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Abstract-Direct reduction of WCl, with PMe, in toluene at 120°C in a sealed tube affords 
the complexes [WC&(PMe,),] (x = 2, 3). wCl,(PMe,),] abstracts oxygen from equimolar 
amounts of water in wet acetone or tetrahydrofuran to give [WOCl,(PMe,),] in very high 
yields. This procedure has been successfully applied to the high yield synthesis of other 
known oxotungsten(IV) complexes, [WOCl,(PR,),] (PR, = PMe,Ph and PMePh,). Metath- 
esis reactions of [WOCl,(PMe,),] with NaX give [WOX,(PMe,),] (X = NCO, NCS) and 
[WOX,(PMe,)] (X = Me,NCS,). The synthesis of the trimethylphosphite analogue, 
[WOCl,(P(OMe),),], is also described and the structures of the new complexes assigned on 
the basis of IR and ‘H and 31P NMR spectroscopy. 

In recent years we have been interested in the 
preparation and properties of trimethylphosphine 
complexes of Group VI metals, particularly molyb- 
denum. This work has resulted in the synthesis of 
dinitrogen, ethylene, acyl and related complexes,‘*2 
with the metal in oxidation states 0 or +2. 
Adequate starting reagents for these prepar- 
ations are the chlorophosphine complexes 
[MoCl,(PMe,),] and [MoC12(PMe3)d]. A natural 
extension of this work was the preparation of the 
tungsten analogues. However, at the time our work 
started little was known on the chemistry of tri- 
methylphosphine derivatives of tungsten chlorides. 
In our search for a suitable starting material we 
have found that the tungsten(IV) complexes 
[WCl,(PMe3)x] (x = 2, 3) can be prepared in high 
yields by the PMe, reduction of WCl, in toluene, 
at 120°C in a sealed Carius tube. While our work 
was in progress Sharp and Schrock3” reported the 
preparation of these and other related complexes, 
including the metal-metal bonded dimer 
[W,Cl,(PMe,).,]. In this paper we wish to report our 
synthesis for the W(IV) complexes, [WCl,(PMe,),] 
(x = 2, 3), and their facile conversion into the 0x0 
species [WOCl,(PMe,),] by oxygen abstraction 
from water in wet acetone or tetrahydro- 
furan (THF). The preparations and properties 

oxo-trimethylphosphite 
$OC?&QMe) ) ] 

analogue, 
3 3 , and other related complexes 

are also reported. We finally show the generality of 
the oxygen abstraction process for the conversion 
of [wCl,(PR,),] complexes into the corresponding 
oxo-derivatives [WOCl,(PR,),], by applying it to the 
synthesis of the known compounds [WOCl,(PR&] 
(PR, = PMe,Ph, PMePh,), previously prepared in 
rather low yields.4 The reactions leading to these 
complexes are summarized in the Scheme. 

RESULTS AND DISCUSSION 

(1) Tetrachlorobis- and tris-(trimethylphosphine) 
tungsten (IV) 

797 

Although previous attempts to prepare 
[WCl,(PR,),] complexes, directly from WCl, with- 
out reducing agents other than the phosphine in 
either cold or boiling THF yielded only oily mate- 
rials,4 it was later shown5 that these complexes 
can be obtained in good yields by carrying out the 
reaction in boiling benzene (eqn 1) 

*Authors to whom correspondence may he addressed. 

WCL, + 3PR, 2 WCWR3M + R3PC12 (1) 

(PR, = PMe,Ph, PMePh,). 

We have successfully applied this procedure to 
the synthesis of the trimethylphosphine analogue, 
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Scheme. (i) PMe, (less than 3 equiv), toluene, 12o”C, 12-18 hr; (ii) as in (i), excess PMe,; (iii) PM%, 
THF or toluene; (iv) reflux in toluene; (v) H,O, PMe,, THF or acetone, 4&50°C, 3 hr; (vi) KNCO 

or KNCS, THF, 3-4 hr; (vii) anhydrous NaS,CNMe,, THF, 3 hr. 

