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Summary 

The complexes [M(T&H,)(NO)I,], (M = MO, W) react with dithioacid ligands 
(S-S)- (S-S = $P(OR),, S,CNR,, S&OR, S,CSR) to produce mono- and di-sub- 
stituted derivatives [M(q-C,H,)(NO)I(S-S)] and [M(s-C,H,)(NO)(S-S),1. These 
compounds have an 18 electron configuration and a “four-legged piano-stool” 
geometry. Facile intramolecular unidentate-bidentate scrambling of the dithio ligands 
has been monitored using 31P and ‘H NMR spectroscopy for [M(q- 
C,H,)(NO){PS,(OR),}2] and [M(q-C,H,)(NO)(S&OMe),l, and activation para- 
meters obtained for the latter. The complexes [M(q-C,H,)(NO)(S$NR,)- 
W’(W,)l, h h w ‘c contain a bidentate dithiocarbamato ligand and a monodentate 
dithiophosphato group, are stereochemically rigid. In order to relate the coordina- 
tion mode of the PS,(OR), ligand to the 31P NMR chemical shift, other complexes 
including dicarbonyl [M(q-C,H,)(CO),(S-S)], tricarbonyl [M(g-C,H,)(CO),(S-$1, 
nitrosyl [M(NO)(S-S),] and dinitrosyl [M(NO),(S-S),] derivatives were also studied. 

Facile intramolecular unidentate-bidentate scrambling of the l,l-dithioacid ligands 
has been shown to occur in many transition-metal complexes containing two or three 
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SCHEME 1. Syntheses,of dithioacid molybdenum and tungsten derivatives. (a) HPSr(OR), in ROH. 1: 
M=Mo.R=Me.2:M=Mo,R=Et;3:M=Mo,R=i-Pr;4:M=W,R=Et;5:M=W,R=i-Pr.(b) 
HSP(S)OCH,CH,O in ethylene gIycol/toIuene mixture. 6: M = MO; 7: M = W. (c) NOY (Y = PF, or 
BF,) [24]. (d) I, [22 and 231. (e) Pyridine [23]. (f) NaP&(OR)* in ROH. 8: M = MO, R = Et; 9: M = MO, 
R = i-Pr; 10: M = W, R = Et; 11: M = W, R = i-Pr. (g) 2 molar equiv. Na(S-S) (g’: 1 molar equiv. 
Na(S-S)). 12: M = MO, S-S = P$(OEt),; 13: M = MO, S-S = $P(O-i-Pr)r; 14: M = W, S-S = PSr(O-i- 
Pr),; 15: M = MO, S-S = SsCOEt; 16: M = MO, S-S = S&SEt. (h) 2 molar equiv. Na(S-S’) 17: M = MO, 
S-S = S-S= PS,(OEt),; 18: M = MO; S-S = S-S= P$(O-i-Pr),; 19: M = W, S-S = S-S’= PSr(OEt)s; 
29: M = W, S-S = S-S = P&(0-i-Pr),; 21: M = MO, S-S = SrCNMer, S-S = P$(OEt),; 22: M = MO, 
S-S = $CNEtr, S-S = P&(OEt)r; 23 M = MO, S-S = SrCNMe,; S-S = PSz(O-i-Pr)z 24: M = MO, 
S-S = S&NEt,; S-S = P&(0-i-Pr),; 25 M = MO, S-S = S-S = SrCOMe; 26: M = MO, S-S = S-S’ = 
SrCOEt; 27: M = MO, S-S = S-S= SaCSEt. (i) 4 molar equiv. of Na(S-S) when S-S = S-S. 

(M = MO; Y = PF,. M = W; Y = BF,) was readily cleaved by thermal reaction with 
NaPS,(OR),. On the basis of the analytical and spectroscopic data given in Table 1 
(two NO stretching frequencies, no v(PS) frequency in the region 650-800 cm-‘, 
and equivalence of the two phosphorus atoms), we propose for the resulting green 
compounds [M(NO),{PS,(OR),},] (M = MO, 8: R = Et; 9: R = i-Pr. M = W, 10: 
R = Et; 11: R = i-Pr) a c&octahedral structure (Scheme 1) similar to that reported 
for the corresponding dithiocarbamato complexes [ll]. 

