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A HIGH FIELD NMR STUDY OF 2'-DEOXYRIBO-C-NUCLEOSIDES

P. Francois, E. Sonveaux*, and R. Touillaux
Département de Chimie, Université Catholique de Louvain,
I, Place Louis Pasteur, B-1348 Louvain-La-Neuve, Belgium.

Abstract : A rule to establish the structure of alpha and béta isomers of C-
nucleosides, based on !H-1H coupling constants is proposed and checked.

2 -deoxyribo-C-nucleosides are interesting drugs or mimics of natural
nucleosides because the C-C bond linking the aglycone residue to the sugar
backbone is resistant to chemical and enzymatic cleavage. C-nucleosides
derived from 312 and 4a, 4bZ were recently incorporated into double
stranded DNA to analyze the role of hydrophobicity, stacking, side-chain
flexibility and hydrogen bonding on the thermodynamic stability of the
double helices. A major concern in the synthesis of these compounds is the
obtention of pure alpha and béta anomers, and the determination of their
structure.

The assignment of the alpha or béta configuration of C-nucleosides is not
straightforward. Indeed, the analysis has to take into account both the
anomery at C; and the conformation of the sugar ring. The ring being rather
flexible, there exist no simple rule of thumb3. This study shows that'it is
possible to discriminate between alpha and béta C-nucleosides on the basis
of their 1H NMR spectra if at least one of the isomers is in a pure Sor N
conformation.

C-nucleosides 2a and 2b, 4a and 4b were obtained from 1 as mixtures
of diastereoisomers, and were separated chromatographically4. Millican et
al. previously obtained 3a and 3b by another routel, and the X-ray
structure of 3b has been determined>. However, there is no correlation
available between NMR spectra and structures in this series. We thus also
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S ]
R,0 HO
1 0 Cl R!o 0 R,O 0 R4 0
4 1), 4 !
3 Hph4 Hy
OR, ORy ORy * OH OH
;e
1 Ry=pchlorobenzoyl 20 Ry*Ry=pchliorobenzoyl 2b, 3b, 4b: Ry, Ry, R, 5
Ry=phenyi as in the g series

3a Ry=Ry=benzoyl
R =phenyi
40 Ry=OMTr, Ry=H
R¢=-CHy-CH;-CH3-CONH,
8 7 &

TABLE 1: Conformational analysis of 2a,b (4 =dihedral angle between vicinal protons)

2b 2a
Joxp ¢NHH Ncalc ¢SHH Scalc Jmey Joxp d)NHH JNcalc d)SHH JSt:alc Jmeoy
1.2 10,87| 959 | 1,63 | 157,5 | 10,96 | 10,96 7.0 -34,7 | 5,76 368 7,32 6,59
1-2" 53| -243 | 8,77 36,7 545 | 5,45 55| -1859 | 8,94 | 824 1,54 5,02
2'-3 8,1 393 | 7,24 | -31,7 598 598 6.9 249 | 8,92 | 34,0 5,61 717
2"-3 10| 159,8 | 9,70 88,8 1,20 1,20 37| 1450 ] 7,33 86,8 1,26 4,12
34 15 |-188,4 | 8,10 {-105,5 1,67 1,67 32| -1258 | 3,93 {-109,7 2,03 2,92
P 9,5 154,4 RMS 308.3 1488 RMS
Qm 35,3 357 0,15 353 39,7 0,37
X 0 1 g,47 0,53
Conformation 31, 21, E 2T
TABLE 2A: Vicinal H-H coupling
constants caiculated for  and TABLE 28: Rules to assign an ¢ or f configuration
nucisosides when N(3 T} and 8(23T) to nucleosides
conformers are in equimolar
concentrations
J J NG, | SGyT)
calc a B trans 2 3
1-2' 7.6 57 o 1-2" >9,5 <2
1.2* 486 7.5 3-2" >8,5 <2
2-3 6,5 8.4
2"3 5,4 55 8 1-2' <2 >95
34 44 L 4.4 3-2v >g5 <2
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synthesized 2b from B-1-(phenyl)-1-deoxy-D-ribofuranose 5 (of known
absolute configuration8) by a stereospecific route?:4,

The 1D and 2D COSY 500Mhz !H NMR spectra of 2a, 2b, 4a and 4b were
recorded”.

A confor mational analysis was performed according to Altona's method8,
The relevant nucleoside is supposed to be in equilibrium between two
extreme conformations, N and S. The maximum torsion angles, ® mN, ® mS.
the pseudorotation angles, Py, Ps, and the molar fractions Xy, Xs of the two
conformers are allowed to vary in order to get a fit between calculated and
observed coupling constants. The results are reported in Table 1. Compound
2b is in a single S conformation whose parameters are similac to those
observed in the solid state (P=172°, & »= 39°)3. Compound 2a is an
equilibrium mixture of conformers. The parameters of one of the extreme
confor mations found (N) are similar to those of cristalline a -1-(3-pyridyl)-
1,2-dideoxy-D-ribofuranose (P=324,5°, ® m= 38,6°)%.

Using Altona’s model, we then systematically varied the proporctions of N
and S forms!0 to get an insight into the effect of the confor mational
equilibrium on the alpha/béta assignment based on coupling constants. For
an equimolar conceniration of conformers, alpha and béta anomers are
practically undistinguishable, as shown in Table 2A. However, we calculated
that, if either a N or a S conformation emerges as the dominant species, the
set of Hy-Hz-H3 trans coupling constants (Jg1-42* and Jg3-g2- for the alpha
anomer, and JH1-H2', JH3-H2" for the béta anomer) are of definite diagnostic
value (Table 2B.: a small coupling constant corresponds to a dihedrat angle of
approximately 90°, and a {arge one to a roughly trans diaxial refationship of
the coupled protons).

These rules were then used to assign the béta configuration to the siow
eluting isomer 4b. The 4a isomer appears to be a mixture of conformers, as
2a.

The diagnostic tool we propose is not ambiguous, contrary to the usual
one (routinely used for N-nucleosides) based on the multiplicity of the signal
corresponding to the proton on Cy11.12. According to this last rule, an alpha
isomer should feature a pseudo-quadruplet for Hj (Jui-H2' £ JH1-H2"), and a
béta isomer a pseudo-triplet (JH1-Hz = JH1-H2"). This is based on the implicit
assumption that, for all nucleosides featuring a N,O-acetal bond, the same
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conformations dominate. However, for C-nucleosides, both the alpha/béta
isomery and the actual conformational state of the five-membered ring have

to be taken into account.
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Recherche Scientifique, and P. P. had a fellowship from the IRS.I.A.
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