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with H202. The O2 Evolution Stage by the Reduction of the Mn(IV)2 Complex Is Not
a Rate-determining Step in the Catalytic Disproportionation of H202
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The reduction rate of 1,8-anthracene-linked Mn(IV)
porphyrin dimer with HO2 was photometrically determined.
This process is 6.5 times faster than that of the overall O3-
evolution rate in the catalytic disproportionation of HyO, with
the Mn(III) porphyrin dimer and the formation of the
corresponding Mn(IV)2 complex is the rate-determining step in
this catalytic reaction.

We have exhibited that Mn(III) porphyrin dimers having a
short Mn-Mn separation excellently catalyzed the
disproportionation of H2O» in the presence of an appropriate
nitrogen base.l This system is considered to be a good
functional model of manganese catalases, which contain two
manganese ions in their active sites.2
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From mechanistic study including kinetic and isotope labeling
experiments,!2 this model reaction could proceed through the
formation of the corresponding Mn(IV)2 complex as an inter-
mediate by the homolytic O-O bond cleavage of the Mn-O-O-H.
The resultant Mn(IV), complex would react with the second
H>02 molecule much faster than the Mn(III) porphyrin dimer
(Scheme 1). To confirm this catalytic cycle, we separately
prepared a Mn(IV) porphyrin dimer and compared its reduction
rate by HpO9 with the Oz-evolution rate in the Mnlll dimer-
H70; system.

In this experiment, we used the dimanganese(III) complex of
1,8-bis[5-(10,15,20-trimesityl)porphrinyljanthracene (1),3 that

)I( B r.d.s. )I( HB
Ml — Ho0, I}{ln“’—
(o]
B
'\I/Inlll_ |\|/|n|v—
X B X H:B
2H,0
+
0, H20;
)I( H:B X H:B
|
Mn"l__ Mn'v—
! fast step 1l H.
- 3 o
o 1l H‘o
i MnV—
X H:B )l( H:B
Scheme 1.

63
OMe
e I O O
L
& )~ ™ —Mes, MeOH Q)—CMn-Mes,
OMe
1 2,L ="OMe or OH

@Mesa =

Scheme 2.

did not form the corresponding p-oxo dimer in inter- and intra-
molecular modes.# The Mn(III); complex was converted to the
corresponding Mn(IV)y 2 by hypochlorite oxidation (Scheme
2).5 A methanolic solution of 1 was mixed with NaOMe. To
the filtrate of the solution, aqueous NaOCl was added at -10°C.
The resultant brown precipitate was filtered to give the
corresponding Mn(IV)z complex 2.6 This complex showed
characteristic electronic absorption at Amax = 423 nm (Soret) in
CH2Cly at -65°C. In its esr spectrum in CHaClp at 4 K, a strong
and broad band at g = 4.4 proved the absence of any electronic
coupling between the two Mn ions by the formation of a p-oxo
complex. The IR spectrum supported the presence of Mn-O
bond ¥(Mn—0) = 558 cm1.

The reduction rate of the Mn(IV)2 complex 2 with HoOswas
determined from the time-course of its UV-vis spectral change
in CH3CN at the temperature range from -40 to -20°C (Figure
1). In the kinetic analysis, we assume that each manganese ion
in the dimer independently reacts with HyO5. Its rate is
expressed as equation 1, where [MnlIP] and [MnIVP] are the
concentrations of the Mn(III) and Mn(IV) porphyrin monomer
residues, respectively.
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The rate constant k3 is estimated from equation 2 by the
direct calculation of the right term (R), where [MnIVP], and
[H202]p are the initial concentrations of the Mn(IV) porphyrin
residue and HyO37, respectively. The spectral change and the
plot according to equation 2 at -40°C was shown in Figure 1.
Absorption at 422 nm that corresponds to the Soret band of the
Mn(IV) complex was decreased according to the increase of the
absorption at 468 nm (the Mn(IlI) complex). Good linear
correlation according to equation 2 was obtained and the rate
constant k3 was determined by the time-course of the absorption
change at 468 nm to be 2.61 x 105 mol-2 dm6 s-1 at -40°C. The
Arrhenius plot of this reaction (T = -20 to -40°C) gave the
activation parameters, E, = 8.9 kcal mol-1 and A = 4.3 x 1013
mol-2 dm® s-1. Thus, one can estimate the reduction rate (1.3 x
102 mol dm-3 s-1) of the Mn(IV) porphyrin dimer 2 with HyO»
under the conditions applied to the measurement of its catalase
activity ((MnIll)P] = 1.25 x 104 mol dm-3, [H0»] = 6.4 x 10-2
mol dm-3, T = 10°C). On the other hand, the O evolution rate
of the catalytic HyO2 disproportionation with 1 was 2.0x10-3
mol dm-3 s-! under the same conditions in the presence of 4-
dimethylaminopyridine, which gave the highest Oz-evolution
rate among nitrogen bases ever examined in the catalase-
modeling reaction.1d Thus, the reduction rate of the Mn(IV),
complex was 6.5 times higher than the overall
disproportionation reaction of HyO2 with the corresponding
Mn(IIT); catalyst. Furthermore, since the applied MeO- ion as
an axial ligand of the Mn(IV)2 complex is more electron-
donating than most nitrogen bases, the applied Mn(IV) complex
2 would less active in the reduction by HpO7 than the
corresponding Mn(IV)-nitrogen base complex, which is
assumed as an intermedeate in the catalytic reaction. Thus, the
reduction rate of the Mn(I'V)-nitrogen base complex is expected
to be larger than that of the present alkoxy complex,. These
results support that the rate-determining step in the catalase
reaction is the formation of Mn(IV) dimer in Scheme 1 as we
predicted in our previous work.12

Conclusively, we synthesized the Mn(IV) porphyrin dimer in
a short Mn-Mn separation. The complex reacted with HyO2 to
give the corresponding Mn(Il)2 complex. From its reduction
rate constants and the activation parameters, it was compared
with the Oz evolution rate in the relating catalytic
disproportionation with the Mn(Ill)> complex. These results
support that the rate-determining step in its catalytic cycle is the
formation of the Mn(IV), complex.
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Figure 1. The time-course of the reduction of the Mn(IV),
porphyrin dimer 2 with HyO, at-40°C. Inset is the plot
according to equation 2.
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Since the Mn(IV), complex was unstable at room
temperature, its satisfactory elemental analysis could not be
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