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There would appear to be no abnormal bond lengths.
The molecules lie in columns parallel to the b axis;
adjacent molecules within each column are antiparallel
(Fig. 2). The normal to the weighted molecular plane is
off-set 43-93 (1)° with respect to the column axis and
makes an angle of 4.43 (1)° with the normal to the
(2217) plane. The interplanar spacing for (221) planes is
3-395 A. A survey of intermolecular distances (exclud-
ing those involving hydrogen) reveals a C(10)---O
contact of 3-139 (3) A which is short when compared
with the sum of the van der Waals radii given by Bondi
(1964).

The author would like to thank Dr M. Hursthouse
and the Science and Engineering Research Council
National X-ray Crystallographic Service for collecting
the data and the Harshaw Chemical Company for
providing the pigment.

References

BonbI, A. (1964). J. Phys. Chem. 68, 441-451.

BrownN, C. J. & YaDpav, H. R. (1984). Acta Cryst. C40, 564-566.

Colour Index (1971). Vol. 4, p. 4040. Bradford: The Society of
Dyers and Colourists.

CRUICKSHANK, D. W. J. (1956). Acta Cryst. 9, 747-753.

DoHERTY, R. M., STEWART, J. M. & HALL, S. R. (1983).
BONDLA. Calculation of Bond Lengths and Angles. A
subroutine of the XTAL system of crystallographic programs.
Editors: J. M. STEWART & S. R. HALL. Univ. of Maryland, USA.

GoLNsk], B, RECK, G. & KuTsCHABSKY, L. (1982). Z. Kristal-
logr. 158,271-278.

GRAINGER, C. T. & MCCONNELL, J. F. (1969). Acta Cryst. B25,
1962-1970. .

HIRSHFELD, F. L. & RaBmovicH, D. (1973). Acta Cryst. B29,

© 510-513.

International Tables for X-ray Crystallography (1968). Vol. III, pp.
270-276. Birmingham: Kynoch Press. (Present distributor
Kluwer Academic Publishers, Dordrecht.)

Acta Cryst. (1988). C44, 1590-1592

YELLOW 60

KOBELT, D., PAuLuUSs, E. F. & KUNSTMANN, W. (1972). Acta Cryst.
28, 1319-1324.

KoBELT, D., PauLus, E. F. & KUNSTMANN, W. (1974). Z.
Kristallogr. 139, 15-32.

Lewis, P. A. (1985). Pigments in Paint, p. 34. Cincinnati: Sun
Chemical Corporation, Pigments Division.

MAsON, R. (1964). Acta Cryst. 17, 547-555.

MOTHERWELL, W. D. S. & CLEGG, W. (1978). PLUTO. Program
for plotting molecular and crystal structures. Univ. of Cam-
bridge, England.

NARDELLI, M. (1982). PARST. A system of computer routines for
calculating molecular parameters from the results of crystal
structure analysis. Univ. of Parma, Italy.

NORTH, A. C. T., PHILLIPS, D. C. & MATHEWS, F. S. (1968). Acta
Cryst. A24, 351-359. ’

PauLus, E. F. (1982). Z. Kristallogr. 160, 235-243.

PauLus, E. F. (1984), Z. Kristallogr. 167, 65-72.

PauLus, E. F,, RIEPER, W. & WAGNER, D. (1983). Z. Kristallogr.
165, 137-149.

PMENTAL, G. C. & MCCLELLAN, A. L. (1960). The Hydrogen
Bond, p. 290. San Francisco and London: Freeman.

SHELDRICK, G. M. (1976). SHELX76. Program for crystal
structure-determination. Univ. of Cambridge, England.

WHITAKER, A. (1977a). Z. Kristallogr. 145, 271-288.

WHITAKER, A. (1977b). Z. Kristallogr. 146, 173-184.

WHITAKER, A. (1978a). J. Soc. Dyers Colour, 94, 431—435.

WHITAKER, A. (1978b). Z. Kristallogr. 147, 99112,

WHITAKER, A. (1980). Z. Kristallogr. 152, 227-238.

WHITAKER, A. (1981). Z. Kristallogr. 156, 125-138.

WHITAKER, A. (1983a). Z. Kristallogr. 163, 19-30.

WHITAKER, A. (1983b). Z. Kristallogr. 163, 139-149,

WHITAKER, A. (1984a). Z. Kristallogr. 166, 177-188.

WHITAKER, A. (1984b). Z. Kristallogr. 167, 225--233.

WHITAKER, A, (1985a). Z. Kristallogr. 170, 213-223.

WHITAKER, A. (1985b). Z. Kristallogr. 171, 17-22.

WHITAKER, A. (1986). Acta Cryst. C42, 1566—1569.

