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ABSTRACT

The secondary hydroxyl groups of D-arabmitol and xylitol were shown to
undergo oxidation with a boiling, methanolic solution of mercury(Il) acetate to
give D-threo-pentulose, D-threo-3-pentulose, D-erythro-pentulose, and DL-threo-
pentulose and erythro-3-pentulose, respectively. The formation of dihydroxyacetone
and pr-glyceraldehyde from glycerol, and manly glycolaldehyde from ethylene
glycol, indicates that primary hydroxyl groups are also oxidised These results, as
well as the formation of acetone upon treatment of 1sopropyl alcohol with mercury(II)
acetate, indicate that cyclic intermediates are not involved m these oxidations

INTRODUCTION

There 1s considerable interest at present in the preparation of unsubstituted
ketoses 2-Ketoses are usually prepared by transformation of the appropriate aldoses
m pyridine (e g, D-tagatose', D-erythro-pentulose?™*, bD-threo-pentulose®, and
D-glycero-tetrulose®), by bacternial oxidation” of alditols, and by the diazomethane
synthesis® ©

The preparation of 3-ketoses s more comphlicated than that of 2-ketoses, and
can be achieved by oxidation of partially blocked derivatives by chromium(VI)
oxide, by this method, pL-xylo-3-hexulose!® was prepared. 3-Pentuloses can be
prepared by transformation of aldopentoses in pyridine®.

Secondary hydroxyl groups are specifically oxidized by mercury(Il) acetate,
even i the presence of unsubstituted primary alcoholic groups, and erythro-3-
pentulose and DL-erythro-pentulose!! were prepared by oxidation of ribitol Similarly,
D-fructose and L-sorbose were prepared'? from pD-manmtol and D-glucitol, respec-
tively.

This paper deals with the preparation of further pentuloses by the oxidation
of p-arabiutol and xylitol by mercury(Il) acetate, the oxidation of glycerol, ethylene
glycol, and 1sopropyl alcohol 1s also described

DISCUSSION

Oxidation of p-arabimtol, xylitol, and nibitol!! with mercury(Il) acetate gave
only pentuloses, thereby proving the selective oxidation of secondary hydroxyl groups
On the other hand, glycolaldehyde 1s formed by oxidation of ethylene glycol, and
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both dihydroxyacetone and pL-glyceraldehyde were obtained from glycerol These
results provide evidence for the oxidation of secondary hydroxyl groups by mercury(Il)
acetate, and show that primary hydroxyl groups also undergo oxidation, although
at a lower rate

The formation of the above products of oxidation passed through a maximum,
probably because of subsequent dehydration of the resulting «-hydroxycarbonyl
compounds'?® Since ketoses, which are formed to a greater extent, are dehydrated
more readily than aldoses’®, 1t 1s evident that the effect of dehydration 1s pronounced
and causes a big decrease 1n the yield of the a-hydroxycarbonyl compounds The
structure of the dehydration products was not elucidated, but the formation
of deoxypentosuloses may be presumed by analogy with the dehydration of hexul-
OSCSIB 215

Since erythro-3-pentulose was not formed on oxidation of p-arabimitol, nor
DL-erythro-pentulose and DL-threo-3-pentulose from xylhitol, 1t 1s concluded that the
mitially formed pentuloses do not rearrange

Stoodley'! assumed that the oxidation of ribitol with mercury(II) acetate
proceeds through a 6-membered cychc intermediate Such an intermediate i1s not
possible for ethylene glycol and 1sopropyl alcohol, both of which are oxidised by
the reagent However, the finding that the oxidations of particular, secondary hydroxyl
groups do not proceed at the same rate, e g, 1n the case of D-arabimtol, indicates
the operation of stereochemucal effects It 1s worth noting that the yield of particular
pentuloses need not necessarily reflect the extent of oxidation of individual secondary
hydroxyl groups This can only be determuned from a knowledge of the rate of
dehydration of the various pentuloses Clearly, further immvestigation 1s necessary
before an acceptable mechamsm of oxidation of alditols can be presented

