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Abstract 

p-Oxobis[oxobis(O,U’-dialkyl dithiophosphato) 
molybdenum(V)], MozOa [S2P(OR),14 (where R = 
Me, Et, Pr”, Prl, Bu’, Ph) and p-oxobis[oxobis(O,O’- 
alkylene dithiophosphato)molybdenum(V)] , MoaOs- 
[S,Pm], (where G = -CH2CMe2CH2-, -CMe2- 
CMe,-, and -CHMeCHMe-) have been synthesized 
by the reactions of MoOz(acac), (acac = acetyl- 
acetone) with O,O’-dialkyl or alkylene dithiophos- 
phoric acids. The reduction of molybdenum(W) to 
molybdenum(V) appears to be quite facile in these 
reactions. The complexes have been characterized on 
the basis of elemental analyses and magnetic studies. 
Octahedral environment around molybdenums with 
chelating dithiophosphate moieties and anti terminal 
oxygens has been deduced on the basis of the IR and 
NMR (‘H, r3C, ‘iP) spectral studies. 

Introduction 

A variety of stable complexes of molybdenum, in 
different oxidation states, with 1 ,I -dithio ligands 
such as N,N-dialkyl dithiocarbamates [ 1, 21 and O- 
alkyl dithiocarbonates(xanthates) [2, 31 have been 
described in the literature. The chemistry of binuclear 
molybdenum(V) derivatives of the types, Moz03- 
(SzCNR2)4 and Mo~O~(S~COR)~ has been studied in 
detail. 

0, U’-Dialkyl (and alkylene) dithiophosphoric acids 
also behave as versatile dithio ligands [4] and form a 
variety of complexes with transition [5] as well as 
non-transition [6] elements. A survey of the litera- 
ture indicates the synthesis till now of only two 
molybdenum(V) dialkyl dithiophosphates [2, 71, 
Moz03 [S2P(OR)&,; R = Et(H), Ph(VI), out of which 
the former [8] shows a centrosymmetric structure 
containing a linear MO-O-MO bridge with a mutually 
anti orientation of the two terminal 0x0 atoms. This 
is in contrast to the corresponding dithiocarbamato 
and xanthato derivatives in which the terminal 0x0 
atoms are mutually syn oriented. 
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The nature of the alkyl group of the dialkyl dithio- 
phosphato moieties has been found to have marked 
influence on the structural features of metal dialkyl 
dithiophosphates. In view of their relevance to the 
reported [9, lo] enzymatic oxidase and reductase 
activity, a novel interest has been created in these 
binuclear oxomolybdenum(V) derivatives by the 
observation of Newton and co-workers [I I] that 
these appear to show the rather unusual property of 
dissociation into the corresponding Mo(V1) and 
Mo(IV) derivatives, which readily reunite on crystal- 
lization to give distinct MO(V) species. The correspon- 
ding cyclic dithiophosphato derivatives of metals have 
received much less attention and these appear to be in 
general less labile in nature. In view of these features, 
a variety of new binuclear MO(V) dithiophosphato 
derivatives, derived from both acyclic as well as cyclic 
dithiophosphoric acids has been isolated and their 
spectral properties have been investigated. 

Experimental 

Stringent precautions were taken to exclude 
moisture during experimental manipulations. Solvents 
(methanol, n-hexane, chloroform and dichloro- 
methane) were dried by standard methods. Bis(acetyl- 
acetonato)dioxomolybdenum(VI) [ 121, dialkyl [ 131 
and alkylene [14] dithiophosphoric acids were 
prepared by literature methods. Sulphur was esti- 
mated gravimetrically as barium sulphate (Messenger’s 
method) and molybdenum was estimated by precipi- 
tation as molybdenum oxinate, MoO~(C~H~ON)~. 

