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ABSTRACT 

The first total syntheses of disialoganglioside GDlcr and its a2-6 positional isomer are described. 
Suitably protected pentasaccharide derivatives, derived from known pentasaccharide precursors, were 
selected as the glycosyl acceptors. Using our facile method of stereoselective cY-glycosidation of sialic 
acid, these acceptors were coupled with methyl (methyl 5-acetamiho-4,7,8,9-tetra-0-acetyl-3,.5-dideoxy- 
2-thio-o-g~ycero-o-ga~acto-2-nonulopyranosid~nate in acetonitrile medium in the presence of 
dimethyl(methylthio)sulfonium triflate (DMTST) to get the desired diir-sialyl hexasaccharide deriva- 
tives in moderate yields. The hexasaccharide trichloroacetimidates upon coupling with (ZS,3R,4EJ-2- 
azido-3-0-benzoyl-4-octadecene-1,3-diol gave the corresponding P-linked sphingosine glycosides in 
high yields. These were subjected in sequence to selective reduction of the azido group and coupling of 
the thus formed amino group with octadecanoic acid, 0-deacylation, and saponification of the methyl 
ester groups to obtain ganglioside GDla and its positional isomer having the main-chain residue 2-6 
linked. 

INTRODUCTION 

Studies2*3 on rat ascites and adult bovine brains have revealed that these cells 
express some gangliosides specifically related to cell-cell adhesion and malignancy. 
These are also the major gangliosides expressed in mammalian brain in the 
developmental stage4. In the studies cited GMlb and GDla, among the several 
gangliosides present, were isolated in extremely minute quantities and well charac- 
terized. Earlier, ganglioside GMlb was contemplated as a product of the degrada- 
tion of GDla and now, in the recent studies 2,3, the structural similarities of these 
gangliosides and their association in specific functions have lead to the speculation 
that their syntheses in vivo are interdependent, and that asialo-GM1 is the 
precursor in this process. 
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With our interest focussed on the preparation and biological evaluation of 
native gangliosides and their analogs, we have accomplished the synthesis of 
several of these compounds5. We also developed a facile method of stereoselective 
cY-glycosidation’j of sialic acid with suitably protected galactose and lactose accep- 
tors, employing dimethyl(methylthio)sulfonium triflate (DMTST)’ as the glycosida- 

tion promoter in acetonitrile. Using this method we have achieved the stereoselec- 
tive a-glycosidation of sialic acid in moderate yields even with bulky pentasaccha- 
ride acceptors. Here we report the first total syntheses of ganglioside GDla and 

its a2-6 positional isomer. 

RESULTS AND DISCUSSION 

The synthetic strategy devised for the synthesis of the core cu-disialyl oligosac- 
charides was such that the suitably protected pentasaccharide acceptor derivatives 
2 and 5 were first prepared, and then a sialyl unit was introduced at the C-6 
position of the GalNAc residue as the last step. The acceptors were obtained in 

good yields by treating the precursors 1 and 3 with aqueous 80% acetic acid, which 
removed the benzylidene group to make a primary hydroxyl group available for 
further glycosylation. The preparation of the precursors 1 and 4, intermediates in 
the total synthesis of ganglioside GMlb, has already been reporteds. 

The individual glycosylations of 2 and 5 with methyl (methyl 5-acetamido- 
4,7,8,9-tetra-0-acetyl-3,5-dideoxy-2-thio-D-glycero-D-galacto-2-nonulopyranosid)-on- 
ate6b 7 in the presence of DMTST were performed for 9-10 h at O-10”. The molar 
ratio of glycosyl acceptor to donor was approximately 1: 3. The choice of acetoni- 
trile as the reaction medium was obvious for the reasons that (Y glycosides of sialic 
acid are obtained stereoselectively by using this solvent’. It has also been estab- 
lished that the solvent molecules participate in the formation of a transient 
intermediate involving the anomeric carbon, and this in turn directs the nucleo- 
philic attack by the acceptor. In the case of sialyl glycosylations, this mechanism is 
believed6c to favor the formation of (Y glyclosides. Thus, the glycosylations of 2 and 
5 with 7 in the presence of DMTST in acetonitrile gave mixtures of hexasaccha- 
rides in which the (Y anomers were predominant. Although the percentage yields 

of the (Y glycosides 9 (41%) and 13 (40%) were good, the yields of the p glycosides 
3 (12%) and 6 (12%) were a little higher than expected on the basis of earlier 
report$). This is attributed to the bulk of the acceptor molecules, resulting in 
steric hindrance to glycosylation at C-6 of the GalNAc residue. In accord with this 
reasoning significant amounts of unreacted acceptors were recovered. 

