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duced sialosides to glycosyl donors, should be widely applicable
for the syntheses of various NeuAc-containing glycoconjugates.

Acknowledgment. This research was supported by grants from
the NSF (DMB-88-21049) and NIH (GM-27904).

Supplementary Material Available: Experimental details for
the synthesis of 2, 3, 6-8, and 1b, enzymatic sialylation of 2,
300-MHz 'H-NMR spectra of § and synthetic GM3, and Li-
neweaver—Burk plot for the determination of kinetic parameters
(10 pages). Ordering information is given on any current
masthead page.

Reaction of Cy with Silylene, the First Fullerene
Silirane Derivative

Takeshi Akasaka and Wataru Ando*

Department of Chemistry, University of Tsukuba
Tsukuba, Ibaraki 305, Japan

Kaoru Kobayashi and Shigeru Nagase

Department of Chemistry, Faculty of Education
Yokohama National University, Yokohama 240, Japan

Received November 25, 1992

Since the isolation of Buckminsterfullerene (Cq)' in prepara-
tively useful quantities,> much attention has been devoted to its
chemical reactivities® toward nucleophiles,* radicals,® reducing
agents,® dienes,* dipoles,*’ zero-valent transition metals,® oxygen,’
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Figure 1. (a) FAB mass spectrum of 2 from 700 to 1100 amu. Inset:
expanded view of the 1065-1080-amu region. (b) UV-Vis spectra of Cy,
(---) and 2 (—) from 400 to 700 nm in toluene. Inset; spectra of Cq
(---) and 2 (—) from 190 to 829 nm in hexane. (c) '*C NMR spectrum
of 2.
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Scheme I
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fullerene epoxide,®< the fulleroids,” and the metal complexes® have
been prepared and completely characterized. In this communi-
cation we report that addition of bis(2,6-diisopropylphenyl)silylene
(1) as a reactive divalent species to Cq, furnishes adduct 2! as
the isolable product (Scheme I).

Trisilane 32 as a silylene precursor'® was photolyzed with a
low-pressure mercury lamp in a toluene solution of Cg,. The color
of the solution changed from purple to dark brown. Flash
chromatography on silica gel furnished thermally stable 2 in 58%
yield.!* The dark brown powder exhibits slightly lower solubility
than to that of C,, but a different TLC R, value.

FAB mass spectrometry of 2 (C84H34Si{ displays a peak for
2 at 1074-1070 as well as one for C¢, at 723-720 which arises
from loss of 1, as shown in Figure la. The isolated 2 is not
contaminated by C¢, according to HPLC. The UV-vis absorption
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spectra of 2 is virtually identical to that of Cg, except for subtle
differences in the 400-700-nm region (Figure 1b). 2 exhibits a
new band at 421 nm but lacks the Cg, band at 406 nm. Relative
to Cq, 2 shows stronger absorptions at 463 and 508 nm and weaker
absorptions at 539 and 599 nm. The FTIR spectrum of 2 contains
no detectable absorptions above 1500 cm™ except those at 3048.7
and 2961.9 cm™!, Seven relatively strong bands and eight weaker
ones are observed, with four bands at 1429.0, 1182.9, 575.9, and
527.0 cm™! which correspond to those in the C,, spectrum.

The FAB mass, UV-vis, and FTIR spectra of 2 contain a
number of unique features but also suggest that this new fullerene
retains the essential electronic and structural character of Cq.
The silirane structure 2a, of C,, symmetry,®»78d¢ would derive
from addition of 1 across the reactive 6-ring-6-ring junction.
Silamethano[10]annulene 2b, analogous to the structure proposed
for Ph,Cq,, could arise via isomerization of 2a.

The '*C NMR spectrum of 2! shows 17 signals for the Cq,
skeleton, of which four correspond to two carbon atoms and 13
correspond to four carbon atoms: one at § = 71.12 and the
remainder between § = 140 and 150 (Figure 1c). The signal at
& = 142.54 consists of three peaks each corresponding to four
carbon atoms. This is the appropriate number and ratio of peak
intensities for a Cy, adduct of C,, symmetry. The '*C NMR signal
at & = 71.12 strongly supports 2a rather than 2b; an sp? C-Si
should give rise to a signal below § = 130.'¢ Methyl-substituted
silirane carbons typically resonate at § = 15-25.7 A downfield
shift by 20 ppm may occur when a vinyl group is attached to the
ring carbon.'® Although the resonance at § = 71.12 is at low
field for the silirane carbons, the downfield shift is probably caused
by the anisotropy of the partially broken fullerene, which was also
reported in Cg0O.%¢ The Si NMR spectrum of 2 shows a peak
at & = —72.74 which is also assigned to the silicon atom of 2a.
The chemical shift of the silicon atom on a silirane ring typically
appears at high field ranging from § = -50 to —-85."7 The Si
chemical shift of diphenyldivinylsilane can be anticipated to appear
at § = =20.'5 Thus, the chemical shifts of the two-carbon signal
at § = 71.12 and the silicon one at § = —72.74 are fully consistent
with expectations for the silirane carbon atoms and silicon atom
in 2a.

The experimental finding for 2a was confirmed by AM1 mo-
lecular orbital calculation'®? on the reaction of Cg, and di-
phenylsilylene. Diphenylsilylene adds across the junction of two
six-membered rings in Cq, to give silirane 4a (a 6-6 adduct) with
an exothermicity of 61.3 kcal/mol. The isomeric 4b was not
located on the potential energy surface. The 6-6 adduct 4a was
19.4 and 10.7 kcal/mol more stable than the 5-6 adducts Sa and
Sb, respectively.?’ Interestingly, this is in contrast with the
addition of diphenylmethylene, for which the 6-6 adduct was
calculated to be only 1.2 kcal/mol more stable than the 5-6 adduct.
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