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Abstract. A: C18H16, Mr=232.32,  orthorhombic, 
Pbca, a = 7-730 (2), b = 9.881 (2), c = 18.096 (3) A, V 
= 1382/It 3, Z = 4, Dx = 1.12 g cm -3, A(Mo Ka) = 
0.71073/~, /.t = 0-31 cm - l ,  F(000) = 496, T = 293 K, 
final R = 0-039 for 600 observed [Fo-> 5o(Fo)] reflec- 
tions. B: C2oH2oO2, Mr = 292"38, monoclinic, P21/c, 
a = 11.089 (6), b = 5.4886 (8), c = 14.351 (2) A, fl = 
110-34 (3) °, V = 818-98 A 3, Z = 2, Dx = 1.19 g cm -3, 
/z = 0.82 cm- l ,  F(000) = 312, T = 293 K, final R = 
0.041 for 877 observed reflections. Both compounds 
are centrosymmetric residing on crystallographic 
centers of inversion, and exhibit bilayer stacking. 
The hexatriene chains are similar with distinct bond 
alternation. A is nearly planar. In B the angle 
between the plane of the phenyl ring and that of the 
hexatriene chain is 15-6 ° with the methoxy O and C 
atoms lying 0.022 and 0.114 A out of the phenyl ring 
plane, respectively. 

Introduction. The crystal structures of two oligomeric 
conjugated diphenylpolyenes, all-trans-l,6-diphenyl- 
1,3,5-hexatriene (A) and all-trans-l,6-bis(o-methoxy- 
phenyl)-l,3,5-hexatriene (B), are reported here. In 
addition to the general crystallographic interest in 
these structures (they can be compared to 1,8- 
diphenyl-l,3,5,7-octatetraene and 1,10-diphenyl- 
1,3,5,7,9-decapentaene) there is special interest in 
them since they have extended rr-electron conjugated 
systems which may serve for basic investigation in 
the field of third-order non-linear optical materials 
(Agrawal & Flytzanis, 1976). 

Experimental. Compounds A and B were synthesized 
as reported by Spangler & Sapochak (1989) and 
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provided for this study. Compound A is colorless, 
compound B is yellow orange. D,,, not determined. 
Crystal A: 0.15 x 0-25 x 0-35 mm; B: 0.25 × 0-25 x 
0.25 mm. Enraf-Nonius CAD-4 diffractometer, 
graphite-monochromated MoKt~ radiation. Cell 
parameters refined by least squares from setting 
angle of 25 reflections (0>  20°). Corrections for 
Lorentz-polarization effect, absorption ignored. No 
intensity variation for three standard reflections. 
Space groups established from systematic absences 
and successful refinement. With A, 1441 reflections 
collected (h 0 to 9, k 0 to 11, 1 0 to 21, 28m~ = 50°), 
600 independent observed reflections [Fo-> 5o(Fo)]; 
with B, 1684 reflections collected (h 0 to 13, k 0 to 6, 
l - 17 to 17, 20max = 50°), 877 independent observed 
reflections [Fo-> 5o(Fo)]. Structures solved by direct 
methods (Main, Fiske, Hull, Lessinger, Germain, 
Declercq & Woolfson, 1980); full-matrix least- 
squares refinement with SHELX76 (Sheldrick, 1976). 
Y w(IFol - IF~I) 2 minimized, weights = [o(Fo)  2 + 

gFo2] -~ (g = 0-00012 for A and 0.00017 for B). Aniso- 
tropic thermal parameters for non-H atoms; isotop- 
ic refinement of H atoms. Scattering factors from 
International Tables for X-ray Crystallography 
(1974). A: 114 parameters varied, R = 0.039, wR = 
0.039, S = 0.97, A/tr in final least-squares refinement 
cycle <0-01, Ap < 0-3 e A -3 in final difference map. 
B: 140 parameters varied, R = 0-041, wR = 0-041, S 
= 0.36, A/tr in final least-squares refinement cycle 
<0.01, Ap< 0"3 e / ~  -3 

