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Impregnated copper on magnetite is a versatile, inexpensive
and simple catalyst for the selective multicomponent reaction
of terminal alkynes, aldehydes and secondary amines to give
the corresponding propargylamines with excellent yields. The
catalyst can be easily recovered and reused by using a simple
magnet. The process could be repeated up to ten times
without losing its activity.

It is widely acknowledged that there is a growing need for more
environmentally acceptable processes in the chemical industry, the
new paradigms focusing more on the elimination (no formation)
of wastes, as well as on avoiding the use of toxic and/or hazardous
reagents and solvents.1 Multicomponent reactions2 have great
potential in this area, since in just one step several reagents are
added and create a new molecule with at least two more bonds,
decreasing the whole environmental impact for the synthesis of
the same product by a sequential pathway.

Among all known multicomponent reactions, the acetylene-
Mannich reaction3,4 is an interesting approach to the synthesis
of propargylamines, which have found broad application as
precursors of different nitrogen-containing compounds, such as al-
lylamines, pyrrolidines, oxazoles, pyrroles, as well as intermediates
in the synthesis of different natural products including dynemicins,
pharmaceuticals, herbicides and fungicides. Some of them have
even been tested in the treatment of Parkinson’s5 and Alzheimer’s6

diseases.
Different complexes and salts of transition metals, such as iron,7

zinc,8 ruthenium–copper,9 silver,10 indium,11 iridium,12 gold,13 and
mercury,14 have been employed for the multicomponent acetylene-
Mannich reaction. However, the copper derivatives are most often
employed. Although the use of homogenous copper catalysts15

have shown their potential activity, their loss at the end of the
reaction decreased their utility, at least for industrial purposes.
Different strategies have been followed using copper catalysts,
including the use of ionic liquids,16 immobilization on organic–
inorganic hybrid materials,17 the use of nano-particles18 and im-
pregnation in inorganic materials.19 Very recently, a magnetically
separable copper ferrite nanoparticle20 has been proposed as an
alternative to previous catalysts. These results prompted us to
present our independent results using impregnated copper on
magnetite.

Magnetite is an old material with interesting new catalytic
properties,21 which has been used generally as an inert support
for other catalysts. One important way to prepare these catalysts
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Table 1 Reaction conditions optimization

Entry Catalyst (mol%) Solvent T/◦C t/h Yield 4a (%)a

1 Fe3O4
b(42) PhMe 90 96 0

2 — PhMe 150 72 40
3 Fe3O4

b(42) PhMe 150 72 45
4 Fe3O4

c(42) PhMe 150 72 71
5 Ru(OH)x–Fe3O4 (3) PhMe 150 72 42
6 Cu(OH)x–Fe3O4 (2.1) PhMe 150 16 > 99
7 Cu(OH)x–Fe3O4 (2.1) PhMe 120 16 > 99
8 Cu(OH)x–Fe3O4 (2.1) PhMe 80 19 10
9 Cu(OH)x–Fe3O4 (0.1) PhMe 120 16 > 99

10 Cu(OH)x–Fe3O4 (0.05) PhMe 120 72 61
11 Cu(OH)x–Fe3O4 (0.1) Dioxane 120 16 63
12 Cu(OH)x–Fe3O4 (0.1) Et2O 120 16 64
13 Cu(OH)x–Fe3O4 (0.1) AcOEt 120 16 63
14 Cu(OH)x–Fe3O4 (0.1) MeCN 120 16 72
15 Cu(OH)x–Fe3O4 (0.1) H2O 120 16 29
16 Cu(OH)x–Fe3O4 (0.1) — 120 0.45 > 99

a Isolated yields after column chromatography (silica gel: hexane–ethyl
acetate). b Magnetite size <5 mm. c Magnetite size 20–30 nm.

is by impregnation, which could be easily performed by basic
precipitation–adsorption of aqueous solutions of different salts,
such as cobalt, rhodium, palladium and platinum22 as well as
ruthenium23 on the surface of either pre-formed or commercially
available magnetite.

In this communication we would like to present the use for the
first time of a new impregnated copper on magnetite catalyst as
an efficient and green catalyst for the multicomponent acetylene-
Mannich reaction. Initially, the reaction outlined in Table 1 was
used as the standard one for the optimization of the reaction
conditions, using nearly equimolecular amounts of all three
reagents.

