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SYNTH. REACT. INORG. MET.-ORG. CHEM., 26(1), 47-60 (1996) 

SYNTtlESIS, SPECTRA ANC ELECTROCHEMISTRY OF Ru( 111) 

COMPLEXES WITH TETRADENTATE SCHIFF BASES 

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

Department of Chemis t ry ,  B h a r a t h i a r  Universi ty  , 
Coimbatore-641 046,  India  

ABSTRACT 

A series of low-spin ruthenium(II1) complexes of t h e  t y p e  

[RuX(EPh3li:LL1)] (X = C1. B r ;  E = P, As;  L L '  = Salen,  Salpn 

and Saldien)  h a v e  been syn thes i sed  by react ing [ RuC13( PPh3)3  1 ,  

[ RuC13 (AsPt13)3 1 , with 

t e t r aden ta t e  Schiff  b a s e s  s u c h  a s  bis(salicyla1dehyde)ethylenediimine 

(H2-Salen) , b i s (  s a l i c y l a l d e h y d e )  propylenedi imine ( H2-Salpn) and 

b i s (  salicyla1dehyde)diethylenetriimine ( HZ-Saldien) . All complexes 

have  been cha rac t e r i zed  by  elemental  ana lyses ,  I R  and e l ec t ron ic  

s p e c t r a ,  E P R ,  magnetic moment and c y c l i c  voltammetric d a t a .  

[ RuBr3 (AsPh3 ) 3 I o r  I R u B r 3  ( PPh3 ) 2 ( MeOH ) 1 

INTRODUCTION 

Schiff  bases  d e r i v e d  from t h e  react ions of s a l i c y l a l d e h y d e  

with p r imary  amines r ep resen t  a s e r i e s  of l i gands ,  t h e  metal com- 

p l exes  of which h a v e  been widoly s tud ied .  Although t h e r e  

is a weal th  of information a v a i l a b l e  on t ransi t ion metal complexes  

of Schiff  bases , i t  is l a rge ly  cnnfined to t h e  f i rs t - row metals ,  4 
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48 RAMESH, SUGANTHY, AND NATARAJAN 

notably i r o n ,  cobal t  and n l ~ k e l . ~ ' ~  Very l i t t l e  h a s  been reported 

for the  Schiff  b a s e  complexes of ruthenium. In recent y e a r s ,  

t h e  continued in t e re s t  in t h e  ruthenium complexes i s  due to t h e i r  

importance i n  c a t a ly t i c  ox ida t ive  p r o c e s s e ~ ~ ' - ~ ~ .  In  view of  

growing Interest in  oxygenations and ca rboxy la t ions  and of R u ( I I 1 )  

complexes a s  new c a t a l y s t s ,  w e  r e p o r t  i n  t h e  p re sen t  communication 

t h e  s y n t h e s i s  and cha rac t e r i s a t ion  of some s t a b l e  Ru( 111) Schlff 

b a s e  complexes of t he  t y p e  ( R u X ( E P h 3 l ( L L ' ) I  ( X  = C1, B r :  E = P ,  

As: L L '  = Salen,  Salpn and Sa ld i en ) .  

7-10 

The  l igands used i n  t h i s  s t u d y  a r e  of t h e  t y p e  a s  shown 

in Fig 1.  

EXPERIMENTAL 

A l l  r eagen t s  used were chemica l ly  p u r e  o r  ana ly t i ca l  

reagent grade.  Solvents  were pur i f i ed  and d r i e d  according t o  

s t anda rd  p rocedures .  RuC13.3HzCI was pu rchased  from Loba Chemie 

P v t .  L td . ,  Bombay and was used without f u r t h e r  purif icat ion.  

[ RuC13( PPh3 1 3114. [ R ~ C 1 3 ( A ~ F ' h 3 ) 3 1 ~ ~ ,  [RuBr3(AsPhj)3 116,  

[RuBr3( PPh3)2(MeOH)]17 and t h e  Schiff  based8 were p r e p a r e d  b y  

r e p o r t e d  l i t e r a t u r e  methods.  

