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Oxo-bridged clusters of manganeselvz have been shown to occur 
in the active sites of the catalases,pseudocatalases, ribonucleotide 
reductases, and the photosynthetic water oxidation center. The 
synthetic complexes with structural units {Mn1112(p-O)(p-02- 
CCH3)2}2+ 3-5 and (MnII~Mn1V(p-O)2(p-02CCH~)}Z+ 6,7 are of 
current interest since they are good models for these enzymes. 
It has been shown3~4a~b,6a~8 that (p-oxo)bis(p-acetat0)dimanganese- 
(111) complexes could be oxidized by following two pathways: 
(i) sequential electrochemical oxidation to MnIIIMnIV and MnIV2 
oxidation levels and (ii) chemical transformations to {MnlI1- 
MnIV(p-O)(p-ac)2}3+ and { M I I ~ ~ ~ M ~ I ~ ( ~ - O ) ~ ( ~ - ~ C ) } ~ +  species. It 
is interesting to note that while disproportionation of the {MnlI1- 
MnlV(p-O)2)3+ core under acidic conditions has been postulated 
previously,9J0 to our knowledge isolation of a Mn1I12(p-0)(p- 
ac)#+ species from a { Mn111Mn1V(p-O)2(p-ac)}2+ species has not 
so far been achieved. 

We recently reported7 an antiferromagnetically coupled di- 
manganese complex [Mn111Mn1V(p-O)2(p-02CMe)(MeL)2] (Cl- 
O 4 ) ~ H 2 O  (1) using MeL as a facially capping ligand [MeL = 
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Me 

(2-pyridylethyl)(2-pyridylmethyl)methylamine] .I1 The present 
work originated from our search for {Mn111z(p-O)(p-ac)2}2+ 
species. When glacial acetic acid was added to the reaction 
medium conducive to the synthesis of 1, formation of a diman- 
ganese(II1) complex [ Mn1112(p-O)OL-02CMe)2(MeL)~] (PF&H20 
(2) of the bridging type was noted. Here we present a novel 

Me 12' 

Me 

oxidative transformation of (MnI~I~(p-O)(p-ac)2]2+ to a lower 
potential species (MnIv2(p-0)2(p-ac)}3+ via electrochemically 
generated {Mn~~1Mn1V(p-O)(p-ac)~)3+ species. 

The synthetic reaction requires under dinitrogen atmosphere 
stirring of Mn(02CCH3)3,2H20 (400 mg, 1.49 mmol), NH4PFs 
(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.12 The (p-oxo)bis(p-carboxy1ato)diman- 
ganese(II1) core f o r m ~ l a t i o n ~ ~  seems reasonable, given the 
available characterization data.l2 In fact, the absorption spectral 
feature of 2 is similar to3-5a9b those of the related structurally 
characterized binuclear manganese(II1) complexes with the 
{ Mnlllz(p-O)(p-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 pB/Mn at  300 K; 5.17 pB/Mn at 52 
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Figure 1. Repetitive scan cyclic voltammograms of 2 at a scan rate of 
50 mV s-I. 

K) are consistent with two isolated15 high-spin manganese(II1) 
centers. This behavior is similar to that encountered with related 
binuclear manganese(II1) ~ y s t e m s . ~ ~ ~ ~ ~ ~ ~  

When examined by cyclicvoltammetry'' [MeCN; Pt electrode; 
vs SCE], 2 exhibits a t  a scan rate17 of 2 1000 mV/s a reversible" 
oxidative response at  1.20 V and an irreversible reductive response 
at  0.00 V. The electrode reactions for l7 and 2 are in eqs 1 and 
2 and eqs 3 and 4, respectively. The CV results of Zarecomparable 
to those of the reported compounds of similar core ~ n i t . ~ v ~ ~ , ~ , ~ ~  

[ Mn'",( p - 0 )  ,( p-ac) (MeL),] 3+ 2 
-e- 

[Mn"'Mn'V(p-O)2(p-ac)(MeL)2]2+ ( E 1 , ,  = 1.00 V) (1) 

