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The Application of Chiral HPLC Columns for Enantiomer Separation of Chiral Drugs

Wonjae Lee”
College of Pharmacy, Chosun University, Gwangju 501-709, Korea

Abstract — In terms of chiral issue, two enantiomers of chiral drugs often differ significantly in their pharmacological, tox-
icological and pharmacokinetic profile. Chiral switches of racemic drugs have been redeveloped as single enantiomers. Sev-
eral chiral resolution techniques in chirotechnology are introduced and the most used chiral HPLC chromatographic method
among several chiral analysis techniques is described with its several advantages. Several types of chiral HPLC columns
derived from their chiral selectors are discussed with their property and applications for enantiomer separation.
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Sharplessi= asymmetric oxidation RF-$-l|A] chiral catalysisE
ol g3l Y3h= 3% enantiomer?tS optically pure?} FEIR &=
AA AT 5 = S Eehs Avket Qs A
Q] o] chiral drugs 7Hdsl=t] ¢ JJ_& 3@7 [
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U aheke] Asag oz Qs b2 A YEl= biological
activity ¥ 5743 59 Aol& 714 2= olg gl A wiell
19923%-E] W)=+ FDAIA chiral drug®] regulation guideline2
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2 A/NEEE 3= racemic drug® chiral switch G52 &
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Fig. 1 - Typical examples of chiral switches of racemic drugs.
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(R,R)-(+)-methylphenidate(dexmethylphenidate)”} Focalin®=
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H2-8- 53]10] enantiomeric purityS Z7d3R=
H O 2+ 1) polarimeters ©]-4-3F= 41 2) NMR 7] 224
(Europium %4 52 ©]-8-3t chiral lanthanide shift A|2F, 1-
(9-anthryl)trifluoroethanol 73 chiral solvating agent, Mosher's
reagent 5 ©]€) 3) Chiral HPLC, Chiral GCE A}&-3}+=
chromatographic 7]&+%4] 4) Chiral capillary electrophoresis
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Chiral HPLC chromatography &4
TR oA 712 71e-d] HPLCoIlA chiral column
< 0]8-38t racemate®| FIHE-E H-AHL 7|7|AREo] ZHHBEAL
chiral &% 2] enantiomeric puritys &3l WEA S5
ARE AT ¥k o2} LC-MS ¥4 02 n|gko] trE4
Aol #8317 o]l I3 7} enantiomer?] absolute
stereochemistry 5 24 JRE AT 5 7] Wil
stereochemistry$} #lE FAHES AT & U= M =
&R QAT Qo] 7P wol ARgEojA gl
53] HPLCE ol&sh= 7]8iA 9] 7k & 4lse] shvk=
preparative liquid chromatography’sdellA] th8= chiral column
S AFE-3}9] chiral resolutione A A)8l= 7-$-, enantiomeric
purity’} o1 %8, Z+2}-9] enantiomerS EA)ol] 9 4 V)
wjolc}, w3k gao] 22 chiral coulmn AFE-3107 biological
activitys EIAET = & AES] A%C] 53 enantiomer
e AE 5 7] wiEel] o] W AH=-E chiral drugs 7
sh= el ol -85k ARSE = itk S Ao A=)
7}y7} 9] 42573 enantiomerS AFE3o] 7H219] enantiomer?)
biological activityE Al&38lal 1 Aol w2} chiral drug® =4
o AF 7Fs/3& Aekst 5 3= biological activitys YERY

T 3119 enantiomerihe tiFo®E A& 4 Sl TR WH
£ 5% asymmetric synthesis®|L} kinetic resolution, enzymatic
resolution, &Y 5)S /sk= Zlo] A7k} /S %4
O Hoksh= Wio] ¥t

T3t chiral drug®] 73-F-oll= A% optical impurity2t= ¢
k4] o= BAS YR 5 Q7] wiZell chiral drugs i, A
Abeh= #gefla] Pojx|i= B chiral S7HA 9} #F2] chiral
drug®] enantiomeric puritys Q1K= 71 ¥k ofujE} ALY
oA dojub= chiral drug®] pharmacokineticPK) =
pharmacodynamic(PD) A& Z7da}aL o]l ¥=d¥l chiral drug
9] mechanisme TFE3R= Zlo] R 3lt} o]E 93] HPLCO
2] chiral columns A3} chiral drug®] A AIFAEE
st 2] 99 A4 enantiomeric puritys = sHAY
chiral drug®] WiAIEAS B4 N Aol liquid
chromatography?] 57373 th& oj= Rl
o ghgd 5 QAP