WHITAKER, A. (1987). Acta Cryst. C43,2141-2144,

WHITAKER, A. (1988). J. Soc. Dyers Colour. In the press.

WHITAKER, A. & WALKER, N. (1985). Z. Kristallogr. 171, 7-15.

WHITAKER, A. & WALKER, N. P. C. (1987). Acta Cryst. C43,
21372141,

WILSON, A. J. C. (1976). Acta Cryst. A32, 994-996.

WILSON, A. J. C. (1978). Acta Cryst. A34,474-475.

(E)-1-Chloro-2-methoxy-1,2-diphenylethylene
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Abstract. CH,CIO, M,=244.7, triclinic, P1, a
=7.730(2), b=8-674(3), ¢=9-7108(5)A, a=
. 82-81 (3), B="19-13 (4), y="19-59 (4)°, V=626 A3,
Z=2, D,=1.30gcm™>, A(Mo Ka)=0-71069 A, u
= 2.8 cm~!, F(000) =256, T=298 K, R = 0-0526 for
1512 reflections with 7 > 30(I). The E stereochemistry
of the molecule is established. The central C=C bond

0108-2701/88/091590-03$03.00

length is 1-336 (4) A and there is a 3:1 disorder of the
oxygen atom of the methoxy group. The mean planes of
the two phenyl rings make angles of 43-1 and 105-0°
with respect to the plane C1(1)—C(1)—C(2) from which
the atoms C(4), C(10), O(la) and O(1b) deviate by
—0.045 (3), 0-103 (3), —0-350 (6) and 0-574 (14) A,
respectively.

© 1988 International Union of Crystallography
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Introduction. The title compound was prepared as a Table 1. Final atomic positional (x10%) and thermal

precursor to a novel enol species and represents a
continuation of studies on the generation and properties
of simple enols (Kresge, 1986). X-ray crystallography
has been used to establish unequivocally the stereo-
chemistry of the molecule. ‘Push—pull’ sterically
crowded, conjugated ethylenes, when they crystallize in
noncentrosymmetric space groups, also have potential
as non-linear optical materials (Kanagapushpam, Pad-
manabhan & Venkatesan, 1987).

Experimental. Crystals as large well formed colorless
blocks (m.p. 314 K) were obtained by the acid-
catalyzed elimination of methanol from the methyl ketal
of desyl chloride and were recrystallized from n-hexane
and washed with dry diethyl ether. Crystals were sealed
in 0-2-0-3 mm Lindemann capillaries as a precaution-
ary measure to prevent photohydration. A crystal
bound by the faces {001}, {010}, (100) and (210),
which were 0-0106, 0-0131, 0-0100 and 0-0086 cm
from an origin within the crystal, was used throughout.
D,, not measured. Unit-cell dimensions were obtained
by least-squares refinement of the diffracting positions
of 25 reflections (79 < #< 17-9°) on an Enraf-
Nonius CAD-4 diffractometer by the use of graphite-
monochromatized Mo Ka radiation. Intensity data
collected using w26 scans over w-scan ranges of
(0-70 +0-35tané)°. Scan rates conditional on informa-
tion collected in prescans (at 10° min~') selected to
give I > 250(I) within a max. scan time of 70 s. Three
standard reflections monitored every 3500s of expo-
sure time showed no significant losses in intensity
over data-collection period. Backgrounds by extending
scan by 25% on either side of peak were measured for
half the time taken to collect the peak. A total of 2332
reflections (including standards) in quadrants h, +k, +/
(Mpax =95 1kl max =10, 111 =11) with 26 <50°
measured. Lorentz and polarization corrections applied
to all reflections. Exclusion of 129 standards and 164
reflections with F,, = 0-0 gave a final data set of 2039
reflections.  Structure solution: direct methods
(SHELX76, Sheldrick, 1976), least squares, Fourier
and AF Fourier syntheses. H atoms located in 4F maps
were allowed to refine in final cycles. Some residual
electron density close to the oxygen of the methoxy
group was successfully refined as an alternative
arrangement of this group. Full-matrix least-squares
refinement minimizing >.wAF? [all non-H atoms with
the exception of O(1b) anisotropic, sum of population
parameters for O(la) and O(1b) constrained to equal
1.0 (211 variables)] then converged (max. 4/0=
0-029) to final agreement indices R =0-0526 (wR
=0-0560) for 1512 observed [I > 30(I)] reflections.
Weights given by w = [¢*(F) + 0-00018F?]~'. Most
significant remaining peaks in a final AF map of heights
<0-33e A3 were within 1 A of CI(1). Programs:
Enraf-Nonius SDP package (Frenz, 1981) and

