
Glycolipids are known to be involved in a variety of func-
tions, including extracellular recognition, cell–cell interac-
tion, differentiation, oncogenesis and immunity.1) Especially
sialic acid-containing glycosphingolipids, such as ganglio-
sides in mammalian membranes have been recognized to
play important roles as above. Therefore a number of sialy-
loligosaccharides and their mimetics have been synthesized
by many carbohydrate chemists to obtain a systematic under-
standing of structure–function relationships of sialyloligosac-
charides at the molecular level.2) On the other hand, synthetic
studies on oligosaccharides from invertebrate animal species
that do not have gangliosides have been neglected, in spite of
their having interesting structures.3)

We have been interested in the relationship between the
structure and biological function of glycolipids from inverte-
brate animal species and have so far synthesized oligosac-
charides from various protostomia phyla.4) In our previous
paper we reported5) the synthesis of four glycosphingolipids
analogues from Echinococcus multilocularis, in the neogala
series whose structures have a b-D-Galp-(1→6)-b-D-Galp-
core, and a fucose residue,6) suggesting the functional impor-
tance of glycolipids in parasitism. Recently, Sugita et al.
found and characterized a new neogala series of glycosphin-
golipids containing a mannose, glucose and cholinephospho-
ryl residue from the earthworm Pheretima (P.) hilgendorfi.7)

In the present study, we attempted the synthesis of the new
neogala series of glycosphingolipids containing the mannose
residue. 

The disaccharide derivative 6 was obtained by condensa-
tion of 2-(trimethylsilyl)ethyl 2,3,4-tri-O-benzoyl-b-D-galac-
topyranoside (5)5) with phenyl 4,6-O-benzylidene-2,3-di-O-
benzoyl-1-thio-b-D-galactopyranoside (2), which was ben-
zylidenated and benzoylated from thiophenyl b-D-galactopy-
ranoside (1) (Chart 1), in the presence of N-iodosuccinimide
(NIS) and trifluoromethanesulfonic acid (TfOH).8) It is
clearly seen in the 1H-NMR spectrum of 6 that the newly in-
troduced anomeric proton signal showed a doublet at d 4.77
with a coupling constant of 7.9 Hz. Reductive ring-opening
of the benzylidene acetal in 6 with sodium cyanoborohy-
dride–hydrogen chloride in dry diethylether afforded com-

pound 7. Compound 7 was condensed with phenyl 2,3,4,6-
tetra-O-benzoyl-1-thio-a-D-mannopyranoside (4), which was
benzoylated and thioglycosylated using tin(IV) chloride from
D-mannose, in the presence of NIS and TfOH, to give the
trisaccharide derivative 8 in 76% yield. In the 13C-NMR the
JC,H value of 171.3 Hz supported the a configuration of the
newly formed glycosidic bond.9) 8 was converted by O-
debenzylation to 9 and subsequent acetylation gave the per-
O-acylated trisaccharide 10. On the other hand, the trisaccha-
ride alcohol 9 was glycosylated by the galactosyl donor 1410)

with NIS and AgOTf at 278 °C. After work-up, the protected
tetrasaccharide was obtained as a mixture of anomers 15
(67%) and 16 (23%). The anomeric hydrogen atom of the a-
D-galactose unit of compound 15 in the 1H-NMR spectrum
showed a signal at d 5.18 (d, J53.1 Hz). The a-D configura-
tion of the newly formed glycosidic bond was also indicated
by the JC,H value of 171.7 Hz in the 13C-NMR spectrum. Re-
moval of the benzyl groups from 15 by catalytic hydrogenol-
ysis over 10% Pd–C, and subsequent acetylation gave the
per-O-acylated tetrasaccharide 17. 

