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Reaction of dimethylthiocarbamoyl chloride or dimethylthioformamide with 

dicobalt octacarbonyl affords a new diamagnetic trinuclear cobalt carbonyl- 

sulfur complex SCO~(CO)~(CSNM~,) containing a bridging bidentate thio- 
carboxamido ligand linked to the cluster by a cobalt--carbon and a cobalt- 
sulfur bond. The structure has been determined by X-ray diffraction; comparison 
with the recently described SCO~(CO)~(~-R’C=NR*) shows a different electronic 
distribution in the cluster and in the bridge, with important participation of the 
nitrogen atom. 

We have shown that xanthates [R’OC(S) SR’] and dithioesters [R’ C(S) SR*] 
are readily desulfurized by dicobalt octacarbonyl to give alkyl-, aryl- or alkoxy- 
alkylidinetricobaltnonacarbonyl clusters [ 1,2] _ More recently we hz?ve proposed 
a general synthesis of the diamagnetic cluster SCo3(C0)7(~-R’C=NR*) (I) 
containing a bridging bide&ate imino ligand [S]. Clusters I are formed by 
reaction of Co, (CO), on secondary thioamides [R’ FHC( S) R*] (II), and can be 

considered as intermediates in the desulfurlzation process of sulfur-containing 
organic molecules. It is important to note that compounds II contain one 
hydrogen atom which can be removed, and a carbon-nitrogen bond much 
stronger than the carbonsulfur bond in xanthates or dithioesters. Dimethyl- 
thiocarbamoyl chloride (IIIa) and dimethylthiofornmmide (IIIb) are also of 
interest because, like compounds II, they offer two sites for complexation, but 
the hydrogen or chlorine atoms which can be removed are now located on the 
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sp2, carbon atom, and in principle they can be desulfurized to give cobalt clusters 
in wihich the apical carbon atom is linked to an amino group or they can behave 
like thioamides and give sulfurcontaining clusters with an aminocarbene ligand. 
Our results show that cluster formation involves both processes, and affords a 
new diamagnetic tricobalt complex containing an apical sulfur atom and a bi- 
dentate thiocarboxamido group. 

Reaction of Me2 NC(S)‘X (IIIa: X = Cl; IHb: X = H) with Co, (CO)s in THF 
for 16 h at room temperature under argon gave the same complex IV: SCos(CO), 
(CSNMe,), which was isolated in 38 (X = Cl) or 10% yield (X = ‘H). The air 
stable black crystals (m-p. 107-108°C) were shown by elemental analysis and 
mass spectroscopy to contain the sulfur-tricobalt heptacarbonyl moiety asso- 
ciated with the dechlorinated or dehydrogenated ligand, and this was confirmed 
by other spectroscopic data [4] _ 

An X-ray structure determination was carried out on a single crystal of IV 
grown from hexane, from which 1918 independent diffracted intensities were 
observed with 1, > 2a(o from a set of 3157 independent reflexions measured 
using a 6-26 scan technique with graphic monochromatized MO-& radiation on 
an Em-af-Nonius CAD4 diffractometer_ The compound crystallizes with two 
molecules per unit cell in the space group PT and the lattice constants are a 
8.553(4); b 9.220(5); c 11.593(6) A; (Y 100.08(3); /l 93.96(2); y 107.59(3)“. 
The structure was solved by direct methods with the MULTAN program; full 
matrix least squares refinement of atomic positional and thermal (anisotropic 
Co, S, N, C; isotropic H) parameters converged to the conventional values R = 
0.032 and R, = 0.038. All the structural calculations were performed on a PDP 
11/60 computer with the SDP package 151. 

The ORTEP drawing presented in Fig. 1 illustrates that complex IV is a tri- 
nuclear cluster containing an apical sulfur atom linked to the three metal atoms 

Fig. l_ ORTEP drawing of com~oum3 IV_ 
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bond (2.630(2) PL) results in significant increases in the metalsulfur, metal- 
carbon, carbonsulfur and carbon--nitrogen bond lengths. 

To account for the diamagnetic nature of cluster IV and to permit all the 
metal atoms to attain the closed-shell electronic configuration, we must con- 
clude that the apical sulfur shares four of its valence electrons with the metals 
and that the thiocarboxamido group is a three electron ligand. Thus the canonical 
formula A of Fig. 2 might represent the electron distribution in the complex. 
But the formal donation of an electron pair from sulfur to Co(l) implies for 
complex I a metal--sulfur bond significantly shorter than the other two, and 
this is not the case for complex IV where the S (l)-Co (3) and S (l)-Co (1) 
bonds are equal in length and shorter than the S(l)-Co(Z) bond. Consequent- 
ly we think that formula B, with electron delocalization over six centers, gives a 
better representation of the electronic state of the molecule. 

Although the thioamides and thiocarbamoyl chloride behave differently they 
both provide a direct and convenient access to chiral clusters, because in both : 
cases the bridging ligand is dissymmetrical. We are now making efforts to obtain 
clusters I and IV in their optically active form, because they are suitable species : 
for investigating the process of optical induction during cluster catalysed reac- 
tions, and they may also provide information about the ability of clusters, as a 
structural entity to catalyse reactions. 

We thank the D.G.R.S.T. for grants to C.M. and A.B. 

References 

G. Mignani, H. Patin and R. Dabard. J. Organometal. Chem.. 169 (1979) C19. 
H. Patin. G. Mignani and M.T. Van Hulk. Tetrahedron L&t.. (1979) 2441. 
H_ Patin. G_ Mignani_ C_ Mab& J-Y. Le Marouilk. A_ Benoit. D. Grandjean and G. Levesque. 
J. Organometal. Chem.. 208 (1981) C39. 
IR (Nujol) only terminal carbosyk (2020-2140 cm-‘). in ‘H NMR <CDCI,) the two methyl give 
separate singlets at 3.4 and 3.63 Porn and two peaks in ‘“C NMR at 46.7 and 47.3 ppm. 
B.A. Frenz & M. Schenk and R. Gthof-Haze&p (Ed& Enraf-Nonius CAD4-SDP,a real-time system 
for concurrent X-ray data collection and crvstal structure determination. Computing in crystallography. 
Delft. 1978. 
H. Patin. G. Mignani. C. Mahi. J-Y_ Le Marouille. A. Benoit and D. Grandjean. J. Organometal. Cbem.. 
193 (1980) 93. 
J.Y. Le Marouille. A. Benoit. D. Grandjean. H. Patin. G. Migoaniand C. Mah;. Acta Crystallogr. B. in 
press. 
W-K_ Dean and D.G. Van der Veer. J. Organometal. Chem.. 146 (1978) 143. 