[WCl,(PMe,)J. The reaction is best carried out in 
a sealed tube to avoid loss of volatile PMe,. Thus, 
when WC16 and PMe, (cu. 1:2.5 molar ratio) are 
reacted in toluene at 120°C in a Carius tube, 
[WCl,(PMe,)J is formed in high yields. Using more 
than 3 equiv of PMe, a mixture of red 
[WCl,(PMe,)J and red-purple [WCl,(PMe,),] is 
obtained. These complexes can be easily converted 
into one another, addition of PMe, to solutions of 
the former causing precipitation of the latter, while 
moderate heating of solutions of lWQ(PMe,),] 
produces loss of PMe, and formation of 
[WCl,(PMe,)J. Both complexes are moderately sta- 
ble to air in the solid state but decompose quickly 
in solution. lWCl.,(PMe,),] is monomeric in solu- 
tion (cryoscopically in benzene) and paramagnetic 
with h = 1.87 M.B. (Evans’s method6), in the 
range expected for this type of complex [7]. Despite 
its paramagnetism it shows a relatively sharp 
NMR signal at 6 - 25.2 ppm. lWCl,(PMe,),] gives 
also a sharp NMR signal (6 - 8.2 ppm) but its low 
solubility has precluded solution molecular weight 
and magnetic moment determinations. As men- 
tioned above these two complexes have been inde- 
pendently prepared3” from WC& and PMe,. The 
crystal structure of [WCh(PMe,),] has been deter- 
mined.3b 

(2) Oxotungsten(ZV) complexes 
Complexes of composition lWOCI,(PR,),] are 

known4 for several monotertiary phosphines 
(PRs = PMe,Ph, PMePh,, PEt,Ph) and were pre- 
pared in rather poor yields (ca. 30%) by reaction 
of WC16 with the phosphine in ethanol for 
PR3 = PMe,Ph, and in the presence of zinc in the 
case of the less reducing phosphines PMePh, and 
PEt,Ph. We have now prepared the tri- 
methylphosphine analogue [WOCl,(PMe,),] in 
80% yield by an oxygen-atom abstraction reaction 
between [WC14(PMe,)J (x = 2, 3) and sto- 
icheiometric amounts of water, in the presence of 
an excess of PMe, to accept the generated hydro- 
gen chloride, (eqn 2) 

[WCl,(PMe,)J + H,O + 3PMe, 

-+WOCl,(PMe,),] + 2HCl*PMe,. (2) 

Stirring a solution of [WCl,(PMe,),], or a sus- 
pension of [WC14(PMe,),], in wet acetone or THF, 
at 40-50°C in the presence of PMe,, produces a 
change in colour to dark-blue and precipitation of 
a white microcrystalline solid, identified as 
[HPMe,]+Cl- by comparison of its IR and NMR 
spectra with those of an authentic sample. When 
the reaction is complete and after work up, mod- 
erately air-stable dark blue crystals of 
[WOCl,(PMe,),] can be collected. This compound 
has been prepared independently by Wilkinson et 
aI.* The IR spectrum of the complex shows 
absorptions characteristic of the PMe, ligands but 
no band due to v (W = 0) can be observed. This is 
very likely due to overlapping with the strong, 
broad absorption centred at 940 cm-‘, character- 
istic of coordinated trimethylphosphine.9 As 
in other related complexes4 [WOCl,(PMe,),] is 
monomeric in benzene solution and diamagnetic. 
The ‘H NMR spectrum in CH&l, shows a triplet 
at 6 1.57 and a doublet at 1.60 ppm (intensity ratio 
2: 1). This spectrum may be interpreted in terms of 
a meridional arrangement of the phosphine ligands 
and this along with the fact that the IR spectra of 
the complexes [WOX,(PMe,),] X = NCO, NCS) 
show two bands due to v(C-N) of the X ligands 
(see later) suggest stereochemistry as in I. 