Next, for the selective removal of the 2-(trimethylsilyl)-
ethyl group, the fully acylated oligosaccharides 10 and 17
were treated11) with trifluoroacetic acid in dichloromethane
for 1—2 h at 0 °C to give the 1-hydroxy compounds, which,
on further treatment12) with trichloroacetonitrile in the pres-
ence of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in di-
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Chart 1



chloromethane for 2 h at 0 °C, gave the corresponding recep-
tor carbohydrates 11 and 18. Glycosylation13) of 2-(tetrade-
cyl)hexadecanol14) with each of the glycosyl donors, which
was carried out in the presense of trimethylsilyl trifluoro-
methanesulfonate (TMSOTf ) and molecular sieves (MS)4A
for 2 h at 0 °C, afforded the desired b-glycosides 12 (62%)
and 19 (32%), respectively. Finally, removal of all acyl groups
with sodium methoxide in 1 : 1 methanol/1,4-dioxane for 
5 h at room temperature afforded the desired two glycolipid
analogues 13 and 20. (Chart 2, Chart 3)

In summary, the systematic approach to the mannose con-
taining neogala series of glycosphingolipid analogues 13 and
20 and the synthesis of other oligosaccharides from P. hilgen-
dorfi was successfully carried out.

Experimental
Optical rotations were determined with a JASCO digital polarimeter. 1H-

NMR and 13C-NMR spectra were recorded with JNM A 500 FT NMR spec-
trometer with Me4Si as the internal standard for solutions in CDCl3.
MALDI-TOFMS was recorded on a Perceptive Voyager RP mass spectrome-
ter. TLC was performed on Silica gel 60 F254 (E. Merck) with detection by
quenching of UV fluorescence and by spraying with 10% H2SO4. Column
chromatography was carried out on Silica gel 60 (E. Merck). 2-(Trimethylsi-
lyl)ethyl 2,3,4-tri-O-benzoyl-b-D-galactopyranoside (5), phenyl 2,3,4,6-
tetra-O-benzyl-1-thio-b-D-galactopyranoside (14) were prepared by litera-
ture methods.5,10)

Phenyl 4,6-O-Benzylidene-2,3-di-O-benzoyl-1-thio-bb-D-galactopyra-
noside (2) To a solution of phenyl 1-thio-b-D-galactopyranoside (1) (3.0 g,
11.02 mmol) in tetrahydrofuran (THF 50 ml) were added benzaldehyde di-
methylacetal (2 ml) and p-TsOH (170 mg) at 0 °C. The reaction mixture was
stirred at room temperature for 12 h, then neutralized with Et3N. After evap-
oration the residues were diluted with CHCl3, washed with water, dried
(Na2SO4), and concentrated. The product was purified by silica gel column
chromatography using 30 : 1 CHCl3–MeOH as eluent to give phenyl 4,6-O-
benzylidene-1-thio-b-D-galactopyranoside (3.86 g, 96.4%). To a solution of
this compound (3.86 g, 10.71 mmol) in pyridine (30 ml) was added benzoyl
chloride (5 ml), and the mixture was stirred for 5 h at 0 °C. The reaction mix-
ture was poured into ice-water and extracted with CHCl3. The extract was
washed sequentially with 5% HCl, aq. NaHCO3 and water, dried (Na2SO4),
and concentrated. The product was purified by silica gel column chromatog-
raphy using 4 : 1 hexane–ethyl acetate as eluent to give 2 (5.60 g, 92.1%),
[a]D

245160.6° (c51.7, CHCl3). 
1H-NMR d : 7.98—7.23 (20H, m, 43Ph),

5.81(1H, t, J1,25J2,3510.4 Hz, H-2), 5.51 (1H, s, benzylidene methine), 5.36
(1H, dd, J3,453.1 Hz, H-3), 4.96 (1H, d, H-1), 4.59 (1H, d, H-4), 4.44 (1H,
dd, J5,6a51.8 Hz, J6a,6b512.8 Hz, H-6a), 4.08 (1H, dd, J5,6b51.8 Hz, H-6b),
3.75 (1H, br s, H-5). MALDI-TOFMS: Calcd for C33H28O7S m/z: 568.2.
Found m/z: 591.8 (M1Na)1.
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Phenyl 2,3,4,6-Tetra-O-benzoyl-1-thio-aa-D-mannopyranoside (4) To
a solution of D-mannose (3 g, 16.65 mmol) in pyridine (100 ml) was added
benzoyl chloride (20 ml), and the mixture was stirred for 4 h at 0 °C. MeOH
(2 ml) was added to the mixture, and this was concentrated, then extracted
with CH2Cl2. The extract was successively washed with 5% HCl, aq.
NaHCO3 and water, dried (Na2SO4), and concentrated to give 1,2,3,4,6-
penta-O-benzoyl-b-D-mannopyranose quantitatively. To a solution of this
compound (1.5 g, 2.14 mmol) in CH2Cl2 (7 ml) cooled to 0 °C, were added
thiophenol (0.44 ml, 4.28 mmol) and tin(IV) chloride (250 m l, 1.71 mmol),
and the mixture was stirred for 3 h at room temperature. The reaction mix-
ture was poured into ice-water and extracted with CHCl3. The extract was
washed sequentially with aq. NaHCO3 and water, dried (Na2SO4), and con-
centrated. The product was purified by silica gel column chromatography
using 6 : 1 hexane–ethyl acetate as eluent to give 4 (980 mg, 66.5%),
[a]D

