
The hydrogenation of bistrimethylsilylactylene, bis(tri-
methylsilyl)-1,3-diynes, and related silylalkynes giving the cor-
responding saturated compounds were achieved by using
diimide prepared in situ from p-toluenesulfonyl hydrazide in
diglyme.  The present method was applicable to the synthesis of
saturated 12- and 18-membered oligosilacycloalkanes.

We have found that the hydrogenation of various silyl-
alkynes with diimide provides a convenient and versatile
method for the syntheses of the corresponding saturated com-
pounds.1,2 The results are particularly interesting, because
though various silylalkynes are prepared rather easily, their
hydrogenation by other conventional methods such as the
hydrogenation with transition metal catalysts was
unsuccessful.3 The present method was applied to the synthesis
of saturated sila-macrocycles such as 1,4,7,10-tetrasilacyclo-
dodecane and 1,4,7,10,13,16-hexasilacyclooctadecane.  

Typically, the hydrogenation of bis(trimethylsilyl)acetylene
(1) with diimide was performed as follows:  A mixture of 1 (2.00
g, 11.8 mmol) and p-toluenesulfonyl hydrazide (4.38 g, 23.5
mmol) in diglyme (20 mL) was heated under reflux for 10 h.
After cooling the mixture to room temperature, water (20 mL)
was added.  The mixture was neutralized with aqueous NaHCO3
and then extracted with pentane.  The organic layer was dried
over anhydrous sodium sulfate.  Evaporation of solvents fol-
lowed by silicagel column chromatography gave pure 1,2-
bis(trimethylsilyl)ethane (2, 1.70 g, 83% yield) as a colorless oil
(Table 1, entry 1). The reduction of 1 with an equimolar amount
of p-toluenesulfonyl hydrazide afforded a mixture of the corre-
sponding bissilylethane and ethylene.  

The present method for the synthesis of silaalkanes is useful
because the precursor silylalkynes are obtained easily by the
reactions of ethynyllithiums and ethynyl Grignard reagents with
halosilanes.  Not only 1,2-bissilylethanes but 1,3-bissilyl- and
1,4-bissilylalkanes were prepared by the hydrogenation of the
corresponding 3-silylpropargylsilanes and 1,4-bis(trialkylsilyl)-
diynes, respectively.  These results are summarized in Table 1.

The hydrogenation of tetrakis(trimethylsilylethynyl)silane 74

afforded tetrakis(2-trimethylsilylethyl)silane 8 in 88% yield.
Dendrimeric silaalkanes may be synthesized by the present
hydrogenation of the corresponding dendrimers having
silaalkyne skeletons.5 No cleavage of Si–Si bonds occurred dur-
ing the hydrogenation of bis(trimethylsilylethynyl)disilane 96

using diimide; the reaction gave the corresponding saturated
compound 107 in 77% yield (Table 1, entry 5).

Crown-like silaalkanes 11 and 12 were prepared in 74 and

82% yields,8 respectively, by the hydrogenation of the corre-
sponding cyclic oligosilaalkynes 139 and 149 (eq 2).

Structures of 11 and 12 were determined by spectroscopic,
elemental, and X-ray crystallographic analyses.10,11 As shown in
Figure 1, 11 and 12 were found by X-ray crystallography to have
roughly rectangular molecular skeletons, where the deviations of
all silicon atoms in 11 and 12 from the least squares planes were
within 0.08 Å and 0.86 Å, respectively. 

Phenyl groups in 12 were completely converted into chlo-
rine, hydrogen, and fluorine atoms by conventional procedures to
give the corresponding new macrocyclic silaalkanes 15, 16, and
17,12 respectively (Scheme 1).  Chlorination of 12 was performed
using hydrogen chloride in the presence of aluminum chloride to
give 15 in 92% yield. Reduction of 15 by lithium aluminum
hydride at room temperature afforded hexasilacyclooctadecane
16 in 87% yield. Compound 15 was converted into the fluorinat-
ed derivative 17 in 81% yield by fluorination using antimony(III)
fluoride at room temperature.  The highly symmetric structures
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of these silacycles were confirmed by 1H, 13C, and 29Si NMR
spectroscopy.  In the 13C NMR spectrum of 17, a single methyl-
ene carbon resonance was observed at δ 2.1 as a triplet due to the
coupling with two equivalent fluorine atoms (2JC–F = 16 Hz).
The 29Si NMR signal of 17 appeared at δ –1.5 as a triplet due to
the coupling with the two equivalent fluorine atoms (1JSi–F =

306 Hz).  The 19F NMR spectrum shows a sharp singlet at δ
–138.0 with satellite signals due to 29Si nuclei (1JSi–F = 360 Hz).
Because these sila-macrocycles have flexible structures and func-
tional silicon moieties, the compounds would be employed for
new components in the supramolecular chemistry.  
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