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Abstract

Candida rugosdipases immobilized on polypropylene powders were employed as biocatalysts for the enantioselective
hydrolysis of R, S-naproxen 2,2,2-trifluoroethyl ester in isooctane at@5An organic base of 1,5,7-triazabicyclo[4,4,0]
dec-5-ene bound to polystyrene crosslinked with 2% DVB (p-TBD) was furthermore added as an in situ racemization catalyst
for the remaining R)-ester to carry out dynamic kinetic resolution for the racemate. The kinetic behavior of the lipase by
considering enzyme stability and product inhibition and that of the base were first investigated. The results for the dynamic
kinetic resolution process were then compared with those without adding p-TBD. Low enantiomeric excess (e.e.) for the
product (i.e. ee.p, = 58.1%) at the racemate conversion of 95.5% was obtained, which might be attributed to the decrease
of racemization capacity of the base and increase of non-enzymatic hydrolysis. A comparison of the kinetic behavior was
also made when employindr(S-naproxen 2,2,2-trifluorothioethyl ester and trioctylamine as the substrate and the base,
respectively, for producing the desiregj-haproxen.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction cient process in which the standard kinetic resolution
is coupled with continuous in situ racemization of the
The resolution of racemic compounds by using en- starting substratgl0].
zymes as practical catalysts continues to be a valuable 2-Arylpropionic acids (e.g. profens), as an impor-
method for obtaining optically pure pharmaceuti- tant class of non-steroidal anti-inflammatory drugs,
cals, agricultural and other specialty chemidals3]. have their pharmacological activity mainly on the
However based on the racemic starting substrate, the(S)-enantiomer[11]. Considerable efforts are made
standard kinetic resolution process has a disadvantagelo obtain §)-profens or their esters by using lipase-
of maximum 50% yield in obtaining the desired enan- catalyzed kinetic resolutioj12—17] Recently, a facile
tiomer. To overcome this limitation, dynamic kinetic ~dynamic kinetic resolution process was developed, in
resolution[4-9] has been proved as a potentially effi- which a high yield and optical purity o&f-naproxen,
(9-suprofen and 9-fenoprofen from their respec-
" Corresponding author. Tek+886-6-2757575x62647; tive_ R, S)-_t_hioes'Fers was obtained by using_ a crude
fax: +886-6-2344496. or immobilized lipase fromC. rugosaand triocty-
E-mail addresst62647@mail.ncku.edu.tw (S.-W. Tsai). lamine as the catalysts in isooctd8-21] However,
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Nomenclature

(B) trioctylamine concentration (mM)

(E) effective enzyme concentration
(mg/ml)

e.ep enantiomeric excess for the
naproxen product

e.eg enantiomeric excess for the ester
substrate

E* enantiomeric ratio, defined as
koaKmp/koKma

kq, ko lipase deactivation constants

koa, ko kinetic constants forg)- and
(R)-substrate (mM ml/(h mg))

kn apparent constant for
non-enzymatic hydrolysis ()

Kint apparent interconversion constant
for racemization (h?1)

Kma, Kmg Michaelis—Menten constants
for (§- and R)-substrate (mM)

Kp, Ko inhibition constants for naproxen
and 2,2,2-trifluoroethanol (mM)

(Pa), (Ps) (9- and R)-naproxen
concentrations (mM)

Q 2,2,2-trifluoroethanol concentration
(mM)

r parameter irEq. (3)

(), (B8) (9- and R)-ester concentrations
(mM)

t time (h)

Va, VB reaction rates ofY)- and R)-ester,
respectively (mM/h)

Xa conversion of §-ester, defined
as (1— (Sa)/(Sa)o)

XB conversion of R)-ester, defined
as (1- (Se)/(Se)o)

X conversion of R, 9-ester, defined
as (1- [(Sa) + (S8)]/
[(Sa)o + (SB)ol)

Subscript

0 at the initial condition
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thioesters as the substrate in the present repdt, a
rugosalipase immobilized on polypropylene powders
was first employed as the biocatalyst for the kinetic
resolution of R, §-naproxen 2,2,2-trifluoroethyl ester
in micro-aqueous isooctane. An immobilized organic
base of p-TBD was then added as a racemization
catalyst for the remainingR}-ester to perform the dy-
namic kinetic resolution of the racemate. Moreover,
a comparison of the results with those when using
(R, 9-naproxen 2,2 2-trifluoroethyl thioester as the
substratg21] was also made.

