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ABSTRACT

The synthesis of several polycyclic compounds 1a−c, 2, and 3 has been performed through a tandem Stille/[4 + 2] cascade reaction from
cyclic bis(enoltrifluomethanesulfonate) 4a−c, 5, and 6, respectively. The reaction proceeds very efficiently in a one-pot operation at room
temperature in DMF in the presence of a catalytic amount of Pd(CH3CN)2Cl2 and LiCl.

The generation of molecular complexity through the se-
quencing of multiple novel bond-forming processes in a
single synthetic operation is an important direction for the
realization of practical syntheses.1 In this context, several
examples of intramolecular cross-coupling reactions have
been reported in the literature. Particular to this field are the
Heck reaction in the oligocyclization of dienynes,2 the
carbopalladation-termination cascade processes,3 or more
recently, the intramolecular version of the Stille coupling/
Diels-Alder cycloaddition reported by Deslongchamps.4

As part of our studies on the discovery and development
of new cascade reactions,5 we report herein a strategy, based
on an intramolecular Stille cyclization/[4+ 2] cycloaddition
(Scheme 1), but conducted on a 13-membered dienyne at
room temperature that simultaneously assembles three rings
in a one-pot operation affording the pentacyclic skeletons
1a-c, 2, and3 present in several natural products.6 The
starting materials are the conjugated tetraeneynes4a-c,5,
and 6 prepared in six steps from the propargylic syn diol
107 (or its 6-methoxy or 5,6-dimethoxy derivatives).
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â-tributylstannylstyrene12 (75%, R) H, two steps). After
metal-halogen exchange with Br2, the bromide13 was
converted into the tributylstannyldiene14 in 54% yield by
a second Stille cross coupling with11. Compound14 was
treated with NH4F under phase transfer catalysis9 to give15
and then coupled under Cacchi-like Pd(0) catalysis10 with 7
to give 4 and16 (Scheme 2). The desired sensitive mono-

triflate 4a was separated from16 and isolated in 79% yield
(R ) H) applying our previously described procedure.11

Compounds5 and6 were also conveniently prepared in 72
and 66% yields, respectively, by a coupling between8 and
9 and the dieneyne15 following our recent results.12 In these
cases, the triflate substitution proceeded regioselectively on
the endocyclic position. No trace of the exocyclic substitution
of the triflate was observed.

With monocoupling product4 in hand, the stage was set
for the intramolecular coupling with the (E,E)-(tributylstan-
nyl)dienyne moiety. The expected reaction product, when
4a (R1 ) H) was treated under the Stille cross-coupling
conditions, should have been the macrocyclic tetraenyne17a
(Scheme 3). None of this compound was observed in the

crude reaction mixture, but surprisingly two new products
were formed at room temperature. Careful1H NMR analysis
showed that these two compounds corresponded to the
structures1a and18a.

When this mixture was stored for 24 h without solvent,
compound1a was completely transformed into18a through
an oxidative aromatization that already started before and
continued during the isolation of the cyclohexadiene deriva-
tive. The total yield after purification from4a to 18a was
48%. The substitution of the aromatic moiety with one or
two methoxy groups provided higher yields of the cyclized
products1b (61%) and1c (70%). As expected, the starting
monotriflates5 and6 also cyclized smoothly under the same
conditions to give polycycles2 and3 in 51 and 50% yields,
respectively. All isolated cyclohexadiene derivatives gave
finally the biphenyl products through the oxidative process.13

Despite working in a carefully deoxygenated solvent, eventu-
ally 1a was slowly oxidized into the biphenyl18a at room
temperature during the reaction process. The relative stereo-
chemistry in compound1awas established by NOE analysis.
The structures of1a-c,2, 3, 5, 6, and18a-cwere totally
assigned.13

In a first analysis, compound4a could undergo a Stille
macrocyclization and a subsequent transannular Diels-Alder
(TADA) tandem reaction as described by Deslongchamps.4

To the best of our knowledge, all these kinds of reactions
were carried out in a temperature range between 70 and 280
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°C (or more) on several 14-membered macrocycles4,14,15and,
even in some cases, on related 13-membered macrocycles.16

In our case, the TADA tandem reaction took place at room
temperature under very mild conditions. Our ultimate goal
was to determine if the Pd(0) catalyst was involved in this
reaction process. Indeed, several examples of [4+ 2]
cycloadditions catalyzed by transition metals such as nickel,17a

iron,17b,c rhodium,17d,eor palladium17f,g have been described
on inactivated systems.To study this mechanistic hypothesis,
other approaches using unsaturated molecules19-21were
envisaged. All attempts to prepare the sensitive macrocycle
17a using several approaches, for example, through a
zirconium/copper reductive coupling18a of 19, hydrocupra-

tion,18b or copper chloride-mediated coupling18c of 20, failed
(Figure 1). When21 was treated with Pd(CH3CN)Cl2, first
at room temperature in DMF and then at 70°C for several
hours or simply heated without any catalyst at 180°C in
mesitylene for 24 h, no reaction took place. The incorporation
of a Co2(CO)6 group for the protection of the triple bond in
order to avoid the TADA reaction gave compound22 in 69%
yield. The same catalytic conditions, as used before for the
cyclization of4a, were applied to22. Unfortunately, because
of the drastic change in the geometry of the molecule, no
cyclization took place under these conditions and the only
product, which was isolated after workup, was the unpro-
tected compound4a. All other catalytic conditions, using a
Pd(0) species, applied to22 failed. Another approach was
tested for the cyclization of23: a Sonogashira-type cross-
coupling reaction between the exocyclic enoltriflate and the
terminal alkyne. The use of Pd(PPh3)3Cl2 as a catalyst and
CuI as a cocatalyst in the presence of Et2NH in benzene was
unsuccessful. We only observed the polymerization of the
starting material23. These different negative experiments
cannot discard a simple TADA thermal process, which can
be due to the constrained cyclic compound17.

In conclusion, we emphasize that the reaction4a f 1a
proceeded at room temperature on a compound bearing a
nonactivated diene and dienophile. We have discovered a
cascade reaction under very mild conditions that produces
polycyclic substructures present in several natural products.
The reaction will now be applied to other polysubstituted
acyclic precursors, and the mechanistic aspects of the reaction
will be studied in order to elucidate the possible role of the
palladium in the [4+ 2] cyclization. The results will be
reported in the future.
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Figure 1. Candidates for the cyclization experiments.
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