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ABSTRACT 

Ganglioside Gfi and GM3 analogs, containing 3-deoxy-D-giycero-D-gaiacto-2- 
nonulopyranosonic acid (KDN) in place of N-acetylneuraminic acid, have been 
synthesized. KDN, prepared by the condensation of oxalacetic acid with D-mannose, 
was converted into methyl (phenyl 4,5,7,8,9-penta-O-acetyl-3-deoxy-2-thio-D-glycero- 
D-galacto-2-nonu1opyranosid)onate (2) via methyl esterification, O-acetylation and 
replacement of the anomeric acetoxy group with phenylthio. Glycosylation of 2 with 2- 
(trimethylsilyl)ethyl6-~-benzoyl-p-D-galactopyranm~de (3) or 2-(trimethylsilyl)ethylO- 
(6-O- benzoyl-p-D-galactopyranosy1)-( 1 +4)-2,6-di-O-benzoyl-~-D-glucopyranoside (4) 
was performed, using N-iodosuccinimide-tethylsilyl mfluoromethanesulfonate as the 
glycosyl promoter, to give 2-(tethylsilyl)ethyl O-(methyl4,5,7,8,9-penta-O-acetyl-3- 
deoxy-Dglycero-a-Dgalacto-2-nonulopyranosylonate)-(2~3)-6-O-benzoyl-p-D-galacto- 
pyranoside (5) and 2-(aimethylsilyl)ethyl O-(methyl4,5,7,8,9-penta-O-acetyl-3-deoxy- 
D - g f y c e r o - a - D g a ~ a c t o - 2 - n o n ~ o p y r a n o s y l o n a ~ ) - ( ~ ~ ~ ) - ( ~ ~ - ~ n z o y ~ - ~ - D g ~ a c t o p ~ ~  
sy1)-( 1 -+4)-(2,6-di-0-benzoyl-p-D-glucopyranoside (9), respectively. Compounds 5 and 
9 were converted via O-acetylation, selective removal of the 2-(mmethylsily1)ethyl group 
and subsequent imidate formation, into the comsponding mchloroacetimidates 8 and 12, 
respectively. G1 ycosylation of (2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene- 1,3-diol 
(13) with 8 and 12 in the presence of boron trifluoride etherate afforded the expected p- 
glycosides 14 and 17, which were transformed via selective reduction of the azido 
group, coupling with octadecanoic acid, O-deacylation and de-esterification, into the 
target gangliosides 16 and 19 in high yields. 

INTRODUCTION 

Sialic acids2 are well known as important constituents of cell-surface glycoproteins and 
glycolipids and are involved in a variety of the biological functions of the 
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sialoglycoconjugates. Recently, a novel type of sialic acid, 3-deoxy-D-glycero-D-gukzcfo- 
2-nonulopyranosylonic acid (KDN) having a hydroxyl group in place of an acetamido 
group at C-5 of N-acetylneuraminic acid (NeuSAc), was reported by Inoue,3 who 
isolated it from rainbow trout egg vitelline envelope. In 1991 KDN-ganglioside GM3 
was isolated4 from rainbow trout sperm, indicating the possibility of the widespread 
dismbution of this class of ganglioside in nature. However, the biological function of 
KDN-ganglioside has not been investigated in detail, because a limited quantity of the 
required material was available. We have reported5 the systematic syntheses of 
gangliosides and their analogs, syntheses based on the facile 
dimethyl(methy1thio)sulfonium Mate  (DMTST) or N-iodosuccinimide-trifluoromethane- 
sulfonic acid promoted, stereoselective a- glycosidation6~7 of sialic acid with suitably 
protected galactose and lactose residues in acetonimle medium. As a part of our 
continuing studies on the preparation and structure-function relationships of gangliosides, 
we describe here the fvst total synthesis of KDN-gangliosides GM3 and GM4. Here, N- 
acetylneuraminic acid residue is replaced by 3-deoxy-D-glycero-D-galacro-2- 
nonulopyranosylonic acid, thus allows us investigations of the biological function of 
KDN-gangliosides, and also the elucidation of the role of the C-5 hydroxyl group in the 
NeuSAc residue in biological systems. 

RESULTS AND DISCUSSION 

For the synthesis of the desired KDN-gangliosides G b  and GM3, we employed 
the phen y12-thiogl ycoside 2 of 3-deoxy-D-glycero-D-gu~ucfo-2-nonulopyraoson~c acid* 
as the glycosyl donor and 2-(mmethylsily1)ethyl 6-O-benzoyl-~-D-galactopyranosideg (3) 
and 2-(trimethylsily1)ethyl O-(6-0-benzoyl-~-D-galactopyranosyl)-( 1 -+4)-2,6-di-O- 
benzoyl-P-D-glucopyranoside10 (4) as the suitably protected glycosyl acceptor. 

The aceptor 3 or 4 was coupled with the donor using N-iodosuccinimide7J1 (N1S)- 
mmethylsilyl mfluoromethanesulfonate (TMS.OTf) as a promoter. According to our 
method.10 the intermediates could be converted into the end products by introduction of a 
ceramide moiety. 