2. Material and methods
2.1. Materials

Optically pure §-naproxen (§-2-(6-methoxy-2-
naphthyl) propionic acid) and phenyl dichlorophos-
phate were purchased from Sigma (St. Louis, MO).
Lipase MY (triacylglycerol ester hydrolases, EC
3.1.1.3) fromC. rugosa(30 units/mg of solid) was
provided by Meito Sangyo (Tokyo, Japan). Polypropy-
lene powders (Accurel MP 1000) were kindly donated
from Akzo Nobel (Obernburg, Germany). The parti-
cles of size between 0.4 and 0.6 mm were screened
and employed as the support for lipase immobiliza-
tion. Other chemicals of analytical grade were com-
mercially available as follows: 2,2,2-trifluoroethanol
from Aldrich (Milwaukee, WI); isooctane, sodium
chloride, thionyl chloride from Merck (Darmstadt,
Germany); chloroform, 1,2-dimethoxyethane from
Tedia (Fairfield, OH); anhydrous pyridine from
Riedel-deHaen (Seeize, Germany); 2-nitrotoluene
and 1,5,7-triazabicyclo[4,4,0] dec-5-ene bound to
polystyrene crosslinked with 2% DVB (p-TBD,
2.6 mmol/g resin and average diameter of 0.167 mm)
from Fluka (Buchs, Switzerland). In order to in-
crease the specific surface area, p-TBD was ground
and an average diameter of 0.067 mm was measured
by microscopy. Racemic naproxen was obtained by
racemizing §)-naproxen at 140C in ethylene glycol
containing NaOH15].

drawbacks of relatively bad odor and expensive price 2.2. Analysis

of the thiol reagent as well as low lipase activity in
comparison with the corresponding oxa-containing

Hydrolysis of R, S-naproxen ester in micro-

analogue were found. Therefore instead of using aqueous isooctane was monitored by HPLC using a
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chiral column from Regis § S-WHELK-01; Mor-
ton Grove, IL) capable of separating the internal
standard of 2-nitrotoluene,Rf- and @)-naproxen,
(R)- and ©-ester with the retention time as 4.5,
12.2, 21.5, 7.2 and 8.9 min, respectively. The mobile
phase was a mixture ai-hexane/isopropanol/acetic
acid (80/20/0.5, v/vlv) at a flow rate of 1.0 ml/min.
UV detection at 270 nm was for quantification at the
column temperature of 2%.

2.3. Synthesis of (S)- and (R, S)-naproxen
2,2,2-trifluoroethyl ester

By following a standard proceduif?], the acid
chloride of §- or (R, S-naproxen was prepared by
refluxing 20 ml of benzene containing 3.45¢g of the
acid and 3.20g of thionyl chloride for 1.5h. The
resultant solution was evaporated to dryness under
vacuum, added 30 ml of benzene containing 2.7 g of
2,2,2-trifluoroethanol and 1.19 g of pyridine, and re-
fluxed for 4 h. By cooling down the reaction solution,
an aqueous solution (50 ml) containing 6 MM sodium

carbonate and deionized water (100 ml) were succes-

sively employed four times and two times, respec-
tively, to extract the excessive alcohol and remaining

naproxen. The organic layer was separated, dried over

magnesium sulfate, filtered and concentrated under
vacuum. After purification in silica gel chromatogra-
phy with the mobile phase of hexane/ethyl acetate (2/1,
v/v) and concentrated by vacuum, the desirgd ¢r

(R, 9-naproxen ester in white powder was obtained.

2.4. Lipase immobilization on Accurel MP 1000

The immobilized lipase was prepared by adsorbing
Lipase MY on Accurel MP 1000 with a particle size
distribution between 0.4 and 0.6 mm. Briefly, enzyme
solution (50 ml) by dissolving 2.2 g of the crude li-
pase in 55ml of deionized water was centrifuged at
3000rpm for 10min to remove the precipitate. The
solution was brought in contact with 2.0 g of the sup-
port pre-wetted with 99.5% ethanol, washed with 50%
ethanol-water solution and pure deionized water in
succession for 1.5 h, respectively. The lipase-support
system was mildly shaken at°€ for 6 h. The sup-
ports were then separated from the solution by filtra-
tion, lyophilized for 12 h and stored at’€ for use.

