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An X-ray structural investigation of tra.ns-W(C0)4(CNCsH,1)(CS) shows 

that the W-C bond distances to the 3 isoelectronic ligands increase in 

the order: W-CS(1.944_;) C W-CO(2.0&%51, average) < W-CNCeH11(2.158i). . . 

Using data from this molecule as well as results from other thiocarbonyl 

complexes reported in the literature, an excellent correlation of low 

v(CS) frequencies with long C-S bond distances is observed, a trend 

which supports current bonding theories for thiocarbonyl complexes. 

The X-ray structural investigation of trans-W(C0)4(CNCsH11)(CS) was i 

undertaken in order to allow a direct comparison of W-C bond distances to 

carbon monosulfide, carbon monoxide and cyclohexylisocyanide ligands. 

In addition, it has provided results which allow the correlation of 

*Prepared for the U.S. Energy Research and Development Administration 
under Contract No. W-i&35-eng-82. 
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Figure 1. Molecular configuration Of trans-W(C0)4(CNCeH11)(CS). 

The geometry around the W is octahedral with all C-W-C angles being 

30.0 f 2.80. 

The bonding of CO, CNR, and CS to transition metals is postulated 

to involve m back-bonding from the metal drr orbitals to the n* orbitals 

on the llgands. Such back-bonding should weaken the C-X bond resulting 

in decreased C-X stretching frequencies, as well as increased C-X bond 

lengths. Because of the very small changes [3] observed in C-O bond 

distances in metal carbonyl complexes with different electronic en- 

vironments, it has not been possible to confirm these theoretical 

predictions using C-O bond length data. Fortunately, this confirmatory 

evidence is now available for thiocarbonyl complexes. 

X-Ray structural determinations for 5 complexes containing terminal 

thiocarbonyl ligands are now available (Table 1). As for CO, m-bonding 
. . 



: 

arguments :for thiocarbonyl complexes suggest--that complexes with low. 

v(CS) frequencies should have long C-S bond distances. In Figure 2 

is shown a plot-of v(CS) versus C-S bond distances for these complexes 

While the errors-in C-S-~~&XIX~ are reasonably large in complexes wit 

the heavier metals, the correlation is unmistakeable. Those complexes 

with the least availabie metal n-orbital electron density (such as the 

cationic-complexes ,1 and 2) have the shortest C-S distances, while mar 

electron-rich metal complexes have longer C-S distances. 

Although not indicated in Figure 2, even v(CS) and C-S distance 

data (Table I), for free gaseous CS fall close to the least squares 11 

shown in the Figure, The data in Table 1 show that there are complexo 

in which v(CS) is higher and the C-S distance is shorter than in free 

CS itself. This observation supports molecular orbital arguments 

[2b, IS] which indicate that the u-donor electrons of CS are antibondl 

TABLE 1. C-S BOND DISTANCES AND v(CS) FREQUENCIES 

No. Compound v(C-S),cm-l c-s,A 

1 [(V-GH~)Fe(CO)a(cS)]PFe 1348a- 1.501(4)b 

2 CIr(PPhs)s(CO)s(CS)lPFe 1321= 1.512(26), l.sog(w 
3 trans-RhCl(PPhs)e(CS) 129ge 1.536(10)~ 

4 trans-W(CO),(CNC,H,,)(CS) 124og,h l.564(19)h 

5 (8-CsHSC02CH3)Cr(CO)2(CS) 1225' l-570(2$ 

CS 1274k 

m-[(q-CeHs)Fe(CO)(CS)]a 1124m'n l-592(8), r-587(7)' 

aWujol, ref. 4. bRef. 5. cCfiC1-., ref. 6. d,def. $'. ref. 
1 gCS,a 

'Ref. 9. 

iCC;4, 

8. hThis work. ref. 10. jRef. 11. eC6H6, 

kRef. 12. 
Ref . J-3. mCS2. nRef. 14. 
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Figure 2. Correlation of v(CS) frequencies and C-S bond 
distances for the compounds numbered in Table 1. 

with respect to the CS bond. Thus, in complexes where there is reduced 

rr-bonding, u-donor effects will predominate and strengthen the C-S bond. 

While data [14] for the bridging CS groups in cis-[(q-C5HS)Fe(C0)- 

(CS)]a are included in Table 1, they do not fall on a linear extrapolation 

of the line in Figure 2. Nevertheless, the correlation provides a useful 



method of obtaining C-S bond distances 'from v(CS)- frequ+$+for complexe] 

with terminal thiocarbonyl ligands. 
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