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Synthesis of deoxygalactose-containing sialyl I.e x 
ganglioside analogues to elucidate the structure 
necessary for selectin recognition* 
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Sialyl Lewis X ganglioside analogues containing 4-deoxy-, 6-deoxy-, and 4,6-dideoxy-D-galactopyranose in place of 
D-galactopyranose have been synthesized. Glycosylations of 2-(trimethylsilyl)ethyl 2,6-di-O-benzyl-/3-D-galacto- 
pyranoside and 2-(trimethylsilyl)ethyl /3-D-fucopyranoside with the phenyl 2-thioglycoside derivative of sialic acid, 
using N-iodosuccinimide (NIS)-trifluoromethanesulfonic acid (TfOH) as the promoter in acetonitrile, gave the 
desired 2-(trimethylsilyl)ethyl sialyl-c~-(2-->3)-/3-D-galactopyranoside and -/3-D-fucopyranoside, respectively. The 
sialylgalactose derivative obtained was then modified to 4-deoxy and 4,6-dideoxy derivatives. These were 
converted, by O-benzoylation, transformation of the 2-(trimethylsilyl)ethyl group to trichloroacetimidates, and 
introduction of the methylthio group with methylthiomethylsilane, into the corresponding glycosyl donors, which 
were then coupled with 2-(trimethylsilyl)ethyl O-(2,3,4-tri-O-benzyl-c~-L-fucopyranosyl)-(l-->3)-O-(2-acetamido-6- 
~-benzy~-2-de~xy-~3-D-g~uc~pyran~sy~)-(~-->3)-2,4,6-tri-~-benzy~-l3-D-ga~act~pyran~side in the presence of di- 
methyl(methylthio)sulfonium triflate (DMTST). The resulting pentasaccharides were each converted to the 
corresponding c~-trichloroacetimidates, which, on coupling with (2S, 3R, 4E)-2-azido-3-O-benzoyl-4-octadecene- 
1,3-diol, gave the desired sphingosine derivatives. Selective reduction of the azide group, N-acylation with 
octadecanoic acid, O-deacylation, and saponification of the methyl ester afforded the target compounds. 
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Introduction 

Sialyl Le x ganglioside was first isolated from kidney and 
found to be widespread as the tumour-associated ganglio- 
side antigen. Since the demonstration [1-4] that the 
selectin family of  cell adhesion proteins recognize the 
sialyl Le x determinant, a-Neu5Ac-(2--~3)-13-D-Gal-(1--~4)- 
[o~-L-Fuc-(1-->3)]-13-D-GlcNAc, which is found as the 
terminal carbohydrate structure in both glycolipids and 
glycoproteins of cell membranes, much attention has been 
focused on the biological importance of this structure not 
only in leukocyte-endothelium adhesion but also in tumour 
metastasis. We have reported the synthesis of a series of  
sialyl Le x gangliosides including hexasaccharidic [5] and 
pentasaccharidic [6] glycolipids, and sialyl o~(2-->6)-Le x 
ganglioside [7], and demonstrated an energy minimized 
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conformation [8] for the selectin recognition. Based on this 
three-dimensional structure, various types of  sialyl Le x 
analogues [9, 10] containing chemically modified sialic 
acid or fucose residues have been synthesized in order to 
clarify the structural features of the sialic acid or fucose 
moieties required for selectin recognition. As a part of  our 
continuing studies on structure-activity correlations in the 
sialyl Le x epitope, we describe here the synthesis of  sialyl 
Le x ganglioside (pentasaccharide) analogues containing 
three kinds of galactose derivatives, in which the C-4, C-6 
and C-4,6 positions are deoxygenated. 

Results and discussion 

For the systematic synthesis of the galactose-modified 
sialyl Le x pentasaccharides, 2-(trimethylsilyl)ethyl O- 
(2,3,4-tri- O-benzyl- o~-L-fucopyranosyl)-(1 -+3)-O-(2-aceta- 
mido-6-O-benzvl-2-deoxv-B-D-~luco~vranosvl)-(1 --->3)-2,- 
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4,6-tri-O-benzyl-/3-D-galactopyranoside [6] (28)was used 
as the common glycosyl acceptor, which was coupled with 
methyl O-(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5- 
dideoxy- D- glycero-o~- D- galacto- 2-nonulopyranosylonate )- 
(2-->3)-2,6-di- O-benzoyl-4-deoxy- 1 -thio-[3-D-xylo-hexopyr- 
anoside (16), -(2-->3)-2,4-di-O-benzoyl-l-thio-/3-D-fuco- 
pyranoside (21), and -(2-->3)-2-O-benzoyl-4,6-dideoxy-1- 
thio-[3-D-xylo-hexopyranoside (27), respectively. 

Treatment of 2-(trimethylsilyl)ethyl 3,4-O-isopro- 
pylidene-/3-D-galactopyranoside [11] (1) with sodium 
hydride and benzyl bromide in DMF, and subsequent 
de-isopropylidenation afforded the corresponding 2,6-di- 
O-benzyt derivative 3 in good yield. The glycosylation 
[12, 13] of 3 with Neu5Ac donor 6 (1.5 equiv with 
respect to the acceptor), in acetonitrile for 1.5 h at 
-35  °C in the presence of NIS-TfOH [14-16] and 3 
molecular sieves, gave exclusively the a-glycoside 7 in 
70% yield. The significant IH-NMR signals of the 
Neu5Ac residue [17, 18] were H-3eq (6 2.53, dd, Jgem 
13.0, ff3eq,4 4.6 Hz), H-7 (6 5.30, dd, J6,7 1.8, JT,s 7.7 Hz), 
and H-8 (6 5.39, ddd, J8,9 2.2, J8,9' 5.9 Hz), indicating 
the anomeric configuration to be a. In the ~H-NMR 
spectrum of the acetate 8, the observed chemical shift 
and coupling constants of H-4 of the Gal residue (6 5.40, 
d, J3,4 3.1 Hz) indicated the glycosylated position to be 
C-3. 

2-(Trimethylsilyl)ethyl /3-u-fucopyranoside (5) was 
employed for preparing the 6-deoxy-D-galactose deriva- 
tive. The regio- and a-stereoselective glycosylation of 5 
with 6 was achieved by the same procedure described for 
7 to give sialyl-a-(2-->3)-D-fucopyranoside 17 in 70% 
yield, which showed the characteristic tH-NMR signals at 
6 2.71 (dd, Jgem 13.0, J3eq,4 4.4 Hz, H-3eq) and 6 5.31 
(dd, J6,7 1.8, J7,8 8.8 Hz, H-7) showing the a-glycosidic 
linkage. The glycosylation site was confirmed by the 
chemical shifts and coupling constants of the D-Fuc 
residue in 18; H-2 (6 5.46, dd, J1,2 8.1, J2,3 10.1 Hz) and 
H-4 (6 5.16, d, J3,4 3.1 Hz). 

Treatment of 8 with phenyl chlorothionoformate [19] 
in pyridine and dichloromethane, gave the correspond- 
ing sialyl-a-( 2--> 3 )-2,6-di-O-benzyl-4-O-(phenoxy)thiocar- 

bonyl-/3-D-galactopyranoside 9 and subsequent radical 
reduction with tributyltin hydride and a,a'-azobis-iso- 
butyronitrile (AIBN) in toluene afforded the correspond- 
ing sialyl-4-deoxygalactose derivative 10 in good yield. 
In the 1H-NMR spectrum of 11, the characteristic H-4ax 
(6 1.41, Jgem = J4ax,5 = J4ax,3 l 1.6 Hz) and H-4eq (8 1.87) 
of the galactose residue were clearly observed indicating 
the structure assigned. 

The 6-bromination [20] of sialyl-a-(2~3)-4-deoxy-/3-D- 
xylo-hexopyranoside 12 with carbon tetrabromide and 
triphenylphosphine gave 22, and subsequent O-benzoyla- 
tion afforded the corresponding 2-O-benzoyl derivative 
23, which was hydrogenolyzed [21] in the presence of 
10% Pd-C and diethylamine, to afford sialyl-a-(2-->3)- 
2-O-benzoyl-4,6-dideoxy-~-D-xylo-hexopyranoside 24 in 
77% yield. Significant signals in the 1H-NMR spectra of 
24 were at 6 1.27 (d, J5,6 5.5 Hz, It-6) and 6 4.91 (dd, 
Jl,2 8.8, J2,3 9.0 Hz, H-2). 

Treatment of 13, 18 and 24 with trifluoroacetic acid 
gave the corresponding 1-hydroxy compounds 14, 19 and 
25 in good yields, which, on treatment [11, 22, 23] with 
trichloroacetonitrile in the presence of 1,8-diazabi- 
cyclo[5.4.0]undec-7-ene (DBU) in dichloromethane at 
0°C, gave the corresponding anomeric mixture of 
trichloroacetimidates 15, 20 and 26 in high yields. 
Significant signals in the IH-NMR spectra of 15, 20 
and 26 were at 6 6.00-6.17 (J1,2 7 . 7 -  8.4Hz, H-I¢), 6 
6.57-6.76 (J1,2 3 . 4 -  3.6Hz, H-I~), 6 8.60-8.65 
(C=NHt3), and 6 8.46-8.56 (C=NHa) indicating the 
structures assigned. These trichloroacetimidates 15, 20 
and 26 were each exclusively converted to the methyl /3- 
thioglycosides 16, 21 and 27 in high yields by treatment 
with methylthiotrimethylsilane and boron trifluoride 
etherate in dichloromethane at room temperature. The 
/3-configuration was determined by the significant signals 
at 6 4.54M.73 (JJ,2 9 . 8 -  9.9 Hz, H-l) and 6 5.10-5.52 
(J2,3 9.4 - 9.7 Hz, H-2) in the IH-NMR spectra of 16, 21 
and 27. 

Glycosylations of 28 with 16, 21 and 27 (1.8 
equivalent with respect to the acceptor), in dichloro- 
methane for 72 h at 7 °C in the presence of DMTST and 
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4A molecular sieves, gave the expected /3- 
glycosides 29, 33 and 37 in 45, 35 and 43% yields, 
respectively. The characteristic signals of H-2c in the 1H- 
NMR spectra of 29, 33 and 37 appeared at 6 5.40-5.45 
(near t, J1,2 = 2"2,3 = 8 . 2 -  9.3 Hz), indicating the newly 
formed glycosidic linkage to be /3. 

Hydrogenolytic removal of the benzyl groups in 29, 33 
or 37, and subsequent O-acetylation gave the per-O- 
acetyl derivatives 30, 34 and 38 in 92, 84, and 86% 
yields after purification by silica gel column chromato- 
graphy. These compounds were converted to the corre- 
sponding 1-hydroxy compounds 31, 35 and 39 in 
quantitative yields, which, on treatment with trichloroa- 
cetonitrile as described for 15, 20 and 26, afforded the 
corresponding a-trichloroacetimidates 32, 36 and 40 in 
high yields. 

The final glycosylation [11,24] of (2S, 3R, 4E)-2- 
azido-3-O-benzoyl-4-octadecene-l,3-diol) [25,26] (41) 
with 32, 36 or 40 thus obtained, in dichloromethane in 
the presence of boron trifluoride etherate for 2 h at O °C, 
gave the desired /3-glycosides 42, 45 and 48 in 60, 72, 
and 40% yields, respectively. Selective reduction [27, 28] 
of the azide group in 42, 45 or 48 with hydrogen sulfide 
in aqueous pyridine gave the amine which, on condensa- 
tion with octadecanoic acid, using 1-ethyl-3-(3-dimethyl- 

aminopropyl)carbodiimide hydrochloride (WSC) in di- 
chloromethane, gave the corresponding acylated sialyl 
Le x gangliosides 43, 46 and 49 in 70, 88, and 90% 
yields, after column chromatography. Finally, O-deacyla- 
tion with sodium methoxide in methanol and subsequent 
saponification of the methyl ester group yielded the end 
products 44, 47 and 50 in quantitative yields after 
chromatography on a column of Sephadex LH-20. 

