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ABSTRACT 

1-(2-0-Acetyl-3,5,6-tri-O-benzoyl-P_D-glucofuranosyl)thymine (1) was converted into the 2,2’-an- 

hydra derivative 4 by selective deacetylation, mesylation, and treatment with 1,8-diazabicyclo[5.4.O]un- 

dec-7-enc. Cleavage of the 2,2’-anhydro ring in 4 with hydrogen bromide or hydrogen chloride led to the 

2’.bromo (5) or 2’khloro (6) derivative, respectively. Dehalogenation of 6 with tributylstannane and then 

debenzoylation gave I-(2-deoxy-P-D-arabirzo-hexofuranosyl)thymine (8). Isopropylidenation of 8 followed 

by mesylation. azide displacement, and deprotection gave I-(3-azido-2,3-dideoxy-B_u-ribo-hexofuranosyl)- 

thymine (12). Oxidation of 12 with Dowex 1 (IO,-) resin followed by reduction with Dowex 1 (BH,-) resin 

gave 1-(3-azido-2,3-dideoxy-P-~-eryfhrn-pentofuranosyl)thymine (AZT). Catalytic hydrogenation of 5 

afforded a mixture of 1-(5,6-di-O-benzoyl-2,3-dideoxy-P-D-er~~hro-hexofuranosyl)thymine (13) and l- 

(3,5,6-tri-O-benzoyl-2-deoxy-~-D-arabino-hexofuranosyl)thymine (7). Reaction of 5 with a Cu/Zn couple 

gave 1-(5,6-di-O-benzoyl-2,3-dideoxy-~-~-er~~hro-hex-2-enofuranosyl)thymine (15). l-(2,3-Dideo&-D- 

erythro-hexofuranosyl)thymine (14) and 1-(2,3-dideoxy-P-~-erythro-hex-2-enofuranosyl)thymine (16) were 

obtained by debenzoylation. 

INTRODUCTION 

3’-Azido-2’,3’-dideoxythymidine (AZT) significantly inhibits’ the replication of 
HIV and is in clinical use for the treatment of AIDS patients. Since AZT can cause 
severe side effects and adversely affects bone marrow2, many other nucleoside analogues 
have been synthesised and their structureeantiviral activity relationships investigated3. 

In the allofuranosyl series, Hiebl and Zbira14 synthesised l-(3-azido-2,3,5tride- 
oxy-/?-o-allofuranosyl)thymine and we now report the synthesis of the title analogues. 

RESULTS AND DISCUSSION 

The title compounds were synthesised from 1,2-di-O-acetyl-3,5,6-tri-O-benzoyl- 
o-glucofuranose’ which was condensed with silylated thymine under catalysis of tin(IV) 
chloride6 to give 1. Selective deacetylation of 1 with cont. hydrochloric acid-1,4- 

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday 

’ To whom correspondence should be addressed. 





SYNTHESIS OF ALLOFURANOSYL NUCLEOSIDES 181 

None of the above allofuranosyl nucleosides exhibited activity against HIV. The 

azido derivative 12 was significantly active against HSV-1 (IC,, 2 pg/mL) with low 

cytotoxicity. 

EXPERIMENTAL 

General methods. - Melting points were determined on a Kofler block and are 

uncorrected. Optical rotations were obtained at 20” with a PerkinElmer 241 polari- 

meter. ‘H-N.m.r. spectra were measured in solutions in (CD@0 (internal Me,Si). 

Column chromatography was performed on silica gel (3k-60 pm, Service Laboratories 

of this Institute). T.1.c. was carried out on Silufol UV 254 (Kavalier, Votice), using A, 
ethyl acetate; B, ethyl acetateetoluene (1: 1); and C, ethyl acetate-acetoneeethanol- 

water (36:6:5:3). Unless stated otherwise, solvents were evaporated at 40”/2 kPa and 

compounds were dried over phosporus pentaoxide at 13 Pa. 

I-(2-0-Acetyl-3,5,6-tri-O-benzoyl_B-D-g~uc~~u~a~o.~y~~ thymine (1). - Tin(IV) 

chloride (5 mL) was added to a solution of 1,2-di-0-acetyl-3,5,6-tri-O-benzoyl-~- 

glucofuranose’ (28.82 g, 50 mmol) and 5-methyl-2,4-bis(trimethylsilyloxy)pyrimidine 

(13.46 g, 52.5 mmol) in 1,2-dichloroethane (100 mL). The mixture was stored overnight 

at room temperature, then poured dropwise into stirred aq. 10% sodium hydrogencar- 

bonate (1.5 L). After 5 h, the clear aqueous layer was removed and the organic layer was 

concentrated. The residue was extracted with ethyl acetate (3 x 250 mL), the combined 

extracts were washed with aq. 10% sodium hydrogencarbonate (200 mL) and dried 

(MgSO,), and the solvent was evaporated. Column chromatography (2.5 kg of silica gel, 

solvent B) of the residue gave amorphous 1 (21.27 g, 66%), [a], -38” (c 0.2, ethyl 

acetate),R,0.35(solventB).‘H-N.m.r.data:61.76(s,3H,Me-5),2.l3(s,3H,Ac),4.56 

(dd, 1 H,Jh.d,5.6.0,J6.a,b’b 12.5Hz,H-6’a),4.81 (m,2H,H_4’,6’b), 5.46(t, 1 H,J,.,,. 1.5,J,.,,. 

