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NUCLEOSIDES & NUCLEOTIDES, 8(7), 1305-1317 (1989) 

9-(6-DEOXY- B -0-ALLOFURAN0SYL)ADENINE CYCLIC 3',5'-PHOSPHOR- 
AMIDATE: A NEW CYCLIC AMP A M I D E  D E R I V A T I V E  CONTAINING AN 

EQUATORIAL METHYL GROUP A T  THE 5 ' -POSIT ION 

L .  R a d i c s l ,  S. B o t t k a  2 a n d  J. Tomasz2' 

' C e n t 3 a l  R e s e a r c h  I n s t i t u t e  o f  C h e m i s t r y ,  H-1525 B u d a p e s t  
a n d  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 ,  H u n g a r y  

A b s t r a c t .  R a n d  2, p h o s p h o r u s  d i a s t e r e o i s o m e r s  of  t h e  t i t l e  
compound (27 a r e  p r e p a r e d  f r o m  t h e  c o r r e s p o n d i n g  c y c l i c  
m o n o p h o s p h a t e .  S o l u t i o n  c o n f o r m a t i o n  of  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  and  h y d r o l y s i s  o f  and 
c o m p a r e d  w i t h  t h o s e  o f  t h e  p 6 g s p h o r u s  d i a s t e r e o i s o m e r s  o f  
t h e  i s o m e r i c  compound t h a t  c o n t a i n s  t h e  5 ' - m e t h y l  g r o u p  i n  
t h e  a x i a l  p o s i t i o n .  

R -2 a n d  Sp-2 a r e  s t u d i e d  

P h o s p h o r a m i d a t e  d e r i v a t i v e s  of 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), a 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 ,  p o s s e s s  
c h i r a l  p h o s p h o r u s  a tom.  T h e r e f o r e ,  t h e s e  compounds a p p e a r  i n  

t h e  f o r m  o f  t w o  p h o s p h o r u s  d i a s t e r e o i s o m e r s ,  Ep and 2,. B i o -  

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

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

NMR i n v e s t i g a t i o n s  o n  t h e  same d i a s t e r e o i s o m e r s  l e d  t o  a 

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

e q u i l i b r i u m  o f  t h e  1,3,2-dioxaphosphorinane r i n g  i n  n u c l e o -  

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

v a t i o n  r e q u i r e m e n t s  o f  c y c l i c  AMP m e t a b o l i z i n g  enzymes.  1 7 2  

3-5 

E x t e n s i v e  s t u d i e s  o n  t h e  p h o s p h o r a m i d a t e  d e r i v a t i v e s  o f  

c y c l i c  AMP w e r e  p e r f o r m e d  i n  our l a b o r a t o r y  i n  t h e  p a s t  f i v e  

y e a r s . 6  A p a r t  o f  t h e s e  s t u d i e s  was d i r e c t e d  t o  t h e  p r e p a r a -  

t i o n  of new compounds t h a t  may b e  o f  c h e m i c a l  a n d / o r  b i o -  

1305 
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1306 RADICS, BOTTKA, AND TOMASZ 

chemical interest. Most recently, RP and Sp diastereoisomers 
of 9(6-deoxy- a-L-talofuranosy1)adenine cyclic 3',5'-phos- 
phoramidate ( 1 1 ,  a sugar-modified cylic AMP-amide derivative 
that contains a methyl group in place of the axial 5'-hydro- 
gen atom, have been d e ~ c r i b e d . ~  Solution conformation of the 
dioxaphosphorinane ring in F$-& and Sp-L and acid hydrolysis 
of the diastereoisomers have also been investigated. 