(c) Mononitrosyl complexes 
Treatment of the dinuclear derivatives [M(n-C,H,)(NO)I,], with 2 molar equiv- 

alents of NaP&(OR), gave the monomeric [M(&,H,)(NO)I{P~(OR),}] com- 
plexes (M = MO, 12: R = Et; 13: R = i-Pr. M = W, 14: R = i-Pr). We can reasonably 
assume (from the v(PS) frequencies, mass spectra and molar conductivities) that 
these species have an 18 electron molecular structure with a bidentate dithiolate 
group, just like the previously known molybdenum dialkyldithiocarbamato com- 
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plexes 1121. The easy syntheses of complexes 12 and 13 from [Mo(q- 
C,H,)(NO)I,(C,H,N)] were also in agreement with their monomeric structure. 
Similar reactions occurred when [Mo(+Z,H,)(NO)I,], was treated with 2 molar 
equivalents of KS,COEt or NaS,CSEt in ethanol. 

In a study of the possible replacement of the iodide ligand of complexes 12-16, 
12 was treated with an excess of NaPS,(OEt),. After column chromatography, an 
orange micro-crystalline powder of compound 17, [Mo(q-C,H,)(NO)(P$(OEt),},], 
was isolated. 31P NMR data were diagnostic of the scrambling, at room temperature, 
of a mono- and b&dentate P$(OR), ligands. This phenomenom is analysed below. 
The similar compounds [M(+Z,H,)(NO)(&P(oR),},] (M = MO, 18: R = i-Pr. 
M = W, 19: R = Et; 20: R = i-Pr) and [Mo(q-C,H,)(NO)(SJX),] (25: X = OMe; 
26: X = OEt; 27: X = SEt) were also synthesized. The last three complexes showed 
temperature dependent ‘H NMR spectra (see (d)). 

It is noteworthy that when the tungsten derivative 14 [W(+.Z5H,)(NO)I{PSr(O-i- 
Pr)z}] was treated with 1 molar equiv. of NaPS,(O-i-Pr), [or when [W(r$,H,)- 
(NO)I,], was treated with 4 molar equiv. of NaPS,(OR),], [W(NO){P$(OR),),] 
(28: R = Et; 29: R = i-Pr), arising from q-cyclopentadienyl ring displacement reac- 
tion, was separated from the [W(~-C,H,)(NO){S,P(OR),},] derivatives by column 
chromatography. On the basis of 31P NMR data (see below), we assume that 
compounds 28 and 29 have an octahedral structure, with one monodentate and two 
bidentate sulphur ligands, while the corresponding dithiocarbamato complexes 
[M(NO)(SJNR,),] (M = MO, W) involve seven coordination with three bidentate 
sulphur ligands [ll-131. 

Mixed molybdenum dithioacid complexes [Mo(&H,)(NO){ PS,(OR), } 
(S,CNR’,)] (21: R = Et, R’ = Me. 22: R = Et, R’ = Et. 23: R = i-Pr, R’ = Me. 24: 
R = i-Pr; R’ = Et) may be prepared by the reaction between complexes 12 or 13 
[Mo(q-C,H,)(NO)I{P$(OR),}] and 1 molar equivalent of NaS,CNR,. Up to 330 
K (the limit of our study), the 3’P NMR spectra of these mixed complexes were 
invariant. They indicated the presence of a monodentate dithiophosphorus ligand, 
and this was consistent with IR data since a strong v(PS) absorption was observed in 
the characteristic region (770-800 cm-‘) of a monodentate PS,(OR), group while a 
strong absorption in the range 1515-1550 cm-’ was assigned to the v(CN) vibration 
of a bidentate dithiocarbamato ligand [14]. Previously reported mixed complexes 
such as [Rh(&Mes)(S,PR,)(S,CNR’,)] [3] and [PtL(S,PR,)(S,CNR’,)] [15] also 
contained bidentate &CNR’, groups and monodentate dithiophosphinato ligands. 

