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Synthesis of (lR,5/?)-2,6-dioxabicyclo[3.3.0]octan-3-one from D-glucose 
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Compounds of the type 1 (where m and II are variously 1 and 2) are related 
to part-structures of several natural products’, and substituted tetrahydrofurans and 
tetrahydropyrans are valuable synthons for polyether antibiotics*. Although there 
are several routes to these molecules, carbohydrate-based precursors have rarely 
been utilised2p3. We now report an enantiospecific synthesis of 2,6- 
dioxabicyclo[3.3.0]ocatan-3-one (2) starting from o-glucose; (f)-2 has been pre- 
pared4 by palladium-catalysed intramolecular oxycarbonylation of dpentene-1,3- 
diol. 
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1,2:5,6-Di-O-isopropylidene-cr-D-glucofuranose (3) was converted into the 3- 
deoxy-3-iodo-t&lo derivative 4 by treatment with triphenylphosphine, iodine, and 
imidazole5. The 5,6-0-isopropylidene group was removed from 4 with methanolic 
0.8% sulfuric acid, to afford 5. Treatment of the dimesylate (6) of 5 with sodium 
iodide in refluxing butanone gave 93% of the 5,6-ene 7, the ‘H-n.m.r. spectrum of 
which accorded with the assigned structure (see Table I). 

The reaction of 7 with borane in tetrahydrofuran at 0” followed by hydrogen 
peroxide in aqueous sodium acetate gave 73% of the alcohol 8. The ‘H-n.m.r. 
spectrum of 8 contains signals for H-6,6’ at 6 3.84 (t, J 6 Hz) and for H-5,5’ at S 
1.9-2.5 (m). Further confirmation of the structure of 8 was obtained by its 
conversion into the 6-mesylate 9. Comparison of the ‘H-n.m.r. spectra of 9 and 8 
revealed the expected downfield shift of 0.56 p.p.m. of the signal for H-6,6’ in the 
former. 

Treatment of 8 with methanolic sodium methoxide for 8 h gave 3,6-anhydro- 
5-deoxy-1,2-0-isopropylidene-D-xylo-hexofuranose (10) in almost quantitative 
yield. Treatment of 10 with Amberlite IR-120 (H+) resin in refluxing methanol 
afforded the methyl cr,gglycoside 11, the ‘H-n.m.r. spectrum of which was not 
amenable to first-order analysis. Conversion of 11 into the xanthate derivative 12 
was effected6 by successive treatment with sodium hydride, carbon disulfide, and 
methyl iodide. The ‘H-n.m.r. spectrum of 12 was complex, although a singlet due 
to S-methyl was observed at 6 2.57. Treatment of 12 under reflux with tributyltin 
hydride gave the 2,5-dideoxy derivative W. The conversion of 13 into (lR,5R)-2,6- 
dioxabicyclo[3.3.O]octan3-one (2, 70%) was then effected’ using 3-chloro- 
peroxybenzoic acid and boron trifluoride etherate in dichloromethane. 

The structure of 2 was supported by its ‘H-n.m.r. spectrum, in which 
resonances (dt) at S 5.09 and 4.68 were attributed to H-l and H-5, respectively. 
The couplings (J1,5 = J,,, = 4, J,,@ 2 Hz) for H-l were similar to those for H-5. 
The signal for H-7,7’ (S 3.9) was a doublet of doublets (weak peaks were also 
observed around these signals), whereas those for H-4,4’ and H-8,8’ were multip- 
lets at S 2.65 and 1.8-2.5, respectively. In addition, the mass spectrum contained a 
peak for the molecular ion at m/t 128. 

EXPERIMENTAL 

3-Deoxy-3-iodo-l,2-O-isopropylidene-5,6-di-O-mesyl-cY-~-allofuranose (6). 
- A solution of 4 (ref. 5) (20 g, 54 mmol) in methanol (100 mL) and aqueous 0.8% 
sulfuric acid (30 mL) was stored at room temperature for 18 h, then neutralised 
(BaCO,), and filtered, and the insoluble material was washed with methanol. The 
combined filtrate and washings were concentrated and co-distilled with benzene, to 
afford the diol5. To a solution of 5 in pyridine (50 mL) was added methanesulfonyl 
chloride (16 mL) at 0”. After stirring for 3 h at room temperature, the usual work- 
up gave a product which was crystallised from ethyl acetate-light petroleum, to 
afford 6 (20 g, 76%), m.p. 146”, [&, +6Y (c 0.7, chloroform). 
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Anal. Calc. for C,,H,,O,S,: C, 27.1; H, 3.9; S, 13.2. Found: C. 27.1; H, 3.7; 
s, 13.1. 

