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Abstract — In this work, S-bupivacaine with the pharmacological activity of epidural anaesthesia was separated from R-bupi-
vacaine by SMB (simulated moving bed). Nonlinear isotherm was suggested from the single column experiment and the mass
transfer coefficient was obtained from an empirical equation. The parameters of a in competitive Langmuir adsorption equa-
tion empirically determined by PIM (pulsed input method) for R and S-bupibacaine were 6.20, 8.79 respectively, while those of
b were 0.364, 0.922 ml/mg, respectively. These equilibrium and kinetic parameters were used by a commercially available sim-
ulator to find the optimum operating condition for resolving the two racemic mixtures. It was experimentally confirmed that
based on these experimental conditions, the separation of bupivacaine enantiomers was successfully performed with the purity
of more than 98% by SMB composed of eight column (2-2-2-2, 1x10 cm) packed with KFo@IdsiTBB.
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Fig. 1. Scheme of SMB.

] x4 24 729

= raffinate} A4 o2 FAEo] 2 A, A7) s5E] siEE
£ extract] 7+ 78] F0% T Stk Az AdE Al
Qe wiEEE U] /Y] 320 717] 4] section(l, 2, 3, HE
s 5 Utk 249 sectionlli= #HAg o] A A ] §la
7} sectiomt}h thE A3 vk fres Y e 55
W=7] s 1dE X AEE A4 fdae viETE A
AIRE PO R o]gAde] 55 WERO R olF AU el slEt=

TN F o5 de] EFe ue} 2 ol AITIE, 18T olF
g bl &R 35S /e &) A olest g 35S ol
S 22 Qe ol et R 1783 olF S 2
Ho} IR AEF-] YX7T HERs 2913 A7 S8l A Eo] Kt
A 22)7) A& E oA = 2 da -9} extractAle] 2] section

29} Y= FRIF9 raffinateAl0]2] section 8|t}. Section 2iME= F
Ae o] dEAY] EFE FolA dHFoZ FakEo] st AR, A7
7783l FE o] extractF O R HAL o] 5aHAl HaL, ATH R &
o] okst i B 3 WO 2 SE0] 2= o)Al 9Jsl 4
Al &zto] z13x]o] o] $ raffinate O E F13Y ] o XA
Aoidoz Fatgo] st i, A7 55 o] Xt} Section 8lA:=
Zolg) iggo] LAY ;qsnmsk_g ol EahAA] A o] Ehy)
o] &5 3507 o]FdhA Hol Auid oz FaEo] oFst i, B}
]o P ]H %UT%E]'

2-2. 28t @A}
AE7} AzebE e Zel FEw ot el e &
A AL Tt e,

azci 6c, 6q,_
—§ Ez,iazz |a +€ bat (l 8) (1)
G2 A io] TR Y ol g ol el 42l 5

EOlE} E &= AR ‘:'*Pﬁﬂ-rol‘:‘r Vi o8t 55

e, gz 1A FFECIAL gmete(le)olth g5 FAAN o
=Eo]a, spL FRA L) W FFEeIth 47 2

W 2, G5, 2elM Y] F2E 1kl E, =

B aiglon, Zhgo] Fes] Arial 7gsialri10].

Vvifp 0.2, 0.011Rery @)
g€, & & UgO

AzRvfE TN EAEY Rde Fagak 5= Belks] w2
I ekl SAY SEE Pt o) Adell A FEA 2 e
A= g@ﬂﬂo ““’] S AP o7 FAIE A A 5
g e A8319lar, 4 () 2ol vERd 4= St g 78 delA
o 849 Lﬁﬁ 015” FE Gl BHE o]FE= #holal kv BRY]
EA-AGA G0}

oq; _ 3k;, .

