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Synthesis of CsoH2 by Rhodium-Catalyzed Hydrogenation of CW 
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Summary: Reduction of Cm with rhodium(0) on alumina 
and hydrogen in deuterated benzene (CsDe) at  ambient 
temperature and pressure yields a mixture of hydrogenated 
compounds; CwH2 has been characterized as the major 
product in 14% yield based on 'H NMR. 

The detection and synthesis of fullerenes has had amajor 
impact on chemistry.lI2 The development of techniques 
capable of producing macroscopic quantities of fullerenes, 
particularly Cm, has allowed investigation of the physical 
and chemical properties of these ~ompounds.3~~ Previously, 
Cm has been reduced by Birch reduction6 and transfer 
hydrogenation6 resulting in CmHla and CwHx as the 
principal products. However, these results have recently 
been disputed? We report here the first catalytic reduction 
of Cm to give amixture of hydrogenated products of which 
CmH2 was characterized as the major product. 

Recently, BH3-THF in toluene was shown to react with 
Cw to give CmH2 upon hydrolysis in 10 % isolated yield.8 
The CmH2 product was isolated and fully chara~terized.~ 
We observed that the HPLC chromatogram and the lH 
NMR spectrum for this reaction were remarkably similar 
to the rhodium-catalyzed hydrogenation of Cw. In our 
procedure, 2 mg of Cm was reacted with 4 mg of rhodium 
in 4 mL of deuterated benzene (CeD6) at  ambient tem- 
perature while the mixture was stirred under constant 
balloon pressure of hydrogen (see supplementary material 
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Figure 1. HPLC chromatogram of the reduced CW mixture 
separated using a Phenomenex 'buckysep" column. 

for more details). The 'H NMR (C&) spectrum of the 
BH3-THF reduction product displayed a sharp singlet a t  
5.89 ppm that was identical to the product isolated from 
the rhodium-catalyzed hydrogenation of CM. In addition, 
an HPLC chromatogram of a mixture of the reacted 
products showed that the two peaks coelute and have the 
same electronic absorption spectra. 

The high-performance liquid chromatography (HPLC) 
chromatogram of the Cm-hydrogenated reaction mixture 
separated using a ?henomenex "buckysepn column with 
a mobile phase of 55% toluene and 45% acetonitrile is 
shown in Figure 1. The HPLC chromatogram of the Cw- 
hydrogenated mixture revealed several smaller peaks in 
the 2-6-min retention time range and two larger peaks at  
8.5 min and 15.5 min. Electronic absorption spectra of 
collected fractions revealed that the peak at  8.5 min was 
CwH2 and the peak at  15.5 min was unreacted Cm. 
Unreacted Cm is clearly separated from the C&2 product. 
The HPLC peaks in the 2-6-min range are attributed to 
more highly hydrogenated species. 

A lH NMR spectrum (500 MHz, C&) was obtained for 
the crude reaction mixture, and several sharp resonance 
peaks were observed at  6 5.89,6 3.97, and 6 2.09 ppm (Figure 
2). A 13C NMR (50 MHz, CS2-(CD3)2CO (9:l)) spectrum 
was also obtained for the crude reaction mixture, and sharp 
resonance peaks were observed at  6 117.3,6 127.1, and 6 
143.5 ppm with the latter attributed to Cm. Neither the 
control reaction run under the same conditions but without 
c60  nor the Cw starting material displayed peaks in the 
'H NMR or the 13C NMR that we have assigned to 
products. It seems likely that the 6 117.3 and 6 127.1 ppm 
resonances in the l3C NMR are due to the CwH2 product. 

An estimate of the yield on the rhodium catalytic 
reaction was determined by adding an equimolar amount 
of anisole as an internal standard to the crude reaction 
mixture which had been degassed with argon. The yields 
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analysis over a 48-h period indicated that the maximal 
concentration of the CmHz was reached in approximately 
24 h, after which the yield began to decrease. There is a 
concomitant increase in the relative area of the peaks in 
the 2-6 min range, suggesting production of higher 
hydrogenated species in the mixture. The lH NMR 
spectrum taken at  2 and 24 h gave the product C&Z in 
yields Of 5 7% and 14%, respectively. In addition, the C d z  
product was much more stable in the Cm-hydrogenated 
mixture than in its isolated form. When separated out of 
the mixture, CmHz is readily converted back to Cm in the 
presence of oxygen. Therefore, fractions of CmH2 were 
collected in vials under argon to ensure preservation of 
the product. 
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Supplementary Material Available: Additional experi- 
mental procedures and spectraldata ('H NMR, NMR, HPLC, 
UV, and IR spectra) of the reaction products (15 pages). This 
material is contained in libraries on microfiche, immediately 
follows this article in the microfilm version of the journal, and 
can be ordered from the ACS; see any current masthead page for 
ordering information. 
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Figure 2. 1H NMRspectrum of the crude reaction mixture shows 
a sharp singlet at 5.89 ppm assigned to C&2. The peak at 3.27 
ppm is anisole, the internal standard used for estimating the 
CmHz yield. 

of CmHz in the reaction mixture were then calculated by 
integration of the anisole peak (6 3.27) and the CmHz peak 
(6 5.89). A lH NMR spectrum of the crude reaction 
mixture taken at  24 h gave the product CmHz in 14% 
yield. 

The CmHz yield was shown to vary over time. HPLC 