T h e  a n a l y s e s  of ca rbon ,  hydrogen and nitrogen were 

performed a t  the Microanalyt ical  Section of Hindustan Photo Fi lm,  

R 6 D Centre ,  Ooty. I R  s p e c t r a  were reco rded  i n  KBr p e l l e t s  i n  

t h e  4000-200 cm-1 region using a Perkin-Elmer 597 spectrophotometer .  

E lec t ron ic  s p e c t r a  were r eco rded  i n  dichlorornethane solution with a 

Hitachi  Perkin-Elmer 20/200 spec t ropho tomete r  i n  t h e  range 900- 
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Ru(II1) COMPLEXES 49 

Fig. 1. Schiff Base Ligand 

where 

w = -(CH212- (H2-Salen) 

= - (  CH-CHz) - ( Hg-Salpn) 
I 
CH3 

= - (  C2H4 1 NH ( C2H4 ) - ( H2-Saldien) 

200 nm. EPR spectra  of t h e  powdered samples were recorded with 

a Bruker Model ER ZOO-D spectrometer a t  X-band frequencies. 

Magnetic suscept ibi l i t ies  were recorded on an EG and G-PARC vibra- 

ting sample magnetometer. Cyclic voltammetric s tud ies  were car r ied  

out i n  acetoni t r i le  using a glassy-carbon electrode a s  working elec- 

t rode and the  potentials were referenced to  a saturated calomel 

electrode. Melting points were recorded with a Boetius micro 

heating tab le  and a r e  uncorrected. 

Preparation of t h e  Complexes 

A l l  operations were carr ied out under s t r i c t l y  anhydrous 

conditions. The Schiff bases (0.034-0.039 g; 0.125 rnrnol) were 

added to a solution of [RuX3(EPh3)31 (0.12-0.16 g; 0.125 mrnol) 

(where E = P ,  X = C1; E = A s ,  X = C1. B r )  o r  [RuBr3(PPh3)2(MeOH)] 
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52 M E S H .  SUGANTHY, AND NATARAJAN 

(0.11 8 ;  0.125 mmoll In  a 1:l molar r a t i o  in benzene ( 2 0  m L )  

and t h e  mixture  was r e f luxed  f o r  3 h r .  A d a r k  green co lored  

so lu t ion  was obta ined  wh ich  was concentrated to  about 3 m t .  T h e  

complex was p rec ip i t a t ed  by  addi t ion  of a smal l  quant i ty  of petro- 

leum e t h e r  ( 6O-8O0C), r e c r y s t a l l i z e d  from CH2C12/petroleum e t h e r  

( S O - B O O C )  and d r i e d  u n d e r  vaccum. A l l  t h e  o t h e r  complexes were 

p r e p a r e d  using a s i m i l a r  procedure .  

RESULTS AND DISCUSSION 

The  Schiff  b a s e s  used  in t h i s  work were syn thes i sed  by  

t h e  condensation of s a l i c y l a l d e h y d e  wi th  t h e  a p p r o p r i a t e  amines 

In a 2 : l  ~iiiilar p r o p o r t i o n ,  r e s p e c t i v e l y .  These  Schi f f  bases  r eac t  

wi th  [R i ! i . l 3 (PPh3)3 ] ,  [ t~uCl j (AsPh3131 ,  [RuBr3(AsPh3J3]  and 

[RuBr3(PPti  I J ~ ( M ~ O H ) ]  i n  a 1:l molar r a t i o  to  g i v e  hexa-coordinated 

ru then ium(I l I ]  Schi f f  b a s e  complexes of  t h e  t y p e  [RuX(EPh3) (LL '  1 1  

( X  = C1, U r ;  E = P ,  A s :  LL' = Salen. Sa lpn  and S a l d i e n ) .  All 

Schi f f  base  complexes  c r y s t a l l i s e  a s  d a r k  green c r y s t a l s  and a re  

q u i t e  s t a b l e  in a i r .  T h e  ana ly t ica l  da ta  given in Table  1 f o r  

t h e  complexes a r e  in good agreement with t h e  formulae p roposed .  

