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Summary 

The reactions of the zerovalent carbonyl complexes Mo(CO), and Mo(CO),(bipy) 
with a series of uninegative bidentate (X,Y)-donor ligands (X,Y = xanthates, 
dithiocarbamates, o-aminophenoxide, o-aminothiophenoxide, 2-picolinate and 
thioacetate) lead to new anionic tetracarbonyl complex anions [Mo”(X,Y)(CO),]-. 
These anions, which can be isolated as their tetraphenylphosphonium salts, contain 
the (X,Y)-ligand as a bidentate group. In the case of (X.Y) = monothioacetate the 
decarbonylated species [PPh,][Mo”(TA),] is formed. The reacions of the new 
complexes with ally1 bromide and methyl iodide are described. 

Introduction 

The reactions of the Group VI metal(O) carbonyl complexes with chelating 
neutral ligands have been widely studied. but few examples of reactions with anionic 
chelating ligands have been reported. The methods most frequently used to prepare 
carbonyl complexes containing anionic potentially bidentate ligands involve dis- 
placement of CO or CO and halogen from the starting compounds M(CO), and 
[M(CO),X]- (M = MO, W), respectively. Products of the type [M(CO),L]- (L = 
Mexantt, RCOO-) (xant = xanthate) and [M(CO),L]- (L-o-aminothiophenoxide, 
monothiothenoyltrifluoracetone, o-methylmercaptophenol, 2-(diphenylphosphino)- 

* For Part IV see ref. 10. 
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Mo(CO),(bW ( PY) [PPl~~[Mo~Br,~n-allyi~,~Co~~] 

((X.Y) = Rxant, RR’dtc) 

SCHEME 1 

gradually even when stored at low temperatures under an inert atmosphere and in 
the absence of light. All the compounds are soluble in acetone, CHCl,, CH,Cl,, 
DMF, DMSO, and nitromethane. 

Table 1 lists the analytical and molar conductance data, and the most characteris- 
tic infrared frequencies of the new compounds. 

The infrared spectra of all [Mo(X,Y)(CO),]- complexes in the carbonyl stretching 
region show four bands typical of the cis-[M(CO),L,] complexes [6]; the Y(CO) 
frequencies for these anionic complexes are generally lower than those of 
Mo(CO),(bipy) (2000, 1912, 186.5 and 1810 cm-‘), as expected for a higher electron 
density at molybdenum, which enhances the back-bonding to the carbonyl groups. 
Sometimes only three bands appear, because of an overlap of the two central bands 
to produce a broad, very intense band. On the other hand the v(C0) frequencies of 
the dithiocarbamate derivatives are in general lower than those of the analogous 
xanthate complexes. This may be due to the higher donor ability of a dithiocarba- 
mate ligand with respect to a xanthate group [7]. 

The ‘H NMR spectra of the new complexes are consistent with the proposed 
formulae. The ethyl groups of N,N-diethyldithiocarbamate ligand give a single 
resonance, and so both are equivalent on the NMR time scale, because of free 
rotation around the C-N bond. No other anionic [Mo(X,Y)(CO),]- complexes with 
xanthate, dithiocarbamate or 2-picolinate ligands have been previously studied, and 
we cannot make comparisons. 

The chemical shift for the methyl group in [Mo(Mexant)(CO),]- (6 3.93 ppm) is 
similar to that of [W(Mexant)(CO),lP (6 3.94 ppm) [4], in which the methylxanthate 
anion acts as a monodentate ligand. In general the 6 values for bidentate xanthates 
or dithiocarbamates are higher than those of monodentate ones, but the nature of 
metal can account for the similarity observed. As expected, the S values of the R 
groups of Rxant and R,dtc ligands in these anionic metal(O) complexes are lower 
than those reported for MO” neutral complexes [8-lo]. Table 2 gives the ‘H NMR 
spectral data for the compounds isolated. 

The electronic spectra of the tetracarbonyl complexes in DMF solution were 
recorded in the 270-900 nm region. Table 2 summarizes the absorption maxima (X 
nm) and molar extinction coefficient values (E) observed for these complexes. The 
absorption maxima in the 370-460 nm region were assigned tentatively to d+ d 
transitions, sometimes accompanied by an intraligand transition (IL). The remaining 
absorption bands were assigned to m*(CO) + M CT or 7~ *(CO) +- M CT + IL 

lcontinued on p. 372) 
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Experimental 

All experiments were carried out under oxygen free dry nitrogen. Analytical grade 
solvents were used. 

Reagents 

The Mo(CO),(bipy), Mo(CO),(bipy)(py) and Mo(CO),(py) complexes were pre- 
pared as previously described [17-201 as were potassium methylxanthate; potassium 
ethylxanthate, sodium cyclohexylxanthane, sodium N, N-diethyldithiocarbamate and 
sodium N-methyldithiocarbamate [21,22]. 

