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ABSTRACT

Condensation  of  methyl  2-O-benzoyl-4,6-O-benzylidene-a-D-galac-
topyranoside with 3.4,6-tri-O-acetyl-2-deoxy-2-phthalimido-B-D-glucopyranosyl
bromide (1) in dichloromethane. in the presence of silver trifluoromethanesuifo-
nate, 2,4,6-trimethylpyridine, and molecular sieves, afforded methyl 2-O-benzoyl-
4,6-O-benzylidene-3-0-(3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-8-D-glucopyra-
nosyl)-a-D-galactopyranoside (4). Deacetalation of 4 in hot, 80% aqueous acctic
acid gave methyl 2-O-benzoyl-3-0-(3.4.6-tri-O-acetyl-2-deoxy-2-phthalimido-8-D-
glucopyranosyl)-a-D-galactopyranoside (5), which, on deacylation, followed by
peracetylation, furnished the peracetylated disaccharide derivative (6). The struc-
tures of 5 and 6 were established by "H-n.m.r. spectroscopy. O-Deacetylation of 6
afforded the title 8-(1-—3)-linked disaccharide 7. For the synthesis of the g-(1—2)-
linked isomer, mcthyl 3-O-benzoyl-4,6-O-benzylidene-a-D-galactopyranoside was
simtlarly condensed with bromide 1 to give the fully protected disaccharide deriva-
tive (8). Cleavage of the benzylidene group of 8 gave methyl 3-O-benzoyl-2-O-
(3.4,6-tri- O-acetyl-2-deoxy-2-phthalimido-8-D-glucopyranosyl)-a-b-galactopyra-
noside (9). Decacetylation of 9, followed by peracctylation, afforded the pcracetate
(10). O-Dcacetylation of 10 gave the 8-(1—2)-linked disaccharide (11). The struc-
tures of the disaccharides 7 and 11 were confirmed by '*C-n.m.r. spectroscopy.

INTRODUCTION

The disaccharide 3-0-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-D-galac-
topyranose (“lacto-N-biosc I1”) was first isolated” by partial hydrolysis of the
human-milk oligosaccharide “lacto-N-tetraose” with acid. It was later obtained® in
crystalline form from a blood-group A glycoprotein, prepared from hog gastric-
mucus. Subsequently, it was demonstrated® that it occurs as part of the structure of

all four human blood-group A, B. H, and Le® substances, and it was postutated’
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that it forms part of the core structure, and also occurs in the side chain. attached
to 2-acetamido-2-deoxy-n-galactose that is further O-glveosylically linked 10 pro-
tein.

In a continuing program for the synthesis of oligosaccharides that occur as
part of glycoconjugates. we recently described the syathesis of rwo 2-ucctamido-2-
deoxy-D-glucosc-containing  disacchandes®, and also that of a related trisac-
charide”. Such oligosaccharides can play an important role in specificity studies of
glycosidases®™ and glycosyliransferases”. As a turther contribution to this program,
we now describe the synthesis of the methyl a-glvcoside ot lacto-N-biose 11 and of
its (1-—-2)-linked isomer.

RESULTS AND DISCUSSIONS

3-O-(2-Acctamido-2-deoxy-B-D-glucopyranosyl )-p-galactopyranose has pre-
viously been obtained'” (after customary deblocking) by the condensation of 2-
methyl-(3.4.6-tri-O-acetyl-1.2-dideoxy-a-D-glucopyrano)-[ 2. 1-d]-2-oxazoline  with
either a sugar alcohol, the preparation of which required “a rather fedious route™.
or with a diol that was prone to diglycosylation to give both a disaccharide and a
trisaccharide''. In another attempted synthesis of this disaccharide, the alkali-
labile!! (1—3)-glvcosidic tinkage was completely ruptured during the tinal deacvia-
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tion step'2. More recently, an alternative route to this disaccharide was described
by Anderson and co-workers'?.

In our present synthesis. the precursor (i.e.. the peracetylated derivative} to
the free disaccharide would be similar to that described by Shapiro er af ', and
hence, the B-(1—-3) linkage would be likely to be ruptured dunng any attempted
deacetylation in an alkaline medium. However. as our aim was primarily to utilize
this disaccharide (as ity peracetylated glycosyl halide) for further oligosaccharide
syntheses!™, this problem does not present any practical difficulties.

