
Two novel hexanuclear molybdenum cluster compounds
[Mo3S4(dtp)3(L)]2[η2-µ-OOC(CH2)nCOO-µ-η2] (n = 4, L = DMF
for 1; n = 3, L = DMSO for 2) have been synthesized by reaction
of Mo3S4(dtp)3(ClCH2COO)(Py) with α ,ω-dicarboxylates.
Intermolecular S···S and C–H···S interactions are observed, yield-
ing two different two-dimensional supramolecular structures.

Cluster compounds with Mo3OnS4–n (n = 0, 1, 3, 4) cores
have been extensively studied over the past twenty years due to
their relevance in biological systems1 and catalytic processes.2

The previous research has focused on the chemistry of the discrete
tri- and tetranuclear species,3 and little is known about their poten-
tial macromolecular or supramolecular chemistry.4 We have
recently reported the reactions of Mo3OnS4–n(dtp)3(L′)(L) (n = 0,
1) (dtp = diethyldithiophosphate, L ′ = dtp, ClCH2COO,
CCl3COO; L = H2O, Py) with oxidized 1,2-bis(diphenyl-
phosphino)ethane,5 phthalate6 and malonate5 to oligomerize
Mo3OnS4–n cluster complexes.  Herein we use the long-chain
dicarboxylic acids as the substitution ligands and successfully
crystallize the clusters [Mo3S4(dtp)3(L)]2[η2-µ-OOC(CH2)nCOO-
µ-η2] (n = 4, L = DMF for 1; n = 3, L = DMSO for 2). These two
cluster polymers are achieved by the joint effect of covalent bond-
ing, intermolecular S···S and C–H···S interactions. 

The mixture of Mo3S4(dtp)3(ClCH2COO)(Py) (prepared
according to the literature method7) (0.10 g, 0.088 mmol), adipic
acid (0.01 g, 0.068 mmol) and DMF (10.0 cm3) was stirred at 80
°C for 1 h.  After filtration, 20.0 cm3 anhydrous ethanol was
added, well-shaped crystals precipitated when the red-brown solu-
tion was kept at room temperature for two weeks (Yield: 61%).
The preparation of complex 2 is similar to 1 but using glutaric
acid and DMSO instead of adipic acid and DMF (Yield: 74%).
Satisfactory results of elemental analysis were obtained for both
complexes.8 X-ray crystallography9 demonstrates the two com-
plexes are isostructural.  The molecular structure of complex 2 is
depicted in Figure 1 together with the selected bond lengths. 

The two hexanuclear Mo(IV) complexes are the first struc-
turally characterized dimers, in which two incomplete cubane-
type units are connected by only one dicarboxylate group.  The
coordination pattern of the dicarboxylate contrasts with that of
their analogue substituted by phthalate6 or malonate,5 in which
one of the two carboxyl groups bridges two Mo atoms and the
other carboxyl group interacts, through strong H-bonds, with the
carboxyl from the adjacent molecule.  As shown in Figure 1, com-
pound 2 consists of two Mo3S4 units linked by one glutarate,
whose –CO2 chelating groups bridge Mo(2), Mo(3) and Mo(5),
Mo(6), respectively.  DMSO molecules are coordinated to Mo(1)
and Mo(4) via O atom by substituting the loosely-coordinated Py
ligand in the precursor (In compound 1, the counterpart is DMF
group).  Thus, every Mo atom has a distorted octahedral coordi-

nation by five S atoms from the core and dtp ligand and one O
atom from dicarboxylate or DMSO.  Compound 1 has a similar
structure to 2, in which two Mo3S4 units are linked by an adipate
ligand.  The principal bond parameters of compounds 1 and 2 are
consistent with the monocarboxylate-coordinated complexes
Mo3S4(dtp)3(RCOO)(Py) (R = H, CH3, CH3CH2).

10,11 However,
despite their similar structures and coordination patterns, the rela-
tive positions of two Mo3 planes in compounds 1 and 2 are differ-
ent from each other.  The dihedral angle between two Mo3 planes
in 1 is 7.5°, showing good coplanarity, while 2 shows not owing
to the bigger dihedral angle 31.7°. 

It is noteworthy that intermolecular C–H···S hydrogen bonds
(See Table 1), with the geometrical parameters falling within the
limits suggested by Taylor and Kennard,12 and S···S interactions
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are observed for the two compounds. Although S···S interactions
are common in Mo–S clusters, the intermolecular C–H···S hydro-
gen bond has never been reported for trimolybdemum com-
pounds, nor for the analogue bridged by aromatic dicarboxylate
such as o-phthalate or by short-chain aliphatic dicarboxylate such
as malonate.  We consider that the hydrocarbon chain lengths of
these binary acids play an important role in the formation of
C–H···S hydrogen bonds.  The flexibility of long-chain adipate
and glutarate ligand makes the molecules packed more compactly,
so as to enable the formation of diversiform intercluster interac-
tions.  Nevertheless, the two clusters show different packing dia-
grams resulting from the different distribution of C–H···S and
S···S interactions. In crystal 1, the S atoms from Mo3S4 cores and
dtp ligands form five S···S contacts (3.358(6)–3.664(5) Å)
between two adjacent molecules to result in oligomerization.
One-dimensional infinite chains are formed by linking the
oligomers through intermolecular C–H···S hydrogen bonds
(C(74b)···S(21) 3.69(2) Å and C(44a)···S(61b) 3.58 (2) Å).  All the
molecules are finally packed as a two-dimensional network by
linking the chains through a class of intermolecular C(42c)···S(7b)
hydrogen bonds (C···S = 3.68(2) Å) (Figure 2).  Compared to 1,
molecules of compound 2 are packed in a different way.  Both
(rather than only one in 1) the Mo3S4 cores in 2 are involved in

S···S interactions, by which the molecules are stringed together to
form one-dimensional infinite chains.  The polymeric chains inter-
act with each other through intermolecular C–H···S interactions
originated from the C atoms (of DMSO ligands) and the S atoms
(of Mo3S4 cores and dtp ligands), resulting in the formation of a
supramolecular framework as shown in Figure 3. 

Although the versatile reactivity of incomplete cuboidal Mo3
compounds has been well appreciated and many new derivatives
have been prepared from them, it is the first time to report their
two-dimensional cluster polymers.  Furthermore, by choosing
ligands with different chelating properties and functional
groups, we can design compounds with novel structures and
specific functions.  This will extend the trinuclear molybdenum
chemistry into a new field of metallic polymers, which are very
important in material sciences and functional molecules. 
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