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ABSTRACT 

Stereoselective, total synthesis of O-a-D-gabZtOpyf~nOSJ+( 1+4)-0-/3-D- 

galactopyTanosyl-(1~)-0-~D-glucopyranosyl-(l4l)-N-tetracosanoyl-[~,33R,4B 
(and 4Z)]-sphingenine and O-cY-D-galactopyranosyl-(1~3)-O-~D-galactopyrano- 
syl-(1~4)-O-~-D-gluropyranosy~-(1-,l)-~-tetracosanoyl-(2S,3R,4E)-sphingenine 
was achieved by using 0-(2,3,4,6-tetra-aacetyl-a-D-galactopyranosyl)-( 1+4)-O- 
(2,3,6-tri-O-acetyl-~-D-galactopyranosy~)-(l-+4)-2,3,6-~-O-acetyl-a-D-gluco- 
pyranosyl t~~l~~timidate, 0-(2,3,4,6-tetra-O-acetyl-cu-D-gaiactopyranosyl)- 
(1~4)-O-(2,3,6-tri-O-acetyl-B-D-galactop~~~yl)-(l~4)-2,3,6-t~-O-acetyl-a 
(and ~)-~-~ucop~~o~l fluoride, and 0-(2,3,4,~te~a-O-~~l-~D-g~a~op~a- 
n~yl)-(1--+3)-0-(2,3,6-tri-O-acetyl-~-D-galactopyranosyl)-(1~4)-2,3,6-tri-O-ace- 
tyl-a-D-glucopyranosyl trichloroacetimidate. 

INTRODUCTION 

Globotriaosylceramide (Gb&er; 1) has been isolated from various tissues2, 
and the complete structure was finally assigned3 by euzymic and ‘I-I-n.m.r. spectral 
study. Gb,Cer (1) has been identified4 as Pk antigen in the P blood-group system, 
and is also regarded as a glycolipid antigen associated with Burkitt lymphoma5. 
Recently, the a-Gal-(1+4)-W sequence of 1 and related globosides was shown to 
act as a receptor for the ~rn~ng of u~ath~e~c E. cc& to human ur~pi~e~~ 
cell&. On the other hand, the isomeric ~bot~a~yl~ramide 3 (isoGb,Cer) has 
been isolated only from rat-spleen tissue$, rat-mammary tumors, and dog 
intestiney, and the structure was assigned from methylation analysis and enzymic 
hydrolysiss. As part of a project on the synthesis of glycosphingolipids, we now 
describe a total synthesis of Gb,Cer (l), Gb,Cer (2 isomer) (2), and isoGb$er (3). 

*Part 43 in the series “Synthetic Studies on Cell-surfsca Glycans’“. For Part 42, see ref. 1. 
‘*To whom enquiries should be addressed. 
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In connection with the project, syntheses of alkyl O-a-D-galactopyranosyl- 
(1+4)-0-P-D-gaJactopyranosyl-( l-4)-P_D-glucopyranosides had been reported by 
Cox et uf. ‘a, Garegg and Hultberg”, and DahmCn et al. I?. Completely protected 
trisaccharide corresponding to the glycan part of Gb,Cer (1) had been synthesized by 
Paulsen and BiinschD as part of their study on the synthesis of the glycan part of 
Forssman antigen. Jacquinet and Sinajil“ reported a synthesis of free trisaccharide 
a-Gal-( l-+4)-/%Gal-( 1+4)-Glc, starting from 0-(2,3,6-tri-0-benzoyl-P-D-galacto- 
pyranosyl)-(l~4)-2,3,6-tri-O-benzoyl-P_D-glucopyranosyl benzoatc according to 
the route of Garegg and Hultberg ‘I. A total synthesis of globotriaosylccramidc was 
reported for the first time in 1978 by Shapiro and Acher’“; stercochemical aspects 
of the synthetic sequence were, however, not discussed. Dcvclopment of a 
stereoselective and unambiguous route for the total synthesis of globotriaosyl- 
ceramide and related glycosphingolipids still rcmaincd to be achieved. 

RESULTS AND DISCUSSION 

Because we had already developed’“, starting from D-glucose, an efficient 
route for the synthesis of the E- and Z-ceramide parts 6 and 7 of glycosphingolipids, 
other key intermediates for the synthesis of globotriaosylceramides 1 and 2 and iso- 
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globotriaosylceramide 3 should be the corresponding glycosyl donors 4 and 5, re- 
spectively. The trisaccharide derivatives 4 and 5 may be synthesized from such 
adequately protected lactose derivatives as 16 and 17, respectively, by use of either 
glycosyl donor 24 or 30. 

Benzyl 0-(2,3,4,6-tetra-O-acetyl-P_~-galactopyranosyl)-(l~4)-2,3,6-tri-O- 
acetyl-/3-D-glucopyranoside17 (9), readily obtainable from lactose octaacetate18 (8) 
by a stannyl method of glycosylationr9, was transformed into benzyl O-(2,3-di-O- 
benzyl-4,6-O-isopropylidene-p-D-galactopyranosyl)-( 1+4)-2,3,6-tri-0-benzyl+-D- 
glucopyranoside (W) and benzyl O-(2,6-di-0-benzyl-3,4-0-isopropylidene+D- 
galactopyranosyl)-(l~4)-2,3,6-tri-O-benzyl-~D-glu~p~anoside (14) in 62 and 
16% yield, respectively, in three steps via compounds 11 and 12: (i) NaOMe- 
MeOH, (ii) (MeO),CMe,-TsOH-H,O-DMF, (iii) NaH-BnBr-DMF. The struc- 
ture of 13 (and of 14) was assigned from the r3C-n.m.r. spectra, which respectively 
contained a signal characteristic? for acetal carbon atoms of isopropylidene acetals 
having a six-membered and a five-membered ring, at 98.8 and 109.7 p.p.m. 

Hydrolysis of compound 13 in aq. acetic acid provided compound 15, and 
site-selective benzylation of 15 by a stannyl method21 afforded an 86% yield of 
benzyl 0-(2,3,6-tri-O-benzyl-PD-galactopyranosyl)-(1~4)-2,3,6-tri-O-benzyl-PD- 
glucopyranoside (la), a useful glycosyl acceptor for the synthesis of the glycan part 
of the globo series of glycosphingolipids. Lipt& et aLn had reported the synthesis 
of compound 16 as a minor product of the reductive ring-opening of the benzyl- 
idene group of benzyl O-(2,3-di-O-benzyl-4,6-O-benzylidene-PD-galacto- 
pyranosyl)-(1~4)-2,3,6-tri-0-benzyl-gD_ganoside with LiAlH, and AlCl,. 
However, they reported an [o]n value (CHCl,) of +4”, which is not in agreement 
with our value of +22”. 

Treatment of 14 with aq. acetic acid afforded benzyl O-(2,6-di-O-benzyl-&D- 
galactopyranosyl)-(l~4)-2,3,6-tri-O-benzyl-~D-~u~p~anoside (17), which is a 
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suitable glycosyl acceptor for the synthesis of the glycan part of the isoglobo, lacto, 
and ganglio serieP of glycosphingolipids. 

Having prepared the glycosyl acceptors 16 and 17 for the synthesis of tri- 
saccharide derivatives 4 and 5, respectively, synthesis of the corresponding glycosyl 
donors is now discussed, In addition to the use of well established galactopyranosyl 
chloride 24, we intended to examine the use of methyl I-thioglycosides 22 and 30 
in the presence of cupric bromide 24. Methyl 2,3,4,6-tetra-O-acetyl-l-thio-P_D- 
galactopyranoside (19), readily obtainable 25, together with the IY anomer 20, by the 
reaction of penta-O-acetyl-/3-D-galactose (18) with methyl tributyltin sulfide, was 
transformed in 70% yield into the know@ D-galactosyl chloride 24 in 3 steps ria 
compound 21, methyl 2,3,4,6-tetra-O-benzyl-l-thio-B-u-galactopyranoside (22), 
and compound 23 in the conventional way. Isopropylidenation of compound 21 
afforded the isomers 25 and 26, and benzylation thereof gave methyl 2.6-di-O- 
benzyl-3,4-O-isopropylidene-l-thio-&D-galactopyranoside (27) and its 4,60iso- 
propylidene isomer 28 in 83 and 16% yield, respectively. Acid hydrolysis of com- 
pound 27 afforded compound 29, and acetylation of 29 gave diacetate 30. 

Glycosylation of benzyl 0-(2,3,6-tri-O-benzyl-/3-D-galactopyranosyl)-(1~4)- 
2,3,6-tri-O-benzyl+-D-glucopyranoside (16) with 2,3,4,6-tetra-O-benzyl-o-D- 
galactopyranosyl chloride (24) in the presence of silver triflate and molecular sieves 
4A afforded a mixture of perbenzylated trisaccharides 31 and 32 in 63 and 19% 

yield, respectively. The stereochemistry of 31 and 32 was determined by “C-n.m.r. 
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data: in the case of 31, two signals for two anomeric carbon atoms with the /3-D-con- 
figuration, at 6 102.9 and 102.5, and one signal for an anomeric carbon atom with 
the cw-D-configuration, at S 100.8, were observed; for 32, three signals for three 
/3-D-anomeric carbon atoms were at S 102.8,102.6, and 102.5. 

