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Abstract: Three 1,3-dipentylimidazolium hexafluorophosphate ionic liquid isomers, 1,3-di-n-pentylimidazolium hexafluorophosphate
([D(n-Cs)Im]PFs), 1,3-di-isopentylimidazolium hexafluorophosphate ([D(i-Cs)Im]PFg), and 1,3-di(2-methylbutyl)imidazolium hexafluoro-
phosphate ([D(2-mb)Im]PFg), were designed and synthesized. They were used as media for the synthesis of phenylethyl acetate catalyzed by
Pseudomonas cepacial lipase. The activity and reactivity of the lipase in [D(2-mb)Im]PF¢ is obviously higher than that in organic solvent
hexane. Based on the temperature-controlled characteristics of [D(2-mb)Im]PFe, we designed a new route to synthesize phenylethyl acetate
catalyzed by lipase, in which the reaction and the separation of the product were carried out under a relatively high and low temperature,
respectively. By investigating the influence of various factors on the yield of product, optimal conditions for the synthesis of phenylethyl
acetate were obtained, i.e. the amount of lipase 30 mg, the ionic liquid 1.0 g, water content 2%, reaction temperature 35 °C and reaction time
48 h. Under the optimal conditions, the yield of phenylethyl acetate was up to 92.3%. Also, the stability of the lipase in the [D(2-mb)Im]PFs
medium was 7.4-fold that in hexane. The lipase in [D(2-mb)Im]PFs was recycled 10 times without substantial diminution in activity. More-
over, circular dichroism and fluorescence spectroscopy were used to follow the changes of enzyme structure in different solvents. The results
showed that the lipase in the ionic liquid has excellent secondary structure stability and slightly big exposure level of amino-acid residues.
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R il 2 IO L A e TR RS R P R PR, AT A T R
SR TR AT, AL S8 14 B A P DT i K A 7 i
WERR 3h FH T SR 2K LW 1 A=) G BCIN, g Uiy 1 % 7
AT, PR ARG IX AT B BT A K e ER T
B HE AN BRI K, AT A B - WA g il ) S R 22,
NS (A A

AR SCAE WK MR (1 1,3 A7 [F) B 5] N AN 3, 10t
BT P13 I K e S R IR R 1 [R] 43 e
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([D(n-Cs)Im]PFy), 1,3- - 5 ) 3 0k w75 960 o 1R &8
([D(i-Cs)Im]PFg) A 1,3- " (2- F & 1756 ) K e /s 5
% & ([D(2-mb)Im]PF,), F£ N T {8 % i W (Pseu-
domonas cepacial, PCL) JIg I B4k B Bk S BR 2K 201
. [D(2-mb)Im]PFe (ML 20 1) 75 % i T 5 [ &
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Scheme 1. Molecular structure of 1,3-di(2-methylbutyl)imidazolium
hexafluorophosphate ([D(2-mb)Im]PFy).
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1.1 BFREBIEK

7E 500 ml — Ui, il 100 ml (0.92 mol) N-—
PR DL 7 o R K e (vt ] 24 B 141, 43 AT 40E) #1230 ml
(1.86 mol) 1-¥-2- I T e (b [ 245 5 |41, 7 #r 4,
FEA) TR AR R 1808 THE 25 80 °C HUMIHE FE [ B 48
h, 75 1) 3 (RS BERAR 1,3- 7 (2-F 3L T3 ) mk gk
R [D(2-mb)Im]Br. JIA 200 ml 25 5 ¥ /K i, ¥ H
2ok ARG, TR )R, B2 BJE R RO R
KL, N ZHAREE A 1000 ml B, ZEHLBEFE T, 2
LA 170 g (0.92 mol) /N F i R 4 (b it [ 25 4R 141,
Iy M ety [ A, 4k 82564 4 h, 15 2 [D(2-mb)Im]PF, #
ai. FH 2% B 1 /KSR R i, B 30K R 5 B KA oA
AgNOs TG UTUE A, SR )5 7 %% 22 500 ml [7] ik ke
L, 7E R-201 7Y Jig e 2% s (it FWAE W) R A B
Adl) BT 90°C JEZE, H 2 3R FM R A H LA
W4 1k, 4li4k )5 I [D(2-mb)Im]PF, & 714 4 6 {4,
] 44, 445 SO 57.3°C. e 3 AR e EIR AL 7
EA RS 2k, R P B AR A | Ho
1-1E T 3E-3- T BE K e 7S Gl 19 PR £6 [n-C4MIm]PF % S
BR[12]77 7 F 1.

