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(57) ABSTRACT

The present invention provides a filler having a high pro-
ductivity suitable for preparative separation by simulated
moving bed chromatography. That 1s, there 1s provided a
filler for enantiomeric 1somer separation by simulated mov-
ing bed chromatography, which has a porous carrier carrying
a polysaccharide derivative thereon and has a TS coefhicient
in a range of 0.55 to 1.20, the TS coefficient being defined
by the below-shown formula (I), abd obtained by using an
enantiomeric 1Isomer separation column for sitmulated mov-
ing bed chromatography in which the filler 1s filled 1n a
column tube by a slurry filling method:

7S coefficient=| Ve—[#(TS)—t(blank) [xFR |/ #(TS)-
t(blank) |xFR (D)

(wherein abbreviations mean the following:
Vc (cm’): a column volume;
FR (ml/min.): a flow velocity;

t('T'S) (min.): an elution time for tetrakis(trimethylsilyl-
)silane (=TS); and

t(blank) (min.): an elution time for TS in the state where
the column is not connected).
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FILLER FOR SEPARATION OF ENANTIOMERIC
ISOMERS IN SIMULATED MOVING BED
CHROMATOGRAPHY

FIELD OF THE INVENTION

[0001] The present invention relates to a filler for enan-
flomeric 1somer separation, 1n particular a filler for enantio-
meric 1somer separation for stmulated moving bed chroma-
tography, which 1s suitable for preparative separation of
enantiomeric 1somers by simulated moving bed chromatog-
raphy. The present invention also relates to a method of
producing such a filler for separation, to an enantiomeric
1somer separation column for simulated moving bed chro-
matography using such a filler for separation, and to a
method of separating enantiomeric 1somers using them.

PRIOR ART

[0002] Organic compounds have many enantiomeric 1S0-
mers that have exactly the same physical and chemical
properties with respect to the boiling point, melting point
and solubility but have different physiological activities.
Proteins composed of L-amino acids are important constitu-
ents of organisms; high-dimensional asymmetric spaces
constructed by these proteins recognize organic compounds
differently, which results 1n expression of different physi-
ological activities. In the case of pharmaceuticals, differ-
ences 1n pharmacological activities due to easiness of their
binding to specified receptors 1n an organism have been
studied and cases where significant differences in efficacy or
tfoxicity are observed between enantiomeric 1somers are well
known. Under the circumstances, Guideline for the Produc-
fion of Pharmaceuticals i1ssued by Ministry of Health,
Labour and Welfare describes that “in the case where the
drug 1s of a racemic form, 1t 1s desirable that absorption,
distribution, metabolism, and excretion Kinetics of each
1somer be studied 1n advance”.

[0003] Since as described above the physical and chemical
properties of enantiomeric isomers are exactly the same,
analysis cannot be performed by ordinary separation means
and accordingly studies have been intensely made on a
technique for easily and precisely analyzing a wide variety
of enantiomeric 1somers. As a result, as an analyzing tech-
nique that meets these requirements, an optical separation
method by high performance liquid chromatography
(HPLC), in particular an optical separation method by use of
a chiral column for HPLC has been developed. The term
“chiral column”™ as used herein refers to a column with an
asymmetry recognition agent (or chiral selector) itself or
with a chiral stationary phase composed of a carrier having,
carried thereon an asymmetry recognition agent. For

example, optically active poly(triphenylmethyl methacry-
late) (JP 57-150432 A), cellulose or amylose derivative (Y.

Okamoto, M. Kawashima and K. Hatada, J. Am. Chem.
Soc., 106, 5337, 1984), ovomucoid, which is a protein (JP
63-307829 A) and so on have been developed.

[0004] Among these chiral stationary phases for HPLC,
optical separation columns with a silica gel carrying a
cellulose or amylose derivative thereon are known to have
high asymmetry recognition ability for a very wide variety
of compounds. Furthermore, studies on industrial-scale lig-
uid preparative chromatography of optically active sub-
stances by using the above-mentioned chiral stationary
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phase for HPLC and simulated moving bed method in
combination have been in progress (Pharm Tech Japan, vol.

12, 43(1996)).

DISCLOSURE OF THE INVENTION

[0005] An object of the present invention is to provide a
filler for enantiomeric 1somer separation for simulated mov-
ing bed chromatography, having high productivity suitable
for preparative separation by simulated moving bed chro-
matography.

[0006] Another object of the present invention is to pro-
vide a method of producing a filler for such a separation.

[0007] Still another object of the present invention is to
provide an enantiomeric 1somer separation column for simu-
lated moving bed chromatography using the separation filler.

[0008] Yet another object of the present invention is to
provide a method of separating an enantiomeric 1somer
using them.

[0009] Therefore, according to the present invention, there
1s provided a filler for enantiomeric 1somer separation for
simulated moving bed chromatography having a porous
carrier carrying a polysaccharide derivative thereon, char-
acterized 1n that the filler has a TS coeflicient 1n a range of
0.55 to 1.20, the TS coeflicient being defined by the below-
shown formula (I), and obtained by using an enantiomeric
Isomer separation column for simulated moving bed chro-
matography 1n which the filler is filled in a column tube by
a slurry filling method:

7S coefficient=| Ve—[#(TS)—t{(blank) |xFR /| #{TS)-
t(blank) |xFR (D)

[0010] (wherein abbreviations mean the following:

[0011] Vc (ecm”): a column volume;
[0012] FR (ml/min.): a flow velocity;
[0013] t(TS) (min.): an elution time for tetrakis(tri-

methylsilyl)silane (=TS); and

[0014] t(blank) (min.): an elution time for TS in the
state where the column 1s not connected.

[0015] In the present invention, TS coefficient 1s a value
measured under the following conditions).

[0016] <TS Coefficient Measuring Conditions>
0017

0018] Detector: UV detector, detection being per-
formed at a wavelength of 210 nm;

Analyzer: HPLC apparatus;

0019] Moving phase: n-Hexane/2-propanol=9/1 (v/v)

0020] Temperature: 25° C;

0021] Flow velocity: 1/4 to 1/9 of column volume Ve
(cm”)

[0022] Charge amount of TS: a TS solution having
dissolved therein 5.0 mg/ml of TS 1n the moving phase
1s charged 1n Y500 to Y600 of the column volume.

