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Abstract

1-Butyl-2,3-dimethylimidazolium tetrafluoroborate ([bdmim}pRkvas found to be an excellent solvent to realize a lipase-

recycling system using vinyl acetate as acyl donor. No accumulation of an acetaldehyde oligomer was observed in this solvent
system and it was possible to use the lipase repeatedly 10 times while still maintaining perfect enantioselectivity and high

reactivity.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

lonic liquids have very good properties as a reaction
medium in chemical reactions: they are non-volatile,
non-flammable, have low toxicity and good solubility
for many organic and inorganic materigls-3]. The
use of ionic liquids to replace organic solvents in bio-

drop in reactivity was caused by the inhibitory action

of acetaldehyde oligomer which was accumulated
in the solvent systenb,7]. We solved this problem

by developing a system in which lipase-catalyzed

transesterification was carried out using methyl es-
ters as acyl donors under reduced pressure in the
[bmim]PF; solvent systenj6]; this made it possible

catalytic processes has recently gained much attentionto use the lipase repeatedly because there was no

[4-21]. We focused our attention on the recycling use
of enzyme in the ionic liquid solvent systefs—8];

drop in the reaction rate despite five repetitions of
the process in the [bmim]RFsolvent systeni6,7].

it was indeed possible to use the enzyme repeatedly However, it remained a problem that the system could

in 1-butyl-3-methylimidazolium hexafluorophosphate
([omim]PFg) as solvent, though the reaction rate grad-
ually dropped with repetition of the reaction process
when vinyl acetate was used as acyl dof&jt This
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not be applied to volatile substrates. Since it is well
known that physical properties of imidazolium salts
are drastically clanged by modification of their struc-
ture [1], we attempted to evaluate the imidazolium
salts again to see if they were suitable for recycling
use of the enzyme using vinyl acetate as acyl donor.
We report here that no accumulation of acetaldehyde
oligomer occurred when the lipase-catalyzed reaction
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was conducted in 1-butyl-2,3-dimethylimidazolium product §-2 [22] and unreacted alcohoR}-1 [22]

tetrafluoroborate ([odmim]Bf as solvent in the  were extracted with diethyl ether and purified by

presence of vinyl acetate as acyl donor. silica-gel thin layer chromatography (TLC). To the
remaining ionic liquid phase, which was placed under
reduced pressure for 15min to remove the ether, a

2. Results and discussion mixture of the substrate and vinyl acetate was again
added and the mixture was stirred at°85(Eq. (1).
We hypothesized that oligomerization of ac-

i Et,0 OAc

etaldehyde may be caused by the proton derived OH N A
. .. . ovozym 435 Ph
from 2-position of the 1-butyl-3-methylimidazolium ph A 2
salts, because it was suggested that the acidity of ()1 }-‘—‘ ’ o }BFT OH
the 2-position of imidazolium cation is very high  Vinyl acetate e P~
[1,3]. Hence, we focused on using an imidazolium — — 3
. e ether removed unaer

salt Wh|ch Iac_ked hydr_ogen at the 2-position as a redhuced posastre
reaction medium of lipase-catalyzed transesterifi- for 15 min. at rt
cation. The enantioselective transesterification of (1)

5-phenyl-1-penten-3-ol {)-1) [22] was carried out
in [bdmim]BF,4 or [bdmim]PFs solvent and the results As we expected, no accumulation of an acetalde-
are shown inTable 1 To a mixture of Novozym 435  hyde oligomer was observed in this solvent system
(50wt.% based on the substrate) in the ionic liquid by 'H NMR analysis::H NMR analysis of recovered
(0.2 M) were added#)-1 and vinyl acetate (1.5eq.) [bdmim]BF; showed no signal ai: 5.1-5.2, while
The resulting mixture was stirred at 35. The re- intensity of this signal increased for [bmim]BFe-
action course was monitored by GC analysis and the covered when vinyl acetate was used as acyl donor.