Use of the methyl l-thio-D-glucoside 22 as the glycosyl donor was examined 
as follows. Treatment of the glycosyl acceptor 16 with 22 in the presence of cupric 
bromide-silver triflate in 1,2dichloroethane afforded, in 94% yield, a mixture of 
31 and 32 in the ratio of 3.4: 1. The same glycosylation in the presence of cupric 
bromide and mercuric bromide was found to give a 90% yield of a mixture of 31 
and 32 in the ratio of 1.4: 1 when nitromethane was used as the solvent, and an 89% 
yield of a mixture of 31 and 32 in the ratio of 1: 1.7 when 1,Zdichloroethane was 
the solvent. These experiments clearly showed that, in the synthesis of the tri- 
saccharide 31 using perbenzylated D-galactopyranosyl donors and perbenzylated 
lactose derivative 16 as the acceptor, methyl 1-thioglycoside 22 when used in com- 
bination with an adequate Lewis acid, gave a better result than the well known 
chloride 24. Hydrogenolysis of compound 31 gave free trisaccharide 33. The iH- 
n.m.r. spectrum of 33 was in good agreement with the date reported’4 by Jacquinet 
and Sinay. Without further purifiation, free trisaccharide 33 was acetylated to a 1: 1 
mixture of (x- and &peracetate 34, which was site-selectively deacylated with 
hydrazine and acetic acid” to give an 85% yield of a mixture of the o and /3 anomer 
of hemiacetal35 in the ratio of 5:2, judged from the l3C-n.m.r. spectrum. 

Compound 35 was then transformed into two kinds of glycosyl donor. Treat- 
ment of 35 with 1,8-diazabicyclo[5.4.0]-7-undecene (DBU) and trichloroaceto- 

nitrhea afforded cu-D-trichloroacetimidate 36 in 79% yield. Reaction of 35 with 
diethylaminosulfur trifluoridez9 in dichloromethane afforded a 1: 10 mixture of (Y- 
and P-fluoride 37 in 94% yield. In the ‘H-n.m.r. spectrum of 37, a signal for H-la8 
was observed, with the intensity of one proton, at 8 5.411, as a double doublet with 
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./ 5.1 and 53.0 Hz, while only a lower-field pair as the signal for H-laa, with the 
intensity of 0.09 proton, at S 5.740. was observed as a doublet with .I 3.3 Hz. 

Glycosylation of the properly protected E-sphingcninc’” 6 with tri- 
chioroacetimidate 36 in the presencezx of BF,.Et,O afforded the desired product 
38 in 13% yield (64% yield based on the trichloroacetimidate 36 consumed). 
Similarly, glycosylation of acceptor 6 with fluoride 37 in the presence of silver per- 
chlorate and stannous chloride.w afforded the same compound 38 in 28% yield. The 
stereochemistry of the glycosylation product was assigned as p-1.) from the ‘H- 
n.m.r. spectrum of 38, which showed a signal for H-la at 8 4.461. as a doublet with 
J 7.8 Hz. Deacetylation of 38 afforded globotriaosylceramide 1. the ‘H-n.m.r. 
spectrum of which was found quite reasonable on comparison with that of the 
related, natural glycolipid, globotetraosylccramidc, reported by Dabrowski et al:“. 

By use of the (Z)-sphingenine derivative 7 as a glycosyl acceptor for glycosylation 
with trichloroacetimidatc 36. compound 39 was obtained in 34% yield. Again. the 
stereochemistry of the glycosylation product was assigned as p-o by use of the ‘H- 
n.m.r. data, which contained a signal for H-la and H-lb at 6 3.378. as a doublet 
with J 7.5 Hz. Deacylation of 39 gave the Z isomer of globotriaosylccramide (2). 
whose ‘H-n.m.r. spectrum agreed with the assigned structure. 

In order to synthesize the trisaccharide part of isoglobotriaosylceramide. 
glycosylation of benzyl O-(2.6-di-O-henzyl-P-D-galactopyranosyl)-~1~4)-~.3,6-tri- 
O-benzyl-/3-D-glucopyranoside (17) with methyl 3,4-di-O-acctyl-?.h-di-O-benzyl-l- 
thio-/3-o-galactopyranosidc (30) in the presence of cupric bromide?’ and silver tri- 
flate was examined; it afforded a 41% yield of the desired, protected trisaccharidc 
40. as well as a 35% yield of the diglycosylated product 42. The structure of40 was 
assigned from the “C-n.m.r. spectrum, which contained a signal for C-lc at d 94.5. 
in agreement with the (Y-D configuration. along with a deshicldod signal for C-3b at 

17 t- 30 --3 

40 R ::t! 

4, R -Ac 
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Fig. 1. 400-MHz, ‘H-n.m.r. spectra of (a) synthetic ~al-(144)-B_Gal-(l~~~G~(l~C~ (E) (1) 
at #, (b) synthetic ~-G~~(1~4f-~Gal-(l~4)-&Gtc-(l~~r (2) (2) at W, and (c) synthetic a-Gal- 
(1~3)~Gsl-;l-r4)-&Glc~(l~~r (E) (3) at 95”. The spectra were recorded in 49:l Me,SO-d~DzO, 
for the sample after exchanging several times with Me&&D@. Values of S, are expressed in p.p.m. 
dawnward fran Me,%, by reference to an internal standard of Me&O (2.225). 



196 K. KOIKE. M. SUGIMOTO. S. SATO, Y. ITO. Y. NAKAHARA, T. OGAWA 

6 82.9. The site of glycosylation in compound 40 was further evidenced by trans- 
formation into acetate 41; its ‘H-n.m.r. spectrum showed two deshielded signals 
for H-4b and H-4c, at 6 5.156 and 5.353. 

Hydrogenolysis of compound 40 in AcOH at 80” gave 43, and acetylation of 
43 gave a 3:2 mixture of the Q and the p anomer of peracetate 44. Transformation 
of compound 44 into trichloroacetimidate 46 in 60% yield was performed as 
described for compound 34. Crucial glycosylation of the (Z+sphingenine derivative 
6 with trichloroacetimidate 4.6 was achieved in the presence*s of BF, - Et,O, to give 
a 33% yield of completely protected isoglobotriaosylceramide 47. The stereo- 
chemistry of the glycosylation product was assigned as P-D by observing in its ‘H- 
n.m.r. spectrum a signal for H-la at 6 4.376, as a doublet with J 7.8 Hz. Finally, 
deacylation of compound 47 afforded the target isoglobotriaosylceramide 3, the 
structure of which was in full agreement with the iH-n.m.r. data. 

In conclusion, by use of the key intermediates (E)- and (Z)-sphingenine 
derivatives 6 and 7 as glycosyl acceptors, and glycotriaosyl trichloroacetimidate or 
fluoride 36,37, and 46 as glycosyl donors, total synthesis of globotriaosyl- and iso- 
globotriaosyl-ceramide was achieved in a stereocontrolled way. 

EXPERIMENTAL 

General. - Melting points were determined with a Yanagimoto micro 

melting-point apparatus and are uncorrected. Optical rotations were determined 
with a Perkin-Elmer Model 241 MC polarimeter, for solutions in CHCl, at 25”, 
unless noted otherwise. Column chromatography was performed on columns of 
Silica Gel Merck (70-230 mesh; E. Merck, Darmstadt, Germany). Flash 
chromatography was conducted on columns of Wako gel C-300 (20&300 mesh; 
Wako Pure Chemicals, Osaka, Japan). Thin-layer chromatography (t.1.c.) was 
performed on plates (layer thickness, 0.25 mm) precoated with Silica Gel 60 F,,, 
(E. Merck, Darmstadt, Germany). High-performance thin-layer chromatography 
(h.p.t.1.c.) was performed on plates (layer thickness, 0.20 mm) precoated with 
Silica Gel 60 F,,, (E. Merck, Darmstadt, Germany). 1.r. spectra were recorded 
with an EPI-G2 Hitachi spectrophotometer, using KBr pellets for the crystalline 
samples, and neat films for the liquid samples. ‘H-N.m.r. spectra were recorded 
with either a JNM-GX400 or a JNM-FX90Q n.m.r. spectrometer, using tetra- 
methyIsilane as the internal standard. ‘“C-N.m.r. spectra were recorded with a 
JNM-FX lOOFT n.m.r. spectrometer operated at 25.05 MHz. The ‘H and 13C signal 
assignments cited with an asterisk may have to be interchanged. The vahres of S, 
and S, are expressed in p.p.m. downwards from the internal standard, for solutions 
in CDCl,, unless noted otherwise. 

