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The nickel-catalyzed synthesis of phosphonium salts from aryl halides and 
triphenylphosphine is reported. 

The formation of phosphonium salts occurs by the oxidative addition reac- 
tion of NiIP(C6H5)& on the aryl halides and reaction of the coordinated aryl 
groups with triphenylphospbine. 

The influence of substituents on the aromatic nucleus is studied. 

The reaction of coordinated ally1 groups with triphenylphosphine to give 
allylphosphonium salts has been widely studied [I]. 

Now we wish to report that aryhGcke1 complexes I react with triphenyl- 
phosphine to give phosphonium salts II and tris(triphenylphosphine)nickel 
III (eqn. 1) [2]. 

AJY-Ifi-X + 2 P(C6H& + Ai-P(GH&X + NitP(G H5 13 1 3 

W&5)3 

(1) 

(1) 
(X = Cl, Br, I) 

0-Q (W 

Recently the formation of biils has been reported to occur by the tier- 
mal decomposition of complexes I [3]. We have observed that when an excess of 
tiphenylphosphine is present in solution the formation of biaryls is strongly in- 
hibited. 

In the presence of an aryl halide the nickel complex III, formed in reaction 
1, undergoes the oxidative addition and the arylnickel complexes I are readily 
formed [4&i] (eqn. 2). 
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phosphine)nickel (eqn. 3). ti~nsChloro(aryl)bis(tiphenylphosphine)nickel(I) 
complexes can also be used as catalysts. 

Arx + P(C, HS )3 
NiEP(G HS )S 13 

- AWCes & 13 X 

Some examples of this reaction are shown in Table 1. The reaction is general 
for meta and pam-substituted aryl halides. Electron releasing substituents facili- 
tate the formation of the phosphonium Salts‘and in the case of p-amino- and p- 
dimethylaminobromobenzene the phosphonium salts are formed at room tern- 
perature (eqn. 3); in this case the intermediate arylnickel complex I is not easily 
isolable. When_paru and meta-electron withdrawinggroups are present on the 
aromatic nucleus, the reaction (eqn. 3) is strongly inhib&d and phosphonium 
salts are obtained only in low yields. 

With ortho-substituted aryl halides the formation of phosphonium salts 
occurs only to a very limited extent even if electron releasing groups are present 
on the aromatic nucleus*. In this latter case the arylnickel complexes I can be 
isolated from the reactionmixture. 

These observations on the substituent effect seem to indicate that both 
steric and electronic effects play an important role in the formation of phos- 
phonium salts. The inhibiting action of OSLO substituents can be attributed to 
their stabilizing effect on the aryl-nickel bond [S] . The strong effect of elec- 
tron releasing groups suggests that the reaction involves electrophilic attack of 
the aryl group on the phosphorus atom. Carbonium ion character must be 
generated in the aryl group during the reduction of Nin to Ni" . Electron 
releasing substituents on the aryl group will facilitate the reduction by tyrans- 
ferring charge to the nickel. 

Experimental 

All the reagents were commercially available, and were used without 
further purification. 

Ni[P(C,H,)J3 [2] was prepared by treating Ni[P(C,H,),],C,H, with ex- 
cess phosphine [9] in diethyl ether. The trans-chloro@-anisyl)bis(triphenyl- 
phosphine)nickel was prepared from Ni[ P(C,H,),] 3 and p-chloroanisole [ 51. 

All reactions were carried out under nitrogen. The products were iden- 
tified by IR and NMR spectroscopy and elemental analysis. Some were also 
identified by comparison with known samples. Melting points were deter- 
mined on a Kofler hot-stage apparatus and are not corrected. 

General procedure for the synthesis of phosphor&m salts 

A 100 ml round bottomed flask was equipped with a magnetic stirrer, a 
thermometer and a water cooled condenser. The apparatus was swept out with 
nitrogen and Ni[P(C6H5)3J3 (0.296 g, 0.35 mmol), ethanol (35 ml), P(C6HS)3 
(0.914 g, 3.5 mmol) and p-bromoaniline (0.700 g, 3.5 mmol) were introduced. 
The boiling mixture was stirred for 24 h. The solvent was evaporated under 

* A~substituenteffecthasbeenobservedinthecy~a~onofarylnickel<II)complexes:[7]. 
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reduced pressure and the residue agitated with diethy ether. The crude phos- 
phonium salts (1.4 g, 3.0 mmol; 86%) was cr&taUized from Cl-K’& /diethyl 
ether. 
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Note added im proof. A sm synthesis of phosphonium salts has been re- 
ported recently : 0. Behrens, Dissertation, Mulbeim a-d. Rubr, 19’73 (by 
courtesy of Prof. G. Wilke). 


