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Abstract-The X-Ray analysis disclosed the structure of the supramolecular 

complex of I,4-bis(9-fluorenyl)-I,4-dihydro[60]fullerene wi th  p-bromo- 

hexahomotrioxacalix[3]arene. 

Supramolecular complexes of fullerene C, as a guest molecule have evoked a great deal of interest in  the 

field o f  host-guest chemistry.' Recent studies o f  this complex have focused on the inclusion phenomena o f  

C,, with the so-called "dish-shaped" hosts i n  solutions.'-' Among these studies, X-Ray analyses o f  C,, 

complexes with "dish-shaped" hosts have been reported. Fukazawa reported X-Ray analyses of C,, 

complexes with calix[5]arenes and revealed that a five-membered ring of C,, i s  disposed parallel to the 

mean plane composed o f  the five phenolic oxygens o f  the host.' The crystal structures o f  inclusion 

complexes o f  cyclotriveratrylenes with C, have been reported.' Recently, we reported complexes o f  C, 

with hexahomotrioxacalix[3]arenes and showed that a six-membered ring o f  C, is oriented parallel to the 

mean plane composed o f  the three phenolic oxygens of the host! Based on these results, a fit not just in size 

and shape but also the symmetry factors of the host and guest appeared to be important. Although crystal 

structures of the inclusion complexes of  C,  with various host molecules have been repotred, no X-Ray 

analysis was reported for the inclusion complexes o f  C, substituted at any carbon atom(s). I n  this paper, 

we report an X-Ray crystal structure of the complex o f  C, possessing the organic addends, 1,4-bis(9- 

fluoreny1)-1.4-dihydro[60]fullerene (1)' with bromohexahomotrioxacalix[3]arene (Z)?.R-9 
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In the ' H  NMR spectrum of 1, the signals of the fluorenyl protons are broadened at lowcr temperature to 

indicate dynamic behavior of this molecule. The variable temperature 'H NMR (300 MHz) spectra of 1 in 

CS,-CDCI, ( I :  I )  are shown in Figure I. At 40 "C, a signal corresponding to the methine proton in  the 

Figure 1. The variable-temperature ' H  NMR spectra of 1 in CS2-CDCI? ( 1 : l )  at 300 MHz 

fluorenyl group was observed at 6 4.53. This signal broadened and then reappeared as two broad signals at 

6 5.59 and 2.89 at -70 "C. This spectral behavior can be ascribed to the hindered rotation of one o f  the 

fluorenyl groups, as shown in Figure 2. The free energy of activation for this rotation was estimated to be 

49.4f 1.3 kJ rno l~ ' .  As shown in  Figure 3, theoretical calculations by A M  I showed that there are three 

energetically minimum conformers (la), (Ib) and ( lc )  in  relation to the rotation of  the fluorenyl groups. In 

the H N M R  at -70 " C ,  the signal at 6 2.89 can be assigned to the methine proton shielded by another 

fluorenyl group in  conformers ( l b )  and ( l c )  (Hb), while the signal at 6 5.59 would be assigned to another 

Figure 2. 
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methine proton in l b  and lc  and to two methine protons in  l a .  

A crop o f  the inclusion complexes was obtained as yellow-brown crystals by allowing a toluene solution of 

I ,4-bis(9-fluorenyl)-I,4-dihydro[60]fullerene (1) and the bromohexaho1notrioxacalix[3larene (2) in  a 

molar ratio of 1: 10-20 to stand for a couple o f  weeks. The crystal structure o f  the complex o f  1 with 2 was 

clarified by an X-Ray analysis and is shown in Figure 4 , ' W h i l e  the crystal structure is low in precision, 

refinement revealed a meaningful aspect o f  the host-guest complex. Wi th  regard to the orientation of two 

fluorenyl groups, the result is in  agreement with the most stable conformer ( la),  obtained by AM I 

calculations. I t  was quite unexpected that a six-membered ring o f  1 at the south pole indicated by the white 

carbons was shifted from the mean plane composed of the three phenolic oxygens of 2 (Figure 4a). This 

distortion between 1 and 2 is presumably due to the presence o f  two toluene molecules i n  the crystal 

structure. One o f  the toluene molecules existing above the equator o f  1 is approximately parallel to a six- 

membered ring o f  1, and the closest contact was observed at a distance o f  3.36(6) A. The fluorenyl groups 

are tilted from the mean plane o f  the host 2 (Figure 4b). The complex has a plane of  pseudosymmetry 

(Figure 4c), if the two toluene molecules are not considered. I t  appears that the toluene molecule and a six- 

membered ring are in contact with each other by an off-set type n-n interaction. The closest distances from 

the ethereal oxygen and a carbon atom in the host molecule (2) to a carbon atom of  the guest molecule (1) 

Figure 3. Three cnergerically minirnun conlbrmers of 1 calculated by AM I 

Figure 4. Crystal structure of the complex of 1 and 2 generated by CHEM3D. Hydrogen atoms are 
excluded for clarity. (a) Whole structure including two molecules of toluene. (b )  Side view showing 
a tilt of the fluorenyl moieties form the mean plane of the host molecule (2). (c) Side view to 
visualize existence of the plane of peudosymmetly. The six-membered rings at the north and the 
south poles are indicated with the white color in each figure. 
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are 2.94(3) and 3.29(4) A, respectively. These two distances are shorter than those of the inclusion 

complex of fullerene C,, with 2: and indicate that 1 is deeply embedded in the cavity of 2. 
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