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ABSTRACT 

The known 1,2-O-isopropylidene-5-O-p-tolylsulfonyl-~-D-xylofuranose was converted into its 3-p- 
nitrobenzoate (13a) and 3-methanesulfonate (13b). (-)-(3S,4S,5R)-3,4-Epoxy-S-methyIdihydro-2(3H)- 
furanone [(-)-81 was synthesized from 13a in 5 steps by conversion of 13a into its methyl glycoside, 
3-O-mesylation, glucosidic cleavage with CF,C02H. epoxide formation with sodium methoxide and 
PCC-oxidation. (+)-(3R,4R,5R)-3,4-Epoxy-5-methyldihydro-2(3~-furanone [( + )-91 was prepared from 
13b in 3 steps by deacetonation with CF,CO,H, epoxide formation with sodium methoxide, and PCC 
oxidation. These epoxides may be useful intermediates for the total synthesis of natural products of the 
a-alkyl-P-hydroxy-y-methylbutyrolactone type (1). 

INTRODUCTION 

The aim of this research was to develop the “chiral-pool” methodology’,’ for 
preparative, stereoselective synthesis of epoxides (-)-8 and (+)-9, starting from carbo- 

hydrates. In the past few years, compounds 2-7 have been isolated from various 
biological sources3m5. 

We envisaged the synthesis of these compounds via a chiral synthon approach as a 
potential genera1 method for the synthesis of compounds of type 1. We considered that 

the most convenient method was to set out from such epoxide synthons as (-)-8 and 

(+)-9. 
These epoxides would permit introduction of the required stereochemistry at C-2 

and C-3, by regio- and stereo-controlled epoxide ring-opening. Ortuno and coworker? 

described the synthesis of (+)-9 and (-)-9 and their reaction with cuprates. Compound 
(-)-9 reacted with cuprates stereo- and regio-selectively to yield (-)-blastomycinone 

(6). 
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D-Xylose (10) is a cheap. optically pure starting material for the synthesis o!‘( --- )-8 

and (+ )-9. The corresponding enantiomers should be obtainable from r.-arabinose. 

Other authors have attempted to synthesize this class of natural products by different. 

approachesh,7. starting from D-ribonolactone. (S)-lactic acid, glutamic acid. or II- 

threaric acid. The route described herein offers some advantages. because of its gcneral- 

ity, fizcility, and stereospecificity. 

1 ,I?-O-lsopropylidene-x-D-xylofuranose (ll), prepared according to a literature 

procedure from I)-xylose (IO), was tosylated with p-toluenesulfony~l chloride in tricthy- 

lamine (8 1 ‘io total. 68% monotosylated. 13”~G ditosylated”) 
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Deoxygenation at C-S was achieved in 84%) yield using lithium aliminium hy- 

dride. giving compound 12. Starting from 12. ( -- )-8 could be synthesized by the general 

method of Pougny and Sinay”‘. The synthesis was modified IO ;I\ oid the use of large 

quantities of silver suits. After esterification of 12 with p-nitl-,,bt:n7o!l chloride (NI”~, 

yield). a one-pot procedure involving deprotection and suhsec~~~enr bronlinc oxid~tic,rr 

gave the Z-hydroxylactonc 14a in 5.5’5, yield. 
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This reaction, which has been described for similar compounds”, proved both 
useful and general. Deprotection and oxidation occurred only at C-l. Application of 
this method to compound 13b led to 14b in 65% yield. Subsequent mesylation of 14a 

occurred smoothly in 85% yield. The epoxide formation by treatment with sodium 

methoxide failed; we obtained only the B-eliminated product 15, in 61 O/O yield. Such 
&elimination processes have been described for related lactones by other authors’.“. 
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Synthesis of (-)-8 was finally achieved as shown in the following scheme: 
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The methyl glycoside, obtained from 13a in 82% yield, was mesylated followed by 
treatment with trifluoroacetic acid to give compound 16 in good (56%) overall yield. 
Treatment of 16 with 6 equivs. of sodium methoxide gave the desired epoxide in 

excellent (88%) yield, which underwent oxidation by using PCC (pyridinium chloro- 
chromate). The best conditions for this reaction required freshly prepared PCC-acetate 
buffer, and the presence of molecular sieves. Under these conditions, (-)-8 was 

obtained in 60% yield. Preparation of the stereoisomeric lactone (+)-9 succeeded by a 
similar route. 

