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C!jELIC AMP DIPHENYL PHOSPHORIC M I X E D  A N H Y D R I D E :  SYNTHESIS, 
P NMR C H A R A C T E R I Z A T I O N  AND R E A C T I O N  W I T H  DIMETHYLAMINE 

S .  B o t t k a ' ,  I. P e l c z e r '  and J .  Tomasz §*  

' 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 e r ,  
Hunga i a n  Academy o f  S c i e n c e s ,  H-6701 Szeged,  H u n g a r y  

and ' 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 ,  H u n g a r y  

A b s t r a c t .  P h o s p h o r u s  d j a s t e r e o i s o m e r s ,  R and S o f  P 1 - 
a d e n o s i n e  c y c l i c  3 '  , 5  ' P - d i p h e n y l p y r o p h o s $ a t e  ( c y c f i c  AMP 
d i p h e n y l p h o s p h o r i c  m i x e d  a n h y d r i d e )  (1) were  p r e p a r e d  f r o m  
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  T c y c l i c  and 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  and c h a r a c t e r i z e d  byAbg'; N M R .  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 Ep- l .  - R e a c t i o n  o f  1 w i t h  d i -  
m e t h y l a m i n e  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 ( % 3 : T )  m i x t u r e  
o f  a d e n o s i n e  c y c l i c  3',5'-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  and 
d i p h e n y l - 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  and o c c u r r e d  w i t h  
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  c y c l i c  AMP p h o s p h o r u s .  

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

u s e f u l  s y n t h e t i c  i n t e r m e d i a t e s .  They c a n  b e  r e a d i l y  p r e p a r e d  

f r o m  n u c l e o t i d e s  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  and,  

u n d e r  s u i t a b l e  c o n d i t i o n s ,  q u a n t i t a t i v e l y  c o n v e r t e d  b y  

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

t h e  a t t a c k  o f  t h e  n u c l e o p h i l e  o c c u r s  a t  t h e  l e s s  e l e c t r o -  
1 p h i l i c ,  n u c l e o t i d e  p h o s p h o r u s  a tom o f  t h e  m i x e d  a n h y d r i d e .  

The l a t t e r  r e a c t i o n  i s  t h e  b a s i s  o f  one o f  t h e  s i m p l e s t  

r o u t e s  t o  n u c l e o s i d e  p h o s p h o r a m i d a t e s ,  when ammonia,  a 

p r i m a r y  o r  s e c o n d a r y  amine i s  u s e d  as  n u c l e o p h i l e . '  W h i l e  

numerous n u c l e o s i d e  5 ' - p h o s p h o r a m i d a t e s  h a v e  been o b t a i n e d  

a c c o r d i n g  t o  t h i s  r o u t e , '  t o  o u r  b e s t  k n o w l e d g e ,  o n l y  t w o  

a t t e m p t s  h a v e  been made t o  employ  t h e  method for t h e  

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

P r e o b r a z h e n s k a y a  e t  a l .  s u c c e s s f u l l y  s y n t h e s i z e d  u r i d y l y l  
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138 BOTTKA, P E L C Z E R ,  AND TOMASZ 

c y c l i c - ( 3 ' ,  5 ' - N ) - p h e n y l a l a n i n e  m e t h y l  e s t e r . '  I n  t h e  hands 

o f  Meyer  e t  a l . ,  h o w e v e r ,  t h e  m e t h o d  f a i l e d  t o  a p p l y  t o  t h e  

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

p h ~ s p h o r a m i d a t e . ~  S i n c e  we c a n n o t  see any  r e a s o n  why t h e  

m e t h o d  w o u l d  be  i n a p p l i c a b l e  t o  t h e  p r e p a r a t i o n  of  t h i s  

compound, we h a v e  r e i n v e s t i g a t e d  t h e  r e a c t i o n  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  ( c y c l i c  AMP) 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  and t h e  a m i n o l y s i s  o f  t h e  r e a c t i o n  

p r o d u c t  w i t h  d i m e t h y l a m i n e .  

