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ABSTRACT

Condensation of the 2,3-carbonate of 2-amino-2-deoxy-5,6-0-isopropylidene-
pD-glucose diethyl acetal with tetra-O-acetyl-x-D-mannopyranosyl bromide in the
presence of mercuric cvanide gave the 2 3-carbonate of 2-amino-2-deoxy-5,6-O-
isopropylidene-4- O-(tetra- O-acetyl-a-D-mannopyranosyl)-p-glucose diethyl acetal in
33% vyield. Successive removal of the O-acetyl, carbonate, diethyl acetal, and isopro-
pylidene protective groups proceeded with good yields, and gave, in crystalline form,
the title compound, which was characterized by a crystalline octaacetyl derivative.
The title compound is useful as a reference compound for the determination of
the structure of the carbohydrate core of glycoproteins.

INTRODUCTION

In a previous paper?!, we have described the synthesis of 2-acetamido-2-deoxy-
3-0-a-D-mannopyranosyl-D-glucose as part of a program? designed for the synthesis
of fragments of carbohydrate chains of glycoproteins, and for that of antigenic
glycoproteins and glycolipids. The present paper describes the synthesis and charac-
terization of the disaccharide 2-acetamido-2-deoxy-4-0-a-D-mannopyranosyl-D-
glucose (8) as part of the same program.

DISCUSSION

Condensation of tetra-O-acetyl-a-D-mannopyranosyl bromide?® (1) with benzyl
2-acetamido-3-O-acetyl-2-deoxy-a-D-glucopyranoside had shown that the hydroxyl
group at C-4 of the hexosamine moiety is not reactive and that no, or very little,
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condensation had taken place at this position?. In order to obtain the disaccharide 8,
recourse was had to the open-chain intermediate, 2-amino-2-deoxy-5,6-0-isopro-
pylidene-p-glucose 2,3-carbonate diethyl acetal (2) which Heyns et @/.° had success-
fully condensed with 3,4,6-tri-O-acetyl-2-deoxy-2-(diphenylphosphoramido)}-a-p-
glucopyranosyl bromide to give derivatives of chitobiose and of its o isomer.
Condensation of 1 with 2 in the presence of mercuric cyanide gave the disaccharide 3
in a yield (33%) similar to that of the preparation of the (1-3)-linked disaccharide’.
Removal of the various protective groups proceeded without difficulty, and the
various intermediates 4-7 were obtained in excellent yields, and, except 5, in crystalline
form. The crystalline 2-acetamido-2-deoxy-4-0-a-D-mannopyranosyl-D-glucose (8)
was obtained in 60% yield from 7, and characterized by formation of the crystalline
octaacetyl derivative 9; the latter compound was also obtained directly from 6.

OEt
EtO\E/OEt Eto\é/
. HCNH
Ci,0Ac HGNH— CH,0R
C——! co : Ca——¢co
O, OCH 0. OC,ZH
0adF + l —_ or HC
AcO Br HTOH RO O_Q[
HCO, HCO,
l >ID l /ID
H,CO HCO
1 3 R=Ac
2 4R=H
EtO
\E,/ost
H(!‘NHR'
CHC | CH,OR™ CH,OR"
le} ROCH O O R’
R Y
RO o ;3 RO (e} R”
HCO\ MHAC
lote BR'=H; R=O0H;R=H
5 R=R=H Ha 9 R'= QAc;R"= H;R™= ac
6 R=R= AcC
7 R=H; R'= Ac

The anomeric form of the disaccharide linkage was ascertained by comparison
of the molecular rotation of the intermediates 3 and 7 and of the final compound 8
with those of various derivatives, as previously described®:?:°-8. The molecular
rotation of 3 was compared with the sum of the molecular rotations of the starting
material 2 and of methyl tetra-O-acetyl-a- (10) and f-D-mannopyranoside (11),
respectively. Similarly, the molecular rotation of the intermediate compound 6 was
compared with the sum of the molecular rotations of 2-acetamido-2-deoxy-5,6-O-
isopropylidene-3,4-di- O-methyl-p-glucose diethyl acetal® and of 10 and 11, respecti-
vely. Finally, the molecular rotation of 8 at equilibrium was compared with the sum
of the molecular rotations of methyl «-D-mannopyranoside and of 2-acetamido-2-
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deoxy-a- and -B-p-glucose, respectively (see Table I). All of these comparisons
established that the disaccharide linkage was a-D.

