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ABSTRACT

Some L-fucopyranosyl di-, tri-, and tetra-saccharides containing D-glucose
and D-galactose have been synthesised. The use of mercuric cyanide and 2-O-ben-
zyl-3.,4-di-O-p-nitrobenzoyl-a-L-fucopyranosyl bromide gave a-L-fucopyranosides
stereospecifically, but 2,3,4-tri-O-acetyl-a-L-fucopyranosyl bromide gave mixtures
with selectivity favouring the 8 anomer. A tetrasaccharide was prepared containing
both a- and B-L-fucopyranosyl residues in the same molecule, as part of a structure
occurring in some extracellular bacterial polysaccharides. The configuration and
positions of substitution of fucopyranosyl residues were clearly shown by 'H- and
13C-n.m.r. data.

INTRODUCTION

Complex extracellular polysaccharides are produced by many Gram-negative
bacteria'. Colanic acid produced by some Escherichia coli and Salmonella species
contains a hexasaccharide repeating-unit with both «a- and g-fucopyranosyl re-
sidues®. The B-L-fucopyranosyl linkage is extremely rare in Nature and raises in-
teresting biochemical questions®.

Earlier studies of the stereochemistry of the Koenigs—Knorr reaction led to
methods for preparing both a- and B-L-fucopyranosides, so that controlled synthe-
sis of such repeating structures should be feasible**. Various oligosaccharides con-
taining both of these residues have now been prepared.

RESULTS AND DISCUSSION

Reaction of 2-O-benzyl-3,4-di-O-p-nitrobenzoyl-a-L-fucopyranosyl bromide®
(1) with 1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (3) in the presence of mer-
curic cyanide, followed by catalytic deacylation, gave 3-O-(2-O-benzyl-a-L-fuco-
pyranosyl)-1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (5). The yield of §
(from 1) was 60% if excess of 3 was used. Since 40% of 3 was recovered and could
be recycled, this approach involved the most economical use of the expensive
bromide 1.
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Treatment of § with approximately equimolar proportions of benzyl bromide
and sodium hydride in N,N-dimethylformamide, followed by acetylation, gave the
3-acetate (7) and 4-acetate {6, R = Ac) in the ratio of 3:2, which were charac-
terised on the basis of their n.m.r. data.

Repgiospecific benzylation of § was achieved by using the stannylidene com-
plex’, to give 58.5% of syrupy 3-0-(2,3-di-O-benzyl-a-L-fucopyranosyl)-1,2: 3 6-
di-O-isopropylidens-e-D-glucofuranose (6) after purification viz the 4-acetate.
Catalvtic hvdrogenolysis of §, followed by selective acid hydrolysis, gave 3-O-n-L-
fucopyranosyvl-D-glucose {11).

Reaction of methyl 2,4,6-tri-(-benzyl-a-D-glycopyranoside® (4) with 1 under
Koenigs-Knorr conditions, followed by catalytic deacylation, afforded a 70% yield
of methyl 2.4,6-tri-0-benzyl-3-0-(2-O-benzyl-a-L-fucopyranasyl)-a-D-gluco-
pvranoside (8). The n.m.r. spectrum and optical rotation of B were consistent with
the a-L-fucopyranosyl structure and, as in the synthesis of 8, there was no evidence
for the formation of the 8 anomer.

