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Note

3-Deoxy-D-erythro-hexulose: a convenient synthesis and its
interaction with the enzymes of fructose metabolism
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As part of our ongoing studies of the interactions of fructose analogs with the
enzymes' and tissues"*® of fructose metabolism, we had need of 3-deoxy-D-erythro-
hexulose (3-deoxy-b-fructose, 4). Compound 4 has previously been synthesized by two
methods™. The recent synthesis of 1,2:4,5-di-O-isopropylidene-3-deoxy-g-p-eryth-
ro-2-hexulopyranose (3) by the reduction of 1,2:4,5-di-O-isopropylidene-g-D-fructopy-
ranose (2) (ref. 11) makes possible a convenient synthesis of 4 directly from fructose (1).
Herein the details of this synthesis are reported along with data concerning the interac-
tion of 4 with the enzymes of mammalian fructose metabolism. The synthesis is shown
in Scheme 1.

Compound 2 was synthesized from 1 by the method of Brady' and reduced to 3
by the method of Rasmussen et al.'' Compound 3 was readily hydrolyzed to 4 in
aqueous acid. After chromatography and recrystallization of the crude product, 4 was
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TABLEI

Interaction of 3-deoxy-D-erythro-hexulose with the enzymes of fructose metabolism

Enzyme Fructose 3-Deoxy-p-eythrohexulose
K, (mM) Vo Ref. K, (mM) Ve

L-Iditol Dehydrogenase

(EC1.1.1.149) 185 1.00¢ 1 182 + 18 0.83 + 0.11¢
Fructokinase

(EC2.7.1.4) 0.46 1.00¢ 2 67 £ 20 0.97 + 0.13°
Hexokinase

(EC2.7.1.1) 1.20 1.51° 2 750 + 200 0.36 + 0.18°

“ Relative to p-fructose. ® Relative to D-glucose.

obtained in a yield of 69% from 3 (15% from 1). For comparison, the overall yield of 4
was about 21% over three steps from 1 by the method of Thiem et al. (ref. 10 and
references therein) and less than 15% over three steps from 2-amino-2-deoxy-D-glucose
by the method of Kuhn et al. (ref. 11 and references therein).

Compound 4 was phosphorylated by yeast hexokinase and by bovine liver
fructokinase (Table I). In both cases the interaction was weak as compared to that with
fructose. This result is consistent with the importance of the 3-hydroxyl established for
binding and phosphorylation of substrates by hexokinase'*'* and by fructokinase'®. In
this regard it should be noted that 4 does not interact with the phosphoenolpyruvate-
dependent fructose-specific phosphotransferase system of Rhodopseudomonas sphae-
roides'®. Compound 4 was readily reduced by sheep liver L-iditol dehydrogenase (Table
I), reflecting the lack of importance of the 3-hydroxyl for substrate binding to this
enzyme'™",

The slow phosphorylation of 4 makes it unlikely that it will serve as a gluconeo-
genic, glycogenolytic, or glycolytic inhibitor in the manner observed for such other
fructose analogs as 2,5-anhydro-p-mannitol®”?*? or 2,5-anhydro-pD-mannose 2, On
the other hand, preliminary experiments have indicated that 4 stimulates gluconeogene-
sis from xylitol but not from dihydroxyacetone in hepatocytes from fasted rats”. It is
suggested that 4, being a good L-iditol dehydrogenase substrate as noted in Table I,
allows rapid reoxidation of cytosolic NADH, thereby enhancing the rate of xylitol
oxidation.

EXPERIMENTAL

General. — Tributylstannane was obtained from Alfa Products (Danvers, MA
01923). N,N'-Thiocarbonyldiimidazole was obtained from Aldrich Chemical Co. (Me-
tuchen, NJ 08840). The ion-exchange resins were obtained from Bio-Rad Laboratories
(Rockville Centre, NY 11571). Yeast hexokinase (EC 2.7.1.1), sheep liver L-iditol
dehydrogenase (EC 1.1.1.14), and all coupling enzymes were obtained from Sigma
Chemical Co. (St. Louis, MO 63178). Bovine liver fructokinase was purified by the
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method of Raushel and Cleland" as modified’. All other chemicals were standard
laboratory reagents.

) Descending paper chromatography was performed on Whatman No. 1 paper
using 4:1:1 (v/v) butanol: acetic acid: water®. Spots were visualized with alkaline
potassium permanganate®. Ion-exchange chromatography” was performed on a co-
lumn of Bio-Rad AG 50W-X4 [Ca’*] (200400 mesh) resin, which was eluted with
distilled water at a flow rate of 1.4 mL/min. Enzyme assays for kinases' and L-iditol
dehydrogenase' have been previously described.

1,2:4,5-Di-O-isopropylidene-f-p-fructopyranose (2) was synthesized by the me-
thod of Brady'? and 3-deoxy-1,2:4,5-di-O-isopropylidene-f-D-erythrohexulose (3) by
that of Rasmussen et al."'

