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Summary 

It is shown that electrode catalysis of substitution reactions can operate even for 
systems with rather slow chemical steps and, furthermore, for those which are 
electrochemically irreversible. A procedure is described for synthesis of 
Fe(CO)(PPh3)($-C,H5)COCH, from Fe(CO),($-C,H5)CH, and triphenylphos- 
phine. A simplified mechanism for the cata!ytic chain, is given and discussed in 
terms of the structure of the reacting species. 

Introduction 

Products of electrochemical (or chemical, in general) oxidation or reduction quite 
frequently undergo subsequent chemical reactions. The redox orbital concept [l] 
rationalizes this behaviour in terms of the tendency of the molecule to compensate 
for the change of electronic distribution caused by the redox process_ 

Generally, any process which causes the number of electrons in (M-L) r- or 
a-antibonding orbital to increase or that in (M-L) S-- or o-bonding orbitals to 
decrease labilizes the coordination sphere. Induced electron shifts or strong in- 
tramolecular interactions could exert the same labilizing influence [2]. This redox 
labilization might be such that after the redox process the molecule becomes 
intrinsically unstable and decomposes spontaneously. In most cases, however, the 
labilized primary product is stable unless there is a specific substance (X) present in 
the solution capable of reacting with it. This general principle can be used to tailor 
the final product of the electrode, or redox, reaction by the appropriate choice of X 

[31. 

Electrode Catalyzed Substitutioti Reactions (ECSR) 

A special case arises when the substitution .following the electrode reaction 
(A --, B) results in the formation of a species (C) which is a stronger reducing (or 
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only by a repeated electrolytic pulse. Detailed investigation of this phenomenon has 
shown that it is connected with the presence of impurities, traces of oxygen, 

proton-donors, etc.. which consume in side reactions or chemical back reaction of B 
into A. see above, the intermediates (i-e. B and C) and stop thus the catalytic chain. 
The overall charge consumed is thus not used to carry on the catalytic cycle but to 
protect it by removing traces of impurities or products of chemical back or side 
reactions. 

From the results described and known mechanism of reduction of Fe(CO)2(q’- 
CjH,)CH, [20] it can be concluded that the observed process follows the mechanism 
in which the main steps are described in Fig. 2_ 

Reaction B + C in Fig. 2 is obviously a complex process which can be rational- 
ized in a simplified way as described below. 

-4s was shown for compounds of the type Fe(CO),( q5-C,H5)X [ 16,19,21] the 
reduction proceeds in such a way that the first electron is accepted into a d-orbital 
which is involved in the a-system, i.e. reduction results in an increase of electron 
density in a-antibonding orbitals. This process results in the labilization of the 
coordination sphere and eventually in a subsequent fragmentation of the com- 
pounds_ The mechanism of this process, which tends to compensate for the un- 
favourable change in electronic density, depends strongly on the possible mechanism 
of stabilization of the fragments. For X = CH,, when no electrophiles are present 
which could trap the methyl group, an intramolecular process takes place within the 

one-electron reduction product. As a result a COCH,-group is formed, and one 
coordination site would become vacant. This site is occupied by phosphine, the 
ligation of which stabilizes the coordination sphere. 

Fe(CO)(PPh,)(.r15-C5H5)(COCH3) has been previously prepared by thermal reac- 
tion [IS,223 and was shown also to be formed in a photochemical reaction (see [23] 
and references therein)_ The thermal reaction is complicated by a subsequent 
decarbonylation at elevated temperatures. The photochemical reaction is not a 
simple process, and there has been some dispute about it. Our preliminary photo- 
chemical experiments, carried out in tetrahydrofuran, have revealed the formation of 
the acetyl compcund, but with several other by-products in substantial amounts. For 
the synthesis of Fe(CO)(PPh,)($-C,H,)(COCH,) the electrocatalyzed substitution 
seems to be the most satisfactory procedure, @vin, 0 high yields without any by-prod- 
ucts_ 
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