(x 10%) parameters

x y z UlU(AY)*

Ci(1) 6883 (1) —1386 (1) 1107 (1) 76-3 (4)
O(la) 3763 (1) 948 (7) 4007 (7) 71(2)
o(1b) 3090 (16) 1341 (11) 3311 (16) 38 ()t
C(H) 5777 (4) 143 (4) 2099 (3) 41-7(11)
C(2) 4304 (4) —99 (4) 3012 (3) 45-0(11)
C(3) 1974 (6) 1163 (6) 4682 (5) 62 (2)
Cc@) 6626 (4) 1569 (4) 1861 (3) 37-7(10)
C(5) 5613 (5) 3055 (4) 1758 (4) 48-6 (12)
C(6) 6387 (5) 4393 (4) 1568 (4) 56-1(14)
C(n 8214 (5) 4259 (5) 1464 (4) 57-1(14)
C(8) 9239 (5) 2807 (5) 1543 (4) 55-4 (14)
c9 8465 (4) 1461 (4) 1730 (4) 49-1 (12)
C(10) 3450 (4) -1520 (4) 3179 (3) 40-6 (10)
c(n) 2536 (5) —1788 (4) 2159 (4) 51.4(13)
C(12) 1706 (5) —3085 (4) 2303 (4) 56-1(14)
C(13) 1782 (5) —4148 (4) 3474 (4) 59 (1)
C(14) 2686 (5) —3909 (4) 4498 (4) 60 (1)
C(15) 3513 (5) -2611 (4) 4350 (4) 54-7(14)
H@3D 1889 (63) 1960 (59) 5309 (50) 112 (I17)t
H(32) 1823 (78) 265 (74) 5251 (63) 156 (25)F
H(33) 1181 (95) 1668 (81) 4170 (74) 183 (33)*
H(5D) 4352 (52) 3116 (43) 1789 (37) 73 (12)
H(61) 5696 (50) 5438 (48) 1532 (39) 79 (12)F
H(71) 8726 (48) 5235 (46) 1366 (38) 75 (12)F
H(8l) 10461 (46) 2677 (38) 1525 (33) 55 (10)F
HQO1) 9146 (45) 492 (41) 1740 (35) 60 (11)+
H(111) 2479 (41) —1031(38) 1387 (34) 50 (9)*
H(121) 1165 (54) —=3394 (51) 1554 (45) 99 (15)%
H13D) 1239 (47) —5007 (44) 3522(37) 65 (1)F
H(141) 2775 (48) —4720 (47) 5288 (41) 76 (12)%
H(151) 4113 (51) —2418 (45) 5050 (40) 79 (13)t

* U, = ytrace U.

+ Refined isotropically.

Table 2. Bond lengths (A) and bond angles (°)
CI(1)-C(1) 1.737 (3) C(5)-C(6) 1.376 (5)
O(la)-C(2) 1.365 (4) C(6)-C(7) 1.381(5)
0(la)-C(3) 1-404 (6) C(7)-C(8) 1-363 (5)
O(la)-0(1b) 0-924 (11) C(8)—C(%) 1.383 (5)
0O(156)-C(2) 1.445 (10) C(10o)—-C(11) 1.384 (5)
0O(16)—-C(3) 1.450 (12) C(10)-C(15) 1.387 (5)
C(1)-C(2) 1.336 (4) C(11)-C(12) 1-373 (5)
C(1)-C4) 1476 (4) C(12)-C(13) 1-374 (5)
C(2)-C(10) 1.479 (4) C(13)-C(14) 1.373 (5)
C(4)-C(5) 1.385 (4) C(14)-C(15) 1.372(5)
C(4)-C(9) 1.391 (4) C-H 0-88 (7)-0-99 (4)
C(2)-0(1a)-0(1b) 75-6 (7) C(1)—C4)—C(5) 120-9 (3)
C(2)~0(1a)-C(2) 119.2 (4) C(1)-C(4)-C(9) 121.0(3)
C(3)-0(1a)-0(1b) 73-8 (8) C(5)-C@4)-C(9) 118-0 (3)
C(2)-0(16)-0(1a) 66-1(7) C(4)—-C(5)-C(6) 121-4 (3)
C(2)-0(16)—-C(3) 111-1(8) C(5)-C(6)-C(T 119-7 (4)
C(3)-0(156)—0(la) 68-4 (9) C(6)—-C(1—-C(8) 119-9 (4)
CI(1)-C(1)-C(2) 117-8(2) C(N-C(8-C(9) 120-6 (4)
Cl(1)-C(1)-C(4) 115-1(2) C(8)-C(9)-C(4) 120-4 (3)
C(2)-C(1)-C4) 127-1 (3) C(2)-C(10)-C(11) 120-1 (3)
0O(1a)-C(2)-C(1) 115-0 (3) C(2)—-C(10)-C(15) 122-0 (3)
O(1a)-C(2)-0(1b}) 38-3(4) C(11)-C(10)-C(15) 117-9(3)
O(la)-C(2)—-C(10) 118-6 (3) C(10)-C(11)-C(12) 121-1(4)
O(1b)-C(2)-C(1) 113-0(5) C(11)-C(12)-C(13)  120-0(4)
O(16)-C(2)—C(10) 114.8 (5) C(12)-C(13)-C(14) 119-9(3)
C(1)-C(2)-C(10) 125-5(3) C(13)-C(14)-C(15) 120-0(4)
O(1a)-C(3)-0(15) 37-8(4) C(14)-C(15)-C(10) 121-1 (4)
0O(1a)-C(3)-H(31) 105 (3)