IR spectra were recorded in KBr discs or nujol 
mulls in the range 4000-200 cm-’ using CsI cells. 
‘H NMR spectra were recorded in deuterated chloro- 
form/dimethyl sulfoxide using TMS as an internal 
standard. r3C NMR spectra were scanned in chloro- 
form using itself as an internal standard. 31P NMR 
spectra were recorded in benzene/dichloromethane 
using H3P04 as an external standard. All NMR 
spectra were recorded on a Jeol FX 90Q spectrometer. 

Preparation of Complexes 
The simple reactions of MoC15 with sodium (or 

ammonium) salts of the ligands in aqueous medium 
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did give products approximating in composition to 
the purple Moz03 [S2P(OR)Z]4 derivatives at lower 
temperatures, but these tended to be mixed with 
greenish yellow products of the composition MozOe- 
W’(W~1~~ which appeared to be formed preferen- 
tially at higher temperatures. 

An alternative route for synthesis of pure MozOs- 
[S2P(OR),]4 derivatives was, therefore, reexplored 
[l] using the starting material MoOz(acac)z which 
can be conveniently obtained by the reaction of 
ammonium molybdate with acetylacetone [ 121. 

Binuclear oxomolybdenum(V) dialkyl and alkyl- 
ene dithiophosphate complexes have been synthe- 
sized, during the course of these investigations, by 
the reactions in 1:2 molar ratio of bis(acetylace- 
tonato)dioxomolybdenum(VI) with the correspon- 
ding dialkyl or alkylene dithiophosphoric acids in 
methanol medium at O-5 “C. The colour changes im- 
mediately from initial yellow to dark purple on addi- 
tion of the ligand to bis(acetylacetonato)dioxomolyb- 
denum(V1) solution. The solution was stirred for one 
hour, when a dark purple product crystallized out, 
which was filtered, washed with methanol and n- 
hexane, followed by drying in vacua. The products 
of acyclic and cyclic ligands could be recrystallized 
from benzene-n-hexane (1: 1) and dichloromethane 
respectively. 

Analytical and other relevant data are given in 
Table 1. 

Results and Discussion 

p-Oxobis[oxobis(O, O’-dialkyl dithiophosphato)- 
molybdenum(V)] and p-oxobis [oxobis(O, O’-alkylene 
dithiophosphato)molybdenum(V)] complexes have 
been synthesized by the reactions of bis(acetylace- 
tonato)dioxomolybdenum(VI) with dialkyl (alkyl- 
ene) dithiophosphoric acids in methanol at O-5 “C. 

MoOz(acac), = Moz03 [S2P(OR),]4 

(where R = Me (compound I), Et (II), PI” (III), Pri (IV), Bui 

0% Ph WI)). 

(where G = -CHzCMe&X- (compound VII), -CMez- 
CMez- (VIII), -CHMeCHMe- (IX)). 

The above complexes I-IX of both acyclic and 
cyclic ligands crystallized out as dark purple solids 
leaving dithiophosphoryl disulphide in the mother 
liquor (as indicated by the 31P NMR data). The yields 
obtained are in the 60-65s range. The acyclic deriva- 
tives I-VI are soluble in most common organic 
solvents, in contrast to the cyclic analogues VI-K 

which are soluble only in CHzClz, DMSO and DMF 
and sparingly soluble in chloroform. The purple 
colour of the products points to t5 oxidation state 
for these complexes. This is further supported by the 
fact that these complexes gave with concentrated 
hydrochloric acid the characteristic green colour of 
the MoOC1s2-ion. 

The reduction of MO(W) to MO(V) in these reac- 
tions appears to be quite facile and in no case could 
the Mo(V1) derivative, Moo2 [S2P(OR),] 2, be isolated 
even when the reaction of Mo02(acac), with dithio- 
phosphoric acid was carried out in 1:2 or 1:<2 molar 
ratio, in which cases excess of the ligands was not 
available for reduction purposes. 

Magnetic Measurements 

Instead of showing moments of 1.73 BM expected 
for simple mononuclear MO(V) derivatives, all these 
complexes show diamagnetic behaviour, which is ln 
conformity with the suggested binuclear structure 
(see Fig. 1). 