(d) NMR study. Scrambling of the S-S ligands 
The “P chemical shifts are given in Table 2. Surprisingly, the sensitivity of S( “P) 

towards the nature of the metal atom depends markedly on the nature of the 
complexes. It appears very strong in the carbonyl complexes l-7 (from 11 to 15 
ppm) and strong (6 ppm) for the [M( T&H~)(NO)I { S,P(OR), }] derivatives 13 and 
14. In contrast, there is no difference in S(3’P) between the MO and W dinitrosyl 
complexes 8- 11. 

According to Glidewell [16], the extreme modes of M-PS,(OR), interaction 
[ionic interaction, mono-, bi- and bridging coordination] may be distinguished from 
the 3*P chemical shifts, a monodentate group resonance being shielded relative to a 
bidentate (or a bridging) group signal, both appearing at lower field than the signal 
of a PS, (OR), anion. 
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For some complexes reported here, the coordination mode of the PS,(OR), 
ligand was deduced from IR spectroscopy (v(PS) frequency) along with the 18 
electron rule (complexes 1-7, 12-14 and 21-24) or from usual structural comidera- 
tions (complexes S-11). For the bidentate coordination, the observed chemical shifts 
(90-104 ppm) in the molybdenum complexes were broadly consistent with Glide- 
well’s data (97-101 ppm) while, if the [W(NO){PS,(OR),},] derivatives 28-29 (see 
below) are excluded, deshielding was found for the tungsten complexes (93-111 
ppm). In contrast, we observed that a monodentate PS,(OR), ligand resonates at 
lower field (105-111 ppm for MO derivatives) than the bidentate ligand. We 
previously reported a similar result in niobium chemistry: the complex [Nb(n- 
C,H,),(S,){S,P(OEt),)l, which has been shown by X-ray study to contain a 
monodentate dithiophosphato group, exhibited a 3’P NMR signal at 6 108.9 ppm 
[18]. The relative positions of the doublet and the triplet observed on the 3’P NMR 
spectrum of complexes [W(NO){ PS,(OR), }3] were also in agreement with the above 
assignment although, for unknown reasons, the doublet appeared at very high field 
(ca. 75 ppm). 

The fluxional behaviour of complexes [M(q-C,H,)(NO){PS,(OR),},] (17-20) 
were monitored by 31P NMR spectroscopy. As an example, 31P NMR spectra for 

296 K 

288 K 

273 K 

259 K 

233 K 

195 K 

(Continued on p. 321) 

100 90 PPm 

Fig. 1. 31P NMR spectra for complex 18 [Mo(~-C5H5)(NO)(PS,(O-i-Pr)2)2] (solvent: acetone). 
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complex 18 (M = MO, R = i-Pr) are given Fig. 1. At 195 K the spectrum consisted of 
two sharp singlets at 90.9 and 103.4 ppm which, on the basis of the above 
considerations, were respectively attributed to bi- and mono-dentate di- 
thiophosphato ligands. On increasing the temperature, broadening of these two 
singlets occurred, followed by coalescence. At room temperature, a broad singlet 
approximatively situated midway between the original signals (97.4 ppm), was 
present, and this signal sharpened on warming. This phenomenon, which is con- 
centration independent and reversible with temperature, clearly suggested a rapid 
unidentate-bidentate exchange of the two dithioacid ligands (eq.1) at higher temper- 
atures. 

