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Oxo-bridged clusters of manganese'2 have been shown tooccur
inthe active sites of the catalases, pseudocatalases, ribonucleotide
reductases, and the photosynthetic water oxidation center. The
synthetic complexes with structural units {Mnl¥,(u-O){(u-O,-
CCHa;)o}2* 33 and {Mn"Mn!V(u-0)y(u-0,CCH,)}2* 67 are of
current interest since they are good models for these enzymes.
It has been shown?4e.béa.8 that (u-ox0)bis(u-acetato)dimanganese-
(IIT) complexes could be oxidized by following two pathways:
(i) sequential electrochemical oxidation to Mn!"™n!V and Mn'V,
oxidation levels and (ii) chemical transformations to {Mn!lL-
Mn!Y(u-O)(u-ac),** and MnIIMnIY(u-O),(p-ac)}** species. It
is interesting to note that while disproportionation of the {Mn!!l-
Mn!Y(u-0),}*+ core under acidic conditions has been postulated
previously,>!0 to our knowledge isolation of a Mnl!L,(u-O)(u-
ac);}* species from a {MnIIMn!V (u-O)2(u-ac)}** species has not
so far been achieved.

We recently reported’ an antiferromagnetically coupled di-
manganese complex [MnIMn!V(x-0),(u-0,CMe)(MeL ), (Cl-
04)>H,0 (1) using MeL as a facially capping ligand [MeL =

t Dedicated to Professor Richard H. Holm on the occasion of his 60th
birthday.
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(2-pyridylethyl)(2-pyridylmethyl)methylamine].l! The present
work originated from our search for {MnHL(u-O)(u-ac),}2*
species. When glacial acetic acid was added to the reaction
medium conducive to the synthesis of 1, formation of a diman-
ganese(IIT) complex [Mn!L(u-O) (u-O,CMe),(MeL),](PFs),-H,O
(2) of the bridging type was noted. Here we present a novel
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oxidative transformation of Mn!l,(u-O)(u-ac),}** to a lower
potential species {Mn!V,(u-O),(u-ac)}** via electrochemically
generated {Mn"Mn!V(u-O)(p-ac),}** species.

The synthetic reaction requires under dinitrogen atmosphere
stirring of Mn(O,CCHj;)3:2H,0 (400 mg, 1.49 mmol), NH,PF;
(243 mg, 1.49 mmol), and MeL (339 mg, 1.49 mmol) in MeCN
(10 mL) for 2 h at 298 K. The product is isolated in 60% yield
(by adding glacial acetic acid (3 mL) and ethyl acetate (10 mL)
and allowing the mixture to stand for 24 h at 273 K) as purplish
brown microcrystals.’>? The (u-0x0)bis(u-carboxylato)diman-
ganese(III) core formulation!4 seems reasonable, given the
available characterizationdata.!? Infact,the absorption spectral
feature of 2 is similar to*-%2b those of the related structurally
characterized binuclear manganese(III) complexes with the
{Mn!,(u-O)(u-ac),}** chromophore.

In the temperature range 52-300 K molar magnetic suscep-
tibilities and effective magnetic moments per manganese of
powdered sample of 2 (4.91 ug/Mn at 300 K; 5.17 up/Mn at 52

2+

(11) Gupta, N.; Mukerjee, S.; Mahapatra, S.; Ray, M.; Mukherjee, R. N.
Inorg. Chem. 1992, 31, 139.

(12) Satisfactory elemental analysis was obtained for 2 dried under vacuum.
Anal. Calcd for C32H42N505F12P2Mn;: C, 38.15;, H, 4.17; N, 8.35.
Found: C, 37.96; H, 4.10; N, 8.82. IR spectrum of 2 (KBr), mass
spectra (FAB) of 1 and 2, and absorption spectrum of 2 (MeCN) are
in Figures S1-S3 (supplementary material). Conductivity measurements
showed that it is a 1:2 electrolyte (Ay = 293 &-! mol-! cm? in MeCN).13

(13) Geary, W. J. Coord. Chem. Rev. 1971, 7, 81.

(14) We have not succeeded so far in solving the X-ray structure of 2 since
single crystals thus obtained have turned out to be twinned!

