
Mendeleev
Communications

Mendeleev Commun., 2010, 20, 20–21

– 20 –© 2010 Mendeleev Communications. All rights reserved.

Synthesis of vinylphosphine oxides: 
vinyl selenides as vinylating agents

Nataliya A. Chernysheva, Svetlana V. Yas’ko, Nina K. Gusarova and Boris A. Trofimov*

A. E. Favorsky Irkutsk Institute of Chemistry, Siberian Branch of the Russian Academy of Sciences, 664033 Irkutsk, 
Russian Federation. Fax: +7 3952 41 9346; e-mail: boris_trofimov@irioch.irk.ru

DOI: 10.1016/j.mencom.2010.01.008

2-(Alkylselanyl)ethyl(diorgano)phosphine selenides readily accessible from secondary phosphine selenides and alkyl vinyl
selenides react with aqueous solution of hydrogen peroxide to form vinylphosphine oxides in high yields.

Vinylphosphine oxides are highly reactive building blocks widely
used in organic synthesis.1–4 They react readily with various
nucleophilic1–3 and other4 reagents to afford functionalized phos-
phine oxides. The latter are promising chemolabile ligands5 for
the design of metal complex catalysts, antipyrenes,6 extractants
of noble, rare-earth and transuranic elements7 and coordination
media for the synthesis of semi-conducting nanomaterials.8

Common procedures for the preparation of vinylphosphine
oxides based on the application of toxic phosphorus halides and
organometallic compounds9 are laborious and do not meet to
modern environmental requirements. It has been briefly reported
that vinyl diorganyl phosphine oxides can be obtained in up to
34% yields by the heating of alkyl vinyl sulfoxides and secondary
phosphine oxides in the KOH–DMSO system.10 Recently, it was
shown11 that diphenyl[2-(phenylsulfinyl)ethyl]phosphine oxide
synthesized from diphenylphosphine oxide and phenyl vinyl
sulfoxide reacts with sodium amide to form diphenyl(vinyl)-
phosphine oxide in 55% yield.

Here, we report a new convenient approach to the synthesis
of vinylphosphine oxides. It involves treatment of available
2-(alkylselanyl)ethyl(diorgano)phosphine selenides with an
aqueous solution of hydrogen peroxide. 2-(Alkylselanyl)ethyl-
(diorgano)phosphine selenides can be prepared easily by radical
addition of secondary phosphine selenides to alkyl vinyl sele-
nides12 (Scheme 1).

The experiments have shown that the heating (53–56 °C, 15 h)
of 2-(hexylselanyl)ethyl(diorgano)phosphine selenides 1a,b in
the H2O2–H2O–acetone system affords vinylphosphine oxides
2a,b in high yields (Scheme 2).†

The reaction proceeds via initial oxidation of phosphine sele-
nides 1 to phosphine oxides 3 (observation of elemental selenium
extrusion), which have been identified in the first step of the
reaction using a 31P NMR technique.12 Further heating of alkyl-

selanylphosphine oxides 3 in the H2O2–H2O obviously results
in corresponding unstable selenoxides 4, which underwent splitting
(typical of dialkyl selenoxides13) to furnish vinylphosphine oxides
2 along with 1-hexaneselenenic acid (Scheme 3).
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† 1H and 31P NMR spectra were recorded on a Bruker DPX-400 instrument
(400.13 and 161.98 MHz, respectively) using HMDS as an internal standard
and 85% H3PO4 as an external standard.

General procedure for the preparation of compounds 2a,b. To a solu-
tion of phosphine selenide 1a,b (0.5 mmol) in acetone (3 ml) heated to
44–46 °C, 35% aqueous hydrogen peroxide (0.09 ml, 1 mmol) was added.
Red residue was precipitated. The reaction mixture was stirred using
magnetic stirrer at 53–56 °C for 5 h and analyzed by 31P NMR technique.
In the spectra, signals of initial phosphine selenides 1a,b were not
observed, and new signals assigned to compounds 3 and 2 appeared.
35% aqueous hydrogen peroxide (0.18 ml, 2 mmol) was added to the
mixture and the mixture was stirred for another 10 h at 53–56 °C (the
consumption of hydrogen peroxide was controlled by quantitative reaction
with iodide-ions). After the reaction completion, in the 31P NMR spectra,
the sole signal due to vinylphosphine oxides 2a,b was observed. The
residue precipitated was filtered off and washed consecutively with water
and acetone. The residue was dried in a vacuum to give 0.038 g of
elemental selenium. Found (%): Se, 97.52 (elemental analysis). The filtrate
was alkalized with an aqueous solution of K2CO3 (pH 8–9), extracted with
chloroform (5×5 ml) and dried over K2CO3; chloroform was removed
under lowered pressure; the residue was dried in a vacuum to afford
vinylphosphine oxides 2a,b.

Diphenyl(vinyl)phosphine oxide 2a. Yield 0.105 g (92%). Colourless
crystals, mp 116 °C (ethyl acetate). 1H NMR (CDCl3) d: 6.21–6.37 (m,
2H, =CH2), 6.60–6.73 (m, 1H, CH=), 7.48 (6H, Ph), 7.68 (4H, Ph).
31P NMR (CDCl3) d: 24.0. Physicochemical and spectral (1H, 31P NMR)
characteristics are identical to those of a sample described in an earlier
publication.11

Diphenethyl(vinyl)phosphine oxide 2b. Yield 0.122 g (86%). Colourless
crystals, mp 91 °C (acetone). 1H NMR (CDCl3) d: 1.99–2.10 (m, 4H,
CH2P=O), 2.82–2.96 (m, 4H, CH2Ph), 6.13 (m, 1H, =CH2), 6.27 (m, 1H,
=CH2), 6.37 (m, 1H, CH=), 7.15–7.29 (m, 10H, Ph). 31P NMR (CDCl3)
d: 36.3. Physicochemical and spectral (1H, 31P NMR) characteristics are
identical to those of a sample described in earlier publications.10,14
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The spectral characteristics (1H, 31P NMR) of compounds
2a,b are identical to those described in literature.10,11,14

In conclusion, we found for the first time that alkyl vinyl
selenides (readily prepared from elemental selenium, acetylene
and alkyl bromides15) are convenient vinylating agents of secondary
phosphine chalcogenides, and they can be successfully used for
the synthesis of important vinylphosphine chalcogenides (in our
case, vinylphoshine oxides).

The work was supported by the Russian Foundation for
Basic Research (grant no. 07-03-00562).
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