A Concise, Biomimetic Total Synthesis
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(+)-davanone

A concise, biomimetic synthesis of the antifungal and antispasmodic natural product (+)-davanone is described. The key stereoselective
reactions are a Sharpless asymmetric epoxidation, a thiazolium-catalyzed esterification, and a palladium-mediated cyclization. All carbons are
derived from isoprene units and no protecting groups are used, permitting an atom- and redox-economical synthesis.

Davanone, a sesquiterpene first isolated from Artemisia
pallens in 1968," is the principle component of davana oil
and exhibits both antifungal® and antispasmodic® properties.
The core of its structure is shared with several other
secondary metabolites present in davana oil, some of which
are shown in Figure 1.* Davanone has attracted significant
synthetic interest over the years,” with noteworthy racemic
syntheses by Bartlett>® and Molander.> Fully aware that the
only enantioselective synthesis exceeds 20 steps and gener-
ates a mixture of davanone and artemone,’® we sought a
novel, concise, and enantioselective route to this natural
product.

Our synthetic planning was guided by the proposed
biosynthesis of davanone shown in Scheme 1. Feeding
studies have confirmed that davanone and artemone derive
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Figure 1. Natural products related to davanone.

from farnesyl diphosphate,® and we hypothesized that allylic
oxidation and alkene hydration could generate hydroxyketone
1. Cyclization of such a substrate, with loss of diphosphate,
would then directly produce davanone.’

Our synthesis began with the known epoxyalcohol 2.
available in two steps from geranyl acetate via allylic
hydroxylation” and Sharpless asymmetric epoxidation.®
Oxidation to epoxyaldehyde 3 proceeded smoothly with
DMSO/SOs/pyridine; however, generating anti-hydroxyester
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Scheme 1. Proposed Biosynthesis of Davanone
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5 was more difficult. While other methods were unsatisfac-
tory, Bode’s thiazolium salt 4'© was quite effective at
providing 5 using a non-aldol approach. To the best of our
knowledge, this is the first use of Bode’s carbene-catalyzed
epoxide-opening reaction in a total synthesis.

Our next concern was the formation of the final stereo-
center, as there are few examples of stereoselective allylic
O-alkylations at tertiary centers with aliphatic alcohols.'' We
anticipated that the inherent diastereofacial preference of §
would be to form trans-6 rather than the desired cis
product.'? After screening a range of chiral catalysts and
reaction conditions, we found that Pd,dba; with (S)-Cs-
TunePhos'? enabled us to overcome the substrate’s diaste-
reofacial bias and favor cis-davana acid ethyl ester (6), itself
a trace natural component of davana oil.*'* (R)-Cs-TunePhos
gave substantial (>12:1) selectivity for the undesired trans
product.

Our route converged with the racemic synthesis of Haas
and Molander® at anti,cis-Weinreb amide 7, which we
prepared with a three-step isolated yield of 31% from
aldehyde 3. Other than optical rotation, the physical proper-
ties of (+)-7 matched those reported for (£)-7,°" and reaction
of this Weinreb amide with prenylmagnesium chloride
proceeded smoothly to produce (+)-davanone and complete
the synthesis.
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In summary, we have achieved the shortest enantioselec-
tive synthesis of davanone to date, requiring merely seven
steps from geranyl acetate and proceeding with a yield of
18% over five steps from epoxyalcohol 2. The atom

Scheme 2. Synthesis of Davanone
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economy'® and redox economy'® are considerable, as each
carbon in the final product derives from an isoprene unit,
no protecting groups are used, and superfluous redox
manipulations are avoided. Our route parallels the biosyn-
thetic proposal in Scheme 1 and features the first use of a
thiazolium-catalyzed epoxide opening in the synthesis of a
natural product.
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