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We reported earlier [l] on the reactions of tung- 
sten(N) and (V) chlorides, in which stepwise replace- 
ment of chloride by RS- was accomplished with the 
reagents Me$iSR. Of the two possible modes of 
decomposition of complexes of the type WCl,(SR), 
namely elimination of RCl or R2S2, we have recently 
proven [2] that the reaction WCl,(SR) -+ WSC& t 
RCl proceeds via a mechanism involving the loss of an 
R’ carbonium ion, as we had originally speculated 
[l] . Competing reactions in which RzSz is eliminated 
also occur, and become predominant when the tung- 
sten is coordinated to more than one thiolato-group. 
It would be expected that the behaviour of the 
thiolate group will be sensitive to the oxidation state 
of tungsten, and hence we have undertaken a study of 
the thiolation of tungsten(IV) chloride complexes of 
the type WC14b. The simple halide WC14 is not suf- 
ficiently soluble to study in the absence of ligands L. 

Results 

The reaction system studied was: 

WC14Lz + Me,SiSR 
CH,CIZ 

F Me,SiCl t 

1 mol 1 mol 
0) 

WW3W2 (1) 

I (ii) 
Products 

L = Me2S or tetrahydrothiophene (tht) 

R = Me, Et, PhCH2-(Bz), iBu, tBu 

By following the reaction using ‘H nmr spectroscopy 
with CD2C12 as a solvent, it was shown that step (1) 
is quantitative and immediate, but 1 could never be 
isolated. Two types of behaviour were observed, 
depending upon the functional group R. For all cases 
except R = tBu, three products were obtained: 

(a) A sulphonium salt of WClz-, (2), in -15% 
yield. (Me2RS)‘, [WC&,] 2- or (&H&R); [WC16] 2-. 

(b) A red diamagnetic solid identified as the 
dimeric, bis&-thiolato)tungsten(III)) complex [WC12 - 
bSR)L] 2, (3), in -50% yield. 

(c) An intractable tarry residue approaching the 
composition (WSCl,&, (4). 
For the case of R = tBu, only one product was ob- 
tained, a green compound with the formula 

/s\ 
c12Lw\s,w12c12> w. 

The sulphonium salts 2 were characterized by 
elemental analysis (Table I) and W/visible, ir, and 
‘H nmr spectra. Authentic samples of each of the 
cations were prepared as spectroscopic standards. The 
far ir and W/visible spectra confirmed the identity 
of the WClf- anion. We had earlier noted that 
(R$),WCl~- complexes were obtained from direct 
reactions of WC16 with R2S [3], and these com- 
pounds were also used for spectroscopic comparisons. 

The red products, 3, were very soluble in organic 
solvents, enabling comprehensive spectroscopic and 
solution studies. Their elemental analyses are shown 
in Table II. These data, plus selected cryoscopic 
molecular weight determinations show that the com- 
pounds are dimeric with the formula [WCl,(SR)L] 2. 
The compounds all exhibit three strong absorptions 
in their visible spectra at -36.5 (E = 4000), -525 

(e - 1500) and 780 nm (e - 2000) respectively. In 
addition the v(W-Cl) region of their ir spectra con- 
tains a broad band centred at 3 15 cm-’ . We conclude 
from this, and the ‘H nmr spectra, that the com- 
pounds are isostructural. The nmr spectra also show 
that whereas only one environment occurs for the 
thioether ligand L, two sets of resonances occur for 
the RS- ligands when R is other than Me. These 
resonances, separated by -1 6 (in the region 3-4.5 
6 for protons on the a-carbon) are of equal intensity, 
and in total represent a 1: 1 ratio with the ligands L. 
This observation is consistent with a structure 

Cl--‘w’ .w’- Cl 

L’ \s/ \ 
R 

L 

TABLE I. Analytical Data for the Compounds 2. 

Compound Found Calculated 

WCHWCH 

(QHeSMe)lWCli- 30.5 19.9 3.65 31.9 21.8 3.77 

(C4HsSEt);WC$- 29.7 22.5 4.11 29.2 22.8 4.12 

[MezEtS] ;WClz- 32.5 16.4 3.95 31.8 16.6 3.80 

[Mess+] 2WC16 2- 33.3 13.3 3.36 33.4 13.1 3.27 

[Me; BUS] iWC16 2- 29.7 29.0 
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TABLE II. Analytical Data for the Compounds 3. 

