Supplementary Material 
Polyguanidine as a highly efficient and reusable catalyst for Knoevenagel condensation reaction in water
General:  1H NMR spectra were recorded at 400 MHz using Brucker AV-400 spectrometer and are reported in parts per million (ppm) on the δ scale relative to tetramethylsilane as an internal standard. Coupling constants (J) reported in Hz. 13C NMR spectra were recorded at 100 MHz. Melting points were obtained using XRT melting point apparatus and are uncorrected.
Typical procedure of the catalyst PG-2: 

To a solution of hexamethylenediamine 2.32g (0.02 mol ) in isopropanol was added   hexamethylenedicyanamide 16.60g (0.1 mol), hexamethylenediamine dihydrobromide 22.08g ( 0.08 mol). The mixture was refluxed for 6h. After the reaction, the isopropanol was removed by distillation at reduced pressure, leaving a colorless, transparent gel-like mass. It was solidified by being heated at 130℃ for 3h, resulting in a water-insoluble resinous product 41g. After the product was soaked in a solution of NaOH (10%) 100g at room temperature for 24h. the product was filtered, repeatedly washed by hot water(60℃)  until neutral and dried in vacuum at 60℃ for 24h to give catalyst PG-2.

General procedure for Knoevenagel condensation: 

A10-mL round bottomed flask was charged with the carbonyl compound (1 mmol), active methylene compound (1 mmol), PG-2 (14 mg, 20 mol% of the substrates) and water (3 mL). The reaction mixture was stirred at the room temperature. The suspension was stirred at room temperature for the lengths of time shown in Table 3. Progress of the reaction was monitored by TLC, using n-hexane–EtOAc (5:1) as eluent. After completion of the reaction, the reaction mixture often solidified in the round bottomed flask. The solids were dissolved in hot ethanol (30ml). The catalyst was removed by filtration and washed with ethanol. The solid product was got after ethanol was concentrated in vacuum. The product 3a was purified through recrystallization from ethanol.
Characterization data for synthesized compounds: 
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2-benzylidenemalononitrile Physical state: colorless solids, mp[1]: 87.4-88.9 °C. 1H NMR (CDCl3, 400 MHz, TMS) 7.91 (d, J = 7.8 Hz, 2H), 7.80 (s, 1H), 7.65 (t, J = 7.3 Hz, 1H), 7.56 (t, J = 7.8 Hz, 2H). 13C NMR (CDCl3, 100 MHz) 159.9, 134.6, 130.9, 130.7, 129.6, 113.7, 112.5, 82.9.
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2-(4-chlorobenzylidene)malononitrile Physical state: pale yellow solids, mp[2]: 153.8-155.1 °C.   1H NMR (CDCl3, 400 MHz) δ= 7.85 (d, J = 8.4 Hz, 2H), 7.74 (s, 1H), 7.51 (d, J = 8.4 Hz, 2H). 13C NMR (CDCI3, 100 MHz) δ = 158.3, 141.1, 131.8, 130.0, 129.3, 113.4, 112.3, 83.3.
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2-(2-chlorobenzylidene)malononitrile Physical state: pale yellow solids, mp[3]: 93.6-96.3 °C.   1H NMR (CDCl3, 400MHz) δ = 8.27 (s, 1H), 8.17 (d, J= 7.92 Hz, 1H), 7.55 (d, J = 4.16 Hz, 2H), 7.43~7.47 (m, 1H). 13C NMR (CDCI3, 100 MHz) δ= 156.0, 136.3, 135.0, 130.7, 129.5, 129.0, 127.8, 113.2, 111.9, 85.8.
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2-(4-nitrobenzylidene)malononitrile Physical state: yellow solids, mp[4]: 155.2-156.6 °C. 1H NMR (DMSO-d6, 400 MHz)δ= 8.71(s,1H), 8.41(d, J = 8.8 Hz, 2H), 8.11(d, J=8.8Hz,2H). 13C NMR (DMSO-d6, 100 MHz) δ= 159.8, 150.2, 137.2, 131.9, 124.9, 114.1, 113.0, 86.4.
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2-(4-methoxybenzylidene)malononitrile Physical state: yellow solids, mp[5]: 108.7-110.2 °C.   1H NMR (CDCl3, 400 MHz) δ = 7.89 (d, J = 8.92 Hz, 2H), 7.65(s, 1H), 7.00(d, J = 8.92 Hz, 2H), 3.91(s, 3H). 13C NMR (CDCI3, 100M Hz) δ=164.8, 155.8, 133.4, 124.0, 115.1, 114.4, 113.3, 78.5, 55.8.