The sialyl Le x ganglioside (44) containing 4-deoxy-Gal 
was not recognized by E- and L-selectin, while it was 
recognized by P-selectin in almost the same order as 
sialy] Le x ganglioside (Brandley BK, Kiso M, Hasegawa 
A, et al., unpublished results). On the other hand, the 
sialyl Le x ganglioside (47) containing the 6-deoxy-Gal 
was not recognized by any of the selectin family. The 
results indicate that the hydroxyl groups of the C-4 and 
C-6 positions of the galactose moiety in sialyt Le x 
ganglioside are critically important for the selectin 
recognition. Very recently, similar results have also been 
reported for the sialyl Le x tetrasaccharide epitope 
analogues [29]. By removal of the galactose residue 
[30] the E-selectin recognition was, of course, completely 
lost. In a series of structure-function studies [31] on 
selectin carbohydrate ligands using a variety of sialyl Le x 
ganglioside analogues [32], we have already demonstrated 
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that E- and L-selectin require the hydroxyl groups at the 
C-2, C-3 and C-4 positions of the fucose residue. P- 
Selectin, however, requires only the C-3 hydroxyl group. 
Therefore, the present results must contribute to the 
systematic understanding of the selectin-carbohydrate 
interaction at the molecular level. 

Materials and methods 

General methods 
Specific rotations were determined with a Union PM-201 
polarimetar at 25 °C, and IR spectra were recorded with a 
JASCO A-100 spectrophotometer. ]H-NMR spectra were 
recorded with a JEOL JNM-GX 270 spectrometer. 
Preparative chromatography was performed on silica gel 
(Wako Co., 200 mesh, or Fuji Silysia Co., 300 mesh) with 
the solvent systems specified. Concentrations were con- 
ducted in vacuo. 

2-(Trimethylsilyl)ethyl 2, 6-di-O-benzyl-3, 4-O-isopropyli- 
dene-[3-D-galactopyranoside (2) 

To a solution of 2-(trimethylsilyl)ethyl 3,4-O-isopropyli- 
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Figure 4. 

dene-/3-D-galactopyranoside (1; 7.15g, 22.3mmol) in 
N,N-dimethylformamide (DMF, 32mt) was added a 
suspension of sodfum hydride in oil (2.68 g, 60% of 
sodium hydride by weight, 67.0 mmol). The mixture was 
stirred for 30min at 0°C, benzyl bromide (7.96mt, 
66.9mmol) was added dropwise, and stirring was 
continued for 2 h at room temperature. The reaction was 
monitored by TLC and, when complete, methanol (5 ml) 
was added, and the mixture was concentrated and 
extracted with dichloromethane. The extract was washed 
with water, dried (Na2SO4) and concentrated. Column 
chromatography (1:3 ethyl acetate:hexane) of the residue 
on silica gel (600g) gave 2 (9.86g, 88%) as an 
amorphous mass; [a]D +25.4 ° (c 1.0, chloroform); IR 
(film) 860 and 840 (TMS), 850 (isopropylidene), and 
710 cm -1 (Ph); 1H-NMR data (CDC13) 6 1.05 (m, 2H, 
Me3SiCH2CH2), 1.32 and 1.34 (2s, 6H, Me2C), 3.58 and 
4.02 (2m, 2H, Me3SiCH2CH2), 4.32 (d, 1H, J1,2 8.1 Hz, H- 
I), 4.55, 4.64, 4.82 and 4.86 (4d, 4H, 2C6HsCH20), and 
7.24-7.41 (m, 10H, 2Ph). 

Analytical data. Calculated for C28H4006Si: C, 67.17; 
H, 8.05. Found: C, 67.07; H, 8.05. 

2-~rimethylsi!yl)ethyl 2,6-di-O-benzyl-[3-D-galactopyrano- 
side (3) 

A solution of 2 (9.86 g, 19.7 mmol) in aqueous 80% acetic 
acid (100 ml) was heated for 3 h at 60 °C and concentrated. 
Column chromatography (1:3 ethyl acetate:hexane) of the 
residue on silica gel (400 g) gave 3 (8.89 g, 98%) as an 
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amorphous mass; [a]D +7.5 ° (c 1.0, chloroform); IR (film) 
3450 (OH), 860 and 840 (TMS), and 710 cm -1 (Ph); 1H- 
NMR data (CDC13) 6 1.01 (m, 2H, Me3SiCH2CH2), 3.58 
and 4.02 (2m, 2H, Me3SiCH2CH2) , 4.34 (d, 1H, J1,2 8.1 Hz, 
H-l), 4.55 (s, 2H, C6HsCH20 ), 4.65 and 4.94 (2d, 2H, 
C6HsCH20), and 722-7.33 (m, 10H, 2Ph). 

Analytical data. Calculated for C25H3606Si: C, 65.19; 
H, 7.88. Found: C, 65.17; H, 7.61. 

2-(Trimethylsilyl)ethyl 2,3, 4-tri-O-acetyl-[3-D-fucopyrano- 
side (4) 

1,2,3,4-Tetra-O-acetyl-D-fucopyranose prepared by acety- 
lation of D-fucose (5g, 30.5retool) was dissolved in 
dichloromethane (25 ml), and cooled to 0 °C. Hydrogen 
bromide (25% acetic acid solution) (20 ml) was added, 
and the mixture was stirred for 2 h at room temperature. 
The solution was successively washed with ice water and 
1 M sodium carbonate, dried (Na2SO4) and concentrated. 
The residue was dissolved in dichloromethane (21 ml) and 
stirred with powdered molecular sieves 4 A (6 g) for 5 h at 
room temperature (mixture A). A mixture of silver 
carbonate (8.28 g, 30.0 retool), silver perchlorate hydrate 
(6.22 g, 30.0 mmol) and (trimethylsilyl)ethanol (10.75 ml, 
75.0mmol) in dichloromethane (21 ml) was stirred with 
powdered molecular sieves 4 A  (10g) for 5 h at room 
temperature (mixture B). The mixture A was added to the 
mixture B at 0 °C, and the suspension was stirred for 12 h 
at room temperature. The precipitate was filtered off and 
washed with dichloromethane. The filtrate and washings 
were combined and concentrated. Column chromatography 
(t:5 ethyl acetate:hexane) of the residue on silica gel 
(60 g) gave 4 (8.2t g, 70%) as an amorphous mass; [a]D 
--8.2 ° (c 1.8, dichloromethane); IR (film) 3000-2820 
(CH), 1750 and 1240 (ester), and 860 and 840cm -~ 
(TMS); 1H-NMR data (CDC13) 8 0.93 (m, 2H, Me3_ 
SiCH2CH2), 1.21 (d, 3H, J5,6 6.4Hz, H-6), 1.96, 2.03 
and 2.16 (3s, 9H, 3AcO), 3.52 and 4.00 (2m, 2H, 
Me3SiCH2CH2), 3.80 (q, 1H, J5,6 6.4 Hz, 'H-5), 4.45 (d, 
1H, J1,2 7.6 Hz, H-l), 5.00 (dd, 1H, ,/2,3 10.4, J3,4 3.4 Hz, 
H-3), 5.16 (dd, 1H, J~,2 7.6, J2,3 10.4 Hz, H-2), and 5.22 
(d, 1H, J3,4 3.4 Hz, H-4). 

Analytical data. Calculated for C17H3007Si: C, 54.52; 
H, 8.07. Found: C, 54.26; H, 7.80. 

2-(Trimethylsilyl)ethyl [3-D-fucopyranoside (5) 

To a solution of 4 (8.21 g, 21 mmol) in methanol (20 ml) 
was added 28% sodium methoxide (I ml), and the mixture 
was stirred for 12 h at room temperature, neutralized with 
Amberlite IR-120 (H +) resin and filtered. The resin was 
washed with methanol, and the combined filtrate and 
washings were concentrated. Column chromatography (4: t 
ethyl acetate:hexane) of the residue on silica gel (150 g) 
gave 5 (5.56 g, quantitative) as an amorphous mass; [odd 
-23.9  ° (c 3.3, dichloromethane); IR (film) 3650-3050 
(OH) 3000-2850 (CH), and 860 and 840 cm -t  (TMS); 1H- 

NMR data (CDC13) 6 1.01 (m, 2H, Me3SiCH2CH2), 1.28 
(d, 3H, J5,6 6.4Hz, H-6), 3.94 (m, 1H, Me3SiCHzCH2), 
4.58 (d, 1H, J3,4 3.3 Hz, H-4), and 5.02 (d, IH, Jt,2 5.5 Hz, 
H-l). 

Analytical data. Calculated for C11H2405Si: C, 49.97; 
H, 9.15. Found: C, 49.79; H, 9.10. 

2-(Trimethylsilyl)ethyt O-(methyl 5-acetamido-4, 7,8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero-a-D-galacto-2-nonulo- 
pyranosylonate)-(2--~ 3)- 2, 6-di-O-benzyl-[3-D-galaetopyra- 
noside (7) 

To a solution of 3 (96 nag, 0.21 mmol) and methyl (phenyl 
5 -acetarnido - 4,7,8,9 - tetra - O - acetyl - 3,5 - dideoxy - 2 - thio - 
D-glycero-D-galacto-2-nonulopyranosid)onate (6; 0.18 g, 
0.31 mmol) in acetonitrile (1.5 ml)were added molecular 
sieves 3 A (0.35 g). The mixture was stirred for 5 h at 
room temperature and then cooled to - 3 5  °C. To the 
cooled mixture were added N-iodosuccinimide (159 rag, 
0.71 retool) and trifluoromethanesulfonic acid (5.5/zl, 
0.06 mmol), and the mixture was stirred for 1.5 h at 
- 3 5  °C. The precipitate was filtered off and washed with 
dichloromethane. The filtrate and washings were com- 
bined and successively washed with 1 M sodium carbonate 
and sodium thiosulfate, dried (Na2SO4) and concentrated. 
Colunm chromatography (50:1 toluene:methanol) of the 
residue on silica gel (40 g) gave 7 (136 rag, 70%) as an 
amorphous mass; [aid +41.2 ° (C 0.1, chloroform); IR 
(film) 3600-3200 (OH, NH), 1760 and 1230 (ester), 1670 
and 1545 (amide), 860 and 840 (TMS), and 725 cm -t 
(Ph); IH-NMR data (CDC13) Gal unit 6 0.98 (m, 2H, 
Me3SiCH2CH2), 4.43 (d, 1H, Ji,2 7.7Hz, H-I), 4.57 (s, 
2H, C6HsCH20), 4.70 and 4.84 (2d, 2H, C6HsCH20 ), 
7.24-7.41 (m, 10H, 2Ph); Neu5Ac unit 6 1.86 (s, 3H, 
AcN), 1.95, 1.98, 2.01 and 2.09 (4s, 12H, 4AcO), 2.53 
(dd, 1H, Jgem 13.0, J3eq,4 4.6 Hz, H-3eq), 3.76 (s, 3H, 
MeO), 4.33 (dd, 1H, J8,9 2.4, Jgem 12.5 Hz, H-9), 5.30 (dd, 
1H, J6,7 1.8, J7,8 7.7 Hz, H-7), 5.39 (ddd, 1H, J8,9 2.2, J8,9 
5.9 Hz, H-8), and 5.47 (d, 1H, JNH,5 9.5 Hz, NH). 

Analytical data. Calculated for C45H63OlsNSi: C, 
57.86; H, 6.80; N, 1.50. Found: C, 57.81; H, 6.58; N, 
1.23. 

A sample of 7 (50 nag, 54/zmol) was acetylated with 
acetic anhydride (1 ml) and pyridine (1 ml) for 2 h at 
room temperature to give 8 (52 rag, quantitative) as an 
amorphous mass; 1H-NMR .data (CDC13) Gal unit ~ t.02 
(m, 2H, Me3SiCH2CH2), 1.87 (s, 3H, AcO), 4.53 (d, IH, 
J1,2 8.9 Hz, H-l), 4.46 and 4.54 (2d, 2H, C6HsCH20), 
4.84 (s, 2H, C6HsCH20), 5.04 (d, 1H, J3,4 3.1 Hz, H-4), 
7.24-7.47 (m, 10H, 2Ph); Neu5Ac unit 3 1.85 (s, 3H, 
AcN), 2.02, 2.03, 2.04 and 2.13 (4s, 12H, 4AcO), 2.58 
(dd, 1H, Jgem 12.8, J3eq,4 4.9Hz, H-3eq), 3.84 (s, 3H, 
MeO), 4.35 (dd, 1H, Js,9 2.4, Jgem 12.5 Hz, H-9), 4.91 
(m, 1H, H-4), 5.20 (d, 1H, JNH,5 10.1 Hz, NH), 5.33 (dd, 
1H, J6,7 2.4, J7,8 8.2 Hz, H-7), and 5.53 (m, 1H, H-8). 
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Analytical data. Calculated for C47H65OI9NSi: C, 57.83; 
H, 6.71; N, 1.43. Found: C, 57.61; H, 6.62; N, 1.19. 

