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CONFORMATIONAL ANALYSIS OF 3’-DEOXYRIBONUCLEOSIDES USING 
1D-NOE DIFFERENCE SPECTROSCOPY 

An i 1 Kumar’ ; S . B . Ka t t  i ’* ; Rosemeyer H . ; and Frank See 1 a‘ 

‘ D i  v i  s i  on o f  B i  opol ymers, CDRI  , Lucknow, Ind ia .  226001 
‘ I n s t i t u t e  o f  Organic & Bioorganic Chemistry, 
Un ive rs i t y  o f  Osnabruck, Osnabruck-D-4500, Germany. 

ABSTRACT : The r e s u l t s  o f  PMR s tud ies on 3’Deoxyribo 
nucleosides ( la-d ) reveals t h a t  the sugar puckering i s  
predominantly i n  N s t a t e  w i t h  g+ conformation o f  the 5 ’ -  
CH20H group. Except i n  l a ,  nucleobases i n  other nucleosides 
favour ant i  conformation. 

INTRODUCTION 

Recent1 y we have reported the synthesis and 

an t i f unga l  a c t i v i t y  o f  f ou r  3’-deoxyribonucleosides ( la-d)  . 
These nucleosides were synthesized by g l y c o s i l a t i o n  o f  a 

3’-deoxy sugar d e r i v a t i v e  w i t h  the corresponding s i l y l a t e d  

bases using SnCl, as a lewis  acid.  During coupl ing the 

g l y c o s i l i c  bond can have a o r  t3 conf igurat ion.  Thus 

necess i ta t ing unambiguous assignment o f  con f i gu ra t i on  a t  the 

anomeric carbon i n  these nucleosides. I n  the present study we 

have extended the use o f  ID-nuclear Overhauser enhancement 

(n.0.e.) spectroscopy t o  these nucleosides. 

Ear 1 i e r  Rosemeyer and See1 have successf u 1 1 y used 

n.0.e. spectroscopy t o  assign the stereochemistry a t  the 

anomeric center i n  nucleosides. I n  t h i s  technique a-D and t3-D 

anomers can be e a s i l y  i d e n t i f i e d  by sa tu ra t i ng  H-I’ and 

measuring the n.0.e. f a c t o r  a t  H-4’ and H - 3 ’ .  Because o f  

t h e i r  s p a t i a l  prox imi ty  i n  t3-D anomers, H-1’ and H-4’ 
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1596 KUMAR ET AL. 

e x h i b i t  mutual enhancement upon i r r a d i a t i o n .  While i n  the case 

o f  a-D nucleosides, i r r a d i a t i o n  o f  H-1’ produces an n.0.e. on 

H-3’ but  not  on H-4’. Inspect ion o f  the n.0.e. data ( t a b l e  1) 

conf igurat ion a t  C l ’ , v i z .  I r r a d i a t i o n  o f  H-1’ produces an 

n.0.e. on H-4’ and v i ce  versa whi le  there i s  no e f f e c t  between 

o f  these nucleosides ( l a -d ) ,  c l e a r l y  ind icates R-D 

- l a ,  B= Adenine 
- lb ,  B= Guanine 
- l c ,  B= Cytosine 
- I d ,  B= Thymine OH 

( la-d 

H-1’ and H-3’. Besides such stereochemical assignments t h i s  

technique a l so  gives informat ion regarding the o r i e n t a t i o n  o f  

the heterocyc l ic  base around the N - g l y c o s i l i c  bond (syn /an t i ) ,  

the sugar puckering ( N/S ) and the conformation around the 

C4 ’ - C5 ’ bond ( g+/g-/t 1 . 

RESULTS AND DISCUSSION 

Since H-8 ( i n  pur ines) and H-6 ( i n  pyr imidines) are not  

spin coupled t o  any other proton but  t h e i r  o r i e n t a t i o n  w i t h  

respect t o  sugar protons al lows d i f f e r e n t i a t i o n ,  i t  i s  an 

ideal  probe f o r  measuring the conformation around the 

N-glycosyl bond. Accordingly i n  the present study upon 

i r r a d i a t i o n  o f  the H-8 / H-6 we observed r e l a t i v e l y  more 

n.0.e. e f f e c t  on H0-3’ and Hn-2’ and less e f f e c t  on H-1’ 

(Table 1) .  This leads t o  the suggestion t h a t  the nucleobases 

are ant i  or iented. Furthermore a f a i r l y  accurate populat ion o f  

a n t i  and syn conformers can be estimated from the standard 

c a l i b r a t i o n  graph5. I t i s  observed t h a t  the nucleosides lb-d 

prefer  a n t i  populat ion (75-80%) whi le 3’-deoxyadenosine ( l a )  

e x i s t s  i n  syn/anti  equ i l i b r i um (50%) .  

