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How Do Nitrogen Bases Accelerate the Decomposition of H,O5 in a Manganese
Porphyrin Dimer Catalyst ? Quantitative Evaluation of the Base Effects
by Its Axial Coordination vs. General-base Catalysis
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Kinetic analysis of the dismutation reaction of H2O2 with a cofacial manganese
porphyrin dimer gave the separate evaluation of two roles of nitrogen bases on the
decomposition of H,O5 and the axial coordination of bases enhances the reaction of
H707 with the manganese porphyrin in 6.6 times larger than by a general-base
catalysis.

The reaction of manganese porphyrin dimers having short Mn-Mn separations exhibits sharp contrast
with that of the corresponding monomers in the dismutation of H2O2. We have demonstrated that the dimers
are excellent catalysts for the dismutation of H2O2 to O2.1) Thus, this system is considered to be a good
functional model of manganese catalases, which contain a nonheme-type manganese binuclear center in their

Mn porphyrin dimer
2H202 - 02 + 2H20

subunits.2) Simple manganese porphyrins themselves are inert to H2O2
unless an appropriate base is present in the solution.32) In the reaction of
a manganese porphyrin with H202, a nitrogen base is supposed to
function in the following two modes2) (Fig. 1): (1) As a general base
catalyst, deprotonation of hydrogen peroxide to facilitate its coordination
with the manganese ion, and (2) as an axial ligand, acceleration of the O-
O bond cleavage of the Mn-O-O-H by its electron-pushing effect. In their
modeling reaction, these two roles have never been separately and
quantitatively evaluated in spite of their importance, presumably because
the preferential formation of the inert six-coordinated complex at high

base concentration makes the analysis difficult. The HyO,
disproportionation with manganese porphyrin monomer is rather slow B
process, even in the presence of a base.3P) When one uses the Fig. 1. Two roles of a nitrogen
manganese porphyrin dimers having a short metal separation could base in the reaction of H,0, with

prevent the coordination of nitrogen bases inside the molecular cavity @ manganese porphyrin dimer.
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Scheme 1.

sandwiched by two planar porphyrins. Thus, each manganese porphyrin in the dimer can form only the
corresponding five-coordinated complex with a nitrogen base, while small H2O2 molecule can freely enter the
cavity and can react with the two manganese ions. Fortunately, cofacial manganese porphyrin dimers3) have
following advantages over the reported ones on the evaluation of these base effects: The rate determining step
of the H,O, disproportionation with the manganese porphyrin dimers is the stage of the reaction of the initial
H,0; molecule with the Mn(IIT); complex to form the corresponding Mn(IV),, because the successive two-
electron oxidation of the second H,0, molecule is rapid process.l) Thus, one can easily determine the initial
H,0, reaction rate by monitoring the O, evolution by the dimer catalyst. In this paper, we describe the
quantitative evaluation of the two effects of bases on the O-O bond cleavage and show the correlation between
the decomposition rate of HyO, and base pka values with use of 1,8-anthracene-linked manganese porphyrin
dimer 1 as a catalyst (Scheme 1).

The effect of a nitrogen base as a general base catalyst was evaluated with use of several 2,6-
disubstituted pyridine derivatives, which cannot coordinate to the manganese ions even at a high
concentration.3) The rate constant kywas obtained by means of the quantitative determination of evolved
oxygen.6) As observed in Fig. 2, a good linear correlation between k; and pk, of the pyridine derivatives?)
over a wide pka range proved this reaction to be the general-base catalyzed.7) When one applies coordinative
nitrogen bases to this reaction, one can expect two functions of the bases as shown above. Resultant velocities
of oxygen evolution can be expressed according to the following equation, where [Mn/Mn] and [Mn/Mn:B]
are the concentrations of the base-uncoordinated and coordinated manganese porphyrin dimers, respectively.
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Fig. 2. Correlation between basicity of nitrogen bases and rate constants log k;.
For abbreviation of the base names, see Reference 11.

5] - 1 [H,021 MM + k[H;07][Mn/Mn:B]

The first term expresses the rate simply accelerated by the general-base catalysis of the added nitrogen base.
The second one shows the rate that affected by the axial coordination of the base coupled with the general base
effect. At the given concentration of a base, the ratio between [Mn/Mn] and [Mn/Mn:B] can be estimated
from the formation constant K of an applied base concentration.8) The unknown k; of the reaction containing
a coordinating base can be evaluated according to the linear relationship between pK, of the base and log kj.
Thus, k; can be determined for each coordinating nitrogen base and was plotted in Fig. 2. Good linear
relationship between log k; and pK, was also obtained. The rate enhancement factor k,/k; by the axial
coordination of a nitrogen base is estimated to be 6.6+1.7 irrespective of the base pKa. This leads that the
electron-pushing effect of a base by the axial coordination is several times higher than the effect as a general-
base catalyst irrespective to the base strength. Thus, the quantitative evaluation of the base effects can be
attained by use of the sterically hindered manganese porphyrin dimer. The present proposal will be essential
for the design or analysis of new artificial enzyme models, including heme catalase?) and peroxidase.lo)
Furthermore, these results are reminiscent of the presence of an appropriate basic residue around the active site
of manganese catalases.
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