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Summary

Studies in electrooxidation of alkylbis(salicylidenato)ethylenediamine-
cobalt(III) allowed various complicated processes of oxidative cleavage of
organocobalt chelates to be elucidated in terms of a single mechanism. The

electron transfer was followed by reacticns of the organocobalt(IV) intermedi-
ate with available nucleophiles including the initial cobalt(I11) complex.

While the oxidatives cleavage of the metal—carbon ¢-bond in organocobalt
chelates, RCo™ (chel), containing a tetradentate dianion (chel)>™ have been
studied rather thoroughly [1—T7], there is much discussion concerning the
mechanism of these processes which is evidently due to the wide diversity of
observed products. Thus, the reactions with halogens (Cl,, Br,, I,, ICl) give not
only “normal” products (organic halides RX and “inorganic” chelates of tri-
valent cobalt, [Co™! (chel)]*, but also chelates of the divalent metal Co' (chel),
olefins R_p and vicinal dihalides R_g X, with R = alkyl and coupled radicals
R, with R = benzyl. Furthermore, products of solvolysis (e.g. alcohols ROH in
ine case of aqueous solutions) and products resultirg from alkylation of a
chelating ligand (viz. dimethyl glyoximate) were observed. To elucidate these
results, several mechanisms for the oxidative splitting of the Co—C bond were
proposed: direct electrophilic substitution at the a-carbon [1, 5—7]; radical
attack at the metal ion [5] or a-carbon {7] and one-electron oxidation followed
by clectrophilic attack at the intermediate complex of tetravalent cobalt
[RCo'V(chel)]* [3—5]. Some authors suggest that the reactions proceed by at
least two parallel mechanisms [5, 7]. Nevertheless, ways leading to olefins and
especially to the products of alkylation of chelating ligands have so far not been
elucidated. _

Our studies carried out with electrochemical techniques indicate that both
anodic and homogeneous chemical oxidations of the alkylcobalt chelates
RCo™ (chel) can be interpreted in terms of a single mechanism, with rupture of
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_ hgand It should be pomted out in this connectlon that the RCo‘“ Salen com- -
plexes are known to feature- nucleophilic reactivity localized at oxygen atoms -
within the chelatmg hga.nd ~This type of reactivity is manlfest when the alkyl- -
Acobalt(HI) chelates are protonated [10] or give complexes with metal ions [11]. :
These facts enabled us to develop Scheme 1 for the anodic process in the :

absence of sufficiently active ‘“‘external” nucleophiles. In this case the electron -
transfer (1) is followed by alkylation of the chelating ligand in the initial
cobalt(ITI) compound with the tetravalent metal complex (2)*. Subsequent
steps involve elimination of olefin from the O-alkylated complex where the
metal—carbon bond should be labilized in view of accessibility of the cis-posi-
ton (3), and oxidations of certain chelate intermediates, (4) and (5) The
proposed scheme for the anodic reaction suggests consumption of 1.5 Faradays
per mol of the initial complex and formation of the trivalent cobalt chelate
-[Co'Salen]*, olefin K-y and alkylated product in equal (0.5 mol) yields. The
experimental data for the ethyl- and n-butyl-cobalt complexes follow this
pattern reasonably well, while the methylcobalt compound deviates sharply
and seems to present a special case (Table 1).
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* An inner sphere reanangément of the cobalt(IV) complex coﬁld also lead to alkylation of the =
chelating ligand. However, this route seems unlikely, since nucleophilicity of the ligand should depend
heavily on the oxidation state of the metal. Moreover, this mechanism does not explain formation of
the olefin. :