Methyl 3-deoxy-2,4,5,7,8,9-hexa-O-acetyl-D-glycero-D-gulucfo-2- 
nonulopyranosonate (1)12 was obtained in 51% yield by condensation8 of oxalacetic acid 
with D-mannose and subsequent methyl esterification and 0-acetylation. Treatment of 
compound 1 with thiophenol in dichloromethane in the presence of boron trifluoride 
etherate gave methyl (phenyl 4,5,7,8,9-penta-O-aceryl-3-deoxy-2-thio-D-gZycer~-D- 
gulucro-2-nonu1opyranosid)onate (2) in 92% yield as -1:3 (a$) anomeric mixture. 
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Glycosylation7 of 3 with 2 (1.5 equiv with respect to the acceptor), in acetonimle 
for 2 h at - 40 OC in the presence of NIS (2.0 equiv with respect to the donor)-TMSOTf 
(0.2 equiv with respect to 2) and molecular sieves 3A, gave exclusively the a-glycoside, 
2-(trimethylsily1)ethyl 0-(methyl 4,5,7,8,9-penta-0-acetyl-3-deoxy-D-gZycero-a-D- 
galacro-2-nonulopyranosylonate)-(2~3)-6-~-benzoyl-~-~galactopyranoside (5) in 49% 
yield. In essentially the same way, reaction of 4 with 2 furnished the a-sialyl-(2+3')- 
lactoside 9 in 46% yield. It is notewonhy that neither the unwanted f3-glycoside of sialic 
acid nor any position isomer was isolated from these glycosylations as we observed 
previously.sa.6a Acetylation of 5 and 9 gave the acetates 6 and 10, respectively, in 
almost quantitative yields. The structures of 6 and 10 were unambiguously proved by 
270 MHz 1H NMR spectroscopy. The observed chemical shift and coupling constants of 
KDN units for H-3eq (6 2.65, J3,,,4 = 4.8 Hz, Jgem = 12.8 Hz for 6; 2.75, J3eq,4 = 4.0 
Hz, Jgem = 12.5 Hz for lo), for H-4 (6 4.94 for 6; 5.02 for lo), and for H-7 (6 5.39, 
J7.8 = 9.5 HZ for 6; 5.50, J7.8 = 9.4 Hz for lo), are characteristic of a-glycosidically 
linked13 sialic acid analogs, and the values for H-3 (6 4.57, J2,3 = 9.9 Hz, J3,4 = 3.3 
Hz) in galactose unit, and H-3' (6 4.70, J21.31 = 9.3 Hz, J31.4~ = 3.3 Hz) in the lactose 
unit indicate the position of glycosylation to be C-3 and C-3'. respectively. Other 1H 
NMR data are given in the Experimental Section and are consistent with the structures 
assigned. 

Selective removal of the 2-(trimethylsilyl)ethyl group from 6 and 10 was perfomed 
by ~ea tmen t lo ,~~  with boron trifluoride etherate in dichloromethane for 5 h at 0 OC, to 
give the corresponding 1-hydroxy derivatives 7 and 11 in almost quantitative yields, 
after column chromatography. 

TreatmentlOllS of 7 or 11 with trichloroacetonimle in the presence of 1,8- 
diazabicyclo[5.4.0lundec-7-ene (DBU) for 3 h at 0 "C gave the corresponding 
trichloroacetimidates 8 and 12 as the a-anomers in 90% and 91% yields, respectively. 
The glycosylation10.16 of (2S, 3R, 4E)-2-azido-3-U-benzoyl-4-octadecene-1,3-dio1~~~~~ 
(13) with 8 or 12 thus obtained, in dichloromethane for 5 h at 0 OC in the presence of 
boron mfluoride etherate and molecular sieves 4A, gave only the desired p-glycosides 14 
and 17 in 89 and 84% yields, respectively. 

A significant signal in the lH NMR spectra of 14 and 17 was a one-proton doublet 
at 6 4.70 (J1.2 = 8.1 Hz, H-1 for the galactose unit) or at 6 4.68 (J1.2 = 7.7 Hz, H-1 for 
the lactose unit), showing the newly formed glycosidic linkage to be p. 

Selective red~ct ionl~-~9 of the azido group in 14 or 17 with hydrogen sulfide in 
aqueous 83% pyridine for 48 h at 0 OC and subsequent condensation with octadecanoic 
acid, using l-ethyl-3-(3-dimethylaminopropyl)carbodiimide (WSC) in dichloromethane 
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furnished high yields (88 and 89%) of the corresponding acylated gangliosides 15 and 
18, respectively. Finally, O-deacylation of 15 and 18 with sodium methoxide in 
methanol, with subsequent saponification of the sialate methyl ester group, yielded the 
desired KDN-gangliosides 16 and 19 in quantitative yields. The 1H NMR data of the 
products thus obtained are consistent with the structures assigned. 

In conclusion, the first total synthesis of KDN-gangliosides GM3 and G m  has 
been achieved by use of the phenyl 2-thioglycoside of KDN as a glycosyl donor, 
suitably protected galactose and lactose derivatives as acceptors, and N-iodosuccinimide- 
TMS*OTf as a promoter. 

EXPERIMENTAL 

General Procedures. Specific rotations were determined with a Union PM-201 
polarimeter at 25 OC, and IR spectra were recorded with a Jasco A-100 specnopho- 
tometer. 1H NMR spectra were recorded with a JEOL JNM-GX 270 spectrometer. 
Preparative chromatography was performed on silica gel (Wako Chemical Co., 200 
mesh) with the solvent systems specified. Concentrations were conducted in vucuo. 

Methyl 2,4,5,7,8,9-Hexa-O-acetyl-3-deoxy-D-gZyycero-D-gaZacto-2- 
nonulopyranosonate (1). To a stimd solution of Na2C03 (5.65 g, 53.3 mmol) in 
water (25 mL) was added D-mannose (24 g, 0.13 mol) followed by a slow addition of 
oxalacetic acid (6 g, 45.4 mmol) while the basicity of the solution was kept at pH 11 by 
addition of 10 M NaOH. The mixture was stirred for 2 h at room temperature then 
concentrated. Column chromatography (0.3 M formic acid) of the residue on Dowex-1 
resin (formate form) gave crude 3-deoxy-D-g~cero-D-gu~ucto-2-nonulopyranosonic acid 
(KDN), which was used for the next reaction without further purification. To a 
suspension of KDN, thus obtained, in methanol (150 mL) was added Dowex-50 (H+) 
resin (25 g) and the mixture was stirred for 24 h at room temperature, filtered, and the 
resin was washed with methanol. The combined filtrate and washings were 
concentrated. To a suspension of the residue in acetic anhydride (150 mL) was slowly 
added pyridine (150 mL) at 0 OC, and the mixture was stirred for 12 h at room 
temperature, concentrated, and the residue was extracted with dichloromethane. The 
extract was successively washed with 2 M hydrochloric acid, M Na2C03 and water, dried 
(Na2S04), and concentrated. Column chromatography (2:3 ethyl acetate-hexane) of the 
residue gave 1 (12.4 g, 51%) as an amorphous mass: IH NMR (CDC13) 6 2.01, 2.02, 
2.04, 2.05, 2.07 and 2.16 (6s, 18H, 6Ac0), 2.45 (dd, H-~ux), 2.62 (dd, J3eq,4 = 5.1 
Hz, Jgem = 13.4 Hz, H-3eq), 3.78 (s, MeOP), 3.80 (s, MeOa), 4.19 (dd, Jg.9 = 7.2 
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Hz, J9.9, = 12.6 Hz, H-9), 4.20 (dd, 55.6 = 10.1 Hz, J6.7 = 2.2 Hz, H-6), 4.43 (dd, 
Jg,g* = 2.4 Hz, H-9'), 4.97 (t, J4.5 = 55.6 = 10.1 Hz, H-5), 5.15 (ddd, H-8a), 5.27 
(ddd, H-4a), 5.39 (dd, J7.8 = 6.4, H-7a), and 5.54 (m, H-8P); anomeric ratio (a:P) 
was estimated as -1:lO from the ratio of intensities of the methyl ester signals. 

