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

1% 2

Anil Kumar1; S.B.Katti ; Rosemeyer H.2; and Frank Seela

Tpivision of Biopolymers, CDRI, Lucknow,India.226001
Institute of Organic & Bioorganic Chemistry,
University of Osnabruck, Osnabruck-D-4500, Germany.

ABSTRACT : The results of PMR studies on 3’'-~deoxy-f-D-ribo-
nucleosides ( 1la-—d ) reveals that the sugar puckering is
predominantly in N state with g+ conformation of the
5’—CH20H group. Except in 1a, nucleobases in other
nucleosides favour anti conformation.

INTRODUCTION

Recently we have reported the synthesis and antifungal
activity of four 3’-deoxy-B-D-ribonucleosides (1a—d)1. These
nucleosides were synthesized by glycosilation of a
3’-deoxy~D-ribosugar derivative with the corresponding
silylated bases using SnCl, as a Lewis acid. During coupling
the giycosilic bond can have a or B8 configuration.
Thus necessitating unambiguous assignment of configuration
at the anomeric carbon in these nucleosides. In the
present study we have extended the use of 1D-nuclear
Overhauser enhancement (n.0.e.) spectroscopy to study the
configuration and conformation of these nucleosides.

Earlier Rosemeyer and See1a2_5 have successfully
used n.O.e. spectroscopy to assign the stereochemistry at
the anomeric center in nucleosides. In this technique a-D

and B-D anomers can be easily identified by saturating

* An 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
manuscript.
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H-1' and measuring the n.0O.e. factor at H-4’ and H-3°'.
Because of their spatial proximity in B~D anomers, H-1"
and H-4’ exhibit mutual enhancement upon irradiation. While
in the case of a-D nucleosides, irradiation of H-1' produces
an n.0.e. on H-3’ but not on H-4’., Besides anomeric configu-
ration, the n.0.e. difference spectroscopy has been used to
obtain semiguantitative information about the nucleoside

Conformationss.

RESULTS AND DISCUSSION
Inspection of the n.0.e. data (table 1) of these

nucleosides (1 a-d), <clearly indicates B-D configuration

HO
ta, B= Adenine
1b, B= Guanine

1c, B= Cytosine

1d, B= Thymine
OH
(1a-d )
at ¢1', viz., Irradiation of H-1’ produces an n.0O.e. on

H-4' and vice versa while there is no effect between
H-1' and H-3’. Beside such stereochemical assignments,
this technique also gives information regarding the
orientation of the heterocyclic base around the
N-glycosilic bond ( syn/anti ), the sugar puckering (N/S)
and the conformation around the ¢€4°’-C5' bond ( g+/g-/t ).

Since H-8 (in purines) and H-6 (in pyrimidines) are not
spin coupled to any other proton but their orientation with
respect to sugar protons allows differentiation, it is
an ideal probe for measuring the conformation around
the N-glycosyl bond. Accordingly in the present
study upon irradiation of the H-8 / H-6, the combined



16: 24 26 January 2011

Downl oaded At:

3'-DEOXY-B-D-RIBONUCLEOSIDES 509

TABLE 1 : Results of 'H-'H 1D n.O.e. Difference Spectro-

scopy Experiments

Nucleosides Proton n.0.e.( % Enhancement )
Irradiated
ta H-1’ H-47(2.3), H-2’(3.4), 2’-0H(4),
H-8(5.2)
H-8 HB—3’(2.7), H-2'(2.9), 5’-0H
(2.1), H-1'(5.6)
ib H-1’ H~-4’(4.5), H-8(2.8), H-5'(1.9)
H-8 Hy-3'(0.5), Hg-3'(2.1), H5’a(1.3),
H5'b(1.4), H-2’(3.3), H-1'(3)
ic H-4" Ha-3’(5.7), H-5'a + H-5'b(8.3),
5’-0H(1.0), 2°~0OH(1.4), H-1’(2.4)
H-6 HB—3’(3.0), H-2°(3.83), 5’-0H
(2.8), H-5 + H-1'(14.3)
1d H~-1" H-4'(5.6), H-6(2.5)
H-6 CH3(6.1), HB-3’(3.5), H-2’(5.1),

5’-0H(3.1), H-1’(2.4)

n.0.e. effect on Hb—3’ and HB—Z’ was found to be more
than on H-1’ (Table t1). This leads to the suggestion
that the nucleobases are anti oriented. Furthermore, a
fairly accurate population of anti and syn conformers can
be estimated from the standard calibration graphs. It is
observed that the nucleosides 1b-d prefer anti population
( 75-80% ) while 3'-deoxy-f3-D-riboadenosine (1a) exists in
syn/anti equilibrium ( 50% ).
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TABLE 2 : Results of the Conformational Analysis of

3’ -Deoxy-B-D-ribonucleosides.