Discussion. A previous attempt to determine the 
crystal structure of A reported crystal data for both 
monoclinic and orthorhombic lattices (Drenth & 
Wiebenga, 1953). We have solved the structure in the 
orthorhombic space group, Pbca. Fractional coordi- 
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Table 1. Final fractional coordinates and equivalent 
isotropic thermal parameters (/~2) 

Boa = ~[a2fl,, + bZfl.22 + carl33 + ab(cosy)fl,2 + ac (cos f l ) f l , 3  + 
bc(cosa)/~]. T h e  H atoms were assigned fixed isotropic thermal 
p a r a m e t e r s  o f  B = 5.5 A z. 

x y z B~q 
C o m p o u n d  A 
C(l) 0.4732 (4) 0.0638 (3) 0.5011 (2) 
C(2) 0.5200 (4) 0.1613 (3) 0.5562 (2) 
c(3) 0.4618 (4) 0.2877 (3) 0.5586 (1) 
c(4) 0.5049 (3) 0.3923 (3) 0.6130 (1) 
C(5) 0.4366 (4) 0.5218 (3) 0.6059 (2) 
C(6) 0.47.52 (4) 0.6211 (3) 0.6578 (2) 
c(7) 0.5802 (4) 0.5936 (4) 0.7167 (2) 
C(8) 0.6499 (4) 0.4670 (4) 0.7240 (2) 
C(9) 0.6139 (4) 0.3678 (3) 0.6729 (1) 
H(1)[C(1)] 0.392 (3) 0.094 (2) 0-463 (1) 
H(1)[C(2)] 0.597 (3) 0.131 (3) 0"591 (1) 
H(1)[C(3)] 0-381 (4) 0.319 (2) 0.520 (I) 
H(I)[C(5)] 0.360 (4) 0.537 (2) 0.564 (1) 
H(I)[C(6)] 0-420 (3) 0.704 (3) 0.653 (1) 
H(I)[C(7)] 0.615 (4) 0.671 (3) 0.755 (2) 
H(1)[C(8)] 0.720 (4) 0.442 (3) 0.768 (2) 
H(1)[C(9)] 0.668 (3) 0.277 (3) 0.680 (1) 

C o m p o u n d  B 
O 0.3398 (2) 0.2823 (3) 0.6132 (1) 
c(1) 0.0358 (2) -0.3992 (4) 0.5054 (2) 
C(2) 0.0906 (2) -0.2648 (4) 0.5965 (2) 
C(3) 0.1597 (2) -0.0615 (4) 0-6041 (2) 
C(4) 0.2127 (2) 0.0920 (4) 0.6921 (2) 
C(5) 0-1739 (3) 0.0738 (5) 0.7745 (2) 
C(6) 0.2226 (3) 0-2258 (5) 0.8555 (2) 
C(7) 0.3107 (3) 0.4019 (5) 0.8558 (2) 
C(8) 0.3517 (3) 0.4265 (5) 0-7760 (2) 
C(9) 0.3030 (3) 0.2725 (4) 0.6949 (2) 
C(10) 0.4210 (3) 0.4765 (7) 0.6062 (3) 
H(I)[C(1)] 0.057 (2) -0.330 (4) 0.446 (2) 
H(I)[C(2)] 0-072 (2) -0.329 (4) 0.656 (2) 
H(1)[C(3)] 0.180 (2) -0.006 (4) 0.547 (2) 
H(I)[C(6)] 0.107 (2) -0.047 (4) 0.773 (2) 
n(l)[C(7)] 0.192 (3) 0.212 (5) 0.910 (2) 
H(I)[C(8)] 0.344 (2) 0.509 (5) 0-915 (2) 
n(l)[C(9)] 0-415 (2) 0.546 (5) 0.776 (2) 
H(I)[C(10)] 0.433 (3) 0.451 (6) 0.540 (2) 
H(2)[C(10)] 0.390 (3) 0.640 (5) 0.616 (2) 
H(3)[C(!0)] 0.508 (3) 0.458 (5) 0.661 (2) 

4.32 
4.19 
4.10 
3.63 
4.43 
5.01 
4.84 
4.95 
4.31 

3.72 
2.56 
2.51 
2.52 
2.38 
3.37 
4.07 
3.89 
3.34 
2.65 . 
4.58 

nates and U~ for ,4 and B* are given in Table 1, with 
pertinent bond distances and angles listed in Table 2. 
ORTEP illustrations of the formula units and 
representations of the packing schemes are given 
in Figs. 1 and 2, respectively. 