5.83. 
Anal. Calcd for C22H30015 (534.5): C, 49.44; H, 5.66. Found C, 49.36; H, 

Methyl (Phenyl 4,5,7,8,9-Penta-0-acetyl-3-deoxy-2-thio-D-gZycero- 
D-gulucto-2-nonulopyranosid)onate (2). To a solution of 1 (3.27 g, 6.12 mmol) 
in dichloromethane (50 mL), were added at 0 "C thiophenol (6.91 mL, 6.73 mmol) and 
boron mfluoride etherate (1.88 mL, 15.3 mmol), and the mixture was stirred for 3 h at 
room temperature, while the reaction was monitored by TLC. The mixture was extracted 
with dichloromethane (100 mL) and washed successively with M Na2C03 and water, 
dried (Na2S04) and concentrated. Column chromatography (2:3 ethyl acetate-hexane) of 
the residue gave amorphous 2 (3.27 g, 92%): 'H NMR (CDC13) 6 2.73 (dd, J3eq,4 = 5.1 
Hz, Jgem = 13.9 Hz. H-3eq-P), 2.89 (dd, Jseq,4 = 4.8 Hz, Jgem = 12.8 Hz, H-3eq-a), 
4.90 (ddd, H-4a), 5.44 (ddd, H-4P), 3.56 (s, MeO-a), and 3.67 (s, MeO-P); the 
anomeric ratio (a$) was estimated as -1:3 from the ratio of intensities of the methyl ester 
signals. 

Anal. Calcd for C26H32013s (584.6): C, 53.42; H, 5.52. Found C, 53.41; H, 
5.47. 

2-(Trimethylsilyl)ethyl 0-(Methyl 4,5,7,8,9-Penta-O-acety1-3-deoxy- 
D-gZycero-a-D-guZucto-2-nonulopyranosylonate)-(2~3)-6-0- benzoyl-P-D- 
galactopyranoside (5). To a solution of 3 (1 12.5 mg 0.192 mmol) and 2-(trimethyl- 
sily1)ethyl 6-0-benzoyl-~-D-galactopyranoside9 (3; 49.3 mg, 0.128 mmol) in dry 
acetonitrile (2 mL) were added molecular sieves 381 (MS-381; 300 mg), the mixture was 
stirred for 6 h at room temperature. To the cooled (-40 "C) mixture was added, with 
stimng, N-iodosuccinimide (NIS; 86.6 mg, 0.385 mmol) and trimethylsilyl 
trifluoromethanesulfonate (TMSaOTf ; 7 pL, 0.038 mmol), and the stimng was 
continued for 2 h at -40 "C. The precipitate was filtered off and washed with 
dichloromethane. The filtrate and washings were combined and the solution was 
successively washed with M Na2C03, M Na~S203 and water, dried (Na2S04), and 
concentrated. Column chromatography (1:l ethyl acetate-hexane) of the residue on silica 
gel (30 g) gave amorphous 5 (48.1 mg, 49%): [ a } ~  -5.2" (c 0.9, CHC13); l H  NMR 

(cDcl3) Gal unit 6 1.07 (m, 2H, Me3SiCH2CH20), 4.53 (d, lH, J1.2 = 7.7 Hz, H-1), 

and 7.41-8.05 (m, 5H, Ph); KDN unit 6 2.01-2.13 (5s. 15H, 5Ac0), 2.78 (dd, lH, 
4.54 (dd, lH, J5.6 = 7.1 Hz, 56.6' = 11.4 Hz, H-6), 4.62 (dd, lH, 5 5 , ~  = 5.7 Hz, H-6), 
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J3eq,4 = 3.7 Hz, Jgem = 12.6 Hz, H-3eq ), 3.78 (s, 3H, MeO), 4.13 (dd, lH, J5.6 = 9.5 
Hz, 56.7 = 2.0 Hz, H-6), 4.90 (t, lH, J4,5 = J5,6 = 9.5 Hz, H-5), 4.92 (ddd, lH, J3U.4 

= 12.5 Hz, H-4), 5.36 (dd, lH, J7,g = 9.5 Hz, H-7), and 5.48 (ddd, lH, Jg,9 = 7.2 Hz, 
J8,91 = 4.4 Hz, H-8). 

Anal. Calcd for C38H54020Si (858.9): C, 53.14; H, 6.34. Found C, 52.99; H, 
6.30. 