1.5 Hz, H-2’), 5.81 (dd, 1 H, J3.,4’ 4.5 Hz, H-3’), 5.92 (m, 1 H, H-5’), 6.09 (dd, 1 H, H-l’), 

6.80-7.94 (m, 16 H, H-6 and 3 Ph), 11.40 (s, 1 H, H-3). 

Anal. Calc. for C,,H,,N,O, I: C, 63.55; H, 4.7 1.; N, 4.36. Found: C, 63.26; H, 4.70; 

N, 4.15. 

l- (3,5,6-Tri-0-benzoykB-D-ghdcofuvanosyl/ thymine (2). -A mixture of l(2.57 g, 

4 mmol), 1 ,Cdioxane (24 mL), and cont. hydrochloric acid (1.6 mL) was stirred at room 

temperature for 2 days, then diluted with ethyl acetate (100 mL), washed with water (30 

mL), and aq. 10% sodium hydrogencarbonate (30 mL), dried (MgSO,), and concentrat- 

ed. The residue was crystallised from toluene to give 2 (2.07 g, 86%), m.p. 116-l 19”, [cl],, 

- 57” (c 0.4, ethyl acetate), R, 0.24 (solvent B). ‘H-N.m.r. data: 6 1.75 (s, 3 H, Me-$ 

4.40 (dd, 1 H, J2.,0H 4.0, J,,,,, 1.5 Hz, H-2’), 4.59 (dd, 1 H, J6’a,5. 6.0, J6’a,6.b 13.0 Hz, H-6’a), 

4.88 (m, 2 H, H-4’,6’b), 5.49 (d, 1 H, J,.,,. 3.2 Hz, H-3’), 5.88 (d, 1 H, H-l’), 5.93 (m, 1 H, 

H-5’), 6.40 (d, 1 H, HO-2’), 7.35-7.92 (m, 16 H, H-6 and 3 Ph), 11.38 (s, 1 H, H-3). 

Anal. Calc. for C,2H,,N,0,,: C, 63.99; H, 4.70; N, 4.66. Found: C, 63.92; H, 4.85; 

N, 4.55. 

The reaction of crude 1, performed as described above, gave 67% of 2. 

l-(3,5,6-Tri-O-benzoyl-2-O-methanesulfonyl-lJ-D-gfucofuranosyl) thymine (3). - 
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amorphous 6 (5.61 g, 91°h), [a], -28” (c 0.5, ethyl acetate), R, 0.56 (solvent I?). 

‘H-Nmr. data 6 1.79 (s, 3 H, Me-j), 4.62 (dd, 1 H, JUa,&,, 12.7, J6’a,5, 5.5 Hz, H-6’a), 
4.88-5.13 (m, 3 H, H-2’,4’,6’b), 5.75 (dd, 1 H, J3..4. 4.0, J3.,?. 2.0 Hz, H-3’), 6.06 (d, 1 H, J,.,, 
3.0 Hz, H-l’), 7.37-7.94 (m, 16 H, H-6 and 3 Ph), 11.47 (s, 1 H, H-3). 

Anal. Calc. for C,zH,,ClN,O,: C, 62.09; H, 4.40; N, 4.53; Cl, 5.73. Found: C, 
62.02; H, 4.56; N, 4.41; Cl, 5.49. 

1-(3,5,6-Tri-O-benzoyl-2-deoxy-P-D-arabino-hexofuranosylj thymine (7). - M 

Tributylstannane in toluene (20 mL) and 2,2’-azobis(2-methylpropiononitrile) (200 mg) 
were added to a stirred solution of 6 (6.19 g, 10 mmol) in toluene (30 mL) at 100”. After 

45 min heating, the mixture was concentrated and the residue was triturated with light 

petroleum (100 mL). The precipitate was collected and washed with light petroleum, 

and to a stirred solution in toluene (15 mL), light petroleum was added dropwise. The 
precipitate was collected, washed with light petroleum, and dried in air to give 7 (5.55 g, 
95%), m.p. 9496”, [a], - 61” (c 0.5, ethyl acetate), R, 0.32 (solvent B). ‘H-N.m.r. data: 
6 1.72 (s, 3 H, Me-5), 2.31 (dd, 1 H, JTa,l. 2.2, JZ.a,Z.b 15.5 Hz, H-2/a), 3.00 (m, 1 H, H-2’b), 

4.63 (m, 2 H, H-4’,6’a), 4.94 (dd, 1 H, Jb.b,3. 2.1, J6’b,6.a 12.0 Hz, H-6’b), 5.78 (t, 1 H, JY,2’b 

4.0,JY,,4.0Hz,H-3’),5.95(m,l H,H-5’),6.31(dd, lH,J,.~,.,8,0Hz,H-1’),7.38-7.98(m, 
16 H, H-6 and 3 Ph), 11.39 (s, 1 H, H-3). 

