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四乙烯五胺功能化酚醛树脂作为 Knoevenagel 缩合反应的 
高活性酸碱双功能催化剂 

肖  剑    武志英    陈姿依    赵朋飞    刘春艳* 
(华北理工大学药学院  河北唐山 063210) 

摘要  通过市售酚醛树脂(PR)和四乙烯五胺经由氨化反应制备四乙烯五胺官能化酚醛树脂(TEPA-PR), 并应用于催化

Knoevenagel 缩合反应. 通过傅里叶转移红外光谱(FTIR)、X 射线衍射光谱(XRD)和元素分析(EA)表征 TEPA-PR 结构. 
TEPA-PR 可高效催化芳香醛的 Knoevenagel 缩合反应, 具有产率高, 底物适用性广的优势. 此外, 该反应可在不同极性

溶剂中进行. 该新型树脂催化剂表现出良好的可循环使用性, 使用 5 次后其催化活性没有显着降低. 
关键词  酚醛树脂; 酸碱催化; 多相催化; Knoevenagel 缩合反应; 水相催化 

Tetraethylenepentamine Functionalized Phenolic Resin as Highly 
Active Acid-Base Bifunctional Catalyst for  

Knoevenagel Condensation Reaction 

Xiao, JIan    Wu, Zhiying    Chen, Ziyi    Zhao, Pengfei    Liu, Chunyan* 
(College of Pharmacy, North China University of Science and Technology, Tangshan, Hebei 063210) 

Abstract  The tetraethylenepentamine functionalized phenolic resin (TEPA-PR) for Knoevenagel condensation reaction has 
been prepared by aminating a commercially available phenolic resin (PR) and tetraethylenepentamine. The TEPA-PR was 
characterized by Fourier-transfer infrared spectroscopy (FTIR), X-ray diffraction spectra (XRD) and elemental analysis (EA). 
The TEPA-PR can efficiently catalyze Knoevenagel condensation reaction of aromatic aldehydes with high yields of a wide 
range of products. Furthermore, the reaction can be easily carried out in different solvents of different polarity. The novel 
developed resin catalyst shows good reusability (5 times) without significant decrease of catalytic activity. 
Keywords  phenolic resin; acid-base catalysis; heterogeneous catalysis; Knoevenagel condensation reaction; water phase 
catalysis 

 

1  Introduction 
Knoevenagel condensation reaction was widely used in 

chemical industry for the synthesis of α,β-unsaturated car-
bonyl compounds.[1] Due to its important synthetic value, 
various catalysts have been developed for this reaction, and 
some of them have good catalytic activity.[2] However, most 
of these reaction systems have some disadvantages, such as 
use of non-reusable catalysts, long reaction time, high re-
action temperature as well as the use of toxic solvents.[3] 
Therefore, preparation of newly catalysts for Knoevenagel 
condensation reaction has research significance. 

Recently, many efforts have been made to prepare het-
erogeneous catalysts through using various support materi-

als, including SiO2,[4] SBA-15,[5] MCM-41,[6] GO,[7] poly-
mers,[8] magnetic Fe3O4,[9] and MOFs.[10] These heteroge-
neous catalysts have some advantages, such as high effi-
ciency and simple post-treatment steps. However, many of 
them are difficult to use multiple times, and the reaction 
medium is mainly limited to organic solvent. Therefore, 
preparation of novel heterogeneous catalysts has high re-
search value. 

Phenolic Resin (PR), a synthetic resin, has many ad-
vantages of low cost, high temperature resistance, good 
corrosion and mildew resistant, excellent mechanical 
strength and stability, and good chemical stability. Moreo-
ver, the PR contains an abundance of phenolic hydroxyl 
groups which can be easily modified various target func-
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tional groups. Therefore, the PR should be a suitable sup-
port for the preparation of a heterogeneous catalyst. In this 
work, the bromopropyl functionalized phenolic resin 
(Br-PR) was prepared by nucleophilic substitution reaction 
of PR and 1,3-dibromopropane. The tetraethylenepenta-
mine functionalized phenolic resin (TEPA-PR) was then 
prepared through nucleophilic substitution reaction of Br- 
PR and tetraethylenepentamine. The structures of the TE-
PA-PR were shown in Scheme 1. The catalytic activity of 
the TEPA-PR was detected, and the TEPA-PR was char-
acterized as follow. 

2  Results and discussion 
2.1  Characterization of PR-immobilized TEPA cata-
lysts.  

The TEPA functionalized resins with different function-
ality were determined to verify the successful preparation of 
these organic base catalysts. The amino contents of the 
different resins were tested using acid-base titrations. The 
results are shown in Table 1, indicating that the TEPA 
moieties have been efficiently immobilized in resin.  