Benzylation of the stannylidene complex of 8 led to regiospecific substitution
at HO-3 {eguatorial), and 82% of the pentabenzyl ether 9 was obtained. The struc-
ture of 9 was established by comparison of its n.m.1. spectrum with that of its ace-
tate, and confirmed by the fact that partial hydrolysis of 9 with acid gave 4 and 2,3-
di-0-benzyl-L-fucose.
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Condensation of 6 with 2,3 4-tri-O-acetyl-a~L-fucopyranosyl bromide” (2) in
the presence of mercuric cyanide did not proceed stereospecifically. In 1:1 nit-
romethane-benzene, the terminal «,8-L-Fucp ratio (12:13) was 1:2, whereas, in
acetonitrile, the reaction was much more stereoselective (a.8 ratio, 1:9), although
the total yield was rather lower. The trisaccharide derivatives 12 and 13 were iso-
lated by column chromatography. Likewise, condensation of 9 with 2 in nit-
romethanc-benzene, followed by deacylation and column chromatography, gave
46.5% of the B-L-Fucp-substituted disaccharide derivative 19 and 11% of the o
anomer. The 80-MHz n.m.r. spectrum of 19 was sufficiently well resoived to enable
identification of both the a- and B-L-Fucp residues present. Catalytic hydro-
genolysis of 19 afforded crystalline methyl O-B-L-fucopyranosyl-(1.—4)-O-a-1.-
fucopyranosyl-(1—3)-a-D-glucopyranoside (20).
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Methyl 2,3-di-O-benzyl-4-0-8-D-galactopyranosyl-a-L-fucopyranoside (14)
was synthesised in >80% yield from methyl 2,3-di-O-benzyl-a-L-fucopyranoside
and 2,3.4.6-tetra-O-acetyl-a-D-galactopyranosy! bromide followed by catalytic
deacetylation. The crystalline product was anomerically pure, and had the ex-
pected n.m.r. spectrum and sign of optical rotation. Acetylation of 14 followed by
acetolysis gave 4-0-B-D-galactopyranosyl-L-fucose hepta-acetate {(16) which con-
tained ~90% of the o anomer, as indicated by the p.m.r. spectrum.

Condensation of 9 and the glycosyl bromide 17 (prepared from 16), followed
by catalytic deacetylation and column chromatography. gave methyl O-B8-D-galac-
topyranosyl-(1—-4)-O-(a- and B-L-fucopyranosyl)-(1-—4)-0-(2.3-di-O-benzyl-a-1-
fucopyranosyl)-(1—3)-2.4,6-tri-O-benzyl-a-D-glucopyranoside (22, 22%; and 23,
52.5%). Both compounds were crystalline solids, and the p.m.r. data and optical
rotations accorded with the structures assigned.

Catalytic debenzylation of 22 and 23 produced the methyl tetrasaccharides 24
and 25, respectively, which could not be crystallised, and catalytic deacetylation of
16 afforded 4-O-g-D-galactopyranosyl-B-L-fucopyranose (18).

The reaction of the glycosy! bromide 1 (benzylated at position 2) with two
different nucleophiles (3 and 4) proceeded stereospecifically and gave a-glycosides,
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but the glycosyl bromides 2 and 17 (acetylated at position 2) gave S-glycosides.
High-resolution p.m.r. spectra ot some of these oligosaccharide pairs (20 and its
anomer, 22 and 23. 24 and 25) showed the marked etfect of anomernie differences
upon the CMe signals. which can serve as markers Anomeric configurations could
generally be established on the basis of the H-1 signaly of the fucopyrunosyl re-
sidues. C-N.m.r. spectra of some of the products, meluding the two tetrasac-
charides (24 and 25). confirmed the structures ascribed. and showed quite clearly
the anomeric configurations and positions of substitution of the glveopyranosyd re-
stdues (Table T).

EXPERIMENTAL

For general methods, see ref. 10. '"H-N.m.r. spectra were recorded with a
Bruker HFX-10 (90 MHz) or WH-270 (270 MHz) spectrometer SCWNLmLr.
spectra were recorded for solutions in D-0 with a Bruker WH-270 spectrometer.
Chemical shifts tor '*C-n.m 1. spectra are given relative to that of Me,Si by using
internal 1. 4-dioxane (& 67.4). When the solvent is not specified lor n m 1 spectra,
CDCl; is implied. All optical rotations were determimned at 24-25

