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CONFORMATIONAL ANALYSIS OF 3’-DEOXY-B-D-RIBONUCLEOSIDES 
USING 1D-NOE DIFFERENCE SPECTROSCOPY 

An11 Kumar’; S . B . K a t t i l * ;  Rosemeyer H . 2 ;  and Frank Seela2 

’ D i  v i s i on o f  B i  opo 1 ymers , C D R I  , Lucknow, I n d  i a. 226001 
‘ I n s t i t u t e  o f  Organic & B ioorganic  Chemistry, 
U n i v e r s 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’-deoxy-R-D-ribo- 
nucleosides ( la-d ) revea ls  t h a t  t he  sugar puckering i s  
predominantly i n  N s t a t e  w i t h  g+ conformation o f  t h e  
5’-CH20H g r o u p .  E x c e p t  i n  l a ,  n u c l e o b a s e s  i n  o t h e r  
nucleosides favour  a n t i  conformation. 

INTRODUCTION 

Recently we have repor ted the  syn thes is  and a n t i f u n g a l  

a c t i v i t y  o f  f o u r  3’-deoxy-D-D-ribonucleosides (la-d)' . These 

n u c l e o s i d e s  were  s y n t h e s i z e d  by g l y c o s i l a t i o n  o f  a 

3 ’ -deoxy-D-r ibosugar  d e r i v a t i v e  w i t h  t h e  cor respond ing  

s i l y l a t e d  bases us ing SnC14 as a Lewis ac id .  During coup l ing  

t h e  g l y c o s i l i c  bond can have a o r  13 c o n f i g u r a t i o n .  

Thus necess i ta t i ng  unambiguous assignment o f  c o n f i g u r a t i o n  

a t  t he  anomeric carbon i n  these nucleosides. I n  t h e  

p r e s e n t  s tudy  we have extended t h e  use o f  1D-nuclear 

Overhauser enhancement (n.0.e.) spectroscopy t o  study t h e  

c o n f i g u r a t i o n  and conformation of these nucleosides. 

E a r l  i e r  Rosemeyer and Seela2-5 have success fu l  l y  

used n.0.e. spectroscopy t o  ass ign the  s tereochemist ry  a t  

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

and 13-D anomers can be e a s i l y  i d e n t i f i e d  by s a t u r a t i n g  

* preliminary version of this manuscript was inadvertently sent to the publisher, apearing 
in volume 15, issue 10, pp. 1595-1601, 1996. This paper is the final, accepted version of the 
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508 KUMAR ET AL. 

H - I ’  and measuring t h e  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  p r o x i m i t y  i n  13-D anomers, H-1’ 

and H-4 ’  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 nucleos ides,  i r r a d i a t i o n  o f  H - I ’  produces 

an n.0.e. on H-3’  b u t  n o t  on H - 4 ’ .  Besides anomeric conf igu-  

r a t i o n ,  t he  n.0.e. d i f f e r e n c e  spectroscopy has been used t o  

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

conformat ions . 5 

RESULTS AND DISCUSSION 

I nspec t i on  o f  t he  n.0.e. da ta  ( t a b l e  1 )  o f  these 

nuc leos ides ( 1  a-d),  c l e a r l y  i n d i c a t e s  B-D c o n f i g u r a t i o n  

B 

- l a ,  B= Adenine 

- l b ,  B= Guanine 

l c ,  B= Cytos ine 

- I d ,  B= Thymine 

OH 

( l a - d  ) 

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 c e  ve rsa  w h i l e  t h e r e  i s  no e f f e c t  between 

H-1’  and H - 3 ’ .  Beside such stereochemical  assignments, 

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

o r i e n t a t i o n  o f  t h e  h e t e r o c y c l i c  base  a r o u n d  t h e  

N - g l y c o s i l i c  bond ( syn /an t i  1 ,  t he  sugar pucker ing ( N / S )  

and the  conformat ion around the  C 4 ’ - C 5 ‘  bond ( g+/g-/ t  1 .  
Since H-8 ( i n  pu r ines )  and H-6 ( i n  py r im id ines )  a re  n o t  

s p i n  coupled t o  any o the r  p ro ton  bu t  t h e i r  o r i e n t a t i o n  w i t h  

respect  t o  sugar p ro tons  a l l ows  d i f f e r e n t i a t i o n ,  i t  i s  

an i d e a l  probe f o r  measuring the  conformat ion around 

t h e  N-g l ycosy l  bond. A c c o r d i n g l y  i n  t h e  p r e s e n t  

study upon i r r a d i a t i o n  o f  the  H-8 1 H - 6 ,  t he  combined 
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3 ‘-DEOXY-~D-RIBONUCLEOSIDES 509 

