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Synthesis and Crystal Structures of Trinuclear Molybdenum Chloro
Sulfido Clusters Coordinated with Triethylphosphine and Methanol
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Two triethylphosphine complexes of trinuclear molybdenum
chlorosulfido clusters have been synthesized. Determination of
the crystal structures have shown that they can be formulated as
[(Mo3(u3-S)(u-S)3CLly(PEt3),(MeOH)g_]1 (n = 3, 4).

The [Mo3(u3-S)(u—S)3]4+ clusters with a variety of ligands have been
prepared1’ and they serve also as the building blocks of larger clusters. This is
exemplified by the recent syntheses of the cubane and double-cubane type complexes
from the trinuclear molybdenum clusters capable of coordinating to a mononuclear

2-4) As we have

metal center through the edge-bridging sulfur ligands.
demonstrated in our previous papers,5'6) trialkylphosphines are versatile ligands
to improve the solubility of transition metal cluster complexes in organic
solvents and to stabilize the M-C bonding. We have now prepared trialkylphosphine
derivatives of the trinuclear molybdenum chloro sulfido complexes by two different
preparative methods and determined their structures.

In the first method, a green aqueous solution of the [Mo3s4]4+ ion prepared
from Mo(CO)61C) was used as the starting material. Water was evaporated from the
solution to give a dark green residue. The solid (0.13 g) was dissolved in
methanol (5.0 cm3) and treated with triethylphosphine (0.22 cm3) for 12 h at room
temperature. Methanol and excess triethylphosphine were removed under reduced
pressure and the residue was washed with diethyl ether. The product was
recrystallized from methanol to afford dark green crystals with the empirical
formula [Mo354Cl,(PEt3)3(MeOH),] (1). The complex is soluble in common organic
solvents and has absorption maxima at 371 nm(e 6.4x103 mol'1dm3cm'1) and 666 nm
(e 3.1x102 mol"dm3cm‘1) in a visible spectrum.

In order to obtain the complex 1 in quantity at a time, we used another
reaction similar to that described briefly for the preparation of
[Mo3S4Cl4(PPh3)2].10) It has turned out that the reaction of the solid state
chloride sulfide Mo35,Cl, (= (Mo3s(82)3C12C14/2)w) with triethylphosphine gives
two kinds of the Mo3S, complexes, both of which are coordinated with five neutral
ligands in contrast to the reported complex with two triphenylphosphine ligands.
Thus Mo3S7C12C14/2 (1.0 g)11) was treated with triethylphosphine (3.4 cm3,

23 mmol) in THF (5.0 cm3) at room temperature for 5 h. The solvent and excess

triethylphosphine were removed under reduced pressure and the residue was washed
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with ether (3 x5 cm3) to give brown solid. The product was dissolved in methanol
(5 cm3), filtered and the filtrate was left at room temperature to form dark green
crystals. Yield; 0.36 g (24%). From the elemental analysis, infrared and TH NMR
spectra, and the space group and the cell constants of the single crystals, this
complex was identified as 1.

Another complex 2 was separated from the same reaction but with slightly
different workup. Namely the residue after the removal of the solvent and excess
triethylphospﬁine was dissolved in methanol, filtered, concentrated and ether was
slowly added to the solution to form dark green crystals. Yield; 0.7 g (46%).

TH NMR spectrum agree with the formula

The elemental analysis and
[Mo3S4Cl4(PEt3)4(MeOH)].
The structure of 1 prepared by the first method was solved by a single
crystal X-ray structure determination.7) There are two kinds of independent
molecules in a unit cell. As their structures are almost identical except the
conformation of the carbon chains of triethylphosphines, the molecular structure
of one of them is illustrated in Fig. 1. The Mo; core bound by a face-bridging
and three edge-bridging sulfur atoms is an isosceles triangle with the ca. 0.04 A
shorter Mo(12)-Mo(13) distance than the other two edges. Four terminal chloro,
three triethylphosphine and two methanol ligands are coordinated to the cluster
framework. The triethylphosphine and the edge-bridging sulfido ligands are on one
side of the Mogj triangle and the chloro, methanol and the face-bridging sulfido
ligands are on the other. The Mo-Mo, Mo—u3—S, and Mo-p-S bond distances are
similar to those of the reported Mo3S4 clusters (Mo-Mo, 2.738 - 2.812 A; Mo-u3-S,
2.33 - 2.36 A; Mo-u-S, 2.28 - 2.31 3L1) The Mo-P distances are within the range

of those of molybdenum chloride clusters coordinated with trialkyl-
5,6,8,9)

phosphines.

