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Because of the high versatility of the radical 5-exo (trig
or dig) cyclization, polyquinanes have appeared as obvious
targets in radical synthetic strategies.1 Elegant studies by
Curran, for instance, have relied on a five-membered tem-
plating ring, serving a tandem of 5-exo cyclizations, and have
led to total syntheses of natural products such as hirsutene
and silphiperfolene.2 In view of obtaining linear triquinane
frameworks expeditiously, the more ambitious triple cycliza-
tion strategy starting from acyclic precursors has also been
challenged.3 However, these latter approaches have shown
little regio- and/or diastereoselectivity, yielding in most cases
poorly functionalized substrates.

In addition to their unique structural features, our inter-
est in the synthesis of triquinanes stems from the fact that
the 5-exo-dig radical cyclization of (bromomethyl)dimethyl-
silyl ethers can be used as an efficient trigger for radical
cascades;4 notable was the highly diastereoselective one-pot
formation of a diquinane.5 Our initial attempts, however,
were thwarted by the sensitivity of the unsaturated precur-
sors toward hydrogen transfers from the initial vinyl radi-
cal.6 We had, therefore, to modify our precursors and block
the labile sites. The new generation of precursors includes
bromomethylsilyl ethers 1 and 2, and their radical cycliza-
tions are reported herein (Scheme 1).

When submitted to the slow addition of Bu3SnH in the
presence of AIBN, and after a Tamao oxidation, precursor
1 furnished the tricyclo[3.0.1.0.1]nonane diol 7 as a single
diastereomer. The formation of 7 results from a sequence
of four cyclization steps, involving a rare 3-exo-trig radical
cyclization,7 whose driving force is the trapping of the
R-cyclopropyl radical in a 5-exo-dig manner. The relative
stereochemistry of 7 was determined through NOE mea-
surements and originates from complete cis 1,3 asymmetric
induction, which we have always encountered in the initial
5-exo-dig, 5-exo-trig tandem sequence (1 f 3).5,6 This finding
was clearly encouraging since it showed that the â-silyl
radical 5 could be trapped in a diastereoselective manner.
However, the low yield of 78 suggested that the reaction
might be cleaner if we used TMS-protected acetylenic
partners. This turned out to be correct since the radical

cyclization of 2 furnished the two adducts 4 and 10 in a much
higher combined yield (89%). In this cascade, the R1 TMS
substituent exerts at least two functions. First, it probably
slows down the 3-exo-trig so that the previously mentioned
homoallyl radical 3 can be reduced to furnish cyclopentyl
derivative 4. Second, it readily engages in a 1,6-H transfer9

with vinyl radical 6 to generate the R-silyl-stabilized radical
8.10 An additional 6-endo-trig radical cyclization followed
by an unprecedented â-elimination of the trimethylsilyl
radical11 achieves the assembly of the pentacyclic structure
9 (also characterized as trimethylsilyl alcohol 10), and the
trimethylsilyl radical propagates the radical chain.12 The
stereochemistry of cyclopropane 9 was found to be identical
to that of 7, as confirmed through NOE measurements on
12.

One point remained to be elucidated. The construction
of the triquinane framework requires a [3 + 2] annulation
step between the nucleophilic homoallyl radical 3 and an
electron-deficient olefin.13 This clearly implies a competition
between an intermolecular addition step and an intramo-
lecular 3-exo-trig ring closure. Work by Cekovic14 suggested
that the [3 + 2] annulation step should prevail, and indeed,
adding 10 equiv of acrylonitrile proved rewarding (Scheme
2). After a Tamao oxidation, the 80:20 mixture of diastere-
omers 13 was isolated in 42% overall yield, accompanied by
the cyclopropyl adduct 12. The triquinane structure of the
major R-CN diastereomer of 13 was confirmed by X-ray
crystallography.15 An 11 elementary step process16 is in-
volved in the construction of these triquinanes. Only incom-
plete stereocontrol during the [3 + 2] annulation step is
responsible for the formation of the minor â-CN epimer of
13. Heterocycle 11 could be isolated in 54% yield after
chromatography on silica gel, and a treatment with meth-
yllithium offered a variant of functionalization (alcohol 14).

We then wanted to involve vinyl radical 6 in a 1,5-H
transfer process. 1,5-H transfers are generally favored over
1,6-H transfers.17 Moreover, Curran has shown that the
OTBS moiety is a very good activating group for hydrogen
transfers from a vinyl radical.18 Thus, we studied the
behavior of OTBS ether 15 under radical cyclization condi-
tions (Scheme 3), and we obtained hydrindane 17 as a single
E,E diastereomer, whose stereochemistry was established
through NOE experiments. The formation of 17 presumably
results from the previously described radical cascade, fol-
lowed by the expected 1,5-H transfer and the very fast
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rearrangement of the R-cyclopropyl radical 16, confirming
the validity of our design.

We next sought to obtain the triquinane framework
without an additional ring. We focused on an approach
ending with a favorable 1,5-H transfer and followed by the
â-elimination of a suitable leaving group, thus avoiding
telomerization of the last radical intermediate with acry-
lonitrile19 and giving a clear-cut route to the cascade.
Sulfoxide 18 and sulfone 20 appeared as good candidates
(Scheme 4). The arylsulfinyl group is indeed very prone to
â-elimination; however, it couples rapidly to give a thiosul-
fonate adduct,20 and it does not carry on the radical chain.
Therefore, we ran the radical cyclization of 18 with 1 equiv
of AIBN. As anticipated, vinyltriquinane 19 was isolated
as a 85:15 mixture of diastereomers; however, the conversion

of the reaction was low (around 50% of starting material 18
remained unaltered). We then turned to sulfone 20, which
turned out to be the precursor of choice. The radical
cyclization required 2 equiv of tributyltin hydride,21 but only
a catalytic amount of AIBN, and furnished 19 in 50% overall
yield as a 90:10 mixture of diastereomers. Further treat-
ment with MeLi provided alcohol 21 in 21% overall yield.

In conclusion, we have demonstrated that the highly
diastereoselective synthesis of functionalized linear triquinane
frameworks from acyclic precursors is possible through a
radical cascade. The substitution pattern of these triquinanes
can be conveniently tuned by using a 1,5- or a 1,6-hydrogen
transfer step at the same stage of the final vinyl radical.
These 10 or 11 elementary step radical cascades are cleanly
terminated by the â-elimination of a trimethylsilyl or an
arylsulfonyl group, which carries on the radical chain. We
are now focusing on the application of this chemistry toward
the synthesis of complex molecules of biological and theo-
retical relevance.
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Scheme 1a

a Key: (a) Bu3SnH, AIBN; (b) (1) Bu3SnH, (2) MeLi: (c) (1) Bu3SnH, (2) KHCO3, H2O2, THF-MeOH.

Scheme 2

Scheme 3a

a Key: (a) Bu3SnH, AIBN, (b) (1) Bu3SnH, (2) MeLi.

Scheme 4
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