C y c l i c  AMP was r e a c t e d  w i t h  2 . 2  or 0 . 5  m o l a r  

e q u i v a l e n t s  o f  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  i n  a n h y d r o u s  

t r i m e t h y l  p h o s p h a t e  a t  O°C f o r  1 0  min,  a n d  t h e  r e a c t i o n  was 

m o n i t o r e d  b y  31P NMR.  As shown i n  FIG. 1. t h e  c y c l i c  AMP 
s i g n a l  c o m p l e t e l y  d i s a p p e a r e d  when 2 . 2  m o l a r  e q u i v a l e n t s  o f  

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  was u s e d .  A t  t h e  same t i m e ,  

f o u r  d o u b l e t s  a b o u t  -20  ppm as  w e l l  as  t h e  s i g n a l  o f  t e t r a -  

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

The f o u r  d o u b l e t s  may b e  a s s i g n e d  t o  t h e  t w o  p h o s p h o r u s  

atoms of P - a d e n o s i n e  c y c l i c  3 ' , 5 '  P - d i p h e n y l  p y r o p h o s p h a t e  

( c y c l i c  AMP d i p h e n y l  p h o s p h o r i c  m i x e d  a n h y d r i d e )  

d i a s t e r e o i s o m e r s  ( R p - l  - and S p - l ) ,  t h e  a n t i c i p a t e d  p r o d u c t s  

of t h e  r e a c t i o n  b e t w e e n  c y c l i c  AMP and 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 .  The t w o  u p f i e l d  d o u b l e t s  may b e  a t t r i b u t e d  t o  

t h e  P 2  p h o s p h o r u s  a tom o f  K p - l  and - -  S p - 1  o n  t h e  b a s i s  o f  
t h e i r  unchanged m u l t i p l i c i t y  u n d e r  p r o t o n  c o u p l i n g  

c o n d i t i o n s .  As a consequence,  t h e  t w o  d o w n f i e l d  d o u b l e t s  may 

be  a s c r i b e d  t o  t h e  c h i r a l  P p h o s p h o r u s  a t o m s .  A c c o r d i n g  t o  

t h e  31P c h e m i c a l  s h i f t  c r i t e r i o n  e s t a b l i s h e d  f o r  2- 

s u b s t i t u t e d  2-0~0-1,3,2-dioxaphosphorinanes, 6-12 t h e  P1 

p h o s p h o r u s  atom o f  R p - l  s h o u l d  a b s o r b  a t  h i g h e r  f i e l d ,  

b e c a u s e  t h i s  p h o s p h o r u s  a tom h a s  t h e  d i p h e n y l  p h o s p h a t e  

r e s i d u e  i n  t h e  a x i a l  p o s i t i o n .  I n  t h i s  way, t h e  t w o ,  more 

i n t e n s i v e  d o u b l e t s  may b e  a s c r i b e d  t o  R p - l ,  - w h i l e  t h e  l e s s  

i n t e n s i v e  d o u b l e t s  may be  a s s i g n e d  t o  S p - l .  
s p l i t t i n g 5  

u n d e r  p r o t o n  c o u p l i n g  c o n d i t i o n s .  The d o u b l e t  a s s i g n e d  t o  

5 

1 2 

1 

D o u b l e t s  c o r r e s p o n d i n g  t o  t h e  P1 a toms show 
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CYCLIC AMP DIPHENYL PHOSPHORIC MIXED ANHYDRIDE 139 
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1 
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FIG. 1. 
The proton-decoupled 31P NMR spectrum of the reaction mixture of cyclic AMP with 
2.2 molar equivalent3 of diphenyl phosphorochloridate in trimethyl phosphate after 
standing 10 min at 0 C. The broad solvent resonance about + 3 . 4 0  ppm is not shown. 

- Rp-& i s  s p l i t  i n t o  d o u b l e t s  o f  a d o u b l e t ,  w h i l e  t h e  d o u b l e t  

a s c r i b e d  t o  sp - l  a p p e a r s  as a m u l t i p l e t .  P r o t o n - p h o s p h o r u s  

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

f o r  t h e  d i o x a p h o s p h o r i n a n e  r i n g  o f  Rp-L ( JpH 22.7 H z )  and 

m i x e d  c h a i r  and t w i s t - b o a t  c o n f o r m a t i o n s  f o r  t h e  d i o x a -  

p h o s p h o r i n a n e  r i n g  o f  sp-&. T h i s  

s u p p o s i t i o n  i s  based on G o r e n s t e i n ' s  w o r k  o n  t h e  a n a l o g o u s  

-P R and ~p-2-aryloxy-2-oxo-trans-5,6-tetramethylene-l,3,2- 
d i o x a p h o s p h o r i n a n e s l l  as w e l l  a s  on  B e n t r u d e  ' s  s t u d i e s  on  

- R p  and SP m e t h y l  t h y m i d i n e  c y c l i c  3 ' , 5 ' - m o n o p h o s p h a t e s .  