3-0-(2-0-Benzyl-u-1 - fucopvranmyl)-1.2:5 6-di-O-nopropvitdene -a-D-glu-
cofuranose (5). — To a stirred solution of 1.2:5.6-di-O-1sopropyliidene-w-D-gluco-
furanose (3: 4.5 g, 17.3 mmol)n I: [ nitromethane--benzene (4 ml), dried by par-
tial evaporation of the sohent. were added mercuric cvamde (3 g. 12 mmol) and 2-
(-benzyl-3 4-di-O-p-nitrobenzoyvi-a-L-tucopyranosyl  bronnde (1. "¢ g, 114
mmol) in three portions during I h. Atter an additional 12 h at ambient tempera-
ture, the mixture was diluted with benzene. and the organic layer was washed suc-
cessively with saturated, aqueous sodium hydrogencarbonate and water . dried. and
concentrated. A solution of the residue in 1:2 chlorotorm-methanol was conven-
tionally deacylated catalytically with sodium methoxide, concentrated 10 a small
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TABLE1

13C-N M R DATAY FOR L-FUCOPYRANOSIDES?

CH,OH
HO | o o
OH (D) fg; HO
o OMe
OH OH
10 15 20 24 25
Ring D
C-1 104.3 104.2 104.1
C-2 72.1 72.1 72.4
C-3 734 73.3 731
C-4 695 69 4 68.80r69.5
C-5 76.0 75.9 759
C-6 61 8 61.8 61.9
Ring C
C-1 100.3 100.4 105.2 101.3 105.2
-2 68.9 69.5 71.1 68.90r 69.2 72.2
C-3 70,4 69.8 740 69.6 or 69.8 73.2
C-4 72.4 81.3 72.4 811 79.8
C-5 67.6 67.5 717 68.1 71.9
C-6 16.0 16.1 16.4 1590r 16.0 16.4
Ring B
C-1 100 2 100.3 1002
C-2 68.9 68.90r69.2 68.8 or 69.5
C-3 69.7 69.6 or 69.8 69.7
C-4 82.5 81.5 82,7
C-5 67.3 68.0 67.2
C-6 16.1 1590r160 16.0
Ring A
C-1 100.0 100.1 100.1 100.0
C-2 724 72.2 724 725
C-3 81.0 81.0 811 81.0
C-4 69 2 69.7 70.2 70.2
C-5 72.7 72.4 72.4 72.9
C-6 61.4 61.4 61.4 61 4

OMe 55.8 56.0 55.8 55.8 55.8

“For solutions in D>O; 8 in p.p.m from the signal for Me;$1 (internal 1.4-dioxane, § 67.4). bA, a-D-
Glcp: B, a-L-Fucp. C, a- or B-L-Fucp; D, 8-D-Galp

volume, and diluted with chloroform, and the organic layer was washed twice with
water. The aqueous washings were back-extracted four times with chloroform, and
the combined organic layers were dried (Na,SO,) and concentrated. The residue
was eluted from silica gel with benzene—ether (1:1), to give methyl p-nitrobenzoate
and 3 (1.8 g. 40%). Elution with benzene—ether—methanol (14:14:1) then gave §
(3.5 g; 60%, based on 1), m.p. 169-171° (from ethanol), [a]p —123.5° (c 0.77,
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chloroform). N.m.r. data: 6 t.24 (3 H.J 7 Hz. H-6"), 1.27. 1 39, 1 47 (6 H). 492
(J3 Hz, H-1 of a-1-Fucp ). 5.76 {J 3.6 Hz, H-1 of a-D-Glef), and 7.31 (5 H)

