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SELECTIVE SYNTHESIS OF DL-DENDROKETOSE FROM FORMALDEHYDE
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A one-pot selective formation of a hexulose, dendroketose,
was achieved by the addition of an aqueous alkaline solution to
the reaction mixture obtained by the condensation reaction of
formaldehyde catalyzed by a thiazolium salt.

Since elemental composition of formaldehyde, CH.O, is the same as that of
carbohydrates such as D-glucose, it is considered possible to synthesize carbo-
hydrates by the self-condensation of formaldehyde with carbon-carbon bond forma-
tion. This attempt has been made for a long time,l)
"Formose reaction." Formose reaction is of much interest in connection with the

and the reaction is called

possible importance in a large scale manufacture of edible carbohydrates from a
simple material by a facile procedure. However, the reaction catalyzed by calcium
hydroxide, a well-known catalyst, gives a complex mixture of about thirty products,
making it so difficult to isolate and identify each product. The examples of
selective formose reaction which yields specific product have been very limited,
although it is strongly desirable to develop the method to obtain a specific

2)

product in high yield and with high selectivity.

In our recent studies on the reaction catalyzed by a thiazolium salt in the
presence of a base,3) it was found that dihydroxyacetone (triose) was obtained
selectively in high yield. Since dihydroxyacetone is known to give a branched
hexulose, DL-dendroketose (i), in the presence of alkali under appropriate condi-

tions,4f5) the above finding prompted us to examine the

possibility of one-pot synthesis of the hexulose from form- ?HZOH
aldehyde. In the present report is described the first 6‘“‘?'OH
example of the selective formation of DL-dendroketose, by CHOH
adding an aqueous alkaline solution to the reaction mixture CHz—é-OH
prepared by the condensation of formaldehyde catalyzed by a CH,OH

thiazolium salt.
In a 50 cm® flask were placed paraformaldehyde (1.5 g, 1

50 mmol as HCHO), 3-benzylthiazolium chloride (2)6) (1.106 ~
g, 0.5 mmol), dioxane (10 cm®), and triethylamine (0.07 cm?®, o
eCl

0.5 mmol). Dry nitrogen was bubbled into the mixture and N-CHZ
then the flask was tightly closed with a glass stopper. [Ti}

The reaction was started by immersing the flask stirred S
magnetically in an oil bath adjusted to 100 °C. After 30 min ‘g
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the resulting solution was cooled by solid CO.-ethanol bath to room temperature
(Step I). To the resulting mixture was added an aqueous alkaline solution (30 cm®),
or water (30 cm®) containing anion exchange resin (OH™ type), and then the mixture
was allowed to stand at room temperature for a prescribed time in nitrogen (Step
II).

In Step I and Step II, the consumption of formaldehyde, as determined
colorimetrically with chromotropic acid,7) was 96 and 100%, respectively. An
aliquot (0.5 cm®) of the reaction mixture obtained in Step I was reacted with
hydroxylamine hydrochloride (0.1 g) in pyridine (8 cm®) at 70 °C for 1 h, followed
by trimethylsilylation by adding a mixture (2 cm®) of hexamethyldisilazane and
trimethylchlorosilane (2:1 in volume).s) An aliquot (5 cm®) of the reaction
mixture obtained in Step II was neutralized with 1 mol dm~°® hydrochloric acid, and
the solution was evaporated to dryness to give a syrupy product. The syrup was
converted into the trimethylsilylated (TMS) oxime derivative by the procedure as
described above.

Figure 1 (a) shows an example of the gas-liquid chromatogram of the TMS-oxime
derivative of the product in Step I. The main product corresponding to peak 1 was
confirmed to be dihydroxyacetone as described in the previous paper.3' From the
area of peak 1, the amount of dihydroxyacetone formed in Step I was estimated 91
wt-% of the reacted formaldehyde. Figure 1 (b) shows the gas-liquid chromatogram
of the TMS-oxime derivative of the product in Step II prepared by reacting the
formaldehyde condensation mixture (Step I; corresponding to Fig. 1 (a)) with 0.5
mol dm™® aqueous sodium hydroxide solution at room temperature for 0.5 h. From
the chromatogram it can be seen that the products corresponding to two peaks
(peak 2) were formed selectively.

