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Abstract 

2_(Trimethylsilyl)ethyl (Me,SiCH,CH,) 2,3,6-tri-0-benzoyl-4-0_(2,3-di-0-benzoyl-6-0- 
p-methoxybenzyl-B-o-galactopyranosyl-B_Dside was glycosylated with different 
2-, 3-, 4-, or 6-“deoxy-o-galactose” derivatives to give the corresponding deoxytrisaccha- 
rides. Removal of the protecting groups gave the Me,SiCH,CH, 2”-, 3”-, 4”-, and B-deoxy- 
globotriosides. Transformation of the protected Me,SiCH,CH, globotriosides into the 
corresponding trichloroacetimidates proceeded, via the hemiacetals, in 91-96% over-all 
yield. Glycosylation of 3-(hexadecylsulfonyl-2_Ihexadecylsulfonyl~ethyl]propanol with the 
trichloroacetimidates, followed by removal of protecting groups, gave the title neoglyco- 
lipids. 

Key words: Deoxyglobotriosides; Neoglycolipids; 2-Trimethylsilyl(ethyl)glycosides 

1. Introduction 

Globotriosyl ceramide (GbO,, Pk-antigen) is present on red blood cells where it 

is one of the glycolipid antigens of the P-blood-group system [l]. Together with 
globotetraosyl ceramide and the Forssman antigen, GbO, seems to function as a 
carbohydrate receptor for several proteins from pathogenic bacteria such as the 
pilus-associated PapG adhesin protein of uropathogenic Escherichiu coli [21, vero- 
toxin from E. coli [3], Shiga toxin from Shigella dysenteriue [4], and the adhesin 
from Streptococcus suis [5]. Furthermore, glycolipids of the globoseries have been 
suggested to be tumor-associated antigens on Burkitt lymphoma cells [6], human 
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teratocarcinoma cells [7], and other tumor cells [8], and are also enriched in the 
body fluids of patients suffering from Fabry’s disease [9]. 

We have reported the synthesis of GbO,-containing neoglycoproteins [lo], 
glycosides [lO,ll], and neoglycolipids [10,121 including compounds l-3, as well as 
deoxy- and C-methyl analogues for use in the probing of carbohydrate-protein 
combining sites [131. The synthesis of the di --) penta-saccharidic fragments of 
GbOs (Forssman antigen) was recently completed [14,15] and a compilation of 
references to all syntheses of Forssman fragments (except lactosides) was included 
[14]. We now report the synthesis of four monodeoxy derivatives of GbO, in the 
form of Me,SiCH,CH, glycosides and bis-sulfone neoglycolipids (4-11) as well as 
improved syntheses of the lipids 2 [12] and 3 [12] (Scheme 1). These compounds 
are potentially useful for specificity studies with GbO,-binding proteins and cells, 
both by direct binding to glycolipid-coated surfaces and by inhibition of binding 
with the soluble glycosides. 

2. Results and discussion 

Deoxyglycosyl donors require more subtle anomeric activation than normal 
saccharides. We and others have observed that the stability and ease of handling of 
glycosyl halides increases in the series Br + Cl --) F [16]. Therefore, glycosyl 
fluorides [17] were tested as glycosyl donors in the case of 3- and 4-“deoxy-D- 
galactose” (cf. 13 [16] and 15 [16]) whereas with 2- and 6-“deoxy-o-galactose” (cf. 
12 [181 and 16 [191), thioglycosides were chosen as glycosyl donors. A higher 
glycosylation yield was obtained with the thioglycoside 14 than with the glycosyl 
fluoride obtained from 13. 

Lactoside 17 was used as glycosyl acceptor in reactions with the donors men- 
tioned above. The Me,SiCH,CH, anomeric blocking group [11,20,21] was used 
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Scheme 2. 

because of the ease of removal [ill and transformation into 1-O-acyl [ll] and 
1-chloro-1-deoxy groups [21] suitable for further anomeric activation. The p- 
methoxybenzyl group was chosen for protection of the 6’-position because it is 
easily removed under oxidative conditions, thereby avoiding potential problems 
with hydrogenolytic cleavage in the presence of sulfur-containing residues from, 
for example, glycosylations with thioglycosides. The synthesis of compounds 12-17 
(Scheme 2) is discussed towards the end of the paper. 

Compound 18 (Scheme 3) was synthesised as described [ll] and used for the 
synthesis of l-3 as discussed later. 

1@:R=MBfl 
2OtR.H 
2l:R=Ac 

29:R’rR*=,, 
30:R’nR2=Ac. 

Scheme 3. 
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The 2”-deoxy trisaccharide 19 was obtained in 65% yield and high a-selectivity 
(no p isomer was detected) by treating a mixture of 17 and 12 with silver triflate in 
dichloromethane. Silver triflate has been reported to give a-selectivity in the 
synthesis of C-glycosyl compounds [22]. The synthesis of 19 seems to be the first 
example of an a-selective 0-glycoside synthesis with silver triflate as promoter. 
Attempted activation of 12 with iodomethane [18] was unsuccessful. Initial at- 
tempts to condense 17 (or the more reactive 2-(trimethylsilyl)ethyl 2,3,6-tri-o-ben- 
zy1-4-0-(2,3,6-tri-O-benzyl-P-D-galactopyranosyl)-P-D-glucopyranoside) with 3,4,6- 
tri-0-acetyl-D-galactal in the presence of iodosuccinimide [23] were unsuccessful. 

The 3”-deoxy trisaccharide 22 was obtained in 84% yield (no /3 isomer was 
detected) by treating a mixture of 17 and 14 with silver triflate as above. Using the 
fluorosugar obtained from 13 as donor gave 22 in only 33% yield. 

The 4”-deoxy trisaccharide 25 was obtained in 57% yield by treating a mixture of 
17 and the glycosyl fluoride obtained from 15 with stannous chloride-silver 
perchlorate in tetrahydrofuran [24]. The corresponding p isomer was isolated in 
7% yield. 

The 6”-deoxy trisaccharide 28 was obtained in 55% yield by treating a mixture of 
17 and thioglycoside 16 [19] with silver triflate-copper bromide-tetrabutylam- 
monium bromide in nitromethane [25]. 

The p-methoxybenzyl (MBn) protecting group in 19 was removed by treatment 
with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) in aqueous dichlorometh- 
ane [26], which gave 20 in 97% yield. Hydrogenolytic cleavage of the benzyl and 
MBn groups in 22, 25, and 28 gave 23 (91%), 26 (SO%), and 29 (59%), and 
acetylation of the unprotected hydroxyl groups in 20, 23, 26, and 29 gave the 
acylated Me,SiCH,CH, trisaccharides 21 (99%), 24 (92%) 27 (98%) and 30 
(91%). 

The 2”- and 3”-deoxy Me,SiCH,CH,-GbO, were obtained by debenzoylation in 
methanolic sodium methoxide of 20 (+ 4, 99%) and 23 (--) 6, 99%). The 4”- and 
6”-deoxy Me,SiCH,CH,-GbO, were obtained by debenzoylation followed by hy- 
drogenolytic cleavage of the benzyl protecting groups in 25 (+ 8, 94%) and 28 
(+ 10, 97%). 

We have reported the synthesis of bis-sulfone neoglycolipids via the correspond- 
ing 3-bromo-2-bromomethylpropyl (dibromoisobutyl, DIB) glycosides, using an 
alkanethiol for nucleophilic displacement of bromide, followed by oxidation of the 
resulting bis-sulfide to the corresponding bis-sulfone [12]. This stepwise approach 
is practical for the preparation of neoglycolipids having different chain-lengths. 
However, when only one lipid is desired, glycosylation of the corresponding 
bis-sulfone (or-sulfide) alcohol would be preferred, provided that the glycosylation 
step can be performed in high yield and stereoselectivity. It should be noted that 
glycosylation of DIBOL (51) can normally be done by a Lewis acid (e.g., boron 
trifluorideetherate) promoted reaction of a sugar P-peracetate. The resulting DIB 
P-glycoside is unusually stable towards anomerisation to the cy isomer under the 
Lewis acid conditions [12]. 

The Me,SiCH,CH, glycosides 21, 24, 27, and 30 were treated with boron 
trifluoride etherate and acetic anhydride [ll], in order to obtain the corresponding 
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30:R’=OAc;R2=H 

as: R’.R2 sH. oii 
40: R’ = H: R* = OC(NH)CCl3 
41:R’=C;RZ=H 

34:R’eOAc;R*=H 

35:R’R2=H OH 
w: R”= H; R; = OCCUR 

37:R’.C;$=H 

&.R’RZ=H.OH 

44; R”= H: d2 = OC(NH)CCl:, 
45:R’=C:ti=H 

4&R’=OAC;R*=H 

47: R’F? =H, OH 
44: R’ = n; R* = OC(NHjCCl~ 
4B:R’=C:R*=H 

Scheme 4. 

p-acetates. Whereas the 4”-deoxy compound 42 (Scheme 4) was formed in 91% 
yield and thus behaved normally [11,20], the remaining 2”- (341, 3”- (381, and 
6”-deoxy (46) compounds were formed in unusually low yields, 44, 50, and 37%, 
respectively. The lactose derivative 50 was isolated in u 50% yield in each case, 
clearly showing that deoxyglycosides may in some cases undergo cleavage of 
interglycosidic bonds on treatment with the BF, * Et,O-Ac,O mixture. In contrast, 
we recently reported the successful BF, * Et,O-Ac,O-mediated transformation of 
Me,SiCH,CH, monodeoxyfluorolactosides into the corresponding anomeric ac- 
etates [27], and earlier experiments [ll] with Me,SiCH,CH, 3’-C-methyl and 
-ethyl GbO, derivatives gave the desired acetates in good yield although, in the 
latter cases, the /? : a ratio of l-acetates was reduced to ca. 4 : 1 as compared to the 
normal ratio of > 20 : 1. As shown below, BF, * Et *O per se is not harmful. A more 
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probable candidate would be the acylium ion present in the mixture which would 
affect some, but not all, deoxy-sugar glycosides. 

Fortunately, the Me,SiCH,CH, blocking group gives further options for depro- 
tection-activation of the anomeric position [11,20]. Treatment of the glycosides 21, 
24, 27, and 30 with trichloroacetic acid in dichloromethane [ll] gave the corre- 
sponding hemiacetals 35 (98%), 39 (95%), 43 (96%), and 47 (98%). Conversion 
into the corresponding trichloroacetimidates [28] gave 36 (98%), 40 (96%), 44 
(99%‘0), and 48 (97%), ready for glycosylation of the bis-sulfone alcohol 53. 

The solubility of 53 in dichloromethane is highly temperature dependent and is 
acceptable at +3O”C but too low at -5O”C, which is the desired reaction 
temperature. To solve this problem, we added dropwise a cold ( - SO’C) solution of 
the saccharide to a mixture of 53 and BF, . Et,0 in dichloromethane (kept at 
30°C) under slow stirring, hoping to keep a low local reaction temperature without 
lowering the solubility of 53. Under these conditions, compounds 37 (73%), 41 
(59%), 45 (55%), and 49 (60%) were obtained without the formation of LY isomers. 
Such unexpectedly high p-selective glycosylation was also observed with DIBOL 
(51) and the resulting DIB glycosides were quite stable towards anomerisation, 
even under acidic conditions [12]. O-Deacylation of 37, 41, 45, and 49 with sodium 
methoxide in methanol-chloroform and chromatographic purification gave the 
desired lipids 5 (89%), 7 (82%), 9 (77%), and 11 (66%). 

In contrast to some of the deoxy compounds discussed above, the trisaccharide 
p-l-acetate 31 (obtained in 95% yield, p : a 97 : 3, by BF, * Et,O-Ac,O-treatment 
of 18) underwent facile BF, * Et,O-mediated glycosylation of the bis-sulfide and 
bis-sulfone alcohols 52 and 53, giving the known [12] neoglycolipids 32 and 33. 
Glycosylation of 52 with 31 in the presence of 5 equiv of BF, * Et,0 and molecular 
sieves (6% of the solvent weight) in dichloromethane proceeded slowly to give 32 
(42%). In the absence of molecular sieves a byproduct (probably an a&mixture of 
the glycoside having undergone O-deacetylation in the 2-position) was formed that 
could not be removed efficiently from the desired 32. After some experimentation, 
it was found that a good yield and excellent stereoselectivity was obtained by using 
a trace of molecular sieves (a few grains) and 3 equiv of BF, * Et,O. Thus, 
compound 32 was obtained in 76% yield without the formation of isomers. Under 
the same conditions, the bis-sulfone lipid 33 was obtained pure in only 48% yield, 
probably due to the low solubility of 53. O-Deacetylation [12] of 32 and 33 gave the 
bis-sulfide and bis-sulfone neoglycolipids 2 (70%) and 3 (95%), respectively. 

