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ABSTRACT

A novel and straightforward microwave synthesis of 1,4-pentadienes has been developed involving the cross-coupling of potassium
vinyltrifluoroborates and allyl acetates in the presence of a palladium catalyst.

Reactions involving the coupling of potassium organotri-
fluoroborates with organic electrophiles have received a good
deal of attention in organic chemistry as a result of their
efficiency in creating carbon-carbon bonds.1 Trifluoro-
borates are readily prepared and remarkably stable, yet they
are quite reactive. To our knowledge, of the reported
couplings involving potassium vinyltrifluoroborate and elec-
trophiles, none include straightforward allylation reactions.2

Although examples describing the palladium-catalyzed
coupling of arylboronic acids with allyl halides3 and allyl

acetates4 have been reported, reactions producing 1,4-dienes
have not been explored.5 The 1,4-diene framework constitutes
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an important structural assembly in many molecules of
biological importance6 in addition to its application in organic
synthesis.7 Homoconjugated dienes can also be transformed
into conjugated 1,3-dienes in the presence of sulfur dioxide

via an ene reaction.8 We wish to report a rapid palladium-
catalyzed cross-coupling of allyl acetates with a variety of
potassium vinyltrifluoroborates that furnishes 1,4-pentadienes
under microwave irradiation (Scheme 1).
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Table 1. Pd-Catalyzed Allylation of Potassium Vinyltrifluoroborates with Allyl Acetatesa

a Reaction conditions:1 (0.5 mmol), allylating agent2 (0.5 mmol),i-Pr2NEt (1.5 mmol), PdCl2(dppf)-CH2Cl2 (0.001 mmol), 2-propanol/water (2:1), 80
°C, MW, 10 min.b Isolated yields.

Scheme 1. Synthesis of 1,4-Dienes
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Microwave activation has been utilized with some notable
success in a variety of Suzuki-Miyaura coupling reactions.9

This study was initiated by allowing potassiumtrans-2-[4-
(trifluoromethyl)phenyl]vinyltrifluoroborate to react with
allyl acetate in the presence or absence of a palladium
catalyst. No carbon-carbon bond formation occurred in the
absence of palladium. PdCl2(dppf)‚CH2Cl2, Pd2dba3‚CHCl3/
dppf, Pd2dba3/(o-tolyl)3, Pd(OAc)2/dppf, and Pd(OAc)2 were
evaluated as potential catalysts. Diisopropylethylamine,
cesium carbonate, potassium carbonate, and triethylamine
were examined as bases. Of the conditions studied, the best
results were obtained using 2 mol % of PdCl2(dppf)‚CH2-
Cl2 in the presence of 3.0 equiv of diisopropylethylamine
(Hünig’s base) in 2-propanol/water (2:1) at 80°C under
microwave irradiation. The required organotrifluoroborates
were readily accessible from the corresponding organobo-
ronic acids by addition of potassium hydrogen fluoride.10

Table 1 contains the results of this initial study. Allyl acetate
and cinnamyl acetate were allowed to react with various
substituted potassium arylvinyltrifluoroborates to produce a
variety of 1,4-dienes in good to excellent yields. Geranyl
acetate also reacted as an allylating agent.

Aliphatic potassium vinyltrifluoroborates such as potas-
siumtrans-1-nonenyltrifluoroborate can also be utilized. The
coupling reactions are stereoselective in that theE isomers
are the only observed products and also regioselective,
although traces of the isomeric products are observed in the
products derived from cinnamyl acetate (presumably gener-
ated via ann3-allylpalladium intermediate). The regioisomer
is more prevalent in the products generated from geranyl
acetate. The presence of the isomer is revealed by resonances
near 112 ppm in the carbon-13 spectra due to the terminal
methylene carbon. In conclusion, the new method provides
a general and efficient synthetic method for preparing 1,4-
pentadienes.11
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