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Abstract

Red phosphorus reacts with 1-(tert-butyl)-4-vinylbenzene in a superbase media (KOH–DMSO, 90–100 �C, 3 h) to give tris[4-(tert-
butyl)phenethyl]phosphine oxide in 77% yield. Microwave activation of the reaction affords the phosphine oxide in 82% yield in 6 min.
� 2008 Elsevier Ltd. All rights reserved.
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The easy addition of phosphorus-centered nucleophiles,
generated in situ from red phosphorus (Pn) in a superbasic
KOH–DMSO system, to styrenes 11 yielding secondary 2

and tertiary 3 phosphine oxides (Scheme 1) remains fasci-
nating from a mechanistic point of view.2 Indeed, styrenes
are unusual electrophiles. To the best of our knowledge,
there are no explicit examples of nucleophilic addition to
their double bond except for the reaction of the CH-acid,
2-methylpropanoic acid, with styrene under special forced
superbasic conditions (sodium naphthalenide–TMEDA–
THF).3 Meanwhile the nucleophilic character of the above
reaction is strongly supported by the fact that it does not
proceed without alkali metal hydroxides and in the pres-
ence of radical initiators, being also unaffected by typical
inhibitors of radical processes.1b,2

Until now, tris(phenethyl)phosphine oxide 3 is still the
only representative of the family of tris(arylethyl)phos-
phine oxides.

Tertiary phosphine oxides are used widely as Wittig–
Horner building blocks or for tertiary phosphine genera-
tion,4 ligands for metal complexes (particularly those phos-
phine oxides having bulky and branched substituents5),
intermediates for the design of nano-electronic materials,6
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extractants of noble, rare-earth and transuranic elements,7

and flame retardants.8

Therefore, evaluation of the generality of the above syn-
thesis (Scheme 1) is timely. Since electron-donating substit-
uents on the benzene ring should slow down the
nucleophilic addition to the double bond of vinylbenzene,
we chose ‘a difficult’ case: 1-(tert-butyl)-4-vinylbenzene,
as a substrate. Our purpose was threefold. Firstly, if the
reaction occurs with good preparative results, other alkyl
substituted vinyl benzenes should also undergo the addi-
tion. Secondly, the syntheses of strongly branched bulky
triarylethylphosphine oxides would probably be realized.
Thirdly, valuable information concerning the substituent
effect on the nucleophilic addition would be obtained
allowing better understanding of the mechanism.

We have found that red phosphorus reacts with tert-
butylstyrene 4 in a KOH–DMSO suspension (including
�1.1 mass% H2O as a proton transfer agent and
�0.1 mass% of hydroquinone as a radical inhibitor) under
an argon blanket at 90–100 �C for 3 h to give tris[4-(tert-
butyl)phenethyl]phosphine oxide 5 and 4-(tert-butyl)phen-
ethylphosphinic acid 6 in 77% and 17% yields, respectively
(Scheme 2).9 The corresponding secondary phosphine
oxide 7 (traces) was also detected (31P NMR) in the
reaction mixture.9

A microwave irradiation promoted version of the reac-
tion (with the same reactants ratio) delivered (in 6 min)
phosphine oxide 5 as the only product in 82% yield (neither
phosphine oxide 7 nor acid 6 was detected in the reaction
mixture). Thus, the reaction was more effective, as well as
chemospecific and rapid (30 times faster).10

In spite of the branched structure and reduced electro-
philicity of the starting tert-butylstyrene 4, the reaction
did not stop during the initial steps of the intermediate pri-
mary and secondary adduct formation. This proves that
the rate-determining steps include the cleavage of the
elemental phosphorus P–P bond (probably occurring in
phosphorus nanoparticles) by hydroxide anions to form
highly active P-centered nucleophiles and their further
addition to the tert-butylstyrene 4 double bond affording
the mono-adducts. As far as the reaction proceeds under
oxygen-free conditions, it is obvious that the initial nucleo-
philes are polyphosphinite type anions 8 (Scheme 3).

In this case, DMSO does not act as an oxidant since
under the conditions studied, phosphine (PH3) adds to

styrene to give the corresponding secondary11a or ter-
tiary11b phosphines (but not phosphine oxides).

Apparently, the polyphosphinite anion clusters 8 thus
formed (Scheme 3) possess much higher nucleophilicity
compared to simple phosphinite anions (O@P�). This
inference is experimentally supported by the fact that the
model reaction of tert-butylstyrene 4 with KH2PO2 (the
latter and PH3 are the products of the redox reaction of
red phosphorus with KOH)2a under the same conditions
gave only traces of the organophosphorus compounds
(31P NMR).

Despite the comparable preparative yields of the corres-
ponding tertiary phosphine oxides from styrene12 and tert-
butylstyrene 4, a competitive reaction13 (Fig. 1) indicates
that 4 is, as expected, much lower in reactivity than unsub-
stituted styrene. Indeed, the conversions of styrenes 1a and
4 (equimolar ratio) in the phosphorylation with red phos-
phorus were 89% and 40%, respectively (Fig. 1).

Consequently, according to 31P NMR monitoring
(Fig. 2), the rates of formation of the adducts 2a and 3 in
the case of styrene are considerably higher than those of
adduct 7 formed from tert-butylstyrene 4. The mixed sec-
ondary phosphine oxide 9 (31P NMR: 32.04 ppm, 1JP,H

452 Hz) was also detected in the reaction mixture (Fig. 2).13

In conclusion, a one-pot chemoselective synthesis of
novel tertiary phosphine oxide 5 in up to 82% yield directly
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