Trade Science Ine.

04)20.4//:640.[ CH

[SSN : 0974-7419 Volume 11 Issue 3

EMISTRY
A Judian Joaraal

s Pt P aper

ACAIJ, 11(3) 2012[118-122]

Chiral recognition mechanism study of mandelic acid on whelk O1

column with pre-column derivatization

Hao Zeng, Yiwen Zhang, Shun Yao, Hang Song*
Department of Phar maceutical and Biological Engineering, Sichuan Univer sity, Chengdu, 610065, (P.R.CHINA)

E-mail : hangsong@vip.sna.com

Received: 18" December, 2011 ; Accepted: 19" January, 2012

ABSTRACT

The mandelic acid was derivatized with four amines and the derivatives
were resolved on four types of chiral columns. The resultsindicated that
phenethylamine derivative was resolved well on all the four columns and
the Whelk O1 column had the best resolution. The resolution of
phenethylamine derivative on Whelk O1 column was then validated be-
fore the mechanism study. The influence of temperature on chiral recogni-
tion of phenethylamine derivative had been investigated on Whelk O1
column. By analyzing thermodynamic data of chiral separation process,
the mechanism of chiral separation was tentatively investigated. The re-
sults suggested that the separation was mainly controlled by steric hin-
drance, and it was an enthalpy-driven course. Chromatographic model
was employed for enantionmeric separation of mandelic acid derivatives
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on Whelk O1 column using hexane/ethanol mobile phase.
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INTRODUCTION

Mandélic acid, a-hydroxyphenyl aceticacid, isin-
tensively investigated in recent yearsasone of the most
useful fine chemicalsand pharmaceutical intermedi-
atesll. Optical mandelic acid isavery useful acidic
resolving agents?. R-mandelicacidisusedintheside-
chain modification of cefadole, and S-mandelic acid
isthe precursor of S-oxybutynin. With the devel op-
ment of chiral drugs, theneed of single enantiomer of
mandelic acid increasesvery fast. But the approaches
to produce enantiopure mandelic acid actually pro-
duce only enantiomer-rich mandelic acidi®9. Soitis
important to effectively resolve and precisely deter-
minethe optical purity of mandelic acidin the asym-

metric synthesis procedure”.

Thetraditiona method to determine optical purity
iscarried out by apolarimeter method. But its preci-
sionisoften affected by other optica impurities. The
chromatographic method devel opsvery fast inthe past
years, such aschiral mobile phase additive method®,
capillary electrophoresig® and gas chromatography
method® and chira stetionary phase (CSP) method™.
But thereare till flaws such aslow separation factor,
long analysis time, unsatisfactory peak shape, poor
quantitation capacity and soon.

Duetoitshydroxylsand unsuitable stereochemis-
try, mandelic acid enantiomers cannot bedirectly re-
solved by most of the chromatographic columns. Inthe
following contents, four derivati zation agentswere cho-
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sentoderivatizeracemicmanddicacidindudinganiline,
phenethylamine, p-methyl aniline, and methyl naphthy-
lamine. Thederivativeswere subsequently resolved by
CSPswith mobile phasesof different iso-propanol or
ethanol contents. Thebest way toresolvemanddicacid
wasthenvaidated. Influence of temperatureon resol u-
tion of phenethylaminederivativeon Whelk O1 column
wasadsoinvestigated. Thenthechira separation mecha
nism was tentatively analyzed by thermodynamic data
obtained. It deservesto bereferredinthesimilar mecha
nism study and d so can beaguiddinefor futureanaly-
sisprograms.

EXPERIMENTAL

Chemicalsand reagents

Mandelic acid, aniline, phenethylamine, p-
methylaniline, methyl naphtylamine, N, N’-
Dicyclohexylcarbodiimide (DCC), methylenechloride
areof andyticd grade. Hexane, isopropanol, anhydrous
ethanol and methanol are of chromatographic grade.
Other chemicasareof andytica grade. All thechemi-
calsand reagents are purchased from K el ong Chemi-
ca Reagent Factory.