Selected Bond Distances

Mo(11)-Mo(12) 2.780(1) Mo(11)-Mo(13) 2.779(1)
Mo(12)-Mo(13) 2.738(1) Mo(11)-S(1F4) 2.356(3)
Mo(12)-S(1F4) 2.351(3) Mo(13)-S(1F4) 2.359(3)
Mo(11)-S(1B1) 2.285(3) Mo(11)-S(1B3) 2.287(3)
Mo(12)-S(1B1) 2.308(3) Mo(12)-S(1B2) 2.275(3)
Mo(13)-S(1B2) 2.281(3) Mo(13)-S(1B3) 2.292(3)
Mo(11)-C1(12) 2.533(3) Mo(11)-Cl(13) 2.541(3)
Mo(12)-C1(11) 2.476(3) Mo(13)-Cl(14) 2.428(3)
Mo(11)-P(11) 2.606(3) Mo(12)-P(12) 2.596(4)
Mo(13)-P(13) 2.596(3) Mo(12)-0(11) 2.326(8)
Mo(13)-0(12) 2.337(7) P-C 1.83(1)-1.90(2)
0-C 1.45(2)-1.58(2) c-C 1.30(3)-1.55(2)

Fig. 1. ORTEP drawing of [Mo354Cl,(PEt3)3(MeOH),].

The structure of 2 has also been determined'2) and is shown in Fig. 2. A

face-bridging and three edge-bridging sulfurs are bonded to the Moj cluster core
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with two chlorine and a triethylphosphine bonded to Mo(1); a chlorine and two
triethylphosphines at Mo(2); and a chlorine, a triethylphosphine and a methanol at
Mo(3). The structure of 2 can be derived from the complex 1 by replacing one of
the methanol ligands with a triethylphosphine and changing the coordination

environment at Mo(2).

Selected Bond Distances

Mo(1)-Mo(2) 2.795(1) Mo(1)-Mo(3) 2.790(1)
Mo(2)-Mo(3) 2.785(1) Mo(1)-S(F) 2.354(3)
Mo(2)-S(F) 2.368(3) Mo(3)-S(F) 2.356(3)
Mo(1)-S(B1) 2.262(3) Mo(2)-S(B1) 2.300(3)
Mo(2)-S(B2) 2.305(3) Mo(3)-S(B2) 2.264(3)
Mo(1)-S(B3) 2.320(3) Mo(3)-S(B3) 2.284(3)
Mo(1)-Cl(1) 2.570(3) Mo(1)-Cl(2) 2.464(3)
Mo(2)-C1l(3) 2.457(3) Mo(3)-Cl(4) 2.447(4)
Mo(1)-P(1) 2.616(3) Mo(2)-P(2) 2.629(4)
Mo(2)-P(3) 2.690(4) Mo(3)-P(4) 2.583(4)
Mo(3)-0 2.324(8) o-C 1.44(2)
P-C 1.79(2)-1.90(1) ¢C-C 1.27(3)-1.55(2)

QD0
S(B3)
N

Fig. 2. Structure of [Mo3S4C14(PEt3)4(MeOH)].

The 37p NMR spectra have exhibited a remarkable temperature dependence
indicating fluxionality of the triethylphosphine ligands in the complexes 1 and
2.13) This may be related to the formation of the two clusters with different
triethylphosphine content by the slight change of the workup conditions.

The present complexes are the rare examples of the trinuclear molybdenum
sulfido complexes with tertiary phosphine and terminal chloro ligands and will be

useful as the starting compounds to other derivatives.
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