Anal. Calc. for C,sHy O C, 60.47; FI. 7.31. Found: ¢, 6(.60: H. 7 18

3-0-(2,3-Di-O-benzvl-ad -fucopvranosy-1,2 -5 .6-di-O-isopropy idene-q-D-
glucofuranose (6). — Sodium hydride (0.067 g. 1.4 mmol) was added to « stirred
solution of 5§ (0.72 g. 1.4 mmol) in N N-dimethylformamide (20 mL) followed.
after 2 h at ambient temperaturce. by benzyl bromide (0 17 ml., 1.4 mmol). and the
mixture was stirred for a further [ h. After the addition of methanol (1 ml.) and
water in excess, the mixture was extracted with toluene. and the organe fayver was
washed with water and concentrated. The residue was conventionally acetylated
with acetic anhydride—-pyridine. and the product was eluted trom o column of silica
gel with benzene-cther (Y1) 1o give. first and presumably, the d-acetate of 6 (1.2
g 243 fa;, =730 Nomor datas @ 216 {a-OAc). Eluted second was, pre-
sumably.  3-0-(3-O-acety -2 4-di-O-benzyl-a-i -fucopyranosyD-1.2: 3 6-di-(O-is0-
propylidenc-c¢-D-glucofuranose (7. 0300 g, 33240, [er]y, =800 (¢ 2 3, chloroform).
N.m.r. data: § 1.97 (e-OAC)

The former compound was obtained in better yield by regiospecitic benzyla-
tion of the stannylidene complex of § A solution of 5§ (2 9 g, 5 65 mmel) was boiled
under reflux with dibutyltin oxide (1.5 g. 5.9 mmol) in benzene (60 mL) for 4 h with
azeotropic removal of water. After concentration of the solution to 3% mi. and re-
duction of the temperature to 807, tetrabutylammonum todide (6.5 g) and benzyl
bromide (1.4 mL, 11.5 mmol) were added, and the mixture was stirred overnight
at 80° T.l.c. (4:1 benzene-cther) then showed essentially one spot. Alter addition
of aqueous sodium hydrogencarbonate, the organic layer was washed with water,
dried, and concentrated. The residue was conventionally acetylated and the prod-
uct was found to be the d-acctate ot 6. Coloured contaminants were romoved by
column chromatography, and the product (2.3 g) was catalvtically deacetvlated to
give amorphous 6 (2.0 g. 38.3¢7 ). [a};, =70° (¢ 1. chlorotorm).

Anal. Calc. for Cy-H -0y CL65.510 HL 7.22, Found: C, 6535, H, 7.04,

3-O-a-L-Fucopyranosyvi-D-glucose (11). — A soluthion of 5 (0.17 g) in aqueous
90% ethanol (50 mL) containing 10% Pd/C (6 2 g) was catalytically hydro-
genolysed at 3 atm. overnight and the filtered solution, which showed one spot in
t.l.c. (9:1 chloroform-methanol). was concentrated. The restdue was dissolved in
ethanol (5 mL). aqueous 0.5 sulfuric acid (5 ml.) was added. and the solution
was kept overnight at ambient temperature, neutralised (BaCOy), filtered, and
concentrated. A solution ot the residue in chloroform—methanol-water (60:25-4)
was added to a column of silica gel. Elution with 2-propanol-water (7-3) gave 11
(74 mg, 69% ), [a];, =47 (¢ 1.47. methanol).

Anal. Calc. for C;>,H--0y,: C, 44.17: H, 6.80. Found: C. 44.04;: H. 6,95

Methvl  2,4.6-tri-O-benzyl-3-O-(2-O-benz vi-a-1 -fucopyvranosy -a-D-gluco-
pyranoside (8). — Methyl 2.4.6-tri-O-benzvi-a-D-glucopyranoside (4; 4.4 g, 9.5
mmol), mereuric eyanide (2.0 g, K mmol). and 1 (5.0 g, 8 1 mmol) i niromethane—
benzene (30 mL) were allowed to react. as described above for 8. for a wotal of 13
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h, followed by work-up and catalytic deacylation. Column chromatography of the
product gave 4 (1.6 g, 36.4%) and 8 (4.0 g, 70% calculated on 1), which was eluted
by benzene—ether (1:1). The product did not crystallise and had [a], —25° (¢ 1.4,
chloroform), N.m.r. data: § 0.85 (3 H, J 8 Hz, H-6'), 3.30 (3 H), 4.71 (J 4 Hz, H-1
of a-L-Fucp), 5.75 (J 4 Hz, H-1 of @-Glcp), and 7.25-7.34 (20 H).

