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Novel neutral glycosphingolipids isolated from the plerocercoids of a tapeworm, Spirometra erinacei, may be
expected to be involved in host-parasite interactions. We have synthesized this glycosphingolipid analogue con-
taining 2-branched fatty alkyl residue in place of ceramide. Glycosylation of nonreducing-end trisaccharide de-
rivative 15 with the reducing-end disaccharide derivative 17 in the presence of trimethylsilyl triflate (TMSOTY)
gave the desired oligosaccharide derivative in good yield. The fully per-O-acylated 2-(trimethylsilylethyl glyco-
side 19 was converted to glycosylimidate 20, which was condensed with 2-(tetradecyl)hexadecanol and subse-
quently deacylated to give the target glycosphingolipid analogue 22.
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Glycosphingolipids are components of cell membranes
and are thought to play important roles in a variety of biolog-
ical events, including extracellular recognition and cell—cell
interaction.” Similarly, parasite glycosphingolipids are ex-
pected to be involved in host-parasite interactions such as
species-related infestation and stage development or the
choice of target organs that parasites preferentially invade,
however, few structural analyses of such molecules in platy-
helminth parasites have been performed. In our previous
paper, we reported the synthesis of four glycosphingolipid
analogues from Echinococcus multilocularis in the neogala
series, the structures which have a B-p-Galp-(1— 6)-B-p-
Galp-core and a fucose residue, suggesting the functional im-
portance of glycolipids in parasitism.” Recently, Kawakami
et al.¥ found and characterized a novel glycosphingolipid
from the parasite Spirometra erinacei, the carbohydrate
structure of which has a penultimate glucose residue attached
to the reducing end galactose through a fB1-3 linkage and a
fucose attached to a glucose through an o1—3 linkage,
GalB(1— 4)[Fucay(1- 3)]Gle f(1— 3)[Gal f(1— 6)]Gal f(1—
1)Cer (Fig. 1). Glycosphingolipids found in nature are classi-
fied into many types according to basic carbohydrate struc-
ture e.g., globo-, lacto-, ganglio-, mollu-, and gala series, and
so on,” however this new carbohydrate structure, GalB(1—
4)Glcf(1—3)Gal, may represent a new type of glycolipid
core series. Furthermore, fucose-containing glycolipids de-
rived from a number of tumor tissues have been shown to be
highly immunogenic in mammalian systems.” For these rea-
sons, the oligosaccharide of this glycolipid was the target of
the synthetic studies described herein as part of our investi-
gation into oligosaccharides of structural and biological in-
terest.

Results and Discussion

For analogue synthesis of the target compound, nonreduc-
ing-end trisaccharide derivative 15 and reducing-end disac-
charide derivative 17 were selected as glycosyl donor and ac-
ceptor, respectively.

Synthesis of Monosaccharide Derivatives Synthesis of
the glucopyranosyl building block 3, which is a component
of the nonreducing-end trisaccharide, was carried out as de-
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picted in Chart 1. 2-(Trimethylsilyl)ethyl 2-O-benzoyl-3,6-di-
O-benzyl-B-p-glucopyranoside (3) was prepared from known
2-(trimethylsilyl)ethyl ~ 4,6-O-benzylidene-3-O-benzyl--p-
glucopyranoside (1)® by the following two-step procedure.
Compound 1 was benzoylated to give 2 and reductive ring-
opening of the benzylidene acetal in 2 with sodium
cyanoborohydride-hydrogen chloride in dry diethylether af-
forded compound 3. On the other hand, galactopyranoside
derivative 6, which is a component of the reducing-end
disaccharide, was obtained from 2-(trimethylsilyl)ethyl S-p-
galactopyranoside (4)® by regioselective p-methoxybenzyla-
tion” of the in situ prepared stannylidene derivative of 4,
with p-methoxybenzyl chloride and subsequent regioselec-
tive silylation with ferz-butyldimethylsilyl chloride (TBDMS-
Cl), followed by benzylation. Removal of the TBDMS group
from 5 by Bu,NF gave the galactose acceptor 6.

Synthesis of Target glycolipid Analogues The glycosy-
lation of 3 with known phenyl 2,3.4,6-tetra-O-benzoyl-1-
thio-B-p-galactopyranoside 8* in the presence of N-iodosuc-
cinimide (NIS) and trifluoromethanesulfonic acid (TfOH)
(cat)” and 4 A MS in dichloromethane for 30min at 0°C
gave the desired disaccharide 10 (52%), as evidenced by 'H-
NMR spectroscopy (H-1', 4.45 ppm, J=7.9 Hz). Compound
10 was converted by O-debenzylation to 11, and subsequent
regioselective pivaloylation afforded the 3-OH compound 12.
Glycosylation of 12 with phenyl 2,3,4-tri-O-benzyl-1-thio-3-
L-fucopyranoside 9'” in the presence of NIS/TfOH, as de-
scribed for compound 10, gave the desired a-glycoside 13 in
64% yield. The anomeric hydrogen atom of the fucose unit
showed a signal at 6 4.96 (d, J=3.7Hz). The a-L configura-
tion of the newly formed glycosidic bond was also indicated
by the Jgy value of 169.7Hz in the "C-NMR spectrum.'”
Catalytic hydrogenolysis (10%, Pd—-C) of the benzyl groups
in 13 in methanol-AcOH and subsequent O-acetylation
gave the trisaccharide 14. For selective removal of the 2-

GalB(1—>4)Gch(l-—>3)C6ia1B(1-1)Cer
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Chart 2

