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Radical deoxygenation of methyl 3,6-di-O-benzoyl-2-deoxy-4-O-imidazol-1-yl-
thiocarbonyloxy-2-phthalimido-B-D-glucopyranoside 5§ gave methyl 3,6-di-O-ben-
zoyl-2,4-dideoxy-2-phthalimido-p -D-glucopyranoside 6, which was converted into
the corresponding methyl thioglycoside donor 9. Methylsulfenyl trifluoromethane-
sulfonate-promoted glycosylation of 2-(trimethylsilvl)ethyl 2.3,6-tri-O-benzyl-4-O-
(2,4,6-tri-O-benzyl-x-D-galactopyranosyl)-B -D-galactopyranoside 10, followed by
removal of protecting groups gave the 4”-deoxy analogue 12 of the terminal trisac-
charide of globotetraose. Silver trifluoromethanesulfonate-promoted glycosylation
of the same disaccharide alcohol 10 with 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-
a/B-D-glucopyranosyl bromide 13 and 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl
bromide 16, followed by deblocking, gave the 2”-hydroxy and 4”-epi analogues

15 and 18, respectively.

Antigens of the globo series of glycolipids, such as glo-
botetraosyl ceramide (Fig. 1), are recognized in vivo by
antibodies of the P blood-group system and by various
bacterial proteins such as the pilus-associated PapG ad-
hesin protein of uropathogenic Escherichia coli,' verotoxin
from E. coli,? Shiga toxin from Shigella dysenteriae,® and
the adhesin from Streptococcus suis.* Furthermore, gly-
colipids of the globo series have been suggested to be
important as tumor-associated antigens on Burkitt lym-
phoma cells,” human teratocarcinoma cells,® as well as
other tumor cells,” and are also enriched in body fluids of
patients suffering from Fabry’s disease.®

A detailed analysis of the molecular recognition of gala-
biose by the PapG adhesion protein of E. coli pili® has
been reported by us, based on inhibition of hemaggluti-
nation by a large collection of galabiose analogues.'®
Galabiosides with hydrophobic aglycones (instead of a
B-D-glucose unit as in the natural globo glycolipids)
showed improved inhibitory power and it was also indi-
cated that the N-acetyl-B-D-galactosamine unit was im-
portant for binding to the PapG adhesin. It has also been
shown that different strains of uropathogenic E. coli, hav-
ing different types of G adhesins (I, II, and III), recognize
different sugar epitopes on globo series glycolipids.'' The
binding epitope of the type III G adhesins seems to in-
volve the N-acetyl-B-D-galactosamine residue.

* To whom correspondence should be adressed.
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We have recently described the synthesis of the Forss-
man pentasaccharide and all the corresponding di-, tri-,
and tetra-saccharide fragments,'? suitable for studying the
binding epitopes of the different G adhesins in various
bioassays. Furthermore, the synthesis of the 2”-,3"-, 4" -,
and 6" -deoxy-globotriosides (including their neoglycolip-
ids) has recently been reported.!® The present paper de-
scribes the synthesis of the 2”-hydroxy, 4”-deoxy and
4" -epi analogues of the terminal trisaccharide of globotet-
raose (12, 15, 18), of use for studying the interaction of
the G adhesins with the GalNAc- residue more in detail.

Our synthetic method involved P-glycosylation of
2-(trimethylsilyl)ethyl 2,3,6-tri-O-benzyl-4-0-(2,4,6-tri-O-
benzyl - o -D - galactopyranosyl) - B - D - galactopyranoside
10,'? with three different glycosyl donors, followed by re-
moval of protecting groups. Two of the donors 3,4,6-tri-
O-acetyl-2-deoxy-2-phthalimido-a/p - D-glucopyranosyl
bromide 13'* and 2,3,4,6-tetra-0-acetyl-o-D-galactopyran-
osyl bromide 16, were readily available, while the third,
methyl  3,6-di-O-benzoyl-2,4-dideoxy-2-phthalimido-1-
thio-B-D-glucopyranoside 9, had to be synthesized from



