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SYNTHRSIS, SPECTRA AND ELECTROCHEMISTRY OF Ru(III)

COMPLEXES WITH TETRADENTATE SCHIFF BASES

R. Ramesh, P. K. Suganthy and K. Natarajan*

Department of Chemistry, Bharathiar University,
Coimbatore-641 046, India

ABSTRACT

A series of low-spin ruthenium(lIl} complexes of the type
[RuX(EPh3)(LL')) (X = Cl, Br; E = P, As; LL' = Salen, Salpn
and Saldien) have been synthesised by reacting (RuCl3z(PPh3jjzl,
[RuCl3(AsPh3)3]), [RuBr3(AsPhj3)jl or {RuBr3(PPh3},(MeOH) ] with
tetradentate Schiff bases such as bis(salicylaldehyde)ethylenediimine
{Hp-Salen), bis{salicylaldehyde)propylenediimine (Ho-Salpn) and
bis(salicylaldehyde)diethylenetriimine (Hg-Saldien). All complexes
have been characterized by elemental analyses, IR and electronic

spectra, EPR, magnetic moment and cyclic voltammetric data.

INTRODUCTION

Schiff bases derived from the reactions of salicylaldehyde
with primary amines represent a series of ligands, the metal com-
plexes of which have been widely stuciied.l—3 Although there

is a wealth of information available on transition metal complexes

of Schiff bases4, it is 1largely confined to the first-row metals,
47
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notably iron, cobalt and nicke).s'6 Very little has been reported

for the Schiff base complexes of ruthenium.7—10 In recent years,
the continued interest in the ruthenium complexes is due to their

importance in catalytic oxidative processesn-w.

In view of
growing Interest in oxygenations and carboxylations and of Ru(lll)
complexes as new catalysts, we report In the present communication
the synthesis and characterisation of some stable Ru(III) Schiff

base complexes of the type [RuX(EPhj)(LL'})} (X = Cl, Br; E = P,

As; LL' = Salen, Salpn and Saldien).

The ligands used in this study are of the type as shown

in Fig 1.

EXPERIMENTAL

All reagents used were chemically pure or analytical
reagent grade. Solvents were purified and dried according to
standard procedures. RuCl3.3Hp0 was purchased from Loba Chemie
Pvt. Ltd., Bombay and was used without further purification.
[RuCl3(PPh3)3114, {RuCl3(AsFhy)3]15, [RuBr3(AsPh3)3116,
[RuBr3(PPh3)o(MeOH)117 and the Schiff bases!® were prepared by

reported literature methods.

The analyses of carbon, hydrogen and nitrogen were
performed at the Microanalytical Section of Hindustan Photo Film,
R & D Centre, Ooty. IR spectra were recorded in KBr pellets in
the 4000-200 em~! region using a Perkin-Elmer 597 spectrophotometer.
Electronic spectra were recorded in dichloromethane solution with a

Hitachi Perkin-Elmer 20/200 spectrophotometer in the range 900-
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Fig. 1. Schiff Base Ligand

W = -{CHp)p- (Hp-Salen)

= —(?H-CHZ)- (Hy-Salpn)
CHj

= =(CoHyg)NH(CqoHy)- (Hp-Saldien)

200 nm. EPR spectra of the powdered samples were recorded with
a Bruker Model ER 200-D spectrometer at X-band frequencies.

Magnetic susceptibilities were recorded on an EG and G-PARC vibra-
ting sample magnetometer. Cyclic voltammetric studies were carried
out in acetonitrile using a glassy-carbon electrode as working elec-
trode and the potentials were referenced to a saturated calomel
electrode. Melting points were recorded with a Boetius micro

heating table and are uncorrected.

Preparation of the Complexes

All operations were carried out under strictly anhydrous
conditions. The Schiff bases (0.034-0.039 g: 0.125 mmol) were
added to a solution of [RuX3(EPh3}3] (0.12-0.16 g; 0.125 mmol)

(where E = P, X = Cl; E = As, X = Cl, Br) or [RuBr3z{PPh3);(MeOH)]
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(0.11 g; 0.125 mmol) in a 1:1 molar ratio in benzene (20 mL)
and the mixture was refluxed for 3 hr. A dark green colored
solution was obtained which was concentrated to about 3 mL. The
complex was precipitated by addition of a small quantity of petro-
leum ether (60-80°C), recrystallized from CHyCl;/petroleum ether
(60-80°C) and dried under vaccum. All the other complexes were

prepared using a similar procedure.

