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ABSTRACT 

Methyl sulfoxide containing phosphorus pentaoxide oxidizes secondary alcohol 

groups of carbohydrates to ketones. Oxidation proceeds most efficiently with iV,iV- 

dimethylformamide as solvent and with 3-4 molar equivalents of methyl sulfoxide 
and 1.5-2.0 molar equivalents of phosphorus pentaoxide. 

The following carbohydrates were oxidized to afford the corresponding aldos- 
uloses and aldosiduloses in good or moderate yields: methyl 4,6-O-benzylidene-2-G 

(p-tolylsulfonyl)-cD-gluco- and allo-pyranoside (1 and 18), methyl 2-acetamido-4,6- 

0-benzylidene-2-deoxy-cr-D_gluco- and -allo-pyranoside (3 and 19), 1,2:5,6-di- O- 
isopropylidene-a-D-glucofuranose (6), 1,2-O-isopropylidene-EO-@-tolylsulfonyl)-a- 

D-xylo- and -ribo-furanose (11 and 13), 1,2-O-isopropylidene-5-O-(di-O-phenylphos- 
phone)-n-D-xylofuranose (14), and 1,2-0-isopropylidene-a-D-glucofuranurono-6,3- 

lactone (16). 

INTRODUCTION 

In recent years, oxidation of “isolated ” hydroxyl groups of carbohydrates has 

been achieved by different methods. The synthetic utility and biological significance of 
dicarbonyl carbohydrates has prompted a search for more effective and less expensive 

reagents for oxidation. Many new aldosuloses and aldosiduloses have been synthe- 

sized with such oxidants as chromium trioxide, platinum oxide, and ruthenium tetr- 

oxide, and have been used successfully in the preparation of amino, branched-chain, 

and rare sugars1*2. 
Since Kornblum ef aL3 reported the oxidation of simple alkyl toluene-p- 

sulfonates and halides with sulfoxides, several systems using sulfoxides, especially 
methyl sulfoxide, have been developed for oxidation of alcohols4. In 1963, an effective 

oxidation of alcohols to aldehydes and ketones under very mild conditions was 
described by Pfitzner and Moffatt’, who used the methyl sulfoxide-hr,N-dicyclohexyl- 

carbodiimide @CC) system. This system has proved to be of potential value in the 
carbohydrate field, as well as with other complex 
alkaloid@. 

* A preliminary report of this work was given in Ref. 10. 
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6 5.77 (H-l, doublet, J,,* 4 Hz), 4.6-3.8 (H-2,3,4,5,5’, multiplet, 5 H), 2.47 (C-CH,, 
3 H), 1.53, 1.37 (isopropylidene group, 6 H). 

Anal. Cak. for C,SH,,O,S: C, 52.32; H, 5.86; S, 9.32. Found: C, 52.24; 

H, 6.03; S, 9.11. 
Z,2-0-isop~opy~idene-5-O-(di-O-phenylphosphono)-a-D-erythro-pento~~~aJ~os-3- 

ulose (15,. - 1,2-0-Isopropylidene-5-O-(di-O-phenyIphosphono)-~-o-xylofuranose 
[14;n.m.r. (CDCI,): 65.88 (H-l, doublet, J1 ,2 3.5 Hz)] (1 g) was oxidized with three molar 
equivalents of methyl sulfoxide and two molar equivalents of phosphorus pentaoxide 
in 30 ml of DMF for 2 h at 60-65”. Isolation was performed as for compound 12. 
The syrup obtained was dissolved in the minimal amount of ethanol, and water was 
added to produce turbidity. After storage in a refrigerator overnight, white crystals 
formed, m-p. 65-67”. Recrystallization from water-ethanol gave the title compound 
(35%), m-p. 75-78”; [a]g3 +44.5” (c 1.0, chloroform); ~22’ 3350, 1600, 1500, 880, 
840 cm-‘; n.m.r. (CDCI,): 6 5.77 (H-l, doublet, J,,2 3.5 Hz). 

Anal. Calc. for C!,,H,,O,P-H,O: C, 54.79; H, 5.28. Found: C, 54.31; H, 5.10. 
The semicarbazone, prepared by the usual procedure, had m-p. 170-171”; [a]? 

f284” (c 1.0, chloroform); Y,,, N”jo’ 1780, 1720, 1600, 1500, 890,880, 840 cm-‘. 
Anal. Calc. for C,,H,BN,OsP: C, 52.61; H, 5.47. Found: C, 52.72; H, 5.60. 
I,Z-O-lsopropylidene-ar-D-xylo-hexofuran~rono-6,3-~actone-5-z~iose(l~.-l,2-0- 

Isopropylidene-a-D-glucofuranurono-6,3-lactone [16; n.m.r. (CDCI,): 6.02 (H- 1, 

doublet, J, ,* 3.5 Hz)] (10 g) and phosphorus pentaoxide (10 g) were stirred in 115 ml 
of methyl sulfoxide for 10 min at 35-40” and then for 20 h at 15-20°. The chloroform 
extract obtained as described for the preparation of compound 7 was concentrated 
rir uacuo. RecrystaIlization of the residue (4.7 g) from hot water gave needles of com- 
pound 17, m.p. 146-148”; [ali f88” (c 1.0, methyl sulfoxide) {lit. 20*21 m.p. 146-I49”, 
145-148”, [a]; + 76” (water), [a],, + 73” (water)) ; Y,,, Nujoi 3350 (OH), 1790 (y-lactone) 
cm-‘; n.m.r. (pyridine-d,): 6 6.18 (H-l, doublet, J1 ,* 3.75 Hz), 5.0 (H-2, doublet, 
J2,3 0.5 Hz); 5.37 (H-3, J3,4 3.5 Hz), 5.1 I (H-4, doublet); (methyl sulfoxide-d,): 6 5.96 
(H-l, doublet, J, .z 3.5 Hz), 4.42 (H-4, doublet), 4.87 (H-3, quartet, J3,4 2.8 Hz), 
4.83 (H-2, quartet, J2,3 < 0.1 Hz), 7.45 and 7.28 (singiets, gem-OH). 

Compound 17 was treated with cold barium hydroxide solution for 2 h. The 
solution was poured into a Iarge volume of ethanol to give a white precipitate of the 
barium saIt which was collected by centrifkgation and dried: vE$” 1725 (C=O), 
1640 cm-’ (broad peak, COO-). 
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