Benzyl 0-(2,3,4,6-tetra-O-acetyl-~D-galactopyranosyl)-(Z~4)-2,3,6-tr~-O- 
acetyl-/3-D-ghcopyranoside (9). - To a solution of benzyl tributyltin oxide (4.4 g, 
11 mmol) and SnCl, (1.4 mL, 12 mmol) in CI(CH,),Cl(30 mL) was added dropwise 
a solution of compound 8 (6.8 g, 10 mmol) in Cl(CH,),CI (35 mL) at O-5”. The 
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mixture was stirred for 16 h at 2@‘, poured into aq, NaHCQ-KF, stirred for 1 h, 
and filtered through Celite. The aqueous layer was extracted with EtOAc, and the 
extracts were combined, successively washed with aq. KF and H,O, dried (MgSO,), 
and evaporated in vucuo. The residue crystallized from EtOAc-pet. ether, to give 
9 (6.59 g, 90.5%); m.p. 14&J-150”, [aID -33.7” (c 1.03); lit.32 m.p. 145-146*, [& 
-34.4” (c 2); R, 0.43 in 1:l toluene-EtOAc; n.tn.r. data: S, 2.14 (s, 6 H, 2 AC), 

2.05 (s, 9 H, 3 AC), 2.00 (s, 3 H, AC), and 1.96 (s, 3 H, AC); S, 101.0 (I.& 162 Hz, 
C-lb) and 99.2 (lJcH 161 Hz, C-la). 

Benzyl 0-~2,3-di-0-benzyl-4,6-O-~opropylidene-~-~galactopyranosyl- 
(1-+4)-2,3,6-tri-0-benzyl-j&D-glucopyranoside (l3) and berzzyl o-(2,6-di-O-benzyl- 
~2~#~-2,3,6-tri-O-be~~~-~D-g~uco~y~a~o~ide (l3) and benzyl-O-~2,6-di-0-be~zyl- 
3,4-O-isopro~y~i~ne-~-D-galacbopy~ano~y~~-fl~4)-2,3,6-~i-O-benzyl-~D-giuco- 
pyranoside (14). - A solution of impound 9 (21.7 g, 30 mmol) in MeOH (200 
mL)-O.lM NaOMe (20 mL) was stirred for 16 h at 20”, made neutral with 
Amberlyst 15, and filtered. The filtrate was evaporated in vacua, to give compound 
10 (13 g, quantitative) which was used for the next step without purification. A 
solution of compound 10 (12.4 g, 28.7 mmol), 2,2-dimethoxypropane (17.6 mL, 
143.4 mmol), and p-TsOH - H,O (0.55 g) in DMF (100 mL) was stirred for 5 h at 
20”, made neutral with Et@ (5 mL), and evaporated in vaczm below 40”. The 
residue was cbromatographed on SiO, in 13:2 CH,C&-MeOH, to give a mixture 
(13.2 g, 97.4%) of compounds 11 (RF 0.49 in 6: 1 CHCl,-MeOH) and 12 (RF 0.57) 
which was used for the next step without separation. 

To a suspension of NaH (50% oil dispension, 9.97 g, 208 mmol) in DMF (100 
mL) was added a mixture (13.1 g, 27.7 mmol) of impounds 11 and 12, and the 
mixture was stirred for 30 min at O-5”; then benzyl bromide (25 mL, 208 mmol) was 
added dropwise at -5 to O“, and the mixture was stirred for 16 h at 20”. The excess 
of NaH was decomposed with MeOH, and the mixture was evaporated in vucuo. 
The residue was partitioned between EtOAc and H,O, and the organic layer 
washed with water, dried (MgSO,), and evaporated in vucuo. Chromatography of 
the residue on $0, in 4: 1 toluene-EtOAc afforded compounds l3 (15.9 g, 62.2%) 
and 14 (4.2 g, 16.4%). 

Compound W: [a]o +1.7” (c 0.35); RF 0.47 in 4:l toluene-EtOAc; n.m.r. 
data: Sn: 1.47 and 1.40 (two s, CMeJ; S, 102.6 (‘JcH 160 Hz, C-la and C-lb), 98.8 
(~~, 29.0 (CWeJ, and 21.4 (C~~~~. 

Anal. WC. for Cf$&O1,: C, 74.17; H, 6.77. Found: C, 74.19; H, 6.81. 
Compound 14: [a&, +9.4” (c 1.49); lit.33 [a]o +6” (c 1); R, 0.60 in 4:l 

toluene-EtOAc; n.m.r. data: S, 109.7 (C’Me,), 102.5 (*JcH 160 Hz, C-lb), 101.9 
(I.& 160 Hz, C-la), 28.0 (CIwe,), and 26.4 (CiVeJ. 

Anul. Calc. for C!,,H,O,,: C, 74.17; H, 6.77. Found: C, 74.02; H, 6.67. 
Benzyl 0-(2,3-di-O-benzyl-&D-galactopyra~osy~~-(I-t4)-2,3,6-tri-O-berszy~- 

@sglucopyranoside (W). - A solution of compound 13 (2.03 g, 2.2 mmol) in 
AcOH (20 mL)-HZ0 (4 mL) was stirred for 1 h at 60-70”, and evaporated in vacua. 
The trace of solvents in the residue was co-evaporated with EtOH and toluene. 
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The residue (1.89 g, 97%) crystallized from MeOH to give 15 (1.23 g, 63%): m.p. 
14&150”, [(~]o +15.0” (c, 0.58); lit.22 m.p. 146-147”. [cxJ,, +13” (c. 0.67. acetone); 
R, 0.39 in 2: 1 toluene-EtOAc; n.m.r. data: 8, 102.6 (IJCH 159 Hz, C-la and C-lb) 
and 62.3 (C-6b). 

Anal. Calc. for C%H,,O,,: C, 73.45; H. 6.62. Found: C, 73.48: H, 6.60. 
Benzyl 0-(2,3,6-tri-O-henzyl-P_D-galacropyranosyf)-(I~4~-2._~,6-tri-O-hen- 

.zyZ+D-glucopyranoside (16). - A mixture of compound 15 (10.6 g, 12 mmol) and 
(Bu,Sn),O (5.4 g, 9 mmol) in toluene (50 mL) was stirred under reflux. with 
azeotropic removal of water, for 4 h, and toluene (40 mL) was distilled off. To the 
residual solution were added benzyl bromide (SO mL) and Bu,NBr (1.9 g. 6 mmol). 
and the mixture was stirred for 16 h at 90”. After evaporation irr v~~*z~o. it solution 
of the residue in EtOAc (200 mL) was stirred with aq. KF for 1 h. and the 
suspension filtered through Celite. The organic layer was dried (MgSO,). and 
evaporated in vacua. Chromatography of the residue on SiO, in 9: I toluene- 
EtOAc gave 16 (10.4 g, 89%): [c~]n +22. I” (c 0.53); lit.‘? [a]” +4’ (c 0.6); R, 0.73 
in 2:l toluene-EtOAc; n.m.r. data: 8,: 102.6 (*JcH 159 Hz. C-la and C-lb). 

Anal. Calc. for C,,HtiO,,: CT 75.29; H. 6.63. Found: C. 75.14: H. 6.66. 
Benzyl O-(2,6-di-O-benzyl-~~-galacropyranosyl)-(1~4)-2,.?,h-~ri-O-hmzyl- 

/3-D-glucopyranoside (17). - A solution of compound 14 (76 mg, 0.08 mmol) in 
AcOH (0.5 mL) and H,O (0.1 mL) was stirred for 1 h at 7&W”, cooled and 
evaporated in vacua. Chromatography of the residue on SiOl in 5: 1 tolucne- 
EtOAc afforded 17 (49 mg. 68%) which crystallized from MeOH; m.p. 81-W’. 

]&I +19.5” (c 1.2); lit.“? m.p. 105”, [c~Jn +5.4” (c 0.5): R,, 0.36 in 8:3 tolucne- 
EtOAc; n.m.r. data: &- 102.6 (‘Jcr, 159 Hz, C-la and C-lb). 

Anal. Calc. for C,H,,O,,: C. 73.45; H, 6.62. Found: C. 73.52: H. 6.50. 
Methyl 2,3,4.6-tetra-O-acetyl-l-thio-~-~-galactopyranoside (19) and methyl 

2,3,4,6-tetra-O-acetyl-l-thio-a-D-galactopyralaoside (20). - To a solution of com- 
pound 18 (37.7 g, 96.6 mmol) and Bu,SnSMe (36.9 g, 109 mmol) in Cl(CH,)Xl 
(60 mL) was added dropwise a solution of SnCl, (17 mL. 146 mmol) in CI(CLi,)Cl 
(200 mL) at O-5” under stirring. The mixture was stirred for 3 h at 20”. poured into 
aq. KF-NaHCO, with vigorous stirring, and filtered through Celite. The filtrate 
was diluted with EtOAc (1 L), washed successively with aq. NaHCO, and H,O. 
dried (MgSOJ. and evaporated in vacm. The rcsiduc crystallized from MeOH. to 

give 19 (24.2 g). The mother liquor was evaporated. and the residue chromato- 

graphed on SiO, in 9: 1 toluene-EtOAc. to give 19 (28.0 g. 80%) and 20 (1 .O g. 
2.8%). 

Compound 19: m.p. 113-l W, [aJo +2.0’ (c 0.94); lit:” m.p. 108”, [a]n 
+2.9”; RF 0.30 in 2: I toluenc-EtOAc; n.m.r. data: a,, 5.440 (dd. 1 H. JO.3 and 3.4 

Hz, H-4), 5.270 (t, 1 H, J 10.0 Hz. H-2). 5.060 (dd. 1 H. J 3.-I and 10.0 Hz, H-3). 

