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Fig. 1 Scheme of double resolution with Novozym 435 and CRL lipase for preparation of (S)-Naproxen

CRL), %& i I8 Wi B ( porcine pancreatic lipase,
PPL), 2N I B ( wheat germ lipase, WGL) Il H
Sigma 23 w], 8] & 14 F B AR 22 9 B I 5 1 ( immobi-
lized Candida antarctica lipase, Novozym 435) Il B i#5
AEAF A DHARA R F), ARG ( Carica papa-
ya lipase, CPL) g A )" P41 T KA Wy il i A7 BR 2>
] A TR >R I SCHR [ 7 ] O ik 2liAb s 3iAs. A
THIEZ A B F 38 S Sl A BR 2 7.

1.2 A&

K H Agilent 1200 E 30K AH 1% Chiralcel OD-H
FHAH (250 mmx4.6 mm, 5 pum) (Dacel Chemical
Ind. Lid) 7 %538 A= PR A0 % B AR 3 i (e, ) AN
PERZEE A NS AR R i (ee, ). G5 SR U
A IECKE - FNEE= 99.5: 0.5, W 1.0
mL/min , JFFEE .S pl). SR H A S UV-2550 7Y
SN AT WL A3 6O BE T 271 nme I 5E S ) 1Y) B AL R
(C, C= (L NRIEG Br B v Pk B2 - S 28 1k B BUiS
Yk ) / OBLHI A6 B B IR D e 2 < 100% )

1.3 ER B h 2/ R

Fi R SCHR A P AOK -5 29 458 SO A4 28 v I I Tty
TRAGH AN BR K AR IS 1R AT 253 26 3h 1y 2 9743
SR B TR A3 ) 2 A e BB AE 100 mL JE 11 E
FEZ B PE T, A 25 mL 2 A YR
10 mg/mLL {1 5= KE P I AN 0. 8 mL R 2%
MW (0.2 mol/L, pH 7.0) i1 500 mg fif: 8 +4F N
I3 EAT MO [ 7E A SR 80 A Sk AT L 77 e
WAAZ, U100 mg i 5 B AE 3l 5. 7EAS [R] i
J& . 200 rpm ZAF IR SO, A ][] D S5
FHAPIBRER I C F ee,, JFMRE C=ee / (ee +ee, ) it
KA ee,.

SR TR 1) 52 7 A2 2 AR B 2 A 44 7 1 7 e e
AR AR 53 SORE. X T E N 4 255 A FH TG ) 265

— AR 53 BE AT B — i e AL AR D B A TR RIS
P S e S W B RN, F 5 A ARSI o
B AR A S A 100 mg 25 —FiSHiHE . 0. 8 mL
TR 28 phVA W (0.2 mol/ L, pH 7.0) F1500 mg ik +
12 ZE = f B AR S AT RO, A [A] B[] DA 5=
FEAH BRI C Fll ee,, JEARE C=ee,/(ee tee, )
THEARAT ee,. [N 45 A0S il &5 A AR =
SRRSO X A T C I ee, W, ULTE R 57 b
THVE 3 WE A TCK R 1 7= W) AT ee, DIAE
1L B R 208 D7 AL i 15 3RS (S) -5
1.4 IR WRBEN

I FH NG I Tl A A 2555 A FH TSR AN R 7K il S 0z 1Y)
XA L2 (E ) FIRT A F A (ee ) SRPEH B 9 4R
IR, EEIFEAR R

E=In[ (1-C) (1-ee,) ]/In[ (1-C) (1+ee,) ]

FIRAK A CNEALER, ee, JIRHRT IR
SURCIEN

ee (HITE AN

ee=(R-S)/(R+S)

Horb RS G350 R PR B AR B 5
1.5 FELERENER

Z5 R E A 2 M) I 25 A L R
WA LS Y, TEVKOK IR A4 1E R, 15
mL (0. 2 mol ) V.4 [t 5 3 i fi A 250 mlL %535
(0.12 mol) HIEEE W, PR 2.5 h, RWESH G
ZRIAA, 75 5% BRIRE AN A g rh o AR 30 2%
WrE G, 22 2T AU A 283 A R B,
ToZG BT, LLAMANE S hnifEm—2.

2 R 5idie

2.1 f5Rn B RYIESRE
N T BEFEE G T PRI OB BN e, AR



92 7 A (1

29 %

B3 A AR, A K-S 3 o SO A 2 Hp v ST
Rk LA P 9 TR st PR U PR A e A 25 3 2 Y
AR ST A BN AR & Hh PPL i
T JC L AL 255 4R T IRR K /%, Novozym 435 JI s
Bt Al LAGEFEE AL R BUZ58 A W R K A, e IR I
Al LUl S B2 AR K . Horp S TSR A 1A

BEFEVERY) CRL IS 17 i B A B0 B9 Sr AR ek (E =
50) , R RIS FRZEFENE Y Novozym 435 iR R A
RS AR FEE (E=17) . Pt il e R
TUSAGIRBEFE LR Novozym 435 IR JITHGAN S B 544
PRVEFEVER) CRL IR 7 A 7F AL 26— R 20 T2
TR R B AT KB 1SR

