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Expeditious synthesis of 3-arylidenelactams and
3-arylidenelactones from N-tosylaziridine derivatives
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Abstract—An expeditious synthetic method of 3-arylidenelactams was developed starting from N-tosylaziridines, which were made
from the reaction of N-tosylimines and cinnamyl bromides by using the sulfur ylide chemistry. The regioselective ring-opening reac-
tion of N-tosylaziridines with anilines, as external nucleophiles, and the following lactamization afforded 3-arylidenelactams. In the
absence of external nucleophiles, intramolecular lactonization occurred to afford 3-arylidenelactones.
� 2007 Elsevier Ltd. All rights reserved.
A variety of lactams are found in biologically important
compounds and numerous synthetic methods for these
compounds have been studied and reported.1 One of
the important methods for lactam skeleton involved the
chemical transformation of aziridine derivatives.1b The
ring-opening reaction of N-tosylaziridines with a variety
of nucleophiles has been used in organic synthesis.2

Recently, we reported the successful synthesis of
1-arylnaphthalene derivatives via the intramolecular
Friedel–Crafts reaction of N-tosylaziridines, which were
made from Baylis–Hillman adducts (Scheme 1).3

As a continuous study on this useful intermediate, N-
tosylaziridines,3,4 we presumed that we could prepare
3-arylidenelactam derivatives as shown in Scheme 2.
Actually, the reaction of N-tosylaziridine 1a and aniline
(2a), as the representative external nucleophile, in
CH3CN in the presence of LiClO4 (1.2 equiv) afforded
the expected lactam 4a in a 75% yield as a single stereo-
isomer (trans-form, vide infra) under refluxing condi-
tions for 24 h.5 When we carried out the same reaction
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at room temperature we did not observe the formation
of lactam 4a, instead we isolated the vicinal diamine
derivative 3a in an 85% yield as a single regio- and ste-
reoisomer (anti-form).5 Vicinal diamine 3a was con-
verted to 4a in a 78% yield in the presence of LiClO4.
The results suggested that the reaction might occur via
the SN1 type mechanism as depicted in Scheme 2: (i) regio-
selective ring-opening of N-tosylaziridine by the
assistance of LiClO4 to the more stable benzylic carbo-
cation intermediate (I), (ii) reaction with aniline (2a) to
form anti-diamine 3a stereoselectively, and (iii) lactami-
zation to trans-lactam 4a. From the literature survey the
regioselective ring-opening of N-tosylaziridine at the
benzylic position might be the preferred pathway under
acidic conditions (like SN1 type conditions).2e–k

Although we could not rule out completely the possibil-
ity for the formation of the other regio- and/or stereo-
isomers, we could isolate 3a only.

The stereochemistry of lactam compound 4a was
thought to be as trans-form based on the coupling
EWG

H

Ts

EWG

Ar

H2SO4

s.
il: kimjn@chonnam.ac.kr

mailto:kimjn@chonnam.ac.kr


Ph
COOMe

N
Ts

Cl

aniline (2a, 1.1 equiv)
LiClO4 (1.2 equiv)
CH3CN, rt, 14 h

Ph
COOMe

Cl
TsHN

NHPh
Ph

N

O

Ph
N HbCl

LiClO4 (1.2 equiv)
CH3CN, reflux, 20 h

aniline (2a, 1.1 equiv)
LiClO4 (1.2 equiv)
CH3CN, reflux, 24 h
75%

1a (cis/trans)

3a (anti, 85%)4a (trans)

Ph
COOMe

Cl
TsN

(I)

HaHc

Ts

Ha (δ = 4.69 ppm, d, Jac = 8.1 Hz)
Hb (δ = 5.76 ppm, s, Jab = 0 Hz)
Hc (δ = 4.23 ppm, d, Jac = 8.1 Hz, D2O exchangeable)
D2O treatment: Hc disappeared and Ha was converted to singlet

78%

Scheme 2.

