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The ultraviolet absorption spectra which are produced in alkaline solutions of some of the 
simple sugars have been measured. Investigation of these spectra shows that they are 
not due to the presence of reductone or pyruvaldehyde, as has previously been supposed. 
The chromogen responsible for the spectra, which was isolated by partition chromatog- 
raphy, is also responsible for the brown color which develops in alkaline sugar solutions. 
It i s  suggested that this chromogen is  the result of condensation of compounds produced 
by the fragmentation 

HE ULTRAVIOLET SPECTRA OF SEVERAL T SIMPLE SUGARS in alkaline solution 
have been examined in the hope of gain- 
ing information about the early stages of 
the decomposition of sugars under these 
conditions. The action of alkalies on 
sugars causes isomerization and frag- 
mentation, followed by stabilization of 
the fission products. Under severe reac- 
tion conditions, formic, acetic, and lactic 
acids are produced (8),  while milder 
conditions allow the isolation of less 
stable compounds. Pyruvaldehyde is 
generally postulated as the precursor of 
lactic acid (4).  However, the evidence 
for the presence of pyruvaldehyde (the 
Ariyama test with arsenophosphotungstic 
acid) has been criticized as being ambigu- 
ous because of its inability to distinguish 
pyruvaldehyde from acetol (76). Better 
evidence has been obtained for the forma- 
tion of acetol and reductone (glucic acid) 
in alkaline sugar solutions. The former 
may be steam distilled from neutral or 
alkaline sugar solutions (7) and uniquely 
identified by conversion to 3-hydroxy- 
quinaldine, while the latter may be precip- 
itated as the lead salt from heated 
alkaline glucose solutions ( 6 ) .  

.4s is pointed out by Sattler and Zerban 
(75), heteropolar fission of‘ the CpC, 
linkage in the glucose molecule could 
lead to the formation of one molecule of 
reductone and one of acetol, so that the 
intermediate formation of the trioses or 
of pyruvaldehyde need not be postulated. 
A somewhat similar mechanism has been 
proposed by Montgomery (73) by which 
one molecule of reductone. two molecules 
of pyruvaldehyde, and one molecule of 
hydroxypyruvaldehyde (or dihydroxy- 
acetone) would be produced from two 
molecules of glucose. 

Color formation in acid sugar solutions 
((‘browning’’) has been extensively in- 
vestigated (77), but that due to the ac- 
tion of alkalies on sugars has received less 
attention. Like its acid counterpart, 
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however, the alkaline browning reaction 
is of importance in industrial processes: 
such as the conversion of sugars to lactic 
acid (74). 

The sensitivity of ultraviolet absorption 
spectrophotometry makes possible the 
detection of reaction intermediates, and 
it was hoped that this technique would 
yield some information about the niech- 
anism of formation of acetol, reductone, 
or pyruvaldehyde in alkaline sugar solu- 
tions. The results which were obtained 
do not furnish this information; the 
ultraviolet spectra of alkaline sugar solu- 
tions are apparently due not to reaction 
intermediates, but to stable products of 
sugar degradation. However, the ob- 
servations permit the establishment of 
some conclusions about the mechanism 
of alkaline sugar fragmentation, and may 
be of interest in connection with color 
formation in alkaline sugar solutions. 

Experimental Work 

All spectra were obtained with the 
Beckman Model DU spectrophotometer, 
using 1-cm. matched silica cells. .4 3% 
solution of C.P. D-glucose in distilled 
water shows no absorption in the region 
covered by the instrument-i.e., to 200 
mp. The addition of sodium hydroxide 
to give a 0.OlAV solution causes the im- 
mediate development of end adsorption 
beginning at  about 240 mp (Figure 1). 
On the immediate neutralization of the 
solution, the end adsorption disappears, 
and reappears unchanged on subsequent 
addition of alkali. 

If the solution is allowed to remain 
alkaline, however, an adsorption band 
with a maximum at  295 mp develops 
slowly, as is shown in Figure 1. The 
formation of this spectrum is accompanied 
by the production of a yellow or brown 
color. Acidification of the solution after 
the appearance of the absorption band 
a t  295 mp does not cause its disappear- 

ance, but produces a shift in the position 
of the maximum to 265 mp (Figure 2). 
The spectral shift is reversible and occurs 
a t  a p H  of approximately 7.5. 