glucosamine hydrochloride. During the synthesis of 9 we
needed an anomeric protecting group which was stable
towards a wide range of reaction conditions and then
selectively transformed into a good leaving group (halide
or thioglycoside) prior to glycosylation of the galabioside
10. The 2-(trimethylsilyl)ethyl group'? is usually the group
of choice to meet these requirements, but in the case of
2-deoxy-2-phthalimidoglycosides the more readily acces-
sible B-methyl glycoside can be used, since acetolysis of
methyl 2-deoxy-2-phthalimido-B-D-glycosides normally
proceeds in very high yield.'¢

Results and discussion

The synthesis of the deoxygenated glucosamine donor 9
was performed as follows (Scheme 1). Zemplén deacetyl-
ation of the fully acetylated phthalimido derivative 1,"
followed by regioselective benzoylation with benzoyl
chloride in pyridine at —45°C gave the 3,6-dibenzoate 3
in 629, yield. An attempt to convert the alcohol 3 into the
corresponding methylthio(thiocarbonyl) derivative 4 with
sodium hydride-carbon disulfide-methyl iodide in tet-
rahydrofuran’® resulted in a rather low yield (31%) of 4,
probably because of the instability of the benzoyl groups
under these conditions. On the other hand, thiocarbonyl-
ation under milder conditions, using thiocarbonyldiimid-
azole,'® gave a quantitative yield of the crude imidazol-
l-yl(thiocarbonyl)  derivative 5. Crude § was
deoxygenated immediately with tributyltin hydride-2,2"-
azoisobutyronitrile in refluxing toluene'® to give the
deoxygenated glucosamine analogue 6 (87% from com-
pound 3). Conversion of 6 into suitable glycosyl donors
was performed via acetolysis of the methyl aglycone with
sulfuric acid in acetic acid—acetic anhydride'® to give the
crude 1-O-acetate 7 (989, a/B 28:72). The acetolysis of
the deoxygenated compound 6 was complete within 2 h,
in contrast with the parent glucosamine derivative 1,
which, upon treatment under the same conditions, was
converted into the 1-O-acetate in 24 h. Treatment of 7
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with dichloromethyl methyl ether and boron trifluoride-
diethyl ether in dichloromethane'® furnished the corre-
sponding B-chloride 8 in quantitative yield. An efficient
synthesis and use of the corresponding benzylated a/B-
chloride has recently been described by Kaine et al.?°
Attempts to glycosylate 2-trimethylsilylethyl 2,3,6-tri-
O-benzyl-4-0-(2,4,6-tri-O-benzyl-a-D-galactopyranosyl)-
B-D-galactopyranoside 10’ with the chloride 8 and silver
trifluoromethanesulfonate in dichloromethane failed.
Only trace amounts of the desired trisaccharide were
formed together with a substantial amount of glycal by
HCl-elimination from 8 according to TLC analysis. How-
ever, it has been shown?' that glycal formation, using
sialic acid-derived thioglycosyl donors, can be suppressed
in nitrile solvents at low temperature. Thus, compound 7
was transformed into the corresponding methyl thiogly-
coside 9 with methylthiotrimethylsilane and trimethylsilyl
trifluoromethanesulfonate®? in dichloromethane in 769
yield. Methylsulfenyl trifluoromethanesulfonate®*-pro-
moted glycosylation of 10 (1.5 equiv.) with the thiogly-
coside 9 in dichloromethane—acetonitrile at — 78°C, fol-
lowed by deacetylation to simplify purification, gave the
trisaccharide 11 (399,) from 9 (Scheme 2). This result
implies that the glycal formation from 2-deoxy-2-phthal-
imido glycosyl donors can be decreased by performing
glycosylations at low temperature with a nitrile as the
solvent. Whether the choice of donor and/or promoter is
important for the outcome of the reaction remains to be
investigated. Hydrogenolysis of the benzyl ethers and hy-
drazinolysis of the phthalimido group, followed by
N-acetylation, afforded the 4”-deoxy trisaccharide 12.
The syntheses of the saccharides 15 and 18 were more
straightforward, using the well known glycosyl donors
13'* and 16. Silver trifluoromethanesulfonate-promoted
glycosylation of the galabioside alcohol 10 with the bro-
mide 13 (a:f 2:3) gave the trisaccharide 14 (389;). The
moderate yield was again due to glycal formation by HBr
elimination from the bromide 13. Hydrogenolysis of the
benzyl groups, hydrazinolysis, and acetylation in acetic
anhydride—pyridine, followed by O-deacetylation gave the
4"-epi derivative 15 (72%,). Glycosylation of 10 with the
acetyl(bromo)galactose 16 using silver trifluoromethane-
sulfonate as the promotor in dichloromethane, gave the
trigalactoside derivative 17 (65% ). Hydrogenolysis and
deacetylation then furnished the trisaccharide 18.

