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ABSTRACT

A short (six steps from 17), versatile route to the tricyclic core of Vinigrol is described. A Lewis acid catalyzed and self-assembled Diels −Alder
(LACASA-DA) reaction from the homoallylic cross-conjugated trienol 15 with N-methylmaleimide afforded the monoadduct 17 with diastereo-,
regio-, and chemoselective control. Oxidation and installation of an acetylene (Ohira’s reagent) followed by further manipulations afforded
trienone 24. The second intramolecular Diels −Alder (at 45 °C) reaction assembled the tricyclic skeleton 25 directly. The configuration of 25
was confirmed by X-ray analysis.

In the period since the isolation and structure elucidation of
the novel trihydroxyditerpene Vinigrol, there has been a
growing worldwide interest in this molecule (Figure 1).1 This

is a consequence of its medicinal potential and unusual
structure. Its medicinal attributes include its antihypertensive

and platelet-inhibiting properties,2 plus its promise as a
powerful tumor necrosis factor antagonist capable of arresting
the AIDS complex,3a the treatment of inflammation in
combination with a cyclooxgenase 2 (COX-2) inhibitor,3b

and as nerve stem cell proliferation promoter.3c The archi-
tecture is unique and presents several synthetic challenges
for organic chemists. These include thesyn-trihydroxy motif
on the top face of thecis-decalin component and the
hydrocarbon-substituted eight-membered bridge which joins
the two individual cyclohexane rings.

Several synthetic approaches outlining different strategies
to Vinigrol have been reported over the past dozen years.
Briefly, these include the research groups of Hanna and
Lallemand,4 Kito and Matsuda,5 Mehta,6 Paquette,7 and
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Figure 1. Structure of Vinigrol1.
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Barriault.8 These reports encompass a diverse collection of
strategies from oxy-Cope rearrangements, samarium diiodide
mediated cyclizations, ring expansions, transannular cycliza-
tion protocols, and installation of additional functionality to
constrain a synthetic intermediate and facilitate the desired
transformation. Ring closing metathesis sequences from a
cis-decalin core to close the cyclooctene bridge appeared
attractive but failed.7a,8a Scheme 1 briefly summarizes the

two reported routes to the Vinigrol core via an oxy-Cope
rearrangement, and in parallel with our own research, our
colleague Louis Barriault has also utilized an IMDA
construction step.8c The challenges uncovered by others and
ourselves implied that a sequential intramolecular cycload-
dition strategy in which initially an in situ tether-fixed tether
combination might minimize some of the previous complica-
tions that Nature has imposed.

Our approach was predicated on our recent pentadienyl
indium chemistry9 in which a Lewis acid catalyzed and self-

assembled Diels-Alder cycloaddition (LACASA-DA) oc-
curred via a temporary magnesium template that controls
the initial in situ cyclization.10 Some recent synthetic
examples also utilize this Diels-Alder strategy (LACASA-
DA) as an important step for natural product construction.11

Our experience with the synthesis of the eight-membered
ring in taxoids revealed that their assembly is facilitated by
incorporation of anendo-cis double bond plus suitably
juxtaposed oxygen functionality for cross-ring Lewis acid
complexation.12 These features have been incorporated into
our design to facilitate the cyclization and provide additional
functionality for future manipulation. Consequently, the
retrosynthetic sequence from the adduct tricyclic12, to the
enone11, to the initial adduct10suggested an attractive route
to assemble the desired tricyclo[9.4.0]undecadienone skel-
eton.

Exposure of trieneol15 to methylmagnesium bromide and
n-pentanol afforded the adduct17 as the major product
(Scheme 2). Oxidation of the primary alcohol with PCC

proceeded smoothly, and condensation of the resulting
aldehyde18 with the dimethyl 1-diazo-2-oxopropylphos-
phonate (Ohira reagent,26)13 afforded the acetylene1914

directly in 78% yield (Scheme 3). This requires 24 h at rt
and an excess of cesium carbonate. Under these conditions,
the original stereochemistry is inverted to afford theexo-
isomer as illustrated in Figure 2.15 This was not anticipated,
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Scheme 1. Current Approaches Toward the Core Structure of
Vinigrol

Scheme 2. Synthesis of Mono-Cycloadduct17 from an in situ
Tether Cycloaddition Reaction

5164 Org. Lett., Vol. 9, No. 25, 2007



but this serendipitous event may be a bonus for a total
synthesis due the new orientation of the heterocyclic ring.

Treatment of the alkyne withnBuLi and condensation with
acrolein provided a small sample of the allylic alcohol20.
Different protocols were examined to manipulate the triple
bond and introduce thecis-alkene to facilitate the ultimate
cycloaddition. There are numerous studies in the literature
to modify the traditional Lindlar catalyst to fine tune its
reactivity for delicate reactions.16 The selective reduction of

20 is a demanding case due to the presence of three olefins,
one of which is monosubstituted allylic. The use of Lindlar
catalyst with quinoline in a mixed solvent of ethyl acetate/
1-hexene (1:1) gave an irreproducible low yield of a mixture
of reduced products.17 The sensitivity of this substrate
dictated we develop a better protocol.

Consequently, generation of the alkynyl anion with iso-
propylmagnesium chloride followed by condensation with
dimethylformamide and hydrolysis afforded the alkynylal-
dehyde21 in 78% yield based on recovered starting material.
Extensive experimentation revealed the following conditions
gave consistent results. Reduction of the alkynal with Lindlar
catalyst, in the absence of quinoline, in a solvent comprising
a 1:1 ratio of ethyl acetate and 1-hexene afforded the requisite
unsaturated aldehyde22 (cis/trans6:1).18 Addition of vinyl-
magnesium bromide afforded a 1:1 mixture of epimeric
alcohols. Oxidation with manganese dioxide gave the desired
enone24, which was used directly for the final step.

The cyclization of the Diels-Alder precursor was par-
ticularly facile, and no added catalyst was required. Forma-
tion of the tricyclic adduct can be observed in the1H NMR
spectrum of the enone24. In addition, this cycloaddition
occurred spontaneously over 2 days at room temperature.
On a preparative scale, heating the24 in deuterochloroform
at 45 °C for 15 h provided quantitative conversion to the
tricyclic core of Vinigrol (25). Analysis of its X-ray structure
in Figure 319 confirms the orientation of the substituents,

the stereochemistry, the relative disposition of the three rings,
and the absence of any rearranged structure.20
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Scheme 3. Conversion of Adduct17 to Adduct25

Figure 2. X-ray structure of bicyclic alkyne19.

Figure 3. X-ray structure of tricyclic Vinigrol core25.
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In summary, the application of an initial mono-Lewis acid
catalyzed and self-assembled Diels-Alder cycloaddition
(LACASA-DA) reaction, functional group manipulation, and
a subsequent intramolecular [4+ 2] cycloaddition to
incorporate the cyclooctane bridge provided a direct route
to the tricyclic core of Vinigrol in a very efficient manner
(six steps from17). This sequential cycloaddition strategy
expands the potential and indicates the versatility of our triene
([3]dendralene) chemistry for a variety of synthetic objectives
including more complex natural product skeletons.
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