The t w o  d i a s t e r e o i s o m e r s  were  f o r m e d  i n  a r a t i o  o f  

-p R - 1 / S  - -p -1 - = ( 9 2 : 8 ) .  The p r e f e r e n t i a l  f o r m a t i o n  of  Rp-L i s  

e x p e c t e d  on  t h e  b a s i s  o f  t h e  g r e a t e r  b a s i c i t y  o f  t h e  a x i a l  

P - 0  o x y g e n  a tom i n  1,3,2-dioxaphosphorinanes. l3 The 

a p p e a r a n c e  o f  t e t r a p h e n y l  p y r o p h o s p h a t e  i s  v e r y  p r o b a b l y  due 

t o  t h e  p r e s e n c e  o f  t r a c e s  of w a t e r  i n  t h e  r e a c t i o n  m i x t u r e .  

3 

0 J P H  = 9 . 1  and 1 0 . 9  H z ) .  
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140 BOTTKA, P E L C Z E R ,  AND TOMASZ 

When c y c l i c  AMP was r e a c t e d  w i t h  0.5 m o l a r  e q u i v a l e n t  

o f  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 ,  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  was q u a n t i t a t i v e l y  consumed, and a m i x t u r e  o f  1, c y c l i c  

AMP s y m m e t r i c a l  a n h y d r i d e 1 4  and d i p h e n y l  p h o s p h a t e  'L ( 7 :  1: 1) 
was fo rmed.  I n  t h i s  c a s e ,  1 t h a t  h a d  been p r o d u c e d  i n  t h e  

f i r s t  s t e p ,  was, i n  p a r t ,  t r a n s f o r m e d  by  t h e  a c t i o n  o f  

e x c e s s  c y c l i c  AMP i n t o  c y c l i c  AMP s y m m e t r i c a l  a n h y d r i d e  w i t h  

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

The r e a c t i o n  m i x t u r e  p r e p a r e d  w i t h  0 . 5  m o l a r  e q u i v a l e n t  

o f  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 ,  was t r e a t e d  w i t h  d i m e t h y l -  

amine a t  - 2 O O C .  A d e n o s i n e  c y c l i c  3 ' ,  5 ' - 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  d i a s t e r e o i s o m e r s  and dip h e n y l - 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  were  t h e  p h o s p h o r a m i d a t e  p r o d u c t s  o f  t h e  r e a c t i o n .  

Diphenyl-N,N-dimethylphosphoramid a t e  c a n  o n l y  be d e r i v e d  

f r o m  t h e  n u c l e o p h i l i c  a t t a c k  o f  d i m e t h y l a m i n e  a t  t h e  P 2  a tom 

of  1, s i n c e  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  was q u a n t i t a t i v e l y  

consumed, and t e t r a p h e n y l  p y r o p h o s p h a t e  was n o t  f o r m e d  

d u r i n g  t h e  s y n t h e s i s  o f  - 1 w i t h  0 . 5  m o l a r  e q u i v a l e n t  o f  

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 .  A t  t h e  same t i m e ,  t h e  f o r m a -  

t i o n  of a d e n o s i n e  c y c l i c  3',5'-N,N-dimethylphosphoramidate 
may be t h e  r e s u l t  o f  t h e  n u c l e o p h i l i c  a t t a c k  o f  d i m e t h y l -  

amine e i t h e r  a t  t h e  P1 a tom o f  - 1 or a t  one o f  t h e  p h o s p h o r u s  

atoms of  c y c l i c  AMP s y m m e t r i c a l  a n h y d r i d e .  T a k i n g  i n t o  

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

a n h y d r i d e  m i x t u r e ,  q u a n t i t a t i v e  a n a l y s i s  of  t h e  p r o d u c t  

m i x t u r e  showed, t h a t  n u c l e o p h i l i c  a t t a c k  o f  d i m e t h y l a m i n e  

o c c u r r e d  a t  t h e  t w o  p h o s p h o r u s  a toms of i n  a r a t i o  o f  

P / P  ( Q 3 : l ) .  I r r e s p e c t i v e  o f  w h e t h e r  aqueous or a n h y d r o u s  

d i m e t h y l a m i n e  was u s e d ,  t h i s  r a t i o  r e m a i n e d  u n a l t e r e d  w i t h i n  

t h e  l i m i t s  o f  e x p e r i m e n t a l  e r r o r s .  