Experimental

General methods. Melting points are uncorrected. Optical
rotations were measured with a Perkin-Elmer 141 polar-
imeter. 'H and '*C NMR spectra were recorded with a
Varian XL-300 spectrometer. Chemical shifts are given in
ppm relative to the signal for Me,Si. 1,4-Dioxane was
used as an internal reference (67.4 ppm) in *C NMR
experiments in D,0. The FAB-MS spectra were re-
corded with a JEOL SX102 spectrometer. Rotary evapo-
ration was carried out with bath temperatures at or below
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40°C. Anhydrous Na,SO, was used as a drying agent for
the organic extracts in the work-up procedures. TLC was
performed on Kieselgel 60 F,s, plates (Merck). Column
chromatography was performed using SiO, (Matrex LC-
gel; 60 A, 35-70 MY, Grace). Compounds 1,'7 10'> and
13'* were prepared as described. Compound 16 is com-
mercially available.

Methyl 2-deoxy-2-phthalimido-B-D-glucopyranoside (2). Me-
thyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-8 -D-glu-
copyranoside 1'7 (10.0 g, 22.3 mmol) was treated with
methanolic sodium methoxide (103 ml, 0.06 M) for 16 h,
then neutralised with Amberlite IR-120 (H*) resin, fil-
tered, and concentrated to give a quantitative yield of 2.
A sample was crystallised from heptane-EtOAc,
m.p. 159-162°C, [¢]*° +75° (c 1.2, CHCL). '"H NMR
(CD;0D): 6 5.08 (d, 1 H, J 8.5 Hz, H-1), 4.23 (dd, 1 H,
J 8.4,10.7 Hz, H-3), 3.96 (dd, 1 H, J 8.5, 10.7 Hz, H-2),
3.94 (dd, 1 H,J 2.0, 11.9 Hz, H-6), 3.75 (dd, 1 H, J 5.3,
11.9 Hz, H-6), 3.42 (s, 3 H, OMe); m/z calc. for
CsHsNO,, (M +H +glycerol); 416.1552; found
416.1557. Anal. C;sH;;NO,: C, 55.7; H, 5.3; N, 4.3.
Found C, 54.5; H, 5.5; N, 3.5.
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Methyl  3,6-di-O-benzoyl-2-deoxy-2-phthalimido-f-D-glu-
copyranoside (3). To a solution of compound 2 (7.21 g,
22.3 mmol) in pyridine (100 ml) was added benzoyl chlo-
ride (5.9 ml, 50.8 mmol) in pyridine (5 ml) at —45°C.
After 2 h, MeOH (0.2 ml) was added and the temperature
was allowed to rise to ambient. Concentration of the re-
action mixture followed by column chromatography (hep-
tane—EtOAc 2:1) gave 3 (7.60 g, 62%), [a]E +75° (¢
1.2, CHCL). 'H NMR (CDCL): § 5.91 (dd, 1 H,
J 8.0, 10.8 Hz, H-3), 5.38 (d, 1 H, J 8.4 Hz, H-1), 4.81
(dd, 1 H, J 3.9, 12.0 Hz, H-6), 4.69 (dd, 1 H, J 1.9,
12.0 Hz, H-6), 4.43 (dd, 1 H, J 8.4, 10.8 Hz, H-2), 4.00-
3.82 (m, 2 H, H4, H-5), 348 (s, 3 H, OMe). Anal.
C,oH,sNOy: C, 65.5; H, 4.7; N, 2.6. Found C, 64.8; H,
4.7, N, 2.4.