B WA 25 ) SR R W A 43 BT A (UNITY
INOVA, 2% [ bt H ¢ 28 &) #E417 & (‘'H NMR,
CD;COCD3, 400 MHy). [D(n-Cs)Im]PFg: & 0.88 (t, J =
6.84 Hz, 6H),1.29~1.33 (m, 4H), 1.34~1.39 (m, 4H),
1.91~2.06 (m, 4H), 4.34 (t,J=7.32 Hz, 4H), 7.76 (d, J =
1.56 Hz, 1H), 7.76 (d, J = 1.56 Hz, 1H), 9.01 (s,1H);
[D(i-Cs)Im]PF¢: §0.97 (d,J=6.80 Hz, 12H), 1.61~1.68
(m, 2H), 1.83~1.89 (m, 4H), 4.38 (t, J = 7.32 Hz, 4H),
7.78 (d,J=2.00 Hz, 1H), 7.79 (d, J = 2.00 Hz, 1H), 9.07
(s, 1H); [D(2-mb)Im]PFg: 6 0.86 (t, J = 7.33 Hz, 6H),
0.95 (d,J=6.35 Hz, 6H), 1.18~1.46 (m, 4H), 2.00~2.09
(m, 2H), 4.18 (d, J=7.32 Hz, 4H), 7.75 (d, J= 1.60 Hz,
1H), 7.76 (d,J=1.60 Hz, 1H),9.00 (s, 1H).

1.2 ZERFTEERIE R

76 10 ml HZEHETE ) P, KN 2.0 ml (16.2
mmol) 2- 28 £ I (g E 25482 [, 2 #r4d), 1.5 ml (16.2
mmol) PR IR (il E 255 A, i ali), 1.0 g 125
TR (BOE O 1.0ml), & &M 2iK, 30 mg
1% B i B 15 7 i PCL (Sigma 2> 7). 4 HL ZEHE T B
TR EI R A (G da i BT AR ) o, e
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J5 g 35 °C, 38 4 180 r/min. — 52 I 8] 8] B% BUFE 30
ul, I 970 ul 1E CFE A HL, #5522 min. BUIE k=
500 pl, BN 10 pl A% (SRR TR), £E 9790 4 < AH (4
AN Gl 0 T AR ST A BT AR AT B 2 | B kB
PEF L A3k SE-54 (30 m x 0.32 mm x 0.25 pm),
FID Kl 25 ; #E¥L 190 °C; HEAE 2% 5 40 I 2% i 5 300
°C; BN AT, Vi 30 ml/min; FEREE 0.2 ul; 2R
bt 50:1. &4 5 fR § iR A . 4R L4416 1.2 min, &
1 1.4 min, ZFE N BE 1.8 min, 4R 7K 4B 2.1 min, 2-
K L1 2.8 min.
1.3 EEFmEABINE

76 10 ml R ZEHEJE P I 1.0 g [D(2-mb)Im]-
PFq 4 1.0 ml i V¢, JIig W 8 30 mg, - 35 °C fRifd— &
I TH) 5 I 2.0 ml 2-2K 4%, 1.5 ml &R £ 4 Tig
RLAR I 7K &, S5O~ i I 8] 5 BUORE 23 A, BT AR I
I RF A — G R N B Jy R TR, RS A =
Aoe™, Forp kg R B, A ARG, 24 A = Ay/2
I T A3 21 W] 10 = In(2/k). WS T3 € LR 3 RV
ZAF R, FAL IS TE) P 2B K 1 umol 77 BT T R B
1.4 B FiRIRRIERNE

