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The basicity of the oxime oxygens in dimethyl-
glyoxime complexes [1-3] as well as in similar com-
plexes [4—9] hasbeen recognized in several instances,
but we are not aware of any studies relating to
equilibrium constants and reaction rates. Since the
characterization of these adducts is important in its
own right as well as of considerable utility in the
study of organocobalt(IV) complexes, a study was
undertaken of adduct formation between iron(1Il)
and bis(dimethylglyoximato)cobalt(III) complexes.
These reactions result in the transformation of the
internally hydrogen-bonded (dmgH), pseudo-macro-
cycle to a form in which a hydrogen-bonded proton
has been replaced by Fe(lll):
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The visible—-UV absorption spectrum of solutions
of methyl(aquo)cobaloxime (‘“‘cobaloxime™ is the
trivial name given [10] to bis(dimethylglyoximato-
cobalt complexes) is sharply altered upon addition of
iron(II1) perchlorate. The reaction is not unique to
the alkyl-cobalt system, however, and similar adduct
formation is observed between Fe** and the inorganic
complex diaquocobaloxime(lil) ion, (H,0),Co-
(dmgH);. Both reactions occur reversibly and the
extent of adduct formation depends upon [H'] as
well as [Fe®*] in accord with the following equa-
tions for the principal equilibrium in each system:

CH3CO(dmgH)2H20 + Fe:; =
(1a)
= [CH3C0(dmg2HFC)H20] 2ty H’ (1)
(1b)
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(H,0),Co(dmgH); + Felq =
(2a)
= [(H,0),Co(dmg, HFe)] ** + H' (2)
(2v)

The equilibrium constants were determined spectro-
photometrically at 525 nm, at 25 °C and constant
jonic strength 1.00 mol dm™3 with variable [H'],
0.02-0.90 (1) or 0.02—-0.10 (2). Proper allowance
was made for other protonation equilibria pertinent
to this range of [H'], namely formation of CH,Co-
(dmg,H;)H,0" [11] and FeOH?** [12]. The result-
ing values of the equilibrium constants and molar
absorptivities are: K, = 16.2, 6§}’ = 1.62 X 10°
dm>®mol~'ecm~!; K, = 2.6, €53°= 136 X 102, Adduct
1b has absorption maxima at 450 (e 3.05 X 103 sh),
390 (3.9; X 10%), and 240 nm (2.2 X 10* sh) as
shown in Figure 1.
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Flgure 1. Absorption spectra for CH3Co(dmgH)2H20 (x),
Fe,“l (0), and the adduct CH3Co(dmg2HFe)H20 Y.

Kinetics determinations were carried out under
the same conditions using the range 0.020 < [H'] <
0.90 mol dm™2 for both reactions. The data for each
correspond to a scheme of opposing first-order
reactions.

Analysis of the data for adduct 1b (again with
due allowance other equilibria) results in the rate
Iaw given by eq. 3, where Qp. represents the acid
ionization constant of Fe3q.

d[1b k2Qre .
En]=(“‘ ;Q‘;)unFé]—(k][Hh
+k_2) [1b] )

The rate constants were evaluated subject to the
restraint K; = k;/k_; = K;Qpe/k_2;values/dm?-
mol 's~! are k; = 1.90 and k, (using Qp, = 1.65 X
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1072 mol dm=3)=4.4] X 10? (the form in which the
rate law is written suggests that the k, pathway
consists of the bimolecular reaction of CHjzCo-
(dmgH),H,0 and FeOH?*, a reasonable interpre-
tation but not a mandatory one). The reverse reaction
has k-, = 0.117 dm®mol " ¥s™" and k.., = 0.045s"1.

A similar expression was found for adduct 2b,
except that the pathway represented by the terms
ky, ko is negligible within experimental error.
The rate constants for 2b are k, = 1.18 X 10? dm?-
mo} st k-, =0.075s71.

Discussion

Evidence that these observations correspond to
oxime oxygen substitution (and not, for example,
to axial substitution) can be summarized as (a) the
comparable values of the rate constants k, for the
reactants 1a and 2a, whose rate constants for
axial substitution [13, 14] differ by >10%, (b) the
loss of one B upon coordination of Fe3*; and (c¢)
similar adduct formation [3] (and comparable
spectral changes) between transition metal ions and
Co(dmg)3 -, albeit in a fashion utilizing three oxime
oxygens to substituie on an octzhedral face.

The reaction pathway corresponding to the rate
constants k,, k-, is common to both cobaloximes.
Values of k, are comparable for the two adducts
(44 X 10% and 1.2 X 16*dm®*mol~'s™! for la and
2a, respectively). The values are fower than those
usually found for substitution of other ligands into
the inner coordination sphere of iron by reaction
with FeOH?*, for which typical values are 10° -
10°-%. The lower rate is not surprising considering
the structural changes in reaction 4 involving the
strong intramolecular hydrogen bond of the cobal-
oximes. Relatively slow deprotonation of the
O—H-+.0 moiety in other XYCo(dmgH), complexes
has been noted [15].
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An alternative preparation [16] of the adduct 1b
is the reduction of [CHsCo' (dmgH),H,0]* by
Fe?*, the former prepared from oxidation of la
by Br; (aq). In this case a nonequilibrium mixture of
la and 1b is obtained very rapidly, folowed by
equilibration in reaction 1 at the same rate found
here.
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