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Abstract: In this account, we describe how some organic diselenides were successfully used in the past as
reagents for asymmetric stereoselective synthesis and more recently as precursors of catalysts and reagents
applied in new green protocols. A biomimetic approach offered the possibility to perform oxidative reactions us-
ing hydrogen peroxide as oxidant and water as medium affording the desired products in excellent yields under
mild conditions. The umpolung of the selenium atom gave novel nucleophilic reagents having a strongly acceler-
ated reaction rate in on water conditions. Finally, the use of diselenides to exploit specific biological activities is
described here as seminal examples of a promising field of research currently under investigation in our group.
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1. Introduction

During the last decades organosele-
nium derivatives have become attractive
compounds for several research groups
interested in chemo-, regio- and stereose-
lective synthesis, catalysis, green chem-
istry as well as in many biological activi-
ties that were recently proved for some
selenium-containing molecules.[1] The in-
troduction of an organoselenium moiety
into an organic substrate can be achieved
using electrophilic, nucleophilic, or radi-
cal selenium species that are readily ac-
cessible starting from the corresponding
diselenides by oxidation, reduction or
homolytic cleavage of the Se–Se bond,
respectively. Diselenides, compared to
the corresponding reactive derivatives,
are considerably easier to handle and are
normally stable under atmospheric condi-
tions. This account will take in consider-
ation some aspects of our research that in
the last 20 years have dealt with the use
of diselenides in asymmetric synthesis,
catalysis, reaction in on water conditions
and the development of new biologically
active selenium compounds. Because

many of these results have already been
collected in review articles and book
chapters,[2] this account will be more fo-
cused on some recent developments.

2. Enantiomerically Pure
Diselenides in Asymmetric
Synthesis

Since the early 1990s the optimization
of a series of efficient procedures to pre-
pare enantiomerically pure diselenides al-
lowed their use in asymmetric synthesis as
catalysts in metal-mediated conversion as
well as precursors of electrophilic reagents
successfully applied in various stereose-
lective selenoaddition reactions. In both
cases the presence of a neighbouring het-
eroatom to the selenium proved to be man-
datory for the selectivities. In the first case,
the heteroatom cooperates with selenium
on metal chelation while in the second it
establishes a non-bonding interaction with
the electrophilic centre affording more rig-
id transition states and bringing the chiral
moiety near to the reaction centre during
the nucleophilic attack of the double bond.

Some examples of diselenides that were
successfully used in asymmetric synthesis
are reported in Fig. 1.

Diselenides 1 and 2 were used as cata-
lysts for the diethyl zinc addition to benzal-
dehydes affording the corresponding alco-
hol in 96% and 97% ee, respectively. This
evidenced a positive effect of both the sec-
ond chiral centre (2) and of a bulky group
in suitable position to force the heteroatom
close to selenium facilitating the coordina-
tion of the zinc (1).[3,4]

Concerning the electrophilic addition
to C=C, the nature of the heteroatom as
well as the anion of the positively charged
selenium was demonstrated to be crucial
in term of reactivity and selectivity.[2e,5]
Sulfur-containing diselenides were proven
to be the most efficient, affording many
intra- and intermolecular addition reac-
tions generally in good yield and good
stereoselectivities in milder reaction con-
ditions compared to nitrogen- or oxygen-
containing derivatives. Among the several
stereoselective conversions reported us-
ing electrophilic reagents generated by 4
and 5 (Fig. 1), particularly interesting was
the first example of azido selenenylation
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Fig. 1. Selected examples of enantiomerically pure diselenides.
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ed hydrogen peroxide positively affect the
greenness of the reaction and prompted us
to further investigate the applicability of
these protocols in other oxidative conver-
sions (Scheme 3).

