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NUCLEOSIDES & NUCLEOTIDES, 12(9), 905-913 (1993) 

SYNTHESIS OF l-(3-AZlDO-2,3-DIDEOXY-BETA-D-RIBO-HEXOFLJRANOSYL)THYMINE 

Memck R. Almond*, Gregory T. Lowen, Gary E. Martin and Janet L. Rideout 

Burroughs Wellcome Co., 3030 Cornwallis Rd., Research Triangle Park. N. C. 27709 U.S.A. 

ABSTRACT: The nucleoside derivative 1 -(3-azido-2,3-dideoxy-beta-~ri~-hexofursyl)thymine has been 
synthesized from 3-0-benzyl- 1 , 2 - O - i s o p r o p y l i d e n e - a l p ~ - D - g l ~ o f ~ o ~ - 5 , ~ ~ b o ~ t e  in an overall yield 
of 16%. The key step in the synthesis involves the selective deacetylation of a nucleoside derivative having 
a cyclic carbonate moiety. 

INTRODUCTION 

Since the discovery that 3'-azido-3'deoxythymidine (zidovudine) significantly inhibits the replication of 

HIVI, significant effort has been directed toward the synthesis of nucleoside analogues with higher 

therapeutic indices. Systematic modifications of the 3'-azido-3'-dmxythyidine skeleton have been made in 

an attempt to develop a structure activity relationship and ultimately bring second generation RT inhibitors 

to the clinic. Modifications of the pyrimidine nucleus have been made at the 3- 2, 5-  3,4, and 6- 

positions. 

Several modifications of the furanose moiety have also been made. Grieng15 has synthesized the 

enantiomerically pure carbocyclic analogue, while ScheineP and T a u 7  have synthesized acyclic 

analogues of 3'-azido-3'-deoxythyidine. Miyasaka8 has synthesized the phosphonate isostere of 3 ' -az ib  

3'-deoxythymidine 5'-phosphate. Zbiia19 has described the synthesis of I-(3-azido-2,3,5-trideoxy-beta-D- 

allofuranosy1)thymine. The C4'  epimer of zidovudine has been synthesized by CzemeckilO. Pyranoside 

analogues*1v12 of zidovudine have been reported. Most recently, Sztaricska~ et al. have reported on the 

synthesis of the beta-L-rib-hexopyranosyl analogues of zidovudine13. 

Holy14 and HieblelS recently reported the synthesis of 1-(3-azid0-2,3-dideoxy-beta-D-ribo- 

hexofuranosyl)thymine16. This publication describes an alternate synthesis which was in progress at h e  

time that these publications appeared. The synthesis described herein differs significantly-the key step 

involves the selective deacetylation of a nucleoside derivative in the presence of a cyclic carbonate moiety. 

This methodology may find application in the broad fields of carbohydrate and nucleoside chemistry. 
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906 ALMOND ET AL. 
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FIG. 1 

CHEMISTRY 

Initially, 3-0-benzyl- 1,2-O-isopropylidene-alpha-D-glucofuranose 1 was treated with 

dimethycarbonate and sodium methoxide according to the method of Fleet18. This procedure, although high 

yielding, presented some technical difficulties upon scale-up. Treatment of 1 with triphosgene in pyridine 

at + 5 "C generated the cyclic carbonate 2 in an 89% yield. In addition, this procedure was amenable to 

scale-up. The cyclic carbonate 2 was treated with a solution containing acetic anhydride, acetic acid, and 

sulfuric acid. The diacetate 3 was isolated in a 70% yield. The diacetate 3 was not stable for prolonged 

periods of time and because of this was used without complete characterization. The diacetate 3 was 
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SYNTHESIS OF A 1-(AZIDOHEXOFURAN0SYL)THYMINE 907 
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FIG. 1 

Continued 

condensed with silylated thymine according to the method of V o r b r ~ g g e n ~ ~ .  Nucleoside derivative 4 was 

obtained in an 87% yield. 