245120.0° (c52.9, CHCl3). 
1H-NMR d : 8.10—7.16 (25H, m, 53Ph),

6.11 (1H, t, J3,45J4,5510.0 Hz, H-4), 5.98 (1H, dd, J1,251.5 Hz, J2,353.5 Hz,
H-2), 5.87 (1H, dd, H-3), 5.78 (1H, d, H-1), 5.01 (1H, ddd, J5,6a52.5 Hz,
J5,6b55.5 Hz, H-5), 4.66 (1H, dd, J6a,6b512.2 Hz, H-6a), 4.56 (1H, dd, H-6b).
MALDI-TOFMS: Calcd for C40H32O9S m/z: 688.3. Found m/z: 711.6
(M1Na)1. 

2-(Trimethylsilyl)ethyl 4,6-O-Benzylidene-2,3-di-O-benzoyl-bb -D-
galacto-pyranosyl-(1→6)-2,3,4-tri-O-benzoyl-bb-D-galactopyranoside (6)
To a solution of 2 (1.0 g, 1.76 mmol) and compound 5 (871 mg, 1.47 mmol)
in dry CH2Cl2 (5 ml) was added powdered 4A MS (3 g), and the mixture was
stirred for 2 h at room temperature, then cooled to 0 °C. NIS (594 mg, 2.64
mmol) and TfOH (31.4 m l, 0.35 mmol) were added to the mixture, which
was stirred for 20 min at 0 °C, then neutralized with Et3N. The solids were
filtered off and washed with CHCl3. The combined filtrate and washings
were successively washed with aq. Na2S2O3 and water, dried (Na2SO4), and
concentrated. The product was chromatographed on silica gel using 3 : 2
hexane–ethyl acetate as eluent to give 6 (1.38 g, 89.3%), [a]D

2451144.1°
(c51.0 CHCl3), 

1H-NMR d : 8.05—7.12 (30H, m, 63Ph), 5.97 (1H, d, J3,45
3.7 Hz, H-4), 5.90 (1H, dd, J192957.9 Hz, J2939510.4 Hz, H-29), 5.70 (1H, dd,
J1,258.6 Hz, J2,3510.4 Hz, H-2), 5.50 (1H, s, benzylidene methine) 5.48
(1H, dd, H-3), 5.34 (1H, dd, J394953.7 Hz, H-39), 4.83 (1H, d, H-19), 4.65
(1H, d, H-1), 4.58 (1H, d, H-49), 4.46 (1H, dd, H-69a), 4.22 (1H, br t, H-5),
4.12 (1H, dd, H-69b), 4.04 (1H, dd, H-6a), 3.98 (1H, dd, H-6b), 3.89 (1H, dt,
–CH2CH2–Si), 3.70 (1H, s, H-59), 3.42 (1H, dt, –CH2CH2–), 0.80—0.65
(2H, m, –CH2CH2–Si), 20.12 (9H, s, Si(CH3)3). 

13C-NMR (CDCl3) d : 101.4
(C-19), 100.8 (C-1), 100.8 (benzylidene methine), 73.5 (C-5), 73.4 (C-49),
72.7 (C-39), 72.1 (C-3), 69.9 (C-2), 69.0 (C-4), 68.9 (C-69), 68.7 (C-29), 68.0
(C-6), 67.5 (–OCH2CH2–), 66.5 (C-59), 17.7 (–OCH2CH2–), 21.4 (SiMe3).
MALDI-TOFMS: Calcd for C59H58O16Si m/z: 1050.4. Found m/z: 1073.5
(M1Na)1. 

