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Photolysis of (CsgN), solutions in the presence of neutral -donors, such as arenes and electron-rich
alkenes leads to a series of novel aza[60]fullerene monoadducts. The key step of the reaction involves
a photoinduced electron transfer from the donor molecule to the iminium cation of aza[60]fullerene,
followed by radical coupling of the resulting aza[60]fullerenyl radical with an intermediate stabilized

radical derived from the substrate. This type of reactivity has been proven efficient with arenes having
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oxidation potential higher than about 1.5 V. Simple olefins, such as tri- and tetra-methylethylene, as well
as cyclohexene, can also participate in this kind of photoinduced electron transfer-initiated reaction with
CsoN™, affording the corresponding aza[60]fullerene derivatives. In the case of 2-methoxyprop-1-ene,
2,4-hexadiene, and B,B-dimethylstyrene, [2+2] cycloaddition reactions with the aza[60]fullerene carbon
shell dominate, leading to a mixture of unidentified multiadducts.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Despite the very rich chemistry of Cgg and the great number of
functionalization techniques that have been developed over the
years,! similar progress regarding its nitrogen substituted coun-
terpart, aza[60]fullerene (1, Fig. 1), has been hampered thus far by
the low symmetry of the heterofullerene sphere and by the fact that
aza[60]fullerene is isolated as a dimer (2, Fig. 1).2 In other words,
the typical fullerene reactions can take place on any of the [6,6]
double bonds of the two balls, affording complicated mixtures of
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Fig. 1. Azafullerenyl radical CsgN* (1) and azafullerene dimer (CsgN), (2).
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isomers that are impossible to isolate and characterize. For exam-
ple, one single addition on a [6,6] double bond in 2 can lead to 16
distinct isomers. As a result, only a few methods for the synthesis of
well-defined aza[60]fullerene adducts are known at present.’

The trapping of the azafullerenyl radical 1 was initially utilized to
afford adducts 3 and 4 (Fig. 2); radical 1 was produced from dimer 2
either thermally or photochemically in the presence of a hydrogen
atom donor, such as tributyl-tinhydride* or diphenylmethane,’
respectively. In the same way, 9-alkyl-substituted fluorenes, 9,10-
dihydroanthracene, and xanthene gave the corresponding mono-
adducts 5, 6, and 7 (Fig. 2).5 A free radical chain mechanism has been
proposed for the production of these aza[60]fullerene derivatives.>~’

However, the most efficient way to prepare aza|[60]fullerene
monoadducts involves the thermal treatment of the dimeric
(Cs9N)3 in the presence of air and excess toluene-p-sulfonic acid (p-
TsOH), a procedure that oxidizes the produced azafullerenyl radical
1 to aza[60]fullerene iminium cation CsoN™" (8, Scheme 1), which is
isoelectronic to Cgp. This entity can be easily trapped by nucleo-
philes, such as electron-rich aromatics,>® enolizable carbonyl
compounds,'© as well as alcohols and olefins,!! furnishing the cor-
responding azafullerene derivatives (Scheme 1). The presence of
both the oxygen and the acid is crucial for the above reactions to
take place. It has been proposed that oxygen acts as the oxidizing
agent, whereas toluene-p-sulfonic acid probably traps the reduced
oxygen species and adjusts the solution’s pH.2
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Fig. 2. Hydroaza[60]fullerene CsgHN (3) and aza[60]fullerene monoadducts
Cs9(CHPh,)N (4), 5, 6, and 7.

Scheme 1. Aza[60]fullerene iminium cation reactivity.

It is also worth mentioning that aza[60]fullerene multiadducts'?
have been successfully prepared and characterized starting from
open-cage fullerene derivatives.!?

