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ABSTRACT

Under very mild conditions, functionalized 2-(sulfonylimino)-4-(alkylimino)azetidine derivatives were prepared in good to excellent yields via
a copper-catalyzed multicomponent reaction of readily available terminal alkynes, sulfonyl azides, and carbodiimides without the assistance
of a base. The mechanism may be through a [2 + 2] cycloaddition.

Four-membered nitrogen heterocycles are of considerable
interest. Besides possessing a wide range of biological
activities and being used as antibiotic and antibacterial agents,
they have found increasing applications as important inter-
mediates in the synthesis of pharmaceuticals.1 Among them,
the four-membered azetidine series, especially azetidin-2-
ones, has gained enormous attention.2 However, reports
concerning the synthesis of the 2,4-diiminoazetidine ring
system are rare,3 for which two reasons may be responsible.
First, the Dunitz-Schomaker strain exists which is significant
in four-membered rings.4 Second, the 2,4-diiminoazetidine

ring system is highly functionalized. L’abbé and Chen
described two routes for the construction of such a ring;
however, the method was too tedious and suffered from
major shortcomings such as limited substituents, very low
yields in most examples, and troublesome chemical managing
processes.3 Therefore, the development of convenient, gen-
eral, and synthetically useful methodologies for the synthesis
of 2,4-diiminoazetidines is highly desirable.

The MCR (multicomponent reaction), offering an efficient
route to generate complex molecular frameworks from simple
and readily available substrates, is a powerful tool in modern
organic synthesis as well as in the field of combinatorial
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chemistry and drug discovery.5 Although little attention was
paid to the novel MCRs in the second half of the last century,
they have naturally become a rapidly evolving research area
and have attracted the attention of both academic and
industrial scientists in the past few years. Among them, the
transition-metal-catalyzed MCRs are of high importance
because they have excellent catalytic efficiency in most
cases.6 Recently, CuI-catalyzed7 MCRs concerning sulfonyl
azides and alkynes have drawn special interest.8 Chang et
al. reported the MCR reaction between sulfonyl azides,
alkynes, and amines in the presence of CuI, which afforded
a useful method for the preparation ofN-sulfonylamidines.8f

The reaction starting from sulfonyl azides, alkynes, and water
or alcohol produced hydrative amides andN-sulfonylimidates
in good yields, respectively,8b,c,eand with imines or salicyl-
aldehydes as the third component, the three-component
reactions generatedN-sulfonylazetidin-2-imines and imino-
coumarins, respectively.8a,d Herein, we report a novel CuI-
catalyzed three-component reaction between terminal alkynes,
sulfonyl azides, and carbodiimides to give functionalized
2-(sulfonylimino)-4-(alkylimino)azetidine derivatives in good
to excellent yields.

At first, p-toluenesulfonyl azide1a, phenylacetylene2a,
andN,N′-dicyclohexylcarbodiimide3a were selected as the
model substrates (Table 1). Catalyzed by CuI, several bases
and solvents were examined to set up standard reaction
conditions. When the reaction was performed in THF in the
presence of 2 equiv of triethylamine at rt for 16 h, it was

found that the desired product4awas indeed obtained albeit
in only 28% yield (Table 1, entry 1). Prolonging the reaction
time (24 h) or use of 2 equiv of pyridine or K2CO3 instead
of triethylamine as the base could not improve the result
(Table 1, entries 2-4). Besides THF, a number of other
solvents such as ether, CH3CN, CH2Cl2, and toluene were
further surveyed under basic conditions; however, no obvious
improvement was observed (Table 1, entries 5-9). Finally,
we were pleased to find that when the reaction was carried
out in the absence of a base the expected product4a was
isolated in 62% yield with toluene as a solvent (Table 1,
entry 10). A better result came from the use of CH3CN as a
solvent in the absence of a base, and4a was obtained in
94% yield (Table 1, entry 11). It clearly showed that this
reaction system differentiated itself from the other similar
reactions in that it did not require a base as a promoter.8

Although the detailed mechanism was not yet fully under-
stood, DCC acted both as a reactant and, probably, as a weak
base to forward this reaction.

The structure of4a was confirmed unambiguously by
X-ray diffraction analysis,9 which was in accordance with
1H NMR, 13C NMR, HMQC, and HRMS spectra (Figure
1).

