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N , N - D I M E T H Y L P H O S P H O R A M I D A T E :  S Y N T H E S I S  V I A  

SYMMETRICAL AND M I X E D  A N H Y D R I D E S  AND HYDROLYSIS 

JENd T O M A S Z ,  SANDOR B O T T K A ,  JAN05 L U D W I G  

I n s t i t u t e  o f  B i o p h y s i c s ,  B i o l o g i c a l  R e s e a r c h  
C e n t r e ,  H u n g a r i a n  Academy o f  S c i e n c e s ,  
H-6701 Szeged,  Hungary  

I S T V A N  P E L C Z E R  

E G I S  P h a r m a c e u t i c a l s ,  S p e c t r o s c o p i c  D e p a r t m e n t  
H-1475 B u d a p e s t ,  Hungary  

A b s t r a c t  The t i t l e  compounds were  s y n t h e s i z e d  
b y  c o n v e r t i n g  c y c l i c  AMP w i t h  a s u l f o n y l  c h l o r i d e  
t o  t h e  s y m m e t r i c a l  a n h y d r i d e  or w i t h  d i p h e n y l  
p h o s p h o r o c h l o r i d a t e  t o  t h e  m i x e d  a n h y d r i d e ,  t h e n  
a m i n o l y z i n g  t h e  a n h y d r i d e s  w i t h o u t  i s o l a t i o n .  The 
s y n t h e s i s  p r e f e r e n t i a l l y  gave  Sp-amides .  Charac -  
t e r i s t i c  d i f f e r e n c e s  were  o b s e r v e d  i n  t h e  behav -  
i o r  o f  t h e  u n s u b s t i t u t e d  amide and  t h e  d i m e t h y l -  
amide u n d e r  h y d r o l y s i s  c o n d i t i o n s .  

I n  t h e  c o u r s e  o f  t h e  e x t e n s i v e  s t u d i e s  on  n u c l e o s i d e  

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

o u r  l a b o r a t o r y  i n  t h e  l a s t  decade ,  o u r  a t t e n t i o n  h a s  

r e c e n t l y  been f o c u s e d  on  amide d e r i v a t i v e s  o f  a d e n o s i n e  

c y c l i c  3 ' , 5 ' - m o n o p h o s p h a t e  (l), - t h e  f u n d a m e n t a l  i n t r a -  

c e l l u l a r  m e d i a t o r  and r e g u l a t o r y  m o l e c u l e  o f  l i v i n g  

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

i s o m e r s  o f  a d e n o s i n e  c y c l i c  3 ' , 5 ' - p h o s p h o r a m i d a t e  

(Rp- f f .  and  S P - + ) l  and  t h e  e l a b o r a t i o n  o f  a new method  

f o r  t h e  p r e p a r a t i o n  o f  a d e n o s i n e  c y c l i c  3 ' , 5 ' - N , N - d i -  
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methylphosphoramidate diastereoisomers (Rp-L and Sp-z) 

were our first goals in this field. 
The synthesis of - 4 and - 5 was based on the activa- 

tion of - 1 (tri-n-butylammonium salt) with a sulfonyl 
chloride o r  (PhO)2POC1 ( o r  P0Cl3) followed by in situ 
treatment of the reactive intermediate with (NH,l2CO3 
o r  Me2NH (Scheme 1). 

2 

SCHEME 1 

31P NMR studies showed that the structure of the 
reactive intermediate differed according to the nature 
of the activating reagent: it was the symmetrical an- 
hydride of - -  1 ( 2 )  for sulfonyl chlorides3 and the di- 
phenyl phosphoric mixed anhydride of - -  1 (3) for 
(PhO)2POC1. All the theoretically possible phosphorus 
diastereoisorners, i.e. RpRp-2, RpSp(SpRp)-Z and S p S p - Z  

as well as Rp-3 - and S p - 3  - were formed, but S p S p - z  and 
Sp-J in unimportant quantities ( < l o % ) .  

stereoisomers. F o r  example, in the synthesis of - 5 via 2, 
The syntheses preferentially gave the S p  amide dia- 
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more t h a n  90% o f  Sp-5 was f o r m e d . '  T a k i n g  i n t o  c o n s i d e r -  

a t i o n  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  d i a s t e r e o i s o m e r s  2 

{RpRp + R p S p ( S p R p )  > 9 0 % ) ,  p r e f e r e n t i a l  a t t a c k  b y  Me2NH 

a t  R p  a toms w i t h  t h e  i n v e r s i o n  o f  c o n f i g u r a t i o n  may be  

c o n c l u d e d .  S i m i l a r l y  t h e  r e a c t i o n  o f  - 3 w i t h  Me2NH 

a f f o r d e d  - 5 as  t h e  m a i n  p r o d u c t  ( 7 5 - 8 0 % )  w i t h  t h e  i n v e r -  

s i o n  o f  c o n f i g u r a t i o n  a t  p h o s p h o r u s :  an  Rp-J /Sp-J  

