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The main product of the cycloaddition of 1,3-diallyl-5-(5"-azidopentyl)-1,3,5-triazine-2,4,6-(1H,3H,5H)-trione to Cy, at 100 °C is
an N-isocyanurate-substituted aziridino[1,6][60]fullerene.

The reactions of fullerenes with organic azides result in varioutographed on silica gel. The unreacted fullerene (13% of the

products. It is well knowk? that N-substituted triazolino[1,2]- initial amount) and product (23% yield) and3 (1-2% yield)

[60]fullerenes are formed at the first stage of the reactions ofeere isolated. After the removal of the eluent in a vacuum,

azides with G, The subsequent thermal elimination gfffdm product2 was stirred in diethyl ether and dried in a vacuum at

triazolinofullerenes led to azahomo[60]fullerenes (the struc50 °C for 2 h.

tures with an open 5,6-junction of fullerene) as major products

and to aziridino[1,2][60]fullerenes (the product of addition to a o  CHCH=CH,

closed 6,6-junction of fullerene) as minor products. Moreovetr, i >_ /

was suggestédhat aziridino[1,6][60]fullerenes at the 5,6-junc- w /7N

tion of G, are intermediate products of dissociation without 5 1 N34 >=O

opening the fullerene framework. This formation of monoad- )_ \10 1w

ducts was proved by the isolation of triazolino[1,2]- and aziri- 0 o CH,CH=CH,

dino[1,2][60]fullerenes, as well as azahomo[60]fullerenes, fromr

reaction mixtures. The formation of aziridino[1,6][60]fullerenes Ceo *

is still an open question. Theoretically, these structures can exi

and even be stable. Banésal3 have reported on the isolation

of aziridino[1,6][60]fullerene. However, Smitt al4 and Schick

et al5 have cast doubt on these results. In this study, w

examined the reaction of &hisocyanurate-substituted azide with

[60]fullerene and isolated a product, which was characterized & 1 All=CH,CH=CH, 2

the 5,6-closed product of cycloaddition of the azidegpuSing

spectral methods. The elemental analysis of compougtshowed that it is a
Earlier we found that the main product of the cycloadditionmonoadduct of g and azidel. The 13C NMR spectrum of

reactions of 1,3-diallyl-5-(5azidopentyl)-1,3,5-triazine-2,4,6- this monoadduct exhibited 31 signals in the region typical of

(1H,3H,5H)-trione 1 to G, in o-dichlorobenzene at 180 °C was sp? carbon atoms of fullerene derivatives l{fetween 130 and

1,3-diallyl-5-[5-(azahomo[60]fullereno)pentyl]-1,3,5-triazine- 150 ppm). The intensities of 4 signals corresponded to one car-

2,4,6-(H,3H,5H)-trione 3, which exhibitedR; = 0.59 (eluent:  bon atom, and the intensities of 27 signals corresponded to two

toluene—diethyl ether, 10:1). In addition3pproducts? and4 carbon atoms. An additional signabat20.21 ppm was observed

were also isolated from the reaction mixture by column chroin the spectrum, the intensity of which corresponded to two car-

matography in low yields. bon atoms. Earligt the signal ab 120 ppm was not observed

in the 13C NMR spectra of compoun8 and azahomo[60]ful-

lerenest If this signal is due to thgw carbon of fullerene, such

a set of signals corresponds to a monoadduct at the 6,6-junction

or closed 5,6-junction of fullererfeNote that for known aziri-

dino[1,2][60]fullerenes thep? carbon signals were usually de-

0 tected at) 75 and 85 ppm.Bankset al3 observed a signal at

Al Al g0ec 104.2 ppm in thé3C NMR spectrum of aziridino[1,6][60]ful-

Ceo+ j\ o solvent lerene. This signal was ascribedsf carbons of fullerene.
o N O T Compound2: *H NMR (400 MHz, CDC}) ¢: 4.50 (d, 4H, CH9 3J,,,
I 6.5 Hz), 5.88 (ddt, 2H, CHL 23 10.9 Hz, 338 18.0 Hz), 5.24
(CHs (d, 2H, CH42), 5.32 (d, 2H, CH13, 4.00 (m, AAXX', 2H, CH3,
,'\l 33,y 7.4 Hz), 1.84 (m, 2H, CH), 1.79 (m, 2H, CH), 2.07 (m, 2H,
s CHY9), 3.81 (m, 2H, CHY, 33, 7.0 Hz).13C NMR (100.62 MHz, CDG)