When the oxygen transfer involves
an olefin bearing, in a suitable position, a
nucleophile able to promote the intramo-
lecular ring opening of the epoxide, the re-
action leads to the formation of functional-
ized heterocycles (hydroxy lactones if the
nucleophile is a carboxylic acid or hydroxy
tetrahydrofurans or tetrahydropyrans if the
internal nucleophile is an alcohol) in good
yieldinonwaterconditions(Scheme3b).[12]
Also in these cases the reaction is highly
stereoselective affording almost exclusive-
ly the trans-disubstituted compounds and,
only in the presence of an aromatic sub-
stituent on the double bond, the ring open-
ing via S

N
1 becomes competitive affording

a syn/anti mixture in a ratio of 15:85. Very
recently this reaction has been performed
in continuous mode using a standard flow
reactor and, to the best of our knowledge,
this is the first example in which selenium
catalysts have been successfully applied in
flow conditions.[12b]

Stoichiometric amounts of hydrogen
peroxide in the presence of a catalytic
amount of benzenselenenic acid promote
the synthesis of variously functionalized

that allowed the preparation of a series
of optically enriched nitrogen-containing
derivatives.[6] To the best of our knowl-
edge we also reported the first example
of non-enzymatic kinetic resolution of
allylic alcohols through an electrophilic
methoxyselenenylation reaction[7] and,
more recently, the kinetic resolution of
2-cabomethoxy-3-alkenols exploiting a
cyclofunctionalization with the formation
of functionalized tetrahydrofurans.[8] In
both cases half equivalent of electrophilic
reagent activates the stereoselective inter-
or intramolecular addition to the double
bond leaving unreacted half equivalent of
enantiomerically enriched starting mate-
rial. The yields are generally good and the
enantiomeric excess ranges from 70% up
to 95% (Scheme 1)

An interesting two-step, one-pot sele-
nenylation-deselenenylation reaction was
performed using ammonium persulfate
as oxidant for both steps: i) it generates
the electrophilic species starting from a
diselenide and ii) it activates the selenide
intermediate toward the elimination or the
substitution. Using this protocol a catalyt-
ic amount of diselenide 3 was employed
to transform β,γ-unsaturated ester 6 into
the corresponding allylic ether 7 in 50%
yield and 94% ee. The same reaction was
also performed using diselenide 5 and pro-
ceeded faster (68 h vs 110 days) but con-
siderably less enantioselective (78% ee).
(Scheme 2).[9]

3. Diselenides in Catalytic Oxidation

More recently, we directed our inter-
est to biomimetic catalytic applications
of diselenides. In particular we exploited
the ability of selenium in oxygen transfer

reactions with a mechanism that mimics
that of the enzyme glutathione peroxidase.
Selenium-catalyzed epoxidations are well
known processes[10] and we recently dem-
onstrated that in the presence of water a
subsequent ring-opening reaction affords
the formation of vicinal diols.[11] In this
case the actual catalyst is a perseleninic
acid generated by the oxidation of a disel-
enide in the presence of hydrogen perox-
ide. The epoxide intermediate is opened
prevalently by an S

N
2-type reaction af-

fording the anti-disubstituted derivatives
stereoselectively. Using selenocystine (l-
Sec

2
) as a catalyst, the dimer of the natural

amino acid, the reaction can be performed
in water as medium allowing to recover
and reuse the aqueous phase containing
the catalyst for at least five cycles with
only a moderate decrease in yield.[11b] The
recyclability of the catalyst dissolved in
the reaction medium in addition to the
use of an eco-friendly oxidant like dilut-
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Among the other applications reported
in literature worth of mentioning is the use
of PhSeZnCl in on water conditions for
the ring opening of an epoxy keto ester as
precursor of an allylic alcohol during the
total synthesis of the biologically active
metabolite idesolide.[20]

More recently the same reagent has
been used for the post-synthetic modifica-
tion of a poly(glycidyl methacrylate) poly-
mer affording a series of derivatives with
high refractive index that can bemodulated
by varying the selenium concentration.[21]
During the last year PhSeZnCl became
commercially available, demonstrating the
growing interest in the use of this reagent
in organic synthesis mainly due to the pos-
sibility to enable selenenylation reactions
in mild and easy conditions.