113
2.5. Racemization of (S)-naproxen ester

To 10 mlisooctane was added 1 mM §f{haproxen
ester and p-TBD of various concentrations. The re-
sultant solution was stirred with a magnetic stirrer
at 45°C. Samples were removed and injected onto
the above HPLC system at different time intervals
for analysis. From the time-course data of the enan-
tiomeric excess e&.the apparent interchange con-
stantkin; can be estimated.

2.6. Kinetic resolution of (R, S)-naproxen ester

To 10ml of isooctane was added 50mg of the
immobilized lipase (containing 2.0%, w/w of water
based on the enzyme mass) aiR] §-naproxen es-
ter of concentration varied from 1 to 10mM. The
resultant solution was stirred with a magnetic stir-
rer at 45°C. Samples were removed and injected
onto the above HPLC system at different time in-
tervals for analysis. Similar experiments by employ-
ing 1mM of (R, §-naproxen ester were carried out
except that various concentrations @&)-aproxen
or 2,2,2-trifluoroethanol were added. From the
time-course conversions oR)- and §)-naproxen es-
ter, the initial rates were estimated and employed for
kinetic analysis.

2.7. Non-enzymatic hydrolysis of
(R, S)-naproxen ester

To 10 ml of isooctane containing trace of water was
added 1 mM of R, S-naproxen ester and 3.846 mg/ml
of p-TBD. The resultant solution was stirred with a
magnetic stirrer at 45C. Samples were removed and
injected onto the above HPLC system at different time
intervals for analysis. From the time-course variation
of the conversions for the racemate, the apparent rate
constant for hydrolysi&, can be estimated and em-
ployed for the kinetic analysis.

2.8. Dynamic kinetic resolution of
(R, S)-naproxen ester

To 10ml of isooctane was added 1 mM oR,(
S-naproxen ester, 3.846 mg/ml of p-TBD and var-
ious concentrations of the immobilized lipase. The
resultant solution was stirred with a magnetic stirrer
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at 45°C. Samples from the organic phase were re- 2,2,2-trifluoroethanol is added initially. Then by us-
moved and injected onto the above HPLC systems ing a fourth-order Runge—Kutta method, the theoret-
at different time intervals for analysis. Then, the ical time-course conversion for each substrate can be
time-course conversions for both enantioméxsand solved fromEgs. (1) and (2)in which (Pa), (Ps)

Xg, the racemate conversioff and the enantiomeric  and Q) are eliminated from the material balances
excess for the substrate @.&ere calculated. After (Pa) = [(Sa)o — (SA)], (PB) = [(SB)o — (SB)] and

the reaction, p-TBD was separated by filtration and (Q) = [(Sa)o+ (SB)o — (Sa) — (Pg)] with (Sa)o and
added to isooctane containing acetic acid to strip the (Sg)o as the initial concentrations o8() and &),
adsorbed naproxen. Samples were removed for HPLC respectively.

analysis to determine the concentrations R)- (and When lipase deactivation effect foB)¢ester (but
(9-naproxen and hence the enantiomeric excess fornot for (R)-ester) is considered, an irreversible series
the product e.g. mechanism is employed to derive the effective lipase
concentrationE) in Eq. (1)as follows[23]:
rkl
3. Model development (E) =(E)o y|1- ko exp(—k1r)
3.1. Kinetic resolution of (R, S)-naproxen ester + [k rklk ] eX[X—kzt)} 3
1— k2

As the hydrolysis product of 2,2,2-trifluoroethanol Notations E)g, r, ki and kp represent the initial li-

is a good leaving moiety, an irreversible Michaelis— pase concentration, fraction of enzyme activity of
Menten mechanism coupled with product inhibition the intermediate lipase, deactivation constants for
effect can be employed to describe the kinetic behavior the initial and intermediate lipases, respectively.
of lipase-catalyzed hydrolysis dR(S)-naproxen ester These constants can be estimated from comparing
in isooctang18]. By furthermore assuming that both the time-course variations of substrate concentration
(R)- and ©-naproxen have the same inhibition effect with the best-fit predictions solved numerically from
to the enzyme, one may derive the rate equation for Egs. (1)—(3)

each substrate as follows:

_dSa) (SA) (E)k2p/ Kma

Va = T 1)
t 1+ (Sa)/Kma + (SB)/Kms + [(Pa) + (PB)]/Kp + (Q) /K¢
Vg = _4S®) _ (S8)(E)k2s/Kme @
dr 14 (Sa)/Kma + (SB)/Kmg + [(Pa) + (PR)]/Kp+ (Q)/Ko
Notations E), (Q), (Pa), (Pe), (Sa) and &)
denote the concentrations of effective enzyme,
2,2,2-trifluoroethanol,)- and R)-naproxen, §- and 3.2. Non-enzymatic hydrolysis of
(R)-ester, respectively. Moreovetza, Kma and kog, (R, S)-naproxen ester
Kmp are the rate constants fog){ and R)-ester, re-
spectively, in the Michaelis—-Menten mechanisi, An irreversible first-order kinetics is employed
andKy are the product inhibition constants. to describe the non-enzymatic hydrolysis dR, (
From the variations oV with (Sa) and Vg with 9S-naproxen ester by using p-TBD as the cata-

(Ss) at the initial stage without adding the product, lyst. Therefore, the apparent rate constant for hy-
the kinetic constants dfa, ko, Kma andKmg may drolysis ky can be estimated from the time-course
be estimated. Similarly, product inhibition constants data of [Sa) + (Sg)] coupled with the equation
can be determined frofg. (1)when §)-naproxen or IN{[(Sa) + (SB)1/[(SA)o + (SB)o]} = —knt.
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3.3. Dynamic kinetic resolution of
(R, S)-naproxen ester

A reversible first-order kinetics is employed to de-
scribe the interconversion oS¢ and [R)-naproxen
esters[18]. The apparent interconversion constant
kint is then estimated from the time-course racemiza-
tion of (§-naproxen ester coupled with the equation
In[e.es/e.esg] = —2kintt. Therefore, an irreversible
Michaelis—Menten kinetics for the lipase, an irre-
versible first-order non-enzymatic hydrolysis and a
reversible first-order racemization kinetics for the
base are employed to simulate the dynamic kinetic
resolution of R, §-naproxen ester as followW21]:
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gosalipase has been reported wheR §)-naproxen
2,2,2-trichloroethyl ester was the substrate in potas-
sium phosphate buffer at 22 [12].

Similar results agig. 1 (not shown here) were ob-
tained when different concentrations &)-haproxen
or 2,2,2-trifluoroethanol were added initially when us-
ing 1mM of (R, §-naproxen ester as the substrate.
The initial rates of §-naproxen ester varied with the
added product concentration were then determined.
From the variations OV/_\_l with (Sa)~? at the initial
stage Fig. 3) coupled withEq. (1) one might further-
more determine the inhibition constaiisandK for
the acid and alcohol products, respectivélglfle ).

d(Sa) (Sa) (EVkza/ Kma
- = kit (Sa) — (S8)] + kn(S 4
G~ 1% (Sa)/Kma + (S8)/ Km + [(P) + (Pa)l/ Kp + (Q)/Kg | miL(5) = (S +-kn(Sa)  (4)

d(Sp) (S8)(E)kas/Kme
— = kint[ (SB) — (S kn (S| 5
0~ T4 (50 Kma T (5)/Kms + [(Ba) + (Po)]/Kp 1 (0)/Kg | nl(58) = (SWI+kn(Se) (3]

d(Pa) (Sa)(EYkoa/Kma
_dPa) _ k(S 6
dr 14+ (Sa)/Kma + (SB)/Kmg + [(Pa) + (PB)]/Kp+ (Q)/Kp An(Sa) ©)

By furthermore combining the material balances
(Q) = [(Pr)+(P)] = [(Sa)o+(SB)o—(SA) — (SB)]

to eliminate Pg) and Q) in Egs. (4)-(6)and consid-
ering the lipase deactivation (i.Eq. (3) for Egs. (4)
and (6) the time-course variations 0§(), (Sg) and
(Pa) are solved numerically when employingdg, (
S-naproxen ester as the substrate.