4.400 (d, 1 H, J 10.0 Hz, H-l). 4.169 (dd. 1 H. J 6.6 anu i 1.2 Hz, H-6). 4.122 (dd, 
1 H, J 6.6 and 11.5 Hz, H-6’), 3.965 (dt. 1 H. .I 0.3 and 6.6 Hz, H-S). 2.202 (s. 3 
H, SMe). 2.162 (s, 3 H, AC). 2.084 (s, 3 H, AC). 2.054 (s, 3 H. AC), and 1.994 (s. 

3 H. AC); & 83.4 (‘JcH 151 Hz. C-l) and 11.4 (SMe). 
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Anal. Calc. for C,,H,,O$: C, 47.61; H, 5.86; S, 8.47. Found: C, 47.56; H, 
5.85; S, 8.44. 

Compound 20: [a]n +200” (c 0.32); R, 0.35 in 9:l toluene-EtOAc; n.m.r. 
data:& 5.622 (d, 1 H, J5.1 Hz, H-l), 5.456 (d, 1 H, J 3.2 Hz, H-4), 5.300 (dd, 1 
H, J 5.3 and 10.7 Hz, H-2), 5.239 (dd, 1 H, J 3.2 and 10.7 Hz, H-3), 4.551 (t, 1 H, 
J6.6Hz,H-5),4.139(dd,lH,J6.3and14.8Hz,H-6),4.106(dd,lH,J6.3and 
12.5 Hz, H-6’), 2.153 (s, 3 H, SMe), 2.079 (s, 3 H, AC), 2.062 (s, 3 H, AC), 2.054 
(s, 3 H, AC), and 1.9% (s, 3 H, AC); Sc 83.0 (r.Jcu 171 Hz, C-l) and 12.2 (SMe). 

Anal. Calc. for C,,H,O&: C, 47.61; H, 5.86; S, 8.47. Found: C, 47.64; H, 
5.80; S, 8.06. 

Methyl I-thio-&D-gulactopyrunoside (21). - A solution of compound 19 
(1.17 g, 3.1 mmol) in MeOH (30 mL)-O.lM NaOMe (2 mL) was stirred for 16 h at 
20”, made neutral with Amberlyst 15, and the suspension filtered. The filtrate was 
evaporated in vacua, and the residue (646 mg, quantitative) crystallized from 
EtOH, to give 21; m.p. 132-133”, [a]n -5.1“ (c 0.56, MeOH); lit.34 m.p. 174-175”, 
[a]u +10.7” (H,O); R, 0.35 in 7:3 CHCls-MeOH; n.m.r. data: S, (CD,OD) 4.212 

(d, 1 H, J 9.5 Hz, H-l), 3.882 (dd, 1 H, J 1.2 and 3.4 Hz, H-4), 3.747 (dd, 1 H, J 
6.8 and 11.5 Hz, H-6), 3.679 (dd, 1 H, J5.4 and 11.5 Hz, H-6’), 3.577 (t, 1 H, J 
9.3 Hz, H-2), 3.529 (ddd, 1 H, J 1.2, 5.4, and 6.6 Hz, H-5), 4.464 (dd, 1 H, .I 3.4 
and 9.3 Hz, H-3), and 2.194 (s, 3 H, We); S, 87.2 (l&n 154 Hz, C-l) and 11.5 
(We). 

Anal. Calc. for C-,H,,O,S: C, 39.99; H, 6.71; S, 15.25. Found: C, 39.86; H, 
6.71; S, 15.22. 

Methyl 2,3,4,6-tetra-O-benzyl-l-thio-PD-galactopyranoside (22). - To a sus- 
pension of NaH (60%; 3.2 g, 80 mmol) in DMF (80 mL) was added dropwise a 
solution of compound 21 (2.1 g, 10 mmol) in DMF (30 mL) at -5 to 0” and the 
mixture was stirred for 30 min at -5 to 0”. To this mixture was added dropwise 
benzyl bromide (9.6 mL, 80 mmol) and the mixture was stirred for 3 h at 10-20”. 
The excess of NaH was decomposed by the dropwise addition of MeOH, and the 
mixture was evaporated in vacua. A solution of the residue in EtOAc (100 mL) was 
successively washed with water and satd. aq. NaCl, dried (MgSO,), and evaporated 
in vacua. Chromatography of the residue on SiO, in 4: 1 hexane-EtOAc afforded 

22 (5.22 g, 91.5%); [a]n +1.6” (c 2.3); Rr0.41 in 4:l toluene-EtOAc; n.m.r. data: 
S, 2.205 (s, 3 H, SMe); S, 85.6 (IJcn 154 Hz, C-l), 84.0 (C-3), and 12.7 (SMe). 

Anal. Calc. for C,H,O,S*0.25 C,H,CH,: C, 74.02; H, 7.06; S, 5.41. Found: 
C, 74.45; H, 6.77; S, 5.43. 

2,3,4,6-Tetra-0-benzyl-D-galuctopyranose (23). - A mixture of compound 
22 (740 mg, 1.3 mmol), HgCl, (775 mg, 2.9 mmol), and CaCO, (286 mg, 2.9 mmol) 
in 80% aq. MeCN was stirred under retlux for 16 h, and filtered through Celite. 
The filtrate was evaporated in vucuo, and a solution of the residue in EtOAc (100 
mL) was washed successively with H,O and satd. aq. NaCl, dried (MgSO,), and 
evaporated in vacua; the residue was chromatographed on SiO, in 4:l toluene- 
EtOAc, to give 23 (579 mg, 82.6%); [a]n +13.1” (c 1.6); lit.26a m.p. 66-68O, [a]o 
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+74” (pyridine-phenol): R, 0.13 in 9:l toluene-EtOAc; n.m.r. data: Sc 99.0 (C- 
l@) and 93.0 (C-la). 

Anal. Calc. for C,H,,O, - H,O: C, 73.10; H, 6.86. Found: C. 72.79; H. 6.49. 
2,3,4,6- Terra-0-benzykr-D-galactopyranosyl chloride (24). - To a solution 

of compound 23 (579 mg, 1.07 mmol) in Cl(CH,),Cl (4 mL) were added SOClr (1 
mL, 13.7 mmol) and DMF (0.05 mL). The mixture was stirred for 16 h at 20”, 
filtered through a thin layer of SiO,, and the filtrate evaporated in uucuo. 
Chromatography of the residue on SiO, in 9:l hexane-EtOAc gave 24 (558 mg, 
93%); [a], t55.6” (c 0.63); lit.zha [(Y],, +147” (benzene); R, 0.23 in 9:l toluene- 
EtOAc; n.m.r. data: S, 6.139 (d, 1 H, J 3.6 Hz, H-l); & 94.9 (‘Jc, 181 Hz, C-l). 

Methyl 2,6-di-O-benzyl-3,4-O-isopropylidene-l-thio-~-D-galactopyranoside 
(27) and methyl 2,3-di-O-benzyl-4,6-O-isopropylidene-l-thio-P_~-galnctopyranoside 
(28). - A solution of compound 21 (2.8 g, 13.3 mmol), 2,2_dimethoxypropane 
(2.45 mL, 20.0 mmol), and TsOH-HZ0 (255 mg) was stirred for 16 h at 20”, made 
neutral with Et,N (5 mL), and evaporated in vucuo. A solution of the residue in 
EtOAc (100 mL) was washed with aq. NaHCO,, dried (MgSO,). and evaporated 
in vacua. Chromatography of the residue on SiO, in 9: 1 CHCl,-MeOH gave a 
mixture (3.04 g, 91%) of 25 and 26 which was used for the next step. The mixture 
(3.04 g, 12.2 mmol) was benzylated as described for compound 22. Chromato- 
graphy on SiOZ in 1O:l toluene-EtOAc afforded 27 (4.32 g, 82.6%) and 28 (0.85 g. 
16.3%). 

Compound 27: [(~]n -15.7” (c 1.00); R, 0.45 in 9: 1 toluene-EtOAc; n.m.r. 
data: S, 4.847 (d, 1 H, J 11.5 Hz, OCH,Ph), 4.743 (d, 1 H, J 11.2 Hz, OCH,Ph). 
4.635 (d, 1 H, J 12.0 Hz, OCH,Ph), 4.544 (d, 1 H, J 12.0 Hz, OCH,Ph). 4.328 (d. 
1 H, J 9.8 Hz, H-l), 4.241-4.200 (m, 2 H, H-3,4), 3.916 (t, 1 H, J6.1 Hz, H-5), 
3.82-3.73 (2 H, H-6,6’), 3.48-3.43 (m, 1 H, H-2). 2.202 (s, 3 H, SIWe). 1.441 (s, 3 
H, CM@,), and 1.354 (s, 3 H, CMe,); Sc 109.9 (CMe,), 84.4 (C-l). 27.9 (CMe,), 
26.4 (CMe,), and 12.9 (SMe). 

Anal. Calc. for C2.,H3,j0sS: C, 66.95; H, 7.02; S, 7.45. Found: C. 66.99; H, 
7.01; S, 7.26. 

