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Eco-friendly cross-coupling of diaryl diselenides with aryl and alkyl
bromides catalyzed by CuO nanopowder in ionic liquid
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An eco-friendly cross-coupling reaction of aryl and alkyl
bromides with diselenides using a catalytic amount of CuO
nanopowder as a catalyst and an ionic liquid as a recyclable
solvent is reported. The system shows high efficiency to
catalyze this transformation, and in a green fashion due
to the recyclable approach and the non-residual design
protocol. This procedure has been utilized for the synthesis
of a variety of diaryl selenides in good to excellent yields
from the readily available aryl and alkyl bromides and
diselenides.

Organoselenium compounds have become attractive synthetic
targets. These compounds offer chemo-, regio-, and stereose-
lective reactions, and in life sciences selenium is known as a
fundamental element.1 In addition, organoselenium compounds
are involved in a series of biological processes, they have an
effective action against free radical species, and other impor-
tant biological proprieties (e.g., antioxidant, antitumor, anti-
inflammatory, and anti-infective activity).2

The preparation of aryl selenides involves a transition-
metal-catalyzed reaction and a few protocols are reported in
the literature.3–6,9 In earlier methods, for the formation of a
C–Se bond, photochemical or harsh reaction conditions such
as the use of polar and toxic solvents like HMPA and high
reaction temperatures were required.7 Most of these metal-
catalyzed reactions involve specially designed ligands or well-
defined catalysts/reagents, which may increase the cost and limit
the scope of applications. In this context, it is desirable to find
novel catalytic procedures, especially in the absence of ligands,
for an efficient route to such highly useful organic products.

On the other hand, nanotechnology has become an attrac-
tive new field for catalysis. Nanoscale heterogeneous catalysts
offer higher surface area and low-coordinated sites, which are
responsible for the higher catalytic activity.8 Due to this, the
investigation of nanoparticles as catalysts in cross-coupling
reactions has been of growing interest.

Organic reactions, catalyzed by copper nanostructures, are
currently an area of intensive research, with many reports in
the literature.9–14 Recently, a report concerning the synthesis of
diaryl selenides using CuO nanoparticles was published.9 That
protocol allowed the preparation of the desired products in good
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yields, however, long reaction times and high temperatures limit
the scope of the reaction to substrates that would withstand with
these harsh reaction conditions. Moreover, the use of solvents
such as DMSO is undesirable from an environmental point of
view.

Ionic liquids have been used frequently in the last few years
as an alternative reaction media for a broad range of different
chemical transformations.15–21 Ionic liquids have been utilized
as solvents in many transition-metal catalyzed C–C bond for-
mation reactions: Heck reactions,22–29 Stille-coupling,30 Negishi-
coupling,31 Suzuki-coupling,32 Kumada-coupling,33 Ullmann
reaction34 and Tsuji–Trost allylation.35,36 They present various
interesting properties which alleviate some of the environmental
issues, such as no effective vapour pressure, good solubilities for
a wide range of compounds and they allow many combinations
of anions and cations.

Therefore, the combination of nanotechnology and ionic
liquids to perform chalcogen–carbon coupling could afford a
new green methodology to synthesise this kind of compound.
In this context, and in connection with our ongoing interest
in synthesis and evaluation of organochalcogen derivatives as
ligands in asymmetric transformations37 we report herein an
environmental friendly and efficient cross-coupling reaction of
aryl and alkyl bromides with diaryl diselenides using a catalytic
amount of commercially available CuO nanopowder as a catalyst
and BMIM-BF4 as a recyclable solvent.

We carried out the reaction employing 4-bromotoluene 1 as
representative bromide and 0.5 equiv. of diphenyl diselenide 2
to get the diaryl selenide 3, Table 1.

In a first set of experiments, we studied the influence of
different ionic liquids, Table 1. It was possible to check that
in all of them the desired product was obtained, with yields
ranging from 74 to 82%. BMIM-BF4 was a superior ionic liquid
for this reaction (Table 1, entry 1).

Table 1 CuO-nanoparticle catalyzed cross-coupling of 4-bromo-
toulene with diphenyl diselenide using different ionic liquids

Entrya Ionic liquid Yield (%)b

1 BMIM-BF4 82
2 BMIM-NTf2 78
3 BMIM-PF6 74

a CuO nanopowder was purchased from Aldrich R©, with an average
diameter of 30–40 nm, as shown in technical information. b GC yields.
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Table 2 CuO-nanopowder catalyzed cross-coupling of 4-bromo-
toulene 1 with diphenyl diselenide 2

Entry CuO nano (mol%) Yielda (%)

1 0.10 45
2 0.25 48
3 0.50 82
4 1.00 84

a Yields were determined by GC.

