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{Cu,W,S,}(PPh,),Oa has been prepared by the 
reaction of an aqueous solution of Cs2WOS3 with a 
mixture of cUC12~2Hz0 in Hz0 and P(&H& in 
CH,C’l,. The structure was determined from single 
crystal X-ray diffractometer data and was refined by 
least-squares methods to R = 0.071 for 5869 indepen- 
dent data. lhe_compound crystallizes in the trklinic 
space group PI with one molecule in the unit cell 
(a = 12.432(4), b = 12.567(2), c = 13.123(4) & (Y = 
93.02(2), /3 = II 7.43(2), y = 95.05(2/O, V = 1803.4 
A33, dar,cd = I. 75 g/cm3). The structure can be des- 
cribed as a cage (with a centre of inversion), fused by 
two six-membered SC&S2 W rings. W(I 0753(33)- 
113.52(12)‘) and CL (distorted, angles varying 
between 102.16(13) and 121.08(13)0) are tetra- 
hedrally coordinated. 

Introduction 

In recent years considerable interest has been 
shown in finding synthetic routes for compounds 
containing different transition metal atoms linked 
by sulfur because of the bioinorganic relevance of this 
problem [l] . Using tetrathiometalate ligands like 
MoSj- or WSf, interesting ring and cage compounds 
such as [JWYS~)~~*- Dl , {Ag4M02Sd@‘W~- 
S2 [3] * and (PPh3),Ag2WS4 [4] could be obtained. 
In such compounds the thiometalate ligands act as 
bi-, ter- or tetradentate ligands [3]. Whereas tetra- 
thioanions can act as tetradentate ligands, trithio- 
anions like MoOS$ or WOS”,- should preferably act 
as terdentate ligands towards soft acids such as Ag’ 
and Cur. Following this idea, a compound with a 
cubane type structure {Cu3WS3C1}(PPh3),0 could 
intentionally be obtained [5]. Now we report {Cud- 
WzS&PPhs)JL a cage compound fused by two 
six-membered metal-sulfur rings, which is formed as 
a by-product of (Cu3WS3Cl}(PPhs)30. 

*The atoms in the cage are listed in the first bracket. 

Experimental 

Synthesis 
A solution of 0.5 g CssWOS3 in 80 ml Hz0 was 

extracted with a thoroughly shaken mixture of 0.17 
g CuCl, l 2H20 in 5 ml Hz0 and 0.4 g P(CeH5)3 in 
25 ml CH2C12. Topping the organic phase with a 
mixture of acetone (JO ml) and n-pentane (50 ml) 
and keeping the two-phase system for 5-6 days yields 
red crystals (-0.04 g) of the title compound and 
yellow-orange crystals of {Cu,WSsCl}(PPh,),O in a 
ratio of 4:6, which have to be separated mechani- 
cally. {Cu3WS3C1)(PPh3)30 can be obtained without 
by-product by another method [5]. The compound, 
which is sparingly soluble in organic solvents such as 
dichloromethane, acetone and nitromethane, shows 
characteristic ir bands at 937 [v(W-O)J and 438 
cm-’ [u(W-Sk] . The infrared spectra (KBr, solid) 
were measured with a Perkin-Elmer Model 180 
spectrophotometer. 

X-Ray Structure Determination [6] 
The molecular structure of (Cu4W2Se}(PPh3),02 

was determined from a single crystal X-ray structure 
analysis. A summary of the crystal data and details 
concerning the intensity data collection are given in 
Table I. The unit cell parameters were obtained at 
22 “C by a least squares refinement of the angular 
settings of 9 high-angle reflections. Intensity data 
were collected on a Syntex P2r four-circle diffracto- 
meter. An empirical absorption correction was 
applied. The data were corrected for Lorentz and 
polarization effects. The W and Cu atoms were 
located from a threedimensional Patterson synthesis. 
The positional parameters of the remaining non- 
hydrogen atoms were deduced from successive dif- 
ference-Fourier syntheses. Several cycles (with the 
carbon atoms being refined independently) converged 
at R = EllF,I--IF,II/ElF,I = 0.071 and R, = 
[Ew(IF, I- IF, l)*/CwIFO l*]r’* = 0.076 (l/w = 
o*(F,)*). The quantity minimized was Ew(IF, I- 
IF, I)*. 
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TABLE I. Summary of Crystal Data and Intensity Collection for {Cu4Wa S&PPhs)40a. 

