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Description

[0001] The present invention relates to a filler for optical isomer separation, and a method of producing the filler for
optical isomer separation.
[0002] Optical resolution by chromatography has conventionally been attracting attention remarkably in various fields
including analytical chemistry, organic chemistry, medicine, and pharmacy, and a large number of chiral stationary
phases have been reported in the world. In particular, for example, an ester derivative or carbamate derivative obtained
by chemically modifying cellulose or amylose as an optically active polymer serves as a chiral stationary phase having
a high optical resolution, and a filler for chromatography using such derivative has been known to the public. A filler for
chromatography using such polymer compound derivative is used in a state of being carried by a carrier such as silica
gel for the purposes of, for example, increasing the ratio at which a column is filled with the filler, and improving the ease
of handling and mechanical strength of the filler.
[0003] For example, Patent Document 1 describes a filler for  chromatography obtained by causing a carrier such as
silica to carry a cellulose derivative containing an aromatic ring. In addition, Patent Document 2 describes a filler for
chromatography obtained by causing a carrier such as silica to carry a carbamate derivative of a polysaccharide such
as amylose.
[0004] However, the above conventional fillers for chromatography each using a polymer compound such as a polysac-
charide derivative are each such that the polymer compound merely adsorbs physically to the carrier so as to be carried.
Accordingly, in some elution solvents, the polymer compound dissolves in any one of the elution solvents, with the result
that each of the fillers becomes unusable in some cases.
In particular, the fractionation of a large amount of optical isomers requires the dissolution of a high concentration of a
raw material before separation in an elution solvent. An elution solvent capable of meeting the requirement has been
perceived as a problem because the polymer compound such as a polysaccharide derivative generally shows high
solubility in the elution solvent.
[0005] In addition, the polymer compound such as a polysaccharide derivative has so small a mechanical strength
that the following problem arises: particularly when the polymer compound is used for HPLC, the polymer compound
cannot withstand a pressure at the time of using HPLC.
In order that those problems may be prevented, attempts have  been made to bond the polymer compound such as a
polysaccharide derivative chemically to the surface of a carrier to improve the mechanical strength of the polymer
compound as well as to prevent the elution of the polymer compound due to an elution solvent.
[0006] For example, Patent Document 3 discloses a filler for chromatography obtained by chemically bonding an
optically active polymer compound to silica gel. However, in the above filler for chromatography described in Patent
Document 3, only a trace amount of the polymer compound chemically bonded to the surface of a carrier such as silica
contributes to optical resolution, so the filler is susceptible to improvement so that the filler may achieve an additionally
high separation ability. In addition, the above filler described in Patent Document 3 cannot be produced efficiently because
the filler requires a large number of steps for bonding the polymer compound and silica gel.
[0007] In addition, Patent Document 4 describes the following method: a polymerizable group is introduced into each
of a polysaccharide and a carrier, and the polysaccharide is chemically bonded to the carrier by the copolymerization
of the polysaccharide and the carrier in the presence of a compound having any other polymerizable unsaturated group.
However, a reaction time required for the radical polymerization is as long as twenty hours, and the number of steps
increases when the polymerizable group is introduced into the carrier. Accordingly, the production of a filler cannot  be
efficiently performed by the method, so the method is susceptible to improvement.
[0008] Meanwhile, Non-patent Document 1 discloses a cellulose derivative to be used in the separation of optical
isomers, and describes a method involving the use of a silane coupling agent as a spacer for chemically bonding the
cellulose derivative onto a silica matrix. However, NMR analysis has shown that the cellulose derivative obtained by the
method shows no signal derived from silica, so it has been estimated that substantially no silane coupling agent is
introduced into the cellulose derivative.

Patent Document 1: JP 60-142930 A
Patent Document 2: JP 60-226831 A
Patent Document 3: JP 60-196663 A
Patent Document 4: JP 2002-148247 A
Non Patent Document 1: J. Chromatogr. A, 1010(2003)185-194
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Disclosure of the Invention

Problems to be solved by the Invention

[0009] An object of the present invention is to provide a filler for optical isomer separation excellent in solvent resistance,
ability to fractionate a large amount of optical isomers, and mechanical strength. Another object of the present invention
is to provide a filler for optical isomer separation which: allows a polymer compound such as a polysaccharide derivative
to be  immobilized on the surface of a carrier at a high ratio; and is excellent in optical separation ability. Another object
of the present invention is to provide a method in which the number of steps upon chemical bonding of a polymer
compound such as a polysaccharide derivative to the surface of a carrier is reduced so that the production of a filler
may be efficiently performed.

Means for solving the Problems

[0010] The present invention has been made in view of the above circumstances. The inventors of the present invention
have made extensive studies, and, as a result, have found that a compound having silicon can be efficiently and con-
trollably introduced into a polysaccharide derivative as a raw material for a filler for optical isomer separation by completely
dissolving the polysaccharide derivative before the derivatization of the compound and by specifying the order in which
the compound is derivatized with multiple compounds including the compound having silicon. In addition, the inventors
have found that the above compound derivatized with the compound having silicon can be carried by a carrier through
chemical bonding at a high immobilization ratio by subjecting the polymer compound to a reaction under a specific
condition after causing the carrier to carry the polymer compound.
The inventors of the present invention have completed the present invention on the basis of those findings.
[0011] The present invention provides a method of producing a filler for optical isomer separation, the method com-
prising the steps of:

producing a polysaccharide derivative, obtained by modifying part of hydroxy or amino groups of a polysaccharide
having the hydroxy or amino groups and being dissolved in a solvent with molecules of a compound represented
by the following general formula (I):

A-X-Si(Y)nR3-n (I)

wherein A represents a chlorocarbonyl group, a carboxyl group, an isocyanate group, a glycidyl group, or a thiocy-
anate group, X represents an alkylene group which has 1 to 18 carbon atoms and which may have a branch, or an
arylene group which may have a substituent, Y represents an alkoxy group having 1 to 12 carbon atoms or a halogen
group, R represents an alkyl group which has 1 to 18 carbon atoms and which may have a branch, or an aryl group
which may have a substituent, and n represents an integer of 1 to 3;

wherein the numerical value obtained by multiplying the ratio of the sum of the numbers of the polysaccharide
hydroxyl groups and amino groups modified with molecules of the compound represented by the general formula
(I) to the sum of the total number of the hydroxyl groups and the number of amino groups of the polysaccharide by
100 is 1.0 to 35%; and

immobilizing said polysaccharide derivative on a carrier through chemical bonding under an acidic condition.

[0012] In another embodiment, the present invention provides a filler for optical isomer separation comprising a polysac-
charide derivative, which is obtainable by the method of the invention
by modifying part of hydroxy or amino groups of a polysaccharide having the hydroxy or amino groups and being dissolved
in a solvent with molecules of a compound represented by the following general formula (I):

A-X-Si(Y)nR3-n (I)

where A represents a chlorocarbonyl group, a carboxyl group, an isocyanate group, a glycidyl group, or a thiocyanate
group, X represents an alkylene group which has 1 to 18 carbon  atoms and which may have a branch, or an arylene
group which may have a substituent, Y represents an alkoxy group having 1 to 12 carbon atoms or a halogen group, R
represents an alkyl group which has 1 to 18 carbon atoms and which may have a branch, or an aryl group which may
have a substituent, and n represents an integer of 1 to 3;
wherein the numerical value obtained by multiplying the ratio of the sum of the numbers of the polysaccharide hydroxyl
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groups and amino groups modified with molecules of the compound represented by the general formula (I) to the sum
of the total number of the hydroxyl groups and the number of amino groups of the polysaccharide by 100 is 1.0 to 35%; and
immobilizing said polysaccharide derivative on a carrier through chemical bonding under an acidic condition.
[0013] Preferred embodiments are set forth in the subclaims.

Effects of the Invention

[0014] According to the present invent ion, there can be provided a filler for optical isomer separation excellent in
solvent resistance, ability to fractionate a large amount of optical isomers, and mechanical strength. In addition, according
to the present invention, there can be provided a filler for optical isomer separation which: allows a polysaccharide
derivative to be immobilized on the surface of a carrier at a high ratio; and is excellent in optical separation ability. Further,
according to the present invention, there can be provided a method in which the number of steps upon chemical bonding
of a polysaccharide derivative to the surface of a carrier is reduced so that the production of a filler may be efficiently
performed.

Brief Description of the Drawings

[0015]

Fig. 1 is a view showing the structures of polymer compound derivatives (cellulose or amylose derivatives) obtained
in Examples.
Fig. 2 is a view showing the structural formulae of compounds to be optically resolved in examples and comparative
examples in which numerical values described below the structural formulae correspond to numerical values rep-
resenting the kinds of racemic bodies described in Tables 1 to 4.
Fig. 3 is a view showing the 1H NMR spectrum (spectrum 1) of a cellulose 3,5-dimethylphenylcarbamate derivative
B containing an alkoxysilyl group obtained in Example 1 in DMSO-d6 at 80°C.
Fig. 4 is a view showing the 1H NMR spectrum (spectrum 2) of a cellulose 3,5-dimethylphenylcarbamate derivative
D containing an alkoxysilyl group obtained in Example 2 in DMSO-d6 at 80°C.
Fig. 5 is a view showing the 1H NMR spectrum (spectrum 3) of a cellulose 3,5-dimethylphenylcarbamate derivative
F containing an alkoxysilyl group obtained in Example 3 in DMSO-d6 at 80°C.
Fig. 6 is a view showing the 1H NMR spectrum (spectrum 4) of a cellulose 3,5-dimethylphenylcarbamate derivative
G containing an alkoxysilyl group obtained in Example 5 in DMSO-d6 at 80°C.
Fig. 7 is a view showing the 1H NMR spectrum (spectrum 5) of a cellulose 3,5-dimethylphenylcarbamate derivative
H containing  an alkoxysilyl group obtained in Example 6 in DMSO-d6 at 80°C.
Fig. 8 is a view showing the 1H NMR spectrum (spectrum 6) of a cellulose 3,5-dimethylphenylcarbamate derivative
I containing an alkoxysilyl group obtained in Example 7 in DMSO-d6 at 80°C.
Fig. 9 is a view showing the 1H NMR spectrum (spectrum 7) of a cellulose 3,5-dimethylphenylcarbamate derivative
J containing an alkoxysilyl group obtained in Example 9 in DMSO-d6 at 80°C.
Fig. 10 is a view showing the 1H NMR spectrum (spectrum 8) of a cellulose 3, 5-dimethylphenylcarbamate derivative
L containing an alkoxysilyl group obtained in Example 10 in DMSO-d6 at 80°C.
Fig. 11 is a view showing the 1H NMR spectrum (spectrum 9) of a Silica L-2 obtained in Test Example 1 (1) in DMSO-
d6 at 80°C.
Fig. 12 is a view showing the 1H NMR spectrum (spectrum 10) of a Silica H-2 obtained in Test Example 1 (1) in
DMSO-d6 at 80°C.
Fig. 13 is a view showing the 1H NMR spectrum (spectrum 11) of a silica gel obtained in Test Example 1 (2) in
DMSO-d6 at 80°C.
Fig. 14 is a view showing the 1H NMR spectrum (spectrum 12) of a silica gel obtained in Test Example 1 (3) in
DMSO-d6 at 80°C.
Fig. 15 is a view showing the 1H NMR spectrum (spectrum 13) of a derivative M obtained in Comparative Example
1 in DMSO-d6 at 80°C.
Fig. 16 is a view showing the 1H NMR spectrum (spectrum 14) of a cellulose 3, 5-dimethylphenylcarbamate derivative
N containing an alkoxysilyl group obtained in Example 11 in DMSO-d6 at 80°C.
Fig. 17 is a view showing the 1H NMR spectrum (spectrum 15) of a cellulose 3, 5-dimethylphenylcarbamate derivative
O containing an alkoxysilyl group obtained in Example 12 in DMSO-d6 at 80°C.
Fig. 18 is a view showing the 1H NMR spectrum (spectrum 16) of an amylose (S)-1-phenylethylcarbamate derivative
P containing an alkoxysilyl group obtained in Example 13 in Pyridine-d5 at 80°C.
Fig. 19 is a view showing the 1H NMR spectrum (spectrum 17) of an amylose (S)-1-phenylethylcarbamate derivative
Q containing an alkoxysilyl group obtained in Example 14 in Pyridine-d5 at 80°C.
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Fig. 20 is a view showing the 1H NMR spectrum (spectrum 18) of a cellulose 4-methylbenzoate derivative R containing
an alkoxysilyl group obtained in Example 15 in CDCl3 at 55°C.

Best Mode for carrying out the Invention

[0016] Hereinafter, the present invention will be described in detail.