[10023] The “TS coefficient” is a parameter that indicates
separation ability of enantiomeric 1somers derived by ana-
lyzing elution time of tetrakis(trimethylsilyl)silane, which is
an evaluation sample having structurally important charac-
teristics, and calculating 1t based on a standardized calcula-
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fion formula. It indicates that a filler having a specified
numerical range of this parameter (IS coefficient=0.55 to
1.20) 1s very useful as means for producing optically active
substances, 1 particular in HPLC preparative separation of
enantiomeric 1somers. At present, the following three rea-
sons may be given as concelvable reasons for the usefulness
of TS coeflicient as an effective parameter.

[0024] (1) TS 1s a molecule having four bulky trimethyl-
silyl eroups, which 1s relatively large 1n molecular size.

Because of its symmetry, the configuration of molecule 1s of
a structure close to a sphere. When a predetermined amount
of TS 1s charged, TS interacts with pores on the surface of
a porous carrier which have a size suitable for enantiomeric
1Isomer separation of low molecular substances, depending
on 1ts size and shape and 1s eluted from the packed column.
This 1s just like TS observing the surface state of the filler
based on the principle of size exclusion chromatography or
the like. It 1s presumed that a filler having shorter elution
time than a specified elution time is a filler (porous carrier
carrying thereon a polysaccharide derivative) having a
smooth surface and hence having a configuration unsuitable
for enantiomeric 1somer recognition. On the contrary, a filler
having an elution time longer than a specified elution time
has a surface that 1s too rough for performing uniform
molecule recognition, suggesting that 1t 1s disadvantageous

for enantiomeric 1Isomer recognition.

[0025] (2) Since TS is a compound containing five silicon
atoms, 1t can interact with silane compound of silica gel that
is usually in common use as a porous carrier (it is often the
case that silica gel 1s surface-treated with a silane com-
pound). Based on the extremely weak interaction, it is
possible to estimate the ratio of abundance of carrier silica
oel to that of polysaccharide derivative 1n the pore cavity of
the carrier and existence of exposed silica gel site due to
deviation 1n abundance of polysaccharide derivative. For
example, 1f a filler has an elution time longer than a specified
clution time, 1t indicates that the silicon on the silica gel and
TS excessively interact with each other. It 1s conceivable that
this indicates nonspeciiic adsorption by silica gel irrelevant
fo asymmetry recognition or non-uniform coating of
polysaccharide derivative due to existence of exposed silica

oel.

[0026] (3) TS has no functional group that can participate
in 1nteractions generally said to have a high energy, such as
hydrogen bond interaction and dipole interaction. In par-
ticular, when a nonpolar solvent 1s used as a moving phase,
the abundance equilibrium of TS between the stationary
phase (filler) and moving phase (eluant) is considered to be
biased toward the moving phase side.

[0027] Particularly, in an overloaded state (state where a
high pressure is loaded) at the time of HPLC preparative
separation, the abundance equilibrium of TS biased toward
the moving phase side results 1n an unstable elution time.
However, even 1n an overloaded state, 1f the abundance ratio
between space volume and polysaccharide derivative vol-
ume 1s appropriate 1n the 1nside of pores of porous carrier,
the elution time becomes stable. Therefore, the abundance
ratio can be estimated from an elution time, which becomes
an 1mportant mndex for evaluating whether an HPLC pre-
parative separation {iller 1s suitable.

[0028] As stated above, TS coefficient is not only a
parameter showing the separation ability for enantiomeric
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1Isomers but also a parameter that shows the carrying state of
polysaccharide derivative on the surface of the porous
carrier. A method of producing a filler having the same TS
coellicient cannot be achieved merely by using the same
amount of polysaccharide derivative. Obtaining uniform
carrying techniques by coating conditions such as control of
smoothness or roughness of the surface state of filler, a good
stirring method, stirring mode, number of coating, and
amount of coating solvent, 1s also an 1mportant requirement.
The above-mentioned numerous complex interactions can
be estimated from the elution time of TS, which 1s struc-
turally the most suitable compound among an extremely
large number of index compounds, and from TS coeflicient
obtained based thereon according to a calculation formula
set up for standardizing various packing columns. Fillers
whose TS coeflicient 1s 1n a speciiied range exhibit excellent
performance particularly as a filler for HPLC preparative
separation.

[10029] Accordingly, in the present invention, TS coeffi-
cient has been introduced 1n order to make clear the rela-
tionship between the porosity and separation ability of
porous carrier. For example, measurement of TS coeflicient
for a part of fillers 1n the same production lot enables one to
coniirm the separation ability of all the fillers in that pro-
duction lot. This can significantly improve the accuracy of
confirmation of separation ability as compared with the
conventional confirmation means based on the carrying
amount of polysaccharide derivative.

[0030] Further, according to the present invention, there is
provided a method of producing an enantiomeric 1somer
separation filler for simulated moving bed chromatography
described above, the method being characterized by includ-
Ing coating a porous carrier with a polysaccharide derivative
dope 1n a plurality of times.

[0031] By applying such a method, control of the pore
volume becomes easier so that it becomes easier to control
the porosity of the porous carrier. This makes 1t easy to
produce enantiomeric i1somer separation filler having a
desired TS coetlicient. The number of coating is preferably
about 2 to 6 times.

[0032] Further, according to the present invention, there is
provided an enantiomeric isomer separation column for
simulated moving bed chromatography which uses the
above-mentioned enantiomeric 1somer separation filler
(hereinafter referred to as an “enantiomeric isomer separa-
tion column™), and a method of separating enantiomeric
1somers characterized by including performing preparative
separation of enanfiomeric 1somers by simulated moving
bed chromatography by using the above-mentioned enan-
tiomeric 1somer separation filler or the above-mentioned
enantiomeric 1somer separation column.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] The polysaccharide derivative used in the present
invention can be obtained by reacting a polysaccharide with
a compound having a functional group reactive with a
hydroxyl group 1n the polysaccharide.

[0034] The polysaccharide to be used in the present inven-
tion may be any polysaccharide, regardless of whether 1t 1s
a synthetic polysaccharide, a natural polysaccharide or
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modified natural polysaccharide, so far as 1t 1s optically
active. Preferably, 1t has high regularity 1n its binding form.

