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ABSTRACT

tert -Butyl hypoiodite ( t-BuOI) was found to be a powerful reagent for the cyclization of N-alkenylamides leading to a variety of N-heterocycles
under extremely mild conditions. When N-alkenylsulfonamides were employed in the reaction, three- to six-membered saturated N-heterocycles
were obtained in good to excellent yields with complete stereoselectivity. The method was applicable to the cyclization of alkenylbenzamide
derivatives to afford N-, O- or N-, S-heterocycles.

Nitrogen-containing heterocycles, including aziridines, aze-
tidines, pyrrolidines, piperidines, and related compounds, are
frequently present as substructures in natural products and
show potent biological activities.1 For these reasons, the
development of practical and convenient methods for the
construction of these heterocycles is highly desirable.2 Al-
though there are many approaches to the synthesis of het-
erocycles based on a cyclization mode, for example, hydro-
amination catalyzed by transition metals3 or acids4 and radical
cyclization,5 these procedures have certain disadvantages that

include the need for heavy metals and/or heating conditions
and difficulty in controlling the stereochemistry of the
products.

We recently reported on the novel ionic iodine atom
transfer cyclization by the reaction of 4-pentenyl iodides with
Chloramine-T, leading to the formation of iodomethylated
pyrrolidines with complete stereoselectivity.6 In the course
of the studies on clarification of the reaction pathway,
N-chloro-N-alkenylsulfonamides were found to be precursors
of the desired products, and the subsequent treatment with
NaI enabled the cyclization (Scheme 1).

This finding stimulated us to investigate an alternative
cyclization of N-alkenylamides by exploitingtert-butyl
hypoiodite. While this reagent, which is generated by reacting
t-BuOCl with metal iodide salts or iodine,7 would be
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expected to be a powerful iodinating agent, there are only a
few examples where it is used in organic reactions.8 Among
these, the addition reaction oft-BuOI to styrene is known,
but the use of UV light or Lewis acid is required for the
reaction to proceed.9 If t-BuOI were to be utilized in the
reaction with an alkenylamide, the reagent would first induce
the iodination of the amide nitrogen and not the addition to
the olefin moiety. The resultingN-iodinated alkenylamide
would cyclize via iodine atom transfer from the amido
nitrogen to the olefin, whose phenomenon might be explained
by the stability of an iodonium ion. Namely, we anticipated
that the reaction ofN-alkenylamides witht-BuOI would
directly afford the desired cyclic products under neutral
conditions (Scheme 2). Although a similar transformation

for construction of aziridines has been studied by Taguchi’s
group, the method suffers from drawbacks of the requirement
for a strong base and difficulty in the complete control of
the stereochemistry.10 In this paper, we report on a practical
and convenient synthesis of three- to six-memberedN-
heterocycles fromN-alkenylamides utilizingt-BuOI, in which
the cyclization proceeds with complete stereoselectivity under
extremely mild conditions.

As mentioned in a previous report,6 the reaction ofN-(4-
pentenyl)-p-toluenesulfonamide (1a) with t-BuOCl in aceto-
nitrile at room temperature for 24 h gave only anN-chlori-
nated compound in quantitative yield. The simultaneous

addition of t-BuOCl and NaI to an acetonitrile solution of
the alkenylamide led to the direct cyclization to afford an
iodomethylatedN-tosylpyrrolidine2a in 98% yield within
only 5 h (eq 1).

To verify the superiority of the system, iodine or IPy2-
BF4, which would be potential reagents, was evaluated for
the cyclization of1a. Although the reaction proceeded under
the same conditions, the efficiencies were rather low to afford
2a in 61% (by I2) and 77% (by IPy2BF4), respectively. Since
the t-BuOCl/NaI system was found to be a powerful tool
for the construction of anN-heterocycle, a variety of
alkenylsulfonamides were employed in the cyclization to
establish the generality of the reaction (Table 1). Bothtrans-

and cis-N-(4-hexenyl)-p-toluenesulfonamides (1band 1c)
were efficiently converted to the corresponding pyrrolidines
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Scheme 1. A Representative Example of Previous Studies on
the Synthesis of a Pyrrolidine

