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ZP.O. Box 1277 Department of Chemistry Al-Azhar University, Gaza- Palestine and
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(Received 26 July, 1998; In final form 9 May, 1998)

Tris-dialkyl dithiophosphates, Ru[S2P(OR)2]3. R = CH3, C2H3, n-C3H7, i-C3H7, i-C4H9and Ru(III)
tris-alkylene dithiophosphate Ru[S2POGO]3, [G= - CMe2CMe2-, -CH2Me2CH2-,-CH2CEt2CH2-
and -CMe2CH2CHMe- have been synthesized. The complexes are prepared by the reaction of ruthe-
nium trichloride with dialkyi and alkylene dithiophosphoric acids or their ammonium salts in aque-
ous medium which could be extracted into dichloromethane. These new compounds have been
characterized by elemental analysis, molecular weight measurements and spectroscopic [IR., NMR
(H1 and 31P)] studies. On the basis of which plausible structures have been suggested.

INTRODUCTION

Studies on the ruthenium dithiophosphate system have been relatively few in
comparison to the number of organometallic and classical coordination com-
plexes of ruthenium with dithio acids4-5 (RO)2PS2', (RCS2-, ROCS2", RNCS2")
which have been studied over the last two decades. Dialkyi and alkylene dithio-
phosphates are important because of their use as chelating reagents for the sol-
vent extraction(soft bases)6'7, as lubricant additives8'9 and show biocidal
activities 1O'U.

To the best of our knowledge, there is no other detailed information about the
reaction and the structure elucidation of Ru(III) dialkyi and alkylene dithiophos-
phate except one report which describes an extractive spectrophotometry of
ruthenium(IH) tris(l,l diethyldithiophosphate)3. So, it was considered of interest
to synthesize and characterize these complexes and elucidate their structural fea-
tures.

* Author to whom correspondence should be addressed.
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RESULTS AND DISCUSSION

Ruthenium tris(O,O-dialkyl and alkylene dithiophosphates) have been obtained
by the reaction of ruthenium trichloride with the free acids or the ammonium salt
of dialkyl and alkylene dithiophosphoric acids in a 1:3 molar ratio in benzene
and aqueous medium respectively.

RuCb + 3HS2P(OPr")2 • RutS^OPr11)^ + 3HC1

RuCl3 + 3HS2POCH2CMe2CH2O • Ru[S2POCH2CMe2CH2O] +3HC1

RuCb + 3NH4S2P(OR)2 • Ru[S2P(OR)2]3 + 3NH,C1

R = Me, Et, Pr", Pr\ Bu' and Ph

3NH4S2POGO • Ru[S2POGO]3 + 3NH4CI

G=-CMe2CMe2.. CH2CEt2CH2- , -CMe2CH2CHMe- and -CH2CMe2CH2-

The above complexes of both cyclic and acyclic ligands are dark purple or
brown powdery solids (except complexes II and III which is sticky solid), and
highly soluble in organic solvents, like benzene, chloroform, dichloromethane
and n-hexane. The yields obtained range from 76-89%. The molecular weights
determined cryoscopically in benzene, indicated the monomeric nature of these
products, (Table I).

IR SPECTRA

The assignments of relevant peaks given in Table Ilhave been made on the basis
of literature published on various metal dialkyl and alkylene dithiophosphates12.
The bands due to v(P)-O-C and v(P)-O-C are present in the region 1161-917 and
870-760 cm"1. In the cyclic derivatives, broad bands present in the region 955-
969 cm"1 are due to ring vibrations 13>14. The bands due to VP=S vibrations are
present in the region 663-638 and 650-622 cm"1 in cyclic 13 and acyclic deriva-
tives and show a shift (8v=20-10cm~1) to lower frequency from their positions
in the corresponding parent acids, thus indicating coordination of the metal atom
with the phosphorothionyl sulfur. The bands attributable to vP-S vibrations16

(symmetric and asymmetric) are present at the region 590-500cm-1. The bands
of weak to medium intensity in the region 473-35 lcm"1 may assign to vRu-S
vibrations .
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TABLE IIIR spectral data for rurhenium (III) dialkyl and alkylene dithiophosphate

SNo

1

2

3

4

5

6

7

8

9

10

Compound

Ru[S2P(OMe)2]3

Ru[S2P(OEt)2]3

Ru[S2P(OPt»)2]3

Ru[S2P(OPii)2]3

Ru[S2P(OBU')2]3

Ru[S2P(OPh)2]3

RutSjPOCMejCMejO],

Ru[S2POCH2CMe2CH2O]3

Ru[S2POCH2CEt2CH2O]3

Ru[S2POCMe2CH2CHMeO]3

V(P)-O-C

1005 s

1015 m

986 m

990 s

981m

934 s

1140 s

1158m

1161m

1036 m

vP-O-(C)

786 m

797 m

848 m

862 m

863 m

788 m

855 s

852 m

870 s

860 m

Ring
vibration

-

-

-

-

-

955 m

969 m

968 m

964 m

638 m

643 m

644m

622 m

626 m

650 m

660 s

658 m

631m

663 m

vP-S

520 m

500 s

548 s

589 m

589 m

582 m

587 m

520 m

555 m

551m

Ru-S

311m

314 s

428 m

351m

353 w

455 m

428 m

454 m

473 m

462 w

s = strong, m = medium, w = weak.