2-(Trimethylsilyl)ethyl 6-O-Benzyl-2,3-di-O-benzoyl-bb-D-galactopyra-
nosyl-(1→6)-2,3,4-tri-O-benzoyl-bb-D-galactopyranoside (7) To a solu-
tion of compound 6 (674 mg, 0.64 mmol) and sodium cyanoborohydride
(402 mg, 6.41 mmol) in dry THF (20 ml) was added powdered 3A MS (3 g),
and the mixture was stirred for 2 h at room temperature, then cooled to 0 °C.
Hydrogen chloride in diethyl ether was added until the solution was acidic
(pH paper, gas evolution). After 1 h, the reaction mixture was poured into
ice-water and extracted with CHCl3. The extract was washed sequentially
with aq. NaHCO3 and water, dried (Na2SO4), and concentrated. The product
was purified by silica gel column chromatography using 20 : 1 benzene–ace-
tone as eluent to give 7 (534 mg, 79.1%), [a]D

2451100.0° (c53.6, CHCl3).
1H-NMR d : 8.07—7.20 (30H, m, 63Ph), 5.93 (1H, d, J3,453.1 Hz, H-4),
5.75 (1H, dd, J192957.9 Hz, J2939510.4 Hz, H-29), 5.69 (1H, dd, J1,257.9 Hz,
J2,3510.4 Hz, H-2), 5.49 (1H, dd, J3,453.7 Hz, H-3), 5.23 (1H, dd, J39,4953.1
Hz, H-39), 4.72 (1H, d, H-19), 4.69 (1H, d, H-1), 4.45 (1H, each d, Jgem511.2
Hz, benzyl methylene), 4.34 (1H, s, H-49), 4.13 (1H, m, H-5), 4.06 (1H, dd,
H-6b), 3.89 (2H, m, H-6a, O-CH2), 3.77 (1H, br t, H-59), 3.66 (1H, dd,
J59,69a56.1 Hz, J69a,69b510.3 Hz, H-69a), 3.52 (1H, dd, H-69b), 3.46 (1H, m,
O–CH2–), 2.84 (1H, br s, OH). MALDI-TOFMS: Calcd for C59H60O16Si m/z:
1052.4. Found m/z: 1075.4 (M1Na)1. 

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-aa-D-mannopyranosyl-
(1→4)-2,3-di-O-benzoyl-6-O-benzyl-bb-D-galactopyranosyl-(1→6)-2,3,4-
tri-O-benzoyl-bb-D-galactopyranoside (8) To a solution of 4 (392 mg, 0.57
mmol) and compound 7 (400 mg, 0.38 mmol) in dry CH2Cl2 (5 ml) was
added powdered 4A MS (1 g) , and the mixture was stirred for 2 h at room
temperature, then cooled to 0 °C. NIS (171 mg, 0.76 mmol) and TfOH (17m l,
0.20 mmol) were added to the mixture, which was stirred for 3 h at 0 °C,
then neutralized with Et3N. The solids were filtered off and washed with
CHCl3. The combined filtrate and washings were successively washed with
aq. Na2S2O3 and water, dried (Na2SO4), and concentrated. The product was

chromatographed on silica gel using 2 : 1 hexane–ethyl acetate as eluent to
give 8 (503 mg, 81.2%), [a]D