4. Results and discussion
4.1. Kinetic resolution of (R, S)-naproxen ester

Fig. 1illustrated some time-course conversions of
(R)- and ©§)-naproxen ester (i.eXg and Xa, respec-
tively) at various substrate concentrations for the ki-
netic resolution of R, §-naproxen 2,2,2-trifluoroethyl
ester in isooctane at 4&. The initial rates varied with

By substituting the kinetic constants inkExs. (1)
and (2) the theoretical time-course variations X4
and Xg at various substrate concentrations were cal-
culated (data not shown), where large deviations with
the experimental were found. However when consider-
ing the enzyme deactivation effect fdg){ester, good
agreements between the experimental data and best-fit
results were obtainedri{g. 1). This really implies that
a minute change of enzyme conformation in the active
site due to lipase deactivation has a profound influ-
ence on the affinity of$- but not R)-naproxen ester
to the enzyme.

The kinetic constants previously obtained for the
kinetic resolution of R, §-naproxen 2,2,2-trifluoro-
ethyl thioester in isooctane by employing the same
immobilized lipase were listed ifable 1 [21] A
comparison of the second-order rate constant revealed

the substrate concentration were then determined andthat about 2 order of magnitude higheia/Kma for

demonstrated irFig. 2 The kinetic constants were
estimated fromEgs. (1) and (2)and represented in
Table 1 giving a high enantiomeric ratio of™*
koaKms/ ks Kma = 309 for the lipase. A high enan-
tiomeric ratio of more than 100 for the crud® ru-

(S-naproxen ester than that fd®)¢{naproxen thioester
was obtained. A similar result of a high&ss/Kng
for (R)-ester compared withR)-thioester was also
found in the table. The low value &ba/Kma for (9-
thioester (orkog/Kmp for (R)-thioester) corresponds
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Fig. 1. Effects of initial concentration ofR{ S)-naproxen 2,2,2-trifluoroethyl ester on time-course variationXof(®) and Xg (O)
with (E)o = 5mg/ml at 45C: (A) (Sa)o = (Se)o = 0.5mM, (B) (Sa)o = (Ss)o = 1mM, (C) (Sa)o = (Ss)o = 1.5mM, (D)
(Sa)o = (SB)o = 2.5 mM. Best-fit results (—).
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Fig. 2. Variation ofVa (@) with (Sa)o andVg (O) with (S)o in

the kinetic resolution ofR, S)-naproxen 2,2,2-trifluoroethyl ester

with (E)o = 5mg/ml at 45 C. Best-fit results (—).
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Fig. 3. Variation of vy (@) with (Pa) and V5! (O) with (Q) at

the initial stage with E)o = 5 mg/ml at 45 C. Best-fit results (—).
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Table 1

Kinetic constants obtained from the kinetic resolution and racem-
ization of (R, 9-naproxen 2,2,2-trifluoroethyl ester andR, (
S-naproxen 2,2,2-trifluoroethyl thioester in isooctane at@5

Substrate R, S-Estef (R, 9-Thioestet*
koa (MM ml/(h mg)) 0.638 9.63x 1073
Kma (MmM) 7.56 9.69

koa/Kma (ml/(h mg)) 8.44x 1072 994 x 10°*

kog (MM ml/(h mg)) 551x 104 850x 10°°
Kms (MM) 2.02 223

kog/Kmg (ml/(h mg)) 2.73x 107% 3.81x 10°©

E* (|e kgAKmB/sz KmA) 309 260

Kp (mM) 2.55 Not determined
Ko (mM) 3.30 Not determined
kn (h~1) 410x 103  4.06x 10°5(B)
kint (W™1) 1.26 x 1072 2.48x 10°%(B)
ke (h71) 0.2 Not determined
ko (h71) 0.01 Not determined
r 0.1 Not determined

* By adding 3.846 mg/ml (or 10 mM) of p-TBD in racemization
experiments.
**With (B) as trioctylamine concentration frof21].