S -P R -P 

A - R -2 
H adenin-9-yl 

adenin-9-yl 

R -1 

- 1 CH3 

- 2 H CH3 

The substitution by a methyl group of the equatorial 
5'-hydrogen atom of cyclic AMP-amide would result in the 
isomeric RP- and Sp-9(6-deoxy- 6 -0-allofuranosy1)adenine 
cyclic 3',5'-phosphoramidate ( 2 ) .  Of the four compounds, 
-p R -1  - 3  -p S -1 - >  Rp-z and sp-2, the Rp and Sp pairs are phos- 
phorus, while the 1 and 2 pairs are carbon diastereoisomers. 
Studies of these pairs of diastereoisorners offer the possi- 
bility of comparing the effect of  the orientation (axial o r  
equatorial) of both the amino and the 5'-methyl groups on 
the conformation and hydrolytic reactivity of cyclic AMP- 
amides. To perform these investigations of stereochemical 
interest, R p - 2  and - sp-2  have been prepared, the conformation 
of their dioxaphosphorinane ring in solution and their hy- 
drolysis have been studied and compared with those of R p - l  
and zp-1. The results are presented in this paper. 
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NEW CYCLIC AMP AMIDE 1307 

RESULTS AND DISCUSSION 

Synthesis and solution conformation of Rp- and S p - 9 ( 6 -  

deoxy- 6-0-allofuranosy1)adenine cyclic 3' ,5'-phosphor- 
amidates (Rp-2 and sp-2> 

The method described earlier for the preparation of 
- R p -  and zp-adenosine 3' , 5 ' - p h o ~ p h o r a m i d a t e s ~ ~  as well as of 
R -1 and zP-L7 was adapted to the synthesis of R p - 2  and -P - 
S -2. 9(6-Deoxy-B-O-allofuranosyl)adenine cyclic 3',5'-mono- -P - 
phosphate (2) was activated with POC13 in anhydrous tri- 
methyl phosphate at O°C. The reactive intermediate was 
treated -- in situ with a suspension of (NH4)2CD3 in a mixture 
of OMF/pyridine (9:l) at 25OC. After two successive purifi- 
cations on reversed phase MPLC and HPLC columns, Rp-2 and 
S -2 were obtained in yields of 6.3% and 22.5%, respective- -P - 
ly. The structure of products and 
31P NMR and mass spectrometry. Oiastereoisomers Rp-2 and 
S -2 were distinguished by 31P NMR. On the basis of litera- -P - 
ture data,' . sP-2 (equatorial amino group) is expected to 
absorb at lower field. NMR data are collected in TABLE 1. 

One chair and only one single twist conformation are 
energetically accessible for the dioxaphosphorinane ring of 
nucleoside cyclic 3',5'-monophosphates and their deriva- 
tives. This is a result of the transoid five-to-six-membered 
ring fusion. 3 y 5  Therefore, in solution the dioxaphosphor- 
inane ring o f  the above mentioned compounds is an equilib- 
rium mixture of chair and twist conformations. NMR data in 
TABLE 1 reveal that both for Rp-2 - and f o r  sp-;! the equilib- 
rium mixture is highly biased toward the chair form in 
DMSO-d6 solution. On the contrary, approximate twist confor- 
mer populations of 65% and 15% were estimated for the dioxa- 
phosphorinane ring of Rp-i and Sp- i ,  respectively, under the 
same conditions. 

In t h e  chair-shaped dioxaphosphorinane ring of 2, 
the conformation is gauche about the P05'C5'H5' and the 
PO5'C5'C4' torsional angles, while it is trans about the 
PO5'C5'C6' angle. The small value for coupling 3J(PH5'> (1.4 

was confirmed by 'H, 13C 
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1308 RADICS, BOTTKA, AND TOMASZ 

TABLE 1. NMR spectral parametersa of RP- and ~p-9(6-deoxy-8-D-allofuranosyl)adenine 
cyclic 3',5'-phosphoramidates (2) and 9 ( 6 - d e o x y - l ? - O - a l l o f u r a n o s y l ) a d e n i n e  cyclic 
3 '  ,5'-monophosphate (1) 

2 8.169 
4 
5 
6 
8 8.299 
6-NH2 7.551 

1' 6.000 
2 '  4.676 
3 '  4.917 
4' 3.793 
5' 4.565 
6' 1.323 
2'-OH 6.220 
P-NH, 5.040 

- - _ - - - _ _ _ _ - - _ _ _ _ _ - - _ _ _ _ _  

152.82 0.191 
148.69 
118.86 
156.02 
139.67 8.374 

7.359 

91.15 5.995 
71.46 4.700 
76.33 5.061 
76.51 3.732 
76.10 4.562 
19.49 1.321 

6.220 
5.213 

152.84 
148.68 
119.01 
156.04 
140.12 

~ 

91.46 
71.47 
75.43 
76.68 
75.07 
19.56 

8.276 

8.471 
0.065 

150.70 
148.38 
110.99 
154.43 
140.74 

6.003 
4.661 
4.940 
3.771 
4.488 
1.310 
b) 

