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Synthesis of arbutin by two-step reaction from glucose*
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Abstract:

Arbutin was synthesized from glucose by two-step reaction below: (a) 2,3,4,6-tetra-O-acetyl-a-D-glucosyl

chloride or bromide was prepared by glucose and acetyl halide (chloride or bromide). (b) 2,3,4,6-tetra-O-ace-
tyl-a-D-glucosyl halide (Cl, Br) reacted with hydroquinone, methanol as solvent at pH=9.5~10.0.
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INTRODUCTION

chloride

or bromide (Fig.2, 3a-b) is important and versatile

2,3,4,6-tetra-O-acetyl-a-D-glucosyl

synthetic intermediates used as electrophiles in
glycosidic bond formation in carbohydrate chem-
istry (Kovac et al., 1985; Mukherjee et al., 2001).
The procedure for the preparation 2,3,4,6-
tetra-O-acetyl-a-D-glucosyl chloride (3a) was re-
ported by Pacsu (1928) and involved reaction of
S-D-glucopyranose pentaacetate (Fig.1). Chlorin-
ating agents such as: AICl;, PCls, SOCI,-HAc,
PPh3;-CCly, haloenamimes, BCl;, TsCl and
(CI3C0),CO were described in literature (Chitten-
den, 1993; Ohrui and Fox, 1973; Ernst and Winkler,
1989; Peromo and Krepinsky, 1987; Kovac and
Edgar, 1992; Kartha and Jennings, 1990; Hwang et
al., 1984; Cicchillo and Norris, 2000). 2,3,4,6-
tetra-O-acetyl-a-D-glucosyl bromide was prepared
by the methods of Karjala and Link (1940) and
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Barczai-Martos and Kordosy (1950) from pen-
taacetylglucose using naphthalene/Br, or phos-
phorus/bromine/water or haloenamimes as bromine
resource. Those preparations generally involved the
use of hydrogen bromide dissolved in glacial acid
which was very troublesome to handle and prepare.

In our experiment, acetyl halide was used as
either acetyl agent or halogenating agent (Fig.2).
The reaction of p-D-glucose with acetyl chloride
was calm and the gas hydrogen chloride appeared.
The product was isolated and identified as
2,3,4,6-tetra-O-acetyl-a-D-glucosyl
yield of 71.8% (in glucose). The small coupling
constant (3.65 Hz in the '"H NMR spectrum) of the
anomeric H-1 at 6.36 indicated that this form was

a-D-model.

chloride in

In another experiment, f-D-glucose reacted
with acetyl bromide below —15 °C by using CHCl;
as solvent; this reaction was very vigorous and
hydrogen bromide appeared. Needle crystalloid
2,3,4,6-tetra-O-acetyl-a-D-glucosyl bromide was
obtained in yield of 79.3% (in glucose). In the 'H
NMR spectrum, the small coupling constant (3.98
Hz) of the anomeric H-1 at 6.63 is characteristically
in the formed of a-D-model.
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Fig.1 The chemical synthesis of arbutin in literatures
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Fig.2 A convenient route of arbutin synthesis

Arbutin, the f-D-glucoside of hydroquinone,
was discovered in the last century and is widely
distributed among plants especially of the families
Ericaceae and Saxifragaceae. Arbutin inhibits the
melanin biosynthetic pathway and is used as a skin
lightener in cosmetics. The chemical synthesis of
arbutin is shown in Fig.1 (Pong et al., 1989).

Compared to the classical methods, using
p-D-glucose as beginning substance, arbutin is
synthesized by reaction of 2,3,4,6-tetra-O-ace-
tyl-a-D-glucosyl chloride or bromide with hydro-
quinone (Fig.2), which is a method using a more
convenient route.

To increase the yield, different reaction pa-

rameters including solvent and pH value were varied.

This reaction is strongly affected by the solvent.
When the reaction usefully involved methanol and
many other solvents such as acetone, benzene,
toluene, ethyl acetate, chloroform, no product was
obtained. In order to cover the desired range in pH,
the experiments were carried out over a wide range
of pH values: 6.5, 7.0, 7.5, 8.0, 8.5, 9.0, 9.5, 10.0,
10.5,11.0, 11.5, and 12.0. There was no reaction in
the pH range of 6.5-8.0. The product yield in-
creased from 8.0 to 9.5. When pH>10, the hydro-
lyzed velocity of 3a-b in Fig.2 was much higher
than the reaction of 3a-b in Fig.2 with hydro-
quinone. For this series of experiments, the optimal
reaction condition occurred at pH of 9.5-10.0.

