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Abstract—Ultrasound was used for the addition of metal acetylides to in situ generated imines to generate propargylamines in good
to excellent yields using copper iodide in water at ambient temperature. This process is an efficient alternative to traditional heated
reactions. A variety of aldehydes and amines were used for this reaction.
� 2005 Elsevier Ltd. All rights reserved.

Multi-component coupling reactions in one pot are an
attractive strategy in organic synthesis.1 Three-compo-
nent coupling of an aldehyde, an alkyne and an amine
(A3 coupling) is one of the best examples and has re-
ceived much attention in recent times.2 The resultant
propargylamines obtained by the A3 coupling reaction
are important synthetic intermediates for potential thera-
peutic agents and polyfunctional amino derivatives.3

The three-component coupling reactions can be carried
out either by amination of propargylic halides, propar-
gylic triflates or nucleophilic addition of in situ gener-
ated metal acetylides. By using the latter procedure,
the A3 coupling reaction can be catalyzed by several
transition metal catalysts via C–H activation. Silver
salts,4 gold salts,5 copper salts,6 Ir complexes7 and a
Cu/Ru8 bimetallic system under homogeneous condi-
tions have all been used for this reaction and later their
chiral equivalents were also reported.9 Recently an A3

coupling reaction was reported by Li and co-workers,10

using immobilization of silver salts in ionic liquids whilst
Choudary et al.,11 reported the same using copper-sup-
ported hydroxyapatite.

Ultrasound accelerated chemical reactions are well
known and proceed via the formation and adiabatic col-
lapse of transient cavitation bubbles.12 Ultrasonic irra-
diation can be utilized as an alternative energy source
for organic reactions ordinarily accomplished by heat-
ing. It increases the reaction rate many fold when com-

pared with conventional reaction conditions. It is also
known to accelerate diverse types of organic reactions
and it is established as an important technique in organ-
ic synthesis. Many reactions have been conducted with
homogeneous and heterogeneous catalysts, in which
the rate of the reaction was accelerated by sonication.
Several reports on versatile reactions carried out using
ultrasonication include a low temperature Heck reaction
with Pd/C by Samant et al.,13 Reformatsky reactions by
Bartsch and co-workers,14 sonochemical preparation of
ionic liquids by Varma et al.15 and Sonogashira coupling
by Gholap et al.16

Herein, we report an efficient method for the prepara-
tion of propargylamines using ultrasound as the energy
source by simple exposure of the reactants in a container
to irradiation using a laboratory sonication bath. This
approach requires a shorter reaction time at ambient
temperature in contrast to the several hours needed un-
der conventional heating conditions and avoids the use
of organic solvents as the reaction medium. Ultrasound
was used for the addition of the metal acetylide to in situ
generated imines to generate propargylamines (Scheme
1).
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Initially, in an effort to develop an improved catalytic
system for the synthesis of propargylamines in water
by the three-component coupling of an aldehyde, an
alkyne and an amine, various copper salts (15 mol %)
were screened to optimize the reaction conditions and
the results are shown in Table 1. All the reactions were
carried out with a mixture of benzaldehyde, piperidine,
phenylacetylene and Cu salt (15 mol %) in water under
sonication for 45 min. Among the different Cu(I) and
Cu(II) salts assayed, no reaction was observed with
Cu(II) salts (entries 4–8) whilst Cu(I) salts (entries 1–3)
gave varying yields. CuI (entry 1) was found to be most
effective in catalyzing the three-component coupling
reaction. The copper displaces the proton of the phenyl

Table 1. Screening of Cu salts for the three-component coupling reaction
between benzaldehyde, piperidine and phenyl acetylene in watera

Entry Catalyst Yieldb (%)

1 CuI 98
2 CuCl 48
3 CuOTf 36
4 CuCl2 No reaction
5 Cu(acac)2 No reaction
6 Cu(OAc)2 No reaction
7 Cu–phthalocyanine No reaction
8 Cu(NO3)2 No reaction

a Reaction conditions as exemplified in the typical experimental
procedure.

b Yields are based on 1H NMR integration.

Table 2. Three-component coupling reaction of an aldehyde, an amine and an alkynea

Entry Aldehyde Amine Alkyne Time (min) Yieldb

1

O

H N
H

45 98

2

O

Cl

H
N
H

45 55

3

O

MeO

H
N
H

75 25

4

O

OMe

H

N
H

75 34

5
O CHO N

H

45 96

6

N

CHO

N
H

45 60

7
S CHO N

H

45 94

8

CHO

N
H

45 98

9 CHO
N
H

45 98

10 CHO
N
H

45 98

a Reaction conditions as exemplified in the typical experimental procedure.
b Yields are based on 1H NMR integration.
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