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HYDROXYPHOSPHORANES TAUTOMERS OF Y HYDROXYLATED 
PHOSPHORIC ESTERS - STRUCTURE AND A C I D I T Y  

LYDIA LAMANDE, AURELIO MUNOZ, DANIELLE BOYER, BERNARD 
GARRIGUES and ROBERT WOLF 

ERA N o  926 - U n i v e r s i t e  Paul S a b a t i e r  - 118 r o u t e  de 
Narbonne - 31062 Tou louse Cedex - France 

A b s t r a c t  The c r y s t a l  s t r u c t u r e  o f  t h e  t r i e t h y l a m m o n i u m  s a l t s  
o f  hydroxyphosphoranes l a  and 2 was r e s o l v e d  by  X Ray d i f -  
f r a c t i o n .  The f i r s t  o n e T a s  a TBP geometry s l i g h t l y  de formed 
w i t h  t h e  phosphorus atom a t  t h e  c e n t e r ,  and t h e  second one 
i s  a p o l y c y c l i c  d imer  c o n t a i n i n g  two TBP wh ich  p r e s e n t  t h e  
same d e f o r m a t i o n s .  I n  b o t h  cases, t h e  P-0- bond l e n g t h s  a r e  
s h o r t  and d ioxaphospho lane r i n g s  p l a n a r .  These two p a r t i c u l a r  
p r o p e r t i e s  can be r e l a t e d  t o  t h e  s t r o n g  B r o n s t e d  a c i d i t y  o f  
compounds l a  and 2. E f f e c t i v e l y ,  t h e  pKa o f  hydroxyphospho- 
ranes  l a ,  76- and 9, de te rm ined  b y  p o t e n t i o m e t r i c a l  t i t r a t i o n  
i n  D M F T r  mSO s o T u t i o n s  a r e  c h a r a c t e r i s t i c  o f  s t r o n g  a c i d s .  

INTRODUCTION 

Hydroxyphosphoranes, t au tomers  o f  Y h y d r o x y l a t e d  p h o s p h o r i c  e s t e r s  

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

o f  b i o l o g i c a l  i n t e r e s t  ( n u c l e o t i d e s ,  eno l  phosphates , phosphates 

o f  l a c t i c  a c i d . .  . )  Many r e s u l t s  and p h y s i c o  chemica l  p r o p e r t i e s  

o f  hydroxyphosphoranes o f  t y p e  - 1 and - 2 were d e s c r i b e d  i n  o u r  l a -  

b o r a t o r y  However, t h e i r  c r y s t a l  s t r u c t u r e  remained u n r e s o l -  

ved and t h e  i m p o r t a n t  q u e s t i o n  o f  t h e i r  a c i d i t y  was t o  be c l e a r e d .  

OH 

2 - l a  : R = R '  = Ph 
1 : -  
- I b :  R = R ' = C H  3 - 
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STRUCTURE 

The c r y s t a l l i n e  s t r u c t u r e  o f  t r i e thy lammon ium s a l t s  o f  phosphora- 

nes l a  and - 2 was de te rm ined  by  X Ray d i f f r a c t i o n .  The f i r s t  one 

has a t r i g o n a l  b i p y r a m i d  (TBP) geometry s l i g h t l y  deformed w i t h  t h e  

phosphorus atom a t  t h e  c e n t e r  ( f i g .  I ) ,  w h i l e  t h e  second i s  a PO-  

l y c y c l i c  d imer  compound c o n t a i n i n g  two TBP ( f i g .  2 ) .  The de forma-  

t i o n s ,  r e g a r d i n g  t h e  i d e a l i z e d  TBP, a r e  n o t  due, as i t  i s  t h e  case 
3 f o r  many sp i rophosphoranes ,  t o  a b e g i n n i n g  B e r r y  pseudo r o t a t i o n  . 

They a r e  more e a s e l y  s y s t e m a t i z e d  by r e p u l s i o n  e f f e c t s ,  o f  G i l l e s -  

p i e  t ype ,  between t h e  a n i o n i c  charge P-0- and t h e  e l e c t r o n s  o f  

P - 0  bonds. F o r  t h e  two compounds, t h e  bond l e n g t h s  o f  t h e  exocy-  

c l i c  P-0- a r e  s h o r t  (1.47 and 1.49 i), and t h i s  i l l u s t r a t e s  t h e  

doub le  bond c h a r a c t e r  o f  t h e  e x o c y c l i c  P-0 bond. The dioxaphospho- 

l a n e  r i n g s  a r e  n e a r l y  p l a n a r .  T h i s  i s  unusua l  f o r  d ioxaphospho lane 

r i n g s  i n v o l v e d  i n  s p i r o p h o s p h o r a n i c  mo lecu les  and r e s u l t s  f r o m  

d e l o c a l i z a t i o n  e f f e c t  due t o  t h e  c o n j u g a t i o n  o f  t h e  c a r b o n y l  groups. 

