
Tetrahedron Letters,Vol.25,No.ll,pp 1163-1166,1984 0040-4039/84 $3.00 + .oo 
Printed in Great Britain 01984 Pergamon Press Ltd. 

TRANSITION-METAL CATALYZED SILYLMETALATION OF ALLENES 

Yoshitomi Morizawa, Hiroji Oda, Koichiro Oshima*, and Hitosi Nozaki 

Department of Industrial Chemistry, Faculty of Engineering, 

Kyoto University, Yoshida, Kyoto 606, Japan 

Abstract: Addition of PhMe SiMgMe, 
oroceeds in the nresence o % 

(PhMe2Si)2Zn, or PhMe2SiAlEt2 
various transition-metal catalysts. 
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copper catalyzed 'silylmagnesation of 1,2-cyclononadiene gives-l-dimethyl- 
phenylsilyl-1-cyclononene exclusively, palladium catalyzed silylalumination 
affords 3-dimethylphenylsilyl-l-cyclononene preferentially with high degrees 
of regioselectivity. 

The recently reported silylmetalation of terminal acetylenes proceeds 

in the presence of various transition-metal catalysts with high regio- and 

stereoselectivity. 1 Further extension of this reaction to allenes as 

substrates 2 has provided a novel synthesis of vinylsilanes and allyl- 

silanes, 3 respectively, under good control of the regioselectivity. 

Silylmagnesation of 1,2-cyclononadiene in the presence of CuI catalyst, 

followed by aqueous quenching, produces exclusively l-dimethylphenylsilyl-l- 

cyclononene (I) in which the PhMe2Si group is attached to the central carbon 

of the allene. Among many combinations examined, a part of which has been 

given in Table 1, the PhMe2SiAlEt2-PdC12(P(o-MeCgH4)3)2 system was found to _ 

afford the isomeric 3-dimethylphenylsilyl-1-cyclononene (II) predominantly.4 

Ligands of palladium catalysts play an important role to control the product 

distributions. The reaction of 1,2-cyclononadi,ene with PhMe2SiA1Et2 in the 

presence of Pd(PPh3)4 gave a mixture of I and II in a 55:45 ratio. 

Some electrophiles smoothly reacted with the allylic Grignard 

intermediates derived from CuI catalyzed silylmagnesation of 1,2-cyclonona- 

diene (Table 2) and 1,2-propadiene (Table 3). Thus, methyl iodide, ally1 

bromide, trialkylchlorosilanes, and aldehydes gave the corresponding silyl- 

alkenes carrying the electrophilic partners E. 

An ethereal solution of methylmagnesium iodide (1.3 M, 9.8 ml, 13.0 

mmol) was added to a THF solution of dimethylphenylsilyllithium (0.82 M, 

15.9 ml, 13.0 mmol) at 0°C under an argon atmosphere. After stirring for 

15 min, CuI (95 mg, 5 mol%) was added and the resulting solution was stirred 

for an additional 5 min. A solution of 1,2-cyclononadiene (1.22 g, 10.0 

mmol) in THF (7 ml) was added and the whole was stirred for 10 min at 0°C. 
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Table 1. Transition-metal catalyzed silylmetalationa 

SiMe,Ph 

I C 1) PhMe2SiLi-MX/cat. 

i 2) H30+ 

Entry Reagent Catalyst Conditions Yield Ratio of I/II 

Temp("C) Time(h) (Z) I II 

1 PhMe2SiMgMe GUI 0 0.2 74 >95 <5 

2 (PhMe2Si)2Znb PdC12(PBu3)2 0 2 70 50 50 

3 (PhMe2Si)2Znb PdC12(P(o-MeC6H4)3)2 0 1.5 40 30 70 

4 PhMe2SiA1Et2 Pd(PPh3)4 80 4 41 55 45 

5 PhMe2SiAlEt2 PdC12(P(o-MeC6H4>3)2 25 15 36 10 90 

a Two mol of PhMe2Si-Mtl reagen 
of catalyst were employed. k 

one mol of 1,2-cyclononadiene, and 5 mol% 
A reagent was produced by mixing the 

silyllithium with ZnBr2 in a 2:1 ratio. 

Table 2. Transition-metal catalyzed silylmetalation of 1,2-cyclononadiene 

followed by reaction with electrophiles 

1) PhMe2SiMgMe/CuI 

2) E+ 

m;Me$h&;h 

N 

Entry Electrophile Conditions Yield Ratioa of III/IV 

Temp("C) Time(h) (%) III IV 

Me1 

CH2=CHCH2Br 

PhMe2SiC1 

Me3SiCl 

PhCHO 

CH3CH0 

CH2=CHCH0 

CH3CH=CHCHO 

0 0.1 88 

0 0.1 94 

0 0.2 91 

0 0.2 84 

-78 0.2 56 

-78 0.5 67 

-78 0.5 71 

-78 1.0 91 

100 0 

100 0 

15 85 

0 100 

23 77 

100 0 
_b 

_b 

a The ratios were determined by the examination of 
mixtures according to the reported data. 

'H-NER spectra of the 
See ref. 2. Major products 

were III. Exait isomeric ratio could not be determined because of the 
complexity of H-NMR spectra. 1,2-Adduct was obtained exclusively. 
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The mixture was cooled at -78°C and treated with a solution of 

crotonaldehyde (1.05 g, 15.0 mmol) in THF (4 ml). Purification by silica 

gel column chromatography gave 3-(1-hydroxy-2-butenyl)-2_dimethylphenyl- 

silyl-1-cyclononene5 (3.0 g) in 91% yield. 

Table 3. Transition-metal catalyzed silylmetalation of 1,2-propadiene 

followed by reaction with electrophilesa 

H2C=C=CH2 
I) PhMe2SiMgMe/CuI 

4 
PhMe2Si 

/ 

2) E+ 
Y E 

Entry Electrophile Yieldb(%) 

1 Hz0 60 

2 CH2=CHCH2Br 30 

3 PhCHO 62 

4 CH3CH=CHCH0 48 

5 Me3SiCl 47 

a One mol of PhMe SiMgMe reagent, 
and 5 mol% of 

excegs of 1,2-propadiene, 
cata yst were employed. 1 Based on the 

reagent, PhMe2SiMgMe. 

This new method has provided us with a simple route to dl-muscone.6 - 

Silylmagnesation of 1,2-cyclopentadecadiene followed by quenching with Me1 

gave 3-methyl-2-dimethylphenylsilyl-l-cyclopentadecene 7 in 77% yield. 

Epoxidation (97%) and oxirane ring opening 8 (47%) g ave hydroxysilane. 

Final oxidation of the hydroxysilane produced g-muscone (96%).' 

dl-muscone - 
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