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Nickel -induced Conversion of Carbon-Sulphur into Carbon-Carbon Bonds. 
One -step Transformations of Enol Sulphides into Olefins and 

Benzenethiol Derivatives into Alkylarenes and Biaryls 
By ERNEST WENKERT,* TAMIS W. FERREIRA, and ENRIQUE L. MICHELOTTI 

(Department of Chemistry, Rice University, Houston, Texas 77001) 

Summary The reactions of alkenyl sulphides, benzene- RECENTLY a new carbon-carbon bond-forming reaction was 
thiols, and aryl sulphides with methylmagnesium and introduced, which showed that MeMgBr and PhMgBr react 
arylmagnesium bromides, mediated by bis (triphenyl- under the influence of phosphine-ligated nickel dichloride 
phosphine)nickel dichloride, in benzene solution have with enol ethers to furnish olefins, and that PhMgBr also 
been shown to lead to olefins (predominantly with reten- reacts with aryl ethers to yield biaryls.1 The observation 
tion of configuration), toluenes, and biphenyls in medium of the formation of p-methylbiphenyl from a nickel- 
to high yields. induced reaction between an aryl toluene-$-sulphonate and 
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TABLE. The reactions of thioenol ethers and benzenethiol derivatives with methyl-, phenyl-, and p-tolyl-magnesium bromides.8 9b 

l-Methylthio-oct-l-ene (4 : l ) C  

Thiophen 
Thianaphthene 

Dibenzothiophen 

Benzene t hiole 

p-t-Butylbenzethiol 

Thioanisole 

p-t-Butylthioanisole 

Diphenyl sulphide 
p-t-Butylthioanisole oxide 
Diphenyl sulphoxide 

Methyl phenyl sulphone 

Diphenyl sulphone 
Sodium toluene-p-sulphinatee 

Products 
Non-2-ene (5 : l ) c  
l-Phenyloct-l-ene (4 : 1)c 
1,4-Diphenylbuta-l,3-diened 
o-Propenyltoluene (1 : 3)c 
o-Phenylstilbene (1 : 1 ) c  
o,o’-Dimethylbiphen yl 
o,o’-Quaterphenyl 

p-Meth ylbiphenyl 
p-t-Butyltolueneg 
9-t-Butylbiphenylg 

p-Methylbiphenyl 

fi-t-Butyltoluene 
Toluene 
p-iMeth ylbiphenyl 
Toluene 
p-Methylbiphenyl 
Toluene 
p-Methylbiphenyl 
p-Methylbiphenyl 

% Yield 
71 
80 
85 
48 
61 
73 
52 
641 
62 
50 
30 
97’ 
74 
55 
53 
741 
74 
50 
771 
57 
9if  
45 
701 
53 
27 

a All starting materials and end products are known substances and were available commercially or prepared by standard means 
b A benzene solution of ca. 2-5 mol of Grignard reagent and 0.1 mol of bis(tripheny1phosphine)nickel dichloride per mol of sulphur 
compound was refluxed for 1-30 h. trans :cis Ratio. d 1 : 1 Mixture of stereoisomers. f Based on 
g.1.c. analysis. 

e Refluxing for 48-72 h. 
g The by-product (8-15 % yield) was t-butylbenzene. 

PhMgBr2 led to this study of nickel-mediated reactions of 
.organomagnesium compounds with alkenyl sulphides and 
various aromatic sulphur compounds. 

As the Table indicates, methylmagnesium and aryl- 
magnesium bromides react in the presence of bis(tripheny1- 
phosphine)nickel dichloride catalyst with alkenyl sulphides, 
aryl thiols, and aryl sulphides and their sulphoxides and 
sulphones in medium to high yields3 This efficient replace- 
ment of a carbon-sulphur bond by a carbon-carbon linkage 
requires the nickel catalyst4 and is limited to substances 
containing unsaturated carbon-sulphur bonds , as shown by 
the inertness of di-n-octyl sulphide to MeMgBr as well as 
PhMgBr in the presence of the nickel salt. The sulphur 
displacement process is faster for alkenyl sulphides (i.e. the 
first three entries in the Table) than for aryl sulphides and 
leads predominantly to retention of the olefin configuration. 
These properties are similar to those observed for enol and 
aryl ethers1 and alkenyl and aryl  halide^.^ The sulphur 
replacement is duplicated also by selenium compounds. 
Thus the niclrel-catalysed reaction of phenyl vinyl selenide 
with ptolylmagnesium bromide yielded fi-methylbiphenyl 
(60%) and p-methylstyrene (25%). 

In general, sulphur compounds undergo the catalysed 

reaction with Grignard reagents more readily than the 
corresponding oxy compounds,l remarkable contrasts being 
the ready interaction of aryl sulphides with MeMgBr 
compared with the inertness of anisoles towards this 
reagent1 as well as the ease of replacement of an aromatic 
sulphydryl group us. the strong resistance of phenolic 
hydroxy groups towards substitution by aryl groups.1 

No reaction took place between several of the thio 
compounds (cf. the Table) and EtMgBr in the presence of 
the nickel species, even though such reaction had occurred 
with an enol ether.l However, the use of bis(l,3-diphenyl- 
phosphino)propanenickel dichloride as catalyst with 
EtMgBr caused the fast transformation of P-t-butylthio- 
anisole into p-t-butylethylbenzene (36%). In contrast to 
the observation of both ethylation and reduction products 
in the reaction of the enol ether with the Grignard reagent1 
no reduction product resulted from reaction with the 
thioanisole. 
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6 Towards the end of this investigation there appeared a study of the nickel-catalysed reactions of alkenyl phenyl (or alkyl) sulphides 
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None of these activities interfere with the nickel-induced reaction. 
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