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The tetrathiomolybdate and tetrathiotungstate anions, MoS,2-
and WS,2-, coordinate very well to transition metals, and a large
number of inorganic complexes have been prepared.! Low
oxidation state organometallic complexes containing tetrathio-
metallates and r-acceptor ligands have been synthesized.2 Most
of the research in this area has focused on the synthesis and
structure of the complexes, and little is known of their reaction
chemistry, but sulfur abstraction by phosphines and conversion
of the coordinated tetramethylbutadiene ligand in [(C4Me;)NiCl],-
WS, to free tetramethylthiophene? have been reported. We have
prepared the first high oxidation state organometallic complex
of tetrathiotungstate and have explored its reactivity.

A variety of oxyanions substitute for the chloride ligands in
[NBu?][Os(N)(CH;SiMe;),Cl,]. Nitridodialkylosmium(VI)
complexes of carbonate, sulfate, perrhenate, and chromate have
been prepared and characterized.* Tetrathiotungstate complexes
can also be prepared by this route. The reaction of [NBu%]-
[Os(N)(CH,SiMe;),Cl,] with 1 equiv of (NH4), WS, in aceto-
nitrile or nitromethane at room temperature produces [NBu%]-
[Os(N)(CH,SiMe;),(WS,)] (Scheme I). The yellow product
crystallizes from methylene chloride/hexane in 81% yield. The
heterobimetallic complex 1 was characterized by elemental
analysis and spectroscopic techniques.® The molecular structure
of the molecule was determined by X-ray diffraction.®

Although both the osmium and the tungsten atoms are
coordinately unsaturated, the osmium tetrathiotungstate complex
does not react with CO, MeNC, pyridine, PPh;, H,0, O;, S;, or
H,. The addition of 10 equiv of the basic phosphine, PMe;, to
1 in tetrahydrofuran gives a red solution containing trimeth-
ylphosphine sulfide and a mixture of metal-phosphine complexes
(Scheme II). The S=PMe; is presumably formed by abstraction
of sulfide from the tetrathiotungstate moiety, but we have been
unabletoisolate a desulfurized tungsten complex from the reaction
mixture. Red crystals of the major product [NBu®][(PMe3);-
Os(CH,SiMe;)WS,] (2) are obtained in 53% yield from toluene/
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hexane solution.” The complex is thermally stable but reactive
to air. When 1 or 2 equiv of PMe; are added to 1 in dilute
solution (CD,Cl, or C¢Dg), NMR spectroscopy shows that
S=PMe; is slowly produced along with metal-phosphine com-
plexes but complex 2 is not formed.

Basic phosphines have been reported to reduce certain inorganic
osmium nitrido complexes by reacting with the nitrido ligand®
and to reduce some tetrathiometalate complexes by abstracting
the sulfido ligands.! The reaction of [NBu®][Os(N)(CH,-
SiMe;),(WS,)] with PMe; is unique in that both types of reaction
occur. When the nitride ligand reacts first, [NBuny][(PMe;)s-
Os(CH,SiMe;)WS,] is formed. This electron-rich osmium(II)
tetrathiotungstate complex is much less reactive toward additional
PMe; than is 1. It should be noted that the nitrido ligands in
other nitridoosmium(VI) alkyl complexes are not abstracted by
phosphines. For example, the reaction between [NBuy]-
[Os(N)(CH:SiMe;),Cl,] and PMe; cleanly produces Os(N)(CH,-
SiM63)2Cl(PM63)2 and [NBU4]C1.9

Complex 1 does not react with ethylene or with electron-rich
olefins but does react rapidly with tetracyanoethylene (TCNE)
at room temperature (Scheme II). The addition of 1 equiv of
TCNE to a CD,Cl; solution of 1 immediately produces a purple
solution containing a single organometallic product (3) and
dicyanoacetylene.! The IR and 'H NMR spectra of 3show that
the nitridoosmiumdialkyl moiety remains intact, but IR bands
for the terminal sulfido ligands are replaced by bands associated
with thiocyanate ligands.!! The organometallic product com-
pletely decomposes in solution within 30 min at room temperature.
Decomposition is accelerated by concentration of the solution.
Our efforts to isolate the product in pure form have been
unsuccessful. On the basis of the spectroscopic data, we propose
that 3 is [NBu™] [(NCS)>WS,0s(N)(CH,SiMe;),].

The reaction of [NBu®][Os(N)(CH,SiMe;),(WS,)] with
TCNE is very unusual. Molybdenum sulfide complexes react
with cyanide anion to give free or coordinated thiocyanate anion.!?
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We are not aware of any previous example of cyanide abstraction
from TCNE by a metal sulfide, but the reaction of ferrocene with
TCNE gives a mixture of cyanoferrocene and tricyanovinylfer-
rocene at 150 °C.13 Metal complexes frequently react with TCNE
to give charge-transfer complexes, and easily oxidized metal
complexes, including the metallocenes and metallocene derivatives,
form salts of the TCNE radical anion in polar soltuions.!
Complex 1, however, is not easily oxidized. The mechanism of
cyanide abstraction from TCNE by 1 is under investigation.
The organic electrophiles CH3SO;CF;, CH;l, or Me;OBF,
alkylate one of the sulfur atoms of [NBu®;] [Os(N)(CH,SiMe;),-
(WS,)]. The reaction between 1 and 1 equiv of CH;SO3CF; in
methylene chloride produces [NBu"][SO;CF;] and a yellow,
hexane-soluble oil, [Os(N)(CH,SiMe;),(u-S)(u-SCH;)WS;]
(Scheme II).!* The 'H and !)C NMR spectra of 4 show
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inequivalent alkyl groups, indicating that alkylation must occur
at a bridging rather than a terminal sulfide. The osmium
tetrathiotungstate complex can be protonated with HBF,-Et,O
to give a product that is very similar to [Os(N)(CH,SiMe;).-
(u-S)(u-SCH3)WS;] by 'H NMR. The protonated material is
thermally unstable.

The osmium(VI) tetrathiotungstate complex 1 is unusually
reactive. The terminal nitrido ligand can be abstracted by PMe;
to give an osmium(II) tetrathiotungstate complex. The terminal
sulfidoligands also react with this basic phosphine to give S=PMe;
and a mixture of metal-phosphine complexes. Upon reaction
with tetracyanoethylene, the terminal sulfido ligands are converted
to thiocyanate groups. The bridging sulfur atoms are electron
rich and susceptible toelectrophilic attack by organic electrophiles
and protic acids.
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