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The formal potential of the Coll/Co!!l redox couple in Co(salen)
derivatives determined in DMF varies with the electronic as well as
the steric properties of substituents at the aromatic rings in the
salen ligand, where t-butyl groups shift the potential to more
positive values, indicating strong steric interactions with solvent
molecules.

Cobalt(ll) Schiff-base complexes [Co!!(SB)] have been of particular interest for a
long time because they form oxygen adducts reversibly and catalyse the oxygenation of
organic molecules resembling oxidoreductases including dioxygenases,
monooxygenases, and peroxidases.l) It has been shown that derivatives of Co(salen)
[Hosalen = 1,6-bis(2-hydroxyphenyl)-2,5-diazahexa-1,5-diene] with an electron-
withdrawing substituent at the aromatic ring accelerate the oxygenation of phenolic
substrates,?) and that a twisted structure of Coll(SB) favors rnonodxygenation reactions
of olefins with molecular oxygenlc) and with NaOCL3) The correlation between
structure, redox potential, and catalytic activity of the Co!l(SB) complexes is essential
to discuss the mechanism of these reactions. Little is, however, known about the effect
of substituents in the aromatic rings on EO of Co(salen) type complexes.4) On the other
hand, a relation between the redox potential and the equilibrium constant for oxygen
binding has been discussed for some Col!(SB) complexes.5)

Thus, Co(salen) derivatives 1 - 4 were synthesized by the reaction of Co(OAc)2 4H20
with the appropriate Schiff bases,8) and their formal potentials were determined from
cyclic voltammograms in DMF/0.1 M NBuyPFg as the mean value of the oxidation and
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Fig. 1. Formal potentials (E°) of Co"(SB) (1)-(a). *1 AE, values vary from
160 to 82 depending on the scan rate due to a slow electron transfer
process. E° calculated by multi-parameter estimation.” *2 Large values
for AE;, may be due to a slow electron transfer process.

reduction peak potentials, E,;! and E I at a Pt disk working electrode. All potentials are
given relative to an external Fc/Fct (Fc = ferrocene) reference. The iR drop was
compensated by positive feed back in the Bruker E310 potentiostat to an extent that
oscillations were just avoided. In some cases, a numerical correction of the remaining
iR error was employed.?) The values of Epl and E,!l were obtained at room temperature
at scan rates v = 10 - 200 mV/s . The resulting EO are shown in Fig. 1 (mean values over
all v).

In most cases, nearly reversible voltammograms were obtained, but for compounds
2c¢ and 3 an increased peak potential difference due to a slightly quasireversible
process was observed.



Chemistry Letters, 1991 ‘ 1405

The values of EO depend on the substituents. In series 1 a shift of 129 mV is found
between the complexes oxidized at the lowest (1d) and highest (1f) potentials. The EO
values of all compounds except 1f, however, are not very different. The nitro complex
1f is much more difficult to be oxidized: the electron-withdrawing nature of the NO2
substituent decreases the electron density at the metal center.

In series 2 the small substituent effect generally observed has further decreased to
76 mV (cf. 2¢ and 2f). All formal potentials, with the exception of EO (2f), are more
positive than those for the respective compounds in series 1. From the electronic
effects of the t-Bu substituent, we would expect a shift in the negative direction.
Obviously, the electronic effects of this bulky alkyl substituent are overcompensated by
steric effects.

Two steric consequences of a t-Bu substituent may be envisaged: the largely planar
structure of the complexes 1 (cf., for example, Ref. 9) could become distored and/or
the coordination of an additional axial donor ligand could be hindered. The former
effect is demonstrated by an X-ray analysis of compound 2a, which shows a slightly
twisted conformation of the complex.10)

Furthermore, it is known that Coll(SB) complexes coordinate an additional donor
molecule (here: the solvent DMF). The donor supplies electron density and the formal
potential attains more negative values. If the bulky t-Bu groups hinder solvent
coordination in series 2, the influence of the donor is reduced. This will result in an
overall positive variation of EO. The data for 2d and 4 as well as 2¢ and 8, where the Me
and the t-Bu substituents with similar electronic but different steric effects are located
ortho to the O atom, confirm our explanation. Further investigations to prove the
predominance of steric effects on the electrochemistry of Co!!(SB) complexes are
under way. '

The small substituent effect finally may be explained by the fact that the electron is
taken from the dz2 orbital which is influenced by the SB ligand only slightly.11) In
pyridine adducts of Co!!(SB) complexes the Co atom is known to move out of the ligand
plane in the direction of the donor.12) Streric hindrance of the donor access causes a
more planar arrangement and may result in an even smaller effect of the ring
substituents. The exception of the NOz complexes may be due to some additional
change in solvation or the geometry of the molecules.
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