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ABSTRACT

Four different oligosaccharides containing the 2-acetamido-2-deoxy-g8-p-
glucopyranosyl-(1—2)-a-D-mannopyranosyl sequence as a terminal disaccharide
unit were synthesized, namely: 4-nitrophenyl O-(2-acetamido-2-deoxy-B-D-gluco-
pyranosyl)-(1—2)-0-a-b-mannopyranosyl-(1—6)-B-p-mannopyranoside  (27), 4-
nitrophenyl ~ O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-(1-2)-0-a-D-manno-
pyranosyl-(1—6)-g-D-glucopyranoside (29), allyl O-(2-acetamido-2-deoxy-g-D-
glucopyranosyl-(1—2)-a-D-mannopyranosyl-(1-6)-B-D-glucopyranoside (31), and
allyl O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-(1-s2)-O-a-p-mannopyranosyl-
(1-6)-O-B-p-glucopyranosyl-(1—4)-B-D-glucopyranoside (33). A common glyco-
syl donor, namely, 2-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyrano-
syl)-3,4,6-tri-O-acetyl-a-D-mannopyranosyl bromide was employed for the syn-
thesis of 27, 29, 31, and 33, the structures of which were all established by 13C-
n.Mm.r. spectroscopy.

INTRODUCTION

A variety of N-acetyl-B-p-glucosaminyltransferases are known?~* to be in-
volved in the biosynthesis of the asparagine (Asn)-linked oligosaccharides as shown
in Scheme 1. All of these enzymes use UDP-D-GIcNAc as the glycosyl donor, but
they only differ in their specificity for different acceptor-substrates. Of these trans-
ferases, UDP-GlcNAc: a-D-mannopyranosyl-(1->6)-N-acetyl-8-p-glucosylaminyl-
transferase (GlcNAc-transferase V, or GnT-V) has attracted considerable interest
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GnT-VI - - - N-Acetyl-B8-D-glucosaminyltransferase responsible for the formation of B-p-Galp-(1—4)-
B-D-GlepNAc-(1-3) repeating unit.

Scheme 1. Possible 2-acetamido-2-deoxy-B-D-glucopyranosyl groups that can be attached to tri-D-
mannopyranosyl cores of asparagine-linked oligosaccharides and the N-acetyl-B-p-glucosaminyl-
transferases responsible for their addition®.

B-D-GlecpNAc-(1-52)-a-p-Manp
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B-D-GlepNAc-(1-2)-a-D-Manp-(1—-3)- B-p-Manp-(1—4)-8-D-GlcpN Ac-(1-+4)-8-D-GlcpNAc-Asn

Scheme 2. A heptasaccharide acceptor for GlepNAc-transferase V.

as a potential tumor marker, This enzyme catalyzes the transfer of a 2-acetamido-2-
deoxy-B-D-glucopyranosyl group from UDP-D-GIcNAc to O-6 of the (1—6)-a-D-
mannosyl residue that forms part of the trimannosyl core of Asn-linked glycans,
thus initiating the synthesis of highly-branched structures that appear to be
associated with neoplastic transformations®® and metastatic potential of certain
tumor cells’.

The heptasaccharide shown in Scheme 2 is known to act as a substrate for
GnT-V (as well as for other glycosyltransferases), and it has been used to assay this
enzyme®. However, at the outset of these investigations, we speculated that such a
larger molecule as a heptasaccharide might not be a prerequisite for recognition by
the enzyme; rather, a structure no larger than a trisaccharide might be sufficient as
a substrate. With a similar intention, Hindsgaul and associates independently
synthesized®, during these investigations, the trisaccharide 8-D-GlcpNAc-(1—2)-a-
D-Manp-(1—6)-B-D-Manp-O(CH,);CO,Me, and demonstrated®® that it can
effectively be utilized as a selective acceptor for GnT-V. On our part, however, we
have generally preferred the use of benzyl and nitrophenyl glycosides in studies
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related to N-acetyl-B-D-glucosaminyltransferases that are involved in the bio-
synthesis of mucin-type O-linked glycans'®-12. Because of their chromophore
group, such compounds (and also the enzymic products derived therefrom) haye
the advantage of being readily detectable by chromatographic techniques, e.g.,
t.l.c. or h.p.l.c., for their isolation and quantitative determination when assaying
glycosyltransferases. Moreover, on reduction of their nitro group, nitrophenyl
glycosides can readily be manipulated to provide conjugates that proved to be
useful in affinity chromatography', and as synthetic or artificial antigens!*!>. This
latter property is also shared by allyl glycosides which can be copolymerized with
acrylamide to produce polymer-supported substrates'®. Therefore, it was of interest
to synthesize some of the oligosaccharides described herein as their 4-nitrophenyl
or allyl glycosides.

Furthermore, it seemed reasonable to postulate that, in the saccharide
sequence B-D-GlcpNAc-(1-2)-a-D-Manp-(1—6)-p-D-ManpOR (where R is any
aglycon or glycosyl group), HO-2 of the B-D-mannosy! residue may not necessarily
be involved as part of the recognition site for GnT-V. As a test of this postulate,
we attempted the synthesis of some potential substrates containing the p-D-gluco-
pyranosyl rather than the B-D-mannopyranosyl residue. This would obviate the
need for B-D-mannopyranosyl derivatives, the synthesis of which is hitherto
wrought with difficulty. We describe herein the synthesis of the trisaccharides 27,
29, and 31, and the tetrasaccharide 33.

