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SUMMARY 

a,&-Dimethylstilbene is obtained in the reaction of diphenylacetylene with 
CH,MgBr and L,PdCI, (L= benzonitrile or norbornadiene), in 65% yield based 
on the alkyne. Stilbene and a-methylstilbene form as side products (-25 %)_ No 
reaction takes place when phosphinesor arsines are present as L in L,PdCI,_ The 
addition of strong nucleophiles like Ph,P, Ph,PCH2CH2PPh, or (PhO),P to a cold 
mixture (- 70’) of (C6H5CN)2PdCl, and CH,MgBr yields the corresponding 
L?Pd(CH,),, indicating the presence of methyl-palladium components in the reac- 
tion reagent and offering thereby a convenient synthesis of these compounds. 

INTRODUCTION 

Salts and complexes of transition metals were shown to play an important part 
in a number of alkylation reactions of acetylenic’ and olelinic2-” compounds. These 
alkylation reactions’ often lead to the formation of a great number of products which 
is not always desirable. It is therefore of interest to seek and study those systems 
which display a certain degree of specificity. We report here the reactions of palladium 
based reagents in which diphenylacetylene is symmetrically dimethylated to give 
a,a’-dimethylstilbene. The effect of ligands in the palladium compound on its reactivity 
or inertness has also been studied. This question which has recently been raised in 
connection with homogeneous hydrogenation5 is still a matter of much concern. 

Palladium compounds3 are known to take part in several types of alkylation 
reactions. However, instances of symmetrical alkylations of unsaturated compounds 
are still rare. Two cases reported lately deal with the formation of stilbene from the 
reaction of vinyl halides or vinyl acetate with “C,HSPdCl” (not isolated)3 and the 
formation of substituted butadienes from the reaction of terminal olefins and di- 
phenylacetylene with bis(benzonitrile)palladium dichloride4. 

l For Part I see ref. 1. 
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RESULTS AND DIS3JSSION 

The alkylation tif diphenylacetylene 
The reactions of palladium compounds of the type L,PdCl, in which L is 

benzonitrile or norbomadiene (bicyclo[2.2.l]heptadiene) with CHsLi or with CHs- 
MgBr result in the formation in situ of very reactive alkylating agents. In their reac- 
tion with diphenylacetylene the latter is dialkylated to a,n’-dimethylstilbene (2,3-di- 
phenyl-2-butene) (65%). Side products in low yields were stilbene and a-methyl- 
stilbene. Condensation products in which hexaphenylbenzene6 was identified were 
obtained only in the case of the benzonitrile compound (yield less than 10%). 

Generally, a higher percentage of hydrogenation, at the expense of alkylation 
was observed when CHsLi was used (Table 1, run 1). The combined yield of addition 
products was 80% based on the alkyne. 

With other ligands in L,PdClz such as phosphites, triphenylarsine (Table 1, 
runs 4-6) or triphenylphosphine the yields were very low or practically zero. 

TABLE 1 

DI~TRIBLJTIONOFADD~~N PRODUCTS (mole%) IN REAC~ON~~FDI~HENYLAC~LENEWITH 

L2PdCIZ/CH3Li OR LzPdCI&HliMgBr 

, 

Run L in Alkylating Max Dimethyistilbene Methylstilbene Stilbene Yields 
L2PdC12 agent temp. (%) 

ec, cis tram cis trans tram cis 

1 &H&N CHaLi 25 29.3 10.3 10.2 10.2 10 30 - 
2 &H&N CH,MgBr 25 552 14.4 4.5 5 4.8 16.3 80 
3 
4 :h::O)xP ,‘:$,Br 

25 53.0 16.1 17.5 NOIX None 13.4 80 
120 32.0 26.1 5.85 13 19.8 3.7 <5 

5 W-NM’ CHxLi 70 29.2 14.6 13.5 (13.5) 29.2 45 
6 (C,H&Sb CH,MgBr 50 50.5 13.3 18.0 18.0 None 18.2 Trace 
7 (C,H,),S\s CH3Li 70 Trace Trace Trace Trace Trace Trace Trace 
8 - (PdCI,r CH,MgCI 15.9 (13.6?) 6.8 6.8 9.1 52.4 - 16 

o Norbornadiene. ’ Data from ref. 13. ’ Quantity too small for each to be determined individually. 

