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ABSTRACT

While exploring the application of radical cyclizations to the construction of bridged polycyclic systems, we have discovered a novel tandem
process consisting of an endo-cyclization of a vinyl radical onto a terminal alkene followed by a one-carbon ring expansion promoted by the
resulting secondary radical.

The development of synthetic methods capable of generating
complex polycyclic systems from simple starting materials
in a rapid and efficient way continues to be a major challenge
in contemporary organic synthesis.1 Recently we reported a
concise, atom-economical entry to relatively complex
oxabicyclic[3.2.1]octane systems from readily available
pyrones based on a thermal [5C+ 2C] pyrone-alkene
cycloaddition.2 These oxabicyclic adducts, such as2, by
virtue of their rich functionalization, can be readily elaborated

into relatively complex bridged systems (4) by means of a
dialkylation-RCM sequence (Scheme 1).3 The simplicity
and versatility of the dialkylation step prompted us to explore
the feasibiliy of carrying out other types of cyclizations that
could generate more versatile functionalities than the alkene
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obtained in the RCM. We were particularly interested in
obtaining exocyclic dienes that might be able to participate
in a Diels-Alder reaction and hence allow the fusion of a
six-membered compound to the polycyclic system.4

We envisaged that an alkenyl bromide such as7 might
produce the required dienic system by means of an intramo-
lecular Heck type of cyclization. This oxabicyclic precursor
was readily and efficiently prepared in three steps from the
pyrone5,2a as shown in Scheme 2.

Rather surprisingly, submmiting7 to standard Heck
reaction conditions [Pd(PPh3)4, Et3N, CH3CN, 80 °C]
provided no traces of the expected diene8, the starting
bromide being largely recovered (Scheme 3). Neither use

of additives such as Ag2CO3 nor an increase in the reaction
temperature provided better results. These failures led us to
turn our attention to the reactivity of compound7 under free
radical cyclization conditions. Although it is well-known that
the assembly of medium-sized rings via radical cyclization
methods is a difficult process,5 it was interesting to learn
whether the particularly favorable preorientation of the
alkenyl chains in7 might facilitate their reaction. Certainly,
slow addition ofn-tributyltin hydride (TBTH, 1.5 equiv) to
a solution of7 and AIBN (0.2 equiv) in boiling benzene
smoothly led to the8-endo-trigradical cyclization product

9 in 67% yield. This result is noteworthy owing to the scarce
precedents on8-endocyclization of 7-octenyl radicals.6

The ready availability of vinyl bromide10,7 which features
an alkenyl chain one carbon short with respect to7, prompted
us to examine its behavior under the above radical cyclization
conditions. Interestingly, treatment of10with TBTH did not
afford the expected cyclization product but rather two
chromatographically inseparable compounds which were
identified as the oxa-bridged bicyclo[5.3.1]undecanes11a
and 11b (approximate 3:1 ratio, 81% combined yield,
Scheme 4).8 Further characterization of these products was

achieved by desilylation and oxidation to ketone12. The
stereochemistry of the major isomer11awas easily deduced
by 1H NMR on the basis of the almost negligible coupling
constant observed for H-6.

A plausible mechanistic scenario for the above remarkable
transformation (10 to 11) might entail an initial7-endo
cyclization of the vinyl radical onto the terminal alkene9

followed by an internal 1,2-acyl transfer induced by the
resulting secondary radical. In light of the well-known
“Beckwith-Dowd” ring expansion ofR-halomethyl and
related cyclic ketones,10 it seems reasonable to postulate that
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Scheme 2a

a (a) Toluene, 150°C; (b) Raney Ni, THF, 60°C; (c) (i)
CH2dCHCH2Li, THF, -78 °C; (ii) CH2dCHBrCH2Br, -78 °C.
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the above rearrangement reaction occurs by addition of the
carbon-centered secondary radicalB to the carbonyl group
to form a strained, short-lived oxycyclopropyl radical
intermediate (C),11 which then fragments to the ring-
expanded product (Scheme 5). The silyloxy substituent most

likely plays an important role in driving the reaction owing
to its ability as a radical stabilizing group. It should be noted
that we have not detected any of the potential intermediates
arising from H-atom transfer toB or C, even when running
the reaction under a high concentration of TBTH (1 M).
Using these conditions we also obtained a good yield of the
ring-expanded product (75%) and a slight proportion of the
reduced starting material (approximately 10%).

To learn whether the above radical-mediated tandem
cyclization-ring expansion process can be extended to cyclic
systems other than the rigid oxabridged cycloheptanes, the
reactivity of the simple cyclohexyl derivative15awas next
studied. This compound was readily obtained from enone
14 in a single pot using an addition-alkylation step, albeit
the product consisted of a chromatographically inseparable
3:7 mixture of cis/trans isomers (Scheme 6).12 Although
treatment of this mixture with TBTH provided only un-
cyclized reduced starting material, the desilylated derivative
15bdid afford the expected ring-expanded bicycle as a single
steroisomer (16)13 in 51% yield, based on the proportion of
cis isomer present in the starting material (16% absolute

yield).14 Most probably, the presence of the free hydroxyl
group results in a higher proportion of the cyclization reactive
conformation, which is that with the alkenyl chains in a
pseudoaxial position.12 This result confirms that the above-
described radical cyclization-rearrangement sequence is not
restricted to the oxabicyclic systems but is of more general
applicability. It should finally be noted that the resulting
bicyclo[5.3.1] and [4.3.1] skeletons form part of the basic
carbocyclic core of a number of interesting natural products.15

While there are several reports on tandem one-step ring
expansion-radical cyclizations processes,16 to our knowledge
we have described herein the first example of the reverse
sequence: a radical carbocyclization followed by a ring
expansion reaction. The feasibility of using this type
methodology to construct other types of complex polycyclic
structures from simple substrates is currently under research
and will be reported on due course.
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