BB 3 ml 1) 10 pmol/L ¥6- 1 B WA 3 ml &1
AR T 10 ml B i . A WAE 50°C A T4 6h,
B 25 FFRE, B0 4% W ROH] RF-530 8 9¢ 56 43 )6 6 it
(H AR By 20 7)) BEAT ARSI 380K 9% K 339 nm, ¥ & I
SR PR 4 5 B 1 0 1.5 nm, 35 °C AT R I, 448 7
43300~500 nm. T 9 G R OGS 1) 5 — IR B A
(5=373 nm) FI 58 4R 307 (L =384 nm) 1) 58 & LL A
(11/1111),ETE}E11/1111%%ﬁ%‘ﬁ%%ﬁﬁ%ﬁm*&‘@.
1.5 BgMIRI AL HINE

R AN S I R v RO O g, R
SN AR ZR T B AT B AR, S YR SR LA TR R
2 PCL JIi3 17 g 20 41 6 15 £ I S5l 7R G PR A7 15 I, T
F 4°C ¥ kG 25 W B 1 L 10 I A R e =
WA R B Js SR, YRR T8 1 i 15 i T pHL
7.0 1R B IR 2% b S 9L, T 1% 0.1 mg/mil g ¥ VA, AIG IR
TRA7 % FH . BRI 28 )6 6 1% Y RF-530 784 9% )6 43 6t
FEVFREAT I 5, 2 e i WOk KR 285 nm, A 5
R G BR B8 W FE 4y 9 A 5 R 10 nm, 35 °C AR AT A8,
FIH6 5 R 300~450 nm.
1.6 EEEI—®IZRINE

2 1.5 797 v Bl G 1 16 7 VR AL B S /E MOS-450

TR A %A (7 [E bio-logic /A 7)) LHEAT [ — (1
il (CD) 73 #71. A fhith AN 0.1 em, R BE N 2
mdeg/cm, 14 P K 78 Bl 190~250 nm, 4 4 14 5 4
3.3nm/s, £ & AT E. FIER I TR L12,
CD ¥ FH 3 JE JBE SR ¥ ] ) (deg-em®/mol) 7, 75 HY [
TR S, F KD 23 BT I 0 8 1 G e
1.7 KEENMNZE

DU 5 B8 7 VA PR 7K 25 s I A PR B Y A
FE 0.2 g, TN WS-100 7K 73 0 58 A3 (VL 75 B i {2
A B2 R B . D N AR R KSR, AR
4 2.0ml (1 2- 2 20, 1.5ml ) 1R 16, 1.0 g 12
T (B IE U BE 1.0 ml) A1 30 mg fig 17 il 1) L 28 4
TN, NN R & (17K, JF 8 TR H R PR 45
TH I N, 3L 35 °C, 38 180 r/min, FHAUAH €8 1% ik
(R % T S 31 POP VAR N = e |
R IR &