3,5,6-Trideoxy-3-iodo-l,2-O-isopropylidene-o-ribo-hex-5-enofuranose (7). - 
A solution of 6 (8 g, 16.4 mmol) in ethyl methyl ketone (100 mL) and sodium 
iodide (8 gj was heated under reflux for 12 h and then concentrated, and the residue 
was petitioned between water and ethyl acetate. The ethyl acetate layer was 
washed successively with aqueous sodium thiosulfate, aqueous sodium carbonate, 
and water, dried, and concentrated. Column chromatography (silica gel; ethyl 
acetate-light petroleum, 1:4) of the residue afforded 7 (4.5 g, 93%). m.p. W’, [a],, 
f 69” (c 0.7, chloroform), 

Anal. Calc. for C,H,,O,: C, 36.5; H, 4.4. Found: C, 36.1; H, 4.4. 
3,5-Dideoxy-3-iodo-Z,Z-O-isopropylidene-cw-o-ribo-hexofuranose (8). - To a 

solution of 7 (9 g, 30.4 mmol) in tetrahydrofuran (50 mL) at 0” under nitrogen was 
added M diborane in tetrahydrofuran (18 mL). The mixture was stored for 1.5 h at 
O”, and methanol was then added followed by 3M sodium acetate (18 mL) and 
aqueous 30% hydrogen peroxide (18 mL). After 2 h at room temperature, the 
solution was concentrated, the residue was extracted with ethyl acetate, and the 
extract was dried and concentrated. Column chromatography (ethyl acetate-light 
petroleum, 1:4) of the residue gave 8 (7 g. 73%), [c~]n +77” (c 0.8, chloroform). 

Anal. Calc. for CJI,,O,: C, 34.4; H, 4.8. Found: C, 34.1; H, 4.2. 
3,6-Anhydro-S-deoxy-I,2-0-isopropylidene-tnose (‘IO). - 

A solution of 8 (5 g, 3.18 mmol) in methanolic M sodium methoxide (50 ml,) was 
heated under reflux for 8 h, then neutralised with Amberlite IR-120 (H+) resin, 
filtered, and concentrated. Short-column chromatography (ethyl acetate) of the 
residue afforded 10 (2.96 g, iOO%>, [a&, +17” (c 1, chlorofo~j. 

Anal. Calc. for CgH,,O,: C, 58. I ; H, 7.5. Found: C, 57.7; H, 7.1. 
Methyl 3,6-anhydro-S-deoxy-a$-n-xyio-hexofuranoside (11). - A mixture of 

10 (2.0 g, 10.7 mmol), Amberlite IR-120 (H+) resin (5 g), and dry methanol (20 
mL) was heated under reflux for 3 h, then filtered, and concentrated, to afford 11 
(1.5 g, 87%). 

Anal. Calc. for C,H,,O,: C, 52.5; H, 7.5. Found: C, 52.4; H, 7.5. 
Methyl 3,6-a~hydro~2,5-dideo~y-~,~-~-xylo-he~~furu~os~de (13). - To a 

solution of ll(l.5 g, 9.3 mmol) in dry tetrahy~ofuran (15 mL) under nitrogen was 
added sodium hydride jO.9 g, 50% dispersion in oil). After 2 h, dry carbon disuhide 
(1 mL) was introduced followed, after 20 min. by methyi iodide (1 mL). The 

solution was stirred overnight and then concentrated. Column chromatography 
(ethyl acetate-light petroleum, 1:4) of the residue gave the xanthate derivative 12 
(1.63 g, 70%). 

Compound 12 (1.63 g) was heated under reflux with tributyltin hydride in 
toluene (15 mL) containing cr,rY’-azobisisobutyronitrile (5 mg) for 8 h. After the 
usual work-up, column chromatography (ethyl acetate-light petroleum, gradient 
1~10 3 1:4) of the residue gave W (0.8 g. 85%). 
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Anal. Calc. for GH1203: C, 58.3; H, 8.3. Found: C, 58.15; H, 8.0. 
(IRJR)-2,6-DioxabicycZo[3.3.O]ocfan-3-one (2). - To a stirred solution of 

l3 (0.2 g, 1.38 mmol) in dry dichloromethane (3 mL) under nitrogen were added 
boron trifluoride etherate (0.01 mL) and 3chloroperoxybenzoic acid (0.25 g, 1.73 
mmol) successively at room temperature. After stirring for 2 h, the mixture was 
diluted with ether, washed successively with aqueous sodium thiosulphate, aqueous 
sodium hydrogen carbonate, and water, dried, and concentrated. Column 
chromatography (ethyl acetatr+light petroleum, 1:4) of the residue gave 2 (0.12 g, 
70%), [o]u +62” (c 0.9, chloroform); u,,,& fi cd 1770 cm-1 (lactone). ‘H-N.m.r. data 

(CDCl,): 6 1.8-2.5 (m, 2 H, H-8,8’), 2.68 (m, 2 H, H-4,4’), 3.93 (dd, 2 H, H-7,7’), 
4.68 (dt, 1 H, J1,5 3.5 Hz, H-5), 5.09 (dt, 1 H, H-l). Mass spectrum: m/r 128 (Mf). 

Anal. Calc. for C,H,O,: C, 56.25; H, 6.25. Found: C, 56.1; H, 6.3. 
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