245142.9° (c53.8, CHCl3). 
1H-NMR d : 8.14—

7.15 (50H, m, 103Ph), 6.19 (1H, t, J30,405J40,5059.8 Hz, H-40), 6.03 (1H, dd,
J20,3053.7 Hz, H-30 ), 5.93 (1H, d, J3,453.7 Hz, H-4), 5.89 (1H, dd, J10,2051.3
Hz, H-20), 5.87 (1H, dd, J19,2957.3 Hz, J29,39511.0 Hz, H-29), 5.73 (1H, dd,
J1,257.9 Hz, J2,359.8 Hz, H-2), 5.54 (1H, dd, H-3), 5.37 (1H, dd, J39,4953.7
Hz, H-39), 5.28 (1H, d, H-10), 4.82 (1H, d, H-19), 4.78 (1H, d, H-1), 4.68
(1H, br t, H-50), 4.67 (1H, each d, J511.6 Hz,benzyl methylene), 4.63 (1H,
d, H-49), 4.51 (1H, each d, benzyl methylene), 4.24 (1H, dd, H-5), 4.11 (1H,
m, H-6a), 3.93 (3H, m, H-59, 6b, 69a), 3.79 (2H, m, H-69b, 60a ), 3.72 (1H,
dd, H-60b). 13C-NMR (CDCl3) d : 101.4 (C-19), 100.7 (C-1), 99.1 (C-1 of
Man), 75.1 (C-49), 73.4 (C-5), 73.3 (C-39), 73.3 (benzyl methylene), 72.8
(C-59), 72.0 (C-3), 70.4 (C-2 of Man), 70.0 (C-3 of Man), 69.9 (C-2), 69.8
(C-29), 69.2 (C-5 of Man), 69.0 (C-4), 68.4 (C-6), 67.3 (–OCH2CH2–), 66.6
(C-69), 66.2 (C-4 of Man), 61.9 (C-6 of Man), 17.6 (–OCH2CH2–), 21.5
(SiMe3). MALDI-TOFMS: Calcd for C93H86O25Si m/z: 1630.6. Found m/z:
1653.8 (M1Na)1. 

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-aa-D-mannopyranosyl-
(1→4)-2,3-di-O-benzoyl-bb-D-galactopyranosyl-(1→6)-2,3,4-tri-O-ben-
zoyl-bb-D-galactopyranoside (9) A solution of 8 (84.8 mg, 0.06 mmol) in
MeOH (5 ml), THF (3 ml) and AcOH (1 ml) was hydrogenated over 10%
Pd–C (250 mg) for 18 h at room temperature, then filtered through Celite
and the residue was washed with methanol and concentrated. The product
was chromatographed on silica gel using 5 : 1 benzene–acetone as eluent to
give 9 (52.4 mg, 66.4%), [a]D

245191.4° (c51.3, CHCl3). 
1H-NMR d : 5.31

(1H, s, H-10), 4.84 (1H, d, J57.3 Hz, H-19), 4.79 (1H, d, J57.9 Hz, H-1),
2.67 (1H, br d, OH). MALDI-TOFMS: Calcd for C86H80O25Si m/z: 1540.7.
Found m/z: 1563.7 (M1Na)1. 

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-aa-D-mannopyranosyl-
(1→4)-6-O-acetyl-2,3-di-O-benzoyl-bb-D-galactopyranosyl-(1→6)-2,3,4-
tri-O-benzoyl-bb-D-galactopyranoside (10) Compound 9 (105 mg, 0.07
mmol) was acetylated with Ac2O (2 ml) in pyridine (3 ml) for 5 h at room
temperature. Work-up as described for 2, the product was purified by silica
gel column chromatography using 1 : 1 hexane–ethyl acetate as an eluent to
give 10 (105 mg, 96.8%), [a]D

245168.4° (c52.6, CHCl3). 
1H-NMR d : 5.22

(1H, d, J51.2 Hz, H-10), 4.87 (1H, d, J57.3 Hz, H-19), 4.77 (1H, d, J58.0
Hz, H-1), 2.08 (3H, s, OAc). MALDI-TOFMS: Calcd for C88H82O26Si m/z:
1582.6. Found m/z: 1605.9 (M1Na)1. 

O-(2,3,4,6-Tetra-O-benzoyl-aa-D-mannopyranosyl)-(1→4)-6-O-acetyl-
2,3-di-O-benzoyl-bb-D-galactopyranosyl-(1→6)-2,3,4-tri-O-benzoyl-aa-D-
galactopyranosyl Trichloroacetimidate (11) To a solution of 10 (90 mg,
0.06 mmol) in CH2Cl2 (2 ml) cooled to 0 °C, was added CF3COOH (2 ml),
and the mixture was stirred for 1 h at room temperature and concentrated.
Ethyl acetate and toluene (1 : 2) were added and then removed to give the 1-
hydroxy compound. To a solution of the residue in CH2Cl2 (1 ml) cooled at
0 °C were added trichloroacetonitrile (171 m l, 1.71 mmol) and DBU (8.6 m l,
0.06 mmol). The mixture was stirred for 2 h at 0 °C. After completion of the
reaction, the mixture was concentrated. Column chromatography (20:1 ben-
zene–acetone) of the residue on silica gel gave 11 (89 mg, 96%), [a]D

245
177.3° (c52.2, CHCl3). 

