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STERIC VERSUS ELECTRONIC EFFECTS I N  THE LIGATION BEHAVIOR 
OF TRIVALENT PHOSPHORUS COMPOUNDS: 
SPECTROSCOPIC S T U D I E S  

5%0 AND 31P NMR 

STEVEN M. SOCOL AND JOHN G. VERKADE 
Gilman H a l l ,  Iowa S t a t e  U n i v e r s i t y ,  Ames, Iowa, U.S.A.  

A b s t r a c t  
s t e r i c  i n  luences i n  phosphorus ( I I1 )  e s t e r  complexes o f  t h e  
t y p e  C O L ~ ~ '  and AgLnf (where n = 1-4)  a r e  assessed. 

Using NMR techniques,  t h e  r o l e  o f  e l e c t r o n i c  and 

INTRODUCTION 

Homolept ic Co( 111) complexes o f  monodentate phosph i te  l i g a n d s  

r e p o r t e d  i n  t h e  l i t e r a t u r e  a r e  r e s t r i c t e d  t o  - -  1 - 4 l a n d  a r e  

P ( OMe) Me0 /p  '"3 p<i>R 

2a (Me0 a x i a l )  
4 Me 7 i - P r  

5 E t  8 n-Bu 

- 1 - 
- -  - 3 - 2b (FeO e q u a t o r i a l )  - 

- - _  
6 n-Pr 9 i -Bu  _ _  - _  

10 t -Bu  -- 

syn thes i zed  by r e a c t i o n  (1). The g r e a t  s e n s i t i v i t y  o f  S5'Co t o  

(1) 
+ 3+ 2 Co( I1 )  -t 11 L -+ C0L5 -t C0L6 

t h e  l i g a n d  f i e l d  i n  oc tahedra l  complexes p e r m i t s  s tudy  o f  t h e  

scope o f  r e a c t i o n  (1) and hence an a n a l y s i s  o f  t h e  s t e r i c  and 

e l e c t r o n i c  f a c t o r s  which s t a b i l i z e  CoLs3+. 

c a t a l y t i c  r e a c t i o n  ( 2 )  d i scove red  i n  o u r  c u r r e n t  s t u d i e s  i s  a l s o  

i n f o r m a t i v e  on these p o i n t s .  

The i n t e r e s t i n g  

The Ag' i o n  i s  an e x c e l l e n t  probe 
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( 2 )  
0 ' yt y=1, x=5 0 

2 Co2+ t ROP, t MeOH -f [Co(MeOP,)x-n(ROP,)n] y=3, x=6 
of t h e  s t e r i c  and e l e c t r o n i c  c h a r a c t e r  of phosphorus( 111) com- 

pounds because of  i t s  c a p a b i l i t y  t o  c o o r d i n a t e  one t o  f o u r  l i g a n d s  

and t h e  r e l a t i v e  ease w i t h  which such complexes can be d e t e c t e d  
by 31P NMR spectroscopy. 2,3 

HEXACOORDINATE COBALT( I 1  I) COMPLEXES 

The range o f  l i g a n d s  which d r i v e  t h e  d i s p r o p o r t i o n a t i o n  r e a c t i o n  

(1) has now been extended t o  i n c l u d e  i n t e r  a l i a  5 - _ _  9 ,  11 - - 13, 

14a, 14b, 15 and t h e  c h e l a t e  16. 
a l s o  shown e a r l i e r  t o  d r i v e  r e a c t i o n  (1). 

The c h e l a t e s  17 and 18 were - - - -  
4 

R - 
- 11 Me 
- 12 E t  
- _  13 n-Pr - 15 RO=n-Pro( - ax)  

- 14a RO=MeO( ax) 

- 14b RO=MeO(eq) 
- 16 

S t e r i c  E f f e c t s  

Among acyc l  i c  phosphi t es ,  o n l y  t h e  s m a l l e s t  member 

r e a c t i o n  (1). The aforement ioned c y c l i c  systems a 

f u r t h e r  enlargement of t h e  e x o c y c l i c  R s u b s t i t u e n t  

17 Me 
- 18 E t  

1, d r i v e s  - 

so do so b u t  

i n 4 - 2  - 

A more s u b t l e  s t e r i c  " f i t "  
(e.g. ,  - 10) i n h i b i t s  r e a c t i o n  (1) as do t h e  s t e r i c a l l y  demanding 
r i n g  s u b s t i t u e n t s  i n  19 and a. 
e f f e c t  i s  seen i n  t h e  f o r m a t i o n  o f  CoLb3' w i t h  L = - 2a,b b u t  n o t  

w i t h  - 21.  
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19 - 22 F 
2 3  PhO 