A =_Iag —q 3

Friaie (g —a) 3)

2-3. M2t 0|Z(triangle theory)

/Kl—7]—63 o]i__ 7—1:11—6‘]:/1 p:]-/\]—l,]_ gm \:L X1 g _,_Eq o]—X] oL‘_O__ Jg &
olEg TAZ Fk. oo EFES) FA Aol A% 2 B
o) ATARIE 2919 AR, (2 A (@)} 2 A B

tr 5<t" <tg A 4)

to = 2 AR AFALION, 4 ()2} Do) ek 5 9l
]

Ag Znka 7R W A (@) A (e)0R Held

HWAHAK KONGHAK Vol. 41, No. 6, December, 2003



730 Sk - oulE - o] -

_ 1-¢€)d
tn = tOEHKTS)ﬁB (5)
to+ MH st <t H+ MHAD (6)

tg=eV/QOI ™% Henry el chai] gejsia
Hg<mp<mz<H, @)
m,, mg= 717t section 2} section 8I1419] o] EAkw} A AFe] 42 vl

= epiich. 7} sectionA] o1 540] 4 Fulf4e Al %
Rulgow Wi v, meA] B 2o] geoleria)

®)

= 2o {3, er= WA F=E, Qi 3T sectionl| A ] F5o]
LB JJr ko] FAIE oAM= mst mell wst plot)‘“’]
‘jlﬂzg A== E %,]sl 2= 0] Ou{' ] )\Lﬂzﬂ LHOﬂ}\-]L—A x]xﬂz} 9t
TEE BASR= S5 A8 = ) w3k 52573 raffiante} extrackt

< 48 7 e FHA 202 A9 1;“ 1—? 1ol Azhe A
@ FAEEA 9 Wl WE o8-8t Ao vk 5= gloh
AR FAEEAS ‘:]-%i} o] UrEWJ
a = Hic 9)
HI% Henry ’d wolFE

Jrolm, qob g gt ols dellk o]

= YERITE 2] (10)-(139} 22 7} sectio] FAAIZAS o] g-3lo] &
27 Lojul= 215 & 4 Qi
Ha<m,; <o (10
Hg<m,<H, (11)
Hg<my<H, (12
—£
b
O'(l—Sp) <m4<HB (13)
2] (14)9)} 2 )3 ﬂzgﬁ Langmuir 5283 21& 7= 25,
AR FARA T 2o) 4] (15)-(18F & AR S E3l & 5 Sk
_ YiCi - _
= Y% =aB 14
q; TrKoc, Koty ( ) (14)
Ya = My pin<My <o (15)
My, min(Ma, M3) <M, <Mg <My 10 (M, M) (16)
—£
Fl—ps? <My <My, pad My, M) 17)
_1 F
= 5{ Yg + Mg +KgCg(mMg—my)
F 2 05
—[(Yg+ m3+KgCq(mz—m,)) —4ygm;] '} (18)

Vi o Kol T LRI, g A b el A Fase
oo, Kiz F25%49| vipasolct.

A9 FHEEA S 7P 7B 2 sectionl A 9] m=
ZA) ARk, MR ERBFAL 7= Aol
w1el m,, moll whebd Wslv} gelic,

nlE FABFANN A2kl Belle) A
21)% o)g3lo] A 4= QIth(Fig. 2)[12-13].

theo] 4] (19-

w-f 2

[Ya—wg(1+ KAC/Fx)] m,+ KAC;mes = wg(Ya—Wg) (19)

3l5F2s Hl41A H|6S 20034 122

no pure Extract
pure
outlet a
r f
E"’ w
— E+R
pure
pure
Raffinate b
m2
Fig. 2. Plot of m, vs. m,.
w-b 24
[Ya—Ve(1+ KACA)] m,+ KACAmeS Ya(Ya—VYs) (20)
=4 ra
m, = m,+ (Ya=/ma)’ Jmy)’ 1)

ACA

2t A WHEE T gor A71ge) welge g 1A A5t
A s

point a {5, Yg)
point b § V)
point f (g, W)

point r % Wg[We(Ya—Ws) (Ya—Ys) * YaWs(Ya— wF)]D
O¥a YaYa(Ya—0) D

6. Wol W (Ya~W6) (Ya=Ve) *+YaWo(Ya=we)I]

VA’ YaYs(Ya— W) D
91) g ARE] ES @ ] W] B0l o] AL

point w

cheol olabggae] 2o 9 4 StHuew>0)
(1+ K,Ch+KgCh)00? —[VA(1+ KCh) +Va(1+ K,Ch)]w+Ya¥s = 0
(22)
.M &