Since TMS-oxime derivative of an

unsymmetrical carbonyl compound \
gives two peaks corresponding to {
the syn and anti oxig?s in the gas- E

liquid chromatogram, the main
peaks (peak 2) are considered to

correspond to a single compound.

FID Response

Indeed, the compound corresponding

to peak 2 was isolated from the (a)---- [WT-

reaction mixture of Step II as the (b) N

benzoylisopropylidene derivative,g) ) A

0 10 20 30
Retention time/min

which was confirmed to be O-benzoyl-
di-O-isopropylidene-DL-dendroketose.
The 'H NMR, *°®C NMR, and IR spectra Fig. 1. Gas-liquid chromatogram of the tri-

. . . hylsilylated oxime derivatives of the
olated benzoylisopropylidene methy y
of the isola b4 pTopy products obtained by the reactions: (a) Para-

derivative and the retention time formaldehyde (50 mmol as HCHO), 3-benzylthiazo-
. . . lium chloride (0.5 mmol), triethylamine (0.5

of the TMS-oxime derivative (peak 2 mmol), dioxane (10 cm®), 100 °C, 0.5 h (Step I);

in Fig. 1 (b)) were in agreement (b) addition of 0.5 mol dm™> aqueous NaOH

solution (30 cm®) to the reaction mixture
obtained in Step I, room temperature, 0.5 h
tives of the authentic sample of DL- (Step II).

with those of the respective deriva-

dendroketose prepared according to
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Table 1, Synthesis of DL-dendroketose Q%) from formaldehydea)

Reaction time Yield of

Run Base in Step II of S;ep II DL—dendrgketosec)
1 0.5 mol dm~>® NaOH 0.5 74

2 0.5 mol dm™® NaOH 2.5 63

3 0.5 mol dm™® NaOH 5 55

4 0.1 mol dm™*® NaOH 4 63

5 0.25 mol dm™® Na.COs 4 53

6 0.5 mol dm™® Quinuclidine 5 27

7 Amberlite TRA-402 (oH )P 4 51

8 Amberlyst A-27 (os™) P 4 8

V]

Step I; paraformaldehyde (50 mmol as HCHO), 3-benzylthiazolium
chloride (0.5 mmol), triethylamine (0.5 mmol), dioxane (10 cm?®),

100 °C, 0.5 h. Step II; addition of a base in water (30 cm®) to the
reaction mixture obtained in Step I, room temperature.

b) 3 mg equivalent of OH™ in water (30 cm®).

c) Based on the starting formaldehyde by gas-liquid chromatography of
the trimethylsilylated oxime derivatives.

4) Therefore, the main product in Step II corresponding to

the method of Utkin,
peak 2 in the gas-liquid chromatogram is DL-dendroketose, a branched hexulose.

Table 1 shows the yield of DL-dendroketose under various conditions in Step II.
The yield was evaluated by the ratio of the amount of DL-dendroketose to that of
starting formaldehyde based on the gas-liquid chromatographic measurements of the
TMS-oxime derivative using D-fructose as an internal standard. In the reaction
with 0.5 mol dm~® aqueous sodium hydroxide solution for 0.5 h (run 1), the yield of
DL-dendroketose was as high as 74%, indicating that 85% of dihydroxyacetone formed
in Step I was converted into DL-dendroketose in Step II. A wide variety of bases
such as inorganic base, organic base, and ion exchange resin gave satisfactory
yield of DL-dendroketose.

Similar results were obtained when 3-ethylthiazolium bromide or 3-benzyl-
thiazolium bromide was employed as catalyst in Step I, and when dimethyl sulfoxide
or N,N-dimethylformamide was used as solvent in Step I.
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