[0035] Examples of the polysaccharide include f3-1,4-
glucan (cellulose), a-1,4-glucan (amylose, amylopectin),
a-1,6-glucan (dextran), p-1,6-glucan (pustulan), -1,3-glu-
can (for example, curdlan, schizofillan, etc.), c.-1,3-glucan,
3-1,2-glucan (Crown Gall polysaccharide), 3-1,4-galactan,
3-1,4-mannan, a-1,6-mannan, 3-1,2-fructan (inulin), 3-2,6-
fructan (levan), (-1,4-xylan, (3-1,3-xylan, 3-1,4-chitosan,
a.-1,4-N-acetylchitosan (chitin), pullulan, agarose, alginic
acid, etc. as well as amylose-containing starch. Among
these, cellulose, amylose, p-1,4-xylan, [-1,4-chitosan,
chitin, p-1,4-mannan, inulin, curdlan, etc., from which high
purity polysaccharides are readily available, are preferred,
with cellulose and amylose being particularly preferred.

[0036] The number average degree of polymerization
(average number of pyranose or furanose ring contained in
one molecule) of these polysaccharides is preferably 5 or
more, more preferably 10 or more. There 1s no particular
upper limit 1n the number average degree of polymerization
but 1t 1s desirably 1,000 or less 1n consideration of ease of
handling.

[0037] The compound having a functional group reactive
with a hydroxyl group may be any compound so far as it 1s
selected from 1socyanic acid derivatives, carboxylic acids,
esters, acid halides, acid amide compounds, halogen com-
pounds, aldehydes, alcohols and other compounds having
leaving groups. Also, aliphatic, alicyclic, aromatic, or het-
eroaromatic derivatives of these compounds may be used.

[0038] Among the polysaccharide derivatives used in the
present 1nvention, particularly preferred ones include car-
bamate and ester derivatives of polysaccharides (cellulose
and amylose) having 0.1 per glucose unit of a urethane bond
or an ester bond.

[0039] The carrier to be used in the present invention
includes porous organic carrier or porous 1norganic carrier,
with porous 1norganic carrier being preferred.

[0040] Suitable examples of porous organic carrier include
higch polymers such as polystyrene, polyacrylamide, and
polyacrylate. Suitable examples of porous inorganic carrier
include silica, alumina, magnesia, glass, kaolin, titanium
oxide, silicates, hydroxyapatite, etc.

[0041] The average particle diameter of porous carrier is
preferably 1 to 300 um, more preferably 15 to 100 um, still
more preferably 20 to 50 um. The average pore diameter of
the porous carrier 1s preferably 200 to 8,000 Angstroms,
more preferably 200 to 4,000 Angstroms, still more prefer-
ably 300 to 2,000 Angstroms. Note that the particle size of
the porous carrier substantially becomes the particle diam-
cter of the filler.

[0042] A particularly preferred carrier is silica gel, the
particle size of which 1s preferably 1 to 300 um, more
preferably 15 to 100 um, still more preferably 20 to 50 um.
The average pore size thereof i1s preferably 200 to 8,000
Angstroms, more preferably 200 to 4,000 Angstroms, still
more preferably 300 to 2,000 Angstroms. To exclude the
possible mifluence of remaining silanol on the surface, 1t 1s
desirable that surface treatment i1s performed. However,
there 1s no problem 1f no surface treatment 1s performed at

all.
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[0043] As the method of having a polysaccharide deriva-
five carried on a porous carrier, a method of bringing a
porous carrier into contact with a dope of a polysaccharide
derivative dissolved 1n an organic solvent can be applied.
This contacting method 1s not particularly limited and a
method of stirring and contacting them 1n a stirring type
mixer can be applied.

[0044] In this method, it is preferred that a method of
dividing the dope 1nto two to six portions and contacting the
porous carrier with the polysaccharide derivative to have it
carried thereon 1n small amounts 1n, for example, two to six
times be applied since the porosity can be controlled to
adjust TS coeflicient in a narrow range. When the dope 1s
contacted per each portion in two to six times, the amount
of dope 1n each time may be the same or different.

[0045] The method of having a polysaccharide derivative
carried on a porous carrier may be a method of coating a
polysaccharide derivative on a carrier and chemically bond-
ing the carrier and the coated polysaccharide carrier, a
method of chemically bonding polysaccharide derivatives
on a carrier to each other, a method of chemically bonding
polysaccharide derivatives with a third component, a
method of irradiating light on polysaccharide derivatives on
a carrier, a method of irradiating rays such as y-rays on
polysaccharide derivatives on a carrier, a method of using a
reaction caused by 1rradiation of electromagnetic rays such
as microwave, or a method of using a radical reaction with
a free-radical mitiator. By forming further chemical bonds
by such a method, a more firmly fixed filler can be obtained.

[0046] Examples of the enantiomeric isomer separation
filler also include mixtures of the above-mentioned polysac-
charide derivative-carrying filler and another kind of enan-
tiomeric 1somer separation filler or a filler other than enan-
tiomeric 1somer separation filler, for example, silica gel
surface-treated with octadecyl.

[0047] Upon calculation of TS coefficient in the present
invention, an elution time of tetrakis(trimethylsilyl)silane
(hereinafter, referred to as “TS”) in a state where the column
1s connected to a liquid chromatographic apparatus and that
in a state where the column 1s not connected to a liquid
chromatographic apparatus are measured and the TS coel-
ficient defined by the formula (I) described above is calcu-
lated by using the obtained elution times.

|0048] The analytical apparatus used upon this measure-
ment 1s an HPLC apparatus and the detector to be used 1s a
UV detector which can confirm elution of TS and detects 1t
at a wavelength of 210 nm.

[0049] The analytical conditions are the normal phase
conditions, that 1s, elution 1s performed under moving phase
conditions with a hydrophobic solvent as a main constituent.
Specifically, 1t 1s a moving phase having a compositional
ratio n-hexane/2-propanol =9/1 (v/v). Preferably, the ana-
lytical temperature is room temperature (25° C.) and flow
velocity 1s 1/4 to 1/9, particularly 1/4.15 of column volume
Ve(em?), that is, [ Vc®(1/4.15)] ml/min. Furthermore, as for
the charge amount of TS, 1t 1s preferred that a TS solution
having dissolved TS 1n a moving phase thereof at a con-
centration of 5.0 mg/ml 1s placed 1n a volume amount Y400
to Veoo time, particularly Y41s time, as large as that of the
column volume, i.e., [ Vc™(¥415)] ml.

[0050] In the present invention, it is required that the TS
coellicient calculated as described above be 1n a range of
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0.55 to 1.20, and when 1t 1s 1n this range, good separation
ability can be obtained. A preferred range of TS coeflicient
1s 0.55 to 1.0, more preferably 0.60 to 1.0, and still more
preferably 0.7 to 1.0. The TS coeflicient may be in a range
of above 1.0 but not larger than 1.20.