3. Synthesis of the starting materials 52,53, and 12-17 

Treatment of DIBOL (51) [29] with 2 equiv of hexadecanethiol and cesium 
carbonate in NJ-dimethylformamide gave the bis-sulfide 52 (93%) which was 
oxidised with m-chloroperoxybenzoic acid (MCPBA) to give the bis-sulfone alco- 
hol 53 in 99% yield. 

2Pyridyl 3,4,6-tri-0-acetyl-2-deoxy-l-thio-D-lyxoanoside (12, Scheme 5) 
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SI:R=MesoSO 
Sb:R=H 

SS:R=H;R’.F?.fNWPhCH 
60: R = Bz; R’.Ff = phW?f%CH 

(il:R*Br:R’.ti.H 
62zR=Bz:R’=R2iAc 

Scheme 5. 

was prepared (934 0, a : p 4.5 : 1) by addition of 2-mercaptopyridine to tri-O-acetyl- 
D-galactal, using p-toluenesulfonic acid as catalyst [Ml. 

2,4,6-Tri-0-benzyl-3-deoxy-D_xylo-hexopyranoside [16] (13) was prepared from 
methyl 3-0-allyl-2,4,6-tri-O-benzyl~-D-galactopyranoside 1301. Thus, deallylation 
[31] (93%) gave methyl 2,4,6-tri-0-benzyl+u-galactopyranoside [32] which was 
transformed into the xanthate 54 (99%) by using sodium hydride-carbon disul- 
fide-imidazole-iodomethane in tetrahydrofuran [33]. Reduction [33] of 54 with 
tributyltin hydride gave the 3-deoxygalactoside 55 (46%) and hydrolysis with 
aqueous acetic acid-HCl gave the hemiacetal 13 [161(89%). 

In an alternative route to 13, methyl 2,4,6-tri-@acetyl-j?-D-galactopyranoside 
[34] was transformed [35] into the corresponding imidazolylthiocarbonyl derivative 
56 (99%), reduction of which [35] with tributyhin hydride gave methyl 2,4,6-tri-0- 
ace@-3-deoxy_B-D-xylo-hexopyranoside [36] (72%). O-Deacetylation and benzyla- 
tion gave methyl 2,4,6-tri-0-benzyl-3-deoxy-B-D-xyZo-hexopyranoside [16] (99%), 
which was hydrolysed to give 13 [16] (80%). Compound 13 was transformed into 
the corresponding glycosyl chloride [16] and treatment with 2-mercaptopyridine 
[37] gave the thioglycoside 14 (93%). 

2,3,6-Tri-0-benzyl-4-deow-u-&o-hexopyranose (15) was prepared from methyl 
2,3,6-tri-0-benzyl+u-glucopyranoside [38]. Thus, transformation [33] to the xan- 
thate 57 (97%) and reduction with tributyltin hydride gave methyl 2,3,6-triGben- 
zyl-4-deoxy-cu-D-xyl-hexopyranoside [39] (95%), which was hydrolysed to give 15 
(80%). 

Ethyl 2,3,4-tri-0-benzyl-l-thio-@o-fucopyranoside [19] (16) was prepared from 
b-fucose by acetylation followed by treatment of the tetra-acetate with 
ethanethiol-boron trifluoride etherate, which gave the thioglycoside 58 (89%). 
O-Deacetylation of 58 followed by O-benzylation gave 16 (79%). 

The glycosyl acceptor 17 was prepared by conversion of 2-(trimethylsilykthyl 
P-lactoside [ill into the corresponding 4’,6’-p-methoxybenzylidene acetal [40] 59 
(77%) followed by benzoylation to give 60 (90%), and reductive opening of the 
p-methoxybenzyhdene group with sodium cyanoborohydride-trifluoroacetic acid 
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[40] to give 17 (88%). When ethereal hydrochloric acid [41] was used instead of 
trifluoroacetic acid, the p-methoxybenzylidene group was removed and the corre- 
sponding 4’,6’-deprotected compound 61 was obtained (92%) and characterised as 
the diacetate 62. 

4. Experimental 

General experimental procedures were as previously reported [12]. Compounds 
1 [ll], 2 [12], 3 [12], 18 [ill, 31 [ll], and 51 [29] were prepared as described. 

3-Hexadecylthio-2-[(he.xadecylthio)methyl]propyl 4-0-[4-O-cx-D-galactopyranos- 
yl)-P-D-galactopyranosyosyl]-P-D-glucopyranoside (2X-Compound 32 (95 mg, 0.064 
mm00 was deacylated as described [12], to give 2 (48 mg, 70%). 

3-HRuadecylsulfonyl-2-[(hexadecyLFulfonyl~methyl]propyl 4-O-[4-O-a-D-galac- 
tOpyrUnO~l)-~-D-gU~UCtOpyrUnO~~]-~-D-g~UCO~yrUnOSide (3X-Compound33 (38 mg, 
0.024 mmol) was deacylated as described [12], to give 3 (26 mg, 95%). 

2-(Trimethylsilyl)ethyl 4-0-[4-0-(2-deo~-cr-D-lyxo-h~opyranosyl)-~-D-galacto- 
pyranosyll-/3-D-glucopyranoside (4X-Compound 20 (35.0 mg, 0.027 mm00 was 
treated with NaOMe-MeOH (1 M, 0.2 mL) in MeOH (2 mL) at room tempera- 
ture overnight, neutralised with Amberlite IR-120 (H+) resin, filtered, concen- 
trated, and chromatographed (SiO,, 1: 2 MeOH-EtOAc) to give 4 (16.0 mg, 99%); 
[(Y]:: +24.5” (c 0.80, MeOH); ‘H NMR (D,O): 6 5.03 (bs, 1 H, H-l”), 4.51, 4.49 (d, 
1 H each, J 7.9, 7.8 Hz, H-1,1’), 1.90 (bd, 2 H, J 7.6 Hz, H-2”), 1.00 (m, 2 H 
CH,Si), 0.30 (s, 9 H, SiCH,). 

3-Hexadecylsuljonyl-2-[(htxadecylsulfonyl)methyl]propyl 4-0-[4-0-(2-&oxy-(u-D- 
~yxo-hexopyranosyl)-~-D-ga~ctopyranosyl]-~-D-glucopyranoside W-Compound 37 
(26.0 mg, 0.0143 mm00 was dissolved in 3: 2 CHCl,-MeOH (5 mL), and 
NaOMe-MeOH (1 M, 0.2 mL) was added. The reaction was monitored by TLC 
(SiO,, 65 : 35 : 10: 5 CHCl,-MeOH-acetone-H20). After 18 h, 37 was consumed 
and the mixture was neutralised by Amberlite IR-120 (H+) resin, filtered, and 
concentrated. The residue was suspended in 2: 1 H,O-EtOAc and the suspension 
was chromatographed (SiO,-Crs, H,O, MeOH, and 65:35: 10 CHCl,-MeOH- 
H,O) to give 5 (14.8 mg, 92%); [a]$ + 18.0” (c 0.41, 65 :35 : 5 CHCl,-MeOH- 
H,O); ‘H NMR (CDCI,): 6 4.74 (bd, 1 H, J 2.6 Hz, H-l”), 4.15, 4.12 (d, 1 H each, 
J 7.5, 8.0 Hz, H-1,1’), 2.92-2.83 (m, 4 H, SCH,), 2.77 (m, 1 H, CHCH,S), 
1.74-1.54 (m, 4 H, SCH,CH,), 0.64 (t, 6 H, J 6.7 Hz, CH,). 

2-(Trimethylsilyl)ethyl 4-0-[4-0-(3-deoxy-~-D-rcylo-hauopyranosyl)-~-D-ga~acto- 
pyranosyl]-/3-D-glucopyranoside (6X-Compound 23 (31 mg, 0.028 mm00 was 
debenzoylated as in the preparation of 4. The crude material was chro- 
matographed (SiO,, 1: 2 MeOH-EtOAc) to give 6 (16.2 mg, 99%); [a]g + 21.6” (c 
0.50, MeOH); ‘H NMR (D,O): S 4.88 (d, 1 H, J 3.5 Hz, H-l”), 4.50 (bt, 2 H, J 6.9, 
7.1 Hz, H-1,1’), 2.05-1.95 (m, 2 H, H-3”), 0.02 (s, 9 H, SiCH,). 

3-Hexadecylsuljonyl-2-[(hexadecylsulfonyl)methyl]propyl 4-0-[4-0-(3-deoxy-a-D- 
xy~o-h~opyranosyi)-~-D-gafactopyranosyl]-~-D-gluco#ranosi~ (‘IX-Compound 41 
(31.5 mg, 0.0174 mmol) was deacylated as in the preparation of 5, to give 7 (14.2 



mg, 85%); [ cy 1; + 27,4O (c 0.34,65 : 35 : 5 CHC13-MeOH-H,O; ‘R NMR (65 : 35 : 5 
CDCl,-CT&CID-D&I): S 4,62 (d, 1 H, J 3.4 Hz, H-Y’), 4.19 (d, 1 H, J 7.1 Hz, 
H-l’), 4.12 (d, 1 H, J 7.6 Hz, H-l), 2.87 (m, 4 I-I, SCH,), 2.76 (m, 1 H, OCH,CH), 
0.65 (t, 6 H, J 6.7 Hz, CH,). 

2-(Trinae~~yls~~y~)e~~y~ 4-0-[4-0-~4-deu~-cu-~-~lo-~~~pyru~~sy~)-~-D-ga~uc~~- 
PYrUn~~~]-B-D-giUC~yrUnoside (@.-Compound 25 (58 mg, 0.387 mmol) was 
debenzoylated with NaOMe-MeOH for 5 h. The mixture was neutralised with 
Amberlite IR-120 (Hf) resin and concentrated, The residue was dissolved in 
A&H (5 mL) and hydrogenated (Hz, Pd-C lO%, 50 mg) for 14 h, and the mixture 
was filtered (Celite) and concentrated. The residue was chromatographed (SKI,, 
3 : 2 MeOH-EtOAc) to give 8 (21.5 mg, 94%); [ ~112 +24.5” (c 0.90, MeOH); ‘H 
NMR (D,(I): 6 4.95 (d, 1 H, J 3.7 Hz, H-l”), 4.51, 4.49 (d, 1 H each, J 7.8, 8.1 Hz, 
I-!&Y), 2.00 (m, 1 H, H-4’?), la48 (bq, 1 H, J 12.1 Hz, H-4”a), 0.03 (s, 9 H, SiMe,). 

3-Hexclde~~~rfonvC2~[~~~ud~~~~~~ny~~rnethyE]propyl-#-O-[4-0-(4-deoxy-~-o- 
xyIo-~~runosyl)-ls-D-galact~~~un~~~]-~~D-g~~cupyrunus~d~ (9).-Compound 45 
(31.8 mg, 0.0173 mmol) was deacylated as in the preparation of 5, to give 9 (15.4 
mg, 79%); [ tx]g + 24.3’ (c 0.36,6$ : 35 : 5 CHCI,-MeOH-H&I); ‘H NMR (65 : 35 : 5 

CDCl,-CD&ID-D,O): S 4.70 (d, 1 H, J 3.7 Hi, H-l”), 4.10, 4.07 (d, 1 H each, J 
7.8 Hz, H-l,l’), 2.87 (m, 4 H, SCH,), 2.76 (m, 1 H, OCH,CH), 0.65 (t, 6 H, J 6.7 
Hz, CH,), 

2- (Tkii~~/zylsilyr)erhyr 4-O-[4-O- (cx-~-~c~pyranu~l)-P-I)-galact~pyrun~~~]syll-B-D- 
&copyranoside (lO).-Compound 28 (50 mg, 0.033 rnmoI) was debenzoylated and 
hydrogenated as in the preparation of 8. The crude material was chromatographed 
(SiO,, 1: 2 MeOH-EtOAc) to give IO (19.0 mg, 97%); [(Y]: +26.2” (c 0.82, 
MeOH); lH NMR (CD&D): 6 4.88 (d, 1 H, J 3.7 Hz, H-l”), 4.43, 4.39 (d, 1 H 
each, J 7.2, 7.8 Hz, H-l,l’), 1.21 (d, 3 H, J 6.5 Hz, H-V), 0.02 (s, 9 H, SiCH,). 