Anal. Cale. for C4yHygO: C. 70.26; H, 6.90. Found: C, 70.52; H, 7.05.

Methyl 2,4.6-tri-O-benzyl-3-0-(2,3-di-O-benzyl-a-L-fucopyranosyl)-a-D-
glucopyranoside (9). — Benzylation of 8 (6.6 g) in benzene via the stannylidenc
complex gave essentially a single product which, after purification by elution from
silica gel with benzene-ether (4:1). was a syrup (6.1 g. 82%), [a]p —28° (¢ 1.3,
chloroform). N.m.r. data: 6 0.83 (/ 8 Hz, H-6"), 3.30 (3 H), 5.70 (/ 3.5 Hz), and
7.21-7.30 (25 H).

Anal. Calc. for C4gHs4044: C, 72.89; H, 6.88. Found: C. 72.60; H, 6.75.

Conventional acetylation of 9 gave a product with an n.m.r. signal at § 2.14,
presumably due to AcO-4(a).

3-0-{2,3-Di-O-benzyl-4-O-(a- and B-L-fucopyranosyl)-a-L-fucopyranosyl}-
1,2:5,6-di-O-isopropylidene-a-D-glucofuranose (12 and 13). — Compound 6 (1.0 g,
1.70 mmol), 2,3,4-tri-O-acetyl-a-L-fucopyranosyl bromide (2; 0.60 g, 1.94 mmol,
added in portions), and mercuric cyanide (0.50 g, 2 mmol) were allowed to react
in 1:1 nitromethane-benzene (20 mL), as described for 5, for 24 h. After work-up
and catalytic deacetylation, extraction of the product with chloroform gave a three-
component mixture (t.l.c.). Column chromatography (9: 1 chloroform—methanol)
gave 6 (0.3 g, 30%), followed by 13 (0.55 g, 44%) and 12 (0.25 g. 20%).

Compound 12 had [a], —106.5° (¢ 0.6, chloroform). N.m.r. data: § 1.19~
1.46 (18 H), 5.75 (H, J 3.5 Hz), and 7.25~7.32 (10 H).

Anal. Calc. for C3.Hs,0,,4: C, 62.28; H, 7.15. Found: C, 62.35; H. 7.40.

Compound 13 had [a] —30.5° (¢ 1.6, chloroform). N.m.r. data: § 1.13-1.48
(18 H), 5.75 (H, J 3.5 Hz), and 7.26-7.29 (10 H).

Anal. Found: C, 62.28; H, 7.02.

Similar reaction of 6 (1.7 g) in acetonitrile gave 12 (0.10 g. 4.4%) and 13
(0.80 g, 35.6%), together with 6 (0.65 g, 38.2%).

Methyl 2,3-di-O-benzyl-4-O-B-D-galactopyranosyl-a-L-fucopyranoside (14).
-— Reaction of methyl 2,3-di-O-benzyl-a-L-fucopyranoside (13 g, 34.2 mmol), mer-
curic cyanide (13 g, 50 mmol), and tetra-O-acetyl-a-D-galactopyranosyl bromide
(21.0 g, 51 mmol) in nitromethane-benzene (1:1) for 24 h. followed by catalytic
deacetylation and column chromatography. gave a crystalline solid (15.5 g, 81%)
eluted by chloroform—methanol (9:1). Recrystallisation from ethyl acetate—
acetone gave 14, m.p. 184-186°, [alp —86° (¢ 1.1, 95% ethanol). N.m.r. data
[(CD3),S0}: 8 1.27 (J 8 Hz, H-6), 3.70 (OMe), and 7.31 (10 H).

