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Hydrosilylation® of alkynes is one of the simplest and
the most straightforward preparative methods for vinyl-
silanes, which have great versatility as building blocks
in organic synthesis.? It is well known that the hydrosi-
lylation of acetylenes is induced either by radical initia-
tors® or by transition metal catalysts.* The radical
induced procedure often provides a mixture of trans- and
cis-hydrosilylation products. Although the transition
metal-catalyzed reaction proceeds with high stereoselec-
tivity via a cis-hydrosilylation pathway, it usually pro-
duces a mixture of two regioisomers (terminal and
internal adducts) in the reaction with terminal alkynes.
We wish to report that the hydrosilylation of alkynes 1
with trialkylsilanes is catalyzed dramatically by Lewis
acids such as AICI; and EtAICI,, leading to cis-alkenyl-
silanes 2 with very high regio- and stereoselectivities in
good to high yields (eq 1).56 Although most hydrometa-
lations of alkynes proceed in a cis-manner, the Lewis
acids catalyzed hydrosilylation proceeds in a trans-
manner.”

The results are summarized in Table 1. First, we
examined the hydrosilylation of 1-dodecyne using trieth-
ylsilane with several different kinds of Lewis acids.
Recently, we found that the hydrostannation of alkynes
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Table 1. Lewis Acid_Catalyzed Hydrosilylation of
Acetylenes with Et3SiH?2

Rl_— g _ESH Rl SiEt Rl H
_ Lewis Acid H R? * Et3Si; :RQ (ea?)
1 2 3

1,2,and 3 @ ; R'=CHy(CHy)g, R?%=H 9 i R'=(i-Pr)3SiO(CH,),, R%=H
i R'=PhCH,, R?=H h i R'=(i-Pr)3SiO(CH,)s, R%=H
i R'=tert-C4Hy, R?=H i R'=PhCH,O(CH,), , R%=H

b
[
d i R'=Me;Si, R>=H
e

1
j + R'=R2=CH4(CHy),
"R'= O R%=H k i R'=R’=Ph
f  R'-Ph, R2H 1 ; R'=Ph, R?=CHj,
m; R'=Ph, R?=C,Hs
Lewis acid - yield (%)
entry (equiv) R R2 2 3
1 ZrCly(0.2)  CH3(CHy)e H (1a) trace O
2 HfClL(0.2) CH3(CHy)o H (1a) 28 0
3 AICI3(0.2)  CHs(CHa)e H (1a) 93 0
4 EtAICI;(0.2) CH3(CHy)e H (1a) 95 0
50 EtAICI (0.2) CH3(CHz)o H (1a) © 0
6° AICI5(0.2)  CH3(CHa)o H (1a) 90 0
7  AICI;(0.2) PhCH, H (1b) 85 0
8 AICI;(0.2)  t-C4Hs H (1c) 82 0
9 AICI5(0.2) MesSi H (ad) 89 0
10 AICI;(0.2) 1-cyclohexenyl H (1e) 45 0
11¢ EtAICI, (1.0) Ph H (f) 61 0
12¢  EtAICl, (1.2) (i-Pr)sSiO(CH,), H (19) 86 0
13 AICI3(1.2)  (i-Pr);SiO(CHo)s H (ih) 74 0
14  EtAICIL, (1.2) PhCH,O(CH,), H @) 72 0
15  AICI3(0.2)  CHs(CHa), CH3(CHps (1j) 73
16 AICI3(0.2) Ph Ph (1k) 66
17 AICI3(0.2) Ph CHs @an 76 10

a Reactions were conducted in toluene at 0 °C under Ar unless
otherwise noted. ? The starting material 1a was recovered quan-
titatively. ¢ Reaction was carried out without any solvents. 9 2f was
obtained in 40% yield, if 0.2 equiv of AICIl3; was used as a catalyst.
¢ Hexane was used as a solvent.

proceeds smoothly in the presence of Lewis acids, such
as ZrCl, and HfCl,, producing the corresponding al-
kenyltins with high regio- and trans-stereoselectivities
in good yields.2 However, ZrCls-catalyzed hydrosilylation
gave only a trace amount of 2a (entry 1). A slight
improvement was made by using HfCl, as a catalyst, but
the yield was still low (entry 2). Fortunately, however,
the reaction in the presence of 0.2 equiv of AICI; afforded
the trans-hydrosilylation product 2a in 93% yield (entry
3). Neither a stereoisomer of 2a (cis addition product)
nor a regioisomer (3a) was detected in the H-NMR
spectra of the crude reaction product. While EtAICI, was
also an efficient catalyst for the trans-hydrosilylation
(entry 4), starting material 1a was recovered quantita-
tively in the EtAlCl-catalyzed reaction (entry 5). It
seems that the reaction did not proceed due to lower
Lewis acidity of Et,AlICI, compared to AICl; and EtAICI,.
The use of nonpolar solvents such as toluene or hexane
was essential for obtaining high stereoselectivity and
chemical yield. Unlike EtAICI,, AICI; is not soluble in
such solvents, and thus the AlCl;-catalyzed hydrosilyla-
tion proceeds in a heterogeneous system. The AIClI;-
catalyzed hydrosilylation proceeded smoothly even with-
out a solvent to give 2a in 90% yield (entry 6).

