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ABSTRACT

A newly developed strategy for eight-membered oxygen heterocycle construction via [3 + 4] annulation is described. The method involves the
combination of â-substituted acryloylsilanes and enolates of 6-oxacyclohept-2-en-1-one. A unique feature of this annulative approach is its
capacity to generate eight-membered ring systems containing useful functionalities for further synthetic elaboration from readily available
three- and four-carbon components.

We recently developed a new [3+ 4] annulation method
for eight-membered carbocycles that uses a combination of
â-substituted acryloylsilanes1 and enolates2 of cyclohep-
tenone.1,2 A unique feature of the methodology is that highly
functionalized eight-membered carbocycles can be formed
rapidly and in a predictable fashion via an oxidative cleavage
of the two-atom internal tether of the bicyclo[3.3.2]decenone
derivatives3, which are constructed by the [3+ 4] annulation
(Scheme 1). We have since found that our method can now

be extended to the synthesis of eight-membered oxygen
heterocycles, for which ring-construction technology remains
sparse,3 despite the fact that such ring systems are found in

many structurally interesting and biologically active natural
products.4

An application of our protocol for the cycloheptenone
enolate to 6-oxacyclohept-2-en-1-one55 initially resulted in
significantly lower yields of the bicyclic derivative8 than
expected, presumably due to instability of the enolate at-80
°C.6 A change in the solvent from THF to cyclopentyl methyl
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ether (CPME)7,8 and lowering of the reaction temperature
to -98 °C did, however, improve the yield of8 (Scheme
2). The structures were assigned by spectral comparison with

3 and in the case of8a by a1H NMR spectrum that showed
a doublet atδ 4.46 (J) 1.8 Hz) for H-1 and an AB-type
splitting pattern for the H-10 protons, which consisted of a
pair of signals atδ 2.59 (1H, ddd,J ) 18.5, 5.5, 1.6 Hz)
andδ 2.84 (1H, br d,J ) 18.5 Hz).

R-Hydroxylation of the ketone, to allow cleavage of the
ethano bridge, did not proceed satisfactorily under the same
conditions as those used previously for the carbon analogue.9

After considerable experimentation, addition of a crown ether
was found to be effective. Thus, treatment of the sodium
enolate9 generated from8 with NaN(SiMe3)2 (NaHMDS)
in the presence of 18-crown-6 with Davis’ reagent (2-
benzenesulfonyl-3-(3-nitrophenyl)oxaziridine)10 gave theR-hy-
droxy ketone10 in satisfactory yields (Scheme 3). The

stereochemistry of the hydroxyl group was assigned on the
basis of NOESY experiments that showed a cross-peak
correlating the H-10 and the C-4 substituent.

Carrying out the [3+ 4] annulation andR-hydroxyla-
tion on the resultant ketone enolate in a one-pot operation
proved less rewarding in terms of yields in contrast to the
case of3. One reason for this arises from the low yield of
the R-hydroxylation step in a solvent system containing
CPME, which is a better solvent for the [3+ 4] annulation
step.

Oxidative cleavage of theR-hydroxy ketone proceeded
smoothly when10 was treated with Pb(OAc)4 in MeOH-
benzene. The eight-membered oxygen heterocycle11 was
formed in excellent yield (Scheme 4).

The same strategy could be applied to the synthesis of
cyclohexane-fused oxacyclooctene derivatives using cyclo-
heptenone derivative15, which was prepared (Scheme 5)

according to the procedure for5 starting from 2-ethenylcy-
clohexanol12.11

[3 + 4] annulation of7 with the sodium enolate of15
proceeded smoothly, with16 typically being obtained as a
single diastereomer and in good yield (Scheme 6). For16a
the relative stereochemistry was assigned on the basis of a
peak atδ 3.08 ppm (1H, ddd,J ) 10.3, 10.3, 3.9 Hz) for
H-7, indicating a 2,7-trans configuration. The presence of
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Scheme 2. Formation of 2-Oxabicyclo[3.3.2]decenone
Derivatives by [3+ 4] Annulation

Scheme 3. R-Hydroxylation of 2-Oxabicyclo[3.3.2]decenones
8

Scheme 4. Oxidative Cleavage of the Internal Tether of10

Scheme 5. Preparation of15
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cross-peaks between H-7 and H-13 protons in NOESY
experiments confirmed our structural assignment. The ste-

reoselectivity can be explained by the preferential approach
of the acryloylsilane7 from the less crowded side.

In conclusion, we have developed a new approach to
construction of eight-membered oxygen heterocycles pos-
sessing functionality that can easily be manipulated to other
substrates.12
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Scheme 6. Synthesis of 18 via [3+ 4] Annulation of15
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