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Synopsis. 2,3,4,6-Tetra-0-benzyl-D-mannopyranose
was prepared from methyl «-D-mannopyranoside. Improved
preparations of 2,3,4,6-tetra-O-benzyl-a-p-glucopyranose and
-galactopyranose are described.

Since Schmidt, et @l announced the preparation
of a useful synthetic intermediate, 2,3,4,6-tetra-O-
benzyl-a-p-glucopyranose, many compounds of this
type have been synthesized on various occasions.?~%
In relation to our search for a systematic synthesis of
oligosaccharide,?® this note describes a preparation of
2,3,4,6-tetra-0-benzyl-p-mannopyranose  (II) from
methyl a-p-mannopyranoside. The syrupy compound
II is, to the authors’ knowledge, a new derivative of p-
mannose and was characterized as a crystalline p-nitro-
benzoate (¢-anomer, III).

The following points are worthy of notice. The entire
process of preparing the tetra-O-benzyl derivative of
common hexoses from their corresponding methyl glyco-
sides was significantly improved, in comparison with
previous procedures.!:3:4:7:8)

The use of a large excess of benzyl chloride, the ratio
to methyl glycoside being as large as 25: 1 (v/w), in the
presence of sodium hydride prevents the reaction from a
sudden, violent initiation.?» Examination of the reac-
tion mixture indicated that the benzylation was essen-
tially finished when the mixture recovered its fluidity
with the change of color. The benzylation with use of
powdered potassium hydroxide with® or without? a
diluent such as p-dioxane was not so practical, because
even after much longer heating with occasional addi-
tions of fresh potassium hydroxide the reaction was not
always complete. It should also be noted that even
short unnecessary heating in the hydrolysis step brought
about a considerable loss of the desired products.1

Experimental

General. Melting points were determined by a Yanagi-
moto Micro Melting Point apparatus. Optical rotations were
measured by a DIP-180 (Japan Spectroscopic) in a jacketed 1-
dm cell. PMR was recorded by a Varian S-60-T Spectrome-
ter. TLC was carried out over silica gel No. 7731 (Merck)
with coloration by charring with sprayed aqueous sulfuric acid
(10%). The column chromatography was done over silica
gel (Kanto Kagaku) with irrigation of a mixed solvent system
of benzene and 2-butanone.

Methyl «-pD-mannopyranoside (Sigma), methyl a-p-glucopy-
ranoside (Tokyo Kasei), and methyl f-p-galactopyranoside
(Sigma) were well powdered and stored over phosphorus
pentoxide. Sodium hydride (ca. 509, in oil, Wako) and benzyl
chloride (Koso) were used without any purification.

2,3,4,6-Tetra-O-benzyl-D-mannopyranose (1I). A mixture
of methyl a-pD-mannopyranoside (5 g), sodium hydride (8.5 g,
with the oil), and benzyl chloride (125 ml) in a 500-ml round
bottomed flask was heated at 125—130 °C (bath temperature)

with vigorous stirring (preferably by a magnetic mixer) for
70—90 min under anhydrous conditions. During the course
of the reaction, as mentioned earlier,” a gray reaction mixture
first stiffened with evolution of hydrogen gas and much heat,')
and then it turned into a yellow thin slurry. After removal of
the insoluble material, the solution was concentrated by a
water-pump over a boiling water bath to give a yellow syrup
(21—25 g), which contained the dispersion oil.

A portion of this syrup (1.0 g) was purified over a column of
silica gel to give pure methyl 2,3,4,6-tetra-O-benzyl-a-D-man-
nopyranoside (I), 0.55 g (95%), bpy. o1 240—245 °C, [«]} +27°
(¢ 1, CHCly), 0§ (ppm, TMS): 3.31 (3H, singlet, O-CHj),
7.30 (15H, singlet, CgH;-), 7.20 (5H, singlet, CgHy~).

Found: C, 75.89; H, 6.92%,. Qalcd for C3;H,304: C, 75.79;
H, 6.919%,.

Hydrogenolysis of I (25 mg) over palladium black in metha-
nol at room temperature under 50 psi for 8 h gave crystals (3.7
mg), mp 186—188 °C, which did not depress the melting point
of the authentic specimen and showed an IR spectrum (KBr)
identical with that of the authentic sample of methyl a-D-
mannopyranoside.

