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Abstract. This paper deals with the resolution of racemic α-cyclohexyl mandelic acid across 
microemulsion liquid membranes system using tartaric acid benzyl ester as chiral selector, sodium 
dodecyl sulfate as surfactant and mixed solvent of n-butyl alcohol and n-heptane as organic solvent. 
The effect of several variables such as chiral selector concentration, pH value in the external 
aqueous phase and volume ratio of the external aqueous phase to membrane phase was studied. 
Rapid extraction of α-cyclohexyl mandelic acid and highest separation factor can be achieved while 
the chiral selector concentration is 20 mmol/L, the pH value is 4.0, and the volume ratio of the 
external aqueous phase to membrane phase is 1.5. 

Introduction 

α-cyclohexyl mandelic acid (α-CHMA) is an important precursor of chiral drugs such as 
oxybutynin [1]. Oxybutynin has good prospect because it is the leading drug for treatment of 
urinary incontinence. Pharmacological studies have found that taking racemic oxybutynin may 
cause dry mouth, fatigue, diarrhea and other side effects such as heart rate. However, the 
S-oxybutynin can reduce the side effects and has higher efficacy. Therefore, it is necessary to study 
separation method of high-resolution of α- cyclohexyl mandelic acid enantiomers. Diastereomeric 
resolution and HPLC separation method are usually used for racemic α-CHMA resolution [2-4]. But 
the diastereomeric resolution method has some disadvantages such as long reaction steps, low yield 
and expensive resolving agents. And the HPLC separation method generally used for analysis. 

Over recent years, resolution of chiral drugs using liquid membrane has been attracted wide 
attention [5-7]. Microemulsion liquid membranes are thermodymically stable dispersions which are 
clear, transparent system containing water, oil, surfactant and cosurfactant. It has some advantages 
such as low leakage and swell, low cost, simple to use, faster rate of separation and high efficiency. 
[8-10]. In the chiral microemulsion liquid membrane system, the internal water phase and external 
water phases are miscible, and they are immiscible with the organic membrane phase. 

The present paper aims to study the enantioseparation of α-cyclohexyl mandelic acid across 
microemulsion liquid membranes system using tartaric acid benzyl ester as chiral selector, sodium 
dodecyl sulfate as surfactant and mixed solvent of n-butyl alcohol and n-heptane as organic solvent. 
Several variables such as chiral selector concentration, pH value in the external aqueous phase, 
volume ratio of the internal aqueous phase to membrane phase and volume ratio of the external 
aqueous phase to membrane phase was also studied. 

Experiments 

Materials. 
α-cyclohexyl mandelic acid (α-CHMA) was purchased from Anhui Province, Guang Yuan 

Chemical Co., Deco, content greater than 98%, the melting point of 163 ~164 ; D℃ ℃ - tartaric acid 
benzyl ester (anhydrous) was purchased from Dongyang City of Hope Star biochemical Co., Ltd., 
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[α] = +136 °~ +139 °, [α] = -136 °~ -139 °, content≥99%, melting point:166~171 . Other ℃
chemical reagents were analytical grade. 

Resolution process. 
The organic membrane phase was prepared by adding tartaric acid benzyl ester (10 mM) to a 

mixture of 27% sodium dodecyl sulfate, 63% n-butyl alcohol and 10% n-heptane. Acetate buffer 
solution was used as internal stripping phase. Then the internal stripping phase and prepared 
organic membrane phase (15:85 to 30:70 volume basis) were stirred and water-in-oil (W/O) type 
microemulsion liquid membrane was achieved. 

The external feed phase was prepared by adding α-cyclohexyl mandelic acid enantiomers to 
acetate buffer. Then it was mixed with the microemulsion liquid membrane solution and the 
enantiomers can be extracted. At various times, 1 mL samples were removed and the R and 
S-enantiomer concentrations were determined using a C18 column. The HPLC used for analysis was 
a LC-2010A. The UV detector used a wavelength of 220 nm. The column temperature was 
maintained at 25℃. 

Result and Discussion 

The effect of chiral selector concentration on enantioseparation process. 
The extraction of α-cyclohexyl mandelic acid enantiomers is affected obviously by the 

concentration of chiral selector in the membrane phase. The effects of four concentrations of chiral 
selectors (5, 10, 20, 30 mM) are investigated. As shown in Fig. 1, the dimensionless concentration 
fractions of R-enantiomer decreased with time and the mass transfer process almost completed at 
about 30 seconds. 