Arene donors'# as well as electron-rich olefins!® are well-known
for their ability to photochemically add to iminium cations of the
general type 9 (Fig. 3). The mechanism that has been established for
these reactions involves a photoinduced electron transfer (PET) from
the m-system of the arene/olefin to the single excited state of the
iminium cation in the first step, followed by the coupling of the two
resulting radicals. The structural similarity between conventional

Fig. 3. Structural resemblance of aza[60]fullerene carbocation 8 with iminium cations
in general (9).

iminium cations and aza[60]fullerene iminium cation 8 (Fig. 3)
prompted us to investigate the (CsgN); reactivity toward m-electron
donors under photochemical conditions. Herein, we present the
photochemical addition of benzyltrimethylsilanes and electron-rich
alkenes to CsgN™ through a PET-initiated chain mechanism.

2. Results and discussion

2.1. Photoinduced electron transfer reactions between
iminium cation C5oN* and substituted benzyltrimethylsilanes

In a preliminary communication, we have reported that photo-
chemically generated aza[60]fullerene iminium cation 8 reacts with
benzyltrimethylsilane (10b) to give monoadduct 11b (Scheme 2).16
(Cs9N),, together with a large excess of benzyltrimethylsilane, was
irradiated in an o-dichlorobenzene (ODCB) solution in the presence
of air and p-TsOH. After semi-preparative HPLC purification of the
crude product, adduct 11b was isolated in 28% yield. The proposed
mechanism for the formation of 11b is illustrated in Scheme 2.
Iminium cation 8 derives from the oxidation of azafullerenyl radical
1, which is generated by the photochemical homolysis of (CsgN),.
Next, the key step of this reaction sequence, involving a photoin-
duced electron transfer from benzyltrimethylsilane 10b to iminium
cation 8, affords radical cation pair 12. Subsequent loss of the SiMe3
group leads to the neutral radical pair 13.4!> Adduct 11b is even-
tually formed after radical coupling in 13 and self-sensitized pho-
tooxygenation'” of the resulting intermediate 14.

’ 6‘ 1 -SiMes*
L) | =
NG

14 11b

Scheme 2. The photoinduced electron transfer reaction between CsgN™ (8) and ben-
zyltrimethylsilane (10b) affording 11b.

In the same context, Yoshida and co-workers have more recently
reported the reaction of an electrochemically generated N-acyli-
minium ion pool with a series of benzylsilanes.!® In agreement with
the discussion above, they proposed that the reaction proceeds
through a chain mechanism initiated by a single electron transfer
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(SET) from benzylsilane to N-acyliminium cation, followed by
desilylation of the formed benzylsilane radical cation.

With the aim of further studying the PET reactivity of iminium
cation 8 toward benzyltrimethylsilanes of various oxidation poten-
tials, we synthesized the series of benzyltrimethylsilanes depicted in
Table 1 (10a,c—e), which are substituted with electron-withdrawing
or electron-donating moieties. In Table 1 we also provide the oxi-
dation potentials for these benzylsilanes. The lower the oxidation
potential of a substrate, the higher its reactivity with formal iminium
cations.!® Benzyltributylstannane (15, Table 1) was also included in
our studies. Due to its lower oxidation potential, in comparison with
benzylsilanes 10a—e, this compound was expected to be the most
reactive toward aza[60]fullerene iminium cation 8.

Table 1
Oxidation potentials of benzyltrimethylsilanes 10 and benzyltributylstannane 15

Substrate Oxidation potential (V)?
SiMeg
1.68
F
10a
SiMe3
1.68
10b
dj/\sil\/' ° 1.62
10c
SiMe3
1.55
10d
1.37
MeO
10e
SnBus
1.24
15

¢ Taken from Ref. 18.

All reactions were performed according to the experimental con-
ditions utilized in the preparation of adduct 11b.1® We initially chose
to study the photoinduced reaction of (4-fluorobenzyl)trimethylsi-
lane (10a) with 8. As shown by HPLC analysis, azafullerene dimer is
slowly consumed during this reaction, though without affording the
corresponding monoadduct, at least in a detectable amount. Given
that 10a has the same oxidation potential as 10b (vide supra), this is
a rather surprising observation. The lack of aza[60]fullerene mono-
adduct formation in this case can only be attributed to the existence of
the fluorine substituent, i.e., the electronics of 10a, which, neverthe-
less, are not translated into a higher oxidation potential.

