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Mixed chloride dialkyl and alkylenedithiophosphates of ruthenium  (II),
RuCls (S;P(OR);In (R =Pr", and Ph) and RuCl;_,[S:POGOJn G =-CMe,CMe;-,
CH,CMe,CH,-, -CH,CEt,CH;-, and -CMe,CH,CHMe-, n = 1, 2 have been synthesized for
the first time by the reactions of ruthenium trichloride with ammonium dialkyl and alkylen-
edithiophosphate or altemnatively by disproportionation reactions of ruthenium trichloride
with ruthenium tris(dialky! and alkylenedithiophosphates) in different stoichiometric ratios in
benzene.

These new complexes have been characterized by elemental analysis, molecular weight
determinations, as well as IR and NMR ('H and 3'P) data. Chelated structures with bidentate
dialkyl and alkylenedithiophosphates groups have been proposed for all these derivatives.

INTRODUCTION

The chemistry of ruthenium complexes with dithioligands has been well
studied and is the subject of several reviews.!~7 Yet, little was about the
coordination chemistry of ruthenium with dialkyl and alkylenedithiophos-
phates has been reported. Although these ligands form an important class,
which give stable complexes with various metals and show both
monodentate®!! and bidentate chelation,'?-'4

The mixed halide dialkyl and alkylenedithiophosphate derivatives of
ruthenium are still unknown. In view of the exciting chemistry of mixed
halide derivatives of ruthenium dithiocarbomales's, it was considered

* Author to whom correspondence should be addressed
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worthwhile to synthesize a number of tris® as well as mixed halide dialkyl
and alkylenedithiophosphate derivatives of ruthenium(IIl) and investigate
their chemical properties.

RESULTS AND DISCUSSION

In this communication, we report the synthesis of mixed chloride dialkyl
and alkylenedithiophosphate derivatives by the reaction of ruthenium
trichloride with ammonivm dialkyl (eq. 1} and alkylenedithiophosphate
(eq. 2) in different stoichiometric ratios and also by disproportionation
reactions of metal tris(dialkyl and alkylenedithiophosphates) with ruthe-
nium chloride(eq. 3-5).

RuCls.,, + nNH,S,P(OR); —
RuCl3.4[S2P(OR)3]n + nNH,Cl (1)
R = Pr" and Ph.

RuCls., + nNH482?(—)_Cﬁ —

RuCls., [S2POGO);},, + nNH4Cl (2)
G = —~CMeyCMe,, —CH5CMe;CHy—, —CH2CEt2CH, —,
and — CMe;CH,CHMe —.

RllCla + 2Ru[SgP(Pr-n)2]3 —3 Ru(Cl)[SgP(Pr-n)g]g (3)

2RuCl;3 + Ru[S;P(OPr-n)2]s — 3 RuClp[S2P(Pr-n),) 4)

RuCl; + 2RU[SQPOCHQCI\192CHQO]3 -
3 Ru(C1)[S;POCH, Che;CH, 0} (5)

All the above reactions are carried out in benzene by stirring and reflux-
ing the reactants for about 4 hours to ensure the completion of the reac-
tions. The products obtained have been washed by n-hexane and dried
under reduced pressure. These purple or dark brown solids or sticky solid
compounds (except ClRu[S;POCH;CMe,CH,;0]; which is colorless
and volatile liquid) are soluble in common organic solvents. Molecular
weight determinations in freezing benzene exhibit their monomeric nature.
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IR Spectra

The IR spectra of these mixed chloro dialkyldithiophosphate derivatives
(Table 11) have been measured in the range 4000- 200 cm~' and assign-
ments have been made on the basis of earlier reports.!®!” The bands in the
region 1076-977 and 857-797 cm™! are assigned to v (P)-O-C and
vP-0-(C) stretching modes respectively. A strong band due to vP=S vibra-
tions, observed in the region 670-662 cm™! in the spectra of dialkyldithio-
phosphoric acids, is shifted to lower (~42 cm™') frequencies in these
compounds. Bands of medium intensity present in the region 571-
536 cm™! have been assigned to vP-S asymmetric and symmetric stretch-
ing vibrations.

The bands present in the regions 1076-1003 and 880-797 cm™! in the IR
spectra of alkylenedithiophosphate derivatives may be assigned to v
(P)-O-C and vP-O-(C) stretching vibrations respectively. The bands in the
region 985-914 cm™! may be attributed to the ring vibrations of the dioxa-
phospholane and dioxaphosphorinane '®:!1%, which are probably coupled
with C-C stretching vibrations, A sharp band present in the region 656—
601 cm™! is due to vP=S vibrations (showing a shift to lower frequency
with respect to corresponding parent acid) and the bands in the region
581-511 cm™! may be assigned to vP-S asymmetric and symmetric
vibrations?®, Bands of medium intensity present in the region 491-303
cm™! are due to Ru-S2! and Ru-C122 stretching vibrations.

1H NMR Spectra

The 'H NMR spectra (Table I1I) of those derivatives recorded in CDCl;,
display the normal peaks due to alkoxy and glycoxy protons. The signals
of hydrogen atoms, present at the -carbon atoms of P-O-C skeleton of
alkyl or alkylene chains, become doubled due to coupling with 3'P
nucleus.

31p NMR spectra

Decoupled 3'P NMR spectra for representative products give a singlet for
each compound in the range 82-61ppm. The single peak show also the
purity of these complexes. It show deshielding to the extent of 0.4 — 5.95
ppm in case of I, II, V and VI. The deshielding in the complexes III, IV
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and VI are in the range 11.45 — 14.31 ppm with respect to the correspond-
ing parent cyclic and a cyclic dithiophosphoric acids. This type of
deshielding has been interpreted by Glidewell?} to indicate the bidentate
nature of dithiophosphato groups.

