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Synthesis of /-Menthyl Acetate Catalyzed by Lipase in New
Symmetrical 1,3-Dialkylimidazolium lonic Liquids
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Abstract Three new symmetrical 1,3-dialkylimidazolium ionic liquids including 1,3-di(r-butyl)imida-
zolium hexafluorophosphate ([DnBIM][PF¢]), 1,3-di(iso-butyl)imidazolium hexafluorophosphate ([Di-
BIM][PF¢]) and 1,3-di(s-butyl)imidazolium hexafluorophosphate ([DsBIM][PF¢]) were designed and syn-
thesized. The esterification reaction of /-menthol with acetic anhydride catalyzed by Pseudomonas cepacia
lipase was used as a model reaction to investigate the activity, reactivity and stability of the lipase in differ-
ent media. The results indicated that the new ionic liquids as reaction medium were obviously better than
classical ionic liquid 1-butyl-3-methylimidazolium hexafluorophosphate and organic solvent hexane. Among
these, the [DiBIM][PF] is of best biocompatibility and was then selected as medium of the model reaction.
Moreover, various factors on the conversion of /-menthol including reaction temperature, molar ratio of the
two substrates, the amounts of the ionic liquid, water content and reuse of the lipase were investigated in de-
tail. Under optimal reaction conditions, the conversion of /-menthol was about 97.4%. Its initial reaction
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rate, the equilibrium conversion of /-menthol and the half-lifetime of the lipase in the [DiBIM][PFs] medium

were about 12.7, 4.6 and 15.1-fold those obtained in hexane. Because the three ionic liquids used in the

study are isomeric compounds, the fact also confirmed that besides hydrophobicity and nucleophilicity the

spatial configuration of ionic liquids should be considered a key factor effecting enzyme performance in

ionic liquid.

Keywords ionic liquid; lipase; menthol; menthyl acetate

TRk IR AE B 2 0 0 55 44 K G5 22 TR) P A T
FPEFONFITC R R SEIR, 7EVF 21500 M AP —
X AR AR A AR N TR AR RS PE L AR R AR R A
B AR B . W L A I B L I B 3
OSCR, TR S5 H At e AL A JU T AN, IR A
Tl A B FH A DR s -6 g I 4D T PR A (LR 32 1 T
d-TE AT LA R AN A BET A . DR, - I e L
CORCA ARGy, T2 N TR M A, B2
A S AR, Ur Ak, AR A R -
N ALHE A 52 )2 0, HIUH A LRI A
A PRIk S . BT 75 SRR R O, AN 3 B0 F AR
&, 10 LA R IR BTG G,

T B AR MR A SRR, e
A5 45 VA B A )72 N T JE K AR P A Ak o
FEOS SR, B85 1 A T A A 1 R AR IL S A1,
il 5 B T AR T R I UG P L AR R M e B 1) 1
s ARFFEE RS B AR R, — AN
KU O A 5T B P DR Bl s 1 O i BB A G e, A
A LBGAT 0 1 R PT 6 T IR EE. M, RS T
WAL VRSO B AT A (R 52 =3 58 R I AR R &
KEZL LEpTA TAE D, AR H R 1-hidE-3-
FH BRI P2 B8 104, I F T AR A e AH TR e s S I A
G, G5 T A M s B O BH B A B0 AT O H
A BFEWFE BRI, TR B AR N K A,
T AE A B 1- TR A TR ) S Y AR T AN B
ML TR — ), FRATTBEE A BT = B0 FR
PR TR e 7S Rl R b AU 1 A ——1,3- IR T3
IK W4 /N U R 2 ([DnBIM[PF]), 1,3- 57 1 HEBR I/ 46
IR £R ([DIBIM][PF) A1 1,3- i T JEIK M 7S Sl 1o 1R 21
([DsBIMI[PFe]). LUMIG il fhE A5 e 1- 01882 T i i Ay A
Y AN 2 =% N [ R B &% e Rl 31 PR i N S OIVA e A e
PE. SEEGRW], WA = MR IR B A B HAT EE AL
FEFIE CPERT B TR 1-1E T J6-3- F K e /S 960
B TR 5k B e (R A 1k R, G 3L DARS M4 [DiBIM][PFy]
et fE[DiBIM][PFsI/ i, -3y B A e i e n] ik
97.4%, W T SRR (.

1 SLIGERS

1.1 EFENESIRF

HH-S £ Wil (& In T ERIT AR ); R-201 Jigh
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[DnBIM][Br]## % 2000 mL #&44+, B 1000 mL 2
BTK, R iR, A HinA 169 g (0.92 mol)/N
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BN - LR TS 2.89 min, -FEATEE 3.24 min, PRV
BE(MFR) 3.81 min. R PIARIERR & R NIR AP EE )
T, MR
1.5 BEMEREIANE

7125 mL HIEHE BT, I 1.0 mL B 1A s E
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TR, BOA RIS R, W] B AR T A
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[DrBIM][PF¢]: '"H NMR (CD;COCDs, 300 MHz) 6:
0.87 (t, J=17.32 Hz, 6H), 1.29~1.35 (m, 4H), 1.84~1.88
(m, 4H), 4.24 (t, J=6.83 Hz, 4H), 7.56 (d, J=1.56 Hz,
1H), 7.57 (d, J=1.56 Hz, 1H), 8.72 (s, 1H); IR (neat) v:
1113, 1164, 1335, 1380, 1465, 1567, 2876, 2939, 2965,
3118, 3164, 3364 cm . Anal. calcd for C;;H,N,PFq: C
40.49, H 6.49, N 8.59; found C 39.24, H 6.80, N 8.41.