1H-NMR d : 8.26 (1H, s, NH), 6.77 (1H, d, J53.7
Hz, H-1), 5.20 (1H, br s, H-10), 4.86 (1H, d, J58.0 Hz, H-19). MALDI-
TOFMS: Calcd for C85H70Cl3NO26 m/z: 1626.8. Found m/z: 1649.7
(M1Na)1.

2-(Tetradecyl)hexadecyl 2,3,4,6-Tetra-O-benzoyl-aa -D-mannopy-
ranosyl-(1→4)-6-O-acetyl-2,3-di-O-benzoyl-bb -D-galactopyranosyl-
(1→6)-2,3,4-tri-O-benzoyl-bb-D-galactopyranoside (12) To a solution of
the trichloroacetimidate 11 (89 mg, 55 mmol) and 2-(tetradecyl)hexadecanol
(36 mg, 82 mmol) in CH2Cl2 (1 ml) were added molecular sieves 4A (500
mg) and the mixture was stirred for 3 h at room temperature, then cooled to
0 °C. TMSOTf (10 m l, 55 mmol) was added and the mixture was stirred for
2 h at 0 °C then neutralized with Et3N. The solids were filtered off and
washed with CHCl3. The combined filtrate and washings were successively
washed with water, dried (Na2SO4), and concentrated. The product was puri-
fied by silica gel column chromatography using 15 : 1 benzene–acetone as
eluent to give 12 (64 mg, 61.7%), 1H-NMR (CDCl3) d : 5.21 (1H, d, J51.2
Hz, H-10), 4.88 (1H, d, J57.9 Hz, H-19), 4.67 (1H, d, J57.9 Hz, H-1), 3.92
(1H, dd, –OCH2–), 3.33 (1H, dd, –OCH2–), 1.34 (52H, br s, 23CH2), 0.96
(6H, t, 23–CH2CH3). MALDI-TOFMS: Calcd for C113H130O26 m/z: 1902.9.
Found m/z: 1925.6 (M1Na)1. 

2-(Tetradecyl)hexadecyl aa-D-Mannopyranosyl-(1→4)-bb-D-galactopy-
ranosyl-(1→6)-bb-D-galactopyranoside (13) To a solution of 12 (39 mg,
20.5 mmol) 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 (H1) resin. The resin was filtered off and washed
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with 1 : 1 CHCl3–MeOH. The filtrate and washings were combined and con-
centrated. Column chromatography (1 : 1 CHCl3–MeOH) of the residue on
Sephadex LH-20 gave 13 (18 mg, 95%), [a]D

24 212.4° (c50.5, 1 : 1 CHCl3–
MeOH). 1H-NMR (2 : 1 CDCl3–CD3OD) d : 4.85 (1H, d, J51.8 Hz, H-1 of
Man), 4.34 (1H, d, J57.3 Hz, H-19 of Gal), 4.20 (1H, d, J57.3 Hz, H-1 of
Gal). MALDI-TOFMS: Calcd for C48H92O16 m/z: 924.6. Found m/z: 947.8
(M1Na)1. 

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-aa-D-mannopyranosyl-
(1→4)-[2,3,4,6-tetra-O-benzyl-aa-D-galactopyranosyl-(1→6)]-2,3-di-O-
benzoyl-bb-D-galactopyranosyl-(1→6)-2,3,4-tri-O-benzoyl-bb-D-galactopy-
ranoside (15) and 2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-aa-D-
mannopyranosyl-(1→4)-[2,3,4,6-tetra-O-benzyl-bb-D-galactopyranosyl-
(1→6)]-2,3-di-O-benzoyl-bb-D-galactopyranosyl-(1→6)-2,3,4-tri-O-ben-
zoyl-bb-D-galactopyranoside (16) To a solution of 9 (187 mg, 0.12 mmol)
and 14 (116 mg, 0.18 mmol) in dry CH2Cl2 (1.5 ml) was added powdered 4A
MS (500 mg) , and the mixture was stirred for 2 h at room temperature, then
cooled to 278 °C. NIS (81 mg, 0.24 mmol) and AgOTf (138 mg, 0.36 mmol)
were added to the mixture, which was stirred for 1 h at 278 °C, then neutral-
ized with Et3N. The solids were filtered off and washed with CHCl3. The
combined filtrate and washings were successively washed with aq. Na2S2O3

and water, dried (Na2SO4), and concentrated. The product was purified by
silica gel column chromatography using 15 : 1 benzene–ethyl acetate as elu-
ent to give 15 (165 mg, 66.6%) and 16 (58 mg, 23.4%). 15: [a]D

24 160.1°
(c50.3, CHCl3). 

