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Synthesis and Electrochemical Properties of Dinuclear Manganese(II) Complexes with
Octadentate Schiff-base Macrocycles. Fine Tuning of the Redox Behavior
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A series of dinuclear manganese(IT) complexes [R1-LMny(R2CO3)]ClO4 were
synthesized and X-ray crystal structure analysis of [CH3-LMny(CH3CO9)]ClO4 (1) was
performed. Two manganese ions of 1 were six-coordinate with highly deformed
octahedral structure. Electrochemical measurements of these complexes revealed that
both the substituents of the phenol ring and those on the ligating acetate effectively control
the redox properties of the Mn(II) center.

It is well recognized that manganese ion plays important roles in many biological processes.!) Especially
Mn catalase has a dinuclear manganese core as its active site,2) and PS II reaction center of cyanobacteria and
green plants contain a tetranuclear cluster as the active site of oxygen evolving complexes.3) Recently a lot of
dinuclear and multinuclear manganese complexes have been synthesized as models of these manganese redox
enzymes.*) However, only a few examples were reported in which the redox properties of the Mn centers could
be controlled systematically. We wish to report here the synthesis and redox properties of a series of dinuclear
manganese(II) complexes [RLLMI'Q(RZCOQ)]CIO47 where R1-L is an octadentate (NgO5) Schiff-base
macrocyclic ligand and R2CO; is a substituted acetate ion. It was found that the introduction of various
substituents at R! and/or R2 resulted in significant changes in the redox behavior of these complexes.

A series of complexes [R1-LMny(R2C0O5)]ClO4 were prepared by the reaction of 4-substituted 2,6-
diformylphenol (3.05 mmol), bis(2-aminoethyl)methylamine (3.05 mmol) and Mn(ClO4)2-:6H20 (3.05 mmol) in
the presence of R2CO;Na (7.10 mmol) in MeOH (40 m1).5) Synthesized dinuclear Mn(II) complexes are
summarized in Fig. 1. In all cases desired dinuclear Mn(II) complexes were obtained as yellow solids.

R 1: R1 = CH3, R2 = CH3
2: R! = CH3, R2 = CICH»
3: R1 = CH3, R2 = CIoCH
(\,\', /o ,'\,,\ 4: R = CH3, R2 = CI3C
L MA N _p2 5: R1 = CH3, R2 = F3C
H3C'{i_'}m3 '/wr\'N\N)CH‘" (1-R"C02)| (CI04) 6: R1 = OCHg3, R2 = CH3
h 0 I 7: R1 = H, R2 = CH3
8: R1 = F, R2 = CHj
9: R = Br, R2 = CH3
R1 10: R! = Br, R2 = F3C
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Fig. 1.
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Distances (A)
Mn(1)-0(1) 2.189(4) Mn(2)-0(1) 2.197(4)
Mn(1)-0(2) 2.181(4) Mn(2)-0(2) 2.178(4)
Mn(1)-N(1) 2.189(5) Mn(2)-N#) 2.206(5)
Mn(1)-N(2) 2.493(6) Mn(2)-N(5) 2.558(5)
. Mn(1)-NQ3) 2.202(5) Mn(2)-N(6) 2.191(5)
NM)E‘( Mn(1)-O(A1) 2.088(4) Mn(2)-N(6) 2.191(5)
Mn(1)-Mn(2) 3.239(1)
} Angles (deg)
O(1)-Mn(1)-0(2) 74.9(1) O(1)-Mn(2)-0(2) 74.8(1)
N(1)-Mn(1)-O(Al) 137.4(2) N(6)-Mn(2)-O(A2) 141.9(2)
b Mn(1)-O(1)-Mn(2) 95.2(1) Mn(1)-O(2)-Mn(2) 96.0(2)
Fig. 2. ORTEP view of 1 and selected bond distances and angles.

Single crystals of 1-DMF suitable for X-ray analysis were obtained by vapor diffusion of EtpO into a
DMF solution of 1. The molecular structure of 1 is shown in Fig. 2.6) The macrocycle serves as an octadentate
ligand, and an acetate anion binds in a bridging manner. Each Mn ion is coordinated by two bridging phenolic
oxygens, three nitrogens and one acetate oxygen. The whole coordination geometry around each Mn ion is
roughly octahedral but severely deformed. The distances Mn(1)-N(2) and Mn(2)-N(5) are much longer than the
other Mn-N distances. The bond angles around each Mn are also quite deviated from the ideal values. In contrast
to the previously reported dinuclear Mn(IT) complexes with Schiff-base macrocycles,”) the phenolic oxygens and
the imino nitrogens are not coplanar; two imino nitrogens (N(1) and N(6)) coordinate axially (i.e. trans to the
acetate-O) and the tertiary amino nitrogens (N(2) and N(5)) occupy the equatrial sites.

Although X-ray structures of complexes 2-10 are not available at present, we assume they have very
similar structures to that of 1. Elemental analysis and IR spectra of 1-10 were consistent with the composition
[R1-LMny(R2C0O,)]CI04. FAB-MS spectra showed a strong peak corresponding to [R1-LMny(R2COp)]+,
indicating the R2CO»- anion binds strongly to the Mny core. These results strongly suggest that the complexes 2-
10 have similar structures to that of 1 with the R2CO5- bridging anion.

1.0 pnA
Fig. 3. Cyclic voltammogram of 1 in CH3CN.

0.1 M EyN-ClOy4. Scan rate 100 mV/s.
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The cyclic voltammogram of 1 is shown in Fig. 3. It exhibited two quasi-reversible redox waves Elyp
and E21p at 0.15 V and 0.56 V (vs. Fc / Fc*; Fc = Ferrocene) which were assigned to the redox couples of
Mno(11, IT) / Mno (10, III) and Mng(II, I1I) / Mno(I11, IIT) respectively. The complexes 2-10 similarly showed
two redox waves. When electron-withdrawing (donating) substituents were introduced at R1 and /or R, both
El}p and E21/) showed anodic (cathodic) shifts. The Ely/p values showed fairly good linear relationships with
op of R! (Fig. 4a) and pKy's of R2CO2H (Fig. 4b).8), suggesting these potential changes are mainly due to
electronic effects rather than structural changes. In the case of 10 (R1=Br, R2=F3C), E1;; shifted up to 0.35 V
(vs. Fc / Fct) which is 200 mV higher than 1, and this amount of anodic shift is roughly the sum of those for §
(R1=CH3, R2=F3C) (120 mV) and 9 (R1=Br, R2=CH3) (110 mV), indicating additivity of the electronic effects
of the ligating anion and the substituent on the phenol ring. These results suggest that the redox properties of a
series of dinuclear Mn(II) co‘mplexes [R1-LMny(R2CO9)]ClO4 can be controlled so finely by a combination of
carboxylate anion and substituent at 4-position of the phenol ring. Such "fine-tuning” of redox properties may. be
useful to construct functional models of Mn-containing redox enzymes.
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Fig. 4. a) Plot of Elyp of [R1-LMny(CH3CO2)]C104 vs. Hammett p of R1.

b) Plot of El1p of [CH3-LMnp(R2CO2)]ClO4 vs. pKj of R2COH.
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