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OXIDATION OF ALDITOLS BY MERCURYW ACETATE 
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The secondary hydroxyl groups of D-arabmmtol and xyhtol were shown to 
undergo oxldatlon with a bodmg, methanohc solution of mercury(K) acetate to 
5ve D-three-pentulose, D-three-%pentulose, D-er#Zro-pentulose, and DL-threo- 
pentulose and erythro-3-pentulose, respectively. The formatlon of d&ydroxyacetone 
and DL-glyceraldehyde from glycerol, and mamly glycolaldehyde from ethylene 
glycol, mmhcates that pnmary hydroxyl groups are also oxl&sed These results, as 
well as the formatlon of acetone upon treatment of Isopropyl alcohol with mercury(lI) 
acetate, m&cate that cychc mtermedlates are not mvolved m these oxldatlons 

INTRODUCTION 

There IS conslderable mterest at present in the preparation of unsubstltuted 
ketoses 2-Ketoses are usually prepared by transformation of the appropriate aldoses 
m pyndme (e g , D-tagatosel, D-erytIn-o-pentulose2-4, D-rhreo-pentulose’, and 
D-gZ’cero-tetrulose6), by bactenal ox&&Ion’ of aldltols, and by the dmzomethane 
synthesis * ’ 

The preparation of 3-ketoses IS more comphcated than that of 2-ketoses, and 
can be acbeved by oxidation of partially blocked derlvatlves by chrommm(VI) 
oxide, by this method, DL-xylo-3-hexulose” was prepared. 3-Pentuloses can be 
prepared by transformation of aldopentoses m pyndme3. 

Secondary hydroxyl groups are speclfically ox&zed by mercury(IJj acetate, 
even m the presence of unsubstltuted primary alcohohc groups, and erythro-3- 

pentulose and DL-eryfhro-pentulose” were prepared by oxldatlon of nbltol Slmllarly, 
D-fructose and L-sorbose were prepared I2 from D-mantutol and D-glucltol, respec- 
tively. 

This paper deals with the preparation of further pentuloses by the oxldatlon 
of D-arabuutol and xyhtol by mercury@) acetate, the oxldatlon of glycerol, ethylene 
glycol, and isopropyl alcohol IS also described 

DISCUSSION 

Oxldatlon of D-arabnutol, xyhtol, and nbltol’ 1 vvlth mercury(II) acetate gave 
only pentuloses, thereby provmg the selective oxldatlon of secondary hydroxyl groups 
On the other hand, glycolaldehyde IS formed by oxuiatlon of ethylene glycol, and 
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both &hydroxyacetone and Dr_-glyceraldehyde were obtamed from glycerol These 
results provide evidence for the oxxdatlon of secondary hydroxyl groups by mercury@) 
acetate, and show that pnmary hydroxyl groups also undergo oxldatlon, although 
at a lower rate 

The formation of the above products of oxldatlon passed through a maxlmum, 
probably because of subsequent dehydration of the resultmg a-hydroxycarbonyl 
compounds13 Since ketoses, which are formed to a greater extent, are dehydrated 
more reatiy than aldoses’ 4, It 1s evident that the effect of dehydration 1s pronounced 
and causes a big decrease m the yield of the cr-hydroxycarbonyl compounds The 
structure of the dehydration products was not elucidated, but the formatlon 
of deoxypentosuloses may be presumed by analogy with the dehydration of hexul- 
oses13*15 

Smce eryrllro-3-pentulose was not formed on oxldatlon of D-arabmltol, nor 
DL-erythro-pentulose and DL-fhrea-3-pentulose from xyhtol, It IS concluded that the 
nutlally formed pentuloses do not rearrange 

Stoodley ’ ’ assumed that the oxldatlon of nbltol with mercury(U) acetate 
proceeds throug;l a 6-membered cychc mtermedate Such an mtermehate IS not 
possible for ethylene glycol and Isopropyl alcohol, both of which are oxldlsed by 
the reagent However, the tidmg that the oxldatlons of particular, secondary hydroxyl 
groups do not proceed at the same rate, e g , m the case of D-arabmitol, mdlcates 
the operation of stereochermcal effects It 1s worth noting that the yield of particular 

pentuloses need not necessanly reflect the extent of oxldatlon of mdlvldual secondary 
hydroxyl groups Tius can only be determmed from a knowledge of the rate of 
dehydration of the various pentuloses Clearly, further mvestlgatlon 1s necessary 
before an acceptable mechamsm of oxldatlon of al&tols can be presented 

