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Fullerenyl azide: synthesis and reactivity

Zhongping Jiang a, Zuo Xiao a, Gaihong Zhang a, Liangbing Gan a,b,*, Dian Wang a, Wenxiong Zhang a,*

a Beijing National Laboratory for Molecular Sciences, Key Laboratory of Bioorganic Chemistry and Molecular Engineering of the Ministry of Education,
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China
b State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, 354 Fenglin Lu, Shanghai 200032, China

a r t i c l e i n f o a b s t r a c t
Article history:
Received 8 October 2009
Revised 6 November 2009
Accepted 10 November 2009
Available online 13 November 2009
0040-4039/$ - see front matter � 2009 Elsevier Ltd. A
doi:10.1016/j.tetlet.2009.11.032

* Corresponding authors.
E-mail addresses: gan@pku.edu.cn (L. Gan), wx_zh
Trimethylsilyl azide adds to the carbonyl carbon in a cage-opened fullerene derivative to form the first
fullerenyl azide compound. The fullerene-bound azido group exhibits some unusual reactivity compared
with that exhibited by other organic azido compounds. Heating the azidofullerene at 100 �C only led to
the cleavage of peroxo groups in the compound, whereas the azido group remained unchanged. Triphen-
ylphosphine reacted with the azido group to form isolable iminophosphorane, which could not be hydro-
lyzed under normal acidic and basic conditions.
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Organic azido compounds are among the most useful reagents
in the organic synthesis. The azido group has a strong tendency
to extrude diatomic nitrogen as shown in many rearrangement
processes such as Curtis rearrangement, which leads to useful or-
ganic transformations that are difficult to be realized by other reac-
tions.1 The reduction of the azido group to –NH2 allows them to
serve as precursors for amines.2 The ‘click chemistry’3 based on
the Huisgen 1,3-dipolar cycloaddition of organic azides and al-
kynes4 has become a hot topic in recent years.5

In fullerene chemistry, organic azido compounds have been
extensively employed for fullerene functionalization and prepara-
tion of novel fullerene derivatives.6 For example, the first open-
cage fullerene7 and the first heterofullerene (azafullerene)8 were
both synthesized starting from the [2+3] cycloaddition reaction
of azido compounds and fullerene. Meanwhile, a number of azi-
do-containing fullerene derivatives have also been prepared for
special purposes. For example, azidophenyl group was attached
to pyrrolidinofullerene to form photoaffinity labels for enzyme tag-
ging.9 Further functionalization of the azido group through the
click chemistry3 has been proven as an efficient method for intro-
duction of new functionalities onto the fullerene system. Up to 15
sugar moieties10 and up to 12 porphyrins11 have been readily
introduced to [60]fullerene core through such click strategy. A six-
fold click reaction was also reported on a hexaazido macrocyclic
methanofullerene recently.12 However, the azido group in all the
reported fullerene derivatives is attached to the addend, not di-
rectly on the C60 cage. So far there has been no fullerene-bound azi-
do compound. Can the fullerenyl azide compound be prepared?
Will this species show the same reactivity as the conventional azi-
do compounds? Will the directly bonded azido group undergo
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rearrangement and insert into the fullerene skeleton? In this Let-
ter, we show that the azido group can be directly connected to ful-
lerene through the Lewis acid-promoted cage-close reactions. The
reactivity and thermo stability of this kind of new azido com-
pounds are also discussed.

The cage-opened compound 2 was prepared from a fullerendiol
precursor C60(OH)2(OOtBu)4 1 by oxidation with PhI(OAc)2 as we
have reported previously.13 The structure of 2 was determined pre-
viously by spectroscopic data. During the course of the present
work, we obtained single crystals of 2 by slow evaporation of its
solution in a mixture of CH2Cl2 and ethanol. The X-ray diffraction
data confirmed our earlier structural assignment (Fig. 1). The two
pentagons containing the carbonyl groups adopt an envelop shape
with the two carbonyl carbons lifted out of the cage surface by
about 0.5 Å. The two carbonyls are in close contact as shown on
the CPK model in Figure 1. The distances between the two carbonyl
oxygen atoms and the two carbon atoms are 2.581 and 2.636 Å,
respectively.

The proximity of the carbonyls results in their easy coupling
reaction when treated with nucleophiles. In the presence of a Lewis
Figure 1. Ellipsoid and CPK models of the X-ray structure of 2. The ellipsoids were
drawn at 50%. For clarity hydrogen atoms are not shown. Color scheme: gray, C; red, O.
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Scheme 3. Formation of epoxy azidofullerene by thermolysis.

