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1. Experimental section 
1.1. General information
All commercially available chemicals and reagents were purchased from Merck Chemical Company and used without further purification. Melting points were measured with an Electrothermal 9200 apparatus. 1H-NMR spectra were recorded on a BRUKER Varian spectrometer at 500 MHz. 13C-NMR spectra were recorded on BRUKER Varian spectrometers at 125 MHz. NMR spectra were obtained in CDCl3. Infrared spectra were recorded in potassium bromide pellets on a Shimadzu MPC-2200 spectrometer over the range 400-4000 cm-1. The mass spectra were recorded with Agilent 5975C spectrometer.
[bookmark: _Toc44952021][bookmark: _Toc60422901]1.2. General procedure for the synthesis of indole-fused diketopiperazines: Step 1: A mixture of methyl 2-amino-3-(1H-indol-3-yl) propanoate 1 (1.00 mmol), 1H-indole-2-carboxylic acid 2 (1.00 mmol), aldehyde 3a (1.00 mmol) and isocyanide 4a (1.00 mmol) in MeOH (4 mL) was stirred for 24 h. After reaction completion, as indicated by TLC, triethylamine (2 mmol) were added to the mixture at r.t. and stirring was continued at r.t. for 8 hours. Upon reaction completion (TLC), the crude product was purified by column chromatography on SiO2 with use of progressively more nonpolar 70:30 of petroleum ether: ethyl acetate (v/v) to afford compounds 6a-k in good yield (60-81%).



[bookmark: _Toc44952022][bookmark: _Toc60422902][bookmark: _Toc110526329]2. Characterization data of 6a-k:
[bookmark: _GoBack]2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-cyclohexyl-2-phenylacetamide(6a)










White powder; Yield 78% (42.5 mg); mp: 211-213 °C; IR (KBr) (νmax/cm-1): 3374, 3300, 2925, 1750, 1625, 1350, 730. 1H NMR (500 MHz, CDCl3) δ (ppm): 10.38, 8.09 (d, J = 8.2 Hz, 1H), 7.92 (s, 1H), 7.55 (d, J = 7.1 Hz, 3H), 7.48 (dd, J = 5.0, 3.1 Hz, 3H), 7.26 (d, J = 7.3 Hz, 3H), 7.19 (d, J = 2.5 Hz, 1H), 7.17 – 7.09 (m, 3H), 6.94 (d, J = 8.1 Hz, 1H), 6.80 (s, 1H), 6.67 (t, J = 7.6 Hz, 1H), 6.50 (t, J = 7.5 Hz, 1H), 5.85 (s, 1H), 4.38 (s, 1H), 3.96 (m, 1H), 3.87 (dd, J = 14.4, 4.8 Hz, 1H), 3.51 (dd, J = 14.4, 3.1 Hz, 1H), 2.10 – 1.13 (m, 10H). 13C NMR (125 MHz, CDCl3) δ (ppm): 171.06, 167.91, 158.02, 143.26, 137.39, 136.43, 129.75, 129.57, 129.48, 127.13, 125.65, 124.41, 121.57, 121.43, 118.72, 118.51,116.08, 112.65, 10.03,107.89,63.82, 61.25, 48.99, 32.90, 30.70, 25.49, 29.35, 25.49. EI-MS (70 eV): m/z (%) = 544 (M+). Anal. Calcd. For C34H32N4O3: C, 74.98; H, 5.92; N, 10.29; Found: C, 75.11; H, 6.05; N, 10.39.














2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-cyclohexyl-2-(4-methoxyphenyl)acetamide(6b)

         


