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ABSTRACT

The first total synthesés of sialyl-a(2+6)-lactotetraosylceramide
(29, 1VbNeuAcLcyCer) and sialyl-a(2+6)- neolactotetraosylceramide (33,
I—ENeuAancACer) are described.

Methyl O-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-dideoxy-D-
glycero-a-D-galacto-2- nonulopyranosylonate) (2+6)-2,4-di-0-benzoyl-3-0-
benzyl-1-thio-8-D-galactopyranoside (11), the key glycosyl donor was pre-
pared, via glycosylation of 2-(trimethylsilyl)ethyl 3-O-benzyl-8-D-galacto-
pyranoszde (2) with the methyl a-thioglycoside 3 of N- acetylneuram1n1c
acid, benzoylation, replacement of the 2- (tr1methyls1ly1)ethyl group by
acetyl, and introduction of the methylthio group with (methylthio)tri-
methylsilane. Each coupling of 2-(trimethylsilyl)ethyl 0-(2-acetamido-
4,6-0-benzylidene-2-deoxy-8-D-glucopyranosyl)-(1+3’)-per-0-benzyl-8-lacto-
side (12) or 2-(trimethylsilyl)ethyl 0-(2-acetamido-3-0-acetyl-6-0-benzyl-
2-deozy-B-D-glucopyranosyl)-(1+3')-per-0-benzyl=8-D-lactoside (14) prepared
from 12 by O-acetylation and reductive opening of the benzylidene acetal,
with ll gave the pentasaccharides 16 and 20 in good yields. Compounds 16
and 20 were converted into the corresponding a-trichloroacetimidates 19
and 24 which, on coupling with (2S,3R,4E)-2-azido-3-0-benzoyl-4-octadecene-
1,3-diol (25), gave the 8-glycosides 26 and 30, respectively. Finally, 26
and 30 were transformed, via selective reduction of the azide group,
condensation with octadecanoic acid, 0-deacylation, and hydrolysis of the
methyl ester group, into 29 and 33, respectively,

INTRODUCTION

Recently, glycoconjugates, especially gangliosides which contain

sialic acid as an essential constituent, have received much attention
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owing to their important biological funct:lonsl-5 in biological systems.
.Consequently, a facile, regio- and a-stereo-selective glycoside synthesis

of sialic acid is critically important for the synthesis of a variety of
gangliosides and their analogs, in order to investigate the functions of
sialoglycoconjugates at the molecular level. Previously, we demonstrated6’7
a new efficient a-glycosylation of sialic acids by use of dimethyl(methyl-
thio)sulfonium triflate (DMTST)B’9 as the glycosyl promoter and the suita-
bly protected glycosyl acceptors in acetonitrile under kinetically con-
trolled conditions, and accomplishedlo_lz the synthesis of a variety of
gangliosides and their analogs. As a part of our continuing efforts, on
the synthesis and elucidation of the functions of gangliosides, we describe
here the first total synthesis of sialyl-a(2-6)-lactotetraosylceramide 29
and sialyl-a(2-6)-neolactotetraosylceramide 33 which was isolated13 as a
minor component of human erythrocytes, and not only found14 to Be the

15 in carcinomas of all

major ganglioside in human neconium, but also found
organs and in different histopathological types of carcinomas such as

small cell lung carcinomas and squamous lung carcinomas.

RESULTS AND DISCUSSION

Methyl O-(methyl 5-acetamido-4,7,8,9-tetra-g-acety1-3,S—dideoxy-g-
glycero-a-D-galacto-2-nonulopyranosylonate)-(2-6)-2,3,4-tri-0-benzoyl-1-

thio-B8-D-galactopyranoside (7) and methyl O-(methyl 5-acetamido-4,7,8,9-
tetra-Q—acetyl—B,5-dideoxy-2-g1ycero~a-B-galacto-Z-nonulopytanosylonate)-

(2-6)-2,A—di-g-benzoyl-B-g-benzyl-1-thib-ﬁ-g-galactopyranoside (11) were
selected as the key glycosyl donors, and 2-(trimethylsilyl)ethyl 0-(2-
acetamido-4,6-0-benzylidene-2-deoxy-B8-D-glucopyranosyl)-(1-3)-0-(2,4,6-
tri-0-benzyl-8-D-galactopyranosyl)-(1-4)-2,3,6-tri~0-benzyl-8-D-gluco-
pyranoside (12) and 2-(trimethylsilyl)ethyl 0-(2-acetamido)-3-Q-acetyl-
6-0-benzyl-2-deoxy-B-D-glucopyranosyl)-(1-3)-0-(2,4,6-tri-0-benzyl-8-D-
galactopyranosyl)-(1-4)-2,3,6-tri-0-benzyl-8-D-glucopyranoside (14) as
the acceptors in the synthesis of the title gangliosides 29 and 33, re-
spectively.

Treatment of 2-(trimethylsilyl)ethyl O-(methyl 5-acetamido-4,7,8,9-
tetra-gfacety1-3,S-dideoxy-g-glycero-a-Q-gglacto-2~nonulopyranosylonate)-

(2-6)-Q-benzoyl-B-Q-galactopytanosidel6 (4) prepared by dimethyl(methyl-
thio)sulfonium triflate (DMTST)-promoted glycosylation of 2-(trimethyl-
silyl)ethyl 3-g-benzoyl-B-D-galactopyranoside16 (1) with the methyl a-

thioglycoside16 (3) of N-acetylneuraminic acid, with benzoyl chloride in

pyridine-dichloromethane gave the tribenzoate 5, which, on treatmentu’18
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with boron trifluoride etherate in toluene-acetic anhydride, gave the 8-
l-acetate 6 quantitatively. Significant signals in the 1H NMR of 6 were
at & 6.14 (d, J = 8.1 Hz, H-1), 5.83 (dd, J = 10.3 Hz, H-2), 5.71

1,2 2,3
(dd, Jy , = 3.3 He, H-3), and 6.03 (broad d, H-4), indicating the structure
assigned. Conversion of the B-l-acetate 6 into the methyl B-thioglycoside
7 (707%) was achieved by treatmentla’19 with (methylthio)trimethylsilane

and boron trifluoride etherate in dichloromethane. The 1H NMR data for

the galactose residue in 7 were at § 4.84 (d, Jl,Z = 9.7 Hz, H-1), 5.81
(dd, J2,3 = 10.1 Hz, H-2), 5.70 (44, J3,4 = 3.1 Hz, H-3), 6.05 (broad d,
H-4), indicating the B-configuration of the glycoside linkage.

By essentially the same way described for 7, condensation of 2-(tri-
methylsilyl)ethyl 3-Q—benzyl-r3-_D_-galactopyranoside16 (2) with 3, O-benzoyl-
ation, replacement of the 2-(trimethylsilyl)ethyl group by acetyl, and
then introduction of the methylthio group with (methylthio)trimethylsilane,
afforded the another glycosyl donor 11 in good yield. The structure of 11
was unambiguously proved by 270 MHz 1H NMR spectroscopy. The observed
signals exhibited seven sharp singlets, each integrating for three protons,
which demonstrated the presence of one N-acetyl (§ 1.87), four O-acetyl
(6 2.02, 2.03, 2.09, and 2.13), one S-methyl (& 2.28), and one methyl
ester (8 3.34) groups; H-3e appeared at & 2.55 (Jgem = 13.0 Hz, J3e;4 =
4.6 Hz, H-3e; NeuSAc unit), H-4 at & 4.79 (ddd; NeuSAc unit), H-1 at &
4.55 (d, J1,2 = 9.9 Hz; Gal unit), H-2 at & 5.55 (t, J2,3 = 9.9 Hz; Gal
unit), H-4 at & 5.97 (broad d; Gal unit), and phenyl protons (15H) at §
7.05-8.02, indicating the structure assigned.