91.47 
71.50 
76.57 
76.90 
75.42 
19.41 

~~~~~ ~~~ 

aChemical shifts are in ppm relative to internal TMS for 'H and "C resonances. 
External 65% H3P04 was used for referencing of 31P signals. Coupling constants 
are in Hz. Interproton couplings are based on iirst-order approximation. Phosphorus- 
proton couplings were inferred from 20 heteronuclear C-H chemical shift correlation 
experiments.For details see Ref. 7. 

bThese resonances are exchange-averaged in this sample. 
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NEW CYCLIC AMP AMIDE 1309 

Hz f o r  Rp-2 a n d  1 . 2  Hz f o r  3 - 2 )  i s  i n d i c a t i v e  o f  a gauche  

a r r a n g e m e n t  of  t h e  p h o s p h o r u s  t o  t h e  a x i a l  5 '  p r o t o n  a b o u t  

t h e  0 5 ' C 5 '  b o n d .  O f  v i c i n a l  c a r b o n - p h o s p h o r u s  c o u p l i n g s ,  

3 J ( P C 6 1 ) ( 7 . 6  Hz f o r  Rp-Z a n d  6.3 Hz f o r  Sp-2) i s  l a r g e r  t h a n  

3 J ( P C 4 ' ) ( 5 . 1  Hz f o r  R+-2 a n d  3 . 4  Hz f o r  Sp-;?) i n  t h e  c a s e  o f  

b o t h  d i a s t e r e o i s o m e r s .  I n s p e c t i o n  o f  D r e i d i n g  m o d e l s  shows,  

t h a t  t h i s  r e l a t i o n s h i p  s u p p o r t s  t h e  e x i s t e n c e  o f  a t r a n s  

P O 5 ' C 5 ' C 6 '  a n d  a gauche  P O 5 ' C 5 ' C 4 '  t o r s i o n a l  a n g l e .  An 

i n c r e a s e  i n  c o u p l i n g  3 J ( P C 4 ' )  and  a d e c r e a s e  o f  c o u p l i n g  

3 J ( P C 6 ' )  c a n  b e  f o u n d  i n  g o i n g  f r o m  zp-2 t o  Rp-2. T h i s  t r e n d  

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

t h e  gauche  i n t o  t h e  d i r e c t i o n  o f  t h e  c i s  ( f o r  P O 5 ' C 5 ' C 4 ' )  

a n d  from t h e  t r a n s  i n t o  t h e  d i r e c t i o n  of  t h e  gauche  c o n f o r -  

m a t i o n  ( f o r  P O 5 ' C 5 ' C 6 ' )  and  s u g g e s t s  somewhat h i g h e r  popu-  

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  

S - 2  t h a n  f o r  t h a t  o f  Rp-2. The s l i g h t  d e p o p u l a t i o n  o f  t h e  -P - 
c h a i r  c o n f o r m a t i o n  f o r  3-2 may b e  c a u s e d  b y  t h e  1 , 3 - s y n -  

a x i a l  s t e r i c  r e p u l s i o n  b e t w e e n  t h e  a m i n o  g r o u p  and  t h e  5 ' ( 0 r  

3 ' ) h y d r o g e n  atom.3 The r e l a t i v e l y  l a r g e  31P c h e m i c a l  s h i f t  

d i f f e r e n c e  b e t w e e n  sp-2 a n d  Rp-2 ( 3 . 9 4  ppm) a l s o  i n d i c a t e s  a 

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

f o r m ,  s i n c e  t h e  g r e a t e r  t h e  s h i f t  d i f f e r e n c e  t h e  g r e a t e r  i s  

t h e  p r o p o r t i o n  o f  t h e  c h a i r  c o n f o r m e r  p o p u l a t i o n  i n  t h e  

e q u i l i b r i u m  m i x t u r e  o f  d i a s t e r e o i s o m e r s .  

H y d r o l y s i s  o f  R p -  a n d  Sp-9 (6 -deoxy -  B - 0 - a l l o f u r a n o s y 1 ) -  

a d e n 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 s  (Rp-2 a n d  ~ ~ - 2 )  
D i a s t e r e o m e r i c  p h o s p h o r a m i d a t e s  Rp-2 and  Sp-2 w e r e  h y -  

