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ABSTRACT

A stereoselective synthesis of the bacchopetiolone (1) carbocyclic core using a tandem phenolic oxidation/Diels −Alder reaction is described.

Bacchopetiolone (1) is a dimeric sesquiterpene that was
isolated from a Chilean shrub,Baccaris petiolata, and
reported by Niemeyer and co-workers in 1991.1 Although
no total synthesis has been reported, the biogenesis of1 has
been proposed to proceed through a [4+2] cycloaddition of
the bisabolene derivative2 (Scheme 1). In considering the
proposed biosynthesis of1, we recognized that synthesis, in
the form of a biomimetic synthetic strategy, could provide
some insight into the dimerization leading to1. To this end,
we envisioned that a tandem phenolic oxidation/Diels-Alder
reaction of4 would give rise to3, an advanced intermediate
which is only two CO units removed from the natural
product.

The feasibility of this strategy was supported by recent
studies in our laboratories on the tandem phenolic oxidation/
Diels-Alder reactions of aryl propionic acids.2 Of particular

relevance from these studies is the reactivity observed for
3-(2-hydroxyphenyl)-propionic acid5 (Scheme 2) which,
upon exposure to bis(trifluoroacetoxy)-iodobenzene (BTIB),
produces a polycycle (6) that possesses the same relative
stereochemistry as that found in1. This stereochemical
outcome indicates that the initially formed spirolactone
undergoes dimerization via approach of the two oxygen-
bearing faces3 in an endo transition state.4

In addition to 5, we explored the reactivity of 3-(2-
hydroxyphenyl) butyric acid (7), wherein stereogenicity
resides at the benzylic position. Importantly, this substrate
undergoes diastereoselective spirolactonization to furnish9
which, in the presence of MVK, engages in a stereoelec-
tronically controlled [4+2] reaction (cf., 5 to 6) to furnish8
as a single diastereomer.

On the basis of the previously observed reactivity of5
and 7, we speculated that exposure of an appropriately
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BTIB would result in the stereoselective formation of3
(Scheme 1).

To explore this hypothesis, we initiated a synthetic effort
that began with large scale production of bromide11 from
cyclopropylmethyl ketone (10).5 Subsequent exposure of11
to lithium-halogen exchange followed by copper-mediated

conjugate addition to 7-methylcoumarin provided the alky-
lated dihydrocoumarin (12, Scheme 3) in 79% isolated yield.

Hydrolysis of the lactone12 and in situ conversion to the
triethylamine salt (13) set the stage for the key phenolic

oxidation. To our delight, we found that treatment of13with
BTIB resulted in smooth aromatic oxidation followed by
Diels-Alder cycloaddition to provide dimer3 as a single
diastereomer in 60% yield.6 This short reaction sequence
allowed access to several grams of dimer3, and single X-ray
analysis provided structural proof that3 possesses the rela-
tive stereochemistry found in bacchopetiolone (Scheme 3,
inset).

Having assembled the polycyclic skeleton of bacchopeti-
olone, we turned our attention to the bis-decarbonylation
required for converting3 to 1. Although there are a number
of conceivable approaches, preliminary investigations fo-
cused on transformations of the corresponding bisamide (14).
The latter was readily available from3 via treatment with
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ammonia; subsequent addition of one amide moiety into the
nearby ketone delivered cyclic carbinolamide15 (Scheme
4).7

We hoped that the cyclic hemiaminal formation would be
reversible, allowing for a potential Hofmann rearrangement
on both amide functional groups of14 (Scheme 5). To this
end, we explored the use of BTIB in anhydrous acetonitrile

as a means of generating nitrene species and rearranging them
to bisisocyanate20.8 As illustrated in Scheme 5, we had
anticipated the terminal product to be21, a compound arising
from intramolecular trapping of the tertiary alcohols.9

Although exposure of15 to BTIB efficiently produced
nitrene16, it also generated an alkoxy radical. The subse-
quent reactivity was bifurcated and furnished the undesired
ring expansion product19, confirmed by single X-ray
analysis (Figure 1).10

As illustrated, this product (19) is believed to arise from
16via the desired rearrangement and intramolecular trapping
to the cyclic urethane on the left side; concomitantly and in
contrast, the right portion of16 undergoes ring expansion
to a [2.2.3]bicycle, presumably via radicalâ-fragmentation.
Suárez et al. have reported similarâ-fragmentation of
bicyclo[3.3.0]-carbinolamidyl radicals generated by irradia-
tion with visible light in the presence of hypervalent
organoiodine.11,12 In contrast to Suárez’s substrates, the
fragmentation of16 delivered a tertiary C-radical that
presumably loses a hydrogen atom to generate enol18.
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investigation beyond the scope of the current manuscript.
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Tautomerization to the corresponding ketone and condensa-
tion with the imide nitrogen furnish enamine19.

In conclusion, we have developed a highly efficient
phenolic oxidation/Diels-Alder sequence that furnishes the
desired tricyclic skeleton of bacchopetiolone with complete
control of the relative stereochemistry. Although as yet
unsuccessful in delivering1, decarbonylation attempts have
illustrated the potential utility of BTIB-mediated oxidations
in delivering ring expansion products (e.g.,19 in Scheme
5). Current efforts are focusing both on alternatives for
completing the synthesis of1 and on Suárez fragmentation
modifications.
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