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STUDIES ON DIOXYGEN ADDUCTS OF COBALT(I1) COMPLEXES WITH 
SALEN-ANALOGS CONTAINING A PENDANT GROUP 

WAKAKO KANDA 
F a c u l t y  of Educat ion ,  Wakayarna U n i v e r s i t y ,  Sakaedani 930, 
Wakayarna, Japan  

(Received April 18.1988) 

A b s t r a c t  New c o b a l t ( I 1 )  complexes ([Co(sal-P) 3 )  wi th  
p e n t a d e n t a t e  sa len-ana logs  posses s ing  a pendant group capab le  
o f  a x i a l  c o o r d i n a t i o n  have been syn thes i zed  and d i scussed  w i t h  
r e s p e c t  t o  c o o r d i n a t i o n  behavior  of t h e  pendant groups.  

Keywords: Salen-analogs, dioxygen adducts, axial coordination 

INTRODUCTION 

N,N’-Ethylenebis (salicy1idenearninato)cobalt (11) , [Co(sa len)  1 ,  h a s  

e x t e n s i v e l y  been s t u d i e d  as a good model f o r  t h e  n a t u r a l  oxygen 

carriers because  i t  reacts r e v e r s i v e l y  w i t h  dioxygen. S i n c e  t h e  

a c t i v e  s i tes  of some meta l  enzymes a r e  of  square-pyramidal geometry,  

n i n e  new c o b a l t ( I 1 )  complexes w i t h  p e n t a d e n t a t e  sa len-ana logs  

( [Co(sa l -P ) ] )  have been syn thes i zed  (F igure  1 ) .  The pendant group 

(P) which can  c o o r d i n a t e  t o  t h e  a x i a l  p o s i t i o n  is pheno l i c  hydroxy, 

e t h e r ,  amino, o r  t h i o e t h e r ;  t h e  donor atom i s  l i n k e d  t o  t h e  

e t h y l e n e  backbone of t h e  sa l en - ske le ton  through a two-, t h ree - ,  o r  

four-carbon c h a i n  (Table I ) .  In t h i s  s tudy  t h e  n a t u r e  of t h e  

c o b a l t  (11) complexes and t h e i r  oxygenation r e a c t i o n s  were 

i n v e s t i g a t e d  wi th  r e s p e c t  t o  t h e  r o l e  of t h e  pendant group. 

FIGURE 1 The chemical s t r u c t u r e  of [Co(sa l -P) ] .  
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TABLE I Abbrevia t ions  of c o b a l t  (11) complexes. 

P [Co(sal-P) 1 P [Co(sal-P) ] 

- ( c H ~ ) ~ o C H ~  [Co(sal-moen) J -(CH212SCH(CH312 [Co(sa l - ipsen)  1 

-(CH2)30CH3 [Co(sal-motn) ] -(CH2)3SCH(CH3)2 [Co(sa l - ip s tn )  ] 

- ( C H 2 ) 2 S 0  [Co(sal-bsen) ] 

-(CH2)3N(C2H5>2 [Co(sa l -ea tn)  1 
[Co(sal-mpen) ] 

CH3 
-(CH2)3N(C4H9)2 [Co(sa l -ba tn ) ]  

- ( C H 2 ) 2 6  [Co(sal-Hpen)] 

CH 3 

SYNTHESES 

The g e n e r a l  s y n t h e t i c  procedure  f o r  [Co(sal-P)] is  shown i n  F i g .  2 .  

Ketones c o n t a i n i n g  t h e  P group a t  t h e  carbonyl  carbon were used as 

s t a r t i n g  m a t e r i a l s .  They were conver ted  i n t o  amino n i t r i l e s ,  which 

were then  reduced wi th  L i A l H  t o  d iamines .  The Sch i f f  b a s e s ,  

H ( sa l -P) ,  were ob ta ined  by condensing t h e s e  amines and s a l i c y l -  

a ldehyde  i n  t h e  1 : 2  molar r a t i o .  The c o b a l t ( I 1 )  complexes, 

[Co(sa l -P) ] ,  were ob ta ined  by t h e  r e a c t i o n  of t h e  l i g a n d s  wi th  

c o b a l t ( I 1 )  a c e t a t e  under a n i t r o g e n  atmosphere,  

4 

2 

1 

NH NH F2 1 2 1 2  
CH CO-CH3C-CNACH3C- CH2-H2(sal-P) -.A [Co(sa l -P) ]  

1 I 
P P 

31  
P 

FIGURE 2 Represen ta t ion  of t h e  s y n t h e t i c  procedure .  

CHARACTERIZATION OF COBALT(I1)  COMPLEXES 

A l l  t h e  c o b a l t ( I 1 )  complexes showed a magnetic moment f a l l i n g  i n  

che range  2.4-2.5 pB. 

methane a t  room tempera ture  e x h i b i t e d  t h e  a b s o r p t i o n  band nea r  

8x10 cm-' (E-20 dm mol cm ) which i s  c h a r a c t e r i s t i c  of low s p i n ,  

p l a n a r  c o b a l t  (11) complexes wi th  s a l e n - l i k e  S c h i f f  bases  

Ev iden t ly ,  no c o o r d i n a t i o n  of  t h e  pendant group t o  t h e  me ta l  occurs  

E l e c t r o n i c  s p e c t r a  measured i n  d i ch lo ro -  

3 3 -1 -1 
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a t  room tempera ture .  