Fourier transform infrared spectroscopy (FTIR) was used 
to determine the resins structures. The FTIR spectra of PR, 
Br-PR and TEPA-PR are shown in the Figure 1. The strong 
adsorption peak at 3300 cm－1 was owned to the stretching 
vibration of O—H in phenolic hydroxyl. The adsorption 
peaks at 842 and 752 cm－1 are attributed to out-of-plane  

Table 1  Amino and TEPA content of the TEPA-functionalized 
PR 

Entry Resin Amino content/ 
(mmol•g－1) 

TEPA content/ 
(mmol•g－1) 

1 TEPA-PR 4.875 0.975 

2 TEPA-PR-1 3.085 0.617 

3 TEPA-PR-2 1.625 0.325 

bending vibrations of the benzene rings. Compared with 
PR, the adsorption peaks of O—H and benzene rings in the 
functionalized resins were weakened, showing that the 
introduction of the target segment during the loading pro-
cess reduces the relative proportion of the original groups 
(curve a). The original resin has an adsorption peak at 2930 
cm－1, which is attributed to the stretching vibration of 
C—H in methylene. After modification, the adsorption peak 
of methylene in the Br-PR and the TEPA-PR strengthen 
obviously, indicating that the moieties of CH2CH2CH2Br 
and TEPA were successfully modified into resin (curves b, 
c). 

The X-ray diffraction (XRD) can observe the crystal 
structure of the resins, and the XRD spectra of PR are 
shown in Figure 2. Compared with original PR, the XRD 
spectra of the functionalized resins Br-PR and TEPA-PR 
have changed significantly, suggesting that the crystal 
structure of the functionalized resin has changed greatly 
during the loading process.

 
Scheme 1  Tetraethylenepentamine-immobilized PANF catalysts
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Figure 1  FTIR spectra of (a) PR, (b) Br-PR and (c) TEPA-PR 
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Figure 2  XRD spectra of (a) PR, (b) Br-PR and (c) TEPA-PR 
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The X-ray photoelectron spectroscopy (XPS) was applied 
to test the chemical properties of the TEPA-PR. The result is 
shown in Figure 3. The peaks at 70.2 and 67.8 eV corre-
spond to the binding energy of Br 3d, proving that some 
unreacted bromopropyl remains in the catalyst TEPA-PR 
(Figure 3a). Additionally, the corresponding N 1s spectrum 
of the TEPA-PR has the peaks at 401.2 and 399.2 eV, which 
can be attributed to the N—H and C—N bonds in the TE-
PA-PR (Figure 3b). Furthermore, there are three peaks at 
288.3, 286.0 and 284.4 eV corresponding to C 1s XPS 
spectrum of the TEPA-PR, which can be owned to the 
C—O, C—H and C—N bonds in the TEPA-PR, respec-
tively (Figure 3c). Moreover, the peaks at 533.1 and 532.0 
eV were attributed to the O 1s in the TEPA-PR (Figure 3d). 
XPS spectra further proves the successfully preparation of 
the TEPA-PR.[11] 

The elemental analysis (EA) was used to detect the 
composition of elements of functionalized resins, and the 
EA data of the Br-PR and the TEPA-PR are shown in Table 
2. Compared with the Br-PR, the TEPA-PR has higher C, H 
and N contents, the reason is that the modified TEPA moi-
ety has higher C, H and N content (Entries 1, 2). EA data 
proves that resin has been successfully immobilized. The 
functionality of the TEPA-PR calculated by N content of 
EA is about 0.807 mmol/g. 

Table 2  Elemental analysis data 

Entry Resin 
Elemental analysis 

N C H 
1 Br-PR 1.728 55.713 5.114 

2 TEPA-PR 5.647 60.506 5.264 
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Figure 3  (a) Br 3d spectra of the TEPA-PR, (b) N 1s spectra of the TEPA-PR, (c) C 1s spectra of the TEPA-PR, (d) O 1s spectra of the 
TEPA-PR and (e) XPS survey spectrum of the TEPA-PR 
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2.2  Catalytic activity of the TEPA-PR 
2.2.1  Catalyst activity of the TEPA-PR 

