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A novel, convenient, atom-economic approach toward the synthesis of diselenophosphinic esters has
been developed via the three-component reaction between aryl- or hetarylalkenes secondary phos-
phanes, and elemental selenium. The reaction proceeds without a catalyst (85 �C, 3 h, 1,4-dioxane) to
afford the target compounds in good to high yields.
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Currently, the chemistry of diselenophosphinates is progressing
rapidly.1–5 These compounds are used extensively as convenient
single-source precursors of nanocrystalline materials,2 anionic
ligands for metal complexes,6 promising extractants of heavy
metals, and as building blocks for organic synthesis.3

Recently, increasing attention has been paid to the synthesis of
diselenophosphinic esters,3 R1

2P(Se)SeR2 (R1, R2 = alkyl or aryl),
which are selenium heteroanalogues of dithiophosphinates,
R1

2P(S)SR2. The latter are a known class of biologically active chal-
cogenophosphorus compounds.7 Taking into account that sele-
nium itself is a biologically important element and represents a
key active factor in numerous drugs,8 it might be expected that
replacement of the two sulfur atoms of the dithiophosphinates
by Se would allow new, promising drugs and pesticides to be
developed. In addition, diselenophosphinic esters are efficient inif-
erters (RAFT-agents) for pseudo-living radical polymerization of
alkenes.3c,d

At the same time, only two synthetic methods for the prepara-
tion of diselenophosphinic esters have been described. The most
common3a,c,d is based on a two-step sequence involving the oxida-
tion of monochlorophosphanes by elemental selenium (toluene,
120 �C, 3 h) and treatment of the intermediate selenophosphinic
chlorides with R2SeMgCl, prepared via an insertion reaction of
Grignard reagents with elemental selenium (Scheme 1).
ll rights reserved.

: +7 395241 93 46.
Trofimov).
Recently, a new approach3e for the synthesis of diselenophos-
phinic esters by the alkylation of diverse alkali metal dise-
lenophosphinates with primary organic halides has been
reported (Scheme 2). The starting alkali metal diselenophosphi-
nates were prepared from secondary phosphanes, elemental sele-
nium, and alkali metal hydroxides.4c

The objective of this Letter was to develop a conceptually new,
one-pot, atom-economic approach to the synthesis of diseleno-
phosphinic esters. We herein describe the three-component reac-
tion between secondary phosphanes, elemental selenium, and
alkenes.

The experimental results show that secondary phosphanes 1–3
react with elemental selenium and various aryl- or hetarylalkenes
4–9 under mild conditions (85 �C, 3 h, 1,4-dioxane, molar ratio
1–3:Se:4–9 being 1:2:1.2) to furnish previously unknown racemic
mixtures of chiral deiselenophosphinic esters 10a–i in good to high
yields (Table 1).9

The results (Table 1) demonstrate the generality of this new reac-
tion for the aryl- and hetarylalkene series. Indeed, diverse aryl- and
hetarylalkenes having functional, heterocyclic, and bulky substitu-
ents participate readily in this reaction. In many cases the synthesis
of the diselenophosphinic esters was almost quantitative. The only
exception was product 10d, the moderate yield of which probably
resulted from the presence of the bulky naphthyl group in starting
alkene 7 (Table 1, entry 4). In this case, the major by-product was
bis(selenophosphoryl)selenide, (R2PSe)2Se [R = Ph(CH2)2], which
was formed via a side reaction, as recently described,10 between
secondary phosphane 1 and elemental selenium.
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Scheme 1. Conventional synthesis of diselenophosphinic esters.
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Scheme 4. Possible mechanism for the three-component reaction between sec-
ondary phosphanes, elemental selenium, and alkenes.
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Scheme 2. Synthesis of diselenophosphinic esters via reaction of organic halides
with alkali metal diselenophosphinates prepared from secondary phosphanes,
elemental selenium, and MOH.
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The preparative advantages of the developed method are the
following: atom-economic, halogen-free and organometallic-free
protocols, simple experimental procedure and relatively mild con-
ditions. In addition, this new approach allows the synthesis of hith-
erto unknown diselenophosphinic esters bearing heterocyclic or
functional substituents. Bearing in mind that the starting second-
ary phosphanes 1–3 employed in this Letter are readily accessi-
ble11 from red phosphorus and vinylarenes or vinylhetarenes
(Scheme 3), this three-component reaction represents a concise
and expedient route to diselenophosphinic esters.

