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Manganese superoxide dismutase cycles between the Mn"" and P :(Mn-05)= 2.262(4)
Mn' states to produce oxygen and hydrogen peroxide from @ ’/b\\/ ‘\ d%ﬁ:i; igggg}
superoxide. The formation of an adduct has been suggested, but Sihg 5, f / d(Mn-N3)= 2.242(3)
i ' ' 100~ / d(Mn-N4)= 2.232(3)
its nature remains questionable because both [Mn'OO~] and / \ — d(Mn-NS)- 2.232(3)

noO2— /r -Mn-O5=
' A

[Mn"O02"] redox states have been proposed. Study of the Gt %) N5-Mn-O35= 81.47(13)

e N5-Mn-N4= 112.63(12)

reactivity of superoxide with manganese complexes is of current T e / s N5-Mn-N3- 100.62(12)
interest. The reaction of [(L)Mn"]?* [L = N-methyl-N,N',N'-tris(2- A

& N5-Mn-N2= 151.72(11)
pyridylmethyl)ethane-1,2-diamine] with potassium superoxide has NSMaNI= 737300

been investigated at low temperature in an anhydrous solvent using Figure 1. ORTEP drawing o (30% thermal ellipsoids). Selected bond

. . " . . distances (A) and angles (deg).
various techniques. Upon the addition of ca. 2 equiv of potassium
superoxide, the [(L)Mn"}?* colorless solution turned blue and the and the oxygen ligand [manganese(lll) peroxo or manganese-
UV-vis spectrum displayed a band at 590 nm (165 M~ cm™) (1) superoxo] is still controversid In this Communication,
and a shoulder at 430 nm (100 M~ cm™1). Electrospray ionization we present the characterization of an adduct resulting from
mass spectrometry showed a peak (m/z = 434.1) assigned to the reaction between© and the [(L)MA]?" complex ()
[(L)MnO,]*. The X-band electron paramagnetic resonance spectrum at low temperature [l= N-methylN,N’,N'-tris(2-pyridyl-
parallel mode displayed a six-line signal separated by 6.6 mT and methyl)ethane-1,2-diamine]. X-band parallel-mode electron
centered at 86 mT (g = 8.1). These results support the formation paramagnetic resonance (EPR) spectroscopy; ¥ spec-
of an [Mn"OO]* adduct. troscopy, and electrospray ionization mass spectrometry

(ESI-MS) evidenced the formation of a monomeric manga-
nese(lll) peroxo species.
Manganese superoxide dismutase (MnSOD) catalyzes the The pentadentate ligand L was chosen for this study based

disproportionation of the harmful superoxide (@ This on the fact that it had been successfully used with iron to
enzyme is involved in the cell protection against oxidative generate peroxo adduésThe reaction of L with
stress:? The MnSOD cycles between the Mnand Mr [Mn"(OH)6](ClO4), led to the crystallization of

states to produce oxygen and hydrogen peroxid®f- The [(LYMN"(CIO4)](CIO4) (2)(ClO,) (Figure 1)? Figure 1 shows
study of the reactivity between superoxide and MnSOD or that the sixth position (©CIO3) remains widely accessible.
manganese model complexes is of current interest in order In the present study, the [(L)M{?" (1) species was
to provide a better description of the catalytic cycle. Adducts generated in situ by mixing L and anhydrous 'N@OF;-
labeled [MnQ]™ have often been suggested in the literatufe,  S0),'%1in anhydrous acetonitrile (MeCN)/dimethyl sul-
but the assignment of the oxidation states of the Mn center
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Figure 2. UV-—vis spectrum of an anhydrous MeCN/DMSO (12 mL/
300uL) solution of 1 (5 mM) after the addition of ca. 2 equiv of Kt
—25 °C (solid line) and of the initial [(L)MH]?>" solution (dashed line).
Inset: Picture of the blue solution in the double-jacket cell with the
immersion probe (black part).

