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Simulated moving bed (SMB) chromatography was used in the petrochemical industry in the 1960s and its use has been
widened to separate chiral compounds in the 1990s. Chiral stationary phase (CSP) is the key component in SMB for the
separation of the chiral compounds. CSP has been developed for the analytical use in HPLC, however, its development
successfully adapted for the preparative use in SMB chromatography. This review covers the present state-art technology of
CSP for SMB chromatography in terms of selectivity, stability, and capacity.
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t}. Cellulose® A 7te] F&3ale] HPLC 1AL A %3
Mz #48& HPLC Z# o] Daicel FALE 53l AlBHSY
th(12). 71¥ B44 HPLC/1&g 7|24 Aok okg)dtz)
FTHt ARt /b5E A F12EAEEE enantiomerS
AZ2L Age s FEY 7M5AE o8 dFAE0] AA
342 ™ (13) v]= FDAIME ofE FE3lth(14). SMB
£ CSP Aol ZAAA EAe AY 34 2318 Ho|Qd
o SMB Z+3 & CSPE 1990 Zof 13717} 4
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2 & StoH(15). FE e} 1003 71x] —Ec**% Ao A4y
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Table 1. Daicel chiral stationary phase
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nesk EEG. S0 248z 9
% It}. Chiralcel®} Chiralpak-& 427}
A 4 F e AzxE 24
2% & At
Pirkle w4>% CSPE 7hEstr] 43 oL A A3t
Fig. 13} Zo] 71" Meiz} (chiral selector)7} A# 74 =
B9 AREAS Aol 394 AenT ST
Pirkle = CSPOlX HEHY FHE n-g714 wIF
Re 1 BEE B, 44, 200 B1HeE BE
ST BTF v w1 HEAE, ARE PAT Sk
2%, 4713 £4F2FS AT} Pikle CSPE 3714
2 BEF319 Table 29} 23 712 Helx}E Fig. 26 o]
3 9tk Whelk-O1&  tetrahydrophenanthrene  Tt-system,
dinitrobenzamide n-system, 1#]1 H-bond donorZ A3 E o]

name type of adsorbent separation eluent

Cellulose ester derivative
Chiralcel OJ-H ?
Chiralcel OB-H R: —'—O -Hexane/IPA
Chiralcel OA oR o+ 9 Hexane/Ethanol
Chiralcel OK o R: g CHy

& vl
compounds
Cellulose carbamate derivative possessing amide

Chiralcel OD-H

group,
carbonyl group,

" —c-ﬁ—@
oy nitro group,

Chiralcel OC R: _¢. sulfonyl group,
Chiralcel OG R g cyano group, Hexane/IPA
Chiralcel OF "'§‘ Cib hydroxyl group,
R: _H - amine, and
¢ n@ﬁ carboxylic acid
Amylose derivate
Mty uSHYauYS
8 CHy
. R: ~¢-f
Chiralpak AD-H - Hexane/Ethanol
Chiralpak AS g "' Cib - Hexane/IPA
R: _c-ff
Chiralcel OD-R 10um, reversed-phase type of Chiralcel OD (in addition to
Chiralce] OD-RH Sum, reversed-phase type of Chiralcel OD the above, - Buffer/ACN
Chiralcel OJ-R Sum, reversed-phase type of Chiralcel OJ amino acid - Buffer/Methanol
Chiralpak AD-RH Sum, reversed-phase type of Chiralpak AD derivatives)
dPolymethacrylate
R:
. compounds
Chiralpak OT(+) ssessin - Methanol
Chiralpak OP(+) po & -Hexane/TPA

aromatic group
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Table 2. Pirkle CSP category

T-electron acceptors / T-electron n-electron
-electrondonors acceptors donors
Whelk-O Phenylglycine Naphthylleucine
ULMO Leucine
B-Gem1
a-Burk2
Pirkle 1-J
More Retained
Analyte
Less Retained
Analyte

H-bond acceptor —

Conjugated n-system —

a) Schematic diogrom showing key
fundtional groups of the Whelk-O 1 lytes which
involved in  chiral recognition. are resolved on the Whelk-O 1.

Figure 1. Three points interaction between chiral selectors and
analytes.

b} Sdsemnhc diogmm showing

ULMOE 2o si2t® Pirkle CSPo}™ aryl carbinol-&
2gsled &3F ol Phenylglycine?} Leucined 3, 5
DNB (dinitrobenzoyl) f+%4]& aminopropyl 22]7}o] K3}
AlZl CSP2 n HAE wolEddd. 1 AAE AF3e
Naphthylleucine-&- C11 2 2]7}9) leucine®] N-(2-naphthyl)
EAE iy ZAF wgoz CSPE ofri=4te] DNB
ZAE FE g

t}@dH CSPS} Pirkle CSP 2]o 7]E} CSPE Table 39 <=
23 277} 9t} Kromasil CHI-TBBE C2 A E 3¢
3oz tartaratesS  AAAN  AA A3 NSAIDS
(Nonsteroid antiinflammatory drug) ¥&o] A5 AFEEU.

Cyclodextrin CSP= 3}8t3 <¢tgAo] £
Cyclodextrin W& F 7t Sold ¢+ A&
dEgto] EldEd guld CSPe HEA
g8 &
&3] o} YR Balole 2AR.