2-(Trimethylsilyl)ethyl O-(methyl 5-acetamido-4, 7, 8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero- c~-D-galacto-2-nonulo- 
pyranosylonate)-(2---~ 3)-2, 6-di-O-benzyl-4-O-(phenoxy)- 
thiocarbonyl-[3-D-galactopyranoside (9) 

To a solution of 7 (1.0g, 1.07mmol) in 1:1 dichloro- 
methane:pyridine (20 ml) Was added phenyl chlorothiono- 
formate (0.22 ml, 1.59 retool), and the mixture was heated 
for 5 h at 45 °C. After completion of the reaction, 
methanol ( lml )  was added, and the solution was 
concentrated to a residue which was then extracted with 
dichloromethane. The extract was successively washed 
with 2 M hydrochloric acid and water, dried (Na2SO4) and 
concentrated. Column chromatography (3:1 ethyl acetate:- 
hexane) of the residue on silica gel (60 g) gave 9 (1.13 g, 
98%) as an amorphous mass; [~]D --27.4° (c 1.1, 
chloroform); IR (film) 3450-3200 (NH), 1760 (ester), 
1670 and 1545 (amide), 860 and 840 (TMS) and 
720 cm -1 (Ph); 1H-NMR data (CDC13) Gal unit 6 0.99 
(In, 2H, Me3SiCH2CH2), 4.55 (s, 2H, C6HsCH20), 4.59 (d, 
1H, J~,2 7.7 Hz, H-l), 4.64 (dd, 1H, J2,3 9.7, J3,4 2.9 Hz, 
H-3), 4.85 (s, 2H, C6HsCH20), 5.62 (d, 1H, J3,4 2.9 Hz, H- 
4), 7.02-7.48 (m, 15H, 3Ph); Neu5Ac unit 6 1.82 (s, 3H, 
AcN), 1.86, 2.02, 2.03 and 2.12 (4s, 12H, 4AcO), 2.61 
(dd, 1H, Jgem 12.6, J3eq,4 4.6 Hz, H-3eq), 3.78 (s, 3H, 
MeO), 5.28 (d, 1H, JNM,5 10.3 Hz, NH), 5.35 (dd, 1H, J6,7 
2.6, J7,8 8.3 Hz, H-7), and 5.55 (m, 1H, H-8). 

Analytical data. Calculated for C52H67019HSiS: C, 
58.36; H, 6.31; N, 1.31. Found: C, 58.08; H, 6.29; N, 
1.24. 

2-(Trimethylsilyl)ethyl O-(methyl 5-acetamido-4, 7, 8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero-c~-D-galacto-2-nonulo- 
pyranosylonate)- (2---~ 3)-2, 6-di-O-benzyl-4-deoxy-[3-D-xylo- 
hexopyranoside (10) 

To a solution of 9 (161 rag, 0.15 mmol) in toluene (6 ml) 
were added tributyltin hydride (81/xl, 0.30retool) and 
o~,o~'-azobis-isobutyronitrile (AIBN, 1.2rag, 7.3/xmol), 
and the mixture was stirred for 10 h at 100 °C, then 
concentrated. Column chromatography (50:1 toluene: 
methanol) of the residue on silica gel (100 g) gave 10 
(114 mg, 83%) as an amorphous mass; [o~]D -25.0 ° (c 0.3, 
dichloromethane); IR (film) 3400-3200 (NH), 1740 
(ester), 1670 and 1545 (amide), 860 and 840 (TMS), 
and 700 cm -1 (Ph); IH-NMR data (CDC13) Gal unit 6 1.02 
(m, 2H, Me3SiCH2CH2), 4.53 (d, 1H, J1,2 7.7 Hz, H-l), 
4.57 (s, 2H, C6HsCH20), 4.77 (s, 2H, C6[-I5CH20), 
7.22-7.41 (m, 10H, 2Ph); Neu5Ac unit 6 1.86 (s, 3H, 
AcN), 1.95, 1.99, 2.01 and 2.09 (4s, 12H, 4AcO), 2.53 
(dd, 1H, Orgem 13.0, J3eq,4 4.8 Hz, H-3eq), 3.76 (s, 3H, 
MeO), 4.35 (dd, 1H, J8,9 2.4, Jgem 12.5 Hz, H-9), 5.30 (d, 
1H, JNH,5 10.1 Hz, NH), 5.30 (dd, 1H, H-7), and 5.40 (m, 
1H, H-8). 

Analytical data. Calculated for C45H63017NSi: C, 58.87; 
H, 6.92; N, 1.53. Found: C, 58.76; It, 6.85; N, 1.28. 

A sample of I0 (30mg, 33 ~mol) was deacetylated 
with 28% sodium methoxide (30 txl) in methanol (1 ml) 
overnight at room temperature to give 11 (24rag, 
quantitative) as an amorphous mass; 1H-NMR data 
(CDC13) Gal unit 8 0.99 (m, 2H, Me3SiCHzCH2), 1.41 
(q, 1H, Jgem=J4ax,5 =J4ax,3 11.6 Hz, H-4ax), 1.87 (m, 1H, 
H-4eq), 3.11 (t, 1H, J1,2 = J2,3 8.3 Hz, H-2), 4.06 (m, 1H, 
H-3), 4.32 (d, 1H, J1,2 7.7Hz, H-l), 4.53 (s, 2H, 
C6HsCH20), 4.68 and 4.86 (2d, 2H, C6H5CH20), 7.23- 
7.40 (m, 10H, 2Ph); Neu5Ac unit 6 1.95 (s, 3H, AcN), 
2.61 (dd, 1H, H-3eq), 3.73 (s, 3H, MeO), and 6.90 (d, 
1H, JNH,5 7.0 Hz, NH). 

Analytical data. Calculated for C37H55Oa3NSi: C, 
59.26; H, 7.39; N, 1.87. Found: C, 59.03; H, 7.20, N, 
1.81. 

2- (Trimethylsilyl)ethyl O- (methyl 5-aeetamido-4, 7, 8, 9-tetra- 
O-acetyl-3, 5-dideoxy-D-glycero-oz-D-galacto-2-nonulopyra- 
nosylonate)-(2--~ 3)-4-deoxy-[3-D-xylo-hexopyranoside (12) 

A solution of 10 (1.30 g, 1.42 mmol) in ethanol (12 ml) 
and acetic acid (2ml) was stirred with 10% Pd-C 
(100 mg) for 48 h at 45 °C under hydrogen. The catalyst 
was collected and washed with ethanol, and the combined 
filtrate and washings were concentrated. Column chroma- 
tography (50:1 toluene:methanol) of the residue on silica 
gel (50 g) gave 12 (822 rag, 79%) as an amorphous mass; 
[O~]D --18.7 ° (c 1.1, dichloromethane); IR (film) 3650- 
3200 (OH, NH), 1740 (ester), 1660 and 1545 (amide), and 
860 and 840 cm -1 (TMS); 1H-NMR data (CDC13) Gal unit 
6 1.04 (m, 2H, Me3SiCH2CH2), 3.21 (t, 1H, J1,2=J2,3 
7.9 Hz, H-2), 4.39 (d, 1H, J1,2 7.7 Hz, H-l); Neu5Ac unit 
6 1.87 (s, 3H, AcN), 2.01, 2.02, 2.10 and 2.13 (4s, 12H, 
4AcO), 2.65 (dd, 1H, Jgem 13.0, J3eq,4 4.6 Hz, H-3eq), 3.79 
(s, 3H, MeO), 4.30 (dd, 1H, J8,9 2.6, Jgem 12.5 Hz, H-9), 
4.90 (m, 1H, H-4), 5.30 (dd, 1H, J6,7 1.5, J7,8 8.6 Hz, H-7), 
5.42 (m, 1H, H-8), and 5.48 (d, 1H, JNH,5 9.5 Hz, NH). 

Analytical data. Calculated for C31HslO17NSi: C, 50.46; 
H, 6.97; N, 1.90. Found: C, 50.44; H, 6.92; N, 1.60. 

2-(Trimethylsilvl)ethyl O-(methyl 5-acetamido-4, 7,8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero- Oz-D-galacto-2-nonulo- 
pyranosylonate)-(2-+ 3)-2, 6-di-O-benzoyl-4-deoxy-[3-D-xyl- 
o- hexopyranoside (13) 

To a solution of 12 (1.0 g, 1.36 retool) in pyridine (30 ml) 
were added benzoic anhydride (1.23 g, 5.44 retool) and 4- 
dimethylaminopyridine (0.05 g, 0.41 retool), and the 
mixture was stirred for 24 h at room temperature; the 
course of the reaction was monitored by TLC. After 
completion of the reaction, methanol was added, and the 
mixture was stirred for 30 rain, then concentrated. The 
residue was extracted with dichloromethane, and succes- 
sively washed with 2 M hydrochloric acid and water, dried 
(NazSO4) and concentrated. Column chromatography (50:1 
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toluene: methanol) of the residue on silica gel (40 g) gave 
t3 (0.91 g, 71%) as an amorphous mass; [oz]i~ +3.7 ° (c 1.0, 
dichloromethane); IR (film) 3425-3200 (NH), 1740 
(ester), t660 and 1545 (amide), 860 and 840 (TMS), 
and 710 cm -I (Ph); IH-NMR data (CDC13) Gal unit 6 0.97 
(In, 2H, Me3SiCH2CH2), 4.79 (d, 1H, J1,2 7.9 Hz, H-l), 
5.10 (dd, IH, J12 7.9, J2,3 9.2 Hz, H-2), 7.55-8.28 (m, 
10H, 2Ph); Neu5Ac unit 6 1.65 (s, 3H, AcN), 1.92, 2.09, 
2.19 and 2.29 (4s, 12H, 4AcO), 2.66 (dd, 1H, Jgem 12.8, 
J3eq,4 4.6 Hz, H-3eq), 3.84 (s, 3H, MeO), 4.41 (dd, 1H, J8,9 
2.4, Jgem 12.5 Hz, H-9), 4.90 (m, ill, H-4), 5.32 (d, 1H, 
JNH,5 10.8 Hz, NH), and 5.65 (m, tH, H-8). 

Analytical data. Calculated for C45H59QgNSi: C, 57.13; 
H, 6.29; N, 1.48. Found: C, 56.94; H, 6.20; N, 1.23. 

O-(Methyl 5-acetamido-4, 7,8,9-tetra-O-ace~l-3,5-dideox& 
D-glycero-o~-D-galacto-2-nonulopyranosylonate)-(2 ~ 3)- 
2, 6-di-O-benzoyt-4-deoxy-D-xylo-hexopyranose (14) 

To a solution of 13 (120mg, 0.13 mmol) in dichloro- 
methane (0.6 ml) was added trifluoroacetic acid (1.2 ml), 
and the mixture was stirred for 30 min at room tempera- 
ture and concentrated. Column chromatography (4:1 ethyl 
acetate:hexane) of the residue on silica gel (20 g) gave 14 
(92.6 rag, 87%) as an amorphous mass; tR (film) 3700- 
3200 (OH, NH), t740 (ester), 1660 and 1550 (amide), and 
710 cm-1 (Ph). 

Analytical data. Calculated for C40H47019N: C, 56.80; 
H, 5.60; N, 1.66. Found: C, 56.74; H, 5.49; N, 1.50. 

O-(Methyl 5-acetamido-4, 7, 8,9-tetra-O-acetyl-3,5-dideoxy- 
D-glycero-o~-D-galacto-2-nonulopyranosylonate)-(2--~ 3)- 
2, 6-di-O-benzoyt-4-deoxy-D-xylo-hexopyranosyl trichloro- 
acetimidate (15) 
To a solution of 14 (90 rag, 0.11 mmol) in dichloro- 
methane (2 ml) and trichloroacetonitrile (320/xl, 
3.19mmol) was added DBU (16/xl, 0.11 mmol) at 0°C, 
and the mixture was stirred for 2h at 0°C, then 
concentrated. Column chromatography (4:i ethyl acetate: 
hexane) of the residue on silica gel (20 g) gave 15 
(102.6 rag, 97%) as an amorphous mass; IR (film) 3450- 
3200 (NH), 1740 (ester), 1660 and 1550 (amide), and 
710 cm -~ (Ph). The anomeric ratio (oi:/3) was estimated as 

1:2 from the ratio of the intensities of the anomeric 
proton signals of Gal unit in the IH-NMR spectrum. 

Analytical data. Calculated for C42H47019N2C13: C, 
50.95; H, 4.78; N, 2.83. Found: C, 50.80; H, 4.66; N, 
2.60. 

