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ABSTRACT

The reaction of heteroaromatic compounds with propargylic carboxylates in the presence of a catalytic amount of [RuCl 2(CO)3]2 or PtCl 2 gives
trienes in good yields. The key intermediate is an electrophilic (1-acetoxylvinyl)carbene complex generated from the activated propargylic
acetates with transition metals.

The in situ generation of transient electrophilic carbenoids
from R-diazocarbonyl compounds with various transition-
metal complexes is well-investigated for various inter- or
intramolecular carbene transfer reactions.1 The reaction of
electrophilic carbenoids generated from diazoalkanes with
furans has been found to serve as one of the most convenient
routes to 1,6-dioxo-2,4-hexadiene derivatives,2,3 which have
been applied to the synthesis of various natural products4

and heterocyclic systems.5 However, unfavorable side reac-
tions such as diazo dimerization and azine formation limited
the availability of furans as carbene acceptors with high
efficiency.

We have demonstrated the diazoalkane-free in situ genera-
tion of vinylcarbenoidsA from propargylic carboxylates and
their application to catalytic carbene transfer reactions
(Scheme 1).6,7 Using this carbenoid formation protocol, we
acheived the Ru- or Pt-catalyzed ring-opening and substitu-
tion reactions of heteroaromatic compounds via (1-acetoxy-
vinyl)carbene complexes.
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At first, when the reaction of 2-methyl-3-butyn-2-yl acetate
(1a) with 5 equiv of furan in dichloroethane (DCE) was
carried out in the presence of [RuCl2(CO)3]2 (2.5 mol %)
under the effective conditions for catalytic cyclopropanation
via vinylcarbene complexes,7a,b triene (2E,4E)-2awas ob-
tained in 62% yield (eq 1). Next, we carefully examined the

reaction of 2-methoxyfuran with propargylic acetate1a to
find optimized reaction conditions. The results are sum-
marized in Table 1. In contrast with the reaction of furan
shown in eq 1, the reaction of 2-methoxyfuran gave a mixture
of trienes (2Z,4E)-3aand (2Z,4Z)-4ain high yields (entry
1).8 Under the storage conditions, the (2Z,4E) and (2Z,4Z)
isomers obtained completely isomerized into a single (2E,4E)
isomer, which is more thermodynamically stable.9 It was
found that the ring-opening reaction took place with good
chemical yield by heating a solution of1a and 2-methoxy-
furan (1.5 equiv) in DCE (2.5 mL) at 50°C in the presence
of 2.5 mol % of ruthenium catalyst (entry 3). When1a was
reacted with 2-methoxyfuran in the presence of PtCl2 instead
of [RuCl2(CO)3]2, the corresponding product was also
obtained in 76% yield (entry 7).10

Using the optimized reaction conditions described in entry
3 (Table 1), we examined the reactions of 2-methoxyfuran

with other propargylic carboxylates. The results are sum-
marized in Table 2. The reaction of propargylic benzoate
1b with 2-methoxyfuran also gave a mixture of trienes,
(2Z,4E)-3band (2Z,4Z)-4b, in 86% total yield (3b/4b) 43:
57) (entry 1). From cyclic acetates1c, 1d, and1e, the cor-
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Scheme 1 Table 1. Optimization of the Ru-Catalyzed Ring-Opening
Reaction of 2-Methoxyfurana

entry n (equiv) isolated yield ratio (3a/4a)

1 5.0 82% 38:62
2 2.0 85% 41:59
3 1.5 86% 42:58
4 1.2 80% 44:56
5b 1.5 62% 38:62
6c 1.5 84% 41:59
7d 1.5 76% 37:63

a Reaction conditions: reactions of propargylic acetate1a (0.5 mmol)
with 2-methoxyfuran (0.6-2.5 mmol) in DCE (2.5 mL) were carried out
under N2 in the presence of 2.5 mol % of [RuCl2(CO)3]2 unless otherwise
noted.b 1.0 mol % of [RuCl2(CO)3]2 was used.c 1.0 mL of DCE was used.
d 2.5 mol % of PtCl2 was used instead of [RuCl2(CO)3]2.

Table 2. Ru-Catalyzed Ring-Opening Reaction of
2-Methoxyfuran with Propargylic Carboxylatesa

a Reaction conditions: reactions of propargylic carboxylate1 (0.5 mmol)
with 2-methoxyfuran (0.75 mmol) in DCE (2.5 mL) were carried out under
N2 in the presence of 2.5 mol % of [RuCl2(CO)3]2.
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responding products3c/4c,3d/4d, and3e/4ewere obtained
in 83%, 86%, and 89% total yields, respectively (entries
2-4). In the case of the reaction of secondary propargylic
acetate1f, a mixture of3f and4f was obtained in 44% total
yield with a 57:43 diastereomeric ratio. Primary propargylic
benzoate was less reactive, and the formation of the cor-
responding product was scarcely detected even after 48 h.

We also investigated the catalytic ring-opening reaction
of other heterocyclic compounds. The reaction of1a with
2-methylfuran gave triene (2Z,4E)-5 exclusively in 78% yield
(eq 2). PtCl2 also showed a similar catalytic activity to give
the same product in 55% yield. 2-Methoxythiophene could
be used for this ring-opening reaction to afford the corre-
sponding triene thioesters in good yields (eq 3). On the other
hand, when the reaction with benzofuran was carried out,
tricyclic cyclopropane711 and 2-substituted benzofuran
derivative8 were obtained in 19% and 32% yields, respec-
tively, without ring-opening products (eq 4).12 The reaction
of 1a with 2,5-dimethylfuran gave 3-substituted 2,5-dimeth-
ylfuran 9 in 50% yield selectively (eq 5).

Plausible reaction pathways to account for the formation
of products involving trienes, cyclopropanes, and substituted
products are shown in Scheme 2. A ruthenium- or platinum-
carbenoid formation is the first step which is followed by
nucleophilic attack of a heteroaromatic compound to the
carbenoid carbon. The bond formation at the 2- or 3-position
of a heteroaromatic compound gives cationic intermediates
I and/orII. The charge-separated intermediateI successively
undergoes ring opening (step a) or cyclopropanation (step

b) leading to trienes and cyclopropanesIV, respectively.
Sigmatropic rearrangement of cyclopropanesIV (step c)
might also be responsible for the triene formation.13 At both
steps of a and c, it appears reasonable that theZ-configuration
of ∆2,3 stems from the possible bond cleavage in a five-
membered cyclic structure such as an intermediateIII or an
initially formed cyclopropaneIV. 14 Both E- andZ-configura-
tions at ∆4,5 might be determined by the anti- and syn-
elimination of the ruthenium moiety from intermediateIII
or ring opening of cyclopropaneIV. On the other hand, the
charge-separated intermediateII allows mainly hydride shift
and aromatization (step d) to produce 3-substituted products.
Reactions of 2,5-dimethylfuran favor the intermediary ofII
probably because of the stability of the carbocation and the
sterical preference.

In conclusion, we have demonstrated the ruthenium- or
platinum-catalyzed ring-opening and substitution reactions
of heteroaromatic compounds using in situ vinylcarbenoid
generation. This vinylcarbenoid formation protocol using
simple propargylic carboxylates as substrates might find more
synthetic applications forπ-extended materials in the near
future. These approaches are under investigation in our
laboratory.
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