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'P -l 5N ONE -BOND COUPLINGS OF DIASTEREOISOMERIC ADENOSINE 
CYCLIC 3',5'-PHOSPHORAMIDATES 

1% 2 , S. Bottka' and L. Radics J .  Tomasz 
'Institute of Biophysics, Biological Research Centre, 
Hungasian Academy of Sciences, H-6701 Szeged, Hungary 
and Central Research Institute of Chemistry, t i - 1 0 2 5  

Budape,st, Hungary 

1 31 15 Abstract. J (  P N) coupling constants of RP and Sp adeno- 
sine cyclic 3',5'-phosphoramidates ( L ) ,  -N-methylphosphor- 
amidates (2) and -N,N-dimethylphosphoramidates ( 3 )  increase 
in the order of L<z<z and obey the Stec rule ( JTf7p)<J (Sp) ) .  
A possible interpretation of coupling constant differences 
based on differences in substituent electronegativities and 
variation in hybridization at nitrogen atom, is suggested. 

Phosphoramidate derivatives, epimeric at phosphorus o f  

adenosine cyclic 3',5'-monophosphate, RP and zp adenosine 
cyclic 3',5'-phosphoramidates (21, -N-methylphosphoramid- 
ates ( 2 )  - and N,N-dimet h y l p h o s p h o r a m i d a t e s  (2) were prepared 
according to the methods developed in our laboratory, re- 
cently . 1-3 The configuration at phosphorus of compounds 1-1 

R 0 
I II 

oeYo+A 0 " + O W A  

OH OH 
S --P R --P 

- R A = adenin-9-yl 

NH 2 

- 3 N(CH3 l 2  

1 
- 2 NHCH3 
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1298 TOMASZ, BOTTKA, AND R A D I C S  

was assigned on the basis of the 31P chemical shift cri- 
terion established for 2-substituted-2-0~0-1,3,2-dioxaphos- 
p h ~ r i n a n e s . ~  According to this empirical rule the Rp dia- 
stereoisomer is expected to absorb several ppm at higher 
field, since this isomer has the amino (or substituted 
amino) group in the axial position, L.E. locked into gauche 
conformations relative to the endocyclic ester bonds. The 
31P shielding f o r  the gauche conformation may be interpreted 
a s a manifestation of the y-effect often observed in 13C 

5 chemical shifts either on the basis o f  steric interactions 
o r  on stereoelectronic grounds. 6 

The 31P chemical shift criterion tacitly involves the 
supposition that the dioxaphosphorinane ring of  both dia- 
stereoisomers exists in the same chair conformation. If this 
criterion is not fulfilled, discrepancies from the rule may 
occur, since the amino substituent a t  phosphorus is oriented 
axially also in the Sp diastereoisomer that has the dioxa- 
phosphorinane ring in a twist-boat conformation. To the best 
of o u r  knowledge such a discrepancy has not yet been found 
for the diastereomeric 2-amino(or substituted amino)-2-oxo- 
1,3,2-dioxaphosphorinanes, but has been observed for the 2- 
p-nitrophenoxy -2-oxo-5,6-tetramethylene-1,3,2-oxazaphos- 
phorinanes of similar structure.' On the other hand, the 
amino groups at phosphorus are equatorially ( o r  pseudo- 
equatorially) oriented in both diastereoisomers, when the 
- R p  isomer has a twist-boat-shaped dioxaphosphorinane ring, 
as in the case of  thymidine cyclic 3',5'-N,N-dimethyl- 
phosphoramidate. * Thymidine cyclic 3 '  ,5'-N ,N-dimethyl- 
phosphoramidate diastereoisomers, however, obey the jlP 
chemical shift criterion, though the difference between the 
shifts is an unusually small value (0.62 ppm). 9 

Another and more reliable approach for the configur- 
ational assignment at phosphorus in compounds 1-1 would be 
a comparison of the J (  P N) spin-spin coupling constants. 1 31 15 

Stec and his cowo'rkers have found that of the two diastereo- 
isomers of a given Z-amino(or substituted amino)-2-oxo- 
1,3,2-dioxaphosphorinane, the Sp diastereoisomer with 
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31P-15N COUPLINGS OF CYCLIC 3 '  ,5' -PHOSPHORAMIDATES 1299 

an equatorially oriented amino group at phosphorus has 
a J( P N) value of 10-15 Hz higher than the RP 
diastereoisomer having the amino group in the axial posi- 
tion. 9-13 This Stec rule for exocyclic spin 1/2 nuclei has 
been explained on the basis of the shorter equatorial P-N 

1 31 15 

bond containing a nitrogen atom of more spz character 
compared to the axial P-N linkage that has a nitrogen atom 
of more sp3 character. l3 Although the Stec rule is strictly 
valid for chair-shaped dioxaphosphorinane rings, it is still 
less sensitive to conformational changes than the 31P chem- 
ical shift criterion. For  example, the difference of 11 H z  

existing between the J( P N) values of thymidine cyclic 
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  diastereoi~omers~, can be 
found in the expected range in contrast that the R isomer 
populates predominantly a twist-boat conformation. 