N u c l e o p h i l i c  a t t a c k  of  d i m e t h y l a m i n e  a t  P1 a tom o f  - 1 
o c c u r s  w i t h  i n v e r s i o n  o f  c o n f i g u r a t i o n :  f r o m  an Rp/Sp = 

( 9 2 : 8 )  m i x t u r e  of  - 1 p r e p a r e d  w i t h  2 . 2  m o l a r  e q u i v a l e n t s  o f  

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 ,  an  l?p/!3p = ( 9 : 9 1 )  m i x t u r e  o f  

a d e n o s i n e  c y c l i c  3',5'-N,N-dimethylphosphoramidate was 

f ormed . 

1 2  
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CYCLIC AMP DIPHENYL PHOSPHORIC MIXED ANHYDRIDE 141 

To o u r  b e s t  k n o w l e d g e ,  t h e  r e a c t i o n  o f  w i t h  

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

b o t h  p h o s p h o r u s  atoms o f  a t e t r a s u b s t i t u t e d  p y r o p h o s p h a t e .  

F o r  a l l  t e t r a s u b s t i t u t e d  p y r o p h o s p h a t e s  s t u d i e d  so f a r ,  

n u c l e o p h i l i c  a t t a c k  a t  o n l y  one,  t h e  l e s s  e l e c t r o p h i l i c  

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

g r o u p ,  was o b s e r v e d .  T h i s  i s  due t o  t h e  f a c t  t h a t ,  i n  

g e n e r a l ,  b o n d  b r e a k i n g  b e t w e e n  s u b s t r a t e  and t h e  l e a v i n g  

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

r e a c t i o n  o f  1 w i t h  d i m e t h y l a m i n e  may p h o s p h o r u s .  

pro  fo rma be r e g a r d e d  as  a c a s e  where  bond f o r m i n g  b e t w e e n  

s u b s t r a t e  and t h e  e n t e r i n g  g r o u p  i s  a l s o  o f  c o m p a r a b l e  

s i g n i f i c a n c e .  However ,  we w o u l d  p r e f e r  t h e  s u p p o s i t i o n  t h a t  

bond b r e a k i n g  c o n t r o l s  t h i s  r e a c t i o n  t o o ,  and t h e  s i m i l a r  

e l e c t r o p h i l i c i t y  o f  t h e  t w o  p h o s p h o r u s  a toms i s  r e s p o n s i b l e  

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

R e l a t i n g  t o  t h e  p r e p a r a t i v e  a p p l i c a b i l i t y ,  o u r  r e s u l t s  

show t h a t  t h e  a c t i v a t i o n  o f  c y c l i c  AMP 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  f o l l o w e d  by  a m i n o l y s i s  o f  t h e  r e a c t i v e  

i n t e r m e d i a t e  1 w i t h  d i m e t h y l a m i n e ,  i s  a s u i t a b l e  m e t h o d  f o r  

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

t h e  r e a c t i o n  i s  7 5 % .  A s i m i l a r  m e t h o d  f o r  t h e  p r e p a r a t i o n  o f  

r i b o n u c l e o s i d e  c y c l i c  3',5'-N,N-dimethylphosphoramidate 
d i a s t e r e o i s o m e r s  t h a t  u s e s  2,4,6-triisopropylbenzenesulfonyl 
c h l o r i d e  i n s t e a d  o f  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 ,  h a s  been 

I n  t h i s  c a s e ,  h o w e v e r ,  t h e  d e s c r i b e d  r e c e n t l y .  

t h e o r e t i c a l  y i e l d  i s  o n l y  50%, s i n c e  c y c l i c  AMP s y m m e t r i c a l  

a n h y d r i d e  i s  t h e  r e a c t i v e  i n t e r m e d i a t e  o f  t h e  s y n t h e s i s .  