A. Miiller, H. Biigge and T. K. Hwang 

4 A 12.432(4) 

b, A 12.567(2) 

c, A 13.123(4) 

01, deg 93.02(2) 

p, deg 117.43(2) 

y, deg 95.05(2) 

V, A3 1803.4 

d ca~c, g/cm3 1.75 

z 1 

F(OOO), electrons 928 

Crystal-system triclinic 

Space group Pi 
Crystal dimensions, mm 0.3 x 0.35 x 0.5 

Absorption coefficient 48.6 

IJ(MO-Ko), cm-r 

Fw 1895.4 

Empirical formula C~H,&r402P&Wa 

Radiation 

Data collection 

Number of measured reflections ((sin e)/h < 0.60 A-‘) 

Number of observed reflections (1 > 1.960(I)) 

Number of variables 
.- 

Graphite monochromated 

MO-K& (,I = 0.71069 A) 

26 : e mode, 20 range 4-50”, scan from 1” 

below Kocr to 1” above Kolz in 20, scan speed 

3.45-29.3”/min, background scantime ratio 

0.75, reference reflection every 50 reflections 

6349 

5869 

226 

Fig. l.The heavy atom skeleton of {Cu4WaS&PPha )4 Oa 
(ORTEP plot, 50% atomic vibration ellipsoids). The index a 
refers to the transformation j;, F, Z. 

During the last cycles of refinement the temper- 
ature factors of all atoms (except for the carbon 
atoms) were treated in the anisotropic form. In the 
final stage of refinement, no parameter shifted more 
than 0.060, where u is the standard deviation of the 
parameter. The atomic scattering factors for W, Cu, 
S, P, 0 and C were taken from ref. 7. Anomalous dis- 
persion corrections were applied to the W, Cu and S 
atoms. The final AF map contained no significant 
peaks. 

{CqW2S6}lPPh31L02 

Fig. 2. The array of the metal atoms in {CqW2S6}(PPha)4- 

02. 

The final positional and thermal parameters are 
given in Table II. A list of observed and calculated 
structure factors has been deposited with the Editor. 

Results and Discussion 

The crystal structure consists of one molecule 
{Cu4W2S6)@Ph,)402 per unit cell having the site- 
symmetry 1. The interatomic distances are given 
in Table III. Bond angles are collected in Table IV. 
Figure 1 shows the heavy atom skeleton of the molec- 
ular structure, consisting of a cage fused by two six- 
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TABLE IV. Bond Angles (deg) in {Cu4WaS6}(pPhs)4Oa 
with Standard Deviations.’ 

A. Angles within the {Cua W.&}P402 Unit 

Sl-w-s2 108.30(12) Sla--Cu2-S2 108.49(13) 
Sl -w-s3 113.52(12) Slaa2-S3 105.51(12) 
Sl-WCI 107.53(33) Sla-Cu2-P2 105.98(13) 
S2-WS.3 108.54(12) S2-Cu2-S3 103.01(13) 
s2-w-o 109.07(33) s2-Cu2-P2 112.17(13) 
s3-w-o 109.79(33) S3--Cu2-P2 121.08(13) 

Sl-CulS2 102.16(13) W-Sl-Cul 74.51(10) 
Sl-CulS3a 107.11(13) W-Sl-Cu2a 114.69(14) 
Sl-Cul-Pl 116.72(13) Cul-SlCu2a 73.20(11) 
S2-CulS3a 113.74(13) 
S2-Cul-Pl 107.02(13) W-S2-011 75.00(11) 
S3a--Ctil-Pl 110.07(13) w-s2-Cu2 74.75(11) 

Cul-s2Cu2 115.26(14) 

W-S3Cula 110.01(14) 
W-S342 73.70(10) 
CulaS3Cu2 73.94(11) 

B. Mean Values for the CuPPh 3 Units 

cu-P-C 114.7 P-C-C 119.0 
C-P-C 103.8 CC-C 118.6 

- 

?‘he index a refers to the transformation X; Y; Z: 

in the course of the same reaction, showing that they 
have comparable formation tendencies. 

That is, completely different cage systems can be 
formed even though in both structures WOSg-acts as 
terdentate ligand and the coordination polyhedra of 
the Cu atoms are distorted tetrahedra. The corres- 
ponding compounds of Ag’ with MOOS:- and WOS:- 

A. Miller, H. Biigge and T. K. Hwang 

probably have a similar structure as {Cu4WzS6)- 

mw402 [lOI. 
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