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Summary

Electrochemical oxidation of (%-1,3,5-Me;CsH;)Cr(CO); in the presence of
P(OEt), with subsequent electrochemical reduction results in the formation of a
(7-1,3,5-Me,C,H)Cr(CO),[P(OEt);] and (%-1,3,5-Me;CoH;)Cr(CO)P(OEY);],
mixture. Under similar conditions (7n°-arene)Cr(CO);, where arene = 3,5-
Me,C,H;(CH,),0OPR, (R = OEt,OPh,F), yields the corresponding arenephosphite
chelate complexes.

The substitution of a carbonyl ligand in arenechromium tricarbonyl complexes
takes place only under UV irradiation [1]. We have shown that an analogous
reaction proceeded also during preparative electrochemical oxidation of these com-
pounds. It was found that the oxidation of I at a Pt electrode in CH;CN medium in
the presence of P(OEt), and subsequent reduction resulted in the formation of
compounds IT and III in a total yield of 26%. The first stage of the electrochemical
oxidation of arenechromium tricarbonyl complexes is known to include the abstrac-
tion of one electron yielding a cation-radical of type IV [2]. Therefore, the formation
of II and III demonstrates the possibility of CO substitution occurring in complex
1V, where the positive charge must weaken a Cr-CO bond.
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The substitution of CO in CpMn(CO), by P(OEt); proceeds similarly but with
predominant formation of the disubstituted product. Arenechromium tricarbonyl
complex Va with a diethylphosphite group in the w-position of the side chain yields
chelate complex VIa under the same conditions.

The examination of other chelate precursors (Vb,c) in this process reveals that the
course of the reaction is dependent to a considerable extent on the nature of the
phosphite group. Thus the successful substitution of CO in the case of Vb and V¢
needs considerably higher potentials while carrying out the electrolysis (see Table 1).
Moreover, it is necessary to conduct the electrolysis in the presence of P(OEt), in
order to obtain Vlc. Yields of VIa-VIc are 30-40%.

CHs CHs3

CHpCH20PR2  ————wm CH,

CH3 CHs, fHZ

Cr{(CO)3 /Cr\ /O
co ‘ PR
coO

R = OEt({a), OPh(b), F(c)
(Va -Vc) (Vla - Vic)

The reasons for the abnormal behaviour of Vb and Vc are not clear. One reason may
be the difference in adsorption of these complexes at the Pt electrode. But we cannot
exclude also that it is caused by increased electron-withdrawing ability of the
phosphite group in Vb and V¢ compared to Va, and therefore more ready formation
of intramolecular charge-transfer complexes; the latter would result in the increase
in oxidation potential. In case of the OPF, group this tendency is apparently so high
that one has to introduce in addition the more electron-releasing P(OEt),. At the
same time we cannot rule out that triethylphosphite and phosphites with similar
electron-releasing properties in general act as reducing agents in these processes,
since we have found that quantity of electricity required for the reduction of the
cationic products was significantly less than the theoretical value.

The products of electrolysis were isolated from the reaction mixture by prepara-
tive TLC on silica gel. The structure of the compounds obtained was confirmed by
their IR and mass spectra and by comparison of spectral data and the melting points
with those for the previously synthesized complexes VIb and VIc [3]. The yields of

TABLE 1

OXIDATION POTENTIALS OF ARENECHROMIUM TRICARBONYL COMPLEXES (Pt rotating
disc electrode, CH,CN, 0.2 M NaBF,)

Compound E1/2(V) E (V)
1 0.82 1.6
Va 0.80 1.6
Vb > 1.80 24

Ve >1.80 24
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electrochemically synthesized II, III and VIa-VIc are similar to those for photo-
chemically obtained compounds.

A few cases of electrochemical substitution of CO ligands by phosphines are
described in the literature. This process was observed for metal carbonyls [4,5] and
carbonyl clusters [6,7] as well as for a mixture of ¢-CH,Fe(CO),C,H -7 with PPh,,
resulting in the substitution of CO by the phosphine and at the same time in
conversion of the o-methyl complex into a o-acetyl one.

The data and results reported here present evidence that electrochemical oxida-
tion offers a new general method of substitution of CO ligands by other ligands in
transition metal complexes.
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