The stereochemistry of the hexasaccharide derivatives was established by their 
‘H NMR data particularly the chemical shifts of the equatorial H-3 protons of the 
respective sia;yl residues. Thus, compound 9 showed a one-proton doublet of 
doublets at 6 2.42 due to H-3eq of the a2-3-linked sialyl residue (e>, and another 
one-proton doublet of doublets at 6 2.56 due to H-3eq of the newly introduced 
a2-6 sialyl residue (f). Similarly, compound 13 had two partially overlapped 
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one-proton doublets of doublets at 6 2.54 and 2.59, showing the presence of two 
(~2-6 sialyl residues. These assignments are based on the fact that H3eq in the 
terminal sialyl residues of 2 and 5 appears at 6 2.40 ((~2-3) and 2.53 (a2-6), 
respectively, and they were confirmed by the immunological reactions of the 
synthetic gangliosides with a specific monoclonal antibody lo (KA-17) against 
natural GDla. On the other hand, in the ‘H NMR spectra of the corresponding p 
glycosides 3 and 6, H-3eq of the newly introduced sialyl residues (f> appeared at 6 
2.37 and 6 2.51, respectively. Earlier studies” on the ‘H NMR of sialyl glycosides 
have shown that the equatorial H-3 proton of an (Y glycoside appears at lower field 
in the spectrum than that of a p glycoside. Based on this finding, the stereochem- 
istry of the newly introduced sialyl residues in compounds 9 and 13 was assigned as 
(Y and that in compounds 3 and 6 as p. In addition, the spectra of all these 
compounds contained eleven three-proton singlets (3 NCOCH,, 8 OCOCHj), a 
further two three-proton singlets (2 CH,O), and a fortyfive-proton multiplet (9 
Ph), as required for products having two sialyl residues. 
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The benzyl groups in 9 and 13 were removed by hydrogenation in the presence 
of 10% Pd-C in 8 : 1 ethanol-acetic acid, and this followed by acetylation gave the 
respective oligosaccharide derivatives 10 and 14 in high yields. Selective removal of 
the 2-(trimethylsilyl)ethyl group by treatment with trifluoroacetic acid for 2 h at 
room temperature in dichloromethane afforded the respective 1-hydroxy com- 
pounds 11 and 15, and these on reatment’* with trichloroacetonitrile, in the 
presence of 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) in dichoromethane for 4 h at 
0” gave the trichloroacetimidates 12 and 16 in high yields. The stereochemistry of 
these compounds was established as (Y by their ‘H NMR spectra, which showed a 
doublet at 6 6.5 (Jr,, 3.6 Hz, H-la) and a singlet at 6 8.7 (C=NH). 

The glycosylation’2”~‘” of (2&3R,4E)-2-azido-3-O-benzoyl-4-octadecene-l,3- 
diol’“q’4 (8) with the a-trichloroacetimidates was accomplished by using boron 
trifluoride etherate as promoter, to get the p-linked sphingosine derivatives 17 and 
21 in 63 and 53% yields, respectively. The azido groups were then selectively 
reducedI by continuously bubbling hydrogen sulfide into solutions of 17 and 21 in 
aqueous 83% pyridine for 48 h at O-15”, leading to the amines 18 and 22. These 
were subsequently condensed with octadecanoic acid, in the presence of l-(3-di- 
methylaminopropyl)-3-ethylcarbodiimide hydrochloride (WSC) in dichloromethane, 
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1 R’ R= R3 R” 
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21 N3 BZ AC Me 
22 NH2 BZ AC Me 

23 NHCO(CH,),,CH, Bz AC Me 

24 NHCO(CH&CH, H H H 

to afford the corresponding fully protected gangliosides 19 and 23 in 83 and 81% 
yields, respectively. 

Finally, O-deacylation with sodium methoxide in methanol and subsequent 
saponification of the methyl ester groups in 19 and 23 afforded ganglioside GDla 
(20) and its analog 24 in high yields. The ‘H NMR spectrum of 20 at 400 MHz was 

in good agreement with the spectrum reported by Hirabayashi et a1.3, and only 20 
reacted with a specific monoclonal antibody lo (KA-17) prepared by using natural 

GDlcv as an antigen. 
In conclusion, the glycosylation of bulky pentasaccharide acceptors with the 

methyl 2-thioglycoside of neuraminic acid was effectively accomplished by the use 
of DMTST in acetonitrile to get moderate yields of the desired cY-glycosides. 

EXPERIMENTAL 

General methods. -Specific rotations were determined with a Union PM-201 
polarimeter at 25” and IR spectra were recorded with a Jasco IRA-100 spectropho- 
tometer. ‘H NMR spectra were recorded with JEOL JNM-GX270 and GX400 
spectrometers. Preparative chromatography was performed on silica gel (Wako 
Co., 200 mesh) with the solvents specified. Concentrations were conducted in 
vacua. 



92 H. Prabhanjan et al. /Carbohydr. Res. 233 (1992) 87-99 

2-(Trirnethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,8,9-terra-0-acetyl-3,5-dideoxy- 

~-g~yeero-rr-~-galaeio-2-nonulopyranosy~onate)-(2 + 3)-0-(2,4,6-tri-0-benzoyZ-P-D- 
galactopyranosyl)-(1 + 3)-0-(2-acetamido-2-deoxy-&D-galactopyranosyl)-(l -+ 4)- 

O-(2,.?,6-tri-O-benzyl-P-D-galactopyranosyl)-(1 + 4)-2,3,6-tri-0-benzyl-/3-~glucopy- 
ranoside (2X-A mixture of 1 (ref. 8, 1.15 g, 0.52 mmol) and aq 80% acetic acid 
(125 mL) was heated for 24 h at 60”, and concentrated to dryness. Column 
chromatography (100 : 3 CH,Cl,-MeOH) of the residue on silica gel (50 g) gave 
amorphous 2 (808 mg, 73.5%); [al, +38.6” (c 0.4, CHCl,); ‘H NMR (CDCI,): 6 
0.97 (m, 2 H, Me,SiCH,), 1.51, 1.72 (2 s, 6 H, 2 NCOCH,), 1.60 (t, 1 H, 

J gem = J3ax,5 12.8 Hz, H-3e-ax), 1.86, 1.88, 2.05, 2.19 (4 s, 12 H, 3 OCOCH,), 2.40 

(dd, 1 H, Jjeq,z, 4.5 Hz, H3e-eq), 3.81 (s, 3 H, OCH,), 4.83 (d, 1 H, .I,,, 7.7 Hz, 
H-ld), 5.06 (d, 1 H, J,,,, 9.8 Hz, NH-e), 5.18 (dd, 1 H, H-7e) 5.33 (d, 1 H, J3,4 3.2 
Hz, H-4d), 5.42 (dd, 1 H, J,,, = J,,, 7.9 Hz, H-2d), 5.57 (m, 1 H, H-8e), and 
7.18-8.17 (m, 45 H, 9 Ph). 