3-1. Al2F 2l 7(7|

Aee] AM-El AR racemic bupivacaine(Fig. 3)hydrochlordal
Sigma CallA +J38ISit. o] dell Ag-H= &l FolA n-hexane}
IPA(iso-propanol), acetic acid J.T. Baker(USAHIA F+lstlar
triethylamine> Sigma Co.(USAfIA -3kl th Algell Holdli=
hydrochlorideg #)|713t+=t] AF&-3F sodium hydrogen carbon&le
DCM(dichloromethang} Kanto Chemical(Japa#) J.T. Baker(USA)
A Z¥zF 9late] ARl B3, sodium hydeogen carbonated



Simulated Moving Beg ©1-83+ Bupivacaing] 71& #2](2) ZARI 3t 24 =1 2

CH

@)
CH

w

CH

Fig. 3. Chemical structure of bupivacaine.

NE W=7 A8l AR B2 3 SRS 3 0E J.T. Baker(USA)
Al Tl

SMB A FAR = A Al A Alzsigl o, e 1x 10 em2~
glelgl~ Zol slurry packer(Alitech, USAF ©]-&-3lo] KromasiP
CHI-TBB(Eka Chemicals, Swede#)a315l0] A2313IcF. SMBS|
242 7} sectiond Zgo] W AdH 2-2-2-2H 07 F31 o, A
1= SP930DSHE X (Younglin, Korea) #1=- 2t} feed, eluent, raffinate,
recyclell 43 AR8-3F31t). Multi-position valve(Valco Instruments
Co. Inc., USA) 5lE Z#¥ AAst AHE-3F3 1, check-valve
(Upchurch Scientific, USA) 815 Z}7}2] 7] Alolo]| ¢1dslo] oI+
E3ks WIX3I9IT}. Extrace) raffinatel = relief-valve(Swagelok, USA)
£ ARESte] A §FE odellA] 2 wiE TR E o] WiEE LS o)
$It}. Multi-position valvé= HplcCtrl % 1.0(Younglin, Koreay
ElQIIE F5FE el AAste] dAsh AR A 0% 91X)7F Hales A
o33t

FARPAE S8 H4E A8 AR bl 2 1X10, 0.46
x 25 cm 2~EHQlEIA ol ZHz} KromasiP CHI-TBBS 31310 AL
2315101, HPLG= M930 38> (Younglin, Korea®} M720 UV 4
%7](Younglin, Korealz 733133t} tlolE] 552 Autochro-WIN H
7 2.0(Younglin, Koreay FIEIQ T el o] AR5l a3l Tt
AR Aol AR-El A8 simulatol= Aspen Chromatography ver. 11.1,
service pack 1(Aspen Tech., USARE FIEIRAIVE el A3l

wAt st

i

N

—

3-2. AU

28] ARRE= 42575k AJH-2] bupivacaing 917] 9]5lo] Aol 9
+ sodium hydrocarbonate DCM=- ©]-83}] hydrochloridé #1715}
7] A8k AA2lE sl A& 3 mgd sodium hydrogen carbonate
st 3 DCMS ZHzF 2 mie) )& 2 #1819t} Sodium hydrogen
carbonateZz s}l 32} S7H & 100 mid 7.0 gol’de] vjE= gol
vparst et s E0Eeith. A% AlEE £HlE DCMel ¢
3] =21 & DCMI} -2 2F9] sodium hydrogen carbonates}e-e-
7 e 2Adge] BolsheS oF 1t £50] £tk 1
B Jof] Fol A Eel7t olUEs st & AR o= HlFo]
DCW&& 8 Z7|& olgste] 5% &, F¥ 71471 E o]
slo] DCME SHAIZ 3 A3 435 2833l
n-hexane/IPA/acetic acid/triethylamine=99/1/0.2/0.05(vol.
fraction) ©]3th. F2FE A4S 7] 918 91491 0.02 mi2 27gs)
I FEE 1, 5, 10, 20 mg/ml 52 FY3F T 2548 Agict
W] ZRlellA gk SR A ] viApAE e o] &ste] HA] x
dxds AR A8l AR A F3Eith SMBEE T 2913
Alzro] AR Sste] A Altel] ZF XETF A930] HES

sjict.