IR  Spec t r a  

The  c h a r a c t e r i s t i c  I R  f requencies  for a l l  complexes  a r e  l i s t e d  

i n  Tab le  1. A s t rong  band is obse rved  a t  1630-1650 cm-' i n  t h e  

s p e c t r a  of t h e  free Schi f f  bases  which is c h a r a c t e r i s t i c  of  t h e  

azomcthine ( - H C = N - )  g roup .  I t  is expec ted  t h a t  coordination of 

t h e  nitrogen to  t h e  metal  atom would r educe  t h e  e lec t ron  dens i ty  

i n  t h e  azomethine l ink  and thus  lower t h e  -C=N f requency .  In 
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Ru(1II) COMPLEXES 53 

the IR s p e c t r a  of t h e  Schiff  base  complexes.  t h i s  band i s  sh i f t ed  

to  t h e  region 1590-1615 cm-1, indicat ing t h e  coordination of t h e  

Schiff  bases  through t h e  azomethlne nitrogen. A st rong band 

obse rved  a t  1260-1270 cm-l In t h e  free Schiff  bases  has  been 

assigned to  phenolic C - 0  s t r e t ch ing .  On complexation t h i s  band 

is s h i f t e d  to a h ighe r  frequency range, 1280-1285 cm-l, indicating 

t h a t  t h e  o t h e r  coordination is through t h e  phenol ic  oxygen. 

T h i s  has  been fu r the r  suppor t ed  by  t h e  d i sappea rance  of t h e  broad 

( 0 4 )  band a t  2700-2800 cm-l i n  t h e  complexes,  In addi t ion 

to  t h e  above ,  o t h e r  c h a r a c t e r i s t i c  bands due to  t r i pheny lphosph ine  

and t r ipheny la r s ine  were a l s o  present  In t h e  s p e c t r a  of t h e  com- 

p l exes .  

20 

Electronic  Spectra  

Electronic  spec t r a  of a l l  t h e  complexes in dichloromethane 

showed t h r e e  to four bands in  t h e  region 690-315 nrn (F ig .  2 ;  

Table  t ) .  The ground s t a t e  of R u ( 1 I I l  ( 1  conflgurat lon)  1s 'T 

and the  f i r s t  exci ted doublet  l e v e l s  in the o r d e r  of increasing 

5 

28 28 

4 1  
energy a r e  2Az8  and 2Tlg which a r i s e  from the t 2 8  eg configuration. 

In most of t he  R u ( I I I I  complexes t h e  e l ec t ron ic  s p e c t r a  show only 

cha rge  t r ans fe r  bands.  However,  t h e  ext inct ion coeff ic ients  for 

t h e  bands around 690-630 nm a r e  found to be  v e r y  low a s  compared 

to  that of charge t r ans fe r  bands.  Hence. the  bands around 690- 

630 nm have  been assigned to t h e  t r ans  I t ion w h i c h 

is i n  conformity with asslgnrnents made fo r  s i m i l a r  oc t ahedra l  Ru(II1) 

corn pl e x e s .  9 ' 2 2  The o t h e r  bands in t h e  region 510-315 nm have  

been assigned to charge t r ans fe r  t r ans i t i ons .  

T g-) A 
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54 M E S H ,  SUGANTHY, AND NATARAJAN 

2 . 5  ,- 

I I I I I 1 
200 300 400 500 600 700 800 

X /nm 

F i g .  2 .  ~ i e c t r o n i c  S p e c t r a  o f  [ R u C l ( P P h ~ ) ( S a l e n ) i  i n  

D i c h l o r o m e t h a n e  

Magnetic Moments and EPR 

I h e  magnet ic  moments  o f  t h e  c o m p l e x e s  [ R u C l [ P P h ~ ) [ S a l e n J ] ,  

[ R u C l [ P P h ~ ) ( S a l p n ) l  and  [ K u C l ( A s P h 3 ) ( S a l d i e n ) I  h a v e  been measured  

at  room t e m p e r a t u r e  b y  a v i b r a t i o n  s a m p l e  magnetometer .  T h e  

v a l u e s  o b t a i n e d  a r e  i n  t h e  r a n g e  1 . 7 1  to  1 . 9 1  BM c o r r e s p o n d i n g  

t o  one  u n p a i r e d  e l e c t r o n  a n d  sugges t ing  a low s p i n  t conf igura t ion  

for t h e  ru thenium(  111) ion  i n  a n  o c t a h e d r a l  envi ronment .  

