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A new type of stable C60-fused dihydrooxazine derivatives was successfully prepared by the hetero-
Diels–Alder reaction of C60 with nitrosoalkene generated in situ by extrusion of HBr from the correspond-
ing a-bromooxime.
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Since [60]fullerene, the most abundant representative of the
fullerene family, was produced in macroscopic quantities for the
first time in 1990,1 a wide variety of reactions of fullerenes have
been developed to synthesize a great diversity of fullerene com-
pounds,2 some of which have found widespread use in chemical,
biological, and materials sciences.3 Cycloaddition reaction is
among the most outstanding and expeditious methods for the
functionalization of C60 and has been applied to a variety of
[n+2]cycloadditions (n = 1–4). Diels–Alder reaction has been par-
ticularly useful in the chemical modification of C60 to construct
six-membered fullerocycles. However, many of the Diels–Alder
cycloadducts of C60 were found to be thermally unstable and un-
dergo cycloreversion to give the component molecules. Stable
Diels-Alder adducts of C60 were first explored by Müllen and Rubin
in their pioneering work using o-quinodimethane and its ana-
logues as reactive dienes.4

Although the Diels–Alder reaction has been widely explored in
the functionalization of C60, the hetero-Diels–Alder reaction was
seldom investigated. For example, the reaction of C60 with the
oxo,5 thia,6 selenium,7 and aza8 heterologs of o-quinodimethanes,
and with a 1,3-disubstituted-2-aza-1,3-diene,9 has been reported
to date. C60-fused tetrahydropyridazine has been synthesized
through heterocycloaddition of thermally generated 1,2-diaza-
1,3-butadienes with [60]fullerene.10 The reaction of C60 with
1,2,3-triazine11 or 1,2,4,5-tetrazine12 gave azacyclohexadiene-
fused fullerene derivative through [4+2] cycloaddition/nitrogen-
extrusion. There are also other methods to construct six-mem-
bered fulleroheterocycles such as the photochemical addition reac-
tion of fullerene with 1,2-ethylenediamine and piperazine, which
could give a derivative directly bonded to two nitrogen atoms.13

Recently a novel protocol for the preparation of C60-fused d-lac-
tones from benzenediazonium-2-carboxylates controlled by or-
ganic bases has been explored.14
ll rights reserved.
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We aimed at developing a new method to prepare fullerene
derivatives with yet unknown novel structure. To the best of our
knowledge, 5,6-dihydro-4H-oxazines are easily accessible from
a-halolximes and olefinic substrates such as enol ethers, enamines,
alkenes, and allenes.15 These processes have been identified as in-
verse-electron demanded hetero-Diels–Alder reactions involving
transient nitrosoalkenes,16 that is, with electron-deficient hetero-
dienes and electron-rich alkenes. However, C60 usually behaves
as an electron-deficient dienophile and reacts with numerous elec-
tron-rich dienes in Diels–Alder reactions. The direct Diels–Alder
reaction of fullerene C60 with nitrosoalkene should be a rather
unfavorable one. We were wondering whether this kind of reaction
could be applied to the functionalization of C60.

To our satisfaction, when a mixture of C60 (54.0 mg), 2-bromo-1-
phenylethanone oxime 1a (80.0 mg, 5 equiv), and Na2CO3 (40.0 mg,
5 equiv) in 30 mL toluene was stirred at room temperature for 15 h
the desired dihydrooxazine-fused C60 derivative 2a was obtained in
26% (67% based on consumed C60) yield (Scheme 1).

To examine the scope and limitation of the used substrates, var-
ious a-bromooximes 1a–g were synthesized by the reactions of a-
bromoketone with hydroxylamine hydrochloride and applied to
the hetero-Diels–Alder reactions of C60.17 The reaction times and
isolated yields along with recovered C60 for the reactions of C60
1e, 2e: R, R' = -(CH2)4-
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with a-bromooximes compounds 1a–f and Na2CO3 in a molar ratio
of 1:5:5 in toluene at proper temperature are listed in Table 1. The
effect of other bases such as triethylamine, pyridine, and sodium
ethoxide was also examined. The result showed that triethylamine
and pyridine did not work because they could react with the bro-
mooxime to form an organic salt which could not react with C60. In
addition, sodium ethoxide could not initiate the reaction either.