<1> Filler for optical isomer separation of the present invention (which may hereinafter be referred to as "filler of the 
present invention")

[0017] Any one of the natural polysaccharides, synthetic polysaccharides, and natural product-denatured polysaccha-
rides can be preferably used as the above polysaccharide as long as the polysaccharide to be used has chirality. Of
those, a polysaccharide in which monosaccharides are regularly bonded to each other is suitable because the polysac-
charide can additionally improve the ability of the filler to separate optical isomers.
[0018] Examples of the polysaccharide include β-1,4-glucan (cellulose), α-1,4-glucan (amylose, amylopectin), α-1,6-
glucan (dextran), β-1,6-glucan (pustulan), β-1,3-glucan (cardran, schizophyllan), α-1,3-glucan, β-1,2-glucan (Crown Gall
polysaccharide), β-1,4-galactan, β-1,4-mannan, α-1,6-mannan, β-1,2-fructan (inulin), β-2,6-fructan (levan), β-1,4-xylan,
β-1,3-xylan, β-1,4-chitosan, β-1,4-N-acetylchitosan (chitin), pullulan, agarose, alginic acid, α-cyclodextrin, β-cyclodextrin,
γ-cyclodextrin, and starches each containing amylose.
Of those, preferred are cellulose, amylose, β-1,4-chitosan, chitin, β-1,4-mannan, β-1,4-xylan, inulin, and cardran. More
preferred are cellulose and amylose, with each of which a polysaccharide having high purity can be obtained.
A number average polymerization degree of the polysaccaride (average number of the pyranose or furanose ring con-
tained in one molecule) is preferably 5 or more, and more preferably 10 or more. There is no particular upper limitation,
the number average polymerization degree is preferably 1,000 or less from a viewpoint  of easy handling, more preferably
5 to 1,000, still more preferably 10 to 1,000, and particularly preferably 10 to 500.
[0019] In the above general formula (I), A represents a reactive group which reacts with a hydroxy or amino group,
namely a chlorocarbonyl group, a carboxyl group, an isocyanate group, a glycidyl group, or a thiocyanate group, X
represents an alkylene group which has 1 to 18 carbon atoms and which may have a branch or which may have a
heteroatom introduced into itself, or an arylene group which may have a substituent, preferably represents an alkylene
group which has 1 to 18 carbon atoms and which may have a branch, or particularly preferably represents, for example,
a propylene group, an ethylene group, or a butylene group, Y represents a reactive group which reacts with a silanol
group to form a siloxane bond, namely an alkoxy group having 1 to 12 carbon atoms or a halogen group, or particularly
preferably represents, for example, a methoxy group, an ethoxy group, or a propoxy group, R represents an alkyl group
which has 1 to 18 carbon atoms and which may have a branch, or an aryl group which may have a substituent, or
preferably represents, for example, an ethyl group or a methyl group, and n represents an integer of 1 to 3.
[0020] Examples of the compound represented by the above general formula (I) include 3-isocyanate propyl triethox-
ysilane, 3-isocyanate propyl trimethoxysilane, 3-isocyanate propyl  diethoxymethylsilane, 2-isocyanate ethyl triethoxysi-
lane, 4-isocyanate phenyl triethoxysilane, 3-glycidoxy propyl trimethoxysilane, 3-glycidoxy propyl triethoxysilane, and
3-thiocyanate propyl triethoxysilane. Preferred are 3-isocyanate propyl triethoxysilane and 3-isocyanate propyl trimeth-
oxysilane.
[0021] In the above polymer compound derivative, molecules of the above compound represented by the general
formula (I) are introduced into part of the hydroxy or amino groups of the above polymer compound having the hydroxy
or amino groups.
The positions at which the molecules of the above compound represented by the general formula (I) are introduced into
the hydroxy or amino groups of the above polymer compound having the hydroxy or amino groups are not particularly
limited.
In addition, the above term "part" can be represented as a ratio of introduction of the molecules of the above compound
represented by the general formula (I) into the hydroxy or amino groups of the polysaccharide derivative having the
hydroxy or amino groups. The ratio of introduction is 1.0 to 35%, preferably 1.5 to 20%, or more preferably 2.0 to 10%.
The reason why a ratio of introduction of the molecules of the above compound represented by the general formula (I)
of less than 1. 0% or in excess of 35% is not applicable is as follows: when the ratio is less than 1.0%, the ratio at which
the polymer compound derivative is immobilized on a carrier such as silica gel through chemical bonding  reduces while,
when the ratio exceeds 35%, the optical resolution of the filler reduces.
[0022] In addition, the above ratio of introduction (%) is defined as follows: when the polysaccharide to be used in the
production of the polysaccharide derivative used in the present invention has only hydroxy groups, the ratio of introduction
is a numerical value obtained by multiplying a ratio of the number of hydroxy groups modified with the molecules of the
above compound represented by the general formula (I) to the total number of the hydroxy groups of the compound by
100; when the above compound has only amino groups, the ratio of introduction is a numerical value obtained by
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multiplying a ratio of the number of amino groups modified with the molecules of the above compound represented by
the general formula (I) to the total number of the amino groups by 100; or when the above compound has hydroxy groups
and amino groups, the ratio of introduction is a numerical value obtained by multiplying a ratio of the sum of the numbers
of hydroxy groups and amino groups modified with the molecules of the above compound represented by the general
formula (I) to the sum of the total number of the hydroxy groups and the total number of the amino groups by 100. In
addition, in the present invention, the same definition as that described above is applicable also to the ratio of introduction
of molecules of a compound except the above compound represented by the general formula (I).
[0023] In the above compound derivative, at least part of the hydroxy or amino groups except the hydroxy or amino
groups modified with the molecules of the above compound represented by the general formula (I) are preferably further
modified with molecules of a compound having a functional group which acts on an optical isomer.
The above functional group is a functional group which acts on an optical isomer in a sample containing optical isomers
to be separated. The action of the functional group on the optical isomer cannot be uniquely defined because the kind
of the functional group varies depending on the kinds of the optical isomers to be separated; the action is not particularly
limited as long as the action suffices for the optical resolution of the above optical isomers with the above polymer
compound derivative. Examples of the above functional group include a group containing an aromatic group which may
have a substituent, and an aliphatic group having a cyclic structure. The above aromatic group can contain a heterocyclic
ring or a condensed ring. Examples of the substituent which the above aromatic group may have include an alkyl group
having up to 8 carbon atoms, a halogen group, an amino group, and an alkoxyl group. The above functional group is
selected in accordance with the kinds of the above optical isomers to be separated.
In addition, the molecules of the compound having the functional group which acts on an optical isomer are preferably
introduced into the at least part of the hydroxy or amino groups except the hydroxy or amino groups modified with the
molecules of the above compound represented by the general formula (I) through a urethane bond, an ester bond, or
an ether bond for a hydroxy group and a urea bond or an amide bond for an amino group; a urethane bond and a urea
bond are particularly preferable for a hydroxy group and an amino group, respectively. Therefore, the above compound
having the functional group which acts on an optical isomer is a compound having a functional group which can react
with a hydroxy or amino group of the above compound as well as the functional group which acts on an optical isomer.
The above compound having a functional group which can react with a hydroxy or amino group may be an arbitrary
compound as long as the compound is an isocyanic acid derivative, a carboxylic acid, an acid halide, an alcohol, or any
other compound having reactivity with a hydroxy or amino group.
It should be noted that neither the ratio of introduction of the molecules of the compound having the above functional
group nor the positions at which the molecules of the compound are introduced in the polymer compound is particularly
limited, and the ratio and the positions are appropriately selected in accordance with, for example, the kind of the
functional group and the kind of the polymer compound.
[0024] In the above polysaccharide derivative, the sum of  the ratio of introduction of the molecules of the above
compound represented by the general formula (I) and the ratio of introduction of the molecules of the compound having
the above functional group is preferably 90 to 100%, more preferably 97 to 100%, or particularly preferably 100%.
[0025] The above compound having a functional group which acts on an optical isomer is preferably a compound
containing an atomic group represented by the following general formula (II) or (III).

-CO-R’ (II)

-CO-NH-R’ (III)

[0026] In the formulae, R’ represents an aliphatic or aromatic hydrocarbon group which may contain a heteroatom,
and the aliphatic or aromatic hydrocarbon group may be unsubstituted or may be substituted with one or more groups
selected from the group consisting of a hydrocarbon group which has 1 to 12 carbon atoms and which may contain a
heteroatom, a cyano group, a halogen group, a hydroxy group, a nitro group, an amino group, and a dialkylamino group
containing two alkyl groups each having 1 to 8 carbon atoms.
[0027] A monovalent aromatic hydrocarbon group represented by R’ described above is, for example, a phenyl, naph-
thyl, phenanthryl, anthracyl, indenyl, indanyl, furyl, thionyl, pyrryl, benzofuryl, benzothionyl, indyl, pyridyl, pyrimidyl,
quinolinyl, or  isoquinolinyl group. In addition, a substituent for the monovalent aromatic hydrocarbon group represented
by R’ is, for example, an alkyl group having 1 to 12 carbon atoms, an alkoxy group having 1 to 12 carbon atoms, an
alkylthio group having 1 to 12 carbon atoms, a cyano group, a halogen group, an acyl group having 1 to 8 carbon atoms,
an acyloxy group having 1 to 8 carbon atoms, a hydroxy group, an alkoxycarbonyl group having 1 to 12 carbon atoms,
a nitro group, an amino group, or a dialkylamino group containing two alkyl groups each having 1 to 8 carbon atoms. In
addition, the aliphatic hydrocarbon group represented by R’ described above is preferably an alicyclic compound the
ring of which contains more than 3 members, or more preferably more than 5 members, or an alicyclic compound having
a crosslinked structure. Of such groups, a cyclohexyl group, a cyclopentyl group, a norbornyl group, or an adamantyl
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group is preferable. The alkyl group represented by R’ described above is, for example, a 1-phenylethyl group.
[0028] In the present invention, part of hydroxy groups or amino groups other than hydroxy groups or amino groups
modified with molecules of the compound represented by the above general formula (I) is preferably modified with
molecules of one or more kinds of compounds selected from the group consisting of phenyl isocyanate, tolyl isocyanate,
naphthylethyl isocyanate, 3,5-dimethylphenyl isocyanate, 3,5-dichlorophenyl isocyanate, 4-chlorophenyl isocyanate, 1-
phenylethyl isocyanate, and 4-methyl benzoyl chloride. Those groups are particularly preferably modified with molecules
of 3,5-dimethylphenyl isocyanate, 3,5-dichlorophenyl isocyanate, 1-phenylethyl isocyanate, or 4-methyl benzoyl chloride.
[0029] The filler for optical isomer separation of the present invention is characterized in that the above polymer
compound derivative is carried by the carrier through chemical bonding. The phrase "carried through chemical bonding"
as used herein refers to a state where the polymer compound derivative is immobilized on the carrier through the chemical
bond. At least one of a chemical bond between the polymer compound derivative and the carrier and a chemical bond
between molecules of the polymer compound derivative is used in the immobilization of the polymer compound derivative
through the chemical bond.
[0030] Examples of the above carrier include a porous organic carrier and a porous inorganic carrier; the porous
inorganic carrier is preferable. A polymer substance composed of, for example, polystyrene, polyacrylamide, or poly-
acrylate is suitably used as the porous organic carrier, and silica, silica gel, alumina, magnesia, glass, kaolin, titanium
oxide, a silicate, hydroxyapatite, or zirconia, is suitably used as the porous inorganic carrier. In addition, the morphology
of the above porous inorganic carrier is not limited to a particulate carrier, and may be a network inorganic carrier like
an organo-mineral complex, or a cylindrical, built-in inorganic carrier that can be held in a column tube, the carrier  being
described in, for example, Japanese Patent Application Laid-Open No. 2005-17268 or Japanese Patent Application
Laid-Open No. 2006-150214.
[0031] Silica gel is a particularly preferable carrier, and the particles of silica gel each have a particle size of 1 mm to
100 mm, preferably 3 mm to 50 mm, or more preferably 3 mm to 30 mm, and have an average pore size of 1 nm to 4,000
nm, or preferably 3 nm to 500 nm. The surface of silica gel, which is desirably treated in order that an influence of
remaining silanol may be eliminated, may not be treated at all.

<2> Method of producing a filler for optical isomer separation of the present invention

[0032] A method of producing a filler for optical isomer separation of the present invention includes the steps of:
producing a polysaccharide derivative obtained by modifying part of the hydroxy or amino groups of a polysaccharide
derivative having the hydroxy or amino groups with molecules of a compound represented by the above general formula
(I) ; and causing a carrier to carry the polysaccharide derivative through chemical bonding.

<2-1> Step of producing a polysaccharide derivative The above polysaccharide derivative can be produced by the 
following steps.