Compound 28: m.p. 12%130”, [(~]o -24.0” (c 0.60); R, 0.28 in 9: 1 toluene- 
EtOAc; n.m.r. data: S, 4.873 (s, 2 H, OCH,Ph), 4.771 (d, 1 H. J 12.5 Hz. 
OCkZrPh), 4.697 (d, 1 H, J 12.5 Hz, 0CH2Ph), 4.285 (d, 1 H, 59.5 Hz, H-l), 4.109 
(d, lH,J2.9Hz,H-4),3.8SO(t. lH,J9SHz,H-2),3.517(dd. 1 H,J3.4Hzand 
9.3 HZ, H-3), 3.29-3.19 (m, H-S), 2.233 (s, 3 H, SMe), 1.505 (s, 3 H, CMe,), and 
1.428 (s, 3 H. CMe,); 6, 98.9 (CMe,), 84.2 (*JcH 151 Hz, C-l), 81.0 (C-3), 63.0 
(C-6), 29.1 (CMe,), 18.7 (CMe,), and 11.6 (SMe). 

Anal. Calc. for C,H,O,S: C, 66.95; H, 7.02; S, 7.45. Found: C, 67.18; H, 
7.03; s, 7.53. 

Methyl 2,6-di-0-benzyl-I-thio+-D-galactopyranoside (29). - A solution of 
compound 21(4.18 g, 9.7 mmol) in CF,CO,H (10 mL)-MeOH (1 mL) was stirred 
for 15 min at -10 to -5”, and evaporated in uucuo. Chromatography of the residue 
on SiO, in 9: 1 toluene-EtOAc gave 29 (3.40 g. 90.0%); m.p. Yl-92”, [a],, +6.3” (c 



GLOBOTRIAOSYLCERAMIDES 201 

0.60); RF 0.32 in 7:3 toluene-EtOAc; n.m.r. data: 4.946 (d, 1 H, J 11.0 Hz, 
OCH,Ph), 4.709 (d, 1 H, J 11.0 Hz, OCH,Ph), 4.573 (s, 2 H, OCH,Ph), 4.319 (d, 
1 H, J 9.3 HZ, H-l), 4.024 (t, 1 H, J 2.9 Hz, H-4), 3.771 (dd, 1 H, J 5.4 and 10.0 
Hz, H-6), 3.733 (dd, 1 H,J5.1 and lO.OHz, H-6’), 3.601 (t, 1 H,J5.4Hz, H-5), 
3.546 (t, 1 H, J 9.3 Hz, H-2), 2.817 (d, 1 H, J3.7 Hz, OH-4) 2.627 (d, 1 H, J5.4 
Hz, OH-3), and 2.250 (s, 3 H, SMe); Sc85.3 (1Jcn 153 Hz, C-l) and 12.9 (SMe). 

Anal. Calc. for C&H,,O,S: C, 64.59; H, 6.71; S, 8.21. Found: C, 64.47; H, 
6.68; S, 8.07. 

Methyl 3,4-di-O-acetyl-2,6-di-O-benzyl-l-thio-~D-galactopyranoside (30). - 
A solution of compound 29 (1.68 g, 4.3 mmol) in pyridine (10 mL) and AcrO (8.1 
mL, 86 mmol) was stirred for 16 h at 20” and then evaporated in vacua. Chromato- 
graphy of the residue on SiO, in 9:l toluene-EtOAc gave 30 (2.06 g, 98.6%) which 
crystallized from toluene-EtOAc; m.p. 76-77”, [aID -2.9” (c 1.1); R, 0.68 in 9:l 
toluene_EtOAc; n.m.r. data: S, 5.482 (d, 1 H, J 3.2 Hz, H-4), 5.019 (dd, 1 H, J 
3.4 and 9.8 Hz, H-3), 4.839 (d, 1 H, J 10.7 Hz, OCH,Ph), 4.609 (d, 1 H, J 11.0, 
OCH,Ph), 4.553 (d, 1 H, J 12.0 Hz, OCHrPh), 4.468 (d, 1 H, J 9.8 Hz, H-l), 4.489 
(d, 1 H, J 12.OHz, OCH,Ph), 3.845 (t, 1 H,J6.8 Hz, H-5), 3.645 (t, 1 H, J9.5 Hz, 
H-2), 3.566 (dd, 1 H, J 5.9 and 9.5 Hz, H-6), 3.455 (dd, 1 H, J 6.8 and 9.5 Hz, 
H-6’), 2.267 (s, 3 H, SA4e), 2.635 (s, 3 H, AC), and 1.943 (s, 3 H, AC); S, 86.0 (IJ,-., 
153 Hz, C-l), 20.7 (2 COMe), and 13.3 (SMe). 

Anal. Calc. for C&-L,O,S: C, 64.18; H, 6.21; S, 6.59. Found: C, 63.86; H, 
6.39; S, 6.61. 

Benzyl 0-(2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl)-(1~4)-0-(2,3,6-tn’- 
O-benryl-~-D-galactopyranosyl)-(1~4)-2,3,6-tri-0-benzyl-~-~-glucopyranoside 
(31) and benzyl 0-(2,3,4,6-tetra-0-benzyl-&D-galactopyranosyl)-(l~4)-O-~2,3,6- 
tri-O-benzyl-&D-galactopyranosyl)-(1~4)-2,3,6-tri-O-benzyl-~D-glucopyranosi~ 
(32). - (A) A mixture of compound 16 (108 mg, 0.11 mmol), compound 22 (89 
mg, 156 kmol), AgOSO,CF, (86 mg, 334 pmol), CuBr, (55 mg, 208 pmol), and 
powdered molecular sieves 4A (800 mg) in Cl(CH,),Cl (4 mL) was stirred for 3 h 
at 2O”, diluted with EtOAc (20 mL), and filtered through Celite. The filtrate was 
successively washed with aq. NaHCO, and H,O, dried (MgSO,), and evaporated 
in vacua. Chromatography of the residue on SiO, in 15: 1 toluene-EtOAc gave 31 
(121 mg, 73%) and 32 (35 mg, 21%). 

(B) A mixture of compound 16 (103 mg, 106 pmol), compound 22 (84 mg, 
148 eel), HgBr, (80 mg, 317 pmol), CuBr, (52 mg, 232 ~..unol), and powdered 
molecular sieves 4A (800 mg) in MeNO, (4 mL) was stirred for 3 h at 20”, diluted 
with EtOAc (20 mL), and filtered through Celite. Processing as in (A) afforded 31 
(84 mg, 53%) and 32 (46 mg, 37%). 

(C) A mixture of compound 16 (97 mg, 100 pmol), compound 22 (80 mg, 140 
pmol), HgBr, (76 mg, 30 Sol), CuBr, (49 mg, 220 eel), and powdered 
molecular sieves 4A (800 mg) in Cl(CH&Il (4 mL) was stirred for 3 h at 20”, 
diluted with EtOAc (20 mL), and filtered through Celite. Processing as in (A) 
afforded 31(50 mg, 33%) and 32 (83 mg, 56%). 



(D) To a mixture of compound 16 (1. I g, 1 .I3 mmol). AgOSO,CF, (872 mg. 

3.39 mmolj. and powdered molecular sieves 4A (4 g) in CI(CH,).,CI (IO ml..) was 

added dropwisc, with stirring under Ar, a solution of compound 24 (.759 mg. 1.36 

mmol) in CI(CH,),CI (IO ml.) at 20”. The mixture was stirred for lb h at 20”. diluted 

with EtOAc (50 mL_) and filtered through Cclitc. Processing as dcscribcd in (A) 

and chromatography on SiC), in 4: 1 hexanc-EtOAc afforded 31 (Y24 mg. h3%) and 

32 (284 mg. 19%). 

Compound 31: [nlu +24.1” (c 0.90); R, 0.42 in 4: 1 hcxane-EltOAc; n.m.r. 

data: S,. 102.9 (‘J, ,, IS7 Hz. C-lb), 102.5 IV,.,, 157 Hz. C-la), and 100.8 (‘J,.,, IA5 

Hz. C-k). 

Anal. Calc. for C&,,O,,: C, 76.28: I-I, 6.60. Found: CI, 76.57: tl, 6.61. 

Compound 32: /c~],, +18.h” (c 1.9); R,: 0.2X in 4: I hexane-EtOAc: n.m.r. 

data: ci,. 1112.X. 102.61 and 102.5 for (:-la, C-lb. and (‘-1~. 

Annl. Calc. for C,,sH&,h: C. 76.28: H, 6.60. Found: C. 76.50: H. 6.50. 

0- ff-II- C;aIac~top),rrino.~~??I- (I-r4)-0-P-D-gtrlclctol’l’ra~l~~.~~i- (1--+4)-1~-~11~~- 

pyrmose (33). -- A mixture of compound 31 (907 mg, 0.61 mmolj and 10% Pd-C 

(450 mgj in AcOH (4.5 ml..) was stirred for 2 h at 80” under I-I,. and filtered through 

Celite. The filtrate was cocvaporated with EtOH, to give 33 (.iO mg. quantitative) 

which was used for the next step without purification: R, 0.29 in 2::: I I-RuOH- 

&OH--H&I: n.m.r. data: fi,., (K&O. 60”) 5.221 (d. 0.4 F-1. .J 3.Y k. H-lacuj. 4.970 

(d. I H,J3.4H7.,H-lc).;l.h.Sh(d.O.hH,JX.l ~~z,H-lap).4.507(d. 1 l-i..J7.f1H~z, 

H-lb). 4.314 (t. 1 H, J A.3 Hr. H-5c), and 3.284 (t. 0.6 H, J H.7 Iiz. H-&/3): lit.” 

