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Summary: A general method for the preparation of mixed ally1 vinyl dimethylsilanes uses the sequential 
coupling of two different alkenylmetallics to (chloromethyl)dimethylchlorosilane. This method is applied to 
synthesize the 12-dimethylsila analog of squalene. 

Although both allylsilanes and vinylsilanes are readily prepared and useful reagents in organic 

synthesisl, no general methods were available in the literature for the synthesis of silanes bearing both an 

allylic and a vinylic moiety.2 Compounds of this type have particular interest for us for the study of 

beta-silicon-accelerated cationic cyclizationsa In addition, the availability of a variety of ally1 vinyl silanes 

could stimulate anew the examination of the sila-Cope rearrangementsa We now describe a general route 

to the preparation of ally1 vinyl dimethylsilanes 3 from (chloromethyl)dimethylchlorosilane Q) via the 

palladium-catalyzed coupling of an alkenyl or aryl iodide with the alkenyl(chloromethyl)silane 2. 

Furthermore, we illustrate the practical utility of this procedure to synthesize the 12-dimethylsila analog of 

the polyolefinic triterpene squalene. 

Negishi and co-workers described the coupling of (chloromethyl)trimethylsilane to a variety of alkenyl 

halides as a general approach to allylsilanes. 4 Thus, tetrakis(triphenylphosphine)palladium is employed as 

a catalyst for the coupling of the magnesium reagent of the silane with an alkenyl halide. We chose the 

parent (chloromethyl)dimethylvinylsilane 2a (PI = Rn = H) to explore the generality of the coupling reaction 

with alkenyl and aryl halides. 
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Table I illustrates representative examples of the coupling reaction. Aryl iodides and (E)-I-alkenyl 

bromides and iodides couple efficiently to give the ally1 vinyl silane products.5 In contrast, (Z)-1-alkenyl 

iodides and 2-bromostyrene couple with lower efficiency, which we attribute to steric congestion 

in the palladium-olefin complex. Additionally, (ZJ-I-alkenyl iodides give reductive coupling to 

alkenyl(trimethyl)silane products.*’ Indeed, the reduced reactivity of the (Z) isomers allows kinetic 

enrichment in (El-ally1 silane products 3 in the cases of P-bromostyrene and the trisubstituted alkenyl 

iodides. 

Silasqualene 8 was prepared as outlined in the Scheme below. Geranylacetone was converted to the 

kinetic enol phosphate6 (1.05 equiv. lithium tetramethylpiperidide (LTMP), -78 DC, 1 h; quench at -78 CC to 

20 OC with 1 .l equiv. CIPO(OEt)z), which was then added to 2.1 equiv. of LTMP to afford, after aqueous 

workup, geranylacetylene 47 in 67% yield. Next, syn methylzirconation8 of the alkyne using the zirconocene 

dichloride (1 .I equiv.)-trimethylaluminum (2.2 equiv.) reagent at 0 to 20 OC for 10 h, followed by 1.2 equiv. of 

iodine in THF at 0 oC afforded the (Q-vinyl iodide sin 85% yield (.E:Zratio, 97:3). The lithium reagent was 

prepared from the pure (E)-vinyl iodide isomer using 1 .I equiv. of n-butyllithium in diethyl ether at -78 OC for 

the metal-halogen exchanges, and was coupledlo, with 1 .l equiv. of (chloromethyI)dimethylchlorosilane~~ 

at -78 to -30 0C and quenched at -30 oC to give vinylsilane fi (93%). Finally, the magnesium reagent 1 

generated at 20 0C from the (chloromethyl)vinyl silane S with 1.5 equiv. of Mg powder in THF was added to 

Pd(PPhs)d at 20 oC, followed by coupling5 with a second unit of the vinyl iodide 3 (20 oC, 12 h) to give the 

TLC- and capillary GC-homogeneous 12-silasqualene 8 in 72% yield.13 
1. LiTMP 1. Cl,ZrC&, AIMe, 

2. cIPo(oEtt)~ 
. 
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The abnormal reductive coupling process is stoichiometric in palladium and 
appears to compete favorably with normal reductive elimination for (Z)-alkenyl 
halides. The structure of the adduct (I) for Entry 5 (Table 1) clearly showed an 
(E)-alkenyl(trimethyl)silane (d 5.61, d, J= 18.5 Hz, IH; d 5.98, df, J= 18.5, 
6.7 Hz, 1H) and a new methyl doublet (d 0.86, d. J= 6.7 Hz, 3H). 
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Table 1. Palladium-catalyzed coupling to give ally1 vinyl silanes 

),i* 

I 
\ 

MgCl 

alkenyl halide 

- * Pd(Ph3P), , THF 

I R4 

R3 

Wry 

1 

2 

3 

Alkenyl or Aryl Halide 

I 

E:Z = 96:4 

Br 

E:Z = 75:25 

!-X:R4Si Ratio 

I:1 

OS:1 

0.75:l 

OS:1 

1:l 

OS:1 

OS:1 

0.5: 1 

Isolated Yield* 

70% 

77% E:Z > 99: 1 

80% 

5% 

55% (E), [lo%] 

60% (E), [S%] 

62% 

75% 

O.S:I 38% W, 112%1 1 

*Isolated yields are calculated based on the limiting alkenyl iodide. Numbers in brackets are abnormal 
alkenyl(trimethyl)silane coupling products. 
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