Anal. Calcd for C,,,H,,,N,O,,Si (2134.4): C, 64.15; H, 6.23; N, 1.31. Found: C, 
64.08; H, 6.29; N, 1.35. 

2-(Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-dide- 

oxy-D-glycero-cY-D-galacto-2-nonulopyrano~lonate)-(2 + 6)-O-(2,4-di-0-benzoyl-3- 

0-benryf-P-D-galactopyranosyl)-(1 -+ 3)-O-(2-acetamido-2-deoxy-P_o-galactopyrano- 
syl)-(1 + 4)-0-(2,3,6-tri-O-benzyl-~-~-galactopyranosyl)-(l + 4)-2,3,6-tri-O-benzyl- 

p-D-gfucopyranoside (Q.-Treatment of 4 (ref. 8, 1.4 g, 0.6 mmol) with aq 80% 
acetic acid (175 mL), as just described for 2, afforded amorphous 5 0.05 g, 75%), 
[aID +37.7” (c 0.52, CHCI,); ‘H NMR (CDCl,): 6 0.98 (m, 2 H, Me,SiCH,), 1.84, 
1.94 (2 s, 6 H, 2 NCOCH,), 1.60 (t, 1 H, Jgem = J3ax,4 = 12.8 Hz, H-3e-ax), 1.99, 
2.01, 2.10, 2.12 (4 s, 12 H, 4 OCOCH,>, 2.53 (dd, 1 H, J3eq,4 4.4 Hz, H-3e_eq), 3.33 
(s, 3 H, OCH,), 5.09 (d, 1 H, NH-e), 5.50 (dd, 1 H, H-2d), 5.87 (d, 1 H, H-4d), and 
7.17-8.22 (m, 45 H, 9 Ph). 

Anal. Calcd for C,,,H,,,N,O,,Si (2120.4): C, 64.58; H, 6.37; N, 1.32. Found: C, 
64.21; H, 6.29; N, 1.35. 

2-(Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,Pdideoxy- 

D-glycero-cu-D-galacto-2-nonulopyranosylonate)-(2 + 3)-O-(2,4,6-tri-0-benzoyl-P-D- 
galactopyranosyl)-(1 + 3)-O-[(methyl5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dide- 
oxy-D-glycero-cu-D-galacto-2-nonulopyrano~lonate)-(2 -+ 6)]-O-(I?-acetamido-kde- 

oxy-P-o-galactopyranosyl)-(1 -+ 4)O-(2,3,6-tri-O-benzyl-P-D-galactopyranosyl)- 
(1 + 4)-2,3,6-tri-0-benzyl-P-D-glucopyranoside (9).-A mixture of 2 (620 mg, 0.29 
mmol), 7 (ref. 6b, 506 mg, 0.96 mmol) and molecular sieves 3A in acetonitrile 
(15mL) was stirred for 5 h at room temperature, then cooled to 0”. A mixture of 
DMTST (730 mg, 2.8 mmol) and molecular sieves 3A (300 mg) was added and the 
reaction was monitored by TLC while the mixture was stirred at O-10”. After 9 h 
the solids were filtered off and washed with CH,CI,, and the combined filtrate 
and washings was washed with M NaHCO, and water, dried (Na,SOJ, and 
concentrated. Column chromatography of the residue on silica gel (50 g> using 
50: 1 CH,Cl,-MeOH as eluent gave unreacted acceptor (292 mg>, and then 
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elution with 25 : 1 CH,Cl,-MeOH gave amorphous 3 (90 mg, 12%) and 9 (308 mg, 
41%). ‘H NMR (CDCl,) for 3: S 1.0 (m, 2 H, Me,SiCH,), 1.50, 1.61, 1.78, 1.84, 

1.85, 1.88, 1.95, 2.05, 2.10 (6 HI, 2.21 (10 s, 33 H, NCOCH,, OCOC&), 2.37 (dd, 1 

H, H-3eq of the /32-6 sialyl residue), 2.42 (dd, 1 H, H-3eq of the ~~2-3 sialyl 
residue), and 7.1-8.2 (m, 45 H, 9 PhH). The desired compound 9 had [al, + 17.3” 

(c 1.7, CHCl,); v,,,~ 3400 (NH), 1740 and 1230 (ester), 1680 and 1540 (amide), 860 
and 840 (Me& and 740 and 720 cm-’ (Ph); ‘H NMR (CDCl,): 6 1.0 (m, 2 H, 

Me,SiCH,), 2.42 (dd, 1 H, J3eq,4 4.4 Hz, H-3e-eq), 2.56 (dd, 1 H, J3eq,4 4.4 Hz, 
H3f-eq), 3.69 (s, 3 H, CH,O-0, 3.79 (s, 3 H, CH,O-e), 5.33 (d, 1 H, J3,4 3.2 Hz, 
H-4d), 5.44 (dd, 1 H, J,,, =J2,3 = 7.7 Hz, H-2d), and 7.18-8.17 (m, 45 H, 9 Ph). 

Anal. Calcd for C134H159N3048Si (2607.8): C, 61.71; H, 6.15; N, 1.61. Found: C, 
61.53; H, 6.11; N, 1.61. 

