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Abstract: A P” coupling reagent 3 containing indole group is described. Its usefulness is demonstrated 

by the synthesis of dinucleoside methylphosphonates and methylthiophosphonates. 8 1997 Elsevier Science Ltd. 

The oligonucleoside methylphosphonates (MP) show significant potential for antisense therapy.’ The 

intemucleoside methylphosphonate linkage was first prepared by using activated nucleoside 

methylphosphonates, 2-7 but the coupling reactions were slow. Later, methylphosphoramidite approaches were 

utilized.8,9,‘o Unfortunately, all these methods yield a mixture of diastereoisomers. Stec and his coworkers have 

described a route using tetracoordinate phosphorus to synthesize stereoregular MP linkages by using p- 

nitrophenoxy”,‘2 and methylselenenylb as the leaving group, but the coupling yields were low, and each step 

required chromatographic purification of the MP products. We wish to report a very efficient synthesis of 3’S’- 

dithymidine methylphosphonate and its sulfur analogue with a novel intemucleoside coupling procedure based 

on tricoordinate phosphorus reagent 3. 
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Scheme 1 
i) Indole (1 eq.), Et,N/CH,Cl,. ii) Indole (2 eq.), Et,N/CH,CI,. iii) S-0-tBDMS-thymidine. 

The coupling reagent 3 was easily prepared by a one-flask procedure, shown in Scheme 1. 

Dichloromethylphosphorine reacted with one equivalent of indole in the presence of triethylamine to give 

quantitatively methyl indolphosphorochloridite 1, which was then reacted with one equivalent of S-O-tBDMS- 

thymidine (T“OH). After filtering out triethylammonium chloride and drying in vacua , two diastereoisomers 

3a, 3b were obtained in quantitative yield as established by “P NMR. The product did not need further 

purification and could be stored under argon for a long time. When dichloromethylphosphorine reacted with 
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two equivalents of indole, methyl diindolphosphorine 2 was obtained, in which one indole 

replaced by an alcohol in the presence of triethylamine to form 3, while the indole group in 

replaced by alcohols using triethylamine as a base. 

group could be 

3 could not be 

The coupling reaction of 3a, 3b with 3’-0-tBDPS-thymidine (T’OH) was done in the presence of 1,8- 

diazabicyclo[5,4,0]undec-7-ene (DBU). By using two equivalents of DBU, the coupling reaction was 

completed to form two diastereoisomers of methylphosphinite 4a, 4b within 0.5 hour at 50°C. Increasing the 

amount of DBU accelerated the coupling reaction. The methylphosphinite 4a, 4b could be efficiently oxidized 

to form methylphosphomate 5a, 5b by iodine/water.” With the Beaucage’s reagent,14 4a, 4b led to the 

methylthiophosphonates 6a, 6b. The two diasteroisomers Sa, Sb and 6a, 6b could be separated by flash 

chromatography on silica ge1.‘5,‘6 The whole procedure starting from dichloromethylphosphorine to 

phosphonate 5 or 6 was done in one flask with an overall yield above 9 1%. 
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Scheme 2 

i) T”OH, DBU. ii) O.lM iodine in THF-pyridine-H,O (4:3:3 v/v). iii) Beaucage’s reagent. iv) TYOH, DBU or t-BuMgCl. 

The coupling step is stereoselective. It is difficult to separate two diastereoisomers of 3a and 3b by 

silica gel chromatography because 3a and 3b are easily oxidized on silica gel. By using a TIC plate (Kieselgel 

60 F,,, glass backed plates, 0.5 mm thickness), a small amount of one diastereoisomer 3a was separated and 

reacted with 5’-0-tBDMS-thymidine in the presence of DBU to afford only one diastereoisomer 4a. Figure 1 

shows the appropriate “P NMR spectra. Treatment of 3a, 3b with Beaucage’s reagent gave two 
diastereoisomers 7a, 7b, “P NMR (109.3 MHz, CDCI,): 82.83 ppm, 82.94 ppm (1:l). Unlike the p- 

nitrophenoxy group,” the indole group in the pentavalent phosphorus compound 7 was stable, and could not 

be replaced by alcohols in the presence of DBU or by a Grignard reagent. 
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Figure 1. The “P NMR spectra of 3 and 4. 
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In conclusion, we described an efficient way to synthesize dinucleoside methylphosphonates, in which 

the coupling step of 3 to 4 is stereoselective. 

Coupling reagent 3. Route A: To 50 mg of indole (1 eq.) and 132 pl triethylamine (2.2 eq.) in 2 ml 

dry dichloromethane was added 42.5 p1 dichloromethylphosphorine (1 eq., “P NMR 196.2 ppm) at O’C. After 

a few minutes, a new peak at 112.2 ppm appeared corresponding to methyl indolphosphorochloridite 1. Then 

152 mg of 5’-0-tBDMS-thymidine (1 eq.) in 0.5 ml dry dichloromethane was added. The reaction was 

completed after a few minutes, and two diastereoisomers 3a, 3b were quantitatively formed as established by 

“P NMR (128.58 ppm, 129.50 ppm, 1:l). This solution was used for the next step. 

Route B: To 100 mg of indole (2 eq.) and 132 pl triethylamine (2.2 eq.) in 2 ml dry dichloromethane 

was added 42.5 pl dichloromethylphosphorine (1 eq.) at O’C. Immediately, methyl diindolphosphorine 2 was 

formed (“P NMR, 47.1 ppm). Then 5’-0-tBDMS-thymidine (leq.) in 0.5 ml dry dichloromethane was added. 

The mixture was kept at 50°C for 3 hours to provide 3. This solution was used for the next step. The excess 

indole did not interfere with the following reactions. 

Methylphosphinite 4. To either of the above solutions was added 206 mg of 3’-0-tBDPS-thymidine (1 

eq.) in 1 ml dry dichloromethane and 129 pl DBU (2 eq.). The mixture was kept at 50°C for 0.5 hour to form 

two diastereoisomers 4a, 4b as established in “P NMR ( 185.45 ppm, 187.70 ppm, 1: 1). 

Methylphosphonate 5. The solution of 4 prepared above was treated with O.lM of iodine in THF- 

pyridine-H,O (4:3:3 v/v) for 5 minutes. Flash chromatography on silica gel afforded the two 

methylphosphonates Sa and 5b. 
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