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Abstract

A total synthesis of the tumor associated glycolipid antigen, VIM-2, is described [2]. Phenyl
2.3.4-tri-0-benzoyl-6-0-benzyl-B-p-galactopyranosyl-(1 — 4)-6-0-benzyl-2-deoxy-2-phthalimido-
1-thio-B-nD-glucopyranoside (7). a key intermediate prepared by condensation of phenyl 6-0-ben-
2yl-2-deoxy-2-phthalimido- I -thio-B-p-glucopyranoside (6) and 2,3.4-tri-O-benzoyl-6-0-benzyl-a-
p-galactopyranosyl bromide (5), was glycosylated with methyl 2.3.d-tri-O-benzyl-1-thio-3-1.-
fucopyranoside (8) to give the trisaccharide donor 9. which, on coupling with 2-(trimethylsilyDethyl
2.:4.6-1ri-0-benzyl- g-p-galactopyranosyl-(1 = 4)-2.3,0-tri-O-benzyl-B-n-glucopyranoside (10), af-
forded the pemasaccharide 11, The regioselective glycosylation of 12 (devived by O-debenzoyla-
tion of 11) with 7 gave the heptasaccharide 13, which was converted by treatment with hydrazine
monohydrate and subsequent N-acetylation into the hexasaccharide acceptor 14, The stereo- and
regio-selective glycosylation of 14 with methyl (phenyl 5-acetamido-4.7.8,9-0-benzoyl-3.5-dide-
0Xy-=2-thio-n-giveero-B-d-galacto-2-nonulopyranosid)onate (16) gave the desired octasaccharide
18. Hydrogenolytic removal of the benzyl groups in 18 and successive Q-acetylation, removal of
the 2-(trimethylsilylethyl group. and treatment with trichloroacetonitrile gave the a-trichloro-
acetimidate 21, which was then coupled with (285.3R 4 E)-2-uazido-3-0-(rert-butyldiphenylsilyD-
d-octadecene-1.3-diol (22) to give 23. Compound 23 was transformed, via selective reduction of
the azido group, N-introduction of octadecanoic acid, O-desilylation, O-deacylation, and saponifi-
cation of the methy! ester group, into the title VIM-2 ganglioside 26.
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1. Introduction

Sialylated and fucosylated lactosaminy! structures such as sialyl Lewis* (sLe*), sialyl
dimeric Le*, and its internally monofucosylated derivative VIM-2, are regarded as the
differential and tumor-associated carbohydrate antigens [2,3], and recently have been
proposed [4,5] as the ligands for E- and P-selectin, cell-adhesion receptors that are
implicated in the leukocyte traffic and extravasation to sites of inflammation, platelet
adhesion, and probably tumor metastasis [6]. As only a limited number of these
carbohydrate structures are available from natural sources, the systematic synthesis of
these compounds is therefore currently the best way to supply sufficient amounts of
gangliosides for extensive biological research work. Along this line, we have succeeded
in the first total synthesis of sLe* [7] and sialyl dimeric Le" gangliosides [8).

As a part of our ongoing project aimed at the systematic synthesis and elucidation of
the functions of neolacto-series gangliosides [9], we describe herein the total synthesis of
VIM-2 ganglioside, which has been isolated from human chronic myelogenous leukemia
cell [10] and seems to be related to the level of cellular differentiation [11].

2. Results and discussion

For the synthesis of neolacto-series ganglioside, VIM-2, we selected four intermedi-
ates, among them pheny! 2,3.4-tri-O-benzoyl-6-0-benzyl-B-p-galactopyranosyl-(1 — 4)-
6-0-benzyl-2-deoxy-2-phthalimido- | -thio- 8-p-glucopyranoside (7), methyl 2.3.4-tri-O-
benzyl-1-thio-B-L-fucopyranoside [12] (8). 2-(wrimethylsilyDethyl 2.4.6-tri-O-benzyl-B-
p-galactopyranosyl-(1 = 4)-2,3,6-tri-0-benzyl-B-dD-glucopyranoside  [13] (10), and
methyl (phenyl S-acetamido-4.7.8.9-tetra-0-benzoyl-3.5-dideoxy-2-thio-p-glveero-B-p-
galacro-2-nonulopyranosid)onate (16).
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The lactosamine unit 7 was prepared by condensation of 2,3,4-tri-O-benzoyl-6-0O-
benzyl-a-D-galactopyranosyl bromide (5) with the diol derivative 6 [14] of N-phthaloyl-
p-glucosamine (Scheme 1). An immediate precursor 4 for the galactosyl donor 5 was
readily prepared in three steps from compound 1 in 60% overall yield, via 2 [15] and 3.
This sequence resulted from successive treatments with (i) benzaldehyde dimethylacetal
and 4-toluenesuifonic acid in N, N-dimethylformamide; (ii) sodium cyaroborohydride
and hydrogen chioride [16] in tetrahydrofuran; and (iii) benzoyl chloride in pyridine.
Conversion of compound 4 into the a-bromide 5 (79%) was achieved by treatment [17]
with bromine in dichloromethane. The glycosylation of the diol 6 with the galactosyl
bromide § in toluene for 16 h at —40 °C in the presence of silver trifluoromethanesul-
fonate [18] afforded the desired B-glycoside 7 (75%). The structure of 7 was confirmed
as follows. Acetylation of 7 with acetic anhydride in pyridine gave the acetate 7a in
quantitative yield. The '"H NMR spectrum of 7a showed the presence of H-3 of the
glucosamine unit at 8 5.78, indicating the position of the new glycosidic linkage in 7 to
be at OH-4 of the acceptor.
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The glycosylation of 7 with 8 in toluene for 16 h at —15 °C in the presence of
N-iodosuccinimide (NIS)-trifluoromethanesulfonic acid (TfOH) [19.20] gave the desired
a-glycoside 9 in 93% yield (Scheme 2). Significant signals of the fucose unit in the 'H
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NMR spectrum of 9 were a three-proton doublet at 6 1.30 (Js;, 6.5 Hz, H-6b), and a
one-proton doublet at § 5.07 (J/, , 2.8 Hz, H-1b), indicating the structure assigned.

The coupling [14] of trisaccharide 9 with 10 was performed in the presence of
NIS-TfOH in dichloromethane for 1 h at —60 °C, giving the desired pentasaccharide
derivative 11 in 86% yield. Significant signal of the glucosamine unit in the 'H NMR
spectrum of 11 was at & 5.31 (d, J,, 8.3 Hz, H-Ic), indicating the newly formed
glycosidic linkage to be B. O-Debenzoylation of 11 with sodium methoxide gave the
triol 12 in 98% yield.

The regioselective condensation [14,21] of the triol 12 and 7 in the presence of
NIS-TfOH as the glycosyl promoter in dichloromethane for 5 h at —60 °C afforded the
hexasaccharlde 13 in 83% yield (Scheme 3), which had the expected stereochemistry.
The '"H NMR spectrum of 13 contained signals appropriate to the structure assigned,
including a doublet at 8 5.40 (J,, 8.5 Hz, H-1f) due to the newly formed B-glycosidic
linkage. The regiochemistry for the newly introduced interglycosidic linkage in 13 was
determined as (1f — 3e) by 2D 'H NMR data of the acetate 13a, which revealed three
deshielded signals for H-2e, H-4e and H-3f at & 4.72, 548 and 5.80, respectively.
Treatment of compound 13 with hydrazine monohydrate, followed by N-acetylation,
afforded, in 93% yield, the designed heptasaccharide acceptor 14 containg six free
hydroxyl groups.