Thus, t h e  e l e c t r o n  d e n s i t y  a round t h e  phosphorus atom i s  l owered ,  

and t h i s  must i nduce  an h i g h  d i s s o c i a t i o n  o f  t h e  a c i d  f u n c t i o n  

P-0-H o f  t h e  compounds - l a  and - 2. 

- 

A C I D I T Y  

We 

I n  o r d e r  t o  e x p l i c i t  t h e  i n f l u e n c e  

s t r e n g t h ,  we t r i e d  t o  p r e p a r e  t h e  compound - 3, by  o x y d a t i o n  o f  t h e  

p a r e n t  hydridospirophosphorane.  I n  f a c t ,  NMR p roves  t h a t  t h i s  

d e r i v a t i v e  i s  p r e s e n t  i n  t h e  phosphor i c  e s t e r  f o r m  I 3 ' .  W i t h  t r i e -  

t h y l a m i n e ,  however, i t  i s  q u a n t i t a t i v e l y  t r a n s f o r m e d  i n  t h e  hyd ro -  

xyphosphorane s a l t  - 3" , we1 1 c h a r a c t e r i z e d  by 3 1 P  NMR. Compounds 

- - -  I b ,  2 and 3 , 3 ' ,  were t i t r a t e d  p o t e n t i o m e t r i c a l l y  b y  t r i e t h y l a -  l a ,  
m ine  i n  DMF o r  (and )  DMSO s o l u t i o n .  The e l e c t r i c a l  s c a l e  was g r a -  

dua ted  i n  pH u n i t i e s  by t i t r a t i o n  o f  two s t a n d a r d  a c i d s  : p i c r i c  

a c i d  and d i c h l o r o a c e t i c  a c i d .  The n e u t r a l i z a t i o n  c u r v e s  a r e  cha rac -  

t e r i s t i c  o f  s t r o n g  ( l a ,  _ -  2 )  medium ( I b )  - o r  weak ( 3 , 3 ' )  - a c i d s .  The 

measured t h e  pKa o f  t h e  most s t a b l e  compounds, l a ,  l b  and - 2. 

o f  s t r u c t u r e  on a c i d i t i e s  
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Bond angles ( " )  

0 ( 3 ) - P ( 1 ) - 0 ( 7 )  169,9 

O( lO ) -P (  1 )-O(6') 113,4 

FIGURE 1 Crystalline structure o f  triethylammonium salt o f  - l a  

P 

O( 3 ) - P (  1 )-O( 7 )  170,9 

O( 3 ' ) - P (  1 ' ) -0( 7 ' ) 171 , 0 

O( 10) -P(  1 ) - 0 ( 6 )  116,4 

114,8 O( 1 0 '  ) - P (  1 ' ) - O ( 6 '  ) 

FIGURE 2 Crystalline structure o f  triethylammonium salt o f  - 2. 
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pKa va lues  o b t a i n e d  by  means o f  t h e s e  cu rves  a r e  r e p o r t e d  i n  

t a b l e ,  The d i f f e r e n c e  between pKa v a l u e s  o f  _ _  l a ,  2 and ~ 3 ,3 ' ,  de- 

rnons t ra te  c l e a r l y  t h e  g r e a t  i n f l u e n c e  o f  s t r u c t u r e  on a c i d i t y ,  

l i t t l e  change i n  s t r u c t u r e  l e a d i n g  t o  a pKa v a r i a t i o n  o f  s e v e r a l  

u n i t s .  

3 '  - 3 : R = H  - 

.____ TABLE pKa v a l u e s  o f  l a ,  l b ,  2, 3 , 3 ' ,  4 and - 5 
- 4 : p i c r i c  a c i d .  - 5 : d i c h l o r o a c e t i c  ac 

+ 
- 3" : R = H N E t 3  

i n  DMF and DMSO 

d.  

5 - - 4 - 2 3,3'  - I b  
~ ~- l a  - C om p o u n d s 

pKa DMF 2,5 3,9 2,2 7 34 1 ,z4 7,z4 

pKa OMSO -0,5 1 , l  -0,6 4Y4 -0,3 5,g4 
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