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Structures of (E,E)- 1, l'-Ethanediylidenebis(2,3-dihydro- 1H-indene), 
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Abstract. C2oHt8, Mr = 258"37, monoclinic, P2/c, a 
=5.359(1) ,  b=14 .392(2 ) ,  c = 9 . 1 1 2 ( 2 ) A ,  /3= 
90.16 (1) °, V = 702.8 •3, Z = 2, Dx = 1.221 g cm -3, 
a(Mo Ka) = 0.71073 A, /1, = 0.64 cm-1, F(000) = 
276, T = 2 9 7  K, final R = 0 . 0 5 6  for 1114 unique 
observed reflections. C=H22, Mr = 286.42, mono- 
clinic, P2Jc, a = 4 . 6 6 8 ( 1 ) ,  b=11 .220(2 ) ,  c = 
15.115(2) A, f l =  90.89 (1) °, V=791.6A3, Z = 2 ,  Dx 
= 1.202 g cm -3, a(Mo Ka) = 0.71073 A, # = 
0.63 cm- I ,  F(000) = 308, T = 297 K, final R = 0.052 
for 1297 unique observed reflections. C24H26, Mr = 
314.47, monoclinic, P2]/c, a =  11.667(1), b =  
6.610(1), c =12.720(2)  A, /3= 114.85(1) ° , V=  
890.1A 3, Z = 2 ,  Dx=l '173gcm 3, A ( C u K a ) =  
1-54184 A, p. = 4.58 c m - 1  F(000) = 340, T = 297 K, 
final R = 0.071 for 1219 unique observed reflections. 
The X-ray structure determinations confirmed the 
(E,E)-configurations of the double bonds in the title 
compounds. 

Introduction. The title compounds [(1)-(3)] were 
prepared as part of a study of the photoisomeriza- 
tion processes of stilbene and diphenylbutadiene 
(Lee, Bain, Han, McCarthy, Haseltine, Smith & 
Hochstrasser, 1986; Lee, Haseltine, Smith & 
Hochstrasser, 1988). Crystallographic structure 
determinations were undertaken to define unambig- 

* To whom all correspondence should be addressed. 

uously the geometric configurations of the trisub- 
stituted double bonds in each of the hydrocarbons. 

(1) (2) (3) 

Experimental. Data collected on Enraf-Nonius 
CAD-4 diffractometer. Table 1 lists data collection 
parameters for the three title compounds [(1)-(3)]. 
Intensities of standard reflections measured every 
3500s of X-ray exposure showed no significant 
decay. Data corrected for Lorentz and polarization 
effects but not for absorption. Structure solved by 
MULTAN11/82 (Main, Fiske, Hull, Lessinger, 
Germain, Declercq & Woolfson, 1982). Each of the 
molecules was found to lie on a crystallographic 
center of symmetry with the midpoint of the central 
cr-bond on the symmetry center. H atoms found 
from subsequent difference Fourier syntheses. 
Refinement by full-matrix least squares to minimize 
~w(lFol-lF~l) 2 with w = 1/o~(Fo) where o(Fo) = 
o(FZo)/2F and o(Fo z) was estimated from counting 
statistics. Non-H atoms refined anisotropically; 
H-atom positions were refined; H-atom thermal 
parameters were fixed at 6.0 A 2. Atomic scattering 

Table 1. Data collection parameters 
(1) (2) (3) 

Crystal size (mm) 0.34 × 0.20 x 0'12 0.42 x 0-26 x 0.08 0.27 × 0"16 x 0.08 
Reflections for lattice parameters: 25 25 25 

No. and 20 range (°) 17-27 12-27 2~60 
No. of reflections measured 1762 2131 1928 
hklranges -+6, +18, +11 +6, +14, -+19 -+14, +8, +15 
Radiation, 3. (A) MoKa 0.71073 MoKa 0.71073 CuKa 1.54184 
20 range (o) 4-55 4-55 6-140 
No. of observed reflections I 114 1297 1219 

[Fo 2 > 3o(F2o)1 
No. of variables 118 133 148 
Max. LS shift to e.s.d, ratio 0.03 0.04 0-06 
Residual electron density (e A-  3) 0.42 0-36 0.54 
R 0.056 0-052 0.071 
wR 0-070 0-069 0-077 
S 1-89 1.78 2-03 
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Table 2.  Positional parameters for compounds (1 ) ,  (2 )  

and (3 )  

e ~  = ~ , , a  ~ + ~ b  2 + g 3 c  2 + ,0,3accos#). 

x y z a~(h  2) 
(1) 
C(1) 1.0040 (3) 0.4501 (1) 
C(2) 0-8545 (3) 0"3969 (1) 
C(3) 0.6494 (4) 0.4309 (1) 
C(4) 0.5270 (4) 0-3433 (1) 
C(5) 0.6707 (3) 0.2635 (1) 
C(6) 0.6420 (4) 0.1690 (1) 
C(7) 0-7998 (4) 0.1069 (1) 
C(8) 0.9870 (4) 0.1382 (1) 
C(9) 1.0163 (4) 0-2322 (1) 