Table 1
Recycled use of lipase in an ionic liquid solvent system
Entry Solvent Recycle run Time (h) e.e. (%) of Conversion Relative rat® E-valu¢
(vield, %y (%)/lc x 100
1 [bdmim]BF, 1 2 >99 (29) 33 16 >200
2 [bdmim]BF, 2 3 >99 (33) 34 11 >200
3 [bdmim]BF, 3 3 >99 (29) 34 11 >200
4 [bdmim]BF, 4 3 >99 (30) 31 10 >200
5 [bdmim]BF, 5 3 >99 (29) 30 10 >200
6 [bdmim]BF, 6 3 >99 (26) 30 10 >200
7 [bdmim]BF 7 3 >99 (30) 34 11 >200
8 [bdmim]BF, 8 3 >99 (28) 36 12 >200
9 [bdmim]BF, 9 3 >99 (27) 36 12 >200
10 [bdmim]BR 10 3 >99 (32) 36 12 >200
11 [bdmim]PFs 1 24 No reaction 0 0 -
12 i-Pr,0 1 3 >99 (47) 50 17 >200
13 [bmim]BF4 1 35 >99 (44) 48 14 >200
14 [bmim]BF4 3 4 >99 (35) 36 9 >200
15 [bmim]BF4 5 48 >99 (27) 38 0.8 >200
16 [bmim]PFs 1 3 >99 (47) a7 16 >200
17 [bmim]PFs 3 6 >99 (38) 47 8 >200
18 [bmim]PFs 5 91 >99 (28) 41 0.5 >200

alsolated yield.

b Relative rate= conversion (%)/reaction time (h).

CE =In[(1— o)1+ ee of 2)]/In[(1 — c)(1 — ee of 2)], wherec means conversion which was calculated by the following formula:
¢ =ee. of 3/(e.e. of 2+ ee. of 3) [23].
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Table 2

Acetylation of methyl mandelate in a [bdmim] salt solvent system

Entry Supporting material Solvent Time (h) e.e. (%)otyield, %) Relative rat® E-value [23]
1 200M [bdmim]BR 24 66 (8) 0.8 6

2 200P [bdmim]BE 5 71 (13) 2.6 5

3 200M [bdmim]PFk 24 73 (8) 0.4 7

4 200P [bdmim]PE 48 71 (14) 0.5 7

5 200M [bmim]PF 5 97 (20) 4.4 80

6 200M i-Pr,O 48 >99 (22) 0.5 >200

2]solated yield.
b Relative rate= conversion (%)/reaction time (h).

The reaction proceeded very smoothly and we were reactivity exactly. We are assuming that the difference
able to use the enzyme repeatedly 10 times while in reactivity between [bdmim]PFand [bmim]Pk

still maintaining perfect enantioselectivity and high reflects the change of interaction of the counter anion
reactivity as shown ifmable 1(entries 1-10). The re-  part of the imidazolium salts with the enzyme protein
action rate in the [bdmim]Bfsolvent system (entry  [24]. It has sometimes been suggested that enzymatic
1) was superior to that in [bmim]BHentry 13) and reactions in an ionic liquid solvent system were anion
close to that in diisopropyl ether-Pr,O) (entry 12). dependent5,21]. However, we believe that the re-

In particular, it should be emphasized that no drop in sults of an enzymatic reaction might be due to overall
the reaction rate was observed in [bdmim}Bfelvent solvent properties, because the reaction proceeded
system after repeating use of enzyme five times (entry smoothly in [bmim]BFR (entry 13) or [bmim]Pk

5), while the reaction rate was significantly reduced (entry 16).

