14 Catalytic Synthesis of the Esters from P, and Alcohols
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Results and discussion

We have carried out reactions between white phos-
phorus and alcohols under aerobic atmosphere in the
presence of two types of catalysts, either CuX; or
FeX. Table 1 summarises the conditions used for all
the experiments and the results. It should be empha-
sised that no organophosphorus products but only
phosphorus oxides such as P,O, and P,O pare yielded
in the absence of the catalysts. In order to fasten the
phosphorylation reactions, the metal salt 1sused in a
large amount, between 0.7 and 4.0 equivalent of metal
salt for each P,. Such a large amount of catalyst is
needed for productivity and safety reasons. Indeed,
P, is introduced in the reaction under aerobic condi-
tions, and the only way to preclude its radical chain

reaction with O,, which affords various phosphorus
oxides, is to use also the catalyst as electron receptor.

Catalyst CuX,

At using the CuX; catalysts, the reaction solution
is characterised by a versatile colour in the course of
the experiment. The initial transparent green alcohol
solution of CuCl, is immediately converted in a tur-
bid brown at adding the arene solution of Py at 60°C.
In the course of air barbbling, the reaction solution is
gradually clearing up to a colourless solution includ-
ing white residue of CuCl. Finally, the residue is
gradually disappeared, afterwards the catalytic solu-
tion is again turned in a transparent green one, as at
the beginning of the reaction. The catalytic solution
colour is determined by the correlative rates of the
reduction of Cu(ll) by P, and the oxidation of Cu,
Cu(l) by oxygen. White smoke of phosphorus oxides
above the catalytic solution is not observed. This
means that the branched-chain route of the P, oxida-
tion in the gas phase is precluded. Under optimal reac-
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