The catalyst TEPA-PR was used to catalyze the Knoeve-
nagel condensation reaction. The reaction can not proceed 
without catalyst (Table 3, Entry 1). PR is hard to catalyze 
the condensation of p-chlorobenzaldehyde with methyl 
cyanoacetate (Entry 2). The yield of the reaction catalyzed 
by PR and TEPA with the same content as the TEPA-PR is 
only 56% (Entry 3). When the functionalized resin TE-
PA-PR was used as the catalyst, the yield of target product 
is 97%, suggesting that the TEPA groups in the resin cata-
lyst have high catalytic activity (Entry 7). Compared with 
various solvents (Entries 4～7), the TEPA-PR shows rela-
tively better catalytic activity in polar protic solvents (En-
tries 6, 7), and the best catalytic activity was achieved in 
water (Entry 7). The result can be explained that polar protic 
solvents are conducive to the stability of transition state 
intermediates. Various of dosages of methyl cyanoacetate 
were investigated and the optimal dosage is 1.5 equiv. 
(Entries 7, 8). Additionally, different reaction times were 
detected and the best time is 5 h (Entries 7, 9～12). Dif-
ferent dosages of catalyst were tested and the best catalyst 
loading is 2.5 mol% (Entries 6, 16～18). Although the 
activity of the TEPA-PR is slightly lower than pyridinium 
acetate, it still has high activity (Entry 15). Furthermore, the 
Knoevenagel condensation reaction can be smoothly cata-
lyzed by the TEPA-PR within 7 h at room temperature 

(Entries 11). Moreover, the reaction catalyzed by the TE-
PA-PR with different functionalities can get satisfactory 
yields, and the resin catalysts with large functionality are 
conducive to the catalysis of the reaction (Entries 7, 13, 14). 

In summary, the reaction could reach the highest yield 
under the conditions of 2.5 mol% catalyst loading, 1.5 
equiv. of methyl cyanoacetate, green solvent, 30 ℃ and 5 h 
(Entry 7). 
2.2.2  Knoevenagel condensation reaction catalyzed by 
TEPA-PR 

Various aromatic aldehydes and methyl cyanoacetate/ 
malononitrile as substrates were used to detect the substrate 
applicability of the resin catalyst TEPA-PR for Knoe-
venagel condensation reaction. As shown in Table 4, the 
TEPA-PR can efficiently catalyze various target products 
with satisfactory isolated yields (81%～99%). In addition, 
the reactive activities of aromatic aldehydes with electron- 
withdrawing or electron-donating groups are higher than 
that of benzaldehyde (1a～1g). Although the reactive ac-
tivity of ethyl cyanoacetate is lower than methyl cyano-
acetate, the reaction can still be carried out at higher tem-
peratures (1k～1o). The p-hydroxybenzaldehyde has high 
reactivity, which can be explained that the substrate can be 
easily enriched on the surface of resin through hydrogen 
bonding (1f). Furthermore, the activity of cinnamic alde-
hyde is higher than benzaldehyde because larger conjugate 
structure in the target product promote the formation of the 

Table 3  Catalytic activities of the TEPA-PR for the Knoevenagel condensation reactiona 

Entry Solvent Catalyst loading/mol% Dosage of methyl cyanoacetate/equiv. Temp./℃ Time/h Yieldb/%

1 H2O — 1.5 30 5 N.R. 

2c H2O 0.1 g 1.5 30 15 44 

3d H2O 2.5 1.5 30 5 56 

4 Cyclohexane 2.5 1.5 30 5 41 

5 CH3CN 2.5 1.5 30 5 75 

6 EtOH 2.5 1.5 30 5 80 

7 H2O 2.5 1.5 30 5 97 

8 H2O 2.5 1.2 30 5 92 

9 H2O 2.5 1.5 30 1 80 

10 H2O 2.5 1.5 30 3 87 

11 H2O 2.5 1.5 30 4 96 

12 H2O 2.5 1.5 25 7 97 

13e H2O 2.5 1.5 30 5 96 

14f H2O 2.5 1.5 30 5 84 

15g H2O 2.5 1.5 30 1 97 

16 H2O 1 1.5 30 5 44 

17 H2O 5 1.5 30 5 96 

18 H2O 10 1.5 30 5 95 
a General conditions: 1～10 mol% TEPA-PR, 1 mmol of aromatic aldehydes, 1.5 equiv. of methyl cyanoacetate, 10 mL of various solvents, and the reaction was 
carried out in a single neck flask at 30 ℃ for 1～5 h; b isolated yield; c 0.1 g of PR was used as catalyst; d The catalyst is TEPA and PR. The usage of TEPA is 4.7 
mg, and the usage of PR is 20.9 mg; e The catalyst is TEPA-PR-1; f The catalyst is TEPA-PR-2; g The catalyst is pyridinium acetate. 
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products. Moreover, the reaction activity of malononitrile is 
higher than that of methyl cyanoacetate, and the reaction 
was completed within 30 min (1i, 1j). The Knoevenagel 
condensation reaction of aliphatic aldehydes is difficult to 
be catalyzed by the TEPA-PR, and the substrates with weak 
electron-attracting methylene groups have low activity (see 
Supporting Information, Scheme S1). Therefore, the cata-
lyst TEPA-PR has many highlights such as water phase 
catalysis, low catalyst loading (2.5 mol%), short reaction 
time (30 min～10 h) and high yields. 
2.3  Reaction mechanism of Knoevenagel conden-
sation reaction catalyzed by the TEPA-PR 

