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Fig .5 Shift of the half-wave potential (AEJ us log [caffeine] for the Cu(l)=Cu(0) reduction. 

It should be kept in mind that these values of the stability constants and ligand 
numbers were calculated for caffeine concentrations between 10 5Mand 10 1M. At 
lower caffeine concentrations in the electrolyte solutions used the variations of half-
wave potentials are very small, which may probably indicate the existence of a 
series of complexes. 

Comparing these results with those obtained in 0.25M sulphuric acid, we 
noticethatthe ligand numbers have changed from p=1 to p=2 and q=2 to q=1 and 
that the stability constants of the complexes formed are higher,namely, p2+ is about 
10 times greater and |3+ is about 50 times greater. 
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ABSTRACT 

The v i n y l i d e n e c o m p l e x e s t r a n s - [ R e C l ( = C = C H R ) ( d p p e ) 2 ] ( R = B u t , 

C g H 5 , C6H 4Me-4 o r C 0 2 M e ; d p p e = P h 2 P C H 2 C H 2 P P h 2 ) a n d t h e d e r i v e d 

c a r b y n e c o m p o u n d s t r a n s - [ R e C l ( = C - C H 2 R ) ( d p p e ) 2 ] + u n d e r g o , b y 

c y c l i c v o l t a m m e t r y , i n t e t r a h y d r o f u r a n ( o r a c e t o n i t r i l e ) , a t a P t 

e l e c t r o d e , a s i n g l e - e l e c t r o n r e v e r s i b l e o x i d a t i o n . The 

e l e c t r o c h e m i c a l P L l i g a n d p a r a m e t e r h a s b e e n e s t i m a t e d f o r t h e s e 

l i g a n d s . 

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

h o m o l o g o u s v i n y l i d e n e s p e c i e s , b u t t h e l a t t e r a r e r e g e n e r a t e d 

u p o n c a t h o d i c r e d u c t i o n o f t h e f o r m e r . 
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RESULTS AND DISCUSSION 

Complexes w i t h m u l t i p l e m e t a l - c a r b o n bonds a r e i n t e r m e d i a t e s 

i n i m p o r t a n t o r g a n i c s y n t h e s e s and t h e i r r e a c t i v i t y has been 

w i d e l y s t u d i e d . However, t h e i r e l e c t r o c h e m i c a l b e h a v i o u r i s 

n e a r l y f u l l y u n e x p l o r e d [ 1 ] . 

T h e r e f o r e , we have i n i t i a t e d t h e e l e c t r o c h e m i c a l s t u d y o f 

s e r i e s o f s u c h t y p e o f c o m p l e x e s [1] and now we r e p o r t t h e 

e l e c t r o n - t r a n s f e r and c o u p l e d c h e m i c a l r e a c t i o n s we have o b s e r v e d 

f o r t h e v i n y l i d e n e c o m p l e x e s t r a n s - [ R e C l ( C = C H R ) ( d p p e ) 2 ] (R=Bu t, 

C6H5, C g ^ M e - i o r C0 2Me; dppe = Ph2PCH2CH2PPh2) and t h e c a r b y n e 

compounds t r a n s - [ R e C l (s=C-CH 2R) (dppe) 2 ] + w h i c h a r e d e r i v e d f r o m 

p r o t o n a t i o n o f t h e f o r m e r . 

These compounds u n d e r g o , by c y c l i c v o l t a m m e t r y ( i n 

t e t r a h y d r o f u r a n o r a c e t o n i t r i l e , a t a P t e l e c t r o d e ) , a s i n g l e ¬

- e l e c t r o n r e v e r s i b l e ( o r q u a s i - r e v e r s i b l e ) o x i d a t i o n . 

F o r t h e v i n y l i d e n e c o m p l e x e s , E \f2 f a l l s i n t h e -0.26 t o 

0.38 V r a n g e , w h e r e a s t h e c a r b y n e s p e c i e s a r e o x i d i z e d a t a much 

h i g h e r p o t e n t i a l (E \/2 = 1-56 t o 1.63V v s . s . c . e . ) , i n agreement 

w i t h a s t r o n g e r n e t e l e c t r o n a c c e p t o r c h a r a c t e r o f t h e c a r b y n e 

compared w i t h t h e v i n y l i d e n e l i g a n d s . 

F o r t h e s e l i g a n d s , t h e P L l i g a n d p a r a m e t e r has been 

e s t i m a t e d f r o m e q u a t i o n (2) d e r i v e d f r o m t h e a p p l i c a t i o n o f 

e q u a t i o n (1) [2] t o t h e i r c o m p l e x e s w i t h t h e { R e C l ( d p p e ) 2 } m e t a l 

c e n t r e w i t h Known [ 3 ] v a l u e s o f t h e e l e c t r o n - r i c h n e s s (E s=0.68 V) 

and p o l a r i s a b i l i t y (0=3.4) p a r a m e t e r s . 

