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Abstract Based on the screening of biocatalysts and
reaction conditions including solvent, water content, tem-
perature, enzyme loading, and reaction time, lipase from
porcine pancreas (PPL) showed the prominent promiscuity
for the Knoevenagel condensation between 1,3-dihydroin-
dol-2-one heterocycle and aromatic aldehydes. Under the
optimized procedure, both electron-withdrawing and elec-
tron-donating substituent of aldehydes substrates could
react efficiently, and benzylidene-indolin-2-ones were
obtained in excellent yields (75.0-96.6 %).

Graphical abstract Benzylidene-indolin-2-ones deriva-
tives were efficiently synthesized by the Knoevenagel
condensation between various aromatic aldehydes and 1,3-
dihydroindol-2-one catalyzed by lipase from porcine pan-
creas with excellent yields obtained.
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Introduction

Benzylidene-indolin-2-one derivatives as a kind of alka-
loids are found to possess significant pharmacological and
chemical activity in medicinal and organic chemistry [1—
3]. For example, they are important intermediates for the
synthesis of sunitinib which is currently widely used in
the clinics as a multi-targeting tyrosine kinase inhibitor
with anti-angiogenic activity [4-6]. These derivatives
were usually obtained by the Knoevenagel condensation
of aromatic aldehydes with 1,3-dihydroindol-2-one cat-
alyzed by organic base such as pyridine and piperazine
[6-9], or facilitated by MW irradiation [9, 10], phase
transfer catalysts [11] and functional ionic liquids [12].
Considering the importance of benzylidene-indolin-2-
ones, we think it is still significant to develop more effi-
cient and environmentally sound technologies to prepare
these compounds.

Enzyme as a kind of biocatalysts has attracted
remarkable attention due to their high selectivity and
environmental friendliness [13, 14]. Recently, it was
found that enzyme had the promiscuity ability to catalyze
C-C bond forming reactions including Aldol condensa-
tion, Knoevenagel condensation, Mannich reaction,
Michael addition, Henry reaction and so on [15-17].
Recently, we also reported the lipoprotein lipase from
Aspergillus niger could efficiently catalyze the Knoeve-
nagel condensation [18]. As far as we know the active
methylene substrates of lipase-catalyzed Knoevenagel
reactions are limited to chain compounds, and there is no

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00449-015-1496-2&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s00449-015-1496-2&amp;domain=pdf

126

Bioprocess Biosyst Eng (2016) 39:125-131

literature reported systematically about the reaction of
heterocyclic active methylene substrates with carbonyl
compounds yet [19-21]. In continuation of our interest in
lipase-catalyzed organic synthesis [22-24], herein, we
reported the first discovery that lipase from porcine pan-
creas (PPL) had the efficient biocatalytic promiscuity for
the Knoevenagel condensation between aromatic aldehy-
des and 1,3-dihydroindol-2-one heterocycle, and a series
of benzylidene-indolin-2-ones products were synthesized
in excellent yields.

Materials and methods
Materials

Porcine pancreas lipase (PPL) and Candida rugosa lipase
(CRL) were purchased from Sigma. Novozym 435 (lipase
B from Candida antarctica, immobilized on a macrop-
orous acrylic resin) was purchased from Novo Nordisk.
Pseudomonas cepacia lipase (PCL) was kindly donated
from Amano Pharmaceuticals. Lipase lipoprotein from
Aspergillus niger (LPL) was purchased from Ningxia
Sunson group corporation. Other reagents were commer-
cially available and were wused without further
purification.

Characterization

Melting points were determined on WRS-1B digital melt-
ing point apparatus and were not corrected. The NMR
spectra were measured on a Bruker Advance 2B 400 MHz
instrument with CDCl; or (CD3),SO as the solvent and
TMS as internal standard (shown in supporting informa-
tion). Chemical shifts (d) were reported in ppm and cou-
pling constants (J) in Hz.