EXPERIMENTAL 

Melting pomts were determmed on a Kofler micro hotstage Solutions were 
evaporated under dlmmlshed pressure at 30-40” 

Xylltol’6, D-erythro-pentulose3, D-three-pentulosej, D-rlzreo-3-pentulose3, and 
er~~fltuo-3-pentulose ’ 1 were prepared by literature methods All other chemicals were 
commercial products 

Descendmg paper chromatography was performed on Whatman No 1 paper 
with (a) acetone-butyl alcohol-water (7 2 1) [the fraction of pentuloses (RF = 1) 
was used as a reference for estlmatlon of the particular spots, single pentuloses 
extiblted the same moblhty m tlus solvent system]; (b) cyclohexanol-pyndme-water 
saturated with boric acid (6 5 2) and contaimng phenol (1 g/l00 ml), the chromato- 
graphy paper was soaked v&h I% bone acid solution Detectlon was effected with 
amlme hydrogen phthalate I7 and potassium penodate-benzdme’ 8 

Preparative chromatography was performed on columns (90 x 4 5 cm) of 
Whatman cellulose or mlcrocrystallme cellulose’ ’ Ion-exchange chromatography 
was effected on columns (200 x 1 cm) of Dowex-SOW x8 (100-200 mesh) (BaZf) 
resm20 
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Polarographrc determmatron of a-hydroxycarbonyl and a-drcarbonyl com- 
pounds was effected as previously descnbed2’ 22. 

Oxrdatron of D-arabmztol. - A solutron of D-arabnutol (10 g, 0 065 mole) 
and mercury&l) acetate (42 g, 0.13 mole) m absolute methanol (250 ml) was refluxed 
for 12 h The msoluble mercury(T) acetate was filtered off, and washed wrth methanol 
Mercury salts, precipitated from the titrate by hydrogen sulphrde, were filtered off 
and washed urlth methanol. The combmed titrates were evaporated, and the resrdual 
syrup was treated with absolute ethanol (75 ml). Unreacted D-arabimtoi (4 g), 
which crystalhzed from thts solutton at 0”, was filtered off, and the filtrate was 
evaporated anew Accordmg to paper chromatography [system (a)], the syrupy 
resrdue consrsted of unreacted D-arabnutol (Rr 0 60), pentuloses, and three dehy- 
dration products (Rp 1 32, 1 52, and 1 76) Tlus mrxture was separated by cellulose 
column chromatography [solvent (a)] to give the dehydratron products (1 05 g, 
10 5%), pentuloses (1 71 g, 17 1%), and D-arabimtol The mrxture of pentuloses 
was fractronated by Ion-exchange chromatography, with water as eluent, to gave 
D-three-pentulose (1 10 g, 1 l%), D-tIzreo-3-pentulose (0 25 g, 2 5%), and D-erythro- 
pentulose (0 12 g, 1 2%) 

When the reactron time of oxrdatron was extended to 24 h, 11% of oxrdatron 
products and 19 3% of dehydratron products were Isolated When the molecular 
ratio of oxtdatlon agent to D-arabtmtol was changed to 4 1 for a reactxon ttme of 
12 h, 9 4% of oxldatron products and 21 0% of dehydratron products were obtamed 

Oxidation of xylrtol - A solutron of xyhtol(l0 g, 0 065 mole) and mercury(L1) 
acetate (42 g, 0 13 mole) m absolute methanol (250 ml) was refluxed for 8 h and 
worked up as m the prevrous case, except that the unreacted xyhtol &d not crystalhze 
Paper chromatography [solvent (a)] showed that the reactron rmxture contamed 
unreacted xyhtol (Rp 0 60), pentuloses, and two dehydratron products (Rp 1 32 and 
1 52) 

The reactron rmxture was first separated by means of ron-exchange chromato- 
graphy, with water as elueot, to grve DL-three-pentulose and eryrhro-3-pentulose, 
both fractrons were contammated wrth dehydratronproducts, as well as wtth unreacted 
xyhtol Each of these fractrons was further separated by cellulose column chromato- 
graphy [solvent (a)] to give dehydratron products (1 78 g, 17 S%), DrJrreo-pentuIose 
(1 20 g, 12 0%), and eryrhro-3-pentulose (0 16 g, 1 6%) 