EXPERIMENTAL

Melung points were determined on a Kofler micro hotstage Solutions were
evaporated under dimmished pressure at 30-40°

Xylitol*é, p-erythro-pentulose®, D-threo-pentulose®, D-threo-3-pentulose®, and
erythro-3-pentulose* ! were prepared by literature methods All other chemicals were
commercial products

Descending paper chromatography was performed on Whatman No 1 paper
with {(a) acetone-butyl alcohol-water (7 2 1) [the fraction of pentuloses (Rp = 1)
was used as a reference for estimation of the particular spots, single pentuloses
exhibited the same mobility 1n this solvent system]; (b) cyclohexanol-pyridine—water
saturated with borie acid (6 5 2) and contaiming phenol (1 g/100 ml), the chromato-
graphy paper was soaked with 1% boric acid solution Detection was effected with
aniline hydrogen phthalate'” and potassium periodate-benzidine!8

Preparative chromatography was performed on columns (90x4 5cm) of
Whatman cellulose or microcrystalline cellulose! ® Ton-exchange chromatography
was effected on columns (200x 1 cm) of Dowex-50W x8 (100200 mesh) (Ba®™)
resin?®
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Polarographic determunation of «-hydroxycarbonyl and w«-dicarbonyl com-
pounds was effected as previously described?? 22,

Oxidation of p-arabinitol. — A solution of p-arabimitol (10 g, 0065 mole)
and mercury(Il) acetate (42 g, 0.13 mole) 1n absolute methanol (250 ml) was refluxed
for 12 h The insoluble mercury(I) acetate was filtered off, and washed with methanol
Mercury salts, precipitated from the filtrate by hydrogen sulphide, were filtered off
and washed with methanol. The combined filtrates were evaporated, and the residual
syrup was treated with absolute ethanol (75 ml). Unreacted p-arabimtol (4 g),
which crystallized from this solution at 0°, was filtered off, and the filtrate was
evaporated amew According to paper chromatography [system (a)], the syrupy
residue consisted of unreacted p-arabmitol (Rp 0 60), pentuloses, and three dehy-
dration products (Rp 1 32, 1 52, and 1 76) This mixture was separated by cellulose
column chromatography [solvent (@)] to give the dehydration products (1 05 g,
10 5%), pentuloses (1 71 g, 17 1%), and Dp-arabimtol The nmuxture of pentuloses
was fractionated by ion-exchange chromatography, with water as eluent, to give
D-threo-pentulose (1 10 g, 11%), D-threo-3-pentulose (0 25 g, 2 5%), and p-erythro-
pentulose (0 12 g, 1 2%)

When the reaction time of oxitdation was extended to 24 h, 11% of oxidation
products and 19 3% of dehydration products were 1solated When the molecular
ratio of oxtdation agent to D-arabimto]l was changed to 4 1 for a reaction time of
12 h, 9 4% of oxudation products and 21 0% of dehydration products were obtained

Oxidation of xylitol — A solution of xyhtol (10 g, 0 065 mole) and mercury(II)
acetate (42 g, 0 13 mole) m absolute methanol (250 ml) was refluxed for 8 h and
worked up as 1n the previous case, except that the unreacted xylitol did not crystailize
Paper chromatography [solvent (4)] showed that the reaction mixture contamed
unreacted xylitol (Rp O 60), pentuloses, and two dehydration products (R 1 32 and
152)

The reaction mixture was first separated by means of 1on-exchange chromato-
graphy, with water as eluent, to give DL-threo-pentulose and erythro-3-pentulose,
both fractions were contaminated with dehydration products, as well as with unreacted
xylitol Each of these fractions was further separated by cellulose column chromato-
graphy [solvent (a)] to give dehydration products (1 78 g, 17 8%), DL-threo-pentulose
(1 20 g, 12 0%), and erythro-3-pentulose (0 16 g, 1 6%)

Characterisation of pentuloses. — Pentuloses were 1dentified by optical rotation
and by the sign of their Cotton effect?>3, by conversion 1nto their crystalline hydra-
zones, and by paper chromatography [solvent (5)] of the pentitols resulting from
reduction with sodium borohydride