[0051] In the present invention, the carrying amount of the
polysaccharide derivative can be set in a range suitable for
the preparative separation of simulated moving bed chro-
matography. The content of polysaccharide derivative 1n the
enantiomeric 1somer separation filler 1s preferably 23 to 40%
by mass, more preferably 25 to 35% by mass, and still more
preferably 27 to 35% by mass.

[0052] For the enantiomeric isomer separation filler of the
present invention, the mass (kg) of a mixture of enantio-
meric isomers (racemic form) that can be treated a day may
be set to preferably 0.1 to 4 kg-rac./kg-CSP/day, more

preferably 0.1 to 2 kg-rac./kg-CSP/day, and still more pret-
erably 0.2 to 1.5 keg-rac./kg-CSP/day per 1 kg of the filler.

[0053] Since the mass (kg) of racemic form that can be
freated a day can be set 1n the above-mentioned range, the
present 1vention can separate racemic form less expen-
sively than the asymmetric synthesis method or the diaste-
reomer method.

[0054] The enantiomeric isomer separation filler of the
present mvention 1s preferably used for preparative separa-
fion column of simulated moving bed chromatography for
the purpose of obtaining from several mg to several kg of
optically active substances.

[0055] This column has a ratio, L/D, of the length of a

single column (L) to the column inner diameter (D) which
1s preferably 0.01 to 100, more preferably 0.01 to 60, and

still more preferably 0.01 to 30 from the viewpoint of
increasing the separation ability thereof.

BRIEF DESCRIPTION OF THE DRAWINGS
[0056]

In the accompanying drawings:

[0057] FIG. 1 is a schematic diagram illustrating one
example of simulated moving bed according to the present
mvention;

[0058] FIG. 2 is a schematic diagram illustrating another
example of simulated moving bed according to the present
mvention;

10059] FIG. 3 is a chromatogram obtained in Application
Example 2, by using the column of Example 1.

10060] FKIG. 4 is a chromatogram obtained in Application
Example 2, by using the column of Example 2.

[0061] FIG. 5 is a chromatogram obtained in Application
Example 2, by using the column of Example 3.

10062] FIG. 6 is a chromatogram obtained in Application
Example 2, by using the column of Example 4.

10063] FKIG. 7 is a chromatogram obtained in Application
Example 2, by using the column of Example 5.

10064] FIG. 8 is a chromatogram obtained in Application
Example 2, by using the column of Comparative Example 1.

10065] FIG. 9 is a chromatogram obtained in Application
Example 2, by using the column of Comparative Example 2.
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[0066] FIG. 101s a chromatogram obtained in Application
Example 2, by using the column of Comparative Example 3.

[0067] FIG. 11 is a chromatogram obtained in Application
Example 2, by using the column of Comparative Example 4.

[0068] FIG. 12 is a sketch of a continuous liquid prepara-
tive chromatography apparatus of a small-sized simulated
moving bed type used in Application Example 2.

[0069]

[0070] Reference numerals 1 to 12: chambers containing
filler (adsorption chambers), which are connected to each
other;

In the drawings,

0071] Reference numeral 13: an eluant feed line;

0072] Reference numeral 14: an extract drawing line;

0073] Reference numeral 15: an enantiomeric isomer-
containing liquid feed line;

0074] Reference numeral 16: a raffinate drawing line;
0075] Reference numeral 17: a recycling line; and
0076] Reference numeral 18: a pump.

0077] Adsorption separation by simulated moving bed

chromatography 1s practiced by continuously cycling
adsorption operation, concentration operation, desorption
operation, and elution and recovery operation set forth
below as basic operations.

[0078] (1) Adsorption Operation

[0079] A mixture of enantiomeric isomers 1S contacted
with an enantiomeric 1somer separation filler. The enantio-
meric isomer that tends to be readily adsorbed (strongly
adsorbing components) and other enantiomeric isomers that
are difficult to be adsorbed (weakly adsorbing components)
are recovered together with eluant as a ratfinate flow.

[0080] (2) Concentration Operation

[0081] The enantiomeric isomer separation filler having
adsorbed thereon strongly adsorbing components 1s con-
tacted with a portion of the extract described later on to
expel weakly adsorbing components remaining on the enan-
tiomeric 1somer separation filler, thereby concentrating the
strongly adsorbing components.

[0082] (3) Desorption Operation

[0083] The enantiomeric 1somer separation filler contain-
ing concentrated strongly adsorbing components 1s con-
tacted with an eluant to expel the strongly adsorbing com-
ponents from the enantiomeric 1somer separation filler and

the strongly adsorbing components together with the eluant
are recovered as an extract flow.

[0084] (4) Eluant Recovery Operation

[0085] The enantiomeric isomer separation filler having
adsorbed thereon substantially only an eluant is contacted
with a portion of the ratfinate flow and a portion of the eluant
contained 1n the enantiomeric 1somer separation filler 1s
recovered as an eluant recovery tlow.

[0086] In adsorption separation by simulated moving bed
chromatography, the number of columns, 1.e., those having
the above-mentioned L/D ratio used upon performing the
above-mentioned adsorption operation, concentration opera-
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fion, desorption operation and elution recovery operation 1s
preferably from 3 to 36 1n total, more preferably from 3 to
18 and still more preferably from 3 to 12.

[0087] Hereinafter, simulated moving bed chromatogra-
phy will be illustrated based on the drawings. FIG. 1 1s a
schematic diagram 1llustrating one example of simulated
moving bed according to the present invention, and FIG. 2
1s a schematic diagram illustrating another example of
simulated moving bed according to the present invention. In
FIG. 1, the inside of filler bed, which 1s a main part of the
simulated moving bed, 1s divided into 12 unit filler beds. In
FIG. 2, 1t 1s divided 1nto eight unit filler beds. The number
and size of them are determined according to the composi-
tion, flow rate, and pressure loss of the enantiomeric 1somer
mixture-containing solution, the size of apparatus, and the
like factors and are not particularly limaited.

[0088] In FIG. 1, reference numerals 1 to 12 designate
chambers containing filler (adsorption chambers), which are
connected to each other. Reference numeral 13 designates an
cluant feed line, 14 stands for an extract drawing line, 15
indicates an enantiomeric 1Isomer-containing liquid feed line,
16 indicates a raffinate drawing line, 17 indicates a recycling
line, and 18 indicates a pump.