White powder; yield: 75%(36 mg); mp: 193-195 °C; IR (KBr) (νmax/cm-1): 3358, 2956, 2918, 1762, 1658, 1496, 1226 1975, 744. 1H NMR (500 MHz, CDCl3) δ (ppm): 10.45(s,1H), 8.26 (S, 1H) ,8.08 (d,J=8, 1H)  ,7.46 (d, J=6.5, 2H) , 7.23-7.29 (m, 4H), 7.10-7.15 (m, 2H), 6.93-6.99 (m , 3H) 6.77 (s, 1H), 6.65 (t, J=7.5, 1H), 6.50 (t, J = 7.5 Hz, 1H), (s, 1H), 4.39 (m, 1H), 3.92-3.97 (m, 1H) ,3.83 (s, 3H),3.51−3.54 (dd, J=14, 1H),2.73−2.5 (dd, J=14, 1H), 1.10−1.99 (m, 10H). 13C NMR (125 MHz, CDCl3) δ (ppm): 168.39, 165.80, 160.32, 158.68, 147.52, 135.70, 134.45, 131.10, 127.05, 126.78, 125.69, 125.20, 124.35, 121.53, 121.37, 118.66, 118.52, 116.07, 114.93, 112.44, 110.03, 108.09, 64.03, 61.09, 55.40, 51.88, 33.53, 28.69, 26.08, 24.90. EI-MS (70 eV): m/z (%) = 574 (M+).  Anal. Calcd. For C35H34N4O4 C, 73.15; H, 5.96; N, 9.75; Found: C, 73.29; H, 5.88; N, 9.89.












2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-2-(4-chlorophenyl)-N-cyclohexylacetamide(6c)


         

Cream powder; yield: 65%(37 mg); mp: 215-218 °C; IR (KBr) (νmax/cm-1): 3312, 3228, 2905, 1716, 1650, 751. 1H NMR (500 MHz, CDCl3) δ (ppm): 10.03 (s, 1H), 8.12 (d, J = 8.2 Hz, 1H), 8.08 (s, 1H), 7.52 (d, J = 8.1 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H), 7.38 – 7.25 (m, 4H), 7.15 (t, J = 7.3 Hz, 2H), 7.09 (d, J = 2.3 Hz, 1H), 6.96 (d, J = 8.1 Hz, 1H), 6.82 (s, 1H), 6.70 (t, J = 7.6 Hz, 1H), 6.51 (t, J = 7.6 Hz, 1H), 5.84 (s, 1H), 3.96-3.98 (m, 1H), 3.86 – 3.82 (dd, J = 14.6, 1H 1H), 3.54 (dd, J = 14.5, 3.2 Hz, 1H), 1.15 – 2.01 (m, 10H). 13C NMR (125 MHz, CDCl3) δ (ppm):  167.87, 160.30, 158.30, 139.55, 135.69, 134.64, 131.35,130.28, 130.22, 129.68, 129.51, 128.61, 128.34, 127.16, 127.08, 126.54, 125.09, 124.43, 121.53, 121.34, 118.79, 118.38, 116.16, 116.08, 113.03, 112.55 ,110.26, 110.11, 107.42, 63.07, 61.13, 48.84, 32.88, 32.80, 32.70, 30.74, 30.45, 25.49, 25.44, 24.76, 24.71, 21.25. EI-MS (70 eV): m/z (%) = 578 (M+).  Anal. Calcd. For C34H31ClN4O3: C, 70.52; H, 5.40; N, 9.68; Found: C, 70.61; H, 5.29; N, 9.52.









2--3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-2-(3-bromophenyl)-N-cyclohexylacetamide(6d)



Cream powder; yield: 68% (42 mg); mp: 220-223 °C; IR (KBr) (νmax/cm-1): 3362, 3283, 2911, 2805, 1776, 1552, 1308, 711. 1H NMR (500 MHz, CDCl3) δ (ppm):  10.30 (s,1H), 8.13 (d, J = 8.3 Hz, 1H), 8.02 (s, 1H), 7.73 (s, 1H), 7.59 (d, J = 7.7 Hz, 1H), 7.49 (s, 1H), 7.32 (dd, J = 14.0, 7.3 Hz, 3H), 7.25 (d, J = 2.4 Hz, 1H), 7.17 – 7.14 (m, 2H), 7.09 (d, J = 2.3 Hz, 1H), 6.96 (d, J = 8.2 Hz, 2H), 6.82 (s, 1H), 6.70 (t, J = 7.6 Hz, 1H), 6.52 (t, J = 7.5 Hz, 1H), 5.84 (s, 1H), 4.46 (m, 1H), 3.99 – 3.89 (m, 1H), 3.84 (dd, J = 14.6, 5.2 Hz, 1H), 3.56 (dd, J = 14.6, 3.1 Hz, 1H), 3.50 (s, 1H), 2.11 – 1.21 (m, 10H). 13C NMR (125 MHz, CDCl3) δ (ppm): 167.28, 165.34, 158.73, 145.71, 135.72, 134.58, 132.70, 132.58, 131.44, 130.93,129.79, 129.45, 128.25, 128.11, 127.36, 126.67, 125.38, 124.67, 124.56, 124.35, 122.06, 121.69, 121.57, 118.82, 118.48, 116.14, 113.06, 111.30, 110.15, 107.88, 62.68, 61.45, 52.28, 49.09, 48.72, 32.85, 32.45, 30.75, 25.70, 25.46, 24.84, 24.74, 24.60. EI-MS (70 eV): m/z (%) = 622 (M+).  Anal. calcd. For C34H31BrN4O3: C, 65.49; H, 5.01; N, 8.99; Found:  C, 65.56; H, 5.13; N, 8.83.









