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Prepar ation of (S)-ibuprofen by enzymatic esterification
resolution-chemical racemization tandem method

LEI Gaoyi, LI Hongxia, CHEN Zhongsheng, LE Zhanggao', XIE Zongbo"

(Jiangxi Province Key Laboratory of Synthetic Chemistry, East China University of Technology, Nanchang 330013,
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Abstract: The resolution of ibuprofen by enantioselective esterification was explored using (£)-ibuprofen
as raw material and Candida antarctica lipase B (CALB) as catalyst. The influence of type and dosage of
alcohol, reaction medium, molar ratio of substrates, dosage of enzyme, type and dosage of desiccant,
reaction temperature and time on enantioselectivity were studied and optimized. Pure (S)-ibuprofen was
obtained with a yield of 56% and an enantiomer excess value of 100% under the conditions of 1 mL
cyclohexane, 0.0206 g (0.1 mmol) (+)-ibuprofen, 0.0444 g (0.6 mmol) isobutanol, additive amount of
40 g/L 5A molecular sieve as desiccant, 15 mg CALB, 60 °C and 48 h. Furthermore, (R)-ibuprofen was
obtained through acid hydrolysis of (R)-ibuprofen isobutyl ester generated during the above resolution, and
recycled to produce more (+)-ibuprofen as raw material for next enzymatic resolution reaction by chemical
racemization using lithium diisopropylamide as catalyst. This enzymatic esterification resolution-chemical
racemization tandem method could be cycled multiple times, and improve the utilization rate of (£)-ibuprofen.
Key words: (S)-ibuprofen; racemization; lithium diisopropylamide; enzymatic esterification resolution;
drug materials
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Fig. 1 Preparation of (S)-ibuprofen by enzymatic esterification
resolution-chemical racemization series method
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Table 1 Effects of different alcohols and reaction mediums
on enzymatic esterification resolution
B iz S 5 51 Y1% e.e.fH/%
1 Gl b 0 0
2 IENEE S 70 45
3 SN S 79 22
4 5 THE S HE 47 65
5 AT W St — 0
6 A FhE 73 42
7 S THE ECkE 31 70
8 ST HE okt 49 76
9 ST HE 1,2- 258 L H 83 24
10 5T PR AR — —
o =" RELE, HabE<10%,

HIZR 1 AT, IS TR . B O ke
AT, PRI IS, (S)-AE T IR ICR A 49%
e.c.fHN 76%; MAMPBERCRALZE 5 WA AAUEE I
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PR R A R . IMAIEC bes, ERALTR
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Fig. 2 Effect of temperature on enzymatic esterification
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Fig. 3 Effect of reaction time on enzymatic esterification
resolution
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Table 2 Effect of molar ratio of substrates on enzymatic
esterification resolution

B al@WEIE] a5 TR YI% e.e.fEH/%
1 1:2 0 0
2 1:4 22 100
3 1:5 37 100
4 1:6 40 100
5 1:7 54 80
6 1:8 60 70

MR 2 IR, BEE al(EMHIE] : n(GE T R
B, (S)-f & FWCR B K, ee fHR BN R)E
WS Y n[(DAMIETF]  n(RTE) =11 6B,
N CRIAT , (S)-1118 S5 W R 40% , e.e.fEH 100%.
ST P G R4 U BN DE m AT, (HEEAE R
SRR, 3ok A 23 B AT 04 08 P RO e B
I, 8 n[( K] n(FTE)=1: 6.

2.1.4 B2 xBTS IR 5 2R W Fm

7E 0.0206 g (0.1 mmol ) (£)-fii%35. 0.0444 g
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Fig. 4 Effect of enzyme loading on enzymatic esterification
resolution
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BB, 1 e.e [ELEHTHIIN . MEFHE N 15 mg
if, eefHifE] 100%, N MZEEPERERE. HIL,
HEEE 15 mg M Ery R H i .

2.1.5  FRRAAE BN 2 BT B LT BOR BG H R

AOEERAL SO R 7=, TERRAL S N fE v, 72
A B K 2SI BRI I RIOR . 8RR AT LA 205 25 1
N AR A K Ao AR R FROR RIS G TR AR
B N 3 BT o RO &1 : 0.0206 g (0.1 mmol )
()-S5, 0.0444 g (0.6 mmol ) 5 THE, 15 mg
CALB.1 mL 3,30 mg T 5] .60 °CJ )/ 48 h,

F 3 IR (e R AR S ORI R

Table 3 Effect of desiccant on enzymatic esterification
resolution
s T4 YI% e.e.fH/%
1 ey 48 62
2 ke 53 59
3 3A 53T 0 44 100
4 4A 53T 51 100
5 5A 5T i 54 100

R 3 AL, 43 FIfifETIRRIaT, ROV AR
I, e HHEBREILF] 100%, HP, SA 43 F i BYRCR
WA, (S)-FIB ISR N 54%, e.efH N 100%:; Mt
. R AR TR, e fHEREBME, XEH N,
BE RS FIRE S - X A0 & S5 W BHE R, BRAR T A s 2%
W, I TUEM SA 43F0xd SRy e 75 BAT 1k sk
W, ST T X IRSCEG . AE AR R N SRR, Hn SA
S FIRIMAN CALB, BRfLR N ASHELT, Ml
JE SA S FGR TERER . Ik, SA T
b Eamare Sl

BEEHLET SA - Fiiiusing (10~50 g/L)
X} AR fig AL PR o R s, oAt 2 B 45 1 TR 4 3,
RN 4,