General procedure for lipase-catalyzed Knoevenagel
reaction

A mixture of aromatic aldehyde (2 mmol), lipase (125 mg)
and 1,3-dihydroindol-2-one (2 mmol) in DMSO (4 mL)
and deionized water (1 mL) was stirred at 45 °C. The
reaction was monitored by thin layer chromatography
(TLC) and terminated by filtering off the catalyst. The
filtrate was diluted with ethyl acetate (10 mL) and washed
with water (5 mL x 2). The aqueous phase was back-ex-
tracted with ethyl acetate (10 mL x 2). Combined organic
phase was washed with water and dried over anhydrous
Na,SOy, then concentrated to give the crude product which
was further purified by flash column chromatography (ethyl
acetate/petroleum ether = 1:9-1:2, v/v).
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Results and discussion

Catalytic activities of different lipases
for Knoevenagel condensation

In initial research, the reaction of 4-nitrobenzaldehyde and
1,3-dihydroindol-2-one as model reaction was conducted
according to the procedure developed in our previous research
[18] (Scheme 1) , while only 30.0 % yield was obtained. As
confirmed the heterocyclic structure of the substrate played
crucial effect for the lipase-catalyzed Knoevenagel reaction
compared with acyclic active methylene compounds. Five
lipases from different sources were screened to catalyze this
model reaction and the results were shown in Table 1. Poor
yield was reached in the absence of lipase (Table 1, entry 1),
and PPL (Table 1, entry 2) showed the best activity with
65.6 % yield obtained. Meanwhile, CRL, PCL, LPL, Novo-
zym435 (Table 1, entries 3-6) also showed the ability to
catalyze the reaction, while their catalytic activities were less
efficient. Therefore, PPL was consequently used throughout
the further studies (Scheme 1).

Effect of solvents on the Knoevenagel condensation
catalyzed by PPL

Based on the concept that reaction media is one of the key
factors influencing the enzyme catalytic performance [25—

Table 1 Screening biocatalysts for the Knoevenagel condensation of
4-nitrobenzaldehyde and 1,3-dihydroindol-2-one

Entry® Enzyme Yield® (%)
1 No enzyme 5.1

2 PPL 65.6

3 CRL 304

4 PCL 349

5 LPL 354

6 Novozym 435 333

4 Reaction conditions: lipase (200 mg), 4-nitrobenzaldehyde

(2 mmol), 1,3-dihydroindol-2-one (2 mmol), DMSO (4 mL), water
(1 mL), 35°C, 10 h

® Isolated yield
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Scheme 1 Knoevenagel condensation of 4-nitrobenzaldehyde and
1,3-dihydroindol-2-one
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Table 2 Effect of organic

a . b
solvent on the Knoevenagel Entry Solvent  Yield" (%)
con.densatlon of 1 MTBE 10.0
4-nitrobenzaldehyde and 1,3-
dihydroindol-2-one 2 Toluene 5.3

3 CH,Cl, 1.3

4 THF 51.8

5 Ethanol 13.5

6 CH;CN  13.6

7 DMSO 65.6

% Reaction  conditions: PPL

(200 mg), 4-nitrobenzaldehyde
(2 mmol), 1,3-dihydroindol-2-
one (2 mmol), solvent (4 mL),
water (1 mL), 35 °C, 10 h

b Isolated yield

27], seven commonly used organic solvents were investi-
gated (Table 2). The results indicated that DMSO was the
best reaction medium for the model reaction, while no clear
correlation between solvent polarity and the enzyme
activity was observed, as is consistent with the literature
[19, 28] and our previous report [18].

Effect of water content on the Knoevenagel
condensation catalyzed by PPL

The role of water content in the reaction medium is very
important, as it may dramatically influence both the sta-
bility and activity of the enzymes and, probably, their
conformational flexibility [29, 30]. Previous reports also
demonstrated that water was essential in the enzymatic
reactions of carbon—carbon bond formation [19, 28, 31,
32]. We found that the yield could be raised up to 65.6 %
when the water content increased to 20 % (v/v). However,
once the water content surpasses 20 %, the yield decreased
evidently and this is probably due to the insolubility of the
substrates. This result is different from the Knoevenagel
condensation of aromatic aldehydes with acyclic active
methylene compounds catalyzed by LPL, where the highest
yields were obtained without the addition of water [18]

(Fig. 1).