Characterrsatzon of pen&doses. - Pentuloses were rdentrfied by optrcal rotatlon 
and by the sign of then Cotton effect23, by conversron into then crystallme hydra- 
zones, and by paper chromatography [solvent (b)] of the pentrtols resultmg from 
reductron wrth sodmm borohydrrde 

D-three-Pentulose5, syrup, [a];’ -32” (c 1 0, water), poslttve Cotton effect, 
2,4-&mtrophenylhydrazone3, m p 175-176” (chloroform) (Found C, 39.87, H, 4 25, 
N, 17 05% C,,H14N,0s (330 3) talc: C, 40 00, H, 4 27, N, 16 96%) D-Arabmitol 
and xyhtol were rdenttied as reductron products 

D-rhreo-%Pentuiose, syrup, [a];’ - 118” (c 1 0, water), was obtamed in purer 
form than prevrously reported23, negatrve Cotton effect, 2,5-drchlorophenyl- 
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hydrazone3, m p 146-147” (chloroform) (Found. C, 42.46, H, 4 48; N, 9 00% 
CIIH1&lZNZ04 (309.1) talc - C, 42 74; H, 4 57; N, 9 06%) D-Arabmmtol was 
formed by the reduction 

D-erythro-Pentulose, syrup. o-mtrophenylhydrazone3, m.p 165-166” (ethanol): 
[o$,” -50” (CO 2, methanol) (Found C, 46.52, H, 5.46, N, 14 95 C11H15N306 (285 3) 
talc . C, 46 32, H, 5 30, N, 14 73%) fibltol and D-arabnutol were ldenttied as 
reduction products 

DL-rhreo-Pentulose, syrup, phenylosazone24, m-p 205-207” (ethanol) (Found 
C, 62 37, H, 6 35; N, 17.05% C1,H2,-,N403 talc.: C, 62 15, H, 6.14, N, 17.06%) 
DL-Arabmtol and xyhtol were ldenttied as reduction products 

erythro-3-Pentulose, syrup, 2,5-&chlorophenylhydrazone”, m p 126-127” 
(chloroform) (Found- C, 42 49, H, 4.43, N, 9 01%. C,IH,4C12N204 (309 1) talc 
C, 42 74, H, 4 57, N, 9.06%) l&bltol and xyhtol were found to be the reduction 
products. 

Oxidatzon of ethyZene glycol - Ethylene glycoI(2 g, 0 032 mole) was oxilzed 
v&h mercury(TI) acetate (20 g, 0 063 mole) m absolute methanol (100 ml) for 7 h 
Glycolaldehyde thus prepared was estimated polarographcally2’, mercury salts bemg 
first preclpltated by hydrogen sulphde, after 2 h, 2 4% ; 4 h, 2 0%) 7 h, 1.4%. 

Oxidatzon of glycerol - Glycerol (2 g, 0 022 mole) was oxldlzed wth mercury- 
(II) acetate (14g, 0 044 mole) m absolute methanol (100 ml) for 7 h The oxldatlon 
products (&hydroxyacetone and DL-glyceraldehyde), as well as pyruvaldehyde 
formed by dehydration, were estimated polarographcally22, the soluble mercury 
salts bemg first removed by hydrogen sulphde It was ascertained that the yield of 
&hydroxyacetone and DL-glyceraldehyde Increased v&h time of oxldatton up to 
ca 5 h (maxlmum, ca. 1.5% of each tnose) The yield then decreased, with an accom- 
panymg mcrease of the dehydratron product, z e , pyruvaldehyde 

Oxzdatzon of zsopropyl alcohol. - Isopropyl alcohol (25 g, 0 42 mole) was 
subJected to oxldatlon wth mercury@) acetate (60 g, 0 19 mole) m absolute methanol 
(300 ml) for 32 h Acetone (3 5%) thus formed was determmed gravlmetncally as 
the 2,4-&mtrophenylhydrazone 

Dehydratzon of pentuloses - Chromatographically pure pentuloses were 
refluxed m N methanohc acetlc acid Two substances (Rp 1 32 and 1.52) were obtamed 
by dehydration of D-eryfhru-pentulose. Two substances of smnlar RP values were 
obtained from D-three-pentulose, and one substance (RP 1 76), in small proportlon, 
from D-?/jreo3-pentulose. erythro-3-Pentulose underwent no detectable dehydration 
All of the above-mentloned substances were detected with potassmm periodate- 
benudme and by amhne hydrogen phthalate; an Intense red coloration was formed, 
as w&h the dehydration products of pentltols formed by reaction with mercury(lI) 
acetate. 
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