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1. General information
All reactions were carried out in oven-dried glassware with magnetic stirring under air unless otherwise mentioned. All other reagents were used without purification as commercially available. All reactions were monitored by thin layer chromatography. Purification of reaction products were carried out by flash chromatography on silica gel. Chemical yields refer to pure isolated substances. Solvents were purified and dried according to standard methods prior to use. 1H NMR spectra were recorded on 400 MHz spectrometer. The chemical shifts were reported relative to internal standard TMS (0) in CDCl3. The following abbreviations may be used to describe peak patterns where appropriate: br=broad, s=singlet, d=doublet, t=triplet, q=quartet, m=multiplet. Mass spectra were measured with Thermo Finnigan LCQ-Advantage. High resolution mass spectral (HRMS) analyze were measured on a Bruker microTOF-Q II instrument using ESI techniques.    

2 Experimental
2.1 General procedure for the reaction.

Standard reaction conditions: aromatic primary amines 1(1.0 mmol) and pyruvate2(0.6 mmol) in 2 mL DCM, 2 mol% B(C6F5)3, 40℃ for 6-12h. Yield of isolated product. The reaction was monitored with TLC. After the reaction was completed, the reaction mixture was directly purified by flash column chromatography (ethyl acetate / petroleum ether = 1/15 to 1/5) to give the desired product 3. 

2.2 Anticancer activity

In vitro anticancer activity of all the synthesized compounds was studied by cell viability assay method. For evaluating the anticancer of the compounds, A549 (Human lung cancer) cell and HCT116 line were used. Cells were plated in 96-multiwell plates (104 cell/well) for 24 h. The compounds to be tested were dissolved in dimethyl sulphoxide. Solutions of different concentration of the compounds under test were added to the cell monolayer. After incubated for 72h, the viability of the cells was assessed by the MTT (3-(4,5- dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide) assay method. The anticancer potency of these compounds was indicated by IC50 (the concentration that causes a 50%reduction of the cell growth).
methyl-2-((2-(5-methoxy-1H-indol-3-yl)ethyl)imino)propanoate (D) 1HNMR(400 MHz, CDCl3) δ:1.73(s, 1H), 2.68-2.79(m, 2H), 3.19-3.28(m, 2H), 3.80(s, 3H), 3.88(s, 3H), 6.86-6.98(m, 2H), 7.27(d, J = 4.0 Hz, 1H), 8.21(s, 1H).
methyl 2,2-bis((2-(1H-indol-3-yl)ethyl)amino)propanoate (3a) white solid; 
1HNMR(400 MHz, CDCl3) δ:1.47(s, 3H), 3.01-3.05(m, 2H), 3.06-3.12(m, 1H), 3.15-3.21(m, 1H), 3.28-3.33(m, 2H), 3.35-3.41(m, 1H), 3.63(s, 3H), 3.76-3.84(m, 1H), 4.29-4.32(m, 1H), 6.97(dd, J = 8.0, 4.0 Hz, 1H), 7.10-7.19(m, 4H), 7.34(t, J = 8.0 Hz, 2H), 7.58(d, J = 8.0 Hz, 1H), 7.65(d, J = 8.0 Hz, 1H), 8.23(d, J = 16.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 172.66, 140.17, 136.51, 136.28, 127.37, 127.20, 122.39, 122.21, 121.99, 119.40, 119.33, 118.80, 118.58, 113.05, 112.69, 111.43, 111.26, 102.72, 67.66, 44.08, 42.82, 24.68, 24.26, 21.41. HRMS (ESI-TOF) calcd for C24H28N4O2[M+H]+:405.2231; Found: 405.2229.

ethyl 2,2-bis((2-(1H-indol-3-yl)ethyl)amino)propanoate (3b) white solid; 1HNMR(400 MHz, CDCl3) δ: 1.20(t, J = 8.0 Hz, 3H), 1.48(s, 3H), 3.03-3.06(m, 2H), 3.08-3.11(m, 1H), 3.18-3.20(m, 1H), 3.18-3.45(m, 3H), 3.78-3.86(m, 1H), 4.06-4.15(m, 2H), 4.29-4.32(m, 1H), 6.98-6.99(m, 2H), 7.12-7.15(m, 4H), 7.35(t, J = 8.0 Hz, 2H), 7.60(d, J = 8.0 Hz, 1H), 7.68(d, J = 8.0 Hz, 1H), 8.24(d, J = 16.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ: 171.95, 136.50, 136.27, 127.40, 127.21, 122.37, 122.19, 122.09, 121.98, 119.40, 119.33, 118.83, 118.58, 113.13, 112.73, 111.42, 111.25, 102.92, 67.75, 44.12, 42.83, 24.63, 24.28, 21.40, 14.11. HRMS (ESI-TOF) calcd for C24H28N4O2[M+H]+:419.2428; Found: 419.2433.