[0089] In the arrangement of adsorption chambers 1 to 12
and respective lines 13 to 16 shown 1 FIG. 1, desorption
operation 1s performed 1n the adsorption chambers 1 to 3, the
concentration operation 1s performed in the adsorption
chambers 4 to 6, the adsorption operation 1s performed 1n the
adsorption chambers 7 to 9, and the eluant recovery opera-
tion 1s performed 1n the adsorption chambers 10 to 12. In
such a simulated moving bed, each feed liquid and each
drawing line are moved 1n the direction of the flow of the
liquid by one adsorption chamber at a fixed time interval by
valve operation. Therefore, in the next arrangement of
adsorption chambers, the desorption operation 1s performed
in the adsorption chambers 2 to 4, the concentration opera-
fion 1s performed in the adsorption chambers 5 to 7, the
adsorption operation 1s performed 1n the adsorption cham-
bers 8 to 10, and the eluant recovery operation 1s performed
in the adsorption chambers 11 to 1. By repeating such
operations 1n sequence, separation treatment of a mixture of
enantiomeric 1somers can be continuously and efficiently
achieved.

[0090] Also, in the arrangement of adsorption chambers 1
to 8 and respective lines 13 to 16 shown i FIG. 2,
desorption operation 1s performed 1n the adsorption chamber
1, the concentration operation 1s performed 1n the adsorption
chambers 2 to 5, the adsorption operation 1s performed in the
adsorption chambers 6 and 7, and the eluant recovery
operation 1s performed 1n the adsorption chamber 8. In such
a simulated moving bed, each feed liquid and each drawing
line are moved 1n the direction of the flow of the liquid by
one adsorption chamber at a fixed time interval by valve
operation. Therefore, 1in the next arrangement of adsorption
chambers, the desorption operation 1s performed in the
adsorption chamber 2, the concentration operation 1s per-
formed 1n the adsorption chambers 3 to 6, the adsorption
operation 1s performed 1n the adsorption chambers 7 and 8,
and the eluant recovery operation 1s performed in the
adsorption chamber 1. By repeating such operations 1n
sequence, separation treatment of a mixture of enantiomeric
1Isomers can be continuously and efficiently achieved.
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[0091] The enantiomeric 1somer separation filler for simu-
lated moving bed chromatography, enantiomeric 1somer
separation column for stmulated moving bed chromatogra-
phy, and method of separating enantiomeric 1Isomers accord-
ing to the present invention can be applied not only to
enantiomeric 1Isomer analyzing techniques in which a wide
variety of chiral compounds are preparatively separated and
optically resolving at a high productivity 1n the analysis of
particularly drugs, foods, agricultural chemicals, perfumes,
ctc. but also to enantiomeric 1somer separation on an 1ndus-
trial scale using stmulated moving bed.

[0092] The present invention can provide an enantiomeric
1somer separation filler and an enantiomeric 1somer separa-

fion column which have high productivity suitable for
preparative separation by simulated moving bed chromatog-
raphy.

EXAMPLES

[0093] Hereinafter, the present invention will be described
in detail by examples. However, the present invention
should not be considered to be limited to the examples.

Example 1

[0094] (Amylose tris(3,5-dimethylphenyl carbamate)—
Carrying Enantiomeric Isomer Separation Filler Having a
TS Coefficient =0.976)

[0095] (1) Synthesis of amylose tris (3,5-dimethylphenyl
carbamate)

[0096] Under nitrogen atmosphere, 100 g of amylose and
850 g of 3,5-dimethylphenyl 1socyanate were heated and
stirred in 4 liters of dry pyridine at 100° C. for 60 hours and
the reaction mixture was poured mto 60 liters of methanol.
The solids deposited were filtered and washed with metha-
nol, and then dried under vacuum at 60° C. for 15 hours. As

a result, 335 g (yield 90%) of yellowish white powdery solid
was obtained.

[0097] (2) Carrying amylose tris(3, 5-dimethylphenyl car-
bamate) on a Silica Gel Carrier

[0098] The amylose tris(3,5-dimethylphenyl carbamate)
(87.5 g) obtained in (1) described above was dissolved in a
8.5-fold amount (wt/vol), i.e., 747 ml, of ethyl acetate. In a
planetary stirrer type mixer, 162.5 ¢ of surface 1nactivation
treated silica gel (average particle diameter: 20 um, average
pore size: 1,300 Angstroms) were charged and uniformly
coated with a ¥4 portion of the polymer dope. After comple-
fion of the coating, the solvent was distilled off under
heating and under reduced pressure conditions. This proce-
dure was repeated four times to obtain the objective amylose
tris(3,5-dimethylphenyl carbamate)-carrying type filler hav-
ing a TS coeflicient of 0.976.

[0099] (3) Preparation of a Packed Column for HPLC
From the Prepared Filler

[0100] The amylose tris(3,5-dimethylphenyl carbamate)-
carrying liller having a TS coeflicient of 0.976 prepared 1n
(2) described above was packed in a stainless steel made
column having a length of 25 cm, an mner diameter of 0.46
cm (L/D=54.3) by a slurry packing method to prepare an
enantiomeric 1somer separation column.

Example 2

[0101] (Amylose tris(3,5-dimethylphenyl carbamate)—
Carrying Enantiomeric Isomer Separation Filler Having a
TS Coefficient of 0.573)
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[0102] (1) Synthesis of amylose tris (3,5-dimethylphenyl
carbamate)

[0103] With the same technique as that in Example 1 (1),
amylose tris (3,5-dimethylphenyl carbamate) was prepared.

[0104] (2) Carrying amylose tris(3,5-dimethylphenyl car-
bamate) on a Silica Gel Carrier

[0105] The amylose tris(3,5-dimethylphenyl carbamate)
(2 g) obtained in (1) described above was dissolved in 20 ml
of a mixed solvent composed of chloroform/DMAc=9/1
(vol/vol) (10-fold amount (wt/vol)). In a 300-ml three-
necked flask, 8 ¢ of the surface 1nactivation treated silica gel
used in Example 1 (2) was charged, a half amount of the
polymer dope was added thereto and umiformly coated
thereon by using a vane-type stirring rod. After completion
of the coating, the solvent was distilled off under heating and
under reduced pressure conditions. This procedure was
repeated to obtain the objective amylose tris(3,5-dimeth-

ylphenyl carbamate)—carrying filler having a TS coefficient
of 0.573.

