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Table 2. Selected geometric parameters (A, °)
N1—C4 1.352(4) c2—C3 1.408 (4)
N1—C1 1.368 (3) C3—C4 1.345 (5)
NI—H]I 0.94 (3) C5—C6 1503 (4)
N2—C9 1.360 (4) C5—C10 1.528 (3)
N2—C6 1.372 (3) C6—C7 1.353 (4)
N2—H2 0.88 (3) c7—C8 1412 (4)
Cl—C2 1.359 (4) Cc8—C9 1.338 (4)
Cl1—C5 1.501 (3)
C4—N1—ClI 110.0 3) C1—C5—C10 112.8(2)
C9—N2—C6 110.1 2) C6—C5—HS5 108.4 (14)
C2—CI1—N]I 106.8 (2) C1—C5—H5 105.3 (13)
C2—C1—C5 1322(2) C10—C5—HS5 108.1 (13)
N1—C1—C5 121.0(2) C7—C6—N2 106.8 (2)
C1—C2—C3 107.7 (3) C7—C6—C5 131.5(2)
C4—C3—C2 107.6 (3) N2—C6—C5 121.7 (2)
C3—C4—NI 108.0(3) C6—C7—C8 107.5(2)
C6—C5—Cl 1116 (2) C9—C8—C7 108.2 (3)
C6—C5—C10 110.5(2) C8—C9—N2 107.4 (3)

Atoms C17, C18 and C19 were found to be disordered over
two positions (C17/C17A, C18/C184 and C19/C19A). Their
occupancies were initially refined and then later fixed at 0.6
(C17, C18 and C19) and 0.4 (C174, C18A and C19A). The
non-H atoms were refined anisotropically. The H atoms of
the meso-C and N atoms were located on difference Fourier
maps and were refined isotropically, while other H atoms were
placed in idealized positions. The H atoms attached to C17,
C18 and C19 have occupancies of 0.6 and those on C17A4,
C18A and C194 have occupancies of 0.4.

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: NRCVAX
DATRD?2 (Gabe, Le Page, Charland, Lee & White, 1989). Pro-
gram(s) used to solve structure: SHELXS86 (Sheldrick, 1990).
Program(s) used to refine structure: SHELX193 (Sheldrick,
1993). Molecular graphics: ORTEPII (Johnson, 1976). Soft-
ware used to prepare material for publication: SHELXL93.

The authors acknowledge the financial assistance of
the Institute of Chemistry, Academia Sinica, Taiwan.

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: KH1109). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.

References

Enraf-Nonius (1989). CAD-4 Software. Version 5.0. Enraf-Nonius,
Delft, The Netherlands.

Gabe, E. J., Le Page, Y., Charland, J.-P.,, Lee, F. L. & White, P. S.
(1989). J. Appl. Cryst. 22, 384-387.

Hammel, D., Erk, P., Schuler, B., Heinze, J. & Miillen, K. (1992).
Adv. Mater. 4, 737-739.

Jeffrey, G. A. & Saenger, W. (1991). In Hydrogen Bonding in
Biological Structures. Berlin: Springer Verlag.

Johnson, C. K. (1976). ORTEPIl. Report ORNL-5138. Oak Ridge
National Laboratory, Tennessee, USA.

Lee, C.-H. & Lindsey, J. S. (1994). Tetrahedron, 50, 11427-11440.

Lindsey, J. S., Schreiman, I. C., Hsu, H. C., Keamey, P. C. &
Marguerettaz, A. M. (1987). J. Org. Chem. 52, 827-836.

Lindsey, J. S. & Wagner, R. W. (1989). J. Org. Chem. 54, 828-836.

Newman, M. S. & Lee, L. F. (1972). J. Org. Chem. 37, 4468-4469.

North, A, C. T,, Phillips, D. C. & Mathews, F. S. (1968). Acta Cryst.
A24, 351-359.

© 1996 International Union of Crystallography
Printed in Great Britain - all rights reserved

Ca:HaoN>

Riche, C. & Pascard-Billy, C. (1974). Acta Cryst. B30, 1874-1876.

