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Synthesis of �-glucosides, �-maltosides, and �-maltotrio-
sides of two �-tocopherol derivatives, i.e., 2,5,7,8-tetramethyl-
2-(4-methylpentyl)-6-chromanol and 2,5,7,8-tetramethyl-2-
(4,8-dimethylnonyl)-6-chromanol, was achieved by bacterial
glucosylation with Xanthomonas campestris followed by cyclo-
dextrin glucanotransferase-catalyzed glucooligosaccharide for-
mation. The �-glucosides and �-maltosides of �-tocopherol de-
rivatives showed inhibitory effects on IgE antibody formation
and on histamine release from rat peritoneal mast cells.

�-Tocopherol is known to serve as a chain-breaking antiox-
idant to prevent the propagation of free radical reactions.1 Re-
cently, �-tocopherol has attracted much attention clinically be-
cause of its potential to be a very useful medicine which has ef-
fects on gynecological internal secretion control against sterility,
heart circulation, liver diseases, aging, atherosclerosis, thrombo-
sis, and carcinogenesis.2 �-Tocopherol is a lipophilic compound
that is poorly absorbed after oral administration. These disad-
vantages prevent �-tocopherol from being used as a food addi-
tive and medicine. Glycosylation is a characteristic reaction
which converts water-insoluble and unstable aromatic com-
pounds into the corresponding water-soluble and stable deriva-
tives to improve their bioavailability and pharmacological prop-
erties.3 A considerable effort has been made to synthesize �-
tocopheryl glycosides by chemical methods so far.4 However,
little attention has been paid to bacterial glycosylation of �-toco-
pherol.

Some bacteria such as Xanthomonas campestris, Klebsiella
spp., and Pseudomonas spp. are known to produce exopolysac-
charides which are excreted into the culture medium.5 These
bacteria are expected to convert exogenous lipophilic food ingre-
dients to their water-soluble glycosides. On the other hand, cy-
clodextrin glucanotransferase (CGTase) serves as a convenient
biocatalyst to produce maltooligosaccharides.6 We report, here-
in, the synthesis of �-maltooligosaccharides of �-tocopherol
derivatives by glucosylation with X. campestris followed by
CGTase-catalyzed glycosylation, and their anti-allergic activity.

The cultures of X. campestris7 were grown in 1-L conical
flasks containing 500mL of growth medium, that consisted of
10 g of maltose, 6 g of peptone, 0.8 g of yeast extract, 0.4 g of
MgSO4, at 30

�C. Prior to use for the experiments, the cells
(ca. 2 g in 500mL medium) were harvested by centrifugation
at 8000 g for 10min. The �-glucosides of �-tocopherol deriva-
tives were prepared as follows. A total of 5mmol of 2,5,7,8-
tetramethyl-2-(4-methylpentyl)-6-chromanol (1) (Figure 1) was
added to ten 1-L conical flasks (0.5mmol/flask) containing
500mL of culture medium, 3.5mmol of glucose, and 5 g of
X. campestris cells. The mixture was incubated for 48 h at
30 �C. The reaction mixture was centrifuged at 8000 g for

10min to remove the cells and the supernatant was extracted
with n-butanol. The n-butanol fraction was purified by prepara-
tive HPLC [column: YMC-Pack R&D ODS column (150� 30
mm); solvent: MeOH–H2O (9:11, v/v); detection: UV (280
nm); flow rate: 1.0mLmin�1] to give 2,5,7,8-tetramethyl-2-(4-
methylpentyl)chroman-6-yl �-glucoside (2) in 12% yield. Sub-
strate, 2,5,7,8-tetramethyl-2-(4,8-dimethylnonyl)-6-chromanol
(5), was subjected to the same bacterial glucosylation system,
and was converted into 2,5,7,8-tetramethyl-2-(4,8-dimethyl-
nonyl)chroman-6-yl �-glucoside (6) in 10% yield.

A typical procedure for CGTase-catalyzed glycosylation is
as follows. To a solution containing 0.5mmol of substrate,
2,5,7,8-tetramethyl-2-(4-methylpentyl)chroman-6-yl �-gluco-
side (2), and 5 g of starch in 25mM of sodium phosphate buffer
(pH 7.0) was added 100 U of CGTase (Amano Pharmaceutical
Co., Ltd.). After stirring the reaction mixture at 40 �C for 24 h,
the mixture was centrifuged at 3000 g for 10min. The superna-
tant was passed through a Sephadex G-25 column equilibrated
with water to remove CGTase. The fractions containing glyco-
sides were purified by preparative HPLC to give 2,5,7,8-tetra-
methyl-2-(4-methylpentyl)chroman-6-yl �-maltoside (3, 58%)
and 2,5,7,8-tetramethyl-2-(4-methylpentyl)chroman-6-yl �-
maltotrioside (4, 29%), which were two new compounds. The
yield of the products was determined on the basis of the peak
area from HPLC and expressed as a relative percentage to the
total amount of the whole reaction products extracted. Similarly,
2,5,7,8-tetramethyl-2-(4,8-dimethylnonyl)chroman-6-yl �-glu-
coside (6) was converted into 2,5,7,8-tetramethyl-2-(4,8-di-
methylnonyl)chroman-6-yl �-maltoside (7, 51%) and 2,5,7,8-
tetramethyl-2-(4,8-dimethylnonyl)chroman-6-yl �-maltotrio-
side (8, 41%), which were two new compounds, by CGTase.

Recently, �-tocopheryl glycosides have been reported to
show anti-allergic activity.4 The suppressive action of the �-gly-
cosides 2–4 and 6–8 on IgE antibody formation was examined
according to a reported procedure.8,9 As shown in Table 1, a
�-glucoside 6 exhibited the strongest inhibitory activity among
the six �-glycosides, whereas weak action was observed in the
cases of �-maltotriosides 4 and 8. Next, effects of �-glycosides
2–4 and 6–8 on histamine release from rat peritoneal mast cells
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Figure 1. Structures of substrates 1 and 5 and glycoside prod-
ucts 2–4 and 6–8. Numbering in parenthesis is for the carbons
in 5–8.
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were examined.10,11 As a result, �-glucosides, 2 and 6, and �-
maltosides, 3 and 7, showed inhibitory effects on histamine re-
lease (Table 2). These findings suggested that the �-glucosides
and �-maltosides of �-tocopherol derivatives would be useful
anti-allergic agents.

In summary, the production of glycosides of �-tocopherol
derivatives,12 which are more soluble in water, has been achiev-
ed by glucosylation with X. campestris followed by CGTase-
catalyzed glycosylation. It should be emphasized that the present
two-step glycosylation system by two biocatalysts is useful for
practical preparation of �-maltooligosaccharides. Further stud-
ies on physiological activities and therapeutic values of the gly-
cosides of �-tocopherol derivatives are now in progress.
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Table 1. Suppressive action of glycosides of �-tocopherol de-
rivatives 2–4 and 6–8 on IgE antibody formation

Compound IgE levela

2 174
3 201
4 293
6 165
7 183
8 274
Hydrocortisone 329

aThe results were expressed as average of plasma IgE
level of 7 rats administered a total of 10mg kg�1 of each
test compound.

Table 2. Effects of glycosides of �-tocopherol derivatives 2–4
and 6–8 on histamine release from rat peritoneal mast cells

Compound Histamine release/%a

None 38
2 15
3 29
4 41
6 12
7 22
8 39

aCompound 48/80 (0.35mgmL�1)-induced histamine
release from rat peritoneal mast cells after treatment
with or without test sample.
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