The possible acid-base mechanism for the Knoevenagel 
condensation is shown in Scheme 2. Firstly, the benzalde-
hyde and primary amine form the imine species and release 

H2O molecules. Then, the secondary amine species grabs 
the protons of the phenolic hydroxyl groups and forms 
protonated amine species. Secondly, the phenoxy anions 
capture a proton from ethyl cyanoacetate. Then, the acti-
vated C＝N bond is attacked by the anion of ethyl cyano-
acetate to form the corresponding adduct. Thirdly, the 
secondary amine species grab the protons of the phenolic 
hydroxyl groups and produce protonated imine species. 
Active protons in ethyl cyanoacetate are then attacked by 
phenol oxygen anions. Finally, the products are released, 
and the catalytic process is completed. 

Additionally, the reaction mechanism is not unique, and 
other possible mechanism is shown in Scheme S2 ((see 
Supporting Information). 
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Scheme 2  Possible acid-base mechanism of Knoevenagel condensation reaction catalyzed by the TEPA-PR
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2.4  Reusability and gram-scale experiments 
Reusability is a main factor in evaluating the perfor-

mance of heterogeneous catalysts. The Knoevenagel con-
densation reaction of p-chlorobenzaldehyde and malono-
nitrile was chosen as a model reaction to detect the reusa-
bility of the catalyst TEPA-PR. As shown in Figure 4, after 
the TEPA-PR was used five or eight times, the yield of 
product can achieve 91% or 80%, demonstrating that the 
resin catalyst has good recyclability.  
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Figure 4  Reusability experiment of the TEPA-PR 

The gram-scale experiment is important for evaluating 

the industrial application of the catalyst. The dosage of 
reactants was expanded to 20 times, and the isolated yield 
was as high as 98%, which shows that the resin catalyst 
TEPA-PR has good application potential in practical in-
dustrial production (Scheme 3). 

 
Reagents and conditions: 2.5 mol% TEPA-PR, 20 mmol of p-chlo-
robenzaldehyde, 30 mmol of malononitrile, 100 mL of H2O, and in a 
single neck flask at 30 ℃ for 30 min 

Scheme 3  Gram-scale experiment of the reaction catalyzed by 
the TEPA-PR 

2.5  Comparison of the TEPA-PR with other catalytic 
systems 

Compared with other catalysts for Knoevenagel con-
densation reaction of p-chlorobenzaldehyde and malono-
nitrile, the resin-supported TEPA catalyst exhibits excellent 
performance (Table 5). Although some catalytic systems 
have low temperature, they can not conduct within short 
time and get satisfactory reusability (Table 5, Entries 2, 6, 
7). Noteworthily, the Knoevenagel condensation reaction 
catalyzed by the TEPA-PR has the advantages of water 
phase catalysis, mild conditions, high yield and good cycle 
performance.

 

Table 4  TEPA-PR-catalyzed Knoevenagel condensation reaction of various substratesa,b 
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1d 1 h, 84% 1e 2 h, 86%

1f 30 min, 94% 1g 5 h, 87%
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a General conditions: 2.5 mol% TEPA-PR, 1 mmol of aromatic aldehydes, 1.5 equiv. of methyl cyanoacetate/malononitrile/ethyl cyanoacetate, 10 mL of H2O, and the 
reaction was carried out in a single neck flask at 30 ℃ for 30 min～10 h; b isolated yield. c The reaction temperature is 80 ℃ 
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Table 5  Comparation of different catalytic system of catalyzing Knoevenagel condensation reaction 

Entry Cat./cat. amount Solvent T/℃ Time/min Yield/% Runb Ref. 

1 Co(II)-organic frameworks/2 mol% MeOH 25～30 60 96 — [12] 

2 Sulfunic acid functionalized polymer (PHSA)/30 mg H2O r.t. 180 100 5 [13] 

3 V-Zn-MOF/2 mol% None 60 180 99 10 [14] 

4 DABCO-based bis-dicationic ionic salt catalyst/30 mg H2O 85 8 95 3 [15] 

5 Mg-Si-ZSM-12/100 mg EtOH 70 240 100 5 [16] 

6 K7HNb6O19•13H2O/20 mg EtOH r.t. 45 100 3 [17] 

7 MOF-NH2/13 mol% DMF 80 240 97 5 [18] 

8 Microporous organic polymer Fe-POP-1/ V(H2O)∶V(EtOH)＝1∶1 r.t. 300 96 — [19] 

9 Three pyrazole-3-carboxylic acid complexes/6 mol% None 50 300 93 3 [20] 

10 TEPA-PR/2.5 mol% (25 mg) H2O 30 30 98 5 This work
a Reaction conditions: 4-boromobenzaldehyde (1 mmol), 2- aminobenzamide (1 mmol) and ethanol solvent (10 mL) under reflux conditions; b Run times with the 
yield higher than 90%.

