) is planar to within
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0.138(8)A, with C(1) and C(2) deviating 0.26(1)
and 0.02(1)A, respectively, from the best plane.
The dihedral angle between the nitrophenyl and
pyridyl rings is 5.7(2)°.

To diminish repulsions between C(5) and C
(10) and between C(9) and C(15), the angles
123.7(5)° of C(5)-C(6)-C(9) and 124.0(5)° of C
(10)-C(11)-C(15) are larger than 120.0(5)° of C
(7)-C(6)-C(9) and 119.6(5)° of C(10)-C(11)-C
(12). All of this conformations are comparable
with those of 4-methoxy-3-methyl-4'-nitrostil-
bene' and 2-methoxy-5-(4-nitrostyryl)phenol.'”

The phenyl ring of the p-toluenesulfonate is
approximately perpendicular to the dimethyl-
aminostilbene plane with the dihedral angle
99.4(2)° and the angles around S atom are very
close to the tetrahedral angle as shown in Table
3. The distance C(21)-S [1.779(5)A] is in good
agreement with the value quoted for a C(sp®)-S
single bond (1.84).19

O(1) atom of the p-toluenesulfonate molecule
participates in two hydrogen bonds with a water
molecule and with another water molecule re-
lated by an inversion center. Therefore The p-
toluenesulfonates form hydrogen-honded dimers.

As shown in the molecular packing diagram
(Fig. 2), the structure is highly layered with the
shortest contact 3.10(1)A between O(3) and C
(16).
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