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ABSTRACT
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A novel Cg dimer connected by a silicon bridge and a single bond was synthesized by the mechanochemical solid-state reaction employing
a high-speed vibration milling technique and fully characterized by the '™H and 13C NMR, APCI mass, and UV-vis spectroscopy. The presence
of the electronic interaction between the two Cg, cages was demonstrated by the electrochemical method.

We have shown that the mechanochemical solid-state reacsilyllithium?” have been reported to react with fullereng C

tion employing the high-speed vibration milling (HSVM)
technique is particularly effective for the dimerization of
fullerenes as exemplified by the synthesis of the @mer,
Ci20! and the Go/Cyo cross-dimer, Go? In these dimers,

to give the mono- or disilyl derivatives of¢g> 8 In our
laboratory, the mechanochemical solid-state reactionsef C
with alkyl or aryl halide in the presence of alkali metals was
found to cause alkylation or arylation o§&possibly by the

the two fullerene cages are connected by sharing a cyclobu-intermediacy of the € radical aniorf. Here we report the
tane ring. On the other hand, there have so far been onlysynthesis of the first example of thedllimer fused with a

two reports on the § dimer connected by sharing a five-
membered ring, i.e., GX; X = 024 CH,3 We were

interested in introducing a Group 14 element such as silicon

silacyclopentane ringlj by the use of the solid-state reaction
of Ceo With dichlorodiphenylsilane and lithium metal.

Fullerene G, (50 mg, 0.069 mmol), dichlorodiphenylsilane

into the central five-membered ring in order to examine its (72 mg, 0.29 mmol), and lithium powder (3 mg, 0.4 mmol)
electronic effect on the properties of fullerene cages. Previ- yere placed in a vibration-milling capsule together with a

ously, silicon species such as silyleénélisilirane® and
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mixing ball under argon, and the mixture was vigorously
vibrated at the rate of 3500 rpm for 30 min. The HPLC
analysis on a Cosmosil “Buckyprep” column eluted with

toluene demonstrated that a new single peak appeared at a

retention time of 6.6 min with the HPLC peak area of 8%
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in addition to a peak for unreactedgdretention time, 7.8
min). The separation of the product using recycle HPLC (a
SiO; column eluted witho-dichlorobenzene (ODCB) fol-
lowed by a Cosmosil “6PBB” column eluted with ODCB)
afforded dimer1!® in 7.5% yield, while 67.4% of & was
recovered unchanged. The structurd efas determined by
MS, *H and 3C NMR, and U\~vis spectroscopy. In the

negative-ion mode atmospheric-pressure chemical ionization

(APCI) MS spectrum, a molecular-ion peak ratz 1622
corresponding to the molecular formula of:@&1,0Si was
observed. ThéH NMR exhibited signals at 8.62 (dd), 7.58
(d), and 7.56 (m) ppm for meta, ortho, and para protons,
respectively. Thé3C NMR (in ODCB-d, with Cr(acac) as

a relaxation reagent) exhibited 30 signals (4@8 and 2C

x 2) for the sp carbons of the & cage ranging from 158.46
to 134.23 ppm in addition to two signals (85.67 and 64.70
ppm) for the spcarbons (Figure 1). These spectral data are

85.67 6470

solvent

T ]
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Figure 1. 13C NMR spectrum (100 MHz, ODCHj) of 1.

in good agreement with the structude having the C,,
symmetry. Thé3C NMR signals of the benzene-ring carbons,
which were overlapped with ODCB, signals, were ob-
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Figure 2. UV—vis spectrum ofL in ODCB (c= 6.42x 1075 M).

ppm when measured in GSCD.,Cl, (3:1). The APT
(attached proton test) measurementd¥ NMR indicated
both kinds of sp carbons on g cages to be quaternary
carbons. These results indicate that the structufiecohsists
of a silacyclopentane ring fused with twadages at the
6—6 bonds. A?°Si NMR signal of1 was observed at 26.85
ppm, which is definitely (from 21.43 to 99.59 ppm) down-
field shifted compared with that of g derivatives having
silicon atoms directly attached to thesgCcage>~8 This
downfield shift can be attributed to the deshielding effect of
the two Go cages.