At this point in the synthesis it was necessary to hydrolyze the acetate at the 2'-position while leaving 

the cyclic carbonate intact. TBis was accomplished by heating at reflux for 24 h a solution containing 

compound 4, dioxane, 25 equivalents of methanol, and 15 equivalents of acetyl chloride. The desired 

product 5 and an acyclic carbonate 6 were produced in an 86% combined yield. While the compounds were 
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908 ALMOND ET AL. 

inseparable by thin layer chromatography, an NMR spectrum revealed that the two compounds were present 

in a 95:5 ratio (56) .  The inseparable carbonates were treated with phenyl chlorothionwbonate according 

to the method of Robins20. The cyclic carbonate 7 was the only product isolated in this reaction. The 

yield of this reaction was 90%. Treatment of 7 with tributyitin hydride led to the formation of 143-0- 

benzyI-5,6-O-carbonyI-2deoxy-beta-D-ar~in~hexofur~syl)th~ine 8 in an 87% yield. H ydrogenol ysis 

of the benzyl moiety using 10% palladium on carbon failed. Derivative 8 was successfully hydrogenolyzed 

in a 99% yield using palladium chloride in 1.2dimethoxyethane. Compound 9 was converted to the 

corresponding mesylate using methanesulfonyl chloride in pyridine in a 76% yield. The carbonate was then 

hydrolyzed generating compound 11 in a 100% yield. The mesylate I1 was reacted with lithium azide in 

dmethyformamide, and the target compound 12 was obtained in a 52% yield. The product 12 was found to 

be identical by spectroscopic analysis to authentic materia114*15. This chemistry is depicted in Fig 1. 

EXPERIMENTAL 

NMR spectra were recorded using samples prepared by dissolving 5 mg in 0.8 mL of 99.96% dg- 

DMSO (Merck) after which the solution was filtered through cotton. All spectra were recorded using eiher 

Varian Unity 300 or VXR-500s spectrometers operating at observation frequencies for proton at 299.949 or 

499.843 MHz respectively. One-dimensional proton reference spectra were typically acquired with spectral 

widths of 4300 or 6360 Hz for 300 and 500 MHz, respectively; the spectra were digitized using 16K or 

32K points, respectively. COSY spectra were typically acquired as 768 x 384 points, were zero-filled to 

1024 x 1024 points during process, and were symmetrized. When necessary, heteronuclear chemical shift 

correlation spectra were recorded using the inverse-detected HMQC pulse sequence described by Bax and 

SubramanianZ1. The spectra were typically recorded as 384 x 64 points in a phase-sensitive manner using 

the hyper-complex method of States-Haberkom. The instrument was equipped with a 5 mm Z-Spec inverse 

detection probe for these experiments obtained from Nalorac Cryogenics Corp., Martinez, CA. Unless 

stated othenvise, all chemicals were purchased from Aldrich Chemical Co. W spectra were recorded on a 

Beckman DU-70 spectrophotometer. Melting points were taken on a Thomas Hoover melting point 

capillary melting point apparatus and are uncorrected. Elemental analyses were carried out by Atlantic 

Microlab, Inc., Norcross. GA. Purification of compounds was accomplished using flash chromatography22 

or a modification of traditional flash chromatography as described by ONed23. 

3-O-Benzyl-1,2-O-isopropylidene-alpha-D-glucofuranose-5,6-carbonate (2). A three- 

neck round bottom flask was charged with 3-O-benzyl-1,2-O-isopropylidene-alpha-D-glucofuranose1 

(35.94 g, 115.84 mmol) and dry pyridine (1 10 mL). The solution was cooled to an internal temperature of 

+5 "C, and triphosgene (1 1.50 g, 38.76 mmol) was added in portions using a solids addition funnel over an 

80 min period. Stirring was then continued for 1 h. The reaction was diluted with chloroform (550 mL) 

and washed with water (1 X 220 mL, 1 X 150 mL). The organic layer was dried over anhydrous 

magnesium sulfate, filtered, and concentrated in vacuo. The crude material was azeotroped with toluene (2 

