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ABSTRACT

This Letter describes the synthesis of oxabicyclo[4.2.1]nonenes and oxygen-bridged cyclodecenes from the anionic two-carbon ring expansions
of oxabicyclo[2.2.1]heptenes and oxabicyclo[4.2.1]nonenes, respectively.

As part of our program targeting the synthesis of furan-
containing natural products, we recently communicated a
novel tandem sequence which resulted in the synthesis of
substituted furans and cyclopentenes from the anionic
condensation of bicyclo[2.2.1]hepteneâ-keto esters with
aldehydes.1 Although unsubstantiated, we had rationalized
our results by invoking the fragmentation of fused oxetane
intermediates.

Assuming that the aldehyde condensation mechanism was
applicable, we believed that the anionic coupling of bicyclo-
[2.2.1]hepteneâ-keto esters with activated alkenes would
result in the formation of bicyclo[4.2.1]nonenes.2,3 Not only
would these ring-expanded products be synthetically useful
in their own right4 but they might also be susceptible to a
subsequent two-carbon ring expansion.5 We were intrigued

by this possibility, as the result of the second ring expansion
would be an oxygen-bridged cyclodecene ring system as is
present in both the heliangolides6,7 as well as the oxygenated
cembranoids.8,9 Contained herein is the successful imple-
mentation of this strategy.

With the proposed mechanism for the aldehyde condensa-
tion and fragmentation in mind, we set out to investigate
the anionic coupling of11 with Michael acceptors. The
addition of methyl acrylate to a solution ofâ-keto ester1,
NaH, and DMF resulted in the isolation of oxabicyclo[4.2.1]-
nonenes2 and3 as a readily separable 3.3:1 mixture of C-4
isomers (Table 1, entry 1).10 It is interesting to note that while
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3 was isolated as a single compound,2 was isolated as a
1:1 mixture of C-2 diastereomers. As was the case in our
previously disclosed aldehyde investigations, we had con-
densed, cyclized, and fragmented in a single flask. This
sequence appears to be general, as dimethyl fumarate,
3-butenyl acrylate, and methyl vinyl ketone also gave ring-
expanded products (Table 1, entries 2-4, respectively).

We believe that our results are consistent with an ionic
bond-forming and -breaking sequence. As outlined in Scheme
1, it appears likely that conjugate addition is followed by

cyclization to give the corresponding cyclobutane intermedi-
ate4.11 Fragmentation of4 leads to the observed products.
If this hypothesis is correct, the reaction is undoubtedly
driven by relief of ring strain as well as formation ofâ-keto
ester anion6.12

With an efficient route to oxabicyclo[4.2.1]noneneâ-keto
esters2 and3 in hand, we targeted their anionic two-carbon
ring expansion reactions with activated alkynes. We were
reasonably confident that these transformations would be
successful, as anionic two-carbon ring expansions ofâ-keto
esters are precedented, albeit in less functionalized systems.5

As depicted in Table 2, these reactions lead to oxygen-

bridged cyclodecene ring systems. Interestingly, while both
DMAD and ethyl propiolate undergo a reasonably efficient
Michael addition reaction with2 (R ) OCH3, R′ ) H), the
resulting DMAD adduct was much more effective at the
subsequent ring expansion reaction.13 That is, while the use
of DMAD resulted in the formation of7 (R ) CO2CH3, R′
) CH3) in 92% yield, the use of ethyl propiolate resulted in
the formation of a 1:1.3 mixture of ring-expanded and
Michael adducts in 44% yield. We are particularly pleased
with the efficiency with which7 (R ) CO2CH3, R′ ) CH3)
has been synthesized, as this ring system is a key structural
unit in both the oxygenated cembranoid marine natural
products8 as well as the sesquiterpene lactone containing
heliangolides.6

Having successfully demonstrated a two-flask, four-carbon
ring expansion, we set out to carry out this transformation
in a single flask. We believed that conditions for this reaction
could be identified because of the proton transfer that was

alluded to earlier.12 In practice, when theâ-keto ester anion
from 1 was subjected to methyl acrylate followed by DMAD,
7 (R ) CO2CH3, R′ ) CH3) was isolated in an unoptimized
41% yield (Scheme 2).

(10) The relative stereochemistry at C-4 in2 and3 was determined by
first converting each of them into the corresponding enol acetate and then
identifying the expected NOESY cross-peaks.

(11) Proctor has proposed a similar mechanism in the two-carbon ring
expansion ofâ-keto esters.5b

(12) We were able to incorporate deuterium at C-2 by quenching the
reaction with D2O.

(13) â-Keto ester3 (R ) OCH3, R′ ) H) is much less efficient in the
two-carbon ring expansion reaction (21% yield using DMAD).

Table 1. Two-Carbon Ring Expansions of
Oxabicyclo[2.2.1]heptenones

Scheme 1

Table 2. Anionic Two-Carbon Ring Expansions of2

Scheme 2
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To conclude, this letter has described anionic two-carbon
ring expansions of oxabicyclo[2.2.1]heptenes and oxabicyclo-
[4.2.1]nonenes. These reactions result in the efficient forma-
tion of oxabicyclo[4.2.1]nonenes and oxygen-bridged cy-
clodecene skeletons, respectively. The efficiency of these ring
expansion reactions bodes favorably for their use in the
synthesis of bioactive targets which contain medium-sized
rings.
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