The stereo- and regio-selective sialylation of 14 with the phenyl B-thioglycoside of
the acetate derivative [22] 15 or the benzoate derivative 16 of sialic acid has been
attempted. The benzoate derivative 16 was prepared in two steps in 59% overall yield
from the acetate derivative 15 by sodium methoxide treatment and subsequent benzoyla-
tion. The glycosylation of 14 with the acetate derivative 15 or the benzoate derivative 16
by use of NIS-TfOH [23] in acetonitrile at —43 °C afforded the corresponding
octasaccharides 17 and 18 in 39 and 72% yselds, respectively, showing that the benzoate
derivative 16 is a more efficient glycosyl donor than the acetate 15. The structures of 17
and 18 were confirmed by 'H NMR data of the corresponding acetates 17a and 18a,
respectively. On acetylation of the remaining hydroxyls of 17, five protons were
significantly deshielded to & 4.92 (H-2g), 5.04 (H-4g), 5.00 (H-3f), 4.88 (H-2¢) and
5.48 (H-4de), indicating that the NeuSAc residue in 17 was introduced at C-3g of the
galactose residue. The stereochemistry of the anomeric configuration of NeuSAc in 17
was assigned as a, based on the chemical shifts of H-3he, H-4h and H-7h that were
observed at 8 2.59 (dd, J,,, 125, J,,, 4.5 Hz, H-3e), 493 (H-4) and 5.37 (dd, J,,
24, I, 8.7 Hz, H-7), respecuvely Similarly, the regio- and stereo-chemmry of the
glycosidic linkage of Neu5SAc in 18 were determined from the '"H NMR data of 18a in
which the five deshielded signals were each observed at & 5.05 (H-2g), 5.12 (H-4g),
5.00 (H-3f), 4.88 (H-2¢) and 5.49 (H-4e), as expected for (2h — 3g)-linkage, and the
characteristic signals for the a-glycoside of NeuSAc were observed at 8 2.78 (dd, Jyem
12,6, J,,, 4.5 Hz, H-3he), 5.21 (H-4h) and 591 (dd, J,, 2.8, J, 7.4 Hz, H-7h),
respectively.

Catalytic hydrogenolysis (10% Pd-C) of the benzyl groups in 18 in methanol-
ethanol-acetic acid and subsequent O-acetylation gave the per-O-acyl compound 19 in
63% yield. Further, selective removal of the 2-(trimetylsilylethyl group in 19 was
performed by treatment [13] with trifluoroacetic acid in dichloromethane for 2 h at room
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temperature to give the 1-hydroxy compound 20 in good yield. Treatment [24] of 20
with trichloroacetonitrile in  dichloromethane in the presence of 18-
diazabicyelof5.4.0Jundec-7-ene (DBU) for 3 h at 0 °C gave the a-trichloroacetimidate 21
in 89% yield.

The final glycosylation [25] of (28.3R.4£)-2-azido-3-O-(rert-butyldiphenylsilyl)-4-
octadecene-1,3-diol [26] (22) with 21 in dichloromethane in the presence of trimethylsi-
Iyl trifluoromethanesulionate (TMSOTY) for 3.5 h at 0 °C afforded the expected
B-glycoside 23 in 47% yield. The observed chemical shifts and coupling constants due
to the newly coupled 2-azidosphingosine unit were a one-proton doublet at 8 4.34 (J, ,
7.7 Hz, H-1a) and three-proton triplet at & 0.88 (MeCH,), indicating the structure
assigned. Selective reduction {27] of t!:. azido group in 23 with triphenylphosphine in
benzene-water gave the amine 24, which on condensation {28] with octadecanoic acid
by use of 2-chloro-1,3-dimethylimidazolium chloride (DMC) in benzene, afforded the
fully protected VIM-2 (28) in 80% yield.

Finally, 2§ was converted into the target compound 26 as tollows: desilylation [29] of
25 by treatment with tetrabutylammonium fluoride in acetonitrile, and O-deacylation
with sodium methoxide in methanol, with subsequent saponification of the methyl ester
group, yielded the desired VIM-2 ganglioside 26 in 87% yield after chromatography on
a column of silica gel and Sephadex LH-20 (Scheme 4).

In conclusion, the synthesis of VIM-2 ganglioside was efficiently accomplished by
employing thioglycosides 7, 8, 9 and 16 as the glycosyl donors in the presence of
NIS-TfOH as an effective thiophilic promoter. The key intermediate 7 was extremely
useful for constructing the repeating lactosamine structure. The regio- and a-stereo-
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selective sialylation of the heptasaccharide 14 was successfully achieved by use of the
per-O-benzoyl thioglycoside donor 16 in acetonitrile under kinetically controlled condi-
tions.

3. Experimental

General methods.—Optical rotations were determined with a Jasco DIP-370 digital
polarimeter at 20 °C, and IR spectra were recorded with a Jasco IR-700 spectrophotome-
ter. '"H NMR spectra were recorded at 300 MHz with a General Electric QE-plus
spectrometer. Preparative chromatography was performed on silica gel (Wako Chemical
Co., 300 mesh) with the solvent systems specified. Ccacentrations were conducted in
vacuo.

Phenyl 6-O-benzyl-1-thio-B-p-galactopyranoside (3).—To a solution of phenyl 1-
thio-B-D-galactopyranoside (1; 8.0 g, 29.4 mmol) in N, N-dimethylformamide (50 mL)
was added Drierite (25 g), and the mixture was stirred for 1 h at room temperature.
Benzaldehyde dimethylacetal (11 mL, 71.3 mmol) and 4-toluenesulfonic acid (30 mg)
were added, and the mixture was stirred for 16 h at room temperature. The course of the
reaction was monitored by TLC. The reaction mixture was neutralized with NaHCO;,
the solids were collected and washed with CH,Cl,, and the combined filtrate and
washings was concentrated to a syrup that was extracted with EtOAc. The extract was
washed with water, dried (Na,SO,) and concentrated. To a solution of the residue 2 in
dry tetrahydrofuran (200 mL) was added 3A molecular sieves (MS-3A, 14 g), and the
mixture was stirred for 2 h at room temperature. Sodium cyanoborohydride (28 g, 446
mmol) was gradually added under a nitrogen atmosphere, and the mixture was stirred for
1.5 h at room temperature. Hydrogen chloride in Et,O was added to the reaction mixture
at room temperature until the evolution of gas ceased. TLC indicated that the reaction
was complete after § min, The mixture was neutralized with NaHCO,, filtered and
concentrated. The residue was dissolved in CH,Cl, (150 mL), and the solution was
washed with M NaCl, dried (Na,SO,) and concentrated to a syrup that was chro-
matographed on a column of silica gel (350 g) with 20:1 CH,Cl,-MeOH to give 3
(6.35 g. 60%) as an amorphous mass: [a], —46.4° (¢ 1.16, CHCI,). The structure of 3
was deduced by the '"H NMR spectrum of its benzoylated derivative 4. Anal. Calcd for
CyH1,04S (362.5): C, 62.96; H, 6.12. Found: C, 62.85; H, 5.92.

Phenyl 2,3,4-tri-O-benzoyl-6-O-benzyl- 1-thio-B-D-galactopyranoside (4).—To a solu-
tion of 3 (2.18 g, 6.0 mmol) in pyridine (20 mL) was added benzoy! chloride (3.5 mL,
30 mmol) at 0 °C, and the mixture was stirred for 8 h at room temperature. Methanol (5
mL) was added, and the solution was concentrated to a syrup that was extracted with
CH,Cl,. The extract was successively washed with 2 M HCI and water, dried (Na,SO,)
and concentrated. Column chromatography (1:3 ELOAc-hexane) of the neudue on silica
gel (210 g) gave 4 (3.42 g, 84%) as a syrup: [a], +115.5° (¢ 1.19, CHCl,); '"H NMR
(CDCl,): & 3.63 (dd, 1 H, J,, 98, J5;, 6.3 Hz, H-6), 3.74 (dd, 1 H, .Is(, 6.3 Hz,
H-6'), 4.21 (m, | H, H-5), 445 4.54(2d,2H, J,, 11.8 Hz, CH,Ph), 499 (d. 1 H, J,
9.8 Hz, H-1), 555 (dd, 1 H, J,, 9.9, J;, 37l-lz H-3),5.71 (1, 1 H, H-2),5.95(d, 1 H,
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H-4). 7.20-7.99 (m, 25 H, 5 Ph). Anal. Calcd for C ,, H,,0,S (674.8): C. 71.20: H,
5.08. Found: C, 71.13: H, 5.07.

