
Pergamon Tetrahedron Letters 41 (2000) 729–731

TETRAHEDRON
LETTERS

Palladium-catalyzed reaction of arynes with a bis-�-allyl
palladium complex. An efficient method for the synthesis of

1,2-diallylated derivatives of benzene
Eiji Yoshikawa, K. V. Radhakrishnan and Yoshinori Yamamoto�

Department of Chemistry, Graduate School of Science, Tohoku University, Sendai 980-8578, Japan

Received 30 September 1999; accepted 10 November 1999

Abstract

Palladium-catalyzed reaction of arynes with a bis-�-allyl palladium complex, an amphiphilic catalytic allylating
agent, afforded 1,2-diallylated derivatives of benzene in good yields. © 2000 Elsevier Science Ltd. All rights
reserved.
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Transition-metal complexes have proved to be excellent mediators for multicomponent synthetic
reactions. Among them,�-allyl palladium complexes are useful synthetic intermediates1 since they can
participate in reactions with a wide range of reaction partners to form C–C and C–hetero atom bonds
in a highly stereo- and regioselective way. We previously found that bis-�-allyl palladium complex1
reacts with electrophiles such as imines and aldehydes,2 although it is well known that ordinary�-
allyl palladium complexes2 react with nucleophiles such as sodium malonate and certain enolates.1

Furthermore, bis-�-allyl palladium complex reacts with activated olefins in an amphiphilic manner (3)
forming diallylated products in high yields.3

In a continuation of our interest in understanding the reactivity profile of bis-�-allyl palladium
complexes, we undertook an investigation of the reaction of arynes with bis-�-allyl palladium complexes
and the preliminary results of our investigation revealed that the triple bond of arynes reacts with bis-�-
allyl palladium complexes in an amphiphilic fashion4.
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The results are illustrated in Table 1. The reaction of5a (0.4 mmol) with allyltributylstannane6 (0.6
mmol) and allyl chloride7 (0.6 mmol) in acetonitrile in the presence of 2.5 mol% Pd2(dba)3�CHCl3–dppf
catalyst at 40°C for 12 h afforded 1,2-diallyl benzene8a in 76% yield (entry 1).4,5 The generation of
benzyne from5a under the reaction conditions described above (CsF, CH3CN, 40°C) was reported by
Kobayashi et al.6 and Guitian et al.7,8

Table 1
Palladium-catalyzed 1,2-diallylation of arynes with allyltributylstannane and allyl chloride

Other substituted aryne precursors5b–e reacted similarly to give the corresponding diallylated pro-
ducts8b–e in high to fair yields (entries 2–5). The reaction of5a with methallyltributylstannane9 and
methallyl chloride10 afforded 1,2-dimethallyl benzene11 in 49% yield. When a combination of6 and
10 or that of9 and7 was used instead of a combination of the same allylic moieties such as9 and10, a
mixture of benzene derivatives with totally random allylic–allylic addition was obtained.

The mechanism of the reaction appears to be similar to the one proposed for the diallylation of activated
olefins3 (Scheme 1). Insertion of Pd(0) to allyl chloride7 would give the�-allyl palladium complex2,
which would be converted to bis-�-allyl palladium1 via the reaction with allyltributylstannane6. The
addition of two allyl groups of1 to the benzyne triple bond would give8aand Pd(0) species. It is known



731

that benzyne undergoes palladium-catalyzed cyclotrimerization to give triphenylene,7 cotrimerization
with alkynes8,9 to afford phenanthrene derivatives, and controlled insertion of2 to benzyne and alkynes to
afford phenanathrene and naphthalene derivatives, respectively.10 We have found a new reaction of arynes
with a bis-�-allyl palladium complex, leading to the formation of 1,2-diallylated benzene derivatives.
The products are potentially amenable to some useful synthetic transformations; for example, upon
treatment with an olefin metathesis reagent,8 may give the corresponding carbocycles. Further extension
of this new palladium-catalyzed reaction with other allyl systems is currently underway in our laboratory.

Scheme 1.
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