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A new chiral separation technology, aqueous twasplextraction, was proposed for the separatioa@mic mandelic acid.
The distribution behavior of mandelic acid enantoswas investigated in aqueous two-phase systemgased of polyethylene
glycol and ammonium sulfate containigigcyclodextrin as chiral selector. The influencestioé pH, the mass fraction of
polyethylene glycol and ammonium sulfate, the pdyization degree of polyethylene glycol, the idit@ncentration of
p-cyclodextrin, mandelic acid enantiomers and exivademperature on the distribution behavior wettedied respectively. The
results show thaB-cyclodextrin is inclined to recognize-enantiomer; under the optimized conditions, thpasation factor
reaches 2.46 and the enantiomeric excess is 42183 top phase and 40.43% in the bottom phaspeotively. Aqueous two
phase chiral-extraction with strong chiral separatbility, plays great role in preparative separabf racemic compounds and

is important for the development of aqueous twaosphextraction technique.
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INTRODUCTION

since the early work of Beijerinck in 1896 [12],thmas not
gained importance until the work of Albertsson le t1950s

With the need of pure .isomer of racemic mixture[13-14]. These systems are formed when aqueousi@uuof

increasing rapidly after the. Food and Drug Admiisbn
issued guidelines for the marketing of chiral drugsMay
1992 [1], more and more attentions have been paichiral
resolution technology [2-11]. As a potential largeale
production technique, chiral solvent extraction lasisacted
the attention of many researchers to make greattsffin
recent years [10-11]. But there still exist someadivantages
in traditional chiral solvent extraction such asgka volume
residual organic solvent, especially most of whigk toxic,
flammable and volatile.

A queous two-phase systems (ATPS) have bamwn

*Corresponding author. E-mail: xgchen@mail.csu.ewlu.

two mutually incompatible components separate itwo
phases of different densities under the force akigy. This
technique allows clarification, concentration, aipértial
purification to be integrated in one step, and desiproviding
biocompatibility. Since both phases consist maioflywater
(80-90%, w/w), it can be highly selective and gasdaled up.
This fact has been widely exploited to separatéeme, amino
acids, lipids, nucleic acids, and animal cells with
significant interfacial denaturing effects [15-1%].has been
reported that aqueous two phase extraction shaywsfisant
advantages including: short phase-separation tismeall
interfacial tension, non residual solvents, innbgueasier
operation conditions and polymer ooy [15-25].
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Sellergren and Ekberg proposed the use of aguasiphiase and 6 mM L-phenylalanine aqueous solution: methanol
system by a few counter-current extractions for(90:10) at a flow velocity of 0.4 ml mih The retention time
semipreparative chiral separations in 1988 [26]t Buwloes of theD-enantiomer is less than that of thenantiomer (Fig.
not gain any important results and focus from tben 1).
Based on the previous results, the distributiomalvéor of
mandelic acid enantiomer®,-MA), a major metabolite of
styrene widely used as a biological indicator ofugational a A
exposure to styrene, was investigated in aqueoosphase L-MA
systems (ATPS) which was composed of polyethyldgeot
(PEG) and ammonium sulfate [(WHSO,] containing -
cyclodextrin (8-CD) as chiral selector. The influences of the
pH, the mass fraction of PEG and (N$$O, the
polymerization degree of PEG, the initial concetibra of §-
CD, D,L-MA and extractive temperature on the distribution
behavior were studied respectively. This technolpgyides L L L L L
an environmental friendly, effective and economichiral 28 29 %0 3 %2 % 3
separation method and is important for the deveblpnof
agueous two phase extraction (ATPE).