HE M oof
fo i o

731

o

4.

it

o} 5 Tt

41 BABHA U BUNY S

A
SzehE) 2ol deluis 3 vAUES olstshn

fl

o [e)
9] FYPWAE el FRE Aol ol s
F AR FE R BAE ¢ Qv FERE S A
2 a2 Y oA, ARk Rl e SR E

AN, A9 I Azto] e HeEle Wile] 1A, olel vl
Az AL o] Bde Wlo] XN 85 o= THdE
ARG AL wfHTE e 5 lrH4).

WA F1FEE 1, 5, 10, 20 mg/mit H3A7)11, Y953 0.02 ml
2 gste] FUEE Wl Fig. #IM B 39 2 v)ge 85

S A3tk o714, AR AR SMB el Ax)E 4 F &)

U= Adeste] ARSISITE sl wE £E5=2r41E nlasiels Wl
FUEE7 S7Fl Wt S-bupivacaing] =L 2 S7F8ISIAIRE, R-
bupivacaing] 3 32 A< Wsr} QISIT). vlud aselM &%
48] AR AP Alstal SREE 21 wefEY (tailingyt 4871
+ Langmuirg @2 o= #gw]o] ZA Langmuir F2E 3 2AE 7
sk 2] F-8 F3](dead volume)l T35S Loty $5e]
n-hexan& 0.02 mIF]&1 t,7} 2.749 mir]7] ool ¥ Zeje) 7
95 pEsle] F5EC] 0.71S 78ISt Langmuir3-2} B3 2ol
o] w7l W= ag Fb] flste], 4wl e AFAIRES st
o] A% FEoA 9] AFAITEE FSISiTt. o] AFAIKEE o]&-3to]
Fd BS T8l o5 i aS &k E #steiA R-bupivacaine
< 6.24, S-bupivacairfe 8.65%k= AUth. W Zdell thalix wizA
b g FZUPHS) PIM(pulsed-input method) ©]8-310] T-5}0iA]
[15], R-bupivacaing 0.538 ml/mg, S-bupivacaifie 0.409 mi/mgks &
At FAEPAE ARgste] Ak s Y APz vlwst
932 W R-bupivacaing] 73-%- ¢k 0.4 mirg] AFA7k] A4S0, S-
buipvacain€] 73-9- °F 0.6 mire] S7¥ete] A3gkd xlo)7} Aict. ot
2 PIME 53l AkS Sl A2 AR Langmuir&&5332] 2] ui7j
WS dsto] At YAskes BAste] Table BIX Bz A%
2 AEE FRE P2 vi7irakS 93l o) F8l Ak &

EA) LS v wAE W Fig. #14] wis wlel o] wlg- 2

2 o oX o > of

0.15
——Exp.
----Cal.
R-bupivacaine ~
0.12 879C,
620C, g —
S

= 9= \ 1+0364C,+0922C,
E 1+0.364C,+0922C;
? 0.09 S-bupivacaine
=2
=
]
=
=
& 0.06
=
<
21
=
)
&)

0.03

L
il
0.00 : : e =
0 4 8 16

Time (min)
Fig. 4. Comparison of the calculated values and experimental de
(Concentration=20 mg/ml, injection volume=0.02 ml, flow rate
2 ml/min).

HWAHAK KONGHAK Vol. 41, No. 6, December, 2003



732 S - oulE - o] - BRI - AR - RS

Table 1. Equilibrium and kinetic parameters Table 2. Calculated operation condition

R-bupivacaine S-bupivacaine Switchin time (min) 15
Total porosity 0.7 Feed flow rate (ml/min) 0.1
Langmuir isotherm parameter, a 6.20 8.79 Eluent flow rate (ml/min) 0.86
Langmuir isotherm parameter, b (ml/mg) 0.364 0.922 Extract flow rate (ml/min) 0.66
Effective mass-transfer coefficient (cm/min) 0.308 Raffinate flow rate (ml/min) 03
Recycle flow rate (ml/min) 1
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