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A NOVEL CLASS OF POWERFUL NEUTRAL CHELATING REAGENTS : 
8 -BIPHOSPHORAMIDES 

K.BOKOL0, 3.-3.DELPUECH7 G-DOUCET LADEVEZE, Y.3ABBARI AZAD, 
L.RODEHUSER, P.RUBIN1, C.SELVE 
L a b o r a t o i r e  de Chimie Physique Organique, ERA CNRS 222, U n i -  
v e r s i t 6  de Nancy I, BP 239 
FRANCE, 

54506 VANDOEUVRE LES NANCY CEDEX, 

A b s t r a c t  The s t r u c t u r e  o f  6-diphosphorarnide c h e l a t e s  and 
t h e i r  use as n o v e l  e x t r a c t a n t s  a r e  desc r ibed .  

INTRODUCTION 

B i d e n t a t e  phosphate compounds have been used as c o o r d i n a t i v e  

e x t r a c t a n t s  which can b i n d  n e u t r a l  m e t a l  s a l t s  by comp le t i ng  t h e  

c o o r d i n a t i o n  requ i remen ts  o f , ' t h e  m e t a l  t o  g i v e  n e u t r a l  adducts.  

We a r e  r e p o r t i n g  i n v e s t i g a t i o n s  on t h e  c h e l a t i n g  p r o p e r t i e s  o f  

n e u t r a l  b iphosphory la ted  l i g a n d s  which can b i n d  m e t a l  i o n s  to 

y i e l d  p o s i t i v e l y  charged m e t a l l i c  complexes. As a consequence o f  

t h e  o u t s t a n d i n g  s o l v a t i n g  p r o p e r t i e s  o f  hexamethy lphosphoro t r i a -  

mide (HMPA), o u r  i n v e s t i g a t i o n s  began u s i n g  a b i d e n t a t e  ana log  o f  

HMPA, nonamethylimidodiphosphoramide (NIPA) which proved t o  have 

e x c e p t i o n a l  c h e l a t i n g  p r o p e r t i e s .  T h i s  prompted u s  t o  examine more 

c l o s e l y  a s e r i e s  o f  B-diphosphoramides o f  t h e  g e n e r a l  f o rmu la  

(NMe2)2P(0)-X-P(O) (NMe2I2 w i t h  : 

(1)  X = NMe (NIPA) ( 4 )  X = N-n-C12H25 (ODIPA) 

( 5 )  X = N-CH -C H (OBIPA) 2 6 5  ( 2 )  X = 0 (OMPA) 

( 3 )  X = N-n-C6HI3 (OHIPA) ( 6 )  X = NH (OMIPA) 

Our i n v e s t i g a t i o n s  b a s i c a l l y  aimed a t  e s t a b l i s h i n g  r e l a t i o n -  

s h i p s  between t h e  e x t r a c t i n g  p r o p e r t i e s  o f  t h e  above b i d e n t a t e  

phosphoramides and t h e  s t r u c t u r e  o f  t h e i r  c h e l a t e s  i n  s o l u t i o n  
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and their thermodynamic and kinetic constants (stability constants, 
partition coefficients, intra and intermolecular ligand exchange 
rates). 

As to the potential applications of these compounds in extrac- 
tion chemistry, our main field of interest concerned the extrac- 
tion of the uranyl cation from aqueous solutions. This purpose led 
us to consider ligands which are less soluble in water than NIPA, 
and which can be more easily recovered from aqueous media (com- 

pounds 1 to ?). 

SYNTHESES - 5  

NIPA was synthesized starting from HMPA and phosphorus oxychloride 
by reported methods. The syntheses of the NIPA analogs (1) to (61, 
although using the same scheme, required original variants to ob- 

tain the ligands with a high level o f  purity and in good yield. 
Another strategy is currently investigated using OMIPA as a star- 
ting material and grafting alkyl chains on the bridging hide ni- 
trogen. The metal complexes were prepared in the solid state from 
their perchlorates, and were then dissolved in a polar inert s o l -  
vent, e.g. nitromethane. 

MOLECULAR STRUCTURES AND DYNAMI&~ 

Ligand exchange rates are slow on the NMR timescale in diphosphora- 
mide complexes. Separate signals are effectively observed for free 
(excess) and bound ligand molecules in the case of tervalent IIIA 
(A13+, Ga3+, In 
Mg2+, Ca2+, Sr2+)  or of monovalent alkaline (Li') cations. This 
shows that the sequestering properties of diphosphoramides approach 
those of the well-known crown ethers and cryptands. Our observa- 
tions may be summarized as follows. 