The above spectroscopic data discussed in this paper for the newly syn-
thesized halide dialkyl and alkylenedithiophosphates of ruthenium, indi-
cate the chelating nature of the dithiophosphate moieties. Considering the
monomeric nature of all these derivatives, the monohalides bis(dialkyl and
alkylenedithiophosphate) should contain penta-coordinated metal. The
corresponding dihalide derivatives having a tetra-coordinated metal atom
as shown in fig. land 2.

FIGURE 1 Suggested structure of tetracoordinated complexe

Me,C—— /S\T/S\ /O M
/ \s/ o \O—|-CMc2

FIGURE 2 Suggested structure of Pentacoordinated complexe

Me2C

EXPERIMENTAL

Precautions were taken to exclude moisture in some experimental manipu-
lations. Solvents [benzene, chloroform and n-hexane] were dried by stand-
ard methods before use. Alcohols were distilled and dried. Glycols were
distilled also. Dialky! and alkylenedithiophosphoric acids and their ammo-
nium salts were prepared by methods reported earlier’®?3. Ruthenium
trichloride (Strem) was used as received. Sulfur was estimated by Messen-
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ger’s method as barium sulfate. Phosphorus was estimated as ammonium
magnesium phosphate hexahydrated and chlorine was determined by the
Volhard’s method,

TABLE 111 '"H NMR Spectrul data for some mixed chloro ruthenium(lil) dialkyl and
alkylenedithiophosphates

Compound No. Compound 'H Chemical shift (8ppm) in CDCl;
1 ChRu|S,P(OP"),] 0.95-.097, t, CH; (6H)
1.5-2.04, m, CH, (4H)
3.6-3.8, m, CH,O (4H)
2 CIRu|S,P(OPr™); 1, 0.96-.097, t, CH; (12H)
1.5-2.0, m, CH, (8H)
3.6-3.8.m.CH,O (8H)

Cl,RulS;P(OPh),| 7.26-7.29, m. CgHs (10H)

4 CIRulS,P(OPh), ), 6.42-7.25, m, CgHs (20H)

5 Cl,Ru[S;POCMe;CMe;0) 1.15-1.19.d, CH; (12H)

6 ClRU[SQPOCHgChIPQ(‘Hg 012 0.95-0.97,d, CH; (IZH)
3.6-3.9.d. CH,0 (8H)

7 Cl;Ru[S;POCMe; CH,CHAIcO] 1415, m. (CH3),CH,CH3(11H)

4.8-5.2, m, CHO (1H)

Molecular weights were determined cryoscopically in benzene. IR spec-
tra were recorded as Nujol mulls on a Perkin-Elmer 2000 FTIR in the
range 4000 - 200 cm™!, using Csl cells. 'H NMR spectra were recorded in
CDCl; on a Bruker AC 250 FT NMR using TMS as an internal standard.
Phosphorous-31 spectra were also recorded using 85% H;PO, as an exter-
nal reference.

General methods of synthesis of various dialkyl
and alkylenedithiophosphate derivatives of ruthenium(III)

a - Reaction between ruthenium trichloride and ammonium dialkyl
and alkylenedithiophosphate in 1:1 and 1:2 molar ratio

Ruthenium trichloride and ammonium dialkyl and alkylenedithiophos-
phate in different stoichiometric ratios (1:1 and 1:2) were mixed, stirred,
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and refluxed for ~4 hours. Precipitated ammonium chloride was removed
by filtration, followed by removal of the solvent. The desired product was
washed several times by n-hexane and dried again under vacuum.

TABLE 1V *'P NMR Spectral data for some mixed chloro ruthenium (IN) dialky and
alkylenedithiophosphates

31 . .

Compound . P Chemical shift 31 P Chemical
No Compound in & ppm for parcent shift (8 ppm)
o- acid in CDCly CDCl; PP
i Cl,Ru[S,P(OP™),| 82.40 82.03
2 CIRu[S,P(OP™),], -- 8185
3 CIRu{S,P(OPh), |, 80.13 67.61
4 CIRu[S,POCMe,CMe; 0] 91.5 7519
5 CIRu[S,POCH,CMe,CH; 0], 8.6 73.05
6 Cl,Ru[S, POCH,CEt,CH,0) 8.1 77.92
7 ClRu[S; POCMe,CH,CHMeO] 73.2 61.66

b - Reaction of ruthenium trichloride with the ammonium salt of dialkyl
and alkylenedithiophosphoric acids in 1:3 molar ratio

On mixing ruthenium trichloride dissolved in dilute HCI with ammonium
salt of dialkyl and alkylenedithiophosphoric acids dissolved in water. The
mixture was stirred at room temperature (21°C) for ~6 hours and refluxed
for half an hour with constant stirring. A 20-cm? volume of dichlorometh-
ane was added and transferred to a separation funnel. The mixture was
shaken vigorously for 2 minutes and washed with distilled water. After the
phase separation, the organic phase was dried under vacuum and washed
with n-hexane and dried again under vacuum,

¢ - Disproportionation reaction of ruthenium chloride with ruthenium
tris(di-n-propyl dithiophosphate) in 1:2 or 2:1 molar ratio

A mixture of ruthenium trichloride and ruthenium tris(di-n-propy! dithio-
phosphate) in 1:2 or 2:1 molar ratios was mixed in benzene and refluxed
for ~4hours. The solvent was removed under reduced pressure giving the
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desired product, which washed several times with n-hexane and dried
under vacuum.
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