ESR s p e c t r a  of t h e  c o b a l t ( I 1 )  

complexes w e r e  measured i n  f r o z e n  

dichloromethane a t  l i q u i d  n i t r o g e n  

tempera ture .  The r e s u l t s  are shown 

i n  F ig .  3 .  The s p e c t r a  of [Co(sa l -  

motn) 1 ,  [Co(sal-mpen)] , and [Co(sa l -  

b a t n ) ] ,  showed an  ESR p a t t e r n  

t y p i c a l  of a low s p i n ,  p l a n a r  c o ( I 1 )  

w i th  t h e  (d ) ground s ta te .  I n  

c o n t r a s t  [Co(sa l - ipsen)  ] e x h i b i t e d  

a wel l -def ined  rhombic p a t t e r n  which 

can b e  i n t e r p r e t e d  i n  terms of  t h e  

( d 7 2 )  FIGURE 3 ESR sDec t r a :  

1 
Y Z  

e l e c t r o n i c  c o n f i g u r a t i o n  

t y p i c a l  of a f ive -coord ina te  Co(I1) 

complex w i t h  a b a s e  a t  t h e  a p i c a l  
n 

(A) [Co (sal-mpen) ] ; 
( B )  [Co(sal-moen) ] ; 
(C) [Co(sa l - ip sen ) ]  . 

s i t e a L  

ea tn )  1 ,  [Co(sal-moen)], [ C o ( s a l - i p s t n ) ] ,  and [Co(sal-bsen) 1 ,  on t h e  

o t h e r  hand, showed compl ica ted  p a t t e r n s  wi th  t h r e e  s i g n a l s .  These 

s p e c t r a  sugges t  t h a t  t h e  fou r -coord ina te  and f ive -coord ina te  

s p e c i e s  c o e x i s t  i n  f r o z e n  s o l u t i o n s .  These complexes p r e f e r  

f i ve -coord ina t ion  probably  a t  lower t empera tu res  w i t h  

t h e  pendant donor atom a t  t h e  a x i a l  s i t e ,  b u t  t h e  a x i a l  coordina- 

t i o n  is  n o t  complete i n  t h e  f r o z e n  s o l u t i o n ,  From ESR s p e c t r a  i t  

was  found t h a t  t h e  axial  c o o r d i n a t i o n  of e t h e r  oxygen occur s  i n  

[Co(sal-moen)] b u t  no t  i n  [Co(sal-motn)] ; t h e  a x i a l  

c o o r d i n a t i o n  was complete i n  [Co(sa l - ip sen ) ]  b u t  incomple te  i n  

[ C o ( s a l - i p s t n ) ] .  

t h e  same, t h e  pendant t a i l  is  s t e r i c a l l y  f a v o r a b l e  f o r  a x i a l  

c o o r d i n a t i o n  when connected t o  t h e  sa l en - ske le ton  through two 

m e  thy l e n e  groups.  

RESONANCE RAMAN SPECTRA 

The ESR s p e c t r a  of [Co(sa l -  

These r e s u l t s  sugges t  t h a t  i f  t h e  donor atom is 

A l l  t h e  complexes showed ESR s i g n a l s  nea r  g-2.02 which a r e  t y p i c a l  
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of 1:l Co-0 adduct a t  78 K i n  an  open atmosphere.  I n  o r d e r  t o  

make d e t a i l e d  i n v e s t i g a t i o n s  on t h e  oxygenated s p e c i e s ,  t h e  

resonance  Raman s p e c t r a  of several [Co(sal-P) ] complexes were 

measured i n  dichloromethane under 4 atm 0 p r e s s u r e  (Table I T ) .  

The bands nea r  1145 cm are as s igned  t o  t h e  0-0 v i b r a t i o n  o f  t h e  

"base-bound", s ix -coord ina te  Co(I1)-0 a d d ~ c t . ~  On t h e  o t h e r  hand, 

[Co(sal-Hpen) ] and [Co(sa len)  3 showed t h e  Raman bands near 

1095 cm-l. 

"base-free",  f i ve -coord ina te  O2 adduct . 3  The phenol pendant group 

of [Co(sal-Hpen)]02, t h e r e f o r e ,  does  n o t  c o o r d i n a t e  t o  t h e  metal. 

F u r t h e r ,  t h e  821 cm-l band o f  [Co(sa l - ip sen ) ]  is  t h e  0-0 v i b r a t i o n  

of t h e  2 : l  Co-O2 adduc t .2  Thus,  t h e  s t r u c t u r e s  of  t h e  dioxygen 

adduc t s  have been  determined through t h e  0-0 v i b r a t i o n .  

2 

2 -1 

2 

These bands are a s s igned  t o  t h e  0-0 v i b r a t i o n  of t h e  

TABLE XI Resonance Raman s p e c t r a l  d a t a .  

-1 samples AV / c m  

[ Co (sal-mpen) ] 1148 1087 

[Co(sal-bsen) ] 1145 1080 

[Co(sa l - ipsen)  ] 1 1 4 2 ,  821 1077, 7 7 2  

[Co(sal-Hpen) ] 109 5 1033 

[ C o  ( s a l e n )  ] - 109 7 

REFERENCES 

1. 

2 .  

3. 

W.'Kanda, H.  Gkawa, and S .  Kida ,  B u l l .  Chem. SOC. J p n ,  5 6 ,  
3268 (1983).  
K .  Nakamoto, H.  Oshio,  H .  bkawa, W .  Kanda, K .  Hor iuch i ,  and S .  
Kida,  Ino rg .  Chim. Acta,  108, 231 (1985).  
K.  Ba jdor ,  H .  Oshio, K.  Nakamoto, W .  Kanda, H .  Gkawa, and S .  
Kida,  Ino rg .  Chim. Acta ,  103, 63 (1985).  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
5
5
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1