Infrared Spectral Studies 
The assignments of relevant peaks (given in Table 

2) have been made on the basis of literature published 
on various metal dialkyl and alkylene dithiophos- 
phates [ 151 as well as molybdenum dithiocarbamates 
[lo, 161 and dithiocarbonates [3]. A comparison of 
the spectra of the parent dithiophosphoric acids with 
those of the corresponding molybdenum derivatives 
reveal the following. 

(a) The band due to vS-H at about 2500 cm-’ in 
the parent acids, disappears in the corresponding 
molybdenum complexes. 

(b) The bands due to u(P)-O-C and UP-O-(C) 
present in the region 1150-950 and 835-770 cm-‘, 
respectively, in the parent acids, do not show any 
change in the molybdenum complexes. In the cyclic 
derivatives the strong intensity band at -950 cm-‘, 
attributed to ring vibrations (probably coupled with 
C-C stretching vibrations) [17, 181 also remarks un- 
changed on complexation. 

(c)The band due to vP=S present at 670-630 
cm-’ in the acyclic and at 690-670 cm-’ in the 
cyclic acids shows a small but notable shift (Av = 
20-10 cm-‘) to lower frequencies in the molyb- 
denum complexes indicating bidentate attachment of 
the ligand to the metal atom. 

(d) New peaks. of medium to strong intensity are 
present at 960 + 10 and 770 + 10 cm-’ and these 
may be assigned to u,Mo=O and v,Mo-O-MO. 
Similarly, an additional peak present around 430 
cm- ’ may be assigned to 6 MO-O-MO. 

(e) The MO-S stretching vibrations of weak to 
medium intensity are observed at 340 ? 10 cm-‘. 



TABLE 1. Synthesis, properties and molecular weights of binuclear oxomolybdenum(V) dialkyl (alkylene) dithiophosphate complexes 

Compound Reactants (g) Producta Melting Elemental analyses 
no. 

MoOz(acac)a HSaP(OR)z 
point (found/talc.) (%) 
(“0 

Or MO s 
HS2P0GC) 
(R or G=) 

B 
P 
6 

Molecular weight 3 
9 

found (talc.) 
F 
s 
c ‘e 
z 
P 

I 5.18 

II 5.16 

III 2.29 

IV 2.60 

V 2.68 

VI 0.98 

VII 1.32 

VIII 1.85 

Ix 2.39 

-Me 
(5.03) 

-Et 
(6.21) 

-Pr” 
(3.02) 

-prl 

(3.42) 

-Bu’ 
(3.99) 

-Ph 
(1.69) 

-CHaCMeaCH2- 
(1.60) 

-CMe$Mea- 
(2.40) 

-CHMeCHMe- 
(2.70) 

MO203[SZP(OMe)214 

(3.01) 

MO203[S2P(OW214 

(5.25) 

h’f0203[S2P(OPrn)214 

(2.38) 

M0203[S2P(OPr1)2] 4 

(2.75) 

Mo20a[SaP(OBu’)a] 4 

(2.91) 

Mo2WWYOPhhl4 
(1.17) 

Mo20a[S2POCHaCMe2CH2~]4 
(1.37) 

t 
Mo2Os[SaPOCMeaCMea 14 
(1.91) 

, 
MoaO3[S2POCHMeCHMeO]4 
(2.23) 

123-124 22.2122.1 296129.5 s 
3 

123-124 19.9119.6 263126.2 503C;479b(980) a 
2 
6 N 

136 17.9117.6 24.0123.5 562b(1093) 2 

134 18.1/17.6 23.7123.5 544;534C(1093) 

138 16.2/15.9 21.5121.3 630,617c(1205) 

125 14.2/14.1 18.6/18.8 

161-165 18.8/18.7 24.7124.9 
(decomp.) 