Methyl  3,6-di-O-benzoyl-2 4-dideoxy-2-phthalimido-f-p-
xylo-hexopyranoside  (6). Compound 3 (1.00 g,
1.90 mmol), N,N-thiocarbonyldiimidazole (1.54 g,

8.64 mmol) and dry 1,2-dimethoxyethane (40 ml) were
refluxed overnight, concentrated, diluted with CH,Cl,,
washed with aqueous HCl (1 M) and then saturated
aqueous NaHCO,, dried, and concentrated. The residue



was passed through a silica gel column (heptane-EtOAc
1:2) to give a quantitative yield of crude 5. The residue
was dissolved in dry toluene (40 ml) and Bu;SnH
(1.25 ml, 4.7 mmol) in dry toluene (3 ml) was added over
20 min followed by 2,2'-azoisobutyronitrile (catalytic
amount) under N,. The mixture was refluxed overnight
and then concentrated. Column chromatography of the
residue (heptane—EtOAc 3:1) gave 6 (846 mg, 87%),
[2]Z +61° (c 0.8, CDCl;). '"H NMR (CDCl,): § 5.88
(dt, 1 H, J 5.2, 10.8 Hz, H-3), 5.33 (d, 1 H, J 8.4 Hz,
H-1), 4.54 (dd, 1 H, J 5.8, 11.5 Hz, H-6), 4.47 (dd, 1 H,
J4.4,11.5 Hz, H-6), 439 (dd, 1 H, J 8.4, 10.8 Hz, H-2),
4.17 (m, 1 H, H-5), 3.47 (s, 3 H, OMe), 2.53 (br dd, 1 H,
J 5.3, 11.9 Hz, H-4eq), 1.83 (q, 1 H, J 11.7 Hz, H-4ax).
Anal. C,gH,sNOg: C, H, N.

1-O-Acetyl-3,6-di-O-benzoyl-2 4-dideoxy-2-phthalimido-o/
B-D-xylo-hexopyranose (7). To a solution of compound 6
(823.2 mg, 1.60 mmol) in Ac,O (5.5 ml) and AcOH
(1.1 ml) was added H,SO, in AcOH (109, v/v, 0.41 ml).
The mixture was stirred for 2 h, then diluted with CH,Cl,,
washed with saturated aqueous NaHCO, and water,
dried, and concentrated to give 7 (852.6 mg, 989, a:p
28:72). Crude 7 was used in the synthesis of 8 and 9
without further purification. 7p had "H NMR (CDCL,): §
6.58 (d, 1 H,J 8.9 Hz, H-1), 6.03 (dt, 1 H, J 5.2, 10.7 Hz,
H-3), 4.54 (dd, 1 H, J 8.9, 10.7 Hz, H-2), 4.48 (m, 2 H,
H-6), 4.31 (m, 1 H, H-5), 2.56 (br ddd, 1 H, J 2.0, 5.2,
12.9 Hz, H-4eq), 2.01 (s, 3 H, OAc), 1.90 (br q, 1 H, J
12.2 Hz, H-4ax). 7« had "H NMR (CDCl,): § 6.70 (dt,
1 H,J5.1, 11.4 Hz, H-3), 6.42 (d, 1 H, J 3.2 Hz, H-1),
4.54 (dd, 1 H, J 3.2, 11.4 Hz, H-2), 4.48 (m, 2 H, H-6),
4.31 (m, 1 H, H-5), 2.72 (br ddd, | H,J 2.0, 5.2, 12.9 Hz,
H-4eq), 2.09 (s, 3 H, OAc), 1.88 (br q, 1 H, J 12.3 Hz,
H-4ax).