(trimethylsilyl)ethyl group, the fully acylated oligosaccharide
14 was treated® with trifluoroacetic acid in dichloromethane
for 30 min at 0°C to give the 1-hydroxy compound, which on
further treatment'? with trichloroacetonitrile in the presence
of 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU) in dichloro-
methane for 2h at 0 °C, gave the corresponding reducing-end
trisaccharide donor 15 (Chart 2). On the other hand, for syn-
thesis of the reducing-end disaccharide derivative as the gly-
cosyl acceptor, we chose a 2-(trimethylsilyl)ethyl 2,3,4,6-
tetra-O-benzoyl-B-p-galactopyranosyl-(1— 6)-2,4-di-O-ben-
zoyl-f-p-galactopyranoside. However, coupling of this ac-
ceptor with the donor 15 in the presence of trimethylsilyl tri-
flate (TMSOT) was not successful. (date was not shown)

Therefore, the more reactive compound 2-(trimethylsilyl)-
ethyl 2,3,4,6-tetra-O-benzyl-f-p-galactopyranosyl-(1— 6)-
2,4-di-O-benzyl-B-p-galactopyranoside 17, was selected as
the acceptor. Glycosylation of the former acceptor 6 with
known donor 7'? in the presence of NIS/TfOH gave the de-
sired B-glycoside 16 in 98% yield making use of the solvent
effect of acetonitrile. The anomeric hydrogen atom of the
nonreducing-end galactose unit appeared as a signal at &
4.45 (d, J=79Hz). The B-p configuration of the newly
formed glycosidic bond was also indicated by the J. y value
of 159.7Hz in the 3C-NMR spectrum.'" Selective removal
of the p-methoxybenzyl group in 16 with ceric ammonium
nitrate (CAN) gave 3-OH compound 17. Glycosylation of 17
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with the glycosyl donor 15 in the presense of TMSOTS and
4 A MS for 5h at 0°C afforded the desired fB-glycoside 18
in high yield (85%). The '*C-NMR spectrum showed five
anomeric carbon atom signals at § 103.9 (J=159.3 Hz, Gal
b), 103.0 (J=157.1 Hz, Gal a), 101.3 (J=160.4Hz, Gal c),
100.7 (J=161.5Hz, C-1 of Glc) and 96.4 (J=177.9Hz, C-1
of Fuc). The '"H-NMR spectrum of 18 showed an anomeric
proton doublet for a B-p-glucose unit at 6 5.04 (d, J/=8.5Hz,
H-1) indicating the newly formed glycosidic linkage to be
B-p configuration. Removal of the benzyl groups from 18
by catalytic hydrogenolysis over 10% Pd—C, and subsequent
acetylation gave the per-O-acylated pentasaccharide 19. For
selective removal of the 2-(trimethylsilyl)ethyl group, fully
acylated oligosaccharide 19 was treated'? with trifluoroacetic
acid in dichloromethane for 1 h at 0 °C to give the 1-hydroxy
compound, which, on further treatment with trichloroacetoni-
trile in the presence of DBU in dichloromethane for 2h at
0°C, gave the corresponding receptor carbohydrate 20. Gly-
cosylation'” of 2-(tetradecyl)hexadecanol'> with the glyco-
syl donor was carried out in the presence of TMSOTf and

4 A MS for 2h at 0°C and afforded the desired S-glycoside
21 (31%). Finally, removal of all acyl groups with sodium
methoxide in 1: 1 methanol/1,4-dioxane for 5h at room tem-
perature afforded the desired glycolipid analogue 22. The
anomeric configuration of compound 22 was confirmed by
'H-NMR spectroscopy. Signals were observed at 8: 6.10 (d,
J=3.7Hz, H-1 of Fuc), 5.19 (d, J/=7.9 Hz, H-1of Glc), 5.15
(d, J=7.9 Hz, H-1 of Gal c), 4.82 (d, /=7.3 Hz, H-1 of Gal b)
and 4.63 (d, J=7.9 Hz, H-1of Gal a). Compound 22 revealed
an [M+H]" ion peak at m/z 1233.7571 in the HR-FAB-MS
spectrum (Chart 3).

Experimental

Optical rotations were determined with a JASCO digital polarimeter. 'H-
NMR and "*C-NMR spectra were recorded on a JNM A 500 FT NMR spec-
trometer in CDCl; with Me,Si as the internal standard. MALDI-TOFMS
was recorded on a Perceptive Voyager RP mass spectrometer. High-resolu-
tion mass spectra were recorded on a JEOL JMS-SX102 under FAB condi-
tions. TLC was performed on Silica gel 60 F,s, (E. Merck) with detection by
quenching of UV fluorescence and by spraying with 10% H,SO,. Column
chromatography was carried out on Silica gel 60 (E. Merck). 2-(Trimethyl-
silylyethyl 4,6-O-benzylidene-3-O-benzyl-B-p-glucopyranoside (1), phenyl
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2,3,4,6-tetra-O-benzyl-1-thio- f-p-galactopyranoside (7) and phenyl 2,3,4,6-
tetra-O-benzoyl-1-thio-B-p-galactopyranoside (8) were prepared by literature
methods.*%!?