Methyl O- (methyl 5-acetamido-4, 7, 8,9-Wtra-O-ace~l-3, 5- 
dideoxv-D-glycero-c~-D-galacto-2-nonulopyranosytonate)- 
(2--+3)-2, 6-di-O-benzoyl-4-deoxy- I-th io-[3-D-xylo-hexopy- 
ranoside (16) 
To a stirred solution of 15 (104mg, lO0/xmol) in 
dichloromethane (1.3 ml) were added methylthiotrimethyl- 
silane (30/xl, 210/zmol) and boron trifluoride etherate 

(56/xl, 210/xmol), and the mixture was stirred for 3 h at 
room temperature. Dichloromethane (50 ml) was added 
and the mixture was washed with 1 M sodium carbonate, 
dried (Na2SO4) and concentrated. Column chromatography 
(50:1 toluene:methanol) of the residue on silica get (50 g) 
gave 16 (83.1 rag, 91%) as an amorphous mass; [e~]D 
+9.4 ° (C 1.7, dichloromethane); IR (film) 3425-3200 
(NH), 1740 (ester), t660 and 1540 (amide), and 710 cm -~ 
(Ph); 1H-NMR data (CDC:3) Gal unit ~ 2.16 (s, 3H, SMe), 
4.65 (d, 1H, Jr,2 9.9Hz, H-I), 5.10 (t, 1H, J1,2=J2,3 
9.5 Hz, H-2), 7.29-8.16 (m, 10H, 2Ph); Neu5Ac unit 
1.56 (s, 3H, AcN), 1.81, t.97, 2.07 and 2.16 (4s, 12H, 
4AcO), 2.54 (dd, 1H, Jgem 12.6, J3eq,4 4.4 Hz, H-3eq), 3.70 
(s, 3H, MeO), 4.30 (d& 1H, J8,9 2.4, %era 12.5 Hz, H-9), 
4.77 (m, 1H, H-4), 5.22 (dd, ill, H-7), 5.32 (d, 1H, dNn.5 
11.2 Hz, NH), and 5.53 (m, 1H, H-8). 

Analytical data. Calculated for C4tII49OI8NS: C, 56.22; 
H, 5.64; N, 1.60. Found: C, 56.06; H, 5.50; N, t.49. 

2-(Trimethylsilyl)ethyl O-(methyl 5-acetarnido-4, 7,8, 9-tet- 
ra-O-ace~l-3, 5-dideoxy-D-glycero-oz-D-galacto-2-nonulo- 
pyranosylonate)-(2-~ 3)-[3-D-fucopyranoside (17) 
Glycosylation of 5 (3.1 g, lt.Tmmol) with 6 (10.24g, 
17.6 mmol), as described for the synthesis of 7 gave 17 
(6.0 g, 70%) as an amorphous mass; [~]D -12-4° (c t.t, 
dichloromethane); tR (film) 3600-3200 (OH, NH), I750 
and 1230 (ester), 1670 and 1545 (amide), 860 and 840 
(TMS), and 725 cm -I (Ph); JH-NMR data (CDC13) Gal 
unit ~ 1.02 (m, 2H, Me3SiCH2CH2) , 1.29 (d, 3H, J5,6 
6.6 Hz, H-6), 4.36 (d, 1H, dl,2 7.7 Hz, H-l); Neu5Ac unit 

1.88 (s, 3H, AcN), 2.02, 2.03, 2.10, 2.13 (4s, I2H, 
4AcO) 2.71 (dd, 1H, "fgem 13.0, d3~q,4 4.4 Hz, H-3eq), 3.81 
(s, 3H, MeO), 4.28 (dd, 1H, ds,9 2.8, dgem 12.6 Hz, H-9), 
4.93 (m, 1H, H-4), 5.31 (dd, 1H, J6,7 1.8, J7.8 8.8 Hz, H-7), 
5.33 (d, 1H, JNn,5 9.3 Hz, NH), and 5.43 (m, 1H, H-8). 

Analytical data. Calculated for C;1H51017NSi: C, 50.46; 
H, 6.97; N, 1.90. Found: C, 50.20; H, 6.70; N, 1.68. 

2-(TrimethyIsilyl)ethyl O-(methyt 5-acetamido-4, 7,8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero-~-D-galacto-2-non ulo- 
pyranosylonate)-(2--~ 3)-2, 4-di-O-benzoyl-[3-D-fitcopyrano- 
side (18) 
Benzoylation of 17 (4.0 g, 5.5 mmol), as described for the 
synthesis of 13, gave 18 (4.03 g, 78%) as an amorphous 
mass; [ec]D +41.4 ° (c 1.1, dichtoromethane); IR (fihn) 
3425-3200 (NH), 1750 (ester), 1660 and 1545 (amide), 
860 and 840 (TMS), and 710 cm -I (Ph); lH-NMR data 
(CDC13) Gal unit 6 0.96 (m, 2H, Me3SiCH2CH2), 1.32 (d, 
3H, J5,6 6.4 Hz, H-6), 4.87 (d, 1H, J~,2 7.9 Hz, H-I), 5.16 
(d, 1H, "]3,4 3.1 Hz, H-4), 5.46 (dd, IH, JI~2 8.1, J2,3 
10.1 ttz, H-2), 7.54-8.28 (m, 10H, 2Ph); NeuSAc unit 
1.54 (s, 3H, AcN), 1.88, 2.02, 2.18 and 2.34 (4s, 12H, 
4AcO), 2.56 (dd, lit, Jgem 12.5, J3eq,4 4.4 Hz, H-3eq), 3.99 
(s, 3H, MeO), 4.45 (dd, 1H, J8,9 2.4, Jgem 12.5 Hz, H-9), 
5.23 (d, 1H, JNH,5 9.9 Hz, NH), 5.29 (dd, 1H, J6,7 2.6, J7,8 
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9.5 Hz, H-7), and 5.73 (ddd, 1H, J7,8 9.2, J8,9 2.6, J8,9' 
5.9 Hz, H-8). 

Analytical data. Calculated for C45H59OI9NSi: C, 
57.13; H, 6.29; N, 1.48. Found: C, 57.12; H, 6.23; N, 
1.40. 

O-(Methyl 5-acetamido-4, 7,8,9-tetra-O-acetyl-3,5-dideoxy- 
D-glycero-~-D-galacto-2-nonulopyranosylonate)-(2--~ 3)- 
2, 4-di-O-benzoyl-o-fucopyranose (19) 
Selective removal of the 2-(trimethylsilyl)ethyl group in 
18 (0.1 g, 0.11 mmol) as described for the synthesis of 14, 
gave 19 (87.8 mg, 98%) as an amorphous mass; IR (film) 
3700-3200 (OH, NH), 1740 (ester), 1660 and 1550 
(amide), and 710 cm- 1 (Ph). 

Analytical data. Calculated for C40H47019N: C, 56.80; 
H, 5.60; N, 1.66. Found: C, 56.73; H, 5.30; N, 1.53. 

O-(Methyl 5-acetamido-4, 7,8,9-tetra-O-acetyl-3,5-dideoxy- 
D-glycero-a-D-galacto-2-nonulopyranosylonate)-(2 ~ 3)- 
2, 4-di-O-benzoyl-D-fucopyranosyl trichloroacetimidate 
(20) 

A solution of 19 (76 rag, 90/xmol) in dichloromethane 
(1 ml) was treated with trichloroacetonitrile (272/xl, 
2.71 retool) in a fashion similar to that described for 15, 
to get amorphous 20 (8t.4mg, 91%); IR (film) 3450- 
3200 ~H) ,  1740 (ester), 1660 and 1550 (amide), and 
710 cm -1 (Ph). The anomeric ratio (o::/3) was estimated as 

1:1 from the ratio of the intensities of the anomeric 
proton signals of Gal unit in the 1H-NMR spectrum. 

Analytical data. Calculated for C42H47019N2C13: C, 
50.95; H, 4.78; N, 2.83. Found: C, 50.79; H, 4.65; N, 
2.56. 

Methyl O-(methyl 5-acetamido-4, 7, 8,9-tetra-O-acetyl-3,5- 
dideoxy-D-glycero-a-l>galacto-2-nonulopyranosylonate)- 
(2--~ 3)-2, 4-di-O-benzoyl- l-thio-[3-D-fucopyranoside (21) 

A solution of 20 (45.5 mg, 46/xmol) in dichloromethane 
(1.3 ml) was treated with methylthiotrimethylsilane (13/xl, 
92/xmol) and boron trifluoride etherate (12 >1, 46/xmol), 
as described for 16, to yield amorphous 21 (39.4mg, 
98%); [a]D +57.3 ° (e 0.2, dichloromethane); IR (film) 
3425-3200 (NH), 1740 (ester), 1660 and 1540 (amide), 
and 710 cm -t (Ph); tH-NMR data (CDC13) Gal unit 8 1.22 
(d, 3H, J5,6 6.4 Hz, H-6), 2.24 (s, 3H, SMe), 4.73 (d, 1H, 
• /1,2 9.9 Hz, H-I), 4.84 (dd, 1H, J2,3 9.7, J3,4 3.3 Hz, H-3), 
5.52 (dd, 1H, .]1,2 9.9, J2,3 9.7 Hz, H-2), 7.46-8.18 (m, 
10H, 2Ph); Neu5Ac unit 8 1.46 (s, 3H, AcN), 1.78, 1.92, 
2.08 and 2.23 (4s, 12H, 4AcO), 2.47 (dd, 1H, Jgem 12.6, 
J3eq,4 4.4 HZ, H-3eq), 3.90 (s, 3H, MeO), 4.33 (dd, 1H, Js,9 
2.4, ']gem 12.6 Hz, It-9), 5.08 (d, 1H, JNI~,5 10.3 Hz, NH), 
5.21 (dd, 1H, J6,7 2.6, J7,8 9.4 Hz, H-7), and 5.61 (m, 1H, 
J7,s 9.2, Js,9 2.4, J8,9' 5.5 Hz, H-8). 

Analytical data. Calculated for C41H49018NS: C, 56.22; 
H, 5.64; N, 1.60. Found: C, 56.20; H, 5.54; N, 1.31. 

2-(Trimethylsilyl)ethyl O-(methyl 5-acetamido-4, 7,8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-o-glycero-a-D-galacto-2-nonulo- 
pyra-nosytonate)-(2--> 3)-6-bromo-4, 6-dideoxy-[3-D-xylo-h- 
exopyranoside (22) 

To a solution of 12 (0.89g, 1.21 mmot) in pyridine 
(10 ml)  were added carbon tetrabromide (0.80 g, 
2.41 mmol)at room temperature, and then triphenylpho- 
sphine (0.63 g, 2.40mmol) at 0 °C. The mixture was 
stirred for 5 h at room temperature; the course of the 
reaction was monitored by TLC. After completion of the 
reaction, methanol (5 ml) was added, the mixture was 
stirred for 30 min, and concentrated. Column chromato- 
graphy (30:1 dichloromethane:methanol) of the residue on 
silica gel (80 g) gave 22 (0.73 g, 76%) as an amorphous 
mass; [a]D --14.7 ° (C 1.9, dichloromethane); IR (film) 
3650-3200 (OH, NH), 1740 (ester), 1660 and 1545 
(amide), and 860 and 840 cm -1 (TMS); ~H-NMR data 
(CDC13) Gal unit 6 1.04 (m, 2H, Me3SiCH2CH2), 4.39 (d, 
1H, J1,2 7.7 Hz, H-l); Neu5Ac 6 1.87 (s, 3H, AcN), 2.01, 
2.03, 2.10 and 2.14 (4s, 12H, 4AcO), 2.65 (dd, 1H, Jgem 
13.0, J3eq,4 4.6 Hz, H-3eq), 3.80 (s, 3H, MeO), 4.28 (dd, 
1H, J8,9 2.6, Jgem 12.5 Hz, H-9), 4.92 (m, 1H, H-4), 5.31 
(d, 1H, JN~,S 9.2 Hz, NH), 5.43 (m, 1H, H-8). 

Analytical data. Calculated for C31Hs0016BrNSi: C, 
46.50; H, 6.29; N, 1.75. Found: C, 46.35; H, 6.28; N, 
1.65. 