Anal. Calc. for C,,Hz,N,O,: C, 65.75; H, 4.83; N, 4.79. Found: C, 65.99; H, 4.91; 
N, 4.61. 

I-(I-Deoxy-P-D-arabino-hexojiuranosyl) thymine (8). - A solution of 7 (4.98 g, 

8.5 mmol) in methanolic 0.1~ sodium methoxide (50 mL) was set aside at room 

temperature overnight, then neutralised with Dowex 50 (H+) resin, filtered, andconcen- 
trated. The residue was triturated with ether to afford 8 (1.93 g, 83%), m.p. 168-169”, 

[a],, -6” (c 0.6, water); lit.9 m.p. 166168”, [a],, - 10.5”. 
I-(2-Deox~~-5,6-0-isopropylidene-/3-~-arabino-hexofuranosyl~ thymine (9). ~ 

Cont. sulfuric acid (0.1 mL) was added to a solution of 8 (5.44 g, 20 mmol) in acetone 
(100 mL), 2,2_dimethoxypropane (30 mL), and N,N-dimethylformamide (50 mL). After 

30 min, powdered sodium hydrogencarbonate (2 g) was added, and the mixture was 
stirred for 15 mm, filtered, and concentrated. Xylene (50 mL) was evaporated from the 

residue which was crystallised from 2-propanolkther to give 9 (4.01 g, 64%). Column 
chromatography (80 g of silica gel, ethyl acetate) of the material in the mother liquors 

and crystallisation gave more 9 (1.03 g, 16%), m.p. 176177”, [a]n -21” (c 0.5, 
methanol), R, 0.69 (solvent A). ‘H-N.m.r. data: 6 1.29, 1.32 (2 s, each 3 H, Me&), 

1.66-l .96 (m, 1 H, H-2’a), 1.76 (s, 3 H, Me-5), 2.59 (m, 1 H, H-2’b), 3.6554.45 (m, 5 H, 
H_3’,4’,5’,6’a,6’b), 5.51 (d, 1 H, J,,,,,,3.4Hz,HO-3’),6,12(dd, 1 H, J,.,,.,2.0, J,.,,.,9.0Hz, 
H-l’), 7.80 (d, 1 H, J 1.0 Hz, H-6), 11.22 (s, 1 H, H-3). 

Anal. Calc. for C,,H,,N,O,: C, 53.84; H, 6.46; N, 8.97. Found: C, 53.93; H, 6.40; 
N, 8.98. 

1-(2-Deoxy-5,6-0-isopropylidene-3-O-methanesu~ony~-~-~-arabino-hexofurano- 
syl)thymine (10). - Methanesulfonyl chloride (2 mL) was added to a stirred, cooled 

(ice-bath) solution of 9 (1.87 g, 6 mmol) in pyridine (20 mL). After storage of the mixture 
at room temperature for 4 h, water (2 mL) was added to the cooled mixture and, after 10 
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1-(5,6-Di-O-benzo~l-2,3-dideo.~y-~-C-D-erythro-he,~ofuranos~l)thymine (13). - 

Magnesium oxide (2 g) and 10% PdjC were added to a solution of 5 (3.32 g, 5 mmol) in 

N,N-dimethylformamide (10 mL). The mixture was stirred under hydrogen at room 

temperature for 20 h, then filtered, and concentrated. Column chromatography [250 g 

of silica gel, ethyl acetateetoluene (2: I)], followed by precipitation of the material in the 

first fraction from a solution in the minimum amount of toluene with light petroleum, 

afforded 7 (690 mg, 24%). Crystallisation of the second fraction from toluene afforded 

13 (1.41 g, 61%), m.p. 171-172”, [crlr, -49” (c 0.4, ethyl acetate), R, 0.15 (solvent B). 

‘H-N.m.r. data: 6 1.37 (s, 3 H, Me-5), 2.16 (m, 4 H, H-2’,2’,3’,3’), 4.3c4.58 (m, 2 H, 

H-4’,6’a).4.77(dd, 1 H,Jb.b,6.a 12.O,J,.,,, 3.0 Hz, H-6’b), 5.73 (m, 1 H, H-5’), 6.07 (m, 1 H, 

H-l’), 7.22 (d, 1 H, J 1.0 Hz, H-6), 7.40-8.06 (m, 10 H. 2 Ph), 11.27 (s, 1 H, H-3). 