Molybdenum hexacarbonyl, ammonium l-pyrrolidyldithiocarbamate, o- 
aminothiophenol, o-aminophenol, 2-picolinic and and thioacetic acid were purchased. 

Analyses 

C, H, N analyses were carried out by Elemental Micro-Analysis Ltd Laboratories, 
Amberley, Bearworthy (Devon) (England). 

Physical measurements 
Conductance measurements were performed on DMF solutions at room tempera- 

ture using a Philips conductivity bridge PW 9506120 and a conductivity cell PW 
9510160. Infrared spectra in the 4000-200 cm-’ region were recorded on a 
Perkin-Elmer 325 spectrophotometer, using KBr disks. ‘H NMR spectra were 
measured at 90 MHz with a Perkin-Elmer R12 spectrometer in deuterodimethyl- 
sulphoxide and deuterochloroform solution with TMS as internal standard. Elec- 
tronic spectra were recorded in DMF solution on a Kontron Uvikon 820 spectro- 
photometer. 

Preparation of complexes 

(PPh,][Mo(X, Y)(CO),/ complexes ((X, Y) = Mexant, Etxant, Cyxant, Et,dtc, 
pyrdtc, MeHdtc). Method A. The alkali salt of the (X,Y) ligand was added to a 
suspension of Mo(CO), in acetone in an l/l molar ratio and the stirred mixture was 
boiled for 15-20 min. After concentration of the solution, diethyl ether was added 
and the solid formed was filtered off. A suspension of PPh,Br in l/l molar ratio 
was added to the filtrate with stirring, and the solution was concentrated almost to 
dryness. The complex was precipitated with light petroleum (b.p. 40-60°C) in the 
case of xanthates and with diethyl ether in the case of dithiocarbamates. 

Method B. A solution of the corresponding alkali xanthate or dithiocarbamate in 
acetone was added to a suspension of Mo(CO),(bipy) in the same solvent in a l/l 
molar ratio, and the mixture was refluxed for 30 min. The solution was then cooled 
to room temperature and filtered. An equimolar amount of PPh,Br was added to the 
filtrate, and the resulting orange-red solution was evaporated to dryness. The solid 
obtained was redissolved in chloroform and precipitated with light petroleum (b.p. 
40-60°C). 

Method C. Equimolar amounts of Mo(CO),(py) and alkali xanthate were stirred 
in acetone for a short time and then an equivalent amount of PPh,Br was added. 
After filtration and addition of diethyl ether a yellow solid of composition 
[PPh,][Mo(Rxant)(CO),1 appeared, and this was filtered off, washed with diethyl 
ether and dried under vacuum. The complexes so obtained were identical with those 
prepared by the previous methods. 
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Method D. The xanthate complexes [PPh,][Mo(Kxnnt)((‘O),] were ;rlso prepared 

from equimolecular amount\ of Mo(C’O)~( bipy)(py) and alkali k:inth;ite. which LIcrc’ 

stirred in acetone for 15 minutes. After addition of an cqui\~;ilc~~t .tmount 01 PPh,;lir, 

and filtration. diethyl ether NY:, added tc) the filtrate. .\ LCIIIW \cllid ;rppCareti. :ind 

this was filtered off. \va.shd u ith diethvl ether, dried unticr \,;~cLIcI~. AIICI rec~n~t;ll- 

lizrd from Ct-I,CI ,/EtOH. 

A solution of monothioacetic acid in mrthanolic KOH ~35 dcitxl to ;I suspe”ihion 

of Mo(CO), in acetone and the mixture was boiled for 30 min. then cooled 10 room 

temperature. PPh,Br in equimolecular amount wan added and the rcsultinp mi\turc” 

was evaporated to dryness\ under reduced pressure. Addition of .icetone and then of 

diethvl ether gave ;I deep-red solid precipitate which \\;15 filtered off. \\shed u i th 

water, and dried under mcuum. The rnicrocr\rstallin~ c_~mpie\ contain\ :tcet~~nt‘. 

which can be displaced b\ prolonged treatment under I’XLII.IIII. 



diethyl ether and n-pentane to the filtrate gave an orange solid, which was filtered 
off, washed with n-pentane, and dried under reduced pressure. 

Reaction of (PPh ,][Mo(S, S)(CO),] complexes ((S, S) = xanthate or dithiocarba- 

mate) with methyl iodide. Formation of [PPh,](MoI(CO),J. The reaction was 
carried out in an excess of methyl iodide. After 10 min stirring several ml of acetone 
and cold diethyl ether were added. The white solid formed (PPh,I) was filtered off, 
and the yellow filtrate was treated with cold n-pentane. The yellow solid which 
separated was filtered off, washed with n-pentane, and dried under vacuum. The 
complex was characterized as [PPh,][MoI(CO),]. 
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