
Radical [3 + 2] Annulation of
N-Allyl-N-chlorotosylamide with Alkenes
via Atom-Transfer Process
Takayuki Tsuritani, Hiroshi Shinokubo, and Koichiro Oshima*

Department of Material Chemistry, Graduate School of Engineering, Kyoto UniVersity,
Kyoto 606-8501, Japan

oshima@fm1.kuic.kyoto-u.ac.jp

Received June 20, 2001

ABSTRACT

A radical [3+2] annulation reaction with an N-centered radical has been developed. The reaction of alkenes with N-allyl-N-chlorotosylamide
yields the corresponding pyrrolidine derivatives in good yields in the presence of Et3B as a radical initiator.

The use of radical species in organic synthesis has increased
dramatically in the past two decades.1 During those years,
inter- and intramolecular radical addition reactions that
exploit carbon-centered radical species have found wide-
spread application.2 Recently, intramolecular cyclization of
N-centered radicals has emerged as an efficient method for
the construction of nitrogen heterocycles.3,4 However, only
few examples of the intermolecular addition of N-centered

radicals have been reported so far.5 Herein we wish to report
the intermolecular radical addition ofN-allylamidyl radicals
toward alkenes to form pyrrolidine derivatives, [3+ 2]
annulation products.

In general, annulation is a more convergent strategy than
intramolecular cyclization, and hence radical annulation
based on an intermolecular addition can be an expeditious
strategy for constructing cyclic compounds.6 Scheme 1

outlines the course of the radical annulation reaction with
an N-centered radical via a radical addition-cyclization
sequence. The N-centered radical from1 undergoes the
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intermolecular addition toward an alkene to form an alkyl
radical2. The subsequent 5-exo radical cyclization proceeds
smoothly to yield the cyclic radical3, which eventually
abstracts the chlorine atom from the starting material1 and
regenerates the N-centered radical.

We examined the reaction of severalN-allyl-N-chloro-
amine derivatives1 with alkenes in the presence of Et3B as
a radical initiator (Table 1). The initial trial was disappoint-

ing. The reaction ofN-allyl-N-benzyl-N-chloroamine (1a)
with 9.0 equiv of 1-octene yielded only the reduction product,
allylbenzylamine, by the action of Et3B (0.1 equiv). This
result indicates that the aminyl radical derived fromN-
chloroamine would abstract the allylic hydrogen atom of the
alkene rapidly. The use ofN-benzoyl derivative1b also
provided no detectable amount of the desired pyrrolidine4.
We were pleased to find thatN-allyl-N-chlorosulfonamides
underwent the smooth radical [3+ 2] annulation reaction
with a catalytic amount of Et3B. N-Allyl- N-chlorosulfona-
mide1d was easily prepared via chlorination of sodium salt
of sulfonamides withN-chlorosuccinimide (Scheme 1).7

We then investigated the radical annulation reaction of
N-allyl-N-chlorosulfonamide with various alkenes in benzene
(Table 2).8 Among alkenes we employed, allyltrimethylsilane
and styrene derivatives are particularly good partners in this

annulation protocol.9 Whereas radical annulation often
requires a large excess amount of alkenes,10 this reaction
yields the corresponding pyrrolidine derivatives in good to
excellent yields with 2.0 equiv of alkenes. Although the
hydrogen abstraction with N-centered radicals can be prob-
lematic, the intermolecular addition and the subsequent
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D. P.; Chen, M.-H.; Spletzer, E.; Seong, C. M.; Chang, C.-T.J. Am. Chem.
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Jr.; Miller, R. F.J. Am. Chem. Soc. 1988, 110, 3300. (f) Miura, K.; Fugami,
K.; Oshima, K.; Utimoto, K.Tetrahedron Lett. 1988, 29, 5135. (g) Curran,
D. P.; van Elburg, P. A.Tetrahedron Lett. 1989, 30, 2501.

