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ABSTRACT

Pyrrolidines and bicyclic pyrrolidine derivatives can effectively be synthesized from γ-iodoolefins using commercially available chloramine-T
(CT) as a nitrogen source. The cyclization proceeds with high stereoselectivity via a cyclic iodonium intermediate.

Saturated nitrogen-containing heterocycles, including pyr-
rolidines, piperidines, and related compounds, are often
present as substructures of natural products and frequently
show potent and diverse biological activities.1 Thus, their
syntheses have attracted considerable attention over the
years.2 Chloramine-T (CT) is a well-known commercially
available oxidizing reagent and also serves as a source of
chloronium cation and/or nitrogen anion.3 The most impres-
sive synthetic methodology using CT as a nitrogen source
to date has been reported by Sharpless and co-workers. Their
procedure involves the catalytic aminohydroxylation of
olefins with CT, and the method has been elegantly extended
to an asymmetric version.4 Recently, we and other groups
have reported that CT is a good source of nitrogen for use

in the catalytic aziridination of olefins.5 With the intention
of developing the utility of CT as an N1 unit, the potent
reagent was applied to the synthesis of five-membered
nitrogen heterocycles. In this paper, we report on a novel
and convenient synthesis of pyrrolidine derivatives from
γ-iodoolefins using CT as a nitrogen source, in which an
iodo substituent of the substrates plays a key role in
successfully achieving the cyclization and a high degree of
stereoselectivity.

In a preliminary experiment, the iodo group of 1-iodooc-
tane was smoothly substituted by CT in MeCN at room
temperature to give octylsulfonamide, with no need for
treatment with a reagent such as Na2SO3 to reduce the initial
substitution product (TsSO2NClR). Considering our previous
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work,5b NaI generated by the substitution might be expected
to act as a reducing agent for the N-Cl bond. This result
prompted us to propose the following unique reaction
(Scheme 1). Namely, ifγ-iodoolefin, in place of iodoalkane,

is employed in the reaction with CT, iodine atom transfer
cyclization would occur via a cyclic iodonium intermediate
to afford an iodomethylated pyrrolidine derivative.

In fact, when 5-iodo-1-pentene (1a) was treated with 2
equiv of CT in MeCN at room temperature for 48 h, the
predicted iodomethylated pyrrolidine derivative2a was
obtained in 91% yield (Table 1). This simple method could

be applied to the synthesis of a variety of pyrrolidines from
γ-iodoolefins. Both trans- andcis-6-iodo-2-hexene were

effectively converted to the corresponding pyrrolidines in
good yields. It is noteworthy that a high degree of ste-
reospecificity was observed in the reactions of geometric
isomers of 6-iodo-2-hexene. Bicyclic pyrrolidines were
stereoselectively obtained from cyclic olefins of several ring
sizes having an iodo substituent at theγ-position in good
yields. The stereochemistry of products2e-g was determined
by NOE measurement, and that of2g was confirmed by
X-ray crystallographic analysis. These highly stereospecific
and stereoselective cyclizations are consistent with a reaction
pathway involving an ionic intermediate (a cyclic iodonium
cation).

As shown in Scheme 2, the present reaction was applicable

to the synthesis of a piperidine fromδ-iodoolefin 1h with
CT. The desired piperidine derivative4 was obtained in 33%
yield along with aziridine derivatives3h and3h′. The latter
products, aziridines, presented us with important information
in terms of understanding the reaction pathway (vide infra).

To clarify the most likely pathway for the reaction, the
following experiment was carried out. The predicted inter-
mediate6 was prepared in situ by the chlorination of an
authentic sample5a with t-BuOCl.6 The reaction was
followed by measurement of1H NMR in CD3CN, and the
yield of 6awas determined. The subsequent addition of NaI
to the reaction mixture afforded pyrrolidine2a in 90% yield
from 5a (Scheme 3).

This result supports the view that the formation of
pyrrolidines proceeds via the following pathway (Scheme
4). The iodo group of1 is substituted by CT to give the
N-chlorinated alkenylsulfonamide6. The liberated I- reacts
with the Cl group of6, permitting the interconversion of I-

Scheme 1. Proposed Pathway Leading to a Pyrrolidine

Table 1. Synthesis of Various Pyrrolidines fromγ-Iodoolefins
and CTa

a Reaction conditions: iodoolefin (0.5 mmol), CT (1 mmol), MeCN (3
mL), rt, 48 h.b cis:trans) 69:31.c Anhydrous CT and 12 mL of MeCN
were used.

Scheme 2. Piperidine Synthesis fromδ-Iodoolefin and CT

Scheme 3. Experiment To Clarify the Intermediacy of
N-Chloro Derivative6a in the Route to Pyrrolidine2a
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to I+, thus generating cyclic iodonium cation7. The
intramolecular cyclization of7 proceeds smoothly to afford
2. The formation of7 is supported by the stereospecific and
diastereoselective cyclizations shown in Table 1. The results
described in Scheme 2 also support the proposed pathway,
namely, the reaction of the iodonium intermediate derived
from 1h with remaining CT might give aziridine3h,5b

because of the slower rate of the 6-exocyclization compared
to that of the 5-exoone. Despite the absence of an I2 catalyst,
aziridines3h and3h′ were obtained by the reaction of1h
with CT, suggesting the generation of ICl7,8 in situ by the
reaction of6 with NaI.

In conclusion, this report is the first description of the
synthesis of pyrrolidine derivatives fromγ-iodoolefin using

CT. The iodo group of the substrate has multiple roles as
(1) a leaving group for substitution with CT, (2) a Lewis
base for the abstraction of the Cl atom, (3) an activator of
the olefin moiety, (4) a stereocontrolling cyclic cation, and
(5) a functional group on the product.

Because the present cyclization is a unique example of
an ionic iodine atom transfer reaction,9 the application of
the system to the synthesis of other functional nitrogen-
containing heterocycles is now in progress.
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Scheme 4. Plausible Reaction Pathway Leading to Pyrrolidines

Scheme 5. Multiple Functions of the Iodo Group
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