
Pergamon 

PII: S0040-4020(96)00684-9 

Tetrahedrotz, Vol. 52, No. 36, pp. 11695-11704, 1996 
Copyright © 1996 Elsevier Science Ltd 

Printed in Great Britain. All rights reserved 
0040-4020/96 $15.00 + 0.00 

Synthesis ofNucleoside Epoxyphosphonates 

Wenkui Lan McEldoon and David F. Wiemer *t 

Department of Chemistry 
University of Iowa 

Iowa City, Iowa 52245 

Abstract: Reaction of two regioisomeric uridine derivatives, 1-[3-(diethoxyphosphinyl)-5-O-trityl- 
13-D-xylofuranosyl]uracil (4) and l-[2-(diethoxyphosphinyl)-5-O-trityl-13-D-arabinofuranosyl]uracil 
(13), with triflyl chloride and 4-pyrrolidinopyridine (4-PDP) results in formation of the corresponding 
nucleoside epoxyphosphonates. This transformation is immediately useful for confirming the trans 
relationship of the 2'- and 3'-hydroxyl groups in the geminal hydroxyphosphonates 3 and 12, and 
provides access to two new families of nucleoside derivatives that may be of interest for their synthetic 
utility and biological properties. Copyright © 1996 Elsevier Science Ltd 

The quest for new and effective anti-viral agents has spurred preparation of many new families of 

nucleoside and nucleotide analogues. ~ Widespread interest in carbohydrate modifications of intact 

nucleosides, 2 together with our own interests in studies of C-P bond formation, 3 have led to procedures for 

preparation of geminal-hydroxyphosphonates (e.g. 1) 4'5 and for their deoxygenation to the parent 

phosphonic acids (e.g. 2). 5 The many functional groups present within these compounds should allow their 

elaboration into a variety of related nucleoside derivatives. However, while phosphonates such as compound 

1 now are readily accessible via phosphite addition to a 3' ketone, it is still problematic to identify the 

resulting stereoisomer unless the product is amenable to diffraction analysis. 6 In this report we present a 

procedure for preparation of nucleoside epoxyphosphonates, an array of functionality apparently new to 

nucleoside systems 7 despite its strong similarity to well-known nucleoside phosphates. In addition to 

potential interest in epoxyphosphonates themselves, this methodology can be used to establish the 

stereochemistry of ribose-derived geminal hydroxyphosphonates. 
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Dedicated to Prof. Nelson J. Leonard on the occasion of his 80th birthday. 
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Several procedures are available for preparation of nucleoside epoxides, including displacement of 2,2'- 

anhydro derivatives of uridine, s cyclization of arabinosides by treatment with triphenylphosphine/diethyl 

azodicarboxylate, 9 and displacements of mesylates.~° Preparations of epoxyphosphonates may be more 

numerous, H but often involve Darzens-like condensations of ketones with ct-haloaikylphosphonates, H or 

epoxidation of vinyl phosphonates. ~2'7 Direct conversion of ct-halo ~3 or tx-tosyloxy 7,H ketones to 

epoxyphosphonates through reaction with phosphite anions also has been reported, but sometimes, especially 

with cyclic ketones,14 these conditions afford vinyl phosphates instead. 

The first attempt at preparation of a nucleoside epoxyphosphonate began with the protected uracil 

derivative 3. 5 To obtain the desired lyxo epoxide, it was necessary to replace the 2' protecting group with a 

suitable leaving group at this position. Removal of the 2'-silyl group by treatment with tetrabutylammonium 

fluoride (TBAF) gave the expected diol 4 in 68% yield, accompanied by a significant amount (30%) of the 

detritylated product 5. While a 5'-trityl group is normally stable to these conditions, this hydrolysis was not 

problematic because the by-product was easily separated and could be readily recycled to compound 4 by 

reaction with trityl chloride. 
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To convert the 2' hydroxyl group of compound 4 into a suitable leaving group, preparation of the 

corresponding triflate was attempted. ~5 In fact, treatment of diol 4 with triflyl chloride (TfCI) and 4- 

dimethylaminopyridine (DMAP) directly affords the desired epoxide 6 in modest yield (31%), presumably via 

displacement of an intermediate 2'-triflate. Use of a larger excess of DMAP gave little improvement in the 

yield (35%), but instead resulted in formation of a significant by-product. This by-product ultimately was 

identified as a methylated uracil derivative and assigned structure 7.16 Based on the premise that methylation 



