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In the rapidly growing field of fullerene functionalization,1'2 

the addition of diazo compounds to buckminsterfullerene, C60, 
is one of the most useful reactions in terms of versatility, chemical 
yield, stability, and characterization of the products.3-5 The 
reaction of substituted diazo compounds with C6o generates a 
mixture of monoaddition products across the 5,6 (fulleroids, 
methanoannulene-type bonding) and the 6,6 (methanofullerenes, 
cyclopropane bonding)6 ring fusions. With the exception of [5,6] 
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Figure 1. Filled triangles, ultraviolet-visible spectrum of 2 (IO"4 M) in 
ODCB/0.15 M TBAF; broken line, ultraviolet-visible spectrum of 3 
(IO"4 M) in ODCB/0.15 M TBAF; full line, ultraviolet-visible spectrum 
of 2 (10-4 M) in ODCB/0.15 M TBAF after electrolysis at -1.5 V vs 
Ag/Ag+ . 

Scheme 1 

QiH2,7 all known fulleroids are thermally convertible to their 
[6,6] isomers.3-* In some cases, the thermal isomerization can 
be very sluggish. Here we show, for the first time, that addition 
of a third electron to a fulleroid isomerizes it to the methanof
ullerene. 

The electronic spectra of C60 and the fulleroids are almost 
superimposable, and those of methanofullerenes are different (cf. 
Figure I),5'6 reflecting the difference in "x" electron count (60 
for the former and 58 for the latter). 

Though six electrons can be reversibly added to C6O,8 the 
influence of the x-electron count on cyclic voltammetry (CV) 
has not yet been investigated in detail. Saturation of a double 
bond of C6o in methanofullerenes causes a negative shift of about 
50-150 m V for the first three waves.3 Here we report the synthesis 
and electrochemical investigation on a />-(methoxycarbonyl)-
phenyl-substituted fulleroid (2) and its methanofullerene isomer 
(3). Further, by a combination of CV and UV-vis spectropho
tometry we show that (1) 2 and 3 have only very slightly different 
electron acceptor character and (2) 2 is converted to 3 upon 
addition of a third electron to 2. 

The synthesis of 2 and 3 was carried out according to Scheme 
1. Equimolar amounts of diazo compound 1 and C6O produce, 
upon chromatographic separation (purity >95% by 1H NMR), 
2 as the main product. On the basis of 1H-13C Jc6i-H = 142.5 
Hz and UV-vis (Figure 1), the fulleroid structure 2 was assigned 
to this compound.6 Heating 2 for 48 h afforded a clean conversion 
into 3. Methanofullerene 3 is a cyclopropane, with bridgehead 
carbons at 74.8 ppm, /C6i-H = 163.4 Hz, and a diagnostic UV-vis 
peak at ca. 430 nm6 (Figure 1). 

CV measurements of 2 and 3 were carried out in 1,2-
dichlorobenzene (ODCB), which allows the detection of four 
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Figure 2. (A) Cyclic voltammogram of 2 (10~3 M) at 100 mV/s, ODCB/ 
0.15 M TBAF vs Ag/Ag+; lower scan extended to four waves. (B) Cyclic 
voltammogram of 3 (1(H M) at 100 mV/s, ODCB/0.15 M TBAF vs 
Ag/Ag+. (C) Cyclic voltammogram of 2 (1<H M) at 10 mV/s, ODCB/ 
0.15MTBAFvsAg/Ag+. 

reversible reduction waves, and in 5:1 toluene/acetonitrile, which 
allows electrochemical studies at more negative potentials.8 

The strictly reversible9 first and the second reduction waves in 
the CVs of compounds 2 and 3, in line with their electron count, 
show that 2 is easier to reduce than 3 by 12 mV3e (Tables 1, 2; 
Figures 2, 3), a small number in view of the different electronic 
character of the two isomers (Figure 2A,B). In scans which 
extend to the fourth reduction wave, the return signals in both 
cases appear broadened and slightly shifted (Figure 2A-C, lower 
scan). 

(9) The processes are electrochemically reversible (peak-to-peak separation 
is 0.06 V) and chemically reversible (area under forward and reverse waves 
is the same). 

A more dramatic difference occurs at the third reduction step. 
A simple, reversible behavior of the methanofullerene 3 (Figure 
2B) is contrasted by a structured signal for the fulleroid 2 (Figure 
2A). In the latter, the reduction signal is composed of two peaks, 
with scan-rate-dependent relative intensities (Figure 2A,C, same 
amplitude for both components at 100 mV/s; lower and higher 
amplitude for the more positive and the more negative component, 
respectively, at 10 mV/s). The corresponding return wave 
(reoxidation to the dianion) is not affected, if the scan is restricted 
to three waves (see above). 

The behavior of the third reduction of 2 was investigated by 
applying multiple sweeps without returning to the neutral species. 
At 500 mV/s only the more positive signal is observed, and at 
100 mV/s the first scan exhibits the same split peak as in the full 
range scan. 

CV in 5:1 toluene/acetonitrile showed that the fourth and fifth 
reductions of both compounds exhibit nearly identical, scan-rate-
independent, structured signals. The fifth waves appear slightly 
broadened.10 

The UV-vis spectrum of a sample of electrolysis of 2 at -1.5 
V vs Ag/Ag+ (just beyond the third wave) was superimposable 
with that of a sample of 311 (cf. Figure 1). 

We conclude from this that isomerization of 2 into 3 occurs 
only upon addition of a third electron to 2; the more positive 
component of the third wave is the third reduction step of 2, and 
the negative component is due to 3. While one can speculate on 
a possible isomerization mechanism,12 it is not surprising that the 
cyclic voltammograms of both compounds are superimposable in 
the fourth to fifth wave region due to the electrochemical 
conversion of the fulleroid 2 into the methanofullerene 3 at the 
third wave. 

The data presented in this communication provide evidence 
for novel pathways for the isomerization of a fulleroid into a 
methanofullerene and are part of our current investigations to 
gain better understanding of the reaction mechanisms involved.13 
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(13) Attempts to isomerize [5,6] QiH2 electrochemically to its [6,6] isomer 
failed. 