ethyl 2,2-bis((2-(5-methoxy-1H-indol-3-yl)ethyl)amino)propanoate (3c) white solid; 1HNMR(400 MHz, CDCl3) δ: 1.20(t, J = 8.0Hz, 3H), 1.43(s, 3H), 2.98-3.15(m, 4H), 3.27-3.41(m, 4H), 3.84(s, 3H), 3.87(s, 3H), 4.07-4.15(m, 2H), 6.83-6.87(m, 2H), 6.94-6.96(m, 2H), 7.02(d, J = 4.0 Hz, 1H), 7.13(d, J = 4.0 Hz, 1H), 7.21-7.26(m, 2H), 8.14(br, 1H), 8.19(br, 1H).13C NMR (100 MHz, CDCl3) δ: 172.10, 153.96, 153.94, 140.13, 131.65, 131.39, 127.84, 127.60, 123.16, 122.90, 112.96, 112.48, 112.21, 112.16, 112.11, 111.96, 102.93, 100.59, 100.56, 67.76, 56.01, 55.90, 44.10, 42.77, 24.64, 24.23, 21.32, 14.11. HRMS (ESI-TOF) calcd for C27H34N4O4[M+H]+:479.2648; Found: 479.2637.
methyl 2,2-bis((2-(5-methoxy-1H-indol-3-yl)ethyl)amino)propanoate (3d) white solid; 1HNMR(400 MHz, CDCl3) δ:1.43(s, 3H), 2.98-3.13(m,4H), 3.27-3.40(m, 4H), 3.64(s, 3H), 3.84(s, 3H), 3.87(s, 3H), 6.82-6.87(m, 2H), 6.94-6.95(m, 2H), 7.02(d, J = 4.0 Hz, 1H), 7.13(d, J = 4.0 Hz, 1H), 7.21-7.25(m, 2H), 8.16(br, 1H), 8.21(br, 1H). 13C NMR (100 MHz, CDCl3) δ: 172.63, 153.96, 153.94, 131.66, 131.40, 127.82, 127.61, 123.16, 122.92, 112.89, 112.47, 112.20, 112.17, 112.11, 111.97, 102.72, 100.57, 77.40, 77.08, 76.76, 67.65, 56.01, 52.72, 44.08, 42.74, 24.70, 24.20, 21.33. HRMS (ESI-TOF) calcd for C26H32N4O4[M+H]+:465.2441; Found: 465.2443.
methyl 2,2-bis(benzylamino)propanoate (3e) colorless liquid; 1HNMR(400 MHz, CDCl3) δ:1.37(s, 3H), 3.45(s, 3H), 4.19-4.22(m, 1H), 4.42(d, J = 16.0Hz, 1H), 4.65-4.68(m, 1H), 4.80(d, J = 16.0 Hz, 1H), 7.21-7.24(m, 1H), 7.27-7.30(m, 5H), 7.32-7.35(m, 4H). 13C NMR (100 MHz, CDCl3) δ: 172.21, 139.84, 137.79, 137.31, 128.77, 128.61, 128.40, 128.21, 127.77, 127.56, 127.47, 127.32, 109.98, 104.03, 67.30, 48.44, 44.64, 21.66. HRMS (ESI-TOF) calcd for C18H22N2O2[M+H]+:299.1757; Found: 299.1759.
ethyl 2,2-bis((4-methoxyphenethyl)amino)propanoate (3f) colorless liquid; 1HNMR(400 MHz, CDCl3) δ: 1.22(t, J = 8.0 Hz, 3H), 1.41(s, 3H), 2.80-2.99(m, 4H), 3.18-3.27(m, 3H), 3.66-3.69(m, 1H), 3.78(s, 3H), 3.79(s, 3H), 6.82-6.86(m, 4H), 7.10-7.16(m, 4H). 13C NMR (100 MHz, CDCl3) δ: 172.03, 158.29, 158.21, 131.30, 130.95, 129.88, 129.67, 114.07, 113.91, 102.69, 67.64, 61.69, 55.27, 45.69, 44.10, 34.13, 33.69, 21.35, 14.12. HRMS (ESI-TOF) calcd for C23H32N2O4[M+H]+:401.2479; Found: 401.2483.
ethyl 2,2-bis(phenethylamino)propanoate (3g) colorless liquid; 1HNMR(400 MHz, CDCl3) δ: 1.22(t, J = 8.0Hz, 3H), 1.41(s, 3H), 2.86-2.89(m, 2H), 2.93-3.07(m, 2H), 3.23-3.31(m, 3H), 3.69-3.77(m, 1H), 7.18-7.19(m, 1H), 7.21-7.25(m, 5H), 7.27-7.33(m, 4H). 13C NMR (100 MHz, CDCl3) δ 171.99, 139.94, 139.23, 128.94, 128.74, 128.65, 128.53, 126.53, 126.43, 102.77, 67.67, 45.54, 43.91, 35.05, 34.59, 21.31, 14.13. HRMS (ESI-TOF) calcd for C21H28N2O2[M+H]+:341.2261; Found: 341.2266.
methyl 2,2-bis(phenethylamino)propanoate (3h) colorless liquid; 1HNMR(400 MHz, CDCl3) δ: 1.41(s, 3H), 2.86-2.89(m, 2H), 2.94-3.02(m, 2H), 3.22-3.29(m, 3H), 3.65(s, 3H), 3.72-3.75(m, 1H), 7.19-7.24(m, 6H), 7.27-7.32(m, 4H). 13C NMR (100 MHz, CDCl3) δ: 172.53, 139.98, 139.19, 128.93, 128.74, 128.66, 128.53, 126.54, 126.45, 102.53, 77.40, 77.09, 76.77, 67.56, 52.71, 45.52, 43.89, 35.14, 34.60, 21.36. HRMS (ESI-TOF) calcd for C20H26N2O2[M+H]+:327.2072; Found: 341.2071.