Glycosylation of the readily accessible methyl 2-02-benzoyl-4.6-O-ben-
7ylidene-cr-D-galactopyranoside'® 2 with 3 4 6-tri-O-acetyl-2-deoxy-2-phthalimido-
B-b-glucopyranosyl bromide (1) in dichloromethane {or 3 h at room temperature in
the presence of silver trifluoromethanesulfonate, 2 4.6-tnmethylpyndine. and
molecular sieves, and purification of the crude product by column chromatog-
raphy. afforded. in 80¢7 yield, the fully protected disacchande 4 The 'H-n.m.r.
spectrum of 4 was in agreement with the structure expected; H-17 was observed as
a doublet at § 5.70. with a spacing of 8 Hz. whereas H-1 resonated as a doublet at
8 5.03 (J 4 Hz). in accord with a 8 and an o configuration, respectively. of the twa
glycosidic inkages.

Brief trcatment of 4 with hot. 8070 aqueous acetic acid cleaved the 4.6-ben-
zylidene group to give 5. which was purified in a column of silica gel. Deacylation
of 5 at 70° in 85% hydrazine hydrate in ethanol, as previously described®™”. and

CHLOR
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aco.

peracetylation of the resulting intermediate gave, after column-chromatographic
purification, crystalline perucetate 6. the 'H-n.m.r spectrum of which contained
signals in support of its overall structure (see Experimental section). O-Deacetyla-
tion of 6 in methanolic sodinm methoxide afforded the title disaccharide 7 as the
monohydrate. The "*C-n.m.r. spectrum of 7 was consistent with the structure
proposed (see Table 1),

For the synthesis of the B-(1—2)-linked isomer. methyi 3-O-benzoyl-4.6-0-
benzylidene-a-p-galactopyranoside'™ 3 was condensed with bromide 1 to give, in
86%¢ yicld, crystalline disaccharide 8. The structure of 8 was evidenced by s 'H-
n.m.r. spectrum:; H-1" and H-1 were observed as doublets at 8 5.36 (J 8 Hz) and
5.14 (J 4 Hz). in agreement with a 8 and an a configuration. respectnvely. of the
two glycosidic linkages.

Cleavage of the benzylidenc group of 8 in hot, 804 agueous acetic acid gave.
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in ~89% yield, the diol 9 as the hemihydrate. Deacylation of 9, and peracetylation
of the resulting intermediate as described for 5 (to give 6), afforded the per-
acetylated, crystalline disaccharide derivative 10. O-Deacetylation of 10 with
methanolic sodium methoxide gave the title disaccharide 11, also as the monohyd-
rate. The "H-n.m.r. spectra of 9 and 10. and the '*C-n.m.r. spectrum of 11, were
all in accord with the structures proposed (sce Experimental section and Table I).
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EXPERIMENTAL
General methods. — These were the same as thosc alrcady described®”, ex-

cept that the following solvent systems (v/v) were used for chromatography:A, 4:1
benzene—ether; B, 20:1 chloroform—acetone; C, 40:5:1 dichloromethane—-ethyl
acetate—acetone; D, 10:1 benzene—cther; E, 30:1 chloroform—acetone; F, S:1
chloroform—acetone; G, 2:1 ethyl acetate—hexanc; and H, 4:1 ethyl acetate—
hexane.

Methyl 2-O-benzoyl- (2) and -3-O-benzoyl- (3) -4,6-O-benzylidene-a-D-
galactopyranoside. — Prepared essentially as described by Szeja’®, except that di-
chloromethane was used as the solvent instead of benzene, compound 2 was ob-
tained in 63% yield, and had m.p. 204-206°, {a];, +152.9° (¢ 1.2, chloroform);
lit."® m.p. 206-207°, |«|, +153.1° (c 1. chloroform). Compound 3 was obtained as
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a minor component in the preparation of 2, and had m.p. 141143 {«]yy +2397 (¢
1.0, chloroform): fit.'> m.p. 142-143° [a];, +241.5°(c I, chloroform}.