d r o l y z e d  i n  0 . 1  N h y d r o c h l o r i c  a c i d  and  i n  0 . 1  N s o d i u m  

h y d r o x i d e  a t  37OC. P e r c e n t a g e  b o n d  b r e a k i n g s  a n d  a p p r o x i m a t e  

h a l f - l i v e s  t o g e t h e r  w i t h  t h o s e  o f  Rp-L and  sp-L a r e  c o l -  

l e c t e d  i n  TABLE 2 .  

As shown i n  TABLE 2 ,  t h e  t w o  d i a s t e r e o m e r i c  p a i r s  o f  

p h o s p h o r a m i d a t e s  - 1 a n d  - 2 h y d r o l y z e  w i t h  d o m i n a n t  e s t e r  b o n d  

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

o f  t h e  P-O-C5' l i n k a g e  o c c u r s  i n  1. On t h e  c o n t r a r y ,  t h e  two  

e s t e r  b o n d  b r e a k i n g s  a r e  commensurab le  f o r  2. The d e g r e e  o f  

1 0 , l l  
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1310 RADICS, BOTTKA, AND TOMASZ 

TABLE 2. 
Hydrolysis of  RP and sp diastereoisomers of 9(6-deoxy- @ -D-  

allofuranosy1)adenine cyclic 3',5'-phosphoramidate (2 )  and 
of 9(6-deoxy- a-L-ta1ofuranosyl)adenine cyclic 3',5'-phos- 
phoramidate ( 1 )  - in 0.1 N hydrochloric acid ( H + )  and in 0.1 N 

sodium hydroxide (OH-)  at 37OC. 

Compound Bond breaking ( % )  5 / 2  (min) 
P -N P-0-C5 ' P-O-C3' 

H+ 4.6 53.6 41.8 149 
R - 2  -P - 

OH- - 66.3 33.7 0.04 

H+ 13.4 35.4 51.2 212 

OH- - 46.6 53.4 0.1 
s - 2  -P - 

H+ 15.5 78.5 6.0 41 

OH- - 80.7 19.3 0.04 
R -1  -P - 

H+ 3.2 89.6 7.2 48 

OH- - 74.5 25.5 0.06 
s -1  -P - 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Data for R p - l  and sp-l in acid are taken from Ref. 7 ,  
in alkali are unpublished results of  S. Bottka. 

those 

P-O-C3' bond breaking is always greater f o r  a given 2, than 
for the respective RP diastereoisomer. Fission of  the P-N 

bond occurs in a small degree in acid. 
F o r  the interpretation of ester bond breakings we 

should recall that nucleophilic displacement at phosphorus 
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NEW CYCLIC AMP AMIDE 1311 

a c c o r d i n g  t o  an S N 2 ( P )  mechan ism p r o c e e d s  a t r i g o n a l  

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

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

g r o u p .  12,13 On t h e  b a s i s  o f  t h e  l o n e  p a i r  o r i e n t a t i o n  

e f f e c t ,  l4 a b o a t - s h a p e d  d i o x a p h o s p h o r i n a n e  r i n g  o c c u p y i n g  

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

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

s t a t e  f o r  t h e  h y d r o l y t i c  f i s s i o n  of  t h e  e s t e r  b o n d s  i n  1 a n d  

- 2 .  O n l y  an a p i c a l - e q u a t o r i a l  b o a t  d i o x a p h o s p h o r i n a n e  r i n g  
p r o v i d e s  f o r  t h e  l o n e  p a i r  o n  t h e  e q u a t o r i a l  s p 2  h y b r i d i z e d  

16 r i n g  o x y g e n  a tom15  t o  be i n  t h e  f a v o r e d  e q u a t o r i a l  p l a n e .  

E x a m i n a t i o n  o f  O r e i d i n g  m o d e l s  shows t h a t  i n  t h e  t r a n s i t i o n  

s t a t e  o f  P-O-C5' b o n d  b r e a k i n g  t h e  p z  