3-~~udeylsu~~nyl-2-[(h~udecylsulfonyl)methyl]propyl 4-0-[4-0-~~-o-fucopyr- 
anasyl)-B-D-gulactclpyranu~~]-~-D-gluc~pyrun~s~d~ (ll).-Compound 49 (19.5 mg, 
0.0108 mrnol) was deacylated, as in the preparation of 5, to give ll(8.2 mg, 68%); 
[a]g + 8.5’ (c 0.6, 65 :35: 5 CHCl,-MeOH-H,O); ‘H NMR (65 : 35 : 5 CDCl,- 
Cl&CID-D,O): S 4.65 (bs, 1 H, H-l”), 4.18, 4.13 Id, 1 H each, J 7.5, 7.8 Hz, 
H-1$), 2-92-2.83 (m, 4 H, SCH,), 2.79 (m, 1 H, CHCH& 1.74-1.54 (m, 4 H, 
SCH,CH,), 0.64 (t, 6 H, J 6.7 Hz, CH,). 

2-Pyridyl 3,4,6-tn’-U~ce~~-2-de~~-l-t~~~-D-lyxo-JEerunoside (12).-A mix- 
ture of 3,4,6-tri-0-acetyl-D-galactal(690 mg, 2.53 mmol), 2-mercaptopyridine (774 
mg, 6.96 mmol), and p-toluenesulfonic acid (200 mg, 1.16 mm& in CH,Cl, (15 
mL) was refluxed until TLC showed the reaction to be completed (2 days). The 
mixture was poured into 3:4 H,O-C&Cl, (70 mL), the water phase was ex- 
tracted with CH,C12 (20 mL), and the combined extract was washed with aq KOH 
(2%, 30 mL), dried (Na,SO,), and concentrated. The residue was chro- 
matographed (SKI,, 3 : 1 heptane-EtOAc) to give 12 (908 mg, 93%, LY : /3 4,5 : 1); 
‘H NMR (CDCI,): 6 (a anomer) 6.50 (d, 1 H, J 5.2 Hz, H-l), 4.54 (t, 1 H, J 6.2 
Hz, H-5),2.60 (dt, 1 H, J 5.5, 12.7 Hz, H-2e); (p anomer) 5.70 (dd, 1 H, J 2.3, 11.5 
Hz, H-l), 5.14 (m, 1 H, H-3). Mass spectrum: calcd for C,,H,,NO,,S (M + 1): 
m/z 384Sl17; found: m/z 384.1125. 



88 2. Zhiyuun, G. iUagrumun / Carbohydrate Research 262 (1994) 79-101 

2,4,6- Tn’-O-benzyl-3-deoxy-D-xylo-hexopyranose (13).-(a) Methyl 2,4,6&-Q- 
benzyl-3-deoxy-p-D-xyb-hexopyranoside [16] (500 mg, 1.11 mmol) was treated at 
80°C with 4: 1 AcOH-1 M HCI (10 mL) for 45 h. The mixture was diluted with 
7 : 2 CH,Cl 2-H2O (90 mL), the water phase was extracted with CH,C1, (2 x 30 
mL), and the combined organic phase was washed with water (2 x 40 mL) and satd 
aq NaHCO, (2 X 40 mL), dried (Na,SQ), and concentrated. The residue was 
chromatographed (6: 1 heptane-EtOAc) to give 13 (388 mg, 80%). 

(b) Methyl 2,4,6-tri-U-benzyWdeoxy_cw-D-nylo-hexopyranoside (300 mg, 0.70 
mmol) was treated as above to give 13 (257 mg, 89%). Mass spectrum: calcd for 
C,H,,O, (M + 1): m/z 435.2171; found: m/z 435.2206. 

2-Fyridyl 2,4,6-tn’-o-benzyl-3-~~~-l-fhio-D-xylo-h~upyranoside (14).-Com- 
pound 13 (100 mg, 0.23 mmol) and DMF (100 &) were dissolved in CH,Cl, (2 
mL) and oxalyl chloride (100 pL, 1.16 mmol) was added over 10 min. The reaction 
was monitored by TLC (2 : 1 heptane-EtOAc). When the reaction was completed, 
toluene (10 mL) was added, and the mixture was filtered (Celite), concentrated to 
a volume of 2 mL, and then added to a mixture of 2-mercaptopyridine (5 mg, 0.46 
mmol) and K&O, (64 mg, 0.46 mmol) in dry aeetone (1.5 mL), which had been 
kept at 40°C for 1 h. The mixture was stirred for 16 h at 40°C then diluted with 
toluene (40 mL), washed with aq NaOH (l%, 10 mL) and water (20 mL), dried 
(Na,SO,), and concentrated. The residue was chromatographed (SiO,, 20 : 1 
toluene-Et 20) to give 14 (111 mg, 92.0%, Q! : j3 3 : 7); ‘H NMR (CDCl,): S 6.5 (d, 
J 5.2 Hz, H-la), 5.4 (d, J 9.8 Hz, H-l@). Mass spectrum: calcd for CJ2H33N04S 
(M + 1): m/z 528.2209; found: m/z 528.2250. 

2,3,6- Tn’-O-benzyl-4-deoxy-D-xylo~h~~~~u~~~e (lJ),--Compound 57 (5 .l g, 9.20 
mmol) and a catalytic amount of azobis(isobutyronitrile) (AIBN) were dissolved in 
toluene (150 mL) and added over 1.5 h to a refluxing solution of tributyltin hydride 
(5.4 g, 18.4 mmol) in toluene (200 mL), kept under Ar. The mixture was refluxed 
overnight and then concentrated, The residue was chromatographed (SiO,, 4: 1 
heptane-EtOAc) to give methyl 2,3,6-tri-0-benzyld-deoxy+D-m!o-hexopyrano- 
side (3.9 g, 95%) as a syrup; [lH NMR (CDCl,); 8 3,93 (m, 2 H, H-3,5), 3.47 (d, 2 
H, J 5.1 Hz, W-6), 3,38 (s, 1 H, OCH,), 2.07 (m, 1 H, H-4e), 1.51 (bq, 1 H, J 12.1 
Hz, H-4a]. The syrup (100 mg, 0.22 mmol) was treated with an acid mixture as in 
the preparation of 13, and the crude material was chromatographed (SiO,, 5 : 1 
heptane-EtOAc) to give 15 (76 mg, 80%) and unreacted material (19 mg, 19%). 
Mass spectrum (15): calcd for C,,H,O, (M + 1): m/z 435.2171; found: m/z 
435.2153. 

Ethyl 2,3,4-~~-0-~~~l-I-thlo-B-D-fuEopyrano (16).-Compound 58 (4.00 g, 
11.95 mmol) was deacetylated with NaOMe-MeOH (1 M, 0.5 mL) in MeOH (100 
mL). The solvent was removed and the residue was stirred with NaH (80%, 2.54 g, 
84.7 mmol) in DMF (300 mL) for 40 min, then cooled with an ice-water bath. 
PhCH,Br (10.1 mL, 84.7 mmol) was added during 10 min and the ice-water bath 
was removed. After 2.5 h, MeOH (7 mL) was added in order to destroy unreacted 
NaH. After 10 min, the mixture was poured into a cold, stirred mixture of 3 : 1 
CH,Cl,-H,O (300 mL). The water phase was extracted with CH,Cl, (100 mL), 
and the combined organic phase was washed with water (200 mL), dried (Na,SO,), 
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and concentrated. The residue was chromatographed (SiO,, 5 : 1 heptane-EtOAc) 
to give 16 (4.12 g, 72%); [cylg -3.8” (c 1, CHCl,); ‘H NMR (CDCl,): 6 4.40 (d, 1 
H, J 9.5 Hz, H-l), 3.80 (t, 1 H, J 9.5 Hz, H-21, 3.62 (d, 1 H, J 2.8 Hz, H-41, 3.36 
(dd, 1 H, J 2.9, 9.3 Hz, H-3), 1.30 (t, 3 H, J 7.5 Hz, SCHzCH,), 1.20 (d, 3 H, J 6.4 
Hz, H-6). Mass spectrum: calcd for Cz9H,,0,S (M - 1): m/z 477.2100, found: 
m/z 477.2093. 

2-(TrimethyrsiZyZ)ef~yhyI 2,3,6-t~-O-benzoy~-4-O-~2,3-di-O-benzoy- 
bentyl-8-D-guZuctopyranosyl)-B-D-glucopyra~s~e (17X-A mixture of compound 
60 (5.4 g, 4.99 mmol), 3A molecular sieves (7 g), and DMF (50 mL) was stirred for 
10 min, then NaCNBH, (95%, 3.30 g, 50.0 mmol) was added and the mixture was 
stirred for 20 min. A cooled (N 0’0 solution of CF,CO,H (3.87 mL, 50.0 mmol) in 
DMF (40 mL) was added dropwise over 20 min. The reaction was monitored by 
TLC (6: 1 toluene-Et,O); when the hydrolysis product 61 started to form, the 
reaction was quenched by addition of solid NaHCO, (10 g). CHzCI, (400 II&) was 
added, the mixture was poured into cold water (300 mL), the water phase was 
extracted with CH,Cl, (2 x 150 mL), and the combined organic phase was washed 
with satd aq NaHCO, (300 mL) and water (200 mL>, dried (NazSO,), and 
concentrated. The residue was recrystallised (EtOAc-heptane) to give 17 (2.78 g). 
The mother liquid was concentrated and chromatographed (SiO,, 20: 1 toluene- 
Et,01 to give 17 (2.00 g) and unreacted 60 (0.5 g, 9%). The total yield of 17 was 
4.78 g (88%); [LY]~ +57.8” (c, 0.77, CHCl,); ‘H NMR (CD,COCD,): 6 5.38 (dd, 1 
H, .I 7.9, 9.6 Hz, H-21, 5.08 (dd, 1 H, J 3.1, 10.4 Hz, H-3’), 4.73, 4.68 (d, 1 H each, 
J 7.8, 7.9 Hz, H-1,1’), 4.58, 4.39 (dd, 1 H, each, J 1.5, 4.8, 12.0 Hz, H-61, 3.80 (s, 3 
H, OCH,), 3.45 (dt, 1 H, J 6.6, 10.0 Hz, OCHzCH,), -0.15 (s, 9 H, SiCH,). Anal. 
Calcd for C$aH,,O,,Si: C, 66.5; H, 5.7. Found: C, 66.4; H, 5.9. 

2-(Trimethylsilyl)ethyl 2,3,6-tri-O-benzoyl-4-0-[2,3,-di-O-benzoyl-6-O-p-meth- 
oxybenzyl-4-0(3,4,6-tn’-O-acetyl-2-deoxy-a-~-lyxo-hexopyrano~~~-~-~-galactopyran- 
osyf]-P-D-giucopyranoside (19).-Compounds 12 (23 mg, 0.060 mmol) and 17 (62 
mg, 0.057 mmol) were dissolved in CH,Cl, (2.5 mL), 3A molecular sieves (0.20 g) 
were added, and the mixture was stirred under N, for 4 h, then cooled to - 15°C. 
Silver trifluoromethanesulfonate (23 mg, 0.09 mmol> in CH,Cl, (2.5 mL) was 
added with exclusion of light and the mixture was stirred for 1 h at < -5°C and 
for 5 h at room temperature. CH,Cl, (40 mL) was added, and the mixture was 
filtered (Celite), washed with satd aq NaHCO, (20 mL), dried (NazSO,), and 
concentrated. The residue was chromatographed (SiO,, 15: 1 toluene-Et,O) to 
give 19 (50.0 mg, 65%); [(Y]: +51.0” (c, 1.0, CHCl,); ‘H NMR (CDCl,): 6 5.66 (t, 
1 H, J 9.4 Hz, H-31, 5. (dd, 1 H, J 7.9, 10.8 Hz, H-2’), 4.79 (d, 1 H, J 3.2 Hz, 
H-l”), 4.73, 4.68 (d, 1 LY each, J 7.9, 7.5 Hz, H-1,1’), 3.82 (s, 3 H, OCH,), 2.03, 
2.02, 1.77 (3 s, 3 H each, OAc), 0.13 (s, 9 H, SiCH,). 