RESULTS AND DISCUSSIONS

A common glycosyl donor, namely, 2-O-(2-acetamido-3,4,6-tri-O-acetyl-2-
deoxy-B-D-glucopyranosyl)-3,4,6-tri-O-acetyl-a-D-mannopyranosyl  bromide (7)
was employed for the synthesis of all of the four title oligosaccharides. Bromide 7
was obtained in five, good yielding steps from methyl 3,4,6-tri-O-benzyl-a-D-
mannopyranoside!” (2). Glycosylation of 2 with 3,4,6-tri-O-acetyl-2-deoxy-2-
phthalimido-g8-D-glucopyranosyl bromide (1), and deacylation-reacetylation in the
usual manner!® afforded, in 88% yield, the peracetate 3, the 'H-n.m.r. spectrum of
which contained signals in support of the overall expected structure (see Experi-
mental section). After catalytic hydrogenation, crude triol 4 was directly acetylated
to give methyl 2-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-
3,4,6-tri-O-acetyl-a-D-mannopyranoside  (5). Compound 5 was subjected to
acetolysis to afford the peracetate 6, which was readily converted into 7 by treat-
ment with hydrogen bromide in dichloromethane. In the 'H-n.m.r. spectrum of 6,
a low-field doublet at § 5.93 (~0.8 H*, J ~1.5 Hz) was indicative of an anomeric
mixture that was rich in the a-D anomer. A similar doublet at § 6.29 (~1 H*, J
~1.5 Hz) in the spectrum of 7 strongly suggested that it existed almost exclusively
as the a-D anomer.

*Compared to the acetyl-group methyl protons.
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For the synthesis of trisaccharide 27, 4-nitrophenyl 2,3-O-isopropylidene-$-
p-mannopyranoside (11) was required as a glycosyl acceptor. This was readily
obtained in excellent yield from 4-nitrophenyl f-p-mannopyranoside!® (8) by way
of the 6-tert-butyldiphenylsilyl ethers 9 and 10. The 'H-n.m.r. spectrum of
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chromatographically pure 11 was in conformity with the structure expected (see
Experimental section). Glycosylation of 11 with 7 in acetonitrile and in the presence
of mercuric cyanide and 4A molecular sieves gave, in 67% yield, 4-nitrophenyl O-
(2-acetamido-3 4,6-tri- O-acetyl-2-deoxy-8-D-glucopyranosyl)-(1-+2)-0-(3,4,6-tri-
O-acetyl-a-D-mannopyranosyl)-(1—6)-2,3- O-isopropylidene- 8-D-mannopyrano-
side (25). The H-n.m.r.spectrum of 25 contained signals in support of its overall
structure; two doublets at 8§ 8.20 and 7.19 (2 H each, J ~10 Hz) accounted for the
aromatic-ring protons, whereas a cluster of singlets (§ 2.29-1.89, 21 H) evidenced
the presence of seven acetyl-group methyl protons, and the isopropylidene methyl
protons occurred as well-separated singlets at 8 1.59 and 1.44. O-Deacetylation of
25 in methanolic sodium methoxide, followed by cleavage of the acetal group of 26
with aqueous trifluoroacetic acid in chloroform, furnished 27 in 64% yield.
4-Nitrophenyl 2,3-di-O-acetyl-B-D-glucopyranoside (15) was chosen as a
glycosyl acceptor for the synthesis of the modified substrate 29. Compound 15 was
readily prepared from 4-nitrophenyl B-D-glucopyranoside?® (12) by treatment with
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4-methoxybenzaldehyde~zinc chloride complex, followed by acetylation and sub-
sequent cleavage of the acetal group. Condensation of diol 15 with 7 in nitro-
methane, in the presence of mercuric cyanide and 4A molecular sieves, gave in
67% vyield the partially protected trisaccharide 28, which was O-deacetylated to
furnish in excellent yield the desired 29.

Allyl 2,3-di-O-acetyl-g-p-glucopyranoside (19) and allyl O-(2,3-di-O-acetyl-
B-D-glucopyranosyl)-(1—4)-2,3,6-tri-O-acetyl-B-D-glucopyranoside (23) were re-
quired as glycosyl acceptors for the synthesis of 31 and 33, respectively. Thus, allyl
B-D-glucopyranoside?! (16) was treated with a benzaldehyde—zinc chloride complex
to give 17, which was conventionally acetylated to afford diacetate 18, the acetal
group of which was cleaved in hot, aqueous acetic acid to furnish 19. Starting with
allyl 4-O-B-D-glucopyranosyl-g-D-glucopyranoside’é (20), a similar procedure was
employed for the preparation of 23, which had been previously'® obtained by treat-
ment of 20 with «,a-dibromotoluene in boiling pyridine, followed by acetylation
and debenzylidenation. Glycosylation of diol 19 with 7 in 1:1 benzene-—nitro-
methane, in the presence of mercuric cyanide and 4A molecular sieves, afforded in
moderate yield trisaccharide derivative 30, which was subjected to Zemplén trans-
esterification to provide the desired 31. A similar glycosylation of 23 with 7,
followed by acetylation (to facilitate chromatographic separation) of the product
mixture, gave the fully protected tetrasaccharide derivative 32, which was likewise
O-deacetylated to furnish 33. The C-n.m.r. spectra of trisaccharides 27, 29, and
31, and tetrasaccharide 33 were all in good agreement with the structures assigned
{(see Experimental section).