[0106] (3) Preparation of a Packed Column for HPLC
From the Prepared Filler

[0107] The amylose tris(3,5-dimethylphenyl carbam-
ate)—carrying filler having a TS coefficient of 0.573 pre-
pared in (2) described above was packed in a stainless steel
made column having a length of 25 cm, an 1nner diameter of
0.46 cm by a slurry packing method to prepare an enantio-
meric 1Isomer separation column.

Example 3

[0108] (Amylose tris(3,5-dimethylphenyl carbamate)—
Carrying Enantiomeric Isomer Separation Filler Having a
TS Coefficient of 1.092)

[0109] (1) Synthesis of amylose tris (3,5-dimethylphenyl
carbamate)

[0110] With the same technique as that in Example 1 (1),
amylose tris (3,5-dimethylphenyl carbamate) was prepared.

[0111] (2) Carrying amylose tris (3, 5-dimethylphenyl
carbamate) on a Silica Gel Carrier

[0112] The amylose tris(3,5-dimethylphenyl carbamate)
(3.6 g) obtained in (1) above was dissolved in a 7.5-fold
amount (wt/vol), 1.e., 27.7 ml, of mixed solvent of chloro-
form/DMAc=9/1 (vol/vol) In a 100-ml wide-mouthed egg-
plant type flask, 5.4 g of the surface 1nactivation treated
silica gel used in Example 1 (2) was charged. Then, about
6.9 ml of the polymer dope was dripped to the silica gel and
stirred with a spatula to uniformly coat the silica gel there-
with. After completion of the coating, the solvent was
air-dried at room temperature. By repeating this procedure,
the objective amylose tris(3,5-dimethylphenyl carbamate)-
carrying filler having a TS coeflicient of 1.092 was obtained.

[0113] (3) Preparation of a Packed Column for HPLC
From the Prepared Filler

[0114] The amylose tris(3,5-dimethylphenyl carbam-
ate)—carrying filler having a TS coefficient of 1.092 pre-
pared in (2) described above was packed 1n a stainless steel
made column having a length of 25 cm, an inner diameter of
0.46 cm (L/D=54.3) by a slurry packing method to prepare
an enantiomeric 1somer separation column.
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Example 4

[0115] (Amylose tris(3,5-dimethylphenyl carbamate)—
Carrying Enantiomeric Isomer Separation Filler Having a
TS Coefficient of 0.796)

[0116] (1) Synthesis of amylose tris (3,5-dimethylphenyl
carbamate)

[0117] With the same technique as that in Example 1 (1),
amylose tris (3,5-dimethylphenyl carbamate) was prepared.

[0118] (2) Carrying amylose tris (3, 5-dimethylphenyl
carbamate) on a Silica Gel Carrier

[0119] The amylose tris(3,5-dimethylphenyl carbamate)
(750 g) obtained in (1) above was dissolved in a 8.8-fold
amount (wt/vol), 1.e., 6.6 liters, of chloroform/DMAc=95/5
(vol/vol). In a planetary stirrer type mixer, 1.75 kg of surface
inactivation treated silica gel used in Example 1 (2) was
charged and uniformly coated with a '3 portion of the
polymer dope. After completion of the coating, the solvent
was distilled off under heating and under reduced pressure
conditions. This procedure was repeated three times to
obtain the objective amylose tris (3,5-dimethylphenyl car-
bamate)—carrying type filler having a TS coefficient of

0.796.

[0120] (3) Preparation of a Packed Column for HPLC
From the Prepared Filler

[0121] The amylose tris(3,5-dimethylphenyl carbamate)-
carrying filler having a TS coeflicient of 0.796 prepared 1n
(2) above was packed in a stainless steel made column
having a length of 25 c¢m, an 1nner diameter of 0.46 cm by
a slurry packing method to prepare an enantiomeric 1somer
separation column.

Example 5

[0122] (Amylose tris(3,5-dimethylphenyl carbamate)—
Carrying Enantiomeric Isomer Separation Filler Having a
TS Coefficient of 0.645)

[0123] (1) Synthesis of amylose tris (3,5-dimethylphenyl
carbamate)

[0124] With the same technique as that in Example 1 (1),
amylose tris (3,5-dimethylphenyl carbamate) was prepared.

[0125] (2) Carrying amylose tris(3,5-dimethylphenyl car-
bamate) on a Silica Gel Carrier

[0126] The amylose tris(3,5-dimethylphenyl carbamate)
(12.5 g) obtained in (1) above was dissolved in 125 ml of

ethyl acetate (10-fold amount (wt/vol)). In a 500-ml three-
necked flask, 37.5 g of surface 1nactivation treated silica gel
was charged. Then, a half amount of the polymer dope was
added and uniformly coated on the silica gel by using a
vane-type stirring rod. After completion of the coating, the
solvent was distilled off under heating and under reduced

pressure conditions. By repeating this procedure, the objec-
tive amylose tris(3,5-dimethylphenyl carbamate }—carrying
filler having a TS coelflicient of 0.645 was obtained.

[0127] (3) Preparation of a Packed Column for HPLC
From the Prepared Filler

[0128] The amylose tris (3, 5-dimethylphenyl carbam-
ate)—carrying filler having a TS coefficient of 0.645 pre-
pared in (2) above was packed in a stainless steel made
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column having a length of 25 cm, an iner diameter of 0.46
cm by a slurry packing method to prepare an enantiomeric
Isomer separation column.

Comparative Example 1

[0129] (Amylose tris(3,5-dimethylphenyl carbamate)—
Carrying Enantiomeric Isomer Separation filler Having a TS
Coefficient of 0.342)

[0130] (1) Synthesis of amylose tris (3,5-dimethylphenyl
carbamate)

[0131] With the same technique as that in Example 1 (1),
amylose tris (3,5-dimethylphenyl carbamate) was prepared.

[0132] (2) Carrying amylose tris(3,5-dimethylphenyl car-
bamate) on a Silica Gel Carrier

[0133] The amylose tris(3,5-dimethylphenyl carbamate)
(2.5 g) obtained in (1) described above was dissolved in 25
ml of ethyl acetate (10-fold amount (wt/vol)). In a 300-ml
three-necked flask, 22.5 ¢ of the surface 1nactivation treated
silica gel used in Example 1(2) was charged. Then, the total
amount of the polymer dope was added and uniformly
coated on the silica gel by using a vane-type stirring rod.
After completion of the coating, the solvent was distilled off
under heating and under reduced pressure conditions to
obtain the objective amylose tris(3,5-dimethylphenyl car-
bamate)—carrying filler having a TS coefficient of 0.342.