To understand the influence of different variables in this
reaction, several components were studied to optimize our
procedure. Firstly, the amount of catalyst necessary to promote
the reaction efficiently was examined, Table 2. We found that
the variation of the CuO nanopowder amount had an effective
influence. While 0.1 and 0.25 mol% afforded the desired product
in moderate yields (entries 1 and 2), by using 0.5 mol%, the
yield was improved to 82% (entry 3). When the amount of CuO
nanopowder was increased to 1.0 mol%, the yield of compound
3 was not significantly modified, affording the desired product
in 84% (entry 4).38

With these results in hand, we selected 0.5 mol% of CuO
nanopowder as the best amount of catalyst. The additional
factors analyzed were the reaction time and the base. The
variation in the reaction time from 10 to 120 minutes was
studied. As shown in Fig. 1, the yield had a linear increase
from 10 minutes to a maximum of 60 minutes. After this, longer
reaction times did not have an influence on the product yield.

Fig. 1 Time optimization in CuO nanocatalysis.

In terms of base, the influence of different bases was studied
to perform a more efficient cleavage of diselenides affording
the nucleophilic selenolate species. Thus, Cs2CO3 and KOH
provided the diaryl selenides 3 in good yields (Table 3, entries
2 and 3), whereas other bases such as K2CO3 and Na2CO3 gave
only moderate yields (Table 3, entries 1 and 4). The product was
not observed in the absence of base, hence the necessity of that
to perform the reaction (entry 5).

Table 3 CuO-nanopowder catalyzed cross-coupling of 1 with 2

Entry Base Amount (equiv.) Yield (%)a

1 K2CO3 2.0 41
2 Cs2CO3 2.0 78
3 KOH 2.0 82
4 Na2CO3 2.0 46
5 none — 0

a Yields were determined by GC.

Table 4 CuO nanopowder catalyzed cross-coupling of halides 1a–g
with diaryl diselenides 2a–d

Entry R R1 Product
Yield
(%)a

1 1a 2a 3a 82

2 1b 2a 3b 82

3 1c 2a 3c 80

4 1d 2a 3d 79

5 1e 2a 3e 70

6 1f 2a 3f 75

7 1g 2a 3g 76

8 1a 2b 3b 80

9 1a 2c 3c 76

10 1a 2d 3e 74

a Yields referent of pure isolated products, characterized by 1H and 13C
NMR spectroscopic data.

After the optimizations, the reactions were carried with
different alkyl and aryl bromides and substituted diselenides,
Table 4.39

In general, all reactions were very clean and selenides were
obtained in excellent yields, as depicted in Table 4. We studied
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the electronic and steric effects of attached groups in the aryl bro-
mides and in the diselenide moiety. In terms of electronic effects,
the reaction was not very sensitive to this influence, since the
coupling of diphenyl diselenide with neutral, electron donating
and electron withdrawing aryl bromides were efficiently achieved
(entries 1–5). Comparing the coupling reaction between the aryl
bromide 1c and 1e, the activated one (4-OMe group) 1c showed
a higher yield (entry 3 vs. 5). Despite this, the coupling was
efficient and allowed the formation of diaryl selenides with good
yields. Analyzing Table 4 (entries 3–4 and 8–10), it is possible to
observe that in terms of steric and electronic effects, the reaction
was not strongly influenced by these parameters. As described,
the reaction was not hampered and the diaryl selenides were
obtained in high yields. To extend the scope of our coupling
protocol, alkyl bromides were also employed (entries 6 and 7).
Using our methodology it was possible to prepare alkyl aryl
selenides in reasonable yields, which are difficult to prepare
according to the previous report.9

The quest for developing economic and environmental
friendly methods is one of our prime concerns. It prompted us
to evaluate the possibility of reusing the ionic liquid employed in
our reactions. After the work-up, the catalyst CuO nanopowder
was removed from BMIM-BF4 by filtration and the recovered
ionic liquid was used again for the next coupling reactions.40 This
operation was repeated for more three times without significant
lose of efficiency, as shown in Fig. 2.

Fig. 2 Reuse of BMIM-BF4.

In conclusion, we have developed a clean, eco-friendly,
inexpensive and efficient methodology to obtain diaryl or alkyl
aryl selenides from alkyl or aryl halides with diaryl diselenides
using CuO nanopowder in ionic liquid as a recyclable solvent.
Features of this method include the following: (i) easily accessible
alkylating agents were used; (ii) very small amount of catalyst
used; (iii) use of recyclable solvent.
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