165-168 17.9117.7 23.9123.6 
(decomp.) 

140-141 19.9119.7 26.5126.4 

aAll the complexes are dark purple crystalline solids, obtained in 60-65% yield. 
osmometrically (in CHCla and CeHs). 

bMolecular weight determined cryoscopically (in CeHs). CMolecular weight determined 
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NMR Spectral Studies 
The ‘H and 13C NMR data (Tables 3 and 4) of 

molybdenum complexes are remarkably similar to 
those of the ligand dithiophosphoric acids, probably 
due to the large distance between the metal atom and 
these nuclei. The peak due to the S-H proton 
(present at 6 2.60-3.60 ppm in the spectra of di- 
thiophosphoric acids) is expectedly absent in the 
corresponding molybdenum(V) complexes, showing 
the formation of the MO-S bond by deprotona- 
tion. 

The hydrogens attached to the o-carbon atoms of 
the alkoxy or glycoxy groups show coupling with 
phosphorus. The 3J P-H values are in the range of 
lo-15 Hz and these do not appear to be much 
affected by replacement of the acid hydrogen by 
molybdenum. In the r3C NMR spectra, the a-carbon 
atoms are deshielded by about 0.5-2.0 ppm. The ‘H 
and r3C NMR spectra in general, are consistent with 
the four ligand moieties in each molecule of the 
complex being magnetically equivalent. 

The 31P chemical shifts for molybdenum(V) 
dialkyl (alkylene) dithiophosphate complexes in- 
creases to the extent of 12-22 ppm, with respect to 
the corresponding parent dithiophosphoric acids. A 
deshielding of this extent has been interpreted to be 
consistent with the bidentate behaviour of the 
dithiophosphate groups by different workers [ 191. 
However, phosphorus chemical shifts, in general, 
depend on many factors (e.g. bond angle, steric 
effect, size of the ring and electronegativity of 
attached groups [20, 211) and such correlations 
require more detailed studies. 

As discussed above, the IR and multinuclear NMR 
(‘H, 13C and 31P) spectral data of the derivatives 
(both dialkyl as well as alkylene dithiophosphates) of 
molybdenum(V) indicate that the dithio moieties are 
uniformly bidentate, endowing an octahedral 
environment on both the molybdenums in all the 
derivatives described in this paper. These could have 
the syn (oxygens on the two molybdenums on the 
same side) or anti (the two oxygens being on the op- 
posite site) structures. Although actual X-ray data 
particularly for the alkylene dithiophosphate deriva- 
tives would have provided definitive evidence (par- 
ticularly in view of the reported syn structure for the 
analogous ethyldithiocarbonato (221 and dipropyl 
dithiocarbamato [23] derivatives, the dialkyl and 
alkylene dithiophosphates described in this paper 
may be expected to have the anti type structure 
(Fig. 1) similar to that of binuclear oxomolybdenum- 
(V) diethyldithiophosphate [g]. 

The visible spectra of Mo,O,[S~P(OR),]~ com- 
plexes show an intense band at -5 10 nm and a 
shoulder at -370 nm. For comparison, the spectrum 
of the corresponding dithiocarbamate complex, 
Moz03(SzCNEt2)4 was scanned and was also found 
to show bands at the same positions. 



Binuclear Oxomol.vbdenum( V) Complexes 251 

TABLE 3. ‘H and 31P NMR spectral data (6, ppm) for binuclear oxomolybdenum(V) dialkyl (alkylene) dithiophosphate com- 
plexes 

Compound 
no. 