[0134] (3) Preparation of a Packed column for HPLC
From the Prepared Filler

[0135] The amylose tris(3,5-dimethylphenyl carbam-
ate)—carrying filler having a TS coefficient of 0.342 pre-
pared in (2) described above was packed 1n a stainless steel
made column having a length of 25 cm, an 1nner diameter of
0.46 cm by a slurry packing method to prepare an enantio-
meric 1Isomer separation column.

Comparative Example 2

[0136] (Amylose tris(3,5-dimethylphenyl carbamate)—
Carrying Enantiomeric Isomer Separation Filler Having a
TS Coefficient of 0.289)

[0137] (1) Synthesis of amylose tris (3,5-dimethylphenyl
carbamate)

[0138] With the same technique as that in Example 1 (1),
amylose tris (3,5-dimethylphenyl carbamate) was prepared.

[0139] (2) Carrying amylose tris (3,5-dimethylphenyl car-
bamate) on a Silica Gel Carrier

[0140] The amylose tris(3,5-dimethylphenyl carbamate)
(0.3 g) obtained in (1) described above was dissolved in a
6.6-fold amount (wt/vol), i.e., 2 ml, of ethyl acetate. In a
100-ml wide-mouthed egg-plant type flask, 5.7 g of the
surface inactivation treated silica gel used in Example 1 (2)
was charged. Then, total amount of the polymer dope was
dripped to the silica gel and stirred with a spatula to
uniformly coat the silica gel therewith. After completion of
the coating, the solvent was air-dried at room temperature to
be removed. By this procedure, the objective amylose tris
(3,5-dimethylphenyl carbamate)—carrying filler having a
TS coefhicient of 0.289 was obtained.
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[0141] (3) Preparation of a Packed Column for HPLC
From the Prepared Filler

[0142] The amylose tris(3,5-dimethylphenyl carbam-
ate)—carrying filler having a TS coefficient of 0.289 pre-
pared in (2) above was packed in a stainless steel made
column having a length of 25 ¢cm, an mner diameter of 0.46
cm by a slurry packing method to prepare an enantiomeric
Isomer separation column.

Comparative Example 3

[0143] (Amylose tris(3,5-dimethylphenyl carbamate)—
Carrying Enantiomeric Isomer Separation Filler Having a
TS Coefficient of 0.435)

[0144] (1) Synthesis of amylose tris (3,5-dimethylphenyl
carbamate)

[0145] With the same technique as that in Example 1 (1),
amylose tris (3,5-dimethylphenyl carbamate) was prepared.

[0146] (2) Carrying amylose tris(3,5-dimethylphenyl car-
bamate) on a Silica gel Carrier

[0147] The amylose tris(3,5-dimethylphenyl carbamate)
(1.65 g) obtained in (1) described above was dissolved in a
8.0-fold amount (wt/vol), i.e., 13.2 ml, of ethyl acetate. In a
200-ml wide-mouthed egg-plant type flask, 9.35 ¢ of the
surface inactivation treated silica gel used in Example 1 (2)
was charged. Then, a half amount of the polymer dope was
dripped to the silica gel and stirred with a spatula to
uniformly coat the silica gel therewith. After completion of
the coating, the solvent was distilled off 1n a hot water bath
under reduced conditions by use of an aspirator while
rotating the flask by an evaporator. By repeating this pro-
cedure, the objective amylose tris(3, 5-dimethylphenyl car-
bamate)—carrying filler having a TS coefficient of 0.435
was obtained.

[0148] (3) Preparation of a Packed Column for HPLC
From the Prepared Filler

[0149] The amylose tris(3,5-dimethylphenyl carbam-
ate)—carrying filler having a TS coefficient of 0.435 pre-
pared in (2) above was packed in a stainless steel made
column having a length of 25 cm, an mner diameter of 0.46
cm by a slurry packing method to prepare an enantiomeric
Isomer separation column.

Comparative Example 4

[0150] Enantiomeric isomer separation filler (CHIRAL-
PAKAD, trade name for a product by Daicel Chemical
Industries, Ltd.) as a filler was packed in a stainless steel
made column having a length of 25 cm and an 1nner
diameter of 0.46 cm by a slurry packing method to prepare

an enantiomeric 1somer separation column. Upon measure-
ment, the obtained filler had a TS coethicient of 0.501.

Application Example 1

[0151] By using enantiomeric isomer separation columns
for HPLC packed with fillers of silica gel carrying thereon
amylose tris(3,5-dimethylphenyl carbamate) preparations
prepared in Examples 1 to Sand Comparative Examples 1 to
4, respectively, liquid chromatography was performed under
the following conditions to measure elution time of TS
(tetrakis(trimethylsilyl) silane) [t(TS) (min.)] and TS coef-
ficients were calculated therefrom according to the follow-
ing formula. The measured TS elution time and calculated
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TS coethicients are shown 1n Table 1. Note that the elution
time of TS 1n a state where no column was connected was
0.16 minutes.

[0152] <Analytical Conditions Upon TS Measurement>

[0153] Moving phase: n-hexane/2-propanol=9/1 (v/v)

[0154] Flow velocity: 1.0 ml/min.

[0155] Temperature: 25° C.

[0156] Detection: 210 nm

[0157] Charged TS concentration: 5.0 mg/ml (moving
phase)

[0158] <Calculation Formula>

Ve:23x3.14x25=4.15 cm>, FR: 1.0 mi/min., t(blank):

0.16 min.
TS coefficient=[4.15-[#(T5)-0.16]x1.0)/]#(T5)-0.16
1.0
[0159]
TABLE 1
Content of Number of TS
polysaccharide coating elution
Separation derivative times of time TS
column (mass %) dope (min) coefficient
Ex. 1 35 4 2.21 0.976
2 20 2 2.72 0.573
3 40 4 2.10 1.092
4 30 3 2.41 0.796
5 25 2 2.61 0.645
Com. 1 10 ] 3.15 0.342
Ex. 2 5 3.27 0.289
3 15 2.96 0.435
4 — — 2.84 0.501

Application Example 2

[0160] 50 ul of a solution in which 50 mg of compound I
of the formula below 1s dissolved 1n 1.0 ml of moving phase
(ethanol) was charged in the enantiomeric isomer separation
columns prepared in Examples 1 to 5 Comparative Example

1 to 4 to obtain chromatograms shown i FIGS. 3 to 11,
respectively.
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Compound I

O .

