
Cl 

Journal of Organometallic Chemistry, 322 (1987) Cl-C6 
Elsevier Sequoia !%A., Lausanne - Printed in The Netherlands 

Preliminary communication 

CYCLOPENTADIENYL PENTAFLUOROPHENYLTHIOLATE COMPLExFZti 
OF MOLYBDENUM AND TUNGSTEN AS NOVEL POLYDENTATE 
LIGANDS OF THALLIUM(I); DYNAMIC NMR STUDIES 
AND CRYSTAL STRUCTURES OF TWO DERIVATIVES 
[MoTl(SC,F,),L,Cp] (L = SC,Fs or CO) 

W. AZALEE WAN ABU BAKAR, JACK L. DAVIDSON*, W. EDWARD LINDSELL*, 

KEVIN J. MCCULLOUGH* 

Department of Chemisty, Heriot- Watt University, Riccarton, Edinburgh, EHI4 4AS (Great Britain) 

and KENNETH W. MUIR*, 

Department of Chemistry Universiv of Glasgow, Glasgow, Gl2 8QQ (Great Britain) 

(Received Novembef 25th, 1986) 

New bimetallic complexes [MTl(SC,F,),L,Cp] (L = SC,F,, M = MO (la), W 
(lb); L = CO, M = MO (4)) are characterised; crystal structures of la and 4 show 
unusual polydentate coordination of thallium(I) by [Mo(SC,F,),L,Cp)]- and var. 
temp. 19F NMR studies, supp orted by conductivity measurements and cation 
exchange, indicate restricted rotation of C,F, groups and reversible decoordination 
of Tl+ in more polar solvents. 

Recent studies in our laboratories of paramagnetic halogeno- and thiolato-dien- 
emolybdenum(III) complexes resulted in the isolation of small quantities of a novel 
molybdenum-thallium complex [MoTl(SC,F,),Cp] (Cp = r)‘-C,H,) (la) of unde- 
termined structure [l].. We now report more efficient routes to la and to related 
MO-Tl and W-Tl complexes and the characterisation of these complexes by 
dynamic NMR and X-ray diffraction studies. These studies reveal the ability of the 
thallium(I) to coordinate reversibly to metal(I1) and metal organometallic 
ZUliOllS. 

Synthetic investigations, summarized in Scheme 1, establish that the reaction of 2 
with Tl(SC,F,) affords the Md’-Tl’ adduct 4 in 78% yield via complex 3, and this 
undergoes total CO substitution to give the MdV-Tl’ adduct la in 30% yield as a 
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SCHEME 1. (i) ‘llSC,Fs in Et,O, ZOOC. (ii) 5/l excess of TlSCsFs in CHICI,, 20°C. 

result of Tl’ promoted oxidation *. Since lb is not accessible from analogous W” 
complexes an alternative synthetic route was developed utilising the W Iv complex 5: 
this readily produces lb in 33% yield via a novel 16e thallium-free intermediate 6. 

X-ray diffraction studies of la and 4 have established the presence of Tl’ 
unusually coordinated by organometallic ligands [CpMo(SqF,),L,] (L = SC,F, 

* Satisfactory elemental analyses have been obtained for la, lb, 4, 6 and 1; additionally, preliminary 
X-ray diffraction studies of 6 and 7 confirm the structures; several isomers of 6 are in equilibrium in 
solution: IR (CDCl,): v(C0) 1940 cm- , ‘. ‘H NMR (CD&, ZOOC); 6 5.28, 5.57, 5.65 and 6.46 (s, 

CSHS) ppm. 
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Fig. 1. Crystal structure of la: (a) ORTJP diagram (30% ellipsoids). The hydrogen atoms and numbering 
for the carbon atoms of the cyclopentadknyl group C(l)-C(5)) and those bonded to fluorine in the C$Fs 
groups have been omitted for clarity. (b) SCHAKAL space-filling diagrams. Important interatomic 
distances: ‘I-I-MO 3&Z(3), n-S(l) 3.276(g), l-l-S(2) 3.342(7), l-l-S(3) 3.200(S), Tl-S(4) 3.292(S), 
MO-S(~) 2.402(S), MO-S(~) 2.425(8), MO-S(~) 2.420(g), MO-S(~) 2.447(8), Tl-F(16) 2.978(l), Tl-F(26) 
3.144(l), Tl-F(36) 3.080(l), TLF(26) 3.144(l), Tl-F(36) 3.080(l), Tl-F(46) 3.046(l) A. 
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Fig. 2. Crystal structure of 4: (a) O~~.~~~ (30% ellipsoids) with hydrogen atoms omitted for 
cfarity; (b) SCHAKAL space-filling d&ram. alit interatomic dktarices: -!&-MO 3.5~8~10), 
%S(l) 2.998(4), Tl-S(Z) 3.03X4), No-f@) X53844), MO-S(~) 2.530(4), MO-C(13) 1.381(16), Mo-C(19) 
X978(18), T&-F(5) 3.099(P), ‘&F(6) 3.0PQ(lO), T&-S(Y) 3.7?2(3), ‘XI-S@‘) 3.333(3) A. 
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C,DSCD,/Et,O at - 100°C: 6 (CCl,F): -130.2 (J(Tl-F) 3375 Hz, 2 o-F), - 130.7 
(2 o-F), -158.74 (2 p-F), 161.9 (2 m-F) -163.72 (2 m-F) ppm) to those of 
complexes la and lb implying that, in solution, discrete monomers exist which 
undergo similar dynamic processes. Investigations by “‘Tl NMR, potentially a 
useful probe for these processes, were rather uninformative; no resonance was found 
for la and both lb and 4 give single broad bands in acetone (r.t.; lb S (TlNO,, O,,, 
57.683833 MHz) - 60.5 ppm (Au+ - 1000 Hz); 4 + 828 ppm (Au+ - 600 Hz)) or 
CH,Cl, (r.t.; 4 S + 1225 ppm (Aus - 1000 Hz)). 

Appreciable ionisation of complex la in acetone is supported by conductivity 
measurements (A 78 9-l cm* mol- ‘; 10m3 it4, 25°C).Conductivity data for 
complex 4 in acetone (A 6 - 14 52-l cm* mol-‘; 10 - 0.8 x lop3 M, 25OC), 
although indicating less dissociation [5], also support ionization to a kinetically 
significant extent to explain the VT 19F NMR results. Metathetical replacement of 
Tl+ in complexes la, lb or 4 by non-coordinating cations [PPN]+ or [NR,]+ was 
also carried out, giving for example [PPN]+[Mo(SC,F,),Cp]- (7) (A - 73 9-l cm* 
mall’; lop3 M, 25°C acetone). 

These results draw attention to the ability of organometallic anions to function as 
polydentate ligands towards thallium(I) and potentially towards other metal ions. 
This and the fact that coordination is reversible illustrates that anions of this type 
may have potential as selective sequestering agents towards various metal ions, a 
possibility we are actively investigating. In this respect two important features are 
the size and geometry of the coordination sites on the organometallic anion and a 
crucial factor in 1 and 4 is the availability of a vacant capping position on the 
square plane distal to the cyclopentadienyl ligand. Accordingly we note that a 
halogen ligand occupies this site in trihalides 5 whereas in coordinatively and 
electronically unsaturated thiolate complexes 1 and the intermediate tungsten com- 
plex 6 the site is vacant. This may be related to the ability of thiolate ligands [6] to 
stabilise coordinative unsaturation by sulphur + metal a-donation. 
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