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Summary: An overcrowded 1-hydrosilene bearing a 2,4,6-
tris[bis(trimethylsilyl)methyl [phenyl (denoted as Tbt) group and
a xanthenyl moiety was synthesized as a compound stable in
solution by dehydrofluorination reaction of the corresponding
fluorosilane. The newly generated 1-hydrosilene was character-
ized by NMR spectroscopy to reveal its 'Jgy coupling constant
between the sp*-silicon atom and the attached hydrogen atom
in the 1-hydrosilene skeleton. The 1-hydrosilene was found to
undergo an unexpected [6+6]-dimerization during its recrys-
tallization. In addition, the thermolysis of the isolated [6+6]-
dimer in CsDs at 70 °C afforded the I-hydrosilene via retro
[6+6]-cycloaddition.

Silenes, Si=C double-bond compounds, are generally difficult
to isolate due to the instability caused by the small overlap
between the 3p orbital of a silicon atom and the 2p orbital of a
carbon atom and the extremely high reactivity toward oligo-
merization prompted by their polar, zwitterionic character
(Si5+=C‘§_).] However, a number of stable silenes, the reactive
Si=C moieties of which are sterically protected by bulky
substituents, have been synthesized and isolated' since the first
isolation of the stable silene (Me3Si),Si=C(0OSiMes)(1-Ad) (1-
Ad = 1-adamantyl), reported by Brook and co-workers in 1981.%

In contrast to the chemistry of such kinetically well-stabilized
silenes having two bulky substituents on the doubly bonded
silicon atom, 1-hydrosilenes, i.e., silenes bearing a hydrogen
atom on the spz-silicon atom, have been less explored so far,
though they are of great interest from the viewpoints of
fundamental chemistry as “a simple silene” and functionalization
of the Si—H bond leading to the transformation into new silenes.
Since 1-hydrosilenes should be highly reactive due to less
hindrance around the sp*-silicon atom, no stable example has
been reported for 1-hydrosilenes® except for the generation of
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a l-hydrosilene postulated on the basis of the observation of
IR spectra in an Ar matrix at low temperature and the products
of trapping reactions.*

During the course of our research on the kinetic stabilization
of highly reactive species, we have developed an efficient steric
protection group (Tbt) and successfully applied this group to
the kinetic stabilization of a variety of novel low-coordinated
compounds of heavier main group elements including doubly
bonded silicon compounds.® As the first attempt, Tbt- and
dihydroanthryl-substituted chlorosilane 3 was treated with LDA
as a base in the hope of obtaining the corresponding 1-hy-
drosilene as a stable compound. Unexpectedly, however, this
reaction resulted in the formation of not the desired 1-hy-
drosilene but 7-silanorbornadiene 4 in an almost quantitative
yield.® In this paper, we present our further synthetic challenge
toward 1-hydrosilene 1 as a target molecule, where the central
Si=C moiety should have benefit of both kinetic stabilization
by the Tbt group and thermodynamic stabilization by the
m-conjugation over the xanthenyl moiety. We report here the
synthesis and characterization of 1-hydrosilene 1 together with
its unique reactivity.

Fluorosilane 2, the precursor of 1-hydrosilene 1, was syn-
thesized as a stable crystalline compound in 80% yield by the
fluorination reaction of the corresponding chlorosilane, which
was prepared by the reaction of TbtSiHCl, with xanthenyl-
lithium,’ using an excess amount of AgBF,4. Then, fluorosilane
2 was treated with -BuLi in Et,O at —40 °C to afford
I-hydrosilene 1 as a main product, as judged by 'H NMR
spectroscopy. Although further purification of 1 was found to
be difficult due to the small amount of inseparable and
unidentified byproduct, 1-hydrosilene 1 was stable in Cg¢Dg
solution enough to be characterized by spectroscopic analysis
under ambient conditions.® In addition, the generation of 1 was
confirmed by the trapping reactions with methanol, diphenyl-
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acetylene, and 2,3-dimethyl-1,3-butadiene, leading to the forma-
tion of the corresponding adducts 5 (50%), 6 (66%), and 7
(39%), respectively (Scheme 2).

