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Palladium(U) Catalyzed Aryl Groups Exchange 
between Triarylphosphines 

to be dependent on the starting triarylphosphines 
and with time all of them were converted to the 
organic products (Scheme 1). In a typical example, 
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Studies focusing the process of catalyst degrada- 
tion in the course of homogeneous transition metal 
catalyzed organic synthesis have become a very im- 
portant field of research in recent years [ 1,2]. Such 
a catalyst deactivation process has been shown to 
occur generally via an interaction of the metal with 
the ligands in some undesired manner leading to 
various by-products. Recently we reported a similar 
unexpected interaction of palladium(H) salts with 
triphenyl stibene and triarylphosphines under various 
reaction conditions resulting in the cleavage of 
phenyl-antimony and aryl-phosphorus bonds and 
yielding various organic products [2]. The cleavage 
reactions of PhsSb and PhsP under COa or (NO + 
CO) pressure resulted in the formation of benzoic 
acid as the major product. Now we wish to report 
here for the first time the palladium(R) catalyzed aryl 
groups exchange between triarylphosphines and also 
the redistribution of aryl groups of mixed arylphos- 
phines. 

We have earlier reported that the reaction of PhsP 
and PhsSb with Pd(OAc)z in toluene at >80 “C 
produce phenyl groups containing organic products 
such as biphenyl (coupling product), benzene and 
phenyl acetate. Similarly the reactions of para- 
substituted triarylphosphine afforded the organic 
products, however, the coupling products were found 
to be the 4,4’-disubstituted biaryls, thus ruling out 
the possible ortho-metalation of C-H bonds of aryl- 
phosphines as the reaction pathway for the Ar-P 
cleavage process [3]. 

When the above reaction was carried out by react- 
ing a mixture of two different triarylphosphines with 

Pd(OAc)z , formation of three different coupling 
products (two homocoupling and one hetero-aryl 
coupling) was observed [2] which suggested the 
possible involvement of either a bimolecular or a 
radical process [4] in the product formation step. 
Now we have found that in these reactions involving 
a mixture of two different but symmetrical triaryl- 
phosphines with Pd(OAc)z, exchange of aryl groups 
between the phosphines occurs resulting in the for- 
mation of two new mixed aryl groups containing 
unsymmetrical phosphines. The amounts of these 
mixed aryl groups containing phosphines were found 

(Ar)sP + (Ar’)sP- pg (Ar)(Ar’),P + (Ar)a(Ar’)P 

.4-Ar’ + Ar-Ar t Ar’-Ar’ t ArH + Ar’H 

(where Ar or Ar’ = phenyl, p-tolyl, p-chlorophenyl, 
p-methoxyphenyl) 

Scheme 1. 

when triphenylphosphine, PhsP, and tri-p-tolyl- 
phosphine, (p-CH3C6H4)sP, were allowed to react 
with Pd(OAc)z in toluene at 100 “C for 15 minutes, 
in addition to the three coupling products (biphenyl, 
4,4’-dimethyl biphenyl and 4-methylbiphenyl), the 
two mixed phenyl and p-tolyl groups containing 
phosphines, i.e., Ph2(p-CHsC6H4)P and Ph(p-CHs- 
C6H4)* P were also formed. Such palladium(R) 
catalyzed exchange of aryl groups was also observed 
between triphenylstibene and triarylphosphine, 
although to a lesser extent. For example, in the reac- 
tion of a mixture of PhsSb and (p-tolyl)sP with 

Pd(OAc)z, formation of mixed phenyl (p-tolyl) 
phosphines was identified. This lower exchange 
reactivity may be due to the fact that the cleavage of 
Ph-Sb bonds occurs at a much faster rate than that 
of p-tolyl-P bonds of (p-tolyl)sP thus yielding bi- 
phenyl as the major product. Interestingly, the redis- 
tribution of aryl groups was observed in the reaction 
of Pd(OAc)? with mixed aryl groups containing 
phosphine, (Ar),(Ar’)s_,P, to give the corresponding 
two triarylphosphines and a mixed arylphosphine 
(eqn. 2) along with other organic products. 

(Ar),(Ar ‘)s - ,P e Pdo(Ar)sP+(Ar’)sP+(Ar)3__(Ar’),P 

(where Ar = Ph and Ar’ = p-tolyl and p-chlorophenyl) 

Scheme 2. 

Thus, when a solution of Ph,(p-tolyl)P and Pd(OAc)* 
was heated, formation of two symmetrical triaryl- 
phosphines, i.e., PhsP and (P-CH3C6H4)sP along with 
a mixed phenyl di-p-tolyl phosphine, Ph(p-CHs- 
C6H4)*P, was observed. 

Preliminary experiments using salts of other group 
VIII metals in their lower as well as higher oxidation 
states also result in the exchange of aryl groups on 
phosphines. If such exchange and redistribution of 
the aryl groups on phosphines is catalyzed by most 
commonly used metals, it raises a serious question 
about the actual effect of various ligands in studies 
such as electronic effect of ligands. 
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It is important to note that in all the aryl groups 
exchange or redistribution reactions of triarylphos- 
phines with one or more para-substituted aryl groups, 
the resulting new phosphine products also contained 
the substituents at the para-position. Therefore, it 
appears that the entire process of cleavage and re- 
formation does not involve the orrho-metallation of 
C-H bonds of triarylphosphines that would have 
resulted in the formation of meta-substituted aryl 
groups products. Formation of various coupling 
products and the exchange of aryl groups between 
triarylphosphines from an intermediate of the type 
(A) can be the result of either a bimolecular mech- 
anism or a radical process (Scheme 3). 

i7~W + ArCA?), P 

--.,P-Pd- - Pd ’ 

I 
HPd\ / 

YP, 

R’ (6) 

Scheme 3. 

Recently Albinati et al. [5] have observed the cleav- 
age of Ph-P bond of PhaP and the formation of a 
phosphido-bridged diplatinum complex in the 
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thermally induced reductive elimination of benzene 
from the complex [(PhsP)2Pt&-H)2Pt(Ph)(Ph3P)2]+. 
Our preliminary experiments where a spin-trapping 
agent (e.g. N-tert-butyl-cr-phenylnitrone) was added 
in the reactions of triarylphosphine with Pd(OAc)s, 
showed the formation of radicals in the EPR spectra. 
Further efforts are being made to prove conclusively 
the involvement of a radical process either partially 
or exclusively and also to extend these studies to 
other group VIII metal complexes. 
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