EXPERIMENTAL

General methods. — Melting points were determined with a Fisher—Johns
apparatus and are uncorrected. Optical rotations were measured at ~25° with a
Perkin-Elmer 241 polarimeter. T.l.c. was conducted on aluminum sheets, pre-
coated with 0.2 mm layers of Silica Gel 60F-254 (E. Merck, Darmstadt, Germany);
the components were located either by exposure to u.v. light, or by spraying the
plates with 5% H,SO, in ethanol and heating. Silica gel used for column chromatog-
raphy was Baker Analyzed (60-200 mesh). Unless otherwise indicated, the follow-
ing solvents systems (v/v) were used for chromatography: (A) 4:1 chloroform-
acetone, (B) 13:6:1 chloroform-methanol-water, (C) 3:2 chloroform-acetone, (D)
1:1 ethyl acetate-hexane, (E) 5:4:1 chioroform—methanol-water, and (F) 9:1
chloroform-methanol. N.m.r. spectra were recorded at ~25°% "H-n.m.r. spectra
with a Varian EM-390, and *C-n.m.r. spectra either with a Varian XL-100 or a
Bruker WP-200 instrument, at 90, 25.2, and 50.3 MHz, respectively; the positions
of the peaks (8) are expressed from the tetramethylsilane signal. Organic solutions
were generally dried with anhydrous Na,SO,. Pyridine was dried over KOH, and
dichloromethane and 1,2-dichloroethane were dried over 4A molecular sieves.
Nitromethane and acetonitrile were distilled from P,0; immediately before being
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used, and benzene was dried with Na. Elemental analyses were performed by
Robertson Laboratory, 29 Samson Ave., Madison, New Jersey 07940.

Methyl  2-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-
3,4,6- tri-O-benzyl-o-D-mannopyranoside (3). — A mixture of methyl 3,4,6-tri-O-
benzyl-a-D-mannopyranoside!” 2 (1.8 g, 3.9 mmol), silver trifluoromethanesulfonate
(1.47 g, 5.7 mmol), 2,4,6-trimethylpyridine (0.65 g, 5.4 mmol), and 4A molecular
sieves (4 g) in dichloromethane (30 mL), protected from light and moisture, was
stirred for 30 min in an atmosphere of N,. A solution of 3,4,6-tri-O-acetyl-2-deoxy-
2-phthalimido-B-D-glucopyranosyl bromide (1, 2.7 g, 5.4 mmol) in dichloro-
methane (15 mL) was added dropwise, with stirring, during 20 min, and the stirring
was continued for a further 40 min. More portions of silver trifluoromethane-
sulfonate (0.73 g, 2.8 mmol) and 2,4,6-trimethylpyridine (0.33 g, 2.7 mmol) were
added, followed by the dropwise addition of a solution of bromine 1 (1.35 g, 2.7
mmol) in dichloromethane (10 mL), and the stirring was continued for an addi-
tional 3 h. T.l.c. (90:10:1, v/v, dichloromethane—ethyl acetate-acetone) then re-
vealed the presence of a major product, faster-migrating than 2; some slower- and
some faster-migrating impurities (presumably due to decomposition of 1) were also
revealed by t.l.c. The mixture was diluted with an equal volume of dichloro-
methane, and the solids were filtered off (a bed of Celite) and washed with di-
chloromethane. The filtrate and washings were combined, successively washed with
ice-cold water, cold 3% aqueous HC], cold saturated NaHCO,, and water, dried,
and evaporated to dryness. The foamy solid so obtained (~5.8 g) was boiled for 3
h under N, in a mixture of ethanol (90 mL) and hydrazine hydrate (18 mL). It was
then concentrated to dryness to give a residue, which was dissolved in pyridine (100
mL) and acetic anhydride (50 mL) and heated for 30 min at ~90°. The acetic
anhydride and pyridine were evaporated under diminished pressure, and the
residue was taken up in chloroform, successively washed with water, aqueous
NaHCO;, and water, dried, and evaporated. The residue was applied to a column
of silica gel and eluted with a solvent gradient consisting of 0~20% acetone in
chloroform. On evaporation, the fractions corresponding to the product gave a
solid which crystallized from ethyl acetate to afford 3 (2.7 g; 88% based on 2), m.p.
189-191°, [@]3® +14° (¢ 0.7, chloroform); t.l.c. (A) R 0.28; 'H-n.m.r. (CDCL,): &
7.28-7.22 (m, 15 H, arom.), 3.30 (s, 3 H, OMe), 1.97 (m, 9 H, 3 OAc), and 1.72
(s, 3 H, NAc).

Anal. Cale. for C,,H;;NO,,: C, 63.54; H, 6.48; N, 1.76. Found: C, 63.66; H,
6.21; N, 1.62.

Methyl  2-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-
3,4,6-tri-O-acetyl-a-D-mannopyranoside (5). — A mixture of 3 (3.4 g) and 10%
Pd-C (3.4 g) in glacial acetic acid (80 mL) was shaken under H, at ~345 kPa for 24
h at room temperature. The suspension was filtered through a bed of Celite, the
solid was thoroughly washed with glacial acetic acid, and the filtrate and washings
were combined and concentrated under diminished pressure to give 4 as a foamy
solid (2.2 g), which was slightly contaminated (t.l.c. solvent B) with some faster-
migrating impurities.
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A solution of crude 4 (2.1 g) in 1:2 acetic anhydride-pyridine (75 mL) was
kept overnight at room temperature. It was then concentrated to dryness, and
several portions of toluene were added to, and evaporated from the residue which
was then dissolved in dichloromethane. Addition of ether-hexane caused the pre-
cipitation of 5 (1.89 g, 72.5%), amorphous, [e]3> —12° (¢ 0.6, chloroform); t.1.c.
(C) Ry 0.41; 'H-n.m.r. (CDCL,): §3.29 (s, 3 H, OMe), 2.00-1.94 (cluster of s, 18
H, 6 OAc), and 1.85 (s, 3 H, NAc).