2-(Trimethylsilyl)ethyl O-(methyl 5-acetamido-4, 7, 8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero-a-D-galacto-2-nonulo- 
pyranosylonate)-(2-+ 3)-2-O-benzoyl-6-bromo-4, 6-dideoxy- 
[3-D-xylo-hexopyranoside (23) 
To a solution of 22 (0.32 g, 0.40 mmol) in pyridine (9 ml) 
were added benzoic anhydride (0.18 g, 0.80 mmol) and 4- 
dimethylaminopyridine (15 mg, 0.12 mmol), and the mix- 
ture was stirred tbr 24 h at room temperature; the course of 
the reaction was monitored by TLC. Work-up as described 
for 13, gave 23 (0.31 g, 87%) as an amorphous mass; [O~]D 
+3.2 ° (c 1.1, dichloromethane); IR (film) 3425-3200 (NH), 
1740 (ester), 1660 and 1545 (amide), 860 and 840 (TMS), 
710 cm -I (Ph); 1H-NMR data (CDC13) Gal unit 6 0.85 (m, 
2H, Me3SiCH2CH2) , 4.42 (m, 1H, H-3); 4.65 (d, 1H, Ji,2 
7.9 Hz, H-l), 4.95 (dd, 1H, J1,2 7.9, J2,3 9.4 Hz, H-2), 7.43- 
8.16 (m, 5H, Ph); Neu5Ac unit 6 1.55 (s, 3H, AcN), 1.78, 
1.97, 2.06, 2.18 (4s, 12H, 4AcO), 2.54 (dd, 1H, Jgem 12.6, 
J3eq,4 4.5 Hz, H-3eq), 3.77 (s, 3H, MeO), 4.30 (dd, 1H, Js,9 
2.6, Jgem 12.6 Hz, H-9), 4.75 (m, 1H, H-4), 5.22 (dd, 1H, 
H-7), 5.42 (d, 1H, NH), 5.55 (m, 1H, H-8). 

Analytical data. Calculated for C38Hs4017BrNSi: C, 
50.44; H, 6.02; N, 1.55. Found: C, 50.19; H, 5.80; N, 
1.34. 
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2-(Trimethylsilyl)ethyl O-(methyl 5-acetamido-4, 7, 8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero-tx-O-galacto-2-nonulop- 
yranosylonate)-(2--~ 3)-2-O-benzoyl-4, 6-dideoxy-[3-D-xylo- 
hexopyranoside (24) 
To a solution of 23 (85 rag, 94/xmol) in cyclohexane 
(1.5 ml) and dichloromethane (0.5 ml) were added diethy- 
lamine (20/xl) and 10% Pd-C (t0 rag), and the suspension 
was stirred for 48 h at room temperature under hydrogen. 
The catalyst was collected and washed with dichloro- 
methane, and the combined filtrate and washings were 
concentrated. Column chromatography (30:1 dichloro- 
methane:methanol) of the residue on silica get (80g) 
gave 24 (60 rng, 77%) as an amorphous mass; [o~]o +3.3 ° 
(c 1.2, dichloromethane); IR (film) 3425-3200 (NH), 
1740 (ester), 1660 and 1545 (amide), 860 and 840 (TMS) 
and 710 cm -1 (Ph); 1H-NMR data (CDC13) Gal unit 6 0.84 
(m, 2H, Me3SiCH2CH2) , 1.27 (d, 3H, J5,6 5.5 Hz, H-6), 
4.37 (m, IH, U-3), 4.57 (d, 1H, J~,2 7.9 Hz, H-l), 4.91 (dd, 
1H, J~,2 8.8, J2,3 9.0Hz, H-2), 7.42-8.16 (m, 5H, Ph); 
Neu5Ac unit 3 1.52 (s, 3H, AcN), 1.80, 1.97, 2.07 and 
2.19 (4s, 12H, 4AcO), 2.53 (dd, 1H, Jgem 12.8, J3eq,4 
4.4 Hz, H-3eq), 3.77 (s, 3H, MeO), 4.31 (dd, 1H, J.s,9 2.4, 
Jgem 12.5 Hz, H-9), 4.76 (m, 1H, H-4), 5.20 (d, 1H, JNH,5 
9.0 Hz, NH), 5.52 (m, 1H, H-8). 

Analytical data. Calculated for C38H55OI7NSi: C, 55.26; 
H, 6.71; N, 1.70. Found: C, 55.1I; H, 6.70; N, 1.59. 

O-(Methyl 5-acetamido-4, 7, 8, 9-tetra-O-acetyl-3, 5-dideoxy- 
D-glycero-~-D-galacto-2-nonulopyranosylonate)-(2--+ 3)-2- 
O-benzoyl-4, 6-dideoxy-D-xylo-hexopyranose (25) 

Selective removal of the 2-(trimethylsilyl)ethyl group in 
24 (59.4 rag, 72/xmol) as described for the synthesis of 
14, gave 25 (52.0 mg, quantitative) as an amorphous mass; 
IR (film) 3700-3200 (OH, NH), 1740 (ester), 1660 and 
!550 (amide), and 710 cm -1 (Ph). 

Analytical data. Calculated for C33H43017N: C, 54.62; 
H, 5.97; N, 1.93. Found: C, 54.54; H, 5.95; N, 1.66. 

O-(Methyl 5-acetamido-4, 7, & 9-tetra-O-acetyl-3, 5-dideoxy- 
D-gtycero-a-D-galacto-2-nonulopyranosylonate)-(2--~ 3)-2- 
O-benzoyl-4, 6-dideoxy-D-xylo-hexopyranosyI trichloroace- 
timidate (26) 

A solution of 25 (49.0 rag, 68/xmot) in dichloromethane 
(lml) was treated with trichloroacetonitrile (200/xl, 
2.0 mmol) in a fashion similar to that described for 15, 
to get amorphous 26 (52,3 rag, 89%); IR (film) 3450- 
3200 (NH), 1740 (ester), 1660 and 1550 (amide), and 
710 cm -1 (Ph). The anomeric ratio (a:/3) was estimated as 

2:3 from the ratio of the intensities of the anomeric 
proton signals of Gal unit in the 1H-NMR spectrum. 

Analytical data. Calculated for C35H43017N2C13: C, 
48.32; H, 4.98; N, 3.22. Found: C, 48.03; H, 4.74; N, 
3.05. 

Methyl-O-(methyl 5-acetamido-4, 7,8,9-tetra-O-acetyl-3,5- 
dideoxy-D-glycero-a-o-galacto-2-nonulopyranosylonate)- 
(2--~ 3)-2-O-benzoyl-4, 6-dideoxy-l-thio-[3-D-xylo-hexopy- 
ranoside (27) 
A solution of 26 (52.3 rag, 60/xmol) in dichloromethane 
(1.3 ml) was treated with methylthiotrimethylsilane (17/zl, 
120/xmol) and boron trifluoride etherate (32/xl, 
120/.zmol), as described for 16, to yield amorphous 27 
(38.3 rag, 84%); [a]D +6.3 ° (c 0.8, dichloromethane); IR 
(film) 3425-3200 (NH), 1740 (ester), 1660 and 1540 
(amide), and 710 cm -1 (Ph); IH-NMR data (CDC13) Gal 
unit 6 1.27 (d, 3H, J5,6 6.0 Hz, H-6), 2.18 (s, 3H, SMe), 
4.44 (m, 1H, H-3), 4.54 (d, 1H, J1.2 9.8 Hz, H-I), 5.10 (t, 
1H, J1,2=J2,3 9.4Hz, H-2), 7.43-8.16 (m, 5H, Ph); 
Neu5Ac unit 6 1.54 (s, 3H, AcN), 1.80, 1.97, 2.07 and 
2.14 (4s, 12H, 4AcO), 2.53 (dd, 1H, Jgem 12.8, J3eq,4 
4.7 Hz, H-3eq), 3.78 (s, 3H, MeO), 4.29 (dd, 1H, J8,9 2.6, 
Jgem 12.6 Hz, H-9), 4.78 (m, 1H, H-4), 5.12 (d, 1H, JNH,5 
8.6 Hz, NH), 5.19 (dd, 1H, J6,7 1.7, J7,8 9.0 Hz, H-7), 5.50 
(m, 1H, H-S). 

Analytical data. Calculated for C34H45016NS: C, 54.03; 
H, 6.00; N, 1.85. Found: C, 53.74; H, 5.87; N, 1.70. 

2-(Trimethylsilyt)ethyl O-(methyI 5-acetamido-4, 7,8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero-a-D-galacto-2-nonulo- 
pyrano~ylonate)-(2--~ 3)-O-(2, 6-di-O-benzoyl-4-deoxy-[3-D- 
xylo-hexopyrano~y O- (1--~4)-0-[(2,3, 4-tri-O-benzyl-a-L-fu- 
copyranosyl)-(1-~ 3)]-O-(2-acetamido-6-O-benzyL 2-deoxy- 
[3-D-glucopyranosyl)-(1--+ 3)-2, 4, 6-tri-O-benzyl-[3-D-galact- 
opyranoside (29) 

To a solution of 28 (79.9 rag, 60/xmol) with 16 (83.1 rag, 
0.10retool) in dichloromethane (0.25ml) were added 
molecular sieves 4A (111 rag), and the mixture was 
stirred for 5 h at room temperature, then cooled to 0 °C. A 
mixture of dimethyl(methylthio)sutfonium triflate 
(DMTST) and molecular sieves 4A (467mg; 60% 
DMTST by weight) was added to the mixture, and the 
resultant mixture was stirred for further 72 h at 7 °C. The 
precipitate was filtered off, and washed with dichloro- 
methane. The filtrate and washings were combined, and 
successively washed with i M sodium carbonate and water, 
dried (Na2SO4) and concentrated. Column chromatography 
(30:t dichloromethane:methanol) of the residue on silica 
gel (80g) gave 29 (60rag, 45%) as an amorphous 
mass; [a]D --28.7 ° (c 0.7, dichloromethane); IR (film) 
3425-3200 (NH), 1740 (ester), 1660 and 1530 (amide), 
860 and 840 (TMS), and 710cm -1 (Ph); 1H-NMR 
data (CDC13) ~ 0.98 (m, 2H, Me3SiCH2CH2) , 1.11 (d, 
3H, ,/5,6 6.4 Hz, H-6e), 1.64 and 1.70 (2s, 6H, 2AcN), 
1.84, 1.99, 2.00 and 2.15 (4s, 12H, 4AcO), 2.52 (dd, 
1H, Jgem 12.6, J3eq,4 4.6 Hz, H-3d-eq), 3.72 (s, 3H, MeO), 
5.45 (t, 1H, J1,2 = J2,3 9.3 Hz, H-2c), 5.55 (m, IH, H-8d), 
5.78 (d, 1H, JNn,5 7.7Hz, NHd), 7.14-8.16 (m, 45H, 
9Ph). 

Analytical data. Calculated for CI14HI34033N2Si: C, 
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65.56; H, 6.47; N, 1.34, Found: C, 65.52; H, 6.26; N, 
1.12. 

2-(Trimethylsilyl)ethyl O-(methyl 5-acetamido-4 7,8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero-a-D-galacto-2-nonulo- 
pyranosylonate)-(2 .+ 3)-O-(2, 6-di-O-benzoyl-4-deoxy-[3-D- 
xylo-hexopyranosyl)-(1--+4)-O-[(2, 3, 4-tri-O-acetyl-a-L,fuc- 
opyranosyl)-(1-+ 3)]-O- (2-acetamido-6-O-acetyl-2-deoxy- 
[3-D- glucopyranosyl)-(I -+ 3)-2, 4, 6-tri-O-acetyl-[3-D- 
galactopyranoside (30) 

A solution of 29 (t82mg, 90/xmol) in ethanol (24ml) 
and acetic acid (5 ml) was stirred with 10% Pd-C 
(180 rag) for 72 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 (1 ml) and pyridine 
(5 ml) for 24 h at 40 °C. The mixture was concentrated, 
and the residue was extracted with dichloromethane and 
successively washed with 2 M hydrochloric acid and water, 
dried (Na2SO4) and concentrated. Colvarm chromatography 
(30:1 dichloromethane:methanol) of the residue on silica 
gel (60 g) gave 30 (141 mg, 92%) as an amorphous mass; 
[R]D --26.1 ° (c 0.4, dichloromethane); IR (film) 3425- 
3200 (NH), 1750 (ester), 1540 (amide), 860 and 840 
(TMS), and 710 cm -t (Ph); 1H-NMR data (CDC13) 3 0.90 
(m, 2H, Me3Si CH2CH2), 1.21 (d, 3H, Js,6 6.4 Hz, H-6e), 
1.79-2.16 (13s, 39H, 2AcN and llAcO), 2.54 (dd, IH, 
dgem 13.2, d3¢q,4 4.8 Hz, H-3d-eq), 3.71 (s, 3H, MeO), 5.58 
(m, 1H, H-8d), 7.48-8.16 (m, 10H, 2Ph). 

Analytical data. Calculated for C79HI06040N2Si: C, 
54.17, H, 6.10; N, 1.60. Found: C, 53.99; H, 5.92; N, 
1.53. 

