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ABSTRACT

The four components shown are assembled in two steps, and the product is converted to araneosene by a short sequence.

The development of simple yet effective syntheses of
multiprenyl natural products containing rings in the 9-11
size range continues to present a challenge, especially as
more complex members of this class, such as the dollabellane
group, are discovered.1 The research that is described herein
originated from methodology developed for the synthesis
of the pentacyclic marine natural product antheliolide A,2

which involved the rapid multicomponent coupling of prenyl
units3 and facile Pd-mediated ring closure.4 Specifically,
this paper describes the incorporation of these operations
into new and effective syntheses of (()-δ-araneosene and

humulene, each of which contains an eleven-membered
ring.

The synthesis of (()-δ-araneosene (1) is outlined in
Scheme 1. The first synthesis ofδ-araneosene was reported
by Mehta and co-workers.5 A second synthesis was reported
by Jenny and Borschberg.6 In the first step of our synthesis
of 1, methyltert-butyldimethylsilyl ketone was treated with
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2-propenyllithium in ether and then with 2-isopropylallyl
bromide in THF to give the (Z)-enolsilyl ether2 (82%). The
sequence of reactions that leads to2 includes (1) carbonyl
addition of 2-propenyllithium, (2) Brook rearrangement of
Si from C to O, and (3) allylation of the resulting allylic
lithium reagent.3 The silyl ether2 was then transformed using
(Me2N)3S+Me3SiF2

- (TAS-F)7 into the corresponding TAS
enolate, which was alkylated with bromide38 to form the
methyl ketone4 (90%). Thus, all carbons ofδ-araneosene
were assembled from four readily available components in
just two steps in ca. 73% yield. We see no reason the
synthesis of4 cannot be carried out without isolation of2,
thereby allowing a direct four-component synthesis of4.
Conversion of methyl ketone4 into the allylic carbonate/
silyl ether5 was effected in>99% yield using diisopropyl-
ethylamine and trimethylsilyl triflate in CH2Cl2 solution at

0 °C. Treatment of the allylic carbonate/silyl ether5 with
10 mol % of Pd-dibenzylidene-acetone complex and
bisdiphenylphosphinoferrocene (dppf) in THF at reflux for
1 h effected ring closure to form the 11-membered ketone9
in 40-48% yield.9,10 The ketone9 could also be prepared
in somewhat higher yield (ca. 65%) by a longer alternative
route through the intermediates6, 7, and 8.5,11 Selective
ozonolysis of9 (ca. 0.8 equiv of O3) afforded the diketone
10, which was transformed by McMurry cyclization12 in 90%
yield into (()-δ-araneosene.
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Scheme 1. Synthesis of (()-δ-Araneosene
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The synthesis of humulene (11) was carried out by an
approach paralleling that used for araneosene (1), as outlined
in Scheme 2. Alkylation of the TBS enol ether of methyl
isopropyl ketone13 by 3 afforded the keto carbonate12 (92%),
which could be converted cleanly into the corresponding
TMS enol ether13. Palladium-mediated cyclization of13,
as described above for the conversion5 f 9, directly
generated the required cycloundecadienone14 in ca. 50%
yield. This same compound was produced in ca. 65% yield
from 13 by a longer process analogous to the sequence5 f
8 f 9. Reduction of ketone14 to the corresponding
secondary alcohol by gradual addition of isopropyl alcohol

to a well stirred suspension of sodium sand and14 in toluene
at 0 °C proceeded quantitatively. Reaction of this alcohol
with methanesulfonyl chloride and triethylamine in CH2Cl2
at -35 °C for 30 min and-20 °C for 30 min gave the
mesylate15 (94% overall from14). Elimination of meth-
anesulfonate from15 occurred upon stirring with silica gel
in CH2Cl2 at 23°C for 6 h toproduce pure humulene (11),
identical in all respects with an authentic sample. Of the
several reported syntheses of humulene described, this is the
simplest and most efficient.14

The syntheses of (()-δ-araneosene and humulene dis-
closed herein are noteworthy for the simplicity of the C-C
bond constructions and cyclization steps, which we believe
will prove advantageous in the synthesis of related polyter-
penoids.
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Scheme 2. Synthesis of Humulene
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