(1) 

The xanthato and thioxanthato derivatives [M~(T&H~)(NO)(S,CX),] (25: X = 
OMe; 26: X = OEt; 27: X = SEt), analogous to the dithiophosphato complexes 
17-20, presented temperature dependent ‘H NMR spectra. In the case of the 
methylxanthato derivative 25, in an acetone-&/C& solvent mixture, the spectra 
were obtained over the temperature range 180 to 290 K. At 180 K, the spectrum 
showed two singlets in the characteristic range for S$OMe protons (3.9-4.3 ppm). 
On increasing the temperature, these two signals coalesced at about 210 K, and a 
sharp resonance was observed at 4.10 ppm at ambient temperature. Since these 
NMR changes were reversible and concentration independent, these observations 
also indicated facile intramolecular unidentate-bidentate scrambling of the dithio 
ligand at ambient temperature. Approximate activation parameters for this scram- 
bling process, obtained in the usual way [17] from plots of In l/r versus T-’ for EA 
and In (7T) versus T-’ for AH* and AS* (good linear plots were obtained in both 
instances), were as follows: EA = 29 f 8 kJ mol-‘, AH* = 33 f 8 kJ mol-‘, AS* = 
-29 f 8 J K-i mol-‘. 

The AG* value (42 f 16 kJ mol-‘) was deduced from AH* and AS* at 
coalescence temperature (210 K). 

In contrast, up to 330 K, ‘iP NMR spectra of the mixed complexes [M(n- 
C,H,)(NO){PS,(OR),}(S&NR,)] only showed a sharp singlet in the characteristic 
range of monodentate PS,(OR), groups, indicating stereochemical rigidity. The 
absence of scrambling of the unidentate PS,(OR), ligand with the bidentate 
S,CNR, ligand may be attributed to the stronger tendency of the dithiocarbamate 
than of a dithiophosphate group to act as a bidentate ligand (which is a reflection of 
the high nucleophilicity of S$NR, compared to S,P(OR),). Consistent with this 
difference is the fact that in [M(NO)(&CNR,),] complexes (M = MO, W) the three 
dithiocarbamate groups act as bidentate ligands [11,13], while for the corresponding 
tungsten dithiophosphato derivatives 28-29 an octahedral structure with one 
monodentate PS, (OR), ligand seems likely. 

(Continued on p. 324) 
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Experimental 

General procedures 
All operations were performed under pure nitrogen. Elemental analyses were 

performed by the “Service Central de Microanalyse du CNRS, Vernaison”. 

Physical measurements 
Infrared spectra were recorded on a Pye-Unicam spectrophotometer from 200 to 

4000 cm-‘, using dichloromethane solutions or Nujol mulls between caesium iodide 
windows or samples in caesium bromide pellets. ‘H, 13C and “P NMR spectra were 
obtained in CDCl, or in (CD,)&0 on a JEOL FX 100 spectrometer using TMS or 
H,PO, 85% as reference. Mass spectra were obtained with a Varian MAT 311 
spectrophotometer (Centre de Mesures Physiques, Rennes, France). Conductivity 
measurements were made with a Tacussel CD 6N apparatus. 

Material 
All solvents were dried by standard techniques and thoroughly deoxygenated 

before use. P,S,, (Prolabo), M(CO), (M = MO, W) (Ventron), diazald p- 
CH,C,H,SO,N(Me)(NO) (Aldrich) and sodium dialkyldithiocarbamates (Merck) 
were used without further purification. Sodium 0,0’-dialkyldithiophosphates [19], 
potassjum alkylxanthates [20], sodium ethylthioxanthate [21], [M(q-C,H,)(CO),Cl] 
P21, PWI-GW~WU, W-W [Mo(rl-CsHs)(NO)Iz(~~)l (PY = pyridine) WI9 
[M(g-C,H,)(CO),(NO)]PF, (or BF,) [24] were prepared for M = MO, W as de- 
scribed in the literature. 