1 All = CH,CH=CH, 3 0: 148.69 (s, 2C, &), 148.42 (s, 1C, §, 44.9 (C19, 130.89 (dm,

Ce1L 13, 156.6 Hz), 118.99 (tm, 02 L, 158.2 Hz), 42.9 (6), 27.6
We supposedthat compoundt (R = 0.1) was the diadduct (C'4), 24.4 (G9), 28.9 (GF), 51.3 (G7); C4N: 120.21 (2C), 133.67 (2C),
of azide1 and [60]fullerene. The spectral characteristics of(123§)-71 3%?5 %385161%02,51(%-)10122006)551(?576?71(200%1?2758l(zllf)é 61?2769)9
roduct2 (R, = 0.75) were not reported previouslyecause of » 299 ) 199 ) LY ) Y P 5 :
2 very Iom%ield. Agcording to thg valuepB;, we S'gppose this 142,57 (20), 142,67 (2C), 142.73 (2C), 142.84 (2C), 143.04 (2C), 143.32

orcing 2C), 143.47 (1C), 143.57 (2C), 143.77 (2C), 144.04 (2C), 144.08 (2C),
g;?g:lct to be a low-polarity monoadduct of [60]fullerene andi; e (2C), 144.27 (2C), 144.36 (2C), 144.49 (2C), 144.65 (2C), 144.96

. . - 2C), 146.68 (1C), 147.73 (2C). UV-VIS o, Ama/NM (Ige€)]: 261

To obtain compoun@ in amounts sufficient for a structural (5.1)5)’ 330 (4(.54))' 403 (3.7(1)7)430 (3.48)F%E§ (3”.‘3’!5). Ié%égml):
stqdy by_ spectral methods, the_ conditions of the reaction 690 (C=0), 1645 (C=C), 928.991 (=C-H), 2921, 2851, 1455 (CH), 526
azidel with G5 were changedodichlorobenzene as a solvent, (c,,). Found (%): C, 87.30; H, 2.10; N. 5.48. Calc. forHGN,O,:

100 °C). The reaction mixture was heated for 4 h and chroma{GH-CH,), , (%): C, 87.81; H, 2.09; N, 5.43.
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Figure 1 UV-VIS spectra of1) N-isocyanurate-substituted aziridino[1,6]-
[60]fullerene2, (2) azahomo[60]fulleren8 and @) aziridino[1,2][60]ful-
lerene5 in CH,Cl,.

The UV-VIS spectrum of compourd (Figure 1) is similar
to the spectrum of azahomo[60]fullerediethe difference is in
the position of a weak broad band at 500—-600 fyn,E 555
or 546 nm in the spectrum of compoudar 3, respectively).
Moreover, a weak and sharp peak at, = 420-430 nm, which

rene2 and azahomo[60]fullerergfrom the reaction mixture of
1 and G, the question arises of whether Brisocyanurate-
containing aziridino[1,2][60]fullerene (an aziridinofullerene at the
closed 6,6-junction of g&) can be formed. The latter was ob-
tained by the thermal isomerization of azahomo[60]fulleBhe

(0]

an. U _an
NTON
O)\N/KO

|
(C|3H2)5

N C 180°C
/ é‘ solvent Ceo +
L

3 All = CH,CH=CH, 5

As a result of 20 h heating of azahomo[60]fuller8r{&0 mg)
in boiling o-dichlorobenzene (5 ml), the partial decomposition of
azahomo[60]fullerene to parent G, (4 mg, 57% yield) and
the formation of compoun® (3 mg, 30% yield) were observed.
The fullerene and compouidwere separated by column chro-
matography on silica gel using toluene—diethyl ether (10:1) as
an eluentfg 0.62 for5). The UV-VIS spectrufnof 5 shows an
absorption band &t = 424 nm (Figure 1), which is typical

is typical of monoadducts at the closed 6,6-junction of fulle-of closed 6,6-bridged fullerene monoadductde IR spectrum

rene# is absent from the spectrum of compo@nd

Thus, according to the UV-VIS aA8C NMR spectra, com-
pound?2 is a monoadduct of azideat the 5,6-junction of ful-
lerene (aziridino[1,6][60]fullerene). In tHC NMR spectrum,
the signal ab 120.21 ppm should be assignedsgd carbon of
the fullerene fragment. This position of the signakp¥ car-

of compoundb indicates the retention of fullerene and isocya-
nurate fragments. Note that compoundannot be synthesised

by the reaction of azide and G in boiling o-dichlorobenzene
because of a subsequent reaction of obtained azahomo[60]ful-
lerene3 with parent azidd. A viscous dark-brown liquid was
formed by heating a mixture of azideand G, at 100 °C for

bons of the fullerene fragment can be explained by either th&0 h. The isolation of individual products from this mass was
electron-withdrawing influence of the isocyanurate heterocycleinsuccessful.