Table 3. Other chiral selectors

Chiral Selector Solvents Trade name Supplier
0,0’-bis(4-tertbutyl- Hexane / Kramasil Akzo-Nobel
benzoyl)-N,N’-diallyl-L- 2-propanol CHI-TBB
tartardiamide
Cyclodextrin Water Cyclose Chiralsep
/MeOH
Protein Water Chiral HSA Regis
(human serum albumin)
18-Crown-ether Universal ChiroSil Regis
CTA Hexane / Daicel,
(cellulose triacetate) propanol Merck
Table 4. Chiral CSP’s Used in SMB
CSP Purified substance Reference
Chiralpak AD Troeger base 23
TA Praziquantel 24
Chiralcel OD 1-Phenyl ethanol 11
Chiralcel OD Guafenesin 25
Chiralcel OJ Formoterol 25
Chiralpak AD EMD53986 26
Chiralspher Oxazolidinone 27
Chiralpak AD SB 202026 28
Chiralpak AD Tramadol 29
Chiralcel OF DOLE 30
CTA Sandoz-epoxide 31
CTA Troeger base 32
3,5-dinitrobenzoyl binaphtol 33
phenylglycine bonded silica
Chiralcel OD 1-phenoxy- 34
2-propanol
SMBE CSP

e}

F8s

Azgoz AHEE F E CSPY EXHL HuUg, &3
2} AT A AEud e o)

o

Ef = (Selectivity)

A& 713 HPLC Z3 L& O4s 712E4s Z &3
7] Y3 Z2rEafdeA & HERE AR 3Ale
A Azgch. 28U SMBAME 19 EXEZ s
HEE7l 1.3~200] U=F s CSP7h dddnh. vF
E AYEe JFo & "2 v FAHolA ¥t
mzlr SMBE CSPE By tAEzo) A|AW CSPE
&0 g FAstele ?7} AP EFstA AAE
Pitkle 728 g 71ZAE B3] Y3 2 NEER
& Azt RBFAF EHA 7124E4& Esad
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(18). o] & & EydHvT 71ZEZAS 493y A=Ze 3
24& FAs3 HPLCE £ CSPE /M3t o A
A4 g NEEAS & Eestan. i OgE H
He Jd Ay EAFS A9ste] CSPE v A48
I EY hAEAE /1 2 Bysle CSPE Adsis 4
Holt}. oluj= HE3 47} ofF BWolAEZR AF3dE &
Zgd ol Ja3u(19).

Whelk-O 1

p %
Q (Cp) °
s;/\/ ﬁ N

n,c/ \cn,
Naphthylleucine
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RZFOIX} (Saturation capacity)
©9] CSP g &32E|+= g enantiomer?] Fho] & A}o]
o 48 712 HPLC 7H¥2 BE A3 FF5&4d43
z9g=En MEzg 39 HPLC ZEe 93e & dda
AAEd v Az ZEdAME g2 49 g B2
2}

o] FYHo] AL wolt o] Wasich oln /4B
Aol gulo] B SAET ¥l §FAAT 2 CSPA Al

UMO

ot

NO,

Pirkle 1-J o

Figure 2. Pirkle chiral selectors.
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A7 LYo 71ZEA L FYste Ao Fad EWE
S A8 Astu 2y NZEA g8 Axng £3)
=& AFse & E QP T CSPE AEdle Aol o
9rE ¢l SMBE CSP Adlg#olt}y. Ay CSPe & &%
AAE EE JHA¢} )

olH = (mechanical and chemical stability)

SMBe] ZA4L& BE&=d A FLAg BE &%
g %o)7] 918l Aol FFHE §u19 FFo] Aokshyy
29 e gEe 459t @4 SMB 2IL A 24
A28 AAZ 3¢ R 2FHY, 43 FIA= FIHFW
&oFZ (dynamic axial compression, DAC) o2 o] Foj
At DAC Wile Zyol o7 Aggd met wsE
29 459 dead zoned 5o SMBo| AEHE= o
o Y FAYS BEFIG. 2UY K (FIFAHE 5
Azl ko] ghe] AUEFHRAI} 2% o llZ Ry gl
TH20).

ZNAH SAE ol ekl CSPY 4R 1P e
of 3t} csp F 01% Bz o= Felxe] Wt o

ot Aol Attx EuHT YPeD. FYY 9 o
2&2e ospol ZahA ARsln AARA Rems 29
of A9 Qese] West ANTH). HeA Fg el

BEES 243 24T Bast ek

yo| HE

7|2t CSPE Al SMB 53
F-AS Table 49 A& 3stHc}.

SMBE ©] &3 7] 23 <
UgE CSP7} 7HA ®o) A}%%% 2 5 Jdoh o9&
Dalcel Ale] B3 CSPY FTE5ET #EAgo] glol B
. 2719 CTAE ©]&& ZHH SMB 3TN E Z
del Aol A Hulm, ZE oA A FIho)
SMB 7} Z&lo] §&< WA, SMBY 2859 A3}
Z 7IA2gan 87 EHEAT CTA: 244y A3z
22 AP4 FE9 SMBo|A o] AMEH YW DaicelA}
o] CSPE A543k SMB A§-& 43 AotsiAlel #H-d
FHANA AL HAEZEHA e oA mﬁ!ﬂ&’i
t}.
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