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Abdrad A me&d for the chemical 5’-pbosgbo~lstlon of oligo- mcthylgltospl~~rmtes on solid sqport is 

The potential ofoligonucleotide based therapy in the treatment ofcertain cancers, viral diseases 

and genetic disorders has led to an intense efiort in designing nuclease resistant oligonucleotide 

analogues that can also hybridize to their compl&tentaty nucleic acid targets in a sequence specific 

manner.1 Two of the most promising irhd widdy studied oligonucleotide analogues, to date, are the 

oligonucleoside methylphosphonates and the phosphorothioates.2 

Methylphosphonate oligonucleotides sre stable to degradation by setum or cellulsr nucieases and 

can significantly inhibit viral gene expression in number of cell-culture systems.3 Recently, the 

oligomers were conjugated with psoralens to increase their efficacy as photoactivated 

antisensekurtigene modulators of gene expression. 4 The psoralens, with suitable linker& ivere 

conjugated to the Y-phosphate of the oligomers via a nuclease resistant phosphoramidate linkage.4b 

Because there is no method available for chemical phosphorylation of methylphosphonate 

oligonucleotides, the Y-phosphate precursors used in these studies were prepared by enzymatic 

phosphorylation with T4 polynucleotide kiuase and ATP. The enzymatic phosphorylation is 

inconvenient and impractical for large scale preparations and requires a phosphorhester liie at the 

S-end of the olig0mer.s Moreover, in contrast to the nuclease resistant methylphosphonate backbone: 

this phorphodiester llle is susqtlble to dqndation inside the cells.7 Most of the standard 5’- 

phosphorylating megents and methoda,* designed for solid-phase DNA synthesis, require moduately 

harsh alkaline conditions to remove phosphate pro&cling groups. Under these a&&e conditions, 

methyiphosphouate backboue is easily degraded by hydrolysis.9 It would therefore, be useful to 

develop; chemical phosphotylation pro&ums fa me&ylphosphonate oligonucleotides that elii 
the terminal phosphodiester requirement and am conveniently carried out on solid support. This report 

describes a simple and mild method for the solid phase phosphorylation of methylphosphonate 

oligamrcleotldes (Scheme 1). 
An methylphosphonate dinuckotide 1 was first prepamd (1-S pmde scale) oo LCAA-CPG 

supportlo Whilestilibaundantherupport,thsdehitylateddinucleati&~artherbutingpointfor 

the intended phosphorylation. The support wss treated with a 0.4 M solution of 2-cyanoethyl N, N- 
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dii~propylchlor~h~phoromidite in methylene chloride in the presence of diisopropylethylsmine to 

give the phosphoramidite 2 which was readily converted to the cyanoethyl H-phosptmnate intermediate 

5 6 
CN 

scheme 1. i: 0.4 M . . 
2eyanou&lN,Ndiiqtqy~ 

chloddc (1:9) 0.5 l& ii: 0.4 M lH+mz& in2036 m, 0.1 l&iii: lo%~w~e 

~o~(1:1)2b;iv:~~S%~l((1:1)6~v:~~~48horl0n~l 

nitritcinwatcr/acctic-145°C,Sh 

3 with aqueous tetrazole.11 Since cyanoethyl phosphate protecting group is doaved under milder 

alkaline conditions on a phosphotriester than on a phoaphadkqer backbone,12 3 was first converted to 
4 by oxidation with cyclohexylsmine in carbon tetmchloride-pyridine.13 Ekposwe of ~hosphommidate 

4 with ethylenediamine-ethanol for 6 h” resulted in the cleavage of the dinucledide from the support 
with concomitant removal ofthe cysnoethyl prowting group to furnish the diester 5. The acid sensitive 
phosphoramidate linkage was next cleaved with 80% acetic acid at room temperature for 48h or by 
treatment with 10’34 isoamyl nitrite in water/acetic acid/ethanol (1/4/S) at 4S” C for Sht*ts to give the 
5’-phosphorylated product 6 which appeared as a mixture of two distereoisomers on reversed phase 

HPLW PIP NMR: 3.23,3.65). The presence of the phosphate group was eon&med whenwinpound 

6 on overnight treatment with bacterisf alhsline phosphatase in 50 mM Tris buf&r @H 7) gave the 

dephosphoryked products HPLC analysis of the reaction mixture showed complete dippppearrncc 
of6 and the appearance of two new peaks with retention times corresponding to those of the n 

dinudeotide.t7 
Additional support to the effkcy of the phosphorylation procedw was obtained by synthesis of 

a chime& methylphosphonate pentamer Tpm containing a phosphodiester liie at the S-emit* 
The oligomer appeared as a single peah with retention time of 21.3 mitt on rev& phase HPLC 
(Pigure 1, A)_ The pantamer was then enzymatically S-end labelled with ATP and T4 pdynucleotide 

lcinase to furnish after desalting,le the desired phosphotylated digoma pTp= (B). This product 
migrating with a retention time of 19.9 min was indistinguishable from the chemically phosphozylated 
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All analytical HPLC was caroled on a Beckman Sm Ultrasphere column (4.6 X 25 cm) under a 

25 min. linear gradient of O-30% aoetonitrile in 0.1 M TEAA buffer @H 7.0) at a flow rate of 

lml/min. Peaks were detected on a Beckman diode-array UV detector operating at 260 run 

wavelength. 

P: dinuckotide (TV: 17.99 mitt, 18.41 min); dinuoleotide phosphate 6 (a: 14.94 miu, 15.57 min); 

dinucleotide phosphoramidate 5 (TV: 23.35 min, 23.66 mitt). 
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Desalting was carried out on a Waters Sep-PakR C-18 reversed-phase cartridge. 
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