Anal. Cale. for C,;H;)NO;: C, 49.92; H, 6.05; N, 2.16. Found: C, 49.67; H,
5.92; N, 2.09,

2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy - B-D-glucopyranosyl)-1,3,4,6-
tetra-O-acetyl-D-mannopyranose (6). — A solution of 5 (1.65 g) in acetic anhydride
(40 mlL) containing 1% by volume of conc. H,SO, was stirred for 12 h at room
temperature. The mixture was then diluted with dichloromethane (200 ml.), succes-
sively washed with water, saturated NaHCO,, and water, dried, and concentrated,
and the residue dissolved in a small volume of ethyl acetate. Addition of ether
caused the precipitation of 6 (1.55 g, 90%) as an amorphous solid, [a]3® —10° (¢
0.8, chloroform); t.l.c. (A) R 0.27; 'H-n.m.r. (CDCl;): 8593 (d, ~0.8 H, J ~1.5
Hz, H-1) and 2.10~1.92 (cluster of s, 24 H, 7 OAc and NAc).

Anal. Calc. for C;H;)NO,.: C, 49.63; H, 5.80; N, 2.07. Found: C, 49.37; H,
5.71; N, 1.90.

2-0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy- B-D-glucopyranosyl)-3,4,6-tri-
O-acetyl-a-D-mannopyranosy! bromide (7). — To a cold (~(0°, bath), stirred
solution of 6 (0.58 g) in dichloromethane (7 mL) was added a 31% solution of HBr
in glacial acetic acid (7 mL), and stirring was continued for 12 h. The mixture was
then poured into ice-water and extracted with dichloromethane, successively
washed with water, cold saturated NaHCOj;, and water, dried, and concentrated to
give 7 (0.47 g, 79%), amorphous, [«]3> +53° (¢ 0.7, chloroform); t.l.c. (4) Rg
0.32; 'H-n.m.1. (CDCl,): 6 6.29 (d, ~1 H, J ~1.5 Hz, H-1), 2.09-1.99 (cluster of
s, 18 H, 6 OAc), and 1.92 (s, 3 H, NAc).

4-Nitrophenyl 6-O-tert-butyldiphenylsilyl-B-D-mannopyranoside (9). — To a
cold (0°, bath), stirred solution of 4-nitrophenyl 8-D-mannopyranoside® (8; 4.8 g,
15.9 mmol) and imidazole (2.7 g, 40 mmol) in dry N, N-dimethylformamide (60
mL) was added ters-butylchlorodiphenylsilane (6.3 mL, 24 mmol), and stirring was
continued for 2 h at ~0°. The mixture was then poured into ice-water and extracted
with chioroform. The chloroform solution was successively washed with water,
saturated NaHCO,;, and water, dried, and concentrated, and the residue applied to
a column of silica gel and eluted with 49:1 (v/v) chloroform-methanol. On evapora-
tion, the fractions corresponding to the product afforded 9 (8.3 g, 96.5%), amor-
phous, [a]3® —84° (¢ 1.2, chloroform); t.1.c. (C) R 0.31; 'H-n.m.r. (CDCl;): 6 8.08
and 7.05 (d, 2 H each, J ~10 Hz, arom.), 7.73-7.16 (m, 10 H, arom.), and 1.06 (s,
9 H, CMe,).

Anal. Calc. for C,3H;3;NOSi-0.5 H,O: C, 61.29; H, 6.25; N, 2.55. Found: C,
61.51; H, 6.09; N, 2.48.
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4-Nitrophenyl 6-O-tert-butyldiphenylsilyl-2,3-O-isopropylidene-B-D-manno-
pyranoside (10). — To a solution of 9 (8 g) in dry acetone (60 mL) were added
2,2-dimethoxypropane (60 mL) and 4-toluenesulfonic acid monohydrate (1.2 g).
The mixture was stirred for 4 h at room temperature, made neutral by the addition
of triethylamine, and then evaporated. The residue was purified in a column of
silica gel with chloroform as the eluent to give 10 (8.1 g, 94%), a thick syrup, [«}3}
—74.5° (¢ 1.3, chloroform); t.l.c. (D) Rg 0.39; 'H-n.m.r. (CDCl,): & 8.06 and 7.05
(d, 2 H each, J ~10 Hz, arom.), 7.70-7.20 (m, 10 H, arom.), 551 (d, 1 H, J ~2
Hz, H-1), 1.55 and 1.40 (s, 3 H each, CMe,), and 1.06 (s, 9 H, CMe;).

Anal. Calc. for C;;H,;NOGSi: C, 64.22; H, 6.43; N, 2.42. Found: C, 63.93; H,
6.42; N, 2.37.

4-Nitrophenyl 2,3-O-isopropylidene-B-pD-mannopyranoside (11). — A solu-
tion of 10 (1.7 g, 2.9 mmol) in dry oxolan (35 mL) was treated with a M solution of
tetrabutylammonium fluoride in oxolan (4.1 mL), and the stirring was continued
for 2 h at room temperature. The mixture was concentrated to dryness, and the
residue was purified in a column of silica gel with 15% acetone in chloroform as the
eluent to afford a solid residue which was dissolved in a small volume of dichloro-
methane. Addition of ether~hexane caused the precipitation of 11 (0.98 g, 98%),
amorphous, [a]3’ —127° (¢ 1.2, chloroform); t.l.c. (A) Rp 0.17; 'H-n.m.r. (CDCl;):
8 8.15 and 7.05 (d, 2 H each, J ~10 Hz, arom.), 5.57 (d, 1 H, J ~2 Hz, H-1), and
1.53 and 1.40 (s, 3 H each, CMe,).

Anal. Calc. for C;;H;(NOg: C, 52.78; H, 5.61; N, 4.10. Found: C, 52.65; H,
5.52; N, 4.00.