X 60 mL) and dried in vacuo overnight. The product was purified on a flash chromatography column which 
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SYNTHESIS OF A 1-(AZIDOHEXOFURAN0SYL)THYMINE 909 

was eluted with EtOAc : hexanes (2575 to 1OO:O) in increasingly polar increments. The appropriate 

fractions were combined and concentrated. The product was isolated in an 89% yield. A small sample was 

rechromatographed for analysis. Anal. Calcd for C17H2007: C, 60.70; H, 5.99. Found: C, 60.73; H, 

6.02. 

1,2-Di-O-acetyl-3-O-benzyl-alpha-D-glucof~ranose-S,6-~arbonate (3). A three-neck 

round bottom flask was charged with 3-0 -benzy l - l , 2 -O- i sopropy l idene-a lp~-D-g lucofuranos  

(24.96 g, 74.26 mmol) and acetic anhydride (63 mL). The suspension was cooled in an ice bath, and acetic 

acid (88.5 mL) was added dropwise over a 40 min period. Sulfuric acid (5.3 mL) was next added over a 7 

min period. The bath was removed, and the reaction was stirred overnight at room temperature before being 

poured onto ice (270 g). The reaction was extracted with chloroform (1 X 125 mL. 1 X 175 mL) and ethyl 

acetate (1 X 100 mL). The organic fractions were combined, concentrated to a volume of 200 mL, and 

extracted with a saturated sodium bicarbonate solution (3 X 50 mL). The organic layer was passed through 

phase separatory paper and concentrated in vacuo. The aude product was diluted with toluene (2 X 50 mL) 

and concentrated in vacuo. The product was purified according to the method of O"ei123 using EtOAc: 

hexanes (1: 2 to 1: 1). The appropriate fractions were combined and concentrated. The product was isolated 

in a 70% yield. Tbe product was used immediately witbout complete characterization. 

1-(2-0-Acetyl-3-0-benzyl-5,6-O-carbonyl-beta-D-glucofuranosyl)thymine (4). A 

three-neck I-L round bottom flask equipped with a condenser, an addition funnel, and a stopper was charged 

with thymine (7.20 g, 57.1 mmol), anhydrous 1,2-dichloroethane (300 mL), and 

bis(trimethylsi1yl)acetamide (30.2 mL, 0.121 mol). The suspension was heated in a 65-70 "C oil bath 

while being maintained under a nitrogen atmosphere. The resulting solution was then cooled in an ice bath 

to 5 "C followed by the rapid addition of 1,2-di-O-acetyl-3-O-benzyl-alpha-D-glucofur~ose-5,6-~~nate 

(20.0 g, 52.6 mmol) in 1,2dichloroethane (250 mL). After 15 minutes, 99% stannic chloride (8.8 mL, 75 

mmol) was added dropwise to the reaction, which was then stirred for 30 min at 5 "C, 30 min at room 

temperature, and finally heated at reflux for 12 h. Tbe dark mixture was cooled to 5 "C, and a saturated 

solution of potassium sodium tartrate (300 mL) was added. After stirring for 45 min, the resulting 

suspension was filtered through Celite. The solids were hen washed with EtOAc (300 mL). Tbe combined 

organic layers were dried over magnesium sulfate, Filtered. and concentrated in vacuo to give a dark red oil. 