4, (l&O) 5.23 (d: _J 3.6 Hz, H-laru) and 4.67 (d, J X.0 Hz. H-Lap); &. (D&j. 20”. 

internal 1.4-dioxanc) IO-I.0 ((.‘-lb). 101.1 (C-ic). 9k.5 (C-lap), and 92.5 (C-lam). 

0 - (2..?. 4.6 - Tetru- 0 - crcetyl -a- r~-~~~~lar~t~~p~~ranr~,~~~~ - I I--ii -(.I - (1. J.h- tri- 0 - 

aCet~~~-~-~-~niaCtc~p~~raFlc,s)dl-(i~-~~~-~,.~.6-tri-O-acet~~-cr- md -~~-I,-~iitc.c~~~l,raFlo.c~~I 

acetute c-34). ---- A solution CJ~‘ compound 33 (316 mg: 0.63 mmol) in pyridinc (8 mij 
and Ac,O (6.5 m1.) was stirred for I(, h at 20”. and then evaporated iit w(w>. 

Chromatography of the residue on SiO, in 2:3 tolucne--EtC)Ac afforded 34 (342 

mg, 68%) iis 21 1 : I mixture. of the CY and p anomcr; R, 0.47 and 0.4? in 112 toluene- 

EtOAc: n.m.r. data: I’S,] A.252 (d. 0.5 H. .J 3.6 Hz, H-latrj. 5.690 [tl. 0.5 H. .I X.3 

Hz, H-la@). and 5.391 (hs. I H. H-k): &. 100.8. 1l)o.h (,C:‘-IJw and (‘-It@, 90.3 

(C-lc). 91.3 (C-la@), ;ind X8.7 ((“-1~). 

Amd. Calc. for C,,,H,,O,.O.5 C,H,CH,: C. 51.58; H. 5.77. Found: C. Sl.Hl; 

H. 5.83. 

0 - (2.3.3, h- 7’etrcr - Cl .ucetyi-u- 1:, -gnhctopyranos~i) - fl--d,l -Cl - (2. .3. h - tri- 0 - 

aCet~~l-P_r~-~~l~~Ct~~p~ran~~.~~~l~-(l~-~4)-~!..3.~-tri-0-~~~~ct~l-~~-~l~4c~~~~~r~~t~o.~C (35). --- A 

solution of compound -34 (32fi mp, If.31 mmol) and H,NNJH, .AcOH (40 mg, 0.44 

mmol) in DMF (1 ml.,) was stirred for 30 min at %I”. and then diluted with F.tOAc 

(50 ml,). The organic layer SW washed with water. drki (MgSO,). and c\i;ipornted 

irt IWWO. Chromatogrilphy of the rcsiduc on SiO. m i :Z tclluenc. -EtOAc afforded 

recovcrcd 34 (2X mg. X.C~“!~ ) mtl 35 (24.3 mp: 8.S: I % hased on 34 c*t,nsumcd); R,. 

0. IX in 1 :Z tolucne--Ftr)Ak,: t1.rn.r. data: 6, 5,591) (hs. I F-f. H-k): i$ IiJ0.X (C-lh), 
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99.3 (C-k), 94.9 (C-la@), and 89.8 (C-la+ 

Anal. Calc. for C,,H&,: C, 49s35; H, 5.67. Found: C, 49.51; H, 5.67. 
braversion of35 into the glycosyl trkhturoacetimidcate (3G) and fluoride (37). 

- A mixture of compound 35 (237 mg, 0.25 mmol), Cl,CCN (100 pL, 1 .Ol mmol), 
and 1,8-diazabicyclo[5.4.0]-7-undecene (DW) (30 pL) in CH,CI, (1 mL) was 

stirred for 5 h at G5” under Ar, and then evaporated k~ VUJQ. Chromatography uf 
the residue on SiU, in 1: I hexane-THF gave 0-f2,3,4,6-t!Era-U-acet~yb~-D-~~~~~tu~ 

pyrU~osys)-~~~4)_o-~2~~,6-t~-Q-~~ety~-~-5-gu~actopyr~n~Sy~~-~~~4~-~~3,6-~~-~- 
acetyl-ar-a-glucopyranosyl trichloroacetimidate (36) (220 mg, 79%); R, 0.35 in 1: 1 

hexane-THF; n.m.r. data: & 8.648 (s, 1 H, C=NH), 6,482 (d, 1 H, J 3.8 HZ, 

H-h), 2.132, 2.109, 2.0%, 2.092, 2.074, 2_Ufi6,2.043,2.042, 2,011, and 1,987 (10 
s, 30 H, 10 AC). 

To a solution uf compound 35 (49 mg, 52 pmoi) in CH,CX, (1 mL) was added 
DAST (E$N§F,, 12 pL, 105 prnol) at 0”. After stirring for 16 h at 20*, the mixture 
was diluted with CH,Cl,. The organic layer was washed with water, dried (MgSO,), 
and evaporated in vuczw~ Chromatography of the residue on SiO, in 1: 1 hexane- 
THF afforded U-f2,3,4,6-~taa-U-~cety~-~5-ga~aCtupyran~S~~~-(J~#)-0-~~2,3,&-~~- 

U-ff&~~yE-~-D-gabtact,pyran~~-fI~4)-2,3,6-rri-O-EEcetyI-cr- (and ~~D-g~~~t~py~a- 

msyljluuride (37) (46 mg, 94%) as a mixture of the it and J3 anomer in the ratio of 
1: 10; RF 0.41 in 1: 1 hexane-THF; n.m.r. data: 5.740 (d, 0.09 H, J 3.3 Hz, a lower- 
field pair of dd for H-lace), 5.586 (d, 1 H, J 2.4 Hz, H-k), 5.411 (dd, 1 H, J 5.1 and 
53.0 Hz, H-laj3)T and 2.136 (s, 6 H), 2.132 (s, 3 H), 2.113 (s, 3 H)? 2.085 fs, 3 H)? 
2.079 (s, 3 H), 2.075 (s, 3 H), 2.055 (s, 6 I-I), and 1.994 (s, 3 H) for 10 AC. 

0-(2,3,4,6-T~tra-O-ac@tyI-a-a-gatact~pyranosyl)-fl~4)-0-~2,3,6-sti-Q- 
a~etyl-p-n-g~actopyuanosyl)-(1~4)-0-~~,3,6-tri-0-acelyl-P-D-~~uc~pyr- 
(~~1)-(2S,31R,8E)-3-O-benzcryl-2-N-t~etracosanoylsphi~g~~~n~ (38). - (A) To a 
mixture of compound 36 (50 mg, 46 pmol), compound 6 (35 mg, 46 pmol), and 

puwdered molecular sieves AW 300 (100 mg) in CHCI, (1 mL) was added 
BF, l Et,0 (6 &) at U-5”. The mixture was stirred for 24 h at 20” under Ar, and 
filtered through Celite. The filtrate was washed with aq. NaHCO,, dried (MgSO& 
and evaporated a’n vacua, Chromatography of the residue on SiO, in 1: 1 tohum- 

EtOAc afforded 38 (10 mg, 13Y0; 64% based on consumed 36;), as well as recovered 
35 (14 mg, 33%) and 36 (24 mg, 48%)= 

(B) To a mixture of AgCIO, (9 mg, 42 qol), SnCf, (8 mg, 43 prnol), and 
powdered molecular sieves 4A (300 mg) was added a solution of compound 3’7 (21 

mg, 22.6 pmol) and compaund 6 (14 mg, 19 mol) in CHCl, (1 mL) at 0-S’. The 
mixture was stirred for 16 h at 15-20”, diluted with CHCl,, and filtered. The filtrate 
was washed with aq. NaHCO,, dried (MgSO&, and evaporated ilr VOCELO. 
~hromatugraphy of the residue on SiO, in 3:2 hexane-THF afforded 38 (9.2 mg, 

29%). 
Campound 38: [& -t-35.5” (c 0.5); RF 0.62 in 1~2 toluene-EtOAc; n.m.r, 

data: 5.867 (dt, 1 H, J 6.9 and 15.4 Hz, H-Seer), 5.751 (61, 1 H, J 9.0 Hz, NH), 
5.581 (d, H, J 2.4 Hz, H-4+, 5.540 (t, 1 H, J 7.3 Hz, H-3cer), 5.471 (dd, 1 H, J 7.8 
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and 15.1 Hz, H-4cer), 5.384 (dd, 1 H, f 3.2 and 11 .O Hz, H-3~). 4.979 (d, 1 H. J 
3.7Hz,H-lc),4.480(d,1H,J8.1Hz.H-lb),and4.46l(d,l H,J7.8Hz.H-la). 

Anal. Calc. for C,,H,37N019: C, 62.91: H, 8.31; N. 0.84. Found: C. 62.77: H. 
8.30; N. 0.84. 