TABLE 1
MOLECULAR ROTATION OF SELECTED DISACCHARIDES COMPARED TO THE SUM OF THE CONSTITUENTS
Compound [Mp) (degrees) x 10—2
Methyl tetra-O-acetyl-x-D-mannopyranoside?® (10) +compound 2° —21
Methyl tetra-O-acetyl-g-p-mannopyranoside® (11) +compound 2% —371
Compound 3° —49
Compound 10°+2-acetamido-2-deoxy-5,6-O-isopropylidene-
D-glucose diethyl acetal (12)° +205
Compound 11°+compound 12° —-150
Compound 6° +202
Methyl a-pD-mannopyranoside? + 2-acetamido-2-deoxy-a-p-glucose® 4295
Methyl ¢-D-mannopyranoside”+ 2-acetamido-2-deoxy-$-p-glucose® +93
Compound 8, at start of mutarotation® +295
at equilibriume® +253
Compound 10%4-2-acetamido-1,3,4,6-tetra-O-
acetyl-2-deoxy-u-D-glucopyranose® +543
Compound 10°+2-acetamido-1,3,4,6-tetra-O-
acetyl-2-deoxy-f-p-glucopyranose?® +181
Compound 9° +10

2Qptical rotation determined in chloroform; %in water; ¢in 1:1 water—methanol.

Similar comparisons suggested the ff-D configuration for the hexosamine moiety
of the crystalline, fully acetylated disccharide 9, and the direction of the mutarotation
and the sum of rotations indicated that the hexosamine moiety of the crystalline
disaccharide 8 had the «-D configuration (see Table I).

EXPERIMENTAL

General. — Melting points were determined with a Mettler FP-2 apparatus and
correspond to “corrected melting points”. Optical rotations were determined, in
semimicrotubes, with a Perkin—Elmer Model 141 polarimeter. The chloroform used
was analytical-reagent grade and contained about 0.75% of ethanol. Lr. spectra were
recorded, for potassium bromide discs, with a Perkin—FElmer Model 237 spectro-
photometer. N.m.r. spectra were recorded with a Varian A-60 n.m.r. spectrometer,
for solutions in chloroform-d with tetramethylsilane as the internal standard. G.l.c. of
the per-O-(trimethylsilyl) derivatives was performed with a Perkin—Elmer Model 900
gas chromatograph by use of a column of Chromosorb GHP coated with 3% OV-1
(Supleco Inc., Bellefonte, Pa. 16823), programmed for a rise of 5° per min from 200 to
320°; # is given relative to that of hexakis-O-(trimethylsilyl)-myo-inosito} as unity.
Column chromatography was performed on Silica Gel Merck (70-325 mesh; E.
Merck, Darmstadt, Germany) that was used without pretreatment. The ratio of weight
of substance to weight of adsorbent was 1:80 to 1:120. The volume of the fractions
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eluted was 3—4 mli per gram of the substance to be chromatographed. The ratio of
diameter of the column to its length was 1:25. T.l.c. was performed on precoated
Silica Gel G plates (layer thickness 0.25 mm; E. Merck, Darmstadt, Germany): each
compound showed only one spot. Evaporations were conducted in vaciio with the bath

o g : -
temperature below 40°. Solutions in less than 5 ml of volatile solvents were evaporated

under a stream of nitrogen. Microanalyses were performed by Dr. W. Manser, Ziirich,
Switzerland.

