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L-Fucose is widely spread in natural products. Due to its occurrence
in glycoconjugates of blood-group substances, in milk oligosacchraides and
other biologically important carbohydrates, this 6-deoxyhexose is of partic-
ular interest for oligosaccharide syntheses.

Though seaweed is a source of L—fucose,1 various syntheses have been
developed for this sugar. However, they are generally laborious and not
very efficient. The multistep synthesis of Tanimura starting from
L-arabinose affords L-fucose in an overall yield of about 1%.2 Defaye's
synthesis starting from a-D-mannopyranoside seems to be important only for
2H-1abeled L—fucose.3 Another procedure published recently by the same
group gave more satisfying results using L-rhamnose as starting material.4
Finally, D-galactose can be transformed into L-fucose by the route of
Dejter-Juszynski and Flowers.5

Being interested in a more straightforward method for the conversion of
D-galactose into L-fucose we intended to circumvent the synthesis of
2,3:4,5-di-0-isopropylidene-D-galactose diethyl dithiocacetal, which requires

a laborious chromatographic separation from the isomeric 2,3:5,6-di-0-
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isopropylidene derivative formed as a by-product. Moreover, by the
introduction of a recently developed novel selective oxidation procedure
into carbohydrate chemistry we aimed to decrease the number of necessary
reaction steps and to improve the overall yield of the conversion of
D-galactose into L-fucose. The envisaged synthetic route is depicted in the

reaction scheme.

?Hz (SR)2 (‘:Hg H0SiMe;y
H-C~0H Raney nickel H-C-0H ClSiMay/HN(SiMey, Me;Si0-(-H
HO~C—H  Et0H/H;0(70:30) HO-C-H pyridine H—-C-0SiMe;
HO-~C~H 1h, reflux HO-C-H 4h,20°C H-C~0SiMe,
H-C-0H H-C~0H Me;Si0-C~H
H20H H20H CH;
40 (R:CzHg) 2 3
4b (R:CH2CgHs)
Cr03lp_vridinc
CHy Oy
1h, 20°C
WOFATIT Y54 H*
CeMe ! Ha TETRAKIS (TRI~
OH ————— | METHYLSILYL)-
72h,20°C
HO L-FUCOSE
OH
5 &

Wolfrom and Karabinos6 already described the reduction of D-galactose
diethyl dithioacetal (la) with Raney nickel to 1-deoxy-D-galactitol, i.e.,
L-fucitol (2). The yield reported was only 24%. We could increase this
yield up to 62% using more active Raney nickel. For this purpose the
catalyst was prepared from the aluminum nickel alloy (50 g) following the
common procedure.7 However, when the violent reaction had ceased the
reaction mixture was quenched by addition of cold water (500 mL). Then the
liquid phase was decanted and the black residue was washed with water (15 x
50 mL) and ethanol (1 x 100 mL) by successive stirring and decantation. The
so obtained neutral catalyst was used immediately after preparation.

Accordingly, D-galactose diethyl dithioacetal (la)8 (10 mmol; 2.86 g) or
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D-galactose dibenzyl dithioacetal (1b)9 (10 mmol; 4.10 g), dissolved by
heating in a mixture of ethanol (210 mL) and water (90 mL) were added to the
catalyst and the mixture was refluxed. TLC monitoringlo (solvent system A)
indicated complete reduction within 1 h. Filtration through silica gel,
concentration, codistillation with toluene/ethanol and recrystallization
from dry ethanol afforded L-fucitol (2) (1.03 g; 62%). Mp 154 OC; lit.6 mp
153-154 °c; [ol][z)2 +0/8° (¢ 1.0, water); 1it.'! lal, +4.7° (10% borax); tu
nMr1? (DMSO-d,) 6 1.00 (d, 3H, CH_); 3¢ wrt? (DMSO-d.) & 72.8, 70.2, 6€3.7,
65.5, 63.0 (C-1,2,3,4,5), 19.9 (C-6).

The oxidation of L-fucitol (2) to L-fucose (5) by the Pfitzner-Moffat
reagent13 would require a selective protection of all the secondary hydroxyl
groups. However, the recently observed different behaviour of
trimethylsilyl ethers of primary and secondary alcohols towards Collins
reagent disclosed a novel method for the selective oxidation of primary
hydroxyl groups in the presence of secondary ones, especially promising for
carbohydrate syntheses.14 To prove the potential of this method L-fucitol
(2) (10 mmol; 1.66 g) was converted into 1,2,3,4,5-pentakis-O-{trimethyl-
silyl)-L-fucitol (3) by treatment with a mixture of chlorotrimethylsilane
(50 mmol; 5.43 g), hexamethyldisilazane (100 mmol); 16.14 g), and pyridine
(4 mL) in an atmosphere of dry argon.15 The reaction mixture was stirred at
ambient temperature for 4 h. Diethyl ether (50 mL) was added to remove
ammonium chloride. The mixture was filtered and the filtrate was
concentrated. The residue was treated once more with diethyl ether (50 mL).
Filtration and concentration then afforded 3 (5.20 g; 98.7%) as a colourless
0il, nearly pure according to GLC and TLC (solvent system B). Without
further purification or characterization this product was dissclved in
dichloromethane (30 mL) and oxidized immediately by addition to a solution
of Collins reagent16 prepared according to the 1iterature14 from chromium
(VI) oxide (60 mmol; 6.00 g) and pyridine {120 mmol; 9.60 g) in dichloro-
methane (200 mL). The reaction mixture was vigorously stirred at 20 °c
until TLC monitoring (solvent system B) indicated complete conversion of 3.
This required about 1 h. Concentration of the reaction mixture to about one
quarter of the original volume, codistillation with toluene (2 x 50 mL) to a
volume of about 50 mL, dilution with ethyl acetate (200 mL), filtration
through silica gel, and evaporation of the sclvent in vacuo afforded a
yellow-brownish syrup (4.24 g) of tetrakis-O-(trimethylsilyl)-L-fucose
4). 17