2-(Trimethylsilyl)ethyl 2-O-Benzoyl-3-O-benzyl-4,6-O-benzylidene-f-
p-glucopyranoside (2) To a solution of compound 1 (1.57 g, 3.42 mmol)
in pyridine (10ml) was added benzoyl chloride (150 ul), and the mixture
was stirred for 4 h at 0°C. The reaction mixture was poured into ice-water
and extracted with CHCI;. The extract was washed sequentially with 5%
HCI, aq. NaHCO, and water, dried (Na,SO,), and concentrated. The product
was purified by silica gel column chromatography using 8:1 hexane—ethyl
acetate as eluent to give 2 (1.81g, 94.2%). [a]3' +14.6° (c=1.9, CHCL,).
'H-NMR §&: 7.66—7.16 (15H, m, 3XPh), 5.70 (1H, s, benzylidene methine),
5.40 (1H, t, J, ,=J,,=8.0 Hz, H-2), 4.92 and 4.79 (2H, each d, benzyl meth-
ylene), 4.72 (1H, d, H-1), 4.49 (1H, dd, H-6a), 4.05 (1H, ddd, OCH,CH,-),
3.98—3.93 (3H, m, H-3, 5, 6b), 3.63—3.61 (2H, m, H-4, OCH,CH,-), 0.94
(2H, m, OCH,CH,-), —0.09 (%H, s, Si(CH;);). MALDI-TOFMS: Calcd for
C;,H3,0,81 m/z: 562. Found m/z: 585 (M+Na)™.

2-(Trimethylsilyl)ethyl 2-O-Benzoyl-3,6-di-O-benzyl-B-b-glucopyra-
noside (3) To a solution of compound 2 (1.81g, 3.22 mmol) and sodium
cyanoborohydride (2.10 g, 33.49 mmol) in dry tetrahydrofuran (THF, 30 ml)
was added powdered 3A MS (3g). and the mixture was stirred for 2h at
room temperature, followed by cooling to 0 °C. Hydrogen chloride in diethyl
ether was added until the solution was acidic (pH paper, gas evolution).
After 10 min., the reaction mixture was poured into ice-water and extracted
with CHCI;. The extract was successively washed with aq. NaHCO, and
water, dried (Na,SO,), and concentrated. The product was purified by silica
gel column chromatography using 4:1 hexane—ethyl acetate as eluent to
give 3 (1.37g, 75.5%). [e]3' —0.5° (c=1.6, CHCL)). '"H-NMR §: 8.14—
722 (15H, m, 3XPh), 540 (1H, t, J,,=J,,=8.0Hz, H-2), 4.81 and 4.78,
4.75 and 4.64 (4H, each d, 2Xbenzyl methylene), 4.70 (1H, d, H-1), 4.07
(1H, ddd, OCH,CH,-), 3.91—3.86 (3H, m, H-4, 6a, 6b), 3.77 (1H, t, H-3),
3.65 (1H, m, OCH,CH,-), 3.60 (1H, brt, H-5), 3.01 (1H, brs, OH), 0.99
(2H, m, OCH,CH,-), —0.09 (9H, s, Si(CH,);). MALDI-TOFMS: Calcd for
C;,H,,0,Si m/z: 564. Found m/z: 587 (M+Na)*.

2-(Trimethylsilyl)ethyl 2,4-Di-O-benzyl-6-O-tert-butyldimethylsilyl-3-
O-p-methoxybenzyl-B-p-galactopyranoside (5) A mixture of phenyl 2-
(trimethylsilyl)ethy]l S-p-galactopyranoside (900 mg, 3.21 mmol), dibutyltin
oxide (875 mg, 3.53 mmol) and 20 ml of dry MeOH was stirred under reflux
for 2 h. The solvent was evaporated and the residue was dried. The stannyli-
dene derivative was redissolved in DMF (10ml) and cesium fluoride
(488 mg, 3.21 mmol) and p-methoxybenzyl chloride (0.48 ml, 3.53 mmol)
were added. After the reaction mixture was stirred for 5h, the solution was
concentrated. Purification of the residue by column chromatography (20: 1
CHCl,-MeOH) on silica gel gave 2-(trimethylsilyl) 3-O-p-methoxybenzyl-
B-p-galactopyranoside (860mg, 66.9%). To a solution of this compound
(586mg, 1.47mmol) in DMF (4ml) were added imidazole (200mg,
2.94mmol) and tert-butyldimethylsilyl chloride (266 mg, 1.76 mmol) at
0°C. The reaction mixture was stirred at room temperature for 3 h, and then
diluted with CHCl, and washed with 5% HCI, aq. NaHCO, and water, dried
(Na,SO,), and concentrated. The product was chromatographed on silica gel
using 2:1 hexane—ethyl acetate as eluent to provide 2-(trimethylsilyl) 6-O-
tert-butyldimethylsilyl-3-O-p-methoxybenzyl-B-p-galactopyranoside. To a
solution of this compound in DMF (5ml) was added NaH in oil (162 mg)
and benzyl bromide (0.6 ml). The mixture was stirred for 4h at 0°C and
then methanol was added to destroy excess NaH. The reaction mixture was
poured into ice-water and extracted with EtOAc. The extract was succes-
sively washed with aq. NaHCO, and water, dried (Na,SO,), and concen-
trated. The product was purified by silica gel column chromatography using
4:1 hexane-ethyl acetate as eluent to give 5 (605 mg, 59.3%, 2 steps). 'H-
NMR §: 7.36—6.80 (14H, m, 3XPh), 4.93—4.57 (6H, m, 3Xbenzyl meth-
ylene), 4.30 (1H, d, J,,=7.9Hz, H-1), 3.95 (1H, ddd, OCH,CH,-), 3.77—
3.73 (5H, m, H-2, 4, OCH,), 3.67 (1H, dd, Js4,=6.1 Hz, J; 4,=9.8 Hz, H-6a),
3.61 (1H, dd, J; 4,=6.7 Hz, H-6b), 3.50 (1H, ddd, OCH,CH,-), 3.44 (1H, dd,
J,3=3.1Hz, J,,=9.8Hz, H-3), 3.32 (IH, brt, H-5), 098 (2H, m,
OCH,CH,-), 0.84 (9H, s, C(CH,);), —0.02 (9H, s, —Si(CH,);), —0.03 (9H,
s, —Si(CH;),-). MALDI-TOFMS: Calcd for C;4H;,0,Si, m/z: 695. Found
m/z: 718 (M+Na)*.