2 HR51R

2.1 BFRIKRENERE

A0 TP I A 5 i S K AR ) A A S Y R e A
SR 2 O E HE R DR B, AR S04 ) 5 58 T AR DY ey
TR IE b Hh LR 2K £ 155 7= 2 B I 18] 1) A2 4k,
R W 1. W BUE A AE [D(2-mb)Im]PFg & 1)
A, B 17 I 0 B N 1) 4 4 T I 3k 2 R 7 2R i
AL HIE CBE B, SO St vl L, R =
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Fig. 1. Time courses for the synthesis of phenylethyl acetate in dif-
ferent media. (1) Hexane; (2) [n-C4MIm]PFg; (3) [D(n-Cs)Im]PFs; (4)
[D(i-Cs)Im]PFs; (5) [D(2-mb)Im]PFs. Reaction conditions: vinyl ace-
tate 1.5 ml, 2-phenylethanol 2.0 ml, ionic liquid 1.0 g or hexane 1.0
ml, pseudomonas cepacial lipase (PCL) 30 mg, optimal water content
for different solvents.
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T A A R 43 S R A AEUK I 7 G A A AT R 1) R
WA R R K 2ZER., XTEEEHTE FRAE
[D(2-mb)Im]PF [ 55 8% P 0] {3 45 i 2 11 )22 400 75 7K 1)
Sxld; IR IS RTRE BT B A A5 R 5 R 0 I R
B FH IR A 35 1 11 48 7 S 1 T 6 i, O G b 4 R
THREMRERERFENSE . B4, 5
[n-C4,MIm]PF #H £, [D(2-m)Im]PFq B 7 44 4 & 45
BER IR BHES 1, A7 HURS R K 1 388 o, S8 D& A 75
PR AP KPR PR A A K AR W i A, DR S R H
e PRI W S I T 6 e 2R

Shy 5% Tl WA X IR I R SR D R )
FEAE R ZE e I SR IR, R BB 9 4R A Dl e T eAT]
(R P BRI, 5 5 WL 1. TTBLE Y, [D(i-Cs)Im]PF,
WM /N, [D(n-Cs)Im]PFe M 1 55 K, 3% 38 B 5 7 3¢
B 1008 VR A M Bl T ARG, AR, B R R
PE 55 I N A) G 28 B 28 AN 58 A AR Y, 1% 2% B
BT AR A S B AT O R R 2 —. R,
D(2-mb)Im]PF [ &f [ 55 A= Wy 1 N A B & e 5k 11
oy TR, g i 5 i PCL R 5 45 1 e R F5 fik
VE RS AL T BT T ZERBROERBE . A3 00 B PR A il
BT 1) 1) 5 5 %, 3k T Lk — 2D WY

Rl FREBFRIFRIRME
Table 1 Polarity of different ionic liquids

Tonic liquid Jm
[1n-C4sMIm]PF 1.85 (1.840)
[D(n-C5)Im]PF, 1.57
[D(i-Cs)Im]PFq 1.42
[D(2-mb)Im]PF, 1.55

The pyrene solvent polarity is defined as /i/I;; emission intensity ratio,
where band I corresponds to an emission intensity of 373 nm and band
IIT is of 384 nm.

22 RMEHBIMLIL

HET BT AR [D(2-mb)Im]PF¢ 4 Jit H i
X LRI LG 77 2 5% W (S NI TR) 35 g 48 h). 45 IR
W, 4 5 30 mg I, 77 5 SR, 4k a1 n i H
SN AR TP 2. DR, OE B S 30 mg.

B Y e RO ) OC B DR . AE [D(2-
mb)Im]PF¢ /i i H, 4 e Wil BEAIG T 35 °C I, 7= 26 Bl
SNk PEE P T v T 4 o 3 AT B A TR I T
AT 75 55 A R R AR A DA B S A &R b RS A 2
B I T B B N I B A 35~38 °C N, ) F ik ) bt
HARAN K, 1% A2 H 7 Db il P52 3 T P T 1 3% P A

LR 15 A YEFE. BB 40 °C )5, Bl 35 Tk 4 % 8 3
TR, 0% M B A, 3 B80S Y 77 3 BRI R B AL, o
BN A 35 °C.

AR SCE GG B U I N R A 5 P
RCUR. 5 SRR, 7 AR S B RS A IO = 1 3
M, I8 5] 1.0 g J&, ka3 L &, 77 R IR
ANAR (R I FAA IN  KK, AR T i 4 4
1 5. R, [D(2-mb)Im]PF (A& R 1.0 g% K
SUNE

XFTHE KA YA AR R T, TR K I W]
AE 3 Bl S N A 8 2 . BB K 4y ] DUE R
) B2 2 B Wl R AR R b e AT i AR LA A B AR
H, AR EE. B R BKE FRNEEAE T
NOE K AT A0 R R A S Y 2 K 4, )
NS I 177 1 G B 1 5 5 4 1R 80 ) 2 W R A 2
e g P 2 Ta) ik 31 B AR~ A, DT B T I 10 S A4
TERENE, BNG ) B e, 7 EE .