2- Amino- 2-deoxy- 5,6- O-isopropylidene- 4-O-(tetra- O- acetyl-a~ D- mannopyrano-
syD)b-glucose diethyl acetal 2,3-carbonate (3). — A mixture of dry 2-amino-2-deoxy-5,6-
O-isopropylidene-p-glucose diethyl acetal 2,3-carbonate? (2, 2.6 g) and mercuric cyani-
de (1 g) in dry 1:1 benzene-nitromethane (200 ml) was concentrated to 150 ml under
atmospheric pressure, and then cooled to room temperature. A solution of tetra-O-
acetyl-a-D-mannopyranosyl bromide> (1, 3.0 g) in benzene (30 ml) was added, and
the mixture was stirred for 4 days at room temperature. Additional amounts of
bromide 1 (1.0 g) and mercuric cyanide (0.5 g) were added, and the mixture was stirred
for a further 3 days. The mixture was diluted with benzene (100 ml), washed succes-
sively with a cold, saturated solution of sodium hydrogen carbonate (5x 25 ml) and
water, dried (anhydrous sodium sulfate), and evaporated. The residue was chromato-
graphed on a column of silica gel with 2:5 acetone—chloroform to give a crystalline
fraction. Crystallization from acetone—ether—pentane gave 1.7 g (33%) of needles,
m.p. 147-148°; [«J3® —7.6° (¢ 1.7, chloroform); i.r. data: vKBr 1775 (oxazolidine
CONH), 1750 (OAc), and 3300 cm ™! (NH); n.m.r. data (chloroform-d): = 3.84 (NH);
7.85, 7.90, 7.95, 8.00 (4 QAc); 8.56 (12 H, 4 Me); t.l.c. in 2:5 acetone-chloroform:
R0.49.

Anal. Calc. for C,gH3NO,4: C, 51.76; H, 6.67; N, 2.16; O, 39.41. Found:
C, 51.86; H, 6.60; N, 2.32; O, 39.31.

2- Amino-2-deoxy-35,6-0 -isopropylidene-4-Q-u-D-mannopyranosyl-D-glucose di-
ethyl acetal 2,3-carbonate (4). — A solution of 3 (600 mg) in methanol (20 ml) was
treated with 0.1M sodium methoxide solution (2 ml) for 12 h at 4°. The solution was
deionized by passage through Dowex-50 (H*) ion-exchange resin (1.5 ml), and then
evaporated. The residue obtained was crystallized from methanol-acetone-benzene to
give 400 mg (93%) of 4 as needles, m.p. 188-189°; [¢]2° —2.7° (¢ 1.3, methano}); i.r.
data: v&Br 1737 (oxazolidine CONH), and 3350 cm™! (broad; OH and NH); g.l.c.
datum: peak at 7' 14.00; t.1.c. in 4:1 benzene-methanol: R 0.25; n.m.r. datum (D,Q0):
78.73 (12 H, 4 Me).

Anal. Calc. for C,oH;;NO,,: C, 49.90; H, 7.33; N, 2.91; O, 39.82. Found:
C,49.86; H, 7.24; N, 2.92; O, 39.74.

2-Amino-2-deoxy-5,6-0-isopropylidene-4-Q-a-D-mannopyranosyl-pD-glucose di-
ethyl acetal (5). — A solution of 4 (330 mg) and finely powdered barium hydroxide
octahydrate (600 mg) in water (10 ml) was heated for 4 h at 80° under a stream of
nitrogen, and cooled. Carbon dioxide was bubbled into the solution, the barium
carbonate was filtered off and washed with methanol, and the filtrate and washings
were combined and evaporated to dryness. The residue was mixed with methanol, the
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suspension was filtered, and the filtrate was evaporated. The glassy residue (275 mg,
82%) showed only one spot on t.l.c. with 3:2 benzene—-methanol (R 0.50), but has not
yet been crystallized; [a}3° +53° (¢ 1.0, methanol); i.r. datum: vas, 3400cm™ '
(broad; OH and NH).