D-threo-Pentulose®, syrup, []3° —32° (¢ 10, water), posttive Cotton effect,
2,4-dinitrophenylhydrazone®, m p 175-176° (chloroform) (Found C, 39.87, H, 4 25,
N, 1705% C,;;H,;,N,Og (330 3) calc.- C, 4000, H, 427, N, 16 96%) DbD-Arabinitol
and xylitol were identified as reduction products

D-threo-3-Pentulose, syrup, [«]3° —118° (¢ 10, water), was obtained in purer
form than previously reported®®, negative Cotton effect, 2,5-dichlorophenyl-
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hydrazone®, mp 146-147° (chloroform) (Found. C, 42.46, H, 448; N, 900%
C;:H,,CI,N,0O, (309.1) calc- C, 4274; H, 457; N, 906%) D-Arabimtol was
formed by the reduction

D-erythro-Pentulose, syrup, o-nitrophenylhydrazone®, m.p 165-166° (ethanol);
[013° —50° (¢ 0 2, methanol) (Found C,46.52,H,5.46, N, 14 95 C,;H,sN;O¢ (285 3)
calc. C, 4632, H, 530, N, 14 73%) Ribitol and p-arabimtol were 1dentified as
reduction progucts

DL-threo-Pentulose, syrup, phenylosazone?*, m.p 205-207° (ethanol) (Found
C, 6237, H, 635; N, 17.05% C,;H,,N,O; calc.: C, 62 15, H, 6.14, N, 17.06%)
DL-Arabimitol and xylitol were 1dentified as reduction products

erythro-3-Pentulose, syrup, 2,5-dichlorophenylhydrazone!!, mp 126-127°
{chloroform) (Found- C, 4249, H, 443, N, 901%. C,,;H,,CI;N,O, (309 1) calc
C, 4274, H, 457, N, 9.06%) Ribitol and xylitol were found to be the reduction
products.

Oxidation of ethylene glycol — Ethylene glycol (2 g, 0 032 mole) was oxidized
with mercury(fI) acetate (20 g, 0 063 mole) 1n absolute methanol (100 ml) for 7h
Glycolaldehyde thus prepared was estimated polarographically?!, mercury salts being
first precipitated by hydrogen sulphide, after 2h, 24%; 4 h, 20%, 7h, 1.4%.

Oxidation of glycerol — Glycerol (2 g, 0 022 mole) was oxidized with mercury-
(ID) acetate (14 g, 0 044 mole) in absolute methanol (100 ml) for 7h The oxidation
products (dihydroxyacetone and DL-glyceraldehyde), as well as pyruvaldehyde
formed by dehydration, were estimated polarographically??, the soluble mercury
salts being first removed by hydrogen sulphide It was ascertained that the yield of
dihydroxyacetone and DL-glyceraldehyde increased with time of oxidation up to
ca 5 h (maximum, ca. 1.5% of each triose) The yield then decreased, with an accom-
panymg increase of the dehydration product, : e , pyruvaldehyde

Oxidation of i1sopropyl alcohol. — Isopropyl alcohol (25 g, 042 mole) was
subjected to oxidation with mercury(IT) acetate (60 g, 0 19 mole) in absolute methanol
(300 ml) for 32h Acetone (3 5%) thus formed was determined gravimetrncally as
the 2,4-dimitrophenylhydrazone

Dehydration of pentuloses — Chromatographically pure pentuloses were
refluxed 1n N methanolic acetic acid Two substances (Rp 1 32 and 1.52) were obtained
by dehydration of D-erythro-pentulose. Two substances of similar Rp values were
obtamned from D-threo-pentulose, and one substance (Rp 1 76), in small proportion,
from D-threo-3-pentulose. erythro-3-Pentulose underwent no detectable dehydration
All of the above-mentioned substances were detected with potassium periodate—
benzidine and by amline hydrogen phthalate; an intense red coloration was formed,
as with the dehydration products of pentitols formed by reaction with mercury(Il)
acetate.
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