Table 1. Synthesis of 3-arylidene-4,5-disubstituted-c-butyrolactam derivatives

Entry Aziridines Conditions Lactams (%)

1

COOMe

NTs
H

Cl

1a (70%, cis/trans = 1:3)

Aniline (2a, 1.1 equiv), LiClO4 (1.2 equiv),
CH3CN, reflux, 24 h

N

TsHN

O
Ph

Cl

4a (75)

2 1a 4-Chloroaniline (2b, 1.1 equiv), LiClO4 (1.2 equiv),
CH3CN, reflux, 24 h

N

TsHN

O

Cl

4b (90)

Cl
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Cl

Aniline (2a, 1.1 equiv), LiClO4 (1.5 equiv),
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Table 2. Synthesis of 3-arylidene-4,5-disubstituted-c-butyrolactam derivatives

Entry Aziridines Conditions Lactams (%)

1 1a LiClO4 (3.0 equiv),
CH3CN, reflux, 48 h

O
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5a (63)
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constant between the protons Ha and Hb. Actually, Ha

and Hb did not couple with each other. Based on D2O
treatment experiment we assigned the doublet at
d = 4.23 ppm as the proton Hc. The two protons Ha

and Hc coupled each other with coupling constant of
J = 8.1 Hz. The absence of coupling between Ha and
Hb stated that the dihedral angle between them must
be nearly orthogonal. The results could be anticipated
easily when we think about the steric bulkiness of 2-
chlorophenyl group and the tosylamino moiety.

By using similar conditions we carried out the synthesis
of various 3-arylidenelactam derivatives 4b–e and the
results are summarized in Table 1. As shown the stereo-
chemistry of N-tosylaziridines3,4a,b did not affect the ste-
reochemistry of products 4a–e. The synthesis of requisite
aziridine derivatives 1a–h was carried out by using the
well-known ylide chemistry from the reaction of corre-
sponding N-tosylimines and cinnamyl bromides, which
could be synthesized from the Baylis–Hillman adduct
as in our previous paper.3

As a next trial we carried out the reaction of 1a in the
absence of an external nucleophile. A variety of lactone
derivatives are also found in biologically important com-
pounds and numerous synthetic methods for these com-
pounds have been studied.6 Literature survey revealed
that ester group can be used as an internal nucleophile
toward some reactive electrophilic partner.7 Thus we
examined the reaction of 1a and expected the formation
of 3-arylidenelactone derivative 5a as in Scheme 3.

As expected the reaction of 1a under the influence of
LiClO4 in CH3CN furnished 5a in a 63% yield.8 In order
to optimize the reaction conditions we examined a vari-
ety of conditions, which afforded the following results:
(a) 44% yield of 5a by using Mg(ClO4)2 (2 equiv)/
CH3CN/reflux/36 h; (b) 47% yield of 5a by using TfOH
(1 equiv)/CH2Cl2/0 �C–rt, 48 h; (c) 46% yield of 5a by
using BF3 etherate/CH2Cl2/0 �C–rt/36 h; (d) 50% yield
of 5a by using Sc(OTf)3 (0.4 equiv)/CH3CN/rt, 48 h;
(e) trace amount of 5a by using LiClO4 (3 equiv)/ben-
zene/reflux, 48 h. In all cases we could obtain 5a but
the yield was not better than the original conditions (Li-
ClO4/CH3CN). The coupling constant between Ha and
Hb was zero again as for the cases of 3-arylidenelactams
thus we assigned the stereochemistry of 5a as trans-
form. The plausible mechanism for the formation of
5a is also depicted in Scheme 3. However, we could
not rule out the possibility for the reaction mechanism
completely at this stage involving moisture in the reac-
tion medium: ring-opening of N-tosylaziridine by water
and subsequent lactonization to lactone 5a. As shown in
Table 2, we prepared 3-arylidenelactones 5b–d similarly
with somewhat low yield than the corresponding lactam
cases.

In summary, we have developed an efficient synthetic
method of 3-arylidenelactams from N-tosylaziridines
via the regioselective ring-opening reaction with anilines
and the following lactamization. In the absence of
aniline, intramolecular lactonization occurred to afford
3-arylidenelactones in moderate yields.
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