Mq’ .., ii ,.. PMe3 

Me3P(W%I 

CL 

(I) 

The procedure described above for the prepara- 
tion of [WOCl,(PMe,),] is of general use and can 
be applied to the high yield synthesis of other 
known oxotungsten(IV) complexes. Thus, 
[WOCl,(PMe,Ph),], initially prepared in 25% yield 
by reaction of WC& with PMe,Ph in ethanol,4 is 
obtained in ca. 75% yield by interaction of 
lWCl,(PMe,Ph),] with equimolecular amounts of 
water, in the presence of PMe,Ph (see Experi- 
mental Section). Similarly, [WOCl,(PMePh,),] can 
be prepared by this same procedure in cu. 70% 
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yield, (eqn 3) 

[wCl,(PR,),] + H,O + 3PRs 

-+VOCl,(PR,),] + 2HCI+PR, (3) 

(PR, = PMe,Ph, 75%; PR, = PMePh,, 70%). 
The trimethylphosphite derivative, 

IWOC@YOW&~ can be isolated in cu. 80% 
yield, as purple crystals, by the sodium amalgam 
reduction of WOCl, in the presence of P(OMe),. 
The IR spectrum has v(W= 0) at 955 cm-‘, and 
the ‘H NMR shows a multiplet at 6 3.82, that 
provides no information with regard to the stereo- 
chemistry of the complex. The 3’P(‘H} NMR 
spectrum consists of a triplet at 6 134.88 
[2J(P-P) = 23.5 Hz; ‘J(W-P) = 316.9 Hz) and a 
doublet at 128.08 (‘J(W-P) = 257.0 Hz]. This is 
consistent with either a facial or a meridional 
distribution of the phosphite ligands. 

Metathesis reactions of the chloro- 
trimethylphosphine complex [WOCl,(PMe,)J with 
the appropriate potassium pseudohalide, yield 

lYO(NW2(PMe3)31 and WOWCSMPMe3)31 as 
dark blue crystalline materials. The Nujol-mull IR 
spectra show two strong bands at 2230 and 
2190 cm- ’ (cyanate complex) and 2060 and 
2040 cn- ’ (thyocyanate complex) attributed to 
v(C-N) of the NC0 and NCS ligands respectively. 
This and the appearance of the ‘H methyl reso- 
nances for these complexes as a triplet and a 
doublet (intensity ratio 2: 1) strongly support 
structure of the type I. 

anhydrous NaS,CNMq, in THF, at room tem- 
perature to afford dark red crystals of 

lYWJ2CNMeJ2(PMe311 in cu. 70% yield. In addi- 
tion to absorptions due to the PMe, ligand, the IR 
spectrum of this moderately air-stable solid is 
characterized by a strong band at 930 cm - ’ due to 
the W = 0 stretch and two absorptions at 1540 and 
15 15 cm - ’ which are assigned to the C = N stretch 
of the coordinated dithiocarbamate ligands. While 
the 31P{‘H) NMR spectrum is a singlet at tem- 
peratures between 25” and -80°C (S - 19.8 ppm, 
‘J(W-P) = 210.9 Hz) the ‘H NMR spectrum shows 
temperature dependence. At 35°C (CD,Cl,) the 
spectrum consist of three methyl signals at 6 3.81, 
3.66 and 3.34 ppm (intensity ratio 1: 1: 2) for the 
dithiocarbamate groups and a doublet at 1.44 ppm 
eJ(p-H) = 9.2 Hz) for the PMe, protons. Upon 
lowering the temperature, the singlet at 3.34 broad- 
ens, and at 20°C gives rise to an unresolved 
doublet. On further cooling this signal becomes a 
sharp doublet of resonances, no additional changes 
being observed down to -80°C. At this tem- 
perature four distinct ‘H methyl resonances at 
3.81, 3.66, 3.37 and 3.30 ppm are observed for the 
Me,NCS,- ligands. This spectrum is consistent 
with structure type II. 

