A ETHYA) AI5E A6
Korean J. Biotechnol. Bioeng.
Vol. 15, No. 6, 541-547(2000)

SHtiEn
( ML

t Chiral 2| 2
ol 5

Separation of Chiral Compound Using SMB Chromatography
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(Received : 2000. 11. 6., Accepted : 2000. 12. 6.)

Simulated moving bed (SMB) chromatography has been investigated in order to separate chiral compounds for
pharmaceutical use. SMB utilizes the principle of true moving bed (TMB) chromatography, and has the advantages of
low solvent usage, flexible configuration of columns and hardwares, and high productivity of the chiral compounds over
the TMB. Large scale separation of xylene isomers and saccharides has been conducted since 1960’s. Howver, the
application of SMB in the fine chemical industries is still in the infant stage. The study of SMB for the chiral
compounds production was initiated in the mid 1990’s and further researches are actively undergoing. This review
summarizes the principle of SMB as well as the chemistry of chiral stationary phase and chiral compounds.
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Figure 1. Continuous counter-current chromatography.
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Figure 2. A four-section true moving bed(TMB) unit.
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Figure 3. A four-section simulated moving-bed(SMB) unit.
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SMB zZzviEIdye] wdzye dd Zde] FHEsHe
dynamic model 25 E] HEH o]l SMBe 7 RROZ §
PPYE o|FAAY F&53 AR FEi& Figure 3o epd
Z o] Y7 ErolMY B FRAHOZEE ALEHY
oS3 ZTi(14).

Desorbent node : Qy + QD = Q; M
MQv=1cQ:, i=AB @
Extract node : Q;— Qp = Quq 3
Feed node :Qn+ Qr = Qn 4
?iQu = cirQp, = clnQu i =A,B ®)
Raffinate node : Qu — &r = Qu ©

A71N, Q. Qu, Qu, Qu : the flow rate through the
correspondingprocess sections,
Qp: the desorbent flow rate,
Qp: the feed flow rate,
Qg the extract flow rate,
Qr: the raffinate flow rate.
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71X, i= species A, B
j = zone number( 1 ~IV)
x = dimensionless axial coordinate [ = z/L)]
Pe; = Peclet number [ = ((v; + u)/L;)Dy,]

c;= liquid phase concentration of species i in
the zone jlg/1]
& = packed material porosity

¢ ;= ratio of the flow rate between solid and
liquid[ u,/v;]
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71X, @ ;= reciprocal of mass transfer unit
[ (/B (us/ L]
q; = average concentavion of species i in the
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Table 1. Chiral selectors applicable in SMB unit for enantiomer separations(10)

Korean J. Biotechnol. Bioeng., Vol. 15, No. 6

Type  Structure of CSP Chiral selector Compatible Trade Supplier
of solvents name
CSP {examples)
A 0 Microcrystaliine Hexane/ethanol MCTA Merck
>—R celllose- {100/0-0/100) or CTAd
triacetate
o) Hexane/2-propanol
\ o (100/0-0/100)
[o} [o]
o n \
o O
Y O:<
R R R=CH,
Cellutose Chiralcel 0B Daicel
R= tribenzoate
B 0, Cellulose Hexane/ethanol Chiralce! OD Daicel
b tris{3,5-dimethylphenyt  (100/0-0/100)
carbamate)
Hexane/2-propanol
{100/0-0/100}
Cellulose - Chiralcel 0J Daicel
R= Q‘ "' trisiphenyt
carbamate)
R=c|_< >_. Cellulose trisl4- Chiralcel OF Daice!
N\H chioro-phenyl
carbamate)
O_r Amylose Hexane/ethanol Chiralpak AD  Daicel
- Red Mnn iSRS (100/0-0/100)
R o ) dimethylphenyl-
o o carbamate) Hexane/2-propanol  Chiralpak ASY  Daicel
5 S N\ (100/0-0/100)
N o=< o— CHy  Amylose
R R R= O)\NH trisl(SF
\  methylbenzyt
carbamate}
C Polyl(SHN Hexane/2-propanol  Chiraspher Merck
acryloylphenyl- Hexane/tetra-
n alanine ethyl hydrofurane
A W ester| Hexane/dioxane
o Tetrahydrofurane
Dichioromethane
N Toluene
D R _‘,0 0,0"bis(44tert- Hexane/2propanol  Kromasil Akzo
H 0 o butyl-benzoyl)- Hexane/tetrahydro- ~ CHITBB Nobel
N carrier NN diallyH- furane
@/\/ N tartardiamide Hexane/dioxane
o Oyfu
o]
R=C‘H9—C>
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Table 2. Examples of commercial chiral applications(10)