To test the correctness of  the earlier configurational 
assignment at phosphorus based on the 31P chemical shift 
criterion, the 'J( 31P15N) coupling constants of diastereo- 
isomeric phosphoramidates 1-2 were determined and compared. 
Results of these 15N and 31P NMR investigations are pre- 
sented in this paper. 

1 31 15 

SP 

RESULTS AND DISCUSSION 

1J(31P15N) coupling constants, 15N and 31P chemical 
shift values as well as I5N-induced isotope effects OR the 
31P chemical shifts f o r  compounds 1-3 are displayed in 
T A B L E  1. 

In accordance with the Stec rule, the one-bond coup- 
lings of the zp diastereoisomers are always higher than 
those of the respective I?., diastereoisomers. The difference 
between the coupling constants of  the two diastereoisomers 
of a given phosphoramidate has the same value (13.7 H z )  for 
methylated phosphoramidates 2 and 1 and an approximately 
1 Hz larger value (14.6 Hz) for the unsubstituted derivative 
- 1. Coupling constants increase with increasing degree of 
methylation (L<L<L) in the two series of diastereoisomers. 
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1300 TOMASZ, BOTTKA, AND RADICS 

T A B L E  1 

15N and 31P NMR data of diastereoisomeric adenosine cyclic 
3',5'-phosphoramidates 1-1 in DMSO-d4. 

5 - R  2 - 1  -P -P (3-Z) 
R 32.36 -340.27 8.02 -0.007 -P 1 

- 5  46.93 -339.58 11.57 -0.011 -P 
14.57 

R 36.40 4.04 -349.57 7.69 - -P 13.72 2 - S 50.12 4.19 -348.83 9.33 - -P 

R 38. 73b (2.33) -352.26 7.94 -0.009 -P 
S 52. 46b (2.34) -353.57 9.27 -0.011 -P 

13.73 3 - 

a A3'P 631P(15N) - 6 31 P( 14 N) 14 
1J(31P15N) 4va&ueq,of 45.0 Hz (Rp) and 55.0 H z  ( 5  in 
CHCl f o r  N ,N ,O -tribenzoyl-adenosine cycifc 3';5'-N,N- 
dime?hylphosphoramidates have been reported. 

Differences of 4.0-4.2 and 2.3 Hz were found between the 
individual diastereoisomers of 1. and L and of and 2, 
respectively. These differences may be interpreted as being 
a result of methyl substitution and variation in hybridiza- 
tion at nitrogen atom. 

The magnitude of one-bond couplings increases with 
increasing electronegativity of the substituent. l 6  A S  a re- 
sult of the greater electronegativity o f  carbon compared t o  
hydrogen, in the t w o  series of diastereoisomers, an increase 
of J (  P N) values in the order of 1<2-<1 is anticipated. 
Exactly the same differences (2.3 Hz) were found between 
the coupling constants of Rp-;? and Rp-L and of sp- l  and 
S -3. This may be ascribed to substitution of H by CH3, and -P - 
may suggest similar hybridization at nitrogen atom for dia- 

1 31 15 
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1301 31 15 p- N COUPLINGS OF CYCLIC 3',5'-PHOSPHORAMIDATES 

stereoisomers of the same configuration o f  2 and 1. The 
larger coupling constant differences between the diastereo- 
isomers of 1. and 2 (4.0 Hz for RP and 4.2 Hz f o r  2,) may, 
however, only partly be attributed to substitution of H by 
CHJ.  Variations in hybridization at nitrogen atom may also 
be considered for the interpretation of  these differences. 

In compounds 1 and 2, the 15N nuclei in the Ep dia- 
stereoisomers are more shielded than in the Sp diastereo- 
isomers. A reverse correl.ation can be found for Rp-3 and 
S -3. In the case of Z-phenylamin0-2-oxo(-thio o r  -seleno)- -P - 
4-methyl-l,3,2-dioxaphosphorinane diastereoisomers a similar 
relationship found here for 1 and 2, exists. l 3  Adenosine 
cyclic 3',5'-phosphoranilidate diastereoisomers show, how- 
ever, the reverse correlation as to that observed for 
R - 3  and SP-3-.l3 This reverse correlation was considered a -P - 
result of the deshielding influence of the adenine ring 
on the axially oriented l5N our 
results this interpretation seems t o  be very unlikely. 

isotope 
effects of the 31P chemical shifts, are in good agreement 
with the literature data on analogous compounds. 