5. Diselenides Endowed with
Biological Activity

Diaryl diselenides were reported to be
mimics of glutathione peroxidase (GPx)
and a number of different functionalities
were investigated to better understand the
role of neighbouring heteroatoms inmodu-
lating the electrophilicity of the selenium
atom and, as a direct consequence, its GPx-
like activities.[1]

We investigated a series of diselenides
(Fig. 2) functionalized with carboxyl
groups in the ortho position with respect

to the selenium atom, obtaining structures
(8 and 9) that showed a GPx-like activ-
ity largely higher than that observed for
Ebselen (usually taken as a reference).[22]
Interestingly the same structures were
also able to inhibit the formation and pro-
mote the dispersion of biofilms of bacte-
ria and fungi envisioning the possibility
of their application as good candidates
of new therapeutic applications in acute
wound infections as well as chronic skin
diseases such as diabetic foot ulcers.[23]
Furthermore we also investigated a series
of amido-decorated diaryl diselenides as
inhibitors of the NucleoCapsid protein
7 (NCp7) that plays a crucial role in the
replication of HIV virus. Diselenide 10
showed an appreciable selectivity index
higher than the sulfur analogues. The an-
tiviral activity of these diselenides is ef-
fectively due to the inhibition of the NCp7
plausibly by interacting with the zinc fin-
ger domain and promoting the extrusion
of the metal.[24]

Finally, the diselenide 10 was select-
ed to demonstrate, for the first time, the
hormetic effect of a selenium-containing
compound. Compound 10 is able to pro-
duce a mild oxidative stress stimulating
the self-protection mechanism of the cell
and activating the synthesis of proteins
able to detoxify reactive oxygen species.
The global result is an enhanced resis-
tance of the cell to a stressogenic treat-
ment with H

2
O

2
.[25]

carboxylic acids starting from the corre-
sponding aldehydes in good to excellent
yields (Scheme 3c).[13] In most cases the
reaction can be performed without the use
of any organic solvents because the acids
precipitate in water and can be recovered
by filtration. In this way, starting from
benzaldehyde, the catalyst and the water
were recovered and reused five times per-
forming the gram scale synthesis of ben-
zoic acid in 87% yield and pharmaceutical-
grade purity. When an alcohol was used in
the place of water the corresponding esters
were obtained in very high yields suggest-
ing the formation of a hemiacetal as inter-
mediate in the reaction mechanism.

4. Diselenides as Precursors of
Nucleophilic Reagents

Reductive cleavage of diselenides is a
common procedure to form in situ nucleo-
philic selenium reagents that are versatile
agents for the introduction of a selenium
moiety into organic molecules. Several re-
ducing agents, including LiAlH

4
, NaBH

4
,

Na/NH
3
, Bu

3
SnH, have been reported

under basic as well as neutral conditions
for the preparation of selenates starting
from diselenides.[14] Our contribution in
this field started ten years ago when we
described a simple and efficient method
to use zinc in a biphasic acidic system for
the reduction of different diselenides and
the reaction of the resulting selenate/sele-
nol mixture with different electrophiles.[15]
This methodology has been successfully
applied to a number of reactions: the ring
opening of epoxides[15a] and aziridines,[16]
nucleophilic substitution of alkyl and acyl
halides,[15a,b] hydroselenation[15c] and in
the synthesis of peptides.[17] An important
extension of these studies resulted from
the demonstration that, starting from the
electrophilic PhSeCl or PhSeBr (that can
be conveniently prepared from diphenyl
diselenides), the treatment with elemental
zinc produces the umpolung of the seleni-
um atom affording the first class of bench-
stable selenates PhSeZnCl and PhSeZnBr
recently named as Santi’s reagents (SR).[18]
An in-depth investigation of the reactivity
of these reagents evidenced an unexpected
rate acceleration under on water condi-
tions for several classes of reactions (sum-
marized in Scheme 4): i) catalytic aero-
bic oxidation of thiols into correspond-
ing disulfides,[18b] ii) nucleophilic alkyl,
aryl, vinyl and acyl substitution,[18a,c,d]
iii) Michael-type addition reaction,[18e]
iv) ring opening of epoxides.[18a]Braga and
co-workers reported the use of the SR for
the ring opening of aziridines[19] but in this
case it was necessary to use a ionic liquid
as easily and efficiently recoverable me-
dium.
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Scheme 4. Synthesis and on water reactivity of PhSeZnCl.
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