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57 ABSTRACT 

A process for separating optical isomers in a simulated 
moving bed system, which comprises introducing a solution 
containing an optical isomer mixture and a desorbing liquid 
into a packed bed containing an optical resolution packing 
therein and having front and rear ends thereof connected to 
each other endlessly via a fluid passage to circulate a fluid 
unidirectionally and at the same time drawing out a solution 
containing one of the separated isomers and another solution 
containing the other isomer from the packed bed, wherein a 
port 13 for introducing a desorbing liquid, a port 14 for 
drawing out a solution containing a strongly adsorbable 
optical isomer, i.e. an extract, a port 15 for introducing a 
solution containing a mixture of optical isomers, and a port 
16 for drawing out a solution containing a weakly adsorb 
able optical isomer, i.e. a raffinate, are arranged in the 
packed bed in this order along the direction of fluid flow and 
the positions of these ports are successively moved in the 
direction of fluid flow in the packed bed intermittently. 

14 Claims, 1 Drawing Sheet 
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1. 

PROCESS FOR SEPARATING OPTICAL 
SOMERS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a reissue continuation of U.S. Ser: No. 
08/516,844, filed Aug. 18, 1995, now abandoned, which is a 
reissue application of U.S. Pat. No. 5, 126,055, issued Aug. 
21, 1991. 

INDUSTRIAL APPLICABILITY 

The present invention relates to a novel process for 
separating optical isomers. 

BACKGROUND ART 

As well known in the art, optical isomers generally have 
different activities to living bodies, even though they are 
chemically the same compounds. Accordingly, in the fields 
of pharmaceuticals, pharmaceutical manufacture and 
biochemistry-related industries, it is an extremely important 
task to prepare optically pure compounds in order to 
improve the efficacy of pharmaceuticals per unit dose and to 
avoid the side effects and damages caused by pharmaceuti 
cals. The separation of an optical isomer mixture, that is, 
optical resolution, has been performed according to the 
diastereomer method, the crystallization method, the 
enzyme method and the separating membrane method. In 
these methods, however, the types of compounds for which 
optical resolution is feasible are often limited, so that they 
are not suitable for general purposes. Although chromatog 
raphy is available for such separation, currently known 
chromatographic methods are of batch type, so that noncon 
tinuous and nonsteady operations are inevitable and hence 
they are not suitable for the separation in a large quantity. In 
addition, a large quantity of an eluent is needed to and the 
concentration of the desired compound in an eluate is 
extremely low, so that there has been a drawback that much 
energy and complicated process are required for recovery. 
Therefore, the development of a method capable of efficient 
separation in a large quantity has been desired in the art. 

DISCLOSURE OF THE INVENTION 

The present invention provides a novel process capable of 
efficiently separating an optical isomer. The present inven 
tors have made extensive studies to find out that efficient 
separation of an optical isomer in a large quantity can be 
performed by the use of a simulated moving bed system, 
which has led to the completion of the present invention. 

Accordingly, the present invention relates to a process for 
separating optical isomers in a simulated moving bed 
system, characterized by introducing a solution containing 
an optical isomer mixture and a desorbing liquid into a 
packed bed containing an optical resolution packing therein 
and having front and rear ends thereof connected to each 
other endlessly via a fluid passage to circulate a fluid 
unidirectionally and at the same time drawing out a solution 
containing one of the separated isomers and another solution 
containing the other isomer from the packed bed, wherein a 
port for introducing a desorbing liquid, a port for drawing 
out a solution containing a strongly adsorbable optical 
isomer, i.e. an extract, a port for introducing a solution 
containing an optical isomer mixture, and a port for drawing 
out a solution containing a weakly adsorbable optical 
isomer, i.e. a raftinate, are arranged in the packed bed in this 
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2 
order along the direction of fluid flow and the positions of 
these ports are successively moved in the direction of fluid 
flow in the packed bed intermittently. 
The simulated moving bed system means a system in 