3,6-Di-O-benzoyl-2 4-dideoxy-2-phthalimido--D-xylo-hexo-
pyranosyl chloride (8). To a solution of crude 7 (70.1 mg,
129 pmol) in dry CHCl; (500 pl) was added dichloro-
methyl methyl ether (89 pul, 1.0 mol) and boron trifluo-
ride-diethyl ether (64 pl, 387 umol) at 0°C. After 4 h, the
reaction mixture was diluted with CH,Cl,, washed with
cold aqueous saturated NaHCO; and cold water, dried
(Na,SO,), and concentrated to give a quantitative yield
of 8. Crude 8 was used immediately in an unsuccessful
attempt to glycosylate 10. '"H NMR (CDCl,): § 6.27 (d,
1 H,J 9.3 Hz, H-1), 591 (dt, 1 H, J 5.2, 10.5 Hz, H-3),
4.62 (dd, 1 H, J 9.3, 10.5 Hz, H-2), 4.51 (m, 2 H, H-6),
4.28 (m, 1 H, H-5), 2.58 (ddd, 1 H, J 2.0, 5.2, 12.8 Hz,
H-4eq), 1.97 (br q, 1 H, J 12.8 Hz, H-4ax).

Methyl 3,6-di-O-benzoyl-2 ,4-dideoxy-2-phthalimido- 1 -thio-
B-D-xylo-hexopyranoside (9). To a solution of compound 7
(134.3 mg, 0.248 mmol) in dry CH,Cl, (2 ml) was added
methylthio(trimethyl)silane (139 pl, 0.98 mmol) and tri-
methylsilyl trifluoromethanesulfonate (56 pl, 0.289 mmol)
under N,. After 6 h, the mixture was quenched with di-
isopropylethylamine (0.3 ml), stirred for 5 min, diluted
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with CH,Cl,, washed with saturated aqueous NaHCO,
and water, dried, and concentrated. Column chromato-
graphy (heptane-EtOAc 2:1) of the residue gave 9
(99.5 mg, 76%), [«]¥ +64° (c 1.2, CDCl;). '"H NMR
(CDCl,): 6 5.98 (dt, 1 H, J 5.2, 10.6 Hz, H-3), 5.46 (d,
1 H,J 10.4 Hz, H-1), 4.53 (dd, 1 H,J 5.7, 11.7 Hz, H-6),
452 (t, 1 H, J 10.5 Hz, H-2), 447 (dd, 1 H, J 4.3,
11.7 Hz, H-6), 4.22 (m, 1 H, H-5), 2.57 (ddd, 1 H, J 2.0,
5.3,12.7 Hz, H-4eq), 2.21 (s, 3 H, SMe), 1.83 (br q, | H,
J 11.7 Hz, H-4ax). Anal. C,sH,sNO,S: C, H, N.