Nucleosides %anti %N %9+
conformer conformer rotamer

ta 50 91.43 64.61

1b 74 97.94 66.97

ic 75 100 70.15

1d 80 91.7 76.52

The orientation of the aglycone moiety has a
significant effect on the overall geometry of the nucleoside
including the sugar puckering. Analysis of the vicinal
proton coupling constants ( Jyroo } provides information
regarding the sugar puckering. It has been observed that
the N form (3'T2,) corresponds to Jy1oo value of 1.2 Hz,
whereas the § form (3yT2') has Jyrgo= 8.8 Hz. In the present
study J1,2, was found to be 2.4, 2.38, 1.94, 1.8 Hz
in fa, ib, tc and 1d respectively. These values were
used to estimate the percentage of N / 8 conformers using
the formula reported in the 11teratures. The results
presented in table 2 indicate that the major population of
the furanose ring in 3’-deoxy-B-D-ribonucleosides
corresponds to the N conformation. This is 1in contrast
to the 2’deoxy-B-D-ribonucleosides where the sugar puckering
is predominantiy in the S form7. On the other hand common
ribonucleosides show a definite preference for the N

conformation.
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The conformation around the C4’'~C5’ bond can have three
possible staggered arrangements and their distribution is
dependent mostly on the sugar puckering. Each rotamer can be
guantitated from the H-4’-H-5’ coupling constant. In
the native spectra of nucleosides l1a-d, signals of
H-5’a/b appeared as multiplets. However, upon irradiation of
the 5’'~0H proton, this region of the spectra was simplified
resulting in H-5" methylene protons appearing as double
doublets. The coupling constants were then easily
calculated. The Jar514 was found 3.29, 3.12, 3.27 and
2.84 Hz whereas Jgr5'p 3.94, 3.91, 3.47 and 3.34 Hz in
nucleosides 1a,1b,1c and 1d respectively. Following Hruska
et a78, the conformation around the exocyclic C4’-¢-5' bond

were calculated from the equation given below.

J4’5!a+ J4151b
Pg+ = 1.46 -

A1l the 3’-deoxy~-B-D-ribonucleosides exhibited
predominantly the g+ rotamer population (table 2). This is
consistent with the earlier observation that the high
population of the N conformer is Tlinked to a high population
of the g+ rotamerg.

The present findings may be summarized as follows
The 3’~deoxy-B-D-ribonucleosides exhibit preponderance
of the anti configuration around the N-glycosyl bond,
except 1a which has equal distribution of syn/anti
conformers. The furanose ring in all these nucleosides
exhibits a high population of +the N state. The
orientation around the C4’-C5’ bond is mostly in the g+
rotamer form. It is apparent that there are striking
differences in the conformation of 3’-deoxy-fB-D-ribo-
nucleosides versus 2’-deoxy-B-D-ribonucleosides and the
former resemble the common ribonucleosides. This information
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would be useful in structure analysis of 2’-5" linked oligo-
nucleotides vis a vis 3'-5’ l1linked oligonucleotides.

EXPERIMENTAL

A1l NMR measurements were performed on AC-250 (Bruker,
FRG) at 298°K with (CD3)280 (99.5%) as solvent using
its deuterium for internal lock. Only decoupling
studies were carried out on Bruker DRX-300 spectrometer.

For the n.O.e. measurements the solutions (0.1 M)
were degassed by bubbiing N, through it, followed by
sonication. A11 compounds were measured under identical
spectral and processing conditions applying +the NOEDIFF
pulse sequence of the Bruker software package (release
version 1992) applying its recommendations for steady-state
n.0.e. measurements.The parameters were as follows : D3 (to
set 02): 0.1 s;83:40dB below 0.2 W yielding a saturation of
> 95%; D1:3 s; D2:1.5 s; RD:0 s; PW:9.8 us (=90° pulse); NS
(per each loop): 32; dummy scans: 4; NE {(number of experi-
ments): 12. Analysis of spectral data was performed by
substraction of two FID’s (one off-resonance irradiation)
followed by exponential multiplication (1ine broadening:
0.25) and fourier transformation of the differential FID.
A1l n.0.e. values (N,in %) were obtained by repeated

integration of the peaks of the difference spectra.

ACKNOWLEDGEMENT
Grateful acknowledgement is made to RSIC, CDRI for NMR data
(decoupling studies) and CSIR for financial assistance (SRF)

to Anil Kumar.

REFERENCES
1. Kumar, A., Khan, S$.I., Manglani, A., Khan, Z.K. and
Katti,S.B.; Nucleosides and Nucleotides (19%4), 13 (5),
1049-1058.




16: 24 26 January 2011

Downl oaded At:

3'-DEOXY-B-D-RIBONUCLEOSIDES 513

2. Rosemyer, H., Toth, G. and Seela, F.; Nucleosides and
Nucleotides (1989), 8, 587-597.

3. Toth, G., Rosemeyer, H. and Seela, F.; Nucleosides and
Nucleotides (1989), 8, 1091-1092.

4, Rosemyer, H. and Seela, F.; Nucleosides and Nucleotides
(1990), 9, 417-418,

5. Rosemeyer ,H., Toth,G., Glankiewiiz,B., Kazimierczuk,Z.,

Bourgeois,W., Kretschmer,U., Muth, H.P. and Seela,F.;
J.Org.Chem. (1990), 55, 5784-5790 and the references
cited therein.

6. Koole,L.H., Buck,H.M., Vial,J.M. and Chattopadhyaya,dJ.;
Acta. Chem. Scand. (1989), 43, 665-669.

7. Saenger,W. Principles of Nucleic Acid Structure;

Springer Verlag, New York, (1983), 51-65.

8. Hruska, F.E., Wood, D.J., Mynott, Sarma, R.H.; Fed.Eur,
Biochem. Soc. Lett. (1973), 31, 153-155.

9. wWeshhof,E., Plach,H., Cuno,I., Luderman,H.D.; Nucleic
Acid Research (1977), 4, 939-953.

Received 11/17/95
Accepted 7/12/96