2-(TrimethyLsilyl)ethyl 2,3,6-tn’-O-benzoy64-0-[2,3-di-O-benzoyl-4-0-(3,4,6-tn’-O- 
acetyf-2-deoxy-cr-D-lyxo-hexopyranosy~)-~-D-gaiactopyranosyi]-~-D-g~ucopyranoside 
(20).-Compound 19 (100 mg, 0.074 mmol) and DDQ (- 97%, 27 mg, N 0.114 
mmol) were dissolved in 18 : 1 CH,Cl,-H,O (2 mL), and the mixture was stirred at 
room temperature for 6 h, then poured into 5 : 1 CH,Cl,-Hz0 (60 mL) and 
filtered (Celite). The organic phase was dried (Na,SO,) and concentrated. The 



90 Z. Zhiyuan, G. Magnusson /Carbohydrate Research 262 (1994) 79-101 

residue was flash-chromatographed (SiO,, 2 : 1 heptane-EtOAc) to give 20 (89 mg, 
97%); [(Y]E + 107.5” (c 1.0, CHCI,); ‘H NMR (CDCI,): 6 5.42 (dd, 1 H, J 7.8, 9.3 
Hz, H-2), 5.23 (m, 1 H, H-3”), 4.81 (d, 1 H, J 3.3 Hz, H-l”), 4.79 (d, 1 H, J 8.1 Hz, 
H-l’), 4.70 (d, 1 H, J 7.6 Hz, H-l), 2.03, 2.02, 1.80 (3 s, 3 H each, OAc), 1.91 (ddd, 
1 H, J 3.7, 3.2, 12.2 Hz, H-2”), 0.14 (s, 9 H, SiCH,). Mass spectrum: calcd for 
C,H,O,,Si (M + Na): m/z 1257.3975; found: m/z 1257.3962. 

2-(TrimethyLGlyl)ethyl 4-0-[6-0-acetyI-2,3-di-O-benzoyl-4-O-f3,4,6-tn’-O-acetyl-2- 
deoxy~-D-~yxo-h~opyrano~l~-~-D-galactopyrano~l]-2,3,6-tn’-O-benzoyl-~-D-gfuco- 
pyranoside (21).-Compound 19 (100 mg, 0.074 rnmol) was treated with DDQ 
( N 97%, 36 mg, u 1.54 mmol) in AcOH (2 mL) at room temperature for 22 h, then 
Ac,O (1 mL) and pyridine (1 mL) were added. After 2 h, TLC analysis (1: 1 
heptane-EtOAc) showed that the starting compound 19 had been consumed. 
MeOH (0.5 mL) was added and the mixture was co-concentrated with toluene to 
remove pyridine. The residue was flash-chromatographed (SiO,, 2 : 1 heptane- 
EtOAc) to give 21 (94 mg, 99%): [LY]~ + 124.3” (c 1.2, CHCl,); ‘H NMR (CDCI,): 
6 5.73 (t, 1 H, J 9.5 Hz, H-3), 5.63 (dd, 1 H, .I 7.9, 10.6 Hz H-2’), 5.38 (dd, 1 H, J 
7.9, 9.6 Hz, H-2), 5.23 (m, 1 H, H-3”), 5.10 (dd, 1 H, J, 3.5, 10.0 Hz, H-2”), 4.76 (d, 
1 H, J 7.8 Hz, H-l’), 4.70 (d, 1 H, J 7.4 Hz, H-l), 2.03, 2.02, 2.01, 1.80 (4 s, 3 H 
each, OCCH,), 1.91 (ddd, 1 H, J 3.7, 3.2, 12.2 Hz, H-2”), 0.14 (s, 9 H SiCH,). 
Mass spectrum: calcd for C,,H,,O,,Si (M + Na): m/z 1299.4081; found: m/z 
1299.4075. 

2-(Trimethylsilyl)ethyl 2,3,6-tri-O-benzoyl-4-0-[2,3-di-O-benzoyl-6-0-p-meth- 
oxybenzyl-4-0-(2,4,6-tn’-O-benzyl-3-deoxy-cY-D-xylo-hexopyra~~~)-~-D-gaiactopyr- 
ano&]-/3-D-glucopyranoside (22).-_(a) Compound 17 (467 mg, 0.43 rnrnol), SnCl, 
(92 mg, 0.492 mmol), AgClO, (103 mg, 0.49 mmol), and 3A molecular sieves (0.5 g) 
were added to dry THF (8 mL). The mixture was protected from light and stirred 
for 1 h under N,, then cooled to -30°C. A solution of 2,4,6-tri-Gbenzyl-3-deoxy- 
a$-o-xylo-hexopyranosyl fluoride [ - 0.41 mmol, prepared immediately before use 
from 13 (178 mg, 0.41 mmol) as described in the preparation of 251 was added. 
After 30 min, the mixture was gradually allowed to reach room temperature. The 
reaction was monitored by TLC (4: 1 toluene-Et,O). After 20 h, CH,Cl, (30 mL) 
was added, and the mixture was filtered (Celite) and concentrated. The residue 
was chromatographed (SiO,, 20: 1 toluene-Et,O) to give 22 (200 mg, 33%); [alg 
+43.3” (c 0.8, CHCl,); ‘H NMR (CDCI,): 6 5.74 (m, 2 H, H-3,2’), 5.32 (dd, 1 H, J 
8.0, 9.4 Hz, H-2), 5.07 (dd, 1 H, J 2.7, 10.8 Hz, H-3’), 4.83 (d, 1 H, .I 7.8 Hz, H-l’), 
4.76 (d, 1 H, J 3.2 Hz, H-l”), 4.70 (d, 1 H, J 7.8 Hz, H-l), 3.80 (s, 3 H, OCH,), 
2.02-1.74 (m, 2 H, H-3), - 0.15 (s, 9 H, SiCH3). Mass spectrum: calcd for 
C,,H,,O,,Si (M - 1): m/z 1497.5666; found: m/z 1497.5667. 

(b) Compound 17 (70 mg, 0.065 mmol), 14 (36 mg, 0.068 mmol), 3A molecular 
sieves (0.3 g), and CH,Cl, (3 mL) were stirred under N, for 30 min, then cooled to 
-5°C. Silver trifluoromethanesulfonate (24 mg, 0.091 nun00 was added and the 
mixture was protected from light and kept below 0°C for 5 h. The reaction was 
quenched by adding solid K&O, (30 mg), CH,Cl, (5 mL) was added, and the 
mixture was filtered (Celite) and concentrated. The residue was chromatographed 
(toluene-Et,O) to give 22 (81 mg, 84%). 
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2-(Ttin2ethyLsilyl)ethy1 2,3,6-tn’-O-benzoyyi-4-0-[2,3-di-O-~~oyl-Q-O-(3-~o~-cr- 
D-xylo-he;rcopy~unosyl)-B-~-ga~~ctupyrano~l]-~-D-gl~~~ranos~ (23).-Compound 
22 (100 mg, 0.067 mmol) was dissolved in AcOH (7 mL) and hydrogenated (HZ; 
P&C lo%, 140 mg) and purified, as described for 26, to give 23 (67 mg, 91%); 
[(Y]: t65.1” (c 0.83, MeOH); ‘H NMR (CDCl,): S 5.70 (t, 1 H, J 9.3 Hz, H-31, 
5.63 (dd, 1 H, J 7.8, 10.7 Hz, H-2’), 4.80 (d, 1 H, J 7.7 Hz, H-l’), 4.73 (d, 1 H, J 3.1 
HZ, H-l”), 4.68 (d, 1 H, J 7.9 Hz, H-l), 1.91 (m, 1 H, H-3”a), 1.71 (dt, 1 H, J 2.1, 
12.4 Hz, H-3”a), -0.15 (s, 9 H, SiCH,). Mass spectrum: calcd for C,,H,O,,Si 
(M + Na): m/z 1131,3658; found: m/z 1131.3677. 

2- (Trimethylsiiyl)ethyE 4-O-[6-O-ucetyL2,3-di-O-benzoyl-4-O- (2,4,6- tti-0-acetyl-3- 
deoxy-lr-n-~~o-her~no~l)-P_D-gu~ct~pyruno~l]-2,3,6- tn’-0-benz~yl-P-D-giuco- 
pyrano~ide (24).-Compound 23 (162 mg, 0.146 mm00 was acetylated (1: 1 
Ac,O-pyridine, 3 mL) and the crude product was chromatographed (SiO,, 3 : 2 
heptane-EtOAc) to give 24 (172 mg, 92%); [ Q]E + 58.0” (c 0.74, CHCl,); ‘H 
NMR (CDCI,): 6 5.74 (t, 1 H, J 9.3 Hz, H-3), 5.63 (dd, 1 H, J 7.8, 10.9 Hk, H-2’), 
4.88 (dq, 1 H, J 3.1, 5.3, 11.4 Hz, H-2”), 4.82 (d, 1 H, J 7.8 Hz, H-l’), 4.76 (d, 1 H, 
J 2.9 Hz, H-l’), 4.69 (d, 1 H, J 7.8 Hz, H-l), 2.05, 2.03, 1.96, 1.90 (4 s, 3 H each, 
OAc). Mass spectrum: calcd for C,H,,O,Si (M + Na): m/z 1299.4081; found: 
m/z 1299.4097. 

2-(Trimethylsilyl)ethyl 2,3,6-tri-Oebe~zoyZ-4-O-[2,3-di-0-ben~oyi-6-O-p-meth- 
o~ben~l-4-0-(2,3,6-t~-O-benzyl-4-de~~~-~-~l~-h~opyr~~~~)-~-~-ga~uctopyr- 
anosyll-~-D-gZ~o~ra~~i~ (25).-Compound 15 (1.11 g, 2.56 mmol) was dissolved 
in THF (9 mL) and diethylaminosulfur trifluoride (335 pL, 2.80 mmol) was added 
at - 30°C under N,-protection. The mixture was allowed to attain room tempera- 
ture and, after 2.5 h, the reaction was quenched by adding MeOH (350 mL). The 
solvent was removed, and the crude 2,3,6-tri-0-benzyl-4-deoxy-ar-D-xylo- 
hexopyranosyl fluoride was dissolved in dry THF before use. Compound 17 (2.19 g, 
2.02 mmol) was dissolved in dry THE; (35 mL) and SnCl, (479 mg, 2.5 mmol), 
AgClO, (525 mg, 2.53 mmol), and actived 3A molecular sieves (3.5 g) were added, 
and the mixture, under N,, was stirred for 3 h with exclusion of light, then cooled 
to - 10°C. The solution of crude fluoride ( N 2.5 mm01 in 15 mL of THF) was 
added dropwise and the mixture was stirred at < -5°C for 2 h and at room 
temperature for 48 h, then quenched with Et,N (468 mL, 3.33 mm011 and filtered 
(Celite). CH,Cl, (200 mL) was added and the mixture was washed with aq HCl(1 
M, 50 mL) and satd aq NaHCO, (2 X 50 mL), dried (Na,SOJ, and concentrated. 
The residue was chromatographed (SiO,, 20 : 1 toluene-Et ,O) to give 25 (1.74 g, 
57%); [ CY]~ + 56.6” (c 0.69, CHCI,); ‘H NMR (CDCI&: S 5.76 (t, 1 H, J 9.2 Hz, 
H-3), 5.69 (dd, 1 H, J 7.7, 10.9 Hz, H-2’), 5.31 (dd, 1 H, J 7.9, 9.4 Hz, H-2), 4.95 
(dd, 1 H, I 2.8, 10.8 Hz, H-3’), 4.84 (d, 1 H, J 7.8 Hz, H-l’), 4.81 (d, 1 H, J 3.3 Hz, 
H-l”), 3,77 (s, 3 H, OCH3), 3.35 (dd, 1 H, J 9.7, 3.5 Hz, H-2”), 2.13-2.04 (m, 1 H, 
H-4”e), 1.63 (bq, 1 H, J 12.3 Hz, H-4”& 0.85 (m, 2 H, OCH,CH,). Mass 
spectrum: calcd for C,,H,O,,Si (M - 1): m/z 1497.5666; found: m/z 1497.5641. 