Effect of temperature on the Knoevenagel
condensation catalyzed by PPL

Temperature may significantly influence the activity and
stability of a biocatalyst [18]. To optimize the experimental
conditions, we then examined the effect of temperature on
this reaction. The yield was increased from 37.0 to 94.2 %
and declined after 45 °C, which may be due to the con-
formational change of the active site of PPL caused by
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Fig. 1 Effect of water content on Knoevenagel condensation of
4-nitrobenzaldehyde and 1,3-dihydroindol-2-one. Reaction condi-
tions: PPL (200 mg), 4-nitrobenzaldehyde (2 mmol), 1,3-dihydroin-
dol-2-one (2 mmol), H,0/H,0 + DMSO = 0-50 % viv,
(H,O + DMSO = 5 ml), 35 °C, 10 h. Isolated yield
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Fig. 2 Effect of temperature on Knoevenagel condensation of
4-nitrobenzaldehyde and 1,3-dihydroindol-2-one. Reaction condi-
tions: PPL (200 mg), 4-nitrobenzaldehyde (2 mmol), 1,3-dihydroin-
dol-2-one (2 mmol), DMSO (4 mL), water (1 mL), 10 h. Isolated
yield

excessively high temperature. Thus, 45 °C was selected as
the optimum temperature for further experiments (Fig. 2).

Effect of enzyme loading and reaction time
on the Knoevenagel condensation catalyzed by PPL

To improve the reaction yields, enzyme loading was further
investigated (Table 3). The yield of product was improved
greatly by increasing the enzyme amount from 25 to
125 mg and reached a plateau after 125 mg. The influence
of reaction time was also considered. As showed in
Table 3, the yield was increased from 5 to 10 h. After 10 h,
the yield increased negligibly, which indicated the reaction
nearly reached reaction equilibrium.

PPL-catalyzed Knoevenagel condensation of various aro-
matic aldehydes and 1,3-dihydroindol-2-one (Scheme 2).

Based on the above results, we extended the reaction with
a series of aromatic aldehydes to investigate the generality
for the scope of this new biocatalytic procedure, as was
summarized in Table 4. All the products were characterized
by melting points and NMR spectra that were consistent

@ Springer



128

Bioprocess Biosyst Eng (2016) 39:125-131

Table 3 Effects of enzyme amount and reaction time on the Kno-
evenagel condensation of 4-nitrobenzaldehyde and 1,3-dihydroindol-
2-one

Entry® Enzyme amount (mg) Time (h) Yield (%)°
1 25 10 34.3
2 75 10 50.6
3 125 5 41.2
4 125 10 94.2
5 125 15 94.3
6 150 10 94.3

# Reaction conditions: PPL, 4-nitrobenzaldehyde (2 mmol), 1,3-di-
hydroindol-2-one (2 mmol), DMSO (4 mL), water (1 mL), 45 °C

® Isolated yield
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Scheme 2 PPL-catalyzed Knoevenagel condensation of various

aromatic aldehydes and 1,3-dihydroindol-2-one

Table 4 Knoevenagel reaction of aromatic aldehydes with 1,3-di-
hydroindol-2-one

Entry Aromatic aldehydes Time (h) Yield (%)* Z/E®

1 p-NO,C¢Hy 10 94.2 20:80
2 0-NO,C¢Hy 10 92.8 38:62
3 m-NO,CgHy 10 91.1 40:60
4 p-CNCgHj; 10 90.2 27:73
5 2,4-C1,CIC¢H3 10 90.8 17:83
6 p-CICcHy 15 94.6 23:77
7 p-BrCgHy 15 92.0 36:64
8 CeHs 20 90.2 27:73
9 p-MeOCgHs 20 89.8 43:57
10 2,6-C1,CICcH; 20 75.0 <1:99
11 C¢HsCH=CH 15 96.6 35:65
12 p-NO,C¢Hy 10 92.3¢ 22:78

Reaction conditions: PPL (125 mg), 4-nitrobenzaldehyde (2 mmol),
1,3-dihydroindol-2-one (2 mmol), DMSO (4 mL), water (1 mL),
45 °C

 Isolated yield

® Determined by crude "H NMR, configuration of isolated products
were based on the comparison with literature [2] and [6]

