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Ligand exchange in cyclopentadienylcobalt diselenolenes. Isolation 
and characterization of the Se,-chelate, C,H,Co[( Se&H,,) ,Se] 
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Abstract 

The reactions of a range of cyclopentadienylcobalt diselenolenes with cycloocteno-1,2,3-selenadiazole involve l&and exchange and 
formation of cyclopentadienyl(l,2-cyclooctenediselenolatokobalt. An example of a proposed intermediate in this process, the novel 
Se,-chelate cyclopentadienyl[bis(2-selenolatocyclooct-l-enyl)-selenide]cobaIt, has been prepared and characterised. 

1. Introduction 

In the course of our investigations of the reactions 
of 1,2,3-selenadiazoles with organotransition metal 
complexes [l], we previously demonstrated that they 
may serve as precursors of cyclopentadienylcobalt dis- 
elenolenes [21 and dithiolenes [31 (eqn. (1)). 

N 
T0helle ‘) + C,H,CO(CO)~ + E 7 

Se (E=S,Se) 

Cyclopentadienylcobalt dichalcogenes are of interest 
in terms of both their physical and chemical properties 
[4]. Their ligand exchange reactions have been studied 
by Vollhardt and Walborsky [5]. Transfer of intact 
dithiolate/ diselenolate ligands was shown to occur in a 
number of cases (eqn. (2)), and is assumed to take 
place through the intermediacy of a bridging cobalt- 
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adichalcogene dimer, such as that found in one form of 
cyclopentadienyl(o-dithiobenzenejcobalt [6]. 
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(M = Co, Rh; E = S, Se; 

R’ = Ph, nB~) 

(R* = Ph, “Bu) 

R* 

x 
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We have now examined an alternative approach to 
the conversion of one cyclopentadienylcobalt dis- 
elenolene into another, uiz. the reaction of the dise- 
lenolene with a 1,2,3+elenadiazole. The results of this 
work are presented below. 

2. Results and discussion 

Treatment of a range of cyclopentadienylcobalt dis- 
elenolenes with an excess of cycloocteno-1,2,3-selena- 
diazole (1) in toluene under reflnx in all cases gives 
cyclopentadienyl(l,2-cyclooctenediselenolatojcobalt (2) 
(eqn. (3)). After 5 h, ‘H NMR and mass spectroscopy 
indicate that ligand exchange is essentially quantitative. 
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The product may be isolated by column chromatogra- 
phy, as previously described [2]. Compound 2 is itself 
inert towards ligand exchange under these conditions; 
no reaction was observed between 2 and 4-phenyl- 
1,2,3-selenadiazole. 

R3 Se 

1 :CoC,H, (3) 
R4 Se 

R’ R2 R3 R4 % Yield 

-_(CH,),- Ph H 0 

Ph H -_(CH,),- 100 

Ph Ph -_(CH,),- 100 

-CH=CH(CH,),CH=CH- -_(CH,),- 100 

Two possible mechanisms for the exchange process 
may readily be envisaged (Scheme 1). Thermal decom- 
position of the 1,2,3-selenadiazole is assumed to be the 
first step in each case [7]. If both dinitrogen and 
selenium are lost, then an alkyne is produced. Under 
forcing conditions electron-deficient alkynes have been 
shown to react with dichalcogenes in some instances 
[8]. In mechanism (a), addition of alkyne to the cy- 
clopentadienylcobalt diselenolene gives an intermedi- 
ate, I, which may break down to yield either starting 
materials or ligand-exchanged product. A similar inter- 
mediate is involved in the reaction of cyclopentadienyl- 
cobalt precursors with 1,4-dithiins [9]. 

If only dinitrogen is lost from the 1,2,3+elenadiazole 
then a selenoketocarbene is produced. In mechanism 
(b) 1,3-dipolar cycloaddition of this species to the cy- 
clopentadienylcobalt diselenolene forms a Se,-chelate, 
II, which as before may break down to yield starting 
materials or product. Similar additions across the 

A R3_=- R4 
-Se 

(a) 

Scheme 1. 