o r b i t a l  o f  t h e  e q u a t o r i a l  0 3 '  a t o m  i s  l o c a t e d  i n  t h e  equa-  

t o r i a l  p l a n e .  On t h e  c o n t r a r y ,  i n  t h e  t r a n s i t i o n  s t a t e  o f  

P-O-C3' b o n d  b r e a k i n g  (21, t h e  o r b i t a l  

o f  t h e  e q u a t o r i a l  0 5 '  a t o m  i s  p e r p e n d i c u l a r  t o  t h e  equa-  

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

P-O-C5' l i n k a g e  of  1 c a n  b e  u n d e r s t o o d .  The i n c r e a s e d  

P-O-C3' b o n d  b r e a k i n g  o b s e r v e d  f o r  2 may b e  i n t e r p r e t e d  o n  

s t e r i c  g r o u n d s .  S t e r i c  r e p u l s i o n  b e t w e e n  t h e  c i s  H 4 '  a n d  H 5 '  

p r o t o n s  o f  1 a c t s  a g q i n s t  t h e  l o n e  p a i r  o r i e n t a t i o n  e f f e c t  

i n  t h e  t r a n s i t i o n  s t a t e .  T h i s  s t e r i c  e f f e c t  s h o u l d  b e  
g r e a t e r  f o r  2 t h a n  f o r  1, s i n c e  2 c o n t a i n s  a m e t h y l  g r o u p  o f  

l a r g e r  s i z e  i n s t e a d  o f  t h e  H 5 '  p r o t o n .  C o n s e q u e n t l y ,  t h e  

t r a n s i t i o n  s t a t e  e n e r g y  o f  P-O-C5' b o n d  b r e a k i n g  s h o u l d  b e  

l a r g e r  f o r  2 t h a n  f a r  1. The g r e a t e r  P-O-C3'bond b r e a k i n g  

o b s e r v e d  for a g i v e n  Sp d i a s t e r e o m e r  i n  c o m p a r i s o n  w i t h  t h e  

r e s p e c t i v e  FtP d i a s t e r e o m e r ,  may b e  i n t e r p r e t e d  s i m i l a r l y ,  b y  

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

s u b s t i t u e n t s  NH2,  H 4 '  a n d  H 5 '  ( f o r  sp-J) or NH2, H 4 '  a n d  

5 'CH3 ( f o r  sp-2). The e f f e c t  i s  o b v i o u s l y  g r e a t e r  f o r  sp-2 
t h a n  f o r  SP-L. The r e s u l t  i s  a g r e a t e r  d i f f e r e n c e  b e t w e e n  

5 - 2  a n d  Rp-2, t h a n  b e t w e e n  3-1 and  Rp-A i n  p e r c e n t a g e  -P - 
P-O-C3' b o n d  b r e a k i n g .  

(4) t h e  l o n e  p a i r  o n  

l o n e  p a i r  o n  t h e  p, 
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1312 RADICS,  BOTTKA, AND TOMASZ 

OH 

4 - 5 - 

The unexpectedly 17,18 low degree of P-N bond breaking 
in the acid hydrolysis of 1 was interpreted in terms of 
ground state stereoelectronic effects due to the overlap 
between the lone pair of the amide nitrogen atom of pyra- 
midal geometry and the 0% antibonding orbital o f  one of the 
two P - 0  ester bonds. 6 f 9 7  T h i s  orbital overlap requires the 
antiperiplanar orientation of the lone pair to the ester 
bond which can be attained in two of the three possible 
staggered conformations about the P-N bond (6 and 2 ) .  The 

6 - 7 - 

nN(--)mPO orbital mixing weakens the ester bonds and 
strengthens the P - N  linkage in the stereoelectronically fa- 
vored conformations 6 and 1 and may, thus, be responsible 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



NEW CYCLIC AMP AMIDE 1313 

f o r  t h e  o b s e r v e d  l o w  d e g r e e  o f  P - N  b o n d  b r e a k i n g  a n d  f o r  t h e  