Next, we examined the reactivity of trimethyl(2-methylbenzyl)
silane (10c) and trimethyl(4-methylbenzyl)silane (10d). Adducts
11c and 11d (Fig. 4) were isolated, respectively, in about 10% yield.
Unlike most known fullerene derivatives, the solubility of these
adducts in CS; was rather poor. A representative 'H NMR spectrum
of derivative 11d is presented in Fig. 5.

(4-Methoxybenzyl)trimethylsilane (10e) and benzyltributyl-
stannane (15) were also subjected to PET reaction conditions in the
presence of in situ generated aza[60]fullerene iminium cation.
Taking into account the low oxidation potential of these compounds
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Fig. 5. "H NMR (500 MHz, acetone-dg/CS,) spectrum of 11d.

(Table 1), their reactions with CsgN™ were anticipated to proceed
smoothly furnishing the corresponding azafullerene monoadducts.
Nevertheless, as was clearly shown by HPLC analysis, azafullerene
dimer 2 was gradually consumed upon irradiation without leading
to the desired products. In this respect, irradiation of Cgg solutions in
the presence of benzyltrialkylstannanes, such as 15, is known to lead
to single electron transfer from the stannanes to the fullerene
skeleton, affording the radical anion of Cgg (Cs0*7).1° We speculate
that similar electron transfer reactions occur in the case of CsgN™;
however, these reactions are obviously not taking place selectively
on the iminium cation segment of the cage, in order to afford the
corresponding a-amino radical/radical cation pair (12 in Scheme 2),
but, instead, on the carbon shell of CsoN™ leading to a complex
mixture of multiadducts, difficult to identify and isolate. It therefore
seems that the enhanced efficiency with which 10e and 15 can lose
one electron turns out to be a disadvantage in the case of their PET
reactions with (CsgN),.

2.2. Photoinduced electron transfer reactions between
iminium cation C5oN™ and electron-rich olefins.
Photochemical attachment of aliphatic chains on the
azafullerene core

As already mentioned in the introduction, simple alkenes are
known to photochemically react with iminium cations.' In an ear-
lier work, Mariano and co-workers have reported that irradiation of
methanolic solutions containing iminium cation salts together with
unsaturated compounds such as isobutylene, cyclohexene, methyl
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B,B-dimethylacrylate, or 1,3-butadiene, leads to the corresponding
addition products. The established reaction mechanism involves
a photoinduced electron transfer from the m-system of the alkene to
the single excited state of the iminium cation.!>?

The applicability of this functionalization methodology in the
field of azafullerene chemistry was studied by replacing formal
iminium cations with aza[60]fullerene iminium cation 8 and ap-
plying PET reaction conditions in the presence of olefins 16—24
(Fig. 6). The experimental procedure that was followed was the
same as in the case of benzylsilanes discussed earlier: CsgN* was
photochemically produced in situ from (CsgN),, in an ODCB solu-
tion and in the presence of p-TsOH, oxygen, and the olefin.

HaC HsC.  CHj H,C,
16 17 18
HO
@ CH3HC=CHCO,CHj \/>:
19 20 21
OCHg

22 23 24
Fig. 6. Olefin substrates 16—24.

The reaction of aza[60]fullerene dimer (2) with trimethyl-
ethylene (16) gave essentially one new peak in the corresponding
HPLC chromatogrames, attributed to a new aza[60]fullerene adduct.
This adduct was isolated from the reaction mixture by column
chromatography (SiO», toluene) and further purified by utilizing
a semi-preparative HPLC column. The same isolation and purifica-
tion procedure was followed for all azafullerene adducts we report
in this section.