I nstrumentsand equipments

Andysiswascarried out on aShimadzu serieslig-
uid chromatography system, equipped with LC-20AT
pump and SPD-M 20A photodiodearray detector (both
from Shimadzu, Kyoto, Japan), JASCO (Japan) model
OR-2090 optical rotation detector, and an Automatic
Science (Tianjin, China) HCT-360 LC column cooler/
heater. Chromatographic parameterssuch aspeak area,
retention time, and theoretical plateswere calculated
using the Class-V P workstation (Shimadzu, Kyoto,

Japan).

Derivatization procedures

Mandelic acid (0.15g, Immol) and DCC (0.41g,
2mmol) were added in aflask charged with 60.0mL of
anhydrousmethylene chloride. Themixturewasstirred
at roomtemperaturefor 5min. Then 1 mmol of specific
aminewas added in the system. Thereaction mixture
waskept stiring at 303.15K for 3h. Thereaction was
given below in Scheme 1. Theundissolvedimpurities
wereremoved by filtration. Thefiltrailewasthen washed
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by diluted hydrochloric acid, aqueous NaOH solution
and distilled water in sequence. Theorganic phasewas
removed under vacuum after drying by anhydrous
NaSO,. Finally the product was obtai ned aswhite or
yellowish solid™.
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Schemel: Thederivatizing reaction of mandelicacid

Chromatogr aphic conditions

Chiralcel OD-H (250x4.6mm; particle size Spum)
(Daicdl, Japan), DNB-PG (250x4.6mm; particlesize
Sum), Whelk-O1 (250x4.6mm; particle size Sum)
(RegisTechnologies, USA) and Kromasi| CHI-DMB
(250%x4.6mm,; particle size Spum) (Akzo Nobel, Swe-
den) were used for the separation. Mobile phase was
consi sted of n-hexane/isopropanol or ethanol (85/15
or other v/v) and the column temperaturewas 293.15K.
Theflow ratewas 1.0mL/min and the detection wave-
length was set at 254nm. Void timeswere determined
using ethanol asamarker. Theinjection volumewas
about 5uL. The sample solution was prepared by dis-
solving thesamplein methanol a 100pug/mL.
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RESULTSAND DISCUSSION

Separ ation resultsof different columns

The optimized mobile phasesfor CHI-DMB and
DNB-L eucine was hexane/isopropanol (90/10, v/v),
and for OD-H and Whelk O1 was hexane/ethanol (85/
15, vIv). Thederivativeswereresol ved on the columns
mentioned above under the optimized mobile phases
and TABLE 1 showed theresults.

Asknowntoadl, thelarger the separation factor (o)
IS, the better theresolution will be. Thusthe Whelk O1
column had the best resol ution effect. The chromato-
gramsweregivenin Fgure 1. And the phenethylamine
derivativewasresolved well onal the columns. The
resolution of phenethylaminederivativeon Whelk O1
column was validated referred to the parametersin-
cluding precision, accuracy, linearity, limit of detection
(LOD), limit of quantification (LOQ) and robustness.
Thereby, thebest way to andlyzemandelicacidinthis
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TABLE 1: Comparison of resolution for four derivativesof
mandelic acid on four columns

Derivatives la 1b 1c 1d
tri/(Min) 5.973 4.661 5.611 7.787
tro/(Min) 6.421 5312 6.005 8.693
o 1159 1430 1160 1.195
tre/(Min) 10.923 14.837 11.552 14.400
tro/(mMin) 12.000 17.568 12.363 14.400
o 1139 1.234 1.097 1.000
tre/(Min) 7.349 6.421 7.605 9.856
tro/ (Min) 9.024 8.032 8.043 10.507
o 1399 1492 1098 1.097
tre/ (Min)  7.776 8256 8.139 5.781
tro/ (Min) 12.683 14.837 13.429 6.080
o 2060 2.288 2060 1.114

CHI-DMB

DNB-Leu

OD-H

Whelk O1

ic ].d
Figurel: Chromatogramsof thefour derivativesresolved on
Whelk O1 column

research wasestablished: firstly, themanddicacid was
derivatized with phenethylamine; then it wasanalyzed

TABLE 2: Resolution resultsof phenethylaminederivative
on Whelk O1CSP

T I(K) tra/ (Min) tro/(min) «

283.15 9.845 18.987 2.365
288.15 9.504 17.867 2316
293.15 9.227 16.949 2.270
298.15 9.088 16.416 2.234
303.15 8.565 15.029 2.193
308.15 7.925 13.429 2.152
313.15 7.339 12.032 2.120

withWhelk O1 CSPat 293.15K under 254nm. Hex-
anelethanol (85/15, v/v) was used asthe mobile phase.