Nucleoside epoxyphosphonates 11697 

followed activation of the DMAP by formation of an N-triflyl intermediate, we turned to use of a DMAP 

analogue less able to serve as an alkylating agent. When the hydroxyphosphonate 4 was treated with triflyl 

chloride and 4-pyrrolidinopyridine (4-PDP) in methylene chloride at 0 ° C, the desired product 6 was 

obtained in 74% yield, and no alkylated by-products were detected. Methylation also could be suppressed 

through use of DMAP and triflic anhydride rather than triflyl chloride, but these reagents also gave a lower 

yield of the desired epoxide. Once the epoxide was formed, removal of the 5'-trityl group from phosphonate 

6 was straightforward, affording l-[2,3-anhydro-3-(diethoxyphosphinyl)-13-D-lyxofuranosyl]uracil (8) in 

88% yield. 

To establish if this strategy also could be used to prepare the isomeric 2',3'-epoxy-2'-phosphono 

compounds, a second uracil derivative was examined. Selective protection of the 5'- and 3'-hydroxy groups 

of uridine (9), ~7 and subsequent oxidation of the 2' hydroxyl group with PDC, gave the 2'-keto uridine 

derivative 10. After selectively removing the tert-butyldimethylsilyl group at the 5'-position by treatment of 

compound 10 with trifluoroacetic acid in water, the 5'-hydroxy group was protected with trityl chloride to 

give the T-ketone 11 in 44% overall yield from uridine. The geminal hydroxyphosphonate 12 was 

prepared from the 2'-ketone 11 in good yield by reaction with diethyl phosphite under standard conditions. 4'~ 
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Treatment of compound 12 with TBAF to remove the tert-butyldimethylsilyl group at the 3'-position, 

gave diot 13 in 81% yield. In this case, the trityl group of compound 12 was more stable under the reaction 

conditions relative to its regioisomer 3, and the 5' deprotected product was not observed. This difference in 

reactivity may originate in strain derived from interaction between the stericaily demanding trityl and 

diethyl-phosphono groups in compound 3, making it more sensitive to hydrolysis than the isomeric 

compound 12. 

The epoxide ring was formed by treatment of compound 13 with triflyl chloride and 4-PDP in a 

manner similar to that described for synthesis of epoxyphosphonate 6, to give compound 14 in 79% yield. 

The trityl group was removed by treatment of compound 14 with acetic acid in water, providing the final 

target, 1-[2,3-anhydro-2-(diethoxyphosphinyi)-13-D-lyxofuranosyl]uracil (15), in good yield. 

In our previous reports, 4'5 the stereochemistry of a series of geminal hydroxyphosphonates was 

assigned based on a diffraction analysis of one, compound 16, 6 and the assumption that the phosphorus 

anion adds from the less hindered ct face in all cases to provide 13-hydroxy-ct- 

phosphono nucleosides. While this was a reasonable assumption, the stereochemistry A .0 .  T 

of phosphite addition to ketones derived from ribosides could differ from that found TrO 
y y "  

HO--4___J 
in the 2'-deoxy nucleoside 16. However, the stereochemistry assigned to the (FtO)2P / 

I I  

geminal hydroxyphosphonates 3 and 12 is confirmed by formation of the 0 
16 

epoxyphosphonates 6 and 14. In these series, the ct stereochemistry of the original 2' 

and 3' hydroxyl groups was determined by choice of uridine as the starting material. Because a trans 

relationship of the 2' and 3' hydroxyl groups in the phosphonates 4 and 13 is required for facile epoxide 

formation, it is reasonable to conclude that the phosphite additions leading to compounds 3 and 12 occur 

from the less hindered ct face of the ribose and generate trans diols. 