¢ PPL (625 mg), 4-nitrobenzaldehyde (10 mmol), 1,3-dihydroindol-
2-one (10 mmol), DMSO (20 mL), water (5 mL), 45 °C

with the literature data. It was found that both electron-
withdrawing and electron-donating substituents of aromatic
aldehydes (Table 4, entries 1-9) could effectively partici-
pate in PPL catalyzed Knoevenagel reactions to give

@ Springer

benzylidene-indolin-2-one derivatives in excellent yields
(89.8-94.2 %). While in reported enzymatic Knoevenagel
condensation research, usually only low to moderate yields
were obtained for substrates bearing electron-donating
groups, and some procedures were even limited to aldehydes
with electron-withdrawing groups [18, 20-21, 28]. Further-
more, the aromatic o, f-unsaturated aldehyde, Cinnamic
aldehyde (Table 4, entry 11) with 1,3-dihydroindol-2-one
also could be completed efficiently with high yield obtained
(96.6 %). Compared with the common chemistry method,
our procedure was performed in a lower reaction tempera-
ture, a relatively longer reaction time was needed, while
comparable yields could be obtained. Generally, the mixture
of Z- and E- benzylidene-indolin-2-ones could be formed
when using traditional chemical catalysts [2, 6, 7, 9, 12]. Itis
also consistent with the common enzymatic Knoevenagel
condensation that Z- and E- configuration products are
obtained, and the ratio are different for various substrates
[19, 28]. Noteworthily, satisfactory yield was also obtained
with high selectivity of E-configuration for 2,6-
dichlorobenzaldehyde (Table 4, entry 10), as could be
attributed to the enhanced steric hindrance with the number
of substituent adjacent to the —CHO increased [28, 33].
Moreover, the developed method can be applied to a gram-
scale synthesis with high yield obtained (Table 4, entry 12).

Spectroscopic date for representative products

(E)-3-(2,6-Dichlorobenzylidene)indolin-2-one  (10): mp
180-181 °C, 1H NMR (400 MHz, CDCI3) 6 8.69 (s, 1H),
7.63 (s, 1H), 7.44 (d, J = 8.1 Hz, 2H), 7.35-7.30 (m, 1H),
7.22 (t,J = 7.7 Hz, 1H), 6.90 (d, J = 7.8 Hz, 1H), 6.83 (t,
J =17.6 Hz, 1H), 6.69 (d, J = 7.6 Hz, 1H).

(E)-1,3-dihydro-3-(3-phenyl-2-propen-1-ylidene)2 H-In-
dol-2-one (11): mp 208-209 °C, 'H NMR (400 MHz,
DMSO) 6 10.5 (s, 1H), 8.48 (dd, J = 15.6, 11.6 Hz, 1H),
7.63-7.55 (m, 4H), 7.45 (t, J = 7.4 Hz, 2H), 7.41-7.35 (m,
1H), 7.22-7.16 (m, 2H), 6.96 (td, J = 7.6, 0.8 Hz, 1H),
6.82 (d, J = 7.6 Hz, 1H).

(Z)-1,3-dihydro-3-(3-phenyl-2-propen-1-ylidene)2 H-In-
dol-2-one (11): mp 205-206 °C, 'H NMR (400 MHz,
DMSO) & 105 (s, 1 H), 799 (d, J= 7.6 Hz, 1H),
7.83-7.78 (m, 2H), 7.75 (dd, J = 15.2, 12.4 Hz, 1H),
7.48-7.35 (m, 4H), 7.30 (d, J = 12.0 Hz, 1H), 7.24 (td,
J =17.6,0.8 Hz, 1H), 7.02 (td, J = 7.6, 1.2 Hz, 1H), 6.87
(d, J = 8.0 Hz, 1H).

Conclusions
In conclusion, we reported the first discovery that PPL had the

effective promiscuity for the synthesis of benzylidene-in-
dolin-2-ones via Knoevenagel condensations. Both electron-
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withdrawing and electron-donating substituent of aldehydes
substrates could be proceeded smoothly and excellent yields
could be obtained. This new procedure not only expanded the
application of lipases to new chemical transformations, but
also could be developed into a potentially valuable method for
pharmaceutical & organic synthesis.
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