The o r i e n t a t i o n  o f  the aglycone moiety has a s i g n i f i c a n t  

e f f e c t  on the ove ra l l  geometry o f  the nucleoside, inc lud ing 

the sugar puckering. Analysis o f  the v i c i n a l  proton coupling 
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CONFORMATION OF 3‘-DEOXYRIBONUCLEOSIDES 1597 

TABLE 1 : Results o f  ‘H-IH 1D NOE Di f ference Spectroscopy 

Experiments 

Nucleosides Proton n.O.e.( % Enhancement 

I r r a d i a t e d  

l a  

l b  

l c  

I d  

H-1’ 

H-8 

H-1 ’ 
H-8 

H-4 ’ 

H- 6 

H-1 ’ 
H-6 

Ha-3’(5.7), W5’a + H-5’b(8.3), 
5’-OH(1.0), 2’-OH(1.4), W l ’ ( 2 . 4 )  
Ha-3’(3.0), H-2’(3.3), 5 ’ - O H  (2.8) 
H-5 + H- l ’ (14.3) 

H- 4 ’ ( 5 .6 ) , H- 6 ( 2 .5 
CH3 ( 6 .1  ) , 
5’-OH( 3.1 ) , 

Ho- 3 ’ ( 3.5 ) , H-2 ’ ( 5 - 1 ) B 
H-1 ’ ( 2  - 4 )  

constants ( provides informat ion regarding the sugar 

puckering. It has been observed t h a t  the N form (3’T2~) 
corresponds t o  J,121 value o f  1.2 Hz, whereas the S form (3tT2’) 
has 8.8 Hz. I n  the present study J,121 was found t o  be 

2.4, 2.38, 1.94, 1.8 Hz i n  l a ,  l b ,  l c  and I d  

respect ive ly .  These values were used t o  estimate the 

percentage o f  N / S conformers using the formula reported i n  

the l i t e r a t u r e ‘ .  The r e s u l t s  presented i n  t a b l e  2 i nd i ca te  

t h a t  the major populat ion o f  the furanose r i n g  i n  3’-  

deoxyribonucleosides corresponds t o  the N conformation. This 

i s  i n  con t ras t  t o  the 2’deoxyribonucleosides where the sugar 

puckering i s  predominantly i n  the S form. On the other hand 
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1598 KUMAR ET AL. 

TABLE 2 : Results of the Conformational Analysis o f  

3’-Deoxyribonucleosides. 

Nucleosides % anti % N  % 9+ 
conformer conformer rotamer 

la 
ib 
l c  

i d  

50 

74 

75 

80 

91.43 64.61 

97.94 66.97 

100 70.15 

91.7 76.52 

common ribonucleosides show a definite preference for the N 
conformation. 

The conformation around the C4’-C5’ bond can have three 
possible staggered arrangements and their distribution is 
dependent mostly on the sugar pucker. Each rotamer can be 
quantitated from the H-4’-H-5’ coupling constant. In the 
native spectra of nucleosides la-d signals due to rt5’a/b 
appeared as multiplets. However, upon irradiation of the 5 ’ - 0 H  

proton, this region ofthe spectra was simplified resulting in 
H-5’ methylene protons appearing as double doublets. The 
coupling constants were then easily calculated. It was found 
3.94,  3 .91,  3.47 and 3.34  Hz in nucleosides la,lb,lc and Id 
respectively. Following Hruska et a 7 ’ ,  the conformation around 
the exocyclic C4’-C-5’ bond were calculated from the equation 
given be1 ow. 

