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Abstract
The enantioselective total synthesis of the rearranged spongian diterpene aplyviolene has been
completed in 14 steps from the known hydroazulenone 8. The key junction of the hydrocarbon and
oxygenated fragments to form the critical C8 quaternary carbon stereocenter and set the stage for
elaborating the delicate bicyclic lactone functionality was accomplished in high yield and
exquisite stereoselectivity by Michael addition of an enantioenriched hydroazulenone enolate to an
enantiopure α-bromocyclopentenone.
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Rearranged spongian diterpenes are bioactive natural products isolated exclusively from
sponges and nudibranchs.1 The most structurally complex contain adjoined polycyclic
hydrocarbon and highly oxidized lactone fragments, of which the most intricate is the 6-
acetoxy-2,7-dioxabicyclo[3.2.1]octan-3-one ring system found in aplyviolene (1),2
macfarlandin E (2),2a,3 and 13 related natural products (Figure 1).1 In 2001 we disclosed the
first total synthesis of a rearranged spongian diterpene, shahamin K (3), which possesses a
cis-hydroazulene and a relatively simple monocyclic lactone subunit.4 We recently
demonstrated the first construction of the sensitive bicyclic lactone fragment of diterpenes 1
and 2 by the synthesis of simplified congeners 4 and 5.5 We report herein the
enantioselective total synthesis of aplyviolene (1); the first total synthesis of a natural
product containing a 6-acetoxy-2,7-dioxabicyclo[3.2.1]octan-3-one ring system.

The substantial challenges associated with a total synthesis of aplyviolene (1) center on
constructing the C8–C14 σ-bond that joins the quaternary carbon stereocenter of the cis-
hydroazulene fragment with the one-carbon bridge of the 6-acetoxy-2,7-
dioxabicyclo[3.2.1]octan-3-one moiety, and the inherent lability of the diacyloxy acetal
functionality of the latter unit. We envisaged assembling 1 from tricyclic precursor 6 along
the lines developed in our construction of analog 4 (Scheme 1). α-Bromoketone 7 was seen
as a potential precursor of enoxysilane 6. Compound 7 is recognizably the Michael-addition
product of the thermodynamic enolate of hydroazulenone 84 and α-bromocyclopentenone 9,
with the proper relative configuration of the C8–C14 σ-bond expected to arise from the
facial bias of the two enantioenriched coupling partners. Unknown at the onset was the
compatibility of the exo-methylene functionality of the hydroazulene fragment with the
oxidative and acidic steps that would be required to elaborate the bicyclic lactone subunit
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from precursor 6. We hoped that the sterically hindered environment of this exocyclic
double bond would allow its incorporation early in the synthetic sequence.

The sequence developed to prepare intermediate 6 is summarized in Scheme 2.
Enantiomerically pure cyclopentenone 105 was first converted in two routine steps to α-
bromocyclopentenone 9. In the critical fragment coupling event, the thermodynamic enolate
of hydroazulenone 8 (95% ee) was generated with LDA in 2:1 THF/HMPA at room
temperature over 4 h4 and coupled with cyclopentenone 9 at −78 °C to give a single
crystalline product, 7, in 81% yield.6 Reductive silylation was best achieved by slow
addition of 7 to a solution containing dilithium dimethyl(cyano)cuprate and TBSCl in 10:1
THF/HMPA at −78 °C, affording enoxysilane 11 in 86% yield.7,8 Reduction of ketone 11
with NaBH4 and CeCl3 at 0 °C in EtOH supplied secondary alcohol 12, which was
converted to its xanthate ester in high yield. Exposure of this intermediate to Bu3SnH, AIBN
in toluene for 5 min at 100 °C cleanly afforded the deoxygenated product 6 in 56% overall
yield from ketone 11.9

With tricyclic intermediate 6 in hand, its elaboration to aplyviolene (1) was initiated by
transforming the ester of the α-siloxyacetic acid side chain to a methyl ketone (Scheme 3).
This transformation was accomplished by the two-step sequence we had developed in our
earlier model studies,5 delivering intermediate 13 in 55% yield. The enoxysilane double
bond of 13 was selectively cleaved by oxidation at room temperature with catalytic OsO4
and NMO, followed by cleavage of the resulting crude α-hydroxycyclopentanone with
Pb(OAc)4 to give tricarbonyl intermediate 14 in 81% yield. Cleavage of the silyl ether with
TBAF in THF at 0 °C provided hemiacetal 15, which was transformed to anomeric fluoride
16 upon reaction with diethylaminosulfur trifluoride (DAST) at −78 °C in CH2Cl2.
Saponification of the methyl ester with NaOH, followed by lactonization of the crude
carboxylic acid product by exposure to 1.5 equiv of SnCl2 in DMF at room temperature
gave rise to the dioxabicyclo[3.2.1]octan-3-one product 17 in good overall yield from
intermediate 16.10 Initiating the lactonization from anomeric fluoride 16 permitted the use of
non-acidic conditions, which were tolerant of the exo-methylene unit. The delicate α-
acetoxy acetal functionality was then introduced by Baeyer–Villiger oxidation of 17 with m-
CPBA at 0 °C in CH2Cl2 to afford aplyviolene (1) in 61% yield. The optical rotation of

synthetic 1,  −26.2 (c 0.1, CH2Cl2), compared well with the values reported for the

natural sample,  −29.2 (c 1.0, CH2Cl2)2a and −26.1,2b as did all spectroscopic data.

In summary, the total synthesis of the diterpene aplyviolene, 1, was completed in 14 linear
steps and 5.6% overall yield from hydroazulenone 8, which is available in 11 steps from 3-
methyl-2-cyclohexenone.4. This synthesis required orchestrating the stereochemical
complexity of 7 contiguous stereocenters and the reactivity of the diacyloxy acetal and exo-
methylene functionality, and sets the stage for future efforts in this area directed at more
complex diterpenes containing the 6-acetoxy-2,7-dioxabicyclo[3.2.1]octan-3-one ring
system.5
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Figure 1.
Rearranged Spongian Diterpenes and Substructures
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Scheme 1.
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Scheme 2.
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Scheme 3.
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