2-(TrimethylsiZyl)ethyI 2,3,6-tn’-O-berazoyl-4-0-[2,3-di-O-be~oyl-4-0-(4-deoxy-cy- 
D-xyIo-hexopyrunosyl)-~-n-galactopyranosyZ]-~-D-gluco~yr~no~~e (26). --Compound 
25 (1.48 g, 0.99 mmol) was dissolved in AcOH and hydrogenated as described in 
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the preparation of 23. The crude material was chromatographed (20 : 1 EtOAc- 
heptane) to give 26 (879 mg, 80%); [a]g +78.8” (c 0.72, CHCl,); lH NMR data 
(CDCI,): 6 5.72 (t, 1 H, J 9.3 Hz, H-3), 5.63 (dd, 1 H, J 7.9, 10.7 Hz, H-2’), 
4.83-4.78 (2 H, H-l’,l”), 4.69 (d, 1 H, J 7.8 Hz, H-l), 1.92 (m, 1 H, H-4”e), 1.47 (bq, 
1 H, J 12.3 Hz, H-4”a), - 0.16 (s, 9 H, SiCH,). Mass spectrum: calcd for 
C,,H,O,Si (M + Na): m/z 1131.3658; found: WE/Z 1131.3677. 

2- (TtimethyLsilyl)ethyi 4-0-[6-O-acetyl-2,3-di-O-bmwyb4-O- (2,3,6- tri-O-ucetyl-4- 
de~~~-~-xylo-h~~~~~n~~l)-~-~-gulact~~ranosyl]-53,6-tn’-O-benzz~yl-~-~~g~~~gluco- 
pyranoside (27).-Compound 26 (851 mg, 0.768 mmol) was acetylated as described 
in the preparation of 24. The crude material was chromatographed (SKI,, 3 : 1 
heptane-EtOAc) to give 27 (963 mg, 98%); [(Y]E +85.0” (c 0.70, CHCl,); ‘H 
NMR (CDCI,): 6 5.76 (t, 1 H, J 9.3 Hz, H-3), 5.63 (dd, 1 H, J 7.9, 11.0 Hz, H-2’), 
5.36 (dd, 1 H, J 7.8, 9.5 Hz, H-2), 5.21 (dt, 1 H, J 4.8, 10.6 Hz, H-3”), 5,OZ (dd, 1 H, 
J 2.6, 10.9 Hz, H-3’), 4.85 (d, 1 H, J 3.7 Hz, H-l”), 4.70 (d, 1 H, J 7.8 Hz, H-l), 
4.61 (dd, 1 H, J 2.1, 12.2 Hz, H-6), 4.44 (dd, 1 H, J 4.6, 11.7 Hz, H-6), 1.90, 1.96, 
1.94, 2.05 (4 s, 3 H each, OAc), - 0.17 (s, 9 H, SiMe,). Mass spectrum: calcd for 
C,H,,O,Si (M + Na): m/z 1299.4081; found: m/z 1299.4075. 

2- (Ttimthylsilyl)ethyl 2,3,6- tri-O-benzuyl-4-O-[2,3-di-O-benzoyl-6-O-p-metho;rcy- 
ben~~-#-O-(2,3,4-t~-O-be~~~-lu-o-fuccrpyr~nosy~)~~-D-galactopyrunosy~]~~-D-giuco- 
pymnmide (28).-A solution of compounds 16 (859 mg, 1.79 mmol) and 17 (1.55 g, 
1.43 mmol) in CH,Clz (2 mL) was added with a syringe to a mixture of Cul3r, (683 
mg, 3.06 mmol), tetrabutylammonium bromide (1.16 g, 3.60 mmol), silver trifluo- 
romethanesulfonate (786 mg, 3.06 mmol>, 4A molecular sieves (2.5 g), and dry 
nitromethane (20 mL), that had been stirred for 1 h at room temperature and then 
cooled to - 10°C. The temperature was kept at - 10°C for 1 h and then gradually 
raised to room temperature, After 20 h, the mixture was filtered, the solid material 
was washed with CH,Cl, (20 mL), and the solvent was removed, The residue was 
chromatographed (SiOt, 5 : 1 heptane-EtOAc) to give 28 (1.19 g, 56%); [cY]~ 
+ 61.2” (c 1.0, CHCI,); H NMR (CDCI,): S 5.78 (t, 1 H, J 9.2 Wz, H-31, 5.70 (dd, 
1 H, J 7.7, 10.9 Hz, H-2’), 5.32 (dd, 1 H, J 7.8, 9.4 Hz, H-2), 5.09 (dd, 1 H, J 2.8, 
10.9 Hz, H-3’), 3.70 (s, 3 H, OCH,), 0.66 (d, 3 H, J 6.5 Hz, H-6”), -0.15 (s, 9 H, 
SiCH,). Anal. Calcd for C,,H,O,,Si: C, 69.6; H, 6.0* Found: C, 69.2; H, 6.1. 

2- (Ttimethylsiiyl)ethyl 2,3,6- tn’-O-~~z~yl-4-0-[2,3-di-O-be~z~y~-4-O-(a~~~~cu- 
~yranosyl)-~-D-gal~C~~pyrU~~~~]-~-D-gluC~~rQn~S~e (29).-Compound 28 (99.5 
mg, 0.066 mmol) was dissolved in AcOH (4 mL) and hydrogenated (Hz, Pd-C, 
lo%, 100 mg) at room temperature. The reaction did not proceed to completion, 
even after addition of an exfra aliquot (100 mg) of Pd-C and 2 days of reaction 
time. The mixture was filtered (Celite), washed with MeOH (10 mL), and concen- 
trated. The residue was chromatographed (SiOz 20 : 1 EtOAc-heptane) to give 29 
(44 mg, 59%); [a]g + 71.5” (C 1.0, CHCl,); ‘H NMR (CDClJ: S 5.73 (t, 1 H, J 9.0 
Hz, H-3), 5.64 (dd, 1 H, J 8.0, 10.7 Hz, H-2’), 5.32 (dd, 1 H, J 7.8, 9.6 Hz, H-21, 
5.09 (dd, 1 H, J 2.9, 10.8 Hz, H-3’), 4.80 (d, 1 H, J 7.9 Hz, H-l’), 4.74 (d, 1 H, J 3.4 
JI-Iz, H-l”), 4.69 (d, 1 H, J 7.8 Hz, H-l), 0.95 (d, 3 H, J 6.5 Hz, H-6”), -0.15 (s, 9 H, 
SiCH,). Mass spectrum: calcd for Cs8H64020Si (M + Na): m/z 1131.3658; found: 
m/z 1131.3657, 
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2-(Trimethylsilyl)ethyl 4-O-[4-O-acetyl-2,3-di-O-benzoyl-4-O-~2,3,4-tn’-O-acetyl~- 
D-~o~ra~~l)-~-D-galactopyranosyl-2,3,6-tn’-O-benzoyl-~-D-glucopyranoside (30). 
-Compound 29 (360 mg, 0.325 mmol) was acetylated as described in the prepara- 
tion of 24. The crude material was chromatographed (SiO,, 3 : 1 heptane-EtOAc) 
to give 30 (375 mg, 91%); [a]g +92.1” (c 0.8, CHCl,); ‘H NMR (CDCls): S 5.76 
(t, 1 H, J 9.2 Hz, H-3), 5.64 (dd, 1 H, J 7.8, 10.7 Hz, H-2’), 5.35 (dd, 1 H, J 7.9,9.6 
Hz, H-2), 5.10 (dd, 1 H, J 3.7, 12.0 Hz, H-2”), 5.01 (dd, 1 H, J 2.8, 10.9 Hz, H-3’), 
4.86 (d, 1 H, J 3.7 Hz, H-l”), 4.81 (d, 1 H, J 7.8 Hz, H-l’), 4.69 (d, 1 H, J 7.8 Hz, 
H-l), 2.07, 1.99, 1.96, 1.92 (4 s, 3 H each, OAc), 0.70 (d, 3 H, J 6.5 Hz, H-6”), 
-0.15 (s, 9 H, SiCH,). Mass spectrum: calcd for C,H,,O,Si (M + Na): m/z 
1299.4081; found: m/z 1299.4086. 

3-(Hexadecylthio)-2-[(hexadecylthio)methyl]propyl 4-O-[6-O-acetyl-2,3-di-O-ben- 
zoyl-4-0-(2,3,4,6-tetra-O-acetyl-cw-D-ga~cto~rano~l~-~-D-galacto~ra~~l]-2,3,6- 
tri-0-benzoyl-P-D-glucopyranoside (32).-The p-acetate 31 [ill (52 mg, 0.041 mmol) 
and the bis-sulfide alcohol 52 (60 mg, 0.102 mmol) were dissolved in CH,Cl, (5 
mL) and cooled to 0°C. Approximately 3 grains of 3A molecular sieve (AW-300) 
and BF, - Et,0 (19 pL, 0.12 mmol) were added, the cooling was interrupted after 
30 min, and the mixture was stirred at room temperature for 24 h. Et,N (20 I.IL) 
and CH,Cl, (5 mL) were added, and the mixture was filtered (Celite) and 
concentrated. The residue was chromatographed (SiO,, 1: 1 + 3 : 1 CH,Cl,- 
heptane) to give 32 [12] (54 mg, 76%). Physical data were in accord with those 
published [ 121. 

3-~H~adecylsulfonyll)-2-[~hexadecylsulfonyl~methyl~propyl 4-O-i6-O-acetyl-2,3-di- 
O-benzoyl-4-O-(2,3,4,6-tetra-O-aCetyl-cy-D-gUfUCtO~rUnO~l~-~-D-galaCtOpyranOsyl-2, 
3,6-fri-O-benzoyl-/3-D-gfucopyranoside (33).-The p-acetate 31 [ill (53 mg, 0.042 
mm00 and the bis-sulfone alcohol 53 (60 mg, 0.087 mmol) were suspended in 
CH,Cl, (8 mL) and treated as in the preparation of 32, to give 33 (36 mg, 48%). 
Physical data were in accord with those published [121. 

I-O-Acetyl-4-O-[6-O-acetyl-2,3-di-O-benzoyl-4-O-~3,4,6-tn’-O-acetyl-2-deoxy-cY-D- 
lyxo-hexopyranosyl)-~-D-galactopyranosyl]-2,3,6-tri-O-benzoyl-~-D-glucopyranose 
(34).-Compound 21 (86 mg, 0.067 mmol) and Ac,O (65 pL, 0.69 mmol) were 
dissolved in toluene (1 mL) and BF, * Et,0 (7 pL) was added at room tempera- 
ture. After 3 h, TLC (1: 2 heptane-EtOAc) showed that the starting material was 
consumed. The mixture was poured into 5 :2 CH,Cl,-H,O (70 mL), the water 
phase was extracted with CH,Cl, (20 mL), and the combined organic phase was 
washed with satd aq NaHCO, (20 mL), dried (Na,SO,), and concentrated. The 
residue was chromatographed (SiOZ, 3 : 1 heptane-EtOAc) to give 34 (36 mg, 
44%) and 50 (34 mg, 51%). Compound 34 had [a]: +99.1” (c 0.5, CHCl,); ‘H 
NMR (CD&): S 5.91 (d, 1 H, J 8.2 Hz, H-l), 5.79 (t, 1 H, J 9.3 Hz, H-3), 5.63 
(dd, 1 H, .I 7.8, 10.6 Hz, H-2’), 5.53 (dd, 1 H, J 8.3, 9.6 Hz, H-2), 5.23 (m, 1 H, 
H-3”), 5.10 (dd, 1 H, J 3.4, 10.6 Hz, H-3’), 4.76 (d, 1 H, J 7.8 Hz, H-l’), 4.70 (d, 1 
H, J 3.2 Hz, H-l”), 2.05, 2.03, 2.02, 2.01, 1.99 (5 s, 3 H each, OAc). Mass spectrum: 
calcd for C,H,,O, (M + Na): m/z 1241.3478; found: m/z 1241.3440. 

I-O-[6-O-Acetyl-2,3-di-O-benzoyl-4-O-(3,4, 6-tri-0-acetyl-2-deoxy-a-D-lyxo-hexo- 
pyranosyl)-~-D-galactopyranosylj-53,6-t~-O-benzoyl-D-gluco~ranose (35).-Corn- 
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pound 21 (51 mg, 0.040 mmol) was dissolved in 2: 1 CF,CO,H-CH,C12 (0.75 mL) 
and the mixture was stirred at 10°C for 30 min. Propyl acetate (1.5 mL) was added 
and, after 5 min, the mixture was co-concentrated with toluene (2 x 3 mL). The 
residue was chromatographed (SiO,, 2: 1 heptane-EtOAc) to give 35 (46 mg, 
98%), which was used without further characterisation. 