[DiBIM][PFg]: '"H NMR (CD;COCD;, 300 MHz) 6:
0.94 (d, J/=6.84 Hz, 12H), 2.20~2.27 (m, 2H), 4.17 (d,
J=17.32 Hz, 4H), 7.72 (d, J=1.95 Hz, 1H), 7.73 (d, J=
1.95 Hz, 1H), 8.93 (s, 1H); IR (neat) v: 1164, 1371, 1397,
1469, 1566, 2881, 2967, 3162 cm '. Anal. caled for
Ci1HyN,PFg: C 40.49, H 6.49, N 8.59; found C 40.41, H
6.67, N 8.52.

[DsBIM][PF¢]: '"H NMR(CD;COCDs, 300 MHz) 4
0.87 (t, J/=7.32 Hz, 6H), 1.93~1.99 (m, 4H), 1.61 (d, J=
6.35 Hz, 6H), 4.54~4.60 (m, 2H), 7.87 (d, J=1.60 Hz,
1H), 7.88 (d, J=1.60 Hz, 1H), 9.10 (s, 1H); IR (neat) v:
1153, 1170, 1391, 1429, 1463, 1555, 2884, 2944, 2976,
3162 cm™'. Anal. caled for C; H, N,PFy: C 40.49, H 6.49,
N 8.59; found C 40.24, H 6.78, N 8.41.
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Figure 1 Effect of reaction temperature on conversion of

[-menthol
Reaction conditions: 9.6 mmol of /-menthol, 9.6 mmol of acetic anhydride, 1.0

mL [D/BIM][PF], 30 mg of lipase, 24 h of the reaction time
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Figure 2 Effect of the molar ratio of alcohol to anhydride on
conversion of /-menthol
Reaction conditions: 35 C, 9.6 mmol of /-menthol, 1.0 mL [DiBIM][PFs], 30
mg of PCL, 24 h of the reaction time
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Figure 3 Time-courses of /-menthol conversion of the reaction
in different media
Reaction in media [DiBIM][PF] (O), [DsBIM][PFs] (A), [DnBIM][PFq]

(V), [BMIM][PF¢] (<) and hexane (). Reaction conditions: 35 ‘C, 9.6
mmol of /-menthol, 9.6 mmol of acetic anhydride, 30 mg of PCL
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UL [DiBIM][PF] (1)1 e e i, AR S 3 3 55 kg 1 b (1)
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ReHE IR 22 5. A T D090 AR S5 F X A T
M, FATTRH RVDV-3 B AR B0 E T 4% 55
FWAARRIFEE, JFi2 ] HyperChem?7.0 442734443 7))
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BAARG S N R AR, SEIGENZS g A IR I 45 1. 3R
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R INIRY) - B SR 2 )5, & RNAR R Z ]
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W\ A [DiBIM][PFq] K147k 2% (B A6 21 R RE AL 1 T B e AL S
PERI BB AR, SRAE T Bl A 454 A IO 58, i LA
Ak 2 ey

F 1 BETWAALE 35 CHRIREREFIRRPE
Table 1 Apparent viscosity and polarity of the ionic liquid at 35
C
BT
WAk
R/
cP
BH 25
T

R/
D

[BMIM][PF,] [DnBIM][PF,] [DiBIM][PF,] [DsBIM][PFy]

165 209 612 385(55 C)

3.17 0.4466 0.1445 0.2318
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EIM N 33.2%).
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Figure 4 Effect of water content in the system on conversion of
/-menthol
Reaction conditions: 9.6 mmol of /-menthol, 9.6 mmol of acetic anhydride, 1.0
mL of the [DiBIM][PF¢], 30 mg of PCL, 35 “C, 24 h of the reaction time
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S}bH 07 CH,
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+ [ Lipase
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H,0 CH3COCH

B 5 JiEil PCL Al -3 REA SRR 5 1- SR 4 i
SR

Figure 5 Scheme of synthesis of /-menthyl acetate from

I-menthol and acetic anhydride catalyzed by PCL

MR 2 AT, AR R A R B A P AR e
PEWIEAL T IE Cpe; PCL AE[DIiBIM][PFe]H 5 IE CUe A
EE, BRI 150 £, Xl Be S i T 76 & A
FYERR T I 7012 T A 15 7K 2 T 32 ).
2 ANV I T A - 30
Table 2 Half-life time (¢,,) of the lipase in different media

pagll 52 W /h
[DiBIM][PF] 121408
[DsBIM][PF] 36402
[DrBIM][PF,] 15403
Hexane 810.1

WAER, T3 a6 T T B 1 IE 2 T R
(RS PESE AR, B ARSI (1 RS PR T e
5588 R 2B (R G5 M A Ak A SN 18 =R ) AR
BT S AR S PR, ERES
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(K& 5 P 5 3% 5 1 [DsBIM][PFe] #1 [DnBIM][PF;], PCL
7t [DiBIM][PF¢] 1 1 - %£ 1 43 )l J& [DsBIM][PF]
[DnBIM][PF]H 1 3 51 8 £
26 BMEEFA

S T AT LV A EAT (P e A0 S NE, i P 740 P
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JL.
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BT 2 — 15 T e M ARURAR, # R
XPIREE A, Hol PLRDSOFEAT I SR AL e 41t
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3 i

LW R T 11T 5E-3- F R DR 7S S IR 1
AT LA FRNIE QeI L, Bk 1,3-207 T IEmRmeN
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SR SR ARWT, BRAGKPERURAZ L BLAL, &7k
(TR 251 [ A A A SE R AT A 1) — D R 3R, X
RGBT TR AR L IR B
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