Se' 
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Experiments involving cyclopentadienyl(l,Zdiphen- 
ylethene-1,2-diselenolato)cobalt (0.09 g, 0.19 mmol) [13] 
or cyclopentadienyl(cycloocta-1,3,5-triene-3,4-diseleno- 
latojcobalt (0.08 g, 0.21 mmol) [2] in place of 5 yielded 
similar results. 

3.1.2. From 3 

A solution of compound 3 (0.20 g, 0.35 mmol) in 
toluene (20 ml) was heated for 4 h under reflux. The 
colour changed from green to blue. The solvent was 
distilled off under reduced pressure and the residue 
purified by chromatography (25 X 2 cm column). Elu- 
tion with a 5 : 1 mixture of petroleum ether (b.p. 40- 
60°C) and toluene yielded two bands. The first, yellow, 
band contained bis(cycloocteno)-1,Cdiselenin (4) [7]. 
Removal of the solvent from the second, blue, band 
yielded 2 (0.10 g, 73%). 

3.2. Cyclopentadienyl[b~(2-selenolatocyclooct-l-enyl)sel- 
enidelcobalt (3) 

3.2.1. From 2 
A mixture of 1 (0.03 g, 0.14 mmol), 2 (0.05 g, 0.13 

mm00 and selenium (0.08 g, 1.00 mmol) in toluene (20 
ml) was heated for 5 h under reflux. The solvent was 
distilled off under reduced pressure and the residue 
purified by chromatography (25 X 2 cm column). Elu- 
tion with a 3: 1 mixture of petroleum ether (b.p. 40- 
60°C) and toluene gave a blue band, which yielded a 
mixture of 2 and 5 as identified by ‘H NMR spec- 
troscopy. A second, green, band was eluted with di- 
ethyl ether. After removal of the solvent the residue 
was crystallised from pentane at - 30°C and identified 
as 3 by spectroscopic means (see below). Yield: 0.02 g 
(26%). 

3.2.2. From C5H5Co(CO)2 
A mixture of 1 (4.00 g, 18.6 mmol), cyclopentadi- 

enyldicarbonylcobalt (5.44 g, 30.2 mmol) [141 and sele- 
nium (9.80 g, 124 mmol) in toluene (250 ml> was heated 
for 4 h under reflux. The solvent was removed by 
distillation under reduced pressure and the residue 
purified by chromatography (25 X 6 cm column). Elu- 

tion with toluene gave a single green band, and after 
removal of the solvent 3 crystallised from pentane at 
- 30°C as dark needles. Yield: 3.50 g (65%). 

‘H NMR (300 MHz, CDCl,): S = 1.35 (m, 4H, H-51, 
1.43 (m, 4H, H-6), 1.57 (m, 4H, H-71, 1.67 (m, 4H, H-4), 
2.36 (m, 6H, H-3.8), 2.45 (m, 2H, H-3’), 5.06 (s, 5H, 
C,H,). 13C NMR (125.5 MHz, CDCl,): 6 = 26.04 (C-5), 
26.24 (C-61, 29.97 (C-71, 30.28 (C-4), 34.76 (C-81, 34.94 
(C-3), 85.08 (C,H,), 126.76 (J (i3C-“Se) = 82 Hz, 
C-l), 151.69 (J(13C-77Se) = 126.5 Hz, C-2). UV/VIS 
(hexane): A,, (lg E) = 305 nm (3.760), 427 (2.6571, 582 
(3.2261, 761 (2.223). IR (KBr disc, selected bands): 
F = 3064 cm-’ (m), 2919 (s), 2843 (s), 1642 (w), 1585 
(s), 1459 (s), 1442 (s), 1418 (s), 1350 cm), 1305 cm), 876 
(ml, 739 (w), 699 (w>, 555 (w). MS: m/z = 580 CM+). 
M.p. 190°C. Anal. Found: C, 43.85; H, 4.96. 
C,,H,CoSe, (577.3) Calc.: C, 43.67; H, 5.03%. 
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