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Binuclear and mononuclear manganese(II) complexes with
2,6-bis[N-(2-pyridylethyl)iminomethyl]-4-methylphenocl. (HL),
[MnZ(L)(CH3COO)2(NCS)] and [Mn(HL)(NCS)z(HZO)], have been
prepared and characterized by X-ray structure analyses,

magnetic susceptibilities (80—300 K), and EPR spectrum.

Binuclear manganese complexes are of current interest because such
systems are known to exist at the active site of some manganese-containing
enzymes such as the photosystem II of green plants and the catalase from

1)

Lactobacillus plantarum, Recently we have prepared a binuclear manga-
nese(II) complex using a binucleating ligand, 2,6-bis[N-(2-pyridylethyl)-
iminomethyl]-4-methylphenol (HL). This complex has a complicated composi-
tion and the two manganese(II) ions are antiferromagnetically coupled.z)
During the course of our studies on manganese complexes with this ligand,
we have found that reaction with thiocyanate ion

leads to formation of a novel binuclear manganese-

(II) complex with different coordination environ- (::) (::)

N
ments, [an(L)(CHBCOO)Z(NCS)] (1), and a unigue
mononuclear manganese(II) complex, [Mn(HL)(NCS)z— N g N
(H20)] (2). Here we report the syntheses, X-ray I

crystal structures, and magnetic properties of
these complexes.
The binuclear manganese(II) complex 1 was

prepared as follows. 2,6-Diformyl-4-methylphenol HL
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(0.2 mmol) and 2-(2-aminoethyl)pyridine (0.4 mmol) were dissolved in 4 ml
of methanol. Then manganese(IIl) acetate tetrahydrate (0.4 mmol) and ammo-
nium thiocyanate (0.4 mmol) were successively added. The reaction mixture
was refluxed with stirring for 30 min. The solution was filtered while
hot; a slow evaporation gave orange crystals (67% yield).3)
The structure of 1 was determined by X-ray crystallography.4) The
crystal contains two crystallographically independent binuclear molecules;
they are represented as A and B. Their structures are essentially the
same. A perspective view of A is illustrated in Fig. 1. The striking fea-
ture of this structure is that the two manganese environments are differ-
ent. The two manganese ions are bridged by a phenoxide oxygen of the bi-
nucleating ligand L and two acetate ions (Mnl---Mn2 av. 3.341(2) R). The
coordination geometry of Mnl is a distorted square pyramid. The basal
plane is formed by N1, N2, 01, and 04 atoms from the ligand L and one ace-
tate ion, and the fifth coordination site is occupied by 02 atom of the
other acetate ion. On the other hand, the manganese ion Mn2 is in an N303
octahedral environment formed by the ligand L, two acetate ions, and a
thiocyanate ion. The Mn-O (2.069(6)—2.197(5) K) and Mn-N (2.195(6)-2.294-
(6) R) lengths fall within the range
typically found for manganese(II)
5)

complexes. Considering the trend
of manganese ion toward six-coordi-
nation, this is a novel example of
binuclear complexes having differ-
ent coordination environments with
a symmetric binucleating ligand.
The magnetic moment of 1 is
5.60 B.M./Mn at 297 K, which is
lower than the spin-only value for
high-spin d5 electronic configura-
tion. The magnetic susceptibility
data (80-300 K) were analyzed with
the Van-Vleck eguation based on the

Fig. 1. Perspective view of [an(L)(CH3COO)2(NCS)] (molecule A). Selected
bond lengths (1/&) and angles (¢/°): Mnl1---Mn2 3.337(2), 3.344(2); Mn1-01
2.178(5), 2.149(5); Mn1-02 2.158(6), 2.112(6); Mn1-04 2.069(6), 2.069(6);
Mn1-N1 2.198(6), 2.207(6); Mn1-N2 2.294(6), 2.289(6); Mn2-01 2.181(5),
2.197(5); Mn2-03 2.145(6), 2.132(7); Mn2-05 2.196(5), 2.183(5); Mn2-N3
2.207(6), 2.202(6); Mn2-N4 2.278(7), 2.282(7); Mn2-N5 2.195(6), 2.205(7);
Mn1-01-Mn2 99.9(2), 100.6(2) for molecules A and B, respectively.
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Heisenberg model (# = —2J§1-—
§, (8, = s, = 5/2)) and the
best fitting parameters are
J = -2.5 cm’1 and g = 2.00.
This indicates that an anti-
ferromagnetic interaction is

operating between the two

manganese(II) ions. The fro-
zen solution EPR spectrum of

1 shows a multiline in the

0 0.2 0.4 0.6 range 230-350 mT (Fig. 2).
H/T This is a rare example of bi-
Fig. 2. X-Band EPR spectrum of [an(L)- nuclear manganese(II) com-

(CH3COO)2(NCS)], DMF/toluene glass at 10 K. plexes which show a multiline

EPR signal. Such multiline
feature may arise from the magnetic interaction between the two manganese-
(I1) ions.6)

It is interesting that only one thiocyanate ion is trapped in a bi-
nuclear unit under the reaction of the binucleating ligand HL, manganese-
(I1) acetate, and ammonium thiocyanate with the 1:2:2 molar ratio. 1In or-
der to attain the formation of a six-coordinate binuclear complex where
both manganese(II) ions are coordinated by thiocyanate ions, we used an
excess of thiocyanate ion under the same preparative condition as that for
1 except for the amount of NH4SCN. However, a mononuclear manganese(II)
complex 2 was obtained as vermilion crystals from the reaction mixture of
2,6-diformyl-4-methylphenol (0.2 mmol), 2-(2-aminoethyl)pyridine (0.4 mmol
), manganese(II) acetate tetra-
hydrate (0.4 mmol), and ammonium
thiocyanate (2.0 mmol) in metha-
nol (76% yield).>'”)
ic moment of 2 (5.92 B.M./Mn at
287 K) is close to those for nor-

The magnet-

mal high-spin manganese(II) com-
plexes and the magnetic suscepti-
bility data (80—300 K) obey the
Curie law. The X-ray structure

determination of 2 revealed a

Fig. 3. Perspective view of [Mn(HL)(NCS)Z(HZO)]. Selected bond lengths
(1/8): Mn-01 2.141(4), Mn-02 2.268(4), Mn-N1 2.230(5), Mn-N2 2.270(5), Mn-
N5 2.214(6), Mn-N6 2.148(7).
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unique mononuclear structure where the octahedral coordination around the
manganese ion is formed by six donor atoms (N402) of the binucleating
ligand HL, two thiocyanate ions, and a water molecule.4) One of the side-
arm pyridine nitrogens of the binucleating ligand is not coordinated.s)
The present results show a flexible complexation of the binucleating

ligand, 2,6-bis[N-(2-pyridylethyl)iminomethyl]-4-methylphenol.
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