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ABSTRACT

Intramolecular Diels −Alder substrate trienyl methylenebutenolide 5 was prepared in six steps by coupling 3-methoxy-4-methylenebutenolide
(6) with trienone keto aldehyde 7. Heating 5 in CHCl 3 for 2 d at 70 °C afforded 80% of a single Diels −Alder adduct 4 with the complete carbon
skeleton of abyssomicin C. Addition of thiophenoxide to the enone double bond of 4 followed by an intramolecular Michael addition afforded
15 with the abyssomicin D carbon skeleton.

Abyssomicin C (1) was recently isolated from a marine
Verrucosisporastrain collected from sediment at a depth of
289 m in the Japanese sea. It shows antibiotic activity against
a variety of Gram-positive bacteria including pathogenic
Staphylococcus aureusstrains and drug-resistant strains.1 The
biologically inactive congener abyssomicin D (2) is probably
formed from1 by conjugate addition of hydride to the enone
and intramolecular Michael addition.1

Abyssomicin C might be accessible by the biomimetic
route outlined below in Scheme 1. We thought that abys-
somicin C (1) could be formed by cyclization of epoxy
alcohol3, an approach validated by the recent synthesis of
the oxabicyclo[2.2.2]octane core by Maier.2 Epoxy alcohol
3 would be prepared from4 by epoxidation of the more
nucleophilic cyclohexene double bond from the less hindered
bottom face and hydrolysis of the vinylogous carbonate.

In the key step, cyclohexene4 would be formed by an
intramolecular Diels-Alder reaction of5, which should be
readily available by addition of the carbanion formed by
deprotonation at C-2 of butenolide6 to aldehyde7. This
Diels-Alder reaction is very risky for several reasons. First,
three new stereocenters are generated in the cycloaddition
so that four products can be formed. Both endo and exo
adducts are possible. Facial selectivity is also an issue. Will
the two methyl groups on the tether control the approach of
the diene and the dienophile? The reactivity of the methylene
butenolide as a dienophile is also a concern. Yoshii reported
intermolecular Diels-Alder reactions of6 under forcing
conditions by heating ino-dichlorobenzene at 180°C for 7
h to give a modest yield of a 3:1 mixture of isomers in which
the major isomer corresponds to4.3 Yoshii also reported that
intramolecular Diels-Alder reactions in which the diene was
attached to the methylene group of6 with a three-carbon
tether proceeded in benzene at reflux.4 However, he also
found in his synthesis of 24-O-methylchlorothricolide that
an intramolecular Diels-Alder reaction with a ten-atom
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tether attached to6 as an acyloxy linkage at C-2 proceeded
in low yield in o-dichlorobenzene at 180°C to give a mixture
of four cycloadducts.5

Two factors were more encouraging. The presence of the
acyl group in the tether attached to C-2 of the butenolide of
5 should make the dienophile more electron-deficient and
therefore more reactive. Finally, the biosynthesis of abys-
somicin probably involves a similar Diels-Alder reaction
under physiological conditions in which the stereochemistry
of the product is controlled by the substrate rather than an
enzyme.

Dimethyl lactone8 was prepared by Andrus’ method6 and
converted to keto phosphonate9 as described by Hoffmann
(see Scheme 2).7 A Wittig reaction of9 with 2,4-hexadienal
afforded 75% of10 as a 4:1 mixture ofE- andZ-isomers at
the terminal double bond.8 Hydrolysis of the silyl ether of
10with 12:3:2 THF/AcOH/H2O afforded alcohol11. Dess-
Martin oxidation provided aldehyde7 in 85% yield from
10. Deprotonation of6, which was prepared as described
by Paintner,9 with LDA in THF at -100°C as described by
Yoshii,10 afforded the carbanion12. Reaction of aldehyde7

with 12 at -100°C for 1 h afforded alcohol13 as a mixture
of stereoisomers in 33% yield (44% based on recovered6
and7). Dess-Martin oxidation afforded 95% of Diels-Alder
substrate5 still as a 4:1 mixture ofE- andZ-isomers at the
terminal double bond. The isomeric mixture should not be a
problem becauseE,Z-dienes are much less reactive thanE,E-
dienes in Diels-Alder reactions.

