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Summary: Disubstituted acetylenes react with isobutylmagnesium halide in the 

presence of a catalytic amount of Cp2TiC12 in ether to afford E-alkenyl Grignard 

reagents selectively and in almost quantitative yields. The regiochemistry of 

this hydromagnesation reaction is high for alkylarylacetylenes and silylacetylenes 

giving E-ArC(MgBr)=CHR from alkylarylacetylenes, E_ArC(MgBr)=CH(SiMe3) from aryl- 

silylacetylenes, and E_CHR=C(MgBr)(SiMe3) from alkylsilylacetylenes, respectively. 

Thanks to the high reactivity of the Grignard reagent, the present reaction offers 

a novel, selective and operationally simple route for preparation of trisubstituted 

olefins. 

Over the past few decades, several hydrometalation reactions of acetylenes, such as B 
12 
, Al , 

Si3 , Sn4 and Zr', have been developed and are finding increasing acceptance as methodology for 

preparation of disubstituted and trisubstituted olefins. Grignard reagents are more reactive 

towards inorganic and organic electrophiles than organ0 borane, aluminum, silicon, tin or 

zirconium compounds. Therefore, though in principle hydromagnesation of acetylenes is very 

attractive, it is not yet well-developed6 Recently, Snider and his co-workers reported the 

nickel-catalyzed regio- and stereo-selective hydromagnesation reaction of silylacetylenes with 
10 

ethylmagnesium bromide. This reaction appears to be essentially the only known hydromagnesation 

of reasonable generality to be useful in synthesis, although the reaction co-produces ZO-30% of 
11 

the dimerization product of silylacetylene. Colomer and Corriu showed that diphenylacetylene 

reacts with 5 equiv of isopropylmagnesium bromide in the presence of 5 mol% of Cp2TiC12, afford- 

ing a 70% yield of trans-stilbene and 30% of a mixture composed of cis-stilbene and l,Z-diphenyl- 
13 

ethane after hydrolysis. These results, showing the low stereoselectivity of the Cp2TiC12- 

catalyzed hydromagnesation reactions, discouraged work to apply the reaction to other disubsti- 

tuted acetylenes. 

We now wish to report our findings, which are in marked contrast to the results of Colomer 

and Corriu, that disubstituted acetylenes reacted with isobutylmagnesium bromide in the presence 
14 of a catalytic amount of Cp2TiC12 producing selectively the E-alkenylmagnesium bromides. 
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Internal acetylenes such as 2-hexyne, 3-hexyne, phenylmethylacetylene and diphenylacetylene 

reacted with 1.2 equiv of isobutylmagnesium bromide in the presence of 3 mol% Cp2TiC12 in ether 

to afford after workup P-hexene (100% Z), 3-hexene (> 99% Z), 1-phenyl-1-propene 099% Z) and 
15 

1,2_diphenylethylene (96% Z) in 92-100% yield (GLC), respectively. These results strongly indi- 

cate that the hydromagnesation of acetylenes proceeds with cis stereoconfiguration to afford 

E-alkenyl Grignard reagents. Not only to confirm the production of E-alkenyl Grignard reagents 

but also to establish the regiochemistry of the reaction, the reaction mixture was quenched with 

D20, CH31 or PhCHO. The results shown in eqs. 1, 2 and 3 clearly support the formation of E- 

alkenyl Grignard reagents. Noteworthy here is the fact that the reaction with phenylmethyl- 

acetylene proceeds regioselectively putting the magnesium atom at the carbon substituted with the 

phenyl group, whereas the hydromagnesation of unsymmetrically substituted dialkylacetylenes showed 

low regioselectivity. 
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It is clear that the present reaction provides a convenient preparational method for the 

synthesis of E-alkenyl Grignard reagents from symmetrically disubstituted acetylenes and the 

Grignard reagents of type4 from phenylalkylacetylenes. 

The usefulness of the present hydromagnesation reaction is further enhanced when one considers 

the examples of eqs 4 and 5, showing that silylacetylenes can also be stereoselectively hydro- 
20 

magnesated. In particular, it is noteworthy that the reaction proceeds with high regioselectivi- 

ty as indicated by the results of the deuterolysis of the reaction mixture. 
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However, the site where the magnesium atom is attached is different for alkyl- and aryl-silyl- 

acetylenes. On hydromagnesation of 1-trimethylsilyl-1-alkyne, the magnesium atom is placed at 

the l-position, whereas in the case of phenylsilylacetylene, it is placed at the carbon bonded 

to the phenyl group. 

C4H9-EC-SiMe3 
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C6H5-Cx-SiMe3 
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+ 

As we noted for the Cp2TiC12-catalyzed 
8 

styrene , the reaction very likely proceeds 

'gH5 ,SiMe 
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hydromagnesation reaction of conjugated dienes or 

as follows. iso-BuTiCp2, initially from Cp2TiC12 

and 2 equiv of isobutylmagnesium bromide, undergoes p hydride elimination giving isobutene and 

Cp2TiH intermediate. Cp2TiH can then add to the acetylene giving a vinyltitanium species. 

Then vinyl group transmetalates to magnesium by reaction with isobutylmagnesium bromide to 

afford the vinylmagnesium species and regenerates iso-BuTiCp2. 

While the full scope and mechanistic details remain to be further explored, it is clear 

that a novel, selective and operationally simple route to various vinyl Grignard reagents is 

now at our disposal. 
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