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Presence of D-galactofuranose in the capsular polysaccharide of Klebsiella 

serotype K-M : synthesis of 5,6-di-0-methyl-D-galactofuranose 
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Capsular polysaccharides of KZebsieZfa show a great diversity’*’ both in their 
sugar composition and in the regular structure of their repeating units. Among the 
structures thus far reported for the K-antigen from KlebCeZZa, the polysaccharide 
from serotypc K41 is particula? in that its repeating unit consists of seven sugar 
residues: rhamnose, glucose, galactose, and glucuronic acid in the relative proportions 
1: 3 :2 : 1. Another individual feature is that the repeating unit has a trisaccharide 
side-chain attached to position 3 of a galactofuranose residue. This is the first example 
of the presence of a galactofuranose residue in the K-antigen of Kiebsiella. Galacto- 
furanosej has been identified in the lipopolysaccharides of Kiebsieila 0 groyps4*’ 
8 and 9, where it is linked to position 3 in the chain. 

Isolation of 5,6-di-U-methylgalactose from the hydrolysate of the permethylated 
K-41 polysaccharide demonstrated the presence of a 2,3-linked galactofuranose 
residue. This di-O-methyl derivative was identified by g.l.c.-m-s. of its alditol acetate, 
which &owed characteristic ions in the m-s.: m/e 45,89, and 333. 

The retention time in g.1.c. of 1,2,3,4-tetra-0-acetyl-5,6-d&O-methyl-D- 
galactitol (RT 3.22 on an ECNSS-M column at 155O relative to 1,5-di-O-acetyl- 
2,3,4,6-tetra-O-methyI-D-glucitol) corresponded exactly with that of the authentic 
compound whose synthesis is reported here. Further evidence of the presence of a 
2,3-linked galactofuranose residue in K-41 was provided by the periodate oridation- 
sodium borohydride reduction-hydrolysis sequence, which afforded r.-arabinofuranose 
among the hydrolysis products. The presence of the latter is compatible only with 
the existence in the original polymer of D-galactofuranosyl groups having two free 
hydroxyl groups at positions 5 and 6. To our knowledge, the synthesis of 5,6-di-O- 
methyl-D-galactofirranose has not yet been reported. 

Treatment6 of methyl B-D-galactofuranoside’ -(I) with acetone gave the 
5,6_isopropylidene acetal (2) in 95 % yield. Benzylation6 of 2 gave methyl 2,3&-O- 
benzyl-5,6-U-isopropyhdene-j3-D-galactofuranoside (3) in 65 % yield. Cieavage of 
the isopropylidene group at room temperature with dilute acetic acid’ yielded 71.5 % 
of 4. This product was methylated according to Hakomorig to give the corresponding 
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on a column of silica gel eluted with butanone, affording 2 (4.55 g, 19.44 mmol, 
95% yield): b.p. 120”/0.25 mm, [a&, -81’ (c 2.6, chloroform). 

Anul. Calc. for C1eH1806: C, 51.31; H, 7.69. Found: C, 51.49; H, 7.77. 
Methyl 2,3-di-O-benzyi-5,6-O-isopropylidene-~-~-gaIactofuranoside (3). - To a 

solution of 2 (3.65 g) in dry dimethyl sulphoxide (50 ml) was added methylsulphinyl 
anion (2M, 20 ml) at 20”. cr-Chlorotoluene (7.5 ml) in dimethyl sulphoxide (15 ml) 
was then added dropwise. After stirring for one h, benzene (250 ml) was added to 
the mixture. The benzene extract was washed with saturated sodium hydrogen- 
carbonate and then water, and dried with sodium sulphate. Evaporation gave a 
syrup that was purified on a column of silica gel eluted with 3 : 1 dichloromethane- 
ethyl ether yielding 3 (4.10 g; 63.5 %), b.p. 180°/0.25 mm, [a-jr, -55” (c 2.7, chloro- 
form). 