which ports for introducing a desorbing liquid and ports for 
drawing out an adsorbate fluid are arranged in a packed bed 
containing a solid adsorbent therein and having front and 
rear ends thereof connected to each other via a fluid passage 
to circulate a fluid, along the direction of fluid flow in the 
bed, an upstream introduction port and an upstream draw 
out port being successively changed over by the downstream 
counterparts at given time intervals, respectively, to thereby 
separate a feedstock fluid into a component (adsorbate 
component) which is relatively strongly adsorbed by the 
solid adsorbent and a component (nonadsorbate component) 
which is relatively weakly adsorbed by the solid adsorbent. 
The simulated moving bed system perse is known in the art 
(see for example, Japanese Patent Publication No. 15681/ 
1967). This simulated moving bed technology has been 
utilized in, for example, the manufacture of fructose, the 
separation of maltose and the recovery of coenzyme. 
However, no prodess for separating optical isomers by the 
use of a simulated moving bed system is known at all. 

Preferred embodiments of the process of the present 
invention for separating optical isomers using a simulated 
moving bed system will now be described in greater detail. 
In the present invention, the packed bed of the simulated 
moving bed system contains therein a packing, such as a 
silica gel having carried thereon an optically active high 
molecular compound, e.g., a polysaccharide derivative such 
as esters and carbamates of amylose and cellulose, a poly 
acrylate derivative and a polyamide derivative, a particulate 
material prepared from a polymer per se and a silica gel 
having carried thereon a low-molecular compound having 
an optical resolution capability, e.g., crown ether and cyclo 
dextrin derivatives, which packing is known as an optical 
resolution packing. The packed bed has front and rear ends 
thereof connected to each other endlessly via a fluid passage 
to circulate a fluid unidirectionally. Introduced into the 
packed bed are a solution containing an optical isomer 
mixture and a desorbing liquid comprising an organic 
solvent. e.g., an alcohol Such as methanol or isopropanol, a 
hydrocarbon such as hexane, and/or an aqueous solution 
containing a salt such as copper sulfate or a perchlorate salt. 
At the same time, a solution containing one optical isomer 
and a solution containing another optical isomer are drawn 
out of the packed bed. A port for introducing a desorbing 
liquid, a port for drawing out a solution containing a strongly 
adsorbable optical isomer, i.e. an extract, a port for intro 
ducing a solution containing an optical isomer mixture, and 
a port for drawing out a solution containing a weakly 
adsorbable optical isomer, i.e. a raffinate, are arranged in the 
packed bed in this order along the direction of fluid flow and 
the positions of these ports are successively moved in the 
direction of fluid flow in the packed bed intermittently. 

In the adsorption and separation by the simulated moving 
bed system according to the present invention, the following 
operations of adsorption, concentration, desorption, and 
desorbing liquid recovery as the basic operations are con 
tinuously carried out in circulation. 

(1) ADSORPTION 
The optical isomer mixture is brought into contact with 

the packing, so that a strongly adsorbable optical isomer 
(strongly adsorbable component) is adsorbed while another 
weakly adsorbable optical isomer (weakly adsorbable 



Re. 35.919 
3 

component) is recovered as a raffinate flow together with the 
desorbing liquid. 

(2) CONCENTRATION 
The packing having the strongly adsorbable component 

adsorbed thereon is brought into contact with part of the 
extract described below, so that the weakly adsorbable 
component remaining on the packing is expelled and the 
strongly adsorbable component is concentrated. 

(3) DESORPTION 
The packing containing the concentrated strongly adsorb 

able component is brought into contact with the desorbing 
liquid, so that the strongly adsorbable componentis expelled 
from the packing and recovered together with the desorbing 
liquid as an extract flow. 

(4) DESORBING LIQUID RECOVERY 
The packing having substantially only the desorbing 

liquid adsorbed thereon is brought into contact with part of 
the raffinate flow, so that part of the desorbing liquid 
contained in the packing is recovered as a desorbing liquid 
recovery flow. 