[0033] That is, the step of producing the polysaccharide derivative to be used in the present invention includes at least
a first modifying  step of modifying the hydroxy or amino groups of the polysaccharide having the hydroxy or amino
groups, the polysaccharide being dissolved, with molecules of a compound except the above compound represented
by the general formula (I), and a second modifying step of modifying the hydroxy or amino groups of the above polysac-
charide which are not modified with the molecules of the compound except the above compound represented by the
general formula (I) in the above first modifying step with the molecules of the above compound represented by the
general formula (I).
[0034] The above first modifying step is preferably performed before the above second modifying step in order that
the above compound represented by the general formula (I) may be efficiently and controllably introduced into the above
polysaccharide.
[0035] It should be noted that the above production method further includes a step of dissolving the polysaccharide
in order that a dissolved polysaccharide having hydroxy or amino groups may be obtained. In the above dissolving step,
a known method can be employed for dissolving the polysaccharide. In addition, when a dissolved polysaccharide having
hydroxy or amino groups is commercially available, it is possible to purchase and use the dissolved polysaccharide
having hydroxy or amino groups.
[0036] As a solvent which is dissolving a polysaccharide  derivative in the above dissolving step, an amide-based
solvent is preferably used. Examples of the solvent include a mixed solution such as a mixed solution of N,N-dimethyl
aceteamide and lithium chloride, N-methyl-2-pyrrolidone and lithium chloride, or 1,3-dimethyl-2-imidazolidinone and
lithium chloride. A mixture solution of N,N-dimethyl aceteamide and lithium chloride is particularly preferably used.
[0037] The above dissolving step is preferably performed under a nitrogen atmosphere. In addition the polysaccharide
is dissolved under, for example, conditions including a temperature of 20 to 100°C and a time period of 1 to 24 hours;
one skilled in the art can appropriately adjust the conditions depending on the polymer compound to be used.
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[0038] The above first modifying step is a step of modifying the hydroxy or amino groups of the polysaccharide derivative
having the hydroxy or amino groups, the polysaccharide derivative being dissolved, with molecules of a compound
having at least a functional group which acts on an optical isomer and a functional group which can react with a hydroxy
or amino group (also simply referred to as "compound having the functional groups"). A known method can be employed
in the modification. Although not limited to the following description, for example, the hydroxy or amino groups of the
polymer compound are preferably modified with the molecules of the compound having the functional groups in an
amount corresponding to 60 to 100 mol%  of the hydroxy or amino groups of the polysaccharide derivative in a mixture
of dimethylacetamide, lithium chloride, and pyridine at 80 to 100°C for 1 to 24 hours under a nitrogen atmosphere in
order that the ratio of introduction of the molecules of the compound having the functional groups may be controlled. In
particular, the reaction temperature, the reaction time, and the amount in which the compound having the functional
groups is added each play an important role in adjusting the ratio of introduction of the molecules of the above compound
having the functional groups.
It should be noted that the positions at which the molecules of the compound having at least a functional group which
acts on an optical isomer and a functional group which can react with a hydroxy or amino group are introduced in the
polysaccharide derivative derivative in the present invention are not particularly limited.
[0039] The above second modifying step is a step of modifying unreacted hydroxy or amino groups of the polysaccharide
derivative the hydroxy or amino groups of which are not completelymodified with the molecules of the compound having
the functional groups in the above first modifying step with the molecules of the above compound represented by the
general formula (I). A known method can be employed in the modification. Although not limited to the following description,
for example, the unreacted hydroxy or amino groups are preferably modified with the molecules of the above compound
represented by the general formula (I) in an amount corresponding to 1 to 10 mol%  of the hydroxy or amino groups
before modification of the polysaccharide derivative in a mixture of dimethylacetamide, lithium chloride, and pyridine at
80 to 100 °C for 1 to 24 hours under a nitrogen atmosphere in order that the ratio of introduction of the molecules of the
above compound represented by the general formula (I) may be controlled. Of those conditions, the amount in which
the above compound represented by the general formula (I) is added plays a particularly important role in controlling
the ratio of introduction of the molecules of the above compound represented by the general formula (I).
It should be noted that the positions at which the molecules of the above compound represented by the general formula
(I) are introduced in the above polysaccharide derivative are not particularly limited. When unreacted hydroxy or amino
groups are present in the polymer compound derivative at the time of the completion of the above second modifying
step, they are preferably caused to react with the molecules of the compound having the functional groups used in the
first modifying step.
[0040] In addition, a method of producing the polysaccharide derivative to be used in the present invention may be a
method including at least: a protective group-introducing step of introducing a protective group into part of the hydroxy
or amino groups of the polysaccharide derivative having the hydroxy or amino groups, the polymer compound being
dissolved; a first modifying step of  modifying the hydroxy or amino groups remaining in the polymer compound into
which the protective group has been introduced with molecules of a compound except the above compound represented
by the general formula (I); an eliminating step of eliminating the introduced protective group to regenerate hydroxy
groups; and a second modifying step of modifying the regenerated hydroxy groups with the molecules of the above
compound represented by the general formula (I). In the above production method including the protective group-
introducing step and the eliminating step, the hydroxy or amino groups at specific positions of the compound can be
modified with the molecules of the above compound represented by the general formula (I).
[0041] In the above production method including the protective group-introducing step and the eliminating step, the
protective group to be introduced in the protective group-introducing step is not particularly limited as long as the group
can be eliminated from a hydroxy or amino group more easily than a modifying molecule with which a hydroxy or amino
group is modified in each modifying step is. A compound for introducing the protective group can be determined on the
basis of the reactivity of a hydroxy or amino group to be protected or modified and the reactivity of the compound with
a hydroxy or amino group. The compound is, for example, a compound having a triphenylmethyl group (trityl group), a
diphenylmethyl group, a tosyl group, a mesyl group, a trimethylsilyl  group, or a dimethyl(t-butyl)silyl group, and a
compound having a trityl group or a trimethylsilyl group is suitably used.
The introduction of the protective group into a hydroxy or amino group, and the modification of a hydroxy or amino group
with a modifying compound described above can each be performed by a known proper reaction in accordance with the
kind of a compound to be caused to react with a hydroxy or amino group. In addition, the elimination of the protective
group from a hydroxy or amino group in the eliminating step can be performed by a known method such as hydrolysis
with an acid or alkali without any particular limitation.
[0042] It should be noted that the employment of the method of producing the polysaccharide derivative to be used
in the present invention allows a predetermined amount of the hydroxy or amino groups of the polysaccharide derivative
not modified with the functional groups in the first modifying step to be modified with the molecules of the above compound
represented by the general formula (I) in the second modifying step. Therefore, the ratio of introduction of the molecules
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of the compound represented by the general formula (I) into the polymer compound having hydroxy or amino groups
can be controlled by adjusting the amount of the above compound represented by the general formula (I) in the second
modifying step.
[0043] When the ratio of introduction of the molecules of the  above compound represented by the general formula
(I) in the polysaccharide derivative to be used in the present invention is determined, each of the following two methods
each involving the use of 1H NMR is preferably employed. When a reaction is complete, the ratios of introduction of the
molecules of the above compound represented by the general formula (I) determined by the respective methods show
an identical value. In the present invention, the following method (2) was employed.

(1) The ratio of introduction of the molecules of a compound except the above compound represented by the general
formula (I) in the polysaccharide derivative is determined from an elemental analysis value for the compound de-
rivative before the introduction of the above compound represented by the general formula (I). After that, the ratio
of introduction of silyl groups in the polymer compound derivative into which the above compound represented by
the general formula (I) has been introduced is calculated from a ratio of the polysaccharide derivative between a
proton of a functional group of the compound except the above compound represented by the general formula (I)
and a proton of a functional group directly bonded to silicon of the above compound represented by the general
formula (I), and the calculated value is defined as the ratio of introduction of the molecules of the above compound
represented by the general formula (I) in the polysaccharide derivative.
(2) After the completion of the modifying steps, a ratio between  a proton of a functional group of the compound
except the above compound represented by the general formula (I) and a proton of a functional group directly bonded
to silicon of the above compound represented by the general formula (I) is determined on the assumption that the
hydroxy or amino groups of the polymer compound derivative used in the present invention are completely modified
with modifying groups. Then, the ratio of introduction of the molecules of the above compound represented by the
general formula (I) in the polymer compound derivative is calculated.

<2-2> Step of causing a carrier to carry the above polymer compound derivative through chemical bonding

[0044] A known step can be employed in the step of causing a carrier such as silica gel to carry the above polysaccharide
derivative through chemical bonding; the step preferably includes a step of causing the above polysaccharide derivative
to adsorb physically to the carrier such as silica gel and a step of producing at least one of a chemical bond between
the above polymer compound derivative physically adsorbing onto the above carrier and the carrier and a chemical bond
between molecules of the above polymer compound derivative. In addition, in the step of producing at least one of a
chemical bond between the polysaccharide derivative physically adsorbing onto the carrier and the carrier and a chemical
bond between molecules of the polymer compound derivative, for example, the polymer compound derivative into which
the molecules of the above  compound represented by the general formula (I) have been introduced at a ratio of 1 to
35% is preferably immobilized on the carrier such as silica gel in an acid aqueous solution having a pH of 1 to 6 at 20
to 150°C for 1 minute to 24 hours with a mass ratio between the polysaccharide derivative and the carrier set to 1 : 2 to
1 : 20 in terms of an improvement in ratio at which the polysaccharide derivative is immobilized on the carrier (also
referred to as "immobilization ratio"). Of those conditions, the reaction pH, the reaction temperature, and the reaction
time are particularly important in terms of an improvement in immobilization ratio.
[0045] In addition, the employment of the production method of the present invention can increase the above immo-
bilization ratio to 99% or more. The above immobilization ratio is a numerical value obtained by multiplying a ratio of the
mass of the polysaccharide derivative present on the carrier on which the polysaccharide derivative has been immobilized
after washing with a solvent in which the polymer compound derivative is soluble to the mass of the polysaccharide
derivative present on the carrier by 100, and can be calculated from thermogravimetric analysis. In addition to the above
conditions, for example, the ratio of introduction of the molecules of the above compound represented by the general
formula (I) into the hydroxy or amino groups of the polysaccharide having the hydroxy or amino groups is preferably
controlled as described above in order that the immobilization ratio may be controlled.
[0046] Further, a reduction in optical resolution of the filler can be suppressed by the following procedure: after the
polysaccharide derivative has been immobilized on the carrier (here, silica gel), a remaining silanol group present on
silica gel or an unreacted alkoxy group in the above compound represented by the general formula (I) introduced into
the polysaccharide derivative is transformed into a trialkylsiloxy group with a silane coupling agent such as chlorotri-
methylsilane or chlorotriethylsilane at a proper temperature. In this case, when the above silane coupling agent generates
an acid in an amount sufficient for the immobilization of the polysaccharide derivative on the carrier, the above immo-
bilization process under an acid condition may be omitted.
[0047] The filler for optical isomer separation of the present invention can be used also as a filler for a capillary column
for gas chromatography or electrophoresis, or particularly capillary electrochromatography (CEC), capillary zone elec-
trophoresis (CZE), or micellar electrokinetic chromatography (MEKC).
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Examples

[0048] Hereinafter, the present invention will be described in more detail by way of examples. In addition, cellulose
used in the following examples is a microcrystalline cellulose, the particles of silica gel used  in the examples each have
a pore size of 1,000 Å and a particle size of 7 mm, and aminopropyl-treated silica gel used in the examples is also
prepared by treating the surface of silica gel described above.

<Example 1>

(1) Synthesis of cellulose 3,5-dimethylphenylcarbamate part of hydroxy groups of which remain

[0049] 300 ml of dehydrated N,N-dimethylacetamide and 25.0 g of lithium chloride were added to 10.0 g (61.8mmol)
of dried cellulose, and the mixture was swollen. After that, the resultant was stirred so that cellulose was uniformly
dissolved.
[0050] 150 ml of pyridine and 29.4 g (200 mmol) of 3, 5-dimethylphenyl isocyanate were added to the resultant dissolved
product, and the mixture was subjectedto a reaction at 90°C for 26 hours. The reaction solution was dropped to methanol,
and was recovered as insoluble matter. After that, the recovered matter was dried in a vacuum, whereby 27.9 g of a
partially substituted cellulose 3,5-dimethylphenylcarbamate derivative A were obtained. The following analysis confirmed
that the ratio of introduction of molecules of 3, 5-dimethylphenyl isocyanate into the hydroxy groups of the resultant
derivative was 89.7%.

(2) Synthesis of cellulose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0051] 30 ml of pyridine and 1.34 g (5.42 mmol) of  3-isocyanatepropyltriethoxysilane were added to 2.00 g (3.59
mmol) of the dried derivative A, and the mixture was subjected to a reaction at 80°C for 72 hours. The pyridine soluble
portion was dropped to methanol, and was recovered as an insoluble portion. After that, the recovered portion was dried
in a vacuum, whereby 2.04 g of a cellulose 3,5-dimethylphenylcarbamate derivative B into which alkoxysilyl groups had
been introduced were obtained. 1H NMR results confirmed that the ratio of introduction of molecules of 3,5-dimethylphenyl
isocyanate and the ratio of introduction of the alkoxysilyl groups were 89.7% and 10.3%, respectively (spectrum 1; see
Fig. 3).

(3) Method of measuring each of the ratio of introduction of the molecules of 3,5-dimethylphenyl isocyanate and the ratio 
of introduction of the alkoxysilyl groups described above

[0052] The ratios were each determined from a 1H NMR spectrum (400 MHz, Gemini-2000 (Varian), in DMSO-d6,
80°C). The ratio of introduction of silyl groups in the polymer compound derivative was calculated from a ratio between
a proton of the phenyl group of a 3, 5-dimethylphenyl group of the cellulose derivative into which the silyl groups had
been introduced and a methylene proton directly bonded to silicon of a 3-triethoxysilylpropyl group, and was defined as
the ratio of introduction of molecules of 3-isocyanatepropyltriethoxysilane in the polymer compound derivative. Fig. 3
shows the 1H NMR spectrum of the derivative-B. The 1H NMR spectrum shows that a signal derived from the proton of
the phenyl group appears at around 6.0 to 7.0 ppm and that a signal derived from the methylene proton bonded to a
silyl group appears at around 0.5 ppm. Therefore, the 1H NMR results show that the ratio of introduction of the molecules
of 3,5-dimethylphenyl isocyanate and the ratio of introduction of the molecules of 3-isocyanatepropyltriethoxysilane in
the derivative-B are 89.7% and 10.3%, respectively.

(4) Preparation of a silica gel-carried filler

[0053] 337 mg of the resultant derivative B were dissolved in 8 ml of tetrahydrofuran, and 1.35 g of aminopropyl-treated
silica gel were caused to carry the derivative in the solution, whereby Silica B-1 was obtained. 0.65 g of Silica B-1 which
had been dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1 ml), and
the dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative B on silica gel and the protection of a remaining silanol group present on silica gel or an
unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
B had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran, but no cellulose
derivative was eluted. Silica  gel after washing with tetrahydrofuran was defined as Silica B-2.
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(5) Loading into a column

[0054] Silica B-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-1.
[0055] The column-1 had a number of theoretical plates (N) of 1,300.

(6) Evaluation for optical resolution

[0056] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation (about 20°C) was performed (PU-980, JASCO Corporation) . The detection and identification of a peak were
performed with a UV detector (UV-970, JASCO Corporation, 254 nm) and an optical rotation detector (OR-990, JASCO
Corporation) under the following conditions: a mixture of hexane and 2-propanol at a ratio of 95 : 5 was used as an
eluent, and its flow rate was 0.2 ml/min. It should be noted that the number of theoretical plates N was determined from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene.
[0057] It should be noted that conditions concerning, for example, HPLC and a detector used in the evaluation for
optical resolution identical to those described above were used in the following examples and comparative examples
unless otherwise stated. Table 1 shows the results of the optical resolution with the column-1. Values  in the table are
a capacity ratio k1’ and a separation factor α, and a sign in parentheses represents the optical activity of an enantiomer
which was previously eluted.
[0058] It should be noted that the capacity ratio k1’ and the separation factor α are defined by the following formulae.
A capacity ratio and a separation factor were calculated in the following examples and comparative examples by using
the same formulae.
[0059]

[0060]

[0061] [Table 1]

Table 1

Column-1

Racemic body k1’ α

1 1.54(-) 1.29
2 1.14(+) 1.62
3 0.79(-) 1.25
4 2.28(+) 1.13
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<Example 2>

(1) Synthesis of cellulose 3,5-dimethylphenylcarbamate part of hydroxy groups of which remain

[0062] 15 ml of pyridine and 84 mg (0.57 mmol) of 3, 5-dimethylphenyl isocyanate were added to 1.00 g (1.79 mmol)
of the above dried derivative A, and the mixture was subjected to a reaction at 80°C for 12 hours. The pyridine soluble
portion was dropped to methanol, and was recovered as an insoluble portion. After that, the recovered portion was dried
in a vacuum, whereby 1.01 g of a partially substituted cellulose 3,5-dimethylphenylcarbamate derivative C were obtained.
1H NMR results confirmed that the ratio of introduction of molecules of 3,5-dimethylphenyl isocyanate into the hydroxy
groups of the resultant derivative was 92.7%.

