
Palladium-catalyzed synthesis of functionalized butatrienes
was achieved starting from 2-bromo-1-buten-3-yne derivatives
and nucleophiles.  The reaction proceeded under very mild condi-
tions giving the products in moderate to good yields.  The reac-
tivity of the bromobutenyne substrates was highly dependent on
substituents at 1-position.  A subtle balance of nucleophilicity
and basicity in the nucleophiles was also important for the suc-
cess of the reactions.

Compounds with cumulated double bonds, such as allene or
ketene, are fairly reactive because of their strained structures,
thus, effective synthesis of these compounds is still challenging
in organic chemistry.1 Construction of three cumulated
carbon–carbon double bonds is a more difficult problem, and the
effective synthetic methods of butatrienes are still very few.1,2 In
addition, reported examples of transition metal-catalyzed synthe-
sis of butatrienes are limited to dimerization of terminal
acetylenes.3 We have recently established a new synthetic
method of functionalized allenes starting from 2-bromo-1,3-buta-
dienes (eq 1).4 The reaction is catalyzed by a π-allylpalladium
species, and the allenic product obtained by this method always
comes with a methylene unit between the allenyl moiety and the
Nu substituent due to the structural requirement of the substrate.
We started the project reported here with intention to utilize this
extra carbon for preparation of higher cumulenes: i.e., butatrienes
may be prepared by the analogous method starting from 2-
bromo-1-buten-3-yne (eq 2).  Indeed, the reaction proceeded
effectively in certain cases to give the functionalized butatrienes
in moderate to good yield.  In this report, we describe the new
synthetic method of butatrienes with its scope and limitation. 

The substrates, (Z)-2-bromo-1-buten-3-ynes (1a–f), were
easily prepared in moderate yield by two-step reactions starting
from readily available 1,1-dibromoalkenes5 as shown in
Scheme 1.  The first step, palladium-catalyzed cross-coupling
of the dibromoalkene with trimethylsilylethynylzinc chloride,
proceeded with high stereoselectivity giving the (Z)-product
exclusively.4,6 The trimethylsilyl protecting group was easily
removed with either catalytic amount of K2CO3 in methanol or
stoichiometric tetrabutylammonium fluoride in THF.

The obtained substrate 1a (R = Ph) was allowed to react

with nucleophile 2m under analogous reaction conditions
employed for the allene synthesis.4 It was found that the reaction
was efficiently catalyzed by a palladium–dpbp7 complex generat-
ed in situ from [PdCl(η3-C3H5)]2 and 1.05 equiv (to Pd) of dpbp.
Thus, a mixture of 1a (104.1 mg, 503 µmol), 2m (97.9 mg, 582
µmol), [PdCl(η3-C3H5)]2 (4.6 mg, 25.1 µmol/Pd, 5 mol% Pd),
and dpbp (13.2 mg, 25.3 µmol) in THF (5 mL) was stirred at 35
°C for 18 h.  After removing the precipitated sodium salt by fil-
tration, the residue was purified by silica gel chromatography to
give 223 mg (45% yield) of 3am (entry 1 in Table 1).  The
obtained butatriene 3am was a mixture of two geometrical iso-
mers and the E/Z isomeric ratio in 3am was determined to be
52/48 by 1H NMR.8,9

The R substituents in 1 played a very important role in con-
trolling the reactivity of the substrates.  The substrates with aryl
groups gave 3 in moderate to good yield (entries 1–4), while no
butatrienyl products were isolated with benzyl or alkyl R groups
(entries 5 and 6).  Comparison of the reactivity between 1a, 1c,
and 1d is interesting: introduction of an electron-withdrawing CF3
on the phenyl group increased the yield of the cumulene (entries 1
vs 3), while 3 was obtained in much lower yield with the more
electron-donating p-anisyl group (entry 4).  This remote electronic
effect is quite unique to this reaction, i.e., formally, the electronic
characteristics of the R groups at 1-position control nucleophilic
attacks to the carbons at 4-position.  Meanwhile steric characteris-
tics of the R substituents is less important.  The bromoenyne 1b,
which is with a bulkier 1-naphthyl substituent, gave 3bm in 46%
yield (entry 2), which is almost identical to that for 3am.
However, introduction of a substituent to the terminal sp carbon
diminished the reactivity of the enyne.  (Z)-PhCH=CBr-C≡C-
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nC4H9, which was prepared from the corresponding dibro-
moalkene and 1-hexynylzinc chloride by the Pd-catalyzed cross-
coupling in 67% yield, was completely inert to the Pd-catalyzed
butatriene formation reaction with 2m.  

The reaction is very sensitive to nucleophiles 2: while 1c
reacted with 2m to give 3cm in 73% yield, the closely related
nucleophile 2p was completely inert under the same reaction
condition and unreacted 1c was recovered from the reaction mix-
ture (entries 3 and 9).  Because the nucleophilic center in 2m is
more hindered than that in 2p, the higher reactivity of 2m in the
reaction cannot be accounted for by the steric factors.  The
unusual reactivity was double-checked by an independent experi-
ment.  An equimolar mixture of 1c, 2m, and 2p was reacted for
22 h in THF at 35 °C in the presence of 5 mol% of the Pd–dpbp
catalyst, and 3cm was obtained with E/Z = 60/40 selectivity as a
sole butatriene product.10 The corresponding butatriene from 1c
and 2p was not detected at all by NMR and GC–MS analyses.  In
the reactions with more basic nucleophiles, such as 2q or
Grignard reagents, dehydrobromination from 1 was a dominant
reaction giving conjugated diyne as main products (entry 10).

The reaction reported here can be regarded as a skeletal
rearrangement of the conjugated enynes to the butatriene frame-
works.  Considering ca. 20 kcal/mol energy difference between
1,4-dimethylbutatriene and the corresponding enynes,3a the repre-
sented reaction is very unique and the difference of bond energy
between C–Br and C–Nu must be mainly contributory to the for-
mation of the butatrienes.  Since the butatrienes obtained here
keep some energy in their skeletons, they must be reactive mole-
cules, and thus their application to further organic transforma-
tions will be an interesting subject.

Judging from similarity between this reaction and the allene
synthesis,4 a probable intermediate of the Pd-catalyzed reaction is
a π-allenylpalladium species.  Establishment of the intermediate
will be our next goal.
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