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ABSTRACT

We present a new “conjunctive” radical cyclization process that involves the reaction of a 1,6-diene with the Tordo alkoxyamine, an agent
originally developed for the radical polymerization of certain olefins through the “persistent radical effect”.

Recent work by Studer has established the feasibility of a
noteworthy type of radical cyclization reaction triggered by
the thermal dissociation of apreformedalkoxyamine,1, and
leading to a cycloisomerization product,4 (Scheme 1).1 A

possible extension of this interesting chemistry envisions that
intermediates1 might themselves arise throughbimolecular
addition of an appropriate alkoxyamine,5,2 to a bis-olefinic

substrate,6, as outlined in Scheme 2. A novel “conjunctive”
radical cyclization reaction would thus materialize.

The new chemistry offers a number of potential advantages
relative to more traditional modes of radical C-C bond
formation.3 For instance, halogenated substrates and tin or
silicon hydride reagents are no longer required, whereas the
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final termination step (cf.3 f 4) introduces useful oxygen-
ated functionality, instead of simply reducing the ultimate
radical intermediate3 by the customary H-atom transfer
event.

At the same time, the new process presents a number of
potential difficulties, relative to the Studer cycloisomeriza-
tion. First, little precedent is found in the literature for radical
cyclization reactions initiated by thebimolecular addition
of a simple alkyl radical to a polyolefinic substrate. The
initial carbon radical would normally be produced by the
interaction of an alkyl halide with a tin or silicon hydride
and a radical initiator (AIBN, Et3B, etc.). The rate of
bimolecular addition of ordinary carbon radicals (barring
species such as Cl3C•,4 enoyl,5 or perfluoroalkyl6 radicals)
to unactivated olefins is generally slower than the rate of
reduction of such radicals by the Sn/Si hydride present in
the medium, or the rate of radical disproportionation. Such
unfavorable relative rates normally preclude radical addition/
cyclization sequences. Moreover, the initial addition step (6
f 2) is a bimolecular reaction, which would proceed faster
at high concentrations. However, elevated concentrations may
be detrimental to the success of the subsequent cyclization
step, because of the possible occurrence of bimolecular side
reactions of radicals2/3,7 or even of the free nitroxyl radical
itself.8 Finally, the temperatures required to induce the
reaction may be too high to ensure survival of various
alkoxyamine-type intermediates (cf.1, 4, and 5), re-
quiring careful tailoring of the physicochemical properties
of the starting5.9 We now describe the results of preliminary
studies that illustrate the feasibility of the transformations
outlined in Scheme 2 by the use of the Tordo alkoxyamine,
7.10

Compound7 is a source oftert-butyl radicals. These
species are especially problematic as initiators of radical
cyclization reactions, because of particularly unfavorable
relative rates of olefin addition vs rates of secondary
reactions.11 Yet, contrary to what one may anticipate,
thermolysis of7 in the presence of various bis-olefinic
substrates resulted in formation of products9 (Scheme 3).
Representative examples are provided in Table 1.

The interaction of7 with substrates8 was examined under
a range of experimental conditions. Best results were
obtained when equimolar amounts of7 and 8, as a 4 M
solution int-BuOH, were heated in a screw-cap tube at 120
°C, under argon, for several hours. The use of a protonic
solvent (t-BuOH) in these reactions is believed to facilitate
dissociation of alkoxyamine intermediates through H-bond-
ing.12

The relative configuration of the stereogenic carbon
bearing the phosphoryl group in9 is not controllable,
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Table 1. Conjunctive Radical Cyclization of Substrates8 with
Alkoxyamine7

entry W
react.
timec

yield
of 9d

yield
of 10d

cis/trans
ratioe

a CH2 60 25 99 69:31
b O 40 23 83 70:30
c C(COOEt)2 30 51 90 85:15
d N-Cbz 65 29 83 60:40
e N-SO2C6H4-4-Br 30 42 74 66:33

a 4 M in t-BuOH, 120°C. b 4 M HCl, dioxane, rt.c Hours.d Chromato-
graphed yields.e Determined by 1-D and 2-D1H NMR.
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resulting in formation of mixtures of four diastereomers of
the products. This greatly complicated the spectroscopic
determination of cis-trans diastereomeric ratios. Efforts to
remove that undesired chirality by reductive cleavage of the
N-O bond in 9 with various agents13 were unfruitful.
Fortunately, treatment of9 with aqueous 4 M HCl resulted
in efficient formation of hydroxylamines10, through hy-
drolytic loss of diethyl phosphite and of pivalaldehyde.
Compounds10 produced greatly simplified spectra that
permitted facile determination of the diastereomeric ratios
reported in Table 1. As expected, the cis-product was
dominant in all cases.14

Substrates8f-h (Scheme 4) present an issue of regio-
selectivity during the initial radical addition step. In all cases

the t-Bu radical underwent addition selectively to the least
encumbered olefin, resulting in exclusive formation of
product regioisomers9f-h (mixtures of diastereomers). On
the other hand, we were unable to induce cyclization of
substrates8i,j wherein W) SO2 or P(O)(OEt). We attribute

this failure to facile fragmentation of intermediate11 formed
in the initial radical addition step (Scheme 5).15

In conclusion, we have devised a novel conjunctive radical
cyclization technique that involves the merger of a molecule
of alkoxyamine with a bis-olefinic substrate. A “green”
aspect of the new chemistry is the suppression of any
requirement for halogen-containing substrates and for Sn/Si
hydride reagents. Our results demonstrate that alkoxyamine-
based methodology circumvents the difficulties posed even
by particularly unfavorable permutations of stabilized radical/
unactivated substrate. This augurs well for further develop-
ment of the technique into a synthetically useful method.
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