The ease of the metathetical replacement of 
the chlorine atoms in [WOCl,(PMe,),], provided 
an opportunity to synthesize the related 
oxodithiocarbamatetungsten(IV) complexes PO- 
(S,CNR,),(PMe,)] by similar procedures. 
Compounds of this type are to our know- 
ledge unknown, although for both MO and 
W a series of complexes of composition 
[MO(S2CNR&R’C2R2)] has been reported.‘“” 
While for M = MO these complexes are usually 
prepared by reaction of the known 
[MoO(S,CNR,)J with the appropriate ligands,” 
for tungsten the corresponding [WO(S,CNR,)J are 
still unknown, and the acetylene complexes 
[WO(S,CNR2)2(R’C2R2)] have been obtained by 
the intermetal oxygen-atom transfer reaction” 
depicted in eqn (4), 

[W(S,CNR,),(CO)(R’C = CR’)] 

+ [Mo,03{S2P(OEt),},l~[WO(S2CNR2)2(R1C 

= CR2)] + 2[MoO(S,P(OEt),),] + CO. (4) 

The complex oxodichlorotris(trimethylphos- 
phine)tungsten(IV), [WOCl,(PMe,)J, reacts with 

Me . .._ s... ii ..-PM+ 

WN--C;;;EjjlS 

Although a more detailed NMR study is re- 
quired before any definite conclusion can be 
reached, it is tempting to assume that the averaging 
of the two low temperature methyl signals at 3.37 
and 3.30 ppm, to give a singlet at 3.34 ppm in the 
35°C spectrum, is due to fast exchange of the two 
methyl groups of the monodentate dith- 
iocarbamate ligand in the short-lived 5-coordin- 
ate intermediate, [wO(S,CNMe,)(SC( = S)NMe,) 
(PMe,)], formed by rupture of the W-S bond trans 
to oxygen. This assumption is supported by the 
high trans-influence of the 0x0 ligand which is well 
documented in this type of complex.‘1*‘2 

EXPERIMENTAL 

Microanalyses were by Pascher Microanalytical 
Laboratory, Bonn. Molecular weights were mea- 
sured cryoscopically, in benzene, under nitrogen. 
The spectroscopic instruments used were a 
Perkin-Elmer model 577 for IR spectra, and a 
Perkin-Elmer R-12A (‘H), a Varian EM 390 (‘H) 
and Varian FT-80 (‘H, 31P{‘H)) for NMR mea- 
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surements. Magnetic susceptibilities were obtained 
in solution by the Evans method. 

All preparations and other operations were car- 
ried out under oxygen-free nitrogen following con- 
ventional Schlenk techniques. Solvents were dried 
and degassed before use. 

The light petroleum used had b.p. 40-60°C. 
PMe, was prepared according to the litera- 
ture method.13 The complexes wCl,(PR3)J 
(PR, = PMe,Ph, PMePh,) were prepared by a 
slight modification of the method of Galyer and 
Wilkinson.5 Details of the preparations are given 
below. NaS,CNMe, was dried by heating at 90°C 
under vacuum for 6-7 days. 

Tetrachlorobis(trimethylphosphine)tungsten(IV) 
A thick-walled 250 cm3 Carius tube, provided 

with a stirring-bar, was charged with WCl, (19.8 g, 
cu. 50 mmol). Toluene (100 cm3) and PMe, 
(14.0 cm3, cu. 140 mmol) were successively added 
via syringe, the resulting mixture frozen at liquid 
nitrogen temperature and the tube sealed under 
oacuo. The mixture was allowed to reach room 
temperature and then heated at 120°C for 12-18 hr, 
with occasional shaking to facilitate the reaction. 
The resulting dark red solution was transferred 
while hot (boiling water external bath) and the 
remaining solid extracted with several portions of 
hot toluene until no more [WCl,(PMe,)J was left 
(cu. 4 x 75 cm3). The solution was reduced in vol- 
ume (to cu. 100 cm3) and cooled at -30°C over- 
night. 14 g of well formed red crystals impurified 
by relatively small amounts of a yellow powder 
(Cl,PMe3)14 were obtained. Another crop (4 g) 
of less pure product was recovered from the 
mother liquor. The total yield of crude, but pure 
enough for most synthetic purposes, 
[WCl,(PMe,),] was cu. 75%. The compound can be 
purified by recrystallisation from hot toluene. 
[Found C, 15.4 (15.1); H, 3.9 (3.8); Cl, 29.4 (29.7)x 
M, 462 (444).] 