2+ Trimethylisilyl)ethyl 2,3 ,6-tri-O-benzyl-4-O-[2,4,6-tri-O-
benzyl-3-0+2 ,4-dideoxy-2-phthalimido-f-p-xylo-hexopyran-
osyl)-a-D-galactopyranosyl[-B-D-galactopyranoside (11). A
mixture of 9 (305 mg, 0.573 mmol), 2-(trimethylsilyl)ethyl
2,3,6-tri-O-benzyl-4-0-(2,4,6-tri-O-benzyl-a-D-galactopy-
ranosyl)-B-D-galactopyranoside 10> (848  mg,
0.862 mmol), and molecular sieves (1 g, 3 A) in dry
CH,Cl,~acetonitrile (1:1, 20 ml) was stirred under N, for
1 h. Silver trifluoromethanesulfonate (200 mg,
0.778 mmol) was added, the mixture was cooled to
-78°C, and methanesulfenyl bromide?® (153 pl,
0.575 mmol) in 1,2-dichloroethane (1 ml) was added. Af-
ter 23 h diisopropylamine (1 ml) was added. The reaction
mixture was stirred for 1 h before the temperature was
allowed to rise to ambient, then filtered through Celite,
and concentrated. Column chromatography (heptane—
EtOAc, 5:1-3:1 gradient) of the residue gave an impure
trisaccharide (420 mg). The trisaccharide was de-O-ben-
zylated in methanolic sodium methoxide (2.6 ml, 0.6 M)
overnight and the mixture was neutralised with Amberlite
IR-120 (H*) resin, filtered and concentrated. Column
chromatography (toluene—EtOH 30:1) gave pure 11
(282 mg, 39%), [¢]¥ +14° (c 1.5, CDClL,). '"H NMR
(CHCl,): 6 5.54 (d, 1 H, J 8.2 Hz, H-1"),4.81 (d, 1 H,
J 3.7 Hz, H-1"), 430 (d, 1 H, J 7.6 Hz, H-1), 2.12 (br
dd, 1 H, J 5.2, 12.7 Hz, H-4eq), 1.63 (br q, 1 H, J
12.2 Hz, H-4ax), 1.13 (m, 2 H, CH,Si), 0.03 (s, 9 H,
SiMe,). Anal. C;3Hg;NO,(Si: C, 69.7, H, 6.7; N, 1.1.
Found C, 70.2; H, 6.8; N, 1.1.

2+ Trimethyisilyl)ethyl 4-O-[3-O+24-dideoxy-2-acetamido-
B-D-xylo-hexopyranosyl)-a-D-galactopyranosyl/-B-p-galac-

topyranoside (12). Compound 11 was hydrogenated over
Pd-on-charcoal (109, 244 mg) in acetic acid (4 ml) for
1.5 h, the mixture was filtered through Celite, and con-
centrated. The residue was dissolved in EtOH (5.2 ml),
hydrazine hydrate (0.42 ml) was added, and the mixture
was refluxed for 2 h, then concentrated and co-concen-
trated with toluene twice to remove the excess of hydra-
zine hydrate. The residue was N-acetylated with Ac,0
(4.2 ml) in water (2.8 ml)-methanol (14 ml) for 1 h, then
concentrated. Column chromatography (CH,Cl,~
MeOH-H,0, 30:10:1-10:4:1 gradient) of the residue
gave 12 (88.7 mg, 68%), [«]& +78° (c 0.58, H,0). 'H
NMR (CDCl,): 6 4.90 (d, 1 H, J 3.7 Hz, H-1"), 4.57 (d,
1 H,J 84 Hz, H-1"),4.45(d, 1 H,J 7.8 Hz, H-1), 4.36
(brt, 1 H, J 6.5 Hz, H-5"), 4.22 (br d, 1 H, J 2.0 Hz,
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H-4'), 3.57 (dd, 1 H, J 8.4, 10.1 Hz, H-2"), 3.49 (dd,
1 H,J 7.8, 10.1 Hz, H-2), 2.00 (s, 3 H, Ac), 1.97 (br dd,
1 H, J 5.1, 11 Hz, H-4eq), 1.44 (br q, 1 H, J 11.3 Hz,
H-4ax), 0.98 (m, 2 H, CH,Si), 0.00 (s, 9 H, SiMe,).

