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Abstract

Optically active §)-flurbiprofen was produced fed-batch-wisely in a lipase-catalyzed dispersed agueous phase reaction system induced
succinylB-cyclodextrin (s@-CD). A highly concentrated 480 m\5S)-flurbiprofen, corresponding to 117.0 g/l, with an enantiomeric excess of
0.98 and conversion yield of 0.48 was obtainef)-Klurbiprofen produced in an inclusion complex form wittfBsGD was extractively purified
using three-step procedures: decomplexatiorspflgrbiprofen and residualR)-flurbiprofen ethyl ester §)-FEE) using the ethyl acetate, dis-
solution of §)-flurbiprofen from R)-FEE using a sodium bicarbonate solution, and selective precipitatiaf)-fititbiprofen using 2-propanol.
Consequently, an extremely high concentration of 420 rAMilQrbiprofen with an optical purity higher than 98% was recovered after purifica-
tion.
© 2005 Elsevier B.V. All rights reserved.
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2-Arylpropionic acid (profen), a non-steroidal anti-  Inour previous work§l0,11] the chiral cyclodextrin deriva-
inflammatory drug, exhibits the pharmacological activity whentive hydroxypropylg-cyclodextrin (HPB-CD) was applied
it exists as an optically activeS\-enantiomer, however, it has as the dispenser and chiral selector for the kinetic resolution
been commercially produced as a racemic mixture by chemicalf (R,S)-ketoprofen ethyl ester using a lipase fratlandida
synthesiq1,2]. However, the kinetic resolution of enantiopure rugosa. As a result, a very high concentration of optically pure
(S)-profen from a racemic profen mixture using lipase or(S)-ketoprofen, as high as 243 mM, was produced, and the
esterase as the chiral biocatalyst has drawn considerabémantiomeric excess and conversion yield also exceeded 0.99
attention recently3,4]. and 0.49, respectively.
2-Arypropionic acid derivatives are usually waterimmiscible  Also, the chiral succinylp-cyclodextrin (s@-CD) was
compounds. Thus, to increase the enantioselectivity of biocagpplied for the kinetic resolution oR(S)-flurbiprofen ethyl ester
alysts and overcome the low solubility of immiscible substrate((R,S)-FEE) to §)-flurbiprofen. An extremely high 240 mM
rac-2-arypropionic acid derivatives during the enzymatic reso-of (S)-flurbiprofen was obtained in above dispersed aqueous
lutional reaction, various methods have been applied, includinghase reaction system induced bg <D, with an enantiomeric
the modification of the lipase using organic solvet$] and  excess of 0.98 and conversion yield of 0.48. The resolution
the utilization of a surfactanj¥], cyclodextring8], and crown characteristics were investigated by comparing the inclusion
ether[9]. complex formability of eachd)- and R)-forms of flurbiprofen
ethyl ester with sp-CD by a phase-solubility diagram, DSC,
and'H NMR [12].
* Corresponding author. Tel.: +82 53 950 5384; However, Fhe optlcally puresg-flurbiprofen ha_s been prp-
fax: +82 53 959 8314, duced as an inclusion complex form entrapped in the cavity of
E-mail address: leeyh@knu.ac.kr (Y.-H. Lee). the sy8-CD molecule used as the dispenser and chiral selector,
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the entrappeds)-flurbiprofen needs to be extractively purified. ~1000 £
Also, (S)-flurbiprofen has to be produced even higher concentra- __ 05 > £
tion in order to meet the cost effectiveness for the development : g lgp B
of an industrially feasible process. ~ 0.4 o g

In this work, optically pure £)-flurbiprofen was enantiose- S 4, § 1600 8
lectively produced by feeding the immiscibl®, §)-FEE fed- = o 3
batch-wisely up to an extremely high concentration, and it 2 02 5 400 g
was purified by three-step procedures: decomplexatioss)ef ( g E ]
flurbiprofen and residuakR)-FEE from s3-CD, dissolution of § 01 h 102 ‘g 1200 2
(S)-flurbiprofen from R)-FEE, and selective precipitation ¢f¢ ool v v gy S @
flurbiprofen. 0 2 46 810121416 -0

The biocatalyst used for biosynthesis of the optically active Reaction time (days)

(S)-flurbiprofen was the lipase front. rugosa (Sigma Co., Fig. 1. Fed-batch production of)-flurbiprofen from ,S)-FEE in a lipase-

St. L_OUIS’ USA). The R S)-FEE was synth_eS|zed fromR_,(_?)- _catalyzed dispersed aqueous phase reaction system inducef-@pDsBatch
flurbiprofen (Kolon Co., Seoul, Korea) using an esterificationreaction was carried out using 500 mR1S)-FEE, 600 units of’. rugosa lipase
reaction[12,13], while the s@8-CD used as the dispenser and per 1 mmol of g,5)-FEE, and 1000 mM €2+CD in 50 mM sodium phosphate
chiral selector was purchased from Cyclolab (Cyclolab Ltd. puffer (pH 7.0) at 400 rpm, 37C for 4 days, and then the feeding mixture com-
Budapest, Hungary). posed of 250 mM of R, S)-FEE, 500 mM s@-CD, and 600 units of lipase per