The new derivative was characterized by means of 'H, 'TH-'H
COSY, and HMQC NMR experiments, and found to consist of the two
inseparable isomers 25a and 25b (Scheme 3)ina ~2.2/1 molar ratio.
Arepresentative 'H NMR spectrum (500 MHz, CDCl3/CS;) of the 25a/
25b mixture is displayed in Fig. 7. The resonances between 5.1 and
6.6 ppm correspond to the vinylic protons of both isomers. Hence,
the Hy proton of 25a resonates at 6.47 ppm as a doublet of doublets,
because of its coupling with the two geminal protons H;
(Jeis=10.5 Hz) and H3 (Jirans=17.5 Hz); Hz and Hs protons are coupled

H3C
(CsoN)2  + > =\
H3C CHs;
2 16

hv
p-TsOH/O2

25a 25b

Scheme 3. Photochemical addition of olefin 16 to azafullerene dimer 2.

with H; appearing as doublets at 5.40 (Js=10.5 Hz) and 5.58 ppm
(Jtrans=17.5 Hz), respectively. Furthermore, the singlet at 5.20 ppm
corresponds to one of the two geminal protons of 25b (Hs or Hg),
whereas the peak of the other germinal proton overlaps with H; at
about 5.40 ppm. The allylic proton of 25b (H4) is observed as
aquartet at 5.44 ppm (J=6.5 Hz), due to the splitting from the methyl
group CH3. Note that H4 resonates at lower fields in comparison to
typical allylic protons because besides being allylic, it is also next to
the azafullerene sphere, and, therefore, suffers further deshielding.
Both CH} methyl groups appear as a singlet at 1.86 ppm, the CH3
group resonates also as a singlet at 2.12 ppm, while the CH3 methyl
group is split by Hs into a doublet (J=6.5 Hz) observed at 1.72 ppm.

According to what we have already discussed above, concerning
the photoinduced electron transfer reactions of iminium cations,
the formation of the two isomers (25a and 25b, Scheme 3) can be
explained on the basis of the mechanism depicted in Scheme 4:
light-promoted electron transfer from the double bond of 16 to
C59N™ leads to the formation of the radical cation pair 26. Next,
proton H; or either proton Hy, or Hc can be abstracted, affording the
neutral radical pair 27a or 27b, respectively. Finally, coupling of the
allylic radicals in 27a and 27b with azafullerenyl radical CsgN* and
self-photooxygenation!” of the resulting azacompounds affords fi-
nal products 25a and 25b, respectively.

The mechanism proposed in Scheme 4 reveals an interesting
feature of the addition reactions between olefins and aza[60]ful-
lerene iminium cation (8). In particular, radical pairs 27a and 27b
lead to the final products after the attachment of CsgN° to the most
substituted end of the intermediate allylic radical. If radical cou-
pling at the least substituted allylic carbon had taken place simul-
taneously, derivatives 25a’ and 25b’ (Fig. 8) would have been
formed as well. However, these derivatives were not detected in the
TH NMR spectra of the reaction products. On the basis of solely
stereochemical hindrance criteria, this result is rather surprising
and unanticipated. Indeed, it is well-established that similar radical
couplings between a-amino radicals and allylic radicals, produced
from allylsilanes R,C=CHCH,SiR3, take place exclusively at the
least substituted terminus.°

The exclusive formation of adducts 25a and 25b, instead of their
isomers 25a’ and 25b’, can be explained in terms of the greater
stability of a tertiary or a secondary radical versus a primary one
(Scheme 5). Also note that a wide variety of free radicals can
multiply add to fullerene molecules leading to free radical mono-
and multiadducts.?! That being said, the primary radicals in radical
pairs 27a and 27b (Scheme 5) are very unstable and, therefore,
highly reactive toward the aza[60]fullerene carbon cage. Conse-
quently, no regioselectivity is expected during their addition re-
actions, and multiple addition products rather than monoadducts
25a’ and 25b’ will be formed. The stabilized secondary and tertiary
radicals (Scheme 5) on the other hand, are less reactive and can add
regioselectively to the a-amino radical center of azafullerenyl rad-
ical 1, affording compounds 25a and 25b that are eventually iso-
lated. In any case, and beyond the above rationalization, the
influence of stereoelectronic effects on the observed regiose-
lectivity cannot be ruled out.