PN
T

A7)EH T

HPLCZ chiral column®| E5Fe} S2

19801 ol chiral HPLC column®] “5&3}be o] 2 5E vl
% T}oFst HPLCE chiral column©] 7]4¥] 31t} ©]& chiral
columne 7]2 M e x}(chiral selector)= 3Adske] W= chiral
column¥} AAA o] EA8R= 11EA} protein 52 HAEH 0]
v MIaRtAE 71" AEAE slo] W= chiral column® & =
A T8 5= Qltk. Table Il @A) dE3siE] o] Alek=]a 9=
ZFQ chiral columne 2705 ST oj7] A= AA|A o7 s
Ak AFAA A 7 wol ARE-ShE columns FAHOE 11
chiral column®] 5437} 7 18]35 77§83 ¢el ofsl 71=st
T} S}

Pirkle type(brush type) chiral column — Chiral separation
Fole) MHARE 71 WA o]22tel Emanuel Gil-Av 5] <]
3 19603 thell amino acid =415 ]88+ chiral GC column
5 Jikste] A12FsIIAIRE HPLC chiral column®] 73-%-, A7}
Aol sty wl= dgjxo] F=Hhere] William H. Pirklew s~
o ol&f 1980\ el #-3 7}ukst Pirkle type columno]t}, 819
Pirkle type column chiral selector’} silica gel?} 7> R|A|A|
o] wx] F&ofx 9} o] v ATt S|4 brush type column
olg} £u)-¢-71% 3}, Pirkle2 chiral recognition?] A543 7)
‘A& (reciprocal principle) ol f-8-8tal 2]4a}lA| o]-8-sto] of
8 F572] chiral columng 7HASFACE? AME-5 7)1 e}
(chiral selectory= #3015 2= (charge transfer complex)2 &
/8= m-acidic =5 m-basicdAS 7= 22 w2k #7135}
FEO| R (+)¢ ()9 chiral selectorE ©]&3 (+)¢} ()2
chiral column= 25 712 4= 21o] elution orders &=t

2 Ul Qs o] k. BEsh o] Pirkle type column
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Table I - Commercially available HPLC chiral columns

Chiral columns derived from synthetized chiral selectors of small molecules

Type Chiral selector Chiral HPLC column Supplier
m-acidic type: DNB amino acids or Phenylglycine, Leucine, B-Gem 1, a-Burke,
small molecules Pirkle 1-] DACH-DNB
Pirkle type ~ : ~ Regis
(Brush tYP ) n-basic type: small molecules Naphthylleucine
rush type — -
y n-acidic and rw-basic type: small molecules Whelk-O, ULMO
DNB amino acids Sumichiral OA series (2500, 3200, 4000) Sumika
Crown ether Binaphthyl 18-crown-6 derivative Crownpak CR(+)/CR(-) Daicel
type 18-Crown-6 tetracarboxylic acid derivative ChiroSil RCA(+)/SCA(-) RS Tech
Chiral ligand . . Chiralpak WH, Chiralpak WM, .
exchange type Amino acids or small molecules Chiralpak WE, Chiralpak MA(+) Daicel
Chiral columns derived from chiral selectors of polymer products
(natural or synthetic polymer and protein etc)
Type Chiral selector Chiral HPLC column Supplier
Cellulose ester derivatives Chiralcel O]. OB, OA, OK
Chiralcel OD, OC, OG, OF Chiralcel OD-R,
Cellulose carbamate derivatives OJ-RH (Reversed phase)
Polysaccharide Chiralpak IB, Chiralpak IC Daicel
type Chiralpak AD, AS
. Chiralcel AD-RH, AS-RH
Amylose carbamate derivatives
(Reversed phase)
Chiralpak IA
. B-CD(Cyclodextrin) Cyclobond I
Cycltode;xtrm v-CD Cyclobond 11 Astec
yp a-CD Cyclobond III

AGP (u;-Acid glycoprotein)

Chiral AGP/EnantioPac

Chrom Tech/Pharmacia

Natural protein BSA (Bovine serum albumin)