2-(Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-dideoxy- 

o-glycero-a-D-galacto-2-nonulopyranosylo + 3)-O-(2,4,6-tti-0-benzoyl-P-o- 

galactopyranosyl)-(1 -+ 3)-0-[(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,Pdide- 
oxy-o-glycero-a-o-galacto-2-nonulopyranosylonate)-(2 + 6)/-O-(2-acetamido-4-0- 

acetyl-2-deoxy-/3-D-galactopyranosyl)-(1 + 4)-O-(2,3,6-tri-O-acetyl-P_o-galactopyr- 

anosy&(1 + 4)-2,3,6-tri-0-acetyl-P-D-glucopyranoside (10X-Compound 9 (312 mg, 
0.12 mmol) was dissolved in 7: 1 EtOH-acetic acid (125 mL). The solution was 
subjected to hydrogenolysis in the presence of 10% Pd-C (412 mg) for 48 h at 45” , 
then the insolubles were filtered off and washed with EtOH. The combined filtrate 

and washings was concentrated to dryness and the residue was acetylated with 
acetic anhydride (2 mL) and pyridine (3 mL) for 72 h at 45”. Methanol was added 
and the mixture was concentrated. Column chromatography (20 : 1 CH,Cl,- 
MeOH) of the residue on silica gel (40 g> gave amorphous 10 (214 mg, 76%), [al, 
+6.0” (C 0.40, CHCl,); ‘H NMR (CDCl,): 6 0.88 (m, 2 H, Me,SiCH,), 1.53-2.19 
(18 s, 54 H, 3 NCOCH, and 15 OCOCl;r,), 2.39 (dd, 1 H, H-3e-eq), 2.53 (dd, 1 H, 
H3f-eq), 2.74 (m, 1 H, H-2c), 3.74 (s, 3 H, CH,O-0, 3.79 (s, 3 H, CH,O-e), 5.44 
(dd, 1 H, J,,, = J,,, = 7.7 Hz, H-2d), 5.46 (d, 1 H, J3,4 3.3 Hz, H-4c), 5.80 (d, 1 H, 
NH-c), and 7.40-8.19 (m, 15 H, 3 Ph). 

Anal. Calcd for C,,H,,,N,O,,Si (2361.4): C, 53.92; H, 5.85; N, 1.78. Found: C, 
53.89; H, 5.82; N, 1.77. 

0-(Methyl 5-acetamido-4, 7,8,9-tetra-OO-acetyl-3,5-dideoxy-o-glycero-a-o-galac- 
to-2-nonulopyranosylonate)-(2 + 3)-O-(2,4,6-tri-O-benzoyl-P_D-galactopyranosyl)- 
(1 -+ 3)-0-[(methyl 5-acetamido-4, 7,8,9-tetra-O-acetyl-3,5-dideoxy-~-glycero-~~-~-ga- 

lacto-2-nonulopyranosylonate)-(2 -+ 6)]-O-(2-acetamido-4-0-acetyl-2-deoxy-P-D-ga- 
lactopyranosyl)- (1 --) 4)-0-(2,3,6-tri-O-acetyl-/3-~-galactopyrano.syl)-~l + 4)-2,3,6- 
tri-0-ace@-P-D-glucopyranose (11X-A solution of 10 (218 mg, 0.11 mmol) in 
CH,Cl, (2 mL) and trifluoroacetic acid (1.5 mL) was stirred for 2 h at room 
temperature. The mixture was then concentrated. Column chromatography (20 : 1 
CH,Cl,-MeOH) of the residue on silica gel (30 g) gave amorphous 11 (181 mg, 
91%); [(Y]o + 19.3” (c 0.60, CHCl,); v,,, 3400 (NH, OH), 1740 and 1230 (ester), 
1670 and 1540 (amide), and 720 cm-’ (Ph). 
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Anal. Calcd for C,,,H125N3055 (2261.1): C, 53.65; H, 5.57; N, 1.86. Found: C, 
53.53; H, 5.55; N, 1.89. 

0-(Methyl 5-aceturnido-478, 9-tetru-O-acetyf-3,5-dideoxy-D-glycero-cY-D-galacto- 

2-nonulopyranosylonate)- (2 + 3)-0-(2,4,6-tri-O-benzoyl-~-D-gafactopyranosyl)-(l + 
3)-0-((methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a-D-galacto- 

2-nonulopyranosylonate)-(2 -+ 6)/-0-(2-acetamido-4-O-acetyl-Zdeoxy-~-D-galacto- 
pyranosyl)-(1 -+ 4)-0-(2,3,6-tri-O-acetyl-/?-D-galactopyranosyl)-(l + 4)-2,3,6-tri-O- 

acetyl-P-D-glucopyranosyl trichloroacetimidate (12X-To a solution of 11 (208 mg, 
0.092 mmol) in CH,Cl, (2 mL) and trichloroacetonitrile (0.5 mL) was added 
1,8-diazabicyclo[5.4.0]undec-7-ene (DBU, 0.05 mL) at O”, and the mixture was 
stirred for 4 h at o”, then concentrated. Column chromatography (20 : 1 CH,Cl,- 
MeOH) of the residue on silica gel (30 g) gave amorphous 12 (199 mg, 90%); [aID 
+22.9” (c 0.34, CHCl,); ‘H NMR (CDCl,): S 1.52-2.19 (18 s, 54 H, 3 NCOCH, 

and 15 OCOCH,), 2.40 (dd, 1 H, H-3e-eq), 2.51 (dd, 1 H, H-3f-eq), 2.98 (m, 1 H, 
H-2c), 3.77 (s, 3 H, CH,O-f), 3.80 (s, 3 H, CH,O-e), 5.44 (d, 1 H, J3,4 3.3 Hz, 
H-4c), 6.11 (d, 1 H, NH-c), 6.51 (d, 1 H, J,,, 3.6 Hz, H-la), 7.45-8.23 (m, 15 H, 3 
Ph), and 8.73 (s, 1 H, C=NH). 