when the reaction was conducted in [bmim}BEntry It was possible to apply the [bdmim] salts solvent
15) or in [bmim]PF (entry 18)[5]. It was thus found  system to the reaction of Toyonite 200M or Toyonite
that [bdmim]BF, is the best solvent for recycling use 200P supported lipase PS catalyzed reactipfis

of enzyme under normal pressure conditions using (Eg. (2). As shown inTable 2 the reaction proceeded
vinyl acetate as acyl donor. Curiously, no reaction smoothly in both [bdmim]BE and [bdmim]Pk sys-
took place when [bdmim]Rfwas used as solvent in tems (entries 1-4). However, enantioselectivity of
the lipase-catalyzed reaction (entry 11). Since it was these reactions was insufficient and th&alues[23]
suspected that this might be due to the quality of the were inferior to the reactions in [omim]gKentry 5)
commercial ionic liquid we employed, we carefully or in i-PrO (entry 6). Therefore, it was concluded
purified this salt ([bdmim]P§) by filtration through that enantioselectivity of the lipase-catalyzed reaction
a AlbO3 (neutral type |, activated) column as an ace- was determined by a combination of the cationic part
tone solution and rinsed out the salt with a mixed and the anionic part of the ionic liquid.

solvent of hexane and ethyl acet§fe8]. However, no

. . . ; OA
enzymatic reaction was observed in the [bdmimPF =

Immobilized Lipase PS — Ph”CO;Me

solvent. Although we still suspect that a trace amount OH o
A ) . A 3 . R 2 (50 Wt/o) (S)_s
of impurity included in the solvent significantly in-  Ph inzMe Viny! acetate
hibited the enzyme, no impurity was detected iy (- EH
NMR analysis of [bdmim]P§. Because [bdmim]R Me’@N'BJ BF, Ph(ngf‘JZMe

was a neutral solvent and there was no accumulation Me
of acetaldehyde oligomer as confirmed iy NMR

analysis of the reaction mixture after 24 h stirring,

this must not have been due to the inhibitory action 3. Conclusion

of an acetaldehyde oligomer formed by the reaction

process. It was very interesting that the 2-methyl  In summary, we established an excellent lipase-re-
group of the imidazolium salt determined the enzyme cycling system using vinyl acetate as acyl donor in

)
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the [bdmim]BF solvent system, although the enan-

tioselectivity may be depend on the substrates. Obvi-
ously, [bdmim]BR is not a panacea for non-aqueous

biocatalysis, however, we do believe that further in-
vestigation of the scope and limitations of this re-

action, especially optimization of the combination of

imizadolium cation and anion, will make it even more

beneficial.

4. Experimental

Enantiomeric excess of the products was deter-
mined by capillary GC analysis for compoun2iand
3, or HPLC analysis using chiral column for com-
pounds3 and4. Chiraldex G-Ta was used for GC anal-
ysis: @ 025mm x 20m, carrier gas: He 40 ml/min,
temperature: 100C, inlet pressure: 1.35kg/cdn
amount 400 ng, detection: FID, HPLC analysis: Chi-
ralcel OD ¢: 4.6 mm x 250 mm), hexane:2-propanol
(10:1-8:1), 35C, 1.0ml/min, 254nm. Methyl
(£)-mandelate 4 and methyl §-(+)-4 as a refer-
ence sample were purchased from Aldrich. Novozym
435 (Candida antarctica) is now commercially avail-
able as CHIRAZYME L-2, c.-f., C2, lyo from Roche
Molecular Biochemicals. (bdmim]BfFis commer-
cially available from several companies, one being
Merck KGaA, Frankfurter Strasse, Darmstadt, Ger-
many. Toyonite is a porous ceramic prepared from a
kaolinite: Toyodenka Co. Ltd. Tek:-81-888-31-1241,
e-mail: m-kamori@toyodenka.comToyonite 200P
immobilized lipase PS is now commercially available
from Amano Enzyme Ltd.

