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P ( I I 1 )  LIGANDS I N  HOMOGENEOUS CATALYSIS : GOOD DEEDS AND 

MISDEEDS 

IGOR TKATCHENKO 

I n s t i t u t  d e  Recherches s u r  l a  C a t a l y s e ,  69626 V i l l e u r b a n n e  

France 

INTRODUCTION 

The u s e  o f  P ( I I 1 )  compounds as a n c i l l a r y  l i g a n d s  o n  t r a n s i t i o n  

m e t a l  s p e c i e s  a c t i v e  i n  homogeneous c a t a l y s i s  o f t e n  p r o v i d e s  

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

s e l e c t i v i t y  i n  t h e  c o n v e r s i o n  o f  u n s a t u r a t e d  s u b s t r a t e s .  The 

v e r s a t i l e  b e h a v i o u r  o f  P ( I I 1 )  l i g a n d s  h a s  been a s s e s s e d  t o  s t e r i c  

and e l e c t r o n i c  c o n t r o l  o n  t h e  c o - o r d i n a t i o n  s p h e r e  o f  t h e  m e t a l  

c e n t r e .  T h i s  c a n  b e  e x t e n d e d  b y  t h e  u s e  o f  f u n c t i o n a l i z e d  

phosphanes.  

1 

2 

T h i s  p a p e r  w i l l  r e p o r t  some examples t a k e n  from o u r  work on 

s e l e c t i v e  t r a n s f o r m a t i o n s  o f  s p e c i f i c  u n s a t u r a t e d  s u b s t r a t e s  

c a t a l y s e d  b y  t r i b u t y l p h o s p h a n e  1 a n d  perhydro-lI3,6,2-dioxaza- 

phosphocines  2 _ ,  - 3 .  
- - 

- -  

2 R = H  ; 2 R = M e  
0 4  

PhP( O N N R  - - - 

RESULTS AND DISCUSSION 

M o d i f i c a t i o n  o f  c a t i o n i c  a l l y l p a l l a d i u m  complex 

R e a c t i o n  o f  b u t a d i e n e  with a l c o h o l s  i n  t h e  p r e s e n c e  o f  4a w a s  

4 a ,  - - L2 = 1,5-cod 4d, - L = PPh3 

[*dd] BF4 @, - L = 1 . 5  hmpa 4 e ,  - L = m e t h y l a c r y l a t e  2 
3 I, 42,  L = PBu 

31 I 
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312 I. TKATCHENKO 

r e p o r t e d  t o  produce h i g h e r  t e lomers  w i t h  a good s e l e c t i v i t y  f o r  t h e  

t e l o m e r i s a t i o n  of f o u r  b u t a d i e n e  u n i t s  w i th  methanol  , 3  E x t e n s i o n  of  

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

ol igomersand t e l o m e r s ,  Eq ( l a ) .  However ,  a d d i t i o n  o f  l e q  1 - t o  4_a - 
c o n s i d e r a b l y  a f f e c t s  t h e  c o u r s e  of  t h e  r e a c t i o n ,  Eq ( l b ) ,  s i n c e  t h e  

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

(C5H8) + H ( C  H OMe ( l a )  un ( I b )  
4a (-1 

leq 1 + MeOH 

2 
A s imi la r  behav iour  i s  observed fo r  t h e  c o - d i m e r i s a t i o n  o f  

1 ,3 -d ienes  and a c r y l a t e s  and d i m e r i s a t i o n  of a c r y l a t e s ,  E q s  ( 2 ) ,  

( 3 ) .  S u b s t i t u t i o n  o f  1 wi th  less b a s i c  phosphanes (PPh P(OPh)3) - 3’ 
o r  excess  1 l e d  t o  no r e a c t i o n  or t o  t h e  Diels-Alder  adduc t .  - 

( 2 a )  

(2b)  
h 

Model r e a c t i o n s  and  NMR s t u d i e s  i n d i c a t e  t h a t  t h e  r o l e  o f  

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

s p e c i e s ,  and  ( i i )  t o  i n d u c e  t h e  q - a l l y l + o  - a l l y 1  s h i f t  where 

1 , 3 - d i e n e s  are conce rned .  31P NMR m o n i t o r i n g  of  Eq ( 3 )  ev idenced  a 

s i n g l e t  (612.8ppm) i n  t h e  proton-decoupled mode and a d o u b l e t  (J = 
196  Hz) i n  t h e  n o n - d e c o u p l e d  mode ,  wh ich  i s  a s s i g n e d  t o  

trans-[Pd(H)(PBu3)Ln]+. R e a c t i o n  of  l eq  PPh on & o n l y  l e a d s  t o  a 

1:l m i x t u r e  of  & and - ( I R ,  ‘H and 31 NMR), Add i t ion  o f  l e q  1 - t o  

= 4a g i v e s  r i s e  t o  two a d d u c t s  : & - a n d  a c o m p l e x  c o n t a i n i n g  t h e  

3 1 

-PH 

3 -  
- 

M o d i f i c a t i o n  o f  a l l y l - n i c k e l  and -pa l l ad ium complexes - 
3 

L i g a n d s  2 and 3 r e a c t e d  with n - a l l y 1  complexes 9 ,  10 t o  g i v e  r ise - -  - - -  - - - 
t o  v a r i o u s  compounds whose s t r u c t u r e ,  s t a b i l i t y  a n d  r e a c t i v i t y  
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s t r o n g l y  d e p e n d  o n  t h e  n a t u r e  o f  t h e  m e t a l  and  t h e  n i t r o g e n  

s u b s t i t u a n t ,  and t h e  metal  t o  l i g a n d  r a t i o .  S t a b i l i t y  t r e n d s  a r e  2 ,  