The 2°Si NMR spectrum of 1 (C¢Dg) showed a characteristic
signal at 50.2 ppm, which is similar to those of the previously
reported, kinetically stabilized silenes' and in lower field than
those of sp>-silanes bearing an Si—H bond (e.g., ds; = —17.6
for Ph3SiH),”' indicating the sp>-hybridization of the central
silicon atom. In the 'H NMR spectrum (CgDg), the proton on
the sp?-silicon atom in 1 resonated at 6.06 ppm, the chemical
shift of which is lower than those for the protons on sp’-
hybridized silicon atoms (e.g., oy = 5.71 for PhsSiH)*'"
probably due to the anisotropic effect caused by the Si=C
m-electrons. The 'Jysi value of the (H)Si=C moiety of 1 was
observed as 246 Hz, which is larger than those between sp’-
hybridized silicon and hydrogen atoms (Musi = 198 Hz for
Ph3SiH;° the 'Jus; coupling constants between sp>-Si and H
atoms are ca. 200 Hz).'? The large 'Jys; value observed here
reflects the high s-character of the Si—H bond of 1, since s
values should correlate with the s-character of the silicon atom
in the Si—H bond.'" To the best of our knowledge, there have
been only two reports on the 'Jus; coupling constant between
the proton and the sp>-silicon atom other than those in the
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hydrosilylene—transition-metal complexes (Msin = ca. 130—180
Hz).> The 'Jusi values for hydrodisilenes, R*,HSi—(H)Si=Si-
(H)—SiHR*, (R* = Si(-Bu);)'* and R'(H)Si=Si(L))R' (R' =
Si(i-Pr)[CH(SiMes),]»), !> were observed as 149.8 and 155 Hz,
respectively, which are smaller than that of 1. The NBO
calculations also suggested the higher s-character of the Si—H
bond of 1 (osin = 0.6436(sp>**)Si + 0.7654(s)H) than that of
PhsSiH (osiz = 0.6402(sp™'”7) + 0.7682(s)H)."* The calculated
chemical shifts and coupling constants for the optimized
structures (B3LYP/6-31G(d) level) of 1 (ds; = 53.1, oy = 6.15,
"Jusi = —270 Hz) and PhsSiH (ds; = —14.3, 0u = 5.94, 'Jus;
= —203 Hz) are in good agreement with the observed values.'*
These results support that theoretical calculations should reflect
an intrinsic nature of 1-hydrosilene 1, where the feature of the
sp>-hybridized silicon atom appears in the bonding character
of not only the Si=C bond but also the Si—H bond. On the
other hand, the '>*C NMR chemical shift of the Si=C moiety in
1 was computed as 138.3 ppm,'* which is similar to those of
aromatic '>C atoms, although the 13C NMR chemical shift of
the Si=C moiety in 1 has not been assigned due to the
complication of spectra. In addition, the Si—H bond of 1 was
characterized by IR spectroscopy in the solid state. The
characteristic Si—H vibrational frequency was observed at vsiy
= 2280 cm™ ', which is in good agreement with the calculated
value for 1 (2295.7 cm™ ' at the B3LYP/6-31G(d) level). The
observed vgsjy value for 1 is apparently larger than those for
some sp°-hybridized silanes bearing an Si—H bond'’ (e.g., vsin
= 2122 cm™! (observed under the same conditions) and 2125
! (reported in the literature'>*) for Ph3SiH), also indicating
the higher s-character of the hybrid orbital of the silicon atom
in the Si—H bond in 1 than that of sp>-hybridized silanes.
The crude mixture containing 1-hydrosilene 1 was subjected
to slow recrystallization in a glovebox filled with argon in the
expectation of obtaining single crystals for structural analysis.
However, unexpected dimer 8 was obtained as orange crystals
(59% from 2) by standing of the hexane/benzene solution of
the crude mixture for ca. 1 week in the dark. The structure of
8 was supported by the spectroscopic ("H and *°Si NMR, FAB
mass, and IR spectra) and X-ray crystallographic analyses
(Figure 1).'"® Dimer 8 was most likely formed by the thermal
[6+6]-pericyclic self-dimerization.'” Less hindered silenes are
known to undergo [2-+2]-self-dimerization, leading to the
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Figure 1. Molecular structure of 8. Displacement ellipsoids are
drawn at the 50% probability level. The substituents on the Tbt
groups were omitted for clarity.

formation of the corresponding disilacyclobutane derivatives'
due to the weak Si=C sr-bond and the spatial extent of the 3p
orbital of the silicon atom, whereas Woodward—Hoffmann rules
argue that the thermal [n+n]-dimerization (n = 2, 4, 6, ...)
should be forbidden in carbon chemistry.'®'® Although 1-hy-
drosilene 1 may be prevented from its [2+2]-dimerization by
the steric hindrance around the silicon atom afforded by the
Tbt group, the extended ;-electron conjugation between the
Si=C and xanthenyl moieties should make it possible for 1 to
undergo such unique thermal [6+6]-self-dimerization (Figure
2). On the other hand, the results of theoretical calculations
suggested that 8 should be less stable than 1 by ca. 6.7 kcal/
mol probably due to the loss of aromatic stabilization energy
of the xanthenyl moiety, while the [2+42]-dimer of 1 (trans-
configuration)®® should be much less stable than 1 by 12.1 kcal/
mol. Consequently, the [6+6]-dimerization of 1 is most likely
promoted by the extremely low solubility of 8, which forces 8
out from the equilibrium between 1 and 8 and shifts the
equilibrium to the formation of 8.
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Figure 2. Depiction of (a) Kohn—Sham (KS)—HOMO and (b)
KS—LUMO of 1 calculated at the B3LYP/6-31G(d) level.

Heating of the C¢Dg suspension of isolated 8 at 70 °C for
2 h afforded hydrosilene 1 in an almost quantitative yield, as
judged by the 'H and ?°Si NMR spectra, probably via the retro
[6+6]-pericyclic reaction. In addition, thermal reaction of 8 in
the presence of trapping reagents such as methanol, diphenyl-
acetylene, and 2,3-dimethyl-1,3-butadiene, which should not
react with 8 directly, at 70 °C for 2—3 h afforded the
corresponding adducts 5 (75%), 6 (40%), and 7 (62%),
respectively, indicating the efficient generation of 1 on heating
of the C¢Dg suspension of 8. At present by using this synthetic
method, 1-hydrosilene 1 is difficult to isolate as a crystalline
compound due to the slow dimerization of 1 during the processes
of cooling and evaporation. However, it was found that
1-hydrosilene 1 can be obtained by the thermal reaction of 8 as
an almost pure compound stable in C¢Dg solution.

In conclusion, stable 1-hydrosilene 1 was successfully gener-
ated by the dehydrofluorination reaction of fluorosilane 2, and
it was reasonably characterized by "H and *°Si NMR spectra.
It should be noted that the 'Jyg; value of 1 is larger than those
between sp’-hybridized Si and H atoms due to its high
s-character of the Si—H bond. In addition, 1-hydrosilene 1 thus
obtained was found to have marginal stability in solution and
undergo unexpected [6+6]-dimerization on concentration to give
8, which could be converted into monomer 1 by the thermolysis
of its C¢Dg suspension. Further investigations on the properties
of 1-hydrosilene 1 and related compounds are currently in
progress.
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