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Abstract: A molecular modelkng study and a synthesis of title compound 1 are presented. 
This novel modified nucleoside was introd&& into dit7erent ollgonudeotides and the corresponding 
melting temperatures of the duplexes formed with the complementary RNA were measured. 

In double stranded nucleic acids, the sugar part of each nucleotide has a defined puckering 
(measured by the two parameters vmax and P), the base part a defined orientation (measured by 
the torsion angle x = [O(4)-C(l’)-N(l)-C(2)]) and the backbone part defined torsion angles (a, 9, 
-j,...).l By using conformationally restricted nucleoside analogs, certain of these parameters can be 
fixed at the stage of the monomer. Resulting oligonucleotides preorganised with a 3’-endo type 
sugar puckering and an appropriate base orientation that is common to the A-family of nucleic acid 
conformations should therefore, for entropic reasons, possess an enhanced binding affinity against 
RNA compared with the wild type.2 

In order to fix as many parameters as possible at the level of the monomer, we decided to 
concentrate ourselves on modified nucleosides with a covalent carbon bridge between base and 
sugar. In these compounds, both x and the sugar puckering are restricted. Nucleosides of this type 
have been synthesized previou~ly.~ 

Among all the monomers tested by molecular modelling (bridges between C(6) and C(V), C(6) 
and C(3’), zero, one, two or three carbon atoms), we have selected the new C(6-3’)ethano-bridged 
uridine analog 1 (Fig. 1). 
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Figure 1. Lowest-energy confom~r of the bridged nuckoside 1. obtained from rnoteader mechaniis 
computations using the AMBER aft-atoms force field. The conformetbnel range was scanned, generating fifty 
structures by high-temperature dynamics, followed by complete minimization (“quenchii”). The structure has a 
base-torsion angle x = -1310. ie. dose to the comxpodi torsion angle in standard B-DNA (x P -14OO). The 
sugar puckering parameters P (pseudo rotation) and v max (maximum degree of pucker) are: P = 26.5 (in the 
c3’-encfo range, Le. conespondii to the A-form sugar puckering in nucleii acids) and v mBT = 46O. (Two other 
distinct geometries, hiiher in energy by 4.5. respectively 6.6 kcaknol were found during the ~fOmMional 
analysis). No modefling studies were made on RNA/DNA duplexes containing 1. 
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Synthesis of 1 

The key step consists of a palladium-cataiysed cross-coupling between the protected 3-C- 
ethinyl sugar 64 and the 2,4-dimethoxy-6-iodopytimidine 45 (Scheme 1). The choice of the 2,4- 
dichlorobenzyl group for the protection of the 3’- and 5’-alcohol moieties of 5 was cnticaiW it had to 
stand acidic, basic, as well as the mild hydrogenation conditions required for the selective 
reduction of the triple bond.8 After that reduction and changing the 1’,2’-0-isopropylidene moiety for 
two acetate protecting .groups, the second ring was formed by means of an intramolecular 
glycosilation catalysed by SnCl4 giving 10. As the 4-O-methyl moiety of 10 was sensitive to halide- 
mediated dealkylation@, it had to be replaced by a N(3)-benzyloxymethyl protective group.lO 2-O- 
methylation was achieved by the silver oxide method. 11 A stronger base like NaH forms an allylic 
anion by deprotonation on the bridge at the carbon center which is a to the base; 5methylated 
and 5,5dimethylated side-products were thus isolated from the reaction mixture in that case. Final 
hydrogenation under more vigourous conditions gave 1 (see step m in Scheme 1). 

Oligomerlsation of 7 

The 5’-O-dimethoxytrityi-3’-0-phosphoramidite derivative of 1 was synthesized in good yield 
and introduced into five DNA sequences; the melting temperatures of the duplexes formed with the 
complementary RNA strands are summarfsed in table 1. 

Modified DNA Sequence T,a) ATrnImod.b) 

tCCAGGtGtCCGCAt 43 -4.6 
CTCGTACCtTTCCGGTCC 55.2 -8.8 
CTCGTACttttCCGGTCC 46.2 -3.9 
GCGttttttttttGCG no duplex formation 
TTTTtCTCTCTCTCT 46.2 -5.1 

Table 1. The oiigonucteotides were synthesized on an ABI 390 DNA synthesizer using standard 
phosphoramidits chemistry. Capital letters stand for unmodified natural bases; ‘Y stands for 1. a) Melting 
temperature against RNA in degrees Celsius; the thermal denaturation of DNA/RNA hybrids was pedormed 
at 280 nm using a Giiford Response ii spectrophotometer (Cii-Corning Diagnostics Corp., Oberlin, OH); 
absorbance vs temperature profiles wers measured at 4 pM of each strand in 10 mM phosphate pH 7.0 (Na 
salts), 100 mM total [Na +] (supplemented as NaCl), 0.1 mM EDTA. b) difference of Tm per modification 
introduced compared with the wild-type DNA-RNA analogous sequence, in degrees Celsius. 

The antisense oiigonucieotides containing the bridged nucieoside 1 display a low affinity 
towards the complementary natural RNA strands. This result might be explained by the rigidity of 1 
itself. The previous modelling study, which dealt only with the monomer nucleoside, suggested 
that, although very close values were found for the sugar puckering and the base orientation, 1 
probably does not have exactly the conformation required for the introduction into a DNA-RNA 
duplex. Because of its rigidity, no room exists in the structure of 1 for conformational adjustment to 
the local parameters of the duplex; especially since steric interactions between the 5’-0-phosphate 
and the bridge in 1 would prevent the y angle from adopting the value of ca 50” required for duplex 
formation. A destabilization of the double strand is thus observed. A modelling study on the stability 
of DNAlRNA double strands containing 1 is in progress to confirm this hypothesis. 

It has been experimentally evidenced12 that too much conformational flexibility in a modified 
DNA strand could induce drastic drops in the binding affinity of this strand towards the 
complementary RNA sequence. The example reported here indicates that too much rigidity can 
also be disfavourable. 



2’-O-Methyl-6,3’cthanouridine 

&&me 1. (R I 2,4-v; Cau&bns: e)TMSCCLi (1.5 eq.), THF, -60%~ST; b) Bu4NFMcOH, 
THF, RT; c) 2,CDic+dm@ chbride (3 es), EiuqNl (0.4 eq.). NaH (2.2 eq.). DMF. -10% --, 0°C d) 24- 
Dimethoxy+wopyWd6_iodoWnmidine (4), PdCl2(PPh& (5%), Cul (10%). 2.2,6,6-tetra~ne; e) H@aNi, 
MeOH:THF 4:l; I) 60% tMwmadc acid, AT; g) Ac20. pyrkline. FIT; h) SnCl4, 
NaOH:dkxane l:l, lOO”C, 20 min.; j) PhCl$OCH~I. DBU, DMF; k) t+Oo, Mel. 

C&Cl 00°C --* RT; i) a 
reflux: ? ) &IS% pd-c. THF; 

Pd-C, AcONa, MeOH; 2. H$lO%Pd-C. MeCH; n) DMTCI, Pyridiie, RT ; o) i- 
I-PQNH. THF, RT. 
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