3+ 2+ 1, and even of bivalent alkaline-earth (Be , 

(a) Li' and Be2+ cations : tetracoordinated DZd structures. 
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2+ ( b )  B i v a l e n t  main  g r o u p  (Mg 

- i o n s  : h e x a c o o r d i n a t e d  D t r i s - c h e l a t e s .  The m a g n e t i c  n o n - e q u i v a -  

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

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

o p t i c a l  i n v e r s i o n  b e t w e e n  t h e  A , A  e n a n t i o m e r s .  The  c h e m i c a l  s h i f t  

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

c o b a l t  (111, a l l o w i n g  u s  t o  d e t e r m i n e  t h e  g e o m e t r y  o f  t h e  c o m p l e x ,  

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

c o n t r i b u t i o n s  a n d  t o  a s s i g n  e a c h  o f  t h e  two n o n - e q u i v a l e n t  A-dime- 

t h y 1  s u b s t i t u e n t s .  O p t i c a l  i n v e r s i o n  a n d  l i g a n d  e x c h a n g e  k i n e t i c  

p a r a m e t e r s  h a v e  b e e n  d e t e r m i n e d  by DNMR ( H a n d  31P) f o r  a v a r i e t y  

o f  c a t i o n l l i g a n d  s y s t e m s .  I n  some f a v o u r a b l e  i n s t a n c e s ,  k i n e t i c  

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

ween t h e  f a c i l i t i e s  o f  r a c e m i z a t i o n  a n d  l i g a n d  e x c h a n g e  i n v i t e s  u s  

t o  c o n s i d e r  mechanisms f o r  b o t h  p r o c e s s e s  i n v o l v i n g  as  a common 

f i r s t  s t e p  t h e  release o f o n e  e n d  o f  t h e  c h e l a t e  by  a d i s s o c i a t i v e  

p r o c e s s .  

( c )  The u r a n y l  c a t i o n  UO$+ : h e p t a  o r  o c t a c o o r d i n a t i o n  i n  NIPA o r  

OMPA c o m p l e x e s ,  r e s p e c t i v e l y  ; e v i d e n c e  f o r  ( i )  m o n o n u c l e a r  com- 

, Ca2+, Sr2+) o r  t r a n s i t i o n  metal  

3d 

1 

- 
p l e x e s  : U02(NIPA)2YL+, w i t h  Y = NIPA ( s i n g l y  b o n d e d ) ,  MeOH, EtOH, 

Me2C0 ; a n d  U02(0MPA)2Y , w i t h  Y = E t O H ,  H20 ; a n d  ( i i )  b i n u c l e a r  

U02( OMPA)2]4+. The s t r u c t u r e  of U02(NIPA)2EtOHZ+ h a s  b e e n  d e t e r m i -  

ned by X-ray c r y s t a l l o g r a p h y ,  c o n f i r m i n g  t h e  p r e s e n c e  of two NIPA 

l i g a n d s  i n  a p u c k e r e d  c i s  c o n  o r m a t i o n  ( w h i l e  f r e e  NIPA m o l e c u l e s  

a r e  i n  a t r a n s  c o n f o r m a t i o n ) .  U r a n y l  n i t r a t e ,  a c lass ica l  s a l t  i n  

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

U O  2 ( N I P A ) 2 ( N 0 3 ) +  and  U02(NIPA (N0312. 

2+ 
c o m p l e x e s  : (NIPA)2U0,(NIPA)U02(NIPA)2 4+ a n d  [(OMPA)2U02(0MPA)2 

DIPHOSPHORAMIDES AS EXTRACTANTS 

P a r t i t i o n  c o e f f i c i e n t s ,  y i e l d s  of e x t r a c t i o n ,  a n d  l i g a n d  t o  c a t i o n  

r a t i o s  h a v e  b e e n  m e a s u r e d  by o p p o s i n g  a q u e o u s  s o l u t i o n s  of metal 

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



318 K. BOKOLO et al. 

2+ 2+ perchlorates (Fe3+, A13+, Zn , Ca 
organic solvents (CH EIO CH C1 ) containing variable amounts o f  

diphosphoramides. The ligand OHIPA is shown to have the highest 
extracting power. OHIPA, ODIPA and NIPA are better extractants 
than OMPA and OBIPA. ODIPA is completely insoluble in H20 and thus 
presents the best chara-teristics for extraction, but the selecti- 
vity is weak among the investigated cations, at least as far as 
their perchlorate salts are concerned. 

, Mg2+, S r 2 + )  to immiscible 

3 2 '  2 2  

Uranium extraction by phosphoramides is excellent in the pre- 

sence of coordinating nitrate ions in moderate concentration (3M) 
which can be produced favourably by alkali nitrates rather than by 

nitric acid. The extraction is not sensitive to the presence o f  

sulphate ions. This is in sharp contrast with the classical extrac- 

tion by trialkyl phosphates which requires higher nitric acid (up 
to 1 5  M )  and ligand concentrations and works poorly in the presence 
of sulphate ions. Finally, the extraction may be made wholly or 
partially selective towards cations found in uranyl ores. 
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