to increased activation energy by 11.7 kJ/mol (or
11.2kJ/mol) at 45C in comparison with the cor-

responding oxa-containing analogue. A similar
result of lower thiotransesterification rate by us-
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kinetic resolution of R, S)-naproxen ester or thioester
because an excess of water in comparison with the
ester or thioester was employed and a higfhvalue
obtained. Therefore, a minor changekgfa but not

koa for (§-ester and $)-thioester Table 1) was at-
tributed to the formation of oxyanion hole in stabiliz-
ing the transition state and not in facilitating binding
of the substrate. Moreover, a hydrogen bond between
the alcoholic moiety of the ester substrate and His449
Nep of the catalytic triad in the acylation step has
been proposed to stabilize the transition sfa&27]

It is then very natural to assume that the weak hy-
drogen bond between the thiolic moiety of thioester
substrate and His449 M on stabilizing the transi-
tion state must play an important role leading to the
lower lipase activity for §-thioester. Similar elucida-
tions are valid for the lower reactivity oRj-thioester
compared with R)-ester, although an order of magni-
tude higheKyg for the former was found. A further-
more study, e.g. using molecular modeling technique
to compare the activation energy between the tetrahe-
dron oxyanion intermediate and ground state for each
substrate, on confirming of this assumption is still
awaiting.

4.2. Racemization of (S)-naproxen ester and

ing 4-morpholine ethanol as an acyl acceptor was non-enzymatic hydrolysis of (R, S)-naproxen ester

also found when comparing with the transesteri-
fication rate [24]. Yet, different kinetic behaviors

Fig. 4(A) illustrates the time-course variations of

were reported for esters and thioesters carrying out In[e.eg/e.egg] by using p-TBD concentration as the
non-enzymatic hydrolysis in an alkaline aqueous so- parameter in isooctane at 46. An induction time

lution. The effect of “resonance stabilization” and
“leaving-group ability” has been employed to pre-
dict the reactivity among various carboxylic acid

of 7.2h for 0.3846 mg/ml of p-TBD and 10.2h for
other concentrations was estimated by extrapolating
the linear part of each curve to the abscissa. This was

derivatives such as amides, esters, thioesters and acyhttributed to the effect of intra-particle diffusion for
chlorides. Therefore, a higher hydrolysis rate for the each enantiomer in the support at the initial stage.
thioester was expected when considering the lower The apparent interchange constants varied with the
pKa of 7.30 for 2,2,2-trifluoroethanethiol than 12.37 base concentration were estimated from the slope
for 2,2,2-trifluoroethanol and the weaker resonance of the linear part for each curve, and represented in
effect for the thioester. Indeed, a 1.76-fold increase Fig. 4(B). An asymptotic value of B1x10-2h~1 was
of the second-order rate constant for the hydrolysis obtained when p-TBD concentration was greater than
of p-nitrothiophenyl acetate compared with that of 7.692 mg/ml. This behavior might be attributed to the
p-nitrophenyl acetate was reportgtb]. partitioning of the solute on the support. Therefore,
The formation of two tetrahedron oxyanion inter- p-TBD concentration of 3.846 mg/ml was employed
mediates in the acylation and deacylation steps, re- in the following dynamic kinetic resolution.
spectively, for the lipase-catalyzed hydrolysis of esters A comparison ofkjny = 1.26 x 102h~1 (us-
is a well-accepted kinetic mechanid26,27] Obvi- ing 3.846 mg/ml of p-TBD) with k2a/Kma
ously, the former was the rate-determining step for the 8.44 x 10-2ml/(hmg) indicates that unless a very
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Fig. 4. (A) Time-course variations of In[esfe.eso] for

(9-naproxen ester at 4%: For p-TBD concentration of
0.3846 mg/ml ), 1.154mg/ml ¢), 3.846mg/ml ¢©) and
7.692mg/ml (\). (B) Variations ofkj,; with p-TBD concentration.

low lipase concentration, say 0.2 mg/ml, is employed,
the racemization rate should be improved in order
to develop an effective dynamic kinetic resolution
process. The racemization of){naproxen ester in
isooctane at 45C at various trioctylamine con-
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when a low lipase concentration, say 0.1 mg/ml, was
employed.

4.3. Dynamic kinetic resolution of
(R, S)-naproxen ester

Experiments of using the immobilized lipase rang-
ing from 1 to 3mg/ml for the dynamic kinetic reso-
lution of 1 mM of (R, S-naproxen ester were carried
out. The time-course variations of the racemate con-
versionX;, e.ep and e.e were illustrated inFig. 5.