Acetylation of 2-(trimethylsilyl)ethyl 0-(2-acetamido~4,6-0-benzyl-
idene-2-deoxy-8-D-glucopyranosyl)-(1+3)-0-(2,4,6-tri-0-benzyl-R-D-galacto-
pyranosyl)-(l»l‘)-z,3,6--tri-_Q-benzyl-B-g-glucopyranoside18 (12), followed
by reductive ring-opening of the benzylidene acetal with sodium cyanoboro-
hydride-hydrogen chloride in tetrahydrofuranzo, afforded the glycosyl
acceptor 14 (917) which.has free hydroxyl group at C-4 of the glucosamine
residue in the trisaccharide for the synthesis of sialyl—u(296)-neolacto-
tetraosylceramide,

Glycosylation of 12 with 7 or 11 in dichloromethane for 14 h at 0 °C
in the presence of 4.0 equiv. of DMTST to the glycosyl donor and powdered
molecular sieves 4A gave the expected pentasaccharide derivatives 15 (527)
and 16 (58%), respectively. Removal of the benzylidene acetal in 16 by
heating with aqueous 807 acetic acid and subsequent catalytic hydrogen-
olysis over 10Z Pd-C in 4:1 ethanol-acetic acid at 45 °C, followed by O-
acetylation, gave 2-(trimethylsilyl)ethyl O-(methyl 5-acetamido-4,7,8,9-

tetra-g-acetyl—3,5-dideoxy-g-glycero-a-g-galacto-2-nonulopyranosylonate)-
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(2*6)-9-(3-Q-acetyl-2,4-di;g-benzoyl-B-Q-galactopyranosyl)-(1#3)-9-(2-
acetamido-4,6-di-0-acetyl-2-deoxy-8-D-glucopyranosyl)-(1+3)-0-(2,4,6-tri-0-
acetyl-g8-D-galactopyranosyl)-(1+4)-2,3,6-tri-0-acetyl-8-D-glucopyranoside
(17) in 647 yield. The 14 MR data for NeuSAc-Gal unit in 17 (8 4.63 (d,
Jl,Z = 7.7 Hz, H-1; Gal), 5.38 (t, J2,3 = 7.7 Hz,.H—Z; Gal), 5.71

(broad d, H-~4; Gal)] indicated that the newly formed glycosidic linkage

to be B. Other 1H NMR data, given in the Experimental, are consistent

with the structure 17. Treatment of 17 with trifluoroacetic acid in di-
chloromethane for 2 h at room temperature gave the l-hydroxy compound 18

in 77% yield, after chromatography. When treated with trichloroaceto-
nitrile in dichloromethane in the presence of 1,8-diazabicyclo[5.4.0]Jundec-
7-ene (DBU) for 3 h at 0 °C, 18 gave the a-trichloroacetimidate 19 in 907
yield. Significant signals in the 1H NMR spectrum were at § 6.47 (

d, J1,2 = 3,3 Hz, H-1) and 8.65 (s, C=NH), which showed the imidate to be a.

In order to prepare the pentasaccharide for the synthesis of sialyl-
a(2+6)-neolactotetraosylceramide, glycosylation of 14 with 7 or 11 was
attempted in the same way as described for the preparation of 15. When
the glycosyl donor 11 having the benzyl group at C-3 of the galactose
residue was used, the expected pentasaccharide 21 was obtained in 557
yield. In contrast, in the case of the donor 7, carrying the benzoyl
group at C-3, the yield (25%7) of pentasaccharide 20 was very low.

It is rationalized that the benzoyl group at C-3 together with those

at C-4 and C-6 of the galactose residue in the donor encroaches upon the
anomeric carbon from the B-side of the donor, while that at C-2 from the
a-side, and, consequently, an approach of the acceptor nuéleophile to the
B-phase of the donor might be strongly prevented.

Catalytic hydrogenolysis using 107 Pd-C in ethanol-acetic acid of the
benzyl groups in 21 and subsequent Q-acetylation gave 22 in 817 yield.
Compound 22 was converted, via selective removal of the 2-(trimethylsilyl)
ethyl group and subsequent imidate formation as described for 19, into
0-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-
galacto-2-nonulopyranosylonate)-(2+6)-0-(3-0-acetyl-2,4-di-0-benzoyl-8-D-
galactopyranosyl)-(1+4)-0-(2-acetamido-3,6-di-0-acetyl-2-deoxy-R-D-gluco-
pyranosyl)-(1+3)-0-(2,4,6-tri-Q-acetyl-8-D-galactopyranosyl)-(1+4)-2,3,6-
tri-O-acetyl-a-D-glucopyranosyl trichloroacetimidate (24) in 777 yield.
Significant signals in the 1H NMR spectrum were at & 6.48 (d, JI,Z = 3.3
Hz, H-1) and 8.67 (s, C=NH), which showed the imidate to be a.
Glycosylation of (2§,3g,AE)—2-azido-3-g-benzoyl-d-octadecene-1,3-d10121

(25) with 19 or 24 in dichloromethane in the presence of boron trifluoride

21a,22

etherate for 8 h at 0 °C afforded the corresponding B-glycosides 26
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21a,23 of the azide

(437) and 30 (427), respectively. Selective reduction
group in 26 or 30 with hydrogen sulfide in aqueous 837 pyridine for 48 h

at 0 °C gave the corresponding amines (27 and 31), which, on condensation
with octadecanoic acid, using l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (WSC) in dichloromethane, gave the corresponding acylated
gangliosides 28 and 32 in good yields, after chromatography.

Finally, O-deacylation of 28 and 32 with sodium methoxide in methanol,
and subsequent saponification of the methyl ester group, yielded the
desired sialyl-a(2+6)-lactotetraosylceramide (29) and sialyl-a(2+6)-neo-
lactotetraosylceramide (33), respectively, in good yields. The yem
spectra of 29 and 33 in 98:2 (CD3)ZSO-D20 each contained four signals (d)
due to the anomeric protons: 29 at & 4.17 (2d, J1,2 = 8.1 Hz, H-1a, H-1d),
4.28 (Jl’2 = 7.1 Hz, H-1b), and 4.79 (J1,2 = 8.0 Hz, H-1c); 33 at & 4.17.
(Jl,2 = 7.7 Hz, H-1a), 4.27 (J1,2 = 7.7 Hz, H-1d), 4.29 (J1,2 = 7.1 Hz,
H-1b), and 4.72 (Jl,Z = 8.4 Hz, H-1c).

The work described above shows that the use of the thioglycosides
in the presence of DMTST is effective for the synthesis of the glycosides
and the thioglycoside 11 of sialyl-a(236)-galactose is the useful building

unit for the synthesis of complex types of sialoglycoconjugates.

EXPERIMENTAL

General Procedures. Specific rotations were determined with a Union

PM-201 polarimeter at 25 °C, and IR spectra were recorded with a JASCO A-
100 spectrophotometer. 1H NMR spectra were recorded with a JEOL JNM-GX
270 spectrometer. Preparative chromatography was performed on silica gel
(Wako Co., 200 mesh) with the solvent systems specified. Concentrations
were conducted in vacuo.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-

3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-(246)-2,3,4-

tri-O-benzoyl-8-D-palactopyranoside (5). To a solution of 516 (750 mg,

0.87 mmol) in dichloromethane (5 mL) was added, with stirring, a solution
of benzoyl chloride (0.3 mL, 2.61 mmol) in pyridine (0.5 mL). After com-
pletion of the reaction, methanol (1 mL) was added, and the mixture was
stirred for 20 min, concentrated, and extracted with dichloromethane.

The extract was successively washed with 2M hydrochloric acid, M sodium
carbonate, and water, dried (NaZSOA), and concentrated. Column chromato-
graphy (25:1 toluene-methanol) of the residue on silica gel (150 g) gave
5 (770 mg, 82.6%) as an amorphous mass; [cz]D +46.5° (c 0.93, chloroform);
'H NMR (CDC1,) NeuSAc unit § 1.93 (s, 3H, AcN), 2.06, 2.10, 2.17, 2.26
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1]

(45, 12H, 4Ac0), 2.53 (dd, 14, J = 13.2 Hz, J, , = 4.8 Hz, H-3e),
3.42 (s, 3H, MeO), 4.43 (dd, 1H, Jg g = 3.1 Hz, J = 12.6 Hz, H-9),
4.82 (m, 1H, H-4), 5.35 (dd, 1H, H-7), and 5.45 (m, 1H, H-8); Gal unit
§ 0.90 (m, 2H, Me SiCH,CH)), 4.91 (d, 1H, J; ) = 7.9 Hz, H-1), 5.65 (dd,
1H, J, 5 =10.4 Hz, J3 , = 3.5 Hz, B-3), 5.77 (dd, 1H, H-2), 6.04 (broad
d, 1H, H-4), and 7.24-8.14 (m, 15H, 3Ph).