Both compounds 8 and 15 have been submitted to the National Cancer Institute and evaluated for in 

vitro anti-HIV and anti-cancer activity, but both compounds were judged inactive in these assays. Even 

though these particular bioassays showed little activity, the new epoxyphosphonates may still be useful as 

synthons for preparation of a variety of other modified nucleosides, and may express activity in other types 

ofbioassays. 

EXPERIMENTAL 

Tetrahydrofuran (THF) was distilled from sodium/benzophenone, while pyridine and dichloromethane 

were distilled from calcium hydride immediately prior to use. All reactions in these solvents were conducted 

under a positive pressure of an inert gas. Flash column chromatography was done on Merck grade 62 silica 
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gel (230-400 mesh), while radial chromatography was performed on Merck PF254 silica gel with CASO40.5 

H20. NMR spectra (~H at 300 MHz and ~3C at 75 MHz) were recorded with CDCI3 as solvent and 

(CH3)4Si (1H) or CDCI3 (13C, 77.0 ppm) as internal standards. 31p NMR shifts are reported in ppm relative 

to 85% H3PO4 (external standard). High-resolution and FAB mass spectra were obtained on a ZAB-HF 

reversed geometry mass spectrometer at the University of Iowa Mass Spectrometry facility. Elemental 

analyses were performed by Atlantic Microlab, Inc. (Norcross, GA) or in the University of Iowa Chemistry 

Department. 

1-[3-(Diethoxyphosphinyl)-5-O-trityl-l~-D-xylofuranosyl] uracil (4). 

To an ice-cold solution of compound 3 ~ (1.3 g, 1.75 mmol) in THF (35 mL) was added dropwise a 

solution of TBAF (1.75 mL, 1.0 M in THF). The reaction mixture was stirred at 0 °C for 2 h, then the ice 

bath was removed and the reaction was allowed to stir at rt for another hour. The solvent was removed in 

vacuo and the residue was partitioned between CHCI3 (50 mL) and water (30 mL). After separation of the 

layers, the organic phase was washed with saturated NaHCO3 (65 mL) and water (50 mL), and then dried 

over Na2SO4. The solvent was removed in vacuo and the residue was purified by radial chromatography 

(CHCI3:MeOH, 90:10) to afford compound 4 (745 mg, 68%) as a white solid. ~H NMR (CDCI3) 6 10.86 (br 

s, IH), 7.68 (d, 1H, J6,5 = 8.2 Hz), 7.50-7.23 (m, 15H), 5.85 (s, 1H), 5.54 (br s, 1H, OH), 5.43 (br s, 1H, 

OH), 5.42 (d, 1H, J~,6 = 8.2 Hz), 4.80 (br d, IH, J~w = 6.4 Hz), 4.61 (br d, 1H, J = 4.7 Hz), 4.08-3.90 (m, 

4H), 3.70-3.57 (m, 2H), 1.19 (t, 3H, J =  7.1 Hz), 1.04 (t, 3H, J =  7.1 Hz); ~3C NMR 8 164.3, 151.5, 143.4 

(3C), 140.7, 128.8 (6C), 127.9 (6C), 127.1 (3C), 100.9, 93.0 (d, Jcp = 12.8 Hz), 87.4, 84.0 (d, Jcr = 17.2 

Hz), 81.9, 80.6 (d, JcP = 175.1 Hz), 63.4 (t, JcP = 6.3 Hz), 62.6, 16.3 (d, JcP = 5.5 Hz), 16.2 (d, JcP = 5.5 

Hz); 3~p NMR + 19.1. Anal. calcd for C32H3509N2P 1.5 H20 : C, 59.16; H, 5.90; N, 4.31. Found: C, 59.18; 

H, 5.58; N, 4.22. 