4-Nitrophenyl 4,6-O-(4-methoxybenzylidene)-B-D-glucopyranoside (13). — A
mixture of 4-nitrophenyl 8-D-glucopyranoside® (12; 12 g), anhydrous ZnCl, (12 g),
and 4-methoxybenzaldehyde (150 mL) was stirred for 2 days at room temperature,
and then poured into ice~water and ether, and stirred for 2 h. The precipitate was
filtered off and thoroughly washed with ice-water and ether, and dried. On crystal-
lization from pyridine—ecther; it afforded 13 (11.5 g, 69%), m.p. 190-192°, (o]’
—51°(c 0.5, 4:1 chioroform—methanol), t.l.c. (A) R 0.22; '"H-n.m.r. [CD;0D plus
a little (CD,),SO]: 8 8.20 and 7.22 (d, 2 H each, J ~10 Hz, CH,NO,-4), 7.40 and
6.85 (d, 2 H each, J ~10 Hz, CH,OMe-4), 5.50 (s, 1 H, PhCH), 5.18 (d, 1 H, J
~7.5 Hz, H-1), and 3.73 (s, 3 H, OMe).

Anal. Calc. for C,0H, NOg: C, 57.28; H, 5.05; N, 3.34. Found: C, 56.99; H,
5.06; N, 3.27.

4-Nitrophenyl 2,3-di-O-acetyl-4,6-O-(4-methoxybenzylidene)-B-D-glucopyra-
noside (14). — A solution of 13 (5 g) in pyridine (60 mL) and acetic anhydride (30
mL) was stirred overnight at room temperature. The crystalline material that
separated was filtered off and thoroughly washed with ether to afford 14 (5.8,
97%), m.p. 252-253°, [a}3® —47° (¢ 0.55, chloroform); t.1.c. (D) Rg 0.48; 'H-n.m.1.
[(CD,),SO]: 88.21 and 7.21 (d, 2 H each, J ~10 Hz, C¢(H,NO,-4), 7.31 and 6.88
(d, 2 H each, J ~10 Hz, C;H,OMe-4), 5.79 (d, 1 H, J ~7.5, H-1), 5.58 (s, 1 H,
PhCH), 3.73 (s, 3 H, OMe), and 2.01 (s, 6 H, 2 OAc).
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Anal. Calc. for C,\H,NO,;: C, 57.25; H, 5.01; N, 2.78. Found: C, 57.09; H,
4.81; N, 2.69.

4-Nitropheny! 2,3-di-O-acetyl-B-D-glucopyranoside (15). — Acetal 14 (4 g)
was stirred in 60% aqueous acetic acid (200 mL) for 1 h at ~70°. The acetic acid
was evaporated under diminished pressure, the last traces being removed by
coevaporation with several added portions of toluene, to give a solid which crystal-
lized from methanol to afford 15 (2.5 g, 82%), m.p. 167-169°, [a]3® —46° (¢ 0.6,
4:1 chloroform—-methanol); tlc. (A) Re 0.17; 'H-n.m.r. [CD,OD plus a little
(CD,),S0]: 8.17 and 7.15 (d, 2 H each, J ~10 Hz, CH,NO,-4), 5.42 (d, 1 H, J
~8 Hz, H-1), and 2.06 and 2.01 (s, 3 H each, 2 OAc).

Anal. Calc. for C,(H(NO,: C, 49.87; H, 4.97; N, 3.64. Found: C, 49.69; H,
4.83; N, 3.44.

Allyl 4,6-O-benzylidene-B-p-glucopyranoside (17). — ZnCl, (3 g) was quickly
added, with stirring, to benzaldehyde (11 mL), and stirring was continued for 0.5
h. Allyl B-D-glucopyranoside®' 16 (3 g) was then added, the mixture was stirred
overnight at room temperature, and poured into a stirred 1:1 mixture of ice-water
and hexane (~150 mL). The precipitate was filtered off, thoroughly washed with
cold water and hexane, dried in the air, and dissolved in a small volume of dichloro-
methane. Addition of ether-hexane caused the precipitation of 17 (2.8 g, 67%),
amorphous, [a]3> —53° (¢ 1.1, chloroform): t.l.c. (A) Rz 0.27; 'H-n.m.r. (CDCl,):
8 7.50-7.18 (m, 5 H, arom.), 6.10~5.63 (m, 1 H, CH=CH,), and 5.42 (s, 1 H,
PhCH).

Anal. Calc. for C;(H,,O: C, 62.32; H, 6.54. Found: C, 62.53; H, 6.50.

Allyl 2,3-di-O-acetyl-4,6-0O-benzylidene-3-D-glucopyranoside (18). — Com-
pound 17 (1.3 g) in pyridine (30 mL) and acetic anhydride (15 mL) was kept over-
night at room temperature. Acetic anhydride and pyridine were evaporated under
reduced pressure, the last traces being removed by coevaporation with several
added portions of toluene, and the residue was dissolved in a small volume of
dichloromethane. Addition of ether-hexane precipitated 18 (1.46 g, 88%),
amorphous, [a]3’ —86° (c 0.7, chloroform}; t.l.c. (A) R 0.65; 'H-n.m.r. (CDCl,):
87.43-7.20 (m, 5 H, arom.)}, 6.03-5.58 (m, 1 H, CH=CH,), 5.45 (s, 1 H, PhCH),
and 2.00 (s, 6 H, 2 OAc).

Anal. Cale. for C,yH,,04: C, 61.21; H, 6.16. Found: C, 61.14; H, 6.02.