IR (KBr) bands at: 2980,2940,1410,1290,1275, 
1250, 1095, 1010, 935, 835, 785, 720, 65Ocm-‘. 
NMR data ‘H(C,H,): -25.2 bs. ,ueca = 1.86 pB. 

Tetrachlorotris(trimethylphosphine)tungsten(ZV) 
To a magnetically stirred solution of [WCC- 

(PMe,),] (0.95 g, cu. 2 mmol) in THF an excess of 
PMe, (0.3 cm3, cu. 3 mmol) was slowly added. Dark 
red-purple microcrystals of the title compound 
immediately formed. The mixture was kept over- 
night at -30°C to complete crystallisation, the 
resulting solid filtered off, washed with petroleum 
or Et,0 and vacuum dried. The yield was cu. 90%. 
Recrystallisation can be achieved from hot toluene 
in a closed flask to avoid loss of PMe,. [Found C, 
19.5 (19.5); H, 5.0 (4.9); Cl, 25.6 (25.6)%.] 

IR (KBr) bands at: 2980,2950, 1420,1295,1230, 
1100, 950, 850, 800, 780, 730, 665cm-‘. NMR 
data ‘H(C,H,): - 8.2 bs. 

Oxodichlorotris(trimethylphosphine)tungsten(ZV) 
To a stirred solution of [WCl,(PMe,),] (0.95 g, 

cu. 2mmol) in THF or acetone (40cm3), PMe, 
(0.7 cm3, cu. 7 mmol) was added. Immediate for- 
mation of red purple microcrystals of 
[WCl,(PMe,),] was observed. To the resulting sus- 
pension were added a few drops of deoxygenated 
water and the mixture stirred at 45°C. the reaction 
was followed by the disappearance of insoluble 

WC14PMe3)31 d an more water added if required. 
A large excess of water should be avoided since 
considerable decomposition takes place. The stir- 
ring was continued at this temperature until all the 
initial ~Cl,(PMe,),] had been taken into solution 
(cu. 2 hr) and then for another hour. The mixture 
was evaporated to dryness and the residue extrac- 
ted with Et,0 (40cm3). Filtration and cooling at 
-30°C afforded the title compound as dark-blue 
crystals in cu. 80% yield. [Found C, 2 1.5 (2 1.5); H, 
5.5 (5.4)%. M, 490 (499).] 

IR (Nujol mull) bands at: 1375, 1300, 1280, 1260, 
950, 850, 800, 720, 660cm-‘. 

NMR. ‘H (C,H,): 1.57t (18) J(P-H),, = 4 Hz; 
1.60d (9) J(P-H) = 10 Hz. 

Oxodichlorotris(dimethyIphenylphosphine)tungsten 
(ZV) 

The complex mOCl,(PMe,Ph)3] was prepared in 
cu. 75% yield as dark blue crystals (from hot 
ethanol) following a procedure identical to that 
described above for [WOCl,(PMe,),]. The parent 
complex, [WCl,(PMe,Ph)J was prepared as fol- 
lows: 

To a suspension of WCl, (4.8 g, cu. 12 mmol) in 
benzene (100 cm3) were added 4 cm3 of PMe,Ph 
(cu. 30 mmol). A grey oil formed in the bottom of 
the flask making stirring difficult. The mixture was 
refluxed for 12-18 hr when a red solution and a 
brown solid were obtained. The solid was de- 
canted, the solution filtered while still hot and then 
evaporated until precipitation took place. Com- 
plete precipitation was achieved by addition of 
Et,0 (cu. 20 cm3) and cooling at - 30°C overnight. 
Yield 60%. 

The complex wCl,(PMePh,),] was similarly pre- 
pared and reacted with water under the conditions 
mentioned above, to give mauve crystals (from 
Et@-THF) of [WOCl,(PMePh,),] in 80% yield. 
Both oxocomplexes were identified by comparison 
of their IR and ‘H NMR spectra with those of 
authentic samples.4 

Oxochlorotris(trimethylphosphite)tungsten(ZV) 
Freshly prepared WOCl, (3.62 g, cu. 5.63 mmol) 