Anal. Caled for Cg,H, N0, Si (1066.2): C, 58.58; H, 5.96; N, 1.31.
Found: C, 58.44; H, 6.04; N, 1.38.

0-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-

a-D-galacto-2-nonulopyranosylonate)-(2+6)-1-0-acetyl-2,3,4-tri-O-benzoyl-

8-D-galactopyranose (6). To a solution of 5 (4.9 g, 4.6 mmol) in dry
toluene (50 mL) and acetic anhydride (7 mL, 69.5 mmol) was added boron

trifluoride etherate (1.2 mL), and the mixture was stirred at room temper-

ature. The reaction was monitored by TLC and, after 1 h, 5 was not
detectable. Dichloromethane (100 mL) was added, and the solution was
washed with M sodium hydrogen carbonate, dried (NaZSOA), and concentrated.
Column chromatography (3:1 ethyl acetate-hexane) of the residue on silica
gel (500 g) afforded 6 (4.85 g, quantitative) as an amorphous mass; [a]
+73.0° (c 1.1, chloroform); H NMR (CDCl ) Neu5Ac unit 6 1.87 (s, 3H, AcN),
2.47 (dd, 1H, Jgem = 13.0 Hz, J 3e,4 = 4, 6 Hz, H-3e), 3.36 (s, 3H, MeO),
4.80 (m, 1H, H-4), 5.27 (4, 14, J = 9.0 Hz, H-7), and 5.44 (m, 1H, H-8);

7,8
Gal unit § 5.71 (dd, 1H, JZ 3 = 10.3 Hz, J3 4= 3.3 Hz, H-3), 5.83 (dd,
’ ’
iH, J = 8.1 Hz, H-2), 6.03 (broad d, 1H, H-4), 6.14 (d, 1H, H-1), and

1,2
7.02-8.38 (m, 15H, 3Ph); O-acetyl groups § 2.00, 2.05, 2.08, 2.09, 2.20
(5s, 15H, 5AcO).

Anal. Calcd for Cl'gH53NO22 (1008.0): ¢, 58.39; H, 5.30; N, 1.39,
Found: C, 58.38; H, 5.42; N, 1.49.

Metyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-

glycero~a-D-galacto-2-nonulopyranosylonate)-(2+6)-2,3,4-tri-O-benzoyl-1-

thio-B-D-galactopyranoside (7). To a solution of 6 (530 mg, 0.53 mmol)

in dry dichloromethane (5 mL) were added, with stirring, (methylthio)tri-
methylsilane (158 mg, 1.29 mmol) and boron trifluoride etherate (0.14 mL),
and the mixture was stirred for 2 h at room temperature. Dichloromethane
(50 mL) was added, and the solution was washed with M sodium hydrogen
carbonéte, dried (NaZSOA),'and concentrated. Column chromatography (3:1
ethyl acetate-hexane) of the residue on silica gel (60 g) gave 7 (392 mg,
757%) as an amorphous mass; [cx]D +59.5° (¢ 0.96, chloroform); 1H NMR (CDCl3)
NeuSAc unit § 1.86 (s, 3H, AcN), 2.00, 2.04, 2.11, 2.21 (4s, 12H, 4AcO),
2.48 (dd, 1H, Jgem = 13.0 Hz, J3e,4 = 4.6 Hz, H-3e), 3.42 (s, 3H, MeO),

4.77 (m, 1H, H-4), 5.30 (dd, 1H, J6 7= 1.5 He, J7 g = 8.4 Hz, H-7), and
» »

447
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5.45 (m, 1H, H-8); Gal unit & 4.84 (d, 1H, J1,2 = 9.7 Hz, H-1), 5.70 (dd,
1H, J2’3 = 10.1 Hz, J3,4 = 3.1 Hz, H-3), 5.81 (dd, 1H, H-2), 6.05 (broad
d, 1H, H-4), and 7.02-8.39 (m, 15H, 3Ph).

Anal. Calcd for C48H53N0205 (996.0): cC, 57.88; H, 5.36; N, 1.41.
Found: C, 57.60; H, 5.51; N, 1.43.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-

3,5-dideoxy-g-glycero-u-D-galacto-2—nonu10pyranosylonate)-(246)-3-0-

benzyl-8-D-galactopyranoside (8). To a solution of 2-(trimethylsilyl)-
6 (1.0 g, 2.7 mmol) and 216
(2.2 g, 4.37 mmol) in dry acetonitrile (2.5 mL) were added molecular

ethyl 3-0-benzyl-B-D-galactopyranoside gl

sieves 3A (MS-3A; 2.0 g), and the mixture was stirred for 16 h at room
temperature, and cooled to -40 °C. Dimethyl(methylthio)sulfonium triflate24
(DMTST) (5.8 g, 22.4 mmol) was added to the mixture at -40 °C, and vigor-
ously stirred for 24 h at -15 °C; the course of the reaction was monitored
by TLC. The precipitates were filtered off, and washed with dichloro-
methane. The filtrate and washings were combined, and the solution was
washed with M sodium hydrogen carbonate, dried (Nazsoa), and concentrated.
Column chromatography (30:1 dichloromethane-methanol) of the residue on
silica gel (200 g) afforded 8 (1.03 g, 457%) as an amorphous mass; [u]D
-16.2° (c 1.1, chloroform); 1H NMR (CDC13) NeuSAc unit é 1.83 (s, 3H, AcN),
1.99, 2.00, 2.09, 2.11 (4s, 12H, 4AcO), 2.16 (dd, 1H, Jgem = 12.6 Hz,

J3e 4 = 4.8 Hz, H-3e), 3.79 (s, 3H, MeO), 4.75 (m, 1H, H-4), 5.29 (dd, 1H,

J6 7= 2.0 Hz, J7 g = 8.1 Hz, H-7), and 5.33 (m, 1H, H-8); Gal unit § 0.98
s ’

(m, 2H, MEBSiQHZCHZ), 4,27 (d, 1H, Jl 2 = 7.8 Hz, H-1), 4.67, 4.74 (2d, 2H,

PhCH,0), and 7.02-7.46 (m, 5H, Ph).
Anal. Calcd for C38H57N01851 (843.9): C, 54.08; H, 6.81; N, 1.66.
Found: C, 53.87; H, 7.07; N, 1.50.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-

3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-(2+6)-2,4-di-0-
benzoyl-3-0-benzyl-B-D-galactopyranoside (9). To a solution of 8 (395

mg, 0.47 mmol) in dichloromethane (5 mL) was added, with stirring, a so-
lution of benzoyl chloride (0.16 mL, 1.33 mmol) in pyridine (0.5 mL) at

0 °C, and the mixture was stirred for 24 h at room temperature. After
completion of the reaction, methanol (1 mL) was added, and the mixture

was stirred for 20 min, concentrated, and extracted with dichloromethane.
The extract was successively washed with 2M hydrochloric acid, M sodium
carbonate, and water, dried (NaZSOA)’ and concentrated. Column chromato-
graphy (2:1 ethyl acetate-hexane) of the residue on silica gel (40 g)

gave 9 (301 mg, 61%) as an amorphous mass; [a]D +39.0° (¢ 1.26, chloroform);
1H NMR (CDCl3) Neu5Ac unit § 1.96 (s, 3H, AcN), 2.11, 2.12, 2.18, 2.22
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(4s, 12H, 4AcO), 2.64 (dd, 1H, Jgem = 12.8 Hz, Jse,a = 4.8 Hz, H-3e), 3.37
(s, 3H, MeO), 4.41 (dd, 1H, J8,9 = 2.6 Hz, Jgem = 12.5_Hz, H-9), and 5.46
(m, 1H, H-8); Gal unit & 0.97 (m, 2H, Ne3SiQ§2CH2), 3.88 (dd, 1H, J2’3 =
9.9 Hz, 3.4 = 3.3 Hz, H-3), 4.61, 4.84 (24, 2H, Phggzo), 4.70 (4, 1H,
Jl’2 = 8.1 Hz, H-1), 5.55 (dd, 1H, H-2), 6.02 (broad d, 1H, H-4), and
7.12-8.26 (m, 15H, 3Ph).