EXPERIMENTAL oy

Chemicals

Racemic MA (purity > 99.0%) and.-phenylalanine
([a]? =-34+1°) were purchased from _Guangfu Institute of
Fine Chemicals (Tianjin, China); Cu@6H,O (purity >
99.0%) was bought from Kemiou Chemical ReagentsL@b.
(Tianjin, China);s-CD was purchased from Abxing Biological
Technology Co. Ltd. (Beijing, China); (NMSO, (purity > 28 29 3 N 32 3B/ M
99.0%)was obtained from the third chemical factory (Jismz t (min)
China); PEG1500,/2000, 4000, 6000 were supplied b}éi
Chemical reagent Sinopharm~ Group Co. Ltd. (Shanghai
China);All other chemicals are of analytical-reagent grade

D-MA

g. 1. Chromatogram db,L-MA before and after extraction.
a) 0.2 MD,L-MA solution; b)D,L-MA0.11 M, the
mass fraction of PEG and (WkBO; is 30% and 20%,
the polymerization degree of PEG is 2000, pHahd

Apparatus
temperature: 30 °C.

The quantification of MA enantiomer in the bott@hase
was performed by HPLC using a UV detector (Shimadzu
Japan) at the UV wavelength of 300 nm. The colunas w
Lichrospher Gs, 5 um particle size of the Packing Material, Aqueous Two Phase Extraction (AT PE)

150 mm x 4.6 mm I.D. (Hanbon Science & Technology C The temperature of all experiments was maintaite80

Ltd., China). °C by a constant temperature water bath apparatusept
when the influence of temperature was investigated.
Analytical Method For each extraction experiment, an ATPS was pegphy

The mobile phase for MA enantiomer was 3 mMsOu  mixing 10 mIg-CD aqueous solutiowith MA enantiomers
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and 20 ml PEG solution and (NHSO,. The pH value,
measured by a pH meter, was adjusted by phosphéier lat
a concentration of 0.1 M. The mixing contents waliaced in
a 50 ml Eppendorftube signed with scale, then weieed
thoroughly using a magnetic stirrer (15 x 6 mm ).Bt the
rotation speed of 800 rpm about 2 h for equililmati The
phase separation is completed by putting the ctsitena
centrifuge at the speed of 3000~3500 rpm operatedte3~6
min. After clear separation of the two phases,vblemes of
the top and bottom phase are noted. The concemirafiMA
enantiomers in the bottom phase is analyzed by HFIll@
concentration of MA enantiomers in the top phase is
calculated by subtractive method.

RESULTSAND DISCUSSION

In the process of ATPE, chiral extraction is czdirbut by
the formation of two diastereomeric inclusion coexas
between chiral selector and) or (L)-enantiomer due to
potential molecular interactions, hydrogen bondapahtion,
induction, or electrostatics exists. These two tei@meric
inclusion complexes, with different physical andectical
properties, have different interactions with PEGtloé top
phase, which leads to different distribution bebawf single
enantiomer MA in ATPS.

The distribution coefficient) and the enantioselectivity,
calculated in terms of the separation factgj and the
enantiomeric excessed, %), are.important parameters to
estimate aqueous two phase chiral-extraction padace of
extractant, which can:be calculated by the follapiormulas:

_c, L
Kp = ‘%b.D .
_c, 2
K. = l%m_ ( )
_K 3
p="%. ?
Top phase:y g, = G0 ~Cu 190 “)
t,D +C1,L
Bottom phaSE‘e'e%: @xwo ()

b,L b,D

among whichC;p andC, are the concentrations of tbheMA
enantiomer in the top phase and bottom phase, ctgply,
similarly, C;, and Cy,_ the concentrations of thé&-MA
enantiomer, respectivelyKp and K_ the distribution
coefficients of theD-MA enantiomer and.-MA enantiomer,
respectively.

Influence of pH
Mandelic acid D- or L-MA) has one carboxylic group and
an aromatic group. One dissociation equilibriumsexiin

agueous solution:
oH
K a -
@CH-COO +

?H

@CH—COOH

(6)
The dissociation constant can be described by
K, =lAIH @)
[Al

Where A and Aare the unionized and anion Bf or L-MA,
respectively.

