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The "formose reaction" is the generic name for the base-catalyzed

condensation of formaldehyde to give "formose" which is a complex

mixture of sugars, alditols, organic acids, etc. Increasing attention

has been recently given to this reaction because of its possible

importance in the manufacture of edible carbohydrates from a simple

material and its possible role in the prebiotic synthesis of carbo-

hydrates. In our recent study on the reaction catalyzed by triethyl-

amine (TEA) and thiamine'HCl in N,N-dimethylformamide (DMF)-water mixed

solvent, the formation of 3-pentulose (GP-11-1 corresponding to GLC peak

number 11-1) was suggested. P. Decker et al.^ also reported that at the

end of formaldehyde consumption the concentration of 3-pentuloses became

smaller because of their higher reactivity (these carbohydrates cannot

form stable furanoses or pyranoses) compared to tetroses, pentoses, and

hexoses. Although the isolation of 3-pentuloses was not described in

that report, erythro-3-pentulose and threo-3-pentulose in a formose

were identified by comparison of GLC retention times and mass spectra

with those of authentic samples.

*Formose reactions. Part 30. For Part 29, see ref. 1,
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In the present paper we describe conditions that favor the

formation of threo-3-pentulose (GP-11-1) in the formose reaction (see

Fig. 1b). The reaction was catalyzed by lead oxyhydroxide (Pb20(0H)2)

and thiamine'HCl in dimethyl sulfoxide (DMSO) and the improved yield

enabled the isolation and structure elucidation of the product.

In a typical experiment, the reaction was performed with a M

solution of formaldehyde (4.7 g) in DMSO (150 mL) in the presence of 80

mM lead oxyhydroxide and 60 mM thiamine'HCl at 50 °C for 150 min under

nitrogen. At various time intervals, aliquots (5 mL) were transferred

into 10-mL flasks and the reaction was quenched immediately by

acidification with formic acid (98-100%). These aliquots were analyzed

for formaldehyde by the method of Bricker and Johnson,6 except that the

absorbance was measured at 579 nm. The product distribution as

pertrimethylsilylated products was determined by GLC, the pattern of

which (Fig. 1b) clearly indicated that these conditions favored the

formation of a product (GP-11-1) corresponding to peak number 11-1

(19% by GLC).

The reaction mixture (2x150 mL) was concentrated to a syrup under

reduced pressure (65-70 °C /4-5 mm Hg), then the concentrated mixture

was added to ca. 300 mL of methanol to remove salts, and the methanol

solution was passed through an active carbon column.

Concentration of the solution gave a brown syrup (7.6 g, GP-11-

1=17% by GLC). GP-11-1 was obtained as a colorless syrup of purity

above 85% (by GLC) by repeated chromatography on cellulose powder with

wet n-butanol as eluent: ^H NMR(D20; int. standard, DSS) $ 3.90(d, 4H,

J=4.3 Hz, -CH20H), 4.67(t, 2H, J=4.3 Hz, -CHOH-);
 13C NMR(D2O; int.

standard, DSS) $ 71.0(t), 83.9(d), and 219.8(s), corresponding to 2 CH2

and 2 CH groups, and a carbonyl C atom; MS of pertrimethylsilylated

derivative (70 eV) m/z 438(96, M+), 423(5, M * - ^ ) , 335(88, M+-CH20SiMe3),

293(99). 191(97), 149(97), 133(92), 103(79), 89(89); IR (KBr) 3400

(0-H) and 1720 (C=0) cm"1.

Reduction of GP-11-1 with NaBH^j gave the corresponding sugar

alcohol whose peracetylated derivative showed the same GLC retention

time as the peracetylated derivative of DL-arabinitol but the retention

time was different from those of peracetylated ribitol and xylitol.

Furthermore, the H NMR spectrum of the acetate of the reduced GP-11-1

was in fair agreement with that of the acetate of DL-arabinitol:
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]H NMR(CDC13; int..standard, Me4Si) % 2.02, 2.04, 2.05, 2.06, and

2.11(5s, 3H, -C0CH3), 3.95(dd, 1H, J=7.3 and 11.7 Hz, -HCH0-), 4.14(dd,

1H, J=7.1 and 12.1 Hz, -HCHO-), 4.24(dd, 1H, J=2.9 and 12.1 Hz, -HCHO-),

4.28(dd, 1H, J=4.9 and 11.7 Hz, -HCH0-), 5.13-5.20(m, 1H, -CHO-), 5.36-

5.47(m, 2H, -CHO-).

These results indicate that the product corresponding to peak

number 11-1 (GP-11-1) is threo-3-pentuiose.

DL-threo-3-Pentuiose might be successively formed by the condensa-

tion of formaldehyde and DL-tetrulose (the product corresponding to

peak number 2 shown in Fig. 1b) formed from dihydroxyacetone. Steric

hindrance of the transition state might contribute to suppressing the

formation of erythro-3-pentuiose. We are now undertaking studies on

the mechanistic elucidation for the favored formation of DL-threo-3-

pentulose.
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