O- (Methyl 5-acetamido-4, 7, 8, 9-tetra-O-acetyL 3, 5-dideoxy- 
D-glycero-ct-D-galacto-2-nonulopyranosylonate)-(2-~ 3)- 
0-(2, 6-di-O-benzoyl-4-deoxy-[3-D-xylo-hexopyranosyl)- 
(1-94)-0-[(2, 3, 4-tri-O-acetyl- a-L-fucopyranosyl)- (1-93)]- 
0-(2- aeetamido-6-O-acetyl-2-deoxy-[3-D-glucopyranosyO- 
(1.+ 3)-2, 4, 6-tri-O-acety l-D-galactopyranose (31) 

To a solution of 30 (138 rag, 80/xmol) in dichloromethane 
(9 ml) was added trifluoroacetic acid (1.4 ml), and the 
mixture was stirred for 1 h at room temperature and 
concentrated. Column chromatography (4:1 ethyl acetate: 
hexane) of the residue on silica gel (80g) gave 31 
(123 mg, 95%) as an amorphous mass; IR (film) 3700- 
3200 (OH, NH), 1750 (ester), 1670 and 1540 (amide), and 
710 cm -I (Ph). 

Analytical data. Calculated for C74H94040N2: C, 53.82; 
H, 5.74; N, 1.70. Found: C, 53.74; H, 5.47; N, 1.57. 

O-(Methyt 5-acetamido-4, 7, 8, 9-tetra-O-acetyl-3,5-dideoxy- 
D-glycero-a-D-galacto-2-nonulopyranosylonate)-(2 .+ 3)- 
0-(2, 6-di-O-benzoyl-4-deoxy-~-D-xylo-hexopyranosyl)- 
(1.+4)-0-[(2, 3, 4-tri-O-acetyl- a-L-fucopyranosyl)- (1-9 3)]- 
O-(2-acetamido-6-O-acetyl-2-deoxy-[3-D-glucopyranosyl)- 

(1-+ 3)-2, 4,6-tri-O-acetyl-a-D-galactopyranosyI trichIoro- 
acetimidate (32) 
To a solution of 31 (123 mg, 70/zmol) in dichloromethane 
(1.4 ml) and trichloroacetonitrile (220/xl, 2,19 mmol) was 
added DBU (13/xl, 87 p~mol) at 0 °C, and the mixture was 
stirred for 2h at 0°C, then concentrated. Column 
chromatography (15:1 dichloromethane:methanol) of the 
residue on silica gel (30 g) gave 32 (116 mg, 87%) as an 
amorphous mass; laiD +5.4 ° (c 1.4, dichloromethane); IR 
(film) 3430-3200 (NH), 1750 (ester), 1680 and 1540 
(amide), and 710cm -1 (Ph); 1H-NMR data (CDCI3) 6 
1.22 (d, 3H, J5,6 6.4ttz, H-6e), 1.79-2.15 (13s, 39H, 
2AcN and I 1AcO), 2.55 (dd, 1H, "]gem 12.8, J3eq,4 4.6 Hz, 
H-3d-eq), 3.72 (s, 3H; MeO), 5.56 (m, 1H, H-8d), 6.48 (d, 
1H, J1,2 3.7 Hz, H-la), 7.16-8.15 (m, 10H, 2Ph), and 8.63 
(s, 1H, C =NH). 

Analytical data. Calculated for C76H94040N3CI3: C, 
50.83; H, 5.28; N, 2.34. Found: C, 50.63; H, 5.14; N, 
2.12. 

2-(Trimethylsilyl)ethyl O-(methyt 5-acetamido-4, 7,8,9-tet- 
ra-O-acetyl-3, 5-dideoxy-D-glycero-a-D-galacto-2-nonulop- 
yranosylonate)- (2 .+ 3)-0-(2, 4-di-O-benzoyl-[3-D-fueopyra- 
nosyl)- (1-94)-0-[(2, 3, 4-tri-O-benzyl-a-L-fucopyranosyl)- 
(1--43)]-0- (2-acetamido- 6-O-benzyl-2-deoxy-[3-D-gluco- 
pyranosyl)- (1-9 3)-2, 4, 6-tr#O-benzyl-[3-D-galaetopyrano- 
side (33) 

Glycosylation of 28 (357mg, 0.28mmol) with 21 
(446mg, 0.51 mmol), as described for the synthesis of 
29, gave 33 (212 mg, 36%) as an amorphous mass; [OdD 
-21.3 ° (c 1.9, dichloromethane); IR (film) 3425-3200 
(NH), 1740 (ester), 1660 and 1530 (amide), 860 and 840 
(TMS), and 710 cm -1 (Ph); 1H-NMR data (CDCt3) ~ 0.99 
(m, 2H, Me3SiCH2CH2), 1.16 (d, 3H, J5,6 6.2Hz, H-6e), 
1.26 (d, 3H, J506 6.6 Hz, H-6c), 1.54 and 1.56 (2s, 6H, 
2AcN), 1.80, 1.92, 2.02, 2.1.8 (4s, 12H, 4AcO), 2.42 (dd, 
1H, Jgem 12.6, J3~q,4 4.6 Hz, H-3d-eq), 3.80 (s, 3H, MeO), 
5.00 (d, 1H, J1,2 3.9 Hz, H-le), 5.09 (d, 1H, JNH,5 10.1 Hz, 
NHd), 5.19 (d, 1H, J3,4 3.5 Hz, H-4c), 5.23 (dd, 1H, J6,7 
2.6, J7,8 9.5 Hz, H-7d), 5.40 (t, 1H, J1,2 = J2,3 8.2 Hz, H- 
2c), 5.67 (ddd, 1H, JT,a 8.4, J8,9 2.6, J8,9' 5.9 Hz, H-8d), 
7.10-8.23 (m, 45H, 9Ph). 

Analytical data. Calculated for Cl14H134033N28i: C, 
65.56; H, 6.47; N, 1.34. Found: C, 65.39; H, 6.19; N, 
1.25. 

2- (Trimethytsilyl)ethyl O- (methyl 5-acetamido-4, 7,8, 9-tetra- 
O-acetyl-3, 5-dideoxy-D-glycero-a-D-galacto-2-nonulopy- 
ranosylonate)-(2 -9 3)-O-(2, 4-di-O-benzoyl-[3-D-fucopyran- 
osyl)-(12+4)-O-[(2,3, 4-tri-O-acetyt-ot-L-fucopyranosyt) - 
(1.+ 3)]-O-(2-aeetamido-6-O-acetyt-2-deoxy-[3-D-glueopyr- 
anosyl)- (1.+ 3)-2, 4, 6-tri-O-acetyl-[3-D-galactopyranoside 
(34) 
A solution of 33 (212 mg, 0.10 retool) in ethanol (24 ml) 
and acetic acid (5 ml) was stirred with 10% Pd-C 
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(210 rag) Ibr 72h at 45 °C under hydrogen. Work-up as 
described for 30, gave 34 (149 mg, 84%) as an amorphous 
mass; [a]D -14.7 ° (c 1.2, dichtoromethane); IR (film) 
3425-3200 (NH), t750 (ester), 1660 and 1540 (amide), 
860 and 840 (TMS), and 710 cm -1 (Ph); IH-NMR data 
(CDC13) ~ 0.92 (m, 2H, Me3SiCH2CH2), 1.18 (d, 3H, 
J5,6 6.4 Hz, H-6e), 1.39 (d, 3H, -/5,6 6.4 Hz, H-6c), 1.78- 
2.22 (13s, 39H, 2AcN and llAcO), 2.38 (dd, 1H, Jgem 
12.6, J3eq,4 4.6 Hz, H-3d-eq), 3.70 (s, 3H, MeO), 7.44- 
8.18 (m, 1 OH, 2Ph). 

Analytical data. Calculated for C79H106040N2Si: C, 
54.17; H, 6.10; N, 1.60. Found: C, 54.01; H, 6.04; N, 
1.47. 

O-(Methyl 5-aeetamido-4, 7,& 9-tetra-O-acetyl-3,5-dideoxy- 
o-glycero-c*-D-galacto-2-nonulopyranosylonate)-(2 -+ 3)-O- 
(2, 4-di-O-benzoyl-[3-D-fucopyranoayl )-(1-+4)-0-[(2, 3, 4-tri- 
O-acetyL o~-L-fitcopyranosyl)-(1-+ 3)]-O-(2-acetamido-6-O- 
acetyt-2-deoxy-[3-D-glucopyranosyI)-(1-+ 3)-2, 4, 6-tri-O- 
acetyl-D-galactopyranose (35) 

Selective removal of the 2-(trimethylsilyl)ethyl group in 
34 (147 rag, 84/~mol) as described for the synthesis of 31, 
gave 35 (139 rag, 92%) as an amorphous mass; IR (film) 
3700-3200 (OH, NH), 1750 (ester), 1670 and 1540 
(amide), and 710 cm- 1 (Ph). 

Analytical data. Calculated for C74H94040N2: C, 53.82; 
H, 5.74; N, 11.70. Found: C, 53.59; H, 5.61; N, 1,56. 

O-(Methyl 5-aeetamido-4, 7,8,9-tetra-O-acetyl-3,5-dideo,~y- 
D-glycero-oe-D-galacto-2-nonulopyranosylonate)-(2 -+ 3)-O- 
(2, 4-di-O-benzoyl-[3-D-fucopyranosyl)- (1-+4)-0-[(2, 3, 4-lri- 
O-acetyl- a-L-fucopyranosyt)-(1...> 3)]-O- (2-acetamido-6-O- 
aceUl-2-deoxy-[3-D-gtucopyranosyt)- (1-+3)-2, 4, 6-tri-O- 
acetyl-a-D-gatactopyranosyl trichloroacetimidate (36) 

A solution of 35 (121 rag, 73/xmol) in dichloromethane 
(l.4ml) was treated with trichloroacetonitrile (220/xl, 
2.19 mmol) in a fashion similar to that described for 32, 
to get amorphous 36 (128 nag, 97%); [oqD +11.3 ° (e 1.3, 
dichloromethane); IR (film) 3430-3200 (NH), 1750 (ester), 
1680 and 1540 (amide), and 710 cm -I (Ph); 1H-NMR data 
(CDC13) 6 1.17 (d, 3H, J5,6 6.4 Hz; H-6e), 1.39 (d, 3H, J5,6 
6.4Hz, H-6c), 1.76-2.22 (13s, 39H, 2AcN and llAeO), 
2.38 (dd, 1H, '/gem 11.9, J3eq,4 4.4 Hz, H-3d-eq), 3.84 (s, 3H, 
MeO), 5.64 (m, 1H, H-8d), 6.48 (d, 1H, -/1,2 3.9 Hz, H-la), 
7.16-8.18 (m, 10H, 2Ph), 8.63 (s, 1H, C =NH). 

Analytical data. Calculated for C76H94040N3C13: C, 
50.83; H, 5.28; N, 2.34. Found: C, 50.68; N, 5.25; N, 
2.13. 

2-(Trimethylsityt)ethyl O-(methyl 5-acetamido-4, 7,& 9-tet- 
ra-O-acetyt-3, 5-dideoxy-D-glycero-oe-D-galacto-2-nonulo- 
pyranosytonate)- (2-->3)-0- (2-O-benzoyl-4, 6-dideoxy-[3-o- 
x ylo-hexopyranosyl)- (1--> 4)-O- [(2,3 , 4-tri-O-benzyl-a-L-fit- 

copyranosyt)-(1-+ 3)]-O-(2-acetamido-6-O-benzyl-2-deoxy- 
[3-D-ghtcopyranosyl)-(1...> 3)-2, 4, 6-tri-O-benzyL [3-D-galact- 
opyranoside (37) 
Glycosylation of 28 (179.9mg, 140/,mol) with 27 
(161.5 mg, 0.21 retool), as described for the synthesis of 
29, gave 37 (122 rag, 43%) as an amorphous mass; [a]D 
--4.0 ° (c 2.4, dichloromethane); IR (film) 3425-3200 
(NH), 1740 (ester), 1660 and 1530 (amide), 860 and 840 
(TMS), and 710 cm -I (Ph); 1H-NMR data (CDC13) 6 0.96 
(m, 2H, Me3SiCH2CH2), 1.16 (d, 3H, J5,6 7.0 Hz, H-6e), 
1.18 (d, 3H, J5,6 6.8 Hz, H-6c), 1.59 and 1.64 (2s, 6H, 
2AcN), 1.81, 1.95, 1.99 and 2.14 (4s, 12H, 4AcO), 2.47 
(dd, 1H, H-3d-eq), 3.75 (s, 3H, MeO), 5.42 (t, 1H, 
J1.2 = 2.3 9.0 Hz, H-2c), 5.52 (m, 1H, H-8d), 5.75 (d, 1H, 
JYH,5 8.1 Hz, NHd), 7.15-8.12 (m, 40H, 8Ph). 