5 

28 

EPR s p e c t r a  of s o m e  of t h e  c o m p l e x e s  a s  powdered  s a m p l e s  

were r e c o r d e d  at  room t e m p e r a t u r e .  All  t h e  s p e c t r a  show no i n d i -  

c a t i o n  for  any  h y p e r f i n e  i n t e r a c t i o n  of n u c l e i ,  v i z .  Ru, A s ,  P .  

C I  and l ir, w i t h  magnet ic  moments .  All t h e  c o m p l e x e s  e x h i b i t  

S ingle  i so l i -npic  r e s o n a n c e s  w i t h  ' g '  v a l u e s  i n  t h e  range  2.16 t o  
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Ru(II1) COMPLEXES 55 

2.18 .  Such i s o t r o p i c  l i n e s  a r e  u s u a l l y  o b s e r v e d  e i t h e r  d u e  t o  

t h e  i n t e r m o l e c u l a r  s p i n  e x c h a n g e  w h i c h  can  b r o a d e n  t h e  l i n e s  o r  

d u e  to the  occupancy  of t h e  u n p a i r e d  e l e c t r o n  i n  a d e g e n e r a t e  

o r b i t a l .  T h e  p o s i t i o n  of l i n e s  and n a t u r e  of t h e  EPR s p e c t r a  for 
9 , 2 3  a l l  the c o m p l e x e s  sugges t  a n  a lmost  p e r f e c t  o c t a h e d r a l  s t r u c t u r e .  

C y c l i c  vo l ta inmet r ic  s t u d i e s  were p e r f o r m e d  for s o m e  of t h e  

c o m p l e x e s  i n  a c e t o n i t r i l e  s o l u t i o n  a t  a g l a s s y  c a r b o n  w o r k i n g  e lec-  

t rode.  The  purpose of t h e  e l e c t r o c h e m i c a l  e x p e r i m e n t s  was  to 

i n v e s t i g a t e  t h e  s u i t a b i l i t y  of t h e  p r e s e n t  l igand  s y s t e m  in  a c h i e v i n g  

h i g h e r  o x i d a t i o n  s t a t e s  of meta l .  T h e  r e d o x  p o t e n t i a l s  of t h e  

c o m p l e x e s  c h a r a c t e r i s e d  b y  wel l  d e f i n e d  waves a r e  i n  t h e  r a n g e  

0 .65  to  0.91 V ( o x i d a t i o n )  and  -0 .20  t o  -0.45 V ( r e d u c t i o n )  v e r s u s  

a s a t u r a t e d  ca lomel  e l e c t r o d e .  T h e  c y c l i c  vol tammograin d a t a  a r e  

g i v e n  i n  T a b l e  2 and a r e p r e s e n t a t i v e  c a s e  i s  d i s p l a y e d  i n  Fig. 3 .  

A s  t h e  l i g a n d s  used  i n  t h i s  w o r k  a re  not r e v e r s i b l v  r e d u c e d  

o r  o x i d i s e d  w i t h i n  t h e  p o t e n t i a l  l i m i t  (+1.0 V t o  -1.0 V ) ,  we b e l i e v e  

t h a t  t h e  r e d o x  p r o c e s s e s  o b s e r v e d  for t h e s e  c o m p l e x e s  a re  meta l  

c e n t e r e d .  Most  of  t h e  c o m p l e x e s  show r e v o r s i b l o  o x i d a t i o n  

(Ru -Ru c o u p l e )  w i t h  peak- to-peak  s e p a r a t i o n  ( A  E p )  v a l u e s  ranging  

from 60 m V  to  80 rnV s u g g e s t i v e  of a s i n g l e  s t e p  o n e - e l e c t r o n -  

t r a n s f e r  p r o c e s s .  10-12.24 F a s t  e l e c t r o n  t r a n s f e r '  processes a r e  

e x p e c t e d  f o r  l o w - s p i n ,  s i x - c o o r d i n a t e  r u t h e n i u m [  111)  complexes .  

s i n c e  e l e c t r o n s  can b e  a d d e d  to or  removed from t o r b i t a l s .  