TABLE 1 : Results o f  ’ H - l H  I D  n.0.e. Di f ference Spectro- 

scopy Experiments 

Nucleosides Proton n.O.e.( % Enhancement ) 

I r r a d i a t e d  

l a  H-1 ’ 

H-8 

l b  H-1 ’ 
H- 8 

l c  ti-4 ’ 

ti-6 

I d  H-I ’ 
H- 6 

n.0.e. e f f e c t  on HB-3’ and HB-2’ was found t o  be more 

than on H-I’ (Table 1).  This leads t o  the suggestion 

t h a t  t h e  nucleobases a re  a n t i  o r i e n t e d .  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. It i s  

observed t h a t  the nucleosides lb-d p re fe r  ant i  populat ion 

( 75-80% ) whi le  3’-deoxy-B-D-riboadenosine ( l a )  e x i s t s  i n  

syn/ant i  equ i l i b r i um ( 50% 1. 
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5 10 KUMAR ET AL. 

TABLE 2 : Resu l ts  of t h e  Conformat ional  Ana lys is  o f  

3 ’-Deoxy-R-D-ri bonucl eos i  des. 

Nucleosides %ant i  %N %g+ 

conformer conformer rotamer 

l a  

l b  

l c  

I d  

50 

74  

75  

80 

91.43 64.61 

9 7 . 9 4  6 6 . 9 7  

100 70.15 

91.7 76 .52  

The o r i e n t a t i o n  o f  t h e  a g l y c o n e  m o i e t y  h a s  a 

s i g n i f i c a n t  e f f e c t  on the  o v e r a l l  geometry o f  t h e  nuc leos ide 

i n c l u d i n g  t h e  sugar pucke r ing .  A n a l y s i s  o f  t h e  v i c i n a l  

p ro ton  coup l ing  constants  ( J 1 1 2 1  ) p rov ides  i n fo rma t ion  

regard ing t h e  sugar pucker ing.  I t  has been observed t h a t  

t h e  N f o rm ( 3 ’ T 2 9 )  corresponds t o  J 1 v 2 ,  v a l u e  o f  1 . 2  H z ,  

whereas the  S form ( 3 y T 2 ’ )  has J , y 2 9 =  8.8 H z .  I n  the  present  

study J1 9 2 y  was found t o  be 2.4,  2.38, 1.94, 1.8 Hz 

i n  l a ,  l b ,  l c  and Id r e s p e c t i v e l y .  These va lues were 

used t o  est imate the  percentage o f  N / S conformers us ing  

t h e  f o r m u l a  r e p o r t e d  i n  t h e  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 n d i c a t e  t h a t  t he  major popu la t i on  o f  

t h e  f u r a n o s e  r i n g  i n  3 ’ - d e o x y - l 3 - D - r i b o n u c l e o s i d e s  

corresponds t o  the  N conformat ion.  Th is  i s  i n  c o n t r a s t  

t o  the  2’deoxy-l3-D-ribonucleosides where t h e  sugar pucker ing 

i s  predominant ly i n  the  S form’. On t h e  o the r  hand common 

r i b o n u c l e o s i d e s  show a d e f i n i t e  p r e f e r e n c e  f o r  t h e  N 
conformat ion.  
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3 ’ -DEOXY-~D-RIBONUCLEOSIDES 511 

The conformation around the C4’-C5’ bond can have three 

possible staggered arrangements and t h e i r  d i s t r i b u t i o n  i s  

dependent mostly on the sugar puckering. Each rotamer can be 

q u a n t i t a t e d  from the  H-4’-H-5’ coup l i ng  constant .  I n  

t h e  n a t i v e  s p e c t r a  of  n u c l e o s i d e s  la-d, s i g n a l s  o f  

H-5’a/b appeared as m u l t i p l e t s .  However, upon i r r a d i a t i o n  o f  

the 5 ’ -OH proton, t h i s  region o f  the spectra was s i m p l i f i e d  

r e s u l t i n g  i n  H-5 ’  methylene protons appearing as double 

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

c a l c u l a t e d .  The J 4 y 5 y a  was found 3 . 2 9 ,  3 . 1 2 ,  3 . 2 7  and 

2.84 H z  whereas J q r 5 g b  3.94, 3 . 9 1 ,  3.47 and 3.34 H z  i n  

nucleosides la,lb,lc and Id respect ive ly .  Fol lowing Hruska 

et a18, the conformation around the exocycl i c  C4’-C-5’  bond 

were ca lcu lated from the equation given below. 