Ana/. Calc. for C,JH2dN,0,: C, 64.65; H, 5.21; N, 6.03. Found: C, 64.51; H, 5.19; 

N, 5.90. 

l-(2,3-Did~o.q$‘-II-erythro-hexofuranosyl) thymine (14). -- Compound 13 (929 

mg, 2 mmol) was stirred with methanolic 0.1~ sodium methoxide (15 mL) until 

dissolution. After storage at room temperature overnight, the solution was neutralised 

with Dowex 50 (H ‘) resin, filtered. and concentrated. The residue was triturated with 

ether and crystallised from 2-propanol to afford 14 (4 19 mg, 82%), m.p. 145-146”, [,%I,, 

+21” (c 0.4, methanol), R, 0.40 (solvent c). ‘H-N.m.r. data: 6 1.77 (s, 3 H, Me-5), 

1.61-2.45 (m. 4 H, H-2’,2’,3’,3’), 3.38 (t, 2 H, Jh.,oll 5.1, Jc,..s 5.1 Hz, H-6’,6’), 3.78 (m, 1 H, 

H-5’), 3.99 (m, 1 H, H-4’), 4.63 (t, 1 H, HO-6’), 5.13 (d, I H, .I,,,,,, 5.3 Hz, HO-5’), 5.96 

(dd, 1 H. J,..?. 3.2, J,..,., 6.4 Hz, H-l’), 7.90 (d, 1 H, J 1.0 Hz, H-6). 11.19 (s, 1 H, H-3). 

Anal. Calc. for C,,H,,N,O,: C, 51.55; H, 6.29; N, 10.93. Found: C, 51.80; H, 6.18; 

N, 11.06. 

I-(5,6-Di-O-ben;o~l-2,3-dideo~~~~-P-r>-~)th~mine (15). 

- A solution of 5 (2.65 g, 4 mmol) in N,N-dimethylformamide (3 mL) was added to a 

suspension of Cu/Zn couple” (0.67 g) in NJ-dimethylformamide (20 mL). The mixture 

was stirred at room temperature for 1 h, then filtered through Celite, and concentrated. 

A solution of the residue in ethyl acetate (50 mL) was washed with aq. 2% hydrochloric 

acid (20 mL), water (20 mL), and aq. 5% sodium hydrogencarbonate (10 mL), and dried 

(MgSO,), and the solvent was evaporated. The residue was crystallised from ethanol, to 

give 15(1.5Og, 81%),m.p. 194-195”, [LX], - 153’(c0.4,chloroform), R,0.22 (solvent B). 

‘H-N.m.r. data: 6 I,.08 (d, 3 H, JO.9 Hz, Me-5), 4.66 (m, 2 H, H-6’a,6’b), 5.22 (m, 1 H, 

H-4’), 5.62 (m, 1 H, J,.,,. 3.4, Js.,6.a 3.3, .I,.,,., 7.5 Hz, H-5’). 6.12 (dt. 1 H, J,.,,. 1.7, J3.,2. 6.0, 

J,.,.2.3Hz, H-3’),6.5@-6.68(m,2H,H-1’,2’), 6.94(d, 1 H,Jl.OHz,H-6),7.61-7.93(m, 

10 H, 2 Ph), 11.36 (s, 1 H, H-3). 

Anal. Calc. for C,,Hz2N20,: C, 64.93; H, 4.80; N, 6.06. Found: C, 64.68; H, 4.70; 

N, 6.05. 

1-(2,3-Dideox~-13-D-erythro-he.u-2-enofirrano~~yl)thymine (16). - Methanolysis 

of 15 (926 mg, 2 mmol), as described for 13, gave 16 (417 mg, 82%), m.p. 178&179”, [a],, 

- 17” (c 0.6, methanol), R, 0.42 (solvent C). ‘H-N.m.r. data: 6 1.72 (s, 3 H, Me-5), 3.48 

(m, 3 H, H-6’,6’), 4.78 (m, 2 H, H-4’ and HO-6’), 5.12 (d, 1 H, Jon,> 4.3 Hz, HO-5’), 5.86 

(dt, 1 H, Ji ,_,, 1.5, J,,,z, 6.0, J3,,4. 2.3 Hz, H-3’), 6.44(dt, 1 H, JT,,, 1.6, .I,.,, 1.5 Hz, H-2’), 6.81 

(m, 1 H, J,.,,. 3.3 Hz, H-l’), 7.70 (d, 1 H, J 1.0 Hz, H-6), 11.26 (s, 1 H, H-3). 