Sheldrick, G. M. (1990). SHELXL86. Program for the Solution of
Crystal Structures. University of Gottingen, Germany.

Sheldrick, G. M. (1993). SHELXL93. Program for the Refinement of
Crystal Structures. University of Géttingen, Germany.

Acta Cryst. (1996). C52, 3116-3118

a,a-Diacetoxy-2,4-dichloro-5-nitrobenz-
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Abstract

The title compound, (2,4-dichloro-5-nitrophenyl)methyl-
ene diacetate, C;;HgCI,NOg, was obtained as an unex-
pected product from the reaction of 2,4-dichloro-5-nitro-
benzaldehyde with 2-methylbenzothiazole in refluxing
acetic anhydride. The single-crystal X-ray analysis
showed the phenyl ring to be slightly disorientated
with respect to the idealized C, symmetry which the
molecule would otherwise possess. Thus, the dihedral
angle between C(1)—C(7)—H(3) and the phenyl ring is
29.8 (4)°.

Comment

As part of our continued interest in the synthesis of
benzothiazolo[3,2-a]lquinolinium salts (Cox er al., 1982;
Alegria, et al., 1993) via the photochemically induced
cyclization of 2-styrylbenzothiazoles, we investigated
the reaction of 2,4-dichloro-5-nitrobenzaldehyde with
2-methylbenzothiazole in refluxing acetic anhydride. In
addition to the expected 2-(2',4'-dichloro-5'-nitrostyryl)-
benzothiazole, an unknown product was also formed
in the reaction. The 'H and >*C NMR studies showed
that the latter is a,a-diacetoxy-2,4-dichloro-5-nitrobenz-
aldehyde, a product of the nucleophilic attack of 2,4-di-
chloro-5-nitrobenzaldehyde on the solvent. In order to

Acta Crystallographica Section C
ISSN 0108-2701 © 1996



SONGPING D. HUANG et al.

confirm the identity of this compound, a single-crystal
X-ray structure analysis was carried out. Fig. 1 shows
the molecular structure of the title compound. The
structure is consistent with all the spectroscopic data.
All the bond distances and bond angles appear to be
normal. The idealized symmetry for the molecule is C;.
However, the phenyl ring is rotated 29.8 (4)° away from
its expected position. The reasons for such a deviation
seem not to be steric, and may be the result of the crystal
packing forces in the lattice.

Fig. 1. ORTEPII (Johnson, 1976) representation of the title compound
showing 50% probability displacement ellipsoids.

In summary, the structure determination of the title
compound by single-crystal X-ray crystallography con-
firmed that a different compound can also be formed
under the synthetic conditions. The formation of such a
product is probably induced by water molecules gener-
ated from the condensation reaction.

Experimental

When 2,4-dichloro-5-nitrobenzaldehyde and 2-methylbenzo-
thiazole were refluxed in acetic anhydride, the title compound,
along with a condensation product 2-(2’,4’-dichloro-5'-nitro-
styryl)benzothiazole, was obtained. After chromatographic
separation, the compound (m.p. 401403 K) was recrystallized
from acetonitrile by slow evaporation of the solvent.

Crystal data

Ci11HoC1:NOs Mo Ka radiation

M, = 322.10 A=0.7107 A
Monoclinic Cell parameters from 15
P2 /c reflections
a=12661(3) A 6 = 15.0-20.0°
b=17216(1) A p = 0.522 mm™'
c=14796(2) A T=2962K

3 = 105.44 (2)° Cuboid

V=1303.04) A’
Z=4

D, = 1.642 Mg m™*
D,, not measured

Data collection

CAD-4 diffractometer
w/26 scans
Absorption correction:

none
2115 measured reflections
2049 independent reflections
1471 observed reflections

(I > 2.50(D]

Refinement

Refinement on F

R = 0.0571

wR = 0.0665

S = 2.630

1471 reflections

182 parameters

H-atom parameters not
refined

w = 1/[o?(F,) + 0.0009F;]

(A/0)max = 0.0299
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0.24 x 0.21 x 0.21 mm
Yellow

Rin. = 0.0427
emax=25°
h=-14-0
k=0—->17
I=—-15—>16

3 standard reflections
frequency: 120 min
intensity decay: none

Apmax = 042 ¢ A7

Apmin = —0.40 ¢ A3

Extinction correction:
Zachariasen type 2
Gaussian isotropic

Extinction coefficient:
0.57957

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. IV)

Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A?)