2-(Trimethylsilyl)ethyl O-(Methyl 4,5,7,8,9-Penta-O-acetyI-3-deoxy- 
D-gly cero-a-D -gaZacto-2-nonulopyranosylonat e)-( 2+ 3)-2,4-di-O -acet yl-6- 
O-benzoyl-0-D-galactopyranoside (6). Compound 5 (250 mg, 0.26 mmol) was 
mated with acetic anhydride (2 rrL)-pyridine (4 mL) overnight at room temperature, and 
the product was purified by column chromatography with 1: 1 ethyl acetate-hexane as the 
eluent, to give amorphous 6 (273.5 mg, quantitative): [ a ] ~  -21" (c 0.5, CHC13); IR 
(KBr) 1750 and 1230 (ester), 860 and 840 (TMS), and 710 cm-1 (Ph); 1H NMR 
(CDC13) Gal unit 6 0.99 (m, 2H, Me3SiCH2CH20), 4.22 (dd, lH, J5,6 = 4.0 Hz, J6,e 

6), 4.57 (dd, lH, J2.3 = 9.9 Hz, J3p = 3.3 Hz, H-3), 5.04 (dd, lH, H-2), 5.06 (broad 
d, lH, H-4), and 7.39-8.04 (m, 5H, Ph); KDN unit 6 2.65 (dd, lH, J3eq,4 = 4.8 Hz, 
Jgem = 12.8 Hz, H-3eq), 3.72 (dd, lH, J5.6 = 9.5 Hz, J6.7 = 2.6 Hz, H-6), 3.78 (s, 
3H, MeO), 4.07 (dd, lH, J8.9 = 5.2 Hz, Jgem = 12.8 Hz, H-9), 4.29 (dd, lH, J8.91 = 
2.5 Hz, H-93, 4.85 (t, lH, J4.5 = J5,6 = 9.5 Hz, H-5), 4.94 (m, lH, H-4), 5.39 (dd, 
lH, 57.8 = 9.5 Hz, H-7), 5.57 (m, lH, H-8); O-acetyl groups 6 1.97, 1.98, 2.03, 2.04, 
2.10, 2.14 and 2.19 (7s, 21H. 7Ac0). 

Anal. Calcd for C42H58022Si (943.0): C, 53.50; H, 6.20. Found: C, 53.41; H, 
6.25. 

O-(Methyl 4,5,7,8,9-Penta-0-acetyl-3-deoxy-D-gZyce~o-a-D-gu~ucto- 
2-nonulopyranosylonate)-(2~3)-2,4-di-0-acetyl-6-0- benzoyl-D-galacto- 
pyranose (7). To a stirred solution of 6 (228.3 mg, 0.27 mmol) in dichloromethane 
(4 mL) cooled to 0 "C was added triflumoacetic acid (4 mL), and the mixture was stirred 
for 5 h at 0 "C. Dichloromethane (30 mL) was added to the mixture, and the solution was 
washed successively with M Na2C03 and water, dried (Na2S04), and concentrated. 
Column chromatography (100: 1 dichloromethane-methanol) of the residue gave 
amorphous 7 (196 mg, 96%): IR (KBr) 3550-3400 (OH), 1750 and 1230 (ester), and 
710 cm-1 (Ph). 

5.71. 

= 11.4 Hz, H-6), 4.23 (d, lH, J1,2 = 7.7 Hz, H-l), 4.40 (dd, lH, J5,6' = 6.6 Hz, H- 

Anal. Calcd for C37H46022 (842.8): C, 52.73; H, 5.50. Found: C, 52.70; H, 
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O-(Methyl 4,5,7,8,9-Penta-O-acetyl-3-deoxy-D-gZycero-a-D-gaZacto - 
2-nonulopyranosylonate)-(2~3)-2,4-di-0-acetyl-6-O-benzoyl-~-D-galac- 
topyranosyl trichloroacetimidate (8). To a stirred solution of 7 (200 mg, 0.21 
mmol) in dichloromethane (3 mL) were added at -5 "C trichloroacetonimle (0.05 mL, 
0.5 1 mmol), 1,8-diazabicyclo[5.4.0]undec-7-ene @BU; 12 mg), and Drierite (200 mg). 
The mixture was stirred for 3 h at 0 "C and applied directly on a column of silica gel (40 
g). Elution with 200:l dichloromethane-methanol gave amorphous 8 (213 mg, 91%): 
[a]~ +12.0° (c 0.2, CHC13); IR (KBr) 3350 (MI), 1750 and 1230 (ester), and 710 cm-l 
(Ph); 1H NMR (CDC13) Gal unit 6 5.05 (dd, lH, 52.3 = 7.0 Hz, J3.4 = 3.3 Hz, H-2), 
5.15 (broad d, lH, J3,4 = 3.3 Hz, H-4), 6.55 (d, lH, J1,2 = 4.0 Hz, H-1). 7.34-8.04 
(m, 5H, Ph), and 8.69 (s, lH, C=NH); KDN unit 6 2.70 (dd, lH, J3eq,4 = 4.7 Hz, 
Jgem = 9.7 Hz, H-3eq), 3.75 (dd, lH, 55.6 = 6.2 Hz, J6,7 = 2.0 Hz, H-6), 3.81 (s, 3H, 
MeO), 4.79 (t, lH, J4.5 = J5.6 = 6.2 Hz, H-51, 4.95 (m, lH, H-4), 5.40 (dd, lH, J7,8 = 
9.9 Hz, H-7), and 5.06 (m, lH, H-8); O-acetyl groups 6 1.97-2.12 (7s, 21H. 7Ac0). 

Anal. Calcd for C39H&jC13N022 (987.2): C, 47.45; H, 4.70; N, 1.42. Found 
C, 47.41; H, 4.86; N, 1.39. 