Anal. Calc. for C57H3,0,4: C, 62.05; H, 6.95. Found: C, 62.00; H, 7.07.

Methyl 4-O-B-D-galactopyranosyl-a-L-fucopyranoside (15). — Catalytic hy-
drogenolysis of 14 (4.5 g), followed by the usual work-up, gave a solid that was pre-
cipitated in amorphous form (2.6 g, 89%) on cooling a hot solution in methanol-
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ethyl acetate and had m.p. ~150°_{a];, —103°{c 1.5. methanol). N.m.r. data: (270
MHz, D.O): 6§ 1.21 (3 H. J 6 5 Hz, H-6), 3.29 (3 H). and 4 33 (H. J 6 5 Hz. H-]
of B-Galp).

Anal. Calc. for C3H-O,,: C.45.88; H. 7.11. Found: C.45.62: H., 7 42

4-O-B-D-Galactopyranosyi-1-fucose 1,2.3,2',.3' 4 ,6'-hepta-acetate {16). -—
Treatment of 15 (3.2 g) with acetic anhydride~pyridine overnight at ambient tem-
perature gave a syrupy product. [a];, —46.5° (¢ 1.7. chloroform). To a stirred solu-
tion of this product in 5:1 acetic anhydride-acetic acid (60 mL)y at 3 was added 1:9
sulfuric acid-acetic anhydride (4 mL). The mixture was kept overnight a1 57 stirred
with excess of cold aqueous sodium hydrogencarbonate {or 2 h, and extracted with
chloroform. The extract contained a product with Ry 4 8 {11 benzene- ether). and
traces of 15. Column chromatography (1:1 benzene—ether) gave 16 as asyrup (4.65
g, 8077), [a], —84°(c 2., dichloromethane). N.m.r. data: & 1.26 (J 8 Hz. H-6).
1.98-2.17 {21 H. including 2.7 H at 2.{0 presumably due to AcO-1a of Fucp). and
6.8 (0., H,J 3 Hz. H-1 of a-acetate).

Anal. Cale. for CooHz,0,7: C, 30.32: H, 5.85. Found: C. 50.51: H, 5.76.

Methvl  3-O-(4-Q-B-1 -fucnpyranosvi-a-1 -fucopyranosyl)-a-D-glucopyrano-
side (20). — Reaction of 9 (1.9 g. 2.4 mmol), mercuric cyanide (0.8 g. 3 2 mmol),
and 2 (1.5 g. 5 mmol) in 1:1 nitromethane-henzene (25 mL). as descnibed above
for 5, followed by catalytic deacetviation and column chromatography. gave 9 ((1.63
g. 349¢), eluted with benzene-cther—methanol (14:14:1), chlorolorm -methanol
(19:1) eluted a major product (1.05 g, 46.5% ), [a};, - 36° (¢ I, chlorotorm). fol-
lowed by a minor product (.25 g, i17¢), Ja};, —86° (¢ 1 5. chlorotorm). N m.r
data: major product. § 0.78 (3 H, J 8 Hz). 1.22 (3 H, J8 Hz), 3 30(3 . 405 ¢J
8 Hz, H-1 of B-L-Fucp). +.78 (J 3 Hz. H-1 of a-1-Fucp). 5.65 (J 3 Hz. H-1 of a-D-
Glcep), and 7.21-7.30 (25 H): mmnor product. §0.78 (AH. J8 Hz). 1 003 H, J ¥
Hz).3.29 (3 H), and 7.21-7.20 (25 H).

The major fraction was hvdrogenolysed in 957 ethanol over 10¢¢ Pd/C, and
the product was purified by column chromatography Chloroform-methanol-water
(60:25:4) eluted a white solid (0.35 g, R077) that crystallised from ethanol. to give
20. m.p. 223-226° la];, -2+ (¢ I, methanol). N.m.r. data: (270 MHz7. D-0): &
LI4(3H. J7H7), LLI9S(3H. 769 Hz). 333 (3 H). 447 (1 H. 1 7.6, -1 -Fuep),
and 5.13 (1 H.J 3.8, e-L-Fucp).