BRIEF DESCRIPTION OF THE DRAWTNGS 

FIG. 1 is a schematic diagram showing one form of the 
simulated moving bed system to be used in the present 
invention; and 

FIG. 2 is a schematic diagram showing another form of 
the simulated moving bed system to be used in the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODMENTS 

In the drawings, 
1-12: adsorbing chamber 
13: desorbing liquid feeding line 
14: extract draw-out line 
15: feeding line for a solution containing an optical isomer 
16: raffinate draw-out line 
17: recycle line 
18: pump. 
The process of the present invention will now be 

described by referring to the drawings. 
FIG. 1 is a schematic diagram showing one form of the 

simulated moving bed system to be used in the present 
invention; and FIG. 2 is a schematic diagram showing 
anotherform of the simulated moving bed system to be used 
in the present invention. In FIG. 1, the inside of the packed 
bed constituting the principal part of the simulated moving 
bed is partitioned into 12 packed bed units, while in FIG. 2, 
it is partitioned into 8 packed bed units. The number and the 
size of such packed bed units are selected depending on the 
composition, concentration, flow rate and pressure loss of 
the solution containing an optical isomer mixture and on the 
size of the apparatus, and are not particularly limited. 

In the drawings, numerals 1 to 12 represent chambers in 
which a packing is incorporated (adsorbing chamber) and 
which are connected with one another, numeral 13 repre 
sents a desorbing liquid feeding line, numeral 14 represents 
an extract draw-out line, 15 represents a feeding line for a 
solution containing an optical isomer, 16 represents a raffi 
nate draw-out line, 17 represents a recycle line, and 18 
represents a pump. 

In the arrangement of the adsorbing chambers 1 to 12 and 
the lines 13 to 16 indicated in FIG. 1, desorption is per 
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4 
formed in the adsorbing chambers 1 to 3, concentration in 
the adsorbing chambers 4 to 6, adsorption in the adsorbing 
chambers 7 to 9, and desorbing liquid recovery in the 
adsorbing chambers 10 to 12. In such a simulated moving 
bed system, each of the feeding lines and draw-out lines is 
moved for a distance corresponding to one adsorbing cham 
ber in the direction of fluid flow by manipulating valves at 
given time intervals. Accordingly, in the resulting arrange 
ment of the adsorbing chambers, desorption is performed in 
the adsorbing chambers 2 to 4, concentration in the adsorb 
ing chambers 5 to 7. adsorption in the adsorbing chambers 
8 to 10 and desorbing liquid recovery in the adsorbing 
chambers 11 to 1. By successively performing these 
operations, the separation of an optical isomer mixture is 
accomplished continuously and efficiently. 

In the arrangement of the adsorbing chambers 1 to 8 and 
lines 13 to 16 indicated in FIG. 2, desorbing liquid recovery 
is performed in the adsorbing chamber 1, adsorption in the 
adsorbing chambers 2 to 5, concentration in the adsorbing 
chambers 6 to 7, and desorption in the adsorbing chamber 8. 
In such a simulated moving bed system, each of the feeding 
lines and draw-out lines is moved for a distance correspond 
ing to one adsorbing chamber in the direction of fluid flow 
by manipulating valves at given time intervals. Accordingly, 
in the resulting arrangement of the adsorbing chambers, 
desorbing liquid recovery is performed in the adsorbing 
chamber 2, adsorption in the adsorbing chambers 3 to 6. 
concentration in the adsorbing chambers 7 to 8, and des 
orption in the adsorbing chamber 1. By successively per 
forming these operations, the separation of an optical isomer 
mixture is accomplished continuously and efficiently. 

EFFECT OF THE INVENTION 

The industrial effect of the process of the present inven 
tion for separating optical isomers according to a simulated 
moving bed system is remarkably excellent, because this 
process allows an optical isomer mixture to be separated 
continuously and efficiently, works well even with a reduced 
amount of a desorbing liquid used, and can deal with a large 
amount of optical isomers. 

EXAMPLES 

The present invention will now be described in more 
detail by referring to the following Examples, though it is 
not limited to these Examples only. 

EXAMPLE 1. 