>H NMR SPECTRA

The ' H NMR spectra of these compounds (Table III) show the expected peak
patterns. The number of peaks due to the proton on the a —carbon atom of
alkoxy or glycoxy group is doubled due to the coupling with phosphorus-31.18

31P NMR SPECTRA

In the proton decoupled 31P NMR spectra (Table III ) only one peak for each
compound was obtained in the range 68.8-86.1 8 ppm, indicating only one type
of phosphorus nucleus in the molecule. However, no noticeable difference was
observed in comparison to the parent acids 12>19It appears that minor difference
in the bond angles around phosphorus may not effect the 31P chemical shift. The
values of chemical shifts according to Glidevvell observations indicates bidentate
behavior of the ligand 20

Molecular weight determination of ruthenium (III) tris-dialkyl and alkylene
dithiophosphates showed the monomeric nature of these compounds in benzene.
Thus, on the basis of our observation for IR, NMR ('H, 31P) and molecular
weight determinations, the following structure (in which ruthenium is six coordi-
nated) is proposed for the tris derivatives.
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TABLE III *H and 31P spectral data for ruthenium (III) dialkyl and alkylene dithiophosphate

S.No

1

2

3

4

5

6

7

8

9

10

Compound

Ru[S2P(OMe)2]3

Ru[S2P(OEt)2]3

Ru[S2P(OPr")2]3

Ru[S 2 P(OP^ 3

Ru[S2P(OBUi)2]3

Ru[S2P(OPh)2]3

Ru[S2POCMe2CMe2O]3

Ru[S2POCH2CMe2CH2O]3

RutS.POCHjCEtjCH.O],

Ru[ S2POCMe2CH2CHMeO]3

'H Chemical shift -
in CDCl3

3.7-3.8, d, 18H(OCH3)

1.3-1.6, t,18H(CH3)
4,1-4.3, m, 12H(OCH2)

0,96-1,35, t, 18(CH3)
1.55-1.8, m,12H(CH2)

4.0-4.14, m, 12H(OCH2)

0.96-0.99, d, 36H(CH3)
3,89-3.97, m, 6H(OCH)

0,96-1,0, d, 36H(CH3)
1.5-2,0, m,6H(CH2)

3,8-4,0, m, 12H(OCH2)

7.1-7.3, m,30H(C6H5)

1.15-1.17, d,36H(CH3)

0.95-1.23, d, 18H(CH3)
3,42-4,17, m, 12H(CH2O)

0.85-0.90, t,18H(CH3)
1.30-1.33, q, 12H(CH2)
3.96-4.13, m,12H(CH2)

1.47-1.67, m,
33H[(CH3)CH2C(CH3)
4.85-5.10, m, 3H(OCH)

31P Chemical shift
in CDCl3

86.02

86.22

82.23

—

87.2

86.1

76.03

72.9

96.2

However, it may be worthwhile to mention here that the crystal structure of the
corresponding dithiocarbomate complexes, tris(N,N-diethydithiocarbamato)
ruthenium(III), Ru[Et Et (dtc)]3have been reported 21 and suggest an octahedral
form with bidentate chelating behavior of the ligand.

FU and
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EXPERIMENTAL

Moisture was carefully excluded in the reactions carried out with ruthenium
trichloride and dialkyl and alkylene dithiophosphoric acids. Solvents (benzene,
chloroform, n-hexane and petroleum ether) were purified and dried before use.
Glycols, were purified by distillation. Ru(III) chloride (Alfa) was used as such.
Dialkyl and alkylene dithiophosphates were prepared by the method described in
literature 22'23. Sulfur was estimated gravimetrically as barium sulfate 2 3 and
phosphorus estimated as ammonium magnesium phosphate hexahydrate. Molec-
ular weights were determined cryoscopically in benzene. IR spectra were
recorded as Nujol mulls on a Perkin-Elmer 2000 FT IR in the range 4000-
200 cm"1, using Csl cells. 'H NMR spectra were recorded in CDC13 with a
Bruker AC250 FT NMR spectrometer using TMS as internal standerd. Phospho-
rus-31 were also recorded using 85% H3PO4 as an external reference.

1 - Reaction of ruthenium trichloride with di-n-propyl dithophosphoric acid
in a 1:3 molar ratio

A mixture of ruthenium trichloride (RuCl3 0.48g) and di-n-propyl dithiophos-
phoric acid (1.51g) in a 1:3 molar ratio in benzene was refluxed and stirred for
(~6h), till the liberation of HC1 ceased. The color of the mixture changed to
brown. The solvent was removed under reduced pressure and the desired com-
pound was washed several times by petroleum ether.

2 - Reaction of ruthenium trichloride with ammonium dialkyl and alkylene
dithiophosphate in a 1:3 molar ratio

Ruthenium trichloride dissolved in dilute hydrochloric acid solution was added
to a solution of the ammonium salt of dialkyl and alkylene dithiophosphate (in
excess). The mixture was stirred at room temperature (21°C) for ~ 6h and
refluxed for 1/2 h with constant stirring. A 20 cm3 volume of dichloromethane
was added and the mixture transferred to a separation funnel, then was shaken
vigorously for 2 minutes and washed many times by distilled water. The organic
phase was dried and washed several times with petroleum ether and again liquid
dried in vacuum.

Pertinent experimental and analytical data for these experiments are summa-
rized in (Table I).
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