2,3,4-Tri-O-benzovl-6-O-benzyl-a-bd-galactopyranosy! bromide (5).—To a solution of
4 (4.25 g, 6.6 mmol) in CH,Cl, (30 mL), cooled to — 20 °C, was added bromine (370
wuL, 7.2 mmol), and the solution was stirred for 30 min. To the reaction mixture was
added tetraethylammonium bromide (686 mg, 3.27 mmol), and the stirring was contin-
ued for 2 h at —20 °C. The mixture was washed thoroughly with M Na,S,0; and M
NaHCO,, dried (Na,SO,), and concentrated. Column chromatography (1:3 EtOAc-
hexane) of the residue on silica gel (350 g) gave 5§ (3.22 g. 79%) as an amorphous mass:
[a], +226.7° (¢ 1.1, CHCI,). '"H NMR (CDCl,): & 4.43,4.54 (2d. 2 H. Jyem 11.9 Hz,
CH,Ph), 4.75 (m, 1 H, H-5). 5.60 (dd, 1 H. J,; 104, J,, 3.9 Hz, H-2). 6.00 (dd, 1 H,
Jis 3.3 Hz, H-3). 6.06 (d. 1 H, H-4), 6.95 (d, | H, H-1). 7.18-8.04 (m, 20 H. 4 Ph).
Anal. Caled for C,,H,,BrO, (645.5): C, 63.26: H, 4.53. Found: C, 63.01; H. 4.41.

Phenvl  2,3,4-tri-O-benzovl-6-O-benzyl-B-b-galactopyranosvi-(1 — 4)-6-O-benzyi-2-
deoxy-2-phthalimido-1-thio-B-p-glucopyranoside (7).—To a solution of phenyl 6-O-
benzyl-2-deoxy-2-phthalimido-1-thio-B8-D-glucopyranoside (6: 477 mg. 0.97 mmol) and
5(752 mg. 1.16 mmol) in dry toluene (10 mL) was added 4A molecular sieves (MS-4A,
3 g). and the mixture was stirred for 8 h at room temperature, then cooled to —40 °C.
To the cooled mixture was added silver trifluoromethanesulfonate (329 mg, 1.28 mmol)
under a nitrogen atmosphare, and the mixture was stirred for 16 h at —40 °C in the dark.
The progress of the reaction was monitored by TLC. Methanol (1 mL) and triethylamine
(1 mL) were added, and the mixture was stirred for 30 min. The precipitate was filtered
oft through Celite and washed with CH,Cl,. The filtrate and washings were combined,
and the solution was washed with M NaHCO, and water, dried (Na,S0,), and
concentrated, The residue was chromatographed on a column of silica gel (210 g) with
9:1 CH,Cl,=hexane to give 7 as erystals. Reerystallization from ElOA¢-hexane gave 7
as needles (773 mg. 75%): mp 197 8-199.8 °C: [a],, +80.6° (¢ 1.1, CHCI,): 'H NMR
(CDCL): 6 349 (d. 1 HL /oy 2.8 Hz, HO-30). 4.59 (m, | H, H-30), 486 (d. | H. /.
8.0 Hz, H-1b), 5,50 (dd. | H. /4, 105, J,, 34 He, H-3b), 5.56 (d, | H. J,, 10.5 Hae,
H-1a), 5,76 (dd. | H. H-2b). 5.85 (br d. | H. H-4b). 7.10-8.00 (m. 34 H, 6 Ph and
NPhth). Anal. Caled for C,,H,NO,,S (1056.2): C, 69.37: H. 5.06: N. 1.33. Found: C,
69.11; H. 4.87: N, 1.32,

Phenyl 2,3, 4-tri-O-benzovl-6-O-benzyl-B-bD-galactopyranosyl-(1 = 4)-3-Q-acetvl-6-
O-benzyl-2-deoxy-2-phthalimido- 1 -thio-B-D-glucopyranoside (Ta).—Compound 7 (100
mg) was acetylated with Ac,O (1 mL) in pyridine (2 mL) to give 7a (111 mg. quant) as
an amorphous mass: [a],, +66.6° (¢ 1.0, CHCI,): 'H NMR (CDCI,): & 1.79 (s, 3 H.
AcO), 3.94 (m, | H, H-5b), 4.11 (1. | H. H-da), 431 (1 1 H, H-2a), 4.84 (d. 1 H. J,,
7.9 Hz. H-1b), 5.39 (dd. | H. /,, 104, J,, 3.3 Hz. H-3b). 5.60(dd. i H. /|, 79. J,,
10.4 Hz, H-2b). 6.65 (d. | H. /,, 10.6 Hz, H-1a), 5.78 (dd. | H. J,, 102, J,, 9.0 Hz,
H-3a), 5.89 (br d. | H. H-4b), 7.15-7.98 (m. 34 H. 6 Ph and Phth). Anal. Calcd for
C i HsNO (S (1098.2): C, 68.90: H. 5.05. N, 1.28. Found: C. 68.62; H, 4.83: N. 1.12.