Moreover, the formation of isomer 25a at a greater percentage
than 25b (25a/25b=~2.2/1) is observed due to the enhanced sta-
bility of the tertiary radical (in comparison with the secondary one).
This means that either the formation of radical pair 27a, bearing the
tertiary radical, is favored over the formation of 27b (i.e., Hi ab-
straction is more favorable than Hi; or H¢ abstraction), or that the
tertiary radical adds to the a-amino radical center of 1 with an
enhanced regioselectivity in comparison with the secondary one.
Of course, both scenarios may occur simultaneously.

The photochemical reactions of aza[60]fullerene iminium cation
(8) with substrates 17 and 18 (Fig. 6) have also furnished the cor-
responding new adducts 28, 29a, and 29b illustrated in Fig. 9. We
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Fig. 7. "H NMR spectrum (500 MHz, CDCl3/CS,) of 25a/25b mixture.

25a 25b

Scheme 4. Proposed mechanism for the photochemical addition of 16 to iminium
cation CsoN™.

speculate that these products are also formed via the mechanistic
pathway shown in Scheme 4. Tetramethylethylene (17), due to its
high symmetry, led to a single product (28), whereas 18, similarly to
16, gave a mixture of two isomers (29a and 29b).

The photochemical addition of cyclohexene (19, Fig. 6) to CsgN*
afforded aza[60]fullerene derivative 30 (Scheme 6), as identified by
H, 'TH-'H COSY, and HMQC NMR experiments. Note that the

25a’ 25b’

Fig. 8. Hypothetical monoadducts 25a’ and 25b’ (not observed).

mem e

Scheme 5. Resonance structures of the allylic radicals in radical pairs 27a and 27b.

thermal addition of the structurally similar cyclooctene to CsgN™ has
been reported earlier (Scheme 7). This reaction has been proposed
to proceed via the nucleophilic addition of cyclooctene to CsgN™ (8),
followed by proton elimination, and gives four isomeric CsgN/
cyclooctene adducts (Scheme 7). These isomers supposedly derive
after acid-catalyzed isomerization of the double bond on the
cyclooctenyl ring of the aza-adduct. Under the PET conditions of our
experiment, the formation of only one isomer has been achieved
from the reaction of cyclohexene with CsgN™; double bond isomer-
ization of the cyclohexenyl ring in 30 does not take place in this case.

PET functionalization of CsgNt with compounds 20 and 21
(Fig. 6) was also attempted but proved to be unsuccessful. Instead,
these reactions provided compounds 31 and 32, respectively
(Fig. 10). Apparently, acidic hydrolysis of the ester group in 20
produces a methanol molecule that attacks the azafullerene imi-
nium cation to give adduct 31. Product 32 is also the result of
a nucleophilic attack of the hydroxyl group of 21 to cation 8. Thus,
nucleophilic attack to iminium cation 8 is a much more efficient
process than photoinduced electron transfer, at least concerning
the double bonds of alkenes 20 and 21.
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150 °C
(CsoN)2 + > .
p-TsOH/O, .

31 32

Fig. 10. Molecular structures for compounds 31 and 32.

Finally, we also tested whether 22—24 (Fig. 6) exhibit PET re-
activity against CsgN™. The double bonds of these olefins are fairly
electron-rich; however, their irradiation in the presence of (Cs9N)2
resulted in the formation of many different, unidentified multi-
adducts emanating from [2+2] cycloadditions on the aza[60]ful-
lerene carbon core. This kind of reactivity is well-established for
these substrates in their reactions with fullerene Cgg.2>23

3. Conclusion

The results presented herein comprise the first detailed study on
the photoinduced electron transfer reactivity of azafullerene imi-
nium cation CsgN™, the least developed azafullerene functionali-
zation methodology. A series of arenes and electron-rich olefins
were utilized as substrates. Arenes with oxidation potentials higher
than about 1.5 V (benzyltrimethylsilane, trimethyl(2-methyl-
benzyl)silane and trimethyl(4-methylbenzyl)silane) are generally