Allyl 2,3-di-O-acetyl-B-D-glucopyranoside (19). — Compound 18 (1.44 g) in
60% aqueous acetic acid (70 mL) was stirred for 6.5 h at ~55°. T.L.c. (C) then
showed the disappearance of 18 and the presence of a product, slower-migrating
than 18, together with some faster-migrating contaminants. Acetic acid was evapo-
rated under diminished pressure, and several portions of toluene were added to,
and evaporated from, the residue which was then dissolved in chioroform and
applied to a column of silica gel. On elution with 9:1 (v/v) chloroform-acetone,
concentration of the fractions corresponding to the product afforded 19 (1.02 g,
91%), syrup, [a]3’ —51° (¢ 1.8, chloroform); t.1.c. (C) R 0.36; *H-n.m.r. (CDCl,):
86.03-5.57 (m, 1 H, CH=CH,), and 2.05 and 2.03 (s, 6 H, 2 OAc).
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Anal. Cale. for C;3H,,04: C, 51.31; H, 6.63. Found: C, 51.34; H, 6.61.

Allyl O-(4,6-O-benzylidene-B-D-glucopyranosyl)-(1->4)-B-D-glucopyranoside
(21). — This compound was prepared from allyl O-B-D-glucopyranosyl-(1->4)-8-p-
glucopyranoside?® (20) as described for 16 (to give 17). After the aforedescribed
processing, the solid residue so obtained was dissolved in a small volume of
methanol. Addition of ether precipitated 21 (1.8 g, 73%), amorphous, [«]3® —42°
(c 0.5, 4:1 chloroform—methanol); t.1.c. (B) Rg 0.7; 'H-n.m.r. (CDCl, plus a little
CD,0D): 8 7.50~7.23 (m, 5 H, arom.), 6.07-5.67 (m, 1 H, CH=CH,), and 5.45 (s,
1 H, PhCH).

Anal. Calc. for C,H,(Oy;: C, 56.16; H, 6.43. Found: C, 55.87; H, 6.16.

Allyl  O-(2,3-di-O-acetyl-4,6-O-benzylidene-B-D-glucopyranosyl)-(1—4)-2,3,
6-tri-O-acetyl-B-D-glucopyranoside (22). — Compound 21 (1.7 g) was acetylated as
described for 17 (to give 18), to give a solid residue which crystallized from di-
chloromethane—ether~hexane to afford 22 (2.3 g, 94%), m.p. 236-238°, [a]3® —53°
(c 1.1, chloroform); t.l.c. (A) Ry 0.68 {lit.1® m.p. 234-236° (from ethanol), [a]3°
~43° (c 1, chloroform)}; 'H-n.m.r. spectral data (CDCl,) were comparable to those
previously reported'.

Allyl  O-(2,3-di-O-acetyl-B-D-glucopyranosyl)-(1—4)-2,3,6-tri-O-acetyl- f-D-
glucopyranoside (23). — Compound 22 (2.25 g) was deacetalated in hot, 60%
aqueous acetic acid as described for 18 (to give 19), to give a solid residue which
was applied to a column of silica gel. Elution with solvent A, and concentration of
the fractions corresponding to the product afforded, after crystallization from di-
chloromethane—ether-hexane, 23 (1.7 g, 87%), m.p. 193-195°, [a]3® —35° (¢ 1.2,
chloroform); t.l.c. (C) R 0.43 {lit.1%, m.p. 194-196° (from toluene), [a]3® —37° (¢
2.6, chloroform)}; 'H-n.m.r. spectral data (CDCl,) were similar to those previously
reported!®,

4-Nitrophenyl  O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyrano-
syl)-(1—2)-0-(3,4,6-tri-O-acetyl-a-D-mannopyranosyl) - (1—6)-2,3-O-isopropylid-
ene-B-D-mannopyranoside (25). — A mixture of 11 (0.34 g, 1 mmol), bromide 7
(1.02 g, 1.5 mmol), powdered Hg(CN), (0.25 g, 1 mmol), and powdered 4A
molecular sieves (1.2 g) in acetonitrile (25 mL) was stirred for 3 h at room temper-
ature. T.l.c. (C) then showed the presence of a major product, slower-migrating
than 11; some unchanged 11 was also revealed in t.l.c. The acetonitrile was evapo-
rated under diminished pressure, the residue suspended in chloroform (125 mL),
and the solids were filtered off through a bed of Celite and thoroughly washed with
chloroform. The filtrate and washings were combined and successively washed with
water, aqueous M KI solution, aqueous NaHCO,, and water, dried, and concen-
trated, and the concentrate applied to a column of silica gel. Elution with a solvent
gradient consisting of 0-25% acetone in chloroform gave first unchanged 11 (0.1
g), followed by 25 (0.45 g, 66.5% based on reacted 11), amorphous, [a]3> ~30° (¢
1.2, chloroform); t.l.c. (C) Rg 0.19; 'H-n.m.r. (CDCl;): 6 8.20and 7.19 (d, 2 H
each, J ~10 Hz, arom.), 2.29-1.89 (cluster of s, 21 H, 6 OAc aind NAc), and 1.59
and 1.44 (s, 3 H each, CMe,).
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Anal. Calc. for C;;Hy,N,0,,: C, 51.35; H, 5.68; N, 2.92. Found: C, 51.10; H,
5.57; N, 2.56.

4-Nitrophenyl  O-(2-acetarnido-2-deoxy-B-D-glucopyranosyl)-(1—2)-O-a-D-
mannopyranosyl-(1-—6)-2,3-O-isopropylidene-B-D-mannopyranoside (26). — Com-
pound 25 (0.42 g) in 20mM methanolic sodium methoxide (65 mL) was stirred over-
night at room temperature. T.l.c. (B) then showed the disappearance of 26 and the
presence of a slower-migrating product; some slower-migrating contaminants that
were undetectable under u.v. light were also revealed by t.l.c. The base was
neutralized with a few drops of glacial acetic acid, and the solution was de-ionized
with Amberlite IR-120 (H") cation-exchange resin. The resin was filtered off
through a bed of Celite and thoroughly washed with methanol, and the filtrate and
washings were combined and concentrated to a small volume. The concentrate was
applied to a column of silica gel and eluted with 27:12:1 (v/v) chloroform-
methanol-water. On evaporation, the fractions corresponding to the product gave
a solid which was dissolved in a little methanol. Addition of ether caused the pre-
cipitation of 26 (0.21 g, 67%), amorphous, [«]3® —62° (¢ 0.8, methanol); t.1.c. (B)
R 0.27; 'TH-n.m.r. (CD,OD): §8.23 and 7.18 (d, 2 H each, J ~10 Hz, arom.), 5.68
(d, 1 H, J ~1.5 Hz, H-1), 1.97 (s, 3 H, NAc), and 1.55 and 1.42 (s, 3 H each,
CMe,).

