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Binuclear manganese complexes have attracted 
considerable attention because of their possibility 
as models for the oxygen-evolving center of the 
photosystem II [l]. However, only a few binuclear 
manganese complexes have been reported, although 
some examples have appeared very recently [2-151. 
One of the difficulties in the synthesis of binuclear 
manganese complexes is caused by misunderstanding 
of their analytical data, since the manganese com- 
plexes often show complicated compositions. In this 
study we have isolated one of such complexes by 
using a binucleating ligand, 2,6-bis [N-(2 -pyridylethyl)- 

HL 

iminomethyl]-4-methylphenol (HL). The elemental 
analyses suggested that the complex has the compo- 
sition Mnz(L)(CHsO)(CHaCOO)(CIO,XCH,OH). The 
binuclear structure has been characterized on the 
basis of IR, electronic and ESR spectra, and magnetic 
susceptibilities (80-300 K). 

The complex was prepared as follows. 2,6-Di- 
formyl4-methylphenol (prepared according to the 
method of Okawa and Kida [ 161) (80 mg) and 
2-(2-aminoethyl)pyridine (122 mg) were dissolved 
in 10 ml of methanol. Then manganese(I1) acetate 
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tetrahydrate (245 mg) and NaC104 (367 mg) were 
successively added. The mixture was stirred and 
filtered; a slow evaporation gave yellow crystals. 
Anal. Found: C, 45.86; H, 4.62; N, 758;Mn, 15.58. 
Calc. for Mn2(C23H2sN40)(CHs0)(CH3Coo>(ao,)- 
(CHaOH): C, 46.14; H, 4.73; N, 7.97; Mn, 15.63%. 

The presence of C104-, CHsCOO- and CHaOH 
is suggested from the IR spectrum of the complex. 
The v(Cl--0) bands of C104- appear at 1050-l 150 
cm-‘. The small splittings of these bands indicate 
that the coordination of Clod- to metal ion is not 
strong, even if the manganese ion is coordinated by 
the perchlorate ion. The v,(COO-) and v,(COO-) 
bands of CHsCOO- appear at 1588 and 1441 cm-‘, 
respectively. The Av value between them falls in the 
range of those observed for a symmetrically bridging 
carboxylate group [2,8, lo]. A broad band around 
3440 cm-’ may be attributable to the 40-H) 
band of semi-coordinated or crystal methanol. Based 
on the elemental analyses and the IR spectral data, 
we can assume the complex has the binuclear struc- 
ture shown in Fig. 1. This structure is not unprece- 
dented. Recently we [lo] and Nishida et al. [l l] 
have independently found a similar structure in the 
X-ray crystal structures of [Mn2(L’)(CHs0)(CHs- 
COO)(ClO,)(CHsOH)] (L’ = 1,5-bis(salicylidene- 
amino)-3-pentanol and 1,5-bis(5-chlorosalicylidene- 
amino)3-pentanol). 

The electronic spectrum of the complex in aceto- 
nitrile shows no appreciable absorption in the region 
below 20 X lo3 cm-‘, indicating the electronic 
configuration of the manganese(I1) ion is of high- 
spin. In the high-frequency region, two strong bands 
arising from the Schiff base ligand are observed at 
26.5 X IO3 cm-’ (E = 7950 mol-’ dm3 cm-‘) and 
38.9 X lo3 cm-’ (E = 36 930 mol-’ dm3 cm-‘). 

In order to confirm the binuclear structure, the 
magnetic susceptibilities were measured over the 
temperature range 80-300 K and the result is shown 
in Fig. 2. The magnetic moment of the complex is 
5.46 B.M./Mn at room temperature, which is lower 
than those of normal high-spin manganese(I1) com- 
plexes. The magnetic data were analyzed with the 

Fig. 1. Proposed structure of Mn,(L)(CH,O)(CH$OO)- 
(C104)(CH30H). 
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Fig. 2. Temperature dependence of the magnetic susceptibil- 
ities of Mn2(L)(CH,O)(CHaCOO)(ClO4)(CHaOH). 

Van-Vleck equation for the (S = 5/2)-(S = 5/2) 
system based on the Heisenberg model: 

Ng2P2 
xA= - 

5 5 t 3ox’O t 1 4xnr t 5x24 + x28 
X 

11 + 9x10 + 7x1s t 5x2” t 3x28 *x30 

where X = exp(-J/W) and the other symbols have 
their usual meanings. The solid curve in Fig. 2 is the 
curve calculated by using the parameters J = -3.8 
cm-’ and g = 1.99. This indicates that the two high- 
spin manganese(R) ions are antiferromagnetically 
coupled. The antiferromagnetic spin-exchange inter- 
action in the complex is comparable to that of 
[Mn2(L’)(CH,0)(CH&OO)(C104)(CHsOH)] (J = 
-10.6cm-‘) [Ill. 

The X-band ESR spectra of the complex in aceto- 
nitrile (at 102 and 295 K) showed two broad res- 
onances centered near g= 4.3 and 2.0. 
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