2-(Trimethylsilyl)ethyl 0-(Methyl 4,5,7,8,9-Penta-O-acetyl-3-deoxy- 
D-gZycero-a-D-guZucto-2-nonulopyranosylonate)-(2~3)-~-(6-0- benzoyl- P- 
D-galactopyranosyl)-(l~4)-2,6-di-O-benzoyl-~-D-glucopyranos~de (9). 
To a solution of compound 2 (200 mg, 0.342 mmol) and 2-(trimethylsiiyl)ethyl0-(6-0- 
benzoyl- p-D-galactopyranos y1)-( 1 +4)-2,6-di-0-benzoyl-~-D-glucopyranoside lo (4; 175 
mg, 0.23 mmol) in dry acetonimle (6 mL) were added MS-3A (700 mg) and the mixture 
was stirred for 6 h at room temperature. To the cooled (-40 "C) mixture were added NIS 
(160 mg, 0.71 mmol) and TMS.OTf (13 pL, 0.068 mmol), and the mixture was stirred 
for 2 h at -40 OC, while the course of the reaction was monitored by TLC. The precipitate 
was filtered off and washed with dichloromethane. The filtrate and washings were 
combined, and the solution was successively washed with M Na2C03, M Na2S203 and 
water, dried (Na2S04), and concentrated to a syrup which was chromatographed on a 
column of silica gel (30 g) with 1:l ethyl acetate-hexane to gave amorphous 9 (130 mg 
46%):  ID +11.5 " (c  0.4, CHC13); IR (KBr) 3450-3250 (OH), 1750 and 1220 (ester), 
860 and 840 (TMS), and 710 cm-l (Ph); 'H NMR (CDCl3) Lac unit 6 0.99 (m, 2H, 
Me3SiCH2CH20), 4.70 (d, lH, 5 1 1 , ~  = 7.9 Hz, H-l'), 4.75 (d, lH, J1,2 = 8.1 Hz, H- 

l), 4.87 (dd, lH, J2*,3* = 12.1 Hz, J31,41 = 3.5 Hz, H-3'), 5.38 (dd, lH, H-2), and 
7.42-8.19 (m, 15H, 3Ph); KDN unit 6 2.09-2.23 (5s, 15H, 5Ac0), 2.86 (dd, lH, J3eq,4 
= 4.4 Hz, Jgem = 13.2 Hz, H-3eq), 3.84 (dd, lH, J5.6 = 9.3 Hz, J6,7 = 1.8 Hz, H-6), 
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434 TERADA, KISO, AND HASEGAWA 

3.91 (s, 3H, MeO), 4.99 (t, lH, J4,5 = J5,6 = 9.3 Hz, H-5). 5.06 (m, IH, H-41, 5.42 
(dd, lH, J7,8 = 9.7 Hz, H-7). and 5.47 (m, lH, H-8). 

Anal. Calcd for C5gH72027Si (1229.3): C, 56.67; H, 5.90. Found C, 56.63; 
H, 5.84. 

2-(Trimethylsilyl)ethyl O-(Methyl 4,5,7,8,9-Penta-O-acetyl-3-deoxy- 
~-gZycero-a-D-gaZacto-2-nonulopyranosylonate)-(2~~)-~-(~,~-di-~-acetyl 
-6-0 -benzoyl-P-D-galactopyranosyl)-( 1+4)-3-0-acetyl-2,6-di-O-benzoyl- 
P-D-glucopyranoside (10). Compound 9 (100 mg, 0.081 mmol) was treated with 
acetic anhydride (2 mL)-pyridine (4 mL) overnight at room temperature, and the product 
was purified by chromatography on a column of silica gel (20 g) With 1:l ethyl acetate- 
hexane as the eluent, to give amorphous 10 (109 mg, theoretical): [ah +6.1 ' (c 0.56, 
CHC13); 1H NMR (CDCl3) Lac unit 6 0.98 (m, 2H, Me3SiC&CH20), 4.70 (dd, lH, 
J21,3* = 9.3 Hz, J3*,4* = 3.3 Hz, H-3'), 4.78 (d, lH, J1,2 = 8.1 Hz, J2.3 = 9.5 Hz, H-11, 
4.98 (d, lH, J ~ * , T  = 9.5 Hz, H-l'), 5.11 (broad d ,  lH, H-4'). 5.33 (dd, lH, H-2), and 
5.58 (t, lH, 52.3 = J3,4 = 9.5 Hz, H-3); KDN unit 6 2.75 (dd, lH, J3eq,4 = 4.0 Hz, 
Jgem = 12.5 Hz, H-3eq), 3.80 (dd, lH, J5,6 = 9.5 Hz, J6,7 = 2.6 Hz, H-6), 3.95 (s, 
3H, MeO), 4.95 (t, lH, J4.5 = 55.6 = 9.5 Hz, H-5), 5.02 (m, lH, H-4), 5.50 (dd, lH, 
J7,8 = 9.4 Hz, H-7), and 5.70 (m, lH, H-8); O-acyl groups 6 2.07-2.32 (8s, 24H, 
8Ac0). and 7.49-8.18 (m, 15H, 3Ph). 

Anal. Calcd for C64H78030Si (1355.4): C, 56.71; H, 5.80. Found: C, 56.55; 
H, 5.98. 

O-(Methyl 4,~,~,8,9-~enta-~-acetyl-3-deoxy-D-gZycero-a-D-guZucto- 
2-nonulopyranosylonate)-(2~3)-O-(2,4-di-~-acetyl-6-~-benzoyl-~-D- 
ga1actopyranosyl)-( 1+4)-3-O-acetyl-2,6-di-O-benzoyl-D-glucopyranose 
(11). To a stirred solution of 10 (100 mg, 0.075 mmol) in dichloromethane (2 mL) 
cooled to 0 OC was added trifluoroacetic acid (2 mL). The m i x m  was stirred for 5 h at 0 
OC. Dichloromethane (20 mL) was added, and the solution was successively washed 
with M Na2C03 and water, dried (Na2S04), and concentrated. Column chromatography 
(150: 1 dichloromethane-methanol) of the residue gave amorphous 11 (92 mg, 98%): IR 
(KBr) 3350 (OH), 1750 and 1230 (ester) and 710 cm-1 (Ph). 