T h e s e  o r b i t a l s  a r e  s t e r i c a l l y  more a c c e s s i b l e  t h a n  t h e  e o r b i t a l s  

and e l e c t r o n  c h a n g e s  w i t h i n  the t set r e q u i r e  less rcor ,qanisa t ion  

e n e r g y  t h a n  c h a n g e s  w i t h i n  e o r b i t a l s .  T h e  o x i d a t i o n  r e s p o n s e  

I V  111 
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2 
4 

0 -0.2 -0.4 -0.6 -0.8 -1.0 

V v s  Saturated Calomel Electrode 

Fig.3. Cycl ic  Voltammogram of [RuCl (PPh-~) (Sa len )  1 i n  

Acetoni t r i le  a t  a Glassy-carbon E lec t rode  

Scan Rate : 50 m V s - l  

Fig. 4. R u ( I I 1 )  Complexes of Schi f f  Base  

X = C 1 ,  B r  

E = P .  A s  

W = - ( C H 2 ) 2 -  

= - [ C H - C H z ) -  
I 
CH3 

D
ow

nl
oa

de
d 

by
 [

N
or

th
 C

ar
ol

in
a 

St
at

e 
U

ni
ve

rs
ity

] 
at

 0
1:

57
 3

1 
M

ay
 2

01
3 



58 RAMESH, SUGANTHY, AND NATARPJAN 

for [ RuBr( P P h 3 )  ( S a l e n )  1 . I R u C l ~ A s P h 3 ) ( S a I d i e n l  1 and 

[ R u B r i A s P l i 3 ) ( S a l d i e n ) l  a r e  i r r e v e r s i b l e  a t  50 rnVs . A t  a f a s t e r  

s c a n  r a t e  (200  m V s - l l  t h e  o x i d a t i o n  p r o c e s s e s  in  t h e  a b o v e  corn- 

p l e x e s  hocorne r e v e r s i b l e  w i t h  A E p  v a l u e s  i n  t h e  range  80-100 rnV 

and h a v e  E f  v a l u e s  of 0.79 V ,  0 .74  V and 0.80 V ,  r e s p e c t i v e l y .  

A similar  c i l , ~ e r v a t i o ? ~  h a s  been  m a d e  for d i t h l o c a r b a m a t e  c o m p l e x e s  

of Co. Rh and It-. 

-1 

I l l  I I  
The r e d u c t i o n  proLesses Ru -Ru f o r  a l l  t h e  complexes  

shov, i r r e v e r s i b l e  c y c l i c  vol tarnmograms.  r h e s e  o b s e r v a t l o n s  i n d i c a t e  

t h a t  t h e  c h a r g e  t r a n s f e r  p r o c e s s  for t h e  RU -Ru s t a t e  i s  n o t .  

i n  g e n e r a l ,  a s  r a p i d  a s  i s  t h e  c a s e  for  t h e  Ru -Ru couple .  Hence, 

i t  h a s  been  o b s e r v e d  from t h e  e l e c t r o c h e m i c a l  d a t a  t h a t  t h e  p r e s e n t  

l igand s y s t e m  i s  i d e a l l y  s u i t e d  f o r  s t a b i l i z i n g  the  h i g h e r  o x i d a t i o n  

s !a tes  of t h e  ruthenium i o n .  

111 I1 

I V  I11 

Based  on t h e  a n a l y t i c a l ,  s p e c t r o s c o p i c  d a t a  (IR. e l e c t r o n i c  

and EPR s p e c t r a )  and e l e c t r o c h e r n l c a l  d a t a  an o c t a h e d r a l  s t r u c t u r e  

a s  shown in  Fig. 4 h a s  been p r o p o s e d  f o r  a l l  Ru(1I I )  complexes .  
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