suitable for this reaction type. With benzyltributylstannane and
benzyltrimethylsilanes having oxidation potentials lower than
about 1.5 V, photoinduced electron transfer toward CsgN*t occurs
readily, though not solely on the iminium cation moiety of CsgN™,
leading to the formation of multiaddition products that are difficult
to isolate and identify. In the second part of our study it was shown
that simple olefins, such as tri- and tetra-methylethylene, as well as
cyclohexene, also participate in photoinduced electron transfer-
initiated reactions with CsgN', giving new aza[60]fullerene de-
rivatives that bear small aliphatic chains. These adducts are isolated
in relatively low yields (about 10%, see Experimental section)’
because the unstable free radical species that are formed during
the reaction are expected to attack the azafullerene carbon shell
non-regiospecifically. Finally, relatively electron-rich alkenes, such
as 2-methoxyprop-1-ene, 2,4-hexadiene, and fB,8-dimethylstyrene,
react with azafullerene iminium cation CsgN™, albeit in a [2+2]
cycloaddition mode, providing unidentified azafullerene
multiadducts.

4. Experimental
4.1. General remarks

All photochemical reactions were carried out using a 300 W
Xenon lamp as the light source and a Pyrex filter (>290 nm
wavelength). Nuclear magnetic resonance (NMR) spectra were
recorded on a Bruker AMX-500 MHz spectrometer in the appro-
priate solvent. Chemical shifts are reported in parts per million
downfield from Me4Si (6=0 ppm), by using the residual solvent
peak as an internal standard. Coupling constants (J) are in hertz. The
purchased reagents and solvents were used as-received without
further purification. High performance liquid chromatography
(HPLC) analyses were carried out on a Cosmosil 5C18-MS-II (4.6
IDx250 mm) reverse phase column with detection at 326 nm. A
mixture of toluene/acetonitrile (60/40) was used as eluent at 1 mL/
min flow rate. Chromatography refers to flash column chroma-
tography and was carried out on SiO, (silica gel 60, SDS,
230—400 mesh ASTM). Azafullerene adducts were further purified
by HPLC using a semi-preparative Cosmosil 5PBB (10 IDx250 mm)
normal phase column. A mixture of toluene/hexane (70/30) was
used as eluent at 4 mL/min flow rate (detection at 326 nm).

Aza[60]fullerene (CsoN),®® benzyltrimethylsilanes 10, and
benzyltributylstannane 15'® were prepared according to published
experimental procedures and were identified by comparing their
spectra with those reported in the literature.'82>26

4.2. General procedure for the photochemical reactions of aza
[60]fullerene iminium cation C5oN*

Aza[60]fullerene (CsgN); 2 (20 mg, 13.8x10~3 mmol) together
with a 35-fold excess of p-TsOH (90 mg, 0.48 mmol) were dissolved
in 10 mL ODCB (HPLC grade). Next, 500 equiv of the w-donor (arene
or olefin) was added and the solution was irradiated with the Xe-
non lamp while bubbling with a gentle stream of air. The temper-
ature of the reaction was maintained at 0 °C using an ice bath.
Reaction progress was followed by HPLC. All irradiations typically
lasted from 2 to 3 h (dimer 2 was not completely consumed). After
that, the reaction mixture was poured on a column of silica/toluene
in order to neutralize p-TsOH and get rid of the azafullerene mul-
tiadducts that are insoluble in ODCB. Elution with toluene gave
a brown-colored fraction containing the aza[60]fullerene adduct.
The solvent was then removed in vacuo at 60 °C, and the remaining
solid was washed and centrifuged four times with acetonitrile HPLC
grade. Further purification of the reaction products was achieved by
semi-preparative HPLC. All aza[60]fullerene derivatives were col-
lected in about 10% isolated yield.
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4.2.1. Aza[60]fullerene adduct 11c. Thisadduct was isolated in about
10% yield (2.4 mg). Compound 11¢: mp>360 °C; '"H NMR (500 MHz,
acetone-dg/CS;): 6 7.3—7.0 (m, 4H), 5.81 (s, 2H), 2.69 (s, 3H) ppm.

