TETRAHEDRON
LETTERS

Pergamon Tetrahedron Letters 41 (2000) 56995703

Exclusive 1,4-aryl migration in a stereoselective cyclization of
N-benzylalk-4-enylaminyl radicals
Hisanori Senboku,* Hikaru Hasegawa, Kazuhiko Orito and Masao Tokuda*
Division of Molecular Chemistry, Graduate School of Engineering, Hokkaido University, Sapporo 060-8628, Japan

Received 1 May 2000; revised 29 May 2000; accepted 2 June 2000

Abstract

Tandem cyclization of N-benzylalk-4-enylaminyl radicals readily occurs to give 1,4-aryl migration
pyrrolidines, trans-N-methyl-2-alkyl-5-(1-phenylalkyl)pyrrolidines, exclusively. © 2000 Elsevier Science
Ltd. All rights reserved.
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Radical cyclization is one of the most attractive methods for the synthesis of cyclic compounds
and has been widely used in organic syntheses.!> Carbon radicals are frequently used in the
synthesis of carbocycles as well as heterocycles,!*> but synthesis of heterocyclic compounds by
cyclization of heteroatom-centred radicals has not been well-explored.

In a previous paper® we reported a new generation of aminyl radicals from N-chloroalk-4-
enylamine with BusSnH-AIBN in refluxing benzene and its stereoselective cyclization to give
trans-2,5-disubstituted pyrrolidines. Recently, we also reported its application to a synthesis of
trans-N-methyl-2-butyl-5-heptylpyrrolidine, an ant venom alkaloid,* and to a stereoselective
tandem cyclization affording 1,2,5-trisubstituted pyrrolizidines.® In the course of our study on a
stereoselective synthesis of the N—H derivative of trans-2,5-disubstituted pyrrolidines, we found
that a tandem cyclization of N-benzylalk-4-enylaminyl radicals took place efficiently to give the
1,4-phenyl-migrated N-methyl-2,5-disubstituted pyrrolidines exclusively.

Several reviews® and investigations’ of 1,4-aryl migration (1,4-aryl shift) in radical reactions
have been reported. However, there have been only a few reports on an aryl migration after the
radical cyclization”™® and, in most cases, yields of the migration products were low. Moreover,
they were often obtained as a mixture with other products. In this communication, we report an
exclusive 1,4-migration of an aryl group in the stereoselective cyclization of N-benzylaminyl
radicals.
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Treatment of a toluene solution (0.02 M) of N-benzyl-1-heptyloct-4-enylamine (1) with NCS
(1 equiv.) gave the corresponding N-chloroamine in situ, and heating of the mixture under reflux
for 7 h in the presence of BusSnH (1 equiv.) and AIBN (0.2 equiv.) gave two kinds of phenyl
group-migrated cyclization products, 3 and 4, in 31 and 17% yields, respectively, together with a
small amount of the starting amine 1 (7%) (Scheme 1). Both products 3 and 4 were found to be a
single diastercoisomer, respectively, although a stereochemistry of C-1 of 1-phenylbutyl group at
the C-2 position of 3 or 4 was not determined yet. These results indicate that a highly stereo-
selective cyclization of an aminyl radical followed by an efficient migration of a phenyl group
occurs in this cyclization.
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Scheme 1.
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We found that sequential aminyl radical cyclization-1,4-aryl migration readily took place to
give the corresponding N-methyl derivatives 3, 7, 9, 11, 13, and 15 as a single stereoisomer
exclusively when isolated N-chloro-N-benzylalk-4-enylamines were used as the starting
substrates. Thus, N-chloroamines obtained by treatment of N-benzyl-1-heptyloct-4-enylamines
with NCS were isolated by TLC (Si0O,), and were reacted with BusSnH (1 equiv.) and AIBN (0.2
equiv.) in toluene (0.02 M) under reflux. Radical reaction of isolated N-chloroamine 5 gave trans-
N-methyl-2-heptyl-5-(1-phenylbutyl)pyrrolidine (3), exclusively, in 60% yield (Scheme 2). Similar
radical reactions of N-benzyl-N-chloroalk-4-enylamines carrying an electron-donating (6 or 8) or
electron-withdrawing group (10 or 12) at their para position of the benzyl group gave the
corresponding aryl migration products 7, 9, 11, and 13 in 35-67% yields, as shown in Scheme 2.
In all cases the substituents on a phenyl group at its para position were retained after the aryl
migration, which shows that a 1,4-migration of the aryl group occurs at its ipso position. When a
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similar radical reaction of a substrate 14 having a meta-methoxyphenyl group was carried out, the
cyclization-aryl migration also took place efficiently to afford the corresponding pyrrolidine 15 in
54% yield (Scheme 2).

N-(1-Naphthyl)methyl derivative 16 was also found to be effective for this sequential cyclization—
migration reaction. Thus, a similar radical reaction of 16 also gave an aryl-migrated
pyrrolidine 17, exclusively, in 51% yield, which shows that migration of the naphthyl group also
proceeds at its ipso position in this case (Scheme 3).
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Scheme 3.

The effects of the substituents at a terminal carbon of the double bond in the starting alken-
ylamines were also examined. When N-benzylalk-4-enylamines carrying a phenyl group or dime-
thyl substituents at the terminal carbon were subjected to this radical reaction, a cyclization of
aminyl radical took place stereoselectively to give the corresponding trans-N-benzylpyrrolidines
in good yields, but no phenyl migration occurred.> A similar radical reaction of N-chloro-N-
benzyl-1-methylpent-4-enylamine (18), carrying no substituents at the terminal carbon, gave
phenyl-migrated pyrrolidine 19 and N-benzyl-2,5-dimethylpyrrolidine (20) in 34% and 11%
yields, respectively (Scheme 4).
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Scheme 4.

The exclusive formation of aryl group-migrated pyrrolidines is thought to result from an aminyl
radical cyclization-1,4-aryl migration sequence. The proposed reaction pathways are shown in
Scheme 5. Stereoselective 5-exo cyclization of aminyl radical B, generated from N-chloroamine A,
affords the intermediate radical C having a trans-2,5-disubstituted pyrrolidine skeleton. Attack of
the resulting secondary alkyl radical C on an ipso position of the phenyl ring of an N-benzyl
group gives cyclohexadienyl radical D. Rearomatization by a B-scission would result in 1,4-aryl
migration to give radical E, stabilized by a neighbouring nitrogen atom. Hydrogen abstraction of
E from Bu;SnH gives product F. The final step was confirmed from the result that when this
reaction was carried out by using BuzSnD, N-monodeuteriomethylpyrrolidine was the only
product obtained.
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