Cycloaddition of phosphorylnitrile oxide to Cq,

Oleg G. Sinyashin,* Irina P. Romanova, Farida R. Sagitova, Valeriy A. Pavlov, Valery |. Kovalenko,
Yuri V. Badeev, Nail M. Azancheev, Akhat V. llyasov, Alla V. Chernova and Irina I. Vandyukova

A. E. Arbuzov Institute of Organic and Physical Chemistry, Kazan Scientific Centre of the Russian Academy of Sciences,
420083 Kazan, Russian Federation. Fax: +7 8432 75 2253; e-mail: oleg@glass.ksu.ras.ru

The reaction of (diisopropoxyphosphoryl)nitrile oxide with C, leads to mono- and diadducts, which are characterized by 'H, '*C,
3IP NMR, IR and UV-VIS spectroscopy as isoxazoline derivatives of fullerene; the addition takes place across a 6,6 ring junction.

Fullerenes are knowrto undergo cycloaddition with a variety c
of dipolar reagents. However, data concerning the use of organo- °0
phosphorus reagents in these reactions are, to our knowledge,
absent and therefore the influence of any phosphorus-containing >
fragment in any dipolarophile on these reactions is unknown.
We propose here for the first time the use gfhasphorus-
containing dipolarophile — phosphorylnitrile oxides — for the
functionalisation of fullerene. It was interesting to study the
influence of the phosphoryl fragment in the dipolarophile on the
regiochemistry of cycloaddition to fullerene.

Phosphorylnitrile oxides are synthesized by the treatment of
oximes of (dialkoxyphosphoryl)carbonylhalides with triethyl-
amine in organic solvent at low temperattirf€hey may be
used in reactions with compounds possessing unsaturated bonds,
either after removal of triethylamine hydrochloride insitu.

To study the functionalisation of fullerene we used both
methods, which led to the same reaction products. 3

In the first case the interaction of fullerene (1 equiv.) with

(diisopropoxyphosphoryl)nitrile oxide (2 equiv.) was carried O k
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out in toluene at —20 °C with constant stirring. In the second
case triethylamine was added to the mixture of fullerene with D,
oxime of (diisopropoxyphosphoryl)carbonyl chloride at —200 °C.
After 5 h the reaction flasks were gradually heated up to room t/min t/min
temperature. HPLC analysis of the crude reaction mixtures. B
indicated that in both cases three products were formed. Tnéégu‘gﬁe,14(';;}5@Hcg?mggﬁ%r;ﬂfseﬁ%sfenvfﬁﬁddggﬁ%n ;?gGmsnﬁme
relative ratio of these products in the reaction mixture changedv absorbance) of the crude reaction mixtug: 3 h, —20 °C; k) 40 h
depending on the reaction time (Figure 1). The products angom temperature.
unreacted fullerene were separated by column chromatography
on silica gel. The reaction mixture before chromatography wathe reaction was carried oirt situ. All three products were
washed with water to remove triethylamine hydrohloride, whensolated, compound (10% yield) as a dark-brown powder and
compounds2 and 3 (25% and 21%, respectively) both as
orange-brown powders. The structure of these products was
studied by'H, *C, 3P NMR, IR and UV-VIS spectroscopy and
their composition was determined by elemental analysis.

The elemental analysis data for compodrshows that it is
a monoadduct of & and nitrile oxid€. This product has one
%P NMR signal (162 MHz, CDG) at 6 —0.98. Its'H NMR
spectrum (250 MHz, CDG) includes two doublets at 1.46
6H, 2CH,, Pf, 3J,,=5Hz) and at 1.43 (6H, 2CH, P,
Jun =5 Hz) and a multiplet at 5.09-4.96 (2H, 20CH, Br
which suggests that the isopropoxy groups at the phosphorus
atom are not equivalent.

The IR (KBr) spectrum of compouridshowsy_ 526 cnt,
Vp=o 1262,1/5_0 998 andv._y 1572 cm®. It should be noted
that the'H, 3P NMR and IR spectral data are in agreement
with the spectra of other compounds containing diisopropoxy-
phosphoryl-substituted isoxazoline fragment¥he UV-VIS
spectrum of a yellow solution of compouhih hexane exhibits
Amax @t 215nm (Ig = 4.77 dni mortem?), 253 (4.73) and
312 (4.22) due to fullerene, which is shifted to the low
wavelength region relative to the spectrum of pugg ©gether
with a weak but sharp peak at 424 nm and a weak, broad band
at 458 nm. The peak at 424 nm is reported to be highly
diagnostic of closed 6,6-bridged fullerene derivati/€Ehe
proposed structure df as a monoadduct corresponds to@e

Ceo + (PHO),P(O)CNO

3 T Compoundl. Found (%): C, 87.38; H, 2.92; N, 1.46; P, 3.12. Calc. for
mixture of isomers mixture of isomers CoH1ANOP-(GHsCHy)-(GeH14)o5 (%0): C, 87.01; H, 2.73; N, 1.32;
trans-1, trans-2, trans-3, trans-4 e, cis-2, cis3 P 2.92.
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Figure 2 C NMR spectrum ofl (CDCly) betweend 105 and 150.