Compound Found Calculated 

W Cl C H S W Cl C H S 

[WCl#Me)tht] 2 

[WCl#Et)tht] 2 

[wCNSEt)(SMe2)12 
[WC12(S~e)(SMe2)12 

[wC126’Bu)(SMe2)1~ 
[WClz(SBzNtht)] 2 

47.5 18.4 15.7 2.95 - 47.2 18.2 15.4 2.82 - 

45.6 17.5 17.7 3.26 16.1 45.5 17.6 17.8 3.22 15.9 

48.7 18.9 12.6 2.85 16.7 48.7 18.8 12.7 2.91 16.7 

51.9 - 9.90 2.56 17.8 50.5 19.5 9.90 2.47 17.6 
_ _ 17.2 3.69 17.3 45.3 17.5 17.7 3.70 15.8 

38.2 15.9 23.4 3.26 14.1 39.4 15.3 28.3 3.22 13.8 

in which the conformation of the two -SR groups are 
axial and equatorial respectively (ae), and in which 
the L groups are eclipsed. It is presumed, but not yet 
proven crystallographically, that the WSSW ring is 
non-planar, and that W-W bonding occurs: 

The positions of L relative to SR cannot be deduced. 
13C spectra of selected compounds show the same 
features as the ‘H spectra, viz. one set of signals for 
the ligands L, but two sets of equal intensity for R. 

Interestingly the compounds [WC12(j_GMe)L] 2 
exist in solution as two isomers, the ae as observed 
above, and one in which the /.AR groups have the 
same environment. Of the two symmetrical isomers 
the ee is more probable than the aa on the basis of 
steric interaction [4] . The symmetrical isomer is 
present in a 3 :l ratio over the ae at the one tempera- 
ture so far investigated (30 “C). Behaviour of this sort 
has been described previously for the structurally 
analogous compounds [&-SR)Fe(C0)3] 2 [5-71. 

The third product of these reactions was a tarry 
residue containing inorganic sulphide and very little 
organic material. Its composition approached 
(WSC12), but it was not further investigated. 

For the case of tBuS a totally different reaction 
was observed resulting in the exclusive synthesis of 
compounds of the formula 

S 
C12L2W( >WCl,L,, 

S 

where L = Me,S or tht. These compounds were 
identified by analysis, and by spectroscopic compari- 
sons with the compound 

P\ KtW,W\ s / WCMW, 1 

previously reported from this laboratory [8] . 

Discussion 

The following scheme is presented as a plausible 
explanation for the products formed. Supporting 
evidence for the various individual steps will then be 
briefly given. 

WCI,L, f Me,SiSR - [WCIJSR)Lz] l + Me,!XI 

,A ’ \, 

I-“’ 
(RR;S+),WCls (W(p-SRqL), 

(WSCI,)” 2 3 

4 

*Species in brackets were not isolated 

Direct observation of products 2-5, and also RCl 
and R2S2 in the reaction solutions, is consistent with 
this scheme. The suggested intermediates were not 
observable by nmr spectroscopy, probably due to 
their transient existence and low concentrations. In 
addition the complex WCl3(SR)L2 would be para- 
magnetic. However, reactions between tungsten 
halides and both Me3SiSR and Me,SiOR have 
previously been shown to produce isolable monosub- 
stituted complexes [2, 91. The synthesis of 5, when 
R = tBu, suggests that loss of RCl occurs from a 
sterically crowded dimer. Fowles et al. have noted the 
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influence of high coordination numbers on the 
reactivity of coordinated ethers [lo] . The bulky tBu 
group would of course accentuate this effect and 
account for the exclusive production of 5. 

The alternative bridged forms, presumably in rapid 
equilibrium, could result in redistribution of RS 
ligands. Support for this step is found in the literature 
for studies of mercury mercaptide complexes, where 
rapid exchange occurs between two mercury centres 
via an associative mechanism [ 111. Following redistri- 
bution the compound WC14L would rapidly react 
with RCl to form 2 [3]. The major product 3 could 
then readily form from a complex of empirical 
formula WC&(SR)aI+, either by an inter-molecular 
reductive elimination or by pre-forming a dimer by 
loss of L, (WCl,(SR),L)z, which could intramolecu- 
larly lose RzSz to yield 3. 

Of particular interest here, as compared to the 
reactions of WCl,(SR) [l] , is the fact that loss of 
RCl from these W(IV) centres does not involve a 
carbonium ion pathway, since for R = ‘Bu no rear- 
rangement to tBu occurs. 

In conclusion we note the potential utility of the 
compounds 3 as precursors for other thiolato-bridged 
W(III) complexes. Although well established in the 
chemistry of molybdenum, we are not aware of an 
extensive chemistry of polynuclear thiolate com- 
plexes of tungsten. 
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