Phenyl  2,3.4-tri-O-benzovl-6-0-benzyl-B-b-galactopyranosvl-(1 — 4)-[2,3,4-tri-O-
benzyl-a-Lofucopyraposyl 1 = 3)1-6-O-benzyi-2-deoxy-2-phthalimido- 1 -thio-B-p-gluco-
pyranoside (9).—To a solution of 7 (100 mg. 94.7 wmol) and methyl 2,3.4-tri-O-ben-
zyl-1-thio-B-L.-fucopyranoside (8: 100 mg. 190 wmol) in dry toluene (2 mL) was added
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MS-4A (700 mg), and the mixture was stirred for 3 h at room temperature. N-lodosuc-
cimmide (NIS; 43 mg, 191 umol) was added, and the mixture was stirred for 1 h, then
cooled to —15 °C. To the cooled mixture was added trifluoromethanesulfonic acid
(TfOH; 17 uL, 19 wmol), and the stirring was continued for 16 h at — 15 °C, the course
of the reaction being monitored by TLC. Methanol (0.5 mL) and triethylamine (0.2 mL)
were added, and the mixture was stirred for 1 h. The precipitate was filtered with aid of
Celite and washed with CH,Cl,. The filtrate and washings were combined, and the
solution was successively washed with M Na,S,0;, M NaHCO, and water, dried
(Na,SO,), and concentrated. Column chromatography (2:5 EtOAc-hexane) of the
residue on blllCZl gel (50 g) gave 9 (129 mg, 93%) as an amorphous mass: [a ], +8.2° (¢
1.0, CHCL,); 'H NMR (CDCl,): & 1.30 (d, 3 H, Jso 6.5 Hz, H-6b), 447 (1, 1 H,
J\»=J,;=10.5 Hz, H-2a), 478 (dd, 1 H, J,, 9.0 Hz, H-3a), 5.05(d, 1 H, J, , 8.2 Hz,
H-1¢), 5.07 (d, | H, J,, 2.8 Hz, H-1b), 540 (dd, 1 H, J,, 104, J,, 3.6 Hz, H-3c),
545(d, 1 H, J,, 10.6 Hz, H-1a), 5.66 (dd, 1 H, J,, 8.2, J,, 10.3 Hz, H-2c), 5.87 (br
d, t H, J;, 3.6 Hz, H-4c), 7.10-7.98 (m. 49 H, 9 Ph and NPhth). Anal. Calcd for
CwHy NOS (1472.7): C, 71.77; H, 5.54; N, 0.95. Found: C, 71.59; H, 5.37; N, 0.90.
2-(Trimethylsilvllethyl 2,3,4-tri-O-benzoyl-6-O-benzyl-B-D-galactopyranosyl-(1 — 4)-
0-12,3.4-tri-O-benzyl-a-L-fucopyranosyl-(1 = 3)]-(6-O-benzyl-2-deoxy-2-phthalimido-
B-D-glucopyranosvl)-(1 — 3)-2,4,6-tri-O-benzyl-B-p-galactopyranosyl-(1 — 4)-2,3,6-
1ri-O-benzyl-B-p-glucopyranoside (11).—To a solution of 2-(trimethylsilylethyl 2.4,6-
tri-0-benzyl-B-p-galactopyranosyl-(1 — 4)-2,3,6-tri-O-benzyl-B-bD-glucopyranoside (10;
48 mg, 48.8 umol) and 9 (48 mg, 32.6 umol) in dry CH,Cl, (2 mL) was added MS-4A
(1.0 g). and the mixture was stirred for 3 h at room temperature. NIS (23 mg, 102
pmol) was added. then the mixture was cooled to =60 °C. To the cooled mixture was
added TIOH (1.4 uL. 15.8 wmol), and the stirring was continued for 1 h at =60 °C.
The course of the reaction was monitored by TLC. Methanol (0.5 mL) and triethylamine
(0.3 mL) were added to the mixture, and this was stirred for 1 h. The precipitate was
filtered through Celite and washed with CH,Cl,. The combined filtrate and washings
wils successively washed with M Na,$,0,, M NaHCO, and water, dried (Na,S0,) and
concentrated. Column chromatography (2:7 EtOAc-hexane) of the residue on silica %
(50 g) gave 11 (66 mg, 86%) as an amorphous mass: [a],, = 18.6° (¢ 1.0, CH,Cl,):
NMR (CDCl,): 8 0.99 (m, 2 H, Me,;SiCH,CH,0), 1.37 (d, 3 H, Js, 6.5 Hz, H- 6d)
502(d. 1 H. J,, 3.3 Hz, H-1d), 5.10(d, 1 H, J,, 8.7 Hz, H-1d), 5.31 (d, 1 H. J, , 8.3
Hz, H-1c), 544 (dd, | H, J,, 3.5, J,, 10.4 Hz, H-3¢), 5.71 (dd, 1 H, H-2e), 5.93 (d. |
H, H-4¢), 6.83-7.98 (m, 74 H, 14 Ph and NPhth). Anal. Caled for C,; H ;sNO,,Si
(2345.8): C, 72.20; H, 6.23; N, 0.60. Found: C, 72.01; H, 6.07; N, 0.55.
2-(Trimethylsilvlethyl  6-O-benzyl-B-p-galactopyranosyl-(1 = 4)-[2,3,4-1ri-O-
benzyl-a-L-fucopyranosyl-(1 = 3)]-6-0-benzyl-2-deoxy-2-phthalimido-B-b-glucopyrano-
svl-(1 = 3)-2,4,6-tri-O-benzyl-B-p-galactopyranosyl-(1 - 4)-2,3,6-tri-O-benzyl-B-p-
glucopyranoside (12).—To a solution of 11 (1.88 g, 0.8 mmol) in MeOH (40 mL) and
CH,Cl, (20 mL) was added NaOMe (43 mg). and the mixture was stirred for 4 h at
room temperature and treated with Amberlite IR-120 B (H") resin to remove the base.
The solution was concentrated to a syrup that was chromatographed on a column of
silica gel (130 g) with 65:1 CH,CI. -MeOH to give 12 (1.60 g, 98%) as an amorphous
mass: [a], —18.6° (¢ 0.8lI, CHCI‘) 'H NMR (CDClL,): & 099 (m, 2 H,
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Me,SiCH,CH,0). 1.05 (d, 3 H, Js 4 6.4 Hz, H-6d), 5.42 (d, 1 H, J,, 8.4 Hz, H-Ic),
7.15-7.65 (m, 59 H, 11 Ph and NPhth). Anal. Calcd for C,,,H,;3NO,Si (2033.5): C,
70.88; H, 6.59; N, 0.69. Found: C, 70.83; H, 6.49; N, 0.52.

2-(Trimethylsilyllethyl 2,3,4-tri-O-benzoyl-6-O-benzyl-B-p-galactopyranosyl-(1 — 4)-

6-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl-(i = 3)-6-O-benzyl-B-b-galacto-
pyranosyl-(1 = 4)-[2,3,4-tri-O-benzyl-a-L-fucopyranosyl-(1 — 3)]-6-O-benzyl-2-deoxy-
2-phthalimido-B-D-glucopvranosyl-(1 — 3)-2,4,6-tri-O-benzyl-B-p-galactopyranosyl-
(1 = 4)-2,3,6-tri-O-benzyl-B-b-glucopyranoside (13).—To a solution of 7 (100 mg, 95
umol) and 12 (288 mg, 142 wmol) in dry CH,Cl, (8 mL) was added MS-4A (4 g), and
the mixture was stirred for 5 h at room temperature. NIS (65 mg, 283 umol) was added,
then the mixture was cooled to —60 °C. To the cooled mixture was added TfOH (4 uL,
45.2 wmol), and the stirring was continued for 1.5 h at —60 °C. Methanol (1 mL) and
triethylamine (1 mL) were added to the mixture, and the precipitate was filtered with aid
of Celite and washed with CH,Cl,. The combined filtrate and washings was succes-
sively washed with M Na,S,0,, M NaHCO, and water, dried (Na,SO,), and concen-
trated to a syrup that was chromatographed on a column of silica gel (50 g) with 2:3
EtOAc-hexane, to give 13 (223 mg, 83%) as an amorphous mass: [a], +8.2° (¢ 1.0,
CHCL,): v 3476 (OH), 2922 and 2868 (methyl, methylene), 1777, 1716, 1390 and 1361
(mudc) 1716, 1281 and 1261 (ester), 858 and 838 (TMS), 738, 719 and 700 cm ™' (Ph
Phth): 'H NMR (CDCl,): & 0.79 (d. 3 H, J;, 6.4 Hz, H-6d), 098 (m, 2 H,
Me,SiCH,CH,0), 4.51 (d. | H. J,, 3.2 Hz, H-1d), 489 (d. | H, J,, 7.8 Hz, H-1g).
529 (d. | H. J,, 84 Hz, H-1¢), 540 (d. | H, J,, 8.5 Hz, H-If), 5.54 (dd, | H, J,;
10.5. J,, 3.4 Hz, H-3p), 5.80 (dd. | H, J,, 8.0. J,, 10.5 Hz, H-2g), 5.88 (br d. J,
3.4 Hz, H-4g), 6.87-8.04 (m, 88 H, 16 Ph and 2 Phth). Anal. Caled for C ;4H 4,N,O,,Si
(2979.4): C. 70.55; H, 6.09: N, 0,94, Found: C, 70.28: H, 6.07: N, 0.93.

2-A Trimetivisiivlethyl 2,3, 4-1¢i-O-benzovi-6-0-benzyl-B-d-galactopyranosyi-( 1 = 4)-
3:0-acetvl-6-0-benzvi-2-deoxy-2-phthalinido-B-v-glucopyranosvi-(1 = 3)-2,4-di-Q-
acetvl=6-0-henzvl-B-0-galactopyranosvl-( 1 = 4)-[ 2,3, 4-tri-O-benzyl-a-L-fucopyranos-
V(1 = 3)]-6-0-benzyi-2-deoxv-2-phthalimido-B-v-glucopyranosyl-(1 = 3)-2,4,6-tri-O-
benzyil=B-o-galactopyranosvi-(1 =» 41-2,3,6-tri-0O-benzyl-B-b-glucopyranoside  (13a).—
To a solution of 13 (130 mg. 43.6 pmol) in pyridine (3 mL) vas added Ac,0 (2 mL)
and 4-dimethylaminopyridine (DMAP, § mg). and the mixture was stirred for 18 h at 45
°C. After completion of the reaction, McOH (1 mL) was added, and the mixture was
stirred for 1 h at room temperature, concentrated, and dissolved in CH,Cl,. The solution
was washed with 2 M HCI, M NaHCO, and water, dried (Na,SO,) and concentrated.
Column chromatography (1:2 EtOAc-hexane) of the residue on silica gel (50 g) gave
13a (116 mg, 86%) as an amorphous mass: [a], +0.3° (¢ 1.1, CHCL,): 'H NMR
(CDCl,): 8 0.94 (d. 3 H. J;,, 6.3 Hz. H-6d). 0.98 (m, 2 H. MeASlCH:CH_O) 1.72,
1.82 and 1.89 (3 5. 9 H AcO). 3.51 (H-3e), 4.72 (H-2¢). 493 (d. | H. J,, 79 Hz,
H-1g). 5.08 (d. | H. J,,, 104 Hz. PhCH,). 5.23 (d. | H. J,, 8.3 Hz, H-11), 5.28 (d. |
H. J,, 8.3 Hz, H-1¢), 546 (dd. | H. J,; 104, J,, 3.4 Hz. H-3g), 548 (br d, | H,

H-4e), 5.80 (dd. 1 H. /,, 109, J,, 9.1 Hz, H-30). 593 (br d. J,, 3.2 Hz. H-4g),
6.84-8.02 (m, 88 H, 16 Ph and 2 Piath). Anal. Caled for C,H 4, N,O,,Si (3105.5): C,
70.00; H. 6.04; N, 0.90. Found: C. 69.97: H. 5.80; N, 0.82.

