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ABSTRACT

The synthesis of a novel class of 2-imino-5-arylidene-3-pyrrolines via a copper-catalyzed multicomponent reaction of sulfonyl azides with
alkynes and aziridines is described. The protocol is efficient and general.

3-Pyrrolines are a synthetically useful and biologically
interesting class ofN-containing compounds.1,2 They serve
as inhibitors of monoamine oxidase (MAO), which plays an
important role in psychopharmacology.3 The transition metal-
catalyzed cyclization/cycloisomerization of amino allenes,4

the regioselective Rh-catalyzed allylic amination/ring-closing
metathesis,5 and the intramolecular cyclization strategy have
been developed for the preparation of 3-pyrrolines.6 3-Pyr-
rolin-2-ones constitute an important class of pyrroline

derivatives. They display interesting biological activities, e.g.,
antibiotic, antiviral, or cytotoxic activities.7 These five-
member-ring lactams have successfully been used in routes
to various alkaloids and are suitable precursors for unusual

γ-amino acids such as statine and its analogues.8 These
versatile building blocks have been synthesized via regiose-
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lective oxidation of pyrrole-2-carboxaldehydes9 and 4-O-
alkylation of pyrrolidine-2,4-diones.10 The Ugi four-compo-
nent reaction could also lead to the construction of 3-pyrrolin-
2-ones.11 We herein report a copper-catalyzed three-
component domino approach to the construction of 2-imino-
5-arylidene-3-pyrrolines, a new class of 3-pyrrolin-2-one
derivatives.

Previously, we developed an efficient synthesis of imi-
nocoumarins via a domino reaction of sulfonyl azides,
alkynes, and salicaldehydes, which involves a ketenimine
intermediate in situ generated from copper-catalyzed cy-
cloaddition of azides and alkynes.12 We anticipated that this
kind of ketenimine intermediates would react with a carboxy
group-containing aziridine synthon to furnish diverse aza-
heterocycles. In this regard, 2-acyl aziridines were selected

as one of the reaction components. As a preliminary study,
we examined the three-component reaction of tolylsulfonyl
azide (1a) with 4-methylphenylacetylene (2a) and aziridine
3a in the presence of CuI and triethylamine (TEA) in CH2-
Cl2 at room temperature (Scheme 1). However, the resulting
mixture only delivers the uncyclized amidine product5a.

We then examined several conditions to establish the
protocol (Table 1). When the process was performed at low
temperature,5awas formed as the only product and traceless
4a was detected (Table 1, entries 1-3). Increasing the
temperature affects the reaction outcome greatly (Table 1,
entries 4-8). When the reaction was performed in CH3CN
under reflux for 8 h, the best yield and the highest selectivity
were obtained (Table 1, entry 5).

With the suitable reaction conditions in hand, we next
explored the protocol with a variety of sulfonyl azides1,
alkynes2, and aziridines3, which are easily prepared from

the corresponding chalcone.13 As shown in Table 2, the one-
pot multicomponent reaction afforded the corresponding

Table 1. Screening of the Reaction Conditionsa

yield (%)b

entry solvent
reaction

temp 4a 5a

1 CH2Cl2 rt trace 93c

2 CH2Cl2 reflux trace 91
3 CH3CN rt trace 95
4 CH3CN 50 °C 35 47
5 CH3CN reflux 73 trace
6 THF reflux 41 35
7 ClCH2CH2Cl reflux 65 trace
8 DMF reflux 47 trace

a Reaction conditions:1a (0.6 mmol),2a (0.6 mmol),3a (0.5 mmol),
CuI (0.1 mmol), and TEA (1.0 mmol), 8 h.b Yields refer to aziridine3a.
c Reaction time: 12 h.

Table 2. Copper-Catalyzed Multicomponent Reaction for Facile Access to Functionalized 5-Arylidene-2-imino-3-pyrrolinesa

a Reaction conditions: sulfonyl azide (0.6 mmol), alkyne (0.6 mmol), aziridine (0.5 mmol), CuI (0.1 mmol), CH3CN (4 mL), TEA (1 mmol), N2, reflux,
8 h. b Yields refer to aziridines.
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5-arylidene-2-imino-3-pyrrolines4 in moderate to good
yields (53-81%). The aromatic sulfonyl azides1b and1c
(Table 2, entries 2 and 3) gave higher yields than the aliphatic
sulfonyl azides1f (Table 2, entry 15).

Alkyl alkyne such as hex-1-yne was also examined, but
we found that the process proceeded only to deliver the
amidine as product either at room temperature or under reflux
rather than the cyclized five-membered scaffold presumably
because of the relative poor ketenimine intermediate.

The stereochemistry of the product was established by the
NOESY analysis of4c. As shown in Scheme 2, the1H-1H
interactions between Ha and Hd, Hb and Hc, as well as Hb
and Hd were observed. These results suggest aZ configu-
ration of the CdC bond in compound4c.

Herein we depicted our working hypothesis in Scheme 3.
The formation of the strained heterocycles can be rationalized
as being initiated by the Cu-catalyzed cycloaddition reaction
of azides and alkynes. The resulting triazolyl Cu-speciesA
releases N2 to result in a key intermediate ketenimineB.14

Then amine3 attacks the central carbon atom of the
ketenimine to formC, which cyclizes to 1-aza-bicyclo[3.1.0]-
hexaneD. Finally, the dehydration ofD and the subsequent
ring-opening affords pyrroline4.

Further insight into the reaction mechanism was gained
by conducting a deuterium-labeling experiment, i.e., the

deuterated aziridineD-3b (>95% D) was employed follow-
ing the general procedure (Scheme 4). We found that the

amino hydrogen of product exhibited less than 5% deuterium
due to a H-D exchange of the deuterium at the nitrogen
atom of4 with the resulting H2O. This result supports the
suggested mechanism in Scheme 3, which allows the
deuterium atom to shift from theR-carbon atom of ketone3
to the nitrogen atom of pyrroline4.

In conclusion, we have explored a copper-catalyzed
multicomponent reaction of sulfonyl azides, alkynes, and
2-acylaziridines for the preparation of functionalized
5-arylidene-2-imino-3-pyrrolines, a new class of pyrroline
derivatives. The procedure is efficient and general. Further
application of the methodology to synthesize heterocyclic
compound libraries is in progress in our laboratory.
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