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Abstraet: The xermml fibers nared from cholestery _,I nhen 1y viboronic acid or its D- or 1. xvlm:e

complexes show the chiral dsscmmnatmn ability in the re-binding of saccharides and partially
retain the memory for the original imprinted saccharide. The novel findings indicate that the sol-
gel phase transition in the organic gel is utilizable to the chiral discrimination and cven fo the
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molecular imprinting. © 1998 Elsevier Science Ltd. All rights reserved.

Cholesterol is a potential natural product useful as chiral building-blocks for designing host
molecules, liquid crystals, molecular assemblies, erc.’® The rigid, chiral skeleton provides an excellent
platform on which it becomes possible to build or design a variety of functionalized systems.' Weiss,**
Terech,’ and we®® have currently been interested in cholesterol derivatives containing an appropriate
substituent coupled to the C-3 OH group, which act as intriguing gelators of organic fluids. Of particular
interest among those gelators is a family of saccharide complexes with the cholesterylphenylboronic acid
(1)°: the 1:2 saccharide/1 complexes efficiently gelatinize several organic fluids and the gelation properties
such as the sol-gel phase-transition temperature, the xerogel fiber structure, the gel stability difference
between the D- vs. L-complexes, efc. are changcablc by the saccharide structurc acting as a central
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The preparation of the 1:2 saccharide/1 complexes was described prcvxously 849 When they were
dissolved in organic solvents by heating and then cooled slowly to room temperature, the solutions were
gelatinized. The SEM picture of a xcrogel image prepared from the D-xylose: 1, complex is shown in
Figure 1. It is scen from this picture that the xerogel consists of fibrous structure with a 20 ~ 30 nm
diameter. This implies that the surface arca useful for the re-binding of saccharides is very extensive.

2.8 kV x108.8kK '3.89um

Figure 1. SEM picture of a xerogel obtained from D-xylose - 1,(5.0 wt%) in CCl,

Here, we chose the benzene gels of the D- or L-xylose:1, complexes for the evaluation of the
selective saccharide re-binding, because their benzene solutions were readily gelatinized and the frozen
sample could be conveniently concentrated to dryness. It is known that L-xylose: 1, features the higher
cohesion than D-xylose:1, in their aggregation properties.’'® Careful observation of these two benzene
gels revealed that less cohesive D-xylose'1, forms the very stable, homogeneous gels whereas the gel
containing more cohesive L-xylose-1, is somewhat cloudy and sometime affords the precipitate. We thus
used a mixture of 1 (2 mol) and L-xylose- 1, (1 mol) to obtain the homogeneous gel.

In Stage 1, the benzene solution (5.0 wt% gelator) was gelatinized and the xerogel was obtained by

} freeze-drying. In Stage 2, the xerogel was washed with aqueous 15 vol% acetic acid solution for 2 days

and then water-methanol (1:1 wi/wt) for 4 days at room temperature. The content of the residual xylose in
the “porous xerogel” was determined by a 'H NMR spectroscopic method (for the detail of the method see

~ Ref. 10). In Stage 3, the “porous xerogel”(10 mg) was finely powdered and dispersed in a water-methanol
(1:1 wt/wt) solution (1.0 ml) containing the re-binding saccharide (0.10 mol dm™). After stirring for 40 h

at room temperature, the xerogel was recovered by filtration. The amount of the re-bound saccharide was
determined by a 'H NMR spectroscopic method.'® We confirmed that in Stages 2 and 3 neither 1 nor L~
xylose- 1, is not solubilized into solvent media. The results are summarized inTable 1.

From examination of Table 1, one can raise several intriguing recognition abilities of this cholesterol
gel system. Firstly, even in the 1 gel prepared in the absence of saccharides L-xylose is bound more
efficiently than D-xylose (Entries 1 and 2). This implies that basically, the boronic acid groups arranged
on the 1 gel fiber have the chiral recognition ability. Secondly, the re-binding ability of the mixture gels is
largely dependent upon the original xylose (Entries 3-6). When the original xylose is D-isomer, the



amount of the re-bound xylose is similar between D-isomer and L-isomer. In contrast, when the original
xylose is L-isomer, L-xylose is re-bound 4 times more efficiently than D-xylose. The result indicates that

D-xylose rather disorders the chiral gel structure and loses its own “memory” whereas L-xylose constructs
the oriented structure suitable to the re-binding of the L-isomer useu as me template. mm:uy, the “porous

xerogel” prepared only from D-xylo
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isomer from D-isomer (Entries 5 and 6).

Table 1. Selectivity for the re-binding of D- and L-xylose

Entry Template Stage 1 Stage 2° Xylose for Stage 3¥ Re-binding
saccharide re-binding Increase?  Ratio” L/D?
1 None 0 0 D 18 18 18
2 None 0 0 L 24 24 24 1.3
3 D-Xylose 50 29 D 42 i3 i8
4 D-Xylose 50 29 L 44 15 22 1.2
5 L-Xylose 50 28 D 38 10 14
6 L-Xylose 50 28 L 70 42 58 4.1
7 D-Xylose 100 4 D 2 18 19
8 D-Xylose 100 4 L 28 24 25 13

1) Stage 1: the percentage of saccharide to host in the gel phase.