In comparison withFig. 1 for a standard kinetic res-
olution, the addition of p-TBD has a profound effect
on improving the e.g.value whenX; is greater than
50%. In general, increasing the enzyme concentration
results in an enhancement ¥f but decrease of the
optical purity of §-naproxen. The limitation of max-
imum 50% vyield for the desired product in a kinetic
resolution process is overcome in the dynamic kinetic
resolution. For example ifrig. 5(A), one obtained
75.5% yield of §-naproxen fromX, = 95.5% and
e.e. = 581% at 600 h.

Large deviations between the experimental and the-
oretical predictions were found if the kinetic constants
listed inTable 1were employed to solvEqgs. (3)—(6)
Inspections of the time-course variation of g.m

centrations has been carried out (data not shown Fig. 5(A) and (C)revealed that the racemization of

here), givingkint = 7.46 x 10~/(B) with (B) as
trioctylamine concentration. By comparing with
kit = 2.48 x 10*4(B) for (S-naproxen thioester
(Table 9, a 332-fold enhancement of the racemiza-
tion for the @-thioester was found. This implied that
2,2,2-trifluoroethanethiol moiety must play an impor-
tant role on increasing the-proton acidity and hence
the formation of a-carbanion during racemization
[18]. Therefore, a stronger organic base like p-TBD
but not trioctylamine was employed for giving bet-
ter racemization rate for the remaining){naproxen
ester.

Similar kinetic behaviors aBig. 4 (data not shown
here) were obtained when performing non-enzymatic
hydrolysis of R, S-naproxen ester by adding
3.846 mg/ml of p-TBD in the reaction medium. Thus,
an apparent rate constat = 4.10 x 103h~1 was
estimated from the slope of the linear part of the
time-course curve. After comparing this value with
koa/Kma, the undesired non-enzymatic hydrolysis
in obtaining a high e.g.value was not negligible

(R)-naproxen ester at any specific time decreased by
increasing the lipase concentration. This implied that
the racemization capacity of the base decreased when
adding more lipases. Indeed, the more was the lipase
concentration, the higher was the water in the reaction
medium as a certain amount of water initially adsorbed
on the lipase. This might enhance the water content
dissolving in the solution, leading to more ion-pairs
formation with p-TBD, which certainly decreased the
base concentration available for performing racem-
ization and non-enzymatic hydrolysis. Similar behav-
iors of decreasing racemization rates were found if
(9-naproxen or 2,2,2-trifluoroethanol was initially
added to carry out racemization experiments (data
not shown here). On the other hand, increasing the
water content might also enhance the non-enzymatic
hydrolysis for a fixed p-TBD concentration. There-
fore, more studies on assessing the cross-interference
among p-TBD, water, acid and alcohol products are
needed in order to successfully simulate the present
process. Yet, a simple and practical way to consider
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Fig. 5. Effects of enzyme concentration on the time-course variations (®), e.ep (¥) and e.e; (O) with p-TBD concentration of
3.846 mg/ml at 45C: (A) (E)o = 1 mg/ml, (B) (E)o = 2mg/ml, (C)(E)o = 3mg/ml. Best-fit results (—).

this cross-interference is to modify the kinetic con- that the lipase has higher enantioselectivity and activ-
stantskjy; andky. By employing 30, 25 and 15% of ity for the ester substrate. An asymptotic value for the
kint as well as 45, 75 and 95% &f, for adding 1, apparent interconversion constant was obtained when
2 and 3mg/ml of the lipase, respectively, in solving increasing the p-TBD concentration. The limitation of
Egs. (3)-(6)good agreements between the experimen- maximum 50% yield for the desired product in a stan-
tal data and best-fit results were illustratedig. 5. dard kinetic resolution was overcome in the present
resolution process, e.g. 75.5% yield &-haproxen

) obtained, yet, with a disappointing g @f 58.1%.
5. Conclusions

A dynamic kinetic resolution process was developed
for the (§-naproxen production fromR S)-naproxen
2,2,2-trifluoroethyl ester by using lipase-catalyzed
hydrolysis with continuous in situ racemization of
the remaining R)-ester by p-TBD in isooctane. An
irreversible Michaelis—-Menten mechanism coupled
with the product inhibition and lipase stability for
(9-ester could be employed to describe the enantios- References
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