It can be summarized from Table 1 that the combination
of CuI and CH3CN was a more efficient catalytic system to
catalyze the MCR ofp-toluenesulfonyl azide with phenyl-
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Table 1. CuI-Catalyzed Synthesis of4a via a
Three-Component Reaction

entry base solvent time (h) yield (%)a,b

1 TEAc THF 16 28
2 TEA THF 24 19
3 K2CO3 THF 16 17
4 pyridine THF 16 33
5 TEA CH3CN 16 34
6 TEA CH2Cl2 16 38
7 TEA etherd 16 15
8 TEA toluene 16 39
9 pyridine toluene 16 41

10 none toluene 16 62
11 none CH3CN 16 94

a p-Toluenesulfonyl azide (1 mmol), phenylacetylene (1 mmol), DCC
(1.2 mmol), base (2 mmol), and CuI (0.1 mmol) in solvent (3 mL) under
rt. b Isolated yields based on alkyne.c Triethylamine.d Diethyl ether.
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acetylene andN,N′-dicyclohexylcarbodiimide. To explore the
scope of this catalytic system, more substrates were applied,
and the results are shown in Table 2.

Aromatic sulfonyl azides gave the corresponding 2-(sul-
fonylimino)-4-(alkylimino)azetidines in good to excellent
yields. Methylsulfonyl azide, an aliphatic one, was also an
appropriate substrate. As far as the alkynes were concerned,
both aromatic and alkyl alkynes afforded satisfactory results.

Aromatic alkynes substituted at the phenyl ring with Me,
Et, Pr, Bu, and MeO were all converted into the correspond-
ing products efficiently. 1-Hexyne and 1-heptyne also worked
well. It is noteworthy that ethyl propiolate, a conjugated
alkyne, afforded the desired product in excellent yields. Two
kinds of carbodiimides, DCC and DIC, can be used suc-
cessfully for this reaction. Whenp-toluenesulfonyl azide1a
with trimethylsilylacetylene2j andN,N′-dicyclohexylcarbo-
diimide 3a were used as the substrates, unexpectedly, the
desilylated azetidine compound4r was obtained (Table 2,
entry 18). This observation showed that trimethylsilylacetyl-
ene can serve as a two-carbon source for the formation of
4r under this reaction system, which was in accordance with
the result of Chang.8c Nevertheless, no desired product was
obtained usingN,N′-diphenylcarbodiimide as the substrate
under this reaction condition (Table 2, entry 19).

A possible mechanism for this CuI-catalyzed MCR is
shown in Scheme 1. In the presence of DCC or DIC and

CuI, alkyne 2 reacts with sulfonyl azide1 through two
possible pathways to form the ketenimine speciesB accord-
ing to Chang and Fokin’s proposal,8 in which DCC or DIC
maybe acts as a weak base. Protonation ofB gives rise to
the highly reactive ketenimineC and regenerates the copper
catalyst. Then,C reacts with carbodiimide3 through a [2+
2] cycloaddition to afford the desired product4.

In conclusion, an efficient CuI-catalyzed MCR of sulfonyl
azides, terminal alkynes, and carbodiimides is successfully
established, notably without the assistance of a base. The
reaction described here is mild, general, and efficient, thus
providing an extremely preferable path for the synthesis of
a variety of 2-(sulfonylimino)-4-(alkylimino)azetidine deriva-
tives. Further synthetic applications of this reaction system
are now under investigation.
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http://pubs.acs.org.
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Figure 1. X-ray crystal structure of compound4a.

Table 2. CuI-Catalyzed Synthesis of
2-(Sulfonylimino)-4-(alkylimino)azetidine Derivatives

entry R1 R2 R3

yield
(%)a,b

1 4-MeC6H4 (1a) Ph (2a) c-C6H11 (3a) 94 (4a)
2 1a CH3(CH2)3 (2b) 3a 65 (4b)
3 1a CO2Et (2c) 3a 93 (4c)
4 1a 4-MeC6H4 (2d) 3a 87 (4d)
5 1a CH3(CH2)4 (2e) 3a 71 (4e)
6 1a 2a i-Pr (3b) 88 (4f)
7 1a 2c 3b 95 (4g)
8 C6H5 (1b) 2c 3b 95 (4h)
9 1b 2a 3a 91 (4i)

10 1b 4-MeOC6H4 (2f) 3b 88 (4j)
11 1b 4-EtC6H4 (2g) 3b 79 (4k)
12 1b 4-PrC6H4 (2h) 3b 81 (4l)
13 1b 4-BuC6H4 (2i) 3b 83 (4m)
14 Me (1c) 2a 3a 76 (4n)
15 1c 2d 3a 77 (4o)
16 4-ClC6H4 (1d) 2a 3b 84 (4p)
17 1d 2a 3a 86 (4q)
18 1a 2j 3a 76 (4r)c

19 1a 2a Ph 0d

a Sulfonyl azide (1 mmol), alkyne (1 mmol), DCC (1.2 mmol), base (2
mmol), and CuI (0.1 mmol) for 16 h in CH3CN (3 mL) at rt. b Isolated
yields based on the alkynes.c Yield of the desilylated azetidine product.d

No reaction.

Scheme 1. Proposed Mechanism for the CuI-Catalyzed MCR
of the Terminal Alkynes, Sulfonyl Azides, and Carbodiimides
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