Theinfluenceof temperatureon theresolution

Temperatureisanimportant factor affecting chira
recognition process. Theinfluence of columntempera:
tureon selectivity and resol ution of the derivatives of
mandelic acid enantiomerswere studied intherange
283.15-313.15K. Sinceall of thederivativeshad the
sametrend, the resol ution results of phenethylamine
derivativewere provided asan examplein TABLE 2.
With the increase of temperature, the retention de-
creased and the separation factors decreased. These
results could beattributed to the fact that the ana ytes
onmolecular level had lower adsorption astempera
tureincreased and thereforemigrated faster through the
column.

In the enantiomer separation process, therelation-
ship between capacity factor of solutes(k”) and column
temperaturetogether with therd ationship between sepa-
ration factor(o)) and column temperature can be inter-

TABLE 3: Regression equationsof different derivatives

Correlation between In k> Correlation between

Derivatives and T Inaand T
K a/(K) bi(K) r? oK) bIK) r2
k1> 936.0 2.854 0.970

la 2955 0.268 0.996
k2> 1231 3.112 0.982
k1> 1266 3.679 0.926

1b 340.3 0.340 0.995
k2’ 1607 4.019 0.948
k1’ 977.9 2.924 0.938

1c 305.7 0.302 0.990
k2> 1283 3.266 0.957
k1> 1123 4.046 0.962

1d 125.3 0.314 0.980
k2> 1248 4.360 0.968
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related by Gibbs-Holmholtz equation(1) and Van’t Hoft
equation(2), respectively.

Ink'=_AH L AS 1
RT R 7 (1)

o AAH) | A(AS) 2
RT R

TABLE 4: Thermodynamic data of mandelic derivativeson
Whelk O1

. AH; AH, A(AH) A(AS) A(AG)
Deriva Ts
. 1(kJ/ (kJ/ (k37 I(kI/mol  /(kJ/
tives /(K)
mol) mol) mol) /K) mol)
la -7.781 -10.234 -2.456 -2.228 -1.792 1102.334

-1.986 1000.707
-1.792 1011.947
-0.263 398.698

1b -10.525 -13.360 -2.829
1c -8.130 -10.666 -2.541
1d -9.336 -10.375 -1.041

-2.827
-2.511
-2.611

Wherek’ is capacity factor of solutes, AH and AS
aretheenthal py difference and entropy difference of
solutesduring theretention course, Risgasconstant, T
istemperature(K), ¢ isphaseratio, A(AH) isthedif-
ferenceof enthd py difference between enantiomersand
it reflectsthedifference of interactions between enanti-
omers and CSP, A(AH) is the difference of entropy
difference between enantiomersand it reflectsthedif-
ferenceof enantiomersinthetwo phases. UsingInK’

or In a as ordinate, and %- as abscissa, the corre-

sponding Van’t Hoft'and Gibbs-Holmbholtz curves were
obtained. Their regression equations were givenin
TABLE 3, and thefurther cal cul ation resultsof thermo-
dynamic data were given in TABLE 4. Where in