Anal. Calc. for C;H Q) ,: C.46.91; H, 7.04 Found: C. 46.65: H, 7.02.

Methvl O-B-D-galactopyranosvi-(1—-4)-O-(a- and B-1 -fucopyranosy!)-( 1--4)-
0O-(2,3-di-O-benzyl-a-1.-fucopyranosyl)-{ 1—3)-2,4,6-tri-O-benzyl-a-D-glucopyra-
noside (22 and 23). — A solution of 16 (4.0 g) mn acetic acid (20 ml.) and HBr-
HOACc (457 . 20 mL) was kept at 5 for 30 min. and t.1.c. then showed that reaction
was complete. The mixture was extracted with dichloromethane, and the extract
was washed with aqueous sodium hydrogencarbonate and ice -water. and then con-
centrated. T.l.c. (1:1 benzene—ether) showed almost homogencous 17 (4.3 g.
100, fa}iy —141° (¢ 1, dichloromethane). Reaction of 17 (4 0 g. 6.2 mmol) with
9 (3.0 g. 3.8 mmol) and mercuric cvanide (1.5 g, 6 mmol) in 1:1 mtromethane-ben-
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zene (35 mL) for 2 days, as described for 5, followed by catalytic deacetylation and
column chromatography (9:1 chloroform~methanol), gave 23 (2.7 g, 52.5%) fol-
lowed by 22 (1.2 g. 22%). Both 22 and 23 crystallised from ethanol-ether.

Compound 22 had m.p. 178-180°, [a], —80° (¢ 0.9. methanol). N.m.r. data
(270 MHz): § 0.76 (3 H.J 7 Hz), 0.92 (3 H,J 6.5 Hz), 3.25 (3 H),4.75 (H. J 3.5
Hz),5.65 (H,J 3.5 Hz). and 7.10-7.40 (25 H).

Anal. Calc. for CoH7yO14: C, 65.26; H, 7.21. Found: C, 65.31; H, 7.00.

Compound 23 had m.p. 143-145°, [a]p, —40° (¢ 0.9 methanol). N.m.r. data
(270 MHz): §0.75 (3 H,J7Hz), 1.26 BH.J6.5H2).3.25 3 H). 4.10(H, J 7.5
Hz).5.65(H.73.5Hz), and 7.10-7.40 (2S H).

Anal. Found: C,65.13; H.6.92.

Methyl O-B-D-galactopyranosyl-(1—4)-O-a-L-fucopyranosyl-(1—-4)-O-a-L-
fucopyranosyl-(1—3)-a-D-glucopyranoside (24). — Hydrogenolysis of 22 (0.38 g)
in 95% ethanol, as described above, gave essentially one product (0.15 g, 67%)
which did not crystallise even after column chromatography (elution with 60:35:8
chloroform-methanol-water). It had [a], —75° (¢ 1.2, methanol). N.m.r. data
(270 MHz, D,0): § 1.18 (6 H, J 6.5 Hz, H-6',6"). 3.34 (3 H), 4.33 (H. J 7.1 Hz,
H-1 of B-D-Galp), 4.90 (H, J 3.5 Hz, H-1 of a-L-Fucp), and 5.17 (H, J 3.8 Hz, H-1
of a-L-Fucp).

Anal. Cale. for C,sH,,044: C, 46.29: H, 6.84. Found: C, 46.01; H, 6.95.

Methvl O-B-D-galactopyranosyl-(1—4)-O-B-L-fucopyranosyl-(1—-4)-O-a-1-
fucopyranosyl-(}—3)-a-D-glucopyranoside (25). — Similar treatment of 23 (1.0 g)
afforded. after chromatography. a glass (0.50 g, 85%), Ryp ~1.4 (60:35:8 chioro-
form~methanol-water), [a] —23° (¢ 1.1, methanoi). N.m.r. data (270 MHz,
D0):81.143H.J6.5H2), 1.25(3H.J6.5H2).3.33 3 H), 413 (H.J 7, H-1
of B-L-Fucp), 4.38 (H, J 7 Hz, H-1 of B-D-Galp), and 5.14 (J 3.5 Hz. H-1 of a-L-
Fucp).