(2) Synthesis of cellulose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0063] 15 ml of pyridine and 0.67 g (2.70 mmol) of 3-isocyanatepropyltriethoxysilane were added to 0.75 g (1.31 mmol)
of the dried derivative C, and the mixture was subjected to a reaction at 90°C for 36 hours. The pyridine soluble portion
was dropped to methanol, and was recovered as an insoluble portion. After that, the recovered portion was dried in a
vacuum, whereby 0.71 g of a cellulose 3,5-dimethylphenylcarbamate derivative D into which  alkoxysilyl groups had
been introduced were obtained. 1H NMR results confirmed that the ratio of introduction of molecules of 3,5-dimethylphenyl
isocyanate and the ratio of introduction of the alkoxysilyl groups were 92.7% and 7.3%, respectively (spectrum 2; see
Fig. 4).

(3) Preparation of a silica gel-carried filler

[0064] 350 mg of the resultant derivative D were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of aminopropyl-
treated silica gel were caused to carry the derivative in the solution, whereby Silica D-1 was obtained. 0.65 g of Silica
D-1 which had been dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1
ml), and the dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C.
Thus, the immobilization of the derivative D on silica gel and the protection of a remaining silanol group present on silica
gel or an unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed.
The resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the
derivative D had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran, but no
cellulose derivative was eluted. Silica gel after washing with tetrahydrofuran was defined as Silica D-2.

(4) Loading into a column

[0065] Silica D-2 thus obtained was subjected to particle size  fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-2.
[0066] The column-2 had a number of theoretical plates (N) of 1,800.

(continued)

Column-1

Racemic body k1’ α

5 3.64(-) 3.48
6 4.40(+) 1.25
7 1.94(-) 1.13
8 1.16(+) 1.21
9 4.60(-) 2.17
10 4.86 1.00

Eluent: hexane/2-propanol (95/5)
Column: 2530.20 cm (i.d.)
Flow rate: 0.2 ml/min
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(5) Evaluation for optical resolution

[0067] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90 : 10 was used as
an eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined
from the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 2 shows the results of the optical resolution with the column-2. Values in the
table are a capacity ratio k1’ and a separation factor α, and a sign in parentheses represents the optical activity of an
enantiomer which was previously eluted.

<Example 3>

(1) Synthesis of cellulose 3,5-dimethylphenylcarbamate part of hydroxy groups of which remain

[0068] 300 ml of dehydrated N,N-dimethylacetamide and 25.2 g of lithium chloride were added to 10.0 g (61.8 mmol)
of dried cellulose, and the mixture was swollen. After that, the resultant was stirred so that cellulose was uniformly
dissolved.
[0069] 150 ml of pyridine and 24.0 g (163 mmol) of 3, 5-dimethylphenyl isocyanate were added to the resultant dissolved
product, and the mixture was subj ected to a reaction at 80°C for 12 hours. The reaction solution was dropped to methanol,
and was recovered as insoluble matter. After that, the recovered matter was dried in a vacuum, whereby 23.8 g of a
partially substituted cellulose 3,5-dimethylphenylcarbamate were obtained. 350 ml of pyridine and 4.56 g (31.0 mmol)
of 3,5-dimethylphenyl isocyanate were added to 22.1 g of the cellulose derivative thus synthesized, and the mixture was
subjected to a reaction at 80°C for 18 hours. The pyridine soluble portion was dropped to methanol, and was recovered
as an insoluble portion. After that, the recovered portion was dried in a vacuum, whereby 22.5 g of a partially substituted
cellulose 3,5-dimethylphenylcarbamate derivative E were obtained.

(2) Synthesis of cellulose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0070] 15 ml of pyridine and 0.43 g (1.72 mmol) of 3-isocyanatepropyltriethoxysilane were added to 1.00 g of the dried
derivative E, and the mixture was subjected to a reaction at 80°C for 17 hours. Then, 0.25 g (1.70 mmol) of 3,5-
dimethylphenyl isocyanate were added to the resultant and the mixture was subjected to a reaction at 80°C for 11 hours.
The pyridine soluble portion  was dropped to methanol, and was recovered as an insoluble portion. After that, the
recovered portion was dried in a vacuum, whereby 0.98 g of a cellulose 3, 5-dimethylphenylcarbamate derivative F into
which alkoxysilyl groups had been introduced were obtained. 1H NMR results confirmed that the ratio of introduction of
molecules of 3,5-dimethylphenyl isocyanate and the ratio of introduction of the alkoxysilyl groups were 96.7% and 3.3%,
respectively (spectrum 3; see Fig. 5).

(3) Preparation of a silica gel-carried filler

[0071] 350 mg of the resultant derivative F were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of aminopropyl-treated
silica gel were caused to carry the derivative in the solution, whereby Silica F-1 was obtained. 0.65 g of Silica F-1 which
had been dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5ml, and 0.1 ml), and
the dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative F on silica gel and the protection of a remaining silanol group present on silica gel or an
unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
F had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the  thermogravimetric analysis (SSC-5200, Seiko Instruments Inc.) that 1% of the carried cellulose
derivative was eluted, and the immobilization ratio was 99%. Silica gel after washing with tetrahydrofuran was defined
as Silica F-2.

(4) Loading into a column

[0072] Silica F-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-3.
[0073] The column-3 had a number of theoretical plates (N) of 1, 350.
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(5) Evaluation for optical resolution

[0074] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90 : 10 was used as
an eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined
from the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 2 shows the results of the optical resolution with the column-3.

<Example 4>

(1) Preparation of a silica gel-carried filler

[0075] 350 mg of the above derivative F were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of untreated silica gel
were caused to carry the derivative in the solution, whereby Silica F-3 was obtained. 0.65 g of Silica F-3 which had been
dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1 ml), and the dispersed
product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the immobilization
of the derivative F on silica gel and the protection of a remaining silanol group present on silica gel or an unreacted
ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The resultant
immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative F had
been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was confirmed
(by the above thermogravimetric analysis) that 2% of the carried cellulose derivative was eluted, and the immobilization
ratio was 98%. Silica gel after washing with tetrahydrofuran was defined as Silica F-4.

(2) Loading into a column

[0076] Silica F-4 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-4. The column-4 had a number of theoretical plates (N) of 1,500.

(3) Evaluation for optical resolution

[0077] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90 : 10 was used as
an eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined
from the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 2 shows the results of the optical resolution with the column-4.
[0078]

[Table 2]

Column-2 Column-3 Column-4

Racemic body k1’ α k1’ α k1’ α

1 1.05(-) 1.29 0.93(-) 1.28 0.75(-) 1.26
2 0.79(+) 1.64 0.68(+) 1.60 0.67(+) 1.44

3 0.59(-) 1.27 0.54(-) 1.54 0.45(-) 1.54
4 1.35(+) 1.12 1.11(+) 1.18 0.91(+) 1.19
5 1.65(-) 4.15 1.39(-) 4.48 1.03(-) 4.51
6 2.28(+) 1.23 2.11 (+) 1.34 1.58(+) 1.36
7 1.18(-) 1.16 1.12(-) 1.22 0.88(-) 1.26
8 0.54(+) 1.16 0.46(+) ∼1 0.47(+) ∼1

9 1.77(-) 2.01 1.37(-) 2.39 1.01(-) 2.53
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<Example 5>

(1) Synthesis of amylose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0079] 45 ml of dehydrated N, N-dimethylacetamide and 3.00 g of lithium chloride were added to 1.50 g (9.26 mmol)
of dried amylose, and the mixture was swollen. After that, the resultant was stirred so that amylose was uniformly dissolved.
[0080] 22.5 ml of pyridine and 3.40 g (23.1 mmol) of 3, 5-dimethylphenyl isocyanate were added to the resultant
dissolved product, and the mixture was subjected to a reaction at 80°C for 6 hours. After that, 0.25 g (1.0 mmol) of 3-
isocyanatepropyltriethoxysilane was added to the resultant, and the mixture was subjected to a reaction at 80°C for 13
hours. Further, 3. 08 g (20. 9 mmol) of 3, 5-dimethylphenyl isocyanate were added to the resultant, and the mixture was
subjected to a reaction at 80°C for 10 hours. The pyridine soluble portion was dropped to methanol, and was recovered
as an insoluble portion. After that, the recovered portion was dried in a vacuum, whereby 5. 34 g of an amylose 3, 5-
dimethylphenylcarbamate derivative G into which alkoxysilyl groups had been introduced were obtained. 1H NMR results
confirmed that the ratio of introduction of molecules of 3,5-dimethylphenyl isocyanate and the ratio of introduction of the
alkoxysilyl groups were 97.0% and 3.0%, respectively (spectrum 4; see Fig. 6).

(2) Preparation of a silica gel-carried filler

[0081] 350 mg of the resultant derivative G were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of untreated silica
gel were caused to carry the derivative in the solution, whereby Silica G-1 was obtained. 0.65 g of Silica G-1 which had
been dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative G on silica gel and the protection of a remaining silanol group present on silica gel or
an unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
G had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the above thermogravimetric analysis) that less than 1% of the carried cellulose derivative was eluted,
and the immobilization ratio was 99% or more. Silica gel after washing with tetrahydrofuran was defined as Silica G-2.

(3) Loading into a column

[0082] Silica G-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-5. The  column-5 had a number of theoretical plates (N) of 1,500.

(4) Evaluation for optical resolution

[0083] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90 : 10 was used as
an eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined
from the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 3 shows the results of the optical resolution with the column-5. Values in the
table are a capacity ratio k1’ and a separation factor α, and a sign in parentheses represents the optical activity of an
enantiomer which was previously eluted.

(continued)

Column-2 Column-3 Column-4

Racemic body k1’ α k1’ α k1’ α

10 1.41(+) 1.23 1.03(+) 1.56 0.75(+) 1.69

Eluent: hexane/2-propanol (90/10)
Column : 2530.20 cm (i.d.), Flow rate: 0.1 ml/min
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<Example 6>

(1) Synthesis of cellulose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0084] 15 ml of dehydrated N, N-dimethylacetamide and 1. 0 g of lithium chloride were added to 0.50 g (3.09 mmol)
of dried cellulose, and the mixture was swollen. After that, the resultant was stirred so that cellulose was uniformly
dissolved.
[0085] 7.5 ml of pyridine and 1. 13 g (7.69 mmol) of 3, 5-dimethylphenyl  isocyanate were added to the resultant
dissolved product, and the mixture was subjected to a reaction at 80°C for 6 hours. After that, 84 mg (0.34 mmol) of 3-
isocyanatepropyltriethoxysilane was added to the resultant, and the mixture was subjected to a reaction at 80°C for 16
hours. Further, 1. 13 g (7.69 mmol) of 3, 5-dimethylphenyl isocyanate were added to the resultant, and the mixture was
subjected to a reaction at 80°C for 7 hours. The pyridine soluble portion was dropped to methanol, and was recovered
as an insoluble portion. After that, the recovered portion was dried in a vacuum, whereby 1.58 g of a cellulose 3, 5-
dimethylphenylcarbamate derivative H into which alkoxysilyl groups had been introduced were obtained. 1H NMR results
confirmed that the ratio of introduction of molecules of 3,5-dimethylphenyl isocyanate and the ratio of introduction of the
alkoxysilyl groups were 97.3% and 2.7%, respectively (spectrum 5; see Fig. 7).

(2) Preparation of a silica gel-carried filler

[0086] 350 mg of the resultant derivative H were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of untreated silica
gel were caused to carry the derivative in the solution, whereby Silica H-1 was obtained. 0.65 g of Silica H-1 which had
been dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative H on silica gel and the  protection of a remaining silanol group present on silica gel or
an unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
H had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the above thermogravimetric analysis) that 4% of the carried cellulose derivative was eluted, and the
immobilization ratio was 96%. Silica gel after washing with tetrahydrofuran was defined as Silica H-2.

(3) Loading into a column

[0087] Silica H-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-6. The column-6 had a number of theoretical plates (N) of 1,700.

(4) Evaluation for optical resolution

[0088] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined  from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 3 shows the results of the optical resolution with the column-6.

<Example 7>

(1) Synthesis of cellulose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0089] 15 ml of dehydrated N, N-dimethylacetamide and 1.0 g of lithium chloride were added to 0.50 g (3.1 mmol) of
dried cellulose, and the mixture was swollen. After that, the resultant was stirred so that cellulose was uniformly dissolved.
[0090] 7.5 ml of pyridine and 1.13 g (7.69 mmol) of 3, 5-dimethylphenyl isocyanate were added to the resultant dissolved
product, and the mixture was subjected to a reaction at 80°C for 6 hours. After that, 54 mg (0.22 mmol) of 3-isocyanate-
propyltriethoxysilane was added to the resultant, and the mixture was subjected to a reaction at 80°C for 16 hours.
Further, 1.13 g (7.69 mmol) of 3, 5-dimethylphenyl isocyanate were added to the resultant, and the mixture was subjected
to a reaction at 80°C for 7 hours. The pyridine soluble portion was dropped to methanol, and was recovered as an
insoluble portion. After that, the recovered portion was dried in a vacuum, whereby 1. 69 g of a cellulose 3, 5-dimethyl-
phenylcarbamate derivative I into which alkoxysilyl groups had been introduced were obtained. 1H NMR results confirmed
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that the ratio of introduction of molecules of  3, 5-dimethylphenyl isocyanate and the ratio of introduction of the alkoxysilyl
groups were 98.3% and 1.7%, respectively (spectrum 6; see Fig. 8).

