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FORMATION OF DIARYL{ALLYL)PHOSPHINE IN n -ALLYL PALLADIUM(II)
INDUCED CLEAVAGE OF TRIARYLPHOSPHINES

Anil B, Goel*
Ashland Chemical Company, Veatures Research and Developmeant
P. 0. Box 2219, Columbus, Ohio 43216, U.S.A.

ABSTRACT: A reverse migration of allylic group from palladium to phosphorus and the
formation of diaryl(allyl)phosphine 1in the = -allyl palladium(II) induced cleavage of
triarylphosphines has been demonstrated.

Studies concerning an undesired interaction of 1ligands with the metals leading to
various by products in the course of homogeneous catalysis have become an important field of
research in recent yearsl‘3. Recently, we reported the cleavage of Ar-E (E = P or Sb and Ar
= phenyl and p-substituted phenyl group) bonds of triarylphosphines and stibene in the
palladium(II) salts catalyzed reactions and demonstrated the formation of a variety of aryl
groups containing organic products under various reaction conditions?. Now I wish to report
here for the first time the reverse migration of an allylic group from palladium to
phosphorus and formation of diaryl(allyl)phosphine in the = -allyl palladium(Il) {nduced

cleavage of aryl-phosphorous bond of triarylphosphines.

In the palladium catalyzed reactions 1iavolving a mixture of two different but
symmetrical triarylphosphines, formation of mixed aryl groups containing tertiary phosphines
ArpAr'P and ArAr',P along with homo- and hetro-aryl groups coupling products has been
observed. When these reactions have been carried out for longer time, all the starting and
the intermediate phosphines have been found to undergo Ar-P bond cleavage to produce organic
products. In these reactions, migration of aryl groups from phosphine to palladium to form
an organo-palladium intermediate of the type (A) has been proposed as the fnitial step.
Formation of various coupling products and the exchange of aryl groups between
triarylphosphines from this intermediate (A) can be the result of efther a bimolecular
mechanism3 (intermediate B) or a radical process* (Scheme 1).
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The formation of mixed arylphosphines indicates the iavolvemeant of a reverse migration
of an aryl group from palladium to the diarylphosphido-group. In view of this, a similar
exchange of an organo-group of a preformed organo-palladium complex with an aryl group of
triarylphosphine has been considered probable. In order to verify this, reactions of
triarylphosphines, Ar3P (Ar = phenyl or p-tolyl), with n -allyl palladium(Il) complexes have
been carried out and not surprisingly, exchange of an aryl group of triarylphosphine with the
allyl group was noticed to produce a mixed diaryl(allyl)phosphine as an intermediate
phosphine. Thus, when a cationic = -allyl palladium complex [(n3—C3H5)Pd(PPh3)2]+BF; n,
was heated in toluene at >130°C in a closed reactor under inert atmosphere, formation of
~ 10% diphenyl(allyl)phosphine aloag with biphenyl (35%) and benzene ( ~ 7%) was noticed
within 15 minutes (Scheme 2). The intermediate product, diphenyl{allyl)phosphine was
confirmed by GC, GC/MS and 1y NMr spectral analysis. In a similar reaction of ArsP with

[(n3-C3Hg) Pd (PPh3),]* ————  [PhPd (PPhy)(PPhyCqHg)1*

>~ ~

PhH + Ph-Ph
with [(n3-C3H5) Pd(C1)]1,, about 5% diaryl(allyl)phosphine was detected by GC.

The above formation of mixed phosphines via the exchange of an aryl group of
triarylphosphine with an allyl group at palladium, represeants the first clear demonstration
of the process of cleavage of aryl-phosphorus boand, transfer of the aryl group to the metal
and reverse migration of the organic group from metal to phosphorus. Efforts are being made
to further demonstrate such migration of alkyl or aryl groups from other group VIII
transition metals to the phosphines and gather conclusive evidence 1in support of the
involvement of either a bimolecular mechanism or a radical process.
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