1- [2,3-Anhydro-3-(diethoxyphosphinyl)-5-O-trityl-~-D-lyxofuranosyl] uracil (6). 

Method A: A mixture of diol 4 (213 mg, 0.34 mmol) and DMAP (250 mg, 2.05 mmol) was dissolved 

in anhydrous CH2C12 (5 mL), and the solution was cooled to 0 °C under N2. To the ice-cold solution triflyl 

chloride (43.6 taL, 0.41 mmol) was added dropwise. The reaction mixture was stirred at 0 °C for 30 min, 

the ice bath was removed and the reaction was allowed to stir at rt for another hour, and the resulting 

mixture was poured into water (30 mL). After separation of the layers, the aqueous phase was extracted 

with CH2C12 (20 mL x 2). The combined organic extracts were washed with brine (35 mL x 2) and water 

(30 mL x 2), and then dried over Na2SO4. Removal of the solvent in vacuo and purification of the residue by 
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radial chromatography (CHCI3:MeOH, 95:5) gave phosphonate 6 (72 mg, 35%) and byproduct 7 (41 nag, 

20%). Both compounds were obtained as white foams. 

For compound 6: IHNMR (CDCI3) 5 9.24 (br s, 1H), 7.66 (d, 1H, J6,5 = 8.2 Hz), 7.48-7.22 (m, 15H), 

6.31 (s, 1H), 5.60 (d, 1H, J~,6 = 8.2 Hz), 4.52-4.49 (m, 1H), 4.14 (d, 1H, JHV = 3.1 Hz), 4.11-4.01 (m, 4H), 

3.54-3.50 (m, 2H), 1.22 (t, 3H, J =  6.9 Hz), 1.22 (t, 3H, J =  6.9 Hz); ~3C NMR 8 163.0, 150.3, 143.3 (3C), 

141.1, 128.7 (6C), 127.9 (6C), 127.2 (3C), 102.6, 87.2, 80.9, 76.9 (d, JcP = 20.3 Hz), 63.9 (d, JcP = 6.3 

I-Iz), 63.6 (d, JcP = 7.1 Hz), 62.4, 61.0, 59.8 (d, JcP = 212.4 Hz), 16.3 (d, 2C, Jce= 5.7 Hz); 3Xp NMR 

+11.8. Anal. calcd for C32H33OsN2P.0.5 1-/20: C, 62.64; H, 5.58; N, 4.57. Found: C, 62.86; H, 5.51; N, 

4.41. 

For compound 7: IH NMR (CDCI3) 5 7.80 (d, 1H, J6,5 = 7.5 Hz), 7.49-7.22 (m, 15H), 6.38 (s, 1H), 

5.77 (d, 1H, Js,, = 7.5 Hz), 4.54 (t, 1H, J4',5' = 4.5 Hz), 4.24 (d, 1H, JHP = 3.2 Hz), 4.09-4.00 (m, 4H), 3.97 

(s, 3H), 3.54 (d, 2H, J5'.4' = 4.7 Hz), 1.23 (t, 3H, J =  7.1 Hz), 1.22 (t, 3H, J =  7.1 Hz); ~aC NMR 8 172.0, 

155.8, 143.7, 143.4 (3C), 128.7 (6C), 127.8 (6C), 127.1 (3C), 957, 87.1, 82.5, 77.2 (d, Jcp = 21.2 Hz), 

63.7 (d, JcP = 6.4 Hz), 63.6 (d, Jcp = 9.5 Hz), 62.5, 61.0, 60.1 (d, JcP = 213.3 Hz), 54.5, 16.3 (d, 2C, JcP = 

5.7 Hz); 31p NMR + 11.9; HRFAB calcd for C33H36OsN2P 619.2209 (M+H) ~, found 619.2194. 

Method B: To an ice cold solution of compound 4 (146 mg, 0.23 mmol) and 4-pyrrolidinopyridine (4- 