O(la)-C(3)-H(32) 106 (4) Range C—C—H in phenyl rings
O(la)-C(3)-H(33) 117 (5) 116 (3»-124 (3)
O(15)-C(3)-H(31) 117(3)

O(16)-C(3)-H(32) 129 (4)

0(16)-C(3)-H(33) 79 (5)

H-C(3)-H 105, 98, 123 (5)

SHELX6 on PDP 11/23 and Gould 9705 computers.
Atomic scattering factors stored in the programs were
from International Tables for X-ray Crystallography
(1974). The final atomic positional and thermal
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parameters and bond lengths/bond angles are given in
Tables 1 and 2.*

Discussion. The E stereochemistry of the molecule is
confirmed by the structure determination (Fig. 1). Both
phenyl rings are planar to within +0-010 (3) A and
make angles of 43-1 and 105-0° with respect to the
CI(1)/C(1)/C(2) plane, from which the atoms C(4),
C(10), O(la) and O(1b) deviate by —0-045 (3),
0-103 (3), —0-350 (6) and 0-574 (14) A, respectively.*
[The two positions O(1a) and O(15) result from a 3:1
disorder of the oxygen atom of the methoxy group.]
The angle sums at C(1) [360-0°] and C(2) [359-1°]
(major methoxy orientation) indicate that both centres
are essentially planar, while the angle sum at C(2)
involving the minor methoxy orientation [353°] would
indicate some puckering. The twist about the C(1)=

* Lists of structure factors, anisotropic temperature factors and
least-squares mean planes have been deposited with the British
Library Document Supply Centre as Supplementary Publication
No. SUP 44977 (8 pp.). Copies may be obtained through The
Executive Secretary, International Union of Crystallography, 5
Abbey Square, Chester CH1 2HU, England.
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Fig. 1. ORTEP view (Johnson, 1971) of the molecule. Thermal
ellipsoids are drawn at the 50% probability level. All hydrogen
atoms are drawn with uniform isotropic thermal parameters.

Fig. 2. Stereoscopic view down a of the crystal packing.

(E)-1-CHLORO-2-METHOXY-1,2-DIPHENYLETHYLENE

C(2) bond is 4-9°, significantly less than that observed
in other crowded alkenes and bifluorenyl compounds
(Lee & Nyburg, 1985; Biali & Rappoport, 1984;
Sakurai, Nakadaira, Tobita, Ito, Toriumi & Ito, 1982).
In these latter compounds the C=C distances are all
somewhat longer (typically >1-36 A) than the present
distance [1:336 (4) A]. In the room-temperature struc-
ture of trans-stilbene the two independent C=C
distances are somewhat shorter, but this may be due to
some orientational disordering (Bernstein & Mirsky,
1978), while in (E)-2,2'-dimethylstilbene the C=C bond
length has been observed to vary with temperature
[1.280(4)A at 298K; 1-325(2)A at 118K] (Ogawa,
Suzuki, Sakurai, Kobayashi, Kira & Toriumi, 1988).
However, the present C(1)-C(4) and C(2)—C(10)
distances are very similar to those observed in
trans-stilbene (Bernstein, 1975), as are the C=C—Ph
bond angles [125-5 (4) and 127-1 (3)° versus 125-8 (3)
and 126-7 (2)°] and the internal phenyl-ring angles at
C@) and C(10) [118-0(3) and 117.9 (3)° wversus
117-8 (2) and 117.5 (2)°].

A view of the crystal packing is given in Fig. 2. The
closest approach between double bonds is C(1)---
C@Il—x, 1—y, 1—z] at 4.76 A. This distance is
significantly longer than the proposed threshold value
of ca 4.2 A separation for photoreaction to occur
(Desiraju, 1987). Direction cosines indicate that the
C=C bond makes angles of 41-0, 84.-7 and 130-4°
respectively with the a, b, ¢ directions. Otherwise the
crystal packing is determined by the typical ‘herring-
bone’ arrangement of the phenyl rings.

We wish to thank the Natural Sciences and Engineer-
ing Research Council of Canada and the Petroleum
Research Fund, administered by the American
Chemical Society, for financial support of this work.
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