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The reaction of MnCl2.4H2O with 2-aminoethanethiol
(¼ Haet) under anaerobic conditions afforded yellow plate
crystals of octanuclear manganese complex [Mn4(�4-O)-
{Mn(aet)3}4]Cl2.MeOH.4H2O. A complex molecule consists
of four fac(S)-[Mn(aet)3] units linked to MnII4(�4-O) core by
thiolato bridges. Magnetic susceptibility measurements revealed
the presence of antiferromagnetic interactions through �4-oxo
and �2-thiolato bridges.

Cluster chemistry is of current interest from viewpoints of
magnetic and bioinorganic chemistry.1 To explore synthetic
routes for preparing new transition-metal cluster, the choice of
bridging ligands is important. Carboxylato- and oxo-bridges
have been often used for preparing large molecules,2 and strong
Lewis base of thiolate was also known to form large molecules.
It is pointed out that tris(thiolato)-type complexes fac(S)-
[M(aet)3] (Haet = 2-aminoethanethiol) act as an effective tri-
dentate-S,S,S complex-ligands toward transition metal ions
(Scheme 1).3 Trinuclear complexes [M0{M(aet)3}2]

3þ (M ¼
RhIII and IrIII; M0 = CoIII),3b,3c pentanuclear complexes [M0

3-
{M(aet)3}2]

6+ or 3+ (M = CrIII, CoIII, RhIII, and IrIII; M0 = HgII

and AgI),3d–3h and octanuclear complexes [M0
4(�4-O)-

{M(aet)3}4]
6þ (M = CrIII, CoIII, RhIII, and IrIII; M0 = ZnII and

CoII)3i–3m were prepared by stepwise reactions of [M0(aet)3] unit
with additional metal ions.

However, there are not many reports of paramagnetic
octanuclear clusters.4 We report here synthesis and structure of
an octanuclear manganese cluster [MnII4(�4-O){MnII(aet)3}4]
Cl2.MeOH.4H2O (1.Cl2.MeOH.4H2O).

Synthesis was performed under nitrogen atmosphere by us-
ing Schlenk techniques. A solution of MnCl2.4H2O (198mg,
1.0mmol) in methanol (10 cm3) was added to the mixture
of 2-aminoethanethiol hydrochloride (170mg, 1.5mmol) and
triethylamine (202mg, 2.0mmol) in methanol (20 cm3). The re-
sulting solution was allowed to stand for one month at room tem-
perature to give yellow plate crystals of 1.Cl2.MeOH.4H2O.

5

12þ is composed of four fac(S)-[MnII(aet)3]
� units and one

[MnII4(�4-O)]
6þ unit (Figure 1). In the octanuclear core, four

MnII ions (Mn1–Mn4) are bound to a central oxide ion in a
tetrahedral geometry to construct [MnII4(�4-O)]

6þ core, which
is linked to four fac(S)-[Mn(aet)3] units via thiolato bridges, giv-

ing tetrahedral symmetrical cage. Tetrahedral coordination sites
of each Mn ion in the Mn4(�4-O) core are occupied by one�4-O
atom and three �2-S atoms from aet. The average Mn–O and
Mn–S distances are 2.049 and 2.451 Å, respectively, which lie
on the typical coordination bond length for tetrahedral Mn2þ

ions.4a,6 The Mn–O–Mn angles range from 106.46(9) to
111.58(10)� with the average interatomic distance (Mn–Mn)
of 3.34 Å. In the four [MnII(aet)3]

� units, all Mn(II) ions have
distorted octahedral geometry with three N atoms and three S
atoms from three bidentate aet ligands. The average Mn–N
and Mn–S distances are 2.296 and 2.603 Å, respectively, and
the Mn–S–Mn angles are in the range of 98.53(4) to
107.79(4)�. Charge considerations and coordination bond
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Scheme 1. Bridging mode of fac(S)-[M(aet)3].

