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NUCLEOSIDES & NUCLEOTIDES, 9 ( 3 ) ,  417-418 (1990) 

CONmGURATIONAL AND CONFORMATIONAL ANALYSIS OF REGULAR AND MODIFIED 
NUCLEOSIDES BY 1D-NOE DIEFERENCE SPECTROSCOPY 

Helmut Rosemeyer and Frank Seela* 

Laboratorium fur Organische und Bioorganische Chernie, Fachbereich Biologie/Chemie, Universitat 
Osnabruck, D-4500 Osnabruck, West-Germany 

1D-Nuclear Overhauser enhancement (NOE) spectroscopy on regular and modified nucleosides 
provides qualitative and semiquantitative information about configurational and conformational 
parameters. The formula scheme shows selected nucleosides which were studied with this technique. 

As shown in the table saturation of H-1' of P-D-nucleosides results in characteristic NOE factors of 
1.5-2.6 % of the H-4' signal while there is none at H-3'. Exeptions are nucleosides with 0-4-exo 
conformation of the glyconic moiety. Irradiation of H-1' of a-D-ribo and a-D-arabmonucleosides yields 
NOE factors on both, H-3' (1.5-3.7 %) and H 2' (10-11 %) while that on H-4' is zero. a-D-2'- 
Deoxyribonucleosides exhibit only weak enhancements at H-3' upon irradiation of H-1' (1 %) which 
points to a high population of S-type puckered molecules. Nevertheless, the assignment of a- 
configuration follows from the typical NOE factors (5-7 %) measured at H -2' [l]. 
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Tabla. Rasulu of Proton-Proton I D  NOE Mnurmmmnts. 

Pro- NOE 111 Proton NOE 1%) 
Irradlatad Imd1.t.d 

18 H-1’ H-I‘ (1.Y); H-4‘ (2.11; H-8 lY.8) 118 H-1’ H-2’ 1 1 . 2 ) ;  H-4‘ (1.71; H-6 11.11; 
H-8 H-1’ 18.01; H-I’ (3.61; H-3’ 10.91 - H-6 H-1’ 11.91; H-I ’  (7.01; H-3’ 12.51; 

- 
H -I’  (6.31; H-4’ 11.31; H-6 (1.11; 
H.1’ 11.51; HI-)’ (4.61; H-3’ 11.5);  

138 H-1’ 
H-6 28 H-1’ H-I* ( 9 . ~ 1 ;  H-4’ 11.01; n-8 i 2 . o  - 

H-8 n-1- (1.71; ~ - r +  ti+ 13.1) 
- 
38 H-1’ H -2’ 16.11; H-r (1.31; H-8 16.31; H-1’ H- I ’  (10.01; H-3‘ 13.71; H-6 11.41;  

n-a ~ 0 1 ’  (6.o); n,-r (1.21; H-3’ io.51; H-6 H-1‘ 11.31; H-4’ 15.31; 

H-I Hzl’ [4.il;’Hl-I’ (1.4); H8-3’ 11.11; H-6 Hal’ (2.81; Ma-]’ (3.;); H-4’ 14.31; 

H- I  H-1’ (1.7); H-4‘ 11.81; H-8 H-1’ 111.31; H-2’. H-3’ (0 ) ;  

H-I’ (4.11; H-3’ 13.0); H-8 (6.U); 176 H-l’ H-8 101; CH 113.7): 
H-8 H-I H-I‘ 15.71; H-I‘ 14-21; H-4‘ 1l.W; 

H-8 13.01; t i - I ’  11.8); H-4‘ [1,81; 118 H-1’ H-8 10.81; M -2’ 15.01‘ H-4’ 11.51; 
H-8 H- I  H-1’ 13.61; H-1’ 13.71; H-3’ (1.11; 

88 H-1’ H-8 (3.1). H -1’ lS.61; H-4’ [1.6); H-1’ H -2‘ 16.31; H-4’ 1 l . Y ) ;  H-8 (5.21; 
H-1‘ (3.1;; $-I’ (3.71; H-3’ (1.11; H-8 H51’ (4.51; H8-2”4.11; H-I 

Y8 H-1’ H -1’ 17.81; H-4’ (1.01; H-8 11.61; 3 H-1’ H -1’ 11.0); H-4’ 11.01; H-6 11.31; 
H- I  Hz1’ (1.71; ti8-I’ (3.11: H,-3’ (1 .81;  H-6 Hf1’ (1.71; H-3’ (3.01; H8-I’ (4.61; 

- 
48 H-1’ H -1’ (6 6 ) .  H-4’ (1.81; H-8 14.11; 9 H-I’ n -1- 17.01; H-3’ (1). H-6 12.31; - 
$ a  H-1’ H-I’ [lO.Yl; H-3’ (1.51; H-8 [1.71; H-1’ H-8 (10.11: H-4- (3.01; - 

H-1‘10): ti8& t7.S); H-3’ 12.91; 

H-1’ Ill; H - f  11.11; Ha-1’ 13.71; 

8 0  H-I’ - 
78 H-1’ - 
- 
- 
- 
- 

118 H-1’ H-8 (01; ti-4- 12.01; H O - I ’  14.71; 
H-8 H-1’. H-2’. H-3’ (0); 

- 108 H-6 H-1’ 13.61; H-I’+ H-3’ 18.51; - 
118 H-1’ H -1’ is.Yi;  H-4- (1.71; n-6 (1.11; 

ti-6 MCl’ [l.~l~Ml-l’[l.~]; ti-3’ (1.Y); - 120 H-1’ H-8 (OI.-H -r [S.II, 14-3. ii.11; 
H-I’ i o i ;  #-a* ( 1 . 3 1 ;  H-2’ is .s i .  

- 
H-8 

Purlna- or pyrlmidlm nuakrlng mas uaad throughout. 

From computer modeling of nucleosides based on force-field calculations it is known that H-8 (purine: 
numbering) or H-6 (pyrimidine numbering) are the closest protons to H-1’ if the conformation is syn [2] 
while in the anti conformation the closest protons to H-WH-6 are H -2’ and H -3’. This results in more 
or less strong NOE factors of H-1’ and H -2’/H -3’ upon saturatiofof H-8rn-t depending on the 
preferred conformation around the N-gly&sylic\ond. For a rough semiquantitative estimation of the 
populations of syn and anti conformers the NOE data of the conformationally faed nucleosidesm and 

were measured and used for calibration. While the H-1’ signal of= exhibits a maximal intensity 
enhancement upon saturation of H-8 (11.3 %) irradiation of H-8 of l’-deoxywyosine (170) leads to a 
maximal NOE of H -2’ + H -3’ (10.7 %) [3]. Inspection of the NOE data of the P-D-configurated 
nucleosides (Table) shows &at most compounds exhibit a preferred anti conformation. For a- 
nucleosides qualitative information about syn/anti populations can be drawn from the NOE data of H-1’ 
and H-4‘/Ha-2’ upon irradiation of H-8/H-6. 

P-D-Configurated nucleosides with anti conformation exhibit-different spatial proximities between H- 
8 and H 2’ and/or H 3’ depending on the sugar puckering: for S-type puckered compounds the 
closest proton to H-8&-6 is HP-2’ while in N-type puckered nucleosides, both H 2’ and H 3’ are 

similar NOE factors so that the NOE at H -3’ upon irradiation of H-8/H-6 is an indicator of the 

dideoxyribobranosides~ a n d B  tend to an equal distribution of N- and S-conformers while the other 
P-D-configurated compounds prefer S-type sugar puckering. 
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