The same absorption spectrum was 
found to be produced by several hexoses 
and pentoses, as well as by the trioses. 
The rate of production of the spectrum 
depends on the sugar used. In  Table I 
are given absorbances a t  295 mp of 1.0% 
solutions of various sugars in 0.10N 
sodium hydroxide, after 24 hours a t  
room temperature. The absorbances 
were calculated from measured absorb- 
ances and the dilution factors used in 
their measurement. The rate of develop- 
ment of the spectrum depends on the 
hydroxide ion concentration. 

Table 1. Absorbances of Alkaline 
Sugar Solutions 
Sugar D m m  

D-Glucose 3 . 0  
D-Mannose 1 . 2  
D-Fructose 7 . 4  
L-Sorbose 8 . 9  
D-Arabinose 4 . 7  
D,L-Glyceraldehyde 11 .9  
Dihydroxyacetone 5 5 . 3  

The rate of formation of the spectrum 
in a 1.0% solution of D,L-glyceraldehyde 
in 0.010A’sodium hydroxide a t  25’ C. is 
shown in Figure 3. Also shown in this 
figure is the curve for the formation of 
ketohexoses from D,L-glyceraldehyde 
under the same conditions, as measured 
with the anthrone reagent (2). The rate 
of chromogen production from dihy- 
droxyacetone under the same conditions 
was found to be approximately the same, 
but the amount of chromogen produced 
was much greater (cf. Table I). 

The compound producing the charac- 
teristic alkaline sugar spectrum (the 
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“sugar chromogen”) appears to be stable 
in either acid or alkaline solution. 

In  order to determine whether the 
sugar chromogen is identical with known 
compounds, the ultraviolet spectra of 
several keto and hydroxyaldehydes and 
acids were obtained in aqueous solution 
in various p H  ranges. Pyruvaldehyde 
solutions [prepared by the distillation of 
acidified glyceraldehyde solutions (78) ] 
have a single absorption maximum at  
280 mp at  all p H  values from 2 to 
10. Dihydroxyacetone solutions absorb 
weakly at  270 mp, while D,L-glyceralde- 
hyde solutions show no ultraviolet ab- 
sorption, except for the slow development 
of the sugar chromogen spectrum. 

Reductone (prepared via the lead salt) 
and its tautomer, hydroxypyruvaldehyde 
(7),  have identical spectra, with a maxi- 
mum at  265 mp at  p H  2 to 3.5, which is 
shifted to 290 mp a t  p H  6.5 to 8. Both 
peaks disappear rather rapidly when the 
solutions are allowed to stand at  room 
temperature, since these substances are 
not stable in solution. Acetol solutions 
show a maximum a t  270 mp a t  p H  4 to 
11, a small shift to 275 mp being observed 
at  p H  11.5. The prolonged action of 
alkali on acetol causes the development 
of a different spectrum (that of the 
“acetol chromogen”), which is shown in 
Figure 4. The curve with a maximum 
at  290 m p  was produced by a 0.1% 
solution of acetol in 0.01N sodium 
hydroxide after 18 hours a t  room tem- 
perature. Acidification causes a shift 
of the maximum to 255 mp, the shift 
occurring at  about p H  8. 

In  Figure 5 are shown plots of A,,, 
against p H  for the sugar and acetol 
chromogens, and reductone. 

A preliminary examination of the 
spectra of several other compounds 
(pyruvic acid, hydroxypyruvic acid, glu- 

cosone, 2-ketogluconic acid, saccharinic 
acids) showed that their absorption 
spectra did not a t  all resemble that of the 
sugar chromogen. 

T o  obtain further insight into the na- 
ture of the sugar chromogen, separations 
by ion exchange and chromatography 
were undertaken. Passage of sugar solu- 
tions containing the chromogen over an 
anion exchange resin (Amberlite IRA- 
400) removed the chromogen (as shown 
by the disappearance of the ultraviolet 
absorption spectrum and the decoloriza- 
tion of the solution), but the chromogen 
could not be recovered from the resin 
by regeneration with acid. The brown 
solution obtained had an absorption 
spectrum with maxima at  270 mp in 
acid and 280 mp in alkaline solution. 