Anal. Calcd for Cg,H, NO, Si (1052.2): €, 59.36; H,6.23; N, 1.33.
Found: C, 59.41; H, 6.43; N, 1.30.

O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-

a-D-galacto-2-nonulopyranosylonate)-(2+6)-1-0-acetyl-2,4-di-O-benzoyl-

3-0-benzyl-8-D-galactopyranose (10). To a solution of 9 (301 mg, 0.29

mmol) in dry toluene (3 mL) and acetic anhydride (0.4 mL) was added boron
trifluoride etherate (0.08 mL), and the mixture was stirred for 1 h at
room temperature. Dichloromethane (10 mL) was added, and the solution
was washed with M sodium hydrogen carbonate, dried (NaZSOA), and concen-
trated. Column chromatography (4:1 ethyl acetate-hexane) of the residue
on silica gel (40 g) gave 10 (174 mg, 617) as an amorphous mass; [o.]D +58.5°
(c 1.0, chloroform); 1H NMR (CDCl3) Neu5SAc unit 6 1.87 (s, 3H, AcN), 2.55
(dd, 1H, Jgem = 13.0 Hz, J3e,4 = 4.6 Hz, H-3e), 3.29 (s, 3H, MeO), and
5.38 (m, 1H, H-8); Gal unit & 4.29 (dd, 1H, JZ,3 = 12.5 Hz, .]3’4 = 2.6 Hz,
H-3), 4.53, 4.77 (24, 2H, Ph9§20), 5.58 (dd, 1H, Jl,Z = 8.4 Hz, H-2), 5.87
(d, 1H, H-1), 5.96 (broad d, 1H, H-4), and 7.03-8.16 (m, 15H, 3Ph);
0O-acetyl groups § 2.02, 2.03, 2.04, 2.07, 2.13 (5s, 15H, 5AcO).

Anal. Calcd for CAQHSSNOZI (994.0): C, 59.21; H, 5.58; N, 1.41.
Found: G, 59.08; H, 5.71; N, 1.35.

Methyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-

glycero-a-D-galacto-2-nonulopyranosylonate)~{2+6)-2,4-di-0O-benzoyl~3-0-

benzyl-1-thio-B-D-galactopyranoside (11). To a solution of 10 (174 mg,
0.17 mmol) in dichloromethane (2 mL) were added, with stirring, (methyl-
thio)trimethylsilane (52.6 mg, 0.43 mmol) and boron trifluoride etherate

.(0.4 mL), and the mixture was stirred for 2 h at room temperature.

Dichloromethane (30 mL) was added, and the solution was washed with

M sodium hydrogen carbonate, dried (NaZSOA), and concentrated. Column
chromatography (80:1 dichloromethane-methanol) of the residue on silica
gel (30 g) gave 11 (150 mg, 87%) as an amorphous mass; [u.]D +53.0° (c 0.96,
chloroforn); 'H MR (CDCL,) NeuSAc unit & 1.87 (s, 3H, AcN), 2.02, 2.03,
2.09, 2.13 (4s, 12H, 4AcO), 2.55 (d4, IH! Jgem = 13.0 Hz, J3e,4 = 4.6 Hz,
H-3e), 3.34 (s, 3H, MeO), 4.79 (m, 1H, H-4), and 5.38 (m, 1H, H-8); Gal

unit & 2.29 (s, 3H, MeS), 4.54, 4.79 (2d, 2H, PhQEZO), 4.55 (d, 1H, J1 2 =
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1.2 = Jz 3= 9.9 Hz, H-2), 5.97 (broad s, 1H,
= 2.7 Hz, H-4), and 7.05-8.20 (m, 15H, 3Ph).

Anal. Calcd for CASHSSNolgs (982.0): C, 58.71; H, 5.65; N, 1.43.
Found: C, 58.71; H, 5.78; N, 1.42.

2-(Trimethylsilyl)ethyl 0-(Q2-Acetamido-3-0O-acetyl-4,6-di-O-benzylidene-

9.9 Hz, H-1), 5.55 (t, 1H, J

I3.4

2-deoxy-8-D-glucopyranosyl)-(1+3)-0-(2,4,6-tri-0-benzyl-8-D-galactopyran-
0sy1)-(31+4)-2,3,6-tri-O-benzyl-8-D-glucopyrangside (13). Compound 1218
(2.71 g, 2.12 mmol) was acetylated with acetic anhydride (15 mL) in

pyridine (30 mL) for 16 h at room temperature, to give 13 (2.46 g, 88%)
as an amorphous mass; [u.]D -35.0° (c 1.1, chloroform); 1H NMR (CDC13) 8
1.00 (m, 2H, MeBSigﬂzCﬂz), 1.51 (s, 3H, AcN), 1.99 (s, 3H, AcO), 5.51 (s,
1H, PhCH), and 7.09-7.47 (m, 35H, 7Ph).

Anal. Calcd for C76H89N017Si (1316.6): C, 69.33; H, 6.81; N, 1.06.
Found: C, 69.31; H, 6.99; N, 1.18.

2-(Trimethylsilyl)ethyl 0-(2-Acetamido-3-0-acetyl-6-0-benzyl-2-
deoxy-8-D-glucopyranosyl)-(1+3)-0-(2,4,6-tri-O-benzyl-R-D-galactopyran-
osyl)-(134)-2,3,6-tri-0O-benzyl-B-D-glucopyranoside (14). To a solution
of 13 (167 mg, 0.13 mmol) in dry tetrahydrofuran (2 mL) was added MS-3A

(400 mg), and the mixture was stirred for 4 h at room temperature, and

sodium cyanoborohydride (120 mg) was gradually added. After the reagent
had dissolved, hydrogen chloride in ether was added at room temperature
until the evolution of gas ceased. TLC indicated that the reaction was
completed after 6 min. The mixture was diluted with dichloromethane (50
mL) and water (10 mL), and the mixture was washed with water and M sodium
hydrogen carbonate, dried (NaZSOA)’ and concentrated. Column chromato-
graphy (1:1 ethyl acetate-hexane) of the residue on silica gel (20 g) gave
14 (152 mg, 917) as an amorphous mass; [a]D -20.6° (c 1.1, chloroform);
IH NMR (CDCl3) § 1.00 (m, 2H, Me3Sig§2CH , 1.46 (s, 3H, AcN), 1.97 (s,
3H, AcO), and 7.10-7.34 (m, 35H, 7Ph).

Anal. Caled for C76H91N017Si (1318.6): C, 69.23; H, 6.96; N, 1.06.
Found: C, 69.34; H, 6.96; N, 1.02.

2-(Trimethylsilyl)ethyl O-(Methyl S5-Acetamido-4,7,8,9~tetra-0-acetyl-
3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-(246)-0-(2,3,4-

2)

tri-O-benzoyl-B-D-galactopyranosyl)-(1+3)-0-(2-acetamido-4,6-0-benzylidene-

Zédeoxy-B—D-glucopyranosyl)-(173)-0-(2,éiﬁ-tri-o-benzyl-B-g:galactquran-
osyl)-(lﬂé);g,j,6-tri-0-benzyl-B-g-glucopyranoside (15). To a solution
of 7 (250 mg, 0.25 mmol) and 12'® (212 mg, 0.16 mmol) in dichloromethane
(7 mL) was added powdered MS-4A (700 mg), and the mixture was stirred for
5 h at room temperature, then cooled to 0 °C. DMTST (260 mg, 1.0 mmol)
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was added, the mixture was stirred for 14 h at 0 °C, and the reaction was
monitored by TLC. The precipitates were collected and washed with dichloro-
methane, and the combined filtrate and washings were washed with water, dried
(NaZSQA)’ and concentrated. Column chromatography(4:1ethyl acetate-hexane) of
the residue on silica gel (50 g) gave 15 (190 mg, 51.5%) as an amorphous
mass; [u.]D 4+26.0° (c 1.0, chloroform); 1H NMR (CDC13) § 0.83 (s, 3H, AcN),
1.00 (m, 2H, Me SngZCHZ), 1.87, 1.89, 2.01, 2.04, 2.09 (5s, 15H, 4AcO,

3
AcN), 3.02 (s, 3H, MeO), 4.96 (dd, 1H, JZd,3d = 10.4 Hz, J3d,4d = 3.5 He,
H-3d), 5.32 (dd, 1H, J6e,7e = 2.2 Hz, J7e,Be = 9.4 Hz, H-7e), 5.58 (dd, 1H,

JZd 3d = 10.4 Hz, H-2d), 5.78 (broad d, 1H, H-4d), 5.80 (s, 1H, PhCH), and
7.08-8.05 (m, 50H, 10FPh).