18-20  The 

\ .- 

2 1  

14 

E X P E R I M E N T A L  

C y c l i c  AMP t r i - n - b u t y l a m m o n i u m  s a l t  was p r e p a r e d  

a c c o r d i n g  t o  R e f .  21 .  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  ( E G A -  

Chemie)  was f r e s h l y  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e ,  b . p .  

140-142°C/52 Pa.  T r i m e t h y l  p h o s p h a t e  was d i s t i l l e d  t h r o u g h  

an  80x2 cm i n s u l a t e d  V i g r e u x  c o l u m n  a t  r e d u c e d  p r e s s u r e  

p r i o r  t o  u s e  and s t o r e d  o v e r  0 . 4  nm m o l e c u l a r  s i e v e s .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



142 BOTTKA, PELCZER, AND TOMASZ 

31P NMR s p e c t r a  were  r e c o r d e d  on  a B r u k e r  WM-250 F T  

s p e c t r o m e t e r  o p e r a t i n g  a t  1 0 1 . 2  MHz. P o s i t i v e  c h e m i c a l  

s h i f t s  a r e  d o w n f i e l d  f r o m  e x t e r n a l  85% H3P04.  

R e a c t i o n  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  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  

To a s o l u t i o n  o f  c y c l i c  AMP t r i - n - b u t y l a m m o n i u m  s a l t  

( 0 . 5  mmol) i n  t r i m e t h y l  p h o s p h a t e  ( 2 . 5  m L ) ,  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  - A :  2 2 7 . 9  p L  (1.1 mmol)  o r  8: 5 1 . 8  JJL 

( 0 . 2 5  mmol) was added.  The s o l u t i o n  was  s t i r r e d  w i t h  t h e  

e x c l u s i o n  o f  a t m o s p h e r i c  m o i s t u r e  a t  O°C f o r  10 min  t h e n  

a n a l y z e d  b y  31P N M R .  The p r o t o n - d e c o u p l e d  31P NMR s p e c t r u m  

o f  m i x t u r e  - A i s  shown i n  F I G .  1. Common s i g n a l s  i n  m i x t u r e s  

A and 8 w e r e :  - Rp-A, 6 - 1 9 . 2 8  ( d d ,  Jpp 1 9 . 8  H z ,  3JpH = 2 2 . 7  
2 - 1 9 . 0  Hz,  P >; S p - 1  6 - 1 8 . 0 9  ( m ,  

3JpHs = 9 . 1  and 1 0 . 9  H z ,  F i ) ,  - 2 4 . 0 7  ( d ,  2 

t h e  p r o t o n - d e -  2 

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

p h o s p h a t e  a b o u t  + 3 . 4 0  ppm, were  i n  m i x t u r e  - A :  6 - 4 . 8 9  (s, 
d i p h e n y l  p h o s p h o r o c h o r i d a t e )  and - 2 4 . 3 6  (s, t e t r a p h e n y l  

p y r o p h o s p h a t e ) ;  i n  m i x t u r e  1: 6 - 2 . 5 6  (s, c y c l i c  A M P ) ,  - 
1 1 . 0 2  (s, d i p h e n y l  p h o s p h a t e ) ,  - 1 7 . 5 7  ( d ) ,  - 1 7 . 9 1  (s, p a r t l y  

r e s o l v e d  f r o m  t h e  P1 d o u b l e t  of  ip-l), - 1 8 . 2 6  (s) and - 1 9 . 2 1  

( d ,  p a r t l y  b u r i e d  i n t o  t h e  P1 d o u b l e t  o f  R p - l )  ( d i a s t e r e o -  
i s o m e r s  o f  c y c l i c  AMP s y m m e t r i c a l  a n h y d r i d e 1 4 ) .  l ? p - ~ / ~ p - L  = 

9 2 : 8 ,  - l / d i p h e n y l  phosphorochloridate/tetraphenyl p y r o -  

p h o s p h a t e  = 1 . 0 : 0 . 8 : 0 . 2  ( i n  m i x t u r e  - A ) ;  - l / c y c l i c  AMP sym- 

m e t r i c a l  a n h y d r i d e / d i p h e n y l  p h o s p h a t e  ?r 7 : l : l  ( i n  m i x t u r e  

- 8 ) .  C y c l i c  A M P ,  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 ,  d i p h e n y l  

p h o s p h a t e  and t e t r a p h e n y l  p y r o p h o s p h a t e  were  i d e n t i f i e d  by  

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

on  c o n s e c u t i v e  a d d i t i o n  o f  a u t h e n t i c  s a m p l e s  t o  t h e  

m i x t u r e s .  