The effect of different concentration of chiral selectors in membrane phase on separation factor is 
shown in Fig. 2. It can be seen that the separation factor of this process increases with an increase in 
chiral selector concentration from 5 to 20 mmol/L, and then decreases with an increase in chiral 
selector concentration from 20 to 30 mmol/L. And the separation factor close to 2.0 can be achieved. 
Considering the effects of chiral selector concentration on enantiomers contration and separation 
factor, the concentration of chiral selectors of 20 mmol/L is selected as the optimal operating 
concentration. 
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Fig. 1 The effect of concentration of chiral selectors on concentration of L-mandelic acid. ■: Experimental result 
of 5 mmol/L; ♦: Experimental result of 10 mmol/L; ▲: Experimental result of 20 mmol/L; ×: Experimental 

result of 30 mmol/L 
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Fig. 2 The effect of concentration of chiral selectors on separation factor of chiral separation.  
■: Experimental result of 5 mmol/L; ♦: Experimental result of 10 mmol/L; ▲: Experimental result of 20 mmol/L; 

×: Experimental result of 30 mmol/L 
The effect of pH in external aqueous phase on enantioseparation process. 
The activity of hydrogen ion in the external phase is closely connected with the ionization 

balance of α-cyclohexyl mandelic acid in aqueous phase. The effects of four pH value (3.0, 4.0, 5.0, 
6.0) are investigated. Fig. 3 shows the changes of concentration fraction of R-enantiomer with 
different pH in external aqueous phase. From the figure we can see that the extraction of 
R-enantiomer increase with the pH value in the external aqueous phase. 

The effect of pH in the external aqueous phase on separation factor is shown in Fig. 4. It can be 
seen that the initial separation factor is the highest one during the run, and it declines rapidly in the 
first few seconds, then it approaches to 1 as time going on. The separation factor is relatively higher 
when the pH value is 3.0 or 4.0. It is because that an increase of ionization of α-cyclohexyl 
mandelic acid can be achieved with the increase of pH value, resulting in decrease of the number of 
α-cyclohexyl mandelic acid molecules. Considering the effects of pH on enantiomers contration and 
separation factor, the pH value of 4.0 is selected as the optimal operating concentration. 
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Fig. 3 The effect of pH of external phase on L-enantiomers concentration. ■: Experimental result of pH 3.0; ♦: 
Experimental result of pH 4.0; ▲: Experimental result of pH 5.0; ×: Experimental result of pH 6.0 
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Fig. 4 The effect of pH of external phase on separation factor of chiral separation. ■: Experimental result of pH 
3.0; ♦: Experimental result of pH 4.0; ▲: Experimental result of pH 5.0; ×: Experimental result of pH 6.0 

The effect of the volume ratio of the external aqueous phase to membrane phase on 
enantioseparation process. 

Fig. 5 shows the changes of concentration fraction of R-enantiomer with different volume ratio of 
the external phase to membrane phase. The effects of four volume ratio (1.0, 1.5, 2.0, 2.5, 3.0) are 
investigated. The extraction of R-enantiomer decreases with an increase in volume ratio of the 
external phase to membrane phase. 

The effect of volume ratio of the external phase to membrane phase on separation factor is 
displayed in Fig. 6. It can be seen that the separation factor of this process increases with an 
increase in volume ratio of the external phase to membrane phase from 1.0 to 1.5 and from 2.0 to 
3.0, and then decreases with an increase in volume ratio from 1.5 to 2.0 at the beginning of this 
separation process. Considering the above effects of volume ratio on enantiomers contration and 
separation factor, the volume ratio of the external phase to membrane phase of 1.5 is selected as the 
optimal operating concentration. 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

0 5 10 15 20 25 30 35

Time (t/s)

C
o
n
c
e
n
t
r
a
t
i
o
n
 
o
f
 
e
n
a
n
t
i
o
m
e
r

 

Fig. 5 The effect of volume ratio of the external aqueous phase to membrane phase on L-enantiomers 
concentration.  ■: Experimental result of 1.0; ♦: Experimental result of 1.5; ▲: Experimental result of 2.0; ×: 

Experimental result of 2.5; *: Experimental result of 3.0 
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Fig. 6 The effect of volume ratio of the external phase tomembrane phase on separation factor of chiral 
separation. ■: Experimental result of 1.0; ♦: Experimental result of 1.5; ▲: Experimental result of 2.0; ; ×: 

Experimental result of 2.5; *: Experimental result of 3.0 

Conclusion 

Resolution of racemic α-cyclohexyl mandelic acid across microemulsion liquid membranes 
system using tartaric acid benzyl ester as chiral selector, sodium dodecyl sulfate as surfactant and 
mixed solvent of n-butyl alcohol and n-heptane as organic solvent was performed. 

The effect of several variables such as chiral selector concentration, pH value in the external 
aqueous phase and volume ratio of the external aqueous phase to microemulsion phase was studied. 
Rapid extraction of α-cyclohexyl mandelic acid and highest separation factor can be achieved while 
the chiral selector concentration is 20 mmol/L, the pH value is 4.0, and the volume ratio of the 
external aqueous phase to membrane phase is 1.5. 
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