Analytical data. Calculated for C~07H130031N2Si: C, 
65.29; H, 6.66; N, 1.42. Found: C, 65.07; H, 6.56; N, 
1.17. 

2-(Trimethylsilyl)ethyt O-(methyl 5-acetamido-4, 7, & 9-tet- 
ra-O-ace~t-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulo- 
pyranosylonate)- (2--->3)-0- (2-O-benzoyt-4, 6-dideoxy-[3-D- 
xylo-hexopyranosyl)-(I ...>4)-O-[(2,3, 4-Wi-O-acetyl-~-L-fu- 
copyranosyl)-(i--+ 3)]-O-(2-acetamido-6-O-acetyL 2-deoxy- 
[3-0- glucopyranosyl)- (1...>3)-2, 4, &tri-O-acetyl-[3-D- 
galaetopyranoside (38) 

A solution of 37 (122 mg, 62 Izmol) in ethanol (20 ml) 
and acetic acid (4ml) was stirred with 10% Pd-C 
(130 mg) for 72 h at 45 °C under hydrogen. A workup 
similar to that described for 30, gave 38 (101 mg, 86%) as 
an amorphous mass; [a]D -30.3 ° (c 1.4, diehloro- 
methane); IR (film) 3425-3200 (NH), 1750 (ester), 1660 
and 1540 (amide), 860 and 840 (TMS), and 710cm -1 
(Ph); 1H-NMR data (CDC13) 6 0.93 (m, 2H, Me 3_ 
SiCH2CH2) , 1.21 (d, 3H, J5,6 6.4 Hz, H-6e), 1.40 (d, 3H, 
J5,6 6.0Hz, H-6c), t.51 and 1.79 (2s, 6H, 2AcN), 1.89- 
2.17 (lls, 33H, llAcO), 2.51 (dcl, 1H, Jgem 12.5, d3eq,4 
4.4 HZ, H-3d-eq), 3.76 (s, 3H, MeO), 4.29 (d, 1H, J1,2 
8.1 Hz, H-lc), 5.49 (d, ill, JNH,5 8.1 Hz, NHd), 5.55 (m, 
1H, H-8d), and 7.48-8.15 (m, 5H, Ph). 

Analytical data. Calculated for C72HI02038N2Si: C, 
53.00; H, 6.30; N, 1.72. Found: C, 52.80; H, 6.24; N, 
1.70. 

O-(Methyl 5-acetamido-4, 7,8,9-tetra-O-ace~l-3,5-dideoxy- 
D-glycero-c~-D-galacto-2-nonUlopyranosylonate)-(2 -+ 3)-O- 
(2-O-benzoyl-4, 6-dideoxy-[3-D-xyto-hexopyranosyl)-(1--~ 
4)-0-[(2, 3, 4-tri-O-acetyl-oe-L-fucopyranosyl)- (1-+3)]-O-(2- 
acetamido-6-O-acetyL 2-deoxy-t3-D-glucopyranosyl)-(1-+ 
3)-2,4, 6-tri-O-acetyt-D-galactopyranose (39) 
Selective removal of the 2-(trimethylsilyl)ethyl group in 
38 (76.3 rag, 47/xmol) as described for the synthesis of 
31, gave 39 (67.9 rag, 95%) as an amorphous mass; IR 



252 Komba et al. 

(film) 3700-3200 (OH, NH), 1750 (ester), 1670 and 1540 
(amide), and 710 cm- I (Ph). 

Analytical data. Calculated for C67Hg0038N2: C, 52.55; 
H, 5.92; N, 1.83. Found: C, 52.54; H, 5.67; N, 1.80. 

3.71 (s, 3H, MeO), 4.32 (d, 1H, J1,2 8.1 Hz, H-la), and 
7.41-8.16 ~m, 15H, 3Ph). 

Analytical data. Calculated for C99H131042N5: C, 57.64; 
H, 6.40; N, 3.39. Found: C, 57.55; H, 6.16; N, 3.22. 

O-(Methyl 5-acetamido-4, 7, 8,9-tetra-O-acetyl-3,5-dideoxy- 
o-glycero-oz-D-galacto-2-nonulopyranosylonate)-(2--~ 3)-O- 
(2-O-benzoyl-4, 6-dideoxy-[3-D-xylo-hexopyranosyl)- (1--~ 
4)-0-[(2, 3, 4-tri-O-acetyl-a-L-fucopyranosyl)-(1---~ 3)]-O-(2- 
acetamido-6-O-acetyl-2-deoxy-[3-D-glucopyranosyl)-(1--~ 
3)-2,4, 6-tri-O-acetyl-ot-D-galactopyranosyl trichtoroaceti- 
midate (40) 

A solution of 39 (67.9 rag, 44/xmol) in dichloromethane 
(0.8ml) was treated with trichloroacetonitrile (130/xl, 
1.30 mmol) as described for 32, to give amorphous 40 
(67.1 rag, 90%); [O~]D --0.4 ° (C 1.3, dichtoromethane); IR 
(film) 3430-3200 (NH), 1750 (ester), 1680 and 1540 
(amide), and 710cm -1 (Ph); IH-NMR data (CDC13) 
1.21 (d, 3H, J5,6 6.4 Hz, H-6e), 1.40 (d, 3H, J5,6 6.1 Hz, H- 
6c), 1.51 and 1.79 (2s, 6H, 2AcN), 1.86-2.17 ( l ls ,  33H, 
11AcO), 2.52 (dd, 1H, H-3d-eq), 3.77 (s, 3H, MeO), 5.41 
(d, 1H, JNH,5 8.6 Hz, NHd), 5.55 (m, 1U, H-8d), 6.47 (d, 
1H, J~,2 3.7 Hz, H-la), 7.28-8.15 (m, 5H, Ph), 8.61 (s, 1H, 
C = NH). 

Analytical data. Calculated for C69H90038N3C13: C, 
49.45; H, 5.41; N, 2.51. Found: C, 49.26; H, 5.20; N, 
2.37. 

O-(Methyl 5-acetamido-4, 7, 8, 9-tetra-O-acetyl-3,5-dideoxv- 
o-glycero-e~-O-galacto-2-nonulopyranosylonate)-(2-+ 3)- 
0-(2, 6-di-O-benzoyl-4-deoxy-[3-D-xylo-hexopyranosyl)- 
(1---~4)-0-[(2, 3, 4-tri-O-acetyl- ol-L-fucopyranosyl)-(1--~ 3)]- 
0-(2- acetamido-6-O-acetyl-2-deoxy-[3-D-glucopyranosyl)- 
(1---~ 3)-0-(2, 4, 6-tri-O-acetyl-[3-D-galactopyranosyl)- (1--~ 
1)-(2S, 3R, 4E)-2-azido-3-O-benzoyl-4-octadecene-1, 3-diol 
(42) 
To a solution of 41 (55 rag, 0.13 mmol) and 32 (116 rag, 
60/xmol) in dichloromethane (1 ml) were added molecular 
sieves 4 A (type AW 300; 1.2 g) and the mixture was 
stirred for 5 h at room temperature, and then cooled to 
0 °C. Boron trifluoride etherate (34/xl, 127/xmol) was 
added to the mixture, and this was stirred for 3 h at 0 °C. 
The precipitate was filtered off and washed with 
dichloromethane. The filtrate and washings were com- 
bined, and successively washed with 1 M sodium carbonate 
and water, dried (Na2SO4) and concentrated. Column 
chromatography (30:1 dichloromethane:methanol) of the 
residue on silica gel (30 g) gave 42 (98 rag, 60%) as an 
amorphous mass; [~]D --20.9° (C 1.I, dichloromethane); 
IR (film) 3450-3200 (NH), 2100 (N3), 1750 (ester), 1690 
and 1530 (amide) and 710cm -1 (Ph); 1H-NMR data 
(CDC13) aglycon part 6 0.88 (t, 3H, JMe,ci~2 7.0Hz, 
CH3CH2), 1.24 (s, 22H, l lCH2), 5.88 (m, 1H, H-5); 
oligosaccharide part 3 1.92-2.16 (13s, 39H, 2AcN and 
llAcO), 2.54 (dd, 1H, Jg~m 12.6, J3eq,4 4.6 HZ, H-3d-eq), 

O- (Methyl 5-acetamido-4, 7, 8, 9-tetra-O-acetyl-3, 5-dideoxy- 
D-glycero-c~-D-galacto- 2-nonulopyranosylonate)-(2---~ 3)- 
0-(2, 6-di-O-benzoyl-4-deoxy-[3-D-xylo-hexopyranosyl)- 
(1---~4)-O-[(2,3, 4-tri-O-acetyl-oz-L-fucopyranosyl)-(1---~ 3)]- 
0-(2- acetamido-6-O-acetyl-2-deoxy-~-o-glucopyranosyl)- 
(1---~ 3)-0-(2, 4, 6-tri-O-acetyt- [3-D-galactopyranosyl)-(1 
1)-(2S, 31L 4E)-3-O-benzoyl-2-octadecanamido-4-octade- 
cene- 1,3-diol (43) 

Hydrogen sulfide was bubbled through a stirred solution 
of 42 (98 mg, 48/xmol) in pyridine (8.3 ml) and water 
(1.7 ml) for 48 h at 0 *C. The mixture was concentrated to 
give the syrupy amine, which was used for the next 
reaction without further purification. To a solution of the 
amine in dichloromethane (2.3 ml) were added octadeca- 
noic acid (27 mg, 95/xmol) and 1-ethyl-3-(3-dimethyla- 
minopropyl)carbodiimide hydrochloride (WSC; 27mg, 
141/zmol), and the mixture was stirred overnight at room 
temperature. After completion of the reaction, the solution 
was washed with water, dried (NazSO4) and concentrated. 
Column chromatography (30:1 dichloromethane-methanol) 
of the residue on silica gel (20 g) gave 43 (77 mg, 70%) as 
an amorphous mass; [o~]D -11.7 ° (c 1.5, dichloro- 
methane); IR (film) 3450-3200 (NH), 1750 (ester), 1690 
and 1530 (amide), and 710 cm -1 ~h);  1H-NMR data 
(CDC13) aglycon part 6 0.88 (t, 6H, 2CH3CH2), 1.26 (s, 
50H, 25CH2), 5.80 (m, 1H, H-5); oligosaccharide part 6 
1.79-2.16 (13s, 39H, 2AcN and llAcO), 2.55 (dd, 1H, 
Jgem 13.1, J3eq,4 4.6 HZ, H-3d-eq), 3.71 (s, 3H, MeO), 4.27 
(d, IH, ./1,2 7.7 Hz, H-la), 5.56 (m, 1H, H-Sd), and 7.40- 
8.16 (m, t5H, 3Ph). 

Analytical data. Calculated for Cl17H167043N3.* C, 
61.00; H, 7.31; N, 1.82. Found: C, 60.87; H, 7.24; N, 
1.76. 

O-(5-Acemmido-3,5-dideoxy-D-glycero-o~-D-galacto-2-non- 
ulopyranosylonic acid)-(2--> 3)-O-(4-deoxy-[3-D-xylo-hexo- 
pyranosyl)-(1-+4)-O-[(ot-L-fucopyranosyl)-(1--~ 3)]-O-(2- 
acetamido-2-deoxy-[3-o-glucopyranosyl)-(1--~ 3)-O-([3-D- 
galactopyranosyl)-(1--+ O-(2S,3tL 4E)-2-octadecanamido-4- 
octadeeene- l,3-diol (44) 

To a solution of 43 (69.3 mg, 30/xmol) in methanol (4 ml) 
was added 28% sodium methoxide (1 ml) and the mixture 
was stirred for 1 week at 40 °C; the course of the reaction 
was monitored by TLC. Water (1 ml) was added to the 
mixture, and this was stirred for 12 h at 40 °C, neutralized 
with Amberlite IR-120 (H +) resin and filtered. The resin 
was washed with methanol, and the combined filtrate and 
washings were concentrated. Column chromatography 
(5:4:0.7 chloroform:methanol:water) of the residue on 
Sephadex LH-20 (40g) gave 44 (41 rag, 98%) as an 
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amorphous mass; [Oe]D --21.9 ° (c 0.7, 5:4:0.7 chloroform: 
methanol:water); IR (KBr) 3600-3400 (OH, NH), 2920 
and 2850 (Me, methylene), 1710 (COOH), 1660 and 
1550 cm -1 (amide); 1H-NMR data (DMSO-d6) ceramide 
part 8 0.85 (t, 6H, 2Ctt3CH2) , 1.24 (s, 50H, 25CH2), 2.03 
(t, 2H, COCH2CH2), 5.36 (dd, 1H, -]3,4 6.8, J4,5 15.4 Hz, 
H-4), 5.54 (m, 1H, J5,6 = J5,6' 6.4 Hz, H-5); oligosacchar- 
ide part 8 1.01 (d, 3H, J5,6 6.4 Hz, H-6e), 1.81 and 1.89 
(2s, 6H, 2AcN), and 4.90 (d, 1H, JI,2 4.1 Hz, H-le). 

