C11

Journal of Organometallic Chemistry, 346 (1988) C11-C14
Elsevier Sequoia S.A., Lausanne — Printed in The Netherlands

Preliminary communication

Reactivity of hypervalent species of silicon: reduction of CO,
to formaldehyde with formation of silanone

P. Arya, J. Boyer, R.J.P. Corriu *, G.F. Lanneau, M. Perrot

Unité Mixte CNRS/Rhdne-Poulenc /USTL, Institut de Chimie Fine, Université des Sciences
et Techniques du Languedoc, Place E. Bataillon, F-34060 Montpellier Cedex (France)

(Regu le 24 février 1988)

Abstract

Carbon dioxide can be converted into formaldehyde by insertion into the Si-H
bond of a pentacoordinated organosilane, followed by decomposition of the product
under mild conditions. The transient formation of silanone in this decomposition
has been demonstrated by trapping with (Me,SiO),.

For almost 30 years, chemists have postulated that metaphosphates are inter-
mediates in the hydrolysis of phosphorus esters [1-3*], but only recently have
analogous silanones been considered as possible intermediates in the solvolysis of
polyfunctional silyl derivatives [4]. Except for this solvolysis, the formation of
transient silanones usually required drastic conditions, and such silanones have
either been directly observed only by matrix isolation techniques or their participa-
tion inferred from trapping experiments [5,6*,7-16]. The present paper describes
the formation of transient silanones during the thermal decomposition of a pentaco-
ordinated silyl ester under mild conditions.

The reducing properties of silicon hydrides are enhanced by intramolecular
pentacoordination. We have recently described the catalyzed exchange reaction of
dihydrogenosilanes with carboxylic acids [17-19]. The addition process with carbonyl
derivatives is much slower and gives mono addition [18]. We have now investigated
the reaction of carbon dioxide with the highly reactive pentacoordinated silicon
hydride 1 (Scheme 1).

* This and other references marked with asterisks indicate notes occurring in the list of references.
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Scheme 1

The reaction is fast, almost quantitative, and can be performed at low tempera-
ture. We obtain the same product 2 from either formic acid or CO,. The silyl
formate 2 is stable at room temperature for weeks [20*].

Heating the mixture at 65-85°C for 2 h under argon results in the decomposi-
tion of the silyl ester with evolution of formaldehyde (which is immediately trapped
with 2 4—d1mtr0pheny1hydraz;me) The residue consists solely of the trimer 4 [21*]. If
the decomposmon is performed in the presence of an excess of (Me,SiO); the major
product corresponds to the insertion of the silanone 3 into the six-membered ring
siloxane [22*] (Scheme 2).

A possible decomposition mechanism could involve the transient formation of a
siladioxetane, which would be highly unstable and undergo fragmentation to
silanone and formaldehyde [15,23].
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Scheme 3

Two factors which may account for the ease of decomposition of the silyl formate
to silanone are as follows:

(1) Step 1 is favoured by increased reactivity of the Si-H bond arising from
intramolecular coordination [24]; pentacoordination is indicated by the '"H NMR
data for 2.

(2) The presence of an amino group stablhses the transient silanone, and lowers
the energy barrier for the overall process. There is evidence that low valent silicon
species (like their phosphorus analogues) are stabilized by external coordination
with nucleophiles [25-29].

It should be noted that the cyclic oligomerization gives only the trimer; no
formation of the tetramer was ever observed.

The one pot reaction described provides a very mild method of converting CO,
into formaldehyde, through the silyl ester of formic acid. It emphasizes the potential
of pentacoordinated hydrogenosilanes as reactive synthons in organometallic chem-
istry, since both steps of the addition-elimination process are facilitated by coordi-
nation of the nitrogen at the silicon center. (For comparison, the [PPh;];RuCl,
catalytic addition of CO, to Et,MeSiH at 100°C gives only 14% of diethylmethyl-
silylfformate [30]. Such an ester is thermally stable and can be distilled.) In view of
the case of reaction of carbon dioxide with the pentacoordinate organosilicon
hydrides, we plan to extend our studies to insertions of other heterocumulenes.
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