Anal. Calcd for C,,,H,,,Cl,N,O,, (2405.5): C, 51.42; H, 5.24; N, 1.86. Found: 

C, 51.49; H, 5.21; N, 1.89. 
2-(Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,8,9-tetra-0-acetyl-3,5-dideoxy- 

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

benzyl-p-D-galactopyranosy~)-(1 + 3)-0-[(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl- 
3,5-dideoxy-D-g~ycero-a-D-ga~acto-2-nonu~pyrano~lonate)-(2 -+ 6)1-O-(2-acetami- 

do-2deoxy-@D-galactopyranosyl)- (1 + 4)O-(2,3,6-tri-O-benzyl-~-D-galactopyrano- 
syl)-(I + 4)-2,3,6-tri-0-benzyl-P-D-giucopyranoside (13).-Glycosylation of 5 (400 
mg, 0.19 mmol) with 7 (275 mg, 0.52 mmol), in a fashion similar to that described 
for 9, afforded amorphous 6 (62.4 mg, 12%) and 13 (208 mg, 40%). ‘H NMR 
(CDCl,) for 6: 6 1.0 (m, 2 H, Me,SiCH,), 2.51, 2.55 (2 dd, 2 H, H3eq of the sialyl 
residues), and 7.0-8.2 (m, 45 H, 9 Ph). The desired compound 13 had [a]o + 22.7 
(c 0.44, CHCl,); vrnax 3400 (NH), 1740 and 1230 (ester), 1680 and 1540 (amide), 
860 and 840 (MesSi), and 740 and 720 cm-’ (Ph); ‘H NMR (CDCI,): 6 1.0 (m, 2 
H, Me,SiCH,), 1.56-2.09 (11 s, 33 H, 3 NCOCH, and 8 OCOCH,), 2.54 (dd, 1 H, 
H3e-eq), 2.59 (dd, 1 H, H-3f-eq), 3.40 (s, 3 H, CH,O-e), 3.68 (s, 3 H, CH,O-f), 
5.89 (d, 1 H, .I,,, 3.2 Hz, H-4d), and 7.18-8.14 (m, 45 H, 9 Ph). 

Anal. Calcd for C134H16,N3047Si (2593.8): C, 62.05; H, 6.26; N, 1.62. Found: C, 

62.40; H, 6.00; N, 1.62. 
2-(Trimethylsilyl)ethyl 0-(methyl 5-acetamido-4,7,8,9-tetra-0-ace@-3,5-dideoxy- 

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

zoyl-P-D-galactopyranosyl)-(1 4 3)-0-[(methyl 5-acetamido-4,7,8,9-tetra-O-ace- 
tyl-3,5-dideo~-D-g~yCC~O-~-D-g~~~CtO-2-nOnUlOpyrUnOSylOnUte~-(2 + 6)1-O-(2-acet- 
amido-4-O-acetyl-2-deoxy-~-D-galactopyranosyl)-(l + 4)-O-(2,3,6-tri-O-acetyl-@D- 

galactopyranosyl)-(1 + 4)-2,3,6-tri-0-acetyl-P-D-glucopyranoside (14).-The benzyl 
groups in 13 (401 mg, 0.15 mmol), dissolved in 6: 1 EtOH-acetic acid (100 mL), 
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were removed by hydrogenolytic cleavage over 10% Pd-C (584 mg). The debenz- 
ylated product was acetylated as described for 10, to get amorphous 14 (282 mg, 

79%); [alo - 2.2” (c 0.54, CHCl,); ‘H NMR (CDCl,): S 0.88 (m, 2 H, Me,SiCH,), 
1.56-2.20 (19 s, 57 H, 3 NCOCH, and 16 OCOCIIZJ 2.44 (dd, 1 H, J3eq,4 4.4 Hz, 
H-3e-eq), 2.53 (dd, 1 H, .73eq,4 4.4 Hz, H3f-eq), 2.92 (m, 1 H, H-2c), 3.43 (s, 3 H, 
CH,O-e), 3.70 (s, 3 H, CH,O-f), 5.74 (d, 1 H, J3,4 3.3 Hz, H-4d), 5.80 (d, 1 H, 
NH-c), and 7.30-8.18 (m, 10 H, 2 Ph). 

Anal. Calcd for C,,,H,,,N,O,,Si (2299.2): C, 52.76; H, 5.92; N, 1.82. Found: C, 
52.97; H, 5.69; N, 1.76. 

0-(Methyl 5-acetamido-4, 7,8,9-tetru-O-acetyl-3,5-dideoxy-~-glycero-c~-~-galacto- 
2-nonulopyranosylonate)-(2 --) 6)-0-(3-0-acetyl-2,4-di-O-benzoyl-~-o-galactopyrano- 
syl)-(1 --j 3)-0-[(methyl 5-acetamido-4, 7,8,9-tetra-0-acetyl-3,5-dideoxy-~glycero-CY- 

D-galacto-2-nonulopyranosylonate)-(2 + 6)1-0-(2-acetamido-4-O-acetyl-2-deoxy-/3-~- 

galactopyranosylk(1 + 4)-0-(2,3,6-tri-O-acetyl-~-~-galactopyranosyl)-(l + 4)-2,3,6- 

tri-0-ace@-P-D-glucopyrunose (15X-The 2-(trimethylsilyl)ethyl group in 14 (275 
mg, 0.12 mmol) was removed in a fashion similar to that described for 11, to get 
amorphous 1-hydroxy compound 15 (233 mg, 89%); [alo + 10.0” (c 0.34, CHCl,); 

$G. 
3400 (NH, OH), 1740 and 1230 (ester), 1670 and 1540 (amide), and 720 cm-’ 

Anal. Calcd for C,,H,,,N,O,, (2199.0): C, 52.43; H, 5.64; N, 1.91. Found: C, 
52.33; H, 5.69; N, 1.96. 