1H-NMR (CDCl3) d : 5.27 (1H, br s, H-1 of Man), 5.08
(1H, d, J53.1 Hz, H-10 of Gal), 4.71 (1H, d, J57.9 Hz, H-19 of Gal), 4.68
(1H, d, J57.9 Hz, H-1 of Gal). 13C-NMR (CDCl3) d : 101.1 (JC,H5163.5 Hz,
C-19 of Gal), 100.7 (JC,H5161.4 Hz, C-1 of Gal), 98.8 (JC,H5173.8 Hz, C-1
of Man), 98.2 (JC,H5171.7 Hz, C-10 of Gal). MALDI-TOFMS: Calcd for
C120H114O30Si m/z: 2062.8. Found m/z: 2085.6 (M1Na)1. 16: [a]D

24 159.7°
(c50.8, CHCl3). 

1H-NMR (CDCl3) d : 5.31 (1H, br s, H-1 of Man), 4.75
(1H, d, J57.9 Hz, H-19 of Gal), 4.73 (1H, d, J57.9 Hz, H-1 of Gal), 4.48
(1H, d, J57.9 Hz, H-10 of Gal). 13C-NMR (CDCl3) d : 104.0 (JC,H5159.3 Hz,
C-10 of Gal), 101.2 (JC,H5163.5 Hz, C-19 of Gal), 100.7 (JC,H5161.4 Hz, C-
1 of Gal), 98.9 (JC,H5171.7 Hz, C-1 of Man). MALDI-TOFMS: Calcd for
C120H114O30Si m/z: 2062.8. Found m/z: 2085.7 (M1Na)1. 

2-(Trimethylsilyl)ethyl 2,3,4,6-Tetra-O-benzoyl-aa-D-mannopyranosyl- 
(1→4)-[2,3,4,6-tetra-O-acetyl-aa-D-galactopyranosyl-(1→6)]-2,3-di-O-

benzoyl-bb-D-galactopyranosyl-(1→6)-2,3,4-tri-O-benzoyl-bb-D-galactopy-
ranoside (17) A solution of 15 (145 mg, 0.07 mmol) in MeOH (3 ml),
EtOAc (1 ml) and AcOH (1 ml) was hydrogenated over 10% Pd–C (100 mg)
for 18 h at room temperature, then filtered through Celite and the residue
was washed with methanol and concentrated. The residue was acetylated
with Ac2O (1.5 ml) in pyridine (2 ml) for 5 h at room temperature. Work-up
as described for 2, the product was purified by silica gel column chromatog-
raphy using 20 : 1 benzene–acetone as an eluent to give 17 (80 mg, 60.9%),
[a]D

24 190.8° (c52.0, CHCl3). 
1H-NMR (CDCl3) d : 5.29 (1H, br s, H-1 of

Man), 5.25 (1H, d, J53.7 Hz, H-10 of Gal), 4.84 (1H, d, J57.9 Hz, H-19of
Gal), 4.77 (1H, d, J58.0 Hz, H-1 of Gal). MALDI-TOFMS: Calcd for
C100H98O34Si m/z: 1870.7. Found m/z: 1893.7 (M1Na)1. 

2,3,4,6-Tetra-O-benzoyl-aa-D-mannopyranosyl-(1→4)-[2,3,4,6-tetra-O-
acetyl-aa-D-galactopyranosyl-(1→6)]-2,3-di-O-benzoyl-bb-D-galactopyra-
nosyl-(1→6)-2,3,4-tri-O-benzoyl-aa-D-galactopyranosyl Trichloroacetimi-
date (18) To a solution of 17 (80 mg, 43 mmol) in CH2Cl2 (1.5 ml) cooled
to 0 °C, was added CF3COOH (1.5 ml), and the mixture was stirred for 2 h at
room temperature and concentrated. Ethyl acetate and toluene (1 : 2) were
added and then removed to give the 1-hydroxy compound. To a solution of
the residue in CH2Cl2 (1 ml) cooled at 0 °C were added trichloroacetonitrile
(128 m l, 1.28 mmol) and DBU (6.5 m l, 43 mmol). The mixture was stirred for
2 h at 0 °C. After completion of the reaction, the mixture was concentrated.
Column chromatography (20 : 1 benzene–acetone) of the residue on silica
gel gave 18 (65 mg, 79.3%), [a]D