TABLE 3, aisequa to _» R, b isequa to
-4 S/R-Ing, a‘isequalto —& (2 H)/R,b’is

equato -2 (2 9/R.
TABLE 3 showedthat Ina,, Ink ’and Ink,” had a

linear relationshipwith % .Ink;* and Ink, decreased

withtheincrease of temperature. TheVan’t Hoff curves
were nearly linear. Thisindicated that the retention
mechanism of theenantiomersdid not changewith the
temperature, and the chiral separationwas controlled
by adsorption reaction heat. AHswerenegative during
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theretention course of the enantiomersjudged by the
Van’t Hoff curves. A(AH) and A(AS) wereal so nega-
tive. Thisindicated theinteractionsbetween solutesand
CSPwereexothermal, and thusthe chiral separation
wasan enthal py-driven course. Furthermore, the sepa-
ration wasaminus entropy change course. Thiswas
detrimental for the separation, and it must be compen-
sated by enthal py released in the chiral recognition
course between enantiomersand CSP. Only by thisway
can derivativesof mandelic acid beresolved.

Theinvestigation of separation mechanism

For Whelk O1CSP, steric hindrance adjacent to
thechird carbon played animportant roleintheresolu-
tion. Duetotheextenson of chain, thesteric hindrance
of phenethylaminederivativewassmaller than that of
anilinederivative. p-Methylanilinehad nearly thesame
gterichindrancewith aniline, and thesteric hindrance of

Figure?2: Theinteraction stesbetween derivativesof man-
delicacid and CSP

methyl naphtylamine derivativewasthelargest. The
smaller thesteric hindrance was, thelonger thereten-
tion timewas, and the better theresolutionwas. In ad-
dition, thearomaticring of p-methylanilinederivative
was born with an-basic methyl which madetheinter-
actionwiththem-acidic aromatic ring of the CSP stron-
ger. Sotheretentiontimewaslonger than that of aniline
derivative, but with no sgnificant separationinfluence.
The chiral selector of Whelk O1 CSP bears both
n-acidic and m-basic groups. Its chiral recognition is in
accordancewith three-point principle. Theinteractions
occur between the enantiomers and the CSP mainly
include: (1) n-n interaction between solutes and w-ac-
ceptor and n-donor of aromatic ring of the CSP; (2)
H-bond interaction between acidic proton, hydroxyl and
amino of solutesand parahelium and carbonyl of CSP,
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(3) dipole-dipoleinteraction; (4) steric effect of bulky
groups adjacent to the chiral centre of CSP*3 %4, In
thisresearch, threeinteraction sites between deriva-
tivesof mandelicacidand CSPweregiveninFigure2.

It can be seen from Figure 2 that different substi-
tutegroupsresulted in different steric hindrance adja-
cent to chiral carbon. Then it affected the H-bond be-
tween enantiomersand CSP. Thisin return madethe
enantiomershad different interactionswith CSP. Findly,
the enantiomerswere separated. A(AH) swerequite
smal ascanbeseenfromTABLE 4. Thesedifferences
were not enough to makethe separation feasible. The
enantiomer separation may result from thetiny differ-
encesarosefrom steric hindrance. Thesetiny differ-
encesmay attributeto theH-bond, n-x, dipole interac-
tions, Van der Waals’, and dispersion forces. In addi-
tion, the absolute value of A(AH) of phenethylamine
derivativewasthelargest of thefour, anditsresolution
wasthebest. Thisverified theconclusion of steric hin-
dranceeffect.

CONCLUSION

Theresolution of thefour derivativesof mandelic
acid was carried out on CHI-DMB, DNB-Leucine,
OD-H and Whelk O1. Theresolution on Whelk O1
wasthe best of thefour. Three of thefour derivatives
were baseline separated with quite good results. The
separation factor weredll larger than 2. Comparingthe
steric hindrances adjacent to chiral carbon of thefour
derivatives, it can beconcluded that steric hindranceis
one of themost important influencing factorsfor the
separation factor. For Whek O1, theinfluence of tem-
perature on the separation wasinvestigated under the
mobile phase hexane/ethanol (85/15). Thelower the
temperaturewas, thelarger the separation factor was.
But if thetemperaturewastoo low, theretentiontime
wastoo long, and it wasdetrimental for fast analysis.
Findly, by cal culating the thermodynamic parameters
of thechira recognition process, theresolution mecha-
nismwasinvestigated tentatively. Thechird recognition
was an enthd py- driven course. Thismechanism study
will behdpful inthefuturechird analyss.
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