(2) Preparation of a silica gel-carried filler

[0091] 350 mg of the resultant derivative I were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of untreated silica gel
were caused to carry the derivative in the solution, whereby Silica I-1 was obtained. 0.65 g of Silica H-1 which had been
dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1 ml), and the dispersed
product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the immobilization
of the derivative I on silica gel and the protection of a remaining silanol group present on silica gel or an unreacted
ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The resultant
immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative I had
been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was confirmed
(by the thermogravimetric analysis) that 9% of the carried cellulose derivative was eluted, and the immobilization ratio
was 91%. Silica gel after washing with tetrahydrofuran was defined as Silica I-2.

(3) Loading into a column

[0092] Silica I-2 thus obtained was subjected to particle size  fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-7. The column-7 had a number of theoretical plates (N) of 2,100.

(4) Evaluation for optical resolution

[0093] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 3 shows the results of the optical resolution with the column-7.
[0094]

<Example 8>

(1) Preparation of a silica gel-immobilized filler

[0095] 350 mg of the above derivative I were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of aminopropyl-treated
silica gel were caused to carry the derivative in the solution, whereby Silica I-3 was obtained. 0.65 g of Silica I-3 which

[Table 3]

Racemic body Column-5 Column-6 Column-7

kl’ α kl’ α kl’ α

1 0.63(-) ∼1 0.99(-) 1.29 0.92(-) 1.27
2 0.68(+) 1.40 0.79(+) 1.59 0.77(+) 1.56
3 0.40(+) 2.48 0.58(-) 1.36 0.54(-) 1.64
4 1.89(+) 1.95 1.18(+) 1.18 1.11(+) 1.20

5 1.96(-) 2.22 1.34(-) 4.68 1.18(-) 4.24
6 2.98(-) 1.12 2.07(+) 1.29 1.80(+) 1.37
7 0.98(+) 1.12 1.18(-) 1.18 1.02(-) 1.25
8 0.45 1.0 0.58(+) 1.08 0.52(+) ∼1
9 1.13 1.0 0.37(-) 2.26 1.28(-) 2.43

10 3.93(+) 3.70 1.03(+) 1.45 0.79(+) 1.67

Eluent: hexane/2-propanol (90/10)
Column : 2530.20 cm (i.d.), Flow rate: 0.1 ml/min
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had been dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1 ml), and
the dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative I on silica gel and the protection of a remaining silanol group present on silica gel or an
unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
I had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the above thermogravimetric analysis) that 13% of the carried cellulose derivative was eluted, and the
immobilization ratio was 87%. Silica gel after washing with tetrahydrofuran was defined as Silica I-4.
[0096] Comparison between Example 7 and Example 8 shows that, when the derivative I is used, the immobilization
of the derivative is nearly unaffected by whether the used carrier is untreated silica gel or silica gel turned into 3-
aminopropyl (the immobilization  ratio is 91% in the former case or 87% in the latter case). In addition, comparison
between the immobilization ratios of Examples 3 and 4 shows that there is no difference in immobilization ratio between
untreated silica gel and silica gel turned into 3-aminopropyl. Those results show that the immobilization is nearly unaffected
by a silanol group on the surface of silica gel, and occurs by virtue of a crosslinking reaction between molecules of a
polysaccharide derivative.

(2) Loading into a column

[0097] Silica I-4 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-8. The column-8 had a number of theoretical plates (N) of 2,500.

(3) Evaluation for optical resolution

[0098] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of  1,3,5-tri-tert-butylbenzene. Table 4 shows the results of the optical resolution with the column-8. Values in the
table are a capacity ratio k1’ and a separation factor α, and a sign in parentheses represents the optical activity of an
enantiomer which was previously eluted.

<Example 9>

(1) Synthesis of cellulose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0099] - 30 ml of dehydrated N, N-dimethylacetamide and 2.0 g of lithium chloride were added to 1.00 g (6.17 mmol)
of dried cellulose, and the mixture was swollen. After that, the resultant was stirred so that cellulose was uniformly
dissolved.
[0100] 15 ml of pyridine and 2.30 g (15. 6 mmol) of 3, 5-dimethylphenyl isocyanate were added to the resultant dissolved
product, and the mixture was subjected to a reaction at 80°C for 6 hours. After that, 198 mg (0.80 mmol) of 3-isocy-
anatepropyltriethoxysilane was added to the resultant, and the mixture was subjected to a reaction at 80°C for 16 hours.
Further, 2.30g (15.6 mmol) of 3,5-dimethylphenyl isocyanate were added to the resultant, and the mixture was subjected
to a reaction at 80°C for 7 hours. The pyridine soluble portion was dropped to methanol, and was recovered as an
insoluble portion. After that, the recovered portion was dried in a vacuum, whereby 3.28 g of a cellulose 3,5-dimethyl-
phenylcarbamate derivative J into which alkoxysilyl groups had been introduced were obtained. 1H NMR  results confirmed
that the ratio of introduction of molecules of 3,5-dimethylphenyl isocyanate and the ratio of introduction of the alkoxysilyl
groups were 96.0% and 4.0%, respectively (spectrum 7; see Fig. 9).

(2) Preparation of a silica gel-immobilized filler

[0101] 350 mg of the resultant derivative J were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of untreated silica
gel were caused to carry the derivative in the solution, whereby Silica J-1 was obtained. 0.65 g of Silica J-1 which had
been dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative J on silica gel and the protection of a remaining silanol group present on silica gel or an
unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
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resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
J had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the above thermogravimetric analysis) that the proportion of the organic substance present on silica gel
before and after washing with THF were 18.7% and 18.6% respectively, 1% of the carried cellulose derivative was eluted,
and the immobilization ratio was 99%. Silica  gel after washing with tetrahydrofuran was defined as Silica J-2.

(3) Loading into a column

[0102] Silica J-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-9. The column-9 had a number of theoretical plates (N) of 1,600.

(4) Evaluation for optical resolution

[0103] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 4 shows the results of the optical resolution with the column-9.

<Example 10>

(1) Synthesis of cellulose 3, 5-dimethylphenylcarbamate with hydroxy groups remaining at part of its 6-positions

[0104] 300 ml of dehydrated N,N-dimethylacetamide and 18.1 g of lithium chloride were added to 10.0 g (61.7 mmol)
of dried cellulose, and the mixture was swollen. After that, the resultant was stirred so that cellulose was uniformly
dissolved. 150 ml of pyridine and 5.20 g (18.7 mmol) of trityl chloride were added to the resultant dissolved product, and
the mixture was subjected to a reaction at 80°C for 24 hours. After that, 37.0 g (252 mmol) of 3,5-dimethylphenyl
isocyanate were added to the reaction solution, and the mixture was subjected to a reaction at 80°C for 24 hours. The
reaction solution was dropped to methanol, and the resultant insoluble portion was stirred in 1,000 ml of a 1% solution
of HC1 in methanol for 24 hours. Thus, deprotection was performed so that substituents at 6-positions were returned to
hydroxy groups. The resultant was washed with methanol, and was then dried in a vacuum, whereby 30.0 g (51.5 mmol)
of a derivative K with hydroxy groups remaining at part of its 6-positions were obtained. 1H NMR results confirmed that
the ratio of introduction of molecules of 3,5-dimethylphenyl isocyanate into the hydroxy groups of the resultant derivative
was 95.3%.

(2) Synthesis of cellulose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0105] 100 ml of pyridine and 4.71 g (19.1 mmol) of 3-isocyanatepropyltriethoxysilane were added to 10.0 g (17.2
mmol) of the dried derivative K, and the mixture was subjected to a reaction at 85°C for 24 hours. The pyridine soluble
portion was dropped to methanol, and was recovered as an insoluble portion. After that, the recovered portion was dried
in a vacuum, whereby 5.18 g of a cellulose 3,5-dimethylphenylcarbamate derivative L into which alkoxysilyl groups had
been introduced were obtained. 1H NMR results confirmed that the ratio of introduction of molecules of 3, 5-dimethylphenyl
isocyanate and the ratio of introduction of the alkoxysilyl groups were 95.3% and 4.7%, respectively (spectrum 8; see
Fig. 10).

(3) Preparation of a silica gel-immobilized filler

[0106] 350 mg of the resultant derivative L were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of untreated silica
gel were caused to carry the derivative in the solution, whereby Silica L-1 was obtained. 0.65 g of Silica L-1 which had
been dried was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative L on silica gel and the protection of a remaining silanol group present on silica gel or an
unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
L had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the above thermogravimetric analysis) that 1% of the carried cellulose  derivative was eluted, and the
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immobilization ratio was 99%. Silica gel after washing with tetrahydrofuran was defined as Silica L-2.

(4) Loading into a column

[0107] Silica L-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-10. The column-10 had a number of theoretical plates (N) of 1,700.

(5) Evaluation for optical resolution

[0108] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 4 shows the results of the optical resolution with the column-10.
[0109]

<Test Example 1>

(1) Analysis of a silica gel-immobilized filler

[0110] Silica L-2 on which the derivative L having a 3-triethoxysilylpropyl group at its 6-position selectively had been
immobilized (Example 10) and Silica H-2 on which the derivative H having 3-triethoxysilylpropyl groups at its 2, 3, and
6-positions non-specifically (Example 6) had been immobilized were each ground with a mortar, and the finely pulverized
products were each washed with THF. The THF soluble portion was recovered from each washed liquid thus obtained,
and was subjected to 1H NMR measurement. Fig. 11 shows the 1H NMR spectrum of the THF soluble portion of the
ground product of Silica L-2 (spectrum 9), and Fig. 12 shows the 1H NMR spectrum of the THF soluble portion of the
ground product of Silica H-2 (spectrum 10). The confirmation of the elution of each of the derivative L and the derivative
H was attained, and a methylene proton adjacent to silicon was observed at 0.3 to 0.6 ppm in the spectrum 9 while a
methylene proton adjacent to silicon was observed as a broad peak at 0.1 to 0.6 ppm in the spectrum 10. The difference
resulted from a difference in position at which a 3-triethoxysilylpropyl group was introduced. Accordingly, a silica gel-
immobilized filler prepared by using a derivative into which a 3-triethoxysilylpropyl group has been introduced regiose-
lectively and a silica gel-immobilized filler prepared without using such derivative can be easily distinguished from each
other.

[Table 4]

Racemic body Column-8 Column-9 Column-10

kl’ α kl’ α kl’ α

1 0.90(-) 1.27 1.06(-) 1.29 1.09(-) 1.31
2 0.68(+) 1.57 0.85(+) 1.58 0.86(+) 1.63
3 0.54(-) 1.62 0.58(-) 1.27 0.61(-) 1.10
4 1.06(+) 1.21 1.29(+) 1.17 1.33(+) 1.14
5 1.34(-) 3.96 1.42(-) 4.10 1.51(-) 4.83
6 1.95(+) 1.34 2.40(+) 1.25 2.51(+) 1.24

7 1.05(-) 1.24 1.34(-) 1.14 1.34(-) 1.15
8 0.39(+) 1.12 0.63(+) 1.12 0.63(+) 1.22
9 1.34(-) 2.44 1.57(-) 2.06 1.62(-) 2.05

10 0.95(+) 1.69 1.24(+) 1.23 1.47(+) ∼1

Eluent: hexane/2-propanol (90/10)
Column : 2530.20 cm (i.d.), Flow rate: 0.1 ml/min
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(2) Analysis of silica gel

[0111] Silica gel was treated in the same manner as in the above item (4) of Example 1 except that untreated silica
gel carrying no polysaccharide derivative was used. Fig. 13 shows the 1H NMR spectrum of a pulverized product obtained
by grinding silica gel thus obtained with a mortar (spectrum 11).
[0112] The fact that no peak was observed at 0.1 to 0.6 ppm in the spectrum 11 shows that the peak observed in the
above item (1) of Example 10 is a peak derived from a 3-triethoxysilylpropyl group introduced into cellulose.

(3) Analysis of a silica gel-immobilized filler

[0113] A filler was prepared as follows (see, for example, J. Polym. Sci., Part A: Polym. Chem., 41, 3703 (2003)):
silica gel was caused to carry a derivative having a vinyl group (methacryloyl group) introduced into a side chain of
cellulose, and then the cellulose derivative was immobilized on silica gel by radical copolymerization with styrene. The
filler was ground with a mortar in the same manner as in the above item (1). The finely pulverized product was washed
with THF. The THF soluble portion was recovered from the resultant washed liquid, and was subjected to 1H NMR
measurement. Fig. 14 shows the 1H NMR spectrum of the THF soluble portion (spectrum 12). The confirmation of the
elution of the derivative was attained from the spectrum 12, but no peak was observed at 0.1 to 0.6 ppm in the spectrum.
Accordingly, a filler prepared by immobilizing a  derivative on silica gel by an approach employed in the present application
and a filler prepared by immobilizing a derivative on silica gel by any other approach can be easily distinguished from
each other by analyzing the fillers after immobilization.

<Comparative Example 1>

[0114] The following experiments (1) and (2) were performed for the purpose of replicating the approach described
in Non-patent Document 1.

(1) Synthesis of cellulose 3,5-dimethylphenylcarbamate having alkoxysilyl groups

[0115] 90 ml of dehydrated pyridine were added to 2.40 g (14.8 mmol) of dried cellulose. Further, 9.0 ml (58.5 mmol)
of 3,5-dimethylphenyl isocyanate and 0.9 ml (3.68 mmol) of 3-isocyanatepropyltriethoxysilane were added to the mixture,
and the whole was subjected to a reaction at 90°C for 10 hours.
[0116] The above reaction system was always non-uniform, and turned into a highly viscous solution after a lapse of
10 hours. The reaction solution was dropped to methanol, and was recovered as an insoluble portion. After that, the
recovered portion was dried in a vacuum, whereby 6. 30 g of a derivative M were obtained. However, most (about 62%)
of the derivative M was a gel insoluble in THF. 1H NMR analysis of the THF soluble portion of the derivative M confirmed
that the ratio of introduction of molecules of 3, 5-dimethylphenyl isocyanate and the ratio of introduction of alkoxysilyl
groups were 99.3% and  0.7%, respectively. That is, nearly no alkoxysilyl groups could be introduced by this method
(spectrum 13; see Fig. 15). The result coincides with the result of Non-patent Document 1. In addition, it was extremely
difficult to separate the THF soluble portion and the THF insoluble portion from each other completely, so a pure derivative
could not be isolated.
[0117] It has been generally known that the reactivity of an isocyanate having a phenyl group is much higher than that
of an isocyanate free of any phenyl group. In the above production method described in Non-patent Document 1, a
reaction between a hydroxy group of a polysaccharide and an isocyanate having a phenyl group probably took priority
over any other reaction because both of 3-(triethoxysilyl)propyl isocyanate and phenyl isocyanate were simultaneously
caused to react with the hydroxy group. Probably owing to the foregoing, in the above result of the experiment involving
the use of 1H NMR, a signal derived from a 3-triethoxysilylpropyl group in a polysaccharide derivative became extremely
small, and hence nearly no 3-triethoxysilylpropyl groups were introduced into the polysaccharide derivative.
[0118] Further, the fact that the method described in Non-patent Document 1 did not include any step of dissolving
cellulose used as a raw material is also probably responsible for the fact that nearly no 3-triethoxysilylpropyl groups
were introduced into the cellulose derivative.