2-(Trimethylisilvlethyl 6-O-benzyl-B-p-galactopyranosyi-( 1 — 4)-2-acetamido-6-O-



T. Ehara et al. / Carbohydrate Research 281 (1996) 237-252 247

benzyl-2-deoxy-B-b-glucopyranosyl-(1 — 3)-6-O-benzyl-B-D-galactopyranosyl-(1 — 4)-
[2,3,4-tri-O-benzvl-a-L-fucopyranosyl-(1 — 3)]-(2-acetamido-6-O-benzyl-2-deoxy-B-D-
glucopvranosvi-(1 — 3)-2,4,6-iri-O-benzyl-B-p-galactopyranosyl-(1 — 4)-2,3,6-tri-O-
benzyl-B-b-glucopyranoside (14).—A solution of 13 (1.05 g, 0.35 mmol) in EtOH (38
mL) and water (2 mL) was treated with hydrazine monohydrate (755 pL), heated for 4 h
under reflux, and then concentrated. The residue was treated with Ac,O (15 mL)-MeOH
(40 mL) for 18 h at 40 °C, and concentrated. The residue was chromatographed on a
column of silica gel (130 g) with 200:15:1 CH,Cl,-MeOH-20% aq NH, and Sephadex
LH-20 (100 g) with 1:1 CHCI,-MeOH to give 14 (815 mg, 93%) as an amorphous
mass: [a], —28.1° (¢ 1.0, CHCl,); v 3414 (NH, OH), 2920 and 2868 (methyl,
methylene), 1660 and 1537 (amide), 859 and 838 (TMS), 738 and 699 cm™' (Ph); 'H
NMR (CDCl,): 8 0.99 (m, 2 H, Me;SiCH,CH,0), 1.07 (s, 3 H, AcN), 1.14 (d, 3 H,
Jss 6.2 Hz, H-6d), 1.81 (s, 3 H, AcN), 7.08-7.34 (m, 45 H, 9 Ph). Anal. Calcd for
C42H s N204sSi (2491.0): C, 68.47; H, 6.80; N, 1.12. Found: C. 68.34: H, 6.54; N,
0.93.

Methyl (phenvl 5-acetamido-4,7,8,9-tetra-O-benzoyl-3,5-dideoxy-2-thio-p-glycero-f-
p-galacto-2-nonulopyranosidjonate  (16).—To a solution of methyl (phenyl 5-
acetamido-4,7.8,9-tetra-0-acetyl-3,5-dideoxy-2-thio-D-glycero-B-b-galacto-2-nonulopy-
ranosid)onate [22] (15; 150 mg, 257 umol) in dry MeOH (1.5 mL) was added NaOMe
(5 mg). and the mixture was stirred for 2 h at room temperature and treated with
Amberlite IR-120 B (H*) resin to remove the base. The solution was concentrated. and
the residue was dissolved in dry pyridine (2 mL). To the stirred solution was added
benzoyl chloride (166 uL, 1.42 mmol) at 0 °C, and the mixture was gradually warmed
to room temperature and stirred for 20 h. Then MeOH (1 mL) was added at 0 °C and the
solution was concentrated. A solution of the residuc in CH,Cl, (20 mL) was washed
with 2 M HCl, water and M NaHCO,, dried (Na,SO,) and concentrated. Column
chromatography (1:2 EtOAc-hexane) of the residue on silica gel (50 g) gave 16 (126
mg. 59%) as an amorphous mass: [« ], =56.8° (¢ 1.0, CHCI,): » 3370 (NH). 1724 and
1266 (ester), 1690 and 1534 (amide), 713 cm ™' (Ph); 'H NMR (CDCL,): 8 1.79 (s, 3 H.
AcN), 2.33 (dd, 1 H, J,, 13.6, J,,, 11.7 Hz, H-3a), 296 (dd, | H, J,,, 13.8, /5,
4.7 Hz, H-3¢). 3.64 (s, 3 H. Mc0), 4.38 (q. | H, H-5), 4.52 (dd, | H. J,,, 12.2, Jy, 8.9
Hz, H-9), 497 (dd. J,,, 12.2, Jyy 2.1 Hz, H-9'), 5.03 (dd, 1 H, H-8), 6.04 (m, | H,
H-7). 7.05-8.09 (m. 25 H, 5 Ph). Anal. Calcd for C, H, NO,,S (831.9): C, 66.42: H,
4.97; N, 1.68. Found: C, 66.12; H, 4.69; N, 1.56.

2-(Trimethyisilvlethyl (methyl ~5-acetamido-4.7,8,9-tetra-O-acetyl-3,5-dideoxy-D-
glycero-a-D-galacto-2-nonulopyranosylonate)-(2 = 3)-6-O-benzyl-B-D-galactopyrano-
svl-(1 = 4)-2-acetamido-6-O-benzyl-2-deoxy-B-D-glucopyranosyl-(1 = 3)-6-O-benzyl-B-
p-galactopvranosvl-(1 = 4)-[2,3,4-tri-O-benzyl-a-L-fucopyranosyl-(1 = 3 )-2-acetami-
do-6-O-benzyl-2-deoxy-B-D-glucopyranosyl-(1 = 3)-2,4,6-tri-O-benzyl-B-b-galactopyra-
nosvi-(1 = 4)-2,3.6-1ri-O-benzyl-B-b-glucopyranoside (17).—To a solution of 14 (30
mg, 12.0 wmol) and 15 (14 mg, 24.0 wmol) in dry CH,CN (0.8 mL) was added MS-3A
(250 mg), and the mixture was stirred for 5 h at room temperature. Then NIS (17 mg,
74.0 pwmol) was added at —43 °C, and the mixture was stirred for 1 hat —43 °C, at the
end of which time TfOH (2.7 uL, 30.5 pmol) was added. The mixture was then stirred
for another 40 h at — 43 °C. Sodium thiosulfate (100 mg) was added to the mixture with
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stirring for | h. The precipitate was filtered with aid of Celite and washed thoroughly
with EtOAc. The filtrate and washings were combined, and the solution was succes-
sively washed with M NaHCO, and water. dried (Na,SO,) and concentrated. Column
chromatography (18:1 CH,Cl,~MeOH) of the residue on silica gel (50 g) gave 17 (14
mg. 39%) as an amorphous mass: [a], —18.3° (¢ 1.1. CHCI,); 'H NMR (CDCI,): &
1.00 (m, 2 H. Me;SiCH,CH,0). 1.10 (d. 3 H. J;, 6.4 Hz, H-6d). 1.24-2.09 (7 s. 21 H,
3 AcN and 4 AcO). 2.68 (dd. 1 H, J,.,, 13.0, J; 4 4.1 Hz, H-3he), 3.74 (H-2g). 3.78 (s,
3 H, MeO), 4.06 (H-3g). 4.48 (H-1g). 4.93 (H-4h), 5.29 (m, | H. H-7h), 5.36 (m, | H,
H-8h). 7.11-7.40 (m. 65 H. 13 Ph). Anal. Calcd for C,,,H ysN;0,,Si (2964.4): C,
65.64; H. 6.63; N. 1.42. Found: C, 65.48; H. 6.35: N, 1.27.