[ Mn"'Mn'V(p-O),(p-ac) (MeL),] 2+ 

[Mn"',(p-O),(p-ac)(MeL),]~+ (Ep,c = -0.10 V) (2) 

[ Mn"'Mn'V(p-O)(p-ac),(MeL),] 3+ 
-e- 

[Mn"',(p-O)(p-a~),(MeL),]~+ (E1, ,  = 1.20 V) (3) 

[ Mn"',(p-0) (p-ac),( MeL),] 2+ 5 
[Mn"Mn"(p-O)(p-ac),(MeL),]'+ (Ep,c = 0.00 V) (4) 

An estimate of the thermodynamic stability of 2 can be easily 
obtained from the comproportionation constant (Kmm at  298 K; 
N 1.0 x 102I)lg of reaction 5. 
[ Mn"'Mn'V(p-O) (p-ac),( MeL),] 3+ + 

[ Mn"'Mn''(p-O)(p-a~),(MeL)~]+ + 

2[Mn"'2(p-O)(p-ac)2(MeL)2]2+ (5) 
For 2 on repetitive scanning of the potential between the limits 

0.60-1.50 V, a t  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 a t  1.50 V for 30 s (in order to oxidize all 
of the manganese(II1) complex in the double layer) scanning (at 
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XM-~  vs T data were fitted to the appropriate expression16 for Mn"L 
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50 mV/s scan rate) is donecathodically up to0.60 V, an identical 
behavior is observed (Figure S4, supplementary material). It is 
to be noted that in both Figures 1 and S4, an additional 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 (eqs 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 m e c h a n i ~ m ~ ~ ~ ~ ~  where 
removal of the second electron occurs with greater facility than 
removal of the first (compareeqs 1 and 3). Thus, as the potential 
scanning is made up to the oxidative couple of 2 (eq 3), [Mntt12(p- 
O)(p-a~)2(MeL)~]2+ is oxidized to [MnIIIMnIV(p-O)(p-ac)z- 
(MeL)2I3+, which in turn transforms21 to [Mn1V2(p-0)2(p- 
ac)(MeL)2I3+. The same reasoning holds good for the results in 
Figure S4. The species generated after two-electron coulometric 
oxidation2] of 2, [Mn'V2(p-O)2(p-ac)(MeL)2]3+, has been con- 
firmed by its redox behavior when compared with7 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 reaction is as shown in eqs 622 and 7. The manganese- 
(IV) dimer thus generated24 decomposes under the reaction 
conditions. In essence, the synthesis of [Mn1"2(p-O)(p-ac)2- 
(MeL)2]2+ has been achieved by the reaction between glacial 
acetic acid and [Mn111Mn1V2(p-O)2(p-ac)(MeL)2]2+ following a 
disproportionation reaction. 
[Mn"'Mn'V(p-O),(p-0,CCH,)(MeL)2]2+ + CH,CO,H + 

[Mn"'Mn'V(p-O)(p-OH)(p-0,CCH3)(MeL),] 3+ + 
CH3CO; ( 6 )  

[ Mn"'Mn'V(p-O) (p-OH) (p-O,CCH,) (MeL),] 3+ + 
+CH,COi 

-OH- 
[Mn"'Mn'V(p-O),(p-02CCH,)(MeL)2]2+ - 

[Mn"'2(p-O)(p-0,CCH3)2(MeL),]2+ + 
[Mn'V2(cl-o>,(cL-o,CcH3)(MeL),13+ (7) 

The structures of 1,2, and the M d V 2  species and their redox 
interconversion properties are now under investigation. 
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+Ha0 

[Mn'1'Mn'V(p-O)(p-02CMe)2(MeL)2]3+ - 
- M ~ o , H ,  -n* 

[ Mn'11Mn'V(p-O)2(p-0,CMe)(MeL),]2+ 
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