2-(Trimethylsilyl)ethyl 2,4-Di-O-benzyl-3-0-p-methoxybenzyl-B-p-
galactopyranoside (6) A solution of compound 5 (600 mg, 0.96 mmol) in
10ml of THF was treated with 1M TBAF (1 ml) in THF solution at 0°C.
The reaction mixture was stirred at room temperature for 3 h, and then di-
luted with CHCl, and washed with water, dried (Na,SO,), and concentrated.
The product was chromatographed on silica gel using 2 : 1 hexane—ethyl ac-
etate as eluent to give compound 6 (455mg, 81.7%). 'H-NMR §: 7.38—

1163

6.85 (14H, m, 3XPh), 4.95—4.63 (6H, m, 3 Xbenzyl methylene), 4.35 (1H,
d, J,,=7.9Hz, H-1), 3.99 (1H, ddd, OCH,CH,-), 3.80 (3H, s, OCH,), 3.80
(1H, dd, J,;=11.5Hz, H-2), 3.77 (1H, brd, H-6a), 3.73 (1H, d, J;,=3.7Hz,
H-4), 3.55 (1H, ddd, OCH,CH,-), 3.49 (1H, dd, H-3), 3.48 (1H, brd, H-6b),
3.35 (1H, brt, H-5), 1.66 (1H, brs, OH), 1.00 (2H, m, OCH,CH,-), —0.07
(9H, s, —Si(CH,),). MALDI-TOFMS: Calcd for C,;H,,0,Si m/z: 580. Found
m/z: 603 (M+Na)*.

2~(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-f-p-galactopyranosyl-
(1-4)-2-0-benzoyl-3,6-di-O-benzyl-B-p-glucopyranoside (10) To a so-
lution of 3 (1.34 g, 1.95 mmol) and compound 8 (1.18 g, 2.09 mmol) in dry
CH,Cl, (5 ml) was added powdered 4 A MS (3 g) and the mixture was stirred
for 2h at room temperature, then cooled to 0°C. NIS (796 mg, 3.54 mmol)
and TfOH (42 ul, 0.47 mmol) were added to the mixture, which was stirred
for 3h at 0°C, then neutralized with Et;N. The solids were filtered off and
washed with CHCl;. The combined filtrate and washings were successively
washed with aq. Na,S,0; and water, dried (Na,SO,), and concentrated. The
product was chromatographed on silica gel using 15: 1 benzene-acetone as
eluent to give 10 (1.24g, 51.7%). [e]3' +21.0° (c=0.6 CHCl,), 'H-NMR
&8: 8.02—6.99 (35H, m, 7XPh), 5.87 (1H, d, J;. ,=3.1 Hz, H-4"), 5.77 (1H,
dd, J,.,=7.9Hz, J, 3, =10.4Hz, H-2"), 5.41 (1H, dd, H-3"), 5.25 (1H, dd,
J,,=79Hz, J,;,=9.2Hz, H-2), 5.03 and 4.82, 4.73 and 4.39 (4H, each d,
2Xbenzyl methylene), 4.95 (1H, d, H-1"), 4.45 (1H, d, H-1), 431—4.22
(3H, m, H-4, H-6'a and H-6'b), 3.98 (1H, t, J5 o, =Js 4, =6.7Hz, H-5'),
3.83 (1H, t, J,,=9.2 Hz,H-3), 3.98—3.88 (1H, m, -CH,CH,-Si), 3.71 (1H,
d, Js g, =Jga60=11.0Hz, H-6a), 3.60 (1H, t, Js ;,=1.8 Hz, H-6b), 3.43 (1H, dt,
—CH,CH,-), 3.34 (1H, d, H-5), 0.80—0.65 (2H, m, -CH,CH,-Si), —0.12
(9H, s, Si(CH,);). MALDI-TOFMS: Caled for CiH O, Si m/z: 1142.
Found m/z: 1165 (M+Na)*.

2-(Trimethylsilylethyl 2,3,4,6-Tetra-O-benzoyl-f-p-galactopyranosyl-
(1-4)-2-0-benzoyl-f-p-glucopyranoside (11) A solution of 10 (1.24 g,
1.08 mmol) in MeOH (8 ml) and AcOH (2 ml) was hydrogenated over 10%
Pd-C (400 mg) for 5h at room temperature, then filtered through Celite and
the residue was washed with methanol and concentrated. The product was
chromatographed on silica gel using 10: 1 benzene—acetone as eluent to give
11 (1.03 g, 98.1%). [a]3} +66.3° (c=1.0, CHCL,). 'H-NMR §: 8.05—7.12
(25H, m, 5XPh), 598 (lH, d, J, ,=3.7Hz, H-4'), 592 (lH, dd,
Ji2=79Hz, J,,;,=104Hz, H-2'), 5.62 (1H, dd, H-3"), 520 (1H, dd,
J,,=8.5Hz, J,,=9.8Hz, H-2) 5.01 (1H, d, H-1"), 4.68 (1H, dd, J5 ¢, =
3.7Hz, J, g,=11.6 Hz, H-6'a), 4.58 (1H, d, H-1), 445 (1H, dd, Js =
8.5Hz, H-5'), 4.38 (1H, dd, H-6'b), 4.05 (1H, t, J,,=9.2 Hz, H-3), 3.98—
3.88 (2H, m, H-4, -CH,CH,-Si), 3.61 (1H, d, J;;,=J4,4,= 1.6 Hz, H-6a),
3.53—3.47 (2H, H-5, H-6b), 3.43 (1H, dt, -CH,CH,-), 1.80 (2H, d, OH),
0.80—0.65 (2H, m, -CH,CH,-Si), —0.12 (9H, s, Si(CH,);). MALDI-
TOFMS: Calcd for Cs,H,0,Si m/z: 962. Found m/z: 985 (M+Na)™.