1,3-Butanediol diacetate was fed at a rate of 6 ml/min 
(total concentration of isomers: 1000 mg/ml) into a simu 
lated moving bed apparatus comprised of 8 connected 
columns, as adsorbing chambers, each having a diameter of 
2 cm and a length of 50 cm and containing a packing for use 
in the separation of an optical isomer (Chiralcel OB of 20 
um in particle diameter manufactured by Daicel Chemical 
Industries, Ltd.). As a desorbing liquid, a solution prepared 
by mixing hexane with isopropanol in a ratio of 9 to 1 was 
fed at a rate of 27.9 ml/min. 
As a result, an extract containing a strongly adsorbable 

isomer was obtained at a rate of 26.6 ml/min (concentration: 
103.7 mg/ml), and a raffinate containing a weakly adsorb 
able isomer was obtained at a rate of 7.3 ml/min 
(concentration: 411.4 mg/ml). 

COMPARATIVE EXAMPLE 1. 

The same feedstock was separated by a batch system 
using a single column containing the same packing as the 
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one used in Example 1 to compare the throughput and the 
usage of desorbing liquid. The results are given in Table 1. 

TABLE 1. 

Simulated 
moving Batch 

bed system system 

Throughput per unit time and 2.4 0.084 
unit packing (mg/ml-bed-min) 
Usage of desorbing liquid 00093 2.0 
(ml/mg feedstock) 

It is apparent from Table 1 that the simulated moving bed 
system is superior to the batch system in both the throughput 
and the usage of desorbing liquid. 

EXAMPLE 2 

The same apparatus as that of Example 1 was used except 
that adsorbing chambers each having a diameter of 3 cm and 
a length of 100 cm were employed. Chiralcel OB having a 
particle diameter of from 30 to 50pm was used as a packing, 
and O-PhEtOH (0-phenylethyl alcohol) was fed at a rate of 
6 ml/min (total concentration of isomers: 1000 mg/ml). As 
a desorbing liquid, a solution prepared by mixing hexane 
with isopropanol in a ratio of 9 to 1 was fed at a rate of 61.4 
ml/min. As a result, an extract containing a strongly adsorb 
able isomer was obtained at a rate of 58.5 ml/min 
(concentration: 28.6 mg/ml), and a raftinate containing a 
weakly adsorbable isomer was obtained at a rate of 8.9 
ml/min (concentration: 336 mg/ml). 

COMPARATIVE EXAMPLE 2 

The same feedstock was separated by a batch system 
using a single column containing the same packing as the 
one used in Example 2 to compare the throughput and the 
usage of desorbing liquid. The results are given in Table 2. 

TABLE 2 

Simulated 
moving Batch 

bed system system 

Throughput per unit time and 0.53 0.014 
unit packing (mg/ml-bed-min) 
Usage of desorbing liquid 0.02 4.5 
(ml/mg feedstock) 

It is apparent from Table 2 that the simulated moving bed 
system is superior to the batch system in both the throughput 
and the usage of desorbing liquid. 

EXAMPLE 3 

A solution of an optical isomer mixture containing 4200 
ppm of racemic o-phenylethyl alcohol was fed at a rate of 
5.9 ml/min into a simulated moving bed apparatus as shown 
in FIG. 2 which was comprised of 8 connected columns, as 
adsorbing chambers, each having an inside diameter of 2 cm 
and a length of 15 cm and containing a packing for use in the 
separation of an optical isomer (Chiralcel OB of 45 um in 
particle diameter manufactured by Daicel Chemical 
Industries, Ltd.). As a desorbing liquid, a n-hexane/ 
isopropanol (90/10 viv 96) mixture was fed at a rate of 24.2 
ml/min. Each of the fluid feeding lines and draw-out lines 
was moved for a distance corresponding to one adsorbing 
chamber in the direction of fluid flow at given intervals of 3 
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6 
minutes at 25° C. by automatic change-over operation of an 
eight-way rotary valve in order to perform continuous 
separation. 
As a result, a raffinate containing a weakly adsorbable, 

