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Investigation of the photooxidation of [60]fullerene for the
presence of the [5,6]-open oxidoannulene C60O isomer
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Abstract—The study of [60]fullerene oxidation reactions has played a major role in fullerene science. The parent fullerene epoxide
(1) has been the subject of extensive experimental and theoretical study. A recent report described the discovery of a new
monooxide isomer, [5,6]-open oxidoannulene (2). We have reinvestigated the photooxygenation of [60]fullerene to determine
whether 2 forms in addition to epoxide 1. Isomer 2 is not detected via 13C NMR and HPLC analysis in the singlet oxygen
sensitized [60]fullerene photolysis reaction. © 2002 Elsevier Science Ltd. All rights reserved.

The study of fullerene oxides has been an active area of
research for over a decade. In 1991 Diederich reported
the isolation of minor amounts of C70O from a
fullerene synthesis reaction involving the resistive heat-
ing of graphite.1 Wood observed C60O under similar
fullerene production conditions.2 Thorpe showed that
oxides of [60]fullerene containing up to four oxygen
atoms could be generated electrochemically.3 In 1992,
Smith and co-workers reported the first controlled syn-
thesis, isolation and complete characterization of C60O
via the photooxygenation of [60]fullerene.4 The struc-
ture (1) was unambiguously assigned as the epoxide
based on detailed spectroscopic evidence. Balch later
reported the single crystal X-ray structure of an
organometallic derivative of 1 which exhibited the
epoxide moiety.5

In 2001 Weisman et al. reported the first synthesis and
isolation of the [5,6]-open C60O annulene 2 (oxa-
homo[60]fullerene) isomer.6 They obtained 2 upon pho-
tolysis of C60O3,7 the [60]fullerene [6,6]-closed ozonide.

They also found that C60O3 converts to 1 upon ther-
molytic loss of O2. The researchers postulated that
oxidoannulene 2 may have been present as an unde-
tected contaminant in previous work involving epoxide
1. They stated that a reevaluation of prior research
involving 1 was warranted. This prompted us to under-
take the current study.

Since the 1992 photooxygenation reaction,4 epoxide 1
has been synthesized and isolated via methods includ-
ing the reaction of [60]fullerene with dimethyldioxi-
rane,8 O3

9 and MCPBA.10 Compound 1 has served as a
substrate for novel fullerene reactions.11 It has been of
long-standing interest due to its unique physical and
materials properties.12 Importantly, if 2 has gone unde-
tected in [60]fullerene epoxidation reactions it would
potentially impact a number of extensive prior efforts.
Isomers 1 and 2 were reported to display significant
overlap on columns routinely used to separate
fullerenes.6

We examined the photooxidation4 of [60]fullerene for
the presence of 2. Photooxygenation of [60]fullerene (24
mM, 10–15% randomly enriched with carbon-13) in an
oxygenated benzene (200 mL) solution containing ben-
zil (0.2 equiv.) for 8 h led to ca. 10% conversion to 1,
based on the HPLC integral area ratio. In order to
observe all possible products, the crude mixture was
concentrated and not subjected to any purification
steps.

The mixture was dissolved in a 1:1 solution of o-
dichlorobenzene-d4 and toluene-d8 (the same solvent
mixture used to acquire the NMR spectrum of 26) for
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analysis via 125 MHz 13C NMR (40,960 scans). We
expanded regions of the spectrum where resonances
corresponding to 2 would not overlap with those of 1.
For instance, according to the published spectrum,13

compound 2 exhibits 15 resonances between 137.2 and
139.6 ppm. The NMR spectrum of the crude photooxy-
genation reaction product displays only one resonance
in this region (137.4 ppm) which overlaps with a reso-
nance of 2. In addition, peaks at 151.9, 147.8, 144.1,
143.8, 143.5, 143.4, 141.0 and several resonances
appearing between 134.7 and 136.4 corresponding to 2
are not observed in the NMR spectrum of the crude
photooxygenation mixture. Compound 2 is thus not
detected in the [60]fullerene photooxygenation reaction
by 13C NMR.

In order to confirm the NMR results we analyzed
mixtures of 1 and 2 by HPLC. We prepared a standard
sample of 2 for analysis according to the reported
method6 via ozonation of [60]fullerene (5 mM) in o-
xylene at −16°C in the dark for 7 min, followed by
purging with N2. We found that the [60]fullerene
monoozonide eluted at 12.3 min on a Cosmosil Buck-
yprep column (4.6×250 mm, toluene mobile phase, 1
mL/min, �=330 nm, 0°C). The ozonide solution was
cooled to −16°C and irradiated with a fluorescent desk
lamp for several minutes. The irradiation was stopped
after ca. 95% conversion to 2 (9.3 min retention time)
based on HPLC peak areas. 13C NMR analysis of the
crude ozonation/photolysis reaction mixture confirmed
the presence of 2.

In order to study mixtures of the two oxide isomers we
employed an HPLC mobile phase gradient (1:4 tolu-
ene:hexane to 100% toluene over 35 min, 1.8 mL/min,
rt). Under these conditions 2 elutes at 20.5 min and 1
elutes at 21.2 min. We found no trace of 2 in the crude
photooxygenation reaction mixture via HPLC. In addi-
tion, we collected the first ca. 25% of the epoxide eluent
since 2 elutes prior to 1. This latter fraction of 1
exhibited no trace of 2 via HPLC. The first 25% of this
early eluting fraction was then collected and reinjected.
No trace of 2 was observed, even after a double recycle
of epoxide-containing forerun material (Fig. 1).

The [60]fullerene ozonide C60O3 is analogous to the
dipolar cycloadducts formed via the reaction of
[60]fullerene and diazoalkanes or azides. These latter
materials, upon loss of N2, typically afford [6,6]-open
and/or [5,6]-closed cyclopropane or annulene (homo-
fullerene) one atom bridged isomers, depending on
reaction conditions.14 Thermolysis of C60O3 affords 1.
Photolytic extrusion of O2 from the [60]fullerene
ozonide affords 2. To date, ozonide photolysis is the
only known reaction in which [5,6]-open 2 has been
observed experimentally.6,15

In summary, we have employed carbon-13 labeling in
conjunction with 13C NMR spectroscopy and an HPLC
mobile phase gradient technique to analyze the
[60]fullerene monooxide isomers. We found no trace of
oxidoannulene 2 in the singlet oxygen sensitized photol-

Figure 1. HPLC traces: a prepared mixture of [60]fullerene, 1
and 2 (top), the crude reaction mixture obtained via the
photolysis of [60]fullerene in an O2-saturated benzene solution
containing benzil (middle) and recycled epoxide 1 early-elut-
ing fractions from the [60]fullerene photolysis reaction (bot-
tom).

ysis of [60]fullerene, a major preparative method used
for the synthesis and study of epoxide 1.
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