I-O-[6-O-Acetyl-2,3-di-O-benzoyZ-4-0-~3,4,6-tn’-O-acetyZ-2-~e~~-~-o-l~o-hexo- 
pyranosyl)-cr-~-galactopyranosyI]-2,3,6-tn’-O-benzoyl-~-~-glucopyranosyl trichloro- 
acetimidate (36).-Compound 35 (50.0 mg, 0.0425 mmol) was dissolved in 
trichloroacetonitrile (144 pL), the mixture was cooled to o”C, and 1,8- 
diazabicyclo[5.4.0jt.mdec-7-ene (DBU) (5.5 pL) was added. TLC (1: 2 heptane- 
EtOAc) showed that the reaction was finished after 30 min. The solvent was 
removed and the residue was chromatographed (SiO,, 3:2 heptane-EtOAc) to 
give 36 (55 mg, 98%); [crlg + 131.0” (c 1.2, CHCI,); ‘H NMR (CDCI,): 6 8.53 (s, 1 
H, NH), 6.70 (d, 1 H, J 3.7 Hz, H-l), 6.11 (dd, 1 H, J 8.7, 10.1 Hz, H-3), 5.66 (dd, 1 
H, J 7.8, 10.2 Hz, H-2’), 5.49 (dd, 1 H, J 3.7, 10.2 Hz, H-2), 5.24 (m, 1 H, H-3”), 
5.11 (dd, 1 H, J 3.1, 10.7 Hz, H-3’), 4.85 (d, 1 H, J 7.9 Hz, H-l’), 4.73 (d, J 2.9 Hz, 
H-l”), 2.04, 2.03, 2.01, 2.00 (4 s, 3 H each, OAc). Mass spectrum: calcd for 
C,H,CI,NOu (M + 1): m/z 1320.2649; found: m/z 1320.2614. 

3-(Hexadecylsulfonyl)-2-[(hexadecylsulfonyl)methyl]progyl 4-O-[6-O-acetyl-2,3-di- 
O-benzoyl-4-0-(3,4,6-tri-O-acetyl-2-deoxy-cu-D-lyxo-hexopyra~~~~-~-D-galactopy- 
ranosyll-2,3,6-tri-O-benzoyl-fi-D-glucopyranoside (37X-Compound 36 (30 mg, 0.023 
mmol) was dissolved in CH,Cl, (1.5 mL). The mixture was cooled to - 50°C and 
added dropwise to a mixture of 53 (48.0 mg, 0.072 mmol), BF, * Et,0 (4.0 PL), 3A 
molecular sieves (A.W.-300, 0.5 g), and CH,Cl, (3 mL), at 30°C under N,. The 
resulting mixture was stirred at room temperature for 3 h, then quenched with 
Et,N (5.0 pL), diluted with CH,Cl, (10 mL), and filtered (Celite). The solid 
material was washed with CH,Cl, (10 mL) and the combined organic phase was 
concentrated to give a semicrystalline mass, which was dissolved in hot EtOAc. 
Crystalline 53 (formed on cooling to room temperature) was filtered off and 
washed with cold EtOAc. The mother liquid was concentrated, and flash-chro- 
matographed (SiOZ, 2 : 1 heptane-EtOAc) to give 37 (30.0 mg, 73%); [al: + 68.9” 
(c 0.91, CHCI,); ‘H NMR (CDCl,): S 5.75 (t, 1 H, J 9.4 Hz, H-31, 5.63 (dd, 1 H, J 
7.6, 10.5 Hz, H-2’), 5.36 (dd, 1 H, J 8.2, 9.6 Hz, H-2), 5.19 (bs, 1 H, H-4”), 5.11 (dd, 
1 H, J 2.7, 10.5 Hz, H-3’), 4.78 (d, 1 H, J 7.8 Hz, H-l’), 4.72, 4.69 (d, 1 H each, J 
8.3, 4.0 Hz, H-&l”), 3.19-2.60 (m, 9 H, CHCH,SO,CH,). Mass spectrum: calcd 
for C,,H,,,O,S, (M + Na): m/z 1831.8244; found: m/z 1831.8213. 

l-O-Acetyl-4-O-[6-O-acetyl-2,3-di-O-benzoyl-4-O-(2,4,6-tn’-O-acetyl-3-deoxy-a-~- 
xylo-hexopyranosyl)-~-D-galactopyranosy~]-2,3,6-tri-O-benzoy~-~-D-g~ucopyranose 
(38).-Compound 24 (95 mg, 0.074 mmol) was treated with Ac,O-BF, * Et,0 as 
described in the preparation of 34. The crude product was chromatographed 
(SiO,, 3 : 1 heptane-EtOAc) to give 38 (45 mg, 50%); ‘H NMR (CDCI,): 6 5.90 (d, 
1 H, J 8.1 Hz, H-l), 5.78 (t, 1 H, J 9.3 Hz, H-3), 5.62 (dd, 1 H, J 7.8, 10.8 Hz, 
H-2’) 4.79 (d, 1 H, J 7.6 Hz, H-l’), 4.68 (bd, 1 H, J 2.4 Hz, H-l”), 1.98-1.85 (15 H, 
OAc). 
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pyranosyl)-B-D-galactopyranosyl]-2,3,6-tn’-O-benroyl-D-glucopyranose (39).-Com- 
pound 24 (178 mg, 0.139 mmol) was treated with 2: 1 CF$O,H-C&Cl, as 
described in the preparation of 35. The crude product was chromatographed 
(SiO,, 1: 1 heptane-EtOAc) to give 39 (155 mg, 95%), which was used without 
further characterisation. 

4-0-[6-O-Acetyl-2,3-di-O-benzoyl-4-O- (2,4,6-tn’-O-acetyl-3-deoxy-a-D-xylo-h~o- 
~ranosyl)-~-~-galactopyranosy1]-2,3,6-tn’-O-benzoyl-~-~-gluco~ranosyl trichloro- 
acetimidate (40).-Compound 39 (145 mg, 0.123 mm00 was treated with 
trichloroacetonitrile and DBU as described in the preparation of 36. The crude 
product was chromatographed (SiO,, 1: 1 heptane-EtOAc) to give 40 (156 mg, 
96%); [(Y]:: +83.4” (c 0.70, CHCl,); ‘H NMR (CDCI,): 6 8.53 (s, 1 H, NH), 6.68 
(d, 1 H, J 3.7 Hz, H-l), 6.13 (t, 1 H, J 9.3 Hz, H-3), 5.67 (dd, 1 H, J 8.0, 10.7 Hz, 
H-2’), 5.43 (dd, 1 H, J 3.8, 10.1 Hz, H-2), 5.07 (m, 2 H, H-3,4”), 4.76 (d, 1 H, J 3.1 
Hz, H-l”), 2.04, 2.02, 1.95, 1.91 (4 s, 3 H each, OAc). Mass spectrum: calcd for 
C,H,,Cl,NO, (M + Na): m/z 1342.2469; found: m/z 1342.2439. 

3-(Hexadecylsulfonyl)-2-[(h~adecylsu~onyfonyl)methyl]propyl 4-O-[6-O-acetyl-2,3-d& 
0-benzoyl-4-0-(2,3,6-tn’-O-acetyl-3-deo~~-~-xylo-hexopyrano~l~-~-~-galacto~ran- 
osyl]-2,3,6-tri-0-benzoyf+D-glucopyranoside (41).-Compound 40 (40.0 mg, 0.030 
mmol) was treated with 53 (78.6 mg, 0.120 mmol) and BF, + Et,0 in CH,CI,, as 
described in the preparation of 37, to give 41 (33 mg, 59%); [alg +36.7” (c 1.0, 
CDCl,); ‘H NMR (CDCl,): 6 5.76 (t, 1 H, J 9.4 Hz, H-3), 5.62 (dd, 1 H, J 7.9, 
10.6 Hz, H-2’), 5.34 (dd, 1 H, J 7.9, 9.9 Hz, H-2), 5.19 (m, 2 H, H-3’, 4”), 4.88 (m, 1 
H, H-2”), 4.83 (d, 1 H, J 7.8 Hz, H-l’), 4.77 (d, 1 H, J 2.9 Hz, H-l”), 4.72 (d, 1 H, J 
8.0 Hz, H-l), 3.19-2.62 (m, 9 H, CHCH,SO,CH,), 2.05, 2.03, 1.99, 1.91 (4 s, 3 H 
each, OAc), 0.87 (t, 6 H, J 6.7 Hz, CH,C H3). Mass spectrum: calcd for 
C,,H,,,O,$, (M + Na): m/z 1831.8244; found: m/z 1831.8333. 

l-O-Acetyl-4-O-[6-O-acetyl-2,3-di-O-benzoyl-4-O-~2,3,6-tn’-O-acetyl-4-deoxy-a-~- 
xylo-hexopyranosyl)-~-~-galactopyranosyl]-2,3,6-tri-O-benzoyl-~-~-glucopyranose 
(42).-Compound 27 (100 mg, 0.080 mmol) was treated with Ac,O-BF, - Et,0 as 
described in the preparation of 34. The crude product was chromatographed 
(SiO,, 3: 1 heptane-EtOAc) to give 42 (86 mg, 91%); [cylg + 101.0” (c 1.0, 
CHCl,); ‘H NMR (CDCl,): 6 5.92 (d, 1 H, J 8.1 Hz, H-l), 5.81 (t, 1 H, J 9.0 Hz, 
H-3), 5.64 (dd, 1 H, J 7.7, 10.6 Hz, H-2’), 5.51 (dd, 1 H, J 8.2, 9.3 Hz, H-2), 5.19 
(dt, 1 H, J 4.9, 11.2 Hz, H-3”), 5.03 (dd, 1 H, J 2.7, 11.0 Hz, H-3’), 4.86 (d, 1 H, J 
3.7 Hz, H-l”), 4.58, 4.47 (dd, 1 H each, J 1.8, 3.9, 12.3 Hz, H-6), 2.21 (m, 1 H, 
H-4”e), 1.56 (bq, 1 H, .I 11.7 Hz, H-4”a), 2.05, 2.03, 1.98, 1.97, 1.94, 1.92 (5 s, 3 H 
each, OAc). Anal. Calcd for C,,H,,O,,: C, 62.1; H, 5.1. Found: C, 61.7; H, 5.3. 

4-0-~6-0-Acetyl-2,3-di-O-benzoyl-4-O-~2,3,6-tn’-O-acetyl-4-deoxy-cu-~-xylo-hexo- 
pyranosyf)-~-D-galactopyranosyl]-2,3,6-tri-O-benzoyl-D-glucopyranose (43).-Com- 
pound 27 (200 mg, 0.157 mmol) was treated with 2: 1 CF,CO,H-CH$l, as 
described in the preparation of 35. The crude product was chromatographed 
(SiO,, 2: 1 heptane-EtOAc) to give 43 (177 mg, 96.0%), which was used without 
further characterisation. 

4-0-~6-0-Acetyl-2,3-di-O-benzoyl-4-O-~2,3,6-tn’-O-acetyl-4-deoxy-cu-~-xylo-hexo- 
pyranosyl~-~-~-galactopyranosyl]-2,3,6-tri-O-benzoyl-~-~-glucopyranosyl trichloro- 
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acetimidute (44).-Compound 43 (165 mg, 0.14 mmol) was treated with 
trichloroacetonitrile and DBU as described in the preparation of 36. The crude 
product was chromatographed (SiO,, 2: 1 heptane-EtOAc) to give $4 (183 mg, 
99%); [c# + 161.0” (c 1.0, CHCl,); ‘H NMR (CDCI,): 6 8.55 (s, 1 H, NH), 6.67 
(d, 1 H, J 3.7 Hz, H-l), 6.17 (t, 1 H, J 9.5 Hz, H-3), 5.68 (dd, 1 H, J 9.8, 11.0 Hz, 
H-2’), 5.44 (dd, 1 H, J 3.7, 10.3 Hz, H-2”), 5.21 (dt, 1 H, J 4.7, 10.5 Hz, H-3”), 5.04 
(dd, 1 H, J 2.9, 10.9 Hz, H-3’), 4.89 (d, 1 H, J 8.1 Hz, H-l’), 4.86 (d, 1 H, J 3.5 Hz, 
H-l”), 4.81 (dd, 1 H, J 3.5, 10.4 Hz, H-2”), 2.25 (m, 1 H, H-4”e), 2.10-1.90 (4 s, 3 H 
each, OAc), 1.56 (bq, 1 H, J 11.8 Hz, H-4”~). Mass spectrum: calcd for 
C,,H,Cl,NO, (M + Na): m/z 1342.2469; found: m/z 1342.2415. 