F

‘Enflurane’, ‘Ethrane’
inhalation anesthetic

Number Structure of Systematic name, Number and CSP and Amount Selectivity ee (%) ee(%) Specific
racemate ‘rade name’, siza of moblle of CSP {approx. In in productivitys
therapeutic or columns phase 8 value) extract raffinate (kg kg~!day!)
substance class [length x
© (mmi}
1 a 56,1112 8 MCTA 15 20 974 %4 0.006 B
l Tetrahydro-2,8- (250 x 4.6)  Ethanol '
Xy, dimethyt5,11methano-
~= Y dibenzolb,f[1,5]diazocin,
| ) Troger's base', chival
~ N nitrogen mode! compound
2 _OcH, (lAzabicyclo2,2,2}0ct3- 8 Chiralpak AD 240 19 978 995 ¢.260
L yiHmethoxyimino- (105 x 26)  Hexane/
N oN acetonitril, agorust at isopropanol
7/ .
E j/ muscarinic receptors (955, vv)
N
3 | 2-{Dimethykamino} 12 Chiralpak AD 240 2.1 99 >99.8 0600
N methylHl43methoxy. (100 x 21.2)  Benzine/
—_ phenylicyclohexandl, isopropanol/
Tramadof, analgesic diethylamine
o (95:5:0.1
OH W
HyCO ' vy
4 OH 3{2Methoxy-phenoxy) 16 Chirakcel OD 201 2.4 988 992 0080
1,2propane-diol, 60 x 21)  Heptane/
‘Guaifenesin’, ethanol
anttussive (65:35,vv)
5 (EH3R,58,6E)7{2- 8 Chirakcel OF 3770  1.35 944 994 0.270
Cyclopropy4-{4-fluoro- (100 x 100)  Hexane/
phenyl-quinolin-3-y1}-3,5 isopropanol
dihydroxy6-heptenoic {50:50, v:v)
acid, ‘DOLE’, pharma-
ceutical intermediate
6 51,2,3 4 Tetrahydro- 8 Chiraspher 90 33 99 738 017
quinoline-6-yi-6-methyl (54 x 26) Ethylacetate/
3,6dihydro-1,34- ethanol
thiadiazine-2-one, 'EMD (95:5, vv)
53986', pharmaceutical
intermediate
7 2,2 Dihydroxy-1, 8 DNBPG 250m 14 89 978 0.03
1" binaphthol, (105 x 26)  Heptane/ kg It day™!
intermediate for chiral isopropano!
catalysts (72:28,viv)
8 o,L-Threonine, amino acid 12 Chirosove+- 2800mi 1.6 98 98 0.005
{1000 x 25.4)  proline kg I! day™!
Acetic acid
{0.05m
Copper acetate
(0.125 pm)
9 R F F 2<{holoro- 8 yCyclodextrin, 280ml 134 984 984 0.026
WH 14difluoromethoxy) 800 x 15 nitrogen kg 1" day™!
ci F 1,1, 2trifluoro ethane,

aThe specific productivity is defined as the amount of enantiomer of interest produced at the stated purity per unit time and unit mass of CSP.
Abbreviations: SMB, simulated moving bed; ID, internal diameter; CSP, chiral stationary phase; ee, enantiomeric excess (a positive quantity defined as
the difference between the concentrations of the two enantiomers divided by their sum and muitiplied by 100),
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&l By Al FAF wep 1 27)7F 2ok SMB A
a2rteage] MAde chinl 1G] Age, 9%, 1
el 58 Fol oo, oug AAEL Eeslux e
chiral 8}3tE9] #33 5o 7|1t} Table 24 Jd=
chiral 8-3}8 & Troger's base(No. 1)& 7|2 Zeho) $1x)8
chiral ZA #ze] AHo g Asfe] chiral ofn|Abel] o3
Eold HaAE 7FAn, N-CH»N 7hulel] ¢Jste] 3}3}1E¢)
AFAIZbe] AAd) o] AHE EAE ZPOIHN o5
& &7 eSS AEEAE A HAAES A Ikg
o o) o 6g AEE A 5 9Ih20). No. 2& F27d
FaAel 28-S sl AkAEQ (1-Aza- bicyclo-[2,2,2)3-
actyl)-methoxyiminoacetonitrilo]e}+= chiral 3}3H&9] AYibake
F7M9171 A% BEFo R AzE g ZHolw, oedl
A AFEE ol&d AN zdod FHG Aofsjoiof
gt o] o] WA F7A 1kgD FFol 260 g
A 91, FEERT 2FEE U dgwrt o &
F3}0H21). No. 3% Tramadololegl= AFAE Aetr] A
A8 Zd o8 Chiralpak ADEhs AEHOR 835 o
o, Table 20 dA" 4Y F s} wlg3Agel 71
#78 HEg Holn ATH22). No. 48 7]Hee] A8
quaifesing- AJ4F3l7] 913 Aolm, V)& IR ARvE
aae} HnE A9 Bl Axneh AiHISHA 2.5-5.00)
o Asdes Bk o9l oJokF YURE AMEHE chiral
SAEES Folsty] A3t chiral ZEHE0] 880 JTH4).

SMB Z2vlEZe)3)E o)} 22 chiral 31829 ] 9
A= dUdgA e Fej(23), WY FALATY Rz 3
£531 glon AN B&HA 7)E Eelubyd ulg)
o 433 TS Holi HYTH24).
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AT ek

°] g SMB AZvEIHIE AP wEREH A 4
WE oo ANTAR] ThFeA SE 4 9o, A
A &oll 2R SHeA 71Ee FE2A a=2rlEI
H3] 953 58S Ro|x Yk o]F 939 SMB AZ
ntED e HAY FTAHAFEE 5457 Y3 SR EAL
¢} chiral 8§Ee] METE Z71A7])7] Y3t chiral 1A
o] A7l @43 AT o, =Edoje} AZE]
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@ A4z 8FEHD 9on, 2944 ARvlEa e o
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