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Polycyclic compounds having linearly-fused six-membered
rings can be readily prepared by various modes of cyclization
from dienediynes, which were synthesized through the
nickel-catalysed alkynylstannylation of 1,2-dienes followed
by the palladium-catalysed oxidative homocoupling of the
resulting alkenylstannanes.

Polycyclic compounds having linearly-fused six-membered
rings have acquired growing importance in the fields of
functionality materials1 and biologically active compounds.2
Dienediynes 1 in Scheme 1 should be one of the most versatile
precursors of polycyclic compounds, utilizing the diene and
diyne moieties for cyclization with unsaturated compounds
through cycloaddition reactions and transition metal-mediated
reactions, respectively. Although homocoupling of a-(alky-
nylmethyl)vinylmetals 2 might readily afford 1, there has been
no convenient method available to synthesize alkenylmetals 2
having such a labile functional group as a carbon–carbon triple
bond. On the other hand, we have disclosed that the palladium-
or nickel-catalysed addition of organostannanes to alkynes
gives vinylstannanes substituted with an alkynyl,3 alkenyl,4
allyl3b,5 or acyl3b group, and have recently found that the
acylstannylation of 1,2-dienes proceeds smoothly in the pres-
ence of a catalytic amount of a nickel complex to give a-
(acylmethyl)vinylstannanes.6,7 Herein we disclose that a nickel
complex catalyses the alkynylstannylation of 1,2-dienes to give
a-(alkynylmethyl)vinylstannanes, which are convertible into
various polycyclic compounds via the palladium-catalysed
oxidative homocoupling reaction.

We first examined the addition of trimethyl(triethylsilylethy-
nyl)tin (3a) with allene (4a) under conditions similar to those
for the nickel-catalysed acylstannylation of allene (5 mol % of
Ni(cod)2, no ligand) to be disappointed by the formation of a
complex mixture of products. Thorough investigation of the
reaction conditions showed us that bisphosphines having a
three-carbon linkage were crucial for the alkynylstannylation.
For example, treatment of 3a with 5 mol% of Ni(cod)2–
1,3-bis(diphenylphosphino)propane (DPPP) under an atmos-
phere of 4a in toluene at 50 °C for 24 h gave 5-triethylsilyl-
2-trimethylstannylpent-1-en-4-yne (5a) in 90% yield (Scheme
2).8 The reaction of trimethyl(phenylethynyl)tin proceeded in a
similar manner and alkenylstannane 5b was obtained in 63%
yield. The addition of carbon–tin bonds took place predom-
inantly at the internal double bond of hepta-1,2-diene to give 5c
as the major product.

As expected, dienediynes 1 were readily obtained by the
oxidative homocoupling of the alkynylstannylation products
(Scheme 3). Thus, the palladium-catalysed reaction of 5 with a
stoichiometric amount of CuCl–CuCl29 afforded the corre-
sponding dienediyne 1 in a good yield. The reaction of 5c gave
a mixture of dl and meso 1c in an almost 1+1 ratio.

The versatility of dienediynes 1 as synthetic precursors of
polycyclic compounds is demonstrated in Scheme 4. For
example, desilylation of 1a with TBAF gave 1d,10 which
underwent two different modes of cyclization, taking advantage
of its conjugated diene and unconjugated diyne moieties. Thus,
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Scheme 4 Reagents and conditions: i, Bu4NF (4.0 equiv.), AcOH (5.2
equiv.), THF, rt, 44 h, 92%; ii, EtOCOCMCCO2Et (5.0 equiv.), toluene,
100 °C, 23 h, 100% (from 1d to 7); 28 h, 84% (from 1b to 9a); 37 h, 89%
(from 1c to 9b); iii, Ni(acac)2 (30 mol %), (i-Bu)2AlH (60 mol %), PPh3 (1.2
equiv.), HCMCH (1 atm.), THF, rt, 21 h, 56%; iv, Cp2ZrBu2 (1.7 equiv.),
THF, 278 °C, 1 h then rt, 1 h, then o-I2C6H4 (3.0 equiv.), CuCl (3.9 equiv.),
N,NA-dimethylpropyleneurea (5.1 equiv.), 50 °C, 15 h, 40%; v, Cp2ZrBu2

(2.0 equiv.), THF, 278 °C, 1 h then rt, 1 h, then CuCl (4.3 equiv.), N,NA-
dimethylpropyleneurea (6.0 equiv.), rt, 2 h, 55%; vi, EtOCOCMCCO2Et
(8.0 equiv.), toluene, 100 °C, 28 h, 70%.
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annulation through the Diels–Alder reaction, followed by two-
ring construction through nickel-catalysed reaction of the diyne
moiety with acetylene, gave tricyclic compound 8.11 Similarly,
Diels–Alder reaction of dienediyne 1b and 1c derived from a
phenylethynylstannane gave 9a and 9b,12 and 9a was further
converted into tetracyclic compound 10 through zirconocene-
mediated reaction with o-diiodobenzene.13 Alternatively, 1b
was first transformed by zirconocene-mediated cyclization to
tetraene 11, which underwent double Diels–Alder reaction with
diethyl acetylenedicarboxylate to give tricyclic compound
12.14

In addition to the homocoupling reaction, alkynylstannyla-
tion products can naturally be applied also to the palladium-
catalysed cross-coupling reaction with various organic hal-
ides.15 Actually, iodobenzene, vinyl bromide and
1-bromo-2-phenylethyne reacted with 5b to give various
alkynylmethyl substituted conjugated compounds (Scheme 5).

In conclusion, we have demonstrated that dienediynes 1,
readily available from the alkynylstannylation products of
1,2-dienes, are versatile precursors for polycyclic compounds
having linearly-fused six-membered rings. Further studies on
details of synthetic applications are in progress in our
laboratories.
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Scheme 5 Reagents and conditions: i, Ph–I (1.0 equiv.), LiCl (1.5 equiv.),
Pd(PPh3)4 (5 mol %), CuCl (1.0 equiv.), DMSO, 50 °C, 4.5 h, 87%; ii,
CH2 = CH–Br (3.0 equiv.), LiCl (1.5 equiv.), Pd2(dba)3 (2.6 mol %), CuCl
(1.0 equiv.), DMSO–THF, 50 °C, 19 h, 47%; iii, Ph–CMC–Br (1.3 equiv.),
LiCl (1.5 equiv.), Pd(PPh3)4 (5 mol %), CuCl (1.0 equiv.), DMSO, 50 °C,
4 h, 83%.
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