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Summary: The reaction of Cw with quadricyclane gives 
a stable 6,6 adduct which has been spectroscopically 
characterized. The double bond of the 12.2.11 bicyclo- 
heptene moiety reacts readily with electrophiles (e.g., 
PhSC1). 

Soon after the isolation and characterization of fullerene 
Cw,l the electrophilic character of this carbon cluster was 
disclosed by both experimental2 and theoretical3 results. 
Additions of several electrophiles to Cw have also been 
reported, but the conditions necessary for these reactions 
to occur led often to inseparable mixtures of products of 
multiple addition.' In order to allow a controlled addition 
of electrophiles6 and to enrich the chemistry of function- 
alization, Cw has to be structurally modified. Herein we 
report a simple cycloaddition approach to a stable and 
characterizable Cw derivative, in which the incorporated 
olefinic moiety shows high reactivity toward electrophiles. 
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Figure 1. Gel-permeation liquid chromatography separation of 
1 (33.29 min) and CW (37.93 min). 

The reaction between Cw and a 10-fold excess of 
quadricyclane in toluene proceeds smoothly at 80 "C in 
5 h, affording a mixture of two products. Milligram 
quantities of the main product were isolated by means of 
gel permeation chromatography (GPCle in 43 % yield along 
with 46% unreacted CW (Figure 11.' The structure 1 was 
assigned to this compound on the basis of spectroscopic 
and computational analyses (Scheme I, geometries opti- 
mized at the MNDO level). 

The lH-NMR spectrum (Figure 2, bottom) of 1 is in 
agreement with the presence of a [2.2.llbicycloheptene 
moiety.8 The stereochemistry of the addition, em with 
respect to the norbornene moiety p d  in line with the 
known cycloaddition behavior of quadricyclane? is sug- 

~ 

(7) Theminor component (<5% by GPC),probablyaproductofdouble 
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recorded with a Perkin-Elmer Lambda 5 spectrophotometer. 1: 1H-NMR 
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Figure 2. 200-MHz 'H-NMR spectra of 1 in 3:l CSdbenzene-dG (bottom) and of 2 in CDCb (top, aromatics not included). Some 
assignments are based on NOE analysis. 

Scheme I 
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gested by the detection of a long-range Wcoupling constant 
between the high-field methano bridge proton and the 
cyclobutane protons. The structure is confirmed by NOE 
experiments, where the cyclobutane protons show relevant 
dipolar interactions with the vinyl protons, but none with 
either methano bridge proton. One relevant feature of 
the lH spectrum of 1 is the striking difference of chemical 
shift between the two methano bridge protons next to and 
far from the fullerene sphere (3.88 and 1.87 ppm, respec- 
tively). Together with the relatively low-field resonances 
of cyclobutane and bridgehead protons, these shifts are 
clearly dependent on the proximity to the spheroid and 
are to be attributed to the overall deshielding effect of the 
fullerene surface.10 

The W N M R  spectrum of 1 shows four peaks in the 

(10) For a study of the deshielding effect of the Cw sphere on proton 
NMR, see: Prato, M.; Suzuki, T.; Wudl, F.; Lucchini, V.; Maggini, M. 
Submitted for publication. 

PhSCl - 
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aliphatic region: of these, the low-field signal at 67.56 
ppm is attributed to the fullerene sp3 carbons. The 
resonance is at  higher field than that reported (78.75 ppm) 
for the analogous carbons of the adduct of Cm with 
benzyne.ll This trend parallels the l3C aliphatic shifts of 
cyclobutane and cyclobutene.12 

As both adducts across the 5,6 and 6,6 junction possess 
the same C, symmetry, it is not possible to unambiguously 
assign the site of addition of quadricyclane to Cm from 
spectroscopic data (the number of the potentially distinct 
13C fullerene resonances would be 32 in both cases). The 
6,6 adduct is here suggested on the basis of the following 
considerations. So far, only 6,6 additions have been 

(11) Hoke, S. H., II; Molstad, J.; Dilettato, D.; Jay, M. J.; Kahr, B.; 

(12) Hesse, M.; Meier, H.; Zeeh, B. Spectroskopische Methoden in der 

(13) Suzuki, T.; Li, Q.; Khemani, K. C.; Wudl, F. J. Am. Chem. SOC. 