2 

1- 2 
- 
H z ,  P ) ,  - 2 3 . 5 9  ( d ,  Jpp ; - 

Jpp 1 7 . 9  H z ,  
Jpp = 1 7 . 2  Hz, P 2  ) .  A d d i t i o n a l  s i g n a l s  i n  

1 2 R e a c t i o n  o f  P - a d e n o s i n e  c y c l i c  3 ' , 5 '  P - d i p h e n y l  

p y r o p h o s p h a t e  w i t h  d i m e t h y l a m i n e  

M i x t u r e  - 0 o b t a i n e d  i n  t h e  r e a c t i o n  o f  c y c l i c  AMP 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  was d r o p p e d  i n t o  40% ( w / v )  

aqueous d i m e t h y l a m i n e  s o l u t i o n  ( 2 5  mL) c o o l e d  t o  -2OOC ( B a )  - 
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o r  into a solution of dimethylamine in anhydrous N,N- 
dimethylformamide of the same molar concentration and 
temperature (E) under vigorous stirring. Mixture A was 
reacted only with aqueous dimethylamine (&I. After 
evaporation aliquots of  the residues (one fifth of mixture 
- Ab) were separated by reversed phase MPLC on a LiChroprep 
RP-18 (25-40 p m ,  Merck) column (1.5 x 87.0 cm) by using 
methanol/deionized water (30:70, v/v, 840 mL) ,  then a 
gradient of the same mixture (320 mL)  and methanol ( 3 8 0  m L ) ,  

as eluent and 1.2 MPa overpressure (elution rate:21.0 mL/2.7 
min/fraction). The quantity of products was determined by UV 

at 260 nm { E  = 15,400 (for adenosine cyclic 3',5'-N,N- 
dimethylphosphoramidate) and 593 (for diphenyl-N,N- 
dimethylphosphoramidate)). Elution order of compounds was: 
cyclic AMP (in fraction 6-71, unidentified non-nucleotidic 
material (in fractions 8-9), Rp-adenosine cyclic 3',5'-N,N- 
dimethylphosphoramidate (in fractions 15-20, 4.73 y m o l  in 
mixture E&, 5.97 p o l  in mixture - Bb and 6.50 yrnol in mixture 
- Ab), Sp-adenosine cyclic 3',5'-N,N-dirnethylphosphoramidate 
(in fractions 24-32, 59.13 ymol in mixture €&, 47.40 y m o l  in 
mixture - Bb and 68.30 p n o l  in mixture - Ab) and diphenyl-N,N- 
dimethylphosphoramidate (in fractions 66-67, 19.39 y m o l  in 
mixture - Ba and 17.88 pmol in mixture - Bb). Overall yield of 
R p  and S -adenosine cyclic 3',5'-N,N-dimethylphosphor- - -P 
amidates in mixture - Ab was 74.8 % .  

D i p h e n y l - 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 ,  UV (MeOH) X max 
268.8, 262.1 and 256.7 nm, h 265.5, 258.3 and 229.0 nm; 
'H NMR (at 250 MHz in ( s ,  3H), 
7.13-7.37 (rn, 10H); 31P NMR (in trimethyl phosphate)& 
+2.63; TLC on silica gel in chloroform/ethylacetate and in 
chloroform/methanol (9:l v/v), Rf 0.65 and 0.80, 
respectively. The compound was in each respect identical 
with the sample prepared from diphenyl phosphorochloridate 
and dimethylamine in anhydrous ethyl ether by the analogy of 
the synthesis of diphenyl-N,N-di e t h y l p h o s p h o r a m i d a t e  . 

Adenosine cyclic 3',5'-N,N-dimethylphosphoramidate 

CDBr3),6 2.78 ( s ,  3H), 2.83 

22 

diastereoisomers were identified by TLC and 31P NMR 
21 comparisons with authentic samples. 
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