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Selective addition of H2O to fullerene C60 catalyzed by
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Abstract

Selective addition of H2O to fullerene C60 catalyzed by Cp2MCl2 (M = Ti, Zr, Hf) catalysts to yield 1-hydroxy-1,2-dihydrofullerene
has been realized for the first time.
� 2007 Published by Elsevier Ltd.
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As reported,1 the known procedures for hydroxylation
of fullerenes lead to a complex mixture of fullerols, separa-
tion, and identification of which are difficult. For example,
the combined effect of concentrated sulfuric (H2SO4) and
nitric (HNO3) acids on fullerene C60 causes production of
a mixture of fullerols containing from 14 to 15 hydroxyl
groups.2 The reaction of fullerene with aqueous NaOH
solution in the presence of tetra-butylammonium hydr-
oxide as catalyst gave rise to a mixture of fullerols with
24–26 hydroxyl groups.3 The hydroxylated fullerenes are
of significant practical interest due to the possibility of their
use in medicine and biology,4–7 and also in the chemistry of
high-molecular compounds, for example, in the production
of reticulated polymers.8

Taking into account that the known procedures to
obtain hydroxyl-containing fullerenes do not allow the
introduction of one OH group into the fullerene molecule,
we have undertaken an attempt to conduct a selective addi-
tion of H2O to fullerene C60 under the action of metal com-
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plex catalysts. Compounds of Ti, Zr, and Hf, which
manifest high activity and selectivity in amine addition to
fullerene C60, were chosen as catalysts for this reaction.9,10

The reaction between fullerene C60 and H2O (C60/
H2O = 1:6500) in the presence of 20 mol % of Cp2MCl2
(M = Ti, Zr, Hf) catalyst at 20 �C for 24 h in toluene gave
1-hydroxy-1,2-dihydrofullerene 111 in 65–75% yield
(Cp2TiCl2 (66%), Cp2ZrCl2 (73%), Cp2HfCl2 (75%)).
Increasing the temperature to 80 �C gave rise to the target
product 1 in 90% yield in a shorter reaction time (1 h)
(Scheme 1). The same reaction catalyzed by complexes
and salts of other transition metals [Ni(acac)2, Pd(acac)2,
Fe(acac)3, TiCl4, Cp2Fe, MnCl2, CoCl2, FeCl3, ZrCl4] as
well as without catalyst failed. Further increase in temper-
ature (to 150 �C) and reaction time (to 14 h) led to complex
mixtures (according to the HPLC data) of hydroxyl-con-
taining fullerenes. Under optimized conditions (20 �C,
20 mol % Cp2MCl2 (M = Ti, Zr, Hf), 24 h) the reaction
of fullerene C60 with D2O gave 1-deuteroxy-2-deuterofulle-
rene 211 in up to 80% yield (Scheme 1).

The UV spectrum (CHCl3) of compound 1 showed
absorption maxima at k 258 and 330 nm, which are charac-
teristic of the 1,2-addition products.12,13 The IR spectrum of 1
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contained absorption bands at 3400 (br, OH), 2930 (C60–H),
1445, 1375 and 1080 cm�1. In the 13C NMR spectrum of
1, sp3-hybridized carbon atoms of the fullerene sphere were
characterized by resonances at 57.02 and 75.62 ppm,
whereas 27 signals attributed to the sp2-hybridized carbon
atoms of fullerene were observed in the field of 137–
158 ppm. The mass-spectrum (MALDI TOF) of adduct
1 showed the presence of a molecular ion [M]+, m/z
738 and fragmentation ion [M�H] m/z 737 confirming the
addition of one water molecule to fullerene C60.

To obtain further proof of the structure of 1-hydroxy-
1,2-dihydrofullerene we performed transformations char-
acteristic for alcohols. Treatment of 1 in dry pyridine
with acetic anhydride or benzoyl chloride at 110 �C for
8 h led quantitatively to 1-acetoxy-1,2-dihydrofullerene
314 or 1-benzoyloxy-1,2-dihydrofullerene 4,14 respectively.
The reaction of trimethylchlorosilane with 1-hydroxy-1,2-
dihydrofullerene at 20 �C for 24 h resulted in the formation
of 1-trimethylsilyloxy-1,2-dihydrofullerene 515 with >90%
yield (see Scheme 2).

The IR spectra of compounds 3–5 showed that the band
at 3400 cm�1, attributed to the hydroxyl group of initial 1

had disappeared. Simultaneously, characteristic carbonyl
group absorptions appeared at 1780, 1740, and
1680 cm�1 for 3 and at 1730 cm�1 for 4.

In conclusion, we have demonstrated the first
example of the synthesis of 1-hydroxy-1,2-dihydrofuller-
ene from fullerene C60 and H2O in the presence of
Cp2MCl2 (M = Ti, Zr, Hf) catalyst. This procedure opens
new prospects for the synthesis of fullerene hydroxyl-
derivatives.
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