3  Conclusions 
The acid-base bifunctional catalyst TEPA-PR has been 

successfully prepared for the first time. Through exploring 
reaction conditions, we found that the resin-catalyzed reac-
tion system has many advantages, such as water phase cat- 
alysis, efficient catalytic activity and mild reaction condi-
tions. Furthermore, the TEPA-PR can efficiently catalyze 
Knoevenagel condensation reaction with broad substrate 
applicability, getting satisfactory isolated yields of 80%～
99%. Moreover, the TEPA-PR can be used 5 times without 
significant in catalytic activity, and it exhibits good catalytic 
activity in the gram-up experiment, suggesting that the 
TEPA-PR has application value in the industrial production. 

4  Experimental section 
4.1  Reagents 

Commercially available phenolic resin was stored in a 
desiccator at 60 ℃ before use. The chemicals of tetra-
ethylenepentamine, aromatic aldehydes, methyl cyanoace-
tate, malononitrile, 1,3-dibromopropane, organic solvents 
and K2CO3 were purchased commercially. Moreover, wa-
ter is deionized. 
4.2  Instruments 

The fourier transform infrared spectra (FT-IR) of PR, 
Br-PR and TEPA-PR were tested by the AVATAR360 
FTIR spectrometer (Thermo Nicolet). The C, H and N 
contents of the Br-PR and the TEPA-PR were determined 
by an Elementar Vario MACRO cube (Germany). The 
XRD spectra of original and functionalized resins were 
detected by a D/MAX-2500 X-ray diffractometer (Rigaku 
Corporation). The X-ray photoelectron spectra (XPS) of 
the TEPA-PR were measured by a PH1600 spectrometer 
(PERKIN ELMER). 
4.3  Preparation of functionalized resins  

Preparation of the Br-PR: 10.2 g of PR, 13.8 g of 
K2CO3, 20.2 g of 1,3-dibromopropane and 100 g of 
CH3CN were added to a single-necked flask and refluxed 

for 12 h. Then, the functionalized resin was taken out, 
washed with 200 mL of water, and then dried at 60 ℃ 
over night. The weight gain of resin is 17.3%. 

Preparation of the TEPA-PR: 3.64 g of Br-PR, 35 mL of 
tetraethylenepentamine and 45 mL of ethanol were added 
to a single-necked flask and refluxed for 24 h. Then, the 
resulting TEPA-PR was taken out and cleaned with 100 
mL of ethanol, and then the TEPA-PR was dried overnight 
at 60 ℃. 
4.4  General procedure for the Knoevenagel con-
densation reaction 

Aromatic aldehydes (1 mmol), methyl cyanoacetate or 
malononitrile (1.2～1.5 mmol) and 2～10 mol% TEPA-PR 
were added to a glass stopper tube. The reaction was re-
acted at 30～50 ℃ for appropriate time. After the reac-
tion was finished, the TEPA-PR was filtered out and 
washed with ethyl acetate (5 mL), the aqueous phase was 
extracted with ethyl acetate (10 mL×3), and the organic 
phase was combined. The combined organic solution was 
concentrated and the crude reaction product was purified 
by column chromatography (petroleum ether/ethyl acetate, 
V∶V＝10∶1～1∶1). 

Methyl (E)-2-cyano-3-phenyl-2-propenoate (1a): 0.1535 
g, 82% yield. m.p. 87～89 ℃ (lit.[21] 87.9 ℃); 1H NMR 
(400 MHz, CDCl3) δ: 8.27 (s, 1H), 8.00 (d, J＝7.7 Hz, 2H), 
7.60～7.54 (m, 1H), 7.51 (t, J＝7.5 Hz, 2H), 3.94 (s, 3H).  

Methyl (E)-2-cyano-3-(4-chlorophenyl)-2-propenoate 
(1b): 0.2145 g, 97% yield. m.p. 121～123 ℃  (lit.[22] 
122 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.22 (s, 1H), 7.94 
(d, J＝8.5 Hz, 2H), 7.49 (d, J＝8.6 Hz, 2H), 3.95 (s, 3H).  

Methyl (E)-2-cyano-3-(4-bromophenyl)-2-propenoate  
(1c):[23] 0.2401 g, 90% yield. m.p. 99～100 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.20 (s, 1H), 7.86 (d, J＝8.5 Hz, 2H), 
7.65 (d, J＝8.5 Hz, 2H), 3.94 (s, 3H).  