PDP, 210 mg, 1.42 mmol) in CH2C12 (4 mL) was added dropwise triflyl chloride (30 laL, 0.28 mmol) under 

N2. The reaction mixture was allowed to warm to rt over 1 h with stirring, and then poured into water (20 

mL). After separation of the layers, the water phase was extracted with CH2C12 (15 mL x 3), and the 

combined organic phase was washed with brine (20 mL x 2), and water (20 mL x 2) and then dried over 

Na2SO4. The solvent was removed under reduced pressure and the residue was purified by radial 

chromatography (CHCI3:MeOH, 95:5) to give phosphonate 6 (105 mg, 74%). 

1-[2,3-Anhydro-3-(diethoxyphosphinyl)-I~-D-lyxofuranosyl] uracil (8). 

Compound 6 (77 mg, 0.13 mmol) was dissolved in aqueous acetic acid (3 mL, 80% acetic acid in 

water), and the solution was stirred at rt overnight. After concentration in vacuo, the residue was purified 

by radial chromatography (CHCI3:MeOH, 95:5) to give epoxyphosphonate 8 (41 mg, 88%). tH NMR 

(CDCI3) 6 7.59 (d, 1H, J6,s = 8.2 Hz), 6.24 (s, 1H), 5.77 (d, 1H, Js.6 = 8.2 Hz), 4.36 (t, 1H, J = 5.5 Hz), 

4.30-4.19 (m, 4H), 4.16 (d, IH, Jay = 3.2 Hz), 3.98 (dd, 1H, Js,a,5,b = 12.0 Hz, J s ' a , 4 "  = 6.0 Hz), 3.87 (dd, 

1H, Js,b.s,, = 12.0 Hz, Js.b,4. =5.1 Hz), 1.39 (t, 3H, J =  7.1Hz), 1.36 (t, 3H, J =  7.1 I/z); ~3C NMR 8 163.5, 

150.5, 140.5, 102.9, 80.5, 77.7, 64.7 (d, JcP = 6.8 Hz), 64.1 (d, JcP = 6.8 Hz), 61.4, 60.3, 59.7 (d, JcP = 
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214.0 Hz), 16.4, 16.3; 31p ~ + 13.2; HRFAB calcd for CI3H19OsN2P 363.0957 (M+H) +, found 

363.0957. 

3'-O-(tert-Butyldimethylsilyl)-2'-keto-5'-O-trityluridine (11). 

Commercial uridine 9 was converted to the 3',5'-bis-TBDMS derivative, t7 oxidized to the 2'-keto 

compound 10, and then selectively deprotected at the 5' position, by minor variations of literature 

procedures. 5 To a solution of the 5' alcohol (1.65 g, 4.63 mmol) in THF (110 mL) was added anhydrous 

pyridine (1.87 mL, 23.15 mmol) and AgNO3 at ft. After stirring at rt for 20 min, trityl chloride was added, 

and the reaction mixture was stirred at rt overnight. The resulting mixture was filtered, the filtrate was 

concentrated in vacuo, and the residue was partitioned between water (100 mL) and CHzCI: (100 mL). 

ARer separation of the layers, the aqueous phase was extracted with CH2C12 (100 mL x 2), the combined 

organic phase was washed with saturated NaHCO3 (100 mL x 2) and water (100 mL), and the solvent was 

removed under reduced pressure. The residue was purified by radial chromatography (EtOAc:hexanes, 1:3) 

to give the ketone 11 (2.46 g, 89%) as a white foam. IH NMR (CDCIs) 8 8.97 (br s, 1H), 7.64 (d, 1H, J6 , s  = 

8.2 Hz), 7.31-7.25 (m, 15H), 6.25 (d, IH, J = 8.0 Hz), 540 (dd, 1H, J5,6 = 8.2 Hz, J =  1.9 Hz), 4.55 (d, 

1H, J = 8.0 Hz), 4.24 (br s, IH), 3.65 (dd, 1H, Js"a.5'b = 10.6 Hz, Js"b.5'a = 2.3 Hz), 3.40 (dd, 1H, Js'b.5, = 

10.5 Hz, Js'b.4' = 2.3 Hz), 0.91 (s, 9H), 0.18 (s, 3H), 0.10 (s, 3H); HRFAB calcd for C34H3806N2Si 

621.2397 (M+Na) ÷, found 621.2402. 

