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Abstract - Aziridine derivatives are synthesized from a variety of olefins using

commercially available Chloramine-T as a nitrogen source in the presence of

AgNO3.  The method is applicable to a tandem cyclization of 1,6-dienes

accompanied by an N1 unit incorporation to afford bicyclic pyrrolidine

derivatives.

Nitrogen-containing heterocycles, such as aziridines,1 pyrrolidines,2 and related compounds frequently

confer potent and diverse biological activities as substructures of natural products.  Thus, their syntheses

have attracted considerable attention over the years.1,3  An N1 unit introduction to organic molecules is

one of the effective routes for producing such heterocycles.1,3,4  Commercially available Chloramine-T

(CT) is known not only as a versatile oxidizing reagent but also as a nitrogen source in organic synthesis.5  
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We, and other groups, have previously reported on several methods for the construction of nitrogen-

containing heterocycles utilizing CT as an N1 unit.6  To further extend this strategy, AgNO3, a potent

reagent for capture of halide ions, was applied to the synthesis of aziridines and bicyclic pyrrolidines

involving the generation of a nitrene species from CT.  During the course of our studies in this area, Rai

et al. reported on the aziridination of olefins using CT in the presence of AgNO3 in THF, in which the

substrates were restricted to styrene, acrylonitrile, and ethyl acrylate.7  Although we investigated the

same reaction, no reproducibility was observed (vide infra).  Here, we report on the aziridination of

olefins utilizing CT as an N1 unit in the presence of AgNO3, and on the finding that this system is

applicable to the synthesis of bicyclic pyrrolidines from 1,6-dienes via a tandem cyclization (Scheme 1).

When styrene (1.5 mmol) was treated with CT (0.5 mmol) and AgNO3 (0.5 mmol) in CH2Cl2 (2.0 mL) at

room temperature for 3 h, N-(p-toluenesulfonyl)-2-phenylaziridine (2a) was obtained in 70% yield

(Scheme 2).8  Since a similar aziridination was reported by Rai’s group,9 as mentioned above, during the

course of our research, we reinvestigated the aziridination of styrene using their method.  However, the

corresponding aziridine was not produced at all.  The result well agreed with our preliminary experiment

showing that the aziridination did not proceed when THF was used as a solvent, instead of CH2Cl2 or

Scheme 1. Generation of a nitrene species from Chloramine-T and its application to the 

synthesis of aziridines and pyrrolidines
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benzene.

The aziridination of a variety of olefins other than styrene was also successful using the CT-AgNO3

system (Table 1).  trans-b-Methylstyrene was converted to the corresponding aziridine in 59% yield

under the same conditions as were used for the reaction of styrene (method A; run 1).  When the reaction

was carried out with two equivalents of both CT and AgNO3 in benzene at 60 ˚C for 3 h (method B), the

Scheme 2. Aziridination of styrene using CT and AgNO3
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Table 1. Aziridination of olefins using Chloramine-T and AgNO3

b
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yield was improved to 92% with high diastereoselectivity (cis/trans = 6/94) (run 2).10  cis-b-

Methylstyrene was also aziridinated in excellent yield to afford the predominantly trans-isomer (run 3).10

1,2-Dihydronaphthalene and aliphatic olefins, such as trans- and cis-2-octenes, could be converted to the

corresponding aziridines in moderate yields (runs 4-6).10  Although our alternative methods of

aziridination catalyzed by CuCl6a or I2
6b are not suitable for the synthesis of aziridines from electron-

deficient olefins, the present system permits the aziridination of methyl cinnamate and trans-chalcone

with the conservation of the stereochemistry of the starting olefins (runs 7 and 8).

In order to clarify the most likely reaction pathway for this reaction, the following experiments were

carried out (Scheme 3).  When three equivalents of 1,4-dioxane were treated with CT and AgNO3 in

CH2Cl2 at room temperature for 24 h, C-H insertion of an NTs unit a to the oxygen of 1,4-dioxane

proceeded to provide 3 in 34% yield.11  The aziridination of methyl cinnamate did not take place when

the argon atmosphere was changed to oxygen.12  In addition, from the results of stereochemistry of the

reactions as shown Table 1 (runs 1-3, 5, and 6), it is likely that the reactions proceed via a stepwise

cyclization.  These experimental facts suggest that the present reaction might involve a nitrogen radical

species (a triplet state nitrene).

Scheme 3. Experiments designed to identify the reaction intermediates
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This prediction prompted us to propose the following radical reaction (Scheme 4).  If 1,6-diene (4) is

employed in the present system, a tandem cyclization would occur via biradical intermediates (5 and 6) to

afford the bicyclic pyrrolidine derivative (7).

In fact, when 1,6-heptadiene (4a) was treated with CT and AgNO3 under the conditions used in method B

for 14 h, the anticipated bicyclic pyrrolidine derivative (7a) was obtained in 42% yield along with trans-

substituted cyclopentane derivative (8a) (Scheme 5).13  The substituted bicyclic pyrrolidine derivative

(7b) was also formed from 4b.  Evidence of the formation of by-product (8) would confirm the

generation of intermediate (6) shown in Scheme 4.  Although 5-exo-cyclization in a cis-fashion from 5 to

6 would readily provide bicyclic products (7) via the second cyclization, the recombination of the

biradical of the resulting trans-isomer would be rather difficult and , as a result, compounds (8) were

formed.  In general, the 5-exo-cyclization of the 1-methyl-5-hexenyl radical at 60 ˚C gives a mixture of

cis- and trans-diastereomers of (2-methylcyclopentyl)methyl radical (cis/trans = 3.2/1),14 the ratio of

which is in good agreement with that of 7:8.  This provides support for the present reaction proceeding

via a tandem radical cyclization.

Scheme 4. Reaction scheme for a tandem cyclization of 1,6-diene with a triplet state N-tosyl 

nitrene
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In summary, we reported that the CT-AgNO3 system is applicable to the synthesis of not only aziridines

from monoenes including electron-deficient olefins but also bicyclic pyrrolidines from 1,6-dienes.  The

finding herein suggests that a nitrogen radical species (a triplet state nitrene) is involved, when the

reaction is conducted using CT and AgNO3.  Further applications of the method to the synthesis of other

heterocycles are currently in progress.
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