2-(TrimethvisilvDethyl (methyl  S-acetamido-4,7,8,9-tetra-O-acetvl-3,5-dideoxy-D-
glycero-a-p-galacto-2-nonulopyranosyvlonate)-(2 = 3)-2,4-di-O-acetvl-6-O-benzyl-B-d-
galactopyranosyl-(1 = 4)-2-acetamido-3-O-acetvl-6-O-benzyl-2-deoxy- B-b-glucopyran-
osvl-(1 = 3)-2,4-di-O-acetvl-6-O-benzyl-B-p-galactopyranosyl-(1 = 4)-{2,3.4-1ri-O-
benzyl-a-L-fucopyranosvi-(1 = 3)]-2-acetamido-6-0-benyi-2-deoxy-B-bD-glucopyran-
osvl-(1 = 3)-2,4.6-tri-O-benzyl-B-pD-galactopyranosvi-(1 — 4)-2,3,6-tri-O-benzyl-B-D-
glucopyranoside (17a).—Compound 17 (14 mg. 4.7 wmol) was acetylated, as described
for 13a. and the product was purificd by chromatography on a column of silica gel (26
g) with 25:1 CH,Cl,~McOH 1o give 17a (12 mg. 80%) as an amorphous mass: [a ],
=26.2° (¢ 0.57, CHCI,): "H NMR (CDCl1,): & 1.01 (m. 2 H. Me,SiCH,CH,0). 1.09
(d. 3 H. J;, 6.4 Hz, H-6d), 1.25-2.13 (12 5. 36 H. 3 AcN and 9 AcO). 2.59 (dd. | H.
Jow 12,5, 7, , 4.5 Hz, H-3he). 3.56 (H-3¢). 3.85 (s, 3 H, McO), 4.54 (H-3g). 4.88
(H-2¢). 4.92 (H-2g). 4.93 (H-4h). 5.04 (br d. | H. Jyy 3.5 Hz, H-4g), 5.37(dd. 1 H. J, ,
24, J5 8.7 Hzo H-7h), 5.48 (br d. J,, 3.6 Hz, H-4¢), 5.54 (m, | H, H-8h), 7.00-7.40
(m, 65 H, 13 Ph). Anal. Caled Tor C 5. H (N0, Si (3174.6): C. 65.08: H. 6.51: N,
1,32, Found: C. 64,90: H, 6.24: N, 1.26.

QA Trimethyisilvlethivl Amethvl  S-acetanmido-4.7,.8,9-tetra-O-benzovl-3,5-dideoxy-b-
glycero-a-n-galacto-2-nomdopvranosvionate)-(2 = 3)-6-0-benzyl-B-n-galactopyranos-
VAT = 4)-2-acetamido-0-O-benzvl-2-deoxy-B-0-glucopyranosyl-(1 = 3)-6-0-benzyl-B-
D-galactopyranosvl-=(l = 4)-[ 2,3, 4-1ri-O-benzyl-c-L-fucopvranosvl{ 1 = 3)]-2-acetami-
do-6-0-benzyl-2-deoxy-B-v-glucopyranosyl-(1 = 3)-2,4.6-tri-O-benzyl-B-v-galactopy-
ranosvl-(1 = 4)-2,3,6-1ri-Q-benzyi-B-b-glucopyranoside (18).—To a solution of 14 (30
mg. 12 wmol) and 16 (20 mg, 24 pwmol) in dry CH,CN (0.8 mL) was added MS-3A
(250 mg). and the mixture was stirred for 5 h at room temperature. NIS (17 mg, 74.0
pmol) was added, and the mixture was stirred for | h at =43 °C. TIOH (2.7 uL. 30.5
pmol) was added, and stirving was continued for 42 h at —43 °C. Processing as
described for 17 gave 18 (28 mg. 729%) as an amorphous mass: [a ], +27.0° (¢ 1.0,
CHC1,): '"H NMR (CDCL,): 6 1.00 (m, 2 H. M¢,SiCH.CH,0). 1.10 (d. 3 H. J, 6.4
Hz, H-6d). 1.25. 1.84 and 1.85 (3 5. 9 H. 3 AcN). 2.22 (H-3ha). 2.85 (dd. | H. /.,
13.00 Jy, ;45 Heo H-3he), 353 (s 3 H MeO), 385 (H-2g), 4.27 (H-3g). 4.58 (H-1g).
338 tmy 1 HL H-4h), 5.85 (H-7h), §.90 (H-8h), 6.99-8.15 (m, 85 H. 17 Ph). Anal. Caled
for C o Hy,iN,O,,S1Q3212.7): C, 68.04: H, 6.37: N, 1.31. Found: C. 68.02: H. 6.29: N,
1,18,

- Trimethyisitvllethyl  (methyl  S-acetamido-4.7,8,9-tetra-0-benzovi-3.5-dideoxy-p-
glycero-a-b-gakacto-2-nonulopyranasylonatei(2 = 3)-2,4-di-O-acetvl-6-0-benzyl-B-b-



T. Ehara et al. / Carbohydrate Research 281 (1996) 237-252 249

galactopyranosyl-(1 — 4)-2-acetamido-3-O-acetvl-6-O-benzyi-2-deoxy-B-D-glucopyran-
osyl)-(1 = 3)-2,4-di-O-acervl-6-0-benzyl-B-D-galactopyranosyl(1 = 4)-[2,3,4-1ri-O-
benzyl-a-L-fucopyranosyl-(1 — 3)]-2-acetamido-6-O-benzyl-2-deoxy-B-b-glucopyraros-
viI-(1 = 3)-2,4.6-tri-O-benzyi-B-p-galactopyranosyl-( 1 — 4)-2,3,6-tri-O-benzyi- B-p-
glucopyranoside (18a).—Compound 18 (100 mg, 31.1 umol) was acetylated, as
described for 17a, and the product was purified by chromatography on a column of
silica gel (50 g) with 30:1 CH Cl,-MeOH to give 18a (98 mg, 92%) as an amorphous
mass: [al, +5.6° (¢ 1.0, CHCL,); 'H NMR (CDClI, ) 6 100 (m, 2 H,
Me,SiCH,CH,0). 1.09 (d, 3 H, J;, 6.4 Hz, H-6d), 1.25-2 18(8 s. 24 H, 5 AcO and 3
ACN) 2.78 (dd. 1 H, Jon 12.6, J; , 4.5 Hz. H- 3he), 3.61 (s, 3 H, MeO), 4.77 (dd. 1
H. J,, 103, J,, 32 Hz. H- 3g), 4.80 (dd, 1 H. J;, 8.6 Hz, H-9h), 5.05 (dd. 1 H. J,,
8.5. J,; 10.3 Hz, H-2g). 5.12 (d. 1 H. J,, 3.2 Hz. H-4g), 549 (d. J,, 3.4 Hz, H-de).
591 (dd. J,; 2.8. J;; 7.4 Hz, H-7h), 6.10 (m, 1 H, H-8h). 7.05~8.02 (m, 85 H, 17 Ph).
Anal. Caled for C,y,H. ;N;O4,Si (3422.9): C, 67.37; H. 6.27; N. 1.23. Found: C,
67.36: H. 6.13; N, 1.20.