~[3~(tert~Buty~dimethy~si~y~)~2-(dieth~xyph~sphiny~)-5-~trity~-~D~arabin~furan~sy~] uracil (12). 

To a solution of diethyl phosphite (0.13 mL, 1.0 mmol) in THF (1 mL) at -78 °C was added dropwise 

via syringe LHMDS (1.0 mL, 1.0 M in TI-IF) under an Ne atmosphere. After 10 to 15 min, a solution of 

ketone 11 (299 mg, 0.5 mmol in 6 mL THF) was added, and the reaction mixture was allowed to warm to 

about 0 °C over 2 h. The reaction then was quenched by slow addition of acetic acid in diethyl ether and the 

resulting mixture was filtered through Celite. After concentration in vacuo, the residue was purified by 

radial chromatography (CHCI3:MeOH, 95:5) to afford the desired product 12 as a single diastereomer (337 

mg, 92%). 1H NMR (CDCI3) 5 11.81 (br s, 1H), 7.49-7.20 (m, 16H, arom and H6), 6.55 (d, 1H, Jrw = 1.7 

Hz), 5.62 (d, 1H, Jm = 4.6 Hz, OH), 5.44 (dd, IH, J5.6 = 8.1 Hz, J =  2.0 Hz), 4.42-4.12 (m, 6H), 3.52-3.40 

(m, 2H), 1.36 (t, 3H, J =  7.1 Hz), 1.32 (t, 3H, J =  7.1 Hz), 0.91(s, 9H), O10 (s, 3H), 0.04 (s, 3H); L3C 

NMR 8 165.2, 149.3, 143.6 (3C), 143.2, 128.6 (6C), 127.7 (6C), 127.0 (3C), 100.7, 86.8, 86.6 (d, Jce = 

21.9 Hz), 86.1 (d, Jcp = 9.8 Hz), 81.0, 80.5 (d, Jcp = 173.5 Hz), 64.2 (d, Jcp = 8.1 Hz), 64.0, 63.5 (d, Jcp = 

6.5 Hz), 25.6 (3C), 17.7, 16.5 (d, JcP = 5.6 Hz), 16.3 (d, Jcp = 6.2 Hz), -4.4, -5.1; 3tp NMR + 19.7. Anal. 

calcd for C3sH49OgN:PSiH20: C, 60.46; H, 6.81; N, 3.71. Found: C, 60.50; H, 6.71; N, 3.77. 
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1-[2-(Diethoxyphosphinyl)-5-O-trityl-l~-D-arabinofuranosyl]uracil (13). 
Compound 12 (104 mg, 0.14 retool) was desilylated in the same manner as described for compound 4, 

to give dioi 13 (71 mg, 81%) as a colorless solid. IH NMR (CDCI3) 6 10.38 (br s, 1H), 7.85 (d, 1H, J6,5 = 

8.2 Ha), 7.44-7.23 (m, 15H), 6.58 (d, 1H, Jvm = 9.8 Ha), 605 (s, 1H, OH), 5.37 (d, 1H, ,/5.6 = 8.1 Ha), 4.77 

(br s, 1H, OH), 4.71-4.61 (m, liT), 4.32-4.19 (m, 4H), 4.14-4.11 (m, 1H), 3.50 (br d, 2H, J =  2.1 Ha), 1.34 

(t, 3H, J =  7.1 Hz), 1.33 (t, 3H, J =  7.1 I-Iz); ~3C NMR 5 164. I, 150.6, 143.3 (3C), 142.2, 128.7 (6C), 127.9 