Anal. Calc. for C,gH,,N,O44: C,49.29; H, 5.99; N, 3.97. Found: C, 48.99; H,
5.71; N, 3.85.

4-Nitrophenyl  O-(2-acetarnido-2-deoxy-B-D-glucopyranosyl)-(1—2)-O-a-1-
mannopyranosyl-(1—6)-B-D-mannopyranoside (27). — A mixture of 26 (0.2 g), tri-
fluoroacetic acid (0.8 mL), water (0.2 mL), and chloroform (5 mL) was stirred for
4 h at room temperature. It was then evaporated, and several portions of toluene
were added to, and evaporated from the residue. T.l.c. (E) revealed the presence
of a major product, siower-migrating than 26, together with some faster-migrating
contaminants. The crude product was applied to a column of silica gel and eluted
first with 7:3 (v/v) chloroform-methanol, and then with solvent B. Concentration
of the fractions corresponding to the major product gave a residue which was
dissolved in a small volume of methanol. Addition of ether precipitated 27 (0.12 g,
64%), amorphous, [«]3’ —51° (¢ 0.9, methanol); t.l.c. (E) Rp 0.45; BC-n.m.r.
[(CD,),SO]: 8 101.40 (C-1"), 97.87 (C-1), 97.58 (C-1"), 78.97 (C-2"), 66.58 (C-4'),
66.43 (C-6), 61.33 and 61.14 (C-6',C-6"), 55.87 (C-2"), and 23.12 (NAc).

Anal. Calc. for C,gH,; N,O,.: C, 46.85; H, 5.75; N, 4.20. Found: C, 46.61; H,
5.88; N, 3.94.

4-Nitrophenyl  O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyrano-
syl)-(1—2)-0-(3,4,6-tri-O-acetyl-a-D-mannopyranosyl)-(1—06)-2, 3-di-O-acetyl-B-D-
glucopyranoside (28). — A mixture of 7 (0.45 g, 0.72 mmol), 15 (0.27 g, 0.72
mmol), Hg(CN), (0.36 g, 1.44 mmol), and 4A molecular sieves (0.23 g) in dry
nitromethane (15 mL) was stirred for 21 h at ~40°. It was then cooled, and the
solids were filtered off and thoroughly washed with chloroform. The filtrate and
washings were combined and processed as described for 11 (to give 25) to give a



B-D-GlepNAc-(1—-2)-a-D-Manp UNIT-CONTAINING OLIGOSACCHARIDES 137

residue which showed in t.1.c. (C) the presence of a major product, slower-migrat-
ing than 15; some unchanged 15, as well as some faster- and slower-migrating con-
taminants were also revealed in t.l.c. The crude product mixture was applied to a
column of silica gel and eluted with a solvent gradient consisting of 0-25% acetone
in chloroform. On evaporation, the first fractions that emerged from the column
gave unchanged 15 (0.1 g). Continued elution of the column and concentration of
the fractions corresponding to the product gave 28 (0.3 g, 67% based on reacted
15), amorphous, [a]3® ~7° (¢ 1.8, chloroform); t.l.c. (C) Rg 0.27; 'H-n.m.r.
(CDCl,): 8 8.15 and 7.02 (d, 2 H each, J ~10 Hz, arom.), 2.09-1.82 (cluster of s,
24 H, 8 OAc), and 1.77 (s, 3 H, NAc).

Anal. Cale. for C,,H,N,O,.: C, 50.29; H, 5.44; N, 2.78. Found: C, 50.12; H,
5.35; N, 2.68.

4-Nitrophenyl  O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-(1-2)-O-a-D-
mannopyranosyl-(1—6)-B-D-glucopyranoside (29). — Compound 28 (0.15 g) was
suspended in 20mM sodium methoxide in methanol (20 mL) and stirred. The
suspended 28 gradually dissolved, and the stirring was continued overnight at room
temperature. The base was neutralized with Amberlite TR-120 (H*) cation-
exchange resin, the resin was filtered off and washed with methanol, and the filtrate
and washings were combined and concentrated. The residue was dissolved in a
little water and lyophilized to afford 29 (90 mg, 90%), amorphous, [a]3° —62° (c
0.8, water); t.l.c. (E) Rz 0.42; 3C-n.m.r. [(CD;),SO}: § 101.50 (C-1"), 100.31 (C-1),
97.57 (C-1), 79.08 (C-2'), 66.03 (C-6), 61.40, 61.16 (C-6',6"), and 55.93 (C-2").

Anal. Calc. for C,iH,N,04,-0.5 H,0: C, 46.22; H, 5.81; N, 4.15. Found: C,
46.01; H, 5.65; N, 3.89.