I n  a d d i t i o n  t o  -, 5 (PhO),P(0)NMe2 ( 2 0 - 2 5 % )  was a l s o  

f o r m e d ,  t h o u g h  t h e  l i b e r a t i o n  o f  (Ph0)2P(0)O-  a n i o n  

w o u l d  have  been  e x p e c t e d  t o  p l a y  t h e  d e c i s i v e  r o l e  i n  

t h i s  r e a c t i o n .  

C o m p a r a t i v e  s t u d i e s  on  t h e  S p  d i a s t e r e o i s o r n e r s  

i n d i c a t e  c h a r a c t e r i s t i c  d i f f e r e n c e s  i n  t h e  b e h a v i o r  of  
- 4 and - 5 u n d e r  h y d r o l y s i s   condition^."^ The v e r y  f a s t  

a l k a l i n e  h y d r o l y s i s  o f  - 4 ( c o m p l e t e d  w i t h i n  1 m i n  i n  

0 . 1  N NaOH a t  37OC) r e s u l t e d  i n  t h e  f o r m a t i o n  o f  a 

m i x t u r e  o f  a d e n o s i n e  c y c l i c  2 ' , 3 ' - m o n o p h o s p h a t e  ( 7 )  - 
and a d e n o s i n e  5 ' - p h o s p h o r a m i d a t e  (8 ,  R = N H 2 )  ( % 6 : 4 ) .  

The same compounds were f o r m e d  i n  n e u t r a l  s o l u t i o n .  

Compound - 7 and a d e n o s i n e  5'-N,N-dimethylphosphoramidate 
( 8 ,  - R=NMe2) ( % 9 : 1 )  were  t h e  p r o d u c t s  o f  t h e  much s l o w e r  

a l k a l i n e  h y d r o l y s i s  o f  - 5 ( % 9 0 %  c o n v e r s i o n  i n  30 h ) .  

Compound - 7 was p r o b a b l y  f o r m e d  - v i a  3 ' - p h o s p h o r a m i d a t e  

- 6 as  d e m o n s t r a t e d  i n  t h e  h y d r o l y s i s  o f  a d e n y l y l -  

- ( 3 ' - 5 ' ) - t h y m i d i n e  ( P + N )  a m i d e . 6  On t h e  b a s i s  o f  t h e  

d i f f e r e n c e s  b e t w e e n  t h e  h y d r o l y s i s  r a t e s  o f  4 a n d  5 

an e l i m i n a t i o n - a d d i t i o n  t y p e  mechan ism7 

f o r  t h e  a l k a l i n e  h y d r o l y s i s  o f  - 4 .  The p r e f e r e n t i a l  

f o r m a t i o n  o f  - 7 m i g h t  b e  a consequence  o f  t h e  b e t t e r  

l e a v i n g  g r o u p  p r o p e r t y  o f  t h e  CH20-(CH20H) g r o u p  

(Scheme 2 ) .  A c i d  h y d r o l y s i s  o f  - 4 (%50% c o n v e r s i o n  

d u r i n g  0 . 5  h i n  0 . 1  N H C 1  a t  37OC) gave  a m i x t u r e  of  1, 

- 

( % 9 8 : 2 )  m i x t u r e  y i e l d e d  an Sp-2/Rp-5 ( % 9 1 : 9 )  m i x t u r e .  4 

5 

- -, 
was p r o p o s e d  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
7
:
2
2
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



600 J .  T O M A S Z ,  5 .  B O T T K A ,  J .  LUDWIG AND I. PELCZER 

4 or - 
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H 
OH OH 

8 - 
SCHEME 2 

8 ( R = N H  ) and - 1 ( % 8 6 : 1 1 : 3 ) .  C o n s i d e r i n g  t h e  s e n s i t i v i t y  2 
o f  P - N  bonds  t o w a r d s  a c i d ,  t h e  i n s i g n i f i c a n t  q u a n t i t y  o f  

- 1 i s  s u r p r i s i n g .  More t h a n  99% o f  compound - 1 was f o r m e d  

i n  t h e  a c i d  h y d r o l y s i s  o f  - 5 (Q5046 c o n v e r s i o n  i n  2 . 5  h ) .  

D i f f e r e n c e s  i n  a c i d  h y d r o l y s i s  o f  and  - 5 may be  i n t e r -  

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

- 
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