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-B-b-galactopyranosyl-
(1-4)-2-0-benzoyl-6-0-pivaloyl- B-p-glucopyranoside (12) To a solu-
tion of compound 11 (1.03g, 1.07mmol) in pyridine (12ml) was added
dropwise pivaloyl chloride (0.67 ml, 5.41 mmol) for 30 min at 0 °C, and the
mixture was allowed to warm to room temperature and stirred for 2 h. After
general work up, the residue was chromatographed (benzene—acetone, 15:1)
to give 12 (874 mg, 78.5%). [a]y +69.3° (c=1.6, CHCL,). 'H-NMR §:
8.07—7.22 (25H, m, 5XPh), 5.98 (1H, d, J; ,=3.7Hz, H-4"), 5.90 (1H, dd,
J12=79Hz, J, ;=104Hz, H-2'), 5.60 (1H, dd, H-3"), 5.19 (1H, dd,
J1,=8.5Hz, J,;=9.8Hz, H-2) 496 (1H, d, H-1"), 470 (IH, dd, Js. ¢ =
3.1Hz, Jg, o =11.0Hz, H-6'a), 4.54 (1H, d, H-1), 447—4.42 (1H, m, H-
5'), 4.37 (1H, dd, H-6'b), 4.24 (1H, d, J;(,=1.8 Hz, J,, (,=12.2 Hz, H-6a),
4.03 (14, t, J,,=8.9Hz, H-3), 3.98—3.88 (2H, m, H-6b, -CH,CH,-Si),
3.86—3.47 (2H, H-4, 5), 3.43 (1H, dt, -CH,CH,-), 2.04 (1H, d, OH), 1.07
(9H, s, Piv), 0.80—0.65 (2H, m, —-CH,CH,-Si), —0.12 (9H, s, Si(CH,),).
MALDI-TOFMS: Caled for Cy;Hg,0,,S1 m/z: 1047. Found m/z: 1070
(M+Na)™.

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-B-p-galactopyranosyl-
(1-4)-[(2,3,4-tri-O-benzyl- a-L-fucopyranosyl)-(1->3)]-2-O-benzoyl-6-
O-pivaloyl-B-p-glucopyranoside (13) To a solution of 12 (698 mg, 0.67
mmol) and compound 9 (528 mg, 1.00 mmol) in dry CH,Cl, (8 ml) was
added powdered 4 A MS (3 g) and the mixture stirred for 3 h at room tem-
perature, then cooled to 0°C. NIS (334 mg, 1.48 mmol) and TfOH (18 ul,
0.20 mmol) were then added to the mixture, which was stirred for 3h at
0°C, then neutralized with Et;N. The solids were filtered off and washed
with CHCIl,. The combined filtrate and washings were successively washed
with aq. Na,$,0; and water, dried (Na,SO,), and concentrated. The product
was chromatographed on silica gel using 15: 1 benzene—acetone as eluent to
give 13 (744.0mg, 63.9%). 'H-NMR &: 8.16—6.91 (40H, m, 8XPh), 5.90
(IH, d, J; ,=2.4 Hz, H-4"), 5.88 (1H, dd, J;.,,=8.5Hz, J,.,=10.3Hz, H-
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2'), 5.53 (1H, dd, H-3'), 5.44 (1H, J,,=4.3Hz, H-1 of Fuc), 5.32 (1H, t,
J,,=J,;,=8.5Hz, H-2), 5.03—4.39 (6H, m, 3 Xbenzyl methylene), 4.84 (1H,
d, H-1"), 439 (1H, d, H-1), 4.29 (1H, t, J, ,=8.5 Hz, H-3), 3.97 (1H, t, H-4),
3.88 (1H, dd, H-4 of Fuc), 3.76—3.73 (1H, m, -CH,CH,-Si), 3.71 (1H, d,
Js 6a=Jsa6o=11.0Hz, H-6a), 3.57 (1H, t, J;54,=1.8 Hz, H-6b), 3.43 (1H, dt,
-CH,CH,~), 3.34 (IH, d, H-5), 1.10 (9H, s, Piv), 0.80—0.65 (2H, m,
-CH,CH,-Si), —0.12 (9H, s, Si(CH,);). MALDI-TOFMS: Calcd for
Cy HyyO,,Si m/z: 1463. Found m/z: 1486 (M+Na)*.