Isomerisation of the product 
As shown in Table 1 the geometry of the product is predominantly cis. When 

samples were kept for longer periods at 0 or 29 the ratio of cis- to trans-dimethyl- 
stilbene increased considerably (Table 2) No such isomerisation was observed in 
the reaction of rhodium compounds with diphenylacetylene’ and in the correspond- 
ing reaction with chromium catalysts’ the isomerisation of oleIins in the system was 
in the opposite direction (cis to tram). 

The trapping of methylpalladium compounds in the reagent system 
When potential ligands such as triphenylphosphine, 1,2-bis(diphenylphos- 

phino)ethane, triphenyl phosphite and several others were added to the mixture of 
(C,H,CN),PdCl, and CH,MgBr at - 70 or -600 the corresponding dimethyl- 
palladium compound L2Pd(CH& could be isolated. It is welI known’ that com- 
pounds of this type can be prepared by the reaction of L,PdCI, with CHsMgBr and 
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increase of dialkylation. In other systems studied so far the dominant product of 
alkylation of diphenylacetylene was or-methylstilbene mainly because reactions of 
hydrogen transfer competed strongly with alkylation’ or because the reaction was 
a two step process of which only the first consisted of alkylation’. When the effect 
of transition metal salts on the reaction of diphenylacetylene with CH,MgBr was 
studiedr3, it was found that among many salts examined only CuCl,, CuBrz and 
MnClz yielded cis-a&-dimethylstilbene as an important product. The present results 
show that a desired specificity in alkylation can be achieved not only by a proper 
choice of the metal ion but also by the choice of different compounds of the same 
metal. However, the connection between the presence of ligands and the repression 
of hydrogen transfer reactions is not clear at present. 

The role of compounds like (C,H,CN)IPd(CH3jl and C,H,Pd(CH,), in the 
alkylation reaction is questionable. Although probably formed initially they both 
may yield the same transient complex containing Pd-CH, groups and coordinated 
Ph&CPh as the reactive species. Those dimethylpalladium compounds which could 
be isolated [L= Ph,P, (Ph0)3P or PhlPCH,CH2PPh,] did not react with the alkyne 
even at temperatures where disintegration of the Pd-CH, bond took place, again 
probably because the alkyne did not coordinate to the palladium atom in these cases. 
The triphenyl phosphite compound is a limit case where [(C,H,O),P],PdCl,/CH,- 
MgBr gave alkylation products in low yields. 

Although benzonitrile in other conditions is known to react with CH,MgBr, 
to form acetophenone (after hydrolysis), this did not interfere with the reaction be- 
tween the Grignard reagent and (C,H,CN)2PdC12 even though excess of the former 
was present. In runs carried out below - 30” no acetophenone was detected among 
the products_ With runs kept for long periods at room temperature some acetophe- 
none was observed when CH3Li was used, but none in runs of CHsMgBr. 

EXPEPJMENTAL. 

Ether and tetrahydrofuran (THF), were filtered through alumina, refluxed 
first over sodium then over LiAlH4, on which they were stored. Other solvents were 
dried by refluxing-over sodium. All operations in this work were carried out under 
an atmosphere of dry argon. 

Starting materials 
Palladium compounds were prepared by standard procedures: (PhCN),- 

PdC1214, C7HsPdClZL5, [(CH30)3P]2PdC1216, (Ph,Sb)zPdClt’7, (Ph,As),PdClz 
(prepared by using the procedure in ref. 17), [Ph,P(CHJ,PPh,]PdC12i*, (Ph,P),- 
PdCl,“. 

[(Ph0),P],PdCZ2. Into a benzene solution (30 ml) of triphenylphosphite (9.3 
g, 3 mmole), PdCl, (1.76 g, 1 mmole) was added_ After stirring for 24 h the slurry was 
warmed to 90”) cooled and the white precipitate filtered and washed in hexane/ben- 
zene mixture. The substance is insoluble in CC14, hexane, ether or water, very soluble 
in THF and chloroform. M-p. 1680 (decomp.). (Found: C, 56.86; H, 3.92; Cl, 8.62. 
Cs,H$l,O,P,Pd calcd.: C, 54.3; H, 3.7; Cl, 8.9%) 

Reaction of (PhCN)2PdCZ, with CH,MgBr and PhCcCPh 
A suspension of bis(beuzonitrile)palladum dichloride (7.3 g, 19.5 mmole) in 
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