We were pleased to note that5 slowly underwent a Diels-
Alder reaction in CDCl3 at 25°C with 40% conversion after
1 week indicating that a similar reaction with an OH rather
than an OMe substituent on the butenolide could occur under
physiological conditions in the biosynthesis without a Diels-
Alderase. Heating a solution of5 in CHCl3 containing 4%
hydroquinone in a sealed tube at 70-75°C for 2 d afforded
Diels-Alder adduct4 in 80% yield based on the reactive
stereoisomer5E and recovered5Z in 10% yield (see Scheme
3). Only a single Diels-Alder adduct was isolated. The
stereochemistry of4 about the cyclohexene ring was most
convincingly established by an NOE between the methoxy
group and the cyclohexene methyl group (H-17), which
indicated that the desired adduct was formed in which C-16
is in the endo position. The stereochemistry of the methyl
groups in the tether was established by NOE studies on15
(see below).

Hydrolysis10 of the vinylogous carbonate of4 with LiCl
in DMSO for 3 d at 25 °C gave vinylogous acid14 in 88%
yield. Unfortunately, attempted epoxidation of the cyclo-
hexene double bond of14with m-CPBA or DMDO afforded
complex mixtures in which the cyclohexene double bond
was still present and the enone double bond had reacted.
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Scheme 1. Retrosynthesis of Abyssomicin C Scheme 2. Synthesis of Diels-Alder Substrate5
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Abyssomicins B and D, in which the enone of abyssomicin
C has reacted, are biologically inactive, suggesting that the
reactive enone double bond of abyssomicin C is crucial for
biological activity.1

We attempted to protect the enone double bond by
conjugate addition of a thiol to give a sulfide, which would
later be converted to a sulfoxide or sulfone by oxidation that
could be eliminated to regenerate the enone. However,
treatment of4 with p-ClPhSH and Et3N in CDCl3 for 30
min at 25°C afforded the tetracyclic product15 in 70% yield.
Addition of the thiophenoxide proceeded as expected, but
the enolate added to C-16 in an intramolecular Michael

addition to give15 with the carbon skeleton of abyssomicin
D. Although15 is not useful for the synthesis of abyssomicin
C, the increased rigidity of15 allowed us to establish the
stereochemistry of the methyl groups in the tether relative
to the cyclohexene ring by NOE experiments. An NOE
between the methoxy group and one methyl group (H-18)
and between H-8 and the other methyl group (H-19)
established that the Diels-Alder reaction of5 proceeded
stereospecifically to give4 with abyssomicin C stereochem-
istry.

The novel and unexpectedly mild and stereospecific
intramolecular Diels-Alder reaction of5 to give4 provides
facile access to the carbocyclic skeleton of abyssomicin C.
We are continuing to explore procedures to epoxidize the
cyclohexene to complete the synthesis of abyssomicin C.
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Note Added in Proof.While this manuscript was under-
going review, Sorensen reported the preparation of5 by a
related route, the intramolecular Diels-Alder reaction of5
to give4, and further elaboration to complete the synthesis
of abyssomicin C: (a) Zapf, C. W.; Harrison, B. A.; Drahl,
C. Sorensen, E. J. Abstracts of Papers.230th National
Meeting of the American Chemical Society; Washington, DC,
Aug 28-Sept 1, 2005; American Chemical Society: Wash-
ington, DC, 2005; ORGN 234. (b) Zapf, C. W.; Harrison,
B. A.; Drahl, C. Sorensen, E. J.Angew. Chem., Int. Ed.2005,
44, in press. Georgiadis reported a short synthesis of the
oxabicyclo[2.2.2]octane core: Zografos, A. L.; Yiotakis, A.;
Georgiadis, D.Org. Lett.2005,7, 4515-4518.
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Scheme 3. Synthesis of4 and15
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