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A new palladium-catalysed synthesis of 1,1-dialkylbuta-1,3-dienes via
organoboron intermediates†
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Iodobenzene and tetrakis(triphenylphosphine)palladium(0)
[(C6H5)3P]4Pd catalyse a new synthesis of 1,1-dialkylbuta-
1,3-dienes, starting from 1,1-diethoxybut-2-ene and trialk-
ylboranes, in the presence of Schlosser’s superbase LIC–
KOR.

The synthesis of polienic structures has been of great interest to
organic chemistry owing not only to their presence in natural
products,1 but also to their importance as useful chemicals in the
perfume industry and other fields.2 Our interest in the synthesis
of stereodefined substituted dienes required the development of
diverse organometallic reagents and protocol for the preparation
of key building blocks.3 In the course of these studies we have
set up a new synthesis of 1,1-dialkyl substituted buta-
1,3-dienes, resorting to the reactivity of organoboron com-
pounds.4 Treatment of crotonaldehyde diethyl acetal (1) at
295 °C with LIC–KOR base (LIC: butyllithium, KOR:
potassium tert-butoxide)5 readily gives a-metalated 1-ethoxy-
buta-1,3-diene (2). Subsequent reaction with trialkylboranes
leads to the immediate disappearance of the deeply red colour of
the metalated diene. An intermediate ‘ate’ complex 36 (Scheme
1) is probably formed that undergoes different reactions
according to experimental conditions.

Treatment of complex 3 at 295 °C with H2O–THF leads to
the corresponding 1-alkoxy-1-alkylbuta-1,3-dienes 4, that can
be, like all enol ethers, smoothly converted to the corresponding

a,b-unsaturated ketones 5 (Scheme 1: path c). Moreover,
derivatives 5 can be directly obtained from 3 upon treatment
with a Lewis acid (F3B·OEt2) in an oxidative milieu (Scheme 1:
path d). More interestingly, a new and intriguing result comes
from the reaction with iodobenzene in the presence of catalytic
amounts of [P(C6H5)3]4Pd, according to the procedure of the
Suzuki–Miyura cross-coupling reaction. Thus, when inter-
mediate 3 was warmed to room temperature and treated with a
THF solution of iodobenzene and [P(C6H5)3]4Pd no coupling
product 8 was detected, while the gem-dialkyl substituted buta-
1,3-diene 7 was isolated in good yield (Scheme 1: path e).7,8 In
contrast, treatment of 3 with [P(C6H5)3]4Pd in the absence of
iodobenzene afforded only traces of product 7.9 Moreover, also
when intermediate 3 undergoes the iodination reaction6 or
treatment with iodobenzene in the absence of a palladium
complex no trace of product 7 was detected and only ketone 5
was recovered. The results obtained with different alkylboranes
are reported in Table 1.

The formation of compound 7 suggests the intermediate
formation of the rearranged borate complex 6, and in Scheme 2
a possible reaction mechanism is reported that may account for
the formation of a gem substituted diene. According to this
hypothesis vinylborate interacts with the Pd catalyst and
undergoes transfer of an alkyl group, which promotes the
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Scheme 1 Reagents and conditions: a: LIC–KOR, THF, 295 °C; b: BR3,
THF, 295 °C; c: 295 °C, H2O; d: BF3·OEt2, H2O2, 295 °C; e: C6H5I,
[(C6H5)3P]4Pd, THF, 25 °C.

Table 1 Synthesis of 1-alkyl-1-ethoxybuta-1,3-dienes and 1,1-dialkylbuta-
1,3-dienesa

1-Alkyl-1-ethoxybuta-1,3-dienes 1,1-Dialkylbuta-1,3-dienes

R Product Yield (%) R Product Yield (%)

n-C4H9 4a 86 n-C4H9 7a 79
c-C5H11 4b 87 c-C5H11 7b 86
n-C6H13 4c 82 n-C6H13 7c 68
c-C6H11 4d 71 c-C6H11 7d 77
a For experimental details, see note 7. The spectral data for new compounds
4a–4d and 7a–7d are consistent with the structures proposed.

Scheme 2 Proposed reaction mechanism.
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formation of a new p allyl complex. At this stage a new ‘ate’
complex forms that undergoes the elimination reaction much
faster than the phenyl transfer process.

In conclusion, these results indicate that depending on the
experimental conditions 1,1-dialkyl substituted buta-
1,3-dienes, 1-ethoxy-1-alkylbuta-1,3-dienes and a,b-unsatu-
rated ketones can be selectively prepared. Extension to other
organoboron intermediates (asymmetric ones, in particular) and
synthetic applications for these functionalized synthons, as well
as mechanistic studies to check the role of the palladium
complex and iodobenzene, are currently in progress in our
group.10
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