5.44. 
Anal. Calcd for C59H66030 (1255.2): C, 56.46; H, 5.30. Found: C, 56.21; H, 

O-(Methyl 4,~,7,8,9-Penta-~-acetyl-3-deoxy-D-gZycero-a-D-gaZacto- 
2-nonulopyranosylonate)-(2~3)-O-(2,4-di-O-acetyl-6-O-benzoyl-~-~- 
galactopyranosyl)-( 1+4)-3-O-acetyl-2,6-di-O-benzoyl-a-~-glucopyra- 
nosy1 trichloroacetimidate (12). To a stirred solution of 11 (125 mg, 0.1 mmol) 
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in dichloromethane (2 mL) was added at -50 "C mchloroacetonimle (30 pL, 0.30 mmol) 
and Drierite (200 mg), and the mixture was stirred for 3 h at 0 "C, while the reaction was 
monitored by TLC. The mixture was directly applied on a column of silica gel (20 g) and 
eluted with 150:l dichloromethane-methanol, to give amorphous 12 (131 mg, 90%): 
[ a ] ~  +22.0 " (c  0.3, CHC13); IR (KBr) 3550 (NH), 1750 and 1230 (ester), and 710 cm-1 
(Ph); 1H NMR (CDC13) Lac unit 6 4.60 (dd, lH, J2',3t = 7.0 Hz, J31,49 = 3.3 Hz, H-37, 
4.88 (dd, lH, Jll,zs = 8.1 Hz, H-l'), 5.01 (broad d, lH, H-4'), 5.85 (t, lH, J2.3 = J3.4 
= 9.5 Hz, H-3), 6.67 (d, lH, 51.2 = 3.3 Hz, H-l), and 8.54 (s, lH, C=NH); KDN unit 
6 2.64 (dd, lH, Jseq,4 = 4.0 Hz, Jgem = 12.1 Hz, H-3eq), 3.68 (dd, lH, J5,6 = 9.5 Hz, 
J6.7 = 2.9 Hz, H-6), 3.73 (s, 3H, MeO), 4.86 (t, 1H, 54.5 = J5.6 = 9.5 Hz, H-5), 5.39 

24H, 8Ac0) and 7.35-8.12 (m, 15H, 3Ph). 

C, 52.18; H, 4.93; N, 1.08. 

2-nonulopyranosylonate)-(2~3)-0-(2,4-di-O-acetyl-6-O-benzoyl-~-D- 
galactopyranosy1)-(l+ 1)-(2S,3R,4E)-2-azido-3-O-benzoyl-4-octadecene- 
1,Sdiol (14). To a solution of 8 (184 mg, 0.19 mmol) and (2S,3R,4E)-2-azido-3-0- 
benzoyl-4-octadecene-1,3-dio117 (13; 160 mg, 0.37 mmol) in dichloromethane (5 mL) 
were added molecular sieves 4A ( M S ~ A ;  500 mg), and the mixture was stirred for 3 h at 
room temperature. Boron trifluoride etherate (0.14 mL) was added at 0 OC to the mixture, 
and this was stirred for 5 h at 0 "C. The precipitate was filtered off and washed with 
dichloromethane. The filtrate and washings were combined, and the solution was 
successively washed with M Na2C03 and water, dried (Na2S04). and concentrated. 
Column chromatography (100: 1 dichloromethane-methanol) of the residue gave 
amorphous 14 (208 mg, 89%): [ a ] ~  -22.5" (c 0.36, CHC13); IR (IU3r) 2100 (N3), 1750 
and 1230 (ester), and 710 cm-l (Ph); lH NMR (CDCl3) Gal unit 6 4.60 (dd, lH, J2.3 = 
10.3 Hz, 53.4 = 3.3 Hz, H-3), 4.70 (d, lH, J1.2 = 8.1 Hz, H-1), 5.07 (broad d, lH, H- 
4); KDN unit 6 2.66 (dd, lH, J3eq,4 = 4.9 Hz, Jgem = 12.8 Hz, H-3eq), 3.74 (dd, lH, 
55.6 = 9.5 Hz, J6.7 = 2.5 Hz, H-6), 3.78 (s, 3H, MeO), 4.85 (t, lH, 54.5 = J5,6 = 9.5 

5.64 (m, lH, H-8); sphingosine unit 6 0.87 (t, 3H, MeCH2), 1.23 (s, 22H, 11CH2), 
5.94 (dt, lH, J4,5 = 14.3 Hz, 55.6 = 55',6' = 6.6 Hz, H-5); O-acyl groups 6 1.97-2.23 
(7% 21H, 7Ac0) and 7.38-8.06 (m, lOH, 2Ph). 

Anal. Calcd for C62Hg3N3024 (1254.3): C, 59.37; H, 6.67; N, 3.35. Found: 
C, 59.29; H, 6.63; N, 3.42. 

(dd, lH, 57.8 = 9.2 Hz, H-7). and 5.54 (m, IH, H-8); 0-acyl groups 6 1.96-2.20 ( 8 ~ ,  

Anal. Calcd for C61H66CkjN030 (1399.6): c, 52.35; H, 4.75; N, 1.00. Found: 

O-(Methyl 4,5,7,8,9-Penta-O-acetyl-3-deoxy-D-gZycero-a-D-gulucto- 

Hz, H-51, 4.94 (ddd, 1H, J3m.4 = 13.3 Hz, H-4). 5.42 (dd, lH, J7.8 = 9.5 Hz, H-7), 
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436 TERADA, KISO, AND HASEGAWA 