24 T AR R B AKS & R,
A B 1 AR P R PEARAIS, AN TR K,
il M AT AR B . 2 17 [D(2-mb)Im]PF 14 %
TN D 5K, 77 e 2 R I, 82 5 K Ol i 2%
I, ;= BB ARG R AR X K A A A
S AR FR B R B0, T AR R LR R LR ) RO A 5
SEERA —EMER. TR KRR SRR
LT LR IR LR KA, AR T 79 A4 . PRI,
& E B K E R 2%.

2 Bl 4, LA[D(2-mb)Im]PF¢ kA J5it, A 17 i A
A W T8 R TR 1) B e RN 4k F b s L 35 °C,
ity 1 4 30 mg, B 1WA 5 1.0 g, SOV 48 h, 7K 5
%2 TREANEFBIEYEPCLENS R ZBECERMN
WEREE . BRIkEE. BFRAKSEREE
Table 2 Initial reaction rate of enzyme, optimal water content of

system, water content of ionic liquid, and yield of phenylethyl acetate
in different solvents catalyzed by lipase PCL

Initial Yield Water content Optimal
Medium reaction rate %) ofionic  water con-
(umol/(h'mg)) liquid (%)  tent (%)
Hexane 0.0121 71.6 — 3.0
[n-CsMIm]PF, 0.0090 55.8 0.05900 4.0
[D(n-Cs)Im][PFs] 0.0098 56.4 0.00199 3.0
[D(i-Cs)Im][PF¢] 0.0071 46.7 0.00152 1.5
[D(2-mb)Im][PFs] 0.0138 92.3 0.00159 2.0

Reaction conditions: vinyl acetate 1.5 ml, 2-phenylethanol 2.0 ml,
ionic liquid 1.0 g or hexanel.0 ml, lipase PCL 30 mg.
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2%, TEULAC AT, 7 28 B I R) (1 78 Ak 4 SRR B, s
48 h I IE AT, 77 3 92.3%. [A] I A4k T Hdth A
ST 0 AR A 2- 2K IR TR AR AR R S TR 2R S TR I
AR S, FoWTUR SN e g A e g LR 2.
2.3 FRRYEEETH

Tt 1) R o P T AR A S Y I — AN EE B AR bR A
o % 8% T HE W B PCL £ [D(n-Cs)Im]PF,
[D(i-Cs)Im]PFg, [D(2-mb)Im]PFg, [n-C,MIm]PF¢ F1 i
CUE R S IR 2 3 3, &5 SR 4300 377,400, 522,291
A7 he W UL AR B 1 A AR S T L
WHRIIE O, 2o, B £ [D(2-mb)Im]PF, H 1 £ 1
JELEIE OB 7.4 45,

DA ¢ A I ST I 5 A AR A B T T AN
S b IR 7 B PCL W 520606 35 WK 2. v LA IR
JIii i PCL £ [D(2-mb)Im]PF, " [ 45 1iF 9¢ )t K 5 1
(329 nm Ab)! Vg A R B S T O e A L A
B VR T R AR 0 REAE O 5 R UK, B R ) T
HH 1 I e B G5 ) 11 20 D TR Ak i R i R BB v IR D
fiff PCL 47 ¥~ # % F 11 o020 A I i 3 4 M 55 iC 40 45
G, AR REMEEE. X5 8 7Bk
[D(2-mb)Im]PF 1 i [l filf PCL #E 4k & i L TR K £, Tk
TR R T A IE Lot 0 A 79 o 25— YA 3 A
800
700 |
600 |
500 |
400 |
300 [
md,/

Intensity (a.u.)

