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Solid Bases as Racemization Catalyst for Lipase-catalyzed Dynamic
Kinetic Resolution of Naproxen 2,2,2-Trifluoroethyl Thioester
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A variety of solid bases such as inorganic bases, basic anion exchange resins, and resin-bound bases were tested as a
catalyst for racemization of (S)-naproxen 2,2 2-triflucroethyl thioester in isooctane at 45°C. Among the various bases, DIAION

WA30, which

is a weakly basic anion exchange resin with a tertiary amine based on a highly porous type

styrene-divinylbenzene copolymer, showed the highest catalytic activity. The second-order interconversion constant of DIAION
WA30 was 8.6x10* mM'h" and about 3 times higher than that of trioctylamine under the same conditions. The rate of
DIAION WA30-catalyzed racemization decreased with increasing an amount of water added to the reaction medium.
Lipase-catalyzed kinetic resolution of racemic naproxen 2,2,2-trifluoroethyl thioester was successfully carried out under in situ
racemization of substrate with DIAION WA30 in isooctane at 45°C. More than 60% conversion and 99% enantiomeric excess
for the desired (S)-naproxen product were obtained. Furthermore, such a solid base catalyst could be easily separated and

reused in contrast to trioctylamine.
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Table 1. Various polystyrene-bound bases tested for the racemization of
(S)-naproxen 2,2,2-trifluoroethyl thioester in isooctane

Average

Cross-linker : Loading .
Solid bases divinylbenzene du(iun:s;er (mmol/g) Functional group
IAION s i
e 4% 750 366 N'(CH)CT
ION . i
e 6% 750 347 N'(CHy),CI
DA ION 4% 70 339 -N'(CH:):.C:H.OHCI
Rﬁgg 6% 750 326 -N'(CH:):CH,OHCT
RflﬁggN 5% 750 4.56 -(CHy)1 -sN(CH3),
JPr
PS-DIEA 2% 415 39 @/Q/\
PS-DMAP 4% 384 157 QQ\
O\\Sf,
N
PS-NMM 1% 110 17 H
N
o)
PS-TBD 1% 103 131
N
PS-TBD O . //Nj
(Fluka) 2% 167 2.6 (. U

2yl U (S)}LZEM BN
(S-UHZE4 GEE 9 25 g% NaOH 16 g& o dd 2

2] Z (ethylene glycol) 150 mLe]l =91 & 175°Col A 6A| 1+
ot refluxsholl A wxRbstAth(l4). 1 F A ES oA
A% F INHCI 120 mLE H7}8bd A Ago] &g
EUHE FH AHIA F EFTFE A A AL I H
Azstol e ZS AL AT 712 A (Chiraleel
OD-H, Daicel Chemical Industries)o] #2t¥ HPLCE o] &
3ted 27 9] peaks& FRIB AT (S)-UZE 49 25 (S) v
ZE5HN YEF 9¢ 42X INHCIZ HEste d& &
1t

lﬂl)l'”

2tdel ¥ (S)H=SH 222-Ez|E2202 M0
AE| By

WA By L) 1,2-dimethoxyethane 25 mLo| A9 2
£ (S)-U=ZZ4 (200 mM), 5= pyridine (600 mM), phenyl
dichlorophosphate (300 mM), 2,2,2-trifluoroethanethiol (320
mM) 5& A7hehe] akabalth. Aeols] 16412 Bt w
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Figure 1. Lipase-catalyzed dynamic kinetic resolution of naproxen 2,2,2-trifluoroethyl thioester using solid bases in isooctane.
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Table 2. Effect of base type on the interconversion constant (ki) of
(S)-naproxen 2,2,2-trifluoroethyl thioester in isococtane at 45°C

Inorganic ko (1) Ton-exchange ke (1) Resin-bound Ko (B

bases resins bases
NaOH 0 PA308 0 PS-DIEA  1.2x10°
NaOH+EtOH 2.5x10*  PA312 0 PS-DMAP 0
Ca(OH), 19x10*  PA408 0 PS-NMM 0
MgO  LIx10"  AMP26 0 PS-TBD 0
, PS-TBD
WA30  22x10 (Fluka) 0
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Figure 2. (A) Effect of water on time-course In (ees/ees) in the racemization of
(S)-naproxen 2,2,2-trifluoroethyl thioester with DIAION WA30 in isooctane at
45°C. @: 0% (viw), Il 5% (v/w), A: 10% (viw), ¥: 20% (v/w), @: 30%
(vfw). (B) Variations of iy with an amount of added water.

Fig. 39X & gAu sl Z8&0] 714 219 DIAION WA30
9] FE & Hharo] 71 A A7kl In(eedees) S VFER R
31, o] A7} 2 %E 2} interconversion constant (kK ) S 3l
12 gkth. DIAION WA309] k' = 3.9x10° (mg/L) 'h" = 8.6x10"
mM'h'o2X FLF AFZA s EF Lol k',
=2.5x10"mM'h" o] QTH(12). 2= DIAION WA300] L= &
A 222-Ef]E2Z2oY N2 2EY g w3
EglSdgolging o 3 ¥ &4 o F5& ¢ 4 AUtk

ghAv|E 4o ¥ 97|18 ARStha wh=A] DKR ®F
So £& AT olUth dE B, oul ¥ daeA
K Zrol 220 mM'h' (15)9) %<%7) 1,8-diazabicyclo[5.4.0]
undec-7-ene (DBU)E AHEFS wf ghAlv)g) dh&2 v wh

2A dojyor) F49 &4 "oz oo o3 gt
A 7heEs) whgol ot ee, ol Wi Wit o]d 9
ol B Ao g w2 ZFAEE 848 BRE9
DIAION WA300] &4 % DKR ®FoATE 2 ZAnE 7}
HeE AE 98 Hyth. a44 DKR ¥H3-& ghAg
ZZA 222-EEEZE2dE AAHE JERZ 45°C, o}
o|AZE Yl FFAHAE B WY ZH=x).

DIAION WA30 (/L)

0 10 20 30 40 50 60
0 P S S
@& fow
015 i
2 Fow 2
] (B) |oos
3 a L 0.00
gﬂ
8 =
£
2] @)
-3 T T T
0 20 40 60 80

Time (h)

Figure 3. (A) Time-course variations of In (eefees,) for (S)-naproxen
2,2,2-rifluoroethyl thioester depending on DIAION WA30 concentration in
isooctane at 45°C. @: 1 mg/mL, l: 3 mg/mL, A: 5 mg/mL, V¥: 25 mg/mL,
@: 50 mg/mL. (B) Variations of kin, with DIAION WA30 concentration.
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Figure 4. Time-course conversion (circles) and ee, (rectangles) in the
lipase-catalyzed kinetic resolution of naproxen 2,2,2-trifluoroethyl thioester
without (empty) or with (filled) DIAION WA30 in isooctane at 45°C.
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