Allyl O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-3-D-glucopyranosyl)-(1—2)-
0-(3,4,6-tri-O-acetyl-a-D-mannopyranosyl)-(1-6)-2,3-di-O-acetyl-B-D-glucopyra-
noside (30). — A stirred mixture of 19 (0.25 g, 0.82 mmol), powdered Hg(CN),
(0.21 g, 0.82 mmol), and powdered 4A molecular sieves (0.8 g) in 1:1 benzene—
nitromethane (90 mL) was boiled until ~15 mL of the solvent had distilled off.
After cooling to room temperature, disaccharide bromide 7 (0.86 g, 1.23 mmol) in
1:1 benzene—nitromethane (18 mL) was added, and the stirring was continued for
9 h at ~45°. T.l.c. (C) showed the presence of a major product, slower-migrating
than both 7 and 19; a faster-migrating contaminant was aiso revealed in t.l.c. The
mixture was filtered through a bed of Celite, the solids were thoroughly washed
with benzene, and the filtrate and washings were combined and diluted with ben-
zene to a total volume of ~300 ml.. The solution was successively washed with
water, M KI solution, aqueous NaHCO,, and water, dried, and concentrated to
give a solid which was dissolved in a little dichloromethane. Addition of ether—
hexane precipitated 30 (0.35 g, 46%), amorphous, [«]3® —10° (¢ 0.9, chlorofcrm);
t.lec. (F) Ry 0.53; 'H-n.m.r. (CDCL): § 6.04-5.60 (m, 1 H, CH=CH,), 2.10-2.04
(cluster of s, 24 H, 8 OAc), and 1.92 (s, 3 H, NAc).

Anal. Calc. for C,)HNO,,: C, 50.81; H, 6.01; N, 1.52. Found: C, 50.76; H,
5.94; N, 1.54.
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Allyl  O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-(1—2)-O-a-D-mannopy-
ranosyl-(1—6)-B-p-glucopyranoside (31). — Compound 30 (0.3 g) in 20mm
methanolic sodium methoxide solution (40 mL} was stirred overnight at room
temperature. It was then processed as described for 25 (to give 26), and the crude
product was applied to a column of silica gel. Elution with solvent B and evapora-
tion of the fraction corresponding to the product gave a solid which was dissolved
in water and lyophilized to afford amorphous 31 (0.15 g, 79%), [a]3® —12° (¢ 0.9,
methanol); t.1.c. (E) Ry 0.45; *C-n.m.r. [(CD,),SO}: 8 102.29 (C-1), 101.41 (C-1"),
97.34 (C-1), 78.97 (C-27), 66.23 (C-6), 61.41, 61.10 (C-6’,6"), and 55.83 (C-2").

Anal. Calc. for C,,H;lNO,,-H,O: C, 45.77; H, 6.85; N, 2.36. Found: C,
45.68; H, 6.47, N, 2.25.

Allyl O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-B-D-glucopyranosyl)-(1-»2)-
O-(3,4,6-tri-O-acetyl-B-D-mannopyraros yl)-(1—6)-O-(2, 3,4-tri-O-acetyl-B-D-gluco-
pyranosyl)-(1—4)-2,3,6-tri-O-acetyl- B-D- glucopyranoside (32). — A stirred mixture
of 23 (0.44 g, 0.74 mmol), powdered Hg(CN), (0.2 g, 0.78 mmol), and powdered
4A molecular sieves (0.7 g) in 1.1 benzene-nitromethane (70 mL) was boiled until
~15 mL of the solvent had distilled off. After cooling to room temperature,
bromide 7 (0.68 g, 0.97 mmol) in 1:1 benzene-nitromethane (14 mL) was added
and the stirring was continued for 5 h at ~40°. It was then processed as described
for 19 (to give 30) to give a residue which showed in t.I.c. (C) the disappearance of
7 and the presence of a prominent spot having a mobility similar to that of 23. This
crude product (~1 g) was dried in vacuo, mixed with 1:2 acetic anhydride-pyridine
(20 mL) and kept overnight at room temperature. The acetic anhydride and
pyridine were evaporated under reduced pressure, the last tracers being removed
by coevaporation with several added portions of toluene. The crude product was
applied to a column of silica gel and eluted with a solvent gradient consisting of
0-20% acetone in chloroform. Evaporation of the earlier fractions that emerged
from the column gave a compound (0.22 g) which had a chromatographic mobility
(t.l.c., C) identical with that of an authentic sample of 24. Continued elution of the
column and evaporation of the fractions corresponding to the product afforded 32
(0.51 g, 55% based on 23), amorphous, [a]3* —7° (¢ 1.1, chloroform); t.l.c. (C) Rg
0.54; 'H-n.m.r. (CDCl,): 8 5.97-5.60 (m, 1 H, CH=CH,), 2.10-2.00 (cluster of s,
36 H, 12 OAc), and 1.90 (s, 3 H, NAc).

Anal. Calc. for C5;HqsNO3,: C, 50.84; H, 5.88; N, 1.12. Found: C, 51.11; H,
5.55; N, 1.33.

Allyl  O-(2-acetamido-2-deoxy-B-D-glucopyranosyl)-(1—2)-O-a-D-mannopy-
ranosyl-(1—6)-O-B-D-glucopyranosyl-(1—4)-B-D-glucopyranoside (33). — Com-
pound 32 (0.4 g) in methanol (60 mL) was treated with M sodium methoxide (1.2
mL}, and the mixture was stirred overnight at room temperature. After processing
as described for 25 (to give 26), the residue so obtained was dissolved in a little
methanol and precipitated by the addition of ether to afford 33 (0.19 g, 78%),
amorphous, [a]3’ ~6° (c 1.1, methanol); t.l.c. (E) Rg 0.29; ¥*C-n.m.1. [(CD;),SO}:
6 103.18 (C-17), 101.89 (C-1), 101.53 (C-17), 97.65 (C-1"}, 80.49 (C-4), 78.99 (C-2"),
and 66.33 (C-6').
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Anal. Calc. for C,0H,(NO,;: C, 46.58; H, 6.61; N, 1.87. Found: C, 46.30; H,
6.83; N, 1.90.
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