Cooks, R. G. J. Org. Chem. 1992,57,5069. 

Organischen Chemie; Thieme Verlag: Stuttgart, 1987; p 172. 

1992,114,7300. 
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with respect to the retro cycloaddition process.17 This 
event has represented a major problem in Cw function- 
alization, except in few reported cases of irreversible 
additions.l*Jg 

The norbornene double bond in 1 is unhindered and 
reacts readily with electrophiles. As an example, benze- 
nesulfenyl chloride and 1 at room temperature afford 
quantitatively the product 220 of anti addition (Scheme 
I).21p22 The endo and exo orientations of the chloride and 
sulfide moieties, determined by 'H-NOE spectroscopy, 
are in agreement with the Alder exo rule.23 The lH 
spectrum of 2 is reported in Figure 2 (top). Due to the 
asymmetric substitution, all cqbons in the fullerene and 
norbornane moieties are now different. The 13C spectrum 
of the aromatic region is very complex, and several 
degeneracies occur. The aliphatic signals are easily 
distiriguiihed, and the fullerene sp3 carbons resonate in 
the same region as in the case of 1 (68.92 and 69.66 ppm). 

We have shown that the addition of quadricyclane to 
CW is a vdid pathway to functionalized fullerenes. The 
product is a"stab1e compound that shows high reactivity 
towards electrophiles. Further elaboration of 1 and in 
particular the cationic copolylperization" with suitable 
partners is currently under investigation. 

2 . 5 0 1  ' . '  ' t ' '  ' '  I '  ' '  " I 0.2 

, .  - I . '  I B 
2 1.50 

0.00 l " ' l " ' l " '  0 
190 355 520 685 850 

nm 

Figure 3. UV-vis spectra of 1 (solid line) and Cm (dotted line) 
in cyclohexane. 

observed as primary processes; the reported 5,6 adducts 
are to be considered secondary rearranged pr0ducts.~3 
Furthermore, frontier orbital symmetry considerations 
strongly favor the 6,6 attack. At a local level, the 3-fold 
degenerate LUMO orbitals of fullerene are antisymmetric 
across any 6,6 junction, and symmetric across most 5,6 
junctions. The opposite applies to the 5-fold degenerate 
HOMO orbitals.3J4 Thus, the HOMO and LUMO of 
quadricyclane, which are, respectively, antisymmetric and 
symmetric with respect to the 1,4 addition mode, will give 
an in-phase two-electron interaction with the 6,6 junction, 
but an out-of-phase interaction with the 5,6 junction. 
Finally, the attack on a 5,6 junction would generate a 
structure containing a destabilizing endocyclic double bond 
in a 5-membered ring of the spher~id. '~ 

The UV-vis spectrum of 1 exhibits the typical absorp- 
tions of Cm derivatives with one saturated double bond 
as in the methanofullerenesls (Figure 3). The FAB mass 
spectrum has a consistent peak at  mle  812 (M+, 20; base 
peak at  mle  720), showing *that the cycloadduct is stable 

(14) Lucchini, V.; Maggini, M.; Prato, M. Unpublished results. 
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bond of 1. The product, though not very soluble in organic solvents, 
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4.85 (dt, H-2, Jis = 7.3, Jls  = J2,l 
J5,79 

1.4 Hz), 4.38 (ddt, H-7', J7,7*= 12.6, 
4.2, J6,a = 4.0 Hz), 3.2, J1,y 547, = 1.7 Hz), 4.38 (dd, H-6, J1,e 


