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Summary 
The title molecule 1 has virtual D,,-symmetry in the crystalline state. 

The [2.2.2]hericene (1) occupies a place between barrelene (= bicyclo [2.2.2]octa- 
2,5,7-triene) [2] and triptycene (= 9,10-dihydro-9,10 [ l’, 2’1-benzenoanthracene) [3]. 
Theoretical calculations [4] and experimental results [5] [6] indicated that the 
underlying bicyclo [2.2.2]octane skeleton possesses a broad energy minimum for 
twisting around the C(1)-C(4) axis. Dunitz & Ermer [6] analyzed the thermal 
vibration parameters from X-ray diffraction data of the crystalline bicyclo [2.2.2]- 
octane- 1,4-dicarboxylic acid in terms of rigid-body translation and libration tensors. 
The r.m.s. amplitude for rotation about the threefold axis indicates an upper limit 
for the twist angle of molecules with D,-symmetry of 11.8*0.4”, the estimate for 
the energy barrier between enantiomeric forms being only 0.1 kcal/mol. 

While triptycene has a D3h-structure in the crystalline state [3 b], its perhydro 
derivatives can be twisted up to ca. 30” for trans-junction of the cyclohexane rings 
[7] (see also the ‘H-NMR data of the all-trans-hexamethyl bicyclo [2.2.2]octane- 
2,3,5,6,7,8-hexacarboxylate [ 11). From PES [8] and l3C-NMR [9] data, Klessinger 
et al. proposed an eclipsed structure for 2,3-dimethylidenebicyclo [2.2. llheptane (2) 

I )  
2, 

3, 

Interaction between non-conjugated chromophores, Part 19; Part 18, see [l]. 
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and a twisted one for 2,3-dimethylidenebicyclo [2.2.2]octane (3), the latter being 
more flexible than the former diene. However, force-field MMPI 1 calculations 
predicted an eclipsed conformation for 1 (3 and 4) with planar s-cis-butadiene 
moieties [l]. We report now the X-ray crystal structure of this compound which is 
in agreement with the predictions made by molecular mechanics calculations for 
molecules in the gas phase. 

2 3 4 

Crystals of 1 [ l ]  grown from solution were invariably hexagonal plates. X-ray 
precession photographs indicated a disordered structure with stacking faults along 
the plate normal. Suitable crystals for structure determination were obtained as 
optically uniaxial hexagonal plates by rapid sublimation in vacuo. They are rhom- 
bohedral, a= 7.0966 (5 ) ,  c=38.21 l(2) A, space group Rgc, (hexagonal setting), 
Z =  6. Observed and calculated densities are 1.10 and 1.09 g . ~ m - ~ ,  respectively. Inten- 
sity measurements were made with a Syntex-PZ1 diffractometer using Nb-filtered 
MoKa radiation (i= 0.71069 A) for sinBlAd0.60 A- l .  Backgrounds were estimated 
from the scan profile [lo]. Crystal dimensions [ l l ]  were 0 . 2 6 ~  0.25 x 0.08 mm. A 
numerical absorption correction was applied (p= 0.7 cm- ’). The number of unique 
reflections was 374, of which 192 had I >  3 0 (I). 

Data reduction and structure analysis were made with the ‘XRAY-72’ program 
system [12]. The scattering factor for C-atoms was taken from Cromer & Mann [13] 
and for H-atoms from Stewart et al. [ 141. 

Figure. ORTEP Perspective View of 1 wilh 2Ph Probability Ellipsoids. For practical reasons, the 
numbering of the C- and H-atoms differs from that recommended by IUPAC. 
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The possible space groups are R3c and R3c. In R ~ c ,  the nearly spherical 
molecules 7 A in diameter must occupy either the positions O,O, 1/4 or O,O, 0 with 
point symmetries D, (32) and S6 (3), respectively. Only the former are compatible 
with the maximal symmetry D3,, (6m2) of the molecule. By unit-cell transformation, 
an F-centered lattice with a'= 10.4 A, a = 86.3", and Z =  4 can be obtained, indicat- 
ing an approximate cubic close packing. Simple packing considerations applied 
to the hexagonal layers perpendicular to c lead to coordinates y zz 0 for the C-atoms 
in general positions, corresponding to a nearly or completely eclipsed molecular 
conformation. This arrangement is also compatible with the stacking faults observed 
for the crystals grown from solution. In R3c, the same packing is obtained as in 
R ~ c ,  the molecules occupying the positions O,O,z with point symmetry C, (3). The 
higher space group was therefore considered the more likely, and approximate 
coordinates were calculated for a C-skeleton staggered by about 10" and centered at 
O,O, 1/4. This starting model was refined to R = 0.12. H-positions were then obtained 
from a difference Fourier synthesis and refinement continued to R = 0.03 1. The 
anisotropic temperature parameters of the hydrogen atoms converged to reasonable 
values with the possible exception of H (3) (the Figure). The final atomic parameters 
are given in Table 1 and bond lengths and angles in Table 2. A perspective drawing 
of the molecule, prepared by the program ORTEP [ 151 is shown in the Figure. 

Although the molecules only have crystallographic D3 (32) site symmetry, the 
deviation from exact D,, (6m 2)-symmetry is negligible: the twist angle around 
the triad axis is 0.37'; the torsion angle in the butadiene unit is 1.34'; the maximum 
deviation from the mean butadiene plane is 0.007 A (including the bridgehead 
C-atoms 0.01 1 A). The anisotropic temperature parameters of the C-atoms were 
analyzed in terms of rigid-body motions of the molecules4) [16]. The r.m.s. am- 
plitudes for libration about the three-fold axis and perpendicular to it are, respec- 
tively, 4.7 k 0.2' and 4.6 f 0.1 '. Although it is not possible to distinguish between 
'in-phase' rigid-body motion and an 'out-of-phase' twisting motion around the 
three-fold axis, the nearly isotropic libration tensor indicates the former to be 
probably dominant. As in the analogous bicyclo [2.2.2]octane- 1,4-dicarboxylic 
acid [6],  the effective symmetry is D,, (6m2). The r.m.s. amplitudes of the transla- 
tional motion are 0.276k0.003 A along and 0.190f0.003 A perpendicular to the 
triad axis. The dominant contribution to the thermal motion is thus in the c-direction. 

Inspection of the bond lengths (Table 2) reveals short terminal C-C bonds in 
the butadiene units, intermediate central bonds, and normal single bonds to the 
bridgeheads. The distance between the inner H-atoms is short (2.16 A), but they do 
not deviate significantly from the plane of the diene system. 

4, We thank Prof. J .  D. Dunitz (Zurich) for the calculations and for helpful comments. 
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