Preparation of 3-deoxy-pD-erythro-hexulose (4). Typically 0.80 g (3.3 mmol) of 3
were suspended in 50 mL of 0.10M HCI and kept for 48 h at 70° with constant stirring.
The reaction was neutralized by the addition of Bio-Rad AG 3-X4A [OH™] ion
exchange resin, filtered, concentrated to 20 mL, and purified by ion-exchange chroma-
tography?*”. Compound 4 eluted at a volume of 340 mL. Two minor components
eluting at 400 mL and 450 mL were not further characterized. Following lyophilization,
4 was obtained in crystalline form. After recrystallization from absolute ethanol, the
product (0.37 g; 2.3 mmol; 69% from 3; 15% from 1) had a melting point of 113-114°
and [«]Z of —44° (¢ 1.0, water) [Lit. 112-114°, —43.4° (¢ 1, water)’ and —48° (¢ 4.2,
water)'’]; R,0.41 (paper, homogeneous); R, fructose 0.24.

Anal. Cale. for CH,0,: C, 43.90; H, 7.32. Found: C, 43.78; H, 7.29.

ACKNOWLEDGMENTS
I thank Jane Klinger for her technical assistance and Mark Caddle for the

fructokinase preparation. This work was supported in part by a grant from the SMU
Research Committee.

REFERENCES
1 W.L. Dills and W. L. Meyer, Biochemistry 15 (1976) 4506-4512.
2 W. L. Dills, T. R. Covey, P. Singer, S. Neal, and M. S. Rappaport, Carbohydr. Res., 99 (1982) 23-31.
3 W. L. Dills, J. I. Geller, K. M. Gianola, and G. M. McDonough, Anal. Biochem., 133 (1983) 344349,
4 W. L. Dills, L. S. Bell, and E. K. Onuma, Biol. Reprod., 25 (1981) 458-465.
5 W. L. Dills, G. M. McDonough, and P. B. Kingsley, Biol. Reprod., 25 (1981) 466-474.
6 H. C. Stevens and W. L. Dills, FEBS Lett., 165 (1984) 247-250.
7 H. C. Stevens, T. R. Covey, and W. L. Dills, Biochim. Biophys. Acta 845 (1985) 502-506.
8 W. L. Dills, W. E. Berndtson, T. R. Covey, and P. B. Kingsley-Hickman, J. Nuzr. 116 (1985) 900-915.
9 R. Kuhn, H. J. Haas, and A. Seeliger, Chem. Ber., 94 (1961) 2534-2535.

10 J. Thiem, D. Rasch, and H. Paulsen, Chem. Ber., 109 (1976) 3588-3598.

11 J. R. Rasmussen, C. J. Slinger, R. J. Kordish, and D. D. Newman-Evans, J. Org. Chem., 46 (1981)

4843-4846.

12 R. F. Brady, Carbohydr. Res., 15 (1970) 35-40.

13 A. Sols and R. K. Crane, J. Biol. Chem., 210 (1954) 581-595.

14 R. K. Crane, in P. D. Boyer, H. Lardy, and K. Myrbéck (Eds.), The Enzymes, 2nd edition, Vol. 6,
Academic Press, New York, 1962, pp. 47-66.



NOTE 279

15 F. M. Raushel and W. W. Cleland, Biochemistry, 16 (1977) 2169-2175.

16 1. S. Lolkema, Ph. D. Thesis, Univ. of Groningen, The Netherlands, (1986) pp. 12-15.

17 N. L. Edson, Rept. Aust. New Zeal. Assoc. Adv. Sci., 29 (1953) 281-299.

18 J. McCorkindale and N. L. Edson, Biochem. J., 57 (1954) 518-523.

19 O. Touster and D. R. D, Shaw, Physiol. Rev., 42 (1962) 181-225.

20 P. T. Riquelme, M. E. Wernette-Hammond, N. M. Kneer, and H. A. Lardy, Proc. Nat. Acad. Sci.
U.S.A., 80 (1983) 4301-4305.

21 R.L.Hanson, R. 8. Ho, J.J. Wiseberg, R. Simpson, E. S. Younathan, and J. B. Blair, J. Biol. Chem., 259
(1984) 218-223.

22 P.T.Riquelme, M. E. Wernette-Hammond, N. M. Kneer, and H. A. Lardy, J. Biol. Chem., 259 (1984)
5115-5123.

23 P. T. Riquelme, N. M. Kneer, M. E. Wernette-Hammond, and H. A. Lardy, Proc. Natl. Acad. Sci.
U.S.4., 82 (1985) 78-82.

24 R. Rognstad, Biochem. Arch., 2 (1986) 313-318.

25 R. Rognstad, Biochim. Biophys. Acta, 586 (1979) 242-249.

26 R. Rognstad, Int. J. Biochem., 14 (1982) 765-770.

27 H. A. Lardy, personal communication.

28 D.Waldi, in E. Stahl (Ed.), Thin Layer Chromatography. A Laboratory Handbook, Academic Press, New
York, 1965, pp. 483-502.

29 S.J. Angyal, G. S. Bethell, and R. J. Beveridge, Carbohydr. Res., 73 (1979) 9-18.