The structure of the hexatriene chain is similar in 
,4 and B, and both are similar to conjugated chains 
previously reported (Drenth & Wiebenga, 1954, 
1955; Buschmann & Rubin, 1978). Distinct bond 
alternation occurs along the chain, with C--C single 
bonds o [C(1)--C(2) = 1.433 (4), C(3)---C(4) = 
1.466 (3) A in A; C(1)--C(2) = 1.439 (3), C(3)--C(4) 
= 1.460 (3)A in B] being significantly shorter than 
typical C- -C single-bond lengths (1-54 A). This was 
also observed in 1,8-diphenyl-l,3,5,7-octatetraene 
(Drenth & Wiebenga, 1955), 1,10-diphenyl- 1,3,5,7,8- 
decapentaene (Drenth & Wiebenga, 1954), and 

* L i s t s  o f  s t r u c t u r e  f a c t o r s ,  a n i s o t r o p i c  t h e r m a l  p a r a m e t e r s ,  and 
least-squares-planes results f o r  b o t h  c o m p o u n d s  have been 
deposited with the B r i t i s h  L i b r a r y  D o c u m e n t  S u p p l y  Centre as 
S u p p l e m e n t a r y  P u b l i c a t i o n  N o .  S U P  51935  (11 p p . ) .  C o p i e s  m a y  
b e  o b t a i n e d  t h r o u g h  The Executive S e c r e t a r y ,  I n t e r n a t i o n a l  Union 
o f  C r y s t a l l o g r a p h y ,  5 A b b e y  S q u a r e ,  C h e s t e r  C H 1  2 H U ,  England. 

Table 2. Bond distances (A) and angles (o) 

C o m p o u n d  A 
C(1)--C(2) 1.433 (4) C(I)----C(I ~) 1-328 (5) 
C(2)----C(3) 1.328 (4) C(3)----C(4) 1.466 (3) 
C(4)---C(5) 1-390 (4) C(4)---C(9) 1-393 (3) 
C(5)---C(6) 1.392 (4) C(6)----C(7) 1.366 (4) 
C(7)---C(8) 1.369 (4) C(8)----C(9) 1-376 (4) 

C(Ii)----C(I)----C(2) 125.4 (4) C(1)----C(2)----C(3) 124.7 (3) 
C(2)--C(3)--C(4) 127.4 (3) C(3)---C(4)---C(5) 120.0 (3) 
C(3)--C(4)--C(9) 122.5 (3) C(5)--C(4)--C(9) 117.5 (3) 
C(4)--C(5)--C(6) 120.3 (3) C(5)---C(6)--42(7) 120.9 (3) 
C(6)--C(7)--C(8) 119.4 (3) C(7)---C(8)--C(9) 120.4 (3) 
C(4)--C(9)--C(8) 121.4 (3) 

C o m p o u n d  B 
O----C(9) 1.369 (2) O---C(10) 1.421 (3) 
C(1)--C(2) 1.439 (3) C(I)--C(I i~) 1-339 (4) 
C(2)--C(3) 1.337 (3) C(3)---C(4) !-460 (3) 
C(4)--C(5) 1.395 (3) C(4)---C(9) 1.400 (3) 
C(5)--C(6) 1.380 (3) C(6)--C(7) 1-373 (4) 
C(7)--C(8) 1.377 (4) C(8)----C(9) 1.388 (3) 