d o m i n a n t  c l e a v a g e  of  t h e  e s t e r  b o n d s .  The a p p r o x i m a t e l y  

f i v e f o l d  P-N b o n d  b r e a k i n g  f o u n d  f o r  R p - l  compared  t o  sp- l  
was e x p l a i n e d  b y  c o n s i d e r i n g  t h e  1 , 3 - s y n a x i a l  s t e r i c  r e p u l -  

s i o n  b e t w e e n  t h e  amino  a n d  t h e  5 ' - m e t h y l  g r o u p s  and  t h e  H 3 '  

p r o t o n  of  t h e  Rp-L m o l e c u l e s  w i th  c h a i r - s h a p e d  d i o x a p h o s -  

p h o r i n a n e  r i n g .  Th is  s t e r i c  r e p u l s i o n  may i n c r e a s e  t h e  e x -  

t e n t  o f  P - N  b o n d  b r e a k i n g  b y  d e s t a b i l i z i n g  t h e  s t e r e o e l e c -  

t r o n i c a l l y  f a v o r e d  c o n f o r m a t i o n s  6 a n d  z. The r e v e r s e  c o r r e -  

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

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

r i n g  o f  gp-z m o l e c u l e s  i n  the t r a n s i t i o n  s t a t e  p o s s e s s e s  t h e  

same c i s  a r r a n g e m e n t  f o r  t h e  amino  a n d  t h e  5 ' - m e t h y l  g r o u p s  

a n d  t h e  H 3 '  p r o t o n ,  a s  t h e  c h a i r - s h a p e d  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 m o l e c u l e s  h a v e  i n  t h e  g r o u n d  s t a t e .  

EXPERIMENTAL 

9 (6 -Deoxy -  0 -0-allofuranosy1)adenine c y c l i c  3 ' , 5 ' - m o n o -  

p h o s p h a t e  ( 3 )  - was p r e p a r e d  f r o m  a d e n o s i n e  v i a  2 ' , 3 ' - 0 - i s o -  
6 p r o p y l i d e n e a d e n o s i n e  l9 a n d  N - b e n z o y l - 2 '  , 3  ' - 0 - i s o p r o p y l -  

i d e n e a d e n o s i n e 2 '  a c c o r d i n g  t o  a l i t e r a t u r e  p r o c e d u r e 2 1  and  

was c h a r a c t e r i z e d  b y  NMR. 

9-(6-Deoxy-@-D-allofuranosyl)adenine c y c l i c  3 ' , 5 ' - 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  (Rp-2 and  Sp-z) w e r e  s y n t h e -  

s i z e d  f r o m  t r i - n - b u t y l a m m o n i u m  s a l t  o f  - 3 ( 0 . 5  mmo l )6a  i n  

e x a c t l y  t h e  same way a s  d e s c r i b e d  f o r  t h e  p r e p a r a t i o n  of 
R -1 a n d  Sp-L. A f t e r  MPLC p u r i f i c a t i o n  o n  a L i C h r o p r e p  -P - 
R P - 1 8  ( 2 5 - 4 0  p m ,  M e r c k )  c o l u m n  ( 2 . 5 x 9 2 . 0  cm) i n  w a t e r / t e t r a -  

h y d r o f u r a n  ( 9 7 . 5 : 2 . 5 ,  v / v )  m i x t u r e  ( e l u t i o n  r a t e :  2 0 . 0  mL/ 

4 m i n / f r a c t i o n ) ,  t h e  d i a s t e r e o i s o m e r s  a p p e a r e d ,  p a r t l y  r e -  

s o l v e d ,  i n  f r a c t i o n s  120-130  (Rp-2) and  131-157  (Sp-;?). 
A b o u t  200 -400  A 2 6 0  u n i t s  o f  t h e s e  m i x t u r e s  were  f u r t h e r  

p u r i f i e d  b y  s e m i - p r e p a r a t i v e  HPLC o n  a L i C h r o s o r b  RP-18 

( 5  p, M e r c k )  c o l u m n  ( 2 5 0 x 1 0  mm 1 . 0 . )  i n  t h e  same e l u e n t  

d e s c r i b e d  a b o v e  for MPLC. The d i a s t e r e o i s o m e r s  were  i s o l a t e d  