0 - (2,3,4,6 - Terra - 0 -acetyl- cy- D-galactopyranosyl) - (1-d) - 0- (2,3,6- tri-O- 
acetyl-/3-D-galactopyranosyl)- (I~#)-O-(2,3,6-tri-0-acetyl-P-D-glucopyranosyl)- 
(1--31)-(2S,3R,42)-3-O-benzoyl-2-N-tetracosanoylsphingenine (39). - To a 
mixture of compound 36 (35 mg, 32 pmol), compound 7 (24 mg, 32 pmol). and 
powdered molecular sieves AW 300 (l(K) mg) in CHCl, (0.7 mL) was added 
BF,*ether (6 FL, 49 ,umoI) at O--So. The mixture was stirred for I6 h at 20”. dihrted 
with CHCI,, and filtered through Cetite. The filtrate was washed with aq. NaHCO,, 
dried (MgSO,), and evaporated in VLICUO. Chromatography of the residue on SiO, 
in 1: 1 toluene-EtOAc afforded 39 (18 mg, 34%); [a], +39.7” (c 0.85); R, 0.63 in 
1:2 tolucne-EtOAc; n.m.r. data: fin 5.847 (dd, 1 H, ./ 7.3 and 8.3 Hz. H-3cer). 
5.808 (d, 1 H, J 9.0 Hz. NH), 5.ti69 (td? 1 H, J 6.9 and 1 I .1 Hz, I-l-Seer). 5.582 (d. 
1 H, .I 2.4 Hz, H-4c), 5.392 (dd, 1 H, J 9.3 and 11 .O Hz, H-4ccr). 4.979 (d. 1 H. J 
3.7 Hz, H-lc), 4.478 (d. 2 H. J 7.5 Hz, H-la,ib). and 2.131, 9.093. 2.083. 2.070. 
2.062.2.055, 2.021,2.018. 1.985, and 1.943 (If) s, 31) H, 10 Ac). 

Anal. Calc. for C,,H,,,NO,.H,O: C, 62.24: H. 8.34; N. 0.83. Found: C, 
62.13; H, 8.19; N, 0.97. 

0 - ty - D - Cala~topyrat~osy~- (‘j-+4) - 0 -P-D -ga~a~topyra~z~.~y~- i&-+4) - 0 - j3- n - 
gZucopyranc~syl-fZ~I)-~2S,3R,4E)-2-N-tetratosavaoy~spsphingenitl4 (1) nnd irs (2) 
isomer (2). - A solution of compound 38 (10 mg, 6 pmol) in 1: 1 MeOH-THF (1 
mL) and 5% NaOMe-MeOH (10 @L) was stirred for 5 h at 20’. diluted with I: I 

MeOH-THF (10 mL), treated with Amberlyst 15, and the suspension filtered 
through Celite. The filtrate was evaporated in vacua. Purification of the residue by 
Sephadex LH-20 in 26:13:2 CHCl_~MeOH-H20 afforded 1 (5.7 mg. 83%); [a],, 

t-19.0” (c 0.36, pyridine); R, 0.64 in 26: 13:2 CHC&-McOH-H,O; n.m.r. data: 6,, 
(49: 1 Me$O‘-d,-D,O, 65”) 5.564 (td, 1 H, J 6.8 and 15.4 Hz, H-Seer), 5.385 (dd, 1 
H, f 6.6 and 15.2 Hz, H-4cer). 4.825 (d, 1 H, J 3.9 Hz, H-fc). 4.284 (d. 1 H, _! 7.3 
Hz, H-lb), 4.179 (d, 1 H, J 7.8 Hz, H-la}, 4.068 {t. 1 H, J 6.8 Hz, H-k). 3.944 
(dd, 1 H, J 5.4 and 10.3 Hz. H-leer), 3.925 (t, 1 H, J 7.3 Hz. H-&r). 3.826 fd. I 

H, J 3.0 Hz, H&z), 3.776 (d, 1 H, J 3.1 Hz, H-4b). and 3.063 (t. 1 ti, .I 8. I Hz. 
H-2a). 

Similarly, a solution of compound 39 (47 mg. 28 ,umol) in 1: 1 MeOH-THF 
(2 mL) and 5% NaOMc-MeOH (47 pL) was stirred for 2 h at 20”. diluted with 1: I 
MeOH-THF, treated with Amberlyst IS, and the suspension filtered. The filtrate 
was evaporated in vacua, and the residue was purified by use of Sephadex LH-20 
in 26: 13:2 CHCI,-MeOH-H,O, to give O-cu-D-gala~top),ran~.~yl-(z-4)-O-BD- 
gaiactop~rano.~yl-ff~4)-O-~-~-glucopyrano~~y~-~l~~~-(2S,3R,4Z)-2-N-tetratosa- 
noy~~~ingen~~e (2; 28.6 mg, 89%); [o],, +1&O” (c 1.4, pyridine); R, 0.67 in 
26:13:2 CHC~~MeOH-H~O; n.m.r. data: S, (49: 1 Me,SO-&-D,O. 60”) 7.323 (d. 
1 H, J 8.8 Hz. NH), 5.356 ftd, 1 H, J 7.3 and 10.7 Hz, H-Seer), S.28X (dd. 1 H, i 
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8.3 and 10.9 Hz, Hker), 4.815 (d, 1 H, J 3.9 Hz, H-k), 4.276 (d, 1 H, J 7.6 Hz, 
H-lb), 4.246 (t, 1 H, J 8.1 Hz, H-3cer), 4.186 (d, 1 H, J 7.8 Hz, H-la), 4.065 (t, 1 
H,56.1Hz,H-5c),3.950(dd,1H,J5.6and10.3Hz,H-lcer),3.820(d,1H,J2.7 
Hz, H-4c), 3.776 (d, 1 H, .I 2.8 Hz, H-4b), and 3.061 (t, 1 H, J 8.1 Hz, H-2a); Sc 
(pyridine-d,) 173.4 (C-l’cer), 132.4 (Gker), 132.2 (C-Seer), 105.7, 105.3 (C-la 
and C-lb), 103.0 (C-lc), 81.9 (C-4a), 79.5 (Gtb), 62.6,61.7,60.4 (C-6a, C-6b, and 
Ck), 55.0 (CZcer), 36.8 (C-2’cer), 32.0 (Cdcer, C-16cer, C-22’cer), 26.3 (C- 
3’cer), 22.8 (C-17cer, C23’cer), and 14.2 (C-18cer and C-24’cer). 

Benzyl 0-(3,4-di-O-acetyl-2,6-di-O-benzyl-a-~-galactopyranosyl)-(1~3)-0- 
(2,6-di-O-benzyl-~-~-galactopyranosyl)-(l~4)-2,3,6-tri-O-benzyf-~-~-glucopyra- 
noside (40), its If-acetate (41), and benzyl O-(3,4-di-0-acetyl-2,6-di-0-benzyl-cr_D- 
galactopyranosyl)-(Z~3)-0-[(3,4-di-0-a~~l-2,6-di-O-ben~l-a-~-gal~opyrano- 
syl)-(I~4)]-0-(2,6-di-O-benzyl-~-~-galactopyranosyl)-(I~4)-2,3,6-tri-O-benlyl-~ 
D-glucopyrarwside (42). - To a mixture of AgOSOrCF, (436 mg, 1.7 mmol), CuBr, 
(395 mg, 1.8 mmol), and powdered molecular sieves 4A (2.0 g) was added a 
solution of compound 30 (386 mg, 0.79 mmol) and compound 17 (500 mg, 0.57 
mmol) in Cl(CHJ,Cl (10 mL). After stirring for 16 h at 20”, the mixture was diluted 
with CHCl, (50 mL), filtered through Celite, and the filtrate washed with water, 
dried (MgSO,), and evaporated in vacua. Chromatography of the residue on SiO, 
in 4:l hexane-THF afforded 40 (299 mg, 41%) and 42 (343 mg, 35%). 

Compound 40: [a]o +22.5” (c 0.84); R, 0.34 in 7:3 hexane-THF; n.m.r. 
data: S, 5.35-5.31 (m, 3 H, H-lc,3c,4c), and 2.003 (s, 3 H) and 1.982 (s, 3 H) for 
2 AC; S, 102.6 (C-la,lb), 94.5 (C-lc), 82.9 (C-3b), and 81.9 (C4a). 

Anal. Calc. for C,,Hs40,a~C&-L,CH,: C, 72.84; H, 6.62. Found: C, 72.97; H, 
6.59. 

A solution of compound 40 (11 mg, 8.5 pmol)in 1: 1 pyridine-AGO (0.5 mL) 
containing 4-(dimethylamino)pyridine @MAP, 5 mg) was stirred for 15 min at 60” 
and evaporated in vacua. Chromatography of the residue in 7:3 hexane-THF 
afforded benzyl 0-(3,4-di-O-a~tyl-2,6-di-O-benzyl-c~-~-galacfopy~anosyl)-(1~3)- 
0-(4-0-acetyl-2,6-di-O-benzyl-~-~-galactopyra~yl~-(1~4)-2,3,6-tri-O-benzyl-~- 
D-f$UCOpyiT.JnOside 41(7.3 mg, 65%); R, 0.27 in 7:3 hexane-THF; n.m.r. data: S, 
5.552(d, lH,J3.1Hz,H-4b*),5.399(dd, lH,J3.land10.5Hz,H-3~),5.353(d, 
1 H,J3.4Hz,H-lc),5.156(d, 1 H,J2.2Hz,H-4c’),and1.971 (s, 3H), 1.940(s, 
3 H), and 1.767 (s, 3 H) for 3 AC. 