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-S-p-galactopyranosyl-
(1->4)-[(2,3,4-tri-O-acetyl- o-L-fucopyranosyl)-(1—3)]-2-O-benzoyl-6-0-
pivaloyl-B-p-glucopyranoside (14) A solution of 13 (744 mg, 0.51 mmol)
in MeOH (8 ml) and AcOH (2ml) was hydrogenated over 10% Pd-C
(400 mg) for 3h at room temperature, then filtered through Celite and the
residue was washed with methanol and concentrated. The residue was acety-
lated with Ac,0 (4ml) in pyridine (6 ml) for 10h at room temperature.
Work-up was as described for 2 and the crude product was purified by silica
gel column chromatography using 2 : 1 hexane—ethyl acetate as an eluent to
give 14 (317 mg, 47.1%). [¢]%' —16.5° (c=0.5, CHCL;). 'H-NMR §&: 8.17—
7.23 (25H, m, 5XPh), 597 (1H, d, J; ,=3.7Hz, H-4), 574 (1H, dd,
Jy»=79Hz, J, ;=9.7Hz, H-2'), 556 (IH, dd, H-3"), 544 (1H, d,
Jy,=2.4Hz, H-4 of Fuc), 5.39 (1H, d, J,,=11.0Hz, H-3 of Fuc), 5.36 (1H,
d, J,,=4.3Hz, H-1 of Fuc), 5.27 (1H, ¢, J, ,=J,;,=8.5Hz, H-2), 5.20 (1H,
dt, H-5 of Fuc), 5.11 (1H, dd, H-2 of Fuc), 4.93—4.90 (2H, m, H-6'a, 6'b),
4.83 (1H, d, H-1"), 4.56 (1H, dd, J;,,=1.8 Hz, J;4,=12.2Hz, H-6a), 4.38
(1H, 4, H-1), 4.23 (1H, dt, H-5"), 4.20—4.14 (2H, m, H-3, 6b), 3.96 (1H, t,
H-4), 3.78—3.73 (1H, m, -CH,CH,-Si), 3.41-3.36 (2H, dt, H-5,
-CH,CH,-), 2.14, 1.93 and 1.81(9H, s, 3Ac), 1.39 (3H, d, H-6 of Fuc), 1.09
(9H, s, Piv), 0.80—0.65 (2H, m, —-CH,CH,-Si), —0.12 (9H, s, Si(CH,),).
BC.NMR (CDCl,) &: 101.0 (159.3Hz, C-1"), 100.3 (161.3Hz, C-1), 97.1
(169.7Hz, C-1 of Fuc). MALDI-TOFMS: Calcd for CeH,40,,Si m/z: 1319.
Found m/z: 1342 (M+Na)*.

0-2,3,4,6-Tetra-0O-benzoyl-B-p-galactopyranosyl-(1—4)-[(2,3,4-tri-O-
acetyl-o-L-fucopyranosyl)-(1-»3)]-2-0-benzoyl-6-0-pivaloyl- B-b-glu-
copyranosyl Trichloroacetimidate (15) A solution of 14 (100mg,
0.08 mmol) in CH,Cl, (2 ml) was cooled to 0 °C and treated with CF;COOH
(2ml), and the mixture stirred for 30 min at room temperature and concen-
trated. Ethyl acetate and toluene (1:2) were added and then removed by
evaporation to give the 1-hydroxy compound. To a solution of the residue in
CH,Cl, (1 ml)y at 0°C, were added trichloroacetonitrile (228 ul, 2.28 mmol)
and DBU (11 gl, 0.08 mmol). The mixture was stirred for 2h at 0°C. After
completion of the reaction, the mixture was concentrated. Column chro-
matography (20:1 benzene—acetone) of the residue on silica gel gave 15
(89 mg, 86.2%) as an amorphous mass. [Oc]é4 +28.1° (¢=0.2, CHCl,). 'H-
NMR (CDCl,): é: 8.61 (s, 1H, NH), 6.82 (d, 1H, J=3.7Hz, H-1), 5.35 (4,
1H, J=3.7Hz, H-1 of Fuc), 4.80 (d, 1H, J=7.9 Hz, H-1"); MALDI-TOFMS:
Calcd for C4qHgCLNO,,: m/z 1363. Found: m/z 1386 (M+Na)".

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzyl-f-p-galactopyranosyl-
(1->6)-2,4-di-0-benzyl-3-0-p-methoxybenzyl-B-p-galactopyranoside
(16) To a solution of 7 (711 mg, 1.13 mmol) and compound 6 (435 mg,
0.75 mmol) in dry CH,CL,~CH,CN (1 : 3, 4 ml) was added powdered 4 A MS
(1g), and the mixture stirred for 2h at room temperature, then cooled to
0°C. NIS (253 mg, 1.69 mmol) and TfOH (15 ul, 0.17 mmol) were added to
the mixture, which was stirred for 30 min at —40 °C, then neutralized with
Et;N. The solids were filtered off and washed with CHCIl,. The combined fil-
trate and washings were successively washed with aq. Na,S,0, and water,
dried (Na,S0,), and concentrated. The product was chromatographed on sil-
ica gel using 4 : | hexane—ethyl acetate as eluent to give 16 (809 mg, 97.9%).
[@]% —0.5° (c=2.5, CHCl). 'H-NMR §: 7.39—6.81 (34H, m, 5XPh,
MeOPh), 4.94—4.37 (14H, m, benzyl methylene), 4.41 (1H, d, J=7.9Hz,
H-1"), 4.31 (1H, d, J=7.4Hz, H-1), 3.98—3.75 (10H, m, H-2, 2, 4, 4',
6a, 6b, -OCH,CH,—, OMe), 3.58—3.42 (7H, m, H-3, 3’, 5, 5', 6'a, 6'b,
~OCH,CH,-), 0.97—0.94 (2H, m, ~CH,CH,-Si), —0.08 (9H, s, Si(CH,),).
BC-NMR (CDCl,) &: 103.7 (157.2Hz, C-1'), 103.4 (159.3 Hz, C-1), 82.1
(C-3"), 81.8 (C-3), 79.5 (C-2), 79.4 (C-2'), 73.8 (C-5), 73.4 (C-4), 73.3 (C-
4"), 72.9 (C-5"), 68.3 (C-6), 68.1 (C-6') 75.0, 74.8, 74.9, 74.1, 73.4, 72.9
and 72.6 (benzyl methylene), 67.2 (-OCH,CH,-), 55.1 (OCH,), 18.3
(-OCH,CH,-), —1.6 (SiMe;). MALDI-TOFMS: Caled for C(;H,40,,81 m/z:
1103. Found m/z: 1126 (M+Na)™.