In the UV—vis spectrum shown in Figure 2, two absorp-
tions around 400 nm were observed as shoulders at 418 and
440 nm. These absorptions are characteristic of the C
derivatives having directly attached silicon atoms as exem-
plified by a silacyclopropano[60]fullerene derivative (420
and 463 nmj,a 1,3-disilacyclopentano[45':1,2][60]fullerene
derivative (424 and 457 nnf},and a 1-silyl-1,2-dihydro-
[60]fullerene derivative (417 and 445 nrh).

This new dimerl is stable as a solid but was found to be
sensitive to moisture in solution and to be transformed into
Cso and GoH: after standing for a few days in a solution
containing a trace of water. The precise mechanism for this
decomposition is not clear for the moment, but the severe
steric congestion around the silicon atom, as clearly seen in
Figure 3, and the presence of the silicon atom at the allylic
position on the G cage inl would be the reasons for such
a cleavage. In support of such a ready cleavage of the allylic
carbon—silicon bond by water, theoretical calculations on
an HF/3-21G level indicated that coefficients of the HOMO
are rather localized at the “allylic” double bonds and the

served as four signals at 139.13, 132.19, 130.75, and 129.36C—Sj bonds.

(10)H NMR (300 MHz, CS—CD.Cl, (3:1)) 6 8.62 (dd, 2H), 7.58 (d,
2H), 7.56 (m, 1H);13C NMR (100 MHz, ODCB—d) 6 158.46, 156.35,

In the case of the oxygen-bridged Qlimer, GO, an
electrochemical study indicated that there is electronic

147.39 (2C), 147.00, 146.49 (2C), 146.18, 145.99, 145.95, 145.93, 145.74, communication between the twos{Ccages and they are

145.57, 145.26, 145.13, 144.56, 144.46, 144.42, 143.89, 143.48, 142.56,
142.54, 142.26, 142.03, 141.81, 141.72, 141.69, 141.62, 140.96, 139.34,

reduced stepwise at slightly different potentidis a similar

138.63, 134.89, 134.23, 85.67, 64.70 (carbon signals in the benzene ringmanner, the cyclic voltammetry on dimérindicated that
were observed at 139.13, 132.19, 130.75, 129.36 by the measurement in

CS—CD,Cl; (3:1)); 2°Si NMR (79.4 MHz, ODCB-d,) 6 26.85; UV—vis
(ODCB) Amax 330 nm (loge 4.98), 418 sh (4.20), 440 sh (4.12), 551 (3.61),
718 (2.79); MS £APCI) m/z1622 (M).
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Figure 3. Space filling model ofl as calcualted by HF/3-21G. Figure 4. Cyclic voltammogram forl measured in ODCB—
benzonitrile (1:1) ¢ = 5 x 1074 M) with 0.05 M BuN*BF,~ as
a supporting electrolyte: scan rate, 0.05 V/s.

the two G cages inl were reduced stepwise as shown in
Figure 4 atE,. —1.04,—1.13,—1.46, —1.54, —1.94, and . - ]
—2.08 V vs Fc/F¢, indicating the presence of an electronic ~ 1hus, & novel & dimer 1 connected by a silicon bridge
interaction between the twoegcages upon the electro- and asingle bond was obtained for the first time by the use
chemical reduction. The corresponding reduction peaks for ©f the HSVM technique. We suppose that the mechanism
Ceo Were observed d,. —0.97,—1.40, and-1.88 V under for the formation of1 would involve the ionic reaction
the same conditions. On the other hand, the oxidation peakPetween dichlorodiphenylsilane andy@adical anion formed

of 1 was observed aEp, +1.07 V, which is 0.09 V less by one-electron transfer from Li and radical coupling of the

positive than G (+1.16 V). The observed general tendency WO Ceo Cages.
of both the reduction and oxidation peaks to shift in a
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