2+Trimethylisilyl)ethyl 2,3 ,6-tri-O-benzyl-4-O-[2 4,6-tri-O-
benzyl-3-0+3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-B-p-
glucopyranosyl)-a-p-galactopyranosyl]-p-p-galactopyrano-
side (14). A mixture of 2-(trimethylsilyl)ethyl 2,3,6-tri-O-
benzyl-4-0-(2,4,6-tri-O-benzyl-a-D-galactopyranosyl)-f -
D-galactopyranoside 10'2 (578.8 mg, 0.589 mmol),
molecular sieves (0.5 g, 4 A), silver trifluoromethane-
sulfonate (314 mg, 1.24 mmol), and tetramethylurea
(149 pl, 1.24 mmol) in dry CH,Cl, (16.5 ml) was stirred
under nitrogen for 30 min, cooled to —70°C, and 3,4,6-
tri-O-acetyl-2-deoxy-2-phthalimido-a./B -D-glucopyranosyl
bromide 13'* (587 mg, 1.18 mmol) in dry CH,CI, (1.3 ml)
was added, and the temperature was allowed to rise to
ambient. After 20 h, the mixture was cooled to 0°C and
additional silver trifluoromethanesulfonate (280 mg,
1.11 mmol) and bromide 13 (47 mg, 0.1 mmol) were
added. After 23 h, the reaction mixture was filtered
through Celite and concentrated. Column chromato-
graphy of the residue (heptane-EtOAc, 5:1-4:1 gradi-
ent) gave 14 (312.6 mg, 38%), [2]¥ +24° (c 1, CHCl,),
and unchanged alcohol 10 (315.5 mg, 54°%,). 'H NMR
(CDCl,): 8 5.90 (dd, 1 H, J 9.0, 10.6 Hz, H-3"), 5.75 (d,
1 H,J 8.3 Hz, H-1"), 5.16 (br t 1 H, J 9.6 Hz, H-4"),
478 (d, 1 H, J 3.6 Hz, H-1"), 443 (dd, 1 H, J 8.3,
10.6 Hz, H-2"), 4.31 (d, 1 H, J 7.6 Hz, H-1), 2.07, 1.95,
1.85 (3 s, 3 H each, Ac), 1.10 (m, 2 H, CH,Si), 0.05 (s,
9 H, SiMe;). Anal. C;gHgoNO,,Si: C, 67.7; H, 6.4; N,
1.0. Found C, 67.2; H, 6.4; N, 0.9.

2+ Trimethylisilyl)ethyl 4-O-[3-O+2-deoxy-2-acetamido-B-D-
glucopyranosyl)-a-p-galactopyranosyl]-B-p-galactopyrano-

side (15). Compound 14 (305.5 mg, 0.218 mmol) was hy-
drogenated over Pd-on-charcoal (109, 200 mg) in AcOH
(4 ml) for 19 h, filtered through Celite and concentrated.
The residue was dissolved in EtOH (5.5 ml), hydrazine
hydrate (0.22 ml) was added, and the mixture was re-
fluxed for 1 h. The solution was concentrated and then
co-concentrated with EtOH three times to remove the
excess of hydrazine hydrate. The residue was acetylated
in Ac,O (3 ml) and pyridine (3 ml) overnight, then con-
centrated. Column chromatography (toluene-~EtOH,
19:1) removed most of the UV-active impurities emanat-
ing from the hydrazinolysis. The residue was de-O-acetyl-
ated in methanolic sodium methoxide (10 ml, 0.05 M) for
2 h, neutralised with Duolite (H ) resin, filtered, and con-
centrated. Column chromatography (CH,Cl,—MeOH,
2:1) of the residue gave 15 (101.4 mg, 729%), [a ] +62°
(c 0.62, H,0). '"H NMR (D,0): $ 4.90 (d, 1 H, J 3.4 Hz,
H-1), 4.66 (d, 1 H, J 8.3 Hz, H-1"), 444 (d, 1 H, J
7.8 Hz, H-1), 4.36 (br t, 1 H, J 6.5 Hz, H-5"), 4.22 (br
d, 1 H,J 2.3 Hz, H-4"), 2.00 (s, 3 H, Ac), 0.99 (m, 2 H,
CH,Si), -0.01 (s, 9 H, SiMe,). *C NMR (D,0): &
175.6, 103.7, 103.1, 101.1, 80.1, 77.6, 76.5, 75.7, 74.5,
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73.3,71.8, 71.1, 70.6, 69.6, 68.9, 68.4, 61.33, 61.26, 60.7,
56.5, 23.0, 18.6, —1.50.