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1314 RADICS, BOTTKA, AND TOMASZ 

as white solids by concentrating and freeze-drying the ap- 
propriate pooled fractions in total yields of 6.3% (I?p-!) 
and 22.5% (Sp-!) as determined by UV. F o r  NMR parameters see 
TABLE 1. MS; m/z (relative abundance of and S p - 2 ,  % ) :  

343 (100 and 1 0 0 )  (M+H)+, 263 (9.3 and 3.8) (M-PO NH I+, 136 

NMR spectra were run with dilute (10-20 mg in 0.6 mL) 

DMSO-d6 solutions at ambient temperature using a Varian As- 
sociates model XL-400 instrument. For  details of NMR and MS 
studies see Ref. 7. 

(82 and 79) (E+2H)+, 107 ( 8 9  and 32) NH2PO(OCHCH3) 2+ . 

Hydrolysis studies w e r e  performed with 0.4 mM solutions 
of Rp-;! and Sp-2 in 0 .1  N HC1 f o r  2h o r  72h and in 0.1 N 

NaOH (2.0 mL of  each) f o r  15 min at 37OC. The acidic samples 
were neutralized with triethylamine. The alkaline hydroly- 
sates were acidified by 0.2 N H C l  (2.0 mL) and kept for 24h 
at 37OC, then neutralized with triethylamine. Aliquots of 
the hydrolysates were analyzed by HPLC on a Hypersil ODs 
(5 pm, Shandon) column (250x4 mm 1.0.) in an acetonitrile/ 
0.1 M aqueous triethylammonium acetate, pH 7.2 (6:94, v/v) 
mixture (elution rate: 2 mL/min). UV absorbing stable prod- 
ucts of hydrolyis (? for P-N bond breaking, 9-(6-deoxy- 8-0- 
al1ofuranosyl)adenine 5'-monophosphate ( g )  for P-O-C3' bond 
breaking and 9-(6-deoxy- B-0-allofuranosy1)adenine 2'(3')- 
monophosphate ( 9 )  f o r  P-O-C5' bond breaking) were identified 
by establishing the appropriate peak intensities before and 
after successive addition of authentic samples to the hydro- 
lysates. The primary products of ester bond breakings, 
9(6-deoxy- B -0-allofuranosy1)adenine S'-phosphoramidate and 
9-(6-deoxy-@-O-allofuranosyl)adenine 3'-phosphoramidate were 
unstable in acid and converted to 8 and 2 ,  respectively, as 

control compounds, 2 and 8 were prepared according to Ref. 
21. Phosphate - 9 was prepared by the barium hydroxide catal- 
yzed hydrolysis of 2 followed by acid treatment.23 Retention 
times (min) were: (1.6, adenine, 1.0% after 2 h, neglected 
for calculation), 1.9 Cg), 4.2 (3'-phosphate) and 9.0 (2'- 
phosphate) (21, 13.0 (?), 16.0 (Rp-!) and 16.9 (Sp-E). Ap- 

expected on the basis of literature data. 17,18,22 O f  the 
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NEW CYCLIC AMP AMIDE 1315 

p r o x i m a t e  h a l f - l i v e s  were  c a l c u l a t e d  f r o m  t h e  p s e u d o - f i r s t -  

o r d e r  r a t e  c o n s t a n t s  t h a t  h a d  b e e n  o b t a i n e d  b y  m e a s u r i n g  t h e  

d e c r e a s e  o f  t h e  c o n c e n t r a t i o n  o f  Rp-z and  sp-z a t  f o u r  d i f -  

f e r e n t  p o i n t s  o f  t i m e  c l o s e  t o  t h e  h a l f - l i f e .  A l k a l i n e  h y d -  
r o l y s i s  o f  Rp-& a n d  Sp-A was p e r f o r m e d  a n a l o g o u s l y ,  b u t  f o r  

HPLC a n a l y i s ,  t h e  s y s t e m  d e s c r i b e d  f o r  a n a l y z i n g  t h e  a c i d  

h y d r o l y s a t e s  o f  F&-& a n d  sp-&,7 was u s e d .  
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