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ABSTRACT

A tandem free radical cyclization−rearrangement sequence was designed and executed to produce tricyclo[4.3.2.01,5]undecane 7 from cyclopentene
6A in a single operation. The total synthesis of suberosenone was accomplished from 7.

Recently, Bokesch reported the structures of suberosenone-
(1),1 a new cytotoxic sesquiterpene related to quadrone(2),2

and its dimer alertenone (3) (Scheme 1).3 While alertenone

showed significantly low cytotoxicity, suberosenone exhib-
ited potent and differential cytotoxicity toward various cancer
cell lines. The contrasting antitumor activity of suberosenone
with quadrone led us to search for a facile synthetic route to
the core structure of quadranoid compounds.

Quadrone has been a focal point for the development of
numerous synthetic methodologies and strategies during the

1980s, and several elegant total syntheses4 and synthetic
approaches5 to quadrone have been reported. However, an
SAR study of the antitumor activity of quadrone and its
congeners was not extensively explored since most of the
synthetic routes did not offer a ready access to the tricyclic
core structure of quadrone.6 A facile construction of the core
structure of quadranoids will allow the synthesis of various
analogues of quadranoid natural products as well as the total
synthesis of natural products themselves.

Our synthetic strategy of suberosenone was based on our
recent finding of a novel construction of tricyclo[4.3.2.01,5]-
undecane structures.7 The crucial tandem radical cyclization
reaction utilized cyclopropylmethyl radical mediated rear-
rangement (Scheme 2). The steric congestion of eclipsing
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substituents at ring junctions ofA and the radical stabilizing
effect of the oxygen atom of the rearranged intermediateB
must favor the seemingly less favorable endocyclic inter-
mediate.8 The second radical cyclization should also drive
the overall sequence of reactions towardB. Thus, the core
skeleton of quadrone and suberosenone would be constructed
in a single operation from a cyclopentane ring. This will yield
a quick entry into the synthesis of various analogues as well
as the total syntheses of quadranoid natural products.

Execution of the above strategy required the preparation
of 2,2-disubstituted cyclopentanone6 (Scheme 3). First, a

butynyl chain was introduced onto 4,4-dimethyl-2-carbe-
thoxycyclopentanone9 in a four-step sequence (anionic alky-
lation with 3-butenyl bromide, protection of the ketone as
ethylene ketal, and ozonolysis followed by acetylene forma-
tion using TMS-diazomethane anion10) since direct alkyla-
tions with 3-butynyl halides or sulfonates were not success-
ful.11 After the ester of5 was converted to the corresponding
aldehyde (LiAlH4 reduction followed by Swern oxidation12),

addition of propargyl Grignard reagent produced the alkynol
with a good diastereoselectivity (9:1). Chelation of oxygens
of the aldehyde and acetal could account for the diastereo-
selectivity. Desilylation followed by deprotection of the
major isomer produced6. After trimethylsilyl triflate treat-
ment of6, the crucial free radical cyclization reaction was
performed under the general reaction conditions for tin
hydride mediated enyne cyclization reactions.13 After desta-
nylation using silica gel, only one regioisomeric product,7,
was obtained. Since6 possessed two terminal alkynes, a
mixture of regioisomeric products was expected from the
nonselective addition of tributyltin radical to the seemingly
unbiased alkynes. This unexpected selectivity is presumed
to come from the conformational preference of the butynyl
chain with a hydroxyl group in6 toward cycloaddition
reaction,14 since the radical stabilizing effect from a het-
eroatom could not be large enough to distinguish two
terminal alkynes in6.

With the tricyclo[4.3.2.01,5]undecane product7 in hand,
the total synthesis of suberosenone was accomplished in a
straightforward manner (Scheme 4). Selective ozonolysis of
the allylic alcohol of715 followed by reductive deoxygenation
of the tertiary alcohol using SmI2

16 produced 8 after
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protection of the remaining alcohol as the acetate. Then,8
was converted to the corresponding enone throughR-sel-
enation (LHMDS, PhSeCl) followed by a selenoxide elimi-
nation reaction.17 Addition of vinyl cuprate to the enone
produced a single isomeric 1,4-addition product,9. Approach
from the sterically less encumbered bottom face of the C-ring
should give complete selectivity. The ketone of9 was
reduced with NaBH4, and the corresponding alcohol was
protected as the acetate. The reduction also proceeded with
complete stereoselectivity. Ozonolysis of the two remaining
olefins to the keto aldehyde followed by the selective
reduction of the aldehyde with NaBH(OAc)3

18 produced keto
alcohol10. At this stage, the primary alcohol was dehydrated
to the exocyclic olefin to ensure the stereoselective introduc-
tion of the methyl group at C-9. The dehydration was
accomplished using the Grieco protocol.19 During this
reaction, the acetate at C-9 was also eliminated to afford
enone 11. Dimethyl cuprate addition produced a single
isomeric ketone,12. The stereochemistry of the methyl group
was confirmed through NOE measurement. Again, steric and
stereoelectronic effects offered complete control of the
stereochemistry of the methyl group.20 The total synthesis

of suberosenone was completed from12 by deoxygenation
followed by allylic oxidation. Deoxygenation of the ketone
and acetate of12 was accomplished using Barton’s radical
deoxygenation reaction21 of the corresponding diol which
was prepared by DIBAL-H reduction of12 to yield volatile
4-deoxysuberosenone. Finally, introduction of a carbonyl
group at the C-4 carbon through allylic oxidation of the olefin
using SeO2 followed by TPAP oxidation22 produced sub-
erosenone1. Comparison of IR,1H NMR, and 13C NMR
spectral data of synthetic suberosenone with the reported
spectral data of natural suberosenone23 confirmed the struc-
ture of 1.

Thus far, we have demonstrated a facile route to the core
skeleton of quadranoids from a cyclopentane ring in a single
operation. Accomplishment of the total synthesis of sub-
erosenone also showed the versatility of the current synthetic
methodology.
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