Flash chromatography over silica gel using hexane : ethyl acetate (1:l to 1:4) in increments of increasing 

polarity provided a white foam (20.3 g, 45.6 mmol, 87%). 1H nmr (&-DMSO): 6 11.41 (s, NH), 7.36 

(m, benzyl aromatics and H6), 6.03 (d, J = 2.5 Hz, H13.5.29 (dd J = 2.7,O.g Hz. HZ), 5.23 (ddd. J = 8.4, 

6.5. 4.2 Hz, HS), 4.76 and 4.56 (AB quartet, J = 11.2 Hz, benzyl CH2). 4.53 (dd, J = 8.6, 8.6 Hz, H6), 

4.473 (dd, J = 8.2, 6.4 Hz, H6"). 4.471 (dd, J = 4.0.4.0 Hz, H4'). 4.30 (dd, J = 4.2, 1.0 Hz, H3'). 2.09 (s, 

acetyl Me), 1.57 (d, J = 1.2 H z ,  5-Me). All resonance assignments were made from 300 MHz data except 

for the H4' and H 6 ,  which were differentiated using 500 MHz data. Carbon resonance assignments for the 

saccharide carbons were obtained from the HMQC spectrum and are as follows: CI', 86.7; C2.76.5; CY, 
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ALMOND ET AL. 910 

81.1; C4'. 79.6; C5', 85.3; c6, 66.0; benzyl CH2, 70.5. Anal. calcd. for C21H22N209: C, 54.31; H, 

5.21; N, 6.03. Found: C. 54.01; H, 4.94; N, 5.79. UV (10% J3OH/pH 7): 264.5 nm (8400). 

l-(3-O-benzyl-5,6-O-carbonyl-2-hydroxy-beta-D-glucofuranosyl)thymine (5 and 6). 

Acetyl chloride (36 mL) was added dropwise to a solution of I-(2-O-acetyl-3-O-benzyl-5,~O~arbonyl-b- 

D-glucofuranosy1)thymine (22.7 g, 50.8 mmol) in anhydrous 1,4-dioxane (800 mL) and anhydrous 

methanol (5 1 mL) in a three-neck 1-L round bottom flask under a nitrogen atmosphere and equipped with a 

condenser topped by a nitrogen inlet an additional funnel, and a stopper. The reaction was heated at reflux 

for 24 h and allowed to cool before being concentrated in vacuo to a brown foam. Flash chromatography 

over silica gel using chloroform : methanol (98:2 to 95:s) in increments of increasing polarity afforded the 

product as a white foam (17.7 g, 43.8 mmol). Proton nmr analysis revealed the compound as a mixture of 

two alcohols: one with the cyclic carbonate intact, 5, and one as the result of the carbonate ring opened by 
methanol, 6, in a 9 5 5  ratio respectively. 1H nmr (6-DMSO): 6 11.44 (s, NH), 7.38 (m, benzyl 

aromatics/H6), 6.05 (d, J = 4.3 Hz, Hl'), 5.88 (dd, J = 4.1, 0.8 H z  HZ), 5.22 (ddd, J = 8.4, 6.6. 4.4 Hz. 
H5'). 4.74 and 4.54 (AB quartet, J = 11.3 Hz, benzyl CH2). 4.53 (dd, J = 7.6, 7.6 Hz, He), 4.41 (m. H6", 

H4'). 4.10 (dd, J = 4.2. 1.0 Hz, H3'), 3.73 (s. Me of the ring-opened carbonate 6, a diagnostic peak for 

determining the amount of the minor product), 1.59 (s, 5-Me). 

1-[3-0-Benzyl-5,6-0-carbonyl-2-O-(phenoxythiocarbonyl)-beta-D- 

glucofuranosyl]thyrnine (7). A solution of phenyl chlorothionoformate (7.0 mL, 50 mmol) in 

dichloromethane (50 mL) was added dropwise to a 0 "C solution of 1-(3-0-benzyl-5,6-0-carbonyl-2- 

hydroxy-beta-D-glucofuranosyl)thpune (as the mixture of cyclic and ring-opened carbonates) (17.0 g, 42 

mmol) and triethylamine (75 mL) in anhydrous dichloromethane (600 mL) in a three-neck 1-L round 

bottom flask equipped with a nitrogen inlet, an addition funnel, and a stopper. The ice bath was removed, 

and the reaction was stirred for 4 h before being concentrated in vacuo. Ethyl acetate (300 mL) and water 

