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Summary: Treatment of 1,2-(3,5-Cyclohexadieno)buck-
minsterfullerene with Fe3(CO)12 in refluxing benzene
affords [η4-1,2-(3,5-cyclohexadieno)buckminsterful-
lerene]iron tricarbonyl (1) in 14% yield. The crystal
structure of 1 shows that significant steric compression
exists between the Fe(CO)3 and C60 moieties.

Since the discovery of C60,1 advances in its organo-
metallic chemistry have greatly contributed to the
meteoric development of this interdisciplinary area.
Among other highlights, an osmate ester was the first
crystallographically characterized C60 derivative, con-
firming its icosahedral geometry.2 The importance of
the organometallic chemistry of C60 relies on the inter-
esting properties that can arise from the interaction of
the metallic center with the π-surface of such an
unusual system. Metal-ligand charge transfer may
result in large second-order nonlinear optical activity
for this type of compound.3 Also, it is important to point
out the potential for coupled redox processes involving
both the metal and the C60 moieties. After Fagan’s
report of the first transition-metal complex having a
metal directly bonded to C60,4 several other compounds
of this type were synthesized,5 showing that C60 and
other fullerenes tend to act as η2 ligands through their
[6,6] double bonds reacting with electron-rich metals.
Only a very few examples of organometallic complexes
in which the metal is not directly attached to C60 have
been reported.6 Herein, we describe the synthesis of the
first structurally characterized iron-containing C60 com-
pound, namely [η4-1,2-(3,5-cyclohexadieno)buckminster-
fullerene]iron tricarbonyl (1), which displays interesting
π-compression effects.
We have previously reported the synthesis of 1,2-(3,5-

cyclohexadieno)buckminsterfullerene (2).7 This synthe-
sis has been optimized with a straightforward protocol,

affording 2 in two steps with C60 as the starting
material. Reaction of C60 with 1-[(trimethylsilyl)oxy]-
1,3-butadiene and subsequent hydrolysis affords 1,2-(3-
hydroxy-4-cyclohexeno)buckminsterfullerene (3).8 The
elimination of water in 3 in the presence of p-toluene-
sulfonic acid and careful exclusion of oxygen (toluene,
reflux) provides 2 in 60% overall yield from C60 (Scheme
1). The synthesis of complex 1 was carried out by
reaction of 2 with triiron dodecacarbonyl in refluxing
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Figure 1. ORTEP representation of the X-ray crystal
structure of 1. Selected bond lengths (Å): C1-C2 )
1.586(9), Fe-C61 ) 2.091(8), Fe-C62 ) 2.055(7), Fe-C63
) 2.051(7), Fe-C64 ) 2.102(7).
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benzene under argon over 3 h. Chromatographic puri-
fication of the resulting material on silica gel gives the
title compound 1 as a brown solid in 14% yield. This
low yield presumably reflects the great instability of
diene 2.7,9

Compound 1 is stable for only a short time in solution
and for longer periods in the solid state. The 1H NMR
of 1 in CS2/CDCl3 shows the upfield shift of the second-
order AA′BB′ system (δ 4.74, δ 6.13) compared to 2
(AA′BB′ centered at δ 6.60). Due to the poor solubility
of 1 in all solvents investigated, its 13C NMR spectrum
is not completely resolved in the C60 region (25 signals),
but the chemical shifts of the two olefinic carbons
bonded to iron at 70.96 and 87.35 ppm (CS2/C6D6, 5:1)
show the expected upfield shift compared to 2. The
stretching frequencies for the carbonyl groups in the FT-
IR spectrum of 1 appear as three strong bands at 2057,
1992, and 1985 cm-1, values that do not greatly differ
from those of other (η4-diene)Fe(CO)3 complexes.10

Crystals of compound 1 suitable for X-ray diffraction
were grown by slow evaporation at 0 °C from CS2,11 the

only solvent in which this complex is significantly
soluble. The molecular structure of 1 is shown in Figure
1. It is interesting to notice the close proximity of the
apical C66-O2 carbonyl moiety to the C60 surface. The
contact distances for O2-C43, O2-C42, C66-C44, and
C66-C41 are 3.24, 3.23, 3.49, and 3.49 Å, respectively,
values that fall well within the van der Waals distances
between these atoms. The steric compression between
the Fe(CO)3 and C60 moieties is mostly expressed in the
dramatic increase of the dihedral angle between the
planes defined by C61-C62-C63-C64 and C61-C1-
C2-C64, which is 43.8°. This value is well above the
range of 36.3°-39.9°, with an average of 38.3°, seen in
other (η4-1,3-cyclohexadiene)Fe(CO)3 complexes.12 More
significantly, there is an unexpected dihedral angle
deviation of 3.4° between the planes defined by C61-
C1-C2-C64 and C1-C2-C25-C26. This is a strong
indication for a significant steric repulsion existing
between the (η4-1,3-cyclohexadiene)Fe(CO)3 and C60

moieties. Interestingly, this repulsion is not expressed
in the location of the iron atom in relation to the diene
framework or in the angles R and â (93.6(3) and

(6) (a) Linssen, T. G.; Dürr, K.; Hanack, M.; Hirsch, A. J. Chem.
Soc., Chem. Commun. 1995, 103-104. (b) Diederich, F.; Dietrich-
Buchecker, C.; Nierengarten, J.-F.; Sauvage, J.-P. J. Chem. Soc., Chem.
Commun. 1995, 781-782. (c) Iyoda, M.; Sultana, F.; Sasaki, S.;
Butenschön, H. Tetrahedron Lett. 1995, 579-582. (d) Maggini, M.;
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Figure 2. Stereoview of the unit cell for 1 showing close contacts between CS2 molecules and atoms from the C60 surfaces
and carbonyl ligands. Selected distances (Å): S5-S3 ) 3.582, S5-S2 ) 3.611, S2-C25 ) 3.394, S1-C29 ) 3.759, S1-C30
) 3.604, S1-C31 ) 3.461, S1-C32 ) 3.467, S1-C33 ) 3.650, S1-C34 ) 3.795, S3-O2 ) 3.389, S4-O3 ) 3.692.

Scheme 1
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98.9(3)°, respectively), which fall within normal values.12
A view of the crystal lattice shows that there are two
and a half CS2 molecules per complex 1 in the unit cell
(Figure 2). The CS2 molecules form a van der Waals
bonded network as shown by the close contacts reported
in Figure 2. Also shown are close contacts between S2
and carbon C25 of a C60 sphere (3.394 Å), as well as
between S1 and the six-membered ring formed by C29-
C30-C31-C32-C33-C34 (shaded carbons, 3.461-
3.795 Å range). The CS2 molecule defined by S3-C69-
S4 is sitting in close proximity to the carbonyl oxygen
atoms O2 and O3 (3.389 and 3.692 Å, respectively).
The electrochemistry of 1 is currently under investi-

gation, as is its chemical reactivity. In particular, the
substitution of the apical carbonyl group by electron-
donating ligands,13 such as para-substituted aryl iso-

cyanides, will allow us to gain additional insight into
the π-π interactions existing in 1 and the potential of
these derivatives as novel NLO materials.
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