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Abstract: A convenient synthetic method has been developed for
the preparation of unsymmetrical selenides through a one-pot zinc-
mediated reaction of diselenides and active organic halides in
aqueous media.
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Organoselenium compounds are of considerable interest
because of their wide involvement as key intermediates in
organic synthesis and use as a food supplement.1 These
compounds are no longer systematically classified as tox-
ic and, thus, much effort is being devoted to accomplish-
ing the synthesis of organic selenides. Although numerous
reports on the synthesis of organoselenium compounds
have already been published,1,2 most of them, with the ex-
ception of two recent reports,3 usually require the han-
dling of unstable reagents, strongly acidic or basic
reaction conditions, and two-step procedures. Hence, the
development of a one-step synthetic method using stable
reagents under neutral conditions is in demand.

In the last decade, organometallic reactions in aqueous
media have attracted considerable attention in organic
synthesis.4 Recently, transition metal selenolates or com-
plexes have been widely used in synthesis of organo-
selenium compounds,5–7 but reports exploring zinc
selenolates are rare.8–10

As a part of our work in aqueous organometallic reactions,
we wish to report herein that zinc powder promotes cleav-
age of the Se-Se bond to form selenide anion (RSe–). This
species can then react with active organic halides such as
benzyl halides, a-haloesters, a-haloacids, and chloroace-
tonitrile to afford unsymmetrical selenides in good to
excellent yields at 65 °C (Scheme 1). To our knowledge
Reformatsky-type reactions in aqueous organometallic
reaction conditions are not generally successful.4b

Scheme 1

We found that under mild, atmospheric, and neutral con-
ditions, zinc benzyl and arylselenolates 2, readily pre-
pared in situ from the reductive cleavage of the Se-Se
bond of dibenzyl and diaryl diselenides, reacted readily
with the above halides in acetonitrile–water to give un-
symmetrical selenides 3. All of the reactions studied pro-
ceeded smoothly to give the corresponding selenides with
yields ranging from 64–98% (Table 1).11 The reaction of
diaryl diselenides with benzyl bromide (entries 1 and 3)
took place faster with higher yields than the others. The
results clearly show the need for longer reaction times for
benzyl chloride (entries 9 and 10), giving the products
with lower yields. The effects of several solvents were ex-
amined and the best results were obtained with an aceto-
nitrile–water (7:1) system. It is noteworthy that, while
diaryl diselenides reacted conveniently with the halides
merely in the presence of metallic zinc, the reaction of
dibenzyl diselenide (entries 2 and 5) with these halides did
not take place in the absence of aluminum chloride. An
important feature of this method was seen with bromo-
acetic acid, which reacted directly with the zinc phenyl-
selenolate intermediate to give a-phenylselenoacetic acid
in 73% yield. No evidence was found for the formation of
benzeneselenol.

To conclude, an efficient one-pot synthetic method of un-
symmetrical selenides has been developed through the
zinc-mediated reaction of diselenides with active organic
halides. The present method has the advantages of opera-
tional simplicity, neutral, mild reaction conditions, high
isolated yields of products, lack of toxicity, and low costs.
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Table 1 Preparation of Unsymmetrical Selenides via Zinc Selenolate Anion Intermediate

Entry R1 R2X Reaction time (h) Producta Yield (%)b

1 Ph PhCH2Br 0.2 PhSeCH2Ph12 98

2c PhCH2 PhCH2Br 5 PhCH2SeCH2Ph12 72

3 p-ClC6H4 PhCH2Br 0.5 p-ClC6H4SeCH2Ph13 98

4 Ph BrCH2CO2Et 1 PhSeCH2CO2Et14 89

5c PhCH2 BrCH2CO2Et 5.5 PhCH2SeCH2CO2Et15 70

6 p-ClC6H4 BrCH2CO2Et 3 p-ClC6H4SeCH2CO2Et15 71

7 Ph ClCH2CN 4 PhSeCH2CN14 82

8 p-ClC6H4 ClCH2CN 6 p-ClC6H4SeCH2CN15 87

9 Ph PhCH2Cl 3 PhSeCH2Ph12 64

10 p-ClC6H4 PhCH2Cl 2 p-ClC6H4SeCH2Ph12 66

11 Ph CH3CHBrCO2CH3 5.5 PhSeCH(CH3)CO2CH3
16 77

12 Ph BrCH2CO2H 6 PhSeCH2CO2H
14 73

a References of the known compounds.
b Yields refer to those of pure isolated products characterized by IR and 1H NMR spectroscopic data.
c In the presence of AlCl3.
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