(100 mL) were added to the residue, and the layers were separated. The organic layer was dried over sodium 

sulfate, filtered, and concentrated in vacuo to an orange glass. Addition of 200 mL of hexane : ethyl acetate 

(4:l) allowed the glass to be pulverized into a free-flowing precipitate that was filtered to give the 

thiocarbonate as a pale yellow solid, which was azeotroped with toluene (20.3 g, 38 mmol, 90%). 1H nmr 

(&-DMSO): 6 11.45 (s, NH), 7.3 (m, benzyl aromatics, H6, and pbenylthimbonate aromatics), 6.22 (d, 

J = 2.3 Hz, Hl'), 5.76 (d, J = 2.2 Hz, H2'),  5.29 (ddd, J = 8.5, 6.7, 3.7, H5'). 4.85 (d, J = 11.1 Hz, benzyl 

CH2) and 4.64 (d, J = 11.0 Hz, benzyl CHz), 4.60 (m, H3' and H43.4.57 (dd, J = 8.4, 8.4 Hz, He), 4.52 

(dd, J = 8.4, 6.6 Hz., H6"), 1.56 (d, J = 1.2 Hz, 5-Me). Carbon resonance assignments were obtained for 

some of the protonated carbons from the HMQC spectrum and were. as follows: CI', 87.5; C2, 86.4; C3' 

and C4' had identical carbon chemical shifts of 79.7; C6', 65.7; benzyl CH2, 71.4. Anal. cald. for 

C26H24N209S (0.2 mol H20, 0.4 mol toluene): C, 59.54; H, 4.79; N, 4.82; S, 5.52. Found: C, 

59.45; H, 4.74; N, 4.81; S,  5.48. 

l-(3-0-Benzyl-5,6-0-carbonyl-2-deoxy-beta-D-arabino-hexofuranosyl)thymine (8). 

A 2-L round bottom flask was equipped with a condenser (topped by a nitrogen inlet) and two stoppers. 
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SYNTHESIS OF A 1-(AZIDOHEXOFURAN0SYL)THYMINE 91 1 

The flask was charged with 1-~~-~-benzyI-5,6-0-carbonyl-2-O-(phenoxythiocarbonyl)-beta-D- 

glucofuranosyllthymine (20.3 g, 37.5 mmol) and toluene (800 mL). The solution was degassed with 
nitrogen for 15 min. Then 97% tributyltin hydride (24.1 mL, 86.9 mmol) and AIBN [Flub] (1.0 g) were 

added. The reaction was heated at 85-90 "c for 1 h. cooled, and concentrated in vacuo. The oily residue 

was dissolved in acetonimle (500 mL) and washed with several portions of hexanes (6 x 200 mL) to remove 

organotin compounds. The acetonitrile layer was concentrated in vacuo, and the crude product was purified 

on a flash chromatography column using hexane: ethyl acetate (2:l to 1:3) in increments of increasing 

polarity to provide the deoxy-nucleoside as a white foam, which was azeotroped with toluene (12.7 g, 

0.032.6 mmol, 87%). 1H nmr (d6-DMSO): 6 11.34 (s, NH), 7.47 (9. J = 1.2 Hz H6), 7.35 (m, benzyl 

aromatics), 6.28 (dd, J = 8.8, 3.0 Hz, Hl'), 5.25 (ddd, J = 8.4; 6.5, 3.8 Hz, HS'), 4.59 (d. J = 11.5 Hz, 
benzyl CHz), 4.53 (dd, J = 8.7, 8.7 Hz, H67,4.44 (d, J = 11.5 Hz, benzyl CH2), 4.32 (dd, J = 5.1, 3.9 Hz, 

H3'). 4.26 (dd, J = 3.7, 3.7 Hz, H4), 2.60 (ddd, J = 15.4. 8.9, 5.4 Hz, H27, 2.31 (dd, J = 15.4, 3.4 Hz, 
H2"), 1.51 (4 J = 1.2 Hz, 5-Me). UV (10% EtoWpH 7): 266 nm (7013). Anal. calcd. for C1gH20207 