The reaction using commercial magnetite did not produce the
expected compound at 90 ◦C after several days. However, the
reaction gave the expected product 4a in a moderated yield at
150 ◦C after three days, without catalyst,3 with the presence of
commercial magnetite not improving the result (Table 1, entries 2
and 3). The use of commercial nano-powder magnetite improved
the result slightly. Once the possible activity of the support was
tested, we prepared two impregnated metal catalysts. The result
with ruthenium (3.0 mol%) was clearly disappointing. However,
the same reaction using the related copper catalyst† (2.1 mol%)
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Table 2 Impregnated copper catalyses the acetylene-Mannich reaction

Entry R1 R2 R3 R4 4 Yield (%)a

1 Ph Ph (CH2)5 4a >99
2 Me(CH2)3 Ph (CH2)5 4b >99
3 Ph(CH2)2 Ph (CH2)5 4c >99
4 Ph 4-ClC6H4 (CH2)5 4f >99
5 Ph 2-HOC6H4 (CH2)5 4g 39
6 Ph 3,4,5-(MeO)3C6H2 (CH2)5 4h >99
7 Ph (CH2)5CH (CH2)5 4i >99
8 Ph Ph (CH2)2O(CH2)2 4j >99
9 Ph Ph (CH2)4 4k 92

10 Ph Ph (S)-(CH2)3CHCH2OH 4l 81b

11 Ph Ph H nBu 4m 0
12 Ph Ph nBu nBu 4n 93

a Isolated yields after column chromatography (silica gel: hexane–ethyl acetate. b 95 : 5 diastereomeric ratio

gave compound 4a in practically quantitative yield (Table 1, entry
6). After finding the best catalyst other parameters for the reaction
were optimized, such as temperature (entries 6–8), amount of
catalyst (entries 9 and 10), and solvent (entries 11–16), with the
optimal conditions being the use of 0.1 mol% of copper catalyst
under solvent free conditions at 120 ◦C (Table 1, entry 16).

Once the catalytic activity of catalyst was proven, the scope of
the reaction was tested (Table 2), finding excellent results for the
reaction independently of the nature of substituents of the alkyne
1, the secondary amine 3, and nature of the aldehyde. The only
exception was the reaction with 2-hydroxybenzaldehyde, in which
the result was a modest 39% (Table 2, entry 5) and it should be
pointed out that the reaction failed using primary amines.

When the reaction was performed using ketones (Scheme 1),
the yields were significantly lower with the reaction times being
longer.

Scheme 1 Acetylene-Mannich reaction using ketones.

The former results imply that the catalyst is selective for
the reaction with aldehydes in the presence of ketones. In fact
the reaction of equimolecular amounts of compounds 1a, 3a,
benzaldehyde (2a) and acetophenone (5b) only rendered the
compound 4a in 85% yield after two days of reaction time.

Once the catalytic activity of the impregnated copper on
magnetite was demonstrated, we approached the problem of the
reuse, finding that the chemical yields were practically constant

in a range between 94 and >99%, after 10 cycles of reaction, for
the preparation of compound 4a (Fig. 1), with the catalyst being
maintained inside the flask by the help of a magnet.

In order to explore the possible degradation of the catalyst under
the reaction conditions, the BET surface area was determined
at the beginning of the process and after 10 cycles (8.76 m2g-1),
being similar in both cases, which could be interpreted as showing
that there is no significant sintering process under the assayed
reaction conditions. A similar result could be extracted from the
observation of TEM microscopic images, which did not show any
difference between the initial catalyst and the 10-fold reused one
(Fig. 2).

To finish with the study on the stability of the catalyst, we
analysed the liquid phase obtained after one cycle of the reaction
for the preparation of compound 4a. The catalyst was isolated
by using a magnet and washed with ethyl acetate; the resulting
mixture without filtration was concentrated and re-dissolved in
methanol. The flame atomic absorption spectroscopy (FAAS)
showed the presence of around 0.0058 mg of iron in the methanolic
solution (less than 0.006% of the initial magnetite added) as well
as copper 0.0083 mg (0.6% of the initial amount). However, if
prior to the concentration, a simple filtration is done, the FAAS
did not show the presence of iron atoms and only 0.2% of the
initial copper, excluding the presence of high concentrations of
homogeneous species, with the FAAS results showing the capacity
of the magnet used to trap the nanoparticles.

In conclusion, impregnated copper on magnetite is an excellent
catalyst for the multicomponent acetylene-Mannich reaction
between terminal alkynes, secondary amines, and aldehydes. The
reaction has a very high atom efficiency,24 since the only by-product
of the reaction is water. The absence of solvent implies both a very
low energetic cost and very low environmental impact. All these
facts, together with the simplicity of the protocol, the wide scope
of substrates and their simple recycling permitted us to anticipate
a good future for this process hereby documented not only in
academia but also in industry.
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Fig. 1 Yields of compound 4a after different numbers of cycles.

Fig. 2 TEM microscopy images of catalyst after (left) and before using
10 times (right).
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CuCl2 (0.13 g, 1 mmol) in deionised water (120 mL) was added Fe3O4

(4 g, 17 mmol, powder < 5 mm, BET area: 9.86 m2g-1). After 10 min
at room temperature, the mixture was slowly basified with NaOH 1 M
until pH around 13. The resulting basified mixture was stirred during
approximately 24 h and then filtrated under vacuum. The solid catalyst was
washed several times with deionised water (3 ¥ 50 mL) and dried during
three days at room temperature (BET area: 9.15 m2g-1). Incorporation of
1.37% of Cu according to X-ray fluorescence.
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