Methyl 3-(4-(acetylamino)phenyl)-2-cyano-2-propeno-
ate (1d):[24] 0.2048 g, 84% yield. m.p. 241～242 ℃; 1H 
NMR (400 MHz, DMSO-d6) δ: 10.45 (s, 1H), 8.29 (s, 1H), 
8.04 (s, 2H), 7.79 (s, 2H), 3.85 (s, 3H), 2.11 (s, 3H).  

Methyl (E)-2-cyano-3-(4-nitrophenyl)-2-propenoate 
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(1e): 0.2002 g, 86% yield. m.p. 170～172 ℃ (lit.[25] 172～
173 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.27 (s, 1H), 8.07 
(d, J＝8.3 Hz, 2H), 7.80 (d, J＝8.4 Hz, 2H), 3.97 (s, 3H).  

Methyl (E)-2-cyano-3-(4-hydroxyphenyl)-2-propenoate 
(1f): 0.1916 g, 94% yield. m.p. 212～ 214 ℃  (lit.[26] 
211℃); 1H NMR (400 MHz, DMSO-d6) δ: 10.84 (s, 1H), 
8.25 (s, 1H), 8.01 (d, J＝8.7 Hz, 2H), 6.96 (d, J＝8.7 Hz, 
2H), 3.83 (s, 3H).  

Methyl (E)-2-cyano-3-(4-methoxyphenyl)-2-propenoate: 
(1g): 0.1883 g, 87% yield. m.p. 104～ 106 ℃  (lit.[21] 
104.1 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.19 (s, 1H), 8.01 
(d, J＝8.8 Hz, 2H), 7.00 (d, J＝8.8 Hz, 2H), 3.91 (d, J＝4.2 
Hz, 3H), 3.90 (s, 3H).  

Methyl (2E,4E)-2-cyano-5-phenyl-2,4-pentadienoate 
(1h):[26] 0.2021 g, 95% yield. m.p. 141～143 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.08～7.95 (m, 1H), 7.59 (dd, J＝6.5, 
2.9 Hz, 2H), 7.46～7.35 (m, 3H), 7.33～7.23 (m, 2H), 3.86 
(m, 3H).  

2-((4-Chlorophenyl)methylene)-propanedinitrile (1i): 
0.1506 g, 98% yield. m.p. 161～163 ℃  (lit.[27] 161～
162 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.86 (d, J＝8.6 Hz, 
2H), 7.74 (s, 1H), 7.52 (d, J＝8.6 Hz, 2H).  

2-((4-Methoxyphenyl)methylene)-propanedinitrile (1j): 
0.1784 g, 97% yield. m.p. 111～113 ℃  (lit.[25] 110～
112 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.92 (d, J＝8.8 Hz, 
2H), 7.65 (s, 1H), 7.26 (s, 1H), 7.02 (d, J＝8.9 Hz, 2H), 3.92 
(s, 3H).  

Ethyl (E)-2-cyano-3-phenyl-2-propenoate (1k): 0.1626 g, 
81% yield. m.p. 46～48 ℃ (lit.[25] 47～49 ℃); 1H NMR 
(400 MHz, CDCl3) δ: 8.26 (s, 1H), 8.06～7.88 (m, 2H), 
7.62～7.44 (m, 3H), 4.39 (q, J＝7.1 Hz, 2H), 1.41 (t, J＝7.1 
Hz, 3H).  

Ethyl (E)-2-cyano-3-(4-fluorophenyl)-2-propenoate (1l): 
0.2029 g, 93% yield. m.p. 94～95 ℃ (lit.[25] 94～96 ℃); 
1H NMR (400 MHz, CDCl3) δ: 8.22 (s, 1H), 8.10～7.93 (m, 
2H), 7.24～7.14 (m, 2H), 4.39 (q, J＝7.1 Hz, 2H), 1.41 (t,  
J＝7.1 Hz, 3H).  

Ethyl (E)-2-cyano-3-(4-chlorophenyl)-2-propenoate 
(1m): 0.2145 g, 91% yield. m.p. 164～166 ℃  (lit.[25] 
163～165 ℃); 1H NMR (400 MHz, CDCl3) δ: 7.88 (dd,   
J＝8.4, 2.1 Hz, 1H), 7.72～7.59 (m, 1H), 7.50 (t, J＝1.7 Hz, 
1H), 6.23 (d, J＝1.5 Hz, 1H), 6.01 (s, 1H), 3.95 (d, J＝1.9 
Hz, 3H).  

Ethyl (E)-2-cyano-3-(4-bromophenyl)-2-propenoate 
(1n):[28] 0.2528 g, 91% yield. m.p. 129～131 ℃; 1H NMR 
(400 MHz, CDCl3) δ: 8.19 (s, 1H), 7.86 (d, J＝8.4 Hz, 2H), 
7.65 (d, J＝8.4 Hz, 2H), 4.39 (q, J＝7.1 Hz, 2H), 1.40 (t, J
＝7.1 Hz, 3H).  