foxide (DMSO) (5 mM). Potassium superoxide (ca. 2 equiv)
was added as a fine powder directly into this solution 25

°C. The colorless solution slowly turned blue over half an
hour. An UV—vis spectrum was recorded a5 °C using

a previously reported setdp.Figure 2 shows the final
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Figure 3. Parallel-mode detection EPR spectra of a solutiohiofMeCN/
DMSO (5 mM) (a) before the addition of Kand (b) after the addition of
ca. 2 equiv of KQ (solid line); XSophe-simulated spectrum wikh =
—2.9 cnt?, E/D = 0.075,g; = 1.98,A, = 0.00635 cm' (dashed line).
Inset: Perpendicular-mode detection EPR spectra of a solutidh iof

spectrum with a well-defined band at 590 nm and a shoulder yecn/DMSO (5 mM) (&) before the addition of K@and (B) after the

at 430 nm. Assuming that 100% of Mrwas converted,
values of 165 and 100 M cm™® per Mn center were
calculated for the extinction coefficients féar= 590 and

430 nm, respectively. The blue species slowly decayed at

room temperature over 30 min.
The UV—vis spectrum is reminiscent of that detected by

stopped flow and previously reported in the literature in the

case of the addition of K©to a solution of [MH(EDTA)]
(EDTA = ethylenediamminetetraacetatejhe appearance
of a transient blue color has also been noticed for

manganese(ll) complex derived from 1,4,7-triazacyclononane

ligand upon HO, oxidation*® Moreover, crystals of a side-

addition of ca. 2 equiv of K@ Recording conditions: two scans; microwave
power, 2 mW; modulation amplitude, 0.5 mT; modulation frequency, 100
kHz; time constant, 40.96 mg; = 5 K; perpendicular modey = 9.63
GHz; parallel modey = 9.42 GHz.

The blue solution was transferred into an EPR tube and
frozen at liquid nitrogen. To provide further evidence for
the electronic structure of the blue species, both perpen-
dicular- and parallel-mode EPR spectra were recotéled.

The spectrum ofl (initial solution) recorded in the

a Perpendicular mode (inset Figure'Bdisplayed an intense

resonance at 320 mG E 2), showing a six-line hyperfine
structure with an average spacing of 8.5 mT and two less

on manganese(lll) peroxo complex have been obtained atintense resonances at around 135 and 190 mT. These features

low temperature by the addition of,8, on a manganese-
(1) complex!4 This manganese(lll) peroxo complex dis-
played a band at 583 nm & 70 M~* cm™2). In addition,
Brunold et al. have reported calculated valued at 645
and 465 nm { ~ 450 and 700 M* cm™) for the d-d
transitions of a proposed side-op?{0,)Mn3*SOD adduct
known as the “dead-end comple®.”

The ESI-MS spectrum showed a peaknalz 434.1 that
supports the assignment of the blue species to a [(L)hO
complex (GiHzsNsO,Mn).

(10) Brewer, K. J.; Calvin, M.; Lumpkin, R. S.; Otvos, J. W.; Spreer, L.
O. Inorg. Chem.1989 28, 4446-4451.

(11) Perchlorate was replaced with triflate to allow us to work with
anhydrous salt. The cation [(L)MEFRSOs] ™ was detected atvz557.1
using ESI-MS.
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Horner, O.; Bourcier, S.; Girerd, J.4horg. Chem2005 44, 9592~
9596.
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200Q 39, 881-892.