(0.1 mol H20 and 0.2 mol toluene): C, 59.97; H, 5.38; N, 6.86. Found; C. 59.98; H, 5.48; N, 6.77. 
1-(5,6-0-Carbonyl-2-deoxy-beta-D-arabino-hexofuranosyl)thymine (9). To a solution 

of 1-(3-0-benzyl-5,6-O-carbonyl-2-deoxy-beta-D-arabino-hexofuranosyl)thymine (12.5 g, 32.2 rnrnol) in 

anhydrous 1.2-dmethoxyethane (170 mL) in a Parr bottle was added palladium(I1) chloride (5.3 g, 29.9 
mmol). The vessel was then put on a Parr shaker where it was agitated for 3 h under 40 psi of hydrogen 

gas. The reaction was filtered through Celite and washed with several portions of 95% ethanol. After the 

solvents were removed in vacuo, the resulting solid was collected and washed with 100 mL of chloroform : 

ethyl acetate (21) to provide the alcohol as a white powder (9.5 g, 31.9 mmol, 99%). 1H nmr (66- 

DMSO): 6 11.34 (s, NH), 7.77 (4. J = 1.3 HG H6), 6.20 (dd, J = 8.7, 3.3 Hz, Hl'), 5.23 (ddd, J = 8.4, 
6.6, 3.6 Hz, H5'). 4.55 (dd, J = 8.6, 8.6 Hz, H6'). 4.46 (dd, J = 8.4, 6.6 Hz, H6"). 4.36 (dd, J = 8.9, 3.7 
Hz, H31.4.20 (dd, J = 3.6, 3.6 Hz, H4'), 2.64 (ddd, J = 14.8, 8.8, 5.7 Hz, HZ), 1.89 (dd, J = 15.0, 3.3 Hz, 
H2"). 1.76 (d, J = 1.2 Hz, 5-Me). The 3'-OH resonance was not observed. 

Anal. calcd. for C12H14N207 (0.8 EtOAc): C, 49.51; H, 5.58; N, 7.60. Found: C, 49.77; H, 5.51; 

N, 7.88. UV (10% EtOWpH 7): 264.5 nm (9420). 
1-(5,6-0-C~rbonyl-2-deoxy-3-O-mesyf-beta-D-arabino-hexofuranosyl)thymine (10). 

A 100 mL three-neck round bottom flask under a nitrogen atmosphere equipped with a stopper, a nitrogen 

inlet, and a septum, was charged with l-(5,6-0-carbonyl-2-deoxy-be~-D-arabino-hexofu~osyl)th~ine 

(1.0 g, 3.35 mmol) and dry pyridine (40 mL). The solution was cooled to 0 "C. and mesyl ctiloride (0.39 
mL, 5.03 mmol) was added dropwise. The pale yellow solution was brought to room temperature and was 

stimd overnight. The reaction was then concentrated in vacuo, and toluene was used to azeouope residual 

pyridine. The crude mesylate was parUtioned between ethyl acetate (200 mL) and water (50 mL), and the 

organic layer was washed with brine (25 mL), dried over sodium sulfate, filtered, and concentrated in vacuo 

to a beige solid. The product was purified on a flash chromatography column, which was eluted with 

hexane: ethyl acetate (2:l to 1:3) in increments of increasing polarity. The mesylate was obtained as a 
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912 ALMOND ET AL. 

white powder (0.96 g, 2.55 mmol, 76%). l H  nmr (Q-DMSO): 6 11.41 (s, NH), 7.39 (q, J = 1.3 IIz, 

H6), 6.22 (dd, J = 8.3, 4.5 Hz, Hl'), 5.40 (ddd, J = 5.9, 3.8, 1.3 Hz, H3'). 5.19 (ddd. J = 8.5, 6.3, 4.2 Hz, 