O-(Methyl 4,5,7,8,9-Penta-0-acetyl-3-deoxy-D-gZycero-a-D-ga~acto- 
2-nonulopyranosylonate)-(2~3)-0-(2,4-di-0-acetyl-6-O-benzoyl-~-D- 
galactopyranosyl)-( 1 --f 1)-(2s ,3R,4E)-3-O-benzoyl-2-octadecanamido-4- 
octadecene-l,3-diol (15). Hydrogen sulfide was bubbled at 0 "C through a 
solution of 14 (168 mg, 0.134 mmol) in pyridine (10 mL) and water (2 mL) for 48 h, 
while the c o m e  of the reaction was monitored by TLC. The mixture was concentrated to 
a syrup which was dissolved in dry dichloromethane (7 mL). Octadecanoic acid (76.2 
mg, 0.27 mmol) and 1-ethyl-3-(3-dimethylaminopropyl)ci~b0diimide hydrochloride 
(WSC; 51.5 mg, 0.27 mmol) were added to the solution, and the mixture was stirred 
overnight at room temperature. Dichloromethane (30 mL) was added, the solution was 
washed with water, dried (Na2S04). and concentrated. Column chromatography (125:l 
dichloromethane-methanol) of the residue afforded amorphous 15 (176 mg, 88%): [ a ] ~  
-28.5" (c 2.9, CHC13); IR (KBr) 3450 (NH), 2950 and 2850 (Me, methylene), 1750 and 
1230 (ester), 1650 and 1560 (amide), and 710 cm-I (Ph); lH NMR (CDCl3) Gal unit 6 
4.60 (dd, lH, J2,3 = 10.3 Hz, 3 3 4  = 3.3 Hz, H-31, 4.63 (d, lH, J1.2 = 8.1 Hz, H-l), 
5.04 (broad d,  lH, H-4); KDN unit 6 2.65 (dd, lH, J3eq,4 = 4.8 Hz, Jgem = 12.8 Hz, 
H-3eq). 3.71 (dd, lH, J5.6 = 9.7 Hz, J6.7 = 2.9 Hz, H-6), 3.77 (s, 3H, MeO), 4.85 (t, 
lH, J4.5 = J5.6 = 9.7 Hz, H-5). 4.93 (m, lH, H-4), 5.40 (dd, lH, 57.8 = 9.3 Hz, H-7). 
5.56 (m, lH, H-8); ceramide unit 6 0.88 (t, 6H, 2MeCH2), 1.25 (s, 50H, 25CH2), 
5.57 (d, lH, J N H , ~  = 7.7 Hz, NH), 5.85 (dt, lH, J4.5 = 14.1 Hz, J5.6 = J5,6' = 6.4 Hz, 
H-5); 0-acyl groups 6 1.97-2.17 (7s, 21H, 7Ac0) and 7.37-8.03 (m, lOH, 2Ph). 

C, 64.12; H, 8.15; N, 1.05. 

(2+3)-O-(~-D-galactopyranosyl)-( 1+1)-(2S,3R,4E)-3-0-benzoyl-2- 
octadecanamido-4-octadecene-1,3-diol (16). To a solution of 15 (80 mg, 0.054 
mmol) in methanol (5 mL) was added sodium methoxide (30 mg), and the mixture was 
stirred for 6 h at room temperature, while the course of the reaction was monitored by 
TLC (42:2 butanol-ethanol-water). 0.2M Potassium hydroxide (5 mL) was added to the 
mixture and this was stirred for 8 h at room temperature, neutralized with Amberlite IR- 
120 @I+) resin, and filtered. The resin was washed with 1:l water-methanol, and the 
combined filtrate and washings were concentrated to a syrup. Chromatography on a 
column of Sephadex LH-20 (50 g) with 1:l methanol-chloroform gave amorphous 16 
(51.8 mg, theoretical): [ a ] ~  -17.2' (c 0.1 CHCl3); 'H NMR [(CD3)2SO, at 55 "C] 6 0.85 

(t, 6H, 2MeCH2), 1.24 (s, 50H, 25CH21, 2.61 (dd, lH, Jseq,4 = 4.8 Hz, Jgem = 12.1 
Hz, H-3eq for D N ) ,  4.09 (d, lH, 51.2 = 7.7 Hz, H-1 for Gal), 5.36 (dd, lH, J3.4 = 

Anal. Calcd for C80H11gN025 (1494.8): C, 64.28; H, 8.02; N, 0.94. Found: 

O-(3-Deoxy-D-gZycero-a-D-gaZ~cto-2-nonulopyranosylon~c acid)- 
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6.9 Hz, 54.5 = 15.0 Hz, H-4 for ceramide), and 5.55 (dt, lH, J5,6 = 55.6 = 6.1 Hz, H-5 
for cerarnide). 

Anal. Calcd for C51Hg5N016 (968.2): C, 63.27; H, 8.85; N, 1.45. Found: C, 

0-(Methyl 4,5,7,8,9-Penta-0-acetyl-3-deoxy-D-g~ycero-a-D-guZucto- 
63.14; H, 8.93; N, 1.50. 

2-nonulopyranosylonate)-(2--~3)-0-(2,4-di-0 -acetyl-6-O-benzoyl-P-D- 
galactopyranosy1)-( 1+4)-0 -(3-0-acetyl-2,6-di-O-benzoyl-P-D-glucopyra- 
nosy])- (l-, 1)- (2s ,3R,4E)-2-azido-3-0 -benzoyl-4-oc tadecene- 1,3-diol 
(17). To a solution of 12 (127 mg, 0.09 mmol) and (2S,3R,4E)-2-azido-3-O-benzoyl- 
4-octadecene-l,3-diol (13; 78 mg, 0.18 mmol) in dichloromethane (5 mL) were added 
MS-4A (500 mg), and the mixture was stirred for 3 h at mom temperature. Boron 
trifluoride etherate (30 pL) was added at 0 "C to the mixture, and this was stirred for 5 h 
at 0 OC. The precipitate was filtered off and washed with dichloromethane, and the 
combined filtrate and washings were successively washed with M Na2C03 and water, 
dried (Na2S04), and concentrated. Column chromatography (100: 1 dichloromethane- 
methanol) of the residue gave amorphous 17 (127 mg, 84%): [ a ] ~  +1.2O (c 0.34, 
CHC13); lH NMR (CDC13) Lac unit 6 4.59 (dd, lH, J2.31 = 9.9 Hz, J3*,4' = 2.9 Hz, H- 

J2,3 = 7.7 Hz, H-2), and 5.48 (t, lH, J3,4 = 7.7 Hz, H-3); KDN unit 6 2.63 (dd, lH, 
J3eq,4 = 4.8 Hz, Jgem = 12.8 Hz, H-3eq). 3.66 (dd, lH, 55.6 = 9.5 Hz, 56.7 = 2.5 Hz, 
H-6), 3.72 (s, 3H, MeO), 4.83 (t, lH, J4.5 = J5,6 = 9.5 Hz, H-5), 5.38 (dd, lH, J7.8 = 
9.5 Hz, H-7), and 5.54 (m, lH, H-8); sphingosine unit 6 0.89 (t. 3H, MeCH2), 1.24 (s, 
22H, 11CH2), 5.94 (dt, lH, J4.5 = 14.2 Hz, J5,6 = J5*,6 = 7.0 Hz, H-5); 0-acyl groups 
6 1.97-2.18 (8s, 24H, 8Ac0) and 7.34-8.06 (m, 20H, 4Ph). 