416 Z. Jiang et al. / Tetrahedron Letters 51 (2010) 415–417
acid, trimethylsilyl azide TMSN3 effectively closes the opening to
form compound 3 through formation of hemiacetal and the azido
moieties (Scheme 1).14 Trace amount of water in the solvent may
provide the proton source for the hydroxyl group in 3. The present
addition pattern is the same as the reaction between alcohols and
compound 2, but different from the addition pattern of hydroxyl-
amine and primary amines which add to the alkene double bond
on the central pentagon and lead to the formation of hemiacetal
moiety.15

The azidofullerene derivative 3 shows different reactivity from
classical organic azido compounds. Attempted ‘click reaction’3

with alkynes did not give the expected triazofullerene derivatives.
In an attempt to reduce the azido group into an amino group, we
treated 3 with triphenylphosphine and obtained the iminophos-
phorane derivative 4 (Scheme 2). Unlike many of the traditional
substrates in Staudinger reactions, the iminophosphine group of
4 is quite stable. Treating 4 with common acids failed to hydrolyze
it into the corresponding ammonia adduct. Under basic conditions,
the hydroxyl group on the central pentagon rearranged to a posi-
tion next to a t-butylperoxo group to form 5, but the iminophos-
phine group remained unchanged. Similarly, treatment of
compound 3 with a base induced the shift of OH group to form
6. Addition of triphenylphosphine converted 6 to 5. The base-in-
duced shift of OH group on the central pentagon has been observed
before for similar fullerene derivatives.16

To test the thermal stability of the azido and peroxo groups, we
heated 3 in dichlorobenzene. A complex mixture was observed at
100 �C, probably as a result of decomposition of the peroxo groups.
To improve the selectivity excess pristine C60 was added into the
solution because pristine C60 should react with those reactive spe-
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Scheme 2. Reactions of fullerenyl azide.
cies resulting from decomposition of the t-butylperoxo group
(Scheme 3). Indeed, compound 7a with the azido group intact
was then obtained in 57% yield. In the process two t-butylperoxo
groups were converted into two epoxy groups located symmetri-
cally alongside the hemiacetal moiety. Prolonged heating at
100 �C or higher temperature could not afford any characterizable
skeleton rearranged fullerenes through the expected in situ forma-
tion of highly reactive nitrene species from the decomposition of
azido group, just led to decomposition mixtures. Compounds 7b
and 7c were obtained under similar conditions starting from the
corresponding precursors 4 and 8,13 respectively. It is worth notic-
ing that the azido and iminophosphorane groups remained un-
changed in the thermal conversion of 4 to 7.

Spectroscopic data are in agreement with the structures de-
picted in the Schemes. Compounds 3, 4, and 7 are all Cs symmetric.
Their NMR spectra showed the expected pattern. For example, the
azido derivative 3 showed two t-butyl signals at 1.46 and
1.47 ppm, and one OH signal at 5.1 ppm on the 1H NMR spectrum.
There are 28 sp2 and 4 sp3 fullerene skeleton carbon signals on the
13C NMR spectrum. The two acetal carbons appear at 97.5 and
106.9 ppm. The IR spectrum showed a band at 2109 cm�1, charac-
teristic of the azido stretching band. But these data cannot differ-
entiate different Cs symmetric structures such as location of the
two epoxy groups in compounds 7. Single crystal structure data
are needed to verify the assignment.

Various conditions were tested to grow single crystals. Slow
evaporation of the methoxyl derivative 7c in a mixture of toluene
and n-hexane yielded suitable single crystals. The X-ray structure
of compound 7c is shown in Figure 2. The epoxy groups are located
around the acetal moiety. The hydroxyl group is on the central
pentagon, and methoxy group is on the less hindered acetal car-
bon. Thus, methanol attacks the carbonyl group on the outside in
the coupling reaction of the diketone compound 2. The distance
between the two acetal carbons is 2.492 Å, much shorter than that
in the diketone compound 2 (2.636 Å).

In summary, the first fullerenyl azide was prepared through Le-
wis acid-promoted addition of trimethylsilyl azide to a cage-
opened fullerene derivative. This species shows chemical reactivity
Figure 2. Ellipsoid and stick models of the X-ray structure of 7c. Ellipsoids were
drawn at 50%. For clarity hydrogen atoms are not shown. Color scheme: gray, C; red, O.
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different from that of conventional azido compounds, such as no
activity in click reaction and its Staudinger reduction stops at the
aza-ylide stage. Work is in progress to study the detailed electronic
and steric effect of the fullerene moiety on the reactivity of the azi-
do group.
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