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Abstract: Using propiolic acid as one of the reacting components,
a copper-catalyzed three-component reaction of sulfonyl azide and
amines affords N-sulfonylacetamidines via a decarboxylation pro-
cess in high yields under mild conditions. This one-pot method is
efficient, general, and versatile.
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Amidines are found in numerous bioactive natural
products1 and are widely applied in medicinal and syn-
thetic chemistry due to their prominent structural motifs.2

Furthermore, substituted amidines serve as important
pharmacophores, synthetic intermediates, and efficient
metal complexes.3 The transition-metal-catalyzed multi-
component reactions (MCRs) have frequently offered a
rapid and efficient route to generate complex molecular
frameworks from simple and readily available substrates
because they have excellent catalytic efficiency in most
cases.4,5 Recently, a highly efficient copper-catalyzed
MCR6 was reported concerning sulfonyl azides or phos-
phoryl azides,7 alkynes, and the third components such as
amines,8 water,9 alcohols,10 pyrroles,11 iminophospho-
ranes,12 or ammonium salts13 under mild conditions. Syn-
thetically interesting applications including
intermolecular or intramolecular reactions have been also
achieved on the basis of the same approach.14,15 On the
other hand no example of utilizing propiolic acid as a
source of terminal alkyne in the catalytic three-component
coupling reactions has been shown to afford amidine de-
rivatives. To our surprise, an unexpected decarboxylation
product of N-ethyl-N-phenyl-N′-tosylacetamidine was ob-
served while synthesizing N-ethyl-N-phenyl-N′-tosyl-2-
amidinoacetic acid through three-component coupling re-
action using p-toluenesulfonyl azide, propiolic acid, and
N-ethylbenzenamine catalyzed by CuI in the presence of
Et3N. Herein we report a new, mild, and efficient method
for the preparation of N-sulfonylacetamidines 3, in which
propiolic acid was reacted with sulfonyl azide 1 and
amine 2 via copper-catalyzed three-component reactions
in the presence of DBU (Scheme 1).

We started from the study of the reaction of p-toluene-
sulfonyl azide with propiolic acid and N-ethylbenzen-

amine. The reaction proceeds in THF with CuI as a
catalyst in the presence of DBU to yield N-ethyl-N-phe-
nyl-N′-tosylacetamidine 3a in 90% yield (Table 1, entry
1). Among the various solvents it was found that DMF
and CH2Cl2 were less satisfactory than THF. Coupled
product was not generated in the absence of additional
amine bases. Moreover, the use of triethylamine resulted
in a lower yield of desired product than DBU.

With the suitable reaction conditions in hand, we next
tested the feasibility of the protocol using various amine,
sulfonyl azides, and propiolic acid (Table 1). As shown in
Table 1, the one-pot three-component reaction afforded
the N-sulfonylacetamidines 3 in moderate to excellent
yields (55–92%). Generally, electronic effects and the po-
sitions of substitutents did not appear to exert much appre-
ciable influence on the efficiency. Substrates with several
functional groups such as methoxy or chloro on the para
or meta positions of the aromatic ring could afford the cor-
responding N-sulfonylacetamidines in high yields (entries
1–5). However, the yield was decreased when the aryl-
amine was substituted with ortho substituents (entry 6).
Using 4-methyl-N-(4-methylbenzyl)benzenamine as the
amine having large steric hindrance at nitrogen atom low-
er the yield of the product even after a much longer reac-
tion time (entry 7). Furthermore, the desired products
were not observed in the reactions of diphenylamine or
10H-phenothiazine under the standard reaction condi-
tions. Thus steric hindrance effects play an important role
in this reaction. In comparison to phenylsulfonyl azide, no
obvious electronic effect was observed compared with
TsN3 (entries 8–10). Several kinds of amines including
primary, aliphatic, or aromatic were also efficient sub-
strates (entries 11 and 12).

According to the literature,17 a proposed reaction mecha-
nism is shown in Scheme 2. In the initial stage, deproto-
nation of propiolic acid by DBU and reaction with
sulfonyl azide 1 produces a five-membered cyclic trizole
intermediate B, in which the Cu metal is coordinated to
the oxygen atom from carbonate ion and to one carbon

Scheme 1 Synthesis of N-sulfonylacetamidines 3
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atom of the triazole. Extrusion of molecular nitrogen and
carbon dioxide from B followed by the hetero-Wolff rear-
rangement provides the key ketenimine intermediate C.
Then an addition of amines 2 to C leads to the desired N-
sulfonylacetamidines 3.

In conclusion, we have developed a mild and efficient
method for synthesis of a variety of N-sulfonylaceta-
midines derivatives using propiolic acid as a new type of
reacting partner in the copper-catalyzed three-component

Table 1 Synthesis of N-Sulfonylacetamidines 3a

Entry Ar1 Amine 2 3 Yield of 3 (%)b

1 4-MeC6H4 3a 90

2 4-MeC6H4 3b 87

3 4-MeC6H4 3c 85

4 4-MeC6H4 3d 84

5 4-MeC6H4 3e 86

6 4-MeC6H4 3f 64

7 4-MeC6H4 3g 55

8 Ph 3h 92

9 Ph 3i 87

10 Ph 3j 84

11 4-MeC6H4 3k 85

12 4-MeC6H4 3l 80

a Reaction conditions: sulfonyl azide (0.3 mmol), propiolic acid (0.45 mmol), amine (0.12 mmol), CuI (0.06 mmol), and DBU (0.15 mmol) in 
2 mL of THF were stirred in a flask at r.t. under N2 for 10 h.16

b Isolated yield.
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reaction of with sulfonyl azides and amine in the present
of DBU via a decarboxylation process. 

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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Scheme 2 A proposed mechanism of the reaction
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