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzyl-f-p-galactopyranosyl-
(1-6)-2,4-di-0O-benzyl-f-p-galactopyranoside (17) To a solution of 16
(367 mg, 0.33 mmol) in CH,CN (4.5 ml) and water (0.5 ml) was added ceric
ammonium nitrate (CAN, 365 mg, 0.66 mmol), and the mixture was stirred
for 3h at room temperature and extracted with CHCI;. The extract was suc-
cessively washed with aq. NaHCO, and water, dried (Na,SO,) and concen-
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trated. The product was chromatographed on silica gel using 3:1
hexane—ethyl acetate as eluent to give 17 (207 mg, 62.4%). [a]3' —10.5°
(c=2.5, CHCL,). '"H-NMR §: 7.39—7.10 (30H, m, 5XPh), 4.98—4.40 (12H,
m, benzyl methylene), 4.39 (1H, d, /=7.9Hz, H-1"), 429 (1H, d, J=7.4 Hz,
H-1), 3.98—3.75 (6H, m, H-2, 2', 4, 4', 6a, -OCH,CH,-), 3.59—3.44 (8H,
m, H-3, 3/, 5, 5', 6b, 6'a, 6'b, -OCH,CH,-), 2.20 (1H, d, OH) 0.97—0.94
(2H, m, -CH,CH,-Si), —0.08 (9H, s, Si(CH,);). MALDI-TOFMS: Calcd
for C4oH,,0,,Si m/z: 983. Found m/z: 1006 (M+Na)*.

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-B-p-galactopyranosyl-
(1->4)-[(2,3,4-tri-O-acetyl-a-L-fucopyranosyl)-(1— 3)]-2-O-benzoyl-6-O-
pivaloyl-B-p-glucopyranosyl-(1—3)-|2,3,4,6-tetra-O-benzyl-B-p-galac-
topyranosyl-(1-6)]-2,4-di-O-benzyl-B-p-galactopyranoside (18) To a
solution of the trichloroacetimidate 15 (176 mg, 0.13 mmol) and 17 (100 mg,
0.10 mmol) in CH,CI, (1 ml) were added molecular sieves 4 A (300 mg) and
the mixture was stirred for 3 h at room temperature, then cooled to —20°C.
TMSOTS (6.7 ul, 37 umol) was added and the mixture was stirred for 1 h at
—20°C then neutralized with Et;N. The solids were filtered off and washed
with CHCI,. The combined filtrate and washings were successively washed
with water, dried (Na,SO,), and concentrated. The product was purified by
silica gel column chromatography using 10: 1 benzene—ethyl acetate as elu-
ent to give 18 (185mg, 84.7%). [a]3 —0.4° (¢=3.7, CHCL,). 'H-NMR
(CDCY,) 6: 5.54 (1H, d, J=3.7Hz, H-1 of Fuc), 5.04 (1H, d, /=8.5Hz, H-1
of Glc), 4.97 (1H, d, /=8.5Hz, H-1 of Gal ¢), 4.52 (1H, d, /=8.0Hz, H-1 of
Gal b), 4.26 (1H, d, J=7.4Hz, H-1 of Gal a). *C-NMR (CDCl,) §: 103.9
(159.3Hz, C-1 of Gal b), 103.0 (157.1Hz, C-1 of Gal a), 101.3 (160.4 Hz,
C-1 of Gal ¢), 100.7 (161.5Hz, C-1 of Glc), 96.4 (177.9Hz, C-1 of Fuc).
MALDI-TOFMS: Calcd for C,y;H,;,0,,Si m/z: 2183. Found m/z: 2206
(M+Na)*.

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-B-p-galactopyranosyl-
(1-4)-[(2,3,4-tri-O-acetyl-a-L-fucopyranosyl)-(1— 3)]-2-O-benzoyl-6-O-
pivaloyl-B-p-glucopyranosyl-(1-»3)-[2,3,4,6-tetra-O-acetyl-f-p-galac-
topyranosyl-(1-36)]- 2,4-di-O-acetyl-B-p-galactopyranoside (19) A so-
lution of 18 (150 mg, 68.7 umol) in MeOH (5 ml) and AcOH (0.1 ml) was
hydrogenated over 10% Pd—C (100 mg) for 3 h at room temperature, then fil-
tered through Celite and the residue was washed with methanol and concen-
trated. The residue was acetylated with Ac,0 (2ml) in pyridine (3 ml) for
10h at room temperature. Work-up as described for 2 gave a product which
was purified by silica gel column chromatography using 2:1 hexane—ethyl
acetate as an eluent to give 18 (85mg, 65.3%). [a]3} +1.5° (c=1.9, CHCL,);
'H-NMR (CDCl,) &: 5.33 (1H, d, J=4.0Hz, H-1 of Fuc), 4.89 (1H, d,
J=8.5Hz, H-1 of Gal c), 4.48 (1H, d, J=7.9Hz, H-1 of Glc), 4.45 (1H, 4,
J=7.9Hz, H-1 of Gal b), 4.18 (1H, d, J=7.9Hz, H-1 of Gal a). MALDI-
TOFMS: Caled for Co;H1404Si m/z: 1895. Found m/z: 1918 (M+Na)*.