All the compounds synthesized are air-stable oils which are solu-
ble in most organic solvents and insoluble in water. Their structures
were established by 1H, 13C, 31P and 77Se NMR and IR spectroscopy.

The formation of diselenophosphinic esters via the three-com-
ponent reaction can be rationalized as follows: oxidation of the
secondary phosphane by elemental selenium gives a secondary
phosphane selenide A which is further oxidized by a second
Table 1
One-pot atom-economic synthesis of diselenophosphinic esters 10a–i from secondary pho

+ 2 Se +P H
R1

R1 R2

1-3 4-9

Entry Phosphane R1 A

1 1 Ph(CH2)2 4
2 1 Ph(CH2)2 5
3 1 Ph(CH2)2 6
4 1 Ph(CH2)2 7
5 1 Ph(CH2)2 8
6 1 Ph(CH2)2 9
7 2 4-MeOC6H4(CH2)2 5
8 3 2-Furyl(CH2)2 8
9 3 2-Furyl(CH2)2 9

a Reaction conditions: secondary phosphane 1–3 (1.0 mmol), alkene 4–9 (1.2 mmol),
b Yield of isolated product after flash chromatography.
c Yield of isolated product after column chromatography.
equivalent of elemental selenium to provide diselenophosphinic
acid B. The addition of the latter to the alkene results in dise-
lenophosphinates (Scheme 4).

Formally, this reaction is assumed to be the first example of the
addition of diselenophosphinic acids R2P(Se)SeH (unknown so far)
to alkenes. Certainly, this type of addition is electrophilic in nature
and proceeds regioselectively in agreement with Markovnikov’s
rule allowing diselenophosphinates with a SeCH(R2)Me structural
unit to be prepared. Until now, only one representative of such
compounds has been described.3d The generation of the intermedi-
ate diselenophosphinic acids is in keeping with the result obtained
for 2-vinylpyridine, which as an organic base gives, instead of the
expected adduct, a salt-like product. According to the electrophilic
character of the addition, the key intermediate of this step should
be a carbocation +[CHR2(Me)], which in the case of aryl- or
hetarylalkenes is stabilized by the adjacent aromatic or heteroaro-
matic moieties, R2. This is additionally supported by the fact that
when R2 = alkyl, and is less able to stabilize the neighboring
sphanes 1–3, elemental selenium, and aryl- or hetarylalkenes 4–9a
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Scheme 5. One-pot synthesis of diselenophosphinate 10a from a secondary
phosphane selenide, elemental selenium, and styrene.

N. K. Gusarova et al. / Tetrahedron Letters 52 (2011) 6985–6987 6987
positive charge, the three-component reaction does not take place
(as was the case with 1-octene).

Besides, the mechanism proposed (Scheme 4) is in agreement
with our finding that bis(2-phenethyl)phosphane selenide reacts
with one equivalent of elemental selenium and one equivalent of
styrene under the same conditions (85 �C, 3 h, 1,4-dioxane) to form
diselenophosphinate 10a in 86% yield12 (Scheme 5).

The synthesis of diselenophosphinic esters reported here is
strictly atom-economic: in most cases, all the starting materials
are consumed to produce the target compounds with no side prod-
ucts being observed.

To summarize, a new, efficient, atom-economic, three-compo-
nent reaction between alkenes, secondary phosphanes, and
elemental selenium to give previously unknown diselenophosphi-
nic esters has been discovered and elaborated. The results contrib-
ute to the fundamental chemistry of organic phosphanes, elemental
selenium, and alkenes, as well as to the synthesis of organoseleno-
phosphorus compounds via multi-component reactions. Diseleno-
phosphinic esters represent promising building blocks, potential
precursors of drugs, and active iniferters (RAFT-agents).
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