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2-(4-hydroxybenzylidene)malononitrile Physical state: yellow solids, mp[6]: 177.8-179.4 °C.   1H NMR (DMSO-d6, 400 MHz) δ =11.06 (s, 1H), 8.28 (s, 1H), 7.86 (d, J=8.76 Hz, 2H), 6.95 (d, J=8.76 Hz, 2H). 13C NMR (DMSO-d6, 100M Hz) δ = 164.4, 160.9, 134.2, 123.3, 117.1, 115.6, 114.6, 75.6.
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2-((furan-2-yl)methylene)malononitrile Physical state: red solids, mp[6]: 64.3-66.7°C. 1H NMR (CDCl3, 400 MHz) δ = 7.81 (s, 1H), 7.52 (s, 1H), 7.35-7.36 (d, J = 3.6 Hz, 2H), 6.71-6.73 (m, 1H). 13C NMR (CDCI3, 100 MHz)   δ = 149.6, 148.1, 143.1, 123.6, 114.5, 113.8, 112.6.
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2-((thiophen-2-yl)methylene)malononitrile Physical state: pale yellow solids, mp[7]: 92.1-93.4°C. 1H NMR  (CDCl3, 400 MHz) δ = 7.90-7.91 (m, 2H), 7.81-7.83 (m, 2H), 7.28-7.30 (m, 1H). 13C NMR (CDCI3, 100 MHz) δ = 151.2, 138.2, 137.0, 135.4, 129.1, 113.8, 113.0, 78.3.
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(E)-methyl 2-cyano-3-phenylacrylate Physical state: colorless solids, mp[7]: 83.9-85.4 °C.   1H NMR (CDCl3, 400 MHz) δ = 8.27 (s, 1H), 7.98 (d, J=7.52 Hz, 2H), 7.49-7.52 (m, 3H), 3.94 (s, 3H) . 13C NMR (CDCI3, 100M Hz) δ =163.0, 155.3, 133.4, 131.4, 131.1, 129.3, 115.4, 102.5, 53.4.
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(E)-methyl 3-(4-chlorophenyl)-2-cyanoacrylate Physical state: colorless solids, mp[8]: 119.2- 121.5 °C. 1H NMR (CDCl3, 400 MHz) δ = 8.21 (s, 1H), 7.93 (d, J=8.52 Hz, 2H), 9.48 (d, J= 8.52 Hz, 2H), 3.94 (s, 3H). 13C NMR (CDCI3, 100M Hz) δ = 162.8, 153.7, 139.7, 132.2, 129.8, 129.7, 115.2, 103.0, 53.5.
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(E)-methyl 3-(2-chlorophenyl)-2-cyanoacrylate Physical state: colorless solids, mp[9]: 102.8- 103.9 °C. 1H NMR (CDCl3, 400 MHz) δ = 8.69 (s, 1H), 8.22 (d, J = 7.68 Hz, 1H), 7.45-7.52 (m, 2H), 7.39-7.43 (m, 1H), 3.95 (s, 3H). 13C NMR (CDCl3, 100 MHz) δ = 162.3, 151.4, 136.5, 133.8, 130.3, 129.8, 127.4, 114.7, 105.7, 53.5.
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(E)-methyl 2-cyano-3-(4-nitrophenyl)acrylate Physical state: pale yellow solids, mp[10]: 171.6- 173.8 °C. 1H NMR (DMSO-d6, 400MHz) δ = 8.53 (s, 1H), 8.36 (d, J = 8.76 Hz, 2H), 8.20 (d, J = 8.72 Hz, 2H). 13C NMR (DMSO-d6, 100 MHz)   δ = 162.1, 153.2, 149.7, 137.6, 132.1, 124.6, 115.3, 106.8, 54.0.
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(E)-methyl 2-cyano-3-(4-methoxyphenyl)acrylate Physical state: colorless solids, mp[8]: 100.5- 104.7 °C. 1H NMR (CDCl3, 400 MHz) δ = 8.16 (s, 1H), 7.98 (d, J = 8.88 Hz, 2H), 6.97 (d, J = 8.88 Hz, 2H), 3.90 (s, 3H), 3.88 (s, 3H). 13C NMR (CDCI3, 100M Hz) δ = 163.8, 163.6, 154.6, 133.6, 124.3, 116.1, 114.8, 98.8, 55.6, 53.1.
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(E)-methyl 2-cyano-3-(4-hydroxyphenyl)acrylate Physical state: pale yellow solids, mp[11]: 203.3-205.5 °C. 1H NMR (DMSO-d6, 400 MHz) δ = 10.81 ( s, 1H), 8.17 (s, 1H), 7.93 (d, J = 8.76 Hz, 2H), 6.90 (d, J = 8.76 Hz, 2H), 3.80 (s, 3H). 13C NMR (DMSO-d6, 100 MHz) δ = 163.5, 163.4, 155.1, 134.4, 122.9, 116.8, 97.1, 53.4.


[image: image15.emf]CO

2

Me

CN

3s

O


(E)-methyl 2-cyano-3-(furan-2-yl)acrylate Physical state: pale yellow solids, mp[8]: 93.4-94.5°C. 1H NMR  (CDCl3, 400 MHz) δ = 7.99 (s, 1H), 7.35 (d, J = 1.52Hz, 1H), 7.36 (d, J = 3.64 Hz, 1H), 6.64-6.65 (m, 1H), 3.88 (s, 3H). 13C NMR (CDCI3, 100M Hz) δ = 163.1, 148.7, 148.4, 139.6,  122.0, 115.3, 113.9, 98.1, 53.3.
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(E)-methyl 2-cyano-3-(thiophen-2-yl)acrylate Physical state: orange-red solids, mp[8]: 103.8- 105.2°C. 1H NMR (CDCl3, 400 MHz)δ = 8.34(s, 1H), 7.78-7.82 (m, 2H), 7.20-7.22 (m, 1H), 3.89 (s, 3H). 13C NMR (CDCI3, 100 MHz) δ = 163.2, 146.9, 137.4, 135.9, 135.4, 128.7, 115.7, 98.8, 53.3.
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