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ABSTRACT 

‘H-N.m.r. spectroscopy at various temperatures has been used to investigate the flexibility of the 

glycosyl ring and to calculate the percentage of N- and S-character in the most favoured conformations in 

solution adopted by various pyrimidine deoxyribonucleosides. The position and orientation of substituents 

have a definite and predictable influence on the conformation of the deoxyribose ring in these nucleosides. 

The deoxyribose rings in the nucleosides studied were. in general, flexible except for those of 3’.deoxy-3’- 

fluoro- and 3’.azido-3’.deoxy-thymidine and 2’-deoxy-2’-fluoro-S-methyl-arabinosyluracil. 

INTRODUCTION 

The crystal structures of a number of 2’-deoxynucleosides, e.g., thymidine’ (I), 

3’-deoxy-3’-fluorothymidine’ (2) and 3’-azido-3’-deoxythymidine3 (AZT, 3) have re- 

cently been determined, and the relationship between their crystal structures and their 

efficacies as anti-HIV agents has been discussed4. However, crystal structures give 

information on molecular conformations in the solid state, and little information can be 

gained concerning the flexibilities of the molecules and their shapes in solution or in an 

active site of an enzyme. 

Recently, we have synthesised deoxyribonucleosides, using N-deoxyribosyltrans- 

ferases from lactobacilli to catalyse the transfer of a deoxyribosyl residue or an analogue 

from a donor nucleoside to an acceptor base. We found’-’ that 2’-deoxy-, 2’,3’-dideoxy-, 

and 2’,5’-dideoxy-nucleosides were efficient glycosyl donors for this reaction, but that 

3’-substituted 2’,3’-dideoxynucleosides would not transfer their glycosyl residues to an 

acceptor base. 

Little is known about the active sites of these enzymes, but major factors 

accounting for this lack of reactivity may be steric hindrance or dipolar effects that 

inhibit the binding of a substrate to the transferase. Another factor which may be 

important is the flexibility of the deoxyribose ring. The flexibility can be considered to be 

made up of three components: (a) rotation about the glycosyl bond, (b) rotation about 

C-4-C-5’, and (c) pseudorotation of the deoxyribosyl ring. We have investigated the 

last of these components, because a substrate which adopts a rigid, unfavourable shape 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday 

+ To whom correspondence should be addressed. 

000%6215/91/$03.50 @ 1991 ~- Elsevier Science Publishers B.V. 



0 0 

W 

HO ii, 

HO 

1 R’=R2=R3=W, R4=OH 
4 

2 R1=R2=R3=H, R4=F 
3 R1=R2=R3=H, R4EN3 
5 R’= F; R *= R3= W, R4= Cl+ 

7 R 1 = R2z R3= R4= i-1 

8 R’= R’= H, R3= R4= F 

10 R’=R’= R4= I<, R3= @{ 



FLEXIBILITY OF THE GLYCOSYL RING IN NUCLEOSIDES 3 

equilibrium of the deoxyribose rings was analysed (Table I) by the use of vicinal 

spin-coupling constants”, using the formula: 

%S = 100 x J,,,*,/(J,.,2, + J,,,<). 

For each compound, the differences in enthalpy and entropy between the favoured 

conformations adopted over the range of temperatures studied were calculated from the 

temperature dependence of the equilibrium constants: 

and using a weighted least-squares fit for the van ‘t Hoff equation: 

-log Kcq = AHIRT - AS/R. 

The coupling constants due to protons in the glycosyl moieties of the nucleosides must 

obey inter-relationships governed by the laws of pseudorotation and, hence, the cou- 

pling constants cannot assume random values that are independent of each other. This 

situation allows predictions to be made for values of J,,,, when fluorine atoms replace 

hydrogen atoms in the glycosyl ring and only J,,,, can be measuredli. When measuring 

the coupling constants for fluorinated deoxyribose moieties, it was assumed, where 

necessary, that the corresponding Jk,,H = l/2 (J,,,,). This adjustment of coupling 

constants is not required for the AH and AScalculations, but such a correction factor is 

required to estimate a value for the percentage of N- and S-character in the conforma- 

tions adopted by fluorinated nucleosides. 

