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Synthesis of alkenylsilanes via palladium(0)-catalyzed silylation
of alkenyl iodides with hydrosilane
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Abstract

Various alkenyl iodides were silylated with hydrosilanes in the presence of KOAc and a catalytic amount of
Pdy(dba);-CHCIl; to afford the corresponding regio- and stereodefined (E)-alkenylsilanes in high yields. © 1999
Elsevier Science Ltd. All rights reserved.

Keywords: hydrosilane; alkenylsilane; alkeny! halides; palladium catalyst; coupling reactions.

Alkenylsilanes have been shown to be versatile intermediates in organic synthesis.! Various methods
are available for their preparation.? Most of these methods utilize alkynes, alkenes, or alkeny! halides as
starting materials. Among other methods, the catalytic cross-coupling reaction of organic halides using
disilanes as a silicon source has proven to be a versatile method for synthesizing regio- and stereodefined
organosilanes.> Recently, we have developed the atom economical metalations of aryl halides utilizing
trialkoxysilanes* or dialkoxyboranes® as metalating reagents in the presence of palladium(0) complexes.
During the course of our studies, we found a new and available synthetic route to alkenylsilanes. We
describe here a palladium(0)-catalyzed selective silylation of alkenyl iodides 2 with hydrosilanes 1 to
provide the corresponding alkenylsilanes 3 (Eq. 1).
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The representative results examined are listed in Table 1. At room temperature in N-
methylpyrrolidinone (NMP), the reaction of (E)-fB-iodostyrene 2a with 1.5 equiv. of triethoxysilane
HSi(OEt)z 1a in the presence of Pd;(dba);-CHCls (dba=dibenzylideneacetone) and potassium acetate
gave the corresponding (E)-f-silylstyrene 3a (79% GLC yield based on 2a) together with a small
amount of 2-phenylethylsilane 4a (2%) and styrene 5a (6%) (entry 1). The present silylation proceeded
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Table 1
Silylation of representative 2 with 1 (Eq. 1)*

) b ratio (%)°
entry hydrosilane 1 alkenyl halide 2 yield (%) 3 p
L d
1 (Et0)3Si—H /\/© 81 97 3
1a I
2a
1b
3 Et3Si—H 2a 70 87 13
1c
4 PhoMeSi—H 2a 83 87 13
1d
5 PhaSi—H 2a 77 90 10
if
OMe
83 84 16
6 1a | M@
2b
COzMe
72 99
7 1a '/\/©/ >
2c
8 1a | /\X 74 >99
2d
9 1a /\Q 69 >99
| x OMe
2e
10 1a I—@-——i— 60 >99

2f

2 All reactions were conducted in NMP (4 mL) at room temerature for 2 h using 1 (1.5 mmol) and 2 (1.0 mmol) in
the presence of Pd;(dba)3*CHCl3 (0.015 mmol) and KOAc (3 mmol). b Isolated yields of a mixture of 3 and 4 were
based on 2. € Determined by GLC and 'H NMR analysis of isolated products. 4 GLC yield.

stereoselectively with retention of the carbon-carbon double bond in the alkenyl iodides, i.e. neither -
nor (Z)-isomer were produced. The use of amide solvents, such as NMP and DMF, were essential for this
silylation. No reaction occurred in dioxane or toluene. The base also appeared to play an important role
in swaying the yields and the selectivity. Although the complete control of selectivity was unsuccessful,
KOAc was recognized to be a most effective base for the selective formation of alkenylsilanes 3. In
this connection, the use of tertiary amine, ‘ProNEt, which was employed as a base for the silylation of
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aryl iodides with 1a, resulted in the low yield (3a, 22%) accompanying the contamination with reduced
by-products (4a, 30%; Sa, 8%).6

It is well-known that the reactivity of hydrosilane is strongly dependent on substituents on the silicon
atom.”-® However, the differences in yields and in selectivity from the nature of hydrosilanes were not
very significant in the present reaction (entries 1-5). It is interesting to note that the silylation with
trialkylsilanes (1c—f) proceeded selectively in preventing the formation of 5, whereas commonly such
hydrosilanes have been applied for the palladium-catalyzed reduction of organic halides (entries 3-5).7°

Thus, a variety of (E)-alkenyl iodides 2 were silylated efficiently with HSi(OEt); 1a to afford the
desired (F)-alkenylsilanes 3 in high isolated yields (entries 6-10) in which 2, containing either electron-
rich or electron-deficient substituents, participated effectively.!® Also, the silylation of cyclic alkenyl
halides can be used to achieve the synthesis of cycloalkenylsilanes (entry 10). In all runs shown in Table 1,
the stereochemistry of 3 was consistent with that of (E)-2.

In conclusion, the silylation of alkenyl iodides with hydrosilanes provides useful access to (E)-
alkenylsilanes; however, the mechanism for this silylation is unclear at the present stage. The investiga-
tion for silylations with other organic halides or pseudo-halides is currently in progress in our laboratory.

The following is a typical experimental procedure for the present silylation: To a suspension of KOAc
(296 mg, 3.0 mmol) and Pd,(dba); -CHCl3 (15 mg, 0.014 mmol) in NMP (4 mL) was added (E)-1-iodo-
3,3-dimethylbut-1-ene (212 mg, 1.01 mmol) and triethoxysilane (249 mg, 1.5 mmol). After being stirred
for 2 h at room temperature, the reaction mixture was taken up in benzene, washed three times with water
to remove the NMP, dried over MgSQy, filtered, and concentrated in vacuo. The residue was purified by
column chromatography on a silica gel (pentane:ether=10:1) to give 183 mg (74% yield) of analytically
and spectroscopically pure (E)-3,3-dimethyl-1-(triethoxysilyl)but-1-ene.
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