(14) Kitajima, N.; Komatsuzaki, H.; Hikichi, S.; Osawa, M.; Moro-Oka,
Y. J. Am. Chem. S0d.994 116, 11596-11597.
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2005 44, 1504-1520.
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are consistent with a distorted manganese(ll) complék.
In the parallel mode, a broad signal was detected that
displayed resonances from 7 to 180 mT (Figure 3a) with
hyperfine structures separated by approximately 9 mT.
The X-band parallel-mode EPR spectrum of the blue
solution recordedtsb K is shown in Figure 3b. The signal
consisted of six lines separated by 6.6 mT and centered at
86 mT (@ = 8.1). It was checked that the growing of the
590 nm band correlates with the growing of the= 8.1
six-line EPR signal (see Figure S1 in the Supporting
Information). Simulation of the spectrum led tg2| value
of 2.9 cm? (see Figure 3). The temperature dependence of
the intensity indicated a negative value @r(Figure S2 in
the Supporting Information). These features are characteristic
of monomeric manganese(lll) complex&s=t 2).1%°22 The

(16) Unfortunately, all attempts to detect a resonance Raman spectroscopy
signature were thwarted due to immediate bleaching of the sample.
(17) Hureau, C.; Blondin, G.; Charlot, M.-F.; Philouze, C.; Nierlich, M.;
Césario, M.; Anxolabe&e-Mallart, E.Inorg. Chem2005 44, 3669
3683 and references cited therein.
(18) Poalicar, C.; Artaud, I.; Mansuy, Dnorg. Chem.1996 35, 210-216
and references cited therein.
(19) Campbell, K. A.; Yikilmaz, E.; Grant, C. V.; Gregor, W.; Miller, A.-
F.; Britt, R. D.J. Am. Chem. S0d.999 121, 4714-4715.



signal detected in the perpendicular mode (inset Figufe 3b
is characteristic of the formation of a mixed-valent 'NAn
Mn" (u-O), complext” which only accounted for 8% of the
Mn present in the solutiof?.2*
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of O,~ with manganese(ll) complexes. The present parallel-
mode EPR data unambiguously support a'"Moxidation
state. So far, in the absence of vibrational spectroscopic data,
the nature of the MO bond (end-on or side-on) cannot be

The above-reported experiments strengthen the occurrencepecified!

of the putative [MnQ]* adduct in the course of the reaction

(20) Campbell, K. A.; Force, D. A.; Nixon, P. J.; Dole, F.; Diner, B. A.;
Britt, R. D. J. Am. Chem. So@00Q 122 3754-3761.
(21) Campbell, K. A.; Lashley, M. R.; Wyatt, J. K.; Nantz, M. H.; Britt,
R. D.J. Am. Chem. So2001, 121, 5710-5719.
(22) Krzystek, J.; Yeagle, G. J.; Park, J.-H.; Britt, R. D.; Meisel, M. W_;
Brunel, L.-C.; Telser, Jinorg. Chem2003 42, 4610-4618.
(23) The quantity of the mixed-valent MiMn"V(x-O), complex was
estimated by a comparison with spectra of a pure [(L){@aMn'V-
(L)]3" compound of known concentration = N,N'-methylN,N'-
bis(2-pyridylmethyl)ethane-1,2-diamine] recorded in the exact same
experimental conditions for [CF 0.5 and 1 mM.
Tentative protonation of the blue species led to its degradation.
However, when the addition of KQwas run in a less dry medium,
an additional weak six-line signal was detected in EPR parallel mode
at 132 mT. This signal immediately disappeared upon the addition of
a base (BN). This suggests that this additional signal is due to the
presence of a slight amount of a protonated form. Additional
experiments in various conditions are under investigation to further
examine the possible occurrence of protonated species.
(25) Rohde, J.-U.; Bukowski, M. R.; Que, L. Qurr. Opin.Chem. Biol.
2003 7, 674-682.
(26) Blackman, A. G.; Tolman, W. BStruct. Bonding200Q 97, 179—
211.
(27) Girerd, J.-J.; Banse, F.; Simaan, ASfruct. Bondind?00Q 97, 146—
177.

(24)

We shall emphasize that for the first time a [(L)MDO]*
species is detected by both parallel-mode EPR and-¥
spectroscopy. Whereas the characterization of this type of
intermediate is well documented in the literature in the case
of iron and coppet>?’ it is so far rare in manganese
chemistry.
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