To convert this product into L-fucose (5) it was dissolved in benzene
(100 mL) and shaken at ambient temperature for 72 h with the acidic ion
exchange resin Wofatit Y 54 H+ (50 mL) and water (100 mL). Filtration,
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phase separation, evaporation of the aquecus phase, codistillation with
toluene/ethanol, column chromatography on silica gel 60 (E. Merck) with
ethyl acetate/methanol (3:1), and recrystallization from dry ethanol fur-
nished L-fucose (5; 1.44 g; 87% related to 2). Mp 137 OC; lit.4 mp 137-139
°¢; [a]éz -74.3° (¢ 1.0, water, equilibrium); 1it.? [a];3 -75° (¢ 0.8,
water, equilibrium); 1H NMR (DMSO—dG) 6.31 (4, 1H, J = 6.0 Hz, H-1), 5.94

1,2
(a8, 14, J. . = 4.5 Hz, H-1); ¢ mR (DMSO-d_) & 97.1 (C-18), 92.4 (C-la),

73.5, 71.%:269.5, 68.4, 65.0 (C-2,3,4,5), 16.5 (C-6). Efforts to achieve
the deprotection of 4 with an acidic ion exchange resin in methanol did not
deliver pure L-fucose (5), but a mixture of 5 and methyl L-fucoside.
Therefore, we preferred the two-phase system benzene/water.

The successful conversion of L-fucitol (2) into L-fucose (5) in an
overall vyield of 87% gives evidence that the employed method deserves

further consideration in carbohydrate chemistry.

REFERENCES AND NOTES
1. E. Percival, Meth. Carbohydr. Chem., 1, 195 (1982).

2. A. Tanimura, Eisei Shikenjo Hokoku, 77, 123 (1959); Chem. Abstr., 55,
12306 g (1961).

3. J. Defaye, A. Gadelle, and C. C. Wong, Carbohydr. Res., 95, 131 (1981).

4. J. Defaye, A. Gadelle, and S. J. Angyal, Carbohydr. Res., 126, 165
(1984).

5. M. Dejter-Juszynski and H. M. Flowers, Carbohydr. Res., 28, 144 (1973).
6. M. L. Wolfrom and J. V. Karabinos, J. Am. Chem. Soc., 66, 909 (1944).

7. Organikum, VEB Deutscher Verlag der Wissenschaften, Berlin 1986, l6th
Edition, p. 655.

8. M. L. Wolfrom, J. Am. Chem. Soc., 52, 2464 (1930).

9. E. Pascu and M. Ticharich, Ber. Dtsch. Chem. Ges., 62, 3008 (1929).

10. TLC was carried out on glass plates coated with silica gel G (E. Merck)
using solvent system A {(ethyl acetate/acetic acid/methanocl/water,
60/15/15/10, v/v) or B (hexane/ethyl acetate, 20/1, v/v). Compounds
were visualized by treatment with concentrated sulfuric acid/methanol,
10/90, v/v, and heating for a few minutes.

11. E. Votocek and R. Potmesil, Ber. Dtsch. Chem. Ges., 46, 3653 (1913).
12. lH NMRlﬁpectra were recorded on a Tesla BS 487 C spectrometer at 80
MHz. C NMR spectra were obtained on a Varian CFT 20 spectrometer at

20 MHz.

13. K. E. Pfitzner and J. G. Moffatt, J. Am. Chem. Soc., 87, 5670 (1965).



11: 47 23 January 2011

Downl oaded At:

AN EFFICIENT CONVERSION OF D-GALACTOSE

14.

15.

16.

17.

R. Mahrwald, F. Theil, H. Schick, S. Schwarz, H.-J. Palme, and G.
Weber, J. Prakt. Chem., 328, 777 (1986).

C. C. Sweeley, R. Bentley, M. Makita, and W. W. Wells, J. Am. Chem.
Soc., 85, 2497 (1963).

J. C. Collins, W. W. Hess, and F. J. Frank, Tetrahedron Lett., 3363
(1968).

The exact structure of this product is still uncertain. It failed to
undergo typical aldehyde reactions. The fragmentation pattern in the
mass spectrum and the presence of a single spot on TLC raised the
question as to whether a pyranose had been formed by migration of a
trimethylsilyl group. Results concerning this problem will be
published later.
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