The large coupling constant (12.7 Hz in the 'H
NMR spectrum) of the anomeric H-1 at 4.86 was
characteristic for the f-glucosidic linkages which
identified the product formed as f-D-Arbutin of

yields (3a, 38%:; 3b, 27%).
EXPERIMENTAL DETAILS

'"H and “C-NMR data were recorded on
Bruker Avance DMX-500 spectrometer; chemical
shifts are given in §; TMS as internal standard and
coupling constants (J) are given in Hz. Mass spectra
were recorded on Bruker Daltonics Esquire
3000plus. All materials were commercially avail-
able.

Preparation of tetra-O-acetyl-a-D-glocopyra-
nosyl chloride

Acetyl chloride (0.65 mol) and S-D-glucose
added
round-bottom flask and stirred at room temperature,

(0.10 mol) were into a three-neck
taking care that the temperature should not rise
above 25 °C. After 16 h, it became a yellowish
liquid. Then 300 ml chloroform was added and the
mixture was poured into about 500 ml ice-water.
The organic layer was filtered and immediately
washed with water three times, dried with calcium
chloride, and half an hour later, was evaporated
under reduced pressure to a yellow syrupy residue.
A white powder (26.3 g) was obtained after proc-
essing as described in literature (Lemeux, 1963).

Preparation of tetra-O-acetyl-a-D-glocopyra-
nosyl bromide

This reaction was carried out in a three-neck
round-bottom flask equipped with a dropping
funnel. Fifty mmol p-D-glucose was dissolved in
50 ml of pure, dry chloroform, vigorously stirred
while it was maintained at approximately —15 °C
with ice-salt bath. Acetyl bromide (260 mmol) was
then added very slowly from a burette to the solu-
tion which was then stirred 3 h at —10 °C. The
above procedure yielded a needle-shaped colorless
crystalloid.
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Preparation of f-D-Arbutin

Under an argon atmosphere in a three-neck
round-bottom flask equipped with a dropping
funnel, 5 mmol of 2,3,4,6-tetra-O-acetyl-a-D-
glucosyl chloride or bromide and 6 mmol hydro-
quinone were dissolved in 20 ml of pure, dry
methanol. After 5% CH3;ONa/CH;0H was added to
the solution so that its pH=9.5~10, it was stirred at
room temperature. After the reaction ended in 2 h,
the solvent methanol was evaporated and separated
by counter current chromatography (in yield: 3a,
38%; 3b, 27%).

(1) 2,3,4,6-tetra-O-acetyl-a-D-glocopyranosyl
chloride:

"H-NMR (500 M, CDCls): 6.36 (d, 1H, H-1,
J=3.65 Hz), 5.50-5.11 (m, 3H, H-2, H-3, H-4),
4.31-4.11 (m, 3H, H-5, H-6, H-6"),2.21, 2.13, 2.07,
2.05 (4s, 12H, 4COCHj;). ESI-MS (m/z): 265.

(2) 2,3,4,6-tetra-O-acetyl-a-D-glocopyranosyl
bromide:

'H-NMR (500 M, CDCly): 6.63 (d, 1H, H-1,
J=3.98 Hz), 5.57-4.87 (m, 3H, H-2, H-3, H-4),
4.33—4.15 (m, 3H, H-5, H-6, H-6"),2.12,2.11, 2.07,
2.05 (4s, 12H, 4COCHj;). ESI-MS (m/z): 409.

(3) p-D-Arbutin:

'H-NMR (D,0): 6.94 (d, 2H, J=8.7 Hz, H-2,
H-6), 6.76 (2H, J=8.7 Hz, H-3, H-5), 4.86 (d, 1H,
J=12.7 Hz, H-1), 3.81 (d, 1H, J=12.4, H-6A), 3.65
(dd, 1H, J=5.4, J=5.5, H-6B), 3.54-3.38 (m, 4H,
H-2, H-5"). ®C-NMR (D,0): 151.4 (C-1"), 150.6
(C-4"),118.6 (C-2', C-6"), 116.4 (C-3', C-5"), 101.5
(C-1),76.2(C-3),75.7 (C-5),73.1 (C-2), 69.6 (C-4),
60.7 (C-6). ESI-MS (m/z): 295 [M+Na]".
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