Syntheses 
[M(@,H,)(CO),{ PS,(OR),}] (l-5). P,S,, (1.8 mmol) was dissolved in the 

corresponding alcohol ROH (100 cm3) with gentle warming, and [M(q- 
C,H,)(CO),Cl] (1.7 mmol) was then added. The suspension was refluxed with 
stirring for ca 15 h and then evaporated to dryness. After extraction with CH,Cl, 
(ca. 15 cm’), the solution was chromatographed on a Florisil column made up with 
CH,Cl,/hexane (l/l). Elution with this mixture gave a purple solution which 
afforded, after concentration to dryness and stirring with hexane, a purple micro- 
crystalline product (l-5) (analytical and spectroscopic data are given in Table 1). 
Yield: 1: 7%; 2: 20%; 3: 65%; 4: 40%; 5: 30%. 

[M(IJ-C,H,)(CO),{ S,POCH,CH,O}] (6-7). These complexes were prepared as 
described above for l-5 using an ethylene glycol/toluene mixture (l/9; 100 cm’) as 
solvent (reflux ca. 6 d). Yield: 6: 22%; 7: 5%. 

cis-[M(NO),{ PSJOR), },I (8-11). These were prepared analogously, to 1-5; a 
solution of [M(q-C,H,)(CO)(NO),]Y (Y = PF,, BF,) (4 mmol) and NaPS,(OR), (8 
mmol) in the corresponding alcohol ROH was heated at reflux for ca l-2 h. Yield: 
8: 37%; 9: 36%; 10: 27%; 11: 25%. 

(M(T+“H,)(NO)I(S-S)/ (12-16). These syntheses were carried out at room 
temperature as described above for compounds l-5 using alcoholic solutions of 
[M(q-C,H,)(NO)I,], with 2 molar equiv. M’(S-S). (Stirring at room temperature 
for ca. 15 h; concentration to dryness; extraction with CH,Cl,; chromatography on 
a silica gel column; elution with CH,Cl,/hexane 2/l]. Yield: 12: 80%; 13: 60%; 14: 
50%; 15: 50%; 16: 55%. 
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In many experiments, further elution with CH,Cl,/THF 19/l gave variable 
amounts of the corresponding disubstituted derivative [M(q-C,H,)(NO)(S-S),]. 

The molybdenum complexes 12-13 were also prepared by reactions between the 
monomeric derivative [Mo(q-CsHs)(NO)12(CsH,N)] (4 mmol in 100 cm3 CH,Cl,) 
and Na(S-S) (4 mmol in 100 cm3 THF) (elution with CH,Cl,). 
. [M(q-C,H,)(NO)(S-S),] (17-27). The reactions were carried out as described 
above for compounds 12-16 using equimolar quantities of [M(gC,H,)(NO)I(S-S)] 
and M’(S-S) or starting from [M(n-C,H,)(NO)I,], with 4 molar equiv. of M’(S-S) 
in alcohol (MO complexes: reflux for ca. 15 h; elution with CH,Cl,/THF 19/l after 
elution with CH,Cl,/hexane 2/l of variable amounts of [Mo(q-C,H,)(NO)I(S-S)]. 
W complexes: stirring at r.t. for ca. 15 h; elution with CH,Cl,/hexane 2/l gave 
[W(n-C,H,)(NO)I(S-S)] and [W(NO)(S-S),], then elution with CH,Cl, gave the 
expected [ M( n-C, H, )(NO)(S-S) 2] complex. The molybdenum mixed complexes 
21-24 were made by reactions between [M~(T+,H,)(NO)I(SJNR,)] and 
NaPS,(OR),. Yield: 17: 40%; 18: 39%; 19: 35%; 20: 35%; 21: 40%; 22: 53%; 233: 
37%; 24: 41%; 25: 55%; 26: 50%; 27: 48%. 

[W(NO){ PSJOR),},] (28-29). These tungsten complexes were prepared as 
described above for the corresponding [W(T$,H,)(NO){P~(OR>,},] derivatives 
19-20 but at reflux instead of room temperature and an excess of NaPS,(OR), was 
used. Elution with CH,Cl,. Yield: 28: 40%; 29: 35%. 

Acknowledgements 

W.D.O. thanks FAPESP (Brasil) for financial support. M.B.G.L. is indebted to 
CNPq (Brasil) for a fellowship. 