Anal. Calecd for C121H138N203531 (2208.5): C, 65.81; H, 6.30; N, 1.27.
Found: C, 65.78; H, 6.31; N, 1.28.

2-(Trimethylsilyl)ethyl O-(Methyl S5-Acetamido-4,7,8,9-tetra-O-acetyl-

3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-(2+6)-0-(2,4-

di-0-benzoyli-3-0-benzyl-B-D-galactopyranosyl)-(1+43)-0-(2-acetamido-4,6-0-

benzylidene-Z—deoxy-B-D—glucopyranosyl)-(193)-0-(2,4,6-tri-0-benzy1-ﬁ-9-

galactopyranosyl)-(194)-2,3,6-tri-O-benzyl-B-D~glucopyranoside (16).
Glycosylation of 12 (38.4 mg, 0.03 mmol) with 11 (60 mg, 0.06 mmol), as
described for the synthesis of 15, gave 16 (39 mg, 587) as an amorphous
mass; 'H NMR (CDC1,) & 1.00 (m, 2H, Me,SiCH,CH,), 1.68, 1.87 (2s, 6H, 2AcN),
1.87-2.09 (4s, 12H, 4AcO), 2.58 (dd, 1H, Jgam = 12.5 He, J3e-eq,43 = 4.4
Hz, H-3e-eq), 3.06 (s, 3H, MeO), 4.34 (d, 1H, Jlb 1 = 7.3 Hz, H-1b), 4.63
’
(d, 1H, Jld 24 = 7.9 Hz, H-1d), 5.39 (m, 1H, H-8e), 6.93-8.16 (m, 50H, 10Ph).
, .

Anal. Caled for 0121H138N203551 (2208.5): C, 68.81; H, 6.30; N, 1.27.

Found: C, 68.65; H, 6.49; N, 1.26.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-

3,5-dideoxy-9-glycero-a-D-galacto-2~nonulopyranosylonate)-(2*6)-0-(3-0-

acetyl-2,4-di-0-benzoyl-B-D-palactopyranosyl)-(1+3)-0-(2-acetamido-4,6-

di-O-acetyl-Z-deoxy-B-D-glucopyranosyl)-(1&3)-0-(214,6-tri—0—acety1-ﬁ-9-

galactopyranosyl)-(124)-2,3,6-tri-O-acetyl-8-D-glucopyranoside (17).
A solution of 16 (647 mg, 0.29 mmol) in aqueous BOZ% acetic acid (60 mL)

was heated for 24 h at 60 °C and concentrated. A solution of the residue
in ethanol (80 mL) and acetic acid (20 mL) was hydrogenolysed in the pres-
ence of 107 Pd-C (1.2 g) for 48 h at 45 °C, then filtered, and concentrated.
The residue was treated with acetic anhydride (6 mL) and pyridine (8 mL)

by heating for 3 days at 45 °C. Column chromatography (50:1 dichloro-
methane-methanol) of the product on silica gel (100 g) gave 17 (350 mg,

647) as an amorphous mass; [u]D 4+23.6° (¢ 1.0, chloroform); 1H NMR (CDC13)

& 0.89 (m, 2H, He3Sig§2CH2), 1.85, 1.88 (2s, 6H, 2AcN), 1.99-2.17 (13s,
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39H, 13AcO0), 2.50 (dd, 1H, Jgem = 12.8 Hz, J3e-eq,&e = 4.0 Hz, H-3e-eq),
3.29 (s, 3H, MeD), 4.10 (dd, 1H, Jgem = 12.5 Hz, J88,9e = 4.0 Hz, H-%e),
= 7.7 Hz, H-1b), 4.45 (d, 1H,
= 7.7 Hz, H-1d), 4.80 (m, 1H,
= 9.1 Hz, H-2a), 4.90 (t, 1H, J2b,3b = 7.7 Hz,
H-2b), 5.12 (d, 1H, JSe,NH = 9.2 Hz, NH), 5.14 (t, 1H, J3a,ba = 9.2 Hz,
H-3a), 5.29 (44, 1H, J6e,7e = 4.3 Hz, J7e,8e = 12.1 Hz, H-7e), 5.38 (t, 1H,
JIpa,3a = 7-7 Hz, H-2d), 5.71 (broad d, 1H, Jy4 , = 2.9 Hz, H-4d), and
7.45-8.12 (m, 10H, 2Ph).
Anal. Caled for C83H110N20448i (1867.9): ¢, 53.37; H, 5.94; N, 1.50.
Found: C, 53.19; H, 6.14; N, 1.51.
0-{(Methyl S-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-giycero-a-

J1b,2b

Jla,Za = 7.7 Hz, H-la), 4.63 (d, 1H, Jld,2d

H-4e), 4.86 (dd, 1H, J2a,3a

D-galacto-2-nonulopyranosylonate)-(2+46)-0-(3-0-acetyl-2,4-di-0-benzoyl-8-

D-galactopyranosyl)-(1+3)-0-(2-acetamido-4,6-di-0-acetyl-2-deoxy-B-D-

glucopyranosyi)-(1+3)-0-(2,4,6-tri-O-acetyl-R-D-galactopyranosyl)-(134)-

2,3,6-tri-O-acetyl-D-glucopyranose (18). To a solution of 17 (329 mg,

0.18 mmol) in dichloromethane (2 mL) was added trifluorocacetic acid (1.0
mL), and the mixture was stirred for 2 h at room temperature and then
concentrated. Column chromatography (30:1 dichloromethane-methanol) of

the residue on silica gel (30 g) gave 18 (240 mg, 777) as an amorphous mass;
[a]D +26.0° (c 1.0, chloroform); 1H NMR (CDCl3) § 1.85, 1.88 (2s, 6H,
2AcN), 2.00-2.17 (13s, 39H, 13Ac0), 3.30 (s, 3H, MeO), 4.80 (t, 1H, J

la,2a=
Jya,3a = 6-4 Hz, H-2a), 4.31 (d, 1H, I1p,2p = 7+7 Hz, H-1b), 4.63 (d, 1H,
Jld,Zd = 7.7 Hz, H-1d), 4.80 (m, 1H, H-4e), 5.12 (d, 1H, Jse’NH = 8.1 Hz,

NH), 5.35 (m, 1H, H-8e), 5.71 (broad d, 1H, J
7.45-8.12 (m, 10H, 2Ph). )

Anal. caled for c78H98N2044 (1767.6): C, 53.00; H, 5.59; N, 1.58.
Found: C, 52.79; H, 5.71; N, 1.55.

0-(Methyl 5-Acetamido~4,7,8,9-tetra-0O-acetyl-3,5-dideoxy-D-glycero-

3d,4d = 3.1 Hz, H-4d), and

a-D-galacto-2-nonulopyranosylonate)-(2+6)-0-(3-0-acetyl-2,4-di-0O-benzoyl-

B-D-galactopyranosyl)-(1+3)-0-(2-acetamido-4,6-di-0O-acetyl-2-deoxy-8-D-

glucopyranosyl)-(1’3)-0-(2,4,6-tri-0-acetyl-ﬂ-9-galactopyranosyl)-(lab)-

2,3,6-tri-0-acetyl-a-D-glucopyranosyl trichlorcacetimidate (19). To a
solution of 18 (212 mg, 0.12 mmol) in dichloromethane (2 mL) and trichloro-
acetonitrile (0.35 mL) was added 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU;

18 mg) at 0 °C, and the mixture was stirred for 3 h at 0 °C, then concen-
trated. Column chromatography (30:1 dichloromethane-methanol) gave 19

(206 mg, 90%) as an amorphous mass; [a]D +30.3° (c 1.1, chloroform); lH NMR
(CDC13) § 1.85, 1.88 (2s, 6H, 2AcN), 2.00-2.17 (13s, 39H, 13AcO), 251 (dd,
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14, J = 13.2 Hz, J

gem 3e-eq, e = 4.6 Hz, H-3e-eq), 3.29 (s, 3H, Me0), 4.12
(ad, 1H, J = 12.5 Hz,

J .= 2.4 Hz, H-%e), 4.25 (dd, 1H, H-9'e),
gem Be,%e

4.35 (d, 1H, Jlb,Zb = 7.5 Hz, H-1b), 4.62 (d, 1H, Jld,2d =7.5 Hz, H-1d),
4.80 (m, 1H, H-4e), 4.92 (ad, 1J, Jla,Za = 4.0 Hz, JZa,3a = 8.2 Hz, H-2a),
5.12 (4, 1H, JSe,NH = 8.1 Hz, NH), 5.30 (dd, 1H, J6e,7e = 3.5 Hz, J7e,8e =
10.2 Hz, H-7e), 5.38 (dd, 1H, JZd 3d = 10.6 Hz, H-2d), 5.71 (broad d, 1H,
J3d ad = 3.1 Hz, H-4d), 6.47 (4, 1H, Jl = 3.3 Hz, H-1la), 7.46-8.11 (m,
10H, 2Ph), and 8.65 (s, 1H, C=NH).