J4’5’a + J495’b 
Pg+ = 1 .46  - 

8.9 

A 1  1 t h e  3’-deoxy-O-D-ri  bonuc leos ides  e x h i b i t e d  

predominantly the g+ rotamer populat ion ( t a b l e  2 ) .  This i s  

consistent w i t h  the e a r l i e r  observation t h a t  the high 

populat ion o f  the N conformer i s  l i nked  t o  a high populat ion 

o f  the g+ rotamerg. 

The present f i nd ings  may be summarized as fo l lows : 

The 3’-deoxy-R-D-ribonucleosides e x h i b i t  preponderance 

o f  t he  a n t i  c o n f i g u r a t i o n  around the  N-glycosyl bond, 

e x c e p t  la w h i c h  has e q u a l  d i s t r i b u t i o n  o f  s y n / a n t 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 i g h  p o p u l a t i o n  o f  t h e  N s t a t e .  The 

o r i e n t a t i o n  around the  C4’-C5’ bond i s  most ly  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 f e r e n c e s  i n  t h e  c o n f o r m a t i o n  o f  3’-deoxy-O-D-ribo- 

nuc leos ides versus 2’-deoxy-O-D-ribonucleosides and t h e  

former resemble the common ribonucleosides. This informat ion 
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5 12 KUMAR ET AL. 

would be use fu l  i n  s t r u c t u r e  ana lys i s  o f  2’-5’ l i n k e d  o l i g o -  

nuc leo t ides  vis a vis 3’-5’ l i n k e d  o l i gonuc leo t i des .  

EXPERIMENTAL 

A l l  NMR measurements were performed on AC-250 (Bruker, 

F R G )  a t  298’K w i t h  ( C D 3 ) * S 0  (99.5%) as so l ven t  us ing  

i t s  d e u t e r i u m  f o r  i n t e r n a l  l o c k .  On ly  d e c o u p l i n g  

s tud ies  were c a r r i e d  ou t  on Bruker D R X - 3 0 0  spectrometer. 

For t h e  n.0.e. measurements t h e  s o l u t i o n s  (0 .1  M )  

were degassed by b u b b l i n g  N2 t h rough  i t ,  f o l l o w e d  by 

son ica t i on .  A l l  compounds were measured under i d e n t i c a l  

spec t ra l  and processing cond i t i ons  app ly ing  t h e  N O E D I F F  

pu lse  sequence o f  t h e  Bruker  s o f t w a r e  package ( r e l e a s e  

vers ion  1992)  app ly ing  i t s  recommendations f o r  s teady-state 

n.0.e. measurements.The parameters were as f o l l o w s  : D 3  ( t o  

s e t  02) :  0.1 s;S3:40dB below 0.2 W y i e l d i n g  a s a t u r a t i o n  o f  

2 95%; D 1 : 3  s ;  D 2 : 1 . 5  s ;  R D : O  s ;  PW:9.8 us (=go’ pu l se ) ;  NS 

(per  each loop) :  32; dummy scans: 4; NE (number o f  exper i -  

ments) :  1 2 .  A n a l y s i s  o f  s p e c t r a l  d a t a  was per formed by 

subs t rac t i on  o f  two F I D ’ s  (one off-resonance i r r a d i a t i o n )  

f o l l o w e d  by exponen t ia l  m u l t i p l i c a t i o n  ( l i n e  broadening:  

0.25) and f o u r i e r  t rans format ion  o f  t h e  d i f f e r e n t i a l  F I D .  

A l l  n.0.e. v a l u e s  ( n , i n  % )  were o b t a i n e d  by r e p e a t e d  

i n t e g r a t i o n  o f  t he  peaks o f  t h e  d i f f e r e n c e  spect ra.  
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