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The stereoselective addition of organometallic reagents to alde-
hydes and imines is one of the most important carbon-carbon bond
formation reactions in organic synthesis.1 Propargyl amines or b-
aminoalkynes are versatile intermediates for the construction of
nitrogen-containing biologically active molecules and for the syn-
thesis of polyfunctional amino derivatives.2 The direct method for
the synthesis of propargyl amines involves the addition of alkynyl-
metal reagents to imines.3 Addition of alkynes to imines, enamines,
nitrones, and acyliminium ions using copper salts has been re-
ported to produce propargyl amines.4 Asymmetric versions of en-
amine–alkyne and imine–alkyne additions have also been
reported to produce enantiomerically pure propargyl amines.5

Propargyl amines can also be synthesized by one-pot three-compo-
nent coupling of aldehydes, alkynes, and amines via C–H activa-
tion. Several transition metal salts such as gold, copper, silver,
and Cu/Ru system have been employed in water as well as in ionic
liquids.6 Recently, solid-supported metal catalysts such as CuI/
Al2O3, AuCl4/LDH, and Cu/HAP and alternative energy sources like
microwave and ultrasound have been utilized in the presence of
CuI to accomplish this reaction via C–H activation.7,8 However,
many of these three-component coupling reactions are mainly lim-
ited to the aromatic aldehydes and cyclic amines and also involve
the use of expensive iridium, gold, and silver salts. Moreover, low
conversions are reported with aliphatic aldehydes.7d

Recently, indium tribromide has received increasing attention
as a water-tolerant, green Lewis acid catalyst for organic synthesis
demonstrating highly chemo-, regio-, and stereo-selective results.9
ll rights reserved.

: +91 40 27160512.
Compared to conventional Lewis acids, it has advantages of water
stability, recyclability, operational simplicity, strong tolerance to
oxygen and nitrogen-containing substrates and functional groups,
and it can often be used in catalytic amounts.10 Recently, InBr3 has
also been used for the alkynylation of aldehydes and acetals.11

In continuation of our interest on the catalytic use of indium tri-
bromide,12 we herein report a simple and efficient method for the
preparation of propargyl amines by means of a three-component
coupling of aldehyde, amine, and alkyne. Accordingly, we first at-
tempted the coupling of benzaldehyde (1) with morpholine (2)
and phenyl acetylene (3) in the presence of 10 mol % of InBr3 in tol-
uene. The reaction went to completion in 4.5 h and the desired
product, 4-(1,3-diphenylprop-2-ynyl)morpholine, 4a was obtained
in 85% yield (Scheme 1).

Encouraged by this result, we turned our attention to various
aldehydes, amines, and alkynes. Interestingly, various aldehydes
such as p-methoxybenzaldehyde, p-methylbenzaldehyde, p-chlo-
robenzaldehyde, and p-bromobenzaldehyde reacted effectively
with morpholine and phenyl acetylene to produce the correspond-
ing propargylic amines in good yields (Table 1, entries b–e).
Similarly, heteroaromatic aldehydes such as thiophene-2-carbox-
aldehyde and furan-2-carboxaldehyde also participated well in this
reaction (Table 1, entries f and g). In addition to aromatic alde-
hydes, aliphatic aldehydes such as pentanal, formaldehyde and
cyclohexanecarboxaldehyde were also equally effective for this
conversion (Table 1, entries i–k and g). Next, we studied the reac-
tivity of various alkynes in the 3CC reaction. Interestingly, several
alkynes such as 1-octyne, 2-ethynylpyridine, 1-tert-butyl-4-ethyn-
ylbenzene, and but-3-ynyl-benzene underwent smooth coupling
to provide a wide range of propargyl amines (Table 1, entries k
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and m–o). Ketones did not give the desired product under these
reaction conditions. This method was also successful with various
amines such as piperidine, pyrrolidine, and aniline (Table 1, entries
k and o–r). In all cases, no propargylic alcohol (an adduct between
Table 1
Inbr3-Catalyzed preparation of propargyl amines

Entry Aldehyde Alkyne Amine
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the aldehyde and alkyne) was obtained under similar reaction con-
ditions. This is because of a rapid formation of the carbon-nitrogen
bond from aldehydes and amines. The effects of various indium(III)
salts such as InCl3, In(OTf)3, In(OAc)3, and In(ClO4)3 were screened
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Table 1. (continued)

Entry Aldehyde Alkyne Amine Producta Reaction time (h) Yieldb (%)
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Table 1. (continued)

Entry Aldehyde Alkyne Amine Producta Reaction time (h) Yieldb (%)

q
S CHO N

H

S

N
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r
H

O

MeO NH2

NH

MeO
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a The products were characterized by NMR, IR and mass spectroscopy.
b Yield refers to pure products after chromatography.
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for this transformation. Of these catalysts, indium tribromide was
found to be the most effective in terms of conversion and selectiv-
ity. For example, treatment of benzaldehyde with morpholine and
phenyl acetylene in the presence of 10 mol % of InBr3 and 10 mol %
of InCl3 for 4.5 h gave the product 4a in 85% and 70% yields, respec-
tively. Although, indium tribromide is water tolerant, the reaction
was unsuccessful either in pure water or in toluene/water (7:3)
system. The scope and generality of this process are illustrated
with respect to various aldehydes, amines and alkynes and the re-
sults are presented in Table 1.13

In summary, we have developed a simple, convenient, and effi-
cient protocol for the preparation of propargylic amines by means
of coupling of aldehyde, amine, and alkyne in a single-step opera-
tion. This method works well for both aliphatic and aromatic sub-
strates. The use of indium bromide makes this method simple,
convenient, and practical.
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