
Inorganica Chimica Acta, 99 (I 985) 25-30 25 

Group MB Metal Pentacarbonyl Complexes of N,N’-dimethylimidazolidine-Zthione 

KHALID S. JASIM and CHUNG CHIEH 

Guelph- Waterloo Center for Graduate Work in Chemistry, University of Waterloo, Waterloo, Ont., NZL 3G1, Canada 

Received July 3,1984 

Abstract 

Reactions between Group VIB metal hexacarbonyl 
M(CO)e (M = Cr, MO or W) and N,N’-dimethylimida- 
zolidine-2-thione (T), either at elevated temperature 
or under irradiation by ultraviolet light, produced 
reactive, moderately stable pentacarbonyl thione 
complexes, M(CO)sT. The physical and chemical 
properties of these complexes are similar, indicating 
that their structures are the same. The IR bands 
due to the carbonyls in CHCls solution consist 
of four peaks at cu. 2060, 1970, 1920 and 1870 
cm+, but five bands were observed for their solids 
with an additional band at ca. 1940 cm-‘, pos- 
sibly due to restricted rotation of the thione in the 
solid which reduces their pseudosymmetry. These 
thione complexes reacted with tetraethylthiuram- 
disulfide, Et,tds, at room temperature, as opposed 
to higher temperature required for the reaction 
between metal hexacarbonyls and Et,tds. With equal 
molar quantities of M(CO)sT and Et,tds, complexes 
M(CO),(Et,tds) are formed, but with excess Etatds 
the thiuramdisulfide is reduced to dithiocarbamate 
(Etsdtc) resulting in the formation of Cr(Etsdtc)s 
and M(Et,dtc), (M = MO or W) as the final products, 
although M(CO),(Et,tds) might have been an inter- 
mediate. 

Introduction 

Interest in complexes of sulfur-containing ligands 
and metal carbonyls is evident from the vast number 
of publications which have appeared in the recent 
literature. Abel and Crosse [l] surveyed the sulfur- 
containing metal carbonyls in considerable detail 
but did not list any thiourea carbonyl metal com- 
plexes, perhaps due to the small number of com- 
pounds reported at that time. Since then, many 
publications describing the reactions of thioureas 
with metal carbonyls have appeared. These include 
reactions of thiourea with rhenium [2] or manga- 
nese [3, 41 pentacarbonyl chloride, o-phenanthro- 
linemolybdenum tetracarbonyl [5], cyclohepta- 
trienemolybdenum tricarbonyl [6, 71 and diiron 
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enneacarbonyl [8] ; the products were always S- 
bonded thiourea-metal carbonyl complexes. 

These studies led to the discovery of interesting 
reactions and new complexes [9-121, yet only a 
few publications reported the studies of cyclic 
thiones [ 13-161. In general, reactions between 
Group VIB metal hexacarbonyls and heterocyclic 
ligands (L) produce compounds of the type 
M(CO)sL (M = Cr, MO, W). When L is pyridine, pyra- 
zine, pyradazine or pyrimidine, nitrogen is the 
donor atom [ 17-191, whereas S is the donor atom 
when L is thiomorpholine-2-thione [ 14, 161, thiazo- 
lidine-2-thione [ 131 or imidazolidine-2-thione [ 151. 
Some physical and chemical properties of these 
complexes have been reported, but the field is 
wide open for further exploration. 

The complexes with S-containing ligands are 
relatively reactive, a property making these com- 
pounds suitable as intermediates for the prepara- 
tion of other multinuclear metal complexes [20] 
or metal clusters [21] . In our study of metal com- 
plexes with S-containing ligands, we observed the 
formation of metal clusters from heating of MO*- 
(dtc)e, [22], thus the M(CO)s moiety might be a 
useful fragment in inorganic syntheses. 

This paper reports the syntheses, characteriza- 
tion, and chemical and physical properties of some 
complexes of the form M(CO)sT, where M = Cr, 
MO, W; and T = N,N’-dimethylimidazolidine-2-thione 
(referred to as thione). 

Experimental 

1. Measurements and Purification 
Infrared spectra were recorded at 2% KBr and 

CsBr disks and in chloroform solutions on the follow- 
ing instruments: Beckman Acculab 10 and Perkin- 
Elmer 457 and 180. The ‘H NMR spectra were record- 
ed in acetone d6 on a Bruker WP-80 NMR spectro- 
meter. Electronic spectra were obtained in 
chloroform solution using Cary 80 UV/Vis spectro- 
photometer. Gas chromatographic analyses were 
performed on a Hewlett-Packard 5830 Gas Chroma- 
tograph using a 1.6 m glass column of 2 mm internal 
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Cr. MO and W Hexacarbonyl with N,N’dimethylimidazolidine-2-thione 

TABLE IV. Infrared data for the products from M(CO)sT and Et4tds. 
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a) Compounds without carbonyl groups 

Compound ref. 

Cr(Etsdtc)g a 

1301 
Mo(Et2dtc)4 a 

[311 
W(Etzdtc)4 

;331 

b) Band positions of the carbonyl group 

r(CN) dNC-3 P(W /NW 

1490vs 1142~s 992s 370m 
1488~s 1140vs 990s 376m 
1500vs 115ovs 1000s 352m 
15oOvs - 1002s 355m 
1522~s 1158~s 982s 360m 
1525~s 1155vs 993s 365m 

Mo(C0)4Etotds 
W(C0)4Et4tds 

‘This work. 

2000m, 1955m, 191Os, 1855sh, 181Osh 
1995m, 1950m, 1905s, 1845sh, 1805sh 

from its IR spectra [37] and elemental analysis. 
The source of oxygen is likely from air contamination 
in the column. 

In order to identify the intermediate products, 
we resorted to reactions using less Et,dts. When 
the molar ratios were 2: 1, unreacted compounds 
M(CO)sT were left even after prolonged reflux. 
The newly formed compounds had another set of 
IR bands at about 2000 cm-’ indicating the forma- 
tion of yet another type of carbonyl complexes. 
Experiments with a 1: 1 molar ratio seem to give a 
complete conversion as seen from the monitored 
IR bands. Bands due to the pentacarbonyl were 
replaced by a new set of bands similar to those of 
cis-tetracarbonyl metal complexes [38]. The above 
results suggest the formation of tetraethylthiuram 
disulfide complexes, not those of dithiocarbamate. 
An additional piece of evidence is the recovery of 
Et4tds when the complexes decomposed. There- 
fore the following compounds may have been 
formed. 

oc 

oc 

Further reactions of these compounds with 
Et,dts result not only in the depletion of all 
carbonyls, but also the reduction of the disulfide to 
dithiocarbamate, thus leading to the formation of 
their respective metal dithiocarbamates. 
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