RESULTS AND DISCUSSION

The Schiff bases used in this work were synthesised by

the condensation of salicylaldehyde with the appropriate amines

in a 2:1 molar proportion, respectively. These Schiff bases react
with {Rulii3(PPh3)3], [RuCly({AsPh3)3], [RuBr3(A5Ph3)3] and
{RuBr3(PPhy)o(MeOH)] in a 1:1 molar ratio to give hexa-coordinated

ruthenium(1I1) Schiff base complexes of the type [RuX(EPh3)(LL'}}
(X = Cl, Br; E = P, As; LL' = Salen, Salpn and Saldien). All
Schiff base complexes crystallise as dark 'gr‘een crystals and are
quite stable in air. The analytical data given in Table 1 for

the complexes are in good agreement with the formulae proposed.

IR Spectra

The characteristic IR frequencies for all complexes. are listed
in Table 1. A strong band is observed at 1630-1650 cm-1 in the
spectra of the free Schiff bases which 1is characteristic of the
azomethine (-HC=N-} group. It is expected that coordination of

the nitrogen to the metal atom would reduce the electron density

in the azomethine link and thus lower the -C=N frequency. In
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the IR spectra of the Schiff base complexes, this band is shifted
to the region 1590-1615 cm~}, indicating the coordination of the
Schiff bases through the azomethine nitr‘ogen.19 A strong band
observed at 1260-1270 cm~! in the free Schiff bas’es has been
assigned to phenolic C-0 stretching. On complexation this band
is shifted to a higher frequency range, 1280-1285 cm~1, indicating
that the other coordination is through the phenolic oxygen.20
This has been further supported by the disappearance of the broad
vV (0-H) band at 2700-2800 cm~! in the complexes. In addition
to the above, other characteristic bands due to triphenylphosphine

and triphenylarsine were also present in the spectra of the com-

plexes.

Electronic Spectra

Electronic spectra of all the complexes in dichloromethane

showed three to four bands in the region 690-315 nm (Fig, 2;

2

5
Table 1). The ground state of Ru(IIli (¢t configuration} |is T28

28
and the first excited doublet levels in the order of increasing
energy are ZAZS and leg which arise from the t:g e; configuration.
In most of the Ru(Ill) complexes the electronic spectra show only
charge transfer bands.21 However, the extinction coefficients for
the bands around 690-630 nm are found to be very low as compared
to that of charge transfer bands. Hence, the vLands around 690-

630 nm have been assigned to the 21‘2 %—)ZAZg transition which

8
is in conformity with assignments made for similar octahedral Ru(Ill)

complexes.g'22 The other bands in the region 510-315 nm have

been assigned to charge transfer transitions.
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Fig, 2. Electronic Spectra of [RuCl(PPhj)(Salen)] in

Dichloromethane

Magnetic Moments and EPR

The magnetic moments of the complexes {RuCl(PPhg3}(Salen)},
[RuCl{PPhj}(Salpn)] and [RuCl{AsPhj}(Saldien)] have been measured
at room temperature by a vibration sample magnetometer. The
values obtained are in the range 1.71 to 1.91 BM corresponding
to one unpalired electron and suggesting a low spin 128 configuration

for the ruthenium(IIl) ion in an octahedral environment.

EPR spectra of some of the complexes as powdered samples
were recorded at room temperature. All the spectra show no indi-
cation for any hyperfine interaction of nuclei, viz. Ru, As, P,

Cl and Hr, with magnetic moments. All the complexes exhibit

single isotropic resonances with 'g' wvalues in the range 2.16 to
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2.18. Such isotropic lines are usually observed eoither due to
the intermolecular spin exchange which can broaden the lines or
due to the occupancy of the unpaired electron in a degenerate
orbital. The position of lines and nature of the EPR spectra for

all the complexes suggest an almost perfect octahedral structure.g'23

Cyclic Voltammetry

Cyclic voltammetric studies were performed for some of the
complexes Iin acetonitrile solution at a glassy carbon working elec-
trodse. The purpose of the electrochemical experiments was to
investigate the suitability of the present ligand system in achieving
higher oxidation states of metal. The redox potentials of the
complexes characterised by well defined waves are in the range
0.65 to 0.91 V (oxidation) and -0.20 to -0.45 V {reduction) versus
a saturated calomel electrode. The c¢yclic voltammogramm date are

given in Table 2 and a representative case is displayed in Fig. 3.