0-(Methyl 5-acetamido-4, 7,8,9-tetra-O-acetyl-3,5-dideoxy-o-glycero-a-o-galacto- 

2-nonulopyranosylonate,L(2 + 6)-0-(3-0-acetyl-2,4-di-O-benzoyl-~-~-galactopyrano- 

syl(-(1 -+ 3)-0-[(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-~-glycero-c~ 

D-galacto-2nonulopyranosylonate)-(2 + 6)1-O-(2-acetamido-4-0-acetyl-2-deoxy-j?- 
D-galactopyranosyl)-(1 + 4)-0-(2,3,6-tri-O-acetyl-~-~-galactopyranosyl)-(l --, 4)-53, 
6-tri-0-acetyl-P-D-glucopyranosyl trichloroacetimidate (16).-A solution of 15 (225 
mg, 0.1 mmol) in CH,Cl, (3 mL) was treated with trichloroacetonitrile (0.5 mL) as 
just described for 12, to afford amorphous 16 (209 mg, 89%); [~yln + 16.9” (c 0.34, 
CHCl,); ‘H NMR (CDCl,): 6 1.57-2.22 (19 s, 57 H, 3 NCOCH, and 16 
OCOC&), 2.44 (dd, 1 H, J3eq,4 4.7 Hz, H-3e-eq), 2.53 (dd, 1 H, J3eq,4 4.7 Hz, 
H-3f-eq), 2.92 (m, 1 H, H-2c), 3.45 (s, 3 H, CH,O-e), 3.74 (s, 3 H, CH,O-f), 5.78 
(d, 1 H, J3,4 3.3 Hz, H-4d), 6.11 (d, 1 H, NH-c), 6.49 (d, 1 H, J,,, 3.6 Hz, H-la), 
7.41-8.24 (m, 10 H, 2 Ph), and 8.69 (s, 1 H, C=NH). 

Anal. Calcd for C,,H,&l,N,O,, (2343.4): C, 50.23; H, 5.29; N, 2.39. Found: C, 
50.21; H, 5.22; N, 2.35. 

0-(Methyl 5-acetamido-4, 7,8,9-tetra-O-acetyl-3,5-dideoxy-o-glycero-a-D-galacto- 
2-nonulopyranosylonate)-(2 + 3)-0-(2,4,6-tri-O-benzoyl-~-~-galactopyranosyl)-(l + 
3)-0-((methyl 5-acetamido-4,6,8,9-tetra-O-acetyl-3,5-dideoxy-o-glycero-a-o-galacto- 
2-nonulopyranosylonate)-(2 + 6)]-0-(2-acetamido-4-O-acetyl-Zdeoxy-p-~-galacto- 
pyranosyl)-(1 + 4)-0-(2,3,6-tri-O-acetyl-j3-~-gahzctopyranosyl)-(l + 4)-O-(2,3,6-tri- 
0-acetyl-P-o-glucopyranosyl)-(1 --+ 1)-(2S,3R,4E)-2-azido-3-0-bentoyl-4-octade- 
cene-1,3-diol (17).-To a solution of 12 (195 mg, 0.081 mmol) in CH,Cl, (2 mL) 
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were added (2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene-l,3-diol13,14b (8, 68 mg, 
0.16 mmol) and molecular sieves 4A (AW-300, 1.4 g). The mixture was stirred for 
12 h at room temperature, then cooled to 0”. Boron trifluoride etherate (0.05 mL) 
was added, the mixture was stirred at 0” for 12 h, and CH,Cl, (25 mL) was added. 
The insolubles were filtered off and washed with CH,CI,. The combined filtrate 
and washings was washed with M Na,CO, and water, dried (Na,SO,), and 
concentrated. Column chromatography (20: 1 CH,Cl,-MeOH) of the residue on 
silica gel (40 g) gave amorphous 17 (137 mg, 63%); [al, +2.9” (c 0.28, CHCl,); 
V max 3400 (NH), 2100 (N,), 1740 and 1230 (ester), 1680 and 1540 (amide), and 720 
cm- ’ (Ph); ‘H NMR (CDCI,): (aglycon) 6 0.87 (s, 3 H, CH,), 1.24 (s, 22 H, 11 

CH,), 5.87 (m, 1 H, J4,5 14.2, J5,6 = J5,6, = 7.7 Hz, H-5); (pentasaccharide) 6 
1.53-2.15 (18 s, 54 H, 3 NCOCH, and 15 OCOCl-i,), 2.38 (dd, 1 H, H-3e-eq), 2.47 

(dd, 1 H, H-3f-eq), 2.92 (m, 1 H, H-2c), 3.77 (s, 3 H, CH,O-0, 3.80 (s, 3 H, 
CH,O-e), 6.26 (d, 1 H, NH-c), and 7.41-8.31 (m, 20 H, 4 Ph). 

Anal. Calcd for C126H162N6057 (2672.7): C, 56.62; H, 6.10; N, 3.14. Found: C, 
56.32; H, 6.21; N, 3.20. 