Therefore, the influence of pH in ATPE is signéint. As
shown in Fig. 2, the distribution coefficient of M#&antiomer
decreases with the increasing of the pH. Regardhmey
enantioselectivities of the extraction procesgs dbvious that
the enantioselctivities decrease when increasphkhealue.

The possible reasons for these phenomena migkhdie
the amount of ionic MA increases with the increafthe pH.
S-CD mainly has chiral recognition ability and affin for
molecular MA, but not for ionic MA. The majority abnic
MA exists in the bottom phase. The concentration of
complexes, formed bg-CD and MA enantiomer, decreases
along with the increase of pH in ATPE. As a restite
distribution coefficient, enantioselectivity greatbecrease
with the increasing pH. Hence, it should be kepibater pH
in order to obtain a higher resolution efficiency.

Influence of the Mass Fraction of PEG and

(NH4),S0,4
The influences of the mass fraction of PEG and {0,
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Fig. 2. Influence of the PHvalues on the distribution behavior
of MA enantiomer. InitiaconcentrationD,L-MA 0.11
M, p-CD 0.004M, the mass fraction of PEG@nd
(NH,)»SO, is 30% and 20%, the polymerization degree
of PEG is 2000,temperature: 30 °C((m) Kp, (o) K,
(A) b, @) the bottom phaseg] the top phase).

are illustrated in Fig. 3. On the one hand, as shiowFig. 3a,
the distribution coefficient, enantioselectivityl @hcrease
before the mass fraction of PEG is up to 30%, h@xewvhen
the mass fraction of PEG increases further, théribligion

coefficient and enantioselectivity remain at a nratk extent
showing no obvious trend. The possible reasonshiese are
discussed as follows: as the increase of the nrastidn of
PEG, the relative concentration of PEG in the tdase
increases, which makes the phase-separation cwrgplete,
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so the distribution coefficient, enantioselectivdlf increase
with it. When the mass fraction of PEG reached 386,
phase-separation has already been completed, so
distribution coefficient, enantioselectivity remaimt a
moderate extent though further increase the massidn of
PEG. In addition, it is found during the experingtiat the
solution viscosity and the time of phase-separatimmease
with the increasing-mass fraction of PEG. The appabe
mass fraction <of PEG is therefore about 30% in this
experiment system.

On the‘other hand,7as shown in Fig. 3b. The digtion
coefficient, enantioselectivity all increase befdle mass
fraction of (NH,),SO, is up to 20%, but follow an opposite
tendency when the mass fraction of (NSO, further
increases./The results indicate that, water coeddngo the top
phase at the extraction and phase-separation bimeyith the
increase of the mass fraction of (6O, PEG and water
will be gradually separated, which leads to thegase of the
relative concentration of PEG in the top phase, ma#les the
phase-separation more complete, so the distribution
coefficient, enantioselectivity all increase. Butem the mass
fraction of (NH,),SO, reaches 20%, the phase-separation has
already been completed, then if increase the nrastidn of
(NH,),SO, in succession, the excessive salt will produces a
salt effect, which makes the amount of ionic MAreese and
the amount of molecular MA decrease. As the resints
section 2.1 show thgf-CD mainly has chiral recognition
ability and affinity for molecular MA, so the digiution
coefficient, enantioselectivity continuously de@eawhen
further increase the mass fraction of ()430,. Hence, the
better mass fraction of (NjpSO,is 20%.