2- Acetamido- 3-OQ-acetyl- 5,6 - O-isopropylidene-4-O-(tetra-O-acetyl-ou-D-manno-
pyranosyl)-D-glucose diethy! acetal (6). — Compound 5 (275 mg) was dissolved in
pyridine (3 ml), acetic anhydride (5 ml) was added, and the solution was kept for 24 h
at room temperature. The solution was evaporated, and the residue was freed of
solvents by repeated addition and distillation of toluene. Crystallization of the residue
from benzene—pentane gave 400 mg (81%) of 6 as prisms, m.p. 138-139°; [«]3° +29°
(c 1.3, chloroform); i.r. data: vK2f 1670 (CONH), 1760 (OAc), and 3400 cm™* (NH);
t.l.c. in 19:1 chloroform-ethanol: Ry 0.34.

Anal. Calc. for C3H,o,NO,,: C, 52.62; H, 6.98: N, 1.98; O, 38.44. Found:
C,52.82; H, 6.84; N, 2.02; O, 38.46.

2-Acetamido-2-deoxy-5 ,6-O-isopropylidene-4-O-a-D-mannopranosyl-D-glucose di-
ethyl acetal (7). — A solution of 6 (555 mg) in methanol (15 ml) was treated with
0.1M sodium methoxide solution (2 ml) for 12 h at 4°. The solution was deionized by
passage through Dowex-50 (H™*) ion-exchange resin (1.5 ml), and then evaporated.
The residue was crystallized from ethyl acetate—pentane to give 340 mg (88%) of 7 as
very hygroscopic, prismatic needles, m.p. 82-84°[«¢]3° +61°(c 0.6, methanol); i.r. data:
vEBr 1625 (CONH) and 3400 cm ™~ ! (OH and NH); g.l.c. datum: peak at t’ 11.78; t.l.c.
in 3:2 benzene-methanol: R, 0.45.

Anal. Calc. for C,;H3gNO;,: C, 50.69; H, 7.92; N, 2.82; O, 38.59. Found:
C, 50.63; H, 7.52; N, 2.92; O, 38.65.

2-Acetamido-2-deoxy-4-O-a-D-mannopyranosyl-o-b-glucose (8). — Compound 7
(340 mg) in 60% acetic acid (10 ml) was heated for 1h at 80°. The solution was
evaporated, and the residue was freed of solvents by repeated addition and distillation
of methanol and toluene. Crystallization of the resulting syrup from methanol-
acetone gave 155 mg (60%) of 8 as hygroscopic microcrystals, m.p. 154-156° (dec.);
[o]2° +77 — +66° (equilibrium, ¢ 0.655, 50% methanol); i.r. data: vha, 1650 (CONH)
and 3370 cm~ ! (OH); g.l.c. datum: peak at z'y 11.70.

Anal. Calc. for C,,H,sNO,,: C, 43.86; H, 6.57; N, 3.65; O, 45.90. Found:
C, 43.76; H, 6.51; N, 3.50; O, 45.75.

2-Acetamido-1,3,6-tri-OQ-acetyl-2-deoxy-4-O-(tetra- O- acetyl-a-D - mannopy-
ranosyl)-B-p-glucose (9). — From 8. Compound 8 (280 mg) in pyridine (2 ml) was
treated with acetic anhydride (4 ml) for 24 h at room temperature. Evaporation gave
a residue which was dried by repeated addition and distillation of toluene. Crystalliza-
tion from acetone—ether—pentane gave 430 mg (85%) as needles, m.p. 113-114°; [«]3°
+1.5° (¢ 1.4, chloroform); i.r. data: vK5r 1670 (CONH), 1745 (OAc), and 3400 cm ™!
(NH); t.l.c. in 4:1 benzene-methanol: R 0.41.

Anal. Calc. for C,gH3oNO,g: C, 49.63; H, 5.80; N, 2.07; O, 42.50. Found:
C, 50.21; H, 6.12; N, 1.97; O, 41.98.

From 6. A solution of 6 (220 mg) in 60% acetic acid (5 ml) was heated for 1 h at
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80°, and then evaporated. The residue, which showed two spets on t.l.c. (one of which
corresponded to 9), was acetylated by treatment with pyridine and acetic anhydride,
as just described, to give 170 mg (80%) of 9, m.p. and mixed m.p. with compound
obtained from 8, 112-113°.
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