Anal. Calcd for CSOH98N3044013 (1912.0): cC, 50.25; H, 5.17; N, 2.20.
Found: C, 49.95; H, 5.31; N, 2.09.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-0O-acetyl-

2

3,5-dideoxx-9-glycero-u-D-galacto-Z—nonulopyranosylonate)—(246)-0—(2,3,4-

tri-O-benzoyl-B-D-galactopyranosyl)-(124)-0-(2-acetamido-3-O-acetyl-6-0-

benzyl-2-deoxy-B-D-glucopyranQ§y1)-(143)-0-(2,A,6-tri-0-benzy1-ﬂ-9-

galactopyranosyl)-(1+4)-2,3,6-tri-O-benzyl-R-D-plucopyranoside (20).

To a solution of 7 (79 mg, 79 umol) and 14 (70 mg, 53umel) in dichloro-
methane (2 mL) was added MS-4A (300 mg), and the mixture was stirred for
8 h at room temperature, then cooled to 0 °C. DMTST (82 mg, 0.32 mmol)
and MS-4A (78 mg) were added, the mixture was stirred for 24 h at 0 °C,
and the reaction was monitored by TLC. Methanol (1 mL) and triethylamine
(0.5 mL) were added, and the precipitates were collected and washed with
dichloromethane. The filtrate and washings were combined, and concentrated.
A -solution in dichloromethane (50 mL) of the residue was washed with water,
dried (NaZSOA), and concentrated. Column chromatography (4:1 ethyl
acetate-hexane) of the residue on silica gel (30 g) gave 20 (30 mg, 25%)
as an amorphous mass; [o.]D 4+6.8° (¢ 1.1, chloroform); lH NMR (CDC13) 8
1.00 (m, 2H, Me,SiCH,CH,), 1.48, 1.78 (2s, 6H, 2AcN), 1.86-2.11 (5s, 15H,
5Ac0), 2.57 (dd, 1H, Jgem = 12.6 Hz, J3e-eq,4e = 4.6 Hz, H-3e-eq), 3.36
(s, 3H, MeQ), 5.35 (m, 1H, H-8e), 5.85 (broad d, 1H, J = 3.1 Hz, H-4d),
and 7.07-8.12 (m, 50H, 10Ph).

Anal. Calcd for 0123H140N2037Si (2266.5): C, 65.18; H, 6.23; N, 1.24.
Found: C, 65.13; H, 6.45; N, 1.20.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-

3d,4d

3,5-dideoxy-D-glycero-a-P-galacto-2-nonulopyranosylonate)~(2+6)-0-(2,4-
di-0-benzoyl-3-O-benzyl-B-D-galactopyranosyl)-(144)-0-(2-acetamido-3-0-

acetyl-6-0-benzyl-8-D-glucopyranosyl)~(1+3)-0-(2,4,6-tri-Q-benzyi-B-D-

galactopyranosyl)-(144)-2,3,6-tri-0O-benzyl-8-D-glucopyranoside (21).

To a solution of 11 (265 mg, 0.27 mmol) and 14 (237 mg, 0.18 mmol) in
dichloromethane (2 mL) was added MS-4A (500 mg), and the mixture was stirr-
ed for 5 h at room temperature, and cooled to 0 °C. DMTIST (280 mg, 1.08
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mmol) was added, and the mixture was stirred at 0 °C; after 5 h, the
reaction was completed. A similar work-up, as described for 20, gave 21
(220 mg, 55%) as an amorphous mass; [u]D +28.0° (¢ 1.1, chloroform);
lH NMR (CDC13) § 1.00 (m, 2H, Me3SiQ§20H2), 1.48, 1.78 (2s, 6H, 2AcN),
1.86-2.11 (5s, 15H, 5Ac0), 2.57 (d4d, 1H, Jgem = 12.6 Hz, J3e-eq,4e = 4.6
Hz, H-3e-eq), 3.36 (s, 3H, MeO), 4.91 (d, 1H, Jld 24 = 7.1 Hz, H-1d),
5.29 (dd, 1H, J6e,7e = 4.2 Hz, J7e,8e = 10.9 Hz, H-7e), 5.35 (m, 1lH, H-8e),
5.85 (broad d, J3d 4d = 3.1 Hz, H-4d), and 7.07-8.12 (m, 50H, 10Ph).

Anal. Calcd for 0123H142N2036Si (2252.6): C, 65.59; H, 6.35; N, 1.24.
Found: C, 65.41; H, 6.46; N, 1.25.

2-(Trimethylsilyl)ethyl O-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-

3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosylonate)-(2+6)-0-(3-0-

acetyl-2,4-di-0-benzoyl-B-D-galactopyranosyl)-(1+4)-0-(2-acetamido-3,6-

di-O-acetyl-2-deoxv-8-D-glucopyranosyl)-(1+3)-0-(2,4,6-tri-O-acetyl-g-D-

galactopyranosyl)-(124)-2,3,6-tri-O-acetyl~R-D-glucopyranoside (22).
A solution of 21 (520 mg, 0.23 mmol) in ethanol (80 mL) and acetic acid
(20 mL) was stirred with 107 Pd-C (1,0 g) for 48 h at 45 °C under hydrogen.

The catalyst was collected and washed with ethanol, the combined filtrate

and washings were concentrated, and the residue was heated with acetic
anhydride (6 mL) and pyridine (8 mL) for 24 h at 45 °C. The mixture was
concentrated and extracted with dichloromethane, and the extract was suc-
cessively washed with 2M hydrochloric acid and M sodium carbonate, dried
(NaZSOA)’ and concentrated. Column chromatography (50:1 dichloromethane-
methanol) of the residue on silica gel (50 g) gave 22 (348 mg, 81Z) as an
amorphous mass; [u]D +1.4° (c 1.0, chloroform); 1H NMR (CDC13) $§ 0.91 (m,
2H, He3Si§§2CH2), 1.85, 1.89 (2s, 6H, 2AcN), 1.91-2.19 (13s, 39H, 13AcD),
2.51 (44, Jgem = 12.8 Hz, J3e-eq,be = 4.6 Hz, H-3e-eq), 3.43 (s, 3H, Me0),
3.69 (t, 1H, J3a,ka = JAa,Sa = 9,2 Hz, H-4a), 4.31 (d, 1H, Jlb,2b = 8.1
Hz, H-1b), 4.46 (d, 1H, Jla,Za = 8.1 Hz, H-1a), 4.82 (4, 1H, Jld,Zd =17.7
Hz, H-1d), 4.86 (dd, 1H, JZa,3a = 9.5 Hz, H-2a), 4.96 (dd4, 1H, JZb,3b =
9.5 Hz, H-2b), 5.15 (dd, 1H, H-3a), 5.40 (m, 1H, H-8e), 5.77 (broad d, 1H,
J3d,4d = 3.3 Hz, H-4d), and 7.42-8.11 (m, 10H, 2Ph).

Anal. Calcd for C83H110N204451 (1867.9): €, 53.37; H, 5.94; N, 1.50.
Found: C, 53.33; H, 5.98; N, 1.48.