4.2.2. Aza[60]|fullerene adduct 11d. This adduct was isolated in
about 10% yield (2.2 mg). Compound 11d: mp>360 °C; 'H NMR
(500 MHz, acetone-dg/CS;): 0 7.58 (d, J=7 Hz, 2H), 7.25 (d, J=7 Hz,
2H), 5.74 (s, 2H), 2.42 (s, 3H) ppm.

4.2.3. Aza[60]fullerene adducts 25a and 25b. This product mixture
was isolated in 15% yield (3.3 mg). Compounds 25a, 25b:
mp>360 °C; 'H NMR (500 MHz, CDCl3/CS,): 6 6.47 (dd, Jjs=10.5 Hz,
Juans=17.5 Hz, 1H of 25a), 5.58 (d, Jirans=17.5 Hz, 1H of 25a), 5.44 (q,
J=6.5 Hz, 1H of 25b), 5.40 (d, J.is=10.5 Hz, 1H of 25a), 5.40 (s, 1H of
25b), 5.20 (s, 1H of 25b), 2.12 (s, 3H of 25b), 1.86 (s, 6H of 25a), 1.72
(d, J=6.5 Hz, 3H of 25b) ppm.

4.2.4. Aza[60]|fullerene adduct 28. This adduct was isolated in 11%
yield (2.5 mg). Compound 28: mp>360 °C; 'H NMR (500 MHz,
CDCl3/CS3): 6 5.36 (s, 1H), 5.18 (s, 1H), 2.21 (s, 3H), 1.90 (s, 6H) ppm.

4.2.5. Aza[60]fullerene adducts 29a and 29b. This product mixture
was isolated in 10% yield (2.2 mg). Compounds 29a, 29b: mp>360 °C;
'H NMR (500 MHz, CDCl3/CS,): 6 6.05 (m, 1H of 29a), 5.37 (s, 1H of
29b),5.37 (m, 1H 0f 29a), 5.26 (s, 1H 0of 29b), 5.21 (t,]=7 Hz,1H 0f 29b),
2.10(s,3H0f29b),1.91 (m, 2H of 29b), 1.89 (d, J=5 Hz, 3H of 29a), 1.84
(s, 6H of 29a), 1.21 (t, J=7.5 Hz, 3H of 29b) ppm.

4.2.6. Aza[60]|fullerene adduct 30. Derivative 30 was proven very
labile as it decomposes when passed through the semi-preparative
HPLC column. However, its crude "H NMR spectra, following silica
gel chromatography, were quite clean and fortunately allowed its
structure identification. Compound 30: 'H NMR (500 MHz, CDCls/
CSy): 6 6.24 (m, 1H), 6.17 (m, 1H), 543 (m, 1H), 2.62 (m, 1H),
2.37—-2.00 (m, 4H), 1.88 (m, 1H) ppm.

Acknowledgements

This work was co-funded by the Greek Ministry of Education
and the European Union through research and education action
programs PYTHAGORAS II 2005 and IRAKLITOS 2002.

References and notes

1. Reviews on fullerenes’ reactivity: (a) Hirsch, A.; Brettreich, M. Fullerenes:
Chemistry and Reactions; Wiley-VCH: Weinheim, Germany, 2005; (b) Thilgen,
C.; Diederich, F. Chem. Rev. 2006, 106, 5049—5135.

2. Hummelen, J. C.; Knight, B.; Pavlovich, ].; Gonzalez, R.; Wudl, F. Science 1995,
269, 1554—1556.

3. Vostrowsky, O.; Hirsch, A. Chem. Rev. 2006, 106, 5191—-5207.

4, Keshavarz-K, M.; Gonzdlez, R.; Hicks, R. G.; Srdanov, G.; Srdanov, V. I.; Collins, T.
G.; Hummelen, ]. C.; Bellavia-Lund, C.; Pavlovich, J.; Wud], F.; Holczer, K. Nature
1996, 383, 147—150.

5. Bellavia-Lund, C.; Gonzalez, R.; Hummelen, J. C.; Hicks, R. G.; Sastre, A.; Wudl, F.
J. Am. Chem. Soc. 1997, 119, 2946—2947.

