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Intermolecular Radical C-C Bond Formation: Synthesis of a Novel Dinucleoside
Linker for Non-anionic Antisense Oligonucleosides*

Francoise Debart!, Jean-Jacques Vasseur!, Yogesh S. Sanghvi', and P. Dan Cook

ISIS Pharmacenticals, 2280 Faraday Avenue, Carisbad, CA 92008, USA
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Abstract: An cfficient, stereoselective synthesis of a thymidine (T) nucleoside dimer (T-3'-CH2-NH-0O-5"-T) 1 has been accomplished
via an intermolecular radical reaction. The new dimer and methodology is useful for the development of backbone modified antisense
oligonucleosides.

Modulation of the expression of genetic information by an antisense oligonucleotides is an exciting new
drug design concept.! Development of therapeutic agents based on this technology requires modified
oligonucleotides that are resistant to nucleolytic cleavage, penetrate cellular membranes, and hybridize, with
appropriate affinity and specificity, to targeted RNA. The removal of the negative charge carried by the
phosphodiester linkage of oligonucleotides may enhance each of these pharmacokinetic properties. However,
efforts in this direction, such as substitutions on the prochiral phosphorus atom of the phosphodiester linkage, as
represented by phosphotriesters, methylphosphonates, phosphoramidates, compromise binding affinity.! Several
other approaches, that provide a neutral backbone, are the methylene,? carbonyl,? disubstituted silyl*
modifications, which represent one to one atom replacements. A synthesis of a methylsulfonate as a two atom
replacement, and a dimethylene sulfonate as a three atom replacement of the phosphodiester linkage has been
reported.s We now report the replacement of the two atom moiety -3'-O-P(0)72- of a T-T dinucleotide by the
non-anionic 3'-CH-NH- moiety by a free radical, carbon-carbon bond formation between the nucleosides. The
resulting hydroxylamine nucleoside dimer 1 is achiral, neutral,’ and is expected to mimic a natural DNA
phosphodiester linkage.7

Scheme I outlines the synthesis of novel target dinucleoside 1, for which the key reaction is the
stereoselective connection of 5'-O-(trityl)-3'-deoxy-3"-iodothymidine (5) and 5'-O-(methyleneamino)-3"-(-butyl-
diphenylsilyl)thymidine (9). We chose to explore the possibility of achieving this connection via an intermolecular
radical C-C bond formation. In recent years, considerable technology has been developed with radical reactions
that result in a high degree of stereoselectivity.® In particular, our attention was drawn to the stereoselective
synthesis of 3'-cyanomethyl- and 3‘-cyano-3'-dcoxythymidincs by Tam,’ and Parkes, ° respectively. It is notable
that these were stereoselective, high yield reactions which indicates the stability of the incipient 3'-radical of 3

+We refer to modified oligonucleotides that have the phosphorus atom removed as oligonucleosides.
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Scheme I. SYNTHESIS OF DINUCLEOSIDE 12
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 Reagents and conditions: (a) 1 equiv of 3, 1.15 equiv of TrCl, pyridine, reflux 1h, 79% of 4; (b) 1 equiv of 4, 2 equiv of
(PhO),MeP"*TI', DMF, room temperature, 16h, 68% of 5; (c) 1 equiv of 3, 1.3 equiv of HONPhth, 1.3 equiv of PhsP, 1.5 equiv of
DIPAD, DMF, 0°C -> room temperature, 15h, 80% of 6; (d) 1 equiv of 6, 1.3 equiv of 'BuPh,SICl, 2.6 equiv of imidazole, DMF,
room temperature, 2h, 84% of 7; (e) 1 equiv of 7, 1.5 equiv of HsCNHNH,, CH,Clp, room temparature, 2h, 78% of 8; (f) 1 equiv
of 8, 1 equiv of aq. HCHO, dry MeOH, room temperature, 3h, 95% of 9; (g) 0.5 equiv of 5, 0.5 equiv of 8, 1.5 equiv of bis-
(trimethylstannyl)benzopinacolate, 2 ml CgHg, 22h, 80°C, 30% of 2; (h) 1 equiv of 2, aq. HF 48% (5 ml) in CH,CN (95 ml),

3h -> 1M nBuyNF in pyridine (1 ml), pyridine (10 mi), room temperature, 30 min., 80% of 1.

Furthermore, the ready availability of the radical precursor, iodo nucleoside 5,125 very attractive. Oxime
cthers have been reported to serve as radical acceptors for intramolecular cyclizations'® and for intermolecular
homologations.!* This literature suggests that the oxime ether present in the novel nucleoside 9 should serve as an
effective radical acceptor and provide the desired dinucleoside 1. The synthesis of protected nucleoside 9 was
achieved in four steps from readily available thymidine (3). A regioselective Mitsunobu reaction!’ of 3 with N-
hydroxyphthalimide resulted in exclusive formation of novel 5-O-(phthalimido)-thymidine (6)' in 80% yield.
For larger-scale syntheses, crude 6 was silylated with #-BuPh,SiCl and purified by chromatography to furnish
5-0-phthatimido-3"--butyldiphenylsilylthymidine (7) in 84% yield for two steps. Hydrazinolysis of 7 gave the
5'-0-aminothymidine derivative 8 in 79% yicld.” The amino nucleoside 8 was found to be extremely reactive
with aldehydes and ketones.'® N-alkylation of 8 with an equivalent amount of formaldehyde led to formation of
the desired oxime derivative 9 in 95% yield. A solution!® of 5,9, and bis(trimv.:thylstannyl)benmpinacolatem in
benzene was refluxed for 22 h to afford, after purification of the reaction mixture by silica gel chromatography, a
30% yield?! of the protected dinucleoside 2. The desired dimer 1 was obtained in 80% yield by a two-step
deblocking (aq. HF/ nByyNF) of dinucleoside 2.
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Partial COSY 400 MHz "H NMR of dinucleaside 1 in D;0 at 20°C

The structure of dinucleoside 1 resulting from the stereoselective radical reaction was established by H,
13C NMR, FAB MS and elemental analysis.2? The assignment of each proton resonance in dimer 1 was carried
out by COSY and NOESY techniques.23 The spin systems of deoxysugar moieties [Hy' 21334, and 7 and of
thymine (H6 and CH3) were identified by spin-spin coupling with the COSY cross peaks. The figure 1 show an
expansion of selected region of the COSY spectra of 1 with assignment of sugar protons. Sequential resonance
assignments within the individual spin systems were determined by NOESY. The characteristic NOESY cross
peaks between sugar and base protons are shown in figure 2. Thus, validating our assignment of the newly
created C-C bond as having an a-configuration for C3~ of the sugar ring.

The oxime ether radical linkage methodology developed from this research may have general application in
constructing backbone modified antisense oligonucleosides. We are in process of incorporating the described
dinucleoside 1 into oligonuclcosidesu for antisense evaluations.

Acknowledgements: We thank Dr. A, De Mesmacker for helpful suggestions and Dr. Rich Griffey and Mr. Patrick Wheeler for Iy
NMR studies. "
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