Methyl 2-O-benzoyl-4.6-O-benzylidene-3-0-(3,4,6-tr1-O-acetyl-2-deox y-2-
phthalimido-B-D-glucopyranosyl)-a-D-galactopyranoside (4). -~ A mxture of 2
(3.12 g). silver trifluoromethanesulfonate (2.93 gy, 2.4 6-trimethyipyridine (1.3 ),
and molecular sicves type +A (6 gy in dichloromethane (70 mL), protected from
light and moisture. was stirred for 1.5 h at room temperature in an atinosphere of
nitrogen. A solution  of  3.4.6-tri-O-acetyl-2-deoxy-2-phthalimido-g-0-gluco-
pyranosyl bromide (1: 5.4 g) in dichloromethane {30 mL} was added dropwise,
with stirring, during (1.5 h, and stirring was continued for a further 1 h. T.Lc. (sol-
vent A, B, or () then revealed the presence of a major product. slower-migrating
than 2; a small proportion of 2 was also revealed by t.lc. (solvent ). More por-
tions of the silver triffuoromethanesulfonate (0.73 g), and 2.4.6-tn-methylpyridine
(0.32 g) were added. followed by the dropwise addition of a sotution of bromide 1
(1.35 g) in dichloromethane (10 mL}, and the stirring was continued tor an addi-
tional 1.5 h. Aftcr the customary processing®”. t Le. (solvent A, B, or () showed,
in addition to thc major product. some faster- and some slower-migrating conta-
minants (presumably due to the decomposition of 1. Additionally, t.l.c. (solvent
() revealed the presence of a trace of 2. The mixture was subjected to column
chromatography on silica. Elution with solvent D removed the faster-migrating
contaminants (including 2). Elution with solvent E., and evaporation of the fraction
corresponding to the major product, vielded a foam, which, on crystallization from
acetone—ether—hexane. afforded 4 (5.2 g, 80%); m.p. 195-197° |a]n +115.1° (¢
0.52. chloroform); 'H-n.m.r. data (CDCl5): 6 7.90-7.20 (complex. 14 H, aroma-
tic), 5.79 (dd, | H.J 10 and 8 Hz, H-2"), 570 (d. 1 H.J 8 Hz, H-1"). S.64 (s. 1 1.
PhCH). 5.45 (dd, 1 H. J 10 and 4 Hz, H-2), 5 22 (t. | H.J 10 Hz, I1-3"}. 5.03 (d,
1 H. /4 Hz, H-1), 3.36 (s, 3 H, OCH3), 2.15. 2,05, and 1.85 (5. 9 1. 3 OAc), and
4.60-3.60 (unresolved signals, 9 H).

Anal. Calc. for Cy H; NO .0 C.61.26; H, 5.15; N. 1.74. Found: . 60 96; H.
5.240 N, 1.59.

Methyl 2-O-benzoyl-3-O-(3,4,6-tri-O-aceiyl-2-deoxy-2-phthalimido-B-n-glu-
copyranosyl)-a-b-galactopyranoside (5). — Crystalline 4 (1.5 g) was taken up in
80% aqueous acetic acid (45 ml.) and heated for 0.5 h at ~100°. T.l.c. (solvent F)
then indicated the disappearance of 4 and the presence of a slower-migrating prod-
uct. The acelic acid was evaporated under diminished pressure. the last traces
being removed by co-evaporation with several added portions of toluene. The re-
sidue was purified in a column of silica gel with solvent F as the eluani. to give §
(3.2 g, 79.8%). amorphous; [a|, +125" (¢ 0.84, chloroform): 'H-n.m.r. data
(CDICLL): 8 7.80-7.10 (complex, Y H, aromatic), 5.79 (dd, 1| H. J 10 and § Hz, H-
29,562 (. L H.J8 Hz, H-1"). 5 35 (dd, 1| H, J 10 and 4 Iz, H-2). S.14 (1, 1 H,
J 10 Hz. H-3"), 4.92 (d. 1 H.J 4 Hz, H-1), 3.34 (s, 3 11. OCH;). 3.00-2.40 (. 2
H. exchangeable in D-O. 2 OH). 2,15, 2.04 and 1.80 (~, Y H, 3 QAc). and 3.70~
3.34 (unresolved signals, 9 Hy.
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Anal. Calc. for C33H37;NO¢ - 0.5 H,0: C, 56.34; H, 5.30; N, 1.93. Found: C,
56.05; H, 5.44; N, 1.99.