4.1. Lipase-catalyzed acylation of
5-phenyl-1-penten-3-ol (1) [22]

To a mixture of Novozym 435 (25mg) in the
[bdmim]BF4 (1.5 ml) were added racemic 5-phenyl-
1-penten-3-ol (£)-1) (49.0 mg, 0.30 mmol) and vinyl
acetate (39.0mg, 0.45mmol). The resulting mixture
was stirred at 35C for 3h. The reaction course was
monitored by GC analysis and the product and unre-
acted alcohol were extracted with diethyl ether (20
times). The remaining ionic liquid phase was placed
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ionic liquid phase. The acylation reaction took place
smoothly, and the produc8)-2 was obtained without
any loss in enantioselectivity or reaction rate. Acetate
(9-2; bp 85°C/2.5 mmHg (Kugelrohr)Rs 0.53 (hex-
ane/ethyl acetate: 7:1); [¢]3°+4.6° (c 1.40, CHC});
>99% e.e. (Chiraldex G-TaH NMR (270 MHz,
CDClg) 8: 1.74-1.99 (2H, m), 2.49-2.66 (2H, m),
5.10-5.23 (3H, m), 5.73 (1H, ddd] = 6.3, 10.7,
21.6 Hz), 7.08-7.23 (5H, mJ*C NMR (125.8 MHz,
CDCl3) 4: 21.2, 31.4, 35.7, 74.2, 116.9, 125.9, 128.3,
128.4, 136.2, 141.3, 170.3; IR (neat, ThH 3028,
2934, 1738, 1497, 1371, 1236, 1022, 932, 750, 700.
Anal. Calcd.: C, 76.44; H, 7.90. Found: C, 76.60; H,
7.91. Alcohol R)-3; [a]Z + 5.2° (c 1.46, CHC});
89% e.e. (Chiraldex G-Ta)Rs 0.17 (hexane/ethyl
acetate = 7:1); bp 80°C/2.0mmHg (Kugelrohr);
1H NMR (200 MHz, CDC}) &: 1.60-1.98 (2H, m),
2.13-2.52 (1H, brd, OH), 2.68 (2H, dff = 3.4,
7.9Hz), 4.08 (1H, dt, 3= 6.3, 6.4Hz), 5.00-5.30
(2H, m), 5.86 (1H, dddJ = 6.4, 10.5, 17.1Hz),
6.91-7.49 (5H, m);'3C NMR (50 MHz, CDC}) é:
31.5, 384, 72.3, 114.8, 125.7, 128.3, 128.3, 140.9,
141.8; IR (neat, cm?) 3379, 3027, 2927, 1604, 1495,
1451, 992, 924, 746, 699. Anal. Calcd.: C, 81.44; H,
8.70. Found: C, 81.21; H, 8.46.

4.2. Optical resolution of methyl (+)-mandelate (4)

To a mixture of lipase PS immobilized by Toyonite
200P (Amano) (25mg) in the [bdmim]BH1.5ml)
were added+)-4 (50.0 mg, 0.30 mmol) and vinyl ac-
etate (39.0 mg, 0.45 mmol). The resulting mixture was
incubated at 35C for 72 h with agitating at 155 rpm.
The reaction course was monitored by silica-gel TLC.
To the reaction mixture was added 1.5ml of diethyl
ether to form the biphasic state. The product and un-
reacted alcohol were extracted from the ether layer.
Repeating the same process 10 times, the product
and unreacted alcohol were quantitatively extracted.
TLC (hexane/ethyl acetate- 4:1) afforded acetate
(9-5 (71% e.e.) (8.1 mg, 0.039 mmol) in 13% yield
and alcohol R)-4 (12.0 mg, 0.24 mmol) in 80% yield.
(9-5: Re 0.55 (hexanelethyl acetate 4:1); [«]3! +
124.6° (c 0.82, CHC}), 71% e.e. (Chiralcel OD):H
NMR (270 MHz, CDC}) §: 2.18 (3H, s), 3.70 (3H, s),

under reduced pressure for 5h to remove the ether5.92 (1H, s), 7.36—7.46 (5H, m)*C NMR 25.8 MHz,

and a mixture of £)-1 (49.0mg, 0.30 mmol) and
vinyl acetate (39.0 mg, 0.45 mmol) was added to the

CDClg) 6: 20.7,52.6, 76.7, 127.6, 128.8, 129.2, 133.7,
169.3, 170.3; IR (neat, cnt) 3038, 2955, 1761, 1747,
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1497, 1435, 1373, 1177, 978R)4: [o]3! — 130.1°
(c 0.90, CHC}), 10% e.e. (Chiralcel OD).
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