
A palladium compound in the presence of an equivalent of
formic acid catalyzed reductive dimerizations of various allenes
to the corresponding dienes.

Allenes are three-carbon functional groups possessing a
1,2-diene moiety and serve as valuable synthons in synthetic
organic chemistry, and with proper substitution, they possess
axial chirality.1 The interesting reactivity of allenes originates
mainly from their unique strained structure spreading over three
contiguous carbons and thus a variety of preparation methods
are available to construct the 1,2-diene moieties.  In the past
three decades allenes have attracted considerable attention in
synthetic organic chemistry.2 Among them, palladium-cat-
alyzed reactions of allenes have been most extensively investi-
gated to exhibit numerous transformations with a high level of
selectivity.3 Palladium catalyzed reactions of allenes are
known generally to proceed via π-allylpalladium intermediates,
which react with a wide variety of carbon and heteroatom
nucleophiles.

Allenes are known to be dimerized catalytically to give the
cross-conjugated trienes.4 Recently, Yamaguchi described an
efficient synthesis of cross-conjugated trienes by the reaction of
allenes with a catalyst combination of Pd2(dba)3 (dba = diben-
zylideneacetone), p-nitrophenol as a promoter and P(p-tol)3.5

During our study on palladium-catalyzed cyclizations of
allenynes, we found that a palladium compound in the presence
of an equivalent of formic acid catalyzed reductive dimeriza-
tions of allenes to the corresponding dienes and now we wish to
report our preliminary results.  We prepared several structurally
diverse allenes according to the known procedures.6 When the
allene 1a was treated with 1 mol% Pd(PPh3)4 in the presence of
1.2 equivalents of formic acid in DMF, the reaction occurred
within 12 h at 30 °C to give a 1:1 mixture of products 2a and 3a
after HPLC separation as shown in eq 1.  This is the first suc-
cessful example for reductive dimerizations of allenes.

Formic acid could play an important role in reductive
cleavage of the alkylpalladium intermediates.7 It should be
noted that the products were formed from center-to-center bond
formation.  The reductive dimerizations of various allenes
under the above conditions proceeded well to give the corre-
sponding dienes as shown in Table 1.

All reactions smoothly underwent C–C coupling between
central carbons of allene groups at moderate temperature within
20 h in good yields (39–83% yields).8 Functional groups in the

substrates were tolerable varying from ether, hydroxy, and dou-
ble or triple bonds.

Mechanistic explanation was inferred from similar palladi-
um-catalyzed reactions as shown in Scheme 1.5 The possible
catalytic species, PdL2, might be coordinated with two mole-
cules of the allene 1, and then form palladacyclopentane inter-
mediate I.  The intermediate I could then react with HCOOH to
give the allylpalladium intermediate II which could form the
π–allylpalladium formate III. 

Finally, reductive cleavage of the π-allylpalladium formate
III occurred at 1- and 3-positions to give the dienes 2 and 3,
respectively.  For the allenes possessing sterically bulky R-
group, reductive cleavage of π-allylpalladium intermediates
occurred at the more hindered site to afford the dienes 3 exclu-
sively.3a The intramolecular version was not successful.
Treatment of bis(allene) 4 with the same conditions was expect-
ed to give the product 5, but only the product 6 was isolated in
low yield as shown in Scheme 2.  Because of its steric demand
in the intramolecular reaction, the bisallene 4 might not be
simultaneously coordinated with the palladium catalyst; hence
the reaction might proceed via π–allylpalladium intermediate
followed by the rapid reductive elimination prior to carbon–car-
bon bond formation.
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In summary, we have shown for the first time that a
sequential dimerization/reduction of various allenes to the cor-
responding dienes was achieved in good to excellent yields.
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8 General procedure for dimerization/reduction of 1a:  In a 5-
mL round-bottomed flask were placed allene 1 (70.2 mg,
0.821 mmol) and tetrakis(triphenylphosphine)palladium(0)
(10.3 mg, 0.0088 mmol).  Dry DMF (1.5 mL) was added to
the above mixture by a syringe under argon atmosphere.
And then formic acid (39 µL, 0.992 mmol) was added to
the reaction mixture by a microsyringe at 0 °C.  The reac-
tion mixture was stirred for 12 h in a preheated 30 °C oil
bath.  Then extractive work-up and solvent evaporation
under reduced pressure gave the crude products which
were purified on flash column chromatography (eluent:
hexane/ethyl acetate (1:1)) to give a 1: 1 mixture of 2a and
3a (overall 33.4 mg, 48%) as colorless oil. 
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