Resolvosil BSA-7

Macherey-Nagel

type HSA (Human serum albumin) Chiral HSA Chrom Tech
CBH (Cellobiohydrolase) Chiral CBH Chrom Tech
Poly(triphenylmethyl methacrylate) Chiralpak OT(+) Daicel
polsyyrrrlltell‘etti;pe Poly(diphenyl-2-pyridylmethyl methacrylate) Chiralpak OP(+) Daicel
Tartaric acid derived polymers Kromasil Chiral DMB, TBB Akzo Nobel
Vancomycin CHIROBIOTIC V
Macrocyclic Ticoplanin etc CHIROBIOTIC T, CHIROBIOTIC TAG Astec

antibiotic type

Ristocetin A

CHIROBIOTIC R

o] 7-¢, chiral selectorE silica gel?} -2 LA
covalent bonding*|71 0= columnA}A|7} A3 ¢Fgsk
Yz} ojd g% mobile phase® AHE-Z <+ 9lo] preparative
A31S AN wiu) i sity W] AAE A g
ARl FA7F
F713}8HE0)7] i<l chiral column’doilx]
chiral separation®] &o]'d we] chiral recognition mechanism
< NMROJu Xeray?d 75 S8 A54 0= @Esr]7h olg
o] Qlt}. Chiral recognition mechanisms B3] 02 o]& n}
Bog F341Ql chiral selectorsS 13talo] W2 (tailor-made)

chiral columng /et = Q7] o]} 20

R] A] %

=

I

Rk of

separation
Ak o) ik, B3 chiral selector”}

SRk EARRO] A
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1] 9] Regis Technologies(www.registech.com)ol| 4] A] %3}
= o8] 71#19] Pirkle type column Soll4] Whelk-O columm
AGREAR 20)= ibuprofen ©]t} naproxen 2 NSAIDs 7|
20| PsHLale) grdsir}.20%D sl n)ske] Regis Technologies

ofx “3EskE

9J3= a-Burke?} Pirkle 1-] columne 83}

HAT ABAR 220)= B-blockers®] Fehteel vip- f+-8-5)
Th22) 9uiAl 0 7 Pirkle type columne Aol AEEA)S

chiral mechanism©.% 3} Q7] wjj&F-of FeHist st x}sh=

Fx ol m-acidic B

Y= m-basic groups 7HAIAL IAY 2 1

25t 8712 7= fFEAR wEolA ARgEithRY Fig, 2=
Pirkle type column% Whelk-O%} Pirkle 1-J¢] 11784 29}
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Sample: Bupranolol

Column: (3R,4S)-Pirkle 1-J

25 cm x 4.6 mm

Mobile Phase: (85/15)
CH,Cl,/Ethanol + 0.015M
Ammonium Acetate

Flow Rate: 1.0 mL/min

Detection: UV 254 nm

Run Time: 8.5 min

W

Sample: Pindolol

25 cm x 4.6 mm

Run Time: 11.0 min
k’;: 1.44 LL k’y: 1.56
o 1.47 a: 2.06

Column: (3R,4S)-Pirkle 1-J

Mobile Phase: (80/20)
CH,Cl,/Ethanol + 0.04M
Ammonium Acetate

Flow Rate: 1.0 mL/min

Detection: UV 254 nm

Pirkle 1-J column

AN

J \
/T\T OH H
H H

Sample: Alprenolol

Column: (3R,4S)-Pirkle 1-J

25 cm x 4.6 mm

Mobile Phase: (90/10)
CH,Cl,/Ethanol + 0.015M
Ammonium Acetate

Flow Rate: 1.0 mL/min

Detection: UV 254 nm

Run Time: 7.0 min

k’;: 1.29

'_LJ o: 1.28

Fig. 2 — Structures of Pirkle type columns and chromatograms of enantiomer separation of B-blockers on Pirkle 1-].

Pirkle 1-Jell4] B-blockersS F8Ht-aehi= ths A2vlE 13
£ RojFa Qrt

Crown ether type chiral column - Crown ether type
column> host-guest chemistry® #3}8M-2 =48t Donald
J. Cram 5] 913l 1979 27/=90m?) 7% 743 %4
¢l chiral column® 2 1987 Shinbool] 2]&) 7)itE]o} o)
Daicel company®l| 4] (www.chiraltech.com) Crownpak CRo]&}
= o)Bo7 ARESEI}S? Crownpak CRE chiral selector
= binaphthyl group®} 7] EA} ] chiral crown ether?
chiral cavitys 7431 glom o]R3} A3} opv| 7| E 7HA] =
racemic 3F3-EA10]2] host-guest stereoselective complexation

Foto] FeHEES QoM o] column: obT] A
EEeE A} ofu]| w78 7HA= racemic $FHES] 38k g
o9~ g o= o]g¥) a1 qlrk. 12yt Crownpak CRE] 73-¢
HPLC C,g 21A|1A A Al|el| chiral selector® 2*©]i= chiral crown
etherZ coating A17]7] W%]| 15% methanol/water ©]1}2] o]
AN ARgElokstE A AR S T AL Qi) 2R EE
15% methanol/water ©]°3-2] &-vllt} methanolo] obd s &
& AREEE - chiral selector’} A AU} columne] £
= EA7} lt} whebA hydrophobicity7} 2 3} gHEo] 734
elution ©] %A A A AILT0] wljg- AojA= S Bl
o} Fig, 38 slelA s BA0R e AEo]

Ll: ruio

38,88

0

F / COOH
CH,S0.H | |
e
HM \/Q‘J NT TN
S A
N\
OMe

Fig. 3 — Structure of Gemifloxacin (LB20304a) and chromatogram of
enantiomer separation on Crownpak CR(+).

