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Abstract 

The ability of trimethylamine N-oxide as a chemical initiator for facile oxidative 
decarbonylation in metal carbonyls is manifested by the isolation of M(CO),( n2- 
bipy)(nl-dppm) (where M = Cr, MO, W; bipy = 2,2’-bipyridyl; dppm = 
bis(diphenylphosphino)-methane). The synthetic strategy and spectral (IR and ‘H 

and 31P NMR) charac terisations are presented and discussed. Syntheses of the 
well-known M(CO),(q*-bipy) have also been modified to give high yields at 
ambient temperature. 

Introduction 

cY-Diimine ligands [3-51 as exemplified by l,lO-phenanthroline (phen) and 2,2’- 
bipyridyl (bipy) serve as a very important class of ligands in metal carbonyl 
chemistry. Especially distinctive are the kinetically labile and fluxional di- and 
tri-substituted Group VIA metal carbonyls [6]. Explication of kinetic and mechanis- 
tic details in these systems plays a crucial role in understanding their substitution 
[7-91 and isomerisation [lo] processes. Most of such investigations [ll-151 however 
are confined to carbonyl displacement by a monodentate ligand, viz. 

M(CO),(bipy) + L -+ M(CO),(bipy)(L) + CO 

(M = Cr , MO and W ; L = 2-electron donor) 

* For parts 1 and 2 see refs. 1 and 2. 
* * To whom correspondence should be addressed. 
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Complexes 1 and 3 are novel but 2 has been briefly mentioned in the literature 
[27]. The latter complex, prepared from Mo(CO),(C,H,) (where C,H, = 
cycloheptatriene) via the carbonyl-bridged dimer (p 2-CO) zMo,(CO) 4( q2-bipy) 2 
[28,29] however, lacks firm spectroscopic support. The chromium analogue of the 
dimer was hitherto unknown. 

It is generally accepted that TMNO is effective in promoting decarbonylation at 
ambient temperature for metal carbonyls with IR Y(CO) > 2000 cm-’ [30--321. This 
conception is in accord with the present conversion of tetracarbonyl to tricarbonyl 
complexes as all the former species exhibit an IR band a little above 2000 cm-‘. For 
complexes 1, 2 and 3, despite the proximity of the uncoordinated phosphorus to the 
metal centre and the expected stability for a M-P-C-P-M four-membered chelate, 
cyclisation of the dppm ligand and formation of the higher substituted dicarbonyl 
derivatives has not been detected at room temperature even with an excess of 
TMNO. Such inertness for chelation however is not unexpected in view of the low 
Y(CO) for all the three tricarbonyls (the highest absorptions occur 85592 cm-’ 
below 2000 cm-‘). 

Formation of 1, 2 and 3 from their tetracarbonyl counterparts can be easily seen 
in changes in their IR spectra. A common pattern of three strong absorptions 
(ai + 2e) suggests a f&-configuration for the M(CO), moiety [2,21,33-361, which is 
understood in view of the cis-labilising effect of the bipy ligand [37-391. 

The ‘H NMR spectra suggest that the usual resonances are assignable to q2-bipy 
ligation [7]. The doublets of a doublet, ‘H-“‘P coupling, for the methylene protons 
of dppm implies the chemical inequivalence of the two phosphorus nuclei. Unam- 
biguous evidence for the unidentate coordination mode of the phosphine is deduced 
from the 31P NMR analysis. The presence of two mutually coupled non-equivalent 
phosphorus NMR resonances together with the occurrence of a high field signal of 
similar chemical shifts (Table 1) relative to free dppm molecule (6 - 21.67 ppm) 
[1,2] typify all three spectra. Tungsten satellites were not observed in the spectrum 
of 3 owing to the limited solubility of the complex in the NMR solvent. The 
downfield resonance due to the ligated phosphorus demonstrates a decrease in 
coordination shift, defined as &comp,ex - afree ,igand, [40-421 in the expected order of 
Cr (67.44 ppm) > MO (48.93 ppm) > W (42.00 ppm). Similar trends of comparable 
magnitudes were observed for the analogous phen complexes [2]. Among the three 
complexes studied, only 1 shows a minor quantity of its mer-isomer in the 31P NMR 
spectrum. 

It is envisaged that the title compounds cannot be satisfactorily prepared via the 
classical thermolytic or photolytic pathway from M(CO),. Competitive substitutions 
would lead to the formation of more familiar complexes such as M(CO),(q*-dppm) 
[43], M(CO),(v2-dppm)2 [44] or M(CO),(n*-dppm) (vi-dppm) [45,46]. Attempts to 
prepare the related complexes M(CO),$(q2 - dppm)(nl-dipy) have so far proved 
unsuccessful. This is however not too surprising considering the negligible cis-labi- 
lising ability of the phosphine [47] and the unstable coordinating mode for a 
unidentate bipy. 

All the above-mentioned octahedral carbonyls which contain mixed ligands either 
in chelating or dangling form are potentially important models for kinetic and 
mechanistic studies in metal carbonyl reactions [48,49]. Their good r-accepting 
ability, coupled with the anionic behaviour of ligands such as bipy and phen, would 
enable these complexes to be useful for electrochemical experiments [50,51]. Redox 
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Mo(CO),(q2-bipy)($-dppm). A mixture of Mo(C0),(q2-bipy) (0.1655 g, 0.45 
mmol), TMNO (0.0719 g, 0.64 mmol) and dppm (0.1782 g, 0.46 mmol) in CH,CN 
(25 ml) was stirred to give a clear violet solution. Evaporation to dryness in vacua 
yielded a purple solid which was redissolved in CH,Cl, and filtered. To the filtered 
solution was added methanol, followed by evaporation to low volume under 

vacuum. The purple precipitate thus formed was isolated by filtration. A second 
crop of product was usually obtained from the filtrate upon addition of methanol 
followed by slow evaporation. The combined crop was recrystallised from 
CHCl,/CH,OH. Yield: 0.18 g (54%). Found: C, 63.72; H, 3.86; N, 3.56. 
C,,H,,MoN,O,P,calc: C, 63.33; H, 4.10; N, 3.83%. 

Cr(CO),(q’-bipy)(q’-dppm). A mixture of Cr(CO),( p2-bipy) (0.2961 g, 0.93 
mmol), TMNO (0.1156 g, 1.04 mmol) and dppm (0.4102 g, 1.07 mmol) in CH,CN 
(30 ml) was stirred for 17 h to give a maroon suspension. A purple solid was isolated 
after filtration and a second crop was obtained by reducing the volume of the 
filtrate, which was subsequently cooled to - 20 o C and filtered. Repeated recrystal- 
lisations from CH,Cl,/hexane gave the analytically pure product. Yield: 0.27 g 
(40%). Found: C, 67.15; H, 4.81; N, 4.33. C,H,CrN,O,P, talc: C, 67.46; H, 4.44; 
N, 4.14%. 

W(CO),(q2-bipy)($dppm). A similar procedure was adopted as for the Cr 
analogue. Purple microcrystals (yield 0.13 g (40%)) were obtained from 
W(CO),(v2-bipy) (0.1810 g, 0.40 mmol), TMNO (0.2303 g, 2.08 mmol) and dppm 
(0.3496 g, 0.91 mmol). Found: C, 56.25; H, 3.86; N, 2.99. C,H,,N,O,P,W talc: C, 
56.42; H: 3.72; N, 3.47%. 
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