Ethyl (E)-2-cyano-3-(4-methylphenyl)-2-propenoate 
(1o): 0.1844 g, 80% yield. m.p. 91～92 ℃ (lit.[29] 163～
165 ℃); 1H NMR (400 MHz, CDCl3) δ: 8.21 (s, 1H), 7.90 
(d, J＝7.9 Hz, 2H), 7.42～7.20 (m, 2H), 4.44～4.26 (m, 
2H), 2.43 (s, 3H), 1.40 (t, J＝7.1 Hz, 3H).  

 
Supporting Information  1H NMR spectra of products. 
The Supporting Information is available free of charge via 
the Internet at http://sioc-journal.cn/. 

References 
[1] (a) Varga G.; Kukovecz Á.; Kónya Z.; Sipos P.; Pálinkó I. J. Catal. 

2020, 381, 308.  
(b) Moteki T.; Koga Y.; Ogura M. J. Catal. 2019, 378, 131.  
(c) Zacuto, M. J. J. Org. Chem. 2019, 84, 6465. 
(d) Li, J. P. H.; Kennedy, E. M.; Adesina, A. A.; Stockenhuber, M. 
J. Catal. 2019, 369, 157. 
(e) Jia, Y.; Fang, Y.; Zhang, Y.; Miras, H. N.; Song, Y. Chem.-Eur. 
J. 2015, 21, 14862.  
(f) Garrabou, X.; Wicky, B. I. M.; Hilvert, D. J. Am. Chem. Soc. 
2016, 138, 6972. 
(g) Franconetti, A.; Domínguez-Rodríguez, P.; Lara-García, D.; 
Prado-Gotor, R.; Cabrera-Escribano, F. Appl. Catal. A: Gen. 2016, 
517, 176.  
(h) Ezugwu, C. I.; Mousavi, B.; Asraf, M. A.; Luo, Z.; Verpoort, F. 
J. Catal. 2016, 344, 445.  

[2] (a) Kumar, N. S.; Reddy, M. S.; S. Kumar, T. S.; Bheeram, V. R.; 
Mukkamala, S. B.; Rao, L. C. ChemistrySelect 2019, 4, 1188. 
(b) Gu, X.; Tang, Y.; Zhang, X.; Luo, Z.; Lu, H. New J. Chem. 
2016, 40, 6580.  
(c) Pandey, R.; Singh, D.; Thakur, N.; Raj, K. K. ACS Omega 2021, 
6, 13240. 
(d) Grass, J.; Klühspies, K.; Reiprich, B.; Schwieger, W.; Inayat, A. 
Catalysts 2021, 11, 474.  
(e) Das, A.; Anbu, N.; SK, M. Dalton Trans. 2019, 4, 17371. 
(f) Zhang, X.; Zhang, R.; Jin, Y.; Li, T. J. Solid State Chem. 2019, 
278, 120927.  
(g) Guo, C. Y.; Zhang, Y. H.; Zhang, L.; Zhang, Y.; Wang, J. D. 
CrystEngComm 2018, 20, 5327.  

[3] (a) Das, A.; Anbu, N.; Dhakshinamoorthy, A.; Biswas, S. Micro-
porous Mesoporous Mater. 2019, 284, 459.  
(b) Gao, M.; Qi, M.; Liu, L.; Han, Z. Chem. Commun. 2019, 55, 
6377.  

[4] (a) Zhang, X. Y.; He, X. Y.; Zhao, S. H. Green Chem Lett. Rev. 
2021, 14, 85. 
(b) Jiang, Y.; Jiang, F.; Liao, X.; Lai, S.; Wang, S.; Xiong, X.; 
Zheng, J.; Liu, Y. J. Porous Mater. 2020, 27, 779.  

[5] (a) Appaturi, J. N.; Pulingam, T.; Rajabathar, J. R.; Khoerunnisa, F.; 
Ling, T. C.; Tan, S. H.; Ng, E. Microporous Mesoporous Mater. 
2021, 320, 111091. 
(b) Li, R. J.; Chen, C.; Hu, L. Y.; ChemistrySelect 2020, 5, 14578.  

[6] (a) Jaenicke, S.; Chuah, G. K.; Lin, X. H.; Hu, X. C. Micro¬porous 
Mesoporous Mater. 2000, 35～36, 143.  

[7] (a) Qian, B.; Wang, F.; Li, D.; Li, Y. Zhang, B.; Zhu, J. New J. 
Chem. 2020, 44, 5995. 
(b) Zhu, J.; Wang, F.; Li, D.; Zhai, J.; Liu, P.; Zhang, W.; Li, Y.; 
Catal. Lett. 2020, 150, 1909. 
(c) Xue, B.; Liu, X.; Liu, N.; Li, Y. Res. Chem. Intermed. 2018, 44, 
1523.  