2) Stage 2: the percentage of saccharide to host after washing: the relative error is within 5 % of the indicated values.
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3) Stage 3: the percemage of saccharide to host after re-binding for 40 h: percentage = xylose+1, /(2X1 +xylose-1,)X 100%.

The relative error is within 10 % of the indicated values.

6) L/D: the ratio of re-bound saccharides.

The re-binding selectivity of the “porous xerogel” was tested for 6 different monosaccharides. D-
Isomers were used as re-bound saccharides except xylose. In our previous study.*' these complexes were
characterized by reflectance wavelength in the cholesteric liquid crystal (mixture of cholesteryl nonanoate
and cholesteryl chloride). Reflectance wavclcngths for the oomplexcs of D-mannose, L-xylose, D-fructose,

P

D-galaciose, and D-iyxose caused a biue shift, indicating that their structures are compiementary to the

cholesterol helical groove." On the other hand, the "'ﬂplEXES of D-glucose and D-xylose caused a red
shift, indicating that their structures are not complementary to it. The results shown in Table 2 well agreed
with this trend: that is, the former saccharides compatible with the cholesterol helical groove arc
nreferablv bound to the I r saccharides incompatible with it.
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In conclusion, the prcsent study demonstrated for the first time that the xerogels prepared from 1 and
xylose show the chiral discrimination ability and partially retains the “memory” for the original imprinted
saccharide. The selectivity is originated from the crystal-like aggregation phase of the present gelators.
The “memory” imprinted in the gel fibers should be readily erased by the gel-to-sol phase transition. We
thus believe that further elaboration of the present sol-gel system would cventually lead to a novel and
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more generalized reversible memer;'eimprinting system utilizing the phase transition phenomena.
Table 2. Selectivity for the re-binding of monosaccharides
Entry Template Stage 17 Stage 2” Saccharide for Stage 3 Re-binding
saccharide re-binding Increase?  Ratio®  L/nonc®
1 None 0 0 D-Mannose 3 3 3
2  L-Xylose 50 3 D-Mannosc 9 9 12 4.1
3 None 0 0 D-Fructose 21 21 21
4 1-Xylose 50 31 D-Fructosc 10 10 15 6.7
S None 0 0 L-Xylose 15 15 15
6 L-Xylose 50 31 L-Xylose 65 34 50 34
7 None 0 0 D-Galactose 21 21 21
8 L-Xylose 50 31 D-Galactose 15 15 22 1.1
9 None 0 0 D-Glucose 4 4 4
10 L-Xylose 50 31 D-Glucose 0 0 0 0.0
11  None 0 0 D-Lyxose 25 25 25
12 L-Xylose 50 31 D-Lyxose 15 15 20 0.8
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1)~5) For the details of each column see footnotes to Tablel.
3) Stage 3: the percentage of saccharide 1o host after re-binding for 13 h.

REFERENCES AND NOTES

For comprehensive reviews see R. G. Weiss, Tetrahedron, 1988, 44, 3413-3475; M. Miyata and K. Sada, "Comprehensive
Supermolecular Chemistry (ed. by J-M. Lehn), Pergamon Press, London, 1996, vol. 6, 147-176; P. Terech, R. G. Weiss,
Chem. Rev., 1997, 97 ,3133-3160; T. D. James, H. Kawahata, R. Ludwig, K. Murata, and S. Shinkai, Tetrahedron, 1995,
51, 555-566; S. Shinkai and K. Murata, J. Mater. Chem. (Feature Article), in press.

For hydrogen-bonding-based gelators see K. Hanabusa, K. Okui, L .Karaki, T. Koyama, and H. Shirai, J. Chem. Soc.,
Chem. Commun. , 1992, 1371-1374 and references cited therein.

Y.-C. Lin, B. Kachar, and R. G. Weiss, .. Am. Chem. Soc., 1989, 111, 5542-5551

E. Otsuni, P. Kamaras, and R. G. Weiss, Angew. Chem. Int, Ed, Engl., 1996, 35, 1324-1326, and references cited therein.
P. Terech, 1. Furman, and R. G. Weiss, J. Phys., Chem. , 1995, 99, 9558-9566.

K. Murata, M. Aoki, T. Nishi, A. Ikeda, and S. Shinkai, J. Chem. Soc., Chem. Commun. , 1991, 1715-1718; K. Murata, M.
Aoki, and S. Shinkai, Chem. Lett,, 1992, 739-742.

K. Murata, M. Aoki, T. Suzuki, T. Harada, H. Kawahata, T. Komori, F. Ohseto, K. Ueda, and S. Shinkai, J. Am. Chem.
Soc. , 1994, 116, 6664-6676

T. D. James, K. Murata, T. Harada, K. Ueda, and S. Shinkai, Chem. Lett., 1994, 273-276

R. Mukkamala and R. G. Weiss, J. Chem. Soc., Chem. Commun. , 1995, 375-376.

T. D. James, T. Harada, and S. Shinkai, J. Chem. Soc., Chem. Commun. , 1993, 857-860 and 1176 (corrigendum).