2+Trimethylsilylethyl ~ 2,3,6-tri-O-benzyl-4-O-[2,4,6-tri-O-
benzyl-3-0+2,3 ,4,6-tetra-O-acetyl-B-p-galactopyranosyl)-a-
D-galactopyranosyl]-B-D-galactopyranoside (17). A mixture
of 2,3,4,6-tetra-O-acetyl-a-D-galactopyranosyl bromide
16 (523.4 mg, 1.27 mmol), 2-(trimethylsilyl)ethyl 2,3,6-tri-
O-benzyl-4-0-(2,4,6-tri-O-benzyl-a-D-galactopyranosyl)-
B-D-galactopyranoside 10'? (625.8 mg, 0.636 mmol) and
molecular sieves (0.5 g, 4 A) in dry CH,Cl, (18 ml) was
stirred under nitrogen for 30 min, cooled to —30°C. Sil-
ver trifluoromethanesulfonate (339 mg, 1.34 mmol) and
tetramethylurea (161 pl, 1.34 mmol) were added, and the
temperature was allowed to rise to ambient. After 4 h, the
mixture was cooled to —30°C and additional silver tri-
fluoromethanesulfonate (113 mg, 0.45 mmol) and tetra-
methylurea (54 pl, 0.45 mmol) were added. After 5 h, the
reaction mixture was filtered through Celite and concen-
trated. Column chromatography of the residue (heptane—
EtOAc, 5:1-2:1 gradient) gave 17 (539.3 mg, 659%),
[2]& +24° (c 1.1, CHCL,), and unchanged alcohol 10
(192.1 mg, 31°;). 'H NMR (CDCl,):  5.44 (br d. 1 H,
J 3.2 Hz, H4"), 5.34 (dd, | H, J 7.9, 10.3 Hz, H-2"),
5.06 (dd 1 H, J 3.5, 10.3 Hz, H-3"), 5.01 (d, 1 H, J
7.9Hz,H-1"),497(d, 1 H,J3.2Hz,H-1"),4.31(d, 1 H,
J 1.8 Hz, H-1), 2.12, 1.98, 1.95, 1.78 (4 s, 3 H each, Ac),
1.10 (br dd, 2 H, J 8.1, 9.4 Hz, CH,Si), 0.02 (s, 9 H,
SiMe,). Anal. C;3Hg30,,Si: C, 66.8; H, 6.8. Found C,
66.1; H, 6.7.

2+Trimethyisilyl)ethyl 4-O-[3-O~B-D-galactopyranosyl)-a-p-
galactopyranosyl]-B-p-galactopyranoside (18). Compound
17 (511.4 mg, 0.389 mmol) was hydrogenated (1 atm)
over Pd-on-charcoal (10%, 350 mg) in AcOH (7 ml) for
22 h, filtered through Celite and concentrated. The resi-
due was deacetylated in methanolic sodium methoxide
(10.7 ml, 0.12 M) for 3 h, neutralised with Duolite (H")
resin, filtered and concentrated. Column chromatography
(CH,Cl,-MeOH-H,O 65:35:5) of the residue gave 18
(202.4 mg, 86%), [¢]¥ +66° (c 1, H,0). 'H NMR
(D,0): 6 496 (d, 1 H,J 3.7 Hz, H-1"), 458 (d, 1 H, J
7.6 Hz, H-1"), 444 (d, 1 H, J 7.7 Hz, H-1), 4.36 (br t,
1 H,J 6.5 Hz, H-5"), 427 (br d, 1 H, J 2.4 Hz, H-4"),
0.99 (m, 2 H, CH,Si), - 0.01 (s, 9 H, SiMe;). °C NMR
(D,0): 5 105.2, 103.1, 100.9, 79.9, 77.9, 75.8, 75.7, 73.4,
71.9, 71.8, 71.2, 69.7, 69.4, 69.0, 68.6, 61.8, 61.3, 60.8,
18.6, —1.52.
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