0-(Methyl 5-Acetamido-é)7,8,9-tetra-0-ace§y1-3,S-dideoxy—g—glycero-

a-D-palacto-2-nonulopyranosylonate)-(2+46)-0-(3-0-acetyl-2,4-di-0-benzoyl-

B-D-galactopyranosyl)-(1+4)-0-(2-acetamido-3,6-di-O-acetyl-2-deoxy-R-D-

glucopyranosyl)-(193)-0-(2,4,6-tri-0-acetvl—B-Q-galactopyranosyl)'(1*4)-

2,3,6-tri-O-acetyl-D-glucopyranose (23). To a solution of 22 (343 mg,

0.18 mmol) in dry dichloromethane (1.8 mL) was added trifluoroacetic acid
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(0.8 mL), the mixture was stirred for 2 h at room temperature and concen-
trated. Column chromatography (30:1 dichloromethane-methanol) of the
residue on silica gel (30 g) gave 23 (310 mg, 957%) as an amorphous mass;
[a]D +20.0° (c 1.3, chloroform); 1H NMR (CDC13) § 1.84, 1.88 (2s, 6H, 2AcN),
1.90-2.18 (13s, 39H, 13Ac0), 2.50 (dd, 1H, Jgem = 12.5 Hz, J3e-eq,4e = 4.0
Hz, H-3e-eq), 3.41 (s, 3H, MeO), 5.45 (m, 1H, H-8e), and 7.42-8.11 (m,
10H, 2Ph).

Anal. calcd for c78H98N20b& (1767.6): C, 53.00; H, 5.59; N, 1.58.
Found: C, 53.01; H,5.80; N, 1.46.

0-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-

a-D-galacto-2-nonulopyranosylonate)-(226)-0-(3-0-acetyl-2,4,-di-O-benzoyl-

8-D-palactopyranosyl)-(1+4)-0-(2-acetamido-3,6-di-0-acetyl-2-deoxy-B-D-

glucopyranosyl)-(1+3)-0-(2,4,6-tri-O-acetyl-B-D-galactopyranosyl)-(14)-

2,3,6-tri-O-acetyl-a-D-glucopyranosyl trichlorocacetimidate (24). To a
solution of 23 (217 mg, 0.122 mmol) in dichloromethane (2 mL) and tri-
chloroacetonitrile (0.4 mL) was added DBU (18 mg) at -5 °C, and the mix-

ture was stirred for 3 h at 0 °C, then concentrated. Column chromatography

(40:1 dichloromethane-methanol) of the residue on silica gel (40 g) gave
24 (190 mg, 81%) as an amorphous mass; [u]D +27.5° (c 1.3, chloroform);
1H NMR (CDC13) 8§ 1.74-2.19 (15s, 45H, 2AcN, 13AcO0), 3.4l (s, 3H, MeO),
4,34 (d, 1H, Jlb,Zb = 10.3 Hz, H-1b), 4.81 (d, 1H, Jld,Zd = 9.2 Hz, H-1d),
5.47 (m, 1H, H-8e), 6.48 (d, 1H, J a = 3.3 Hz, H-1a), 7.35-8.11 (m, 1O0H,
2Ph), and 8.67 (s, 1H, C=NH).
. . . 2

Anal. Calcd for CBOH98N304AC13 (1912.0): C, 50.25; H, 5.17; N, 2.20.
Found: C, 50.08; H, 5.32; N, 2.109.

0-(Methyl 5-Acetamido~4,7,8,9-tetra-0-acetyl-3,S-dideoxy;g-glycero-

la,2

a-D-galacto-2-nonulopyranosylonate)-(246)-0-(3-0-acetyl-2,4-di-0-benzoyl-

B-D-galactopyranosyl)-(1+3)-0-(2-acetamido-4,6-di-0-acetyl-2-deoxy-B-D-

élucopyranosyl)-(1*3)—0-(2,4,6-tri-O-acetyl—B-Q-galactopyranosyl)-(194)-0-
2,3,6-tri-0O-acetyl-8-D-glucopyranosyi)-(1+1)-(2S,3R,4E)-2~azido-3-0-
benzoyl-4-octadecene-1,3-diocl (26). To a solution of gg?l (44 mg, 0.1
mmol) and 19 (102 mg, 0.053 mmol) in dichloromethane (3 mlL) was added
MS-4A (AW-300; 800 mg), and the mixture was stirred for 1 h at room
temperature, then cooled to 0 °C. Boron trifluoride etherate (0.04 mL)

was added, and the mixture was stirred for 8 h at 0 °C, and then filtered.
The insoluble materials were washed with dichloromethane, and the combined
filtrate and washings were washed with M sodium hydrogen carbonate and
water, dried (NaZSOA), and concentrated. Column chromatography (50:1 di-
chloromethane-methanol) of the residue on silica gel (30 g) gave 26 (49.3
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mg, 43%) as an amorphous mass, [u]D +4.3° (¢ 0.9, chloroform); IR (KBr)
3390 (NH), 2950 and 2870 (Me, methylene), 2110 (azide), 1750 and 1230
(ester), 1680 and 1540 (amide), and 710 cm = (Ph); 'H MR (CDC1,) & 0.88
(t, 3H, e, ch. = 6+6 Hes MeCH,), 1.25 (s, 22H, 11CH,), 1.85, 1.88 (2s,
6H, 2AcN), 2.06-2.11 (13s, 39H, 13Ac0), 3.30 (s, 3H, MeO), 4.31 (d, IH,
I1b,2p = 81 Hz, H-1b), 4.49 (d, 1H, Jla,2a = 7+3 Hz, H-1a), 4.63 (d, 1H,
Jld,Zd = 6.6 Hz, H-1d), 4.80 (m, 1H, H-4e), 4.91 (t, 1H, JZb,3b = 8.2 Hz,
H-2b), 5.12 (4, 1H, JSe,NH = 8.4 Hz, NH), 5.91 (m, 1H, H-5; sphingosine),
and 7.42-8.11 (m, 15H, 3Ph).

Anal. Calcd for ClO3H135N5046
Found: €, 56.51; H, 6.34; N, 3.25.

0-(Methyl 5-Acetamido-4,7,8,9-tetra-0-acetyl-3,S-dideoxy-g-glycero-a-

(2179.2): C, 56.77; H, 6.24; N, 3.21.

D-palacto-2-nonulopyranosylonate)-(2+6)-0-(3-0-acetyl-2,4-di-0-benzoyl-

B-D-galactopyranosyl)-(143)-0-(2-acetamido-4,6-di-O-acetyl-B-D-glyco-
pyranosyl)-(143)-0-(2,4,6-tri-O-acetyl-B-D-galactopyranosyl)-(1+4)-0-(2,3,
6-tri~0-acetyl-B-D-glucopyranosyl)-(1»1)-(25,3R,4E) 3-0O-benzoyl-2-octa-

decanamido-4-octadecene-1,3-diol (g§). Hydrogen sulfide was bubbled

through a stirred solution of 26 (49 mg, 22 umol) in aqueous 837 pyridine
(6 mL) for 48 h at 0 °C. The mixture was concentrated, and the residue
27 was stirred with octadecanoic acid (13 mg, 45 pmol) and l-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (WSC; 13 mg, 70 umol) in
dry dichloromethane (1.5 mL) for 20 h at room temperature. Dichloromethane
(20 mL) was added, and the mixture was washed with water, dried (NaZSOA),
and concentrated. Column chromatography (30:1 dichloromethane-methanol)
of the residue on silica gel (20 g) gave 28 (54 mg, quantitative) as an
amorphous mass; [a]D +8.6° (c 1.3, chloroform); 1H NMR (CDCl3) 5§ 0.88 (t,
6H, JMe,CHZ = 6.4 Hz, ZHQCHZ), 1.26 (s, 52H, 26CH2), 1.84, 1.88 (2s, 6H,
2AcN), 1.94-2.16 (13s, 39H, 13AcO), 2.51 (dd, 1H, Jgem = 13.2 Hz,
JBe-eq,Ae = 4.4 Hz, H-3e-eq), 3.31 (s, 3H, MeO), 4.28 (d, IH, Jlb,2b =
Hz, H-1b), 4.42 (d, 1H, J;, , = 7.7 He, H-la), 4.64 (4, 1H, Jy, ,, =
7.5 Hz, H-1d), 4.80 (m, 1H, H-4e), 4.86 (t, 1H, JZa,Ba = 7.8 Hz, H-2a),
5.11 (d, 1H, HSe,NH = 9.4 Hz, NH), 5.44 (t, 1H, J2d,3d = 8.0 Hz, H-2d),
5.70 (broad d, 1H, J3d,4d = 2.7 Hz, H-4d), 5.85 (m, 1H, H-5; sphingosine),
and 7.41-8.12 (m, 15H, 3Ph).
Anal. Calcd for 0121}{171N3049
Found: C, 59.81; H, 7.30; N, 1.74.
O-(S-Acetamido-3,5—dideoxy—9—glycero—a-D—galacto-2—nonu10pyranosylonic

acid)-(226)-0-(B-D-galactopyranosyl)-(1+3)-0-(2-acetamido~2-deoxy-B-D-

7.9

(2419.7): C, 60.06; H, 7.12; N, 1.74.