RN
.

[0161] Furthermore, the fillers prepared in Examples 1 to
5 and Comparative Examples 1 to 4 were packed 1n adsorp-
tion chambers 1 to 8 of a small-sized simulated moving bed
type continuous liquid preparative chromatography appara-
tus shown 1n FIG. 12, compound I of the formula above was
actually separated therein under the conditions set forth
below and then raffinate component productivity of each
filler was determined. The results obtained are shown in
Table 2. The optical purity of the obtained ratfinate compo-
nents were all 97% ee or more.

[0162] <Preparative Separation Conditions>

0163] Temperature: 25° C.

0164] Moving phase: Ethanol

0165] Step time: 1.5 min.

0166] Feed concentration (concentration of compound

()—containing ethanol solution): 50 mg/ml
[0167] Detection wavelength: 270 nm

[0168] Note that each flow velocity shown in Table 2 has
the following meaning.

eed flow velocity: Flow velocity of compoun
0169] Feedfl locity: F1 locity of d
(I)—containing ethanol from line 15

[0170] Flow velocity of raffinate: Flow velocity in line

16
0171] Flow velocity of extract: Flow velocity in line 14
0172] Flow velocity of eluant: Flow velocity of ethanol

from line 13

TABLE 2
Content of Flow Flow Flow
poly- Feed velocity  velocity  velocity
sacchartde TS Chroma- How of of of
derivative  coefh- togram velocity  raffinate extract eluvant  Produc-
Filler (mass %)  cient (Figure)  (ml/min) (ml/min) (ml/min) (ml/min) tivity**
Ex. 1 35 0.976 FIG. 3 0.90 5.33 15.31 19.74 1.73
2 20 0.573 FIG. 4 0.79 3.43 6.73 9.37 1.51
3 40 1.092 FIG. 5 0.66 7.46 18.19 24.99 1.25
4 30 0.796 FIG. 6 0.99 4.777 10.14 13.92 1.89
5 25 0.645 FIG. 7 1.13 4.28 8.99 12.14 2.15
Com. 1 10 0.342 FIG. 8 Impossible to preparatively separate
Fx. 2 5 0.289 FIG. 9 [mpossible to preparatively separate
3 15 0.435  FIG. 10 0.56 2.68 4.67 6.79 1.07
4 — 0.501 FIG. 11 0.44 3.54 6.15 9.25 0.84

*Ikg-rac./kg-CSP/day
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What 1s claimed 1s:

1. A filler for enantiomeric 1somer separation for simu-
lated moving bed chromatography having a porous carrier
carrying a polysaccharide derivative thercon, wherein the
filler has a TS coetlicient 1n a range of 0.55 to 1.20, the TS
coefficient being defined by the below shown formula (I),
obtained by using an enantiomeric 1somer separation column
for simulated moving bed chromatography in which the
filler 1s filled 1n a column tube by a slurry filling method:

7S coefficient=| Ve—|t(TS)-t(blank) [x FR /| t(TS)-
t(blank) |xFR (D)

(wherein abbreviations mean the following;:
Ve (cm®) : a column volume;
FR (ml/min.): a flow velocity;

t(TS) (min.): an elution time for tetrakis(trimethylsilyl-
)silane (=TS); and

t(blank) (min.) : an elution time for TS in the state where

the column is not connected).

2. The filler for enantiomeric 1somer separation for simu-
lated moving bed chromatography according to claim 1,
wherein the TS coefhicient 1s 0.55 to 1.0.

3. The filler for enantiomeric 1somer separation for simu-
lated moving bed chromatography according to claim 1,
wherein the TS coeflicient 1s above 1.0 and not greater than
1.20.

4. The filler for enantiomeric 1somer separation for simu-
lated moving bed chromatography according to claim 1,
wherein the porous carrier 1s silica gel having a particle
diameter of 1 #m to 300 um and an average pore diameter
of 200 Angstroms to 8,000 Angstroms.

5. The filler for enantiomeric 1somer separation for simu-
lated moving bed chromatography according to any one of
claims 1 to 4, wherein the polysaccharide derivative 1is
cellulose ester derivatives, cellulose carbamate derivatives,
amylose ester derivatives or amylose carbamate derivatives.

6. The filler for enantiomeric 1somer separation for simu-
lated moving bed chromatography according to claim 1,
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wherein the carrying amount of polysaccharide derivative in
the enantiomeric 1somer separation filler for stmulated mov-
ing bed chromatography 1s 23 to 40% by mass.

7. The filler for enantiomeric 1somer separation for simu-
lated moving bed chromatography according to claim 1,
wherein the carrying amount of polysaccharide derivative in
the enantiomeric 1somer separation filler for stmulated mov-
ing bed chromatography 1s 25 to 35% by mass.

8. The filler for enantiomeric 1somer separation for simu-
lated moving bed chromatography according to claim 1,
wherein the filler has an ability of treating a mixture of
enantiomeric isomers (racemic form) at a rate such that mass
(kg) of racemic form treated per 1 kg of the filler a day is 0.1
to 4 kg-rac./kg-CSP/day.

9. A method of producing the enantiomeric 1somer sepa-
ration filler for simulated moving bed chromatography
according to claim 1, comprising coating a porous carrier
with a polysaccharide derivative dope 1n a plurality of times.

10. An enantiomeric 1somer separation column for simu-
lated moving bed chromatography, comprising a column
having packed therein the enantiomeric 1somer separation
filler for simulated moving bed chromatography as set forth
in claim 1.

11. The enantiomeric 1somer separation column for simu-
lated moving bed chromatography according to claim 10,
wherein the column has a ratio of column length (L) to

column inner diameter (D), L/D, of 0.01 to 100.

12. A method of separating enantiomeric 1somers, com-
prising performing preparative separation of enantiomeric
1somers by simulated moving bed chromatography by using
the enantiomeric 1somer separation filler for stmulated mov-
ing bed chromatography as set forth in claim 1.

13. A method of separating enantiomeric 1somers, com-
prising performing preparative separation of enantiomeric
1somers by simulated moving bed chromatography by using
the enantiomeric 1somer separation column for simulated
moving bed chromatography as set forth in claim 10 or 11.

% o *H % x
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