(2) Preparationofasilicagel-immobilizedfillerunder a basic condition

[0119] 550 mg of the THF soluble portion (containing part of the insoluble portion) of the derivative M were dissolved
in 12 ml of tetrahydrofuran, and 2.20 g of untreated silica gel were caused to carry the derivative in the solution, whereby
Silica M-1 was obtained. 10 ml of dehydrated toluene and 4 ml of dehydrated pyridine were added to 700 mg of Silica
M-1 which had been dried, and the resultant was subjected to a reaction under a nitrogen atmosphere at 95°C for 8
hours so that the derivative M was immobilized. Silica gel thus obtained was washed with tetrahydrofuran. As a result,
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it was confirmed (by the above thermogravimetric analysis) that 62% of the carried cellulose derivative was eluted, and
the immobilization ratio was 38%. The immobilization ratio is slightly larger than a literature value. Silica gel after washing
with tetrahydrofuran was defined as Silica M-2.

(3) Preparation of a silica gel-immobilized fillerunder an acid condition

[0120] 0.65 g of Silica M-1 was dispersed in a mixture of ethanol, water, and chlorotrimethylsilane (6 ml, 1.5 ml, and
0.1 ml), and the dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C.
Thus, the immobilization of the derivative M on silica gel and the protection of a remaining silanol group present on silica
gel or an unreacted ethoxysilyl  group present in the derivative with a trimethylsilyl group were simultaneously performed.
The resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the
derivative M had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result,
it was confirmed (by the above thermogravimetric analysis) that 77% of the carried cellulose derivative was eluted, and
the immobilization ratio was 23%. Silica gel after washing with tetrahydrofuran was defined as Silica M-3.
[0121] The above result shows the following: the derivative M as a polysaccharide derivative synthesized by the
method described in Non-patent Document 1 cannot be efficiently immobilized on silica gel irrespective of whether the
immobilization is performed under a basic condition or an acid condition, and this inefficiency is attributable to the fact
that nearly no molecules of 3-isocyanatepropyltriethoxysilane are introduced into the derivative M.

(4) Loading into a column

[0122] Silica M-2 and Silica M-3 thus obtained were each subjected to particle size fractionation, and were then loaded
into stainless steel columns each having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The
resultant columns were defined as a column-11 and a column 12, respectively. The column-11 and the column 12 had
a number of theoretical plates (N) of 2,500 and  2,000, respectively.

(5) Evaluation for optical resolution

[0123] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the columns obtained by the above
operation were performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 5 shows the results of the optical resolution with the column-11 and the column
12. Values in the table are a capacity ratio k1’ and a separation factor α, and a sign in parentheses represents the optical
activity of an enantiomer which was previously eluted. Most racemic bodies were not retained due to the low immobilization
ratio of the polysaccharide derivatives.
[0124]

[Table 5]

Racemic body Column-11 Column-12

kl’ α kl’ α

1 0.30(-) 1.21 0.19(-) -1
2 0.34(+) 1.33 0.24(+) 1.21
3 0.15(-) 1.40 0.11(-) ∼1

4 0.35(+) 1.13 0.19(+) ∼1
5 0.42(-) 3.82 0.22(-) 3.40
6 0.60(+) 1.32 0.31(+) 1.27
7 0.35(-) 1.23 0.22(-) ∼1
8 0.37 1.0 0.25 1.0
9 0.45(-) 2.27 0.26(-) 2.20
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<Comparative Example 2>

[0125] The following experiment was performed with reference to Non-patent Document 1.
[0126] 500 mg of the above derivative J were dissolved in 12 ml of tetrahydrofuran, and 2.00 g of untreated silica gel
were caused to carry the derivative in the solution, whereby Silica J-3 was obtained. 10 ml of dehydrated toluene and
4 ml of dehydrated pyridine were added to 700 mg of Silica J-3 which had been dried, and the resultant was subjected
to a reaction under a nitrogen atmosphere at 95°C for 8 hours so that the derivative J was immobilized. The resultant
immobilized product was washed with methanol and dried in a vacuum, whereby 565 mg of silica gel on which the
derivative J had been immobilized were obtained. Silica gel thus obtained was  washed with tetrahydrofuran, and the
resultant was defined as Silica J-4. The result of the thermogravimetric analysis of each of Silica J-3 and Silica J-4
showed that only 6% of the carried derivative could be immobilized.
[0127] In addition, even in the case where a similar treatment was performed while the above amount of pyridine was
changed to 0.25 or 0.125 ml, only 33% of the carried derivative could be immobilized in each case.
[0128] As described above, the immobilization of 99% of the derivative J was attained in Example 9 where the immo-
bilization was performed under an acid condition. Accordingly, the following was found: an immobilization method in-
volving the use of pyridine is significantly inferior in immobilization ratio of a derivative to the method of performing
immobilization under an acid condition described in the present application, and hence does not qualify for the immobi-
lization of a derivative.

<Example 11>

(1) Synthesis of cellulose 3,5-dichlorophenylcarbamate having alkoxysilyl groups

[0129] 45 ml of dehydrated N, N-dimethylacetamide and 3.0 g of lithium chloride were added to 1.50 g (9.26 mmol)
of dried cellulose, and the mixture was swollen. After that, the resultant was stirred so that cellulose was uniformly
dissolved.
[0130] 22.5ml of pyridine and 4.35g (23.1mmol) of 3,5-dichlorophenyl  isocyanate were added to the resultant dissolved
product, and the mixture was subjected to a reaction at 80°C for 6 hours. After that, 230 mg (0.93 mmol) of 3-isocy-
anatepropyltriethoxysilane was added to the resultant, and the mixture was subjected to a reaction at 80°C for 16 hours.
Further, 5. 22 g (27.8 mmol) of 3, 5-dichlorophenyl isocyanate were added to the resultant, and the mixture was subjected
to a reaction at 80°C for 7 hours. The pyridine soluble portion was dropped to methanol, and was recovered as an
insoluble portion. After that, the recovered portion was dried in a vacuum, whereby 5.84 g of a cellulose 3, 5-dichloroph-
enylcarbamate derivative N into which alkoxysilyl groups had been introduced were obtained. 1H NMR results confirmed
that the ratio of introduction of molecules of 3,5-dichlorophenyl isocyanate and the ratio of introduction of the alkoxysilyl
groups were 96.7% and 3.3%, respectively (spectrum 14; see Fig. 16).

(2) Preparation of a silica gel-immobilized filler

[0131] 400 mg of the resultant derivative N were dissolved in 8 ml of tetrahydrofuran, and 1.60 g of untreated silica
gel were caused to carry the derivative in the solution, whereby Silica N-1 was obtained. 0.65 g of Silica N-1 which had
been dried was dispersed in a mixture of ethanol, water, and trimethylchlorosilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative N on silica gel and the  protection of a remaining silanol group present on silica gel or
an unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
N had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the thermogravimetric analysis) that no carried cellulose derivative was eluted, and the immobilization
ratio was 100%. Silica gel after washing with tetrahydrofuran was defined as Silica N-2.

(continued)

Racemic body Column-11 Column-12

kl’ α kl’ α

10 0.25(+) 1.53 0.15(+) 1.51

Eluent: hexane/2-propanol (90/10)
Column : 2530.20 cm (i.d.)
Flow rate : 0.1 ml/min
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(3) Loading into a column

[0132] Silica N-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-13. The column-13 had a number of theoretical plates (N) of 1,200.

(4) Evaluation for optical resolution

[0133] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined  from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 6 shows the results of the optical resolution with the column-13.
[0134] Values in the table are a capacity ratio k1’ and a separation factor α, and a sign in parentheses represents the
optical activity of an enantiomer which was previously eluted.

<Example 12>

(1) Synthesis of cellulose 3,5-dichlorophenylcarbamate having alkoxysilyl groups

[0135] 45 ml of dehydrated N, N-dimethylacetamide and 3.0 g of lithium chloride were added to 1.50 g (9.26 mmol)
of dried cellulose, and the mixture was swollen. After that, the resultant was stirred so that cellulose was uniformly
dissolved.
[0136] 22.5 ml of pyridine and 4.35 g (23.1 mmol) of 3, 5-dichlorophenyl isocyanate were added to the resultant
dissolved product, and the mixture was subjected to a reaction at 80°C for 6 hours. After that, 160 mg (0.65 mmol) of
3-isocyanatepropyltriethoxysilane was added to the resultant, and the mixture was subjected to a reaction at 80°C for
16 hours. Further, 5. 52 g (29.4 mmol) of 3, 5-dichlorophenyl isocyanate were added to the resultant, and the mixture
was subjected to a reaction at 80°C for 8 hours. The pyridine soluble portion was dropped to methanol, and was recovered
as an insoluble portion. After that, the recovered portion was dried in a vacuum, whereby  5. 30 g of a cellulose 3, 5-
dichlorophenylcarbamate derivative O into which alkoxysilyl groups had been introduced were obtained. 1H NMR results
confirmed that the ratio of introduction of molecules of 3,5-dichlorophenyl isocyanate and the ratio of introduction of the
alkoxysilyl groups were 98.0% and 2.0%, respectively (spectrum 15; see Fig. 17).

(2) Preparation of a silica gel-immobilized filler

[0137] 400 mg of the resultant derivative O were dissolved in 8 ml of tetrahydrofuran, and 1.60 g of untreated silica
gel were caused to carry the derivative in the solution, whereby Silica O-1 was obtained. 0.65 g of Silica O-1 which had
been dried was dispersed in a mixture of ethanol, water, and trimethylchlorosilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative O on silica gel and the protection of a remaining silanol group present on silica gel or
an unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
O had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the thermogravimetric analysis) that 5% of the carried cellulose derivative was eluted, and the immobili-
zation ratio was 95%. Silica  gel after washing with tetrahydrofuran was defined as Silica O-2.

(3) Loading into a column

[0138] Silica O-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-14. The column-14 had a number of theoretical plates (N) of 2,800.

(4) Evaluation for optical resolution

[0139] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90 : 10 was used as
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an eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined
from the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 6 shows the results of the optical resolution with the column-14.
[0140]

<Example 13>

(1) Synthesis of amylose (S)-1-phenylethylcarbamate having alkoxysilyl groups

[0141] 15 ml of dehydrated N, N-dimethylacetamide and 1.0 g of lithium chloride were added to 0.50 g (3.09 mmol)
of dried amylose, and the mixture was swollen. After that, the resultant was stirred so that amylose was uniformly dissolved.
[0142] 7.5 ml of pyridine and 1.16 g (7.85 mmol) of (S) -1-phenylethyl isocyanate were added to the resultant dissolved
product, and the mixture was subjected to a reaction at 80°C for 12 hours. After that, 68 mg (0.28 mmol) of 3-isocy-
anatepropyltriethoxysilane was added to the resultant, and the mixture was subjected to a reaction at 80°C for 16 hours.
Further, 1.36 g (9.26 mmol) of (S)-1-phenylethyl isocyanate were added to the resultant, and the  mixture was subjected
to a reaction at 80°C for 42 hours. The pyridine soluble portion was dropped to methanol, and was recovered as an
insoluble portion. After that, the recovered portion was dried in a vacuum, whereby 1.69 g of an amylose (S)-1-phe-
nylethylcarbamate derivative P into which alkoxysilyl groups had been introduced were obtained. 1H NMR results con-
firmed that the ratio of introduction of molecules of (S)-1-phenylethyl isocyanate and the ratio of introduction of the
alkoxysilyl groups were 98.0% and 2.0%, respectively (spectrum 16; see Fig. 18).

(2) Preparation of a silica gel-immobilized filler

[0143] 350 mg of the resultant derivative P were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of untreated silica
gel were caused to carry the derivative in the solution, whereby Silica P-1 was obtained. 0.65 g of Silica P-1 which had
been dried was dispersed in a mixture of ethanol, water, and trimethylchlorosilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative P on silica gel and the protection of a remaining silanol group present on silica gel or an
unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
P had been immobilized was obtained. Silica gel thus obtained was washed with  tetrahydrofuran. As a result, it was
confirmed (by the thermogravimetric analysis) that 1% of the carried amylose derivative was eluted, and the immobilization
ratio was 99%. Silica gel after washing with tetrahydrofuran was defined as Silica P-2.

(3) Loading into a column

[0144] Silica P-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined

[Table 6]

Racemic body Column-13 Column-14

kl’ α kl’ α

1 2.39(-) 1.24 2.25(-) 1.25
2 1.03(+) 1.30 0.94(+) 1.37

3 0.47(+) 1.56 0.42(+) 1.70
4 0.49(+) ∼1 0.39(+) 1.21
5 1.50(-) 1.09 1.32(-) 1.25
6 3.31(-) ∼1 2.91(-) 1.07
7 1.51(-) 1.14 1.35(-) 1.18
8 1.04(+) 1.65 0.91(+) 1.64

9 0.25(-) 1.59 0.22(-) 1.63
10 0.66(+) 1.40 0.56(+) 1.34

Eluent: hexane/2-propanol (90/10)
Column : 2530.20 cm (i.d.), Flow rate: 0.1 ml/min
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as a column-15. The column-15 had a number of theoretical plates (N) of 1,300.