The AICI;- or EtAICI,-catalyzed hydrosilylation was
examined with several other alkynes. The reactions of
3-phenyl-1-propyne (1b), 3,3-dimethyl-1-butyne (1c) hav-
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Table 2. Lewis Acid-Catalyzed Hydrosilylation of
1-Dodecyne 1a with R3SiH

. HSIR, CHa(CHy)g\___ SiRg
CHoCHae —="H [ lic Aca H>_<H (eq2)
1a 2
2n; Ry=t-BuMe; 4; Rz=Ph,Me
©; Rg=(c-CeHyy)Me, i Rg=PhMe,
P; Ry=Ph, S; Ry=(Et0),
Lewis acid
entry (equiv) R3SiH yield (%)
1 AICI3 (0.2) t-BuMe,SiH (2n) 78
2 AlCl; (0.2) (c-CeH11)MeSiH  (20) 73
3 EtAICI;(0.2)  PhsSiH (2p) 40
4 EtAICI,(0.2)  Ph,MeSiH (2q) 45
5 EtAICI; (0.2) PhMe,SiH (2r) 60
62 AICl; (0.2) (EtO)sSiH (2s) 0

a The starting material 1a was recovered quantitatively.

ing a bulky tert-butyl group, and (trimethylsilyl)acetylene
(1d) proceeded smoothly to produce 2b, 2c, and 2d,
respectively, in high yields (entries 7—9), whereas the
hydrosilylation of a conjugated enyne, 1-ethynyl-1-cyclo-
hexene (1e), gave 2e in moderate yield (entry 10). The
reaction of phenylacetylene (1f) afforded 2f in 61% yield
when a stoichiometric amount of EtAICI, was used (entry
11). The use of 0.2 equiv AICI; as a catalyst gave 2f in
40% yield. The hydrosilylation of alkynes bearing sily-
loxy and benzyloxy groups gave the corresponding trans-
hydrosilylation products in good to high yields (entries
12—14). Very interestingly, the use of 1.2 equiv of Lewis
acids was essential for obtaining good chemical yields
(entries 12—14). Most probably, 1 equiv of Lewis acid
would be needed to coordinate to an oxygen atom of the
silyloxy or benzyloxy group, and the remaining 0.2 equiv
of Lewis acid would act as a catalyst. The reaction of
symmetrical internal acetylenes, such as 6-dodecyne (1j)
and tolan (1k), also proceeded smoothly (entries 15 and
16), whereas the reaction of unsymmetrical acetylenes,
such as 1-phenyl-1-propyne (11) and 1-phenyl-1-butyne
(1m), afforded a mixture of regioisomers, 21 and 31 and
2m and 3m, respectively (entries 17 and 18). The
regioisomeric ratio depended on the steric bulk of the
substituent R?. The methyl substituent gave a ratio of
76:10, whereas the ethyl group afforded that of 54:26.

Next, we carried out the AICI;- or EtAICI,-catalyzed
hydrosilylation of 1a with various silanes, and the results
are shown in Table 2. The reaction of tert-butyldimeth-
ylsilane and cyclohexyldimethlysilane proceeded smoothly
to give the corresponding trans-hydrosilylation products
2n and 20, respectively, in good yields (entries 1 and 2).
The addition of phenyl-substituted silanes, such as
triphenyl-, diphenylmethyl-, and phenyldimethylsilane,
gave lower yields in comparison with that of alkyl-
substituted silanes (entries 3—5 vs 1-2). The reaction
of triethoxysilane did not proceed at all (entry 6). These
results suggest that the silanes having an electron-
donating substituent, such as alkyl groups, are more
suitable to the Lewis acid-catalyzed hydrosilylation.

Preparation of 2a from la is representative. To a
suspension of AICI; (27 mg, 0.2 mmol) in toluene (1.0 mL)
was added triethylsilane (0.19 mL, 1.2 mmol) at 0 °C
under an Ar atmosphere. The mixture was stirred for 5
min, and then 1a (0.21 mL, 1.0 mmol) was added. The
mixture was stirred for 1 h at 0 °C, and excess amounts
of triethylamine (0.2 mL, 1.5 mmol) were added. After
addition of agueous NaHCOj solution, the usual workup
gave crude product, which was purified by silica gel
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Scheme 1
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column chromatography using hexane as an eluent to
afford 2a (263 mg, 0.93 mmol) in 93% yield.

The Lewis acid-catalyzed hydrosilylation of diyne
compounds was examined. Very interestingly, the AICI;
(0.2 equiv)-catalyzed hydrosilylation of 1,6-heptadiyne 4a
with 4 equiv of Et3SiH gave the six-membered cyclization
product 5 in 60% yield, whereas that of 1,7-octadiyne 4b
afforded bis-hydrosilylation product 6 in 47% yield. The
assingment of the stereochemistry of 5 was made by NOE
experiments (see the supporting information). No cy-
clization product was obtained from 4b under various
reaction conditions: for example, the use of less than 4
equiv of Et3SiH gave a mixture of 6 and a monohydrosi-
lylation product. The results are in marked contrast to
the cyclization reaction of diyne compounds by Ni-
catalyzed hydrosilylation.®

= Sl Ets
< — __ SiEty
EtaSi

4a 4b 5 6

A plausible mechanism for the AICIl;- or EtAICI,-
catalyzed trans-hydrosilylation is shown in Scheme 1,
although it is speculative. The AICI; or EtAICI; (AlX3)
would coordinate to the acetylenic bond of 1 to produce
complex 7.2 A hydride from R3SiH would attack an
electron-deficient triple bond from the side opposite to
AlX; to produce an aluminum ate-complex 8. The
intermediate 8 would undergo coupling between the
trialkylsilyl cation and the vinyl group with retention of
geometry to give 2 and AlX;. The above mechanism is
very much related to the mechanism of Lewis acid-
catalyzed hydrostannation,® allylstannation,'® and
allylsilylation,® developed recently in our laboratory.

Supporting Information Available: Full spectroscopic
and analytical characterization for compounds 2a,b,d,e,g—r,
3l,m, 5, and 6 (26 pages).
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