Amide nitrogen atom of pyramidal geometry has recently 
do 

n u c l e ~ s . ' ~  In the light of 

The sign and magnitude of one-bond 15N-induced 

1 3  

been assumed f o r  E p - l  and 
not exclude the correctness of this assumption. 

- SP-l-.l7 The above NMR results 

EXPERIMENTAL 

Compounds 1 and 2 labelled with 15N and unlabelled 2 
were synthesized according to literature procedures. 2 9 3  F o r  

the preparation of - 1 and 2, (15NH4),COJ and (CHJ),l5NH ( 3 0 %  

aqueous solution, 94.8% 15N, V E B  Berlin-Chemie, Berlin-Ad- 
lershof, G . D . R . )  were used. 

A Varian Associates model XL-400 instrument was used to 
obtain the 31P (161.9 M H z )  spectra. 
The measurements were made at ambient temperature, under 
broad-band 'H decoupling on 0.05-0.3 M solutions o f  the com- 

and I 5 N  (40.5 M H z )  NMR 
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1302 TOMASZ,  BOTTKA,  AND R A D I C S  

p o u n d s  i n  OMSO-d6. C h e m i c a l  s h i f t s  a r e  r e f e r e n c e d  t o  e x t e r -  

n a l  H3P04 a n d  NH415N03. D i g i t a l  r e s o l u t i o n  of  t h e  t r a n s -  

f o r m e d  s p e c t r a  was 0 . 1  Hz ( 3 1 P >  a n d  0 . 2 5  Hz ( I 5 N >  w h i c h  s e t  

t h e  e s t i m a t e d  a c c u r a c y  o f  f r e q u e n c y  d e t e r m i n a t i o n s  a t  2 0 . 2  

Hz a n d  2 0 . 5  Hz,  r e s p e c t i v e l y .  1J(31P151J) v a l u e s  w e r e  o b -  

t a i n e d  f r o m  t h e  s p l i t t i n g 5  o f  t h e  I5N and  31P r e s o n a n c e s ,  

s i g n a l .  R e s u l t s  a r e  s u m m a r i z e d  i n  TABLE 1. The J (  P N )  

v a l u e s  i n  TABLE 1 a r e  t a k e n  f r o m  t h e  more  a c c u r a t e  f r e q u e n c y  

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

P r e p a r a t i o n  - of  ( "NH4 2C03 

VEB B e r l i n - C h e m i e ,  

B e r l i n - A d l e r s h o f ,  G . O . R . )  was d i s s o l v e d  i n  a s o l u t i o n  of  K O H  

( 5 . 0  g )  i n  a 1 0 0  mL t w o - n e c k e d ,  

r o u n d - b o t t o m e d  f l a s k .  The s o l u t i o n  was b o i l e d ,  a n d  a s l o w  

s t r e a m  o f  d r y  n i t r o g e n  g a s  was p a s s e d  i n .  The d e p a r t i n g  g a s  

was t r a n s f e r r e d  t h r o u g h  a r e f l u x  c o n d e n s e r  a n d  a d r y i n g  t u b e  

f i l l e d  w i t h  K O H  p e l l e t s  and f i n a l y  t h r o u g h  a g a s  w a s h i n g  

b o t t l e  c o n t a i n i n g  d r y  OMF ( 2 7 0  mL) t h a t  h a d  b e e n  c o o l e d  t o  

( - 1 4 0  - ( - )5OoC 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 f t e r  3 h, d r y  C02 g a s  was b u b b l e d  g e n t l y  i n t o  t h e  DMF s o l -  

u t i o n  f o r  30 min.  The s u s p e n s i o n  t h u s  o b t a i n e d  was m i x e d  

w i t h  a n h y d r o u s  p y r i d i n e  ( 3 0  m L )  a t  room t e m p e r a t u r e  a n d  u s e d  

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

o r ,  f o r  2, f r o m  t h e  1 5 N - s a t e l l i t e  f r e q u e n c i e s  o f  t h e  31P 
1 3 1  1 5  

( 1 5  NH,I2SO4 ( 2 . 0  g ,  94.5% 15N,  

i n  d e i o n i z e d  H20 ( 3 0  mL) 
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