optically active compound (S)-(-)-O-phenylethyl alcohol 
in a concentration of 1251.5 ppm at an optical purity of 
99.9% e.e. or above was obtained at a rate of 9.7 ml/min. 
Moreover, an extract containing a strongly adsorbable, opti 
cally active compound (R)-(+)-O-Phenylethyl alcohol in a 
concentration of 613.4 ppm at an optical purity of 99.9% e.e. 
or above was obtained at a rate of 20.2 ml/min. 
We claim: 
1. A process for separating optical isomers in a simulated 

moving bed system, comprising introducing a solution con 
taining an optical isomer mixture and a desorbing liquid into 
a packed bed containing an optical resolution packing 
therein and having front and rear ends thereof connected to 
each other endlessly via a recycle fluid passage to circulate 
a fluid unidirectionally and at the same time drawing out a 
solution containing one of the separated isomers and another 
solution containing the other isomer from the packed bed, 
wherein a port for introducing a desorbing liquid, an extract 
port for drawing out a solution containing a strongly adsorb 
able optical isomer a port for introducing a solution con 
taining an optical isomer mixture, and a raffinate port for 
drawing out a solution containing a weakly adsorbable 
optical isomer are arranged in the packed bed in this order 
along the direction of fluid flow and the positions of these 
ports are successively moved in the direction of fluid flow in 
the packed bed intermittently. 

2. A process for separating optical isomers in a simulated 
moving bed system comprising the steps of introducing a 
solution containing an optical isomer mixture and a des 
orbing liquid into a packed bed containing an optical 
resolution packing therein and having front and rear ends 
thereof connected to each other endlessly via a recycle fluid 
passage to circulate a fluid unidirectionally and at the same 
time drawing out a solution containing one of the separated 
isomers and another solution containing the other isomer 
from the bed, a port for introducing a desorbing liquid, an 
extract port for drawing out a solution containing a strongly 
adsorbable optical isomer, a port for introducing a solution 
containing an optical isomer mixture and a rafiinate port for 
drawing out a solution being arranged in the packed bed in 
this order along the direction of fluid flow and the positions 
of these sorts being successively moved in the direction of 
fluid flow in the packed bed intermittently, wherein the 
optical resolution packing is selected from the group con 
sisting of an optically active high-molecular compound an 
optically active high-molecular compound supported on a 
carrier and a low-molecular compound having an optical 
resolution capability supported on a carrier. 

3. The process of claim 2, wherein the optical resolution 
packing is an optically active high-molecular compound. 

4. The process of claim 3, wherein the optical resolution 
packing is an optically active high-molecular compound and 
the optically active high-molecular compound is a polysac 
charide derivative. 

5. The process of claim 2, wherein the optical resolution 
packing is a low-molecular compound having an optical 
resolution capability supported on a carrier. 

6. The process of claim 5, wherein the optical resolution 
packing is a low-molecular compound having an optical 
resolution capability supported on a carrier and the low 
molecular compound is a cyclodextrin derivative. 

7. The process of claim 2, wherein the optical resolution 
packing is in the form of a particle. 
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8. The process of claim 7, wherein the optical resolution 
packing is in the form of a particle and has a particle size 
in the range of from 20 to 50 pum. 

9. The process of claim 2, wherein the desorbing liquid 
comprises an organic solvent. 

10. The process of claim 9, wherein the desorbing liquid 
comprises an organic solvent and the organic solvent is an 
alcohol and/or hydrocarbon. 

11. The process of claim 10, wherein the desorbing liquid 
comprises an organic solvent, and the organic solvent is a 10 
mixture of an alcohol and a hydrocarbon. 

8 
12. The process of claim II, wherein the desorbing liquid 

comprises an organic solvent, the organic solvent is a 
mixture of an alcohol and a hydrocarbon and the alcohol 
and hydrocarbon is isopropanol and hexane. 

13. The process of claim 2, wherein the desorbing liquid 
comprises an aqueous solution containing a salt. 

14. The process of claim 13, wherein the desorbing liquid 
comprises an aqueous solution containing a salt and the salt 
is copper sulfate or a perchlorate. 

ck k :k :: sk 
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