58,85

FDA &7} W2 =] H %9 Alefole} el Al 444 &
A3 A) Q1 racemic Gemifloxacin(LB20304a)2) Crownpak CR(+)
ol 9] FaHE-ete] Asjo|r} 2

Crown ether chiral selector”} coating o] &= &S X
k317 el 19983FE] =fjoflA] silica gelol] covalent bonding
A2 A28 crown ether type columnS 7|8IT2839) Az
73t crown ether column®] 7-%-, (+)-(18-crown-6)-2,3,11,12-
tetracarboxylic acidZH-E] %3} silica geloll covalent
bonding*| 7] Witel] o o]F del s EAEA] ForA] ARE-
4= Q= o] lar el A3 Crownpak CR¥}F 720]
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712 7FA)%= racemic 3F3HES] FaHEEe) - 5

E3] preparative separation®|-} hydrophobicity”}
= 31315-0) P33 A Crownpak CRET} 5% 93 F3}
£ Hola= A0 JlEa i}, &A) o] chiral HPLC column
2 =) WASAKRS Tech Corp.: wwwirstechcorp.com)s £3}
o] AE3}1slo] (4)-(18-crown-6)-2,3,11,12-tetracarboxylic acid
2 RBE f%% ChiroSil RCA(+H)%} (-)-(18-crown-6)-2,3,11,12-
tetracarboxylic acid® €] %% ChiroSil SCA(QER= °]&-2.
2 Al Q1= = 709 chiral selector”} A2 enantiomer
Q1 #AAZ ChiroSil RCA(+)$} ChiroSil SCA(-E 2+ A3
O % elution orders Ysh= tE vhE = et o) AAA
Q B FGol A w9 83 FHo) Uk?® o]E ChiroSil
column> ]| Regis Technologies(www.registech.com/chiral/
index.htm) 7+ o2} {52] ]2 chiral column3|Atell 35
Sk Ut} Fig, 4= =iullollA] 7dste] Alstskal Q1= ChiroSil
column®] 17784+ %9} racemic diphenylalanine2 Crownpak
CR¥} ChiroSil SCA°lIA F3Easte] vlwet A zrkE 130
t}2® Amino acid % &}1}<] diphenylalanine2 hydrophobic3t
A& 714 ar )7 wliel] Crownpak CROA ©)F4S o2
ZsI S AR 1AIRE oo R w9 A YERFA]
9k ChiroSil SCAoHIA 5% ouje]] Fslre]dS & 5= 9} 7

2} o
galt. o]

= F)3FEOo

rlr

1o,

p

/ N7

L
Si

HoN
NH/ 07 N\ No_g
o0

O o) O
A/ (0]
OH ¥ o HO

C

t}7} Crownpak CROIA= wl-¢- 71 F-2] A7k
o=} ChiroSil columnoll A= 22
separation®|i= E-g3t JeEgo] o]FojXict,

Cellulose2} amylose R=HIE 0|88} chiral column — =}

QoA A 78 F HA 7EAEH cellulose?t amylose

[SAR=N

A
o] B EAE I AR Aol 19841 Nagoyard
8t2] OkamotoirF=¢ll 2]&l] 7@=]o] A& Daicel 3]A}olA]

(www.chiraltech.com) =31 3= columne] tjEA o]t} o]
Ao 7P wol ARE AL Q)= column® & normal phase]]
4] ARg3R= Chiralcel OD, Chiralpak AD 5<] 91°™ reversed
phaseol| 4] AFE3FE = 7Rd¥ Chiralcel OD-R, Chiralpak AD-
RH7} SIthFig. 5).1%% thdt Al f399) AR5 vk
§F T2 racemic HES FEHEEsh=] v -85 5
3] WEElE 71 QE SRMER] Aol te aaolrt
Z12 Y chiral selector® cellulose 2} amylose =4 & silica
gel®] A)A1°dell coatingshl 7] W&ol normal HPLCE A}-8-&
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Fig. 4 — Structure of the crown ether type ChiroSil HPLC column and chromatograms of enantiomer separation of racemic diphenylalanine on
Crownpak CR(+) (the left) and ChiroSil SCA(-) (the right).
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