methyl 2,2-bis((thiophen-3-ylmethyl)amino)propanoate (3i) light green liquid; 1HNMR(400 MHz, CDCl3) δ: 1.43(s, 3H), 3.51(s, 3H), 4.19-4.20(m, 2H), 4.44(d, J = 16.0 Hz, 1H), 4.72(d, J = 16.0 Hz, 1H), 7.02-7.05(m, 2H), 7.12-7.16(m, 2H), 7.22-7.24(m, 1H), 7.28-7.30(m, 1H). 13C NMR (100 MHz, CDCl3) δ: 172.18, 138.78, 137.96, 128.16, 127.13, 126.24, 125.77, 122.92, 122.05, 104.05, 77.42, 77.10, 76.78, 52.57, 43.77, 39.61, 21.51. HRMS (ESI-TOF) calcd for C20H26N2O2[M+H]+:311.0882; Found: 311.0879.

ethyl 2,2-bis((3,4-dimethoxyphenethyl)amino)propanoate (3j), colorless liquid; 1HNMR(400 MHz, CDCl3) δ: 1.20(t, J = 8.0 Hz, 3H), 1.40(s, 3H), 2.78-2.81(m, 2H), 2.89-2.95(m, 2H), 3.17-3.27(m, 3H), 3.65-3.72(m, 1H), 3.82(s, 3H), 3.83(s, 3H),  3.84(s, 3H),  3.85(s, 3H), 6.68-6.89(m, 1H), 6.73-6.74(m, 3H), 6.76-6.79(m, 2H). 13C NMR (100 MHz, CDCl3) δ: 171.98, 149.02, 148.89, 147.71, 147.59, 139.93, 131.76, 131.45, 120.78, 120.64, 112.14, 111.92, 111.39, 111.25, 102.76, 77.44, 77.12, 76.81, 67.64, 61.71, 55.92, 55.89, 55.87, 45.59, 44.01, 34.61, 34.17, 21.37, 14.12. HRMS (ESI-TOF) calcd for C25H36N2O6[M+H]+:461.2619; Found: 461.2611. 

methyl 2,2-bis((3,4-dimethoxyphenethyl)amino)propanoate (3k), colorless liquid; 1HNMR(400 MHz, CDCl3) δ: 1.42(s, 3H), 2.79-2.82(m, 2H), 2.86-2.94(m, 2H), 3.18-3.27(m, 3H), 3.65(s, 3H), 3.66-3.72(m, 1H), 3.83(s, 3H),  3.84(s, 3H),  3.85(s, 3H), 3.86(s, 3H), 6.69-6.70(m, 1H), 6.72-6.75(m, 3H), 6.77-6.81(m, 2H). 13C NMR (100 MHz, CDCl3) δ: 172.53, 149.02, 148.91, 147.72, 147.60, 139.97, 131.70, 131.42, 120.78, 120.64, 112.12, 111.93, 111.39, 111.25, 102.55, 67.55, 55.93, 55.91, 55.88, 52.71, 45.58, 43.98, 34.72, 34.18, 21.40. HRMS (ESI-TOF) calcd for C25H36N2O6[M+H]+:447.2433; Found: 447.2439. 
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