Analytical data. Calculated for C73H13IO29N3: C, 57.88; 
H, 8.72; N, 2.77. Found: C, 57.79; H, 8.50; N, 2.73. 

O-(Methyl 5-acetamido-4, 7, 8, 9-tetra-O-acetyl-3, 5-dideoxy- 
D-glycero-ce-D-galacto-2-nonulopyranosytonate)-(2 -+ 3)-O- 
(2, 4-di-O-benzoyl-[3-D-fucopyranosyl)-(t -+4)-O-[(2, 3, 4-tri- 
O-acetyt-a-L-fucopyranosyl)-(1,> 3)]-O-(2-acetamido-6-O- 
acetyl-2-deoxy-[3-D-glucopyranosyl)-(1---~ 3)-O-(2, 4, 6-tri-O- 
acetyl-[3-D-galactopyranosyl)- (t-+1)-(2S, 3R, 4E)-2-azido- 
3-O-benzoyl-4-octadecene- l ,3-diot (45) 

Gtycosylation of 41 (61 rag, 0.14 retool) with 36 (i28 rag, 
71 ~mol), as described for the synthesis of 42, gave 45 
(105 mg, 72%) as an amorphous mass; [o~]D -16.4 ° (c 1.4, 
dichloromethane); IR (film) 3450-3200 (NH), 2100 (N3) , 
1750 (ester), 1690 and 1530 (amide), and 710 cm -1 (Ph); 
1H-NMR data (CDC13) aglycon Part 6 0.88 (t, 3H, JMe,CH2 
7.0 Hz, CH3CH2) , 1.24 (s, 22H, 11CH2) , 5.90 (m, 1H, H- 
5); oligosaccharide part 6 1.19 (d, 3H, Js,6 6.4 Hz, H-6e), 
1.39 (d, 3H, J5,6 6.2Hz, H-6c), 1.78-2.22 (13s, 39H, 
2AcN and 11AcO), 2.38 (dd, 1H, Jgem 12.6, J3eq,4 4.4 Hz, 
H-3d-eq), 3.84 (s, 3H, MeO), 5.67 (m, 1H, H-8d), 7.41- 
8.18 (m, 15H, 3Ph). 

Analytical data. Calculated for C99HI31042N5: C, 57.64; 
H, 6.40; N, 3.39. Found: C, 57.46; H, 6.24; N, 3.11. 

O-(Methyl 5-acetamido-4, 7, 8,9-tetra-O-acetyl-3, 5-dideoxy- 
D-glycero-a-D-galacto-2-nonulopyranosylonate)- (2-+3)-0- 
(2, 4-di-O-benzoyl-~-D-fucopyranosyl)-(1-+4)-O-[(2, 3, 4-tri- 
O-acetyl- a-L-fucopyranosyl)-(1.+ 3)]-O-(2-acetamido-6-O- 
acetyl-2-deoxy-[3-D-glucopyranosyl)-(1.+ 3)-O-(2, 4, 6-tri-O- 
acetyl-[3-D-galactopyranosyl)-(l -+ 1)-(2S;3IL 4E)-3-O- 
benzoyl-2-octadecanamido-4-octadecene- l ,3-dioI (46) 

Reduction of 45 (105rag, 51/xmol) and subsequent 
introduction of octadecanoic acid (29 rag, 102/xmol), as 
described for the synthesis of 43, gave 46 (103 rag, 88%) 
as an amorphous mass; [a]D --5.7 ° (c 2.1, dichloro- 
methane); IR (film) 3450-3200 (NH), 1750 (ester), 1690 
and 1530 (amide), and 710cm -I (Ph); 1H-NMR data 
(CDCI3) aglycon part 6 0.88 (t, 6H, 2CH3CH2) , 1.25 (s, 
50H, 25CH2), 5.84 (m, ill, H-5); oligosaccharide part 
1.39 (d, 3H, J5,6 6.2Hz, H-6c), 1.78-2.22 (i3s, 39H, 
2AcN and l lAcO), 2.38 (dd, 1H, H-3d-eq), 3.84 (s, 3H, 
MeO), 5.71 (m, 1H, H-Sd), and 7.40-8.18 (m, 15H, 3Ph). 

Analytical data. Calculated for CI17H167043N3: C, 
61.00; H, 7.31; N, 1.82. Found: C, 60.81; H, 7.12; N, 
1.74. 
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O-(5-Acetamido-3,5-dideoxy-D-glycero-a-D-galacto-2- 
nonulopyranosylonic acid)-(2 .+ 3)-O-([3-o-fucopyranosyl)- 
(1--+4)-O-[(~-L-fucopyranosyl)- (1.+ 3)]-0- (2-acetamido-2- 
deoxy-[3-D-glucopyranosyl)-(1.+ 3)-O-([3-O-galactopyrano- 
syl)-(1.+ l)- (2S, 3R, 4E)-2-octadecanamido-4-octadecene- 
1,3-diol (47) 
Deprotection of 46 (88.0 rag, 38/xmol), as described for 
the synthesis of 44, gave 47 (45rag, 85%) as an 
amorphous mass; [O~]D --21.4 ° (C 0.7, 5:4:0.7 chloroform: 
methanol:water); IR (KBr) 3600-3400 (OH, NH), 2920 
and 2850 (Me, methylene), 1710 (COOH), 1660 and 
1550 cm -1 (amide); IH-NMR data (DMSO-d6) ceramide 
part 6 0.85 (t, 6H, 2CH3CH2), 1.24 (s, 50H, 25CH2), 2.03 
(5, 2H, COCH2CH2) , 5.37 (dd, 1H, J3,4 6.8, J.4,5 15.6 Hz, 
H-4), 5.55 (m, 1H, H-5); oligosaccharide part 6 1.01 (d, 
3H, J5,6 6.4 Hz, H-6e), 1.08 (d, 3H, J5.6 6.0 Hz, H-6c), 
1.81 and 1.89 (2s, 6H, 2AcN), 4.88 (d, 1H, J~,2 3.4 Hz, H- 
le). 

Analytical data. Calculated for C73HI31029N3: C, 57.88; 
H, 8.72; N, 2.77. Found: C, 57.71; H, 8.71; N, 2.62. 

O-(Methyt 5-acetamido-4, 7,8,9-tetra-O-acetyl-3,5-dideoxy- 
D-glycero-o~-D-galacto-2-nonulopyranosylonate)- (2-->3)- (2- 
O-benzoyl-4, 6-dideoxy-[3-D-xylo-hexopyranosyl)- (1.+4)-0- 
[(2, 3, 4-tri-O-acetyl- o~-L-fucopyranosyl) - (1-->3)]-0- (2-ace- 
tamido-6-O-acetyI-2-deoxy-[3-D-glucopyranosyl)-(1--~ 3)-O- 
(2, 4, 6-tri-O-acetyl-[3-D-galactopyranosyl)-(1.+ l)-(2S, 3tL 
4E)-2-azido- 3-O-benzoyl-4-octadecene- l , 3-diol (48) 

Glycosylation of 41 (51 mg, 120/,mol) with 40 (100 rag, 
60/zmol), as described for the synthesis of 42, gave 48 
(46.9mg, 40%) as an amorphous mass; [o~]D -29.1 ° (c 
0.9, dichloromethane); IR (film) 3450-3200 (NH), 2100 
(N3), 1750 (ester), 1690 and 1530 (amide) and 710 cm -1 
(Ph); 1H-NMR data (CDC13) aglycon part 6 0.88 (t, 3H, 
Jue,Cm 6.7 Hz, CH3CH2) , 1.23 (s, 22H, llCH2) , 5.90 (m, 
1H, H-5); oligosaccharide part 8 1.40 (d, 3H, J5,6 6.0 Hz, 
H-6c), 1.51-2.17 (13s, 39H, 2AcN and llAcO), 2.52 (dd, 
1H, Jgem 12.3, J3eq,4 4.6 Hz, H-3d-eq), 3.77 (s, 3H, MeO), 
4.33 (d, 1H, J1,2 7.9 Hz, H-la), and 7.41-8.15 (m, 10H, 
2Ph). 

Analytical data. Calculated for C92HI27040N5: C, 56.87; 
H, 6.59; N, 3.60. Found: C, 56.78; H, 6.30; N, 3.32. 

O-(Methyl 5-acetamido-4, 7, 8,9-tetra-O-acetyl-3,5-dideoxy- 
D-glycero-ce-D-galacto-2-nonulopyranosylonate)-(2--> 3)-(2- 
O-benzoyl-4, 6-dideoxy-[3-D-xylo-hexopyranosyt)-(1-+4)-O- 
[(2,3, 4-tri-O-acetyI-a-L-fucopyranosyl)-(1-+ 3)]-O- (2-ace- 
tamido-6-O-acetyl-2-deoxy-[3-D-gtucopyranosyl)-(1-+ 3)-O- 
(2, 4, 6-tri-O-acetyl-[3-D-galactopyranosyl)- (1-+1)- (2S,3R, 
4E)-3-O-benzoyt-2-octadecanamido-4-octadecene-1, 3-diol 
(49) 
Reduction of 48 (47 rag, 24/xmol) and subsequent intro- 
duction of octadecanoic acid (14 rag), as described for the 
synthesis of 43, gave 49 (48 rag, 90%) as an amorphous 
mass; [Ot]D --14.9 ° (C 1.0, dichloromethane); IR (film) 
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3450-3200 (NH), 1750 (ester), 1690 and 1530 (amide), 
and 7!0 cm -1 (Ph); 1H-NMR data (CDC13) aglycon part 
0.88 (t, 6H, 2CH3CH2), 1.26 (S, 50H, 25CH2), 5.85 (m, 
1H, H-5); oligosaccharide part 6 1.39 (d, 3H, J5,6 5.9 Hz, 
H-6c), 1.51-2.17 (13s, 39H, 2AcN and l lAcO),  2.52 (dd, 
1H, Jgem 12.5, J3eq,4 4.0 Hz, H-3d-eq), 3.77 (s, 3H, MeO), 
4.27 (d, 1H, J1,2 7.9 Hz, H-la), and 7.27-8.15 (m, 10H, 
2Ph). 

Analytical data. Calculated for Cl10H163041N3: C, 
60.51; H, 7.52; N, 1.92. Found: C, 60.25; H, 7.33; N, 
1.81. 

O-(5-Acetamido-3, 5-dideoxy-D-glycero-o~-D-galacto-2-non- 
ulopyranosylonic acid)-(2---~ 3)-O-(4, 6-dideoxy-[3-o-xylo- 
hexopyranosyl)- (1---~4)-O-[(a-L-fucopyranosyl)- (1---~ 3)]-O- 
(2-acetamido-2-deoxy-[3-o-glucopyranosyl)- (1--~ 3)-O-([3- 
O-galactopyranosyl)-(l-+ l)-(2S, 3R, 4E)-2-octadeca- 
namido-4-octadecene- l ,3-diol (g0) 

Deprotection of  49 (47.5 rag, 22 ~mol), as described for 
the synthesis of  44, gave 50 (29.8mg, 99%) as an 
amorphous mass; [a]D -25.9  ° (c 0.5, 5:4:0.7 chloroform: 
methanol:water); IR (KBr) 3600-3400 (OH, NH), 2920 
and 2850 (Me, methylene), 1710 (COOH), 1660 and 
1550 cm -1 (amide); IH-NMR data (DMSO-d6) ceramide 
part 6 0.85 (t, 6H, 2CH3CH2), 1.24 (s, 50H, 25CH2), 2.02 
(t, 2H, COCHzCH2), 5.34 (dd, 1H, J3,4 6.8, J4,5 15.2 Hz, 
H-4), 5.51 (m, 1H, H-5); oligosaccharide part 6 1.01 (d, 
3H, J5,6 6.2 Hz, H-6e), 1.81 and 1.91 (2s, 6H, 2AcN). 

Analytical data. Calculated for C73H131020N3: C, 63.96; 
H, 9.63; N, 3.07. Found: C, 63.91; H, 9.57; N, 3.05. 
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