[8] (a) Hajizadeh, F.; Maleki, B.; Zonoz, F. M.; Amiri, A. J. Iran. 
Chem. Soc. 2021, 18, 793. 
(b) Hu, Y.; Zhang, J.; Wang, Z.; Huo, H.; Jiang, Y.; Xu, X.; Lin, K. 
ACS Appl. Mater. Inter. 2020, 12, 36159.  

[9] (a) Zhang, X.; He, X.; Zhao, S. Green Chem. Lett. Rev. 2021, 14, 
85. 
(b) Gilanizadeh, M.; Zeynizadeh, B. Can. J. Chem. 2021, 99, 531.  

[10] (a) Yao, C.; Zhou, S.; Kang, X.; Zhao, Y.; Yan, R.; Zhang, Y.; Wen, 
L. Inorg. Chem. 2018, 57, 11157. 
(b) Sarmah, B.; Srivastava, R. Mol. Catal. 2017, 427, 62. 
(c) Zhang, L.; Wang, H.; Shen, W.; Qin, Z.; Wang, J.; Fan, W. J. 
Catal. 2016, 344, 293.  



   
Chinese Journal of Organic Chemistry ARTICLE 

 
Chin. J. Org. Chem. 2022, 42, 1179～1187 © 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/     1187 

[11] Xiao, J.; Wang, L.; Ran, J.; Zhao, J.; Ma, N.; Tao, M.; Zhang, W. J. 
Cleaner Prod. 2020, 274, 122473.  

[12] Laha, B.; Khullar, S.; Gogia, A.; Mandal, S. K. Dalton Trans. 2020, 
49, 12298.  

[13] Sadjadi, S.; Akbari, M.; Kahangi, F. G.; Heravi, M. M. Polyhedron 
2020, 179, 114375.  

[14] Tian, H.; Liu, S.; Zhang, Z.; Dang, T.; Lu, Y.; Liu, S. ACS Sustain-
able Chem. Eng. 2021, 9, 4660.  

[15] Zabihzadeh, M.; Omidi, A.; Shirini, F.; Tajik, H.; Langarudi, M. S. 
N. J. Mol. Struct. 2020, 1206, 127730.  

[16] Wen, H.; Xie, J.; Zhou, Y.; Zhou, Y.; Wang, J. Catal. Sci. Technol. 
2019, 9, 5725.  

[17] Xu, Q.; Niu, Y.; Wang, G.; Li, Y.; Zhao, Y.; Singh, V.; Niu, J.; 
Wang, J. Mol. Catal. 2018, 453, 93.  

[18] Taher, A.; Lee, D.; Lee, B.; Lee, I. Synlett. 2016, 27, 1433.  
[19] Modak, A.; Mondal, J.; Bhaumik, A. Appl. Catal. A: Gen. 2013, 

459, 41.  
[20] Rong, N.; Qiu, T.; Qian, R.; Lu, L.; Huang, X.; Ma, Z.; Cui, C. In-

org. Chem. Commun. 2017, 86, 98.  
[21] Blanco-Ania, D.; Valderas-Cortina, C.; Hermkens, P. H. H.; 

Sliedregt, L. A. J. M.; Scheeren, H. W.; Rutjes, F. P. J. T. Molecules 
2010, 15, 2269.  

[22] Balalaie, S.; Bararjanian, M.; Hekmat, S.; Salehi, P. Synth. Com-
mun. 2006, 36, 3703.  

[23] Xu, H.; Pan, L.; Fang, X.; Liu, B.; Zhang, W.; Lu, M.; Chang, H. 
Tetrahedron Lett. 2017, 58, 2360.  

[24] Li, J.; Lear, M. J.; Hayashi, Y. Chem.-Eur. J. 2021, 27, 5901.  
[25] Shi, D. Q.; Chen, J.; Zhuang, Q. Y.; Wang, X. S.; Hu, H. W. Chin. 

Chem. Lett. 2003, 14, 1242.  
[26] Tukhtaev, H. B.; Ivanov, K. L.; Bezzubov, S. I.; Cheshkov, D. A.; 

Melnikov, M. Y.; Budynina, E. M. Org. Lett. 2019, 21, 1087.  
[27] Ren, Y. M.; Cai, C. Catal. Lett. 2007, 118, 134.  
[28] Wiles, C.; Watts, P. Haswell, S. J. Lab Chip 2007, 7, 322.  
[29] Yadav, J. S.; Reddy, B. V. S.; Basak, A. K.; Visali, B.; Narsaiah, A. 

V.; Nagaiah, K. Eur. J. Org. Chem. 2004, 2004, 546.  

(Fan, Y.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