© 1994 American Chemical Society



1580 Inorganic Chemistry, Vol. 33, No. 8, 1994

Figure 1. Repetitive scan cyclic voltammograms of 2 at a scan rate of
50 mV sl

K) are consistent with two isolated!s high-spin manganese(III)
centers. This behavior is similar to that encountered with related
binuclear manganese(III) systems.34a.5

W hen examined by cyclic voltammetry!! [MeCN; Pt electrode;
vs SCE], 2 exhibits at a scan rate!” of 21000 mV /s a reversible!!
oxidative response at 1.20 V and an irreversible reductive response
at 0.00 V. The electrode reactions for 17 and 2 are in eqs 1 and
2andeqs 3 and 4, respectively. The CVresults of 2are comparable
to those of the reported compounds of similar core unit.34s.b:5b

[Mn",(u-0),(u-ac)(MeL),]** f:i
[MnlnMnlv(“'o)Z(“‘ac)(MeL)2]2+ (El/2 = 1.00 V) (1)

Mg IV, 2+ ¥
[Mn""Mn " (u-0),(u-ac)(MeL),]
[Mn",(u-0),(u-ac)(MeL),]"* (E,,=-0.10V) (2)

[Mann]v(/.t-O)(#'ac)Z(MeL)Z]3+ %
[MHIHZ(#'O)(ﬂ'aC)Z(MeL)zl2+ (E1/2 =1.20 V) (3)

[Ma" (4-0) (u-a0),(MeL),J**
[Mn""Mn'/(4-0)(u-ac),(MeL),]'" (B, =0.00V) (4)

An estimate of the thermodynamic stability of 2 can be easily
obtained from the comproportionation constant (Kcm at 298 K;
~1.0 X 1021)18 of reaction 5.

[Mo""Ma™ (4-0) (u-20),(MeL),1** +
[Mn""Mn"!(4-0)(u-ac),(MeL),]* =

2[Mn'"(4-0) (u-ac),(MeL),]** (5)

For 2 on repetitive scanning of the potential between the limits
0.60-1.50 V, at the expense of the higher potential response (eq
3) a new redox wave (eq 1) is being formed (Figure 1). If after
holding the potential at 1.50 V for 30 s (in order to oxidize all
of the manganese(IIT) complex in the double layer) scanning (at
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0 =-9.92 K; correlation coefficient = 0.9992). When the experimental
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(18) Theanodic wave for the reductive response of 2 was not observed onscan
reversal: the E, /3 value is a rough estimate (cathodic peak potential +40
mV!),
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50 mV /s scan rate) is done cathodically up to 0.60 V, an identical
behavior is observed (Figure S4, supplementary material). Itis
tobe noted that in both Figures 1 and S4, anadditional irreversible
response is observed at 1.36 V which is associated with the
formation of the lower potential response. On scanning of the
potential further down to —0.40 V, two irreversible reductive
responses corresponding to electrode processes (eqgs 2 and 4) are
observed (Figure S4).

The above two experiments point toward redox transformation
of 2 to the one-electron oxidized form of 1 under oxidative
conditions. This is a clear case of an ECE mechanism!%20 where
removal of the second electron occurs with greater facility than
removal of the first (compareeqgs 1 and 3). Thus, as the potential
scanning is made up to the oxidative couple of 2 (eq 3), [MnI!,(u-
O)(u-ac),(MeL),]?+ is oxidized to [Mn!!Mn!Y(u-O)(u-ac),-
(MeL),]?*, which in turn transforms?! to [Mn!Y;(u-O);(u-
ac)(MeL),]**+. The same reasoning holds good for the results in
Figure S4. The species generated after two-electron coulometric
oxidation?! of 2, [Mn!V;(u-O),(u-ac)(MeL);]3*, has been con-
firmed by its redox behavior when compared with” that obtained
from the chemically or coulometrically oxidized form of 1.

An interesting observation of the present work is the trans-
formation of 1 to 2 brought about by glacial acetic acid (the
synthetic reaction). Controlled experiments suggest the mecha-
nism of this reactionisas showninegs 622and 7. The manganese-
(IV) dimer thus generated?* decomposes under the reaction
conditions. In essence, the synthesis of [Mnll(u-O)(u-ac),-
(MeL),]?* has been achieved by the reaction between glacial
acetic acid and [Mn"MnlY,(u-O),(u-ac)(MeL);]?* following a
disproportionation reaction.

[Mn""Mn" (4-0),(4-0,CCH;)(MeL),]** + CH;CO,H =
(Mn™"™Mn' (4-0) (u-OH) (4-0,CCH,)(MeL),]** +
CH,CO,” (6)
[Mn""Mn" (4-O) (u-OH) (u-O,CCH,) (MeL),** +

CH3CO;~

+
[Mn'"Mn" (4-0),(u-0,CCH;) (MeL),}** ot

[Mnlllz(“_o) (“-OZCCHa)z(MCL)z] LAY

[Mn",(4-0),(u-0,CCH,)(MeL),}I** (7)
The structures of 1, 2, and the Mn!V; species and their redox
interconversion properties are now under investigation.
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