2-(TrimethylisilyDethvl  (methyl  5-acetamido-4,7,8,9-tetra-O-benzovl-3,5-dideoxy-b-
glycero-a-n-galacto-2-nonulopyranosyvlonate)-(2 — 3)-2,4,6-tri-O-acervl-B-p-galactopy-
ranosvl)-(1 = 4)-2-acetamido-3,6-di-O-acetyl-2-deoxy-B-nD-glucopyranosyl-(1 — 3)-
2,4.6-tri-O-acervl-B-n-galactopyranosyl-( 1 - 4)-[ 2,3, 4-tri-O-acetvl-a-L-fucopyranosyl-
(1 = 3)]-2-acetamido-6-O-acenvl-2-deoxy-B-pd-glucopyranosvi-(1 = 3)-2,4,6-tri-O-acet-
vi-B-p-galactopyranosyl-(1 = 4)-2,3,6-tri-O-acervl-B-p-glucopyranoside (19).—A solu-
tion of 18 (915 mg. 285 pmmol) in a mixture of MeOH (90 mL), EtOH (90 mL) and
CH,CO,H (20 mL) was hydrogenated in the presence of 10% Pd-C (1 g) for 10 h at
room temperature. The catalyst was filtered off and the filtrate was concentrated. The
residue was acetylated with Ac,0 (30 mL)-pyridine (50 mL) and DMAP (10 mg) for
I8 h at 40 °C. The product was purified by chromatography on a column of silica gel
(130 @) with 20:1:14 CH,Cl,-McOH-E(OAc¢ 1o give 19 (502 mg. 63%) as an
amorphous mass: [, +8.2 2° (¢ 1.0, CHCL): » 3374 (NH). 2956 and 2875 (methyl,
methylene), 1748 and 1228 (ester), 1689 .lml 1532 (amide), 858 and 840 (TMS). 715
em ' (Ph): 'H NMR (CDCI,): 8 092 (m, 2 H. Me,SiCH,CH,0). 1.16 (d. 3 H. Jq,
6.5 Hz, H-6d), 1.77-2.28 (21 s, 63 H. 18 AcO and 3 AcN), 2.79 (dd. | H, J,, 12.6,
Ji.; 4.7 Hz. H-3he). 3.07 (m. 1 H, H-2¢), 3.62 (s, 3 H. McO). 4.27 (H-3p). 4.34 (d. |
H. J,, 8.0 Hz. H-1b). 446 (d. | H. J,, 7.9 Hz. H-1¢), 447 (d. | H. J,, 7.9 Hz, H-1a).
4.60 (d. | H. J,, 8.0 Hz, H-11). 5.37 (d. 1 H. /., 5.9 Hz, NH-21), 5.96 (dd, | H. J,
2.7, J,¢ 1.5 Hz, H-Th). 6.10 (m, | H, H-8h), 7.33-8.11 (m. 20 H. 4 Ph). Anal. Calcd
for C 5, H 4, N3O, Si (2797.7): C, 54.52: H, 5.80: N. 1.50. Found: C. 54.45: H. 5.80: N,
1.45.

Methyl - S-acetamido-4,7,8.9-1etra-O-benzoyl-3,5-dideoxy-p-glycero-a-p-galacto-2-
nonulopyranosvionate-(2 = 3)-2,4,6-tri-O-acetvl-B-p-galactopyranosyl-(1 = 4)-2-aceta-
mido-3,6-di-O-acetyl-2-deoxv-B-p-glucopyranosyl-(1 = 3)-2,4,6-1ri-O-acetvl-B-v-ga-
lactopyranosyl-(1 = 4)-12,3.4-tri-Q-acetvl-a-L-fucopyranosyl-( 1 = 3)]-2-acetamido-6-
O-acetvl-2-deoxy-B-d-glucopyranosyl-(1 = 3)-2,4,6-1ri-O-acetvl-B-b-galactopyranosyl-
(1 = 4)-2,3.6-1ri-O-acetrvl-pD-glucopyranose (20).—To a solution of 19 (470 mg. 168
pmol) in dry CH,Cl, (2.5 mL.) was gradually added CF,CO,H (5 mL) at 0 °C. and the
mixture was stirred 2 h at room temperature. Ethyl acetate (20 mL) was added to the
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mixture. and it was concentrated to a syrup that was chromatographed on a column of
silica gel (130 g) with 15:1 CH,Cl,~MeOH to give 20 (443 mg, 99%) as an amorphous
mass: v 3380 (NH, OH), 2970 (methyl, methylene), 1747 and 1228 (ester), 1689 and
1537 (amide), 716 cm™' (Ph). Anal. Calcd for C,,,H,;4N;O4s (2697.5): C, 54.32; H,
5.57; N, 1.56. Found: C, 54.14; H, 5.35; N, 1.47.

Methyl S5-acetamido-4,7,8,9-tetra-O-benzoyl-3,5-dideoxy-D-glycero-a-D-galacto-2-

nonulopyranosylonate-(2 — 3)-2,4,6-tri-O-acetvl-B-p-galactopyranosyl-(1 — 4)-2-aceta-
mido-3,6-di-O-acetyi-2-deoxy-B-D-glucopyranosyl-(1 — 3)-2,4.6-tri-O-acetyl-B-p-galac-
topvranosvl-( 1 ~ 4)-[2,3,4-tri-O-acetyl-a-L-fucopyranosyl-(1 = 3)]-2-acetamido-6-O-
acetyl-2-deoxy-B-D-glucopyranosyl-(1 = 3)-2,4,6-tri-O-aceryi-B-b-galactopyranosyl-
(1 = 4)-2,3,6-tri-O-acervl-a-p-glucopvranosyl trichloroacetimidate (21).— A solution of
20 (441 mg. 165 wmol) and trichloroacetonitrile (0.5 mL) in CH,Cl, (4 mL) was cooled
to =5 °C, and to this solution was added 1.8-diazabicyclo[5.4.0Jundec-7-ene (DBU; 25
pL). The mixture was stirred for 3 h at 0 °C, then concentrated. Column chromatogra-
phy of the residue on silica gel (130 g) with 35:2 CH,Cl,-MeOH afforded 2. ‘413 mg,
89%) as an amorphous mass: [a], +1.1° (¢ 1.0, CHC1,); » 3370 (NH), 2976 (methyl,
methylene), 2120 (isonitrile), 1749 and 1227 (ester), 1680 and 1533 (amide), 716 cm™'
(Ph); 'H NMR (CDCl,): § 1.16 (d. 3 H, J;, 6.5 Hz, H-6d), 1.77-2.28 (21 5, 63 H, 18
AcO and 3 AcN), 2.79 (dd. 1 H. J,,,, 12.4, J;,, 4.7 Hz, H-3he), 3.07 (m, | H, H-2¢),
3.63 (s, 3 H, MeO), 4.37 (d. 1 H, J,, 8.0 Hz, H-1b), 446 (d. | H, J,, 7.7 Hz, H-le),
4.61(d. 1 H. J, , 8.0 Hz, H-11), 5.05(dd, | H. J, , 3.8, J,; 10.1 Hz, H-2a), 5.16 (dd, |
H, Jyw 10.7. Jyy 3.3 Hz, H-9h), 540 (brd. | H. J,, 3.3 Hz, H-4e), 5.53 (1. 1 H,
Jyy=J,,=9.7 Hz, H-3a), 596 (dd. 1 H. J,, 2.8, J, 7.6 Hz, H-7h), 6.10 (m, | H,
H-8h). 6.44 (d. | H, J,, 3.8 Hz, H-1a), 7.27-8.06 (m, 20 H. 5 Ph). 8.65 (s. 1 H,
C=NH). Anal. Caled for C 5 H, ,,Cl\NO (2841.9): C, 5241 H, 5.28: N, 1.97.
Found: C, 52.13; H, §.06: N, 185,

