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The pentaphenylated fullerene anion C60Ph5- (2) and
its metal complexes represent a new class of cyclopen-
tadiene derivatives,1 which can be prepared through
deprotonation of the parent compound C60Ph5H (1).2 One
out of 12 pentagons in C60 is isolated from the remaining
50 sp2 carbon atoms of the C60 molecule by five surround-
ing sp3 carbon atoms, each bearing a phenyl group. The
previous X-ray crystallographic studies1 revealed the
highly unique cavity structure formed around the cyclo-
pentadienyl (Cp) moiety by the five phenyl groups but
failed to give us information on the electronic properties
of these unique molecules. We report herein theoretical
and experimental evidence that there is endohedral
homoconjugation, that is, an electronic interaction be-
tween the upper Cp and the lower C50 moiety in 1 and 2
through inside of the C60 cage. We also found a chemical

reaction on the Cp moiety can be induced by reduction
of the bottom half of the molecule. No such cyclopenta-
dienes have been recorded previously in the literature.
We first present the results of the ab initio molecular

orbital (MO) calculations performed on C60H5K [4, K(η5-
C60H5)],3 a model of K+‚2, at the Hartree-Fock level using
the 3-21G(*) basis set.4,5 An MO diagram for top eight
occupied orbitals is shown in Figure 1. While HOMO (a2,
-7.13 eV) is localized at the C50 moiety (equatorial belt
region of the fullerene sphere), two pairs of doubly
degenerate orbitals (e1) next to HOMO (HOMO-1 to
HOMO-4) are fully delocalized over the Cp moiety and
the C50 bottom half as visualized in Figure 2. In-phase
interactions between the upper and lower halves can be
seen in the lower energy MO pair (HOMO-3, HOMO-4,
-7.69 eV) and out-of-phase ones in the higher energy pair

(HOMO-1 and HOMO-2, -7.19 eV). These theoretical
data fully corroborate the presence of strong endohedral
homoconjugation,6 π-π orbital interactions inside the C60

cage. Note that the Cp-related occupied orbitals are
remarkably stabilized and found at the much lower
energy levels compared with HOMOs (e1, -5.82 eV, HF/
3-21G(*)) of C5(Me)5K (Cp*K). The total natural atomic
charge7 on the Cp carbons in Cp*K is -3.27, while that
in C60H5K (4) is only -0.82, indicating that a considerable
amount of negative charge on the Cp is delocalized
toward the C50 moiety through homoconjugation.
Cyclic voltammetry (CV) measurements (-3.0 to +1.0

V vs Fc/Fc+) on C60Ph5H (1) and its anion C60Ph5- (2)8 at
-78 °C in THF showed that these molecules accept
electrons with exceptional ease.9 The neutral compound
1 showed two reversible reduction events at -1.45 and
-2.10 V (E1/2) (Figure 3a, eq 1). In light of the fact that
C5Me5H cannot be reduced with such ease, these reduc-
tion events must be due to the presence of the C50 moiety.
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Figure 1. Molecular orbital diagram for the top eight occupied
orbitals of C60H5K (4).

Figure 2. Molecular orbitals of C60H5K (4) at the HF/3-21G(*)
level. (a) HOMO-1 and HOMO-2 (e1). (b) HOMO-3 and HO-
MO-4 (e1).
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Compound 1 could not be oxidized within the potential
range studied (<+1.0 V). On the other hand, the anionic
compound 2 showed an oxidation event at -0.43 V (E1/2)
in a reversible manner as well as two reduction events
at -1.84 and -2.52 V (E1/2) (Figure 3d, eq 2). The product
of the oxidation of anion 2 can be depicted as a cyclo-
pentadienyl radical 3.

Comparison of Figure 1a and d shows that the first
and the second reduction potentials of the anion 2 are
systematically shifted (by -0.39 and -0.42 V, respec-
tively) as compared with the corresponding ones of
neutral compound 1. Evidently, the conversion of 1 to
its monoanion (2) much reduces the electron-accepting
ability of the C50 moiety. These results are in good
agreement with the theoretical conclusion that the top
Cp- moiety in the anion 2 supplies substantial negative
charge to the C50 bottom through endohedral homocon-
jugation.10
We have found evidence of dynamic electronic com-

munication between the top and the bottom halves upon

electrochemical measurement of the neutral compound
1 at temperatures above 0 °C. While the cyclic voltam-
mogram at 20 °C for the anion 2was essentially the same
as the one at -78 °C (shifted by <(0.11 V, data not
shown), the electrochemistry of 1 at 20 °C was found to
be different from that at -78 °C. Thus, in the first
reduction/oxidation cycle (Figure 1b), the reduction and
oxidation waves due to 2 emerged in addition to those of
1. In the second cycle (Figure 1c) and afterward, most
of 1 disappeared and 2 became a predominant species
detectable by electrochemical measurement.11,12 This
result can be rationalized by considering the limiting
structure A for C60Ph5H•-, wherein the added electron is
localized at the bottom half. The electron is transmitted
to the top CpH moiety through the homoconjugated
system, causing expulsion of H• and formation of a Cp
anion species 2.13

In summary, we have demonstrated unique electronic
properties of the fullerene-cyclopentadiene derivatives
C60Ph5H (1) and C60Ph5- (2). The Cp structure embedded
in the fullerene core offered us a prospect that the
properties of the Cp chemistry may be tunable with
external electronic field.14 The intense UV/vis absorption
of these molecules1 suggests a further perspective toward
phototuning of the Cp properties, which will be the
subject of future studies.
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Figure 3. Cyclic voltammograms of C60Ph5H (1) and C60Ph5-

(2). 0.1 M Bu4NClO4 in THF with Pt working and counter
electrodes. Scan rate: 100 mV/s. The peak-to-peak separation
values for the Fc/Fc+ couple (4.1 mM) were 0.93 and 0.68 V at
-78 and +20 °C, respectively: (a) 1.0 mM 1 at -78 °C, E1/2

red1

) -1.45 V, E1/2
red2 ) -2.10 V; (b) first scan for 1.0 mM 1 at 20

°C; (c) second scan for 1.0 mM 1 at 20 °C; (d) 5.0 mM 2 at -78
°C, E1/2

ox ) -0.43 V, E1/2
red1 ) -1.84 V, E1/2

red2 ) -2.52 V.
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