Ueq = (1/3)5,X,Ujja} a* a;.a;.

X Yy 4 ch
CI(1) 0.35683(9)  —0.1543 (2) 0.05874 (9) 0.0519 (4)
Cl(2) —0.0268 (1) —0.3676 (2) 0.1001 (1) 0.0613 (5)
o 0.2840 (2) 0.3278 (4) 0.0336 (2) 0.0374 (9)
02) 0.2970 (2) 0.3647 (4) 0.1888 (2) 0.0396 (9)
0(3) 0.4499 (3) 0.2664 (6) 0.0129(2) 0.068 (1)
0(4) 0.4723 (2) 0.4531 (5) 0.2149 (2) 0.059 (1)
0(5) —0.1020 (3) —0.0662 (6) 0.1901 (3) 0.084 (2)
0(6) ~0.0810 (3) 0.2075 (6) 0.1433 (3) 0.070 (1)
N —0.0536 (3) 0.0490 (7) 0.1565 (3) 0.047 (1)
c) 0.2245 (3) 0.0858 (6) 0.1166(3) 0.031 (1)
CQ) 0.2386 (3) —0.0927 (6) 0.0897 (3) 0.035 (1)
c3) 0.1617 (3) —0.2285 (6) 0.0852 (3) 0.040 (1)
C(4) 0.0654 (3) —0.1898 (6) 0.1089 (3) 0.037 (1)
C(5) 0.0480 (3) —0.0099 (7) 0.1335(3) 0.035 (1)
C(6) 0.1254 (3) 0.1258 (6) 0.1380(3) 0.034 (1)
(o)) 0.3086 (3) 0.2357 (6) 0.1217 (3) 0.033 (1)
C(8) 0.3626 (4) 0.3343(7) —0.0155 (3) 0.040 (1)
C(9) 0.3201 (4) 0.4344 (7) —0.1044 (4) 0.055 (2)
C(10) 0.3864 (3) 0.4678 (6) 0.2331 (3) 0.038 (1)
can 0.3608 (4) 0.5919 (7) 0.3034 (4) 0.055 (2)
Table 2. Selected geometric parameters (A, °)

CI(H—C(2) 1.735 (4) 0(3)—C(8) 1.180(5)
Cl(2)—C(4) 1.716 (4) 0(4)—C(10) 1.192(5)
oH—C(7) 1.422 (5) 0O(5)—N 1.214 (5)
0(1)—C(8) 1.380 (5) 0(6)—N 1.196 (5)
0Q2)—C(7) 1.397 (5) N-—C(5) 1.479 (5)
0(2)—C(10) 1.368 (5)

C(1H—O(1)—C(8) 119.1 (3) 0O(1)—C(7)—C(1) 108.1 (3)
C(H—0(2)—C(10) 118.2(3) 0Q)—C(H—C(1) 107.9 (3)
0(5)—N—O(6) 124.4 (4) 0O(1)—C(8)—0(3) 1224 (4)
Cl(H—C2)y—C(1) 1203 (3) O(1)—C(8)—C(9) 110.2 (4)
C1)—C(2)—C(3) 117.1(3) 0(3)—C(8—C(9) 127.4(4)
N—C(5)—C(4) 122.7(4) 0(2)—C(10)—0(4) 122.2 4)
N—C(5)—C(6) 1159 (4) 02)—C(10—C(11) 111.0 (3)
0O(1)—C(1)—O0(2) 107.5(3) 0O(4)—C(10)—C(11) 126.8 (4)
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Data collection: CAD-4/PC (Enraf-Nonius, 1994). Cell refine-
ment: CAD-4/PC. Data reduction: TEXSAN (Molecular Struc-
ture Corporation, 1985, 1992). Program(s) used to solve struc-
ture: SIR92 (Altomare, Cascarano, Giacovazzo & Guagliardi,
1993). Program(s) used to refine structure: TEXSAN. Software
used to prepare material for publication: TEXSAN.