the

Influence of the Degree of Polymerization of PEG

PEG is not a single molecular weight compound, dut
mixture of the same series. The average molecutéght of
PEG is a token of its polymerization degree, thggéri the
PEG average molecular weight is, the bigger the
polymerization degree of PEG is. The influence bg t
polymerization degree of PEG is shown in Fig. 4thAthe
increase of the average molecular weight of PEe
distribution coefficient, enantioselectivity gradlyancrease,
however, the viscosity of the solution increaseshwie
increase of the average molecular weight of P&Gich not
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Fig. 3. Influence of the mass fraction of PEG and ¢NHO,. a) Influence of the mass fraction of PEG on the
distribution behavior of . “MA enantiomer. DMA 0.11 M, p -CD 0.004 M, the mass fraction of (W50,
is 20%, the polymerization degree of PE@G80, pH 1.0 and temperature: 30 °C; b) Influerfcthe mass
fraction of (NH),SO, 0n the distribution behavior of MA enantiomBrL-MA 0.11 M, g -CD 0.004M, the
mass fraction of PEG is 30%, the polymeitratiegree of PEG is 2000, pH 1.0 and temperaB@écC.
(@) Kp, (o) K., (A) b, (@) the bottom phasep] the top phase).

only prolongs the time of phase-separation, bui alsreases
the cost and decreases the economic efficiencyinSis

experiment we choose PEG2000 as the study object.

Influence of the Initial Concentration of §-CD

There exists three naturally occurring cyclodedrivith
different numbers of glucose monomers, nanae)\s-, andy-
cyclodextrins. Among these three cyclodestrip-CD has

suitable toroid for forming inclusion complexes hvitarious
molecules by recognition ability [27]. Thereforg,plays an
important role in the process of extraction and tidferent
chiral recognition for D-MA and L-MA. Changing the
concentration ofs-CD will make great influence on the
distribution behavior of MA enantiomer. Figure Sleets the
influence of the concentration gFCD on the distribution
behavior ofD,L-MA. With an increase of-CD content, the
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distribution coefficient greatly increases. Meanehithe
enantioselectivity increases before the concewotmatif -CD

is up to 0.008 M. When the concentrationfe€D increases

further, the distribution coefficient increases tounously,
while the enantioselectivity follows an oppositendency.
This may be the results of the cooperation actafnhe two

diastereomeric complexes betwge@D and MA enantiomer
and PEG. It is also found thé{, values are always larger
than K, namely > 1, which
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indicates thg-CD has a

temperature:

300

200

A
250 | .
/ {2.0
A
, 118
150 = =
{16
100} . 114
»
/./
@

e.e.%

50 |- 11.2
0 1 . L—1.0
0.00 0.01 0.02 0.03
40
30t /\
20
/9
10
0.00 0.01 0.012 0.03

Fig. 5. Influence of the initial concentration +CD on the

distributionbehaviorof MA  enantiomerD,L-MA
0.11M, the mass fraction of PEG arftlH,),SO, is
30% and 20%, thpolymerization degree d?PEG is
2000, pH 1.0 andtemperature: 30C ((m) Kp, ()
K., (A) b, (@) the bottom phasep] the top phase).

stronger recognition ability fdr-MA than forD-MA.

Influence of the Initial Concentration of D,L-MA

The study on the influence of initial concentratiaf D,L-
MA on the distribution behavior of MA enantiomedinated
that the distribution coefficient were enhanced rupan
increase of the initial concentration of MA enantirs.
However, the value of the enantioselectivity isatiekely

higher

at low concentration. lindicates better
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Table 1. The Distribution Coefficients and Selectivity Factinder the Optimum Conditions

pH PEG (NHp2S0, (%)  Mpeg) Cp-coy) (M) CoL-ma (M) T
(%) (°C)
1.0 30% 20% 2000 0.008 0.05 30
Ko 66.25
K¢ 26.98
B 2.46

enantioseparation efficiency at a low initial comcation.

The Influence of the Temperature

The influence of the temperature on the distrimuti
behavior ofD,L-MA was studied in the range of 30-70 °C,
which suggests better enantioseparation efficicoang be
obtained at a low temperature for the distributtoefficient,
the enantioselectivity decreases slowly with trease of the
temperature.

Along with the increase of the temperature, therekesed
stability of the two diastereomeric complexes fodnbetween

enantioseparation efficiency can be obtained at low
temperature. High enantioseparation efficiency with
maximum separation factor of 2.46 is obtained atdptimal

conditions.
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