H5'). 4.64 (dd, J = 8.4, 8.4 Hz, H63, 4.49 (dd. J = 8.4, 6.3 Hz. H 6 ) ,  4.39 (dd. J = 3.8, 3.8 Hz, H4), 3.31 

(s, 4-mesyl Me), 2.89 (ddd, J = 15.8, 8.4, 6.1 Hz, HT), 2.32 (ddd, J = 15.7, 4.4, 1.3 Hz, H2"). 1.78 (d, J = 

1.2 Hz, 5-Me). Anal. calcd. for C13H16N209S (0.40 H20): C, 40.71; H, 4.41; N, 7.30; S, 8.36. 

Found: C. 40.53; H, 4.15; N, 7.13; S, 8.23. 

1-(2-Deoxy-3-0-mesyl-beta-~-arabino-bexofuranosyl)thymine (11). To a solution of 1- 

(5.6-0-wbonyl-2-deoxy-3-O-mesyl-beta-D-~abino-bexo-fur~osyl)~~ine (0.45 g, 1.2 mmol) in 

anhydrous methanol (40 mL) in a 100 mL round bottom flask under a nitrogen atmosphere was added 

rapidly a solution of commercial 95% sodium methoxide in anhydrous methanol (10 mL). The resulting 

solution was stirred overnight at room temperature before being adjusted with Dowex acidic resin (50x8- 
400) to pH 6-7. The reaction was filtered, the Dowex resin was washed with several portions of methanol, 

and the combined washings were concentrated in vacuo to a beige foam (0.42 g, 1.2 m o L ,  100%). 'H 
WIU (Q-DMSO): 6 11.35 (S, NH), 7.38 (9. J = 1.3 Hz, H6), 6.15 (dd, J = 8.6, 2.7 Hz, HI'),  5.21 (dd, J = 

4.9, 2.9 Hz, H3'). 3.88 (dd, J = 9.0, 2.7 Hz, H4), 3.72 (ddd, J = 9.4, 5.5, 2.4 Hz, HS'), 3.59 (dd, J = 11.4, 

2.4 Hz, H6), 3.38 (dd, J = 11.4, 5.4 Hz, H6"), 3.31 (s, 4-mesyl Me), 2.86 (ddd, J = 15.9, 8.7, 5.2 Hz, 

HT), 2.24 (dd, J = 15.9, 2.8 Hz, H2"), 1.76 (d. J = 1.2 Hz, 5-Me). 

Anal. calcd. for C12H1gN20gS (0.90 HzO): C, 39.32; H, 5.44; N, 7.64. Found: C, 39,33; H, 

5.32; N, 7.56. 

1-(3-Azido-2,3-dideoxy-beta-D-ribo-hexo~uranosyl)thymine (12). To a solution of 142- 

deoxy-3-O-mesyl-beta-D-arabino-hexofuranosyl)~ymine (8.80 g, 25.1 mmol) in anhydrous 

dimelhylformamide (70 mL) in a 250 mL round bottom flask equipped with a condenser topped by a 

nitrogen inlet was added lithium azide (3.55 g, 72.5 mmol) portionwise. The reaction was heated at reflux 

for 20 h, cooled to room temperature, and concentrated in vacuo. The residue was purified on a flash 

chromatography column using chloroform : methanol (98:2 to 955) in increments of increasing polarity to 

provide the azide as a white powder (3.86 g, 13 mmol, 52%), m.p. 164-165 "C, lit. m.p. 164-165 OCl4, 

m.p. 163-165 "Cl5. lH nmr (d6-DMSO): 6 11.31 (s. NH), 7.64 (4, J = 1.3 Hz, H6), 6.06 (dd, J = 7.3, 

6.3 HG Hl'), 5.32 (4 J = 5.5, 4.0 Hz, 5'-OH), 4.70 (dd, J = 5.5, 5.5 Hz, 6'-OH), 4.49 (ddd, J = 7.0, 3.5, 

3.5H~H33,3.84(dd,J=5.5,4.0H~,H4'),3.65(dddd,J=5.5,5.5,5.5,5.5H~,H5'),3.44((dd,J=11.1, 

