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Abstract Palladium-catalyzed [3+2] cycloaddition reaction between 60-fullerene and
cis-HOCH2CH=CHCH>0CO»Et yields the corresponding adduct having 3-vinyltetra-
hydrofuran skeleton.

Palladium-catalyzed [3+2] cycloaddition reaction has been shown particularly useful in the construction
of five-membered ring skeletons.! In general, such cycloaddition requires the alkene moiety being electron
deficient. The application of this reaction to derivatize 60-fullerene has been rare; only 60-fullerene-TMM
adduct was prepared by this method.2 Since 60-fullerene can be considered as an electron deficient species and
various kinds of hard nucleophiles have been shown to add onto the double bond of this polyunsaturated ball,3
we felt that using the appropriate reactant(s), [3+2] cycloaddition reaction can be achieved leading to the
formation of a tetrahydrofuran derivative of 60-fullerene. Herein we report a novel palladium-catalyzed [3+2]
cycloaddition of 60-fullerene with cis-HOCH,CH=CHCH;0COEt 2.

A benzene solution of 60-fullerene was allowed to react at room temperature for 20 h with 1 to 1.5
equivalents of 2 in the presence of 10-50 mol% of Pd(PPh3)4 and one equivalent of PhyPCH,CH,PPh). After
usual workup and chromatographic separation on silica gel using hexane-toluene (1:1) as eluent, adduct 1 was
obtained in 59% yield.4 The parent peak at m/z 790 for 1 was observed by electronspray mass spectrometry in
the negative ion mode (ESI-MS).5 The !H NMR exhibited absorptions at & 4.60 (dt, J = 6.2, 9.3 Hz, 1H),
4.83 (t, J = 9.3 Hz,1H), 4.97 (dd, J = 6.2, 9.3 Hz, 1H), 5.51 (dd, J = 1.4, 9.8 Hz, 1H), 5.66 (dt, J =14,
16.6 Hz, 1H), and 6.42 (ddd J = 9.3, 9.8, 16.6 Hz, 1H). These data are consistent with the proposed
structure having 3-vinyltetrahydrofuran skeleton. Not all 13C NMR absorptions for the 60-fullerene skeletons
could be observed due to some overlap among signals. However, the 13C NMR signals for the addend
appeared at & 59.53, 69.95, 119.98, 133.74, and the two sp3-carbons due to the 60-fullerene fragment
exhibited at § 72.38, 98.88 which agree well with the 3-vinyltetrahydrofuran skeleton. Like many other
reactions of 60-fullerene, the cycloaddition with 2 should occur at the two six-membered-ring junction.6

The UV-vis spectrum of 1 is shown in Figure 1. The spectrum for 60-fullerene is also included for
comparison. It is interesting to note that 1 exhibited the fluorescence emission spectrum with Apax at 702 nm
(excitation frequency: 328 nm) which is similar to those of other fullerene derivatives.’

Although the mechanism of this reaction has not been established, nucleophilic addition of the &-
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3 4 Figure 1 The UV-vis spectra of 1 and 60-fullerene in CHCl3
(1.0 x 10-5 M; 5.0 x 10-5 M in the inset)
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allylpalladium alkoxide 3 to 60-fullerene may occur leading to the anion 4 which may undergo another
nucleophilic addition to the m-allylpalladium system to give 1. Surprisingly, attempts to carry out a similar
reaction with electron deficient alkenes (such as TCNE) resulted in the isolation of 1-butene-3,4-diol. No
cyclization product similar to 1 has been detected at all. The palladium-catalyzed addition of oxygen nucleophile
to an electron deficient double bond appears to be difficult;8 the isolation of 1 might demonstrate typical
intrinsic property of 60-fullerene.
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