Methyl  5-acetamido=4,7.8,9-tetra-0-benzovl-3,5-dideoxy-nD-glycero-a-n-galacto-2-
nonulopyranosvionate-(2 = 3)-2,4,6-1ri-Q-acetyvl-p-p-galactopyranosyl-(1 = 4)-2-aceta-
mido-3.6-di-Q-acetyvl-2-dvoxy-B-b-glucopyranosyl-(1 - 3)-2,4,6-tri-O-acetyl-B-o-ga-
lactopyranosyl-{ 1 = 41-[2,3,4-tri-O-acetvl-a-L-fucopyranosyl-(1 = 3)]-2-acetamido-6-
O-acervl-2-deoxy-B-p-glucopvranosvi-(1 = 3)-2,4,6-tri-O-acetyl-B-b-galactopyranosyl-
{1 = 4)-2,3.6-tri-O-acetvi-B-p-glucopvranosyl-(1 = 1)-(28,3R 4E)-2-azido-3-O-(tert-
butvidiphenyisilvl)-d-octadecene-1,3-diol (23).—To a solution of 21 (50 mg. 17.8
umol) and (25.3 R4 E)-2-azido-3-O-(tert-butyldiphenylsilyD-4-octadecene- 1.3-diol (22:
25 mg. 44.4 pmol) in dry CH,CI, (0.8 mL) was added MS-4A (AW-300; 500 mg), and
the mixture was stirred for | h at room temperature, then cooled to 0 °C. To the cooled
mixture was added trimethylsilyl trifluoromethanesulfonate (10 uL. 51.7 wmol), and the
mixture was stirred for 3.5 h at 0 °C, the course of the reaction being monitored by TLC.
Triethylamine (0.1 mL) was added to the reaction mixture, and the precipitate was
filtered with aid of Celite and washed with CH ,Cl,. The combined filtrate and washings
was washed with water, dried (Na,SO,) and concentrated. Chromatography (35:2
CH,Cl,-MeOH) of the residue on silica gel (50 g) gave 23 (27 mg. 47%) as an
amorphous mass: [al, =55.1° (¢ 1.0, CHCI,); v 3380 (NH), 2926 and 2856 (methyl,
methylene), 2100 (azide). 1749 and 1227 (ester), 1692 and 1532 (amide), 713 cm ™!
(Ph): 'H NMR (CDCl,): & 0.88 (t. 3 H, MeCH,). 1.05 (s. 9 H. Me,C), 1.16 (d, 3 H,
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Js.6 6.5 Hz, H-6d), 1 26 (s, 22 H, 11 CH,). 1.77-2.28 (21 s, 63 H. 18 AcO and 3 AcN),
2.79 (dd, 1 H, J,, 125, J;,, 4.7 Hz, H- -3he), 3.06 (m, 1 H. H-2¢), 3.63 (s. 3 H, MeO),
433 (d, 1 H, J,‘2 1. 6 Hz, H-1b),4.34(d, | H, J,, 7.7 Hz, H-1a),446 (d, 1 H, J,, 79
Hz. H-1e), 4.60 (d, 1 H, J,, 7.9 Hz, H-1f), 5.96 (dd. 1 H. J,, 2.6. J,, 7.6 Hz. H-Th),
6.10 (m, 1 H, H-8h), 7.31-8.08 (m, 30 H, 6 Ph). Anal. Calcd for C,54H ,,N,O4Si
(3243.4): C, 57.77; H, 6.22; N, 2.59. Found: C, 57.66; H, 6.11; N, 2.56.

Methyl 5-acetamido-4.7,8.9-tetra-O-benzoyl-3,5-dideoxy-D-glycero-a-b-galacto-2-
nonulopyranosylonate-(2 = 3)-2,4,6-tri-O-acetyl-B-b-galactopyranosyl-(1 — 4)-2-aceta-
mido-3,6-di-O-acetyl-2-deoxy-B-D-glucopyranosyl-(1 — 3)-2,4,6-tri-O-acetyl-B-bD-galac-
topvranosyl-(1 = 4)-[2,3,4-tri-O-acetvl-a-L-fucopyranosyl-(1 = 3)]-2-acetamido-6-O-
acetvl-2-deoxy-B-D-glucopyranosyl-(1 = 3)-2,4,6-tri-O-acetyl-3-D-galactopyranosyl-

(1 = 4)-2,3,6-tri-O-acetvl-B-b-glucopvranosyl-(1 = 1)-(2S,3R ,4E)-3-O-(tert-burvidi-
phenylsilvl)-2-octadecanamido-4-octadecene-1,3-diol (25).—To a solution of 23 (177
mg, 55 pmol) in benzene (5 mL) and water (0.2 mL) was added triphenylphosphine (30
mg, 114 wmol), und the mixture was heated, with stirring, for 20 h at 50 °C. The course
of the reaction was monitored by TLC. The mixture was concentrated, and the residue
24 was stirred with octadecanoic acid (45 mg, 158 umol), 2-chloro-1.3-dimethylim-
idazolium chloride (DMC; 20 mg, 118 umol) and triethylamine (24 L, 173 pmol) in
dry benzene (4 mL) for 20 h at room temperature. Methanol (2 mL) was added, and the
mixture was treated with Amberlite IR-410 (OH ") resin to remove the acid. The
solution was concentrated to a syrup that was chromatographed on a column of silica gel
(50 g) with 35:2 CH,Cl,~MeOH to give 25 (154 mg, 80%) as an amorphous mass:
[a), +2.9° (¢ 1.0, CHCL,); » 3384 (NH), 2924 and 2854 (methyl, methylene), 1750
and 1226 (ester), 1690 and 1527 (amide). 713 cm™" (Ph); 'H NMR (CDCl,): & 0.88 (1.
6 H. 2 MeCH,), 1.00 (s, 9 H, Me,C). 1.16 (d. 3 H. J;, 6.5 Hz, H-6d), 1.25 (s. 52 H.
26 CH,). 1. 80-2.28 (21 s, 63 H. 18 AcO and 3 AcN), 2.79 (dd. | H. Joem 12,6045,
4.7 Hz. H-3he). 3.07 (m. 1 H, H-2¢), 3.63 (s. 3 H. MeO), 4.32 (d, | H J,, 7.9 He,
H-1b), 4.41 (d, | H, J,, 7.9 Hz H-1a). 446 (d, 1 H. J,, 8.1 Hz, H-le). 4.61 (d. | H.
Jis 7.8 Hzo H-10), 540 (bi d. 1 H. J,, 3.8 Hz, H-4¢). 596 (dd. | H. /5 2.6. J;, 7.6
Hz. H-7h), 6.10 (m. 1 H, H-8h), 7.30-8.10 (m, 30 H, 6 Ph). Anal. Caled for
C 74 H21N,O,; Si (3483.9): C, 59.99: H. 6.83: N, 1.61. Found: C, 59.84 H. 6.75. N,
1.33.

VIM-2 ganglioside (26).—To a solution of 25 (154 mg, 44.3 pwmol) in CH,CN (3
mL) was added 1.0 M tetrabutylammonium fluoride (0.8 mL) at 0 °C, and the mixuure
was stirred for 18 h at room temperature and concentrated. The residue was treated with
NaOMe (55 mg) in MeOH (4 mL) for 3 h at room temperature, then water (0.5 mL) was
added. The solution was stirred for 18 h at room temperature, neutralized with Amberlite
IR-120 B (H") resin, and filtered. The resin was washed with 5:4:1 CHCl,-MeOH-
H,O. and the combined filtrate and washings was concentrated. The residue was
chromatographed on a column of silica gel (50 g) with 25:20:4 CHCl,-MeOH-H,0.
then on a column of Sephadex LH-20 (40 g) with 5:4:1 CHCl;-MeOH-H,0. to give 26
(79 mg. 87%) as an amorphous mass: [a ], —17.4° (¢ 1.2§, 5:4:1 CHCI ;- MeOH-H,0);
'H NMR [49:1 (CD,),S0-D,0}: 6 0.85 (. 6 H, 2 MeCH,), 1.01 (d. 3 H, J5, 6.3 "Hz.
H-6d), 1.24 (s, 52 H, 26 CH, ) 1.82. 1.89 (35,9 H. 3 AcN), 2.04 (1, 2 H, COCH,CH,),
2.76 (dd, 1 H. J,,, 12.0, J,‘442Hz H-3he), 3.12 (¢, 1 H, J,, 7.7 Hz, H-1a), 4.22 (d.
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1 H, J,, 7.8 Hz, H-1g), 428 (br d, 1 H, H-1b), 4.34 (br d, | H, H-1e), 4.59 (m, 1 H,
H 5d), 470 (d, 1 H. J,, 7.9 Hz, H-1f), 474 (d, | H. J,, 7.2 Hz, H-1c), 4.88 (d. 1 H.
,» 3.4 Hz, H-1d). 5.37 (dd. 1 H, J;, 7.2, J,5 15.5 Hz, H-4, sphingosine unit), 5.55 (br
t; 1 H, H-5, sphingosine unit). Anal. Calcd for Cy H (,N,O,; (2058.32): C, 54.27; H.
03; N, 2.72 Found: C, 54.06; H, 7.76; N, 2.66.
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