L . . . 1 mmol R®,S)-FEE in 50 mM sodium phosphate buffer (pH 7.0) was intermit-
The Imtlal_batCh reaCtIOn was carried out using 500 nIH,\A‘I- tently fege. F)eeding poin—>), conF\)/ersti)Jn yield @), e(gantio%eric excess
FEE, 600 units of. rugosa |Ipase per 1 mmol OfR,S)'FEE, and (A), concentration of{)-flurbiprofen @).

1000 mM sB-CD in a 50 mM sodium phosphate buffer (pH 7.0)
at 400 rpm, 37C for 72 h. The fed-batch reaction was initiated
after intermittently feeding the reaction mixture composed o
250 mM R,S)-FEE, 500 mM sB-CD, and 600 units of lipase
per 1 mmol R,S)-FEE until a final & S)-FEE concentration of
1000 mM.

The (5)-, (R)-flurbiprofens and residualR(S)-FEE were

mixed with the same volume of chloroform, and then dis-

solved samples were analyzed by HPLC (Gilson Inc., France)gon_polar solventg6,14.15] Fig. 2 compares the effects of

RS-Tech TBB chiral column (0.46 cm25 cm), UV (250 nm) various organic solvents according to the decomplexation yield
detector,n-hexane/methyters-butyl ether/acetate: 6/4/0.01 as of ()-profen and residuak)-FEE from the sp-CD molecule.

the mobile phase, and a flow rate of 2.0ml/min. The enan- . .
. ; : . Ethyl acetate showed the most noticeable decomplexation
tiomeric excess (ee) and conversion yied (vere calculated

_ activity with a decomplexation yield of 0.935, and 448.8 mM
as ee =[§)-profen— (R)-profen]/[(S)-profen + R)-profen], and . .
C = [(5)-profen + R)-profen]/[initial (R,S) — profen ethyl ester]. (S)-flurbiprofen was recovered from 480 mM){flurbiprofen

An amount of 25 ml of the fed-batch reaction mixture con-
taining (S)-flurbiprofen and residualR)-FEE as an inclusion 1.0
complex with s@-CD were extracted using 50ml of vari- ]
ous non-polar solvents. The)flurbiprofen extracted in the
non-polar solvent phase was then selectively dissolved using
50 ml of a 1 M sodium bicarbonate solution. Thereafter, f)e (
flurbiprofen selectively dissolved in the aqueous 1 M sodium
bicarbonate solution was precipitated twice using 100 ml of 2-
propanol.

The fed-batch reaction was carried out after the batch reac-
tion that was nearly completed after 4 days as showfidn1l,
yielding 242 mM §)-flurbiprofen with an enantiomeric excess
and conversion yield of 0.98 and 0.48, respectively, similar lev- 0.2 =
els obtained in our previous wofk2]. After the batch reaction,
the feeding mixture containing the immiscibl® )-FEE was 0.0
intermittently fed twice up to a concentration of 21000 mM. An
extremely high concentration of 480 mM optically activg-(
flurbiprofen, corresponding to 117.0 g/l, was then obtained after
16 days. The final ee value indicating the purity of ti5¢- (
flurbiprofen, and conversion yield’} indicating the degree of s
conversion also increased as high as 0.98 and 0.48, respectivayy. 2. comparison of organic solvents on decomplexatiorspptofen and
even under such an extremely higR,S)-FEE concentration. residual )-FEE from inclusion complex with §+CD.

ed-batch-wisely feeding seems to be a very useful method for
the effective production of optically puré)¢flurbiprofen.
(S)-Flurbiprofen and the residualR}-FEE in the final
reaction mixture existed in an inclusion complex form in
the lipase-catalyzed dispersed aqueous phase reaction system
induced by sB-CD. The entrappedj-flurbiprofen was decom-
lexed from the cavity of the §4CD molecule using various
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Fig. 3. Effects of dissolution pH, temperature and the amount of 1 M sodium bicarbonate on selective dissolsjifinrbigrofen.

high concentration of 420 mM, corresponding to 102.8 g/l of

10}
optically pure §)-flurbiprofen with a purity higher than 98%
o8l was recovered after three-step purification procedures. An inte-
2 grated process combining the kinetic resolution using fed-batch
> 1! reaction and simple three-step purification procedures seems to
é ' be potentially applicable for the industrials production of opti-
5 ’ .
£ oal cally pure §)-flurbiprofen.
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Fig. 4. Effect of mixing ratio between 2-propanol and 1 M sodium bicarbonateReferences
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