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By heating or acidifying solutions of MOSER- 
and WS42- isopolythioanions (for instance [WS- 
(WS4)2] 2- [ 1,2] see below) can be obtained [l-S]. I 
the presence of other cations heterometal complexes 
are formed which can exist with different electron 
poluations and the structural chemistry of which is 
very versatile [6]. The object of this paper is to report 
some new results on the chemistry of thiometalato 
complexes (species existing with different electron 
populations, novel complexes isolated from the 
remarkably versatile Fen/WS42- system, and new iso- 
polythioanions). 

*Author to whom correspondence should be addressed. 

Results and Discussion 

Species with Different Electron Populations 
We were able to isolate black (PNP),(NEta)- 

[CO(MO$)~] *2CH3CN (I)a (for details of the 
crystal structure determination of this and the other 
new compounds see Table I; the structure of the 
complex anion is shown in Fig. la) and could identify 
[CO(MOS~)~]~- formed by reaction of CoCl2 and 
(NH4)2 MO& in dimethylformamideb. 

The electronic absorption spectrum of [CO- 
(MoS4)212-is similar to that of [CO(WS~)~]“-, except 
for the shift of all bands to lower energy (uc.T. (L + 
co) = 10.7, h-&T. (L -+ L*) = 22.3 X IO3 cm-‘; 
for assignments CJ [6])b. The addition of a strong 
reducing agent is required to synthesize the [Co- 
(MS4),13- (M = MO, W) complexes (e.g., I was 
obtained from (NH4)2M~S4 and CoCl2*6HzO in 
CH,CN/EtOH by reduction with Na(BH,); for 
[Co(WS4)2] 3- see [7]) whereas the [Fe(MS4),13- 
complexes [6, S-1 I] can be obtained directly 
without reducing agents (see the following section). 

‘PNP ; Ph3 P=N=PPh3. 

bin a similar way [CO(MOOS~)~]~- is formed in a DMSO 

solution of CoC12 and CS~MOOS~~(VC.T. (L -+ Co) = 12.22X_ 
lo3 cm-‘); both [Co(MoS4)2] and [Co(MoOS3)2] 
complexes can be reversibly reduced to the corresponding 

trianions, as shown by cyclic voltammetry. Attempted isola- 
tion as PPhG+ salts, however, did not give pure samples. 

TABLE I. Results of the Crystal Structure Analyses.’ 

Compound 1 2 3 4 5 
Space group P21.212 PT p21/c F%/c =1/c 

a [pm1 1261.0(g) 704.5(S) 1087.5(S) 1239.4(4) 993.0(3) 

b [pm1 3393.2(28) 983.2(8) 1279.9(6) 1450.8(4) 1464.1(3) 

c [pm1 1084.4(7) 1147.5(10) 3723.4(37) 2988.8(8) 2010.4(6) 

a [“I 101.62(6) 

P [“I 94.69(6) 97.43(6) 91.83(2) 111.48(2) 

Y [“I 92.16(6) 

V [lo6 pm31 4640.0 774.7 5139.1 5371.5 2719.7 

Z 2 1 2 4 2 

Number of independent reflections 

(F, > 3.92o(F,)) 163b 3085 6426 644 1 5122 

Number of variables 23b 142 212 223 128 

R= I:IIFoI - lF,II/~lFoI 0.130 0.041 0.094 0.080 0.107 

‘1: (PNP)2(NEt4)[Co(MoS4)2].2CH3CN; 2: (NEt4)2[Fe(H20)2(WS&]; 3: (PNP)2(NEt4)2[FezSz(WS4)2].3CH3CN; 4: 
(PPh4h [MoO(MoS&l ; 5: @‘Ph4)2[WO(WS4)2(dmf)l. bDue to the small number of reflections obtained, ody the atoms of 
the anion were refmed (isotropically). The parameters of the cations (for the calculation of the F,‘s) were taken from the iso- 
structural tungsten compound [7]. 
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Fig. 1. ORTEP plots of trinuclear MS4’- complexes (bond 
lengths in [pm], selected bond angles in [“I). (a): [Co- 

(MoS4h I 3- in crystals of 1. The Co atom lies on a twofold 

axis. (MO-CO-MO 169.6(8); Sl-MO-S2 101.3(11); S3- 
MO-S4 111.2(11); Sl-Co-S2 104.3(10); CO-$,-MO 
77.0). (b) [Fe(HzO)a(WS4)z]2- in crystals of 2. The Fe 

atom occupies a centre of inversion. (Sl-W-S2 107.9(l); 
S3-W-S4 110.1(l); Sl-Fe-S2 92.2(l); O-Fe-S1 90.3(2); 
O-Fe-S2 90.2(2); O-Fe-W 96.2(2); 
F~-S~-W~~.~(~);F~-S~-W~~.~(~)).(C):[MOO(MOS~)~]~~ 

in crystals of 4. (Mol-Mo3-Mo2 151.9(l); Sl-Mol-S2 
103.9(l); S3-Mol-S4 111.1(2); S5-Mo2-S6 103.7(l); 
S7-Mo2-S8 111.1(2); Sl-Mo3-0 106.1(3); S2-Mo3-0 

104.3(3); S5-Mo3-0 102.6(3); S6-Mo3-0 106.8(3); 
Sl-Mo3-S2 94.1(l); S2-Mo3-S6 77.9(l); S5-Mo3-S6 
94.7(l); Sl-Mo3-S5 78.1(l); Mol-Sn,-Mo3 80.1; Mo2- 
Snr-Mo3 79.3). 