E°l/2 [ M S L ] = E s + p \ P L (1) 

E°i/2 [ R e C l L ( d p p e ) 2 ] - E s { R e C l ( d p p e ) 2 } 

2 
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E°l/2 [ M S L ] = E s + f 3 . P L ( 1 ) 

OX 
E 1 / 2 [ R e C l L ( d p p e ) 2 ] - E s { R e C l ( d p p e ) 2 } 

P L = ( 2 ) 
0 { R e C l ( d p p e ) 2 } 

By c o m p a r i n g t h e e s t i m a t e d v a l u e s o f P L ( i n t h e r a n g e s -0.28 

t o - 0 . 0 1 a n d 0.26 t o 0.28 V f o r t h e v i n y l i d e n e s a n d c a r b y n e s , 

r e s p e c t i v e l y ) , a l s o w i t h t h o s e known f o r r e l a t e d l i g a n d s , e . g . . 

i s o c y a n i d e s [ 3 ] a n d CO, t h e s e C - b o n d e d l i g a n d s may be o r d e r e d a s 

f o l l o w s , a c c o r d i n g t o t h e i r n e t e l e c t r o n r c - a c c e p t o r m i n u s a-

d o n o r c h a r a c t e r : 

= C - C H 2 C 0 2 R ^ = C-CH 2R > CO > 

= C=CHC0 2R > CNR > =C=CHR 

W i t h i n t h e v i n y l i d e n e c o m p l e x e s , t h e r e d o x p o t e n t i a l 

c o m m o n l y i n c r e a s e s w i t h t h e Hammett's o o r t h e T a f t ' s o* 

c o n s t a n t o f t h e o r g a n i c g r o u p R, a l t h o u g h f o r t h e c a r b y n e 

c o m p l e x e s , w i t h a n s p 3 6-C-atom, E ° f / 2 i s a l m o s t u n a f f e c t e d b y 

t h e s u b s t i t u e n t . 

A s i n d i c a t e d a b o v e , t h e c a r b y n e c o m p l e x e s a r e f o r m e d b y 0-

p r o t o n a t i o n o f t h e c o r r e s p o n d i n g v i n y l i d e n e c o m p o u n d s . H o w e v e r , 

t h e l a t t e r c a n be r e g e n e r a t e d e l e c t r o c h e m i c a l l y , b y c a t h o d i c 

r e d u c t i o n o f s o l u t i o n s o f t h e f o r m e r w h i c h l e a d s t o t h e i r 

d e p r o t o n a t i o n . 

M o r e o v e r , a s shown b y c y c l i c v o l t a m m e t r y , t h e c a r b y n e 

c o m p l e x e s , i n a b a s i c s o l v e n t ( s u c h a s t e t r a h y d r o f u r a n ) u n d e r g o a 

s l i g h t d i s s o c i a t i o n t o t h e c o r r e s p o n d i n g v i n y l i d e n e s p e c i e s . 

T h e s e r e a c t i o n s a r e s u m m a r i z e d i n Scheme 1. 
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t r a n s - [ R e C l ( = C = C H R ) ( d p p e ) 2 ] t r a n s - [ R e C l ( = C = C H R ) ( d p p e ) 2 ] 

t r a n s - [ R e C l ( = C - C H 2 R ) ( d p p e ) 2 ] + ^ " t r a n s - [ R e C l ( = C - C H 2 R ) ( d p p e ) 2 ] 2 + 

Scheme 1 - R e d o x b e h a v i o u r a n d i n t e r c o n v e r s i o n o f t h e v i n y l i d e n e 
c o m p l e x e s t r a n s - [ R e C l ( = C = C H R ) ( d p p e ) 2 ] a n d t h e d e r i v e d 
c a r b y n e compounds t r a n s - [ R e C l ( = C - C H 2 R ) ( d p p e ) 2 ] . 
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REDOX P R O P E R T I E S 0_F THE N I T R I L E COMPLEXES  

t r a n s - [ R e C l ( N C R ) ( P h 2 P C H 2 C H 2 P P h 2 ) 2 ] 

MARIA DE FATIMA C. GUEDES d a S I L V A 

a n d ARMANDO J . L . POMBEIRO* 

C e n t r o d e Química E s t r u t u r a l , C o m p l e x o I 
I n s t i t u t o S u p e r i o r Técnico, A v . R o v i s c o P a i s , 

1096 L i s b o a C o d e x , P o r t u g a l 

A b s t r a c t 

T h e n i t r i l e c o m p l e x e s t r a n s - [ R e C l ( N C R ) ( d p p e ) 2 1 ( l ; R = a l k y l o r 

a r y l , d p p e = P h 2 P C H 2 C H 2 P P h 2 ) u n d e r g o , i n t e t r a h y d r o f u r a n , b y 

c y c l i c v o l t a m m e t r y a n d a t a P t e l e c t r o d e , t w o s u c c e s s i v e s i n g l e ¬

- e l e c t r o n r e v e r s i b l e ( o r q u a s i - r e v e r s i b l e ) o x i d a t i o n s a n d , f r o m 

o x 

t h e v a l u e s o f t h e h a l f - w a v e o x i d a t i o n p o t e n t i a l (E i / 2 ) o f t h e 

f i r s t a n o d i c w a v e , t h e e l e c t r o c h e m i c a l P L l i g a n d p a r a m e t e r was 

e s t i m a t e d f o r t h e n i t r i l e l i g a n d s i n d i c a t i n g t h a t t h e y b e h a v e a s 

b e t t e r n e t e l e c t r o n d o n o r s t h a n i s o c y a n i d e s , d i n i t r o g e n o r 
o x 

c a r b o n y l l i g a n d s . F o r t h e a r o m a t i c n i t r i l e c o m p l e x e s , E i / 2 i s 

sho w n t o v a r y l i n e a r l y w i t h t h e Ham m e t t ' s Op c o n s t a n t o f t h e 

p h e n y l s u b s t i t u e n t . 
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