6. (a) Vougioukalakis, G. C.; Orfanopoulos, M. Tetrahedron Lett. 2003, 44,
8649—8652; (b) Vougioukalakis, G. C.; Roubelakis, M. M.; Orfanopoulos, M. J.
Org. Chem. 2010, 75, 4124—4130.

7. Vougioukalakis, G. C.; Hatzimarinaki, M.; Lykakis, I. N.; Orfanopoulos, M. J. Org.
Chem. 2006, 71, 829—832.

8. Nuber, B.; Hirsch, A. Chem. Commun. 1998, 405—406.

9. Vougioukalakis, G. C.; Chronakis, N.; Orfanopoulos, M. Org. Lett. 2003, 5,
4603—4606.

10. Hauke, F.; Hirsch, A. Chem. Commun. 1999, 2199—2200.

11. Hauke, E.; Hirsch, A. Tetrahedron 2001, 57, 3697—3708.

12. Zhang, G. H.; Huang, S. H.; Xiao, Z.; Chen, Q.; Gan, L. B.; Wang, Z. M. J. Am. Chem.
Soc. 2008, 130, 12614—12615.

13. For a review article on open-cage fullerenes see: Vougioukalakis, G. C.; Rou-
belakis, M. M.; Orfanopoulos, M. Chem. Soc. Rev. 2010, 39, 817—844.

14. Borg, R. M.; Heuckeroth, R. O.; Lan, A. J. Y.; Quillen, S. L.; Mariano, P. S. J. Am.
Chem. Soc. 1987, 109, 2728—2737.

15. (a) Mariano, P. S.; Stavinoha, J. L.; Pepe, G.; Meyer, E. F,, Jr. J. Am. Chem. Soc. 1978,
100, 7114—7116; (b) Mariano, P. S. Acc. Chem. Res. 1983, 16, 130—137.

16. Vougioukalakis, G. C.; Orfanopoulos, M. J. Am. Chem. Soc. 2004, 126,
15956—15957.

17. Self-photooxygenation of aza[60]fullerene and [60]fullerene adducts: (a) Tag-
matarchis, N.; Shinohara, H.; Pichler, T.; Krause, M.; Kuzmany, H. J. Chem. Soc.,
Perkin Trans. 2 2000, 2361—-2362; (b) Chronakis, N.; Vougioukalakis, G. C.; Or-
fanopoulos, M. Org. Lett. 2002, 4, 945—948.

18. Maruyama, T.; Mizuno, Y.; Shimizu, I.; Suga, S.; Yoshida, J.-i. . Am. Chem. Soc.
2007, 129, 1902—1903.

19. Krusic, P.J.; Wasserman, E.; Parkinson, B. A.; Malone, B.; Holler, E. R,, Jr.; Keizer,
P. N.; Morton, J. R.; Preston, K. F. J. Am. Chem. Soc. 1991, 113, 6274—6275.

20. Ohga, K;; Yoon, U. C.; Mariano, P. S. J. Org. Chem. 1984, 49, 213—219.

21. Review article on addition of free radicals to C60: Morton, J. R.; Negri, E;
Preston, K. F. Acc. Chem. Res. 1998, 31, 63—69.

22. Vassilikogiannakis, G.; Chronakis, N.; Orfanopoulos, M. J. Am. Chem. Soc. 1998,
120, 9911-9920.

23. (a) Vassilikogiannakis, G.; Orfanopoulos, M. Tetrahedron Lett. 1997, 38,
4323-4326; (b) Vassilikogiannakis, G.; Orfanopoulos, M. J. Am. Chem. Soc. 1997,
119, 7394—7395.

24. Unfortunately, several attempts to observe the molecular ion of these adducts
in MALDI experiments were not successful. Instead, only the molecular ion
peak of the C59NO (m/z 738) fragment was observed for all samples.

25. Klein, J.; Medlik, A.; Meyer, A. Y. Tetrahedron 1976, 32, 51-56.

26. Hirao, T.; Morimoto, C.; Takada, T.; Sakurai, H. Tetrahedron 2001, 57, 5073—5079.