9 > 2 ,  10 and 2, lo > 2,z. 
- - 

- - 1  - -  - - -  

- 9 , M = N i ; X = B r  

@,xp:$ @ , M = P d ; X = C l  - 

The o c c u r e n c e  o f  a:NH moie ty  i n  2 s h o u l d  b e  c o n s i d e r e d  s i n c e  

l a b i l i t y  o f  t h e  N-H bond h a s  been demons t r a t ed  f o r  ?-group V I  metal 

c o m p l e x e s .  I n  f a c t ,  r e a c t i o n  o f  lo w i t h  4eq 2 i n  t h e  p r e s e n c e  o f  

E t  N l e d  t o  t h e  fo rma t ion  o f  an u n s t a b l e  complex whose 31P{1H} NMR 
3 

spectrum (-20°C ; m u l t i p l e t  c e n t r e d  a t  d 1 4  ppm) c o u l d  b e  a s s i g n e d  

dX\ - 

- 
- 5 

- - - 

t o  11,  Eq ( 5 ) .  T h i s  r e a c t i o n  may e x p l a i n  t h e  l a c k  o f  c a t a l y t i c  - - 
a c t i v i t y  f o r  2-2, 10 a d d u c t s  i n  o l i g o m e r i s a t i o n ,  c o - o l i g o m e r i s a t i o n  

and t e l o m e r i s a t i o n  r e a c t i o n s .  
= _  E 

6 

Ph Ph 

10 + 4 2 E t 3 N  ,-> @ p P d y j j )  + 2 4 k +  2Et3NHC1 ( 5 )  
- - N' 'N - - 

11 - - 
M o d i f i c a t i o n  o f  rhodium complexes 

I n  t h e  l i n e  o f  t h e s e  o b s e r v a t i o n s ,  comparison o f  t h e  b e h a v i o u r  o f  

- 2 ,  h a s  been  e x t e n d e d  t o  rhod ium c o m p l e x e s  wh ich  were a l r e a d y  

known w i t h  2. T h i s  c o m p a r i s o n  was c a r r i e d  o u t  f o r  t h e  h y d r o -  

f o r m y l a t i o n  o f  hex-1-ene w i t h  complexes -- 12-15 

7 - -  

- 

c 
Rh(PhP-Me) (C2H4)C1 1 4  

15 Rh ( PhP>e ) 2 C 1  
= Rh(PhP-NH) (C2H4)C1 - - 12 

- 13 
U 

- - Rh ( PhcNH) 2 C 1  - 
Complex 1 4  i s  much more a c t i v e  t h a n  1 2  a n d  l e a d s  t o  a l o w e r  

7 amount  o f  h y d r o g e n a t i o n  p r o d u c t s ,  b u t  t h e  d i s o  r a t i o  o f  C 

a l d e h y d e s  i s  s m a l l e r  ( 1 . 5  2 2 . 2 5 ) .  The h y d r o g e n a t i o n  and i s o -  

m e r i s a t i o n  c a p a b i l i t i e s  o f  s, 1 5  a r e  h i g h e r  t h a n  t h a t  o f  - -  12 ,  13.  

T h i s  may e x p l a i n  t h e  l o w I / i s o  r a t i o  o b s e r v e d  f o r  h y d r o f o r m y -  

l a t i o n  w i t h  14. H e n c e ,  t h e  n a t u r e  o f  t h e  s u b s t i t u a n t  o n  t h e  

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

p r o p e r t i e s  o f  t h e  r h o d i u m  c e n t r e .  T h i s  t r e n d  is confirmed b y  t h e  

e f f e c t  o f  b a s e s  ( E t  N) and  a c i d s  (HC10 ) used as " c o - c a t a l y s t s " .  

- - - - 

- -  - - -  

- - 

3 4 
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3 14 I. TKATCHENKO 

The amino arm o f  2 ,  3 may ac t  as a b a s e  i n  t h e  case o f  3 ,  scheme 1,  

o r  may g i v e  r i s e  t o  new complexes r e s u l t i n g  f rom a d e p r o t o n a t i o n  
- - - -  - -  

r e a c t i o n ,  scheme 2 ,  s imi l a r  t o  t h a t  obse rved  i n  E q  ( 5 ) .  

CONCLUSION 

Scheme 1 

Scheme 2 

D r a s t i c  m o d i f i c a t i o n s  o f  t h e  a c t i v i t y  and /o r  s e l e c t i v i t y  o f  a 

c o o r d i n a t i o n  complex can b e  achieved i n  homogeneous c a t a l y s i s  w i t h  

t r i v i a l  P ( I I 1 )  l i g a n d s .  The u s e  o f  r u s t i c  c a t a l y s t  sys t ems  h a s  

o b v i o u s  a d v a n t a g e s .  The i n c r e a s e  i n  t h e  c o m p l e x i t y  o f  P ( I I 1 )  

1 i g a n d s  r e q u i r e s  f o r  t h e i r  a p p l i c a t i o n  s h a r p e r  c o n d i t i o n s  t h a t  may 

r e s t r i c t  t h e  development o f  new c a t a l y t i c  p r o c e s s e s  
8 
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