As the ligands used in this work are not reversibly reduced
or oxidised within the potential limit (+1.0 V to -1.0 V), we believe
that the redox processes observed for these complexes are metal
centered. Most of the complexes show reversible oxidation

Iv 111
(Ru -Ru couple) with peak-to-peak separation (A Ep) values ranging

from 60 mV to 80 mV suggestive of a single step one-electron-

10- 4 -
transfer process. 12,2 Fast eleciron transfer processes are
expected for low-spin, six-coordinate ruthenium(ili} complexes.
since electrons can be added to or removed f{rom tZg orbitals.

These orbitals are sterically more accessible than the eg orbitals
and electron changes within the 128 set require less reorganisation

energy than changes within 88 orbitals. The oxidation response



Table 2. Cyclic Voltammetric Data® for some Ru(III) Complexes

9¢

IV III IIr II

Complex Ru -Ru Ru -Ru

Epa(V) Epc(V) Ef(V) A& Ep(mV) Epc(V)
{RuC1(PPh3)(Salen)] 0.95 0.87 0.91 80 -0.24
[RuCl(AsPh3)(Salen)] 0.72 0.65 0.68 70 -0.25
{RuBr (PPh3) (Salen) ] 0.75 - - - -0.36
[RuC1(PPh3) (Salpn)] 0.64 0.70 0.67 60 -0.45
[RuC1(AsPh3) (Salpn)] 0.70 0.62 0.66 80 -0.22
[RuBr(AsPh3) (Salpn)] 0.78 0.84 0.81 60 -0.27
[RuC1(PPh3) (Saldien)] 0.72 0.66 0.69 60 -0.27
[RuC1(AsPh3)(Saldien)] 0.70 - - - -0.20
[RuBr(AsPh3) (Saldien)] 0.86 - - - -0.25

@ Supparting electrolyte: [NBu,JC10, (0.05 mol); all potentials are referenced to S.C.E.;

Ef = o.m«mum + m.un? where Ep, and Epc are the anodic and cathodic peak potentials respectively;
Scan rate : 50 mvs~i,

€102 ReN TE 2G:T0 B [AsPAIUN 97e1S Bulj0eD YLOoN] Aq pepeojumod
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w

10/ 0,8—=b-6—B4—107 0 -0.2 -0.4 -0.6 -0.8 -1.0

V wvs Saturated Calomel Electrode

Fig.3. Cyclic Voltammogram of [RuCl(PPh3}(Salen)] in
Acetonitrile at a Glassy-carbon Electrode
Scan Rate : 50 mvs-1

N
B __N\l/N___
7/ \ o/lu\o

EPhj

Fig. 4. Ru(lll} Compiexes of Schiff Base

X =Cl, Br
E =P, As
W = -(CHp);-
= -{CH-CHj)-
CHjy

-{ C2H4)NH(C2H4)-
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for [RuBr(PPhj3)(Salen)}], {RuCl(AsPhg)(Saldien)| and

[RuBr(AsPhjy)(Saldien)] are irreversible at 50 mVs—l. At a faster
scan rate {200 mVs_ll the oxidation processes in the above com-
plexes become reversible with A Ep values in the range 80-100 mV
and have Ef values of 0.79 Vv, 0.74 VvV and 0.80 V, respectively.

2 .
A similar observation > has been made for dithlocarbamate complexes

of Co, Rh and Ir.

I I
The reduction processes Ru -Ru for all the complexes

show irreversible cyclic voltammograms. These observations indicate

1 11
that the charge transfer process for the Ru ~Ru state is not,

Iv III
in general, as rapid as is the case for the Ru -Ru couple. Hence,
it has been observed from the electrochemical data that the present

ligand system is ideally suited for stabilizing the higher oxidation

states of the ruthenium ion.

Based on the analytical, spectroscopic data (IR, electronic
and EPR spectra) and electrochemical data an octahedral structure

as shown in Fig, 4 has been proposed for all Ru(lll) complexes.
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