(6C), 127.3 (3C), 101.4, 87.3, 84.8 (d, JcP = 12.1 Hz), 81.1 (d, JcP = 168.6 Hz), 80.5, 77.9, 65.4 (d, Jcp = 

7.1 Hz), 65.7 (d, Jcp = 7.8 Hz), 61.6, 16.3,16.2; 31p NMR + 20.2. Anal. calcd for C32H3509N2P'H20: C, 

60.00; H, 5.82; N, 4.38. Found: C, 60.25; H, 5.70; N, 4.38. 

l-[2,3-Anhydro-2-(diethoxyphosphinyl)-5-O-trityl-[3-D-lyxofuranosyl]uracil (14). 

According to the procedure described for synthesis of compound 6 (Method B), the diol 13 (378 mg, 

0.61 mmol) was treated with 4-PDP (543 mg, 3.66 retool) and trifloromethanesulfonyl chloride (77.7 p.L, 

0.73 mmol) to afford compound 14 (290 rag, 79%) as a white solid. IH ~ (CDCI3) 8 7.61 (d, 1H, J6,5 = 

8.2 Hz), 7.45-7.23 (m, 15H), 6.43 (s, 1H), 5.68 (d, 1H, J5,6 = 8.2 Hz), 4.27-4.11 (m, 6H), 3.46 (dd, 1H, 

Js',.S'b = 9.8 Ha, Js'b,5'a = 5.5 Hz), 3.35 (dd, 1H, Js'b,5'a = 9.6 Ha, Js'b,4" = 6.2 Hz), 1.37 (t, 3H, J =  7.1 Ha) ,  

1.29 (t, 3H, J =  7.1 Ha); 13C N M R 5  162.7, 149.9, 143.3 (3C), 141.2, 128.6 (6C), 128.0 (6C), 127.3 (3C), 

102.7, 87.3, 80.3 (d, Jcp = 20.3 Hz), 75.6, 64.2 (d, Jcp = 6.1 Hz), 63.9 (d, Jcp = 6.9 Hz), 61.7, 61.2, 59.4 (d, 

Jcp = 217.3 I-Iz), 16.5, 16.3; 31p NMR + 11.4. Anal. calcd for C32H33OsN2P.0.5 HzO: C, 62.64; H, 5.58; N, 

4.57. Found: C, 62.66; H, 5.47; N, 4.56. 

1-[2,3-Anhydro-2-(diethoxyphosphinyl)-J3-D-lyxofuranosyl] uracil (15). 

Compound 14 (367 mg, 0.06 retool) was treated with aqueous acetic acid (2 mL, 80% acetic acid in 

water), and the reaction was stirred at rt overnight. After removal of the solvent in vacuo and purification of 

the residue by radial chromatography (CHCI3:MeOH, 90:10), the epoxide 15 (16 mg, 72%) was obtained. 

IH NMR (CDCI3) 8 7.66 (d, IH, J6,5 = 8.2 Ha), 6.45 (s, 1H), 5.76 (d, 1H, J5.6 = 8.2 Ha), 4.27-4.13 (m, 6H, 

OCH_H_2CH3, H3' and H4'), 3.88 (d, 2H, J~.4, = 5.8 Hz), 1.35 (t, 3H, J = 7.1 Hz), 1.30 (t, 3H, J = 7.1 Hz); ~3C 

NMR 8 163.1, 150.1, 141.0, 103.0, 80.2 (d, JcP = 20.5 I-l_z), 76.8 (d, JcP = 1.5 Ha), 64.4 (d, JcP = 6.4 Hz), 

64.5 (d, JcP = 6.4 Ha), 60.8, 60.7, 59.1 (d, Jcr = 217.3 Ha), 16.4 (d, JcP = 4.6 Ha), 16.3 (d, JcP = 4.6 Ha); 

3Xp NMR + 11.2; HRFAB calcd for CI3H19OgN2P 363.0957 (M+H) ÷, found 363.0959. 
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