The entire syrup mentioned above was immediately heated
with a mixture of acetic acid (250 ml) and aqueous sulfuric
acid (3M, 30 ml) at 80—385 °C (inside temperature) with good
stirring for 30 min. The mixture was diluted with cold water
(300 ml) and benzene (300 ml). After washing the organic
layer by aqueous sodium hydrogencarbonate and then by wa-
ter, it was concentrated to give a syrup, which was chromato-
graphed to afford a homogeneous syrup of II, 8.5—10 g (60—
72%). Washing this material with cold hexane gave an ana-
lytical sample, [a]% 4 11° (¢ 0.9, CHCI,).

Found:C, 75.12; H, 6.67%,. Calcd for C;,H,404: C, 75.53;
H, 6.71%.

Refluxing II (33 mg) in methanol (0.8 ml) containing meth-
anesulfonic acid (3 ul) for 26 h, followed by chromatography,
afforded a homogeneous syrup (21 mg, 61%,), which showed an
identical PMR spectrum in CDCI,; with that of the above-
mentioned I.

2,3,4,6- Tetra-O-benzyl- 1-O-p-nitrobenzoyl-o-D-mannopyranose
(). II (0.2 g) was treated with p-nitrobenzoyl chloride
(0.1 g) in pyridine (1 ml) overnight. The mixture was pro-
cessed as usual and was chromatographed to give a homogene-
ous syrup of III as a faster-moving product which was crystal-
lized by diisopropyl ether. Recrystallization from this solvent
furnished an analytical sample, 0.12 g (50%), mp 106.5—107
°C, [«]p +59° (¢ 0.8, CHCl;), »5& (cm—1): 1730 (carbonyl),
1535, 1355 (nitro), 05" (ppm, TMS): 6.46 (1H, a doublet,
J=2 Hz), H-1 (equatorial); 7.2—7.4 (20H), C;H;~; a mul-
tiplet centered at 8.13 (4H), -CoH,~.

Found: C, 71.58; H, 5.85; N, 1.87Y%,.
O,: G, 71.39; H, 5.70; N, 2.03%.

The p-anomer of IIT was obtained as a slower-moving syrupy
product, which was further washed with cold hexane, [«]%
—11° (¢ 0.5, CHCl,), 05 (ppm TMS): 5.57 (1H, a doublet,
J=2 Hz), H-1 (axial) ; 7.2—7.4 (20 H), C¢H;~; a quasi-singlet
at 8.15, ~CgH,—.

Found: C, 71.07; H, 5.81; N, 1.97%,.
O,: C, 71.39; H, 5.70; N, 2.03%.

2,3,4,6- Tetra-O-benzyl-a-D-glucopyranose.

Calcd for Gy Hy,N-

Calcd for C‘lHSON-

The hydrol-
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ysis step was carried out at 80—85 °C for 30 min by employing
a mixture of acetic acid (250 ml) and aqueous hydrochloric
acid (6M, 35 ml) for a syrupy benzylation product (ca. 25 g)
obtained from 5 g of methyl a-p-glucopyranoside. The hydrol-
yzate was diluted with cold water (300 ml) and hexane (50 ml)
with stirring. Crude crystals (7.5—8 g) were recrystallized
from hot ethyl acetate (100 ml) to give a pure material, 4.5—
5 g (32—36%), mp 149—149.5 °C, [«]® +48° (¢ 1, dioxane).

[Lit,Y mp 148 °C, [«]% +48.3° (¢ 3, dioxane)]. (Found: C,
75.59; H, 6.78%). -
2,3,4,6- Tetra-O-benzyl-a-D-galactopyranose. The crude

oily benzylation product (ca. 25 g) obtained from 5 g of methyl
p-p-galactopyranoside gave methyl 2,3,4,6-tetra-O-benzyl-f-
p-galactopyranoside as crystals, 11.4 g (80%,), mp 82—83 °C.
[Lit,» 80—81 °C].

This galactoside (10 g) was hydrolyzed by heating at 80—
85 °C for 20 min with a mixture of acetic acid (100 ml) and
aqueous sulfuric acid (3M, 12 ml). The mixture was processed
in the same manner as II and chromatographed to give a
syrup. This was crystallized from cyclohexane containing
little diisopropyl ether to give a practically pure product, 5.4 g
(54%), mp 63— 66 °C, [«]p +74° (¢ 0.8, benzene). [Lit,>»
mp 66—68 °C, [«]y +77° (¢ 2.3, benzene)]. (Found: C,
75.02; H, 6.62%,).
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