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Summary 
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Dicyclopentadienylcarbonyl chloride cations of tungsten and molybdenum, 
(CsHshM(CO)Cl+ (M = W, Mo) are obtained from a reaction of the correspond· 
ing dichlorides with AlCl3 and CO. Reduction of (CsHshW(CO)CI+ in the 
presence of CO gives the dicarbonyl complex (CsHshW(COh. The correspond
ing molybdenum complex was not obtained under analogous reaction condi
tions. 

Introduction 

Previously we have reported that dicyclopentadienyltungsten dicarbonyl is 
formed when dicyclopentadienyltungsten dichloride is reduced in the presence 
of CO at elevated pressures [1]. The dicarbonyl complex represents, to the best 
of our knowledge, the only stable carbonyl compound in which the central 
metal would formally exceed an 18-electron valence-shell configuration if each 
of the CsHs-ligands is considered to be a six-electron donor. Alternatively, 
this compound might be formally in accord with the 18-electron rule, if one 
of the rings were displaced to a trihapto structure. Even this arrangement would 
be virtually without precedent, however: structures in which part of the 1T-elec
tron population of a 1T-bound C6R6 or CsRs- ligand is displaced from the central 
metal ion by the effect of CO ligands have been postulated as intermediates 
in ligand substitution reactions [2-4], but we are not aware of any stable com
pounds of this nature *. Because of this relation of (C sHs h W (CO h to possible 
unstable intermediates in other reaction systems, we were interested in the 
mechanisms of formation and stabilization of this unusual coordination com
pound and have further examined the reaction sequences that lead to its forma
tion. 

• A related niuGsyl complex (CsHshMo(NO)CH3 has been reported by Cotton and Rusholmc [5] 
to have boUl CSHS rings poSitioned asymmetrically with resPect to the metal center. 

http://dx.doi.org/10.1016/S0022-328X(00)80857-8
http://nbn-resolving.de/urn:nbn:de:bsz:352-238156
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Results 

\Vhen solutions of the monocarbonyl compound (CsHsh WCO are exposed to 
CO pressures of about 100 atm, the dicarbonyl (CsHshW(COh is formed in 
essentially quantitative yield over a period of 12-15 h; no such transformation 
is noticeable at atmospheric pressures of CO, however. These observations indi
cate that (CsHshWCO can serve as an intermediate in the formation of (CsHshW
(COh at elevated CO pressures only. However, (CsHshW(CO)z can be made at 
atmospheric CO pressure by a reaction sequence in which the cationic compound 
(CsHshW(CO)Cl"~ is a key intermediate. Thus when (CsHshWCI2 is treated 
with one equivalent of AICh under carbon monoxide in a chlorobenzene sus
pension, an orange-tan compound with the composition (CsHshW(CO)CI(AICI4) 
is formed. (This compound was characterized by an NMR singlet at 6.32 ppm in 
(CD3hSO, a strong v(CO) absorption at 2050 cm-1 and by its elemental analy-
sis *.)When (CsHs)zW(CO)CI(AIC~) is reduced with sodium amalgam in a 
toluene suspension under carbon monoxide at atmospheric pressure, the dark 
blue dicarbonyl complex (CsHshW(COh is obtained in 30-40% yield after 
removal of solvent and subsequent sublimation. The dicarbonyl obtained in this 
manner contains no (CsHsh WCO, as indicated by its IR and NMR spectra. While 
the dicarbonyl compound is stable thermally, it is very sensitive to photolytic 
CO elimination. Its spectrum in a toluene-<is solution did not change when 
stored in the dark several months. 

l\1ixtures of non-sublimable carbonyl residues with many CO absorptions in 
the range 1990-1830 cm-1 were observed as by-products in the reduction of 
(CsHsh W(CO)CI(AlC~) and in reduction of (CsHsh WCl2 under CO. 

During attempts to increase the yields of (CsHsh W(CO)z, we observed that 
(CsHshW(COh is not stable under the conditions of its formation, i.e. in the 
presence of sodium amalgam and CO. Under these conditions, it is transformed 
into mixtures of non-sublimable, presumably polynuclear or anionic caI00nyi 
compounds. Among these, the presence of (CsHs)W(COh- is indicated by IR 
absorptions at 1885 and 1760 em-I. 

T'.!eatment of (CsHshMoC12 with _.<\1C13 under CO likewise yields the compound 
(CsH shMo(CO)CI(AlCI4 ). Reduction of this compound with sodium amalgam 
under CO in a toluene suspension does not yield (csHshMo(CO)z. At atmos
pheric CO pressure, (CsHshMoCO is the main reduction product, while reduc
tion at CO pressures of about 100 atm yields mainly orange-coloured (CsHs)
(CSH 7 )Mo(COh [1,7J and other, non-sublimable carbonyl compounds. 