R 1 BK-FF WK E R B R A B L 5 T & R ER A X FRK IR R LB 3 12 B8

Table 1 Kinetic parameters of lipases-catalyzed asymmetric hydrolysis of Naproxen methyl ester in

microaqueous-isooctane biphase system

Time Temperature ee, ee, Conversion
Lipases Strereopreference E
/h /(°C) /(%) /(%) /(%)

CRL 120 30 95.1 22.6 19.2 S 50
Novozym 435 96 40 87.0 16.6 15.9 R 17
CPL 144 30 92.6 11.2 10.8 S 29
WGL 144 30 - - 2.3 S -
PPL 144 30 - - 0.0 - -
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Fig. 2 The enantiomeric excess(ee) as a function of the degree of conversion (C) for CRL lipase catalyzed kinetic resolution of

racemic Naproxen methyl ester

The curves were computer generated from equation E=In[ (1-C) (1-ee,) ]/In[ (1-C) (1+ee,) ] B3 (substrate) and

E=In[1-C(1+ee,) ]/In[1-C(1-ee,) ] (product) B for E=17 and the symbols show the experimental data.
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Fig. 3 The enantiomeric excess (ee) as a function of the degree of conversion (C) for Novozym 435 lipase catalyzed kinetic

resolution of racemic Naproxen methyl ester

The curveswere computer generated from equation E=In[ (1-C) (1-ee,) ]/In[ (1-C) (1+ee,) ] 3] (substrate) and

E=In[1-C(1+ee,) ]/In[1-C(1-ee,) ] BI(product) for E=17 and the symbols show the experimental data.
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Fig. 4 Theory curves of the final enantiomeric excess of product (ee,) as a function of the conversion for various values of

initial enantiomeric excess (ee,) and enantiomeric ratio (E)

B G PRAIG. X R PR A AR (R) - 253

FH K f0 7 FE 2 B AY. PR AE SR 96 h B4k R Gk
18. 0% P45 1k S 0L, G Fsf e 4% RS 400 %) %o Bt ok (L
Hee,=19.1%. HEHZFIRIEY (S)-255% 4 H
P i S e R TR A 5 CRL g 105 1 1) S5 o 14 &R
HRSEIEAT IRPF A O WNE 5 (b) i, FEIEIR

25 100 &
(a) 190 g
20 180 %
8 70 ;
£ 15 160 2
= Z
£ 150 2
z 10 140 S
S 30
5 . ——=a{20 S
110 =
0 ¥ f . . . . . . . 0 ;S

0 20 40 60 80 100 120 140 160 180

Time /h

5 Novozym 435 JIg il (a) Al CRL IR (b) AL 25 A HH R AN X FRK i S

Conversion/%

NIRRT, PR (S) -ZR A BN AR I A Cee,)
AR N, JLF 58— K F B 2k, a0 S 52 5 5k H
144 h VENBEAEHF 43 09 BN R), BLRs, it A 1L 2%
W (0 e A B GE 22, 6% , 7 o A ik A Ky
96.8% . ;77 (S)-ZEE B =N (1% ~18.0% )
22.6% =18.5% .

25 98 &
(b) {97 ¥
<
20 | o6 E
<
15 195 ¢
17
194 €
3
10 193 2
=
P
192 E
5 S
{91 =
«®
=
0 L L L L L L L 90 =
0 20 40 60 80 100 120 140 160
Time /h
IO F ) 2%

Fig. 5 Time course of Novozym 435 lipase(a)and CRL lipase (b) catalyzed asymmetric hydroly51s of Naproxen methyl ester
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Lipase-catalyzed Double Kinetic Resolution for the Preparation of
High Enantiopurity (S)-Naproxen

XIN Jia-ying'*?, YU Jia-qi', LI Hai-yan', WANG Yan', XIA Chun-gu’
(1. Key Laboratory for Food Science and Engineering, Harbin University of Commerce, Harbin 150076, China;
2. State Key Laboratory for Oxo Synthesis and Selective Oxidation, Lanzhou Institute of Chemical Physics ,
Chinese Academy of Sciences, Lanzhou 730000, China)

Abstract: A R-preference lipase and a S-preference lipase catalyzed double kinetic resolution strategy for preparation
of high enantiopurity (S)-Naproxen from racemic Naproxen methyl ester has been designed. The theoretical plots pre-
dict that the yield of high enantiopure product was increased obviously by carrying out the double kinetic resolution
reaction instead of a single-resolution reaction. According to the strereopreference and enantiomeric ratio( E) of lipa-
ses for asymmetric hydrolysis of Naproxen methyl ester in microaqueous-isooctane biphase system, the (.S)-Naproxen
methyl ester was enriched using immobilized Candida antarctica lipase ( Novozym 435 ) catalyzed hydrolysis and then
was hydrolyzed selectively to (S)-Naproxen by Candida rugosa lipase (CRL) in microaqueous-isooctane biphase sys-
tem. In this way, a yield of 19.9 % was obtained for (S)-Naproxen with high enantiopurity of 96. 8% .

Key words: naproxen; double kinetic resolution; lipase; asymmetric hydrolysis