DISCUSSION 

We wished to investigate the pseudorotation of the deoxyribosyl moiety of 

deoxynucleosides, as this will have a bearing on the binding of these compounds to 

enzymes in aqueous media. The technique selected for these investigations, variable 

temperature ‘H-n.m.r. spectroscopy, requires a solvent which remains liquid over as 

wide a temperature range as possible. Because water is liquid over a comparatively 

narrow range of temperature, perdeuteromethanol is a more suitable solvent as it 

permits a wider range of temperatures to be studied. We find that the ‘H-n.m.r. spectra 

of solutions of our nucleosides in water and in perdeuteromethanol are very similar, 

suggesting that they adopt similar conformations in the two solvents and allowing 

comparisons to be made between results obtained in perdeuteromethanol and aqueous 

solutions. From the temperature dependencies of the N=S equilibria for compounds 

I-10, the enthalpy and entropy differences between the two forms were calculated 

(Table II). 

The ‘H-n.m.r. spectra of 3’-deoxy-3’-fluorothymidine (2) in perdeuteromethanol 

do not vary significantly over the temperature range 208-315 K (Fig. 1). The calculated 

difference in enthalpy between the N- and S-conformations of 2 over this temperature 

range is zero. On the other hand, there is a large entropy difference (+9.1 e.u.) between 

the N- and S-conformations over this temperature range. This finding suggests that the 

conformation of the deoxyribosyl ring in 2 has ~99% S-characterx, implying that 2 

adopts a rigid shape with an extreme S-conformation. The n.m.r. spectra of compounds 

s5 also changed little over this temperature range. Calculations indicate that there are 
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Temp. lK) J (H,_) Kc4 0% s 

H-1’,2’ H-3’ .4 

9 211 < I.0 8.27 0.12 11 
235 1.19 8.09 0.15 13 
260 1.85 7.33 0.25 20 
278 2.15 7.21 0.29 23 
297 2.23 1.26 0.31 24 
307 2.34 7.23 0.32 24 

10 198 I .64 3.02 0.54 35 

214 1.86 2.95 0.63 39 
231 I .99 3.04 0.66 40 

249 2.17 3.12 0.70 41 

269 2.31 3.12 0.74 43 

296 2.52 3.12 0.81 45 

’ Average value determined from unresolved peak signals. ’ Very large as Ji.,< = 0 Hz. ’ J,.,,. ’ J, F. 

TABLE II 

Enthalpy and entropy differences between N and S conformations of nucleosides 

Compound Enthalpy d&ermce” Ikcaljmolj Entropy d@erence” (r.u.) 

1 - 0.43 (0.08) -0.50 (0.35) 

2 0.0 (0.0) +9.13 (0.0) 

3 -0.11 (0.02) +0.16 (0.08) 

4 -0.13 (0.01) f0.495 (0.04) 

5 +0.02 (0.01) + 1.18 (0.02) 

6 -0.25 (0.01) + 0.029 (0.02) 

7 +0.82 (0.14) + 1.17 (0.49) 

8 - 1.13 (0.08) -2.38 (0.34) 

9 +1.29(0.19) +2.04 (0.70) 
10 +0.43 (0.03) + 1.03 (0.13) 

’ Standard deviations are given in parentheses. 

small differences in enthalpy between the N- and S-conformations of the two com- 
pounds over this range of temperatures. However, the magnitude of the entropy 
differences between the N- and S-conformations increase with increasing S-character (3, 
+0.16 e.u., 59% S-character; 4, +0.495 e.u., 62% S-character; 5, f1.18 e.u., 64% 

S-character). For compounds 3 and 4, the small entropy differences between the N- and 
S-conformations suggest that they have nearly equal stabilities that are unaffected by 
changes in temperature. On the other hand, for compound 5, there is a comparatively 
large difference in entropy (1.16 e.u.) between the N- and S-conformations, which could 
make the deoxyribosyl ring relatively inflexible, causing the molecule to have a nearly 
constant percentage (65%) of S-character over the temperature range studied. 
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Fig. 2. (a) ‘H-N.m.r. spectra of 3’.deoxy-3’,3’-difluorothymidine (8) measured at 206, 252, and 317 K; 

(b) variation of Kc, with temperature for 8. 

deoxyribosyl ring is again shown by the increase in S-character from 69% at 296 K to 

83 % at 206 K. The remaining compounds show an increased percentage of the favoured 

S-conformation at low temperatures, 

The position and orientation of substituents have a definite and predictable 

influence on the conformation of the deoxyribose ring. Atoms or groups on the same 

side of the sugar ring as C-5’ are designated “endo” and those on the opposite side of the 

ring to C-5’ are “exo”. Those nucleoside analogues in which the 3’-substituent is “exo” 

favour the S-conformation, whereas those analogues with the 3’-substituent “endo” 

adopt N-conformations. These predictions can also be extended to the 2’-position. An 
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