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The studies of Hass and one of us! on the behavior of crystalline glyceric
aldehyde in potassium hydroxide solutions, in which the concentration
of the base varied from 0.2 to 6 IV at 25 and 50°, showed that the amounts
of the products obtained under the variable conditions employed were
dependent on both the temperature and the normality of the alkali used.
Pyruvic aldehyde, lactic, acetic and formic acids were the reaction prod-
ucts studied in the work on glyceric aldehyde. It was pointed out?
that solutions of glyceric aldehyde?® in the presence of potassium hydroxide
should form an equilibrated system in the same manner as that which
Lobry de Bruyn and Alberda van Ekenstein found existed in alkaline
solutions of d-glucose and d-galactose. Furthermore, the active com-
ponent of such a solution should be an enediol or its dissociation products
similar to the systems postulated by Nef and his collaborators in the case
of certain hexoses.

If these views are correct then it is clear that the following reaction
represents the equilibrated condition existing between the three carbon
atom compounds in an alkaline solution of glyceric aldehyde.

CHOH E § #——OH 5 > (’1=0
CHO CHOH CH.OH
Glyceric aldehyde "Triose enediol Dihydroxy acetone

On the basis of this discussion it is expected that dihydroxy acetone
should react in aqueous solutions of potassium hydroxide in the same
general manner that glyceric aldehyde does. To determine this point was
one of the principal objects of these experiments by reason of the im-
portance of dihydroxy acetone in carbohydrate chemistry, especially
in its structural relation to fructose.

Experimental Part

Reagents.—The potassium hydroxide, alcohol, phenylhydrazine, zinc carbonate,
phosphoric and hydrochloric acids were of the same degree of purity as those used in
the work on glyceric aldehyde. The dihydroxy acetone was purchased under the
name of “Oxantin.” Before using, it was kept in a vacuum desiccator over soda lime
and calcium chloride for at least-one week. It melted at 78-79° (corr.).4

1 Evans and Hass, THIS JOURNAL, 48, 2703 (1926).

2 Ref. 1, p. 2709.

3 Wohl and Neuberg, Ber., 33, 3110 (1900).

¢ Bertrand, 4nn. chim., [8] 3, 255 (1904); Piloty, Ber., 30, 3165 (1898).
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Procedure.—In order that our data might be comparable with those obtained from
the action of aqueous solutions of potassium hydroxide on glyceric aldehyde, every ex-
perimental detail of the work recorded in this report was an exact duplicate of that em-
ployed in the study of glyceric aldehyde, save that dihydroxy acetone was used instead
of the aldehyde.

Products of the Reaction.—At various stages qualitative examination of our reaction
mixtures was made for pyruvic aldehyde, acetol, lactic, acetic and formic acids.

Data.—Our quantitative data are shown in Figs. 1, 2, 3, 4, 5and 6. For the sake
of comparison the data by Evans and Hass from glyceric aldehyde are shown in the
drawings by means of dotted lines.

Theoretical Part
The results obtained in these experiments were found to be in complete
qualitative agreement with those obtained by the action of aqueous
solutions of potassium hydroxide on glyceric aldehyde. The suggestions
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Fig. 1.

offered for the reaction mechanism involved in the formation of pyruvic
aldehyde, lactic, acetic and formic acids from glyceric aldehyde are in
accord with the data obtained by us in these experiments with dihydroxy
acetone under precisely similar conditions. In addition to the discussion
previously given concerning the general reaction involved in the formation
of the above compounds, we wish to supplement it with the following
brief statements with reference to our own data.

Lactic Acid.—If dihydroxy acetone and glyceric aldehyde form one
and the same triose enediol, then it follows that lactic acid may be formed
according to the following series of steps:?

Dihydroxy acetone\
or ‘Triose enediol —> Pyruvic aldehyde — Lactic acid
Glyceric a.ldehyde/7

® Ref, 1, p. 2710; compare Neuberg, Biockem. Z., 71, 250 (1915).
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The molecular mechanism of this series of changes may be regarded as
an application of the suggestion offered by Miss Marjorie Pickard Benoy
and one of us® for the formation of saccharinic acid lactones from the
enediols of glucose and galactose. The comparative yields of lactic acid
from the two trioses are shown in Fig. 1. No lactic acid (zinc lactate)
was found at 25° in potassium hydroxide solutions at either 0.2 or 0.4 N,
but appreciable amounts were present at 0.6 N. It is clear from the graph
of our data that our quantitative results are also in general agreement
with the assumption that the lactic acid formation from glyceric aldehyde
and dihydroxy acetone is following the same course.,
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Pyruvic Aldehyde.-——The percentage of dihydroxy acetone carbon
obtained as pyruvic aldehyde is shown in Fig. 2. The data obtained
from glyceric aldehyde are also given with certain correction factors
applied which were previously omitted.” An examination of these curves
shows in a very clear way the effect of temperature on the reaction by
reason of the fact that the maximum yield of pyruvic aldehyde from both
of these trioses occurs at a lower normality at 50° in each case than it does
at 25°. Furthermore, it should be noted that the maximum yield of
pyruvic aldehyde osazone from both compounds occurs at approximately
the same normality for a given temperature. The fact that the maximum
production of pyruvic aldehyde in dihydroxy acetone and glyceric alde-
hyde solutions occurs at practically the same alkali normality and that the
general effect of temperature is also the same in each case, point very
strongly to the assumption made above that a common intermediate