23 - CF3CH20 

- 2 1  
L 

20 - 
- 

E l e c t r o n i c  E f f e c t s  

Al though C O L ~ ~ '  forms i n  r e a c t i o n  (1) w i t h  - 7 (which possesses a 

b u l k y  e x o c y c l i c  s u b s t i t u e n t )  t h e  f a i l u r e  of t h i s  r e a c t i o n  w i t h  

22 - 24 i s  a t t r i b u t e d  t o  i n s u f f i c i e n t  b a s i c i t y  f o r  t h i s  t y p e  o f  - -  
l i g a n d .  The same can be conc 

r e a c t i o n  (1) w i t h  - 3 b u t  n o t  w 
shown t o  be c o n s i d e r a b l y  l e s s  

monodentate phosphorus 1 igand 

uded concern ing  t h e  success o f  

t h  t h e  s m a l l e r  25 which has been 

The most b a s i c  
- 

b a s i c  t h a n  3 5 . - 
which d r i v e s  r e a c t i o n  (1) appears 

t o  be 1, s i n c e  PPhH2 (wh ich  has a comparable cone ang le  7 ) does - 
n o t  f a c i l i t a t e  t h i s  r e a c t i o n .  I n  a d d i t i o n  t o  t h e  expected l i n e a r  
c o r r e l a t i o n  of 6 59 Co w i t h  Add, l i n e a r  c o r r e l a t i o n s  o f  6 59 Co w i t h  

31 1 59 31 6 P and w i t h  J Co P have a l s o  been observed. 

C a t a l y t i c  T r a n s e s t e r i f i c a t i o n  o f  S p e c i f i c  E s t e r s  

Ligands 6 and 7 a r e  c a t a l y t i c a l l y  t r a n s e s t e r i f i e d  t o  - 4 i n  t h e  

presence o f  MeOH and Co'', and - 13 i s  conve r ted  t o  - 11 under these  

c o n d i t i o n s .  Moreover, b o t h  t h e  s t a r t i n g  l i g a n d  and t h e  t r a n s -  

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

Co(1)  and C o ( I I 1 )  produc ts  o f  d i s p r o p o r t i o n a t i o n .  
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O N E  TO F O U R - C O O R D I N A T E  SILVER( I )  

I n  t h e  process of examining t h e  l i g a t i o n  p rope r t i e s  of the phos- 
p h i t e  e s t e r s  1 and 3 - 33 toward Ag(1) by a s tudy of the 
1J107Ag31P values observed a t  low temperature ,  severa l  new 
complexes were i s o l a t e d  such a s  [Ag(  - 27)3]BPh4, [ A ~ ( x ) ~ ] B F ~ ,  

[ A s ( B ) ~ I ~ ~ ~ I  and “ I ( 3 3 ) B F 4 1 .  
E lec t ronic  Effects 
I n  c o n t r a s t  t o  Ni(0)  complexes wherein s t e r i c  e f f e c t s  have been 
concluded t o  dominate,6 Ag 
f a c t o r s  owing t o  i t s  p o s i t i v e  charge and s l i g h t l y  smaller  s i z e .  
The de tec t ion  a t  -95OC of only A g ( z j B F 4  in  the  presence o f  ex- 
cess  l igand suggests  t h a t  the exceedingly poor b a s i c i t y  o f  t h i s  
s t e r i c a l l y  small and s t r a i n e d  l igand i s  respons ib le  f o r  the 

f a i l u r e  of more than one molecule t o  coord ina te .  

S t e r i c  Ef fec ts  
The maximum coordinat ion numbers observed i n  AgL, 

and 2 f o r  3 1 ,  - _  32 and 33, r e spec t ive ly .  
r eac t ions  involving AgL4 t h e  displacement o rde r s  1 > P P h 3 ,  
monocyclic phosphites > 1. and 3 > 3 1  a l s o  s t rong ly  suggest the 
importance of s t e r i c  e f f e c t s .  

t should be more s e n s i t i v e  t o  e l e c t r o n i c  

5 

t a r e  n = 4 ,  3 
In l igand competi t ion 
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