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A bischloromanganese(II) complex [(LH)MnCl2] (1), where LH is
the pentadentate ligand N,N-bis(2-pyridylmethyl)-N′-salicylidene-
ethane-1,2-diamine, has been synthesized. Elemental analysis,
UV−visible, and cyclic voltammetry experiments showed that the
phenol function of the ligand LH remains protonated. Exhaustive
electrolysis at 1.0 V vs SCE led to the formation of the MnIII

derivative [(L)MnCl]+ (3) with the concomitant expulsion of H+ and
Cl-. The formation of the MnIII species was confirmed by UV−
visible spectroscopy and X-ray crystallography. Complex 1 could
be regenerated by the reduction of complex 3 in the presence of
H+ and Cl-.

Perhaps one of the most challenging tasks for bioinorganic
chemists is to provide structural or functional models of the
solar-powered Mn-based cluster (oxygen-evolving complex,
OEC) of photosystem II, termed the “engine of life” by
Barber.1 Indeed, the OEC wrests four electrons and four
protons from two molecules of water, yielding O2 as the
byproduct.2,3 Mn, Cl, and Ca ions are essential cofactors for
the proper functioning of the system, and proton-coupled
electron transfer is the basis for the electron trade within.4,5

Mn compounds known to oxidize water are scarce and still
under debate.6-9 Hereby, we report the electrochemical

behavior of a mononuclear Mn complex where Cl- ions and
the protonic state of a phenol-containing ligand, two impor-
tant parameters to disentangle the chemistry of the OEC,
have been analyzed.

For the majority of phenol-containing ligands that have
been used in the development of Mn chemistry, this
coordinating group is in a deprotonated form and is bound
to the metal ion. Recently, a few structures of MnII complexes
with noncoordinated or coordinated phenol groups have been
reported.10 For one of them, the corresponding MnIII complex
with bound phenolato has also been characterized.10 In our
laboratory, we have developed several families of ligands
bearing a phenol group, to tackle the highly demanding task
of providing biomimetic models for the OEC.11 However,
little attention was given to the synthesis of Mn complexes
where the phenol group remains protonated. In this paper,
we described the synthesis of a MnII complex with ligand
LH (where LH stands for theN,N-bis(2-pyridylmethyl)-N′-
salicylideneethane-1,2-diamine ligand; Chart 1) in a one-
pot synthesis under an inert atmosphere.

The addition of MnCl2‚4H2O to an ethanolic solution of
ligand LH in a 1:1 ratio leads to the rapid precipitation of a
white powder of complex1, which we formulate as [(LH)-
MnCl2] based on elemental analysis and on electrochemical
investigations described below.12 According to the work of
Rompel et al.,10 two forms are possible, one with a
coordinated phenol and the other one with an uncoordinated
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Chart 1. Ligand LH
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phenol.13 Drawings of the two possible isomers are indicated
in the graphical abstract. Interestingly, the electronic absorp-
tion spectrum of complex1 exhibits an absorption band at
350 nm (Figure S1 in the Supporting Information), a value
slightly lower than those observed for phenolato to MnII

charge-transfer transition of related MnII complexes.14,15The
9.4-GHz (X-band) electron paramagnetic resonance (EPR)
spectra of complex1 in powder and solution exhibit two
main transitions near 140 mT (g ) 4.7) and 330 mT (g )
2), characteristic of some MnII species (Figure S2 in the
Supporting Information).

The cyclic voltammetry trace of compound1 is shown in
Figure 1a. When scanning up to 1.0 V vs SCE, two anodic
peaks (1 and 1′) are detected nearEPa ) 0.4 V and atEPa )
0.85 V vs SCE, and only one cathodic peak (2′) is detected
atEPc ) 0.20 V vs SCE on the reverse scan. It is to be noted
that the value of the second anodic potential is close to the
one reported for the oxidation of a similar Mn complex in a
N4Cl2 coordination sphere.16 Therefore, peak 1 is attributed
to the isomer where the phenol is coordinated10 to the metal
center and peak 1′ to the one with an uncoordinated phenol.10

However, if we go up to 1.4 V vs SCE, an additional
reversible anodic process (peaks 3 and 3′) is detected atE1/2

) 1.15 V vs SCE. This one-electron-redox process can be
attributed to the oxidation of species [(L)MnCl]+ (3) into
[(L)MnCl] 2+ based on the cyclic voltammetry signature of

complex [(L)MnCl] (2)14 and, accordingly, the reduction
process of species3 is hereby detected atEPc ) 0.17 V vs
SCE.

The cyclic voltammetry trace of complex1 after the
addition of 1 equiv of 2,6-dimethylpyridine per Mn ion shows
two new anodic peaks (2 and 5) atEPa ) 0.30 and 1.34 V
vs SCE, respectively (Figure S3 in the Supporting Informa-
tion). The higher anodic process is attributed to the oxidation
of free Cl- ions, while peak 2 is in accordance with the
oxidation of complex [(L)MnCl] (2).14 Upon the addition of
1 equiv of silver perchlorate per Mn ion, peak 5 disappears
because of the precipitation of the free Cl- ions (Figure 1b).
The resulting cyclic voltammetry trace is identical with the
one reported for complex2.14 Consequently, we suggest that
the addition of a base on species1 induces the deprotonation
of ligand LH, implying the coordination of the phenolate
residue and ultimately the departure of one Cl- ion (Scheme
1, left arrow).

