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Reaction of [NH4I2[WS4], TlBr and [Bun4N]Br in the solid state produces the mixed-metal sulfur complex [Bun4N] 
[TIWS,]; an X-ray analysis shows that its structure can be described as infinite chains of incomplete double cubane-like 
[WT13S71 units interconnected via face-sharing to form a zigzag arrangement. 

It still remains a great challenge to prepare polymeric 
low-dimensional solids containing different metals. One 
elegant method is the use of thiometallates as adducts,l4 but 
none have been reported for polymers of low-valent main 
group elements such as TI' and In' with thiometallates. Here, 
we report the synthesis and characterisation of [BunjN] 
[TIWS4] I ,  the first example of a TI-W-S complex with a 
one-dimcnsional heterometallic polymeric chain structure. 

The title compound is obtained by heating [NH5I2[WS4] 
(0.35 g, 1.0 mmol), TlRr (0.28 g, 1.0 mmol) and [ B U " ~ N ] B ~  
(0.96 g, 3.0 mmol) in the solid state at 90 "C for 10 h and 
extracting the product with DMF (25 ml). The yellow filtrate is 
left at ambient temperature for 8 d yielding yellow needles of I 
in ca. 9% yield:l- The IR spectrum of I exhibits main bands at 
451 and 465 cm- 1 .  

The structure of the polymeric anion is shown in Fig. 1.3 
The anion forms a polymeric zigzag chain parallel to the 
crystallographic c axis which appears to be built up from 

face-sharing of incomplete double cubane-type [ WTI&] units 
via the [TIS( la)T1(2)S(3)] and [TIS( l)TI(2)S(3a)] planes. The 
double cubane-like units consist of two incomplete cubane- 
like [WT12S4] subunits (in each of which one TI corner is 
missing) joined by a common [WS(l)TlS(3)] plane. 

The X-ray analysis indicates that there are two classes of S 
atoms in this complex. The S(2) and S(4) atoms are doubly 
bonded to a W and a TI atom, the S(1) and S(3) atoms are 
triply bridged to a W and two TI atoms. The W atom is 
unexceptionally tetrahedrally coordinated. Each TI atom is 
coordinated by two p-S and four 1.13-S atoms with a strongly 
distorted TISh octahedral geometty. The TI-S lengths in this 
octahedron, [2.995(3)-3.444(4) A] are significantly longer 
than the sum of reasonable estimates of the atomic radii of TI 
and S ,  which shows that there is a large steric demand by the 
lone electron pairs on the TI atom in the TI-S bond. As 
indicated by the shortest molecular TI...Tl or  TI-.-W lengths of 
4.839(1) [TI-.-TI(l)], 3.762(1) [Tl---W] and 4.065(1) A 
[W-..Tl( l)] in I, there are no structurally significant bonding 
metal-metal interactions. 

Fig. 1 Structure o f  the polymeric chain (parallel to the crystallographic 
c axis). Selected bond lengths TI-S( I )  2.995(3), TI-S(1a) 3.340(3), 
TI-S(2a) 3.444(4). Tl-S(3) 3.100(3), Tl-S(3b) 3.146(3), Tl-S(4b) 
3.358(5), W...7'1 3.762(1), W*-*TI(1) 4.065(1), Tl**.Tl(l) 4.389(1) A. 
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Footnotes 
t Satisfactory elemental analyses were obtained. 
$ Crystal data f o r  I: CLhH3hNSITIW, M = 758.95, monoclinic, space 
group Cc, a = 17.127(2), b = 18.313(5), c = 7.838(3) A. p = 97.11(2)", 
V = 2439.3 A3, Z = 4, D, = 2.046 g cm-3, p = 118.1 cm-1, F(000) = 
1432; 28 S 50.0" (Mo-Kcw, h = 0.709 30 A. graphite monochromator. 
co-28 scans, T293 5 1 K). The structure was solved by direct methods 
(SDPNAX-PLUS)s and refined anisotropically using absorption- 
corrected data to give R = 0.023 and R ,  = 0.025 for 2034 independent 
observed reflections (from a total of 2317 unique reflections) with I > 
3.0a(Z). H atoms included in calculated positions riding on the parent 
C atoms. The atomic scattering factors were taken from ref. 6. 

Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic 
Data Centre. See Information for Authors, Issue No. 1. 
D Revised version received, 13th September 1994. 
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