glucopyranosyl)-(143)-0-(R-D-galactopyranosyl)-(134)-0-(8-D-glucopyranosyl)-
(121)-(25,3R,4E)-2-octadecanamido-4-octadecene-1,3-diol (29). To a so-
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lution of 28 (54 mg, 21.8 pmol) in methanol (3 mL) was added sodium
methoxide (10 mg), the mixture was stirred for 24 h at 0 °C, and water
(0.3 mL) was added. The solution was stirred for 16 h at room temperature,
neutralized with Amberlite IR-120 (H+) resin and filtered. The resin was
washed with 50:40:7 dichloromethane-methanol-water, and the combined
filtrate and washings were concentrated. Column chromatography (50:40:7
dichloromethane-methanol-water) of the residue on Sephadex LH-20 (30 g)
gave 29 (29 mg, 83%) as an amorphous mass; [a]D -5.2° (¢ 0.6, 1:1:0.2
dichloromethane-methanol~water), 1H NMR [98:2 (CDB)ZSO-DZO] pentasaccharide
unit 6 1.82, 1.88 (2s, 6H, 2AcN), 2.64 (broad dd, 1H, H-3e-eq), 4.17 (2d,
2H, Jla,Za = Jld,Zd = 8.1 Hz, H-1a, H-1d), 4.28 (d, 1H, Jlb,2b = 7.1 Hz,
H-1b), and 4.79 (4, 1H, ch,2c = 8.0 Hz, H-1c¢); ceramide unit 6 0.85 (2t,
6H, ZEQCHZ), 1.24 (s, 50H 25CH2), 1.45 (m, 2H, COCH2§§2), 2.03 (t, 2H,
coggz), 5.36 (dd, 1H, JB,A = 7.1 Hz, J = 15.2 Hz, H-4), and 5.54 (m,
1H, Js,ﬁ = JS,G, = 6.6 Hz, H-5),.

Anal. Calcd for C73H131N3031 (1546.8): €, 56.68; H, 8.54; N, 2.72.
Found: C, 56.41; H, 8.66; N, 2.59.

0-(Methyl S-Acetamido-h,7,8,9—tetra-0—acety1—§)S-dideoxy—g-glycero—

4,5

a-D-galacto-2-nonulopyranosylonate)-{246)-0-(3-0-acetyl-2,4-di-0-benzoyl-f-

D-galactopyranosyl)-(134)-0-(2-acetamido-3,6-di-O-acetyl-2~deoxy--D-

glucopyranosyl)-(123)-0-(2,4,6-tri-0-acetyl-8-D-palactopyranosyl)-(144)-
O-(Z,Q)6-tri-O-ace;yl-ﬁ-Q-glucopyranosyl)-(1*1)-(2§)3R,4E)—2-azido—3-0-
benzoyl-4-octadecene-1,3-diol (30). Coupling of 24 (78 mg, 41 umol) and

25 (35 mg, 78 umol), as described for 26, gave 30 (37 mg, 427) as an amor-
phous mass; [u]D -0.65 (¢ 1.2, chloroform); IR (KBr) 3390 (NH), 2950 and
2870 (Me, methylene), 2110 (azide), 1750 and 1230 (ester), 1670 and 1540
(amide), and 720 cm 1 (Ph); 'H NMR (CDCL,) 6 0.88 (t, 3H, MeCH,), 1.25 (s,
224, 11CH2), 1.60 (t, 1H, Jgem = J3e-ax = 12,3 Hz, H-3e-ax), 1.84-2.18
(15s, 45H, 2AcN, 13Ac0), 3.41 (s, 3H, MeO), and 7.74-8.14 (m, 15H, 3Ph).

Anal. Calcd for C103H135N5046 (2179.2): C, 56.77; H, 6.24; N, 3.21.
Found: C, 56.57; H, 6.41; N, 3.20.

0-(Methyl 5-Acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-

a-D-galacto-2-nonulopyranosylonate)-(2+6)-0-(3-0-acetyl-2,4-di-0O-benzoyl-

R-D-galactopyranosyl)-(1+4)-0-(2-acetamido-3,6-di-0-acetyl-2-deoxy-B-D-

glucopyranosyl)-(1+3)-0-(2,4,6-tri-0O-acetyl-f-D-galactopyranosyl)~(1-4)-0-
(2,3,6-tri-0-acetyl-B-D-glucopyranosyl)-(121)-(25,3R,4E)-3-0-benzoyl-2-

octadecanamido-4-octadecene-1,3-diol (32). Selective reduction of the

azide group in 30 (71 mg, 33 umol) and subsequent coupling of the amine
31 with octadecanoic acid (18 mg, 63 umol), as described for 28, afforded
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32 (49.3 mg, 637%) as an amorphous mass; (a], +6.2° (c 0.94, chloroform);
'H MR (CDC1,) & 0.90 (2t, 6H, Je,chy = 6-2 Hzs 2MeCH,), 1.25 (s, 521,
26CH2), 1.84-2.17 (15s, 45H, 2AcN, 13Ac0), 2.50 (dd, 1H, Jgem = 13.2 Hz,
= 4.8 Hz, H-3e-eq), 3.42 (s, 3, Me0), 4.42 (d, H, Iy  , = 7.7
Hz, H-la), 4.26 (d, 1H, Jlb,Zb = 8.1 Hz, H-1b), 4.82 (d, 1H, Jld,Zd = 7.7
Hz, H-1d), 5.46 (dd, 1H, J2d,3d = 10.3 Hz, H-2d), 5.85 (m, 1H, H-5;
sphingosine), and 7.41-8.11 (m, 15H, 3Ph).

Anal. Calcd for C121H171N3049 (2419.7): C, 60.06; H, 7.12; N, 1.74.
Found: C, 60.13; H, 7.19; N, 1.76.

0-(5-Acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosyl-
onic acid)-(246)-0-(8-D-galactopyranosyl)-(134)-0-(2-acetamido-2-deoxy-
B-Q-glucopyranosyl)-(1*3)-0-(B-Q-galactopyranosyl)-(1#4)-0-(8-9-gluco-
pyranosyl)-(121)-(2S,3R,4E)-2-octadecanamido-4-octadecene-1,3-diol (33).

J3e-eq,1¢e

0-Deacylation and saponification of 32 (47 mg, 19 umol), as described

for 29, yielded 33 (28 mg, 937) as an amorphous mass; la], -1.5° (c 0.9,
1:1:0.2 dichloromethane-methanol-water); 4 om [98:2 (CD3)ZSO—D20] penta-
saccharide unit & 1.86, 1.90 (2s, 6H, 2AcN), 2.66 (broad dd, 1H, H-3e-eq),
4.17 (d, 1H, Jl ,2a = 7.7 He, H-1a), 4.27 (4, 1H, Jld,Zd = 7.7 Hz, H-1d),
4.29 (d, 1H, Jlb,Zb = 7.1 Hz, H-1b), and 4.72 (d, IH, J;_ ,_ = 8.4 Hz,
H-1c); ceramide unit § 0.86 (t, 6H, 2§ng2), 1.24 (s, 50H, 25CH2), 1.46 (m,

2H, COCH CH ), 5.37 (dd, 1H, JA 5 = 15.5 Hz, J3 4= 6.8 Hz, H-4), and 5.55
(m, 1H, J5 6= 5 6! = 6.6 Hz, H-5).
Anal. Caled for C73H131 3 31 (1546.8): C, 56.68; H, 8.54; N, 2.72.

Found: C, 56.49; H, 8.80; N, 2.61.
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