The cyclic voltammetry trace of compound1 after bulk
electrolysis atE ) 1.0 V vs SCE is shown in Figure 1c.
When scanning from 0.7 V vs SCE, peak 1′ is not detected,
whereas peaks 2′, 3, and 3′ are still present. Anodic processes
1 and 1′ are observed on the reverse scan. The electronic
absorption spectrum of the electrolyzed solution shows
characteristic features of the MnIII species314 and indicates
that 3 was generated with a 85% yield (Figure S1 in the
Supporting Information). The fact that species3 is formed
upon the metal-centered one-electron-oxidation process
pertains to the simultaneous loss of one H+ ion and one Cl-

ion (Scheme 1, right arrow). It is noteworthy that neither
the H+ ion nor the Cl- ion could be detected by cyclic
voltammetry because HCl is weakly dissociated in acetoni-
trile.17,18 The observation of both peaks 1 and 1′ on the
reverse scan of the cyclic voltammetry trace recorded after
bulk electrolysis (Figure 1c) suggests that reduction of
species3 into species2, in the presence of HCl in the
medium, is accompanied by the reprotonation of the coor-
dinated phenolate group of the L- ligand and the recoordi-
nation of the Cl- ion. This reverse process has been
confirmed by exhaustive electrolysis atE ) -0.4 V vs SCE
of the in situ generated complex3, which leads to the
formation of species1 (Scheme 1, right arrow).

The various chemical and electrochemical reactions in-
volved in the different experiments are summarized in
Scheme 2. All of these coupled experiments were necessary
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Figure 1. Cyclic voltammograms of a 0.5 mM solution of1 in acetonitrile
containing 0.1 M tetrabutylammonium perchlorate (a), in the presence of 1
equiv of 2,6-dimethylpyridine and of 1 equiv of silver perchlorate ion per
Mn ion (b), and after bulk electrolysis atE ) 1.0 V vs SCE (c). (T )
20 °C; scan rate) 100 mV.)

Scheme 1. Complexes2 and3 Obtained from Complex1
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to make conclusions on the cyclic voltammetry trace of
compound1. Although the potential values of peaks 1 and
2 are close, peak 1 could not be attributed to the oxidation
of species2 because no equilibrium between species1 and
2 was detected.19 The MnIII complex generated by oxidation
of species1 is unstable and evolves toward the departure of
HCl, through a deprotonation step of the phenol group and
the exit of one metal-bonded Cl- ion, to form species3 at
the electrode. This species can be reversibly oxidized into
the corresponding MnIV species (peaks 3 and 3′)14 or reduced
into species2 (peak 2′).

Single crystals of species3 were obtained from the
electrolyzed solution of complex1 and were analyzed by
X-ray diffraction studies. An ORTEP view of complex3 is
shown in Figure 2. The MnIII ion is hexacoordinated by the
N4O ligand L- and by one exogenous Cl- ion. A similar
coordination sphere with ligand L- was previously observed
for the FeIII complex.20 The two pyridine arms are in the
transposition, as observed for other Mn complexes obtained
with ligand L-.14,21The Jahn-Teller elongation axis is along
the pyridine-Mn-pyridine axis. The Mn-Nimine and Mn-
Nphenolatebond lengths are close to those reported for similar
species.10,21-23 The Mn-Cl bond length is relatively shorter
in comparison to the reported values for chloromanganese-
(III) species obtained with N4 or N4O ligands.10,24,25

Altogether, these results highlight the intricacies between
the electrochemical properties and the chemical alterations

within the coordination sphere of the Mn ion, be it the Cl-

content or the protonic state of the phenol group of the ligand.
This study stems from a classic metalation where the ligand
was merely mixed with the metal source. The detailed
electrochemical investigations in various conditions have
permitted us to unravel an electron process coupled with
chemical reactions (Cl- expulsion and deprotonation). We
believed that the understanding of such basic phenomena is
important for Mn chemistry.
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Supporting Information Available: X-ray crystallographic
details of complex3 in CIF format, experimental data, UV-visible
spectra of complex1 before and after bulk electrolysis at 1.0 V vs
SCE (Figure S1), 9.4-GHz (X-band) EPR spectra of complex1 in
powder and in solution (Figure S2), and cyclic voltammograms of
1 in the presence of 1 equiv of 2,6-dimethylpyridine per Mn ion
(Figure S3) and in the presence of 1 equiv of silver perchlorate per
Mn ion (Figure S4). This material is available free of charge via
the Internet at http://pubs.acs.org.
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Scheme 2. Chemical and Electrochemical Reactions Involved
between Complexes1-3a

a The numbers in parentheses refer to the electrochemical processes
observed in Figure 1 and commented on in the text.

Figure 2. Molecular view of the cation [(L)MnIIICl]+ (3). Displacement
ellipsoids are drawn at the 50% probability level. Bond lengths (Å): Mn-
O1 ) 1.870(4), Mn-Cl ) 2.266(2), Mn-N1 ) 2.251(6), Mn-N2 )
2.133(6), Mn-N3 ) 2.001(6), Mn-N4 ) 2.254(6). Angles (deg): O1-
Mn-N3 ) 89.90(22), N2-Mn-N3 ) 81.70(22), N2-Mn-Cl ) 94.25(16),
O1-Mn-Cl ) 94.45(18), N1-Mn-N2 ) 75.17 (22), N2-Mn-N4 )
77.81(22), N1-Mn-N4 ) 152.90(22).
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