Complex ‘H chemical shifta 31P chemical 
shift b 

1 3.81,d(J=16Hz) 
3.97, d 

103.15 

II 1.38,t (J=7 Hz), 97.90 
24H (-CH3) 
3.88-4.55, m, 
16H (-OCH2) 

111 MoaWS2P(OCH2CH2CH3)2]4 0.98, t (J = 7 Hz), 98.34 
24H (-CH3) 
1.30-2.06, m, 16H (-CHa) 
3.71-4.47,m, 16H (-OCHa) 

IV 0.89, d (J = 5 Hz), 
48H (-CH3) 0.94, d 
3.08-3.48, m, 8H (-OCH) 

94.13 

V 0.94, d (J= 7 Hz) 
48H (-CH,) 1.01, d 
1.74-2.19, m, 8H (-CH) 
3.71-4.16, m, 16H (-OCHs) 

98.25 

VI 

VII 

6.95, s 101.14 

1.38, s, 24H (-CH3) 101.10 
3.75-4.33, d (J= 15 Hz), 
16H (-OCH2) 

VIII 

Ix 

1.58, s 

1.34-1.78,d,24H (-CH3) 
4.26-4.78, m, 8H (-OCH) 

106.7 

119.0 

‘In CDCls except compound VII, in DMSode. bCompounds VII, VIII, IX in CHaCla, others in CeHs. 

Fig. 1. Binuclear structure of oxomolybdenum(V) O-O’di- 
aIky1 (alkylene) dithiophosphates. 

It may be pointed out that visible spectral data 
[2, 10, 1 l] for M0303 [S2P(OEt)2]4 as well as several 
Mo203(dtc)4 (dtc = dithiocarbamate) complexes have 
been reported in the literature which correspond to 
a dissociation of the binuclear molybdenum(V) 
complex into mononuclear molybdenum(V1) and 
molybdenum(IV) complexes. 

Moo2 [S2P(W2 12 + Moo [S2PKW2 12 

On addition of CH3C12 to a mixture of M0303- 
WWtM4 and MoO(S2CNEt2), in equimolar 
ratio, an unsymmetrical complex (Et2NCS2)20Mo- 
0-MoO[S~P(OE~),]~ is formed. Newton and co- 
workers [ 111 have obtained chemical evidence as well 
for the above dissociation. As indicated below, our 
observations further support the above dissociation. 
(a) The molecular weight data measured osmometri- 
tally (in CHC13 and C6H6) as well as cryoscopically 
(in C6H6) (Table 1) of Mo~O~[S~P(OR)~]~ com- 
plexes correspond to about one half of the calculated 
value thus showing that the MO(V) complex breaks 
down into two species. (For comparison, the mole- 
cular weights of a few binuclear oxomolybdenum(V) 
dialkyl dithiocarbamate complexes have also been 
determined in chloroform and also in benzene, indi- 
cating about half the values of calculated values.) (b) 
The conductance measurements in chloroform and 
benzene solutions of the various M0303 [&P(OR)3]4 



R. Ratnani et al. 

complexes indicate the non-ionic nature of the 
species present. (c) Confirming the observations of 
Newton ef al., we have also observed that on addition 
of dichloromethane to a mixture of MoOs(dtc)s and 
MoO(dtp)s, unsymmetrical dinuclear molybdenum- 
(V) derivatives containing both dithiophosphato as 
well as dithiocarbamato groups are obtained. This 
behaviour is shown even by cyclic dithiophosphates, 
e.g. 

MoOs(SaCNEta)s t MoO(SzPOCHzCMesCHz0)2 ---+ 

The above purple coloured compound is identified 
by IR and analysis. Calc.: MO, 20.6; S, 27.6. Found: 
MO, 20.8; S, 27.5%. 

It may be pointed out that NMR spectral studies 
give no idea of the above dissociation; this is probably 
due to fast exchange. 

As indicated earlier the crystal structure of one of 
the open chain derivatives Moz03 [S2P(OEt),] 4 has 
already been reported and this showed the groups 
being anti oriented. Attempts to get suitable crystals 
of other compounds in this series (particularly the 
alkylene dithiophosphate) for X-ray diffraction study 
have so far been unsuccessful. However, the similarity 
of other physicochemical data of all these derivatives 
are in accordance with the structure suggested in 
Fig. 1. 
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