Partition chromatography of sugar- 
chromogen mixtures on a powdered 
cellulose column (3) gave a successful 
separation of sugar and chromogen. A 
solution of 2 grams of fructose in 100 ml. 
of O.lOAV sodium hydroxide was allowed 
to stand at  room temperature for 18 
hours. I t  was then acidified to p H  6 and 
evaporated to a sirup under reduced pres- 
sure. The sirup was poured onto the top 
of the cellulose column and chromato- 
graphed with butanol-water a t  60’ C., 
portions of the effluent being examined 
for absorbance a t  265 mp and for reduc- 
ing sugar content by cerimetry (72). 
The results are shown in Figure 6. 
Evaporation under reduced pressure of 
the portion of the effluent containing 
chromogen gave a brown sirup which, on 
being dissolved in water, showed an ultra- 
violet absorption practically identical 
with that of the original sugar-chromogen 
solution. The positions of the maxima 
were at  265 mp in acid and 295 mp in 
alkaline solution. 

On standing for several weeks, the 

water solution of the chromogen slowly 
deposited a brown insoluble material. 
This observation was taken to indicate 
that the chromogen may itself be an inter- 
mediate stage in the formation of a more 
stable product, which results from fur- 
ther condensation and dehydration of 
the chromogen. 

Discussion 

The absorption spectrum shown in 
Figure 1 is the simplest which can be ob- 
tained in alkaline sugar solutions. Re- 
action conditions which are more rigor- 
ous (higher temperature or higher hy- 
droxide ion concentrations) lead to more 
complex spectra which are correspond- 
ingly more difficult to interpret (9, 7 7) .  

The data that were obtained do not 
allow a final conclusion to be drawn con- 
cerning the composition of the chromogen 
responsible for the absorption spectrum 
produced under mild conditions. It is 
apparent that the observed spectrum is 
not, as has previously been supposed, 
due to one of the common hexose frag- 
mentation products which may be iso- 
lated from alkaline sugar solutions. 

Pyruvaldehyde has been postulated as 
responsible for the spectra of alkaline 
sugar solutions (70), but the absorption 
maximum of the pyruvaldehyde spec- 
trum was found to be independent of pH. 
Reductone has also been considered as 
the source of the alkaline sugar spectrum 
(5 ) .  Reductone and the sugar chromo- 
gen have approximately the same spectra 
in both acid and alkaline solution, but 
the spectral shift for reductone occurs a t  
p H  5-i.e., a t  the pK value for reduc- 
tone. Furthermore, the sugar chromo- 
gen is much more stable in either acid or 
alkaline medium than is reductone. 

The absorption spectrum of acetol 

Figure 1. 
solution of D-glucose in 0.01 N sodium hydroxide 

Development of alkaline sugar spectrum in 3% Figure 2. 
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Figure 3. Rate of formation of sugar chromogen and keto- Figure 4. Ultraviolet absorption spectrum of acetol 
hexoses from D,L-glyceraldehyde - 

also shows that it cannot be the sugar 
chromogen; however, it may be signifi- 
cant that the action of dilute alkali on 
acetol gives rise to an acetol chromogen 
having an absorption spectrum distinct 
from that of acetol itself. The produc- 
tion of a brown color in alkaline acetol 
solutions is well known. 

rn 300 

P H  

Figure 5. Variation of Xmax with pH 

The rate of formation of the sugar 
chromogen in alkaline glyceraldehyde 
solutions is of interest because it gives 
some indication of the mechanism of 
chromogen formation. This rate is 
slightly lower than that of hexose forma- 
tion from glyceraldehyde, and many 
times faster than the rate at which the 
chromogen is formed from fructose or sor- 
bose, which are the main products of 
triose condensation (72). These facts, 
together with the observation that di- 
hydroxyacetone gives an especially large 
amount of the chromogen, suggest that 
three carbon compounds are intermedi- 
ates in chromogen formation from the 
hexoses or pentose. Furthermore, the 
similarities between the sugar chromogen 
spectrum and those of reductone and the 

chromogen 

acetol chromogen indicate structural 
similarities. It is possible, therefore, 
that the sugar chromogen is formed by 
the condensation of sugar fragmentation 
products, such as acetol, followed by de- 
hydration. 

The brown color of the sugar chromo- 
gen shows that it is responsible for the 
coloration of sugar solutions under alka- 
line conditions. The chromogen appears 
to be similar to certain humic substances 
encountered in sugar manufacture (79). 
The separation of the chromogen by 
partition chromatography will allow the 
study of its undoubtedly very complex 
structure. 
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Figure 6. Separation of sugar and 
chromogen by partition chromatog- 
raphy on powdered cellulose 
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