Anal. Calc. for C2,&13e06: C, 69.56; H, 7.24. Found: C, 69.18; H, 6.97. 
MethyZ 2,3-di-O-benzyll-j?-D-galactofiranoside (4). - Cleavage of the isopropyli- 

dene group in 3 (1.83 g) was effected with 7 : 3 (v/v) acetic acid-water (65 ml) for 
24 h at room temperature’ to give 4, which crystallized from ethyl ether in 71.5% 
yield, homogeneous on silica gel t.1.c. (3 : I dicbloromethane-ethyl ether, RF 0.14; 
butanone, RF 0.74); m-p. 91 O, [U]~ -80’ (c 3.0 chloroform); ‘H-n.m.r. (CDCfs + 
Me,Si): 6 7.5-7.2, (aromatic), 4.9 (II-l), 4.64.4 (2-CH2, benzyl), 4.14-3.30 (H-2,3, 
and 4), 3.85-3.50 (II-5,6a, and Sb), 3.34 (OCH,), 3.2-2.7 (OH-5, OH-6); f3C-n.m.r. 
(CI.X& t Me,Si): 6 107.40 (C-l), 87.40, 83.40, and 82.40 (C-2, C-3, and C-4, not 
individually assigned), 72.40, 71.95 (CH, of benzyl*), 71.50 (C-5*), 64.40 (C-6), 
and 54.85 (OCH,). 

MethyZ 2,3-di-O-benzyl-5,6-di-O-methyl-~-~-galactofuranoside (5). - Methyla- 
tion of 4 (0.6 g) was performed according to Hakomorig. Extraction with chloroform 
and purification on a column of silica gel eluted with 3 : 1 dichloromethane-ethyl 
ether gave 5 (44% yield), b.p. 204“/0.8 mm), [aID -64“ (c 1.7, chloroform). 

Anal. Calc. for C2sHs006: C, 68.65; H, 7.46. Found: C, 68.39; -H, 7.53. 
Methyl S,6-di-0-methyZ-/I-D-galactofuranoside (6). - Hydrogenolysis of 5 (0.23 

g) in ethanol (30 ml) was effected with palladium on charcoal and afforded 6 (98 mg, 
77 %), homogeneous on t.1.c. (silica gel 3 : 1 dichloromethane-ether, RF 0.1; b&none, _ 

RF 0.52); CaJD - 107O (c 2.7 chloroform). It gave a singIe peak in gas chromato- 
graphy on column B at 180“ (RT 7.1 relative to methyl 2,3,4,6-tetra-U-methyl-x-o- 
glucopyranoside). 

5,6-Di-0-methyl-a-D-galactofilranose (7). - Compound 6 was hydrolysed 
according to Robertson and Lamblo and gave a colorless syrup, homogeneous by 
chromatography on Whatman no. 1 paper (4 : 1: 4.9 : 0.1 l-butanol-ethanol-water- 
ammonium hydroxide, R, 0.53; RG 0.65 relative to 2,3,4,6-tetra-0-methyl-D-glucose); 
b.p. 1400/0.3 mm, [a]? -20” (10 min) 3 0” (equil.) (c 1, water). 

1,2,3,4-Tetra-O-acetyl-S,6-di-O-methyi-D-galnctitoZ (8). - Reduction of 7 with 

*An off-resonance experiment allowed differentiation between C-S and the two methylenic carbon 
atoms of the benzyl ethers. 
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sodium borohydride, followed by acetylation’ r , gave the aIdit acetate 8, which wa 
examined directly by g.1.c. on column A at 155” and then by g.l.c.-m.s. on an OV-22 
column at 150°. The product showed the expected fragments at m/e 43 (lOO), 45 (17) 
59 (21.7), 89 (X3),97 (46.7) 129 (35.2), 139 (74.2), 149 (25.8), 171 (16.6), 259 (12.81 
333 (28.8). 
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