8 Evans, Edgar and Hoff, TH1s JOURNAL, 48, 2675 (1926).
7 See Ref. 1, p. 2710.
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compound, namely, the triose enediol, is formed in each case. Further-
more, the differences obtained in the yields of pyruvic aldehyde osazone
from these two trioses at any given alkalinity under these experimental
conditions seem to indicate that a condition exists in alkaline solution
of these two carbohydrates similar to that observed by de Bruyn and
van Ekenstein in alkaline solutions of glucose, mannose and fructose,
that is, an equilibrated system in which the ratio of the amounts of the
components present varied with the hexose used. It has been shown
in this Laboratory® that the oxalic acid-carbon dioxide ratio obtained
in the oxidation of these three well-known hexoses in strongly alkaline
solutions of potassium permanganate tends toward the same value as
the temperature and normality of the alkali are increased.
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If alkaline solutions of glyceric aldehyde and dihydroxy acetone form
a common triose enediol as an intermediate in the formation of pyruvic
aldehyde osazone, and if the amounts of the components in the solutions
varied according to the triose used, then the order of the reaction in the
formation of the aldehyde from both compounds at a given alkalinity
should be the same and the rate of the reaction should be different in
each case. In Fig. 3 this is shown to be the case, that is, the reaction is
monomolecular. The temperature used was 25°. The bearing of the
recent experiments of Fischer, Taube and Baer? on the interpretation

8 Evans, Buehler, Looker, Crawford and Holl, Ta1s JOURNAL, 47, 3085 (1925).
% Fischer, Taube and Baer, Ber., 60B, 479-485 (1927).
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of our experimental data is very important. These investigators have
shown that crystalline glyceric aldehyde may be converted into dihydroxy
acetone in boiling pyridine to the extent of 4997.°

In the work on glyceric aldehyde the view was expressed that acetic
and formic acids resulted from a dissociation of pyruvic aldehyde into
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acetaldehyde and carbon monoxide. These two acids increase in amount
with the alkalinity until 2 maximum has been reached, after which their
amounts diminish due to the fact that the pyruvic aldehyde at that point
is now being converted into lactic acid at a speed which increases with the
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Fig. 5.

alkalinity. ‘T'his inter-relation of the formation of lactic, acetic and formic
acids to the pyruvic aldehyde involved in the reaction of an aqueous
solution of potassium hydroxide on dihydroxy acetone is clearly seen in
Fig. 4. According to our experimental methods of measurement, the
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maximum yield for pvruvic aldehyde, acetic and formic acids and the
minimum yield for lactic acid occur at approximately the same point of
alkalinity. ‘The maximum yield of dihydroxy acetone carbon as pyruvic
aldehyde is approximately the same as the maximum for that of lactic
acid. ‘The formic and acetic acid yields are given in Figs. 5 and 6, re-
spectively. ‘The differences in the yields of these two acids from the
two sources are not very great. It is also conceivable that the triose
enediol of these reactions may undergo dissociation into the active forms
of glycolic and formaldehydes, which in turn may react to yield other sub-
stances, among which would be formic acid. Our reaction mixtures were
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Fig. 6.

not examined for either glycol or glycolic acid. The view that a 1,2-
enediol may undergo such a dissociation with subsequent chemical change
has received much support in the recent experiments of Gustus and Lewis!0
on the action of alkaline hydrogen peroxide solution on 2,3,4,6-tetra-
methyl-d-glucose.

Summary

1. Molar solutions of dihydroxy acetone were treated with various
concentrations of potassium hydroxide from 0.2-6 N at 25 and 50°.
The resulting acetic, formic and lactic acids were measured quantitatively
(Figs. 1, 5 and 6).

2. 'The yields of formic and acetic acids at 50° increased with the
increasing alkali concentration until a maximum point was reached,

© Gustus and Lewis, THIS JOURNAL, 49, 1512 (1927); see also Baly, The Rice
Institute Pamphlet, 12, 93 (1925).
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after which they diminished. The same effect was observed for acetic acid
at 25°,

3. Molar solutions of dihydroxy acetone were treated with alcoholic
phenylhydrazine solutions in the presence of various concentrations
of alkali. The yield of pyruvic aldehyde osazone increased with the
alkalinity to a maximum at both 25 and 50°, after which it diminished.
Increasing temperature increased the yield of the osazone (Fig. 2).

4. The maximum yield of pyruvic aldehyde osazone from both trioses
occurs at the same alkali normality for a given temperature, ‘This maxi-
mum is attained at a lower alkali normality at 50° than at 25°,

5. 'The yields of lactic acid at 25 and 50° increased to a constant
maximum with both the increasing alkalinity and temperature. The
maximum point is practically the same as that for the pyruvic aldehyde
at these temperatures.

6. The data obtained are shown graphically in comparison with a
similar study on glyceric aldehyde. The results seem to indicate that
both dihydroxy acetone and glyceric aldehyde in alkaline solutions form
systems similar to those observed by de Bruyn and van Ekenstein in
alkaline solutions of the hexoses.

7. 'The differences observed in the yields of pyruvic aldehyde osazone
are thought to be due to the differences in the equilibrium existing between
glyceric aldehyde, dihydroxy acetone and triose enediol in alkaline solu-
tions. ‘This point of view is supported by the fact that the order of the
reaction is the same in both cases, while the rate of the reaction is different
(Fig. 3).

8. Since both trioses are thought to form one and the same enediol,
then the lactic acid must be derived from the pyruvic aldehyde arising
from this common enediol. The acetic and formic acids are thought
to be derived from a dissociation of pyruvic aldehyde into acetaldehyde
and carbon monoxide. The minimum point for lactic acid yields is there-
fore related to the maximum yields for pyruvic aldehyde, acetic and formic
acids. ‘This inter-relation is shown in Fig. 4.

Corumsus, OrI1O



