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Although the synthetic importance of radical cyclizations in
the synthesis of various carbocyclic and heterocyclic systems has
been recognized in recent years,! radical cyclizations involving
direct carbon—nitrogen bond formation by intramolecular addition
of alkyl radicals to nitrogen-related radical acceptors have not
been reported.2# We now report a reaction of this type which
has considerable potential for the synthesis of N-heterocycles.
Our approachisoutlined in Scheme 1 and relies on intramolecular
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addition of an alkyl radical to an azido group, followed by the
loss of nitrogen to produce an aminyl radical. Furthermore, we
report the first demonstration of intramolecular addition of an
aminyl radical to an imino group.

Since the azido group is known to be susceptible to Bu;Sn
radicals,’ the generation of an alkyl radical in the presence of an
azido group is essential for the use of the azido group as a radical
acceptor. Therefore, we examined the reactions shown in eq 1.
Treatment of 1a with Bu;SnH (1.0 equiv) and AIBN (0.1 equiv)
in refluxing benzene for 4 h afforded only 2in 91% yield, whereas
1b gave 54% of 2 and 25% of 3b (after tosylation) under the same
conditions, indicating that only the iodo group can be utilized as
a radical precursor.5 However, it was gratifying to find that
azidesarerelatively inert toward tris(trimethylsilyl)silyl radical,’
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Table 1. Radical Cyclization of Alkyl Azides®
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extending the synthetic usefulness of the azido group as a radical
acceptor. Thus, treatment of 1a and 1b with (TMS);SiH/AIBN
afforded only 2 in 88% and 84% isolated yields, respectively. The
radical cyclization of the iodo azide was carried out with Bu;-
SnH/AIBN in refluxing benzene (method A). Treatment of 4a
with Bu;SnH/AIBN in refluxing benzene for 2 h afforded 5a in
88% yield after tosylation. Similar results were obtained with 6a
and 8a. The synthetic usefulness of this radical cyclization using
(TMS);SiH/AIBN in refluxing benzene (method B) was explored
assummarizedin Table 1. Theiodo, bromo, and thionocarbonate
groups were utilized as radical precursors. Furthermore, a striking
difference between methods A and B was realized with the keto
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azide 14asshownineq 2. Previously, we reported highly efficient
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intramolecular addition of aminyl radicals to keto groups using
method A, in which azido groups were utilized as radical precursors
for aminyl radicals in the presence of keto groups.! With method
B, the keto group became the radical precursor and the azido
group a radical acceptor. Similarly, the reaction of 16 with
(TMS);SiH/AIBN in refluxing benzene for 1 h generated the
carbon-centered radical via S-fragmentation of the cyclopropyl
ring, which underwent an intramolecular addition to the azido
group to afford 17 in 61% yield after tosylation (eq 3).
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Tandem radical cyclization using the azido group as a radical
acceptor was examined (eqs 4 and 5). Reaction of 18 with Bus-
SnH/AIBN in refluxing benzene for 1 h gave initially 19, in
which only the cis isomer cyclized to yield 20.° Azide 21 consisted
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of a 3:2 mixture of trans and cis isomers. The second example
utilizes our previously reported radical cyclization of the N-
aziridinyl imine to generate the cyclohexyl radical,’® which
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undergoes intramolecular addition to the azido group. Thus,
treatment of 22 with Bu;SnH/AIBN in refluxing benzene for
1 h afforded the cis-fused 23 in 73% yield.

We have briefly studied intramolecular addition of aminyl
radicals toimino groups. The N-aziridinyl imino group was chosen
as the radical acceptor because intramolecular addition of an
aminyl radical to an imino group would be irreversible due to fast
B-fragmentation of the aziridine ring.!! As shown in Scheme 2,
treatment of 24a with Bu;SnH (0.3 equiv) and AIBN (0.05 equiv)
in refluxing benzene for 2 h afforded 25a in 79% yield. Similar
results were obtained with 24b and 24c.

In conclusion, we have demonstrated highly efficient intramo-
lecular additions of (i) alkyl radicals to azido groups and (ii)
aminyl radicals toimino groups. Thedual ability of azido groups
to serve as radical acceptors as well as radical precursors should
enhance the synthetic usefulness of the present methods.
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