Methyl 3-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-
2,4,6-tri-O-acetyl-a-D-galactopyranoside (6). — Compound 5 (3 g) was heated for
15 min at 70° in a mixture of ethanol (60 mL) and 859 hydrazine hydrate (30 ml.).
The mixture was evaporated, and several portions of ethanol were added to, and
evaporated from, the residue, which was then mixed with 1:2 (v/v) acetic anhyd-
ride-pyridine (100 mL), and heated for 20 min at 90°. The acetic anhydride and
pyridine were removed under diminished pressure, and the residue was suspended
in chloroform, the solid material filtered off, the filtrate concentrated, and the con-
centrate applied to a column of silica gel. Elution with solvent G, followed by sol-
vent H, and evaporation of the fractions containing the product, yielded a solid,
which was recrystallized from ethyl acetate—hexane to furnish 6 (2.22 g, 81.6%);
m.p. 197-199°, [@], +95° (c 1.1, chloroform); '"H-n.m.r. data (CDCl;): 8 3.41 (s,
3 H, OCH,) and 2.20-1.80 (cluster of singlets, 21 H, 6 OAc and NAc).

Anal. Calc. for C7H3NO,7: C, 49.91; H, 6.06; N, 2.16. Found: C,49.97; H,
6.30; N, 2.28.

Methyl 3-O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-a-D-galactopyrano-
side (7). — Compound 6 (0.35 g) was taken up in 0.1M sodium methoxide in
methanol (15 mL) and kept for 1 h at room tempcrature. A few drops of glacial
acetic acid were then added, the solution was evaporated to dryness, and the re-
sidue was redissolved in methanol, and de-ionized with Amberlite IR-120 (H') ca-
tion-exchange resin. The resin was filtered off, the methanol evaporated, and sev-
eral portions of ethanol were added to, and evaporated from, the residue, to give
7 (0.2 g, 95%), amorphous; [@], +87.8° (¢ 0.65, water); for *C-n.m.r. data, see
Table I.

Anal. Calc. for C;sH,;NO; - H,O: C, 43.36; H, 7.05; N, 3.37. Found: C,
43.70; H,7.12; N, 3.27.

Methyl  3-O-benzoyl-4,6-O-benzylidene-2-O-(3,4,6-tri-O-acetyl-2-deoxy-2-
phthalimido-B-D-glucopyranosyl)-a-D-galactopyranoside (8). -—— A mixture of com-
pound 3 (1.56 g), silver trifluoromethanesulfonate (1.47 g), 2,4,6-trimethylpyridine
(0.65 g), and molecular sieves type 4A (4 g) in dichloromethane (30 mL), protected
from light and moisture, was stirred for 0.5 h in an atmosphere of nitrogen. A solu-
tion of 1 (2.7 g) in dichloromethane (15 mL) was added dropwise, with stirring,
during 20 min, and the stirring was continued for an additional 40 min, whereupon
more silver triffuoromcthanesulfonate (0.73 g) and 2,4,6-trimethylpyridine (0.33 g)
were added, followed by the dropwise addition of 1 (1.35 g) in dichloromethane (10
mL). After stirring for 1 h, t.1.c. (solvent C) revealed the presence of a major prod-
uct, slower-migrating than 3, and a trace of 3; and some faster- and some slower-
migrating contdminants were also revealed.

After processing, and column-chromatographic purification as described for
the (1-—3)-linked isomer 4, the residue gave, on recrystallization from acetone—
ether-hexane, compound 8 (2.8 g, 86.4%); m.p. 220-222°, {a],, +212.7° (c 1.4,
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chloroform); "H-n.m.r. data (CDCl3): 8 7.90-7.20 (complex, 14 H, aromatic), 5.77
(dd, { H. / 10 and 8 Hz, H-2"), 5,56 (d. 1 H. / 8 Hz. H-1"), 5.45 (~. 1 H, PhCH).
5.40 (dd, partially superimposed by PRCH. I H. J 10 and 4 Hz, H-3). 5 16 (t, par-
tially superimposed by H-1. 1 FIL / 10 Hz. H-3"), 5. 14 (d. | H. /4 Hz, H-1), 3.47
(. 3H.OCH ). 2,11, 202, and 1.78 (5. 9 H, 3 OAc). and 1 303,70 {unresolved
signals, 9 Hy.

