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Palladium-catalyzed cross-coupling reaction of 2,3-diboryl-
1,3-butadiene with an alkenyl halide or a dienyl halide allowed
us to straightforwardly prepare various kinds of acyclic cross-
conjugated polyenes that are referred to as dendralenes. The
present method is applicable to the synthesis of not only sym-
metrical [4]- and [6]dendralenes but also unsymmetrical [3]-
to [5]dendralenes.

Growing interest has been paid to cyclic cross-conjugated
molecules such as radialenes and fulvenes in view of not only
their unique electronic structures and properties but also their
potential as novel key fragments of conjugated organic materi-
als.1 In contrast, acyclic cross-conjugated counterpart dendra-
lenes have remained unexplored probably because of limited
synthetic methods.2 Therefore, a convenient and straightforward
method for synthesis of dendralenes has been awaited to promote
studies on their structures, reactivities, and electronic properties.

We have recently reported that alkylidene-type lithium
carbenoids react with diborons to afford 1,1-diboryl-1-alkenes
efficiently.3 The method can be extended to the preparation of
2,3-bis(pinacolato)boryl-1,3-butadienes (1, Bpin: (pinacolato)-
boryl).4 We envisioned that dendralenes could be prepared con-
veniently if alkenyl halides would act as a good coupling partner
with 1 in the presence of a palladium catalyst.5 Herein reported is
a facile synthesis of dendralenes via coupling reaction of 1 with
alkenyl bromides and iodides (Eq 1).6
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At first, we studied coupling reaction of 1 with 3 molar
amounts of �-bromostyrene in the presence of a palladium cat-
alyst and a base. After several attempts, use of Pd[P(t-Bu)3]2 and
KOH aqueous solution at 50 �C was found effective for the cou-
pling reaction, giving rise to 3,4-bis(methylene)-2,5-diphenyl-
1,5-hexadiene (3a) in 60% yield.7 Reaction of �-iodostyrene
(2a) also proceeded smoothly with 1 in THF/KOH aqueous so-
lution even at room temperature, giving rise to 3a in slightly bet-
ter yield (Table 1, Entry 1). Coupling reaction of 1-(4-fluoro-
phenyl)- or 1-(4-nitrophenyl)-1-iodoethene 2b or 2c proceeded
similarly at room temperature to afford 3b or 3c in moderate
yield, respectively (Entries 2 and 3). Symmetrical disilylated
and dibutylated [4]dendralenes 3d and 3e were obtained when
1-bromo-1-(dimethylphenylsilyl)ethene (2d) and (E)-1-iodo-
hex-1-ene (2e) were employed as a coupling partner (Entries 4
and 5). In addition, [6]dendralene 3f was isolated as the sole
product in 32% yield after purification by column chromatogra-

phy on silica gel, when 2-iodo-3-phenyl-1,3-butadiene (2f) was
coupled at room temperature in the presence of Pd2(dba)3
(5mol%), P(t-Bu)3 (20mol%), and KOH aqueous solution
(Entry 6).

To prepare unsymmetrical dendralenes, 1 was treated with
an equimolar amount of an alkenyl halide. In this case, a combi-
nation of Cs2CO3 aqueous solution and 1,4-dioxane was found
more effective than the THF/KOH aq system to obtain mono-
coupling product selectively. Thus, coupling reaction of 2g with
1 under the conditions afforded 4a in 48% yield along with 3c in

Table 1. Synthesis of symmetrical dendralenesa
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aCoupling reaction of 1 (1 molar amount) and alkenyl halide 2 (3
molar amounts) was carried out in THF under the following con-
ditions: for Entry 1, Pd2(dba)3 (10mol%)/P(t-Bu)3 (20mol%),
KOH aq, rt; for Entries 2 and 3, Pd2(dba)3 (5mol%)/P(t-Bu)3
(20mol%), KOH aq, rt; for Entry 4, Pd[P(t-Bu)3]2 (10mol%),
KOH aq, 50 �C; for Entry 5, Pd2(dba)3 (3mol%)/P(t-Bu)3
(6mol%), KOH aq, 40 �C; for Entry 6, Pd2(dba)3 (5mol%)/
P(t-Bu)3 (20mol%), KOH aq, rt. bIsolated yield.
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5% yield (Scheme 1). Trienyl- and tetraenylboronates 4b and 4c
were obtained as a major product from 2f and 1,1-bis(pinacola-
to)borylethene (5)3 or 1, although the yields remain yet to be im-
proved. Palladium-catalyzed coupling reaction of 4a with 4-(di-
methylamino)bromobenzene gave [3]dendralene 3g consisting
of a donor–�–acceptor electronic structure. Unsymmetrical
[4]- and [5]dendralenes 3i and 3j were synthesized from 4b
and 4c with 2e, respectively.

The UV spectra of 2,3-diphenyl-1,3-butadiene, 3a, and 3f
measured in cyclohexane (1� 10�5 M) at room temperature
show absorption maxima of 2,3-diphenyl-1,3-butadiene at 243
nm (" ¼ 24200), 3a at 231 nm (" ¼ 42600), and 3f at 225 nm
(" ¼ 30000), blue shift in proportion to the number of carbon–
carbon double bonds, indicating that the exo methylenes prefer
a twisted conformation rather than a coplanar one.8

Further studies on preparation and properties of dendralenes
are in progress.
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Scheme 1. Synthesis of unsymmetrical [3]- to [5]dendralenes.
Conditions a: Pd[P(t-Bu)3] (10mol%), Cs2CO3 aq (3 equiv.),
1,4-dioxane, 50 �C. Conditions b: Pd(OAc)2 (10mol%), PPh3
(40mol%), KOH aq (3 equiv.), 1,4-dioxane, 80 �C. Conditions
c: Pd[P(t-Bu)3] (10mol%), KOH aq (3 equiv.), THF, 50 �C.
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