Complexes from the Fe”‘1 WS42-f(solvent) System 
The Fe1r/WS42-/solvent system is especially 

interesting. While [Fe(WS4),12- and [Fe(WS4),13- 
can be precipitated directly (and immediately) from 
an aqueous solutionC [6, 8, 111, [Fe3S2(WS4)a]4- 
[13] is formed in organic solvents after several hours 
(in high yield only if a small amount of water (yield- 

Fig. 2. ORTEP plot of the tetranuclear [Fe2S2(WS4)2 14- 

in crystals of S (bond lengths in [pm], selected bond angles 
in [“I). The two halves of the anion are connected by a 
centre of inversion (Sl-W-S2 110.8(2); S3-W-S4 

105.4(2); S3-Fe-S4 101.1(2); S5-Fe-S5’ 105.0(2); 
Fe-S3-W 77.3(2);Fe-S4-W 76.2(2);Fe-SS-Fe’ 75.1(2)). 

ing S”-> and traces of oxygen (preventing the forma- 
tion of [Fe(WS,)=] 3-) are present). We have now 
obtained the remarkable black compound (NEt,), [Fe- 
(H20)2(WS4)2] (2) from WH4)2WS04)2*6H20, 

(NH4)2WS4, and (NEt4)I in aqueous solution in the 
presence of saccharoses (structure of the complex 
anion shown in Fig. lb). This illustrates that central 
atoms in bis(thiometalato) complexes may be coordi- 
natively unsaturated [6]. 

Our recent synthesis has concentrated on novel 
types of thiometalato complexes with central Fe,S, 
units. We are now able to show that [C12Fe(WS4)12- 
(in O2 free CH3CN solution containing -1% H20) 
reacts witn NaHS to form [Fe2S2(WS4)2]4-. The 
structure of the ‘linear’ complex anion in violet 
crystals of (PNP),(NEt,), [Fe, S, (W& X ]*3CH,CNa 
(3) is shown in Fig. 2. 

Polythiometdates 
Polythioanions of the type [MX(MS4),12- (M = 

MO, W; X = 0, S) [l-3, 51 (except [MoO- 
(MoS4)212-) can be generated in solution directly 
from the corresponding tetrathioanions. We were also 
able to get black (PPh4)= [MoO(MoS4)= ] (4) in pure 
form by heating (NH4)=(MoS4) in CH,CN/EtOH 
in the presence of Na(BH4). It contains the first 
trinuclear isopolythioanion showing no disorder 
of the MX unit in the crystal lattice f2, 51 (see 
Fig. lc). Also the central MO atom does not coordi- 
nate to a sixth ligand as in the corresponding [WO- 

(WS4)2(H20)]2- [21 * 

‘The precipitated compound depends on the cation. 
(PPh4)a [Fe(WS4)2] can be obtained directly from the com- 
ponents under the conditions described in [ 121 (addition of 
a very small amount of hydrazine prevents oxidation of Fe” 
by air, but is not necessary) and [(C6Hs)CH2N(CHs)s]s- 
[Fe(WS4)=] also from an aqueous solution of WSg2- and 

Fe’+ after addition of [(CsHs)CHaN(CHa)s ] Cl (washing 
of the precipitate with CHsCN is necessary) (81. On stand- 

ing a solution of (PPh4)2 [Fe(WS4)2] in CHsCN, the brown 
compound (PPh4)Fe(W&) (probably with a chain structure 
of the anion [ 111) precipitates. 
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Crystals of red (PPh4)2 [WO(WS&(dmf)J (5) 
could be obtained as a minor by-product in the 
synthesis of (PPh4)a [WS(WS,),] (6) [2] by heat- 
ing (NH4)aWS4 in dimethylformamide. After adding 
nitromethane and (PPh,)Cl (to the filtrated solution 
at room temperature), filtration of 6 and addition of 
ether to the mother liquor 5 precipitates slowly 
besides (PPh4)a [W,S,(S,)(S,)] (7) (for details of 
7 see [14]). 

As the [WO(WS,),(dmf)]2- anion is disordered, 
no ORTEP plot is given. The structure of the {WO- 
(WS4)2} fragment is comparable to the corresponding 
one in [WO(WS,),(H,O)] 2- [2]. The bond distances 
are given in the following schematic diagram: 

Cl 

\ 

N ‘C2’ I 

I 
c2 

Details of all crystal structure determinations 
have been summarized in Table I. The intensity 
data were collected on a Syntex P2r diffractometer 
with MoKa radiation. 
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