T4 SA STFIRAS XS BHE ER LA 435508 1 5
Table 4 Effect of amount of 5A molecular sieve on enzymatic
esterification resolution

75 I /(g/L) Y% e.et/%
1 10 43 100
2 20 45 100
3 30 54 100
4 40 56 100
5 50 49 100

H 2R 4 AT, Y4 SA ST ds N 40 g/L &),
Pemaoi gty . ik, B SA o7
ok 40 g/Ls

i BTk, A0S A R ALY o e AR
76 1 mL B ke, %0 0.0206 g (0.1 mmol ) (+)-
A% 35, 0.0444 g (0.6 mmol ) 5 T EE, AHNEA 40
g/L 5A 7370 . 15 mg CALB, T 60 °CIHIELE;FER
Ditw (180 r/min) HJZ Vi 48 h, e.efA R 100%,
(S)-Fi S W] 3k 56% (& 5 ),



« 1216 ¢

A% 4m 4 T FINE CHEMICALS

%39 %

> 14.877

CI\
N
12345678 9101112131415161718
R B i ] /min

A—(S)- i3 5557 Tl s B—(R)-Miit o557 T Wi s C—(S)- ik 55
K5 SR ZR B s RO (3

Fig. 5 High performance liquid chromatogram of reaction
system
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FE MR, A I A R R BT B T
B2 AR (TS2), 4k mi A 25 me, Ag i
IR J B RAS . CALB R ALAE FH 1435 156 43
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Fig. 6 Mechanism of ibuprofen esterification catalyzed by CALB
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(R)- i ¥ 55 1 T8 Jié o £ 15 () - A1 & 25 AL R 1Y
KERIRT, SOK(R) -0 18 ZF TH e , FREAT 1 T 14 1) g
TEERALYT 75 QNULIEIA, TR AMETERR e 250
(S)-1H 5
2.2.1 BRI LA T e R 6 %R

BRI R X A I8 SR I XA R, 5T T
AN ()0 K 5 7016 T e SR 2 ), 25 540 S i
LR &A% 0.0206 g (0.1 mmol ) (R)-Fii%25. 1 mL
BRI 0.2 mmol §f, T 40 °CHHIR B F k7 4%
(180 r/min ) H L 2 h,

2 S AT, SaEke. IECHE. PUOEWE T
FIFRAS AT (R)- 117 18 757 T i€ ; K,CO5. NaOH J¢ KOH
ML B SO AR 22 51— FF 3L AR5, LDA
AR AR B DU T DA (R)- A1 ¥ 251 i€ , W BH 7E — B 20
B, {5 FH SR A A 5 ) 8 T 25 ) 8 (R) - A1 18 J5 T e
PHIL, BE#E T H LR SN A 5 . LDA 4L 7]
AT RS

5 BRI T A I 25T e 20

Table 5 Effect of bases and reaction mediums on racemization

of ibuprofen
Fe Sl Tl e e.e.{H/%
1 S HE LDA 75 100
2 EC b LDA H 100
3 UL LDA 75 100
4 PR R LDA = 34
5 TR AR K,CO; w 100
6 TR NaOH Rt 95
7 TR KOH IR 90

2.2.2 LDA #2505 0H 4 2 R 69 % vk

LDA YU 2352 0 (R)- A1 ¥ S5 1 e i 148
YRIT T LDA URIIEEXF (R)-0 18 S5 e A5 , 45
I 7 FR o RO 0.0206 g (0.1 mmol) (R)-
5. 1 mL M. 0.1~0.5 mL (0.2~1.0
mmol ) LDA, T 40 °CIEIRER;FEIRZ#F (180 r/min )
HW 2 he B 7 ATAT, 24 LDA #hnEh 0.3 mL



5 6 WL, AF B IR AR - T e P R T 6 (S)- A 3% 2%

H

© 1217 ¢

i, ee fHIZIET 0, WIA(R)-MII%IFC &5 & bE,

35
30t \
A

0 C 1 1 A A A
0 0.1 0.2 0.3 0.4 0.5
LDA¥S Il & /mL

17 LDA ¥ X I e 4 52 il
Fig. 7 Effect of addition amount of LDA on racemization

ZE LR, (R)-TI& ¥ AN e fb 251y - 72
I mL —HEEAR A, B30 0.0206 g (0.1 mmol ) (R)-
25, 0.3 mL (0.6 mmol ) LDA, T 40 °ClHIE G
FPRGi s (180 r/min) N 2 h, eeftiH 0, (R)-
g IFoEaie (K 8)
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Fig. 8 HPLC spectrum of racemization system
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h T ARG W EAA N, X SE gt TR
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AR, ARER R AR T E, 1A R S
W AT AT R, I e LA SRR S A 2
B,

6 TORIEAS
Table 6 Result of amplification experiment on enzymatic
esterification resolution

5 iGN Y% e.e.{ti/%
1 5 54 100
2 10 50 100
3 20 51 100
4 50 45 100

3 4ig

RO, FIFH CALB ByXF ek BPERR 16 2
REPRIM ()85, 48 h iFPBCR Ik BB Lf, eedd
K 100%, (S)-THIEISICRA 56%; R, BH(S)-1i
TGI8, A U (R)- 11 & 25 5 T R /K i R (R)- 1
P A SO ) S I Y 2 1 570 [0 SN 1 E = S B
S (R)-A0 7% 25 AN IS , 2 h T e 4,
e.efHN 05 dpoJa, X IEPEE I 0L fg AL 7 S L A 7
THUR, HCR S0M5ETEYH, eefdihaEiAE] 100%,
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