J 4 1 5 ’ a  + J4151b 
Pg+ = 1 - 4 6  - --_---_-__------- 

8.9 

A l l  the 3’-deoxyribonucleosides exhibited predominantly 
the g+ rotamer population (table 2 ) .  This is consistent with 
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CONFORMATION OF 3 ‘-DEOXYRIBONUCLEOSIDES 1599 

the e a r l i e r  observation t h a t  the h igh populat ion o f  the N 

conformer i s  l i nked  t o  a h igh populat ion o f  the g+ rotamer’. 

The present f ind ings may be summarized as fo l l ows  : 

The 3’-deoxyribonucleosides e x h i b i t  preponderance o f  the 

a n t i  con f i gu ra t i on  around the Wglycosyl  bond, except l a  which 

has equal d i s t r i b u t i o n  o f  syn/ant i  conformers. The furanose 

r i n g  i n  a l l  these nucleosides e x h i b i t s  a h igh populat ion 

o f  the N s tate.  The o r i e n t a t i o n  around the C4’-C5’ bond i s  

mostly i n  the g+ rotamer form. I t  i s  apparent t h a t  there 

are s t r i k i n g  d i f ferences i n  the conformation o f  3’-deoxyribo- 

nucleosides versus 2’-deoxyribonucleosides and the former 

resemble the common ribonucleosides. This in format ion would be 

useful  i n  s t ruc tu re  analys is  o f  2 ’ -5 ’  l i n k e d  o l igonucleot ides 

v i s  a v i s  3 ’ -5 ’  l i n k e d  ol igonucleot ides.  

EXPERIMENTAL 

A 1  1 compounds ( la-d) have been synthesized‘ and 

a d d i t i o n a l l y  character ised by 13C NMR spectroscopy (Table 3 ) .  
A l l  NMR measurements were performed on AC-250 (Bruker, 

FRG) a t  298’K w i t h  (CD,),SO (99.5%) as so lvent  using i t ’ s  

deuterium f o r  i n t e r n a l  lock. Only decoupling s tud ies were 

c a r r i e d  ou t  on Bruker DRX-300 spectrometer. 

For the n.0.e. measurements the so lu t i ons  (0.1 M )  were 

degassed by bubbling N2 through it, fol lowed by sonicat ion.  

A l l  compounds were measured under i d e n t i c a l  spect ra l  and 

processing condi t ions apply ing the NOEDIFF pulse sequence of  

the Bruker software package (release version 1992) apply ing 

i t s  recommendations f o r  steady-state n.0.e. measurements. An 

i r r a d i a t i o n  t ime o f  1.5 s w i t h  an i r r a d i a t i o n  power o f  40 dB 

below 0.2 W y ie lded a sa tu ra t i on  o f  295%. The analys is  o f  

spectral  data was performed i n  two d i f f e r e n t  ways : 
( 1 )  sequential exponential m u l t i p l i c a t i o n  ( l i n e  broadening : 

0.25) and Four ier  t ransformat ion o f  two FID’s (one en t r y  f o r  

a desired i r r a d i a t i o n  p o i n t  p lus  one off-resonance con t ro l  

value) and then subst ract ion o f  the two spectra; 

(2) subst ract ion o f  the two FID’s fo l lowed by exponential 

m u l t i p l i c a t i o n  and f o u r i e r  t ransformat ion o f  the d i f f e r e n t i a l  
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1600 KUMAR ET AL. 

TABLE 3 : Results o f  13C NMR spectroscopy 

Carbon 

atom l a  

Nucleosides 

l b  l c  Id 

c-1 ’ 90.9 93.2 93.1 91 .O 
c-2 ’  74.7 75.8 75.2 74.5 
c-3 ’  38.6 39.1 33.2 33.5 
c -4 ’  80 .8  82 .1  80 .7  80 .3  
c -5 ’  62.7 61.2 61.7 61.7 
c- 2 152.2 137.6 155.2 108.5 
c- 4 149.0 153.1 165.6 150.5 
c- 5 140.6 108.4 92.3 163.6 
C- 6 156.1  154.0 141 .O 136.3 
C- 8 139.2 137.7 - - 
m3 12.15 

F I D .  A l l  n.0.e. value (n, % )  were obtained by repeated 

i n teg ra t i on  o f  the peaks o f  the d i f f e rence  spectra. 
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