• C(10) 0-8571 (3) 0.2952 (!) 
H(1) 1-126 (5) 0.418 (2) 
H(3) 0.738 (5) 0-470 (2) 
H(Y) 0.523 (5) 0.467 (2) 
H(4) 0-544 (5) 0.343 (2) 
H(4') 0.355 (5) 0-341 (2) 
H(6) 0.512 (5) 0-146 (2) 
n(7) 0.778 (5) 0.043 (2) 
H(8) 1.094 (5) 0.093 (2) 
H(9) 1.1 54 (4) 0.252 (2) 

(2) 
C(1) 0.4450 (4) 0.0303 (2) 
C(2) 0.4932 (3) 0.1457 (I) 
C(3) 0.6822 (4) 0-2225 (2) 
C(4) 0.6385 (4) 0.3548 (2) 
C(5) 0.6780 (4) 0.3838 (2) 
C(6) 0.4711 (3) 0.3130 (2) 
C(7) 0.3690 (4) 0.3609 (2) 
C(8) 0.1793 (4) 0.2996 (2) 
C(9) 0.0812 (4) O. 1894 (2) 
C(IO) 0.1779 (4) 0-1403 (2) 
C(I1) 0-3788 (3) 0.1993 (1) 
H(1) 0.331 (5) -0.017 (2) 
H(3) 0.909 (5) 0.202 (2) 
H(39 0.639 (5) 0.203 (2) 
H(4) 0.779 (5) 0.402 (2) 
H(4') 0.429 (5) 0.376 (2) 
H(5) 0-888 (5) 0.364 (2) 
H(5") 0.647 (5) 0.473 (2) 
H(7) 0.444 (5) 0.445 (2) 
H(8) 0.112 (5) 0.337 (2) 
H(9) -0.060 (5) 0-146 (2) 
H(10) 0.098 (5) 0.061 (2) 

(3) 
C(1) 0.9452 (3) -0.0486 (6) 
C(2) 0.8486 (3) 0.0482 (5) 
C(3) 0.8365 (3) 0.2729 (6) 
C(4) 0.8636 (4) 0.3565 (6) 
C(5) 0-7655 (3) 0.2886 (6) 
C(6) 0-7651 (3) 0.0627 (6) 
C(7) 0.6988 (3) -0.0666 (5) 
C(8) 0.5974 (3) -0.1868 (6) 
C(9) 0.5357 (3) -0.3127 (6) 
C(10) 0.5780 (3) -0.3223 (6) 
C(I1) 0.6789 (3) .0.2047 (6) 
C(12) 0.7416 (3) -0.0762 (5) 
n(1) 0.942 (4) -0.206 (7) 
H(3) 0-908 (4) 0.349 (7) 
H(Y) 0-739 (4) 0.317 (7) 
H(4) 0.961 (4) 0.304 (7) 
H(4") 0.869 (4) 0.518 (7) 
H(5) 0.794 (4) 0.370 (7) 
H(5") 0.671 (4) 0-339 (7) 
H(6) 0.871 (4) 0.016 (7) 
H(6') 0-718 (4) 0.032 (7) 
H(8) 0.564 (3) -0.170 (7) 
H(9) 0.457 (4) -0.405 (7) 
H(10) 0.528 (4) -0.428 (7) 
H(ll) 0.712 (4) -0.207 (7) 

0.0032 (2) 3.51 (3) 
0.0867 (2) 3.25 (3) 
0.1883 (2) 4.03 (4) 
0.2531 (2) 3.93 (4) 
0.1886 (2) 3.40 (3) 
0.2133 (2) 4-30 (4) 
0-1454 (2) 4-64 (5) 
0.0523 (3) 4.65 (4) 
0.0253 (2) 4.21 (4) 
0.0940 (2) 3-24 (3) 

- 0.057 (3) 6.0* 
0.266 (3) 6'0* 
0.130 (3) 6.0* 
0.364 (3) 6"0* 
0.221 (3) 6"0* 
0.280 (3) 6'0* 
0" 163 (3) 6'0* 
0.006 (3) 6'0* 

- 0.042 (3) 6.0* 

0.4611 (1) 
o.44o2 (1) 
0.4993 (1) 
0.4840 (1) 
0.3870 (1) 
0.3306 (1) 
0.2512 (1) 
0-1978 (1) 
0.2245 (1) 
0.3032 (1) 
0-3577 (1) 
0.421 (2) 
0.488 (2) 
0.563 (2) 
0.521 (2) 
0-503 (2) 
0.369 (2) 
0.379 (2) 
0.236 (2) 
0.143 (2) 
0.191 (2) 
0-322 (2) 

3-77 (3) 
3.35 (3) 
4.24 (4) 
4.61 (4) 
4.34 (4) 
3.57 (3) 
4.37 (4) 
5.01 (4) 
4"86 (4) 
4"16 (4) 
3"30 (3) 
6'0* 
6'0* 
6'0* 
6"0* 
6"0* 
6'0* 
6'0* 
6"0* 
6'0* 
6"0* 
6'0* 