3-(Hexadecylsurfonyi~-2-~~hexadecylwlfonyl~methyl]propyl 4-O-[6-O-acetyl-2,3-di- 
O-be~oyl-4-0-(2,3,6-tn’-O-acetyl-4-de--o-pyra~~l)-~-D-ga~cto~ran- 
osyl]-2,3,6-tn’-O-benzoyl-8-D-glucopyranoside (45).-Compound 44 (20.0 mg, 0.0151 
mmol) was dissolved in CH,Cl, (1 mL). The mixture was cooled to -5°C and 
added dropwise to a mixture of 53 (32.0 mg, 0.048 mmol), BF, - Et,0 (4.2 pL, 
0.031 mmol), 3A molecular sieves (A.W.-300, 0.3 g), and CH,Cl, (2 mL), at 40°C 
under N,. The resulting mixture was stirred at -5°C for 30 min and at room 
temperature for 4 h, then quenched with Et,N (20 PL), diluted with CH,Cl, (20 
mL), filtered (Celite), and concentrated to give a semicrystalline mass, which was 
dissolved in hot EtOAc, Crystalline 53 (formed on cooling to room temperature) 
was filtered off and washed with cold EtOAc. The mother liquid was concentrated, 
and the residue was chromatographed (SiO,, 3 : 2 heptane-EtOAc) to give 45 (15.0 
mg, 55%); [(YIP +44.0” (c 0.25, CHCl,); ‘H NMR (CDCl,): S 5.78 (t, 1 H, J 9.3 
Hz, H-31, 5.62 (td, 1 H, J 7.8, 10.6 Hz, H-2’), 5.33 (dd, 1 H, J 8.0, 9.6 Hz, H-21, 
5.19 (td, 1 H, J 5.1, 10.6 Hz, H-3”), 4.86 (d, 1 H, J 3.5 Hz, H-l”), 4.73 (d, 1 H, J 7.9 
Hz, H-l), 3.19-2.62 (m, 9 H, CHCH,SO,CHJ, 2.25-2.16 (m, 1 H, H-4”e), 2.04, 
1.97, 1.94, 1.93 (4 s, 3 H each, OAc), 0.87 (t, 6 H, J 6.7 Hz, CH,CH,). Mass 
spectrum: calcd for C,,H,,,O,S, (M + Na): m/z 1831.8244; found: m/z 
1831.8213. 

I-O-Acetyl-4-O-~6-O-acetyl-2,3-di-O-benzoyl-4-O-~2,3,4-tri-O-acetyl-cw-~-fucopyr- 
anosyl)-~-~-galactopyranosyll-2,3,6-tri-O-benzoyl-~-~-glucopyranose (46).-Com- 
pound 30 (65 mg, 0.051 mmol) was treated with Ac,O-BF, * Et,0 as described in 
the preparation of 34. The crude product was chromatographed (SiO,, 3 : 1 
heptane-EtOAc) to give 46 (23 mg, 37%), 50 (16 mg, 32%), and the Me,SiCH,CH, 
glycoside corresponding to 50 (7 mg, 13%). Compound 46 had [a]g + 110.5” (c 1.0, 
CHCl,); ‘H NMR (CDCl,): 8 5.93 (d, 1 H, J 8.1 Hz, H-l), 5.810, 1 H, J 9.1 Hz, 
H-3), 5.65 (dd, 1 H, J 7.8, 10.4 Hz, H-2’), 4.87 (d, 1 H, J 3.7 Hz, H-l”), 4.82 (d, 1 
H, J 7.8 Hz, H-l’), 2.07, 1.99, 1.98, 1.97, 1.91 (5 s, 3 H each, OAc), 0.71 (d, 3 H, J 
6.5 Hz, H-6”). Mass spectrum: calcd for C,,H,,O,, (M I- Na): m/z 1241.3478; 
found: m/z 1241.3500. 

4-O-[6-O-Acetyl-2,3-di-O-benzoyl-4-O-(2,3,4-tn’-O-ace~l-cu-~-fucopyranosyl~-~-~- 
galactopyranosyl]-2,3,6-tn’-O-be~oyl-~-D-glucopyranose (471.~Compound 30 (223 
mg, 0.175 rnmol) was treated with 2: 1 CF,CO,H-CH,Cl, as described in the 
preparation of 35. The crude product was chromatographed (SiOZ, 1: 1 heptane- 
EtOAc) to give 47 (201 mg, 98%), which was used without further characterisation. 



4-0-[6-O-Acety~-2,3-di-O-bentoyly~~4-0-(2,3,4-tn’-O-acety~~-~-fucu~raWranosyl)~-~- 
galactujqwanosyi]-2,3,6-tn’-O-benzoyl-~-~-gl~u~ra~l trichloroacetimidate (48). 
-Compound 47 (100 mg, 0.085 mmol) was treated with trichloroacetonitrile and 
DBU as described in the preparation of 36. The crude product was chro- 
matographed (SKI,, 1: 1 heptane-EtOAc) to give 48 (109 mg, 97%); [a]g +87.0” 
(c 0.6, CHCl,); ‘H NMR (CDCI,): S 8.53 (s, 1 H, NH), 6.66 (d, 1 H, J 3.7 Hz, 
H-l), 6.16 (d, 1 H, J 8.9 Hz, H-3), 5.69 (dd, 1 H, J 7.7, 10.8 Hz, H-2’), 5.44 (dd, 1 
H, J 3.7, 10.1 Hz, H-2), 5.11 (dd, 1 H, J 3.6, 10.4 Hz, H-2”), 4.89 (d, 1 H, J 7.9 Hz, 
H-l’), 4.87 (d, 1 H, J 3.7 Hz, H-l”), 2.07, 1.99, 1.95,1.92 (4 s, 3 H each, OAc). Mass 
spectrum: calcd for C,,H,Cl,NO, (M+ Na): m/z 1342.2469; found: m/z 
1342.2416. 

3-(Hexadecy~~lfonyl)_2-[(h~adecylsuIfonyl~methyl]pru~l 4-O-[6-O-acetyl-2,3-di- 
O-be~oyl-4-0-(2,3,4-hY’-O-acetyl~-~_Fr~o~ra~~~)-~-~-galacicrpyrano~~~-2,3,6-tri- 
O-bertzoy~-~-D-g~~o~~~~o~i~ (49).-Compound 48 (57 mg, 0.043 mmol) was 
treated with 53 (61 mg, 0.092 mmol) and BF, l Et,0 in CH,Cl, as described in the 
preparation of 37. The crude product was chromatographed (3 : 1 heptane-EtOAc), 
to give 49 (46.7 mg, 59%); [ a]g + 66.0” (c 0.58, CHCl,); ‘H NMR (CDCI,): S 5.77 
(t, 1 H, J 9.3 Hz, H-3), 5.65 (dd, 1 H, J 7.7, 10.1 Hz H-2’), 5.10 (dd, 1 H, J 3.3, 
11.4 Hz, H-2”), 5.03 (dd, 1 H, J 2.7, 10.9 Hz, H-3’), 4.78 (d, 1 H, J 3.4 Hz, H-l”), 
4.83 (d, 1 H, J 8.0 Hz, H-l’), 4.72 (d, 1 H, J 8.0 Hz, H-l), 3.19-2.60 (m, 9 H, 
CHCH,SO,CH,), 2.08, 1.99, 1.97, 1.92 (4 s, 3 H each, OAc), 0.70 (d, 3 H, J 6.4 
Hz, H-6”). Anal, Calcd for Cg,H13202SS2: C, 64.4; H, 7.3. Found: C, 63.8; H, 7.7. 

1 -O-AcetyZ-2,3,6-tn’-O-benzoyl-4-0-(4,6-di-O-ace~l-2,3-di-O-benzoyZ-~-~-gaEac- 
tu~ranu~l)-B-D-g~~upyra~se (501, i&ted us a byproduct in the preparatiurt uf 
34, 38, and 46.-Compound 50 had [c# + 66.2” (c 1.0, CHCl,); ‘H NMR 
(CDCI,): S 5.91 (d, 1 H, J 8.2 Hz, H-l), 5.79 (t, 1 H, J 9.3 Hz, H-3), 5.58 (dd, 1 H, 
J 7.7, 10.3 Hz, H-2’), 5.55 (dd, 1 H, J 8.2, 9.8 Hz, H-2), 5.39 (d, 1 H, J 3.4 Hz, 
H-4’), 5.19 (dd, 1 H, J 3.3, 10.4 Hz, H-3’), 4.77 (d, 1 H, J 7.8 Hz, H-l’), 2.00, 1.98, 
1.92 (3 s, 3 H each, OAc). Mass spectrum: calcd for C53H48019 (M - 1): m/z 
987,2712; found: m/z 987.2740. 

3-Hexadecylthio-2-(hexadecylthiomethyZ~propu)propan-l-ol (52).-Compound $1 [29] 
(97%, 5.0 g, 21.6 mmol), hexadecanethiol (20.5 mL, 65.1 mmol), and DMF (150 
mL) were cooled to 0°C and Cs&O, (95%, 22.3 g, 65 mmol) was added. The 
mixture was stirred at room temperature, under N,, for 24 h, then poured into 3 : 5 
ice-water-CH,Cl, (800 mL). The water phase was extracted with CH,Cl, (3 x 300 
mL), the combined organic phase was washed with satd aq NaCl(2 x 300 mL) and 
dried (Na,SO,), and CH,Cl, was removed. MeOH (200 mL) was added to force 
the crystallisation of 52, which was isolated by filtration to give 11.7 g (93%). ‘H 
NMR (CDCl& S 3.77 (t, 2 H, J 5.5 Hz, OCH z), 2.65 (bt, 4 H, J 6.7 Hz, CH $), 
2.52 (bt, 4 H, J 7.4 Hz, SCH,), 1.94 (m, 1 H, CH,CH), 1.57 (m, 4 H, SCH,CH,), 
0.88 (bt, 6 H, J 6.7 Hz, CH,CH,). Mass spectrum: calcd for C,,H,dOS, (M + 1): 
m/z 587.5259; found: m/z 587.5266. 

3-Hkxadecylsurfonyl-2- (haradecyrsurthyl~p~opan-1 -ul(53).-Compound 52 
(200 mg, 0.34 mmol) was dissolved in CH,Cl, (10 mL) and MCPBA (85%, 276 mg, 
1.36 mmol) was added in portions. After 17 h, the mixture was diluted with 



CH+& (100 mL), washed with aq Na,SO, (1 M, 30 mL) and satd aq NaCl (30 
mL), dried (Na,SO,), and concentrated to give 53 (220 mg, 99%). Recrystallisation 
from EtOAc gave an analytical sample; ‘H NMR (CIXl,): S 3.93 (brd, 2 H, J 5.3 
Hz, UCH2), 3.42 (dd, 2 I-I, J 6.8, 14.1 Hz, CH,SO,), 3.24 (dd, 2 H, J 5.7, 14.0 Hz, 
C&SC+), 3.06-2.93 (5 H, SO,CH,, CH), 1.83 (m, 4 H, SO&I&C&), 0.87 (t, 6 
H, J 6.7 Hz, CH,CN,). Mass spectrum: calcd for C,,H,@$, (M + 1): m/z 
651.5056; found m/z 65lSO53, 

M&y/ 2,4, 6-tri-O-benzyl-3-Q-(mcthyltkiojthiucarbonyl-a-D-galactopyrantlside 
(54).-A mixture of methyl 2,4,6-tri-0-benzyl+-n-galactopyranoside [30] (1.54 g, 
3.32 mmol), NaH (80% in oil, 203 mg, 6.63 mmol), and THF (10 mL) was stirred 
for 2 h and imidazole (10 mg, 0.15 mm& was added. After 5 min, CS, (1.7 mL) 
was added and the mixture was stirred for 2.5 h. Me1 (Cl,41 mL, 6.63 mmol) was 
added and the reaction was monitored by TLC (1: 1 heptane-EtOAc). After 3 h, 
the mixture was diluted with CH,Cl, (100 mL), washed with satd aq NaHCO, (50 
mL) and water (SO mL), dried (Na,SQ,), and concentrated. The residue was 
flash-chromatographed (SK&, 2 : 1 heptane-EtOAc) to give 54 (1.82 g, 99%); [ a]g 
+64.9” (c 1.0, CHCl,); ‘H NMR (CDCl,): S 6.10 (dd, 1 H, J 3.1, 10,2 Hz, H-3), 
4.28 (d, 1 H, J 2.9 Hz, H-4), 4,19 (dd, 1 H, J 3.7, 10.3 Hz, H-2), 4.04 (t, 1 H, J 6.5 
Hz, H-5), 3.39 (s, 3 H, OCH,), 2.59 (s, 3 II, SCH,). Mass spectrum: calcd for 
C,,H3406S2 (M + 1): tn,‘~ 555.1875; found: m/z 555.1839. 