Anal. Cale. for C,,Hy NO 0 CL61.26; HL 5[5 N 174, Found: . 6130 H.
5.26; N, .72

Methyvl 3-Q-benzoyi-2-Q-(3,4.0-t7i-O-acetvi-2-deoxyv-2-plithalimido-3-D-gli-
copyranosyl)-a-D-galactopyvranaside (9). — The 4.6-benzyvlidene derivative 8 (2.4
g) was deacetalated in hot, 804 aqueous acetic acid, and the product purified as
described for 5 (to give 6). The residue so obtained was dissobved in chloroform,
and precipitated by the addition of cther—hexanc, to furnish 9 (1.9 g 88.87¢).
amorphous; [a),, +119.4° (¢ 1.26, chloroform); '"H-n.m.1. data (CDCl3): 5 7.90-
7.10 (complex. 9 T, aromatic), 5.75 (dd. 1 H. J 10 und 8 Hz. H-2). 3 54 (d. | H.
J& Hz, H-17), 5.31 (dd. V 1T,/ 10 and 4 Hz, H-3). 5 12 (1. parually superimposcd
by H-3 and H-1. 1 H, J 10 Hz, H-3"), 5.07 (d. 1 H, partially supcrimposed on F-37,
J 4 Hz, H-1), 3.44 (s. 3 H, OCH), 2.00-2.30 (m. 2 H, 2 OHy, 2,13, 2,03, and |78
(5.9 H.3OAc). and 4.50-3 .70 (unresolved signals. 9 H).

Anal. Cale. for Co;HHNO, - 0.5 H.O: C.56.34: H.5.20: N, 1 93, Found: C,
56.12; H, 5.29: N, 1.90.

Meihyl 2-O-{2-acetamido-3.4,6-tri-O-ucetvl-2-deoxy-B-D-glucopyranosyl -
3.4, 0-tri-Q -qeetvl-a-D-galactopyrancside (10). — Compound 9 (1.8 g) was heated
for 15 min at 70° in a mixturc of cthanol (40 mL) and 8577 hyvdrazine hyvdrate (20
ml). The mixture was evaporated, and several portions of ethanol were added to,
and evaporated from. the residue. which was then taken up in pyridine (50 mL),
cooled to 0-57, treated with acetic anhydride (25 mb.). and heated for 20 min at 90°
After processing as described for 6. column-chromatographic purification (solvents
G and #H), and recrystallization from ethyl acetate—hexane. afforded 10 (1.35 g,
82.8%¢); m.p. 225-227° |a};, +637 (¢ 0.53, chlorotorm): 'H-n.m.r. data (CDCly):
#5.72and 5.70 (dd. 1 H.J 10 and 8§ Hz. superimposed by d. 1 H, 7 8 Hs: H-2" and
H-1". respectively), 5.03 and 4.95 (t, | H, J 10 Hz, supcrimposed by d, t H. ./ 4 H7:
H-2 and H-1, respectively), 3.43 (s 3 H, OCH.), and 2.20-1 86 (cluster of singhets.
21 H. 6 OAcand NA¢).

Anal. Cale. for CysH wWNQO5: C.49.91: H. 6 06: N. 2. 16. Found: O, 49.75: H,
5.95;N.1.98.

Methyl  2-O-f2-acetamido-2-deoxv-F-D-glucopyranosvi)-a-p-galuctopyrano-
side (11). — Compound 10 (1 g) was taken up wmr O.IM methanolic sodium
methoxide (50 mLl), and stirred at room temperature. The suspended 10 rapidly
dissolved, and, in 15-20 min. crystallization ensued. The mixture was kept for 2 h
at room temperature, refrigerated for 2 he the buase neutralized by the addition ol
a few drops of glacial acctic acid, and the crystalline material filtercd off, and
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thoroughly washed with cold methanol, to afford 11 (0.53 g, 86.7%); m.p. 280-282°
(dec.). [a]p +74.4° (¢ 0.94, water); for *C-n.m.r. data, see Table 1.

Anal. Calc. for CisH»NO, - H,O0: €, 43.36; H. 7.05; N, 3.37. Found: C,
43.46; H.7.00; N, 3.24.
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