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This commumcation describes a new process for the oxldatlon of hydroxyl 
groups m carbohydrate systems to carbonyl groups Tlus process cons&s of formatIon of 
the pyruvlc ester of the alcohol to be oxdzed, followed by photochermcal reaction of 
th_rs ester” Results from a study of five compounds selected to test tis oxidation sequence 
reveal the followmg features (a) product yields are good (Table I); (b) pnmary and 
secondary alcohols are oxldlzed with equal ease, (c) the process 1s conducted under rolld 
conditions, that IS, at room temperature or below m an inert solvent and m the absence 
of acids or morgamc lons, and (d> the photochemical step 1s raprd and not comphcated 
by competmg reactions Described here IS the procedure for conductmg the pyruvate 
oxidation-process and a bnef comparison of pyruvate oxldatron to exlstmg methods 
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Oxldatlon of each of five alcohols, 1,2 5,6-r&-O-isopropyhdene-or-D-gluco- 
fiiranosef (l), 1,2 4,5-dl-olsopropyhdene$%D-fructopyranose* (2), 2,3 4,5-dl-0lso- 
propyhdene_PD-fructopyranose2 (3), I,2 3,~di-O-isopropyhdene-ar-D-gaiactopyranose3 
(4), and methyl 2,3-U-lsopropyhdene$-D-nbofuranoslde4 (9, was conducted in the same 
manner. The acid chlonde of pyruvlc acid’ 111 benzene was added slowly at 25O to a 
stirred benzene solution of one equivalent of the appropnate alcohol and of pyndine. 
Ester formation was mediate and quantitative. The pyridmmm hydrochlonde was 
removed by filtration and the ester (20 mM) in benzene subJected to Pyrex-filtered 
Irradiation under nitrogen with a 450-W Hanovla, med+nn pressure, mercury lamp. (IS 

*The Phot=hermcQ re~t~ons of three pyruv~c esters (methyl, ethyl, and 2-propyl) have been 
tepoxted, see Ref. 1. 
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TABLE I 

OXIDATION OF ALCOHOLS 1-5 

PRELIMINARY COb4MUNIc!Al”ION 

Akohol Oxzdatzon 
products 

Percent p&i3 

Pyruvate Cfwomurm Ruthemum Me,SO based 
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a14% recovery of akohoX 1. &action mixture subjected to re-oxdation CSee ref. 6. dSee refs 7-11. 
Qee refs. 12~14. fSee ref 21 Eiee refs. 13 and 15. he ref 16. ‘13% recovery of alcohol RJSee 
ref. 17. bee refs. 17-20. Wiee ref. 19 “See ref. 22. OSee refs. 23-26 PSee ref 27. QSee ref. 28. 
aee,efs13 aaCI28. 
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initral syntheses, each ester was isolated and characterized; however, isolation was not 
essentral for the oxrdation process.) In general, rrradiatron for 45 mm was sufficient for 
conversion of one gram of ester. In each instance, removal of benzene at 25O yrelded a 
light-yellow on that was Qstilled (simple distillation) to give colorless material. The 
distillates from oxidation of compounds 3,4, and 5 were homogeneous and were 
rdentlfied as aldehydes 8,9, and 10, respectively (Table I), hutrally by instrumental tech- 
mques (nm r , i r , and g.l c-m s ) and ultimately by comparison wrth known samples. 
The drstillates from reactions of alcohols 1 and 2 contamed mamly the ketones 6 and 7, 
respectively, with minor amounts of the corresponding startmg alcohols (1 and 2, Table I). 
‘Ibe presence of these alcohols was dimimshed to a low level (24%) and yields of 
carbonyl compounds 6 and 7 sbgbtly increased by sub~ectmg the entire mixtures again to 
the oxidation process (Table I). The yields reported in Table I are calculated from the 
amount of product isolated after drstrllation. N m r spectra of reaction mixtures before 
and after distillation showed only mmor differences 

Analysis of the data m Table I reveals that pyruvate oxidation 1s an effective 
method for oxidizing compounds 3 -5. Only the dimetbyl sulfoxtde based reagents are 
comparable 111 versatility to pyruvate oxidation, however, the product yields from Mez SO- 
based reagents vary considerably, depending upon the compound (Pz05, Nfl’-dicyclo- 
hexylcarbodmmde, Acs 0, or other reagents) accompanymg dunethyl sulfoxrde m the 
xnrture Thus, this new photochemrcal teciuuque compares favorably m product yield 
and versatibe to the most widely used ox&&g agents m carbohydrate chemistry. 

None of the five systems studred (l-5) provrdes an adequate test of the 
effrcacity of pyruvate oxidation when extremely sensitive alcohols or carbonyl compounds 
are involved; this aspect requires further study. 
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