(4) Evaluation for optical resolution

[0145] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90 : 10 was used as
an eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined
from the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 7 shows the results of the optical resolution with the column-15.
[0146] Values in the table are a capacity ratio k1’ and a separation factor α, and a sign in parentheses represents the
optical activity  of an enantiomer which was previously eluted.

<Example 14>

(1) Synthesis of amylose (S)-1-phenylethylcarbamate having alkoxysilyl groups

[0147] 15 ml of dehydrated N, N-dimethylacetamide and 1.0 g of lithium chloride were added to 0.50 g (3.09 mmol)
of dried amylose, and the mixture was swollen. After that, the resultant was stirred so that amylose was uniformly dissolved.
[0148] 7.5 ml of pyridine and 1.16 g (7.85 mmol) of (S) -1-phenylethyl isocyanate were added to the resultant dissolved
product, and the mixture was subjected to a reaction at 80°C for 12 hours. After that, 42 mg (0.17 mmol) of 3-isocy-
anatepropyltriethoxysilane was added to the resultant, and the mixture was subjected to a reaction at 80°C for 16 hours.
Further, 1.36 g (9.26 mmol) of (S)-1-phenylethyl isocyanate were added to the resultant, and the mixture was subj ected
to a reaction at 80°C for 42 hours. The pyridine soluble portion was dropped to methanol, and was recovered as an
insoluble portion. After that, the recovered portion was dried in a vacuum, whereby 1.78 g of an amylose (S)-1-phe-
nylethylcarbamate derivative Q into which alkoxysilyl groups had been introduced were obtained. 1H NMR results con-
firmed that the ratio of introduction of molecules of (S)-1-phenylethyl isocyanate and the ratio of introduction of the
alkoxysilyl groups were 98.7% and 1.3%, respectively (spectrum 17; see Fig. 19).

(2) Preparation of a silica gel-immobilized filler

[0149] 350 mg of the resultant derivative Q were dissolved in 8 ml of tetrahydrofuran, and 1.40 g of untreated silica
gel were caused to carry the derivative in the solution, whereby Silica Q-1 was obtained. 0.65 g of Silica Q-1 which had
been dried was dispersed in a mixture of ethanol, water, and trimethylchlorosilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative Q on silica gel and the protection of a remaining silanol group present on silica gel or
an unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized product was washed with methanol and dried in a vacuum, whereby silica gel on which the derivative
Q had been immobilized was obtained. Silica gel thus obtained was washed with tetrahydrofuran. As a result, it was
confirmed (by the thermogravimetric analysis) that 5% of the carried amylose derivative was eluted, and the immobilization
ratio was 95%. Silica gel after washing with tetrahydrofuran was defined as Silica Q-2.

(3) Loading into a column

[0150] Silica Q-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined
as a column-16. The  column-16 had a number of theoretical plates (N) of 2,300.

(4) Evaluation for optical resolution

[0151] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 7 shows the results of the optical resolution with the column-16.
[0152]
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<Example 15>

(1) Synthesis of cellulose 4-methylbenzoate part of hydroxy groups of which remain

[0153] 20 ml of pyridine and 3.04 g (19.7 mmol) of 4-methylbenzoyl chloride were added to 1.00 g (6.17 mmol) of
dried cellulose, and the mixture was subjected to a reaction at 80°C for 6 hours. The reaction solution was dropped to
methanol, and was recovered as insoluble matter. After that, the recovered matter was dried in a vacuum, whereby 2.87
g of a partially substituted cellulose 4-methylbenzoate derivative R’ were obtained. 1H NMR results confirmed that the
ratio of introduction of molecules of 4-methylbenzoyl chloride into the hydroxy groups of the resultant derivative was
98.7%.

(2) Synthesis of cellulose 4-methylbenzoate having  alkoxysilyl groups

[0154] 20 ml of pyridine and 1.98 g (8.02 mmol) of 3-isocyanatepropyltriethoxysilane were added to 2.00 g (3.92 mmol)
of the dried derivative R’ , and the mixture was subjected to a reaction at 80°C for 48 hours. The pyridine soluble portion
was dropped to methanol, and was recovered as an insoluble portion. After that, the recovered portion was dried in a
vacuum, whereby 0.41 g of a cellulose 4-methylbenzoate derivative R into which alkoxysilyl groups had been introduced
were obtained. 1H NMR results confirmed that the ratio of introduction of molecules of 4-methylbenzoyl chloride and the
ratio of introduction of the alkoxysilyl groups were 98.7% and 1.3%, respectively (spectrum 18; see Fig. 20).

(3) Preparation of a silica gel-immobilized filler

[0155] 300 mg of the resultant derivative R were dissolved in 3 ml of chloroform, and 1.20 g of untreated silica gel
were caused to carry the derivative in the solution, whereby Silica R-1 was obtained. 0.65 g of Silica R-1 which had
been dried was dispersed in a mixture of ethanol, water, and trimethylchlorosilane (6 ml, 1.5 ml, and 0.1 ml), and the
dispersed product was subjected to a reaction for 10 minutes while being boiled in an oil bath at 110°C. Thus, the
immobilization of the derivative R on silica gel and the protection of a remaining silanol group present on silica gel or an
unreacted ethoxysilyl group present in the derivative with a trimethylsilyl group were simultaneously performed. The
resultant immobilized  product was washed with methanol and dried in a vacuum, whereby silica gel on which the
derivative R had been immobilized was obtained. Silica gel thus obtained was washed with chloroform. As a result, it
was confirmed (by the thermogravimetric analysis) that 13% of the carried cellulose derivative was eluted, and the
immobilization ratio was 87%. Silica gel after washing with chloroform was defined as Silica R-2.

(4) Loading into a column

[0156] Silica R-2 thus obtained was subjected to particle size fractionation, and was then loaded into a stainless steel
column having a length of 25 cm and an inner diameter of 0.2 cm by a slurry method. The resultant column was defined

[Table 7]

Racemic body Column-15 Column-16

kl’ α kl’ α

1 0.85(+) 1.19 0.75(+) 1.20
2 0.71(+) 2.12 0.61(+) 2.10
3 0.38(+) 1.28 0.35(+) 1.26
4 1.00(-) ∼1 0.90(-) ∼1
5 0.88(-) 1.33 0.78(-) 1.31
6 2.21(+) 1.82 1.93(+) 1.80

7 1.64 1.0 1.46 1.0
8 0.56(-) ∼1 0.52(-) ~1
9 1.01(-) 1.80 0.89(-) 1.78

10 0.71(+) 1.55 0.63(+) 1.46

Eluent: hexane/2-propanol (90/10)
Column : 2530.20 cm (i.d.), Flow rate: 0.1 ml/min
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as a column-17. The column-17 had a number of theoretical plates (N) of 1,900.

(5) Evaluation for optical resolution

[0157] The optical resolution of ten kinds of racemic bodies shown in Fig. 2 with the column obtained by the above
operation was performed. The detection and identification of a peak were performed with a UV detector and an optical
rotation detector under the following conditions: a mixture of hexane and 2-propanol at a ratio of 90: 10 was used as an
eluent, and its flow rate was 0.1 ml/min. It should be noted that the number of theoretical plates N was determined from
the peak of benzene, and a time to for which the eluent passed through the column was determined from the elution
time of 1,3,5-tri-tert-butylbenzene. Table 8 shows the results of the  optical resolution with the column-17. Values in the
table are a capacity ratio k1’ and a separation factor α, and a sign in parentheses represents the optical activity of an
enantiomer which was previously eluted.
[0158]

Industrial Applicability

[0159] According to the present invention, there can be provided a filler for optical isomer separation excellent in
solvent resistance, ability to fractionate a large amount of optical isomers, and mechanical strength. In addition, according
to the present invention, there can be provided a filler for optical isomer separation which: allows a polymer compound
such as a polysaccharide derivative to be immobilized on the surface of a carrier at a high ratio; and is excellent in optical
separation ability. Further, according to the present invention, there can be provided a method  in which the number of
steps upon chemical bonding of a polymer compound such as a polysaccharide derivative to the surface of a carrier is
reduced so that the production of a filler may be efficiently performed.

Claims

1. A method of producing a filler for optical isomer separation, the method comprising the steps of:

producing a polysaccharide derivative, obtained by modifying part of hydroxy or amino groups of a polysaccharide
having the hydroxy or amino groups and being dissolved in a solvent with molecules of a compound represented
by the following general formula (I):

A-X-Si(Y)nR3-n (I)

wherein A represents a chlorocarbonyl group, a carboxyl group, an isocyanate group, a glycidyl group, or a
thiocyanate group, X represents an alkylene group which has 1 to 18 carbon atoms and which may have a

[Table 8]

Racemic body Column-17

kl’ α

1 1.53(-) 1.28
2 0.85(+) 3.58
3 0.68(+) 1.32
4 2.28(+) 1.60

5 1.04 (-) 1.40
6 2.15(-) 1.22
7 1.90(-) ∼1
8 0.57 (+) ∼1
9 2.59(-) 1.07
10 1.87(-) 2.48

Eluent: hexane/2-propanol (90/10)
Column : 2530.20 cm (i.d.), Flow
rate: 0.1 ml/min
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branch, or an arylene group which may have a substituent, Y represents an alkoxy group having 1 to 12 carbon
atoms or a halogen group, R represents an alkyl group which has 1 to 18 carbon atoms and which may have
a branch, or an aryl group which may have a substituent, and n represents an integer of 1 to 3;
wherein the numerical value obtained by multiplying the ratio of the sum of the numbers of the polysaccharide
hydroxyl groups and amino groups modified with molecules of the compound represented by the general formula
(I) to the sum of the total number of the hydroxyl groups and the number of amino groups of the polysaccharide
by 100 is 1.0 to 35%; and
immobilizing said polysaccharide derivative on a carrier through chemical bonding under an acidic condition.

2. The method of producing a filler for optical isomer separation according to claim 1, wherein the step of producing
the polysaccharide derivative includes
a first modifying step of modifying the hydroxy or amino groups of the polysaccharide having the hydroxy or amino
groups, the polysaccharide being dissolved, with molecules of a compound except the compound represented by
the general formula (I), and
a second modifying step of modifying the hydroxy or amino groups of the polysaccharide which remain unmodified
in the first modifying step with the molecules of the compound represented by the general formula (I).

3. A filler for optical isomer separation comprising a polysaccharide derivative, which is obtainable by the method
according to claim 1 or 2
by modifying part of hydroxy or amino groups of a polysaccharide having the hydroxy or amino groups and being
dissolved in a solvent with molecules of a compound represented by the following general formula (I):

A-X-Si(Y)nR3-n (I)

where A represents a chlorocarbonyl group, a carboxyl group, an isocyanate group, a glycidyl group, or a thiocyanate
group, X represents an alkylene group which has 1 to 18 carbon atoms and which may have a branch, or an arylene
group which may have a substituent, Y represents an alkoxy group having 1 to 12 carbon atoms or a halogen group,
R represents an alkyl group which has 1 to 18 carbon atoms and which may have a branch, or an aryl group which
may have a substituent, and n represents an integer of 1 to 3;
wherein the numerical value obtained by multiplying the ratio of the sum of the numbers of the polysaccharide
hydroxyl groups and amino groups modified with molecules of the compound represented by the general formula
(I) to the sum of the total number of the hydroxyl groups and the number of amino groups of the polysaccharide by
100 is 1.0 to 35%; and
immobilizing said polysaccharide derivative on a carrier through chemical bonding under an acidic condition.

4. The filler for optical isomer separation according to claim 3, wherein the polysaccharide is cellulose or amylose.

5. The filler for optical isomer separation according to claim 3 or 4, wherein the compound represented by the general
formula (I) comprises 3-isocyanate propyl triethoxysilane, 3-isocyanate propyl trimethoxysilane, 3-isocyanate propyl
diethoxymethylsilane, 2-isocyanate ethyl triethoxysilane, 4-isocyanate phenyl triethoxysilane, 3-glycidoxy propyl
trimethoxysilane, 3-glycidoxy propyl triethoxysilane, or 3-thiocyanatepropyl triethoxysilane.

6. The filler for optical isomer separation according to any one of claims 3 to 5, wherein at least part of the hydroxy or
amino groups except the hydroxy or amino groups modified with the molecules of the compound represented by
the general formula (I) are further modified with molecules of a compound having a functional group which acts on
an optical isomer.

7. The filler for optical isomer separation according to claim 6, wherein the molecules of the compound having a
functional group which acts on an optical isomer are introduced into the at least part of the hydroxy or amino groups
except the hydroxy or amino groups modified with the molecules of the compound represented by the general
formula (I) through a urethane bond, a urea bond, an ester bond, or an ether bond.

8. The filler for optical isomer separation according to claim 6, wherein the compound having a functional group which
acts on an optical isomer comprises a compound containing an atomic group represented by the following general
formula (II) or (III):

-CO-R’ (II)
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-CO-NH-R’ (III)

where R’ represents an aliphatic or aromatic hydrocarbon group which may contain a heteroatom, and the aliphatic
or aromatic hydrocarbon group may be unsubstituted or may be substituted with one or more groups selected from
the group consisting of a hydrocarbon group which has 1 to 12 carbon atoms and which may contain a heteroatom,
a cyano group, a halogen group, a hydroxy group, a nitro group, an amino group, and a dialkylamino group containing
two alkyl groups each having 1 to 8 carbon atoms.

9. The filler for optical isomer separation according to claim 8, wherein the compound having a functional group which
acts on an optical isomer comprises 3,5-dimethylphenyl isocyanate, 3,5-dichlorophenyl isocyanate, 1-phenylethyl
isocyanate, or 4-methylbenzoyl chloride.