0-2,3,4,6-Tetra-0-benzoyl-B-p-galactopyranosyl-(1—4)-[(2,3,4-tri-O-
acetyl-a-L-fucopyranosyl)-(1—3)]-2-0-benzoyl-6-0-pivaloyl-f§-b-
glucopyranosyl-(1-3)-[2,3,4,6-tetra-O-acetyl-B-p-galactopyranosyl-
(1-6))-2,4-di-0-acetyl-B-p-galactopyranosyl Trichloroacetimidate (20)
To a solution of 19 (75 mg, 39.6 umol) in CH,Cl, (1 ml) cooled to 0°C was
added CF;COOH (1 ml), and the mixture was stirred for 1 h at room temper-
ature and concentrated. Ethyl acetate and toluene (1 :2) were added and the
solvent evaporated to give the 1-hydroxy compound. To a solution of the
residue in CH,Cl, (1 ml), cooled at 0°C were added trichloroacetonitrile
(120 pl, 1.29 mmol) and DBU (6 ul, 0.04 mmol). The mixture was stirred for
2h at 0°C. After completion of the reaction, the mixture was concentrated.
Column chromatography (10:1 benzene-acetone) of the residue on silica
gel gave 20 (50 mg, 65.1%) as an amorphous mass. [@]3' +19.0° (c=1.2,
CHCL,); 'H-NMR (CDCl,): &: 8.53 (s, IH, NH), 6.40 (d, 1H, J=3.7Hz, H-
1), 5.34 (1H, d, J=3.7 Hz, H-1 of Fuc), 4.90 (1H, d, /=8.5Hz, H-1 of Gal
¢), 4.59 (1H, d, J=7.9Hz, H-1 of Glc), 4.43 (IH, d, J=7.9Hz, H-1 of Gal
b).

2-(Tetradecyl)hexadecyl 2,3,4,6-Tetra-O-benzoyl-S-p-galactopyra-
nosyl-(1-4)-[(2,3,4-tri-O-acetyl- &-L-fucopyranosyl)-(1-3)]-2-O-ben-
zoyl-6-0-pivaloyl-B-p-glucopyranosyl-(1—3)-[2,3,4,6-tetra-O-acetyl-f-p-
galactopyranosyl-(1—6)]-2,4-di-O-acetyl-B-p-galactopyranoside (21)
To a solution of trichloroacetimidate 20 (46 mg, 24 umol) and 2-(tetrade-
cyl)hexadecanol (21 mg, 48 umol) in CH,Cl, (1 ml) were added molecular
sieves 4 A (200 mg) and the mixture was stirred for 3 h at room temperature,
then cooled to 0°C. TMSOTS (2.2 ul, 12 umol) was added and the mixture
was stirred for 2h at 0°C then neutralized with Et;N. The solids were fil-
tered off and washed with CHCl,. The combined filtrate and washings were
successively washed with water, dried (Na,SO,), and concentrated. The
product was purified by silica gel column chromatography using 15:1 ben-
zene-acetone as eluent to give 21 (14mg, 30.7%). [a]3 +3.2° (c=04,
CHCL,). 'H-NMR (CDCly) é: 5.30 (1H, d, J/=4.0Hz, H-1 of Fuc), 4.89 (1H,
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d J=8.5Hz, H-1 of Gal c), 4.47 (1H, d, J=7.9 Hz, H-1 of Glc), 4.46 (1H, d,
J=7.9Hz, H-1 of Gal b), 4.10 (1H, d, /=7.9 Hz, H-1 of Gal a), 3.92 (1H, dd,
-OCH,-), 3.33 (1H, dd, -OCH,-), 1.34 (52H, brs, 2XCH,), 0.96 (6H, t,
2X-CH,CH,;). MALDI-TOFMS: Calcd for C,,gH,5,0,9 m/z: 2215. Found
m/z: 2238 (M+Na)™.

2-(Tetradecyl)hexadecyl B-n-Galactopyranosyl-(1—4)-{o-L-fucopyra-
nosyl-(1-3)]--b-glucopyranosyl-(1—3)-[ B-p-galactopyranosyl-(1— 6)]-
B-p-galactopyranoside (22) To a solution of 21 (14mg, 6.3 ymol) in 1: 1
MeOH/1,4-dioxane (2 ml) was added NaOMe (20 mg) and the mixture was
stirred for 3 h at room temperature, then neutralized with Amberlite IR-120
(H™) resin. The resin was filtered off and washed with 1: 1 CHCl,~MeOH.
The filtrate and washings were combined and concentrated. Column chro-
matography (1:1 CHCl,-MeOH) of the residue on Sephadex LH-20 gave
22 (6.6 mg, 84.9%). [@]Z —14.4° (c=0.1, 1:1 CHCL,-MeOH). 'H-NMR
(C;D,N) é: 6.10 (1H, d, J=3.7Hz, H-1 of Fuc), 5.19 (1H, d, J=7.9Hz, H-1
of Gle), 5.15 (1H, d, /=7.9 Hz, H-1 of Gal ¢), 4.82 (1H, d, J=7.3 Hz, H-1 of
Gal b), 4.63 (1H, d, J/=7.9Hz, H-1 of Gal a). HR-FAB-MS: Calcd for
CeoH, 30,5 [M+H]*: 1233.7571. Found 1233.7600.
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