0-(Methyl 5acetumido-4, 7,8,9-tetra-O-acetyl-3,5-dideoxy-~-glycero-a-~-galacto- 

2-nonulopyranosylonate)-(2 + 3)-0-(2,4,6-tri-O-benzoyl-~-D-galactopyrano~l)-(l + 
3)-0-((methyl .5-acetamido-4,7,8, 9-tetra-O-acetyl-3,5-dideoxy-o-glycero-cu-o-galacto- 
2-nonulopyranosylonate)-(2 + 6)]-0-(2-acetamido-4-O-acetyl-2-deoxy-~-~-galacto- 

pyranosyl)-(1 + 4)-0-(2,3,6-tri-O-acetyl-~-~-galactopyrarzosyl)-(l + 4)-0-(2,3,6-tri- 

0-acetyl-p-o-glucopyranosyl)-(1 + 1)-(2S,3R,4E)-3-0-benzoyl-2-octadecanamido- 
I-octadecene-1,3-diol (19).-Compound 17 (127 mg, 0.048 mmol) was dissolved in 
aq 83% pyridine (15 mL) and cooled to 0”. Hydrogen sulfide gas was bubbled 
through the solution for 48 h at O-15”, then it was concentrated. A solution of the 

residue (18) in CH,Cl, was treated with octadecanoic acid (41 mg, 0.14 mmol) and 
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (WSC, 28 mg, 0.18 
mmol) for 24 h at room temperature. The mixture was partioned between CH,Cl, 
and water. The organic layer was washed with water, dried (Na,SO,), and 
concentrated. Column chromatography (20: 1 CH,Cl,-MeOH) of the residue on 
silica gel (30 g) gave amorphous 19 (114 mg, 83%); [al,, +43.8” (c 0.32, CHCI,); 
‘H NMR (CDCI,): (aglycon) S 0.88 (s, 6 H, 2 CH,), 1.25 (s, 50 H, 25 CH,), 5.86 
(m, 1 H, J4,5 14.2, J5,6 = J5,hP = 7.3 Hz, H-5); (pentasaccharide) 6 1.53-2.15 (18 s, 54 
H, 3 NCOCH, and 15 OCOCH,), 2.43 (dd, 1 H, H-3e-eq), 2.52 (dd, 1 H, H-3f-eq), 
2.92 (m, 1 H, H-2c), 3.74 (s, 3 H, CH,O-f), 3.81 (s, 3 H, CH,O-e), 6.26 (d, 1 H, 
NH-c), and 7.41-8.25 (m, 20 H, 4 Ph). 

Anal. Calcd for C,,H,,,N,O,, (2913.1): C, 59.37; H, 6.85; N, 1.92. Found: C, 

59.09; H, 6.73; N, 1.99. 
Ganglioside GCla (20X-To a solution of 19 (100 mg, 0.034 mmol) in MeOH (5 

mL) was added NaOMe (20 mg), and the mixture was stirred for 40 h at 45”. Water 
(0.5 mL) was added and the mixture was stirred for a further 16 h at room 
temperature, neutralized with Amberlite IR-120 (H+) resin, and filtered. The resin 
was washed with 5 : 4: 1 CHCI,-MeOH-H,O and the combined filtrate and 
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washings was concentrated, Column chromatography (5 : 4 : 1 CHCI,-MeOH-H,O) 
of the residue on silica gel (30 g) gave amorphous 20 (52.5 mg, 83%); [a], + 3.4” (c 

0.32, 5 : 4 : 1 CHCl,-MeOH-H,O); vrnax 3500-3300 (NH, OH), 2950 and 2840 
(methyl, methylene), 1720 (COOH), and 1680 and 1540 cm-’ (amide); ‘H NMR 
[(CD,),SO-D,O]: (aglycon) S 0.84 (s, 6 H, 2 CHJ, 1.23 (s, 50 H, 25 CH,), 1.46 
(br m, 2 H, COCH,CH,), 1.93 (q, 2 H, CH=CHCH,), 2.01 (t, 2 H, COCHJ, 5.32 

(dd, 1 H, J,,, 6.6, J4,5 15.4 Hz, H-41, 5.51 (m, 1 H, J5,6(6,j 6.6 Hz, H-5); 
(pentasaccharide) 6 1.82, 1.87, 1.88 (3 s, 9 H, 3 NCOCHJ, 2.64 (dd, lH, J3eq,4 4.4 
Hz, H-3f-eq), 2.74 (dd, 1H J3eq,4 4.4 Hz, H-3e-eq), 3.03 (t, 1 H, H-2a), 3.84 (br d, 1 
H, H-4b), 4.15 (d, 1 H, J,,, 8.01 Hz, H-la), 4.20 (d, 1 H, J,,, 8.07 Hz, H-lb), 4.23 
(d, 1 H, J,,, 7.33 Hz, H-ld), 4.50 (d, 1 H, J,,, 8.8 H-1~). 

Anal. Calcd for C,,H,,,N,O,, (1838.1): C, 54.88; H, 8.11; N, 3.04. Found: C, 

54.61; H, 8.22; N, 3.05. 
0-(Methyl 5-acetamido-4, 7,8,9-tetra-O-acetyl-3,Pdideoxy-D-glycero-a-D-galacto- 

2-nonulopyranosylonate)-(2 -+ 6)-0-(3-0-acetyl-2,4-di-O-benzoyl-~-D-galactopyrano- 
syl)-(1 + 3)-0-[(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero-a- 

D-galacto-Znonulopyranosylonate)-(2 --, 6)/-O-(2-acetamido-4-0-acetyl-2-deoxy-P- 
D-galactopyranosyl)-(I --, 4)-O-(2,3,6-tri-O-acetyl-/3-D-galactopyranosyl)-(l + 4)-O- 
(2,3,6-tri-0-acetyl-P-D-glucopyranosyl)-(1 + 1)-(2S,3R,4E)-2-azido-3-O-benzoyl-4- 
octadecene-1,3-diol (21X-Coupling of 16 (190 mg, 0.081 mmol) with 8 (67 mg, 0.16 

mmol), as described for 17, yielded amorphous 21 (112 mg, 53%); [(~]o +0.7” (c 
0.59, CHCl,); v,, 3400 (NH), 2100 (N,), 1740 and 1230 (ester), 1680 and 1540 
(amide), and 720 cm-’ (Ph); ‘H NMR (CDClJ: (aglycon) 6 0.85 (s, 3 H, CH,), 
1.21 (s, 22 H, 11 CN,), 5.84 (m, 1 H, J4.5 14.6, Js6=J5,6,= 7.8 Hz, H-5); 
(pentasaccharide) 6 1.54-2.18 (19 s, 57 H, 3 NCOCH, and 16 OCOCCrJ, 2.42 (dd, 

1 HY J3eq.4 4.7 Hz, H-3e-eq), 2.52 (dd, 1 H, J3eq,4 4.4 Hz, H3f-eq), 2.88 (m, 1 H, 
H-2c), 3.40 (s, 3 H, CH,O-e), 3.77 (s, 3 H, CH,O-0, 5.84 (d, 1 H, J,,, 2.9 Hz, 
H-4d), 6.11 (d, 1 H, NH-c), and 7.33-8.15 (m, 15 H, 3 Ph). 

