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Abstract—Fulvenes undergo an easy [6+3] cycloaddition with 3-oxidopyrylium betaines leading to 5–8 fused oxabridged
cyclooctanoids.
� 2005 Elsevier Ltd. All rights reserved.
The synthesis of cyclooctanoids is of great importance
in organic chemistry due to their wide occurrence in
many biologically active natural products and synthetic
compounds.1 The interesting biological activities com-
bined with the synthetic challenges have served to
make them target molecules in a number of synthetic
studies.2 Some of the interesting cyclooctanoids are
shown in Figure 1. Designing efficient, short routes
for the stereoselective construction of cyclooctanoids
is an interesting challenge in synthetic organic chemis-
try. Among the various strategies for the synthesis of
eight-membered rings,3 higher-order cycloadditions
that directly form eight-membered rings4 are attractive
because of their ability to produce complex molecules
with extensive functionality in a single step, with good
control over the creation of new stereocentres (Scheme
1).

As part of our programme on the synthesis of cyclooc-
tanoids, we undertook an investigation of the higher-
order dipolar cycloaddition of 3-oxidopyrylium
betaines with pentafulvenes. 3-Oxidopyrylium betaines5
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have been well utilized in the synthesis of cyclohepta-
noids.5,6 Pentafulvenes, on the other hand can act as
a 2p, 4p or 6p components in cycloaddition reac-
tions2,7–11 and have served as excellent synthons for
the synthesis of triquinanes, pyrindines, etc. Investiga-
tions from our own laboratory have unraveled interest-
ing reactivity profile of fulvenes in cycloaddition
reactions.8 Though fulvenes have been known to act
as 6p partners in cycloadditions,9 to the best of our
knowledge, there is no report on the [6+3] cycloaddi-
tion of 3-oxidopyrylium betaines with pentafulvenes.
Barluenga et al. have reported a [6+3] cycloaddition
of Fischer carbene complexes7l with fulvenes. Recent
reports from Hong et al. have shown that fulvenes
can undergo [6+3] cycloaddition with azomethine
ylides leading to the formation of [2]pyrindines,10 and
other molecules of biological importance.

Our studies were initiated with the reaction of 3-oxido-
pyrylium betaine, generated from the corresponding
pyranulose acetate,11 with 6,6-diphenylfulvene.12 The
reaction proceeded smoothly affording the [6+3] adduct
in 70% yield (Scheme 1).

The product was characterized on the basis of spectro-
scopic data. The IR spectrum showed characteristic
absorptions at 1691 cm�1, indicating the presence
of an a,b-unsaturated carbonyl, and at 1077 cm�1
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Figure 1. Examples of biologically active cyclooctanoids.
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Scheme 1. [6+3] Cycloaddition of diphenylfulvene with oxidopyrylium betaine.
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indicative of the ether linkage. In the 1H NMR spec-
trum, the two protons at C-1 appeared as a singlet at
d 3.06 ppm. Two bridgehead protons resonated as a sin-
glet and doublet at d 4.88 and d 5.36 ppm, respectively.
The protons at C-5 and C-6 appeared as a doublet and
double doublet at d 5.76 and d 5.99 ppm, respectively.
13C NMR spectroscopy showed a characteristic signal
for a carbonyl group at d 194.5 ppm. The bridgehead
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Figure 2. ORTEP plot of the X-ray crystal structure of 2a.
carbons appeared at d 74.9 and d 52.7 ppm, respectively.
Unambiguous evidence for the structure and stereo-
chemistry of the product was obtained by single crystal
X-ray analysis13 (Fig. 2). The product is formed by a
[6+3] cycloaddition followed by a 1,5-hydrogen shift
leading to the product 2a.

Similar reactivity was observed with other fulvenes lead-
ing to 5–8 fused cyclooctanoid products in good to
excellent yields.14 3-Methyl-3-oxidopyrylium betaine
also reacted in this way and the results are summarized
in Table 1.

Eight-membered rings are the main structural features
of a number of natural products such as dactylol, aste-
riscanolide, cycloaraneosene, ophiobolin F, etc. (Fig.
1). The presence of an a,b-unsaturated ketone, an oxa
bridge and the cyclopentadiene functionality makes
these adducts amenable to a number of synthetic trans-
formations. It is presumed that by using appropriately
functionalized fulvenes and oxidopyrylium betaines,
the present methodology may be useful in the synthesis
of cyclooctanoid natural products.

In conclusion, we have exemplified a novel reactivity
pattern of pentafulvenes with 3-oxidopyrylium betaines.
It offers a useful methodology for the synthesis of 5–8
fused cyclooctanoids. The issues of stereocontrol and
the application of this methodology for the synthesis
of various fused cyclooctanoids are under study and will
be reported in due course.



Table 1. [6+3] Cycloaddition of fulvenes with 3-oxidopyrylium beta-
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Table 1 (continued)
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(%)
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a Reaction conditions: Fulvene (1.0 equiv), pyranulose acetate

(1.2 equiv), Et3N (1.2 equiv), CHCl3, 50 �C, 6 h.
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