150 145

symmetry of the molecule. In the fullerene region76 and  four trans, two equatorial- and thred@s-isomers. When seven
150) the™C NMR spectrum ofl. should contain 30 garbon  isomers of the diadducts of,@COOEL)® and five isomers of
signals and two Spcarbon signals, but only 28 %sparbon  C,[OsO,(t-bupy),],® were separated by preparative HPLC,
signals are observed (Figure 2) due to the accidental overlap fifstly trans., then equatorial- and then finaltys-isomers eluted
signals, and two signals @t124.7 and 104.1, corresponding to from the column. These diadducts were identified as products
C-4 and C-5.The s% carbon signals in théC NMR spectra of ~ of addition exclusively to the 6,6-ring double bonds qf, C
monoadducts of organonitrile oxides witg,@vere observed at According to these data, together with the number and relative
0 75 and 1107° The downfield shift of these signals in the intensities of the signals in tH#éP NMR spectra of produc®
spectrum of compound is probably associated with the and 3, it may be assumed that prodwtis a mixture of
electron-withdrawing influence of the phosphoryl fragment.transisomers, and produ@ is a mixture of equatorial- and
The same position of the $pignals of the fullerene fragment cis-isomers of G, and nitrile oxide diadduct. ThéH and

(0 120.62 and 94.19) was observed in the spectrum of th€C NMR spectra of these products indicate that they are a
product of reaction betweens{and diazomethantelt should — mixture of isomers. ThéH NMR spectra of product® and 3

be noted that coupling constants between the carbon of trehow broad signals & 1.40 and 5.00, corresponding to the
fullerene fragment and the phosphorus atom have not beqmotons of the methyl and methine groups of the diisopropoxy-
detected. Probably these have small values. FBeNMR phosphoryl fragments. THEC NMR spectra show three groups
spectrum of compountl shows a doublet @ 149.8 withJp¢ of lines in the region corresponding to a phosphoryl substituent
of 216.1 Hz corresponding to the carbon of the C=N bond ifat 6 23.0-24.5 (CH), 73.5-74.5 (CH)], the isoxazoline ring
the isoxazoline ring. The C NMR spectral data are in and fullerene fragments (4t105-150). The UV-VIS spectrum
agreement with the proposed structdras a monoadduct of of product2 showst,, ., at 222 (4.99), 246 (4.96) and a shoulder
fullerene and phosphorylnitrile oxide. The structure lofs at 310 nm (4.51). In the spectrum of prod@cthe first and
analogous to the structure of the organic isoxazoline moncsecond bands are very broad and blue shifted in comparison
adduct of G,*+° with the spectra of £ and monoadduct. In the spectrum of

It should be noted that all published papers concerning thproduct3 the first and second bands overlap and give one broad
reactions of organonitrile oxides with fullerene suggest théband at 226 nm (4.83) with a shoulder at 312 nm (4.32). The
formation of only monoadducts’ and although in the reaction spectra of product® and 3 between 500 and 700 nm are
of Cgo With 2-RSQ-benzonitrile oxides diadductsyere isolated, identical to that of g, and monoadduct, but are much less
they were not characterized. Moreover, the yields of thesstructured. The increase in the band widths and their shifts
monoadducts were low and the type of other products was neotlative to that in the spectrum of;fCand monoadducts are
clear. typical for diadducts®

Elemental analysis of producg&sand3 show that they are In conclusion, these data show that reaction of (diisoprop-
diadducts of phosphorylnitrile oxide and fullerén€heir IR oxyphosphoryl)nitrile oxide with g leads to mono- and
spectra contain the same absorption bands as the spectrumd@dducts. It is interesting to note that diadducts are the main
compoundl, but the relative intensities of these bands areproducts in our reaction, contrary to the published data, in
different. These bands, which are typical of the fullerenewhich the main products are monoadddctsThis seems to
fragment, have much lower intensities in the spectrd aid be an important feature of the influence of the phosphoryl
3, relative to the spectrum of. The 3P NMR spectrum fragment. Since these are the firs}, @hosphorus-containing
(162 MHz, CDC}) of adduct2 contains four signals, al isoxazoline derivatives, mono- and diadducts may serve as the
-0.52, -0.84, -1.25 and -1.94 (intensity ratio 22:20:3:2starting point from which to obtain new derivatives of fullerene,
respectively) and the spectrum®tontains three signals, & and may also be useful for biological investigations.

—0.51, -1.58 and —2.03 (10:1:1).

It is knowrt that nine positions are available for a second The authors are grateful to Professor V.l. Sokolov for
addition to a monoadduct ofs¢ The second addition to these initiating the present research, which was supported by the
positions leads, in accordance with Hirsch’s nomencldttwe, Program ‘Actual directions in the physics of condensed states’,
¥ Compound 1. C NMR spectrum (100 MHz, CDQI o: 104.12 in the area ‘Fullerenes and atomic clusters’ (grant no. 96156).
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