4'21 (8) 
3.82 (7) 
4'58 (9) 
5'4 (1) 
5.09 (9) 
4.70 (8) 
3.82 (7) 
4.30 (8) 
4.77 (9) 
4.71 (9) 
4.33 (8) 
3.73 (7) 
6.0* 
6.0* 
6.0* 
6.0* 
6.0* 
6.0* 
6.0* 
6.0* 
6.0* 
6-0* 
6.0* 
6-0" 
6.0* 

0.9554 (3) 
0.8697 (2) 
0.8546 (3) 
0.7533 (3) 
0.6337 (3) 
0.6120 (3) 
0.6674 (2) 
0.6003 (3) 
0.6459 (3) 
0.7674 (3) 
0.8344 (3) 
0.7903 (2) 
0-961 (3) 
0.930 (3) 
0.832 (3) 
0.773 (3) 
0.761 (3) 
0.577 (3) 
0.623 (3) 
0.642 (3) 
0.526 (3) 
0.509 (3) 
0.597 (3) 
0.798 (3) 
0.922 (3) 

*Thermal  parameters of  starred atoms were not refined. 

factors from Cromer & Waber (1974); anomalous-  
dispersion terms from Ibers & Hamil ton (1964). All  
computer  programs from Enraf -Nonius  Structure 
Determination Package (Frenz, 1978). 

Discussion. Final posit ional and equivalent isotropic 
thermal parameters are listed in Table 2.* ORTEP 
(Johnson, 1965) drawings o f  the molecules  appear in 
Fig. 1. 

A l l  three molecules  exhibit some delocalization o f  
the exocyclic double  bond.  Thus,  in (1), the 

* Tables of anisotropic thermal parameters, bond distances, 
bond angles and observed and calculated structure factors have 
been deposited with the British Library Document Supply Centre 
as Supplementary Publication No. SUP 52055 (25 pp.). Copies 
may be obtained through The Executive Secretary, International 
Union of Crystallography, 5 Abbey Square, Chester CH1 2HU, 
England. 

C6 

C2 C9 

C2 

C6 

la) 
C5 C7 

C 4 ~  c8 

C1 ~ C1 
CIO / 

C 9 ~ C 2 3  

C8 4 

C7 C5 

IO) 

C5 

C 3 ~ C 1 0  

ACl C11 

Cll C 1 ~  
. . ~ . , N ~ 2 2 ~  2 . y 

C5 

Ic) 

Fig. 1. ORTEP drawings of the title compounds: (a) (1), (b) (2) 
and (c) (3) (30% probability thermal ellipsoids). 
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C(1)---C(1) bond, 1.438 (2)/~, and the C(2)--C(10) 
bond, 1-465 (2)A, are shortened (compared to the 
sum of single-bond covalent radii for carbon, 
1.544A, Pauling, 1960). Likewise, in (2), the 
C(1)--C(1) bond, 1.446 (2)A, and the C(2)--C(11) 
bond, 1.477 (2)A, are shortened; and in (3), the 
C(1)--C(1) bond, 1.454 (4)A, and the C(2)--C(12) 
bond, 1.481 (4)A, are shortened. There is, however, 
only a slight lengthening of the C(1)--C(2) double 
bond: in Q), 1.345 (2) A; in (2), 1.353 A; and in (3), 
1.355 (4)A (the sum of double-bond covalent radii 
for carbon is 1.334 A). 

In (1), the cyclopentene ring is planar within 
0.008 A. In (2), the cyclohexene ring is not planar, 
with C(4) 0.69 A out of the plane of C(2), C(3), C(5), 
C(6) and C(11). 

This research was supported by the National 
Science Foundation, Laboratory for Research on the 
Structure of Matter (LRSM), Grant No. DMR-85- 
19059. 
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Abstract. CI8H2oN206, Mr=360.4, orthorhombic, 
P212121, a = 11.999 (1), b = 13-693 (1), c = 
10-612 (1) A, V= 1743.6 (2) A 3, Z =  4, Dx = 
1"37 Mg m -3, A(Cu Kte) = 1.5418 A,/~ = 0.83 mm -1, 
F(000) = 712, T = 165 (1) K, R = 0.028, wR = 0.033 
for 1362 observed reflections. The CO2Me and 
CH2CO2Me groups attached to C(3) and C(5) are 
both equatorial and the COzMe group at C(3) is 
axial. The six-membered heterocyclic ring is in a 
half-chair conformation. The crystal packing is 

0108-2701/89/111805-04503.00 

determined by an intermolecular hydrogen bond 
between N(1) and 0(52) [N..-O = 2.857 (3) A] and by 
several short contacts involving the carbonyl O 
atoms of the substituents at C(3) and C(5). 

Introduction. The tetrahydro-fl-carboline moiety 
occurs in many indole alkaloids, and the assignment 
of stereochemistry to these systems is often a crucial 
step in the structure elucidation of natural products 
of this type. The synthesis of these compounds also 
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