Patentansprüche

1. Verfahren zur Herstellung eines Füllstoffs zur Trennung optischer Isomere, wobei das Verfahren die folgenden
Schritte umfasst:

Herstellen eines Polysaccharidderivats, erhalten durch Modifizierung eines Teils der Hydroxy- oder Aminogrup-
pen eines Polysaccharids, das Hydroxy- oder Aminogruppen hat und das in einem Lösungsmittel gelöst ist, mit
Molekülen einer durch die folgende allgemeine Formel (I) dargestellten Verbindung:

A-X-Si(Y)nR3-n (I)

wobei A eine Chlorcarbonylgruppe, eine Carboxylgruppe, eine Isocyanatgruppe, eine Glycidylgruppe oder eine
Thiocyanat-Gruppe darstellt, X eine Alkylengruppe, die 1 bis 18 Kohlenstoffatomen hat und die eine Verzweigung
aufweisen kann, oder eine Arylengruppe, die einen Substituenten aufweisen kann, darstellt, Y eine Alkoxygruppe
mit 1 bis 12 Kohlenstoffatomen oder eine Halogengruppe darstellt, R eine Alkylgruppe, die 1 bis 18 Kohlen-
stoffatome hat und die eine Verzweigung aufweisen kann, oder eine Arylgruppe, die einen Substituenten auf-
weisen kann, darstellt, und n eine ganze Zahl von 1 bis 3 darstellt;
wobei der numerische Wert, der durch Multiplikation des Verhältnisses der Summe der Zahlen der Polysac-
charid-Hydroxygruppen und -Aminogruppen, die mit Molekülen der durch die allgemeine Formel (I) dargestellten
Verbindung modifiziert sind, zu der Summe der Gesamtzahl der Hydroxygruppen und der Zahl der Aminogruppen
des Polysaccharids mit 100 erhalten wird, 1,0 bis 35% ist; und
Immobilisieren des Polysaccharidderivats auf einem Träger durch chemische Bindung unter sauren Bedingun-
gen.

2. Das Verfahren zur Herstellung eines Füllstoffs zur Trennung optischer Isomere gemäß Anspruch 1, wobei der Schritt
des Herstellens der Polysaccharidderviats beinhaltet
einen ersten Modifizierungsschritt der Modifizierung der Hydroxy- oder Aminogruppen des Polysaccharids, das
Hydroxy- oder Aminogruppen hat, wobei das Polysaccharid gelöst ist, mit Molekülen einer Verbindung, mit Ausnahme
der durch die allgemeine Formel (I) dargestellten Verbindung, und
einen zweiten Modifizierungsschritt der Modifizierung der Hydroxy- oder Aminogruppen des Polysaccharids, die im
ersten Modifizierungsschritt nicht modifiziert werden, mit den Molekülen der durch die allgemeine Formel (I) darge-
stellten Verbindung.

3. Füllstoff zur Trennung optischer Isomere, umfassend ein Polysaccharidderivat, das durch das Verfahren gemäß
Anspruch 1 oder 2 erhältlich ist,
durch Modifizieren eines Teils der Hydroxy- oder Aminogruppen des Polysaccharids, das Hydroxy- oder Amino-
gruppen hat und das in einem Lösungsmittel gelöst ist, mit Molekülen einer durch die folgende allgemeine Formel
(I) dargestellten Verbindung:

A-X-Si(Y)nR3-n (I)

wobei A eine Chlorcarbonylgruppe, eine Carboxylgruppe, eine Isocyanatgruppe, eine Glycidylgruppe oder eine
Thiocyanat-Gruppe darstellt, X eine Alkylengruppe, die 1 bis 18 Kohlenstoffatomen hat und die eine Verzweigung
aufweisen kann, oder eine Arylengruppe, die einen Substituenten aufweisen kann, darstellt, Y eine Alkoxygruppe
mit 1 bis 12 Kohlenstoffatomen oder eine Halogengruppe darstellt, R eine Alkylgruppe, die 1 bis 18 Kohlenstoffatome
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hat und die eine Verzweigung aufweisen kann, oder eine Arylgruppe, die einen Substituenten aufweisen kann,
darstellt, und n eine ganze Zahl von 1 bis 3 darstellt;
wobei der numerische Wert, der durch Multiplikation des Verhältnisses der Summe der Zahlen der Polysaccharid-
Hydroxygruppen und -Aminogruppen, die mit Molekülen der durch die allgemeine Formel (I) dargestellten Verbin-
dung modifiziert sind, zu der Summe der Gesamtzahl der Hydroxygruppen und der Zahl der Aminogruppen des
Polysaccharids mit 100 erhalten wird, 1,0 bis 35% ist; und
Immobilisieren des Polysaccharidderivats auf einem Träger durch chemische Bindung unter sauren Bedingungen.

4. Der Füllstoff zur Trennung optischer Isomere nach Anspruch 3, wobei das Polysaccharid Cellulose oder Amylose ist.

5. Der Füllstoff zur Trennung optischer Isomere nach Anspruch 3 oder 4, wobei die durch die allgemeine Formel (I)
dargestellte Verbindung 3-Isocyanatpropyltriethoxysilan, 3-Isocyanat-propyltrimethoxysilan, 3-Isocyanatpropyl-
diethoxymethylsilan, 2-Isocyanatethyltriethoxysilan, 4-Isocyanatphenyltriethoxysilan, 3-Glycidoxypropyltrimethoxy-
silan, 3-Glycidoxypropyltriethoxy-silan oder 3-Thiocyanatpropyltriethoxysilan umfasst.

6. Der Füllstoff zur Trennung optischer Isomere nach einem der Ansprüche 3 bis 5, wobei zumindest ein Teil der
Hydroxy- oder Aminogruppen, mit Ausnahme der mit Molekülen der durch die allgemeine Formel (I) dargestellten
Verbindung modifizierten Hydroxy- oder Aminogruppen, weiterhin modifiziert sind mit Molekülen einer Verbindung
mit einer funktionellen Gruppe, die an einem optischen Isomer wirkt.

7. Der Füllstoff zur Trennung optischer Isomere nach Anspruch 6, wobei die Moleküle der Verbindung mit einer funk-
tionellen Gruppe, die an einem optischen Isomer wirkt, in wenigstens einen Teil der Hydroxy- oder Aminogruppen,
mit Ausnahme der Hydroxy- oder Amino-Gruppen, die mit Molekülen der durch die allgemeine Formel (I) dargestellten
Verbindung modifiziert sind, durch eine Urethanbindung, eine Harnstoffbindung, eine Esterbindung oder eine Ether-
bindung eingeführt sind.

8. Der Füllstoff zur Trennung optischer Isomere nach Anspruch 6, wobei die Verbindung mit einer funktionellen Gruppe,
die an einem optischen Isomer wirkt, eine Verbindung umfasst, die eine durch die folgende allgemeine Formel (II)
oder (III) dargestellte Atomgruppe enthält:

-CO-R’ (II)

-CO-NH-R’ (III)

wobei R’ eine aliphatische oder aromatische Kohlenwasserstoffgruppe darstellt, die ein Heteroatom enthalten kann,
und wobei die aliphatische oder aromatische Kohlenwasserstoffgruppe unsubstituiert sein kann oder substituiert
sein kann mit einer oder mehreren Gruppen, ausgewählt aus der Gruppe, bestehend aus einer Kohlenwasserstoff-
gruppe, die 1 bis 12 Kohlenstoffatome hat und die ein Heteroatom enthalten kann, einer Cyanogruppe, einer Halo-
gengruppe, einer Hydroxygruppe, einer Nitrogruppe, einer Aminogruppe und einer Dialkylaminogruppe mit zwei
Alkylgruppen mit jeweils 1 bis 8 Kohlenstoffatomen.

9. Der Füllstoff zur Trennung optischer Isomere nach Anspruch 8, wobei die Verbindung mit einer funktionellen Gruppe,
die an einem optischen Isomer wirkt, 3,5-Dimethylphenylisocyanat, 3,5-Dichlorphenylisocyanat, 1-Phenylethyliso-
cyanat oder 4-Methyl-benzoylchlorid umfasst.

Revendications

1. Procédé de production d’une substance de remplissage pour la séparation d’isomères optiques, le procédé com-
prenant les étapes suivantes :

production d’un dérivé polysaccharide obtenu en modifiant une partie des groupes hydroxy ou amino d’un
polysaccharide comportant les groupes hydroxy ou amino et dissout dans un solvant avec des molécules d’un
composé représenté par la formule générale suivante (I) :

A-X-Si(Y)nR3-n (I)

où A représente un groupe chlorocarbonyle, carboxyle, isocyanate, glycidyle ou thiocyanate, X représente un
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groupe alkylène ayant de 1 à 18 atomes de carbone et pouvant comporter un branchement ou un groupe arylène
pouvant comporter un groupe fonctionnel de substitution, Y représente un groupe alcoxyle ayant de 1 à 12
atomes de carbone ou un groupe halogène, R représente un groupe alkyle ayant de 1 à 18 atomes de carbone
et pouvant comporter un branchement, ou un groupe aryle pouvant comporter un groupe fonctionnel de subs-
titution, et n représente un entier de 1 à 3 ;
dans lequel la valeur numérique obtenue en multipliant le ratio de la somme des nombres de groupes hydroxyle
et amino du polysaccharide qui sont modifiés avec des molécules du composé représenté par la formule
générale (I) par la somme des nombres totaux de groupes hydroxyle et amino du polysaccharide par 100 est
de 1,0 % à 35 % ; et
immobilisation dudit dérivé polysaccharide sur un porteur via liaison chimique en conditions acides.

2. Procédé de production d’une substance de remplissage pour la séparation d’isomères optiques selon la revendication
1, dans lequel l’étape de production du dérivé polysaccharide comprend
une première étape de modification des groupes hydroxy ou amino du polysaccharide comportant les groupes
hydroxy ou amino, le polysaccharide étant dissout, avec des molécules d’un composé, sauf le composé représenté
par la formule générale (I), et
une deuxième étape de modification des groupes hydroxy ou amino du polysaccharide qui restent non modifié lors
de la première étape de modification avec les molécules du composé représenté par la formule générale (I).

3. Substance de remplissage pour la séparation d’isomères optiques comprenant un dérivé polysaccharide qui peut
être obtenu par le procédé selon la revendication 1 ou 2
en modifiant une partie de groupes hydroxy ou amino d’un polysaccharide comportant les groupes hydroxy ou amino
et dissout dans un solvant avec des molécules d’un composé représenté par la formule générale suivante (I) :

A-X-Si(Y)nR3-n (I)

où A représente un groupe chlorocarbonyle, carboxyle, isocyanate, glycidyle ou thiocyanate, X représente un groupe
alkylène ayant de 1 à 18 atomes de carbone et pouvant comporter un branchement, ou un groupe arylène pouvant
comporter un groupe fonctionnel de substitution, Y représente un groupe alcoxyle ayant de 1 à 12 atomes de carbone
ou un groupe halogène, R représente un groupe alkyle ayant de 1 à 18 atomes de carbone et pouvant comporter
un branchement, ou un  groupe aryle qui peut comporter un groupe fonctionnel de substitution, et n représente un
entier de 1 à 3 ;
dans laquelle la valeur numérique obtenue en multipliant le ratio de la somme des nombres de groupes hydroxyle
et amino du polysaccharide modifiés avec des molécules du composé représenté par la formule générale (I) par la
somme des nombres totaux de groupes hydroxyle et amino du polysaccharide par 100 est de 1,0 % à 35 % ; et
immobilisation dudit dérivé polysaccharide sur un porteur via liaison chimique en conditions acides.

4. Substance de remplissage pour la séparation d’isomères optiques selon la revendication 3, dans laquelle le poly-
saccharide est une cellulose ou une amylose.

5. Substance de remplissage pour la séparation d’isomères optiques selon la revendication 3 ou 4, dans laquelle le
composé représenté par la formule générale (I) comprend du 3-isocyanate propyl triéthoxysilane, du 3-isocyanate
propyl triméthoxysilane, du 3-isocyanate propyl diéthoxyméthylsilane, du 2-isocyanate éthyl triéthoxysilane, du 4-
isocyanate phényl triéthoxysilane, du 3-glycidoxy propyl triméthoxysilane, du 3-glycidoxy propyl triéthoxysilane, ou
du 3-thiocyanatepropyl triéthoxysilane.

6. Substance de remplissage pour la séparation d’isomères optiques selon l’une quelconque des revendications 3 à
5, dans laquelle au moins une partie des groupes hydroxy ou amino, sauf les groupes hydroxy ou amino modifiés
avec les molécules du composé représenté par la formule générale (I), sont en outre modifiés par des molécules
d’un composé ayant un groupe fonctionnel qui agit sur un isomère optique.

7. Substance de remplissage pour une séparation d’isomères optiques selon la revendication 6, dans laquelle les
molécules du composé ayant un groupe fonctionnel qui agit sur un isomère optique sont introduites dans ladite au
moins une partie des groupes hydroxy ou amino, sauf les groupes hydroxy ou amino modifiés avec les molécules
du composé représenté par la formule générale (I) via une liaison uréthane, une liaison urée, une liaison ester ou
une liaison éther.

8. Substance de remplissage pour une séparation d’isomères optiques selon la revendication 6, dans laquelle le
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composé ayant un groupe fonctionnel qui agit sur un isomère optique comprend un composé contenant un groupe
atomique représenté par une des formules générales (II) ou (III) suivantes :

-CO-R’ (II)

-CO-NH-R’ (III)

où R’ représente un groupe hydrocarbure aliphatique ou aromatique qui peut contenir un hétéroatome, et le groupe
hydrocarbure aliphatique ou aromatique peut ne pas être substitué ou peut être substitué par un ou plusieurs groupes
sélectionnés parmi l’ensemble composé par un groupe hydrocarbure ayant de 1 à 12 atomes de carbone et qui
peut contenir un hétéroatome, un groupe cyano, un groupe halogène, un groupe hydroxy, un groupe nitro, un groupe
amino et un groupe dialkylamino contenant deux groupes alkyle ayant chacun de 1 à 8 atomes de carbone.

9. Substance de remplissage pour une séparation d’isomères optiques selon la revendication 8, dans laquelle le
composé ayant un groupe fonctionnel qui agit sur un isomère optique comprend du 3,5-diméthylphényl  isocyanate,
du 3,5-dichlorophényl isocyanate, du 1-phényléthyl isocyanate ou du 4-méthylbenzoyl chlorure.
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