Anal. Calc. for C>;sH,,0,4,: C, 46.29; H, 6.84. Found: C. 45.95; H, 6.70.

Methyl 3-O-a-1-fucopyranosyl-a-D-glucopyranoside (10). — Hydrogenolysis
of 8 (0.90 g) in 95% ethanol, as described above, gave a solid product (0.40 g, 92%)
which was almost completely homogeneous in t.l.c. {(4:1 chloroform-methanol).
Recrystallisation from ethanol gave needles of 10, m.p. 197-199°, {a], —20°(c 0.7,
methanol). N.m.r. data (270 MHz, D,0): § 1.07 (3 H,J 6.5 Hz, H-6"), 3.32 (3 H),
and 5.11 (H.J 3 Hz, H-1 of a-L-Fucp).

Anal. Calc. for C;H»,0,: C.45.88; H,7.11. Found: C, 46.01; H, 7.05.

4-0-B-D-Galactopyranosyl-L-fucose (18). — Compound 16 (0.8 g) was
catalytically deacetylated in methanol at 5° overnight. T.l.c. (60:35:8 chloroform—
methanol-water) showed a single. slowly-migrating spot. The solution was stirred
with excess of Dowex 50 (H") resin and, after filtration, concentrated, and the re-
sidue was recrystallised from ethanol containing a little methanol, to give needles
of 18 (0.35 g, 83%), m.p. 182-184°, [a}p —39° (S min) — —48° (18 h) (¢ 1. water).

Anal. Calc. for C;5Hx0,: €. 44.17: H, 6.80. Found: C, 43.89; H, 6.85.

Q-B-L-Fucopyranosyl-(1—4)-O-a-L-fucopyranosvl-(1—3)-D-glucose (21). —
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Hydrogenolysis of 13 (0.50 g) in ethanol, as described above, followed by deaceta-
lation of the residue in 1:1 1.4-dioxane-1% sulfuric acid (10 mL) at ambient tem-
perature overnight, gave a product that was almost homogeneous in t.1 ¢. (60:25 4
chloroform—methai-l-water). The solution was neutralised with BaCO) . filtered.
and concentrated, und ithe residue was purified by column chromatographs . to give
21 (0.25 g. 78%). which did not crystallise and had [a], —60" (¢ 1.2, methanol).
PC-Nomur. data: 8 1053, 741, 72.8, 72.6, 71.2, and 16.5 (assigned to -1 -Fuep):
[06).3, 82.6,69.9.69.2, 67.5. and 16.3 (assigned to 4-O)-substituted a-i-Fuep): tvpi-
cal a- and B-D-Glep peaks were also present. including those at 6 93.0 and 96.6 (C-1
of @-D-Glep and B-D-Glep. respectivelv ).

Anal. Calc. for C,uH+.O(,: C,45.76: H, 6.83. Found: C. 45.38: H, 6.49.

Partial, acid hydrolysis of 9. — A solution of 9 (0 47 g) in 11 [ 4-dioxanc-M
H-SO, (40 ml.) was boiled under reflux tor 3 h. cooled. ncutralised (BaCOs5), and
concentrated. The residue was subjected to chromatography (1:1 benzene—cther)
to give, first, 4 (0.22 g. 837¢), and then 2.3-di-O-benzyl-{ -tucose (0.17 g, 83.57)
which was identical (1.1 ¢c.. optical rotation. p.m.r. spectrum) with an authentic
specimen and clearly differentiated by these critena from 2.4- und 3.4-di-O-benzy -
1 -fucose’’
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