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Synthesis of selenylfullerene with selenium-containing
dibenzo[b,g]cyclooctane moiety
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Abstract

The photochemical reaction of C60 with selenium-containing bicyclooctanes affords for the first time the selenylfullerenes. The
derivatives were characterized by mass, UV–vis absorption, NMR spectroscopy, and X-ray crystallographic analysis.
� 2008 Elsevier Ltd. All rights reserved.
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Chemical functionalization of fullerenes has attracted
much attention for application in material science and bio-
chemistry.1 A chalcogen atom shows its unique characters
such as various oxidation states, specific reactivity, neigh-
boring-group assistance, and so forth.2–4 Although chalco-
gen-containing C60 derivatives were reported so far,5–9 only
few derivatives in which a chalcogen atom is directly con-
nected with a fullerene skeleton has been found.6,7,9 The
C60 derivatives bonded with a chalcogen atom can be syn-
thesized by 1,3-dipolar cycloaddition,6 hetero Diels–Alder
reaction,7 and radical-type reaction9 of C60 with the corres-
ponding oxygen or sulfur compounds. To the best of our
knowledge, it is noteworthy that the fullerene derivatives
directly bonded with heavier chalcogens such as selenium
and tellurium have not been reported yet.

Meanwhile, organic chalcogen compounds have been
used as a precursor or an initiator of chalcogen radical
and carbon radical, which reacts with a C@C double bond
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to afford the addition product.3,4 In view of these reactions,
chalcogen-containing dibenzo[b,g]cyclooctane plays an
important role.2 A variety of chalcogen species can be
easily incorporated into 1- and 5-positions of a cyclooctane
skeleton. We have utilized the chalcogen-containing
dibenzo[b,g]cyclooctane as a reactant to synthesize the
corresponding chalcogenylfullerene.7 To obtain a selenyl-
fullerene, we prepared two kinds of selenium-containing
dibenzo[b,g]cyclooctanes, dibenzo[b,g][1,5]diselenocin (1a),10

and dibenzo[b,g][1,5]oxaselenacin (1b),11 and allowed to
react with C60. Herein, we demonstrate for the first time
the photochemical reaction of C60 with Se-containing
dibenzo[b,g]cyclooctanes to result in the formation of sele-
nylfullerene derivatives (Scheme 1). Their structures and
redox properties were also well characterized.

The irradiation of a benzene solution of an equivalent
amount (5.6 � 10�4 M) of C60 and 1a in a sealed Pyrex tube
with a high-pressure mercury arc lamp (cutoff <300 nm) for
2 h at room temperature resulted in the formation of the
selenylfullerene derivative 2 in 30% yield (Scheme 1).12

The derivative 2 was easily isolated from the reaction
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mixture by preparative HPLC using a Buckyprep column
(Nacalai Tesque Inc). The color of the reaction mixture
changed from purple to brownish-red. Meanwhile, the irra-
diation with a halogen–tungsten lamp using a filter solution
(cutoff <400 nm) for 3 h gave no change monitored by ana-
lytical HPLC. This suggests that the photochemical reac-
tion may proceed via the excitation of 1a, not that of C60.13

The matrix-assisted laser desorption/ionization time-of-
flight (MALDI-TOF) mass spectrum of 2 displays a mole-
cular ion peak at m/z 890 corresponding to the molecular
formula of C67H6Se as well as one for C60 at m/z 720 due
to the loss of the selenium-containing o-quinodimethane
moiety. An isotopic pattern of the observed peak was also
in good agreement with that of the calculated peak. The
visible absorption spectrum of 2 shows an shoulder-like
absorption maximum at 450 nm, which is characterized
as the result of 6,6-addition on C60.14 The 1H and 13C
NMR spectra of 2 clearly display the proton signals on
the 1,2-substituted phenyl ring at 6.86 (2H), 7.04 (1H),
and 7.31 (1H) ppm and on the isolated methylene group
at 3.91 (1H, d, J = 13 Hz) and 4.41 (1H, d, J = 13 Hz)
ppm, and also the carbon signal of the methylene group
at 54.92 ppm. These data are very similar to the sulfur ana-
log of 2 reported by Ohno et al.7 The 13C NMR spectrum
also shows two quaternary carbon peaks corresponding to
the sp3 carbon signals for the C60 skeleton at 66.30 and
69.48 ppm, and the sp2 carbon signals (64 carbons (8 sig-
nals overlapped)) in the range of 130–156 ppm assignable
for a benzene ring (6C) and C60 (58C). If 2 has Cs symmetry
with the plane passing through the 6,6-junction on C60, the
sp2 carbon signals should be 36 including the phenyl
carbon. The 13C NMR spectrum reveals that 2 has two
conformers with C1 symmetry inversing slower than
NMR time scale, which is also observed in the case of
the sulfur analog of 2. To confirm the structure of 2, the
2D NMR measurement was accomplished. The long-range
C–H correlation between the phenyl proton and the
methylene carbon, and also between the methylene protons
and two sp3 carbons of C60 were observed. 77Se NMR spec-
trum of 2 shows a singlet signal at 580 ppm (Me2Se used as
external standard). These results confirm that 2 has the
structure shown in Scheme 1. This is the first fullerene
derivative with the carbon–selenium bond directly on the
C60 cage. We also assume that the reaction proceeds via
a formation of the selenium-containing o-quinodimethane
intermediate followed by the Diels–Alder cycloaddition
(Scheme 2).

