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The reaction of ruthenium (I11) perchlorate with some
monotertiary phosphincs and arsines has been investigat-
ed. lonic complexes of the type [RuL.s (C104)} (C1O4) where
L. = PPh;, AsPh,, PMe,Ph, AsMe,Ph or AsEt,Ph have
been isolated. Some of these complexes react with nitric
oxide to give complexes of the type [RuLs(NO)] (ClO,),
where L. = 'PPh; or AsPh;. The complexes have been chara-
cterized onthe basis of their elemental analysis, IR, NMR,
conductivity and magnetic moment data.

A number of stable ionic ruthenium complexes con-
taining a wide variety of phosphorus'-? or arsine? lig-
ands have been reported during the past few:years.
These compounds are of interest in view of their catal-
ytic role in a variety of homogeneous reactions’ ~°.

In the present note preparation of ionic complexes
of ruthenium (IT) by the interaction of ruthenium (I1I)
perchlorate with some unidentate phosphine anhd ars-
ine ligands is reported.

Experimental

Ruthenium trichloride was a Johnson Matthey
product while silver perchlorate was a BDH reagent.
The ligand PPh; was obtained from the Ventron Cor-
poration, U.S.A. AsPh; and PMe,Ph were obtained
from the Maybridge Chem. Co., U.K. AsMe,Ph and
AsEt,Ph were prepared by reacting AsMe,I and AsE-
t-I respectively with PhMgBr in dry ether. AsMe,l
and AsEt;l were prepared by standard methods’.

Nitric oxide was prepared by the reaction of nitric
acid with copper turnings and was purified according
to the literature method3.

Microanalyses for carbon, hydrogen and chlorine
were carried out by the Australian Mineral Develop-
ment Laboratories (amdel), Australia (Table 1). The
magnetic susceptibilities of the solid samples were
measured at room temperature (302K) on a Faraday
balance using Hg[Co(SCN),] as the external calibr-
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ant. '"H NMR spectra were recorded on a FX 100
MHz spectrometer in CDCl;. Melting points were
determined on a Toshniwal -hot stage melting point
apparatus. Conductivity measurements were done
on a Digisun direct reading conductivity bridge
(DL-90) using a cell which had been calibrated previ-
ously. Infrared spectra were recorded on a Beckman
IR-12 spectrophotometer in KBr phase.

Ruthenium (I11) perchloraie®

Ruthenium trichloride (0.261g, 1 mmol) was stir-
red with a stoichiometric amount of silver perchlorate
(0:622g, 3 mmol) in absolute ethanol for 2-3 h and the
precipitated silver chloride removed by centrifugati-
on. The remaining light red-brown ruthenium (IIT)
perchlorate solution was immediately utilised for su-
bsequent preparations.

Preparation of ruthenium (II) complexes
Complexes of the type[RuLs;(Cl0,4)] (ClOy);

[L = PPhs (1), AsPhs (2), PMe,Ph (3), AsMe,Ph

(4), AsEt,Ph (5)]

An ethanolic solution of ruthenium (IIT) perchlor-
ate (0.40g, 1.0 mmol) was added to a refluxing ethano-
lic solution of the ligand (6 mmol) (L = PPh;, AsPh;,
PMe,Ph, AsMe,Ph and AsEt,Ph) under nitrogen
atmosphere and the contents were refluxed for 6 h.
The colour of the solution remained brown in the case
of L = PPhsand AsPhs. In the case of L = PMe,Ph,
AsMe,Ph and AsEt,Ph, the initial red-brown colour
changed to yellow. The solutions were evaporated to
a small volume in vacuo and the products precipitated
by the addition of dry ether. The products were filtered,
washed with ether and dried in vacuo. The comple-
xes were recrystallized from dichloromethane and
n-hexane.

(if) Complexes of the type [RuLs(NO))(CIO4),;
[L= PPh; (6), AsPh; (7))

Complexes 6 and 7 were obtained by bubbling nit-
ric oxide through dichloromethane solutions of the
parent ionic complexes 1 and 2 (0.1 mmol) for 4-5 h.
The solutions were evaporated in vacuo at room temp-
erature and the compounds precipitated by the addit-
ion of petroleum ether (40-60°) and dried in vacuo.