Discussion 

It is unlikely that (CsHshWCO is an intermediate in the reduction of (CsHsh
W(CO)CI+ to (CSHS)2W(CO)2, since the monocarbonyl is not converted into the 
dicarbonyl under these conditions, i.e. under CO at atmospheric pressure. More 
probably the second CO ligand is taken up at an oxidation state of the tungsten 
centre, which is still higher than +II, and is then fixed into its position by a 

" Related compounds. (CsHshW(CO)Rr(PF6) and its molybdenum analogue. are produced by 
a reaction of (CsHshW(S(CH3h)Br(Pf b~ with CO [6]. 
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subsequent reduction step. A dication (CsHsh W(COh2+, present in small amounts 
in equilibrium with (CsHshW(CO)CI+ and CO, could conceivable be the actual 
subsb:ate in the reduction process. The observation that (CsHshW(CO)z decom
poses under the conditions of its formation to (CsHs)W(COh- and other degrada
tion products is in accord with the view that this dicarbonyl compound is an 
intermediate in a reductive ring elimination reaction (eq. 1). 

(1) 

Interestingly, the monocarbonyl compound (CsHsh WCO is completely resis
tant towards such reductive ring elimination. The bonding features which cause 
disparity in thermal stability between (CsHshW(COh and its molybdenum ana
logue remain to be determined. They are undoubtedly related, however, to the 
increased reactivity of (CsHshW derivatives in a number of reactions of potential 
interest for homogeneous catalysis [8,9]. 

Experimental 

Except for the stable starting materials (CsHshWCh and (CsHshMoC12 [10] all 
the substances reported were handled under N2 , either by Schlenk or vacuum-line 
techniques. Solvents were dried with LiAIH4 and distilled in vacuo. 

1. (CsHs)2W(CO)CI(AICI4) and (CsHs)2Mo(CO)CI(AICI4). A sample of (CsHsh
WCh (285 mg, 0.744 mmol) is stirred, together \vith 99 mg (0.744 mmol) of 
freshly sublimed AlCh in 40 ml of chlorobenzene under 1 atm of CO pressure. 
The solid material gradually changes in colour from dark-green to orange-tan. 
Mter about 3-4 h, the solvent is removed and the residue washed with petroleum 
ether and dried in vacuo at room temperature. It consists of pure (CsHshW(CO)
CI(AlCI4 ) (NMR: singlet, 0 6.32 ppm in DMSO; IR: v(CO) at 2050 cm-1 in nujol) 
m.p. 230°C (decomp.). It is fairly stable in air, but rather hygroscopic. Elemental 
analysis: Found: C, 24.02; H, 1.88; AI, 5.05; CI, 32.30; W, 33.41. CIIHloAIClsOW 
calcd.: C, 24.18; H, 1.85; AI, 4.94; CI, 32.45; W, 33.65%. 

If the same procedure is carried out in toluene some samples of (CsHshWCI2 
fail to'react. This appears to arise from decreased solubility due to variations 
in crystal size. Similar observations were made in the direct reduction of 
(CsHshWCb to (CsHshW(COh under higher CO pressures. 

The preparation of (CsHshMo(CO)CI(AIC14) is analogous to that for the 
tungsten analogue. (CsHshMo(CO)CI(AICI4) is a tan-colored material, melting 
with decomposition at 170°C (miR: singlet, 0 6.36 ppm in DMSO; IR: v(CO) 
at 2055 cm-1 in nujol). Elemental analysis: C, 28.90; H, 2.38; AI, 5.97; CI, 
38.65; Mo, 20.79. CllH10AIClsOMo calcd.: C, 28.82; H, 2.20; AI, 5.89; Cl, 
38.67; Mo, 20.92%. -

2. (CJ[s)zW(CO)z. To a suspension of 0.58 mmol of (CsHshW(CO)CI(AIC4), 
obtained by treatment of 224 mg of (CsHshWCI2 and 78 mg AlCh in 40 ml 
of toluene is added 1.2 ml of aIM solution of sodium amalgam. The mixture is 
stirred under 1 atm of CO pressure for 15 h. The dark solution formed is filtered 
from the residue of solids and mercury. Mter removal of solvent, the residue is 
sublimed at 45°C. The blue material obtained is identified as (CsHsh W(COh by 
its spectral properties [1] (NMR: singlet, 0 5.17 ppm in toluene-ds; IR: v(CO) 



176 

at 1872 and 1955 cm-1 in nujol; mru:s peaks for (CsHshW(COh+, (CsHshW
(CO)+ and (CsHshW+ with appropriate isotope distributions). 
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