or the structure of aziridino[1,6][60]fullerene, in which the ful-

lerene sphere was retained. T carbon signals at 120.62

Earlier® we showed by cyclic voltammetry that azahomo[60]-
fullerene3 is electrochemically reduced at less negative poten-

and 94.19 ppm were observed in the spectrum of the product &ls than the reduction potentials of,CHere, we examined

reaction between & and diazometharfeThe sp® carbon sig-

the electrochemical reduction of compouhdimilarly to aza-

nals of the fullerene fragment of a phosphorylated isoxazolineomo[60]fullerene3,6 compound shows three reversible peaks
derivative of fullerene were also detected in the same fiel@f reduction EL,=-0.97,EZ, =-1.40 andE3 = -1.86 V)§

(0 124.7 and 104.1 ppm)The assignment of the signal é&at

each of them corresponds to the transfer of one electron to the

120.21 ppm to thep? carbon of the fullerene fragment in the aziridinofullerene molecule. However, these peaks are in the re-
13C NMR spectrum of compoun® excludes the azahomoful- gion of more negative potentials relative to the peaks of the
lerene structure of this compound, which might be an isomer akduction potential of £ (EL,=—-0.92,E2, =-1.34 ancE3; =

3 with a different orientation of the substituent at nitrogen of=-1.80 V)& Such an electrochemical behaviour is typical of
the fullerene fragment. Note that the probability of separatingziridino[1,2][60]fullerened?

such isomers is low because of the fast inversion at N at

ambient temperaturé. This work was supported by the Russian Foundation for Basic

ThelH NMR spectrum of compoun2f shows the signals of Research (grant no. 99-03-33001) and the Russian Ministry of
two equivalent allyl groups in the isocyanurate heterocycle an8cience (grant no. 99031).
of five methylene groups, which bind the isocyanurate hetero-
cycle to fullerene. Moreover, the signals of the methylene groupReferences
are 0.2-0.4 ppm downfield shifted in comparison with the posi-1 C Bellavia-Lund. M. Kashavarz-K.. R. Gonzalez. J.-C. Hummelen
tion of these signals in tfé1 NMR spectrum of a;lde.ﬁ The R. Hicks and F. WudlPhosphorus Sulfur Silicon Relat. Elem997,
protons of the methylene group closest to the nitrogen atom of 154 197
aziridinofullerene are more strongly shifted. Note that a down2 T. Grosser, M. Prato, V. Lucchini, A.Hirsch and F. Wudingew.
field shift of the signals of protons is characteristic of fullerene Chem., Int. Ed. Engl1995,34, 1343.
derivatives at the 5,6-junctida.

The IR spectrum of compourlexhibits bands of both iso- * €ompoundS: UV-VIS [CH,Cl,, Angdnm (Ige)]: 261 (5.15), 331
cyanurate and fullerene fragments, and no absorption is detect 8), 411 (_4'38)' 42f' (4.37), 498_(4'30)' 598 (41.22), 681 (4.16). IR
; ; ; r, vlemrl): 1696 (C=0), 1645 (C=C), 932.990 (=C-H), 2924, 2852,
in the azide region at 2100 chi 1457 (CH), 526 (§)

Thus, _the spect_ral data show tflat_the main product of th?The conditions of the experiment: solution, a mixture-afichloro-
cycloaddition of azidé to Gy, at 100 °C is an aziridinofullerene penzene and MeCN (2:1); temperature, 25 °C; solution concentration,
at the 5,6-junction of g without opening the fullerene frame- 1x103 mol dn3; working electrode, Pt; reference electrode, Ag/AGNO
work. 0.01 mol dm3in MeCN; supporting electrolyte, 0.05 mol dhict,N-BF;;

In connection with the isolation of aziridino[1,6][60]fulle- scan rate, 50 mv-&
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