Anal. Calcd for C8~@I103N3032 (1666.7): C. 60.53; H, 6.23; N, 2.52. Found: 
C, 60.34; H, 6.41; N, 2.51. 

04Methyl 4,5,7,8,9-Penta-0-acetyl-3-deoxy-D-gZycero-a-D-guZucto- 
2-nonulopyranosylonate)-(2-+3)-0-(2,4-di-0-acetyl-6-0-benzoyl-~-~-gal- 
actopyranosyl)-(1-+4)-0-(3-O-acetyl-2,6-d~-0-benzoyl-~-D-glucopyrano- 
sy1)-( 1- 1)-(2S,3R,4E)-3-0 -benzoyl-2-octadecanamido-4-octadecene- 1,3- 
diol(18). Hydrogen sulfide was bubbled at 0 OC through a stirred solution of 17 (90 
mg, 0.054 mmol) in pyridine (10 mL) and water (2 mL) for 48 h. The mixture was 
concentrated to a syrup which was dissolved in dry dichloromethane (7 mL). 
Octadecanoic acid (30.7 mg, 0.11 mmol) and WSC (21 mg, 0.1 1 mmol) were added to 
the solution, and the mixture was stirred overnight at room temperature. 
Dichloromethane (30 mL) was added, and the solution was washed with water, dried 

37, 4.68 (d, lH, J1.2 = 7.7 Hz, H-1), 4.84 (d, lH, J1',2 = 9.9 Hz, H-l'), 5.25 (t. lH, 
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(Na2S04). and concentrated. The residue was chromatographed with 150:l 
dichloromethane-methanol to give amorphous 18 (92 mg, 89%): [ a ] ~  +17.5* (c 1.1, 
CHC13); IR (KBr) 3450 (NH), 2950 and 2850 (Me, methylene), 1750 and 1230 (ester), 
1660 and 1540 (amide), and 710 cm-l (Ph); IH NMR (CDCl3) Lac unit 6 4.56 (d, lH, 
J1.2 = 7.9 Hz, H-l), 4.75 (broad d, lH, Jy,q= 2.9 Hz, H-4'), 4.95 (d, lH, J11,~ = 9.9 
Hz, H-l'), 5.15 (dd, lH, J2.3 = 8.2 Hz, H-2), and 5.44 (t, lH, J3.4 = 8.2 Hz, H-3); 
KDN unit: 6 2.63 (dd, lH, J3eq,4 = 4.2 Hz, Jgem = 12.5 Hz, H-3eq), 3.68 (dd, lH, 

Hz, H-5), 4.88 (m, lH, H-4), 5.54 (m, lH, H-8); ceramide unit 6 0.88 (t. 6H, 
2MeCH2), 1.26 (s, 50H, 25CH2), 5.58 (d, lH, J N H , ~  = 6.6 Hz, NH), and 5.74 (dt, 

8Ac0) and 7.26-8.06 (m, 20H, 4Ph). 
Anal. Calcd for C102H139N033 (1907.2): C, 64.24; H, 7.35; N, 0.73. Found: 

C, 64.13; H, 7.30; N, 0.78. 
0 - (3-Deoxy-D -gZycero-a -D -galacto-2-nonulopyranosylonic acid)- 

(2-+3)-O-(P-D-galactopyranosyl)-( 1-+4)-O-(P-D-glucopyranosyl)-( 1+1)- 

(2S,3R,4E)-2-octadecanamido-4-octadecene-1,3-diol (19). To a solution of 
18 (80 mg, 0.054 mmol) in methanol (5 mL) was added sodium methoxide (30 mg), and 
the mixture was stirred for 6 h at mom temperam, while the course of the reaction was 
monitored by TLC (4:2:2 butanol-ethanol-water). 0.2M Potassium hydroxide (5 mL) 
was added and the mixture was stirred for 8 h at room temperature. After neutralization 
with Amberlite IR-120 (H+) resin, and filtration, the resin was washed with 1:l 
methanol-chloroform, and the combined filtrate and washings were concentrated. 
Column chromatography (1: 1 methanol-chloroform) on Sephadex LH-20 (40 g) gave 
amorphous 19 (54 mg, theoretical): [ a ] ~  -12.0' (c 0.1, CHCl3); lH NMR [(CD3)2SO, at 
55 "C] 6 0.85 (t, 6H, 2MeCH2), 1.15 (s, 50H, 25CH2), 2.61 (dd, lH, J3eq,4 = 4.1 Hz, 
Jgem = 12.6 Hz, H-3eq for KDN), 4.03 (d, lH, J1.2 = 7.7 Hz, H-1 for Lac), 4.23 (d, 
lH, J1t.z = 7.6 Hz, H-1' for Lac), 5.35 (dd, lH, J3,4 = 7.6 Hz, J4.5 = 14.7 Hz, H-4 for 
ceramide), and 5.56 (dt, lH, J5,6 = 55.6 = 6.9 Hz, H-5 for ceramide). 

Anal. Calcd for C69H105N021 (1284.6): C, 64.52; H, 8.24; N, 1.09. Found 
C, 64.44; H, 8.42; N, 1.03. 

15.6 = 6.8 Hz, J6.7 = 2.8 Hz, H-6), 3.73 (s, 3H, MeO), 4.80 (t, IH, J4.5 = J5,6 = 6.8 

lH, J4.5 = 14.1 Hz, J5.6 = J5,6' = 7.3 HZ, H-5); 0-acyl groups 6 1.96-2.16 ( 8 ~ ,  24H, 
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