(7) For preparation ofN-chlorotosylamide, see: (a) Challis, B. C.; Iley,
J. N. J. Chem. Soc., Perkin Trans. 21985, 699. (b) Johnson, M. D.;
Lampman, G. M.; Koops, R. W.; Gupta, B. D.J. Organomet. Chem. 1987,
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(8) The use of THF or ether as a reaction solvent decreased the yields
of the cyclization products. The reaction in water provided only the reduction
product (N-allyltosylamide).

Table 1. Effect of the Substituent on Nitrogena

a Reactions were carried out with1 (0.5 mmol) and 1-octene (4.5 mmol)
in benzene (1.5 mL) in the presence of triethylborane (0.05 mmol).

Table 2. Radical [3+ 2] Annulation Reaction with
N-Allyl- N-chlorosulfonamidea

a Reactions employed1d (0.5 mmol) and alkene (1.0 mmol) in benzene
(1.5 mL) in the presence of Et3B (0.05 mmol) unless otherwise noted. The
reaction mixture was stirred for 3 h at room temperature.b Octene (9.0
equiv) was employed.c The stereoselectivity could not be determined.
d endo/exo. e cis/trans. f The stereochemistry was assigned on the basis of
NOE difference experiments.
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cyclization are much faster than those side reactions. It is
striking that the annulation with indane provided the corre-
sponding tricyclic compound in excellent yield despite the
fact that indane is a good hydrogen donor toward radical
species (entry 6). In the reaction with cinnamyl acetate,
however, the abstraction reaction occurred significantly to
give the simple reduction product,N-allyltosylamide, in 17%
yield (entry 5). The reaction with ethyl vinyl ether afforded
R-amino aldehyde6a as the major product. In this case, the
cyclization of the resultant radical might be relatively slow
and the radical would abstract chlorine of chlorosulfonamide
(Scheme 2). Aqueous workup would hydrolyzeR-chloro
ether5 to the corresponding aldehyde. The use ofN-hexyl-
N-chlorotosylamide instead of allyltosylamide provided
R-amino aldehyde6b in 71% yield. This result indicates that
the 1,5-hydrogen abstraction from the hexyl group with the
tosylamidyl radical is not so rapid. The use of vinyl acetate
instead of ethyl vinyl ether improved the yield up to 57%
(entry 10). Aliphatic internal alkenes such as cyclohexene
or 5-dodecene afforded unsatisfactory results.11 Stereoselec-
tivities of this process are not so high and vary with the
substrate. The stereochemical outcome is in good agreement

with the general trend of stereoselectivity in radical cycliza-
tions of 1-substituted hexenyl radicals.1b

In conclusion, we have developed an efficient radical [3
+ 2] annulation reaction withN-allyl-N-chlorotosylamide,
yielding pyrrolidine derivatives in good to excellent yields.
This facile protocol provides an easy access to nitrogen
heterocycles from alkenes. Further effort to expand limitation
and improve the stereoselectivity is currently under way in
our laboratory.
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(9) General Procedure.A solution of triethylborane (0.05 mL, 1.0 M
hexane solution, 0.05 mmol) was added dropwise to a solution of
chlorotosylamide1d (123 mg, 0.5 mmol) and styrene (0.11 mL, 1.0 mmol)
in benzene (1.5 mL) at room temperature. After the mixture was stirred for
3 h, solvent was removed under reduced pressure. Purification of the residual
oil by chromatography afforded 3-chloromethyl-4-phenyl-1-tosylpyrrolidine
(168 mg, 0.48 mmol) in 96% yield.

(10) Typically, 10-20 equiv of alkenyl partners were employed.
(11) The reaction of1d with cyclohexene or 5-dodecene afforded

N-allyltosylamide in quantitative yield. The rate of the radical addition to
internal alkenes should be slow, and the abstraction of allylic hydrogen
would be predominant.

Scheme 2
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