Methyl 2,4,6-tri-O-~enzyZ-3-de~~-rw-~-xylo-h~~~yranos~~ (55),-A solution of 
compound 54 (1.80 g, 3.24 mmol) and azobis(isobutyronitrile) (43 mg) in toluene 
(55 mL) was added to a refluxing solution of Bu,SnH (> 98%, 1.72 mL, N 6,49 
mmol) in toluene (70 mL), kept under AK The mixture was refluxed for 30 h, then 
cooled, filtered (Celite), and concentrated. The residue was chromatographed 
(SQ, 5:1+2:1 h t ep ane-EtOAc) to give 55 (605 mg, 42%) and methyl 2,4,6-tri- 
O-benzyl-a-r>-galaopyranoside (461 mg, 31%). Compound 55 had [ a]g + 13.8’ (c 
0.5, CHCl,). ‘II NMR (CDCI,): S 4.75 (d, 1 II, J 3.4 Hz, H-l), 3.94 (dt, 1 H, J 1.3, 
6.2 Hz, H-4), 3.87 (dt, I H, J 3.5, 4.3, 12,O Hz, H-2), 3.44 (s, 3 H, CXH,), 2.23 (dt, 
1 W, J 4.0, 13.5 Hz, I-I-AGE), 1.86 (dt, 1 H, J 2.4, 12.8 Hz, H-3e). Anal. Calcd for 
C28H3205: CY 74.9; H, 7.1. Found: C, 74.4; H, 71. 

Methyl 2,4,6-tri-O-ucetyl-3-O-rim~duz~l-l -ylthiocarbonylj-P-D-gal~ctopyranoside 
(56).-A mixture of methyl 2,4,6-tri-O-acetyl-/3-D-galactopyranoside [32] (570 mg, 
1.78 mmol), N,W-thiocarbonyldiimidazole (635 mg, 3.56 mmol), and dry l,Zdi- 
methoxyethane (30 mL) was refluxed under Ar overnight, then concentrated. The 
residue was chromatographed (SK+, 2 :3 heptane-EtOAc) to give 56 (765 mg, 
99%); [a]: -+ 12.5’ (c 1.0 CHCI,); H NMR (CDCI,): S 8.23 cd, 1 H J 1.0 Hz, 
N=CHN), 7.48 (t, 1 H, J 1.5 Hz, =CHN), 7.00 (dd, 1 H, J 0.9, 1.7 Hz, NCH=C), 
5.44 (dd, 1 W, J 8.0, 9,9 Hz, H-2), 4.46 (d, 1 H, J 7.9 Hz, H-l), 4.00 (t, 1 H, J 6.6 
Hz, H-5), 3.55 (s, 3 H, OCH& 2.11, 2.06, 2.03 (3 s, 3 H each, OAc). Mass 
spectrum: calcd for C1,H2,N$&S (M + 1): m/z 431.1124; found: m/z 431.1115. 

Methyl 2,3,6-t~-~~b~n~l-CO-(mathy~t~~u}t~loc~r~ny~~-~~~l~~pyr~~s~de (57) 
-A mixture of methy 2,3,~tri-O-benzyl~-D-g~u~p~~o~ide [36] (4.50 g, 9.49 
mmcl), NaH (80% in oil, 592 mg, N 19.4 mmol), imidazole (18 mg, 0.27 mrnol), and 
THE; (27 mL) was stirred for 2 h, then CS, (5.1 mL, 85.0 mmol) was added. After 



1.5 h, Me1 (1.21 mL, 19.6 mmol) was added and the reaction was monitored by 
TLC (2: 1 heptane-EtOAc). The mixture was diluted with CH2C12 (60 mL) and 
washed with water (25 mL). The water phase was extracted with CH,C1, (30 mL), 
and the combined organic phase was washed with aq HCl(0.2 M, 30 mL), satd aq 
NaHCO, (30 mL), and water (30 mL), dried (Na,SO,), and concentrated. The 
residue was chromatographed (SiO,, 2: 1 heptane-EtOAc) to give 57 (5.22 g, 
97%); [a]: +27” (c 0.8, CHCl,); ‘H NMR (CDCl,): S 6.15 (dd, 1 H, J 9.2, 10.1 
Hz, H-4), 4.09 (t, 1 H, 3 9.3 Hz, H-3), 3.80 (ddd, 1 H, J 2.4,5.4, 9.8 Hz, H-5), 3.42 
(s, 3 H, OMe). Mass spectrum: calcd for C30H3406S2 (M + 1): m/z 555.1875; 
found: m/z 555.1837. 

Ethyl 2,3,4-tn’-O-u~elyGl-tkio-D-fucc;rpyra~~~~ (58).--o-Fucose (3.47 g, 21.2 
mmol) was treated with 1: 1 Ac,O-pyridine (50 mL) to give crude 1,2,3,4-tetra-0- 
acetyl-&ucose (7.0 g, 995%). A mixture of 1,2,3,4-tetra-0-ace@-o-fucose (5.0 g, 
w 15 mmol), HSCH,CH3 (2.23 mL, 30.1 mmol), and Cl&Cl, (80 mL) was cooled 
(ice bath) and RF, l Et,0 (2.80 mL, 22.6 mm00 was added+ The mixture was 
stirred at room temperature for 6 h, then washed rigorously with aq NaOH (1 M, 
30 mL), satd aq NaHCO, (30 mL), and water (20 mL), dried (Na,SQ,), and 
concentrated. The residue was chromatographed (SQ, 2: 1 heptane-EtOAc) to 
give 58 (4.5 g, 897 o, a : p 1: 7); ‘H NMR (CDCl,): S 5.70 (d, J 5.1 Hz, H-k), 4.48 
(d, J 9.8 Hz, H-l@. Mass spectrum: calcd for C,,H,,O,S (M + 1): m/z 335.1165; 
found: m/z 335.1169. 

2-(TrimethylsiEy~~~~~y~ 4-0-(4,6-O-p-me#~~~~~l~~~-~-galactopyran~~z)-~- 
D-glucc~~yrums~e (59).-A mixture of 2-(trimethylsilyl)ethyl /3+lactoside [ 1 l] 
(14,4 g, 32.5 mmol), p-methoxy-lr,a-dimethoxytoluene (12.4 g, 68.2 mrnol), p- 
toluenesulfonic acid (240 mg, 1.40 mmol), and dry CH,CN (450 mL) was stirred at 
room temperature for 38 h. Et,N (1.5 mL) was added and the solvent was 
removed. The residue was extracted with hot EtOAc (200 mL), the extract was 
filtered, and heptane was added to give crystalline 59 (4.51 g, 25%). The mother 
liquid was concentrated and the residue was chromatographed (SiO,, 5: 1 
EtOAc-MeOH) to give additional 59 (10.1 g, 56%). Compound 59 was obtained in 
a total yield of 81%; [ a]g -39.V (c 0.7, MeOH); ‘H NMR (CD&k 6 7.45 (dd, 2 
H, J 1.7, 2.8 Hz, Ar-H), 6.92 (dd, 2 H, J 2.1, 6.8 Hz, Ar-H), 5.58 (s, 1 H, Ar-CH), 
4.55 (d, 1 H, J 7.6 Hz, H-l’), 4.31 (d, 1 H, J 7.8 Hz, H-l), 3.80 (s, 3 H, OCH,), 0.96 
(m, 2 H, CH +ZH,), 0.03 (s, 9 H, SiCH $. Mass spectrum: calcd for C,H J&Si 
(M - OMe): na/z 529.2105; found: m/z 529.2134. 

2-~Trimet~y~~ZyZ)et~yZ 2,3,6-tri-Q-benzyl-4-0-(2,3-di-Q-~~yZ-4,6-U-p-met~~- 
bentylidene-~-D-galactalpymnosyl) -/3-@x~~y~~n (60). -A mixture of com- 
pound 59 (14.2 g, 25.3 nnnol) and pyridine (70 mL) was cooled (ice bath) and 
benzoyl chloride (29.4 mL, 253 mmol) was added during 12 min. After 10 min, the 
coohng bath was removed and the mixture was stirred at room temperature. When 
TLC (tckene-Et@) indicated that the reaction was mmpleted, water (2.5 mL) 
was added and the stirring was continued for 20 min. CH,Cl, (400 mL) was added, 
and the mixture was filtered (Celite), washed with aq H$O, (2 M, 200 mL), water 
(200 mL), and satd aq NaHCO, (200 mL), dried (Na,SO,), and concentrated. The 
residue was chromatographed (SiO,, 20: 1 toluene-Et@) to give 60 (24.7 g, 90%); 
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[(Y]E + 115.9” (c 0.67, CHCI,); ‘H NMR (CDCI,): S 5.83 (t, 1 H, J 9.1 Hz, H-3), 
5.78 (dd, 1 H, J 7.9, 10.6 Hz, H-2’), 5.31 (dd, 1 H, J 7.8, 9.4 Hz, H-2), 5.22 (s, 1 H, 
Ar-CH), 5.14 (dd, 1 H, J 3.6, 10.3 Hz, H-3’), 4.83 (d, 1 H, J 8.0 Hz, H-l’), 4.70 (d, 
1 H, J 7.8 Hz, H-l), 4.61,4.37 (dd, 1 H each, J 2.4,4.5, 11.7 Hz, H-6), 4.28 (d, 1 H, 
J 3.7 Hz, H-4’), 4.20 (t, 1 H, J 9.2 Hz, H-4), 3.80 (s, 3 H, OCH,), -0.16 (s, 9 H, 
SiCH,). Mass spectrum: calcd for C,H,O,,Si (M + 1): m/z 1081.3678; found: 
m/z 1081.3623. 

2-(TrimethyMyl)ethyl 2,3,6-tn’-O-benzoyl-4-0-(2,3-di-O-bentoyl-~-~-galactopyra- 
nosyl)$-D-glucopyranoside (61).-A mixture of compound 60 (1.80 g, 1.66 mmol), 
NaCNBH, (870 mg, 13.9 mmol), 4A molecular sieves (1 g), and THF (20 mL) was 
stirred for 30 min, then cooled with an ice bath. An ice-cold solution of satd 
ethereal HCl (N 1 mL) was added dropwise until no more gas was evolved. The 
reaction was monitored by TLC (4 : 1 toluene-Et,O). After 9 h, solid NaHCO,( N 
0.5 g) was added and the mixture was stirred for 10 min. CH,Cl, (60 mL) was 
added and the mixture was washed with satd aq NaHCO, (20 mL) and water (25 
mL), dried (Na,SO,), and concentrated. The residue was chromatographed (SiO,, 
3 : 1 heptane-EtOAc) to give 6lU.48 g, 92%); [c$’ +77.2” (c 0.84, CHCl,). Mass 
spectrum: calcd for C,,H,,O,,Si (M + Na): m/z 985.3079; found: m/z 985.3060. 

2-(Trimethylsilyl)ethyl 2,3,6-tn’-O-benzoyl-4-O-(4,6-di-O-acetyl-2,3-di-O-benzoyl- 
/3-D-galactopyranosyl)-P-D-glucopyranoside (62).-Compound 61 was acetylated 
(1: 1 Ac,O-pyridine) to give 62; [(Y]E +56.9” (c 1.12, CHCl,); rH NMR (CDCl,): 
S 5.73 (t, 1 H, J 9.5 Hz, H-3), 5.57 (dd, 1 H, J 7.9, 9.6 Hz, H-2’), 5.37 (d, 1 H, J 3.5 
Hz, H-4’), 1.98, 1.93 (2 s, 3 H each, OAc). Mass spectrum: calcd for C56H58018Si 
(M + 1): m/z 1047.3471; found: m/z 1047.3499. 
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