2451116.8° (c51.6 CHCl3). 
1H-NMR d :

8.30 (1H, s, NH), 6.77 (1H, d, J53.7 Hz, H-1 of Gal), 5.32 (1H, br s, H-1 of
Man), 5.25 (1H, d, J53.1 Hz, H-10 of Gal), 4.84 (1H, d, J57.9 Hz, H-19 of
Gal). MALDI-TOFMS: Calcd for C97H86Cl3NO34 m/z: 1914.8. Found m/z:
1937.7 (M1Na)1. 

(Tetradecyl)hexadecyl 2,3,4,6-Tetra-O-benzoyl-aa-D-mannopyranosyl-
(1→4)-[2,3,4,6-tetra-O-acetyl-aa -D-galactopyranosyl-(1→6)]-2,3-di-O-
benzoyl-bb-D-galactopyranosyl-(1→6)-2,3,4-tri-O-benzoyl-bb-D-galactopy-
ranoside (19) To a solution of the trichloroacetimidate 18 (65 mg, 34

mmol) and 2-(tetradecyl)hexadecanol (22 mg, 51 mmol) in CH2Cl2 (1 ml)
were added molecular sieves 4A (300 mg) and the mixture was stirred for 3 h
at room temperature, then cooled to 0 °C. TMSOTf (6.5 m l, 30 mmol) was
added and mixture was stirred for 2 h at 0 °C then neutralized with Et3N. The
solids were filtered off and washed with CHCl3. The combined filtrate and
washings were successively washed with water, dried (Na2SO4), and concen-
trated. The product was purified by silica gel column chromatography using
15 : 1 benzene–acetone as eluent to give 19 (24 mg, 32%), [a]D

245
170.2° (c50.8 CHCl3). 

1H-NMR (CDCl3) d : 5.29 (1H, br s, H-1 of Man),
5.25 (1H, d, J53.7 Hz, H-10 of Gal), 4.84 (1H, d, J57.9 Hz, H-19 of Gal),
4.68 (1H, d, J57.9 Hz, H-1 of Gal), 3.92 (1H, dd, –OCH2–), 3.33 (1H, dd,
–OCH2–), 1.34 (52H, br s, 23CH2), 0.96 (6H, t, 23–CH2CH3). MALDI-
TOFMS: Calcd for C125H146O34 m/z: 2190.9. Found m/z: 2214.3 (M1Na)1. 

2-(Tetradecyl)hexadecyl aa-D-Mannopyranosyl-(1→→4)-[aa-D-galactopy-
ranosyl-(1→6)-bb-D-galactopyranosyl]-(1→6)-bb-D-galactopyranoside (20)
To a solution of 19 (24 mg, 11 mmol) in 1 : 1 MeOH/1,4-dioxane (2 ml) was
added NaOMe (20 mg) and the mixture was stirred for 3 h at room tempera-
ture, then neutralized with Amberlite IR-120 (H1) resin. The resin was fil-
tered off and washed with 1 : 1 CHCl3–MeOH. The filtrate and washings
were combined and concentrated. Column chromatography (1 : 1 CHCl3–
MeOH) of the residue on Sephadex LH-20 gave 20 (10 mg, 82%), [a]D

24

19.2° (c50.3, 1 : 1 CHCl3–MeOH). 1H-NMR (2 : 1 CDCl3–CD3OD) d : 4.88
(1H, br s, H-1 of Man), 4.87 (1H, d, J53.7 Hz, H-10 of Gal), 4.34 (1H, d,
J57.9 Hz, H-19 of Gal), 4.20 (1H, d, J57.9 Hz, H-1 of Gal). MALDI-
TOFMS: Calcd for C54H102O21 m/z: 1086.7. Found: m/z 1109.8 (M1Na)1. 
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