Anal. Calcd for C,,,H,,,N,O,, (2578.6): C, 56.36; H, 6.25; N, 3.26. Found: C, 
56.25; H, 6.29; N, 3.30. 

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

2-nonulopyranosylonate)-(2 + 6)-0-(3-O-acetyl-2,4-di-O-benzoyl-~-D-galactopyrano- 
syl)-(1 -+ 3)-0-[(methyl 5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D-glycero- 
a-D-galacto-2-nonulopyranosylonate)-(2 * 6)/-O-(2-acetamido-4-0-acetyl-2-deoxy- 

P-D-galactopyranosyl)-(1 + 4)-0-(2,3,6-tri-O-acetyl-/3-D-galactopyranosyl)-(l 4 4)- 
O-(2,3,6-tri-0-acetyl-/3-D-glucopyranosyl)-(1 + 1)-(2S,3R,4E)-3-0-benzoyl-2-octa- 
deca-namido-4-octadecene-1,3-diol (23X-Selective reduction of the azido group in 
21 (107 mg, 0.041 mmol), and subsequent coupling of the product (22) with 
octadecanoic acid (35 mg, 0.12 mmol) as described for 19, gave amorphous 23 (96 
mg, 81%); [cxl,, +3.8” (c 0.80, CHCl,); ‘H NMR (CDCl,): (aglycon) 6 0.87 (s, 3 H, 
CH,), 1.25 (s, 50 H, 25 CH,), 5.85 (m, 1 H, J4,5 14.6, J$,6 = J5,6, = 6.9 Hz, H-5); 
(pentasaccharide) S 1.55-2.20 (19 s, 57 H, 3 NCOCH, and 16 OCOCH,), 2.44 (dd, 

1 H, J3rq,4 4.6 Hz, H-3e-eq), 2.53 (dd, 1 H, J3e(1,4 4.2 Hz, H3f-eq), 2.80 (m, 1 H, 
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H-21~1, 3.46 (s, 3 H, CH,O-e), 3.80 (s, 3 H, CH,O-f), 5.74 (d, 1 H, H-4d), 6.31 (d, 1 
H, NH-c), and 7.33-8.15 (m, 15 H, 3 Ph). 

Anal. Calcd for C,,,H,,,N,O,, (2851.1): C, 58.56: H, 6.93; N, 1.97. Found: C, 

58.31; H, 6.99; N, 2.01. 
0-(5-Acetamido-3,5-dideoxy-D-glycero-cY-D-galacto-2-nonul acid)- 

(2 + 6)-0-/3-D-galactopyranosyl- (1 + 3)-O-(5acetamido-3,5-dideoxy-D-glycero-a-D- 
galacto-2-nonulopyranosylonic acid)-(2 + 6)/-O- (2-acetamido-2-deoxy+D-galacto- 
pyranosyl)-(1 + 4)-0-P-D-galactopyranosyl-(1 + 4)-0-P-D-glucopryanosyl~l + lb 
(2S,3R,4E)-2-octadecanamido-4-octadecene-l,3-diol (ganglioside GDla positional 

isomer) (24).--O-Deacylation and saponification of 23 (76 mg, 0.026 mmol), 
as described for 20, yielded amorphous 24 (46 mg, 94%); [a]n + 1.2” (c 0.80, 
5 : 4 : 1 CHCl,-MeOH-H,O); umax 3500-3300 (NH, OH), 2950 and 2840 (methyl, 
methylene), 1720 (COOH), and 1680 and 1540 cm-’ (amide); ‘H NMR 
[(CD&SO-D,O]: (aglycon) 6 0.88 (s, 6 H, 2 CH,), 1.25 (s, 50 H, 25 CH,), 1.46 (br 
m, 2 H, COCH,CH,), 1.93 (q, 2 H, CH=CHCH,), 2.01 (t, 2 H, COCH,), 5.33 (dd, 
1 H, 53,4 6.3, J4,5 14.6 Hz, H-4), 5.53 (m, 1 H, J5,6(6t, 7.1 Hz, H-5); (pentasac- 
charide) 6 1.37 (t, 1 H, J,,, = J3nx,4 = 12 Hz, H3e-ax), 1.82, 1.87, 1.88 (3 s, 9 H, 3 
NCOCH,), 2.64 (2 dd, 2 H, H-3e-eq and H3f-eq), 3.03 (t, 1 H, H-2a), 3.84 (br d, 1 
H, H-4b), 4.16 (d, 1 H, J,,, 7.33 Hz, H-la), 4.18 (d, 1 H, J,,, 7.51 Hz, H-lb), 4.21 
(d, 1 H, J,,, 8.06 Hz, H-ld), 4.56 (d, 1 H, J,,, 8.23 Hz, H-1~). 

Anal. Calcd for C84H148N4039 (1838.1): C, 54.88; H, 8.11; N, 3.04. Found: C, 

54.66; H, 8.28; N, 3.00. 
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