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Hydrogen peroxide is an ubiquitous metabolite in living
systems, produced at increased levels in a variety of pathological
situations. For the detoxification of B,, and probably also for
maintaining its regulatory function, nature has developed a family
of highly effective enzymes, the catalases, which dismuta@ H
according to eq 1?
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Figure 1. Oxygen release from 12.5 to 2%0M hydrogen peroxide at
25 °C catalyzed by 3M 1 at pH 7.2 (50 mM phosphate buffer). Inset:
Relative yield (%) of Q according to the stoichiometry of eq 1 as a
function of HO, concentration.

deficiences with respect to the preferred characteristics of a “good”
catalase mimic, that is, water-solubility, quantitativep@oduction
obeying the stoichiometry of eq 1, catalytic activity at physi-
ological pH values (pH # 1) and micromolar catalyst and,&,
concentrations, and low activity as oxygenating (peroxidase-like)

In the past there have been attempts to develop complexes thaagent!” We now find that the non-heme iron(lll)-tetraaza[14]-

mimic the catalytic action of catalase as models for the study of
the molecular mechanisms 06®, dismutation. Contrary to their
low significance in living systems, a large portion of the
compounds reported to exhibit “catalase-like” activity are man-
ganese complexes, mainly because of their potential application
as therapeuticsCatalase models that were built around iron(lll)
centers were mostly based on heme-type structthrasn-heme

iron complexes have been much less investigated for their catalase

activity or, more general, “oxygen-activation” propertfe$’
However, although these compounds decompoga, -1 the
notation “catalase mimic” in our view often appears to be rather

euphemistic. Most of the published models have inherent serious
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annulene comples provides a promising starting point for the
development of useful catalase mimics in that it catalyzes, at
micromolar concentrations, the release gfi@high yield from

low concentrations of kD, in buffer solution at pH 7.2.
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Complex1'®19is stable in the solid state at room temperature
in the absence of air, soluble in DMSO and DMF, and sufficiently
soluble in phosphate buffer pH 7.2 containing-8126 DMSO.
The UV/vis spectrum in aqueous solution is characterized by three
maxima atlmax (Iog €) = 303 (4.28), 365 (4.16), and 780 (3.44)
nm. The two longer-wavelength absorptions are largely diminished
after reaction of the complex with8,. Cyclic voltammetry (3
mM 1 in DMF; 100 mV/s) showed a reversible Fe(lll)/Fe(Il)
redox potential aE;;, = 0.23 V versus Ag/AgCI<{0.45 vs NHE),
close to the potential of Fe@linder the same conditiong;(, =
0.19 V vs Ag/AgCl).

The catalase-like activity df was established by electrochemi-
cally monitoring (Clark-type electrode) the release ofdd 25
°C in 50 mM phosphate buffer pH 722 Figure 1 displays the
yield of O, as a function of the kD, concentration in the presence
of 5uM 1.
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(18) The preparation ofl followed the published route for a phenyl-
unsubstituted analogd&The structure was confirmed by satisfactory analytical
and spectroscopic data. The detailed preparation will be reported in a
forthcoming full paper.
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(20) Typically, an aliquot of a 0.6 mM stock solution bfin DMSO was
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a DW1/CB1-D3 electrochemical cell (Hansatech) fitted with a Clark-type
electrode. After the electrochemical signal had reached a constant level, no
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provling that the hydrogen peroxide had been completely destroyed by the
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Figure 2. Percentage oxygen production from 28l H,O; at 25°C [H,0,1/uM
in 50 mM phosphate buffer pH 7.2 as a function of the concentration of Figure 3. Initial rates of oxygen formation at pH 7.2 and 28 as
catalyst1, with respect to the stoichiometry of eq 1. function of the hydrogen peroxide concentration in the presence of 2.5,

5.0, and 7.5«M complex 1.
The O yield showed an apparent linear dependence on the
initial H,O, concentration. The slope (0.434) of the regression
line (r?2 = 0.9993) is close to the value 0.5 as expected for a
catalase-like stoichiometry (eq 1) and, thus, would correspond to
an average Yield of £of ca. 87%. However, when the percentage
yields of G, were plotted against the initial @, concentration,

step. From the data of Figure 3 an apparent rate constadqgof

= 1.5x 10® M1 s71 was calculated for the 40, + 1 reaction.

Thus, complexl is about 4000 times less efficient than native

catalase Kcat = 6 x 10° M~ s7922 put several orders of

magnitude faster than “free” Fe(lll) or its common amino

. - polycarboxylic acid complexé$. The fact that no substrate

mir::sseesrvvsi?htgs::rgzls?r\:\/@(l]ag@ ':)Anclzrst)?aiir;i :glfgg/fh gb)gﬁ'ldllo saturation could be reach_ed in the electr_ochemically accessible
range of HO, concentrations (© degassing above 500M

+ 10% at 12.5¢M H,0; (Figure 1, inset). Such a behavior would - : . .
indicate the occurrence of a side reaction which eventually leads wzoﬂi)’lpﬁ')nts o a higtkp value in the mM range (catalase:

to an inactivation of the catalyst. The leveling-out ab@H] > m : i ) L
100xM then would reflect the relative rates of the-Broducing The question remains why compléxs more effective in its
and the deactivation reactions at high@4)/[ 1] ratios. At [H,0,)/ catalase-llkg activity under physiological conditions than other
[1] = 4 increasing deviation from the catalase stoichiometry is Non-porphyrin Fe(lll) complexes reported thus#&f:'+217 Apart
indicated. This view is supported by the dependence of the relative fom PH dependencies this might tentatively be attributed to the
yield of O, on the concentration df at a fixed HO, concentra- presence _of the electron-donating alko>_<y subs_tltuents at the
tion, as exemplified by Figure 2. benzene rings. In the catalase cycle gbkldismutation, a ferryl
The oxygen yield increases almost linearly with increasing |ron—porphy£|3n radical cation species, Pdfe(IV)=0, plays a
concentration ofl to reach the constant level of 87 8% at a central rolet? As a first hypothesis one might argue that the
point where the ratio [kD,]/[1] has dropped to 7% 14. This ele.c.tron-don.or_properne; of the alko_xy subgntuenti imould
indicates a deactivation of the catalyst after a turnover of about facilitate a_s'm'l‘ir formation of a radical cation of the aza[14]-
79 mol of hydrogen peroxide per mol of cataly&t. annule_ne Ilgar_la. Experiments to elucidate Fhe mechanism of
The formation of @followed clean pseudo-first-order kinetics ~H202 dismutation byl and to elaborate the influence of other
with half-lives in the range of 30 s or less. The initial rate of Substituents at the benzene positions in the Fe{dza[14]-
oxygen formation (and thus, 8, decomposition) determined at annulene system to further improve the catalase-like activity are
[1] = 2.5, 5, and 7.5M, was linearly dependent on the initial ~ currently underway.
peroxide concentration (Figure 3). The same is true for the )
dependence of the initial rate on the concentratioh @fata not Acknowledgment. This work was supported by the Deutsche
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