The photochemical reaction of C60 with 1b was also con-
ducted in the same way for 1a (Scheme 1), resulting in the
formation of 3 in 53% yield.15 Compound 3 was isolated
from the reaction mixture by preparative HPLC. Irradia-
tion at over 400 nm gave no product, similar to the reaction
of 1a with C60.13

The MALDI-TOF mass spectrum of 3 shows a mole-
cular ion peak at m/z 996 corresponding to C74H12OSe
and one for C60 due to the loss of the cyclooctane moiety.
The absorption maximum at 450 nm in the visible absorp-
tion spectrum also suggests the 6,6-addition on C60.14 The
1H and 13C NMR spectra of 3 display two methylene
proton signals at 4.36 (1H, d, J = 12 Hz) and 4.50 (1H,
d, J = 12 Hz) and the carbon signal at 73.88 ppm, and
the methine proton signal at 5.62 (1H, s) ppm and the car-
bon signal at 85.49 ppm adjacent to the oxygen atom, and
also two phenyl groups, that is, one is mono-substituted
and another is 1,2-substituted. In addition, the 13C NMR
spectrum of 3 shows 53 peaks due to the overlapping of
5 peaks in the sp2 carbon signals for the C60 skeleton in
the range of 156–126 ppm and two quaternary carbon sig-
nals at 64.52 and 72.96 ppm for the C60 cage. 77Se NMR
spectrum of 3 shows a signal at 550 ppm. These results sug-
gest that the structure of A or B may be conceivable for 3.
The 2D HMBC spectrum displays the long-range correla-
tion peaks between the methylene proton and the ortho-
carbon in the phenyl group, between the methylene proton
and the methine carbon, and also between the methine pro-
ton and the sp3 carbons on the C60 cage. From these
results, the structure of A may be concluded to be 3.

Finally, the X-ray crystallographic analysis of 3 unam-
biguously revealed the molecular structure of A for 3
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Fig. 1. ORTEP drawing of 3 with CS2. Thermal ellipsoids are shown at
50% probability. CS2 molecules are included as crystal solvent.

Table 1
Redox potentialsa in V of 2, 3 and C60

Compounds oxE1
b redE1

redE2
redE3

2 +1.06 �1.20 �1.49 �1.64
3 +1.05 �1.18 �1.45 �1.62
C60

c +1.26 �1.13 �1.50 �1.95

a Values are relative to Fc/Fc+ in o-dichlorobenzene.
b Values are irreversible and obtained by DPV.
c Ref. 17.
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(Fig. 1).16 On the basis of these observations, the formation
of the 1:1 adduct 3 of C60 and the selenium-containing
cyclooctane 1b has been evidenced. It may be also consid-
ered that the reaction proceeds via a cleavage of the C–Se
bond followed by a hydrogen abstraction of the phenyl
radical once formed to afford 3 (Scheme 2).

The redox potentials of 2 and 3 were characterized by
cyclic (CV) and differential pulse voltammetry (DPV) mea-
surements in o-dichlorobenzene using (n-Bu)4NPF6 as a
supporting electrolyte. The redox potentials are summa-
rized in Table 1, together with those of C60 as a reference.
This result reveals that the introduction of a selenyl group
on the C60 cage lowers the oxidation potential of C60.

In conclusion, we have for the first time succeeded
in the syntheses of the selenylfullerenes, 2 and 3, by the
photochemical reaction of C60 with selenium-containing
dibenzo[b,g]cyclooctane, 1a and 1b, and characterized their
structures and electronic properties. Selenylfullerene 2 can
be formed by the hetero Diels–Alder reaction of C60 with
the selenyl diene intermediate derived from a C–Se bond
cleavage in 1a, similar to the case of the sulfur analog.
The photochemical reaction with dibenzo[b,g][1,5]oxaselen-
acin (1b), however, afforded the unexpected and unique
compound 3 and its structure was determined by X-ray
crystallographic analysis. The reaction mechanisms have
also been presented in Scheme 2. Successful chemical func-
tionalization of fullerene with chalcogen atom may promise
application of the derivatized fullerene in material science
and biochemistry.
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