100 '
0 I L 1 L 1 L 1 L 1 L
300 330 360 390 420 450
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B2 AREERAAERES PCL BT L LIL

Fig. 2. Fluorescence spectra of the lipase PCL in different media. (1)
Hexane; (2) [D(n-Cs)Im]PFg; (3) [D(i-Cs)Im]PFg; (4) [D(2-mb)Im]PFs.

PR O3 TR 006 R AT i e
] BT BLZ L BT BRI DL R AR B A
[D(2-mb)Im]PFq 1 5z 3 J PR g 17 il PO 16— €0 3 1] AL
P 3. iy IR L, L e i A L, I A T A

SEIN N i, [t R i Ve B e A RS, IX R W B
U Bl 5 5 A S0 DA S A 93 7 R AR AE i B o R
Wy R A A

12
1

d/(deg.cm*mol)

I N N T R N N =)

90 200 210 220 230 240
Wavelength (nm)

3 HEERIASBABEFIE B TR K [D(2-mb)Im|PF, 7}
I [z = B BE B B 9 [ — i [

Fig. 3. Circular dichroism spectrometry of lipase PCL. (1) Fresh; (2)
After reaction in [D(2-mb)Im]PF¢ medium.

BT )R N 48 h i IR IR I I PCL — 4 45 W a-
WEE R -4 B B LR 3. W LU H, E B A R
I N Ji 14 G T Tl - W E R BT e 25 5 A I S A
FH ), X 2 W3 JIG W5 B PCL #£ [D(2-mb)Im]PF H &5 4
BCRRRGE. AT SR AE A B [D(2-mb)Im]PFg H 1)
KRG E P, A SCH i 7 8§ PCL 30 mg 725 ¥ 14
[D(2-mb)Im]PFg 1.0 g i & ¥ 50 ), 43 il - 35 °C i 4
R 1,2,3,4,5 R 6.d, M H 3 — i, v SRR 1)
PR a- IR RN B-FT B I T i 45 R W, R i i
fE[D(2-mb)Im]PF¢ FF {135 6 d J5 H g &5 # JLF AR
AW WL, [D(2-mb)Im]PF, b IF &kt B 0 i 1 35 4
WPk, WA R sk it T AR K AR W e A S AR 3R

%3 BSHAES PCL M- REHMN EL

Table 3 Secondary structure content for different lipase PCL

. Content (%)
Lipase PCL
a-Helix p-Strand
Fresh 29.58 4.68
After reaction in [D(2-mb)Im]PFq 29.66 6.69

24 MWMESFA

(L5 3 A7 B 70 v AR A e BV &5 o, 2 S
Bt 8t 2230 WE AT 5 TR L I 340 it BN 1 1)
NG G | GO 5 W Sl A i B S QR N
[D(2-mb)Im]PFs 24 J I A i 1 il A4 A0 S 82, il A
WA, BLAE ST B R 2 Ak — b
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LT, PRt ] DA B ik g kA7 35 52 A6, AT
TG T TR A BT T SO A AR TS T R B TR I
WY B ) SRR LG Je AR R N 2D
Wy, R e e 7 2 (0 5 i BV AT = B 4t e R AR S
Y. 48 h Ji5 1 g 17 i PCL {£:[D(2-mb)Im]PF, H1 [ 5 &
i I PE L 4. AT L, PCL B AE 10 U5, 3T
fEATEER A B AR, X R P g
[D(2-mb)Im]PFs £ fit T i K 441 F 1) AC I sk 31 B
e HEYEAL N A R T

100

80 |-

(o)
(=]
T T

Yield (%)
N
()
-

4 BEEBMESERM
Fig. 4. Recycling of the lipase PCL.

J341, [D(2-mb)Im]PFs 45 54 57.3 °C, 15T 25
°C I}, [D(2-mb)Im]PF¢ fE 58 ¥ T LR LM R 2k &
W 2K LR, T T 25 °C I SR AR 2 T e
X — R PR Pk, AR SR << v il S AN AR R 23
B GO I SR AR TR A O M 2k, O T
MY H 2S5 TR AF R

3 %8
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