References 

1 
2 

3 
4 

5 

6 
7 

8 
9 

10 
11 
12 

13 
14 

15 
16 
17 

18 

D.F. Steele and T.A. Stephenson, J. Chem. Sot. Dalton Trans., (1973) 2124. 
M.C. Cornock, R.O. Gould, C.L. Jones, J.D. Owen, D.F. Steele and T.A. Stephenson, J. Chem. Sot. 
Dalton Trans., (1977) 496. 
D.R. Robertson and T.A. Stephenson, J. Chem. Sot. Dalton Trans., (1978) 486. 
L.C. Thomas, in Interpretation of the infrared spectra of organophosphorus compounds, Heyden, 

New York, 1974. 

F.A. Cotton and J.A. McCleverty, Inorg. Chem., 3 (1964) 1398. 
M. Lustig and L.W. Houk, Inorg. Nucl. Chem. Lett., 5 (1969) 851. 

E.W. Abel and M.O. Dunster, J. Chem. Sot. Dalton Trans., (1973) 98. 

W.K. Glass and A. Shiels, J. Organomet. Chem., 67 (1974) 401. 
W.K. Dean and B.L. Heyl, J. Organomet. Chem., 159 (1978) 171. 

H.B. Abrahamson and M.L. Freeman, Organometallics, 2 (1983) 679. 
B.F.G. Johnson, K.H. Al-Obaidi and J.A. McCleverty, J. Chem. Sot. A, (1969) 1668. 

T.A. James and J.A. McCleverty, J. Chem. Sot. A, (1970) 3308. 
T.B. Brennan and I. BemaI, Inorg. Chim. Acta, 7 (1973) 283. 
(a) F. Bonati and R. Ugo, J. Organomet. Chem., 10 (1967) 257; (b) D.A. Brown, W.K. Glass and M.A. 
Burke, Spectrcchim. Acta, A 32 (1976) 137. 
M.C. Comock and T.A. Stephenson, J. Chem. Sot. A, (1977) 501. 

C. Glidewell, Inorg. Chim. Acta, 25 (1977) 159. 
(a) J.A. Pople, W.G. Schneider and H.J. Bernstein in High resolution nuclear magnetic resonance, 
McGraw-Hill, New-York, 1959, p. 223; (b) M. Martin and G. Martin, in Manuel de resonance 
magnetique nucleaire, Azoulay, Paris, 1971, p. 141. 
(a) B. Viard, J. Sala-Pala, J. Amaudrut, J.E. Guerchais, C. Sanchez and J. Livage, Inorg. Chim. Acta, 
39 (1980) 99; (b) R. Mercier, J. Douglade and B. Viard, Acta Cryst., B 37 (1981) 949. 



326 

19 R.F. Makens, H.H.‘Vaughan and R.R. Chclberg, Anal. Chem., (1955) 1062. 
20 D. Coucouvanis, Progr. Inorg. Chem., 11 (1970) 233. 
21 G. Balmer and F.G. Mann, J. Chem. Sot., (1945) 666. 
22 (a) T.S. Piper and G. Wilkinson, J. Inorg. Nucl. Chem., 3 (1956) 104; (b) R.B. King and M.B. Bisnette, 

J. Organomet. Chem., 7 (1969) 311; (c) A.E. Crease and P. Legzdins, J. Chem. Sot. Dalton Trans., 
(1973) 1501. 

23 (a) R.B. King, Inorg. Chem., 6 (1967) 30; (b) P. Legzdins, D.T. Martin and C.R. Nurse, ibid., 19 
(1980) 1560; (c) J.K. Hoyano, P. Legzdins and J.T. Malito, Inorg. Synth., 18 (1978) 126; (d) R.B. 
King, Inorg. Chim. Acta, 25 (1977) 159. 

24 R.P. Stewart and G.T. Moore, Inorg. Chem., 14 (1975) 2699. 