Compound 42: [aID +39.1’ (c 0.66); R, 0.26 in 7:3 hexane-THF; n.m.r. 
data: $5.732 (d, 1 H, J 2.6 Hz, H-4c), 5.498 (dd, 1 H, J 3.0 and 10.7 Hz, H-3c), 
5.352(d,lH,J3.0Hz,H-4d),5.324(dd,lH,J3.4and10.5Hz,H-3d),and2.002, 
1.997, 1.936, and 1.897 (4 s, 12 H, 4 AC); Sc 102.9 (C-lb), 102.5 (C-la), and 97.7 
and 97.0 (C-lc,ld). 

Anal. Calc. for C,~H,,,Oz: C, 70.57; H, 6.39. Found: C, 70.52; H, 6.41. 
0-(2,3,4,6-Tetra-O-aceryl-a-~-galactopy~nosyl)-(1~3)-0-(2,3,6-t~-0- 

acebyl-&D-galactopyralaosyl)-(1~4)-2,3,6-tri-O-acetyl-a (and /3)-D-ghcopyranosyl 
acetate (44). - A mixture of compound 40 (280 mg, 0.22 mmol) and 10% Pd-C 
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(140 mg) in AcOH (14 mL) was stirred for 4 h at 80” under Hz. and filtered through 
C&e. The filtrate was evaporated in vucuo to give crude 43 (RF 0.5 in 2:2: 1 I- 
BuOH-EtOH-H,O), which was dissolved in 1: 1 pyridine-A+0 (6 mL) containing 
DMAP (5 mg). This solution was stirred for 16 h at 20” and evaporated in vucuo. 
Chromatography of the residue on SiOZ in 11:9 hexane-THF afforded 44 ( 176 mg, 
84%); R, 0.46 in 1: 1 hexane-THF: n.m.r. data: S, 6.2S4 (d. 0.6 H. J 3.7 Hz. 
H-la@), 5.675 (d, 0.4 H. .I 8. L Hz, H-lap), and 4.414 (bd, 1 H. J 7.N Hz. H-lb); i+. 
101.2 and 100.9 (C-lb), 93.7 (C-lc), 91.6 (C-la@, and 89.0 (C-lau). 

Anal. Calc. for CJOHsdOZ7: C, 49.69: H. 5.63. Found: C. SO.21 : H. S.71. 
0 - (2,3.4.6 - Tetru - 0 - ac~tyi-a- I) -gubctopyratzos~l~~ - (I--+.:} -0 - (.?,4,6 - tri- 0 - 

ucetyl-@D-gdactopyrumqd)-( 1j4)-2,3,6-tri-O-llcctvI-(Y (and Pi-r>-plllcop?,ranose 
(45) und its rrichforoacrtirnidute (46). - A solution of compound 44 (150 mg. 155 
pmol) and H,NNH2-AcOH (18.5 mg, 202 prnol) in DMF (1 mL) was stirred for S 
min at 60”. diluted with ErOAc (SO mL). washed with water, dried (MgSO,), and 
evaporated in vacua. Chromatography of the rcsiduc on SiO, in I : 1 hcxanc-THF 
afforded 45 (121 mg, XS%) as a mixture of the cy and the p anomer in the ratio of 
2:1, based on the 13C-n.m.r. spectrum; R,, 0.18 in 1: 1 hcxanr-THF: n.m.r. data: 
6, 5.531 (t, 0.7 H, .I 9.8 Hz, H-3aa). S.452 (t. 1 H. J l.S Hz. H-4b”), S.369 (d. 1 
H. J 3.4 Hz, H-lc). 5.333 (d. I H, J 2.4 Hz, H-4c*), and 4.34.5 (d. I H. J 7.8 Hz, 
H-lb); S, 100.8 (C-lb), 94.9 (C-lap), 93.6 (C-lc), and 89.8 (C-lacr). 

Anal. Calc. for C,,H,,O,,,.O.5 H.0: C. 48.883 H. 5.72. Found: C. 48.81: H. 
5.54. 

To a solution of compound 45 (97 mg, 105 pmol) and CCI,CN (105 &. 1.1 
mmol) in CH,CI: (1 mL) was added 1 .X-diazabicyclo[S.4.0]-7-undeccnc (DBIJ) (IS 
PL, 10 pmol) at 0-S”. The mixture was stirred for 2 h at O-10” and evaporated in 
vacua. Chromatography of the residue on SKI, in I : 1 hexane-THF afforded O- 
(2,3,4,6-tetra-O-acrt~l-ru-v-g~lactopyrclno,syl)-(I~.3)-C~-i~.4,6-tri-O-rrcct~l-~-J~- 
~alactopyranosyI)-(1~4)-2..~,fj-tri-O-crcetyl-cY-D-glucc~~~yranos~l tli(~hk,rori~c~ti~ni~~lte 
46 (81 mg. 71%); K,, 0.31 in 1: I hcxane-THF: n.m.r. data: 4, 8.663 (s, 1 1-l. 

C=NH), 6.482 (d. 1 H, .I 3.8 Hz. H-la). 5.566 (t, 1 H, J 9.8 Hz. H-h). 5.355 (d. 
1 H. .I 2.2 Hz, H-4b). 5.338 (d, 1 H. J 2.2 Hz. F-T-4~). S .2S1 (s. I H. H-lc). and 4.166 

(d, 1 H, J 7.8 Hz, H-lb): fi,- 161.0 (O(.‘=N), 101.0 (C-lb). 93.6 (C-lc). and 93.0 
(C-la). 

0- (2,3,4,6- Tetra-0-acctyl-cu-D-gulactopyrunosy/) - i/-k?) -O- (2,4.6- tri-O- 
ucetyl-/I- D-gulactopyranosyl) - (I+41 - 0 - (2,_?, 6 - tri- 0 -ucrtyl-p- r,-gitrcc~i,~r~tr~).~~~l) - 
(I~I)-(2S,3R,~)-3-0-henroyl-2-N-tetrucosunoylsphinngeni~te (47). -- To a 
mixture of compound 46 (97 mg, 90 pmol), compound 6 (74 mg. 98 pmol). and 
powdered molecular sieves AW 300 (500 mg) in CHCI, (2.1 mL) was added a IO% 
solution of RF,. Et,0 in CHCI, (1X9 FL,) at O-S”. The mixture was stirred for I6 h 
at 20”. diluted with CHCI, (20 mI_), and filtered through Cclitc. Evaporation of fhc 
filtrate in vuc’uo and chromatography of the residue on SiO, in 4: I tolucnc-THF 
afforded 47 (54 mg, 33%); [a]o +29.9” (c 0.X); R, 0.49 in 1: 1 hcxanc-THF: n.m.r. 
data: S,, 5.865 (td, 1 H. J 6.6 and IS.4 Hz. H-Seer). 5.738 (d. I H. .I 4.3 Hz. NH). 
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5.533 (t, 1 H, J 7.0 Hz, H-3cer), 5.457 (dd, 1 H, J 7.6 and 15.1 Hz, H-4cer), 5.443 
(d,lH,J2.9Hz,H-4c*),5.321(d,lH,J2.4Hz,H-4b*),4.444(d,lH,J7.8Hz, 
H-lb),4.376(d, lH, J7.8Hz, H-1a),and2.150,2.135,2.106,2.074,2.060,2.055, 
2.042, 2.024, 1.946, and 1.935 (10 s, 30 H, 10 AC). 

Anal. Calc. for C,,H,,,NO,,. H,O: C, 62.24; H, 8.34; N, 0.83. Found: C, 
62.43; H, 8.15; N, 0.81. 

0-cr-D-Galactopyranosyl-(1+3) -0-/?-D-galactopyranosyf- (1+4)-0-/3-o- 
glucopyranosyl-(ljI)-(2S,3R,4E)-2-N-tetracosanosylsphingenine (3). - A solu- 
tion of compound 47 (37 mg, 22 pmol) in 2: 1 THF-MeOH (1.6 mL) containing 5% 
NaOMe-MeOH (36 pL) was stirred for 16 h at 20”, diluted with 2: 1 THF-MeOH 
(10 mL), treated with Amberlyst 15, and the suspension filtered through Celite. 
The filtrate was evaporated in vacua and purification of the residue by means of 
Sephadex LH 20 in pyridine afforded 3 (24.5 mg, 97%); [a],, +34.9” (c 1.1, 
pyridine); R, 0.64 in 26:13:2 CHCl,-MeOH-H,O; n.m.r. data: S, (49:l MqSO- 
d,D,O, 95”) 7.251 (d, 1 H, J 8.1 Hz, NH), 5.707 (td, 1 H, J 7.1 and 15.6 Hz, 
H-Scer),5.529(dd, 1 H,J6.6and 15.4Hz,H-4cer),5.004(d, lH,J2.4Hz,H-lc), 
4.448 (d, 1 H, 57.3 Hz, H-lb), 4.318 (d, 1 H, J7.8 Hz, H-la), 4.145 (t, 1 H, J6.3 
Hz, H-k), and 4.077 (dd, 1 H, J 7.1 and 13.7 Hz, H-leer). 
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