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ESR spectra of a tetrasilaspirobiindane anion radical (1)
showed a doublet of doublet hfs pattern at low temperatures and
significant line-width alternation, indicating that there is
remarkable difference in the electron-accepting effects between
two silyl substituents at the benzene ring with the unpaired
electron due to the ring conformation.

Whereas a number of ESR studies of silyl-substituted
benzene anion radicals have definitely shown the electron-
accepting effects of the silyl substituents,! the stereoelectronic
aspects have never been investigated by this technique. An ESR
study of the anion radical of tetrasilaspirobiindane 1 (1-), in
which two equivalent 1,2-disilylbenzenes are bound by a
spirocarbon, has revealed that the unpaired electron is localized in
a benzene ring but the spin distributing on the ring is remarkably
different from that of 1,2-bis(trimethylsilyl)benzene 2 (27). A
doublet of doublet hfs pattern at low temperatures and line-width
alternation of the ESR spectra of 1— indicate that the electronic
effects of two silyl groups on the benzene ring with the unpaired
electron are different from each other, due to the conformation of
the two 1,3-disilacyclopentene rings. The results would be taken
as the first experimental evidence for the hyperconjugative ¢*
participation as the major reason for the electron-accepting ability
of trialkylsilyl substituents rather than the d orbital participation.2
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Tetrasilaspirobiindane 1 was synthesized by a coupling
reaction of 1,2-bis(chlorodimethylsilyl)benzene with carbon
tetrachloride using magnesium in 28% yield as colorless
crystals.3 The molecular structure of 1 determined by X-ray
crystallography is shown in Figure 1.4 The 1,3-disilacyclo-

Figure 1. ORTEP drawing of tetrasilaspirobiindane 1 (30% probability):
Selected bond lengths (A): Sil-C1, 1.883(2); Si1-C7, 1.870(3); Si1-C11,
1.905(2). Selected bond angles (deg): C1-Sil-C7, 105.2(2); C1-Si1-C8,
114.7(1); C1-Si1-—C11, 99.72(7); Si1-C11-Si2, 113.34(3).

pentene rings of 1 are not planar but have an envelope-like
conformation, and therefore, two silyl groups attached to a
benzene ring are not equivalent; the average bent angle of the
envelop (angles between Si-C-C-Si and Si-C-Si planes) is 35°
However, the 1H NMR spectrum of 1 at 154 — 303 K showed
only three signals due to methyl protons on silicon and two-types
of phenyl protons at § 0.31, 7.35, and 7.53, indicating that the
two silyl substituents on a benzene ring are averaged dynamically
in solution through flip-flop processes among several ring
conformations.

Figure 2 shows ESR spectra of 1-, which were generated
by a short contact of 1 in 2-methyltetrahydrofurane (2-MeTHF)
with potassium metal at —78 °C. The ESR spectrum at 293 K
showed a 1:2:1 triplet with the hfs value of 0.54 mT. Since only
two protons of 1~ contribute to the splitting, it is concluded that
the unpaired electron is localized in a benzene ring; there is
neither significant spin delocalization over the whole molecule
through spiro-conjugation nor facile electron transfer between the
two benzene rings.” The splitting pattern and the hfs value of 1~
at 253 K is similar to those of 1,2-bis(trimethylsilyl)benzene
anion radical (2-), which shows a 1:2:1 triplet with the hfs value
of 0.523 mT.1b.f The 7t spin distribution in 1~ as well as 2~ is
calculated as 0.20 at C4 and C5 and almost zero at C3 and C6,
using the McConnell equation, ag = Qpc, where Q = 2.8 mT;®
the unpaired electron of 1~ and 2- resides on the antisymmetric
LUMO (r*y) of 1,2-disubstituted benzene.

The splitting pattem of 1= was remarkably temperature
dependent as shown in Figure 2, while no significant change was
observed in the ESR spectra of 2~ between 153 and 233 K. At
temperatures below 153 K, a doublet of doublet pattern of the
spectrum was observed in 1- with the hfs values of 0.70 and
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Figure 2. Temperature dependent ESR spectra of tetrasilaspirobiindane
anion radical 1~ in 2-MeTHF with potassium ion as a countercation: (a)
experimental; (b) simulated with specified rate constants.
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0.35 mT, which correspond to the spin densities of 0.250 and
0.125, at C4 and C5 (or C5 and C4), respectively. The
nonequivalent spin densities at C4 and C5 will be caused by the
different electron accepting ability of Si! and Si2 at conformation
1A in Figure 3. Actually, the ® spin distribution was well
reproduced by the HMO calculations using different parameters
for the two silicon atoms.’

Remarkable line-width alternation in the temperature range
of 154 — 253 K will be explained in terms of the ring flipping
process between 1A and 1B at higher temperatures. The
exchange rates for the dynamic processes in 1- are determined by
comparing the experimental spectra with the simulated spectra
obtained by solving the modified Bloch equations for the two-
jump system.® From a plot of In(k/T) vs. 1/T, the following
activation parameters were determined: AH¥ = 3.3 kcal/mol and
AS# = 7.6 cal mol-1K-1).

The above results suggest that the electron accepting ability
of the two silyl substituents at the anionic benzene ring in 1~ is
modified significantly by the arrangement of the alkyl-
substituents on silicon atoms. An extra electron on a benzene
ring is delocalized to 0*(Sil-CS) and 6*(Si2-CS) orbitals through
the negative hyperconjugation, where CS denotes the spiro
carbon. Unequal electron-accepting ability between Sil and Si2
moieties will be caused by the unequal interaction of the two o*
orbitals with the o* orbitals in the other ring. Thus, at
conformation 1A in Figure 3, 0*(Sil-CS) orbital may have better
overlap with o*(Sil-Mel!?) and o©+(Si2-Me28) orbitals, in
comparison to the overlap between 6*(Si2-C$) orbital and any ¢*
orbital on Sil” and Si2’; in this case, the electron accepting ability
of Sil will be larger than that of Si2. Such remarkable
stereoelectronic electron-accepting effects of a silyl-substituent
are indicative of the hyperconjugative 6* participation rather than
the d orbital participation as the major origin.2
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The origin of the non-equivalence of two aromatic protons
and the line-width alternation in the ESR spectra of 1~ cannot be
ascribed to the unsymmetrical ion pairing of 1— with the counter-
cations, because similar phenomena were observed using various
solvents and alkali metals.®
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