1 CF3COZH 

2 NaOMe 

3.PCC 

13b h-9 

The 1,2-position underwent deprotection by treatment with 97% trifluoroacetic 
acid, and the formation of the epoxide was achieved in 60% yield. Oxidation under 
similar conditions as already described gave the epoxylactone (+)-9 in 60% yield. 

EXPERIMENTAL 

1,2-0-Zsopropylidene-5-deoxy-a-o-xyZofuranose (12). - To 0.450 g (11.9 mmol) 
of LiAlH, in 35 ml diethyl ether was added 2.104 g (6.109 mmol) of 1,2-O-isopropyli- 
dene-5-O-p-tolylsulfonyl-a-D-xylofuranose9 during 5 min. After 3 h of gentle rehux, 

1 mL of ice-cooled water was added dropwise very carefully during 15 min. After 
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( +)-(3R,4S,5R)-3-Hydroxy-4-mes~~l~xy-5-meth.~ldihydro-2(3H)-furanone (14b). 

~ Compound 13b (0.25Og, 0.99 mmol) was treated as described for compound 14a. 

Chromatography on silica gel (25 g) with 1: 1 EtOAc - toluene afforded 0.137 g (45.7%) 

of crystalline 14b, m.p. 198”, [a]:+ 58.9” (c 1.715, CHCl,); ‘H-n.m.r. (400 MHz, 

CD,COCD,):61.438(d,3H,J6.8Hz),3.290(~,3H),4.667(t, 1 H,J59Hz),4,947(qd, 

1 H, Jci 2.4, J, 6.8 Hz), 5.210 (t, 1 H, J 5.9 Hz), and 5.806 (d, 1 H, J 5.9 Hz); v:Z 

3600-3200, 1770, and 1340 cm-‘. 

Anal. Calc. for C,H,,O,S (210.22): C, 34.28; H, 4.80. Found: C. 34.24; H, 4.62. 

(SR)-3-Mesyloxy-.5-methyl-2(.5H)-j uranone (15). - To a solution of 0.63Og 

(2.24 mmol) of 14a and ethyldiisopropyl-amine (0.347g, 2.69 mmol) in dry CH,Cl, 

(10 mL) was added MsCl(0.359 g, 3.14 mmol) at 0” and the mixture was stirred for 1.5 h 

at room temperature. Evaporation and subsequent chromatography on silica gel (25 g) 

with 1: 1 EtOAc - hexane gave 0.484 g (85.0%, after recovery of 0.184 g of educt 14a as 

the second fraction) of crystalline (+)-(3R,4S.SR)-3-mesyloxy-5-methy1-4-p- 

nitrobenzoyloxy-dihydro-2(3H)-furanone; [x]: + 113.2” (c 2.35, CHCl,); ‘H-n.m.r. 

(400MHz, CDCI,): 6 1.440(d,3 H, J6.8 Hz), 3.326(s,3 H), 5.188(qd, 1 H,J,, = Jq = 6.8 

Hz),5.566(d, 1 H,J6.8Hz),5.751 (dd, 1 H,J6.8Hz),8.251 (dt,2H, J,8.8, J,2.0Hz), 
and 8.348 (dt, 2 H, Jd 8.8, J, 2.0 Hz); vmax ‘“(“3 1800, 1735, 1530, and 1265 cm ‘. 