Figure 1. An ORTEP drawing of 1. Selected bond lengths (Å):
Mn1–O1 = 2.054(2), Mn(1)–S(2) = 2.4529(10), Mn(1)–S(1) =
2.4533(10), Mn(1)–S(3) = 2.4543(10), Mn(2)–O(1) = 2.043(2),
Mn(2)–S(4) = 2.4260(12), Mn(2)–S(6) = 2.4391(10), Mn(2)–
S(5) = 2.4471(11), Mn(3)–O(1) = 2.048(2), Mn(3)–S(8) =
2.4544(10), Mn(3)–S(7) = 2.4561(10), Mn(3)–S(9) =
2.4556(11), Mn(4)–O(1) = 2.049(2), Mn(4)–S(12) =
2.4492(10), Mn(4)–S(11) = 2.4604(11), Mn(4)–S(10) =
2.4690(10), Mn(5)–N(8) = 2.266(3), Mn(5)–N(6) = 2.292(3),
Mn(5)–N(3) = 2.299(3), Mn(5)–S(3) = 2.5993(10), Mn(5)–
S(6) = 2.6007(10), Mn(5)–S(8) = 2.6403(10), Mn(6)–N(1) =
2.286(3), Mn(6)–N(10) = 2.312(3), Mn(6)–N(4) = 2.316(3),
Mn(6)–S(4) = 2.5725(11), Mn(6)–S(1) = 2.6197(10), Mn(6)–
S(10) = 2.6278(10), Mn(7)–N(7) = 2.273(4), Mn(7)–N(5) =
2.285(3), Mn(7)–N(11) = 2.325(3), Mn(7)–S(11) =
2.5906(11), Mn(7)–S(5) = 2.5921(12), Mn(7)–S(7) =
2.6161(11), Mn(8)–N(12) = 2.278(3), Mn(8)–N(2) = 2.311(3),
Mn(8)–N(9) = 2.314(3), Mn(8)–S(9) = 2.5891(10), Mn(8)–
S(12) = 2.5890(10), Mn(8)–S(2) = 2.6010(11).
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lengths confirm that all manganese ions are þ2 ions. The com-
pound crystallized in monoclinic space group C2/c. Each
fac(S)-[Mn(aet)3]

� core has � or � configuration; however,
they are related by mirror planes. It is not clear why 1 is racemic,
although the bridging sulfur atoms are chiral centers. Absence of
strong intermolecular interactions such as Coulomb interactions
and hydrogen bonds might be responsible for racemate.

Magnetic susceptibility measurements for 1.Cl2.MeOH.
4H2O were performed in the temperature range of 1.8–300K
(Figure 2).7 The �mT value at 300K is 27.12 emumol�1 K,
which is smaller than the value expected for uncorrelated eight
Mn(II) ions (35 emumol�1 K with g ¼ 2). The �mT value grad-
ually decreased as the temperature was lowered, and reached the
value of 1.18 emumol�1 K at 1.8K. The Curie–Weiss plot gave
a negative Weiss constant (C ¼ 33:87 emumol�1 K and � ¼
�76:64K), which suggested relatively strong antiferromagnetic
interactions being operative among manganese ions. Thiolato-
bridged Mn(II) complexes have been reported to show antiferro-
magnetic interaction (J � �10 cm�1).6 In 1, bridging bond an-
gles by the thiolates are nearly the same as the previously report-
ed values; therefore, both thiolato- and oxo-bridges propagate
the antiferromagnetic interactions. It is noted that the tempera-
ture dependence of �mT values approaching to zero is indicative
of the absence of spin frustration.

In summary, an octanuclear manganese complex 1 with
uncommon MnII4(�4-O) core was successfully synthesized
under anaerobic conditions.
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117:1940ð10Þ�, V ¼ 13075:4ð13Þ Å3, Z ¼ 8, Dcalcd ¼
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Figure 2. �mT vs. T plot for complex 1.Cl2.MeOH.4H2O.
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