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Abstract Nucleostdc l.-meth!Iphosphonofluortdates 3 and nucleostde i -meth)lfhtortdophosphonothtoates 5 for 
the first ttmc are used &rectly tn the vnthests of dmucleostdemethylphosphonates and 
methylphosphonothtoates The fluortdophosphonothtoates 5 acre separated tnto pure dastereomers 

Studies on oligonucleotlde methylphosphonates originated with the pioneering work of Ts’o and 
Miller.’ They became important armsense inhibitors of gene expresslon and met criteria to become useful as 
therapeutic agents.‘. Synthesis of oligonucleotides methylphosphonate via P(II1) phosphorus intermediates has 
proved costly, inefficient and difficult to conduct for yields in excess of Zg.’ In our search for a large scale 
synthesis of these compounds we concluded that a route via P(IV) coordinate phosphorus intermediates was 
feasible. 

We noticed that alkylphosphonodifluoridates RP(0)F2 and their sultir analogues RP(S)FZ react with 
alcohols in a chemoselective manner.” The rate of replacement of the first fluorine ligand is visibly faster than 
that of the second. We also anticipated that this selectivity would be even more pronounced in the reactions 
with 3’-OH nucleosides, due to the steric effect. Our experiments described in this communication showed 

these expectations to be correct. 
Methylphosphonodifluoridate 1 or its sulfur analogue 2 have already been prepared by the reaction 

discovered earlier in this Laboratory from the commercially available dichlorides MeP(0)C12 or MeP(S)C12.5 

Difluoridates I and 2 can be prepared in very high yield in one-flask procedures with the usual precautions 

taken in the synthesis of potentially toxic organophosphorus compounds. 
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Scheme I Reagents I NEt;. CHKh, r.t II NaH or DBU, THF, r.t. 

When the 5‘-O-protected nucleosldes were allowed to react with difluoridates 1 or 2 in the presence of 
NEtI in the proportmn I 1, the nucleoside 3’-methylphosphorofluoridates 3 or the nucleoside 3’- 
methylfluoridophosphorothloates 5 are formed respectively m over 95% yield (Table I). Both fluoridates 3 
and 5 are formed as 1 I mixtures of diastereomers. Attempts to separate fluoridates 3 into pure diastereomers 
failed we assumed that separation was prevented hv their high reactivity that favour fast ligand-ligand 
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exchange. In contrast the thioanalogues 5 are stable and were separated into ,,slow” and ,,fast” diastereomers 
using silica-gel column chromatography. 

Coupling of the fluoridate 3 or 5 in the presence of DBU or l%H with 3’0-protected nucleosides led to 
the dinucleosidemethylphosphonates 4 or dinucleosidemethylphosphonothionates 6 respectively. condensation 
Yields of dinucleosidemethylphosphonates 4 and 6 were over 95%. 

Table 1. Nucleotide derivatives 3,4,5 and 6 with corresponding 31P-NMR’ and ‘%NMR* data. 
camp. x R R’ B B’ “P(Jp+) Ippm, Hz] 19F(J~.p) [ppm, Hz] 
3a 0 DMTr - Th - 3.5.17, 26.51 (1052.191) 
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34.50, 25.81 (1055.751) 
37.68, 24.69 (1052.413) 
37.00, 23.98 (1055.424) 
32.22, 3 1.66 
32.95, 30.85 

111.56, 98.12 (1089.31) -37.92, -42.93 (1089.20) 
11 1.45, 97.99 (1089.67) -36.72, -43.01 (1089.93) 

111.56, 98.12 (1089.2) -37.11, -42.87 (1096.23) 
1 11.32, 97.84 (1092.6) -37.45, -43.26 (1093.78) 

110.97, 97.48 (1093.1) -43.09, -37.75 (1094.19) 
111.28, 97.85 (1089.04) 42.46, -36.67 (1089.89) 
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1 “P-W (CDCl,. 8 I 0 I4 Mhz. H?FQ external standard) 
2 ‘%-NMR (CDC13. 188 1% Mhr. CFCll external standard) 

To summarize, we were successful in developing a simple procedure which is use!%1 for large-scale 
preparation of dimers 4 and 6. Work is in progress to use the pure diastereomers 5 in the stereoselective 
preparation of dimers 6 and other derivatives. 
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