Scheme 2. Proposed Cyclization ofN-Alkenylamides with
t-BuOI

Table 1. Cyclization of a Variety of Alkenylsulfonamides
Using thet-BuOCl/NaI Systema

a Reaction conditions: alkenylsulfonamide (0.17 mol/L),t-BuOCl, NaI
(1 equiv), MeCN, rt, 5 h.b t-BuOCl, NaI (1.2 equiv), 24 h.c t-BuOCl, NaI
(1.3 equiv), 24 h.d Alkenylsulfonamide (0.09 mol/L),t-BuOCl, NaI (1.2
equiv), 24 h.
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2b and 2c in excellent yields (entries 1 and 2). It is
noteworthy that complete stereoselectivity as well as ste-
reospecificity was observed in the reaction when geometric
isomers were used. Thecis-fused bicyclic pyrrolidines2d-f
were readily synthesized from alkenylsulfonamides having
five- to seven-membered cycloalkenes1d-f in extremely
high yields with complete stereoselectivity (entries 3-5). The
present method was applicable to the efficient synthesis of
iodomethylated aziridine2g under neutral conditions in
contrast to the case with Taguchi’s method (entry 6). The
formation of azetidines by electrophilic cyclization appears
to be a difficult process, and only a limited number of
successes have been reported.11 Essentially all the reactions
were achieved by the introduction of some substituents to
homoallylamine derivatives (a phenyl group on the carbon
of the olefin and/or alkyl groups on the carbonR to the
nitrogen). However, the method enabled an unfunctionalized
homoallyl sulfonamide to cyclize to azetidine2h (entry 7).
A six-membered ring, piperidine2i, was also obtained in
good yield by this procedure (entry 8).

To clarify which moiety, the sulfonamide nitrogen or the
C-C double bond, was first iodinated byt-BuOI, the active
species, the following experiment was carried out (Scheme
3).12 When a mixture ofN-methyl-p-toluenesulfonamide

(methyl; δ 2.41 ppm) andtrans-2-octene in CD3CN was
treated witht-BuOCl and NaI, the1H NMR spectra showed
that thetrans-2-octene signals remained unchanged, but a
new methyl singlet atδ 3.14 ppm appeared. The chemical
shift of the singlet was identified by comparison with that
of an authentic sample prepared by reactingN-methyl-p-
toluenesulfonamide andN-iodosuccinimide in CD3CN. This
result indicates thatt-BuOI first iodinates the nitrogen of
the sulfonamide.

Thus, the most likely pathway for the present cyclization
is proposed to be as follows (Scheme 4).t-BuOI is generated
in situ by the reaction oft-BuOCl and NaI.7 The active
species iodinates the sulfonamide nitrogen, followed by
intramolecular iodonium ion transfer to the olefin moiety
leading to the three-membered iodonium ion5, and the
cyclization of5 then proceeds smoothly to afford the product.
The formation of the iodonium ion is supported by the
stereospecific and diastereoselective cyclizations shown in
Table 1.

The present method was successfully applicable to the
synthesis of other heterocycles from alkenylbenzamides or
alkenylbenzthioamides (Table 2). WhenN-(2-propenyl)-

benzamide (6a) was treated witht-BuOCl and NaI in
acetonitrile at room temperature, cyclization proceeded
smoothly to afford an iodomethylated oxazoline7a in 95%
yield, in which no detectableN-benzoylaziridine was pro-
duced. A six-membered ring, an oxazine derivative7b, was
readily obtained from a benzamide having a homoallyl group
6b using the procedure. Thioamide derivatives were also
converted to the correspondingN-, S-heterocycles.

In summary, an efficient, simple, and practical method for
the synthesis of a variety ofN-heterocycles fromN-
alkenylamides by utilizingt-BuOI under neutral and very
mild conditions has been developed. Since the cyclization
pathway involved a cyclic iodonium ion, the stereochemistry
could be controlled completely. The application of the
potential reagent,t-BuOI, to other organic reactions is
currently in progress.
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Scheme 3. Iodination Reaction: Sulfonamide versus Olefin

Scheme 4. Plausible Reaction Pathway Leading to a
Pyrrolidine

Table 2. Cyclization of Alkenylbenzamides Using the
t-BuOCl/NaI System
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