To 0.16Og of (+)-(3R,4S,5R)-3-mesyloxy-5-methyl-4-p-nitrobenzoyloxy-dihy- 

dro-2(3H)-furanone in MeOH (1.6mL) and THF (1.6 mL) was added M methanol& 

NaOMe (0.44mL, 0.44 mmol). After 1 h, addition of 0.3Og Amberlite IR-120 (H ‘) 

brought the pH to 4, whereupon filtration and evaporation afforded 0.186 g of a residue, 

which was chromatographed on silica gel (25 g) with 1: 1 EtOAc ~ hexane to yield 0.053 g 

(61.8%) of 15 as an oil that crystallized from 1:l EtOAc ~ hexane; m.p. 76-76.5”, 

‘H-n.m.r. (400MHzCDCl,):6 1.536(d, 3H, J6.8 Hz), 3.383(s,3 H),5.174(qd, 1 H, Jdr 

1.9, Jq 6.8 Hz), and 7.169 (d, 1 H, J 1.9 Hz); v~~~‘~ 295&3120, 1770. and 1650cm-‘. 

Anal. Calc. for C,H,O,S (192.20): C, 37.56;.H, 4.20. Found: C, 37.33; H, 4.14. 

5-Deo_~y-2-O-mesvl-3-O-p-nitrobenl7oyloxy-r,~--D-.~yfqfuranosp (16). ~ A solution 

of 13a (1.500 g, 4.63 mmol) in MeOH (20 mL) was boiled under reflux for 14 h with 

Amberlite IR-120 B(H+) ion-exchange resin (0.5 g). Filtration and concentration of the 

filtrate yielded 1.130 g (3.80 mmol, 82.1%) of the oily methyl glycoside; ‘H-n.m.r. (400 

MHz, CDCl,) of the main (55%) product C/janomer, tentative assignment): 6 1.388 (d, 3 

H, J6.4 Hz), 2.651 (d, 1 H, J3.9 Hz, 3.461 (s, 3 H), 4.308 (ddd, 1 H, J7.3,4.9, 1.8 Hz), 

4.653 (dq, 1 H, Jd 5.1, J, 6.4 Hz), 4.887 (d, 1 H, J 1.4 Hz), 5.352 (dd, 1 H, J3.4,4.9 Hz), 

8.223 (d, 2 H, J 8.8 Hz), and 8.3 13 (d, 2 H, J 8.8 Hz); minor (45%) product, x anomer: 6 

1.252(d,3H,J6.9Hz),3.011(d,1H,J3.9Hz),3.534(s,3H),4.383(ddd,1H,J3.9,3.4, 

1.4Hz),4.558(dq,1H,J,5.1,J,6.9Hz),5.044(d,1H,J4.9),5.195(dd,1H,J1.8,5.1 

Hz), 8.235 (d, 2 H, J8.8 Hz), and 8.313 (d, 2 H, J8.8 Hz); vzFj,c3 3420, 2920, 1720, and 

1525 cm-‘. 

Anal. Calc. for C,,H,,NO, (297.27): C, 52.53; H, 5.09; N, 4.7 1. Found: C, 52.10; 

H, 5.12; N, 4.47. 

The 1.130 g of product was mesylated as described for compound 13b. Chroma- 

tography on silica gel (80 g) with 1: 1 EtOAc- hexane afforded 1.152 g (75.0%) of methyl 
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Starting from compound 13b, product (+)-9 was obtained in the same manner as 
already described; [xl: + 26.0” (c 1.23, CHCl,); ‘H-n.m.r. (270 MHz, CDCl,): 6 1.425 (d, 
3H,J6.6Hz),3.799(dd, 1 H,J2.5,0.7Hz),3.959(d, 1 H,J2,5Hz),and4,700(qd, 1 H, 
Jd 0.7, J, 6.6 Hz); vz:‘, 1780cm -‘. 

Anal. Calc. forC,H,O,(114.10): C, 52.63; H, 5.30. Found:C, 52.39; H, 5.10. 
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