Chemistry Letters 1996

733

Selective Transport of Saccharides through a Bulk Liquid Membrane
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D-Ribose was selectively transported from a mixture of D-
ribose, D-glucose, and D-fructose through a bulk liquid
membrane including reversed micelles. Among amphiphiles
examined in this study, a gluconamide-type amphiphile was
found to form the best carrier from the point of both the selectivity
and the velocity.

Recently, a system for selective saccharide transport through a
liquid membrane including an artificial carrier has been developed
and has attracted much attention, since such system is useful not
only as a separation method for a particular saccharide but also as
a model for clarifying the mechanism of action of saccharide
transporter in a cell membrane. Untl now, several researchers
have reported the transport of monosaccharides or glycosides
through an organic liquid membrane by use of phenylboronic acid
or its analogues, which can covalently complex with saccharides
to give cyclic boronate esters, as the carriers.' However, no other
carrier for saccharide transport has been presented. We have a
great interest in developing a new carrier for saccharide transport
through a liquid membrane. In this communication, we report
selective transport of saccharides using reversed micelle carriers.
While the selective liquid-liquid extraction® and the transport®
through a liquid membrane using reversed micelle systems have
been described as good separation methods for proteins, there has
been no report on transport of saccharides using the reversed
micelle carrier to the best of our knowledge.

On the basis of the idea that the water pool formed in a
reversed micelle may be an actual carrier for the transport of
hydrophilic guest compounds across a liquid membrane, we
designed amphiphiles 1a-c bearing a highly lipophilic alkyl group
and hydrophilic amide and polyhydroxyl groups that were
supposed to be effective for forming a water pool, as reversed
micelle-forming compounds. These compounds were prepared by
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acetalization of glucono-1,5-lactone with 2-pentadecanone,
followed by amidation with the appropriate amines.* For the
purpose of comparison, polyoxyethylene sorbitan trioleate
(Tween 85), sorbitan stearate (Span 60), Aerosol-OT (AOT),
dihexadecyldimethylammonium bromide (DHDMAB), and
cetylirimethylammonium  bromide  (CTAB) which  are
commercially available were selected as the typical reversed
micelle-forming compounds.® Among them, AOT and CTAB
were found to be inadequate for this transport because their good
water solubilities caused them to leak from the organic liquid
membrane into the aqueous phases during the transport.

Transport experiments were carried out using a U tube
apparatus (1.5 cm internal diameter, 14.6 cm high, 2 cm distance
between two arms) equipped with a stirring rod and a magnetic
stirer (500 rpm) at 25 C. An organic solution (15 mL)
containing an amphiphilic compound was placed in the bottom of
the tube, and two portions of aqueous solutions (both 3 mL) were
carefully added on the tops of the organic solution. The details of
transport conditions are summarized in the footmotes of Table 1.
The concentration of saccharide in the receiving phase was
determined by HPLC (Asahipack column, 4.6 mm internal
diameter x 250 mm, acetonitrile/water = 75/25 as an eluent) using
ethylene glycol as an internal standard. Water content in an
organic liquid membrane after the transport experiment (1 day)
was measured by Karl-Fischer titration method. Each experiment
was repeated at least three times to ensure reproducibility (&
10%).

Table 1 shows the results of competitive transport toward D-
ribose, D-glucose, and D-fructose using various reversed micelle
carriers and water content in the organic liquid membrane after the
transport experiments (1 day). These water content values were
approximately equal to those obtained after the transport
experiments over 4 days, indicating that the water content in the

Table 1. Competitive transport data®

Transport Rate”
Water Content®

Entry Amphiphile

Ri Glu Fmu
1 la 63 1.1 1.3 1050
2 1b 27 1.0 12 880
3 1c 23 096 1.0 840
4 Tween 85 1.5 096 0.70 1050
5 Span 60 43 13 092 1040
6 DHDMAB 2.8 12 075 820

#Transport conditions: source phase (H,O, 3 mL, [D-ribose] = [D-
glucose] = [D-fructose] = 1.5 M); organic phase (CHCl;, 15 mL,
[amphiphile] = 1 x 102 M); receiving phase (H,0, 3 mL), 25 °C, 500
pm. °mM/day, Ri = D-Ribose, Glu = D-Glucose, Fru = D-Fructose.
°ppm, after 1 day.
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liquid membrane has come to equilibrium fully after 1 day. D-
Ribose was transported faster than D-glucose and D-fructose,
regardless of the type of carrier employed. The reversed micelle
carrier formed by amphiphile 1a bearing a terminal hydroxyl
group in the hydrophilic moiety showed the highest D-ribose/D-
glucose selectivity as well as the fastest transport rate for D-ribose
among all types of carriers examined. On the other hand, when
amphiphile 1b (or 1¢), which has a CH, (or OCH,) group in the
terminal, was used as the reversed micelle-forming compound,
both the transport rates for three types of saccharides and the D-
ribose selectivity decreased. Concerning the carriers formed by
the gluconamide-type amphiphiles 1a-c, transport rates for these
saccharides increased with an increase in water content in the
liquid membrane. Since the water content relates to the amount of
water pool formed in the reversed micelle, there should exist the
close relationship between transport rates for saccharides and the
amount of water pool in the liquid membrane. The D-ribose
selectivity in the reversed micelle transport system may be
explained by assuming that the more lipophilic the saccharide
tends to transfer the faster from the source aqueous phase to the
water pool (and from the water pool to the receiving aqueous
phase) across a lipophilic region of the reversed micelle. The
competitive transport toward methyl o-D-glucoside, D-xylose,
and D-glucose using the carriers formed by compound 1a resulted
in clarifying the following order of increasing transport rate;
methyl o-D-glucoside>D-xylose>D-glucose.® This order is in
agreement with the increasing order of the lipophilicity of
saccharide molecule, showing that the lipophilicity of saccharide
molecule is an important factor among those affecting saccharide
discrimination by the reversed micelle system.

Figure 1 shows the plots of saccharide concentration in the
receiving phase after specific periods, for competitive transport
toward D-ribose, D-glucose, and D-fructose using the reversed
micelle carrier formed by amphiphile 1a. The amounts of these
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Figure 1. Plots of saccharide concentrations in the receiving
phase vs. time. Transport conditions: the same as shown in
Table 1.

Chemistry Letters 1996

saccharides transported into the receiving phase linearly increased
with time.

In conclusion, the selective transport of D-ribose compared to
D-glucose and D-fructose through a liquid membrane was
achieved by using reversed micelles as the carrier. This is the first
example for selective transport of monosaccharide through an
organic liquid membrane using reversed micelle carriers.
Optimization of transport conditions and elucidation of
mechanism for the transport are now in progress.
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