C(9)--0--C(10) 118.3 (2) C(lii)------C(1)---C(2) 125.1 (3) 
C(1)--c(2)--C(3) 123.5 (2) C(2)--C(3)---C(4) 126.8 (2) 
C(3)---C(4)----C(5) 122.8 (2) C(3)---C(4)---C(9) 120.1 (2) 
C(5)----C(4)--C(9) 117.0 (2) C(4)---C(5)----C(6) 121-7 (3) 
C(5)--C(6)--C(7) 119.8 (3) C(6)----C(7)----C(8) 120.4 (3) 
c(7)--C(8)--c(9) 119.6 (3) O--C(9)--C(4) 115.3 (2) 
0--c(9)---c(8) 123-4 (2) c(4)----c(9)---c(8) 121-4 (2) 

Symmet ry  code: (i) 1 - x, - y ,  1 - z; (ii) - x ,  - y -  1, 1 - z. 

(a) 

( 

E8 

(~ 

.Fig. 1. O R T E P  ( J o h n s o n ,  1976)  i l l u s t r a t i o n  o f  t h e  m o l e c u l a r  
structure and atom-labeling schemes f o r  (a )  A and (b)  B.  The 
a t o m s  are represented by their 5 0 %  p r o b a b i l i t y  e l l i p s o i d s  f o r  
thermal m o t i o n .  H atoms have been arbitrarily reduced. 

1,6-di-2-thienyl- 1,3,5-hexatriene (Buschmann & 
Rubin, 1978). C--C---C bond angles in the chain are 
all slightly larger than 120 ° , particularly the 
C(2)--C(3)---C(4) angle [127.4(3) ° in A and 
126.8 (2) ° in B]. These angles are large in order to 
minimize the interaction between H atoms on the 
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ring and the H atoms on the chain. This is also 
observed in the aforementioned compounds. 

The phenyl rings in both compounds are planar; 
maximum displacement from the best-plane fit for 
the ring is 0.007 A in A and 0.003 A in B. Bond 
distances and angles in the rings are similar to those 
previously reported (Drenth & Wiebenga, 1954, 
1955). The internal angle at C(4) is small in both 
compounds to accommodate the large exterior angle 
described above. 

The major difference in the structures of A and B 
is in the orientation of the ring with the hexatriene 

chain. In A, the least-squares plane defined by the 
phenyl ring makes an angle of only 1.9 ° with the 
least-squares plane defined by the hexatriene chain. 
The largest deviation from the plane defined for all 
18 atoms in A is only 0.018 A, confirming that A is 
nearly planar, as can be seen in the cell packing 
diagram shown in Fig. 2. The angles between the 
phenyl ring and the polyene chain in 1,8-diphenyl- 
1,3,5,7-octatetraene (Drenth & Wiebenga, 1955) and 
1,10-diphenyl- 1,3,5,7,8-decapentaene (Drenth & 
Wiebenga, 1954) are 5.4 and 7.5 °, respectively. The 
correlation between increasing chain length and 
increasing ring-chain angle indicates that conju- 
gation between the ring and the chain decreases with 
increasing chain length. 

The angle between the plane of the phenyl ring 
and the plane of the hexatriene chain in B is 15.6 °. 
This is due to the interaction between O and the C(3) 
H atom and between the C(2) and C(9) H atoms. 
These interactions outweigh the advantage of planar 
conjugation. The methoxy O and C atoms lie 0.022 
and 0.114A out of the phenyl ring plane, 
respectively. Moreover, displacement of C(4) and 
C(7) out of the plane of the hexatriene suggests that 
the phenyl ring is bent rather than rotated away 
from the chain. Phenyl atoms C(4) and C(7) deviate 
0.080 and 0.298 A, respectively, from the hexatriene 
plane. 

The two compounds pack in alternating directions. 
The angles formed between the planes for adjacent 
molecules are 75.4 ° in A and 80.7 ° in B. 

Ca) 

C 

(b) 
Fig. 2. Cell packing diagrams for (a) A and (b) B. 

The diffractometer was purchased with funds pro- 
vided by the National Science Foundation Chemical 
Instrumentation Program. 
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