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Tris(trialkylsilyl)silane [(i-Pr)3Si]3SiH (1) was synthesized,
and the molecule was found to have a nearly planar structure of
the polysilane skeleton by X-ray crystallography. Hydrogen ab-
straction from 1 by tert-butoxyl radicals gave the highly stable
silyl radical [(i-Pr)3Si]3Si- (2), which also has a planar structure.

Tris(trialkylsilyl)silanes have attracted attention as precursors
of tris(trialkylsilylsilyl radicals! and reducing agents for various
organic compounds.Z Recently, Guerra has reported the calculat-
ed structure of (Me3Si)3SiH, in which the geometry around the
central silicon atom deviates somewhat from an ideal tetrahedral
structure to a planar one.3 Quite recently, we have reported that
(Et,Me3_,Si)3Si- (n = 1-3), which are generated from
(Et,Mes_,Si)3SiH, can be observed at room temperature.4 As
part of our research on polysilanes.® we have been interested in
the creation of (R3Si)3SiH bearing bulkier alkyl groups for the
following reasons: (1) introduction of bulkier alkyl groups would
induce more significant deformation of the silicon skeleton by the
large steric repulsion; (2) bulkier silyl groups much more effec-
tively stabilize (R3S1)3Si-. We report herein a nearly planar struc-
ture of [(i-Pr)3Si]3SiH (1) and the formation, structure, and
properties of the highly stable radical [(i-Pr)3Si]3Si- (2).67:8

Compound 1 was synthesized by coupling of (i-Pr)3SiCl and
HSiCl3 with Li.

. (HPP)sS
3(FPSSICl + HSICly ———=  (HP1);Si—SiH
(Pr)3Si
1

The molecular structure of 1 is presented in Figure 1.1 The
molecule has a threefold axis along the central Si—H bond. A re-
markable feature of 1 is the nearly planar structure of the poly-
silane skeleton. The Si—Si—Si bond angle is 118.10(3)°, and the
sum of the three Si—Si—Si bond angles around the central silicon
atom is 354.30°. The value is close to that of an ideal sp? silicon

Figure 1. Molecular structure of 1. Selected bond lengths (A)
and angles (°): Si(1)-Si(2) 2.405(1), Si(1)-H(1) 1.39(7); Si(2)-
Si(1)-Si(2’) 118.10(3), Si(2)-Si(1)-H(1) 97.99(7).

atom (360°) and considerably different from that of an ideal sp’
silicon atom (328.5°). The Si—Si—H bond angle is significantly
small (97.99(7)°). It is noted that the deformation from a tetrahe-
dral structure to a planar one causes the crowded arrangement
around the central hydrogen atom: the shortest distance between
the central hydrogen atom and hydrogen atoms of isopropyl
groups is 2.25 A, which is smaller than the sum of their van der
Waals radii.!!

The structural change is also shown in NMR spectra. In
Table 1, 'H and 2931 NMR parameters of 1 and related silanes
are summarized. Coupling constants J(2Si—H) increase as sub-
stituents on the silicon atoms become bulkier. Because the s-
character of the silicon hybrid orbital is well-known to be corre-
lated with J(2?Si—H),!2 the tendency of J(*9Si—H) in Table 1
indicates that the s-character of the Si—H orbitals becomes smaller
as the substituents become bulkier. Especially, J(®Si-H) of 1
(—137.4 Hz) is the largest among those of hydrosilanes so far re-
ported,!3 and the result is in accord with the nearly planar struc-
ture of 1. The trend of the chemical shifts of 29Si nuclei at the o-
and JB-positions in Table | is explained by the inductive effect of
the trialkylsilyl groups because the electron-donating properties of
the trialkylsilyl groups increase as the alkyl groups change in the
order 1° < 2° < 3°. The downfield shift of the central hydrogen
atom?4seems to be rationalized by the effect of steric compres-
sion.

Table 1. NMR parameters for (R3Si)3SiH in C¢Dg

(R3Si)3SiH SHP &>7Si()® &3Si(B)? J(USi-H)P
(Me3Si)3SiH 252 -1156 -11.6 -1544
(EtMe;Si)3SiHC  2.53 —123.6 -7.0 -152.8
(EtoMeSi)3SiH®  2.59 -131.9 -2.3 —-149.9
(Et3Si)3SiH® 2.63 -139.8 2.1 —146.5
1 3.10 —146.4 13.7 -137.4

2ppm. PHz. °Reference 4.

Radical 2 was generated by irradiation of a solution contain-
ing 1 and di-tert-butyl peroxide (DTBP, 5.5 equiv.) at room tem-
perature.

(i-Pr)5Si h ISi(i-Pr)s
v
(FPr)3Si—SiH —_— _Si
(P1)sSi DTBP (-Pr),Si Si(i-Pr);
1 2

In the ESR spectrum of 2, a sharp signal with three kinds of
satellites was observed as shown in Figure 2. These satellites,
which have splitting constants 5.56, 0.81, and 0.22 mT, are due
to a 29Si nucleus at the a-position, three 22Si nuclei at the S-posi-
tions, and nine '3C nuclei at the ypositions, respectively,
because the intensity of these satellites relative to the central signal
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(2.6, 6.8, and 4.6%) is in good accord with calculated values
(2.6,7.7, and 5.0%). The splitting by hydrogen atoms could not
be observed because the line width of the signal is too small (0.03
mT). ESR parameters of 2 and related silyl radicals are summa-
rized in Table 2. As alkyl groups on silicon atoms become
bulkier, a(?Si(@)) becomes smaller, indicating that the structure
around the radical center becomes more planar. (Me3Si)3Si- was
reported to have a nearly planar structure around the radical cen-
ter;! therefore, the results show that 2 has a highly planar struc-
ture probably due to the steric repulsion among the bulky silyl
substituents.

x 4

Figure 2. ESR spectrum of 2 in pentane at room temperature.

Table 2. ESR parameters for (R3S1)3Si

(R3Si)3Si- g a®sia) a®siP)Pa(*c(p)?
(Me3Si)3Si-P  2.0053 6.38 0.71
(EtMe,Si)38i-¢  2.0060 6.28 0.71
(Et;MeSi)38i¢  2.0060 6.03 0.73 0.32
(Et3Si)3Si: 2.0063 5.72 0.79 0.30

2 2.0061 5.56 0.81 0.22

amT. bReference lc. Reference 4.

Radical 2 has several other features. When irradiation was
stopped and ESR signals almost disappeared, compound 1 was
reproduced quantitatively,15 and the dimerization product
[(i-Pr)3Si]3SiSi[Si(i-Pr)3]3 was not detected in contrast with the
cases of (EtpMes_,Si)aSi- (n = 1-3).4 Moreover, when CCly
was added to a solution of 2, the silyl radical did not react with
CCly, and 1 was obtained quantitatively.!> The result is remark-
able because silyl radicals have been known to be readily trapped
by CCly to give chlorosilanes.!6 Tt is thus indicated that in 2 the
steric hindrance around the radical center is considerably large.

As mentioned above, radical 2 was observed by ESR at room
temperature. After irradiation was stopped, the ESR signals of 2
were observed for several days (Figure 3). The half-life is 5 days
at 15 °C. The halflife is much longer than those of
(Et;Me3—;Si)3Si- (n = 1-3), the ESR signals of which disap-
peared immediately when these radicals were generated from
(Et,Mes_,Si)3SiH with DTBP.4 From these results, 2 was
found to be a highly stable and inert silyl radical.
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Figure 3. Decay of ESR signals of 2 at 15 °C after the light was
shut off. Only the central signal is shown in each case.
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