This work was supported by the National Science
Foundation (OSR-9452893).

Lists of structure factors, anisotropic displacement parameters, H-
atom coordinates and complete geometry have been deposited with
the IUCr (Reference: TA1112). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The crystal structure determination demonstrates unam-
biguously that the title compound, 2-[(Z)-3,4-dimethoxy-
phenylethenyl]-6-methoxypheenyl acetate, C 9HOs,
has the Z configuration. The title compound was
prepared by decarboxylation of (F)-3-(2-acetoxy-
3-methoxyphenyl)-2-(3,4-dimethoxyphenyl)propenoic
acid; this compound was in turn obtained by conden-
sation of 2-acetoxy-3-methoxybenzaldehyde with (3,4-
dimethoxyphenyl)acetic acid. '"H NMR data for the ti-
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tle compound and the isomeric (E)-2-acetoxy-3,3’,4’-tri-
methoxystilbene are reported.

Comment

Structural elements in lignins of the phenylcoumaran
type are converted into stilbene structures during
alkaline pulping (Adler, Marton & Falkehag, 1964,
Gierer, Lenic, Norén & Szabo-Lin, 1974; Gierer,
Pettersson & Szabo-Lin, 1974) or mechanical pulp-
ing (Lee, Matsuoka & Sumimoto, 1990). Stilbenes
(la) and (2a) are model compounds representative
of such stilbene structures. Acid-catalysed reactions
of phenylcoumaran structures also give rise to stil-
benes. Stilbene (2a) (m.p. 439K, from ethyl acetate)
is obtained on acid treatment of a model compound
of the phenylcoumaran type [trans-2-(3,4-dimethoxy-
phenyl)-2,3-dihydro-3-hydroxymethyl-7-methoxybenzo-
furan] (Li, Lundquist & Stomberg, 1996). To ensure
the steric assignments of stilbenes (1) and (2), we have
examined the acetate derivative of (la) [i.e. compound
(15)] by X-ray crystallography.

OCH,

CH;0 CH,;0
s

o6
OR

OCH,

OCH,

(la) R=H (2a) R=H
(16) R=COCHj3 (2b) R=COCH4

Stilbene (1) was obtained by decarboxylation of (5)
(see reaction scheme). The decarboxylation reaction also
leads to the formation of the isomeric stilbene (2b).
The formation of this latter stilbene is unexpected, since
the decarboxylation of acids of type (5) are reported to
occur with retention of the configuration (¢f. Battersby
& Greenock, 1961). The starting material (5) was
prepared by condensation of (3) with (4) in a reaction
of the Perkin type (see reaction scheme). Substantial
amounts of lactone (6) were obtained as a by-product.

The crystal structure determination demonstrates
unambiguously that (15) has the Z -configuration.
Fig. 1 gives a perspective view of (1b) with the
atomic numbering. The angle between the aromatic
ring planes is 55.1(1)°. The torsion angles C2—
Cl—C7—C8 and C7—C8—CI11—Cl6 are 36.7(5)
and 55.2(5)°, respectively. Similar conformations are
adopted by other (Z)-stilbene derivatives examined by
X-ray crystallography, e.g. (Z)-2-nitrostilbene (Todres,
Gridunova, Dyusengaliev & Struchkov, 1987), (Z)-5-
methoxymethyl-3-[4-(phenylethenyl )phenyl]-2-oxazo-
lidinone (Durant, Lefevre, Norberg & Evrard, 1982),
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