5.5H~H6'),3.40(dd,J=11.0,5.3H~,H6"),2.30(ddd,J=13.8,7.1,7.1H~,H2'),2.19(ddd,J=13.8, 
6.3, 3.8 Hz, H2"). 1.79 (d, J = 1.2 Hz, 5-Me). Anal. calcd. for CllH1~N505: C, 44.44; H, 5.09; N, 

23.56. Found: C. 44.55; H, 5.10; N, 23.46. UV (10% EtoWpH 7): 265 nm (10,300). 

REFERENCES 

1. Mitsuya, H.; Weinhold, K. J.; Furman, P. A.; St. Clair, M. H.; Nusinoff-Lehrman, S.; Gallo, R. C.; 

Bolognesi, D.; Barry, D. W.; Broder, S. Proc. Natl. Acad. Sci. U.S.A. 1985.82, 7096. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
2
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SYNTHESIS OF A 1-(AZIDOHEXOFURAN0SYL)THYMINE 913 

2. 

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

Palomino, E.; Meltsner, B. R.; Kessel. D.; Horwitz, J. P. J. Med. Chem. 1990, 33, 258. 

Lin, T. S.; Guo, J. Y.; Schinazi, R. F.; Chu, C. K.; Xiang, J. N.; Prusoff, W. H. J. Med. Chem. 

1988.31, 336. 

Chu, C. K.; Schinazi, R. F.; Ahn, M. K.; Ullas, G. V.; Gu, Z. P. J. Med. Chem. 1989. 32, 612. 

Bodenteich, M.; Griengl, H. Tetrahedron Lett. 1987, 28, 5311. 

Scheiner, P.; Gem. A.; Bucknor, A. M.; Imbach, J. L.; Schinazi, R. F. J. Med. Chem. 1989, 32. 

73. 

Ogawa, T.; Takaku. H.; Yamamoto, N. Nucleosides Nucleotides 1989.8.499. 

Tan- H.; Fukui, M.; Haraguchi, K.; Masaki, M.; Miyasaka, T. Tertahedron Lett. 1989.30, 2567. 

Hiebl, J.; Zbiral, E. Tetrahedron Lett. 1990, 31, 4007. 

Czernecki, S.; Diguarher, T. L. Synthesis 1991, 683. 

Kaluza, Z.; Pedersen, E. B.; Nielsen, C. M.; Chmielewski, M. Acta Chem. Scan. 1990,44, 294. 

Hansen. P.; Lau, I.; Pedersen, E. B.; Nielsen, C. M.; Liebigs. Ann. Chem. 1990, 1079. 

Sztaricskai, F.; Dainya, Z.; Bat% G.; Gergely, L.; Szabo, B. Nucleosides Nucleotides 1992, 1 1, 11. 

Hrebabecky, H.; Holy, A. Carbohydr. Res. 1991,216, 179. 

Hiebl, J.; Zbiral. E,; Balzarini. J.; DeClerq, E. J. Med Chem. 1992, 35, 3016. 

W A C  nomenclature. 

Fellows, L. E. Pestic. Sci. 1986, 17, 602. 

Fleet, G. W. 1.; Smith, P. W. Tetrahedron 1987,43,971 and references therein. 

Niedballa, U.; Vorbruggen, H. J. Org. Chem. 1974.39, 3654-3660. 

Robins, M. J.; Wilson, J. S.; Hansske, F. J. Am. Chem. SOC. 1983, 105, 4059. 

Bax, A.; Subramanian, S. J.  Magn. Reson. 1986,67, 565. 

Still, W. C. J. Org. Chem. 1978,43. 2923. 

O’Neil, I. A. Synlett. 1991, 661. 

Received 4/16/93 
Accepted 7/14/93 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
3
2
 
2
6
 
J
a
n
u
a
r
y
 
2
0
1
1