As far as we know the electron-rich alkene was widely used in
the hetero-Diels–Alder reaction of nitrosoalkene; however, there
are few reports that the electron-deficient alkenes were used as
dienophiles in this kind of reversed-electron demanded reaction.18

As can be seen from Table 1, 1a–f reacted well with C60. When R
was an aromatic group and R0 was hydrogen (1a–c) the yields were
higher and the electronic property of the substituent on the phenyl
had little influence on the reaction. While R was an aliphatic group
(1d–e) the reaction needed higher temperature and proceeded
much slower and the yields decreased notably. The possible expla-
nation was that the nitrosoalkene generated from 1a–c might be
formed easily and might have higher stability due to the conjuga-
tion of aromatic cycle with the C@C and N@O double bonds when R
was an aromatic group, thus benefitting the reaction. It is to be
noted that when R was CO2Et group and R0 was hydrogen no prod-
uct was obtained at 100 �C in spite of prolonging the reaction time
to 48 h. Because fullerene is an electron-deficient alkene, the in-
crease of electron-withdrawing ability of nitrosoalkene would de-
crease the reactivity. From this result we predicted that the
nitrosoalkene with R being a phenyl group and the R0 being an alkyl
or a phenyl group would be formed easily and had higher stability,
and the reaction would proceed easier than 1a–c. Firstly, we syn-
thesized 1f which reacted with C60 in shorter time (1.5 h) and gave
higher yield (47%). That 1f had higher reactivity than 1a–c proved
our prediction. But we failed in synthesizing the substrate with R
and R0 being all phenyl group because the solvolysis reaction oc-
curred. All new compounds 2a–f were very stable. There was not
any decomposition in solid state at room temperature even when
placed for two months or in toluene solution at 110 �C for 24 h.

The identities of compounds 2a–e were fully established by
their MS, 1H NMR, 13C NMR, FT-IR, and UV–vis spectra. Taking 2a
as an example, the APCI mass spectrum of 2a showed the molecu-
lar ion peak at m/z 853. The 1H NMR spectrum of 2a displays a sin-
glet at 4.57 ppm for methylene and peaks of the five hydrogens for
the phenyl ring. In the 13C NMR spectrum of 2a, there are 30 peaks
due to the sp2-C of the C60 skeleton in the range of 153.09–
136.45 ppm and two sp3-C of the C60 cage at 95.57 and
65.25 ppm along with 4 peaks for the phenyl rings in the range
of 133.4–126.9 ppm, 1 peak at 175.15 ppm for the ON@C moiety,
and 1 peak at 35.56 ppm for the CH2 group, consistent with the
Cs symmetry of its molecular structure. The resonance of the sp3-
C of C60 cage was close to that directly attached to an oxygen atom
in the recent report of 1,2-adducts of C60.19,14 Other dihydroox-
azine-fused C60 derivatives (2b–e) except 2f, which could not be
Table 1
Yields and reaction time for the reaction of C60 with 1a–e using Na2CO3 as a base

Substrate R R0 Temperature
(�C)

Time
(h)

Product Yielda

(%)

1a Ph H 25 15 2a 26 (67)
1b 4-CH3OC6H4 H 25 15 2b 26 (59)
1c 4-NO2C6H4 H 25 15 2c 31 (86)
1d CH3 H 100 25 2d 18 (60)
1e –(CH2)4– 80 24 2e 16 (53)

1f
R

R' 25 1.5 2f 47 (75)

1g COOEt H 100 48 — —

a Isolated yield, that in the parentheses refers to the yield based on consumed C60.
characterized by 13C NMR because of its very low solubility, were
characterized in the same way.

In conclusion, the hetero-Diels–Alder reaction of C60 with nitro-
soalkene generated in situ from the corresponding a-bromooximes
by treatment with Na2CO3 was explored, and led to the formation
of a new type of stable C60-fused dihydrooxazine derivatives. These
fullerene products may be further functionalized by the manipula-
tion on the C@N double bond and weak N–O bond. Further work is
underway to investigate functionalization of the C@N double bond
and N–O bond on the dihydrooxazine ring.
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