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Because silylene and the related singlet group-14 divalent
compoundshave low-lying vacant p orbitals, the corresponding
radical anions as a unique class of reactive intermediates are
expected to be generated by one-electron reduction. Although
radical anions of stable germylene and stannylene have been
produced recently by alkali metal reduction in solution and
characterized by ESR spectroscépyp ESR studies of carbene
and silylene radical anions in solution have been reported so far.
Parent silylene radical anion SiH produced in a low-pressure
discharge source upon admission of Sitds been studied by laser
photoelectron spectroscopyVest et al. recently reported that the
reduction of a stable diaminosilylene with potassium graphite in
THF gives the corresponding 1,2-dilithiodisilane, which would be
formed via the fast dimerization of the silylene radical anion (eq
1).5 We report herein that the one-electron reduction of an isolable
cyclic dialkylsilylené using alkali metals generates the correspond-
ing radical anion as a relatively persistent species at low temper-
atures in solution (eq 2). Unique structural characteristics of the
radical anion have been revealed by an ESR study.
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M = Cs, Rb, K, Na, Li/4,4'-di-tert-butylbiphenylide

When a dimethoxyethane (DME) solution of silyledewas
allowed to be in contact with a potassium mirror forH s at
213 K, the solution turned from yellow to brown-rédind an
intense ESR spectrung (= 2.0077) was observed as shown in
Figure 12 The spectral features are assigned unambiguously to
the radical anion ol (2/K* in eq 2) on the basis of the following
discussion. The central signal splits into more than 20 lines as shown
in an expanded spectra (Figure 1b); the hyperfine splitting pattern
is well reproduced by a computer simulafiarsing the hyperfine
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Figure 1. (a) A whole ESR spectrum &/K* in DME solution at 213 K.
(b) An expanded central part of the above spectrum. (c) Computer simulation
of the central part usingH hfs’s of 0.0189 mT for 36H and 0.0378 mT for
4H (half line width= 0.019 mT).
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doublets with hfs’s of 2.99, 1.66, and 1.30 mT. On the basis of the
intensities relative to the central lines, the outermost doublet and
the inner two doublets are assigned to the central silicay) é®id

two types of trimethylsily! silicons [Si(Si? and S¥) and Si- (Si#

and SP)], respectively. The inequivalence of the trimethylsilyl
groups is consistent with the twisted silacyclopentane ring as found
in the X-ray structure of silylend, where the torsion angles of
Sik—C2 (Si®*—C®) and S¥—C? (SiP—C?) bonds from the &-Sil—

C?® plane are 91.5and 72.8, respectively. In agreement with this
assignment, the satellite pattern is significantly temperature-

splitting constants (hfs’s) of 0.0189 mT due to 36 protons of 4 dependent, probably because of the facile ring flipping in the ESR

trimethylsilyl groups and 0.0378 mT due to 4 protons of ethylene time scale. Whereas the outermost signals are almost intact, the
moiety in the silacyclopentane ring (half line width 0.019 mT; inner two doublets coalesce to a doublet with an hfs of 1.48 mT at

Figure 1c). The central pattern was concluded not to involve an higher temperatures than 275 K; the activation free energy at the
hfs due to*K (I = 3/,) because the central splitting pattern was coalescence temperature (275 K) is estimated to be 6.9 kcal/mol.
independent of the countercations (vide infra). The most prominent The radical anion is sufficiently persistent at temperatures lower

feature of this spectrum is the satellite spectral pattern déd&sto than 213 K, while at 298 K, the signal intensity gradually decreases

nuclei in natural abundance, which is composed of three sets of with a half-life of ca. 20 min.
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Table 1. ESR Parameters of Radical Anion 2 with Various The a(**Si,)'s and theg-factors of2 and3 are the smallest and
Countercations and Related Silyl Radicals the largest, respectively, among those of the related trialky¥sikl
radical g-factor a(®Si,)imT a(®si,)mT ref and tris(trialkylsilyl)silyl radical$*'® (Table 1). According to the

local symmetry of silylenes (#i:; Cy,), the singly occupied MO

2/Cs" 2.0077 3.03 140,155 a

2/Rb* 2.0077 3.01 134,161 a of 2 should be 1B which is comprised of a pure 3p orbital
2/K* 2.0077 2.99 130,166 a perpendicular to the fSi plane. Because th&2%Si,) value involves
2Na" 2.0081 2.99 1.28,1.70 a direct contribution of the s character of the SOMO, the hfs would
SILit 50082 e 198167 a no direct contribution of the s character of the , the hfs wou
MesSie 2.0031 18.3 b originate mostly from the spin polarization of thé-€Sit and G—
[(Me3Si),CH]3Si* 2.0027 19.3 c Sit ¢ bonds. The largesg-factor is ascribed to the smallest
(MesSi)sSi- 2.0053 6.4 d excitation energy of i~ SOMO(3pr) in 2 in comparison to the
(t-BuMe;Si)sSi- 2.0055 5.7 e o(CSi) — SOMO, 6(SiSi) — SOMO, and even to the(SiLi) —
[(1-PrSilsSt 2.0061 >6 f SOMO excitation energies in the trialkylsilyl, tris(trialkylsilyl)silyl
Li[(i-PreSiL.Si (3) ~ 2.0073 3.20 g xcrtatl gies| alyISIlyl, ns{naikyisiy)siyl,

and lithiosilyl radicals, respectively.
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