Results and discussion

Complexes 1-5 (Table 1) contain one perchlorate
group and five phosphine or arsine ligands in the coo-
rdination sphere of the metal ion. The metal ion was
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Table 1—Physicochemical data for ruthenium (II) complexes

Sl. No. Complex Colour Melting/Dec. Found (Calc.), %
(%, yield) point

C H (]

I [Ru(PPh;)s(ClO,))(ClO,) Dark brown 182 65.73 4.56 481

(80) (67.08) (4.65  (4.40)

2 [Ru(AsPh;)s(CIO)NCIOy) Grey 154 57.87 4.15 423

‘ (65) (59.00) (4.09) (3.88)

3 [Ru(PMe,Ph)s(ClO))(CIO,) Greenish Yellow 175 46.90 5.37 8.04

1) (48.50) (5.55) (.17

4 [Ru(AsMe,Ph)s(CIO,)(CIO,) Orange 158 38.64 4.50 6.12

(83) (39.66) (4.54) (5.87)

5 [Ru(AsEL,Ph)s(CIOL)|(CIO,) Yellow 143 4311 563 5.18

(59) (44.44) (5.55) (5.29

6 [Ru(PPh;)s(NO))(CIO,), Brown 210 65.21 4.49 —
(50) 65.77)  (4.57)
7 [Ruf{AsPhy)s(NO)(CIO,), Grey 182 57.22 4.07
(50) (58.06) (4.03)

also reduced to the divalent state during the reaction
with the use of one equivlent excess of phosphine or
arsine. Such simple ionic complexes are not known in
the literature and they present the first examples with
a C, symmetry. Magnetic susceptibility measurem-
ents showed that the complexes were diamagnetic
and possessed spin paired (#,,)°® configuration. The
molar conductivity values of all the complexes in dim-
ethylacetamide corresponded to 1:1 electrolytic beh-
aviour (64-185 ohm™ Icm?mol ™ 1).

The infrared spectra of the complexes suggest the
presence of a monodentate coordinated perchlorate.
Very strong bands observed at 1070 and 1165 cm ™! in
complex 1, at 1080 and 1140 cm ™! in complex 2, at
1080 and 1150 cm ™! in complex 3, at 1070 and 1150
cm™! in complex 4 and at 1040 and 1100 cm ™! in
complex S due to the split peaks of v; mode® confirm
this assignment.

The presence of coordinated phosphine or arsine
was indicated!®'t! by a strong band at 520 or 475
cm ™!, Inthe far infrared.spectra of all the complex-
es, the region 250-350 cm ™! was devoid of bands that
could be assigned to the Ru-Cl stretching mode!2.

The NMR spectra of complexes 1-5 supported the
assigned configuration. The phenyl protons were ob-
served at & 7.47 ppm and 6 7.55 ppm in the case of
phosphine and arsine complexes respectively.

The NMR spectrum of complex 4 was very well
resolved and supported the suggested configuration.
The methyl protons of dimethylphenylarsine ligand
were observed as two singlets of 4:1 intensity at 5 1.50

ppm and 6 1.20 ppm respectively. The phenyl protons
for all the ligands merged to give a broad multiplet
centered at & 7.25 ppm.

The NMR spectrum of complex S showed a triplet
centered at 8 1.00 ppm corresponding to methyl prot-
ons (CH;) and a quartet centered at 8 2.00 ppm corres-
ponding to methylene (CH,) protons of diethylphen-
ylarsine ligand. The phenyl protons were observed as
alarge multiplet centered at 4 7.37 ppm. The integrat-
ion values of phenyl protons, methyl protons and me-
thylene protons were in the ratio of 5:6:4.

The nitric oxide derivdtives (6 and 7) were obtained
by passing nitric oxide through the dichloromethane
solutions of complexes 1 and 2. The substitution of
perchlorate by NO suggest the lability of the weakly
coordinated perchlorate groups. The resulting prod-
ucts were tentatively characterised on the basis of ele-
mental analysis, conductivity and infrared data. The
conductivity measurements showed that they were
1:2 electrolytes with the coordinated perchlorate dis-
placed by nitric oxide. These complexes showed a
strong band 1890 cm ~ ! due to coordinated NO3, A
broad and intense absorption band was also observed
around 1850 cm ! due to ionic perchlorate. The far
infrared spectra of the complexes showed bands at
520 and 460 cm ™! that could be assigned to Ru-P and
Ru-As stretching modes.
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