2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-cyclohexyl-2-(4-hydroxyphenyl)acetamide(6e)

  
White powder; yield: 60%(34 mg); mp: 180-181 °C; IR (KBr) (νmax/cm-1): 3412, 3303, 2926, 2786, 1744, 1535, 1263, 758. 1H NMR (500 MHz, CDCl3) δ (ppm): 10.26 (s,1H), 8.11 (d, J = 8.6 Hz, 1H), 7.93 (s, 1H), 7.63 – 7.57 (m, 2H), 7.38 (m, 1H), 7.32 – 7.29 (m, 2H), 7.04 – 6.88 (m, 3H), 6.81-6.98 (m, 2H), 6.70 (s, 1H), 6.67 (t, J = 7.8 Hz, 1H), 6.52 (t, J = 7.6 Hz, 1H), 5.85(s,1H), 5.39(s, 1H), 4.42 (m, 1H), 3.94-3.98 (m, 1H), 3.82-3.86 (d, J = 14.6 Hz, 1H), 3.52 – 3.56 (dd, J= 14.4 Hz, 1H), 2.10 – 1.17 (m, 10H). 13C NMR (125 MHz, CDCl3) δ (ppm): 167.99, 165.35, 160.34, 157.49, 142.37, 135.72, 134.50, 134.46, 131.15, 131.03, 128.67, 128.25, 127.16,127.08, 126.76, 125.86, 125.11, 124.42, 121.53, 121.33, 118.74, 118.62, 118.48, 118.34, 116.15, 116.08, 114.91, 112.97, 112.53, 110.28, 110.12, 107.80, 107.32, 63.71, 61.09, 55.38, 48.93, 33.65, 30.74, 25.42, 24.87, 24.76. EI-MS (70 eV): m/z (%) = 560 (M+).  Anal. calcd. For C34H32N4O4: C, 72.84; H, 5.75; N, 9.99; Found:  C, 72.99; H, 5.87; N, 9.86.










2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-cyclohexyl-2-(4-hydroxy-3-methoxyphenyl)acetamide(6f)


 

White powder; yield: 66%(39 mg); mp: 185-188 °C; IR (KBr) (νmax/cm-1): 3313, 3227, 3034, 2948, 2786, 1703, 1657, 1515, 1241, 761. 1H NMR (500 MHz, CDCl3) δ (ppm): 10.29 (s, 1H), 8.09-8.07 (d, J = 8.4 Hz, 1H), 7.93 (s, 1H), 7.26 – 7.21 (m, 2H), 7.17 – 7.00 (m, 3H), 7.17 – 7.00 (m, 3H), 6.93 (d, J = 8.1 Hz, 1H), 6.80 (s, 1H), 6.66 (t, J = 7.5 Hz, 1H), 6.51 (t, J = 7.5 Hz, 1H), 5.86 (s, 1H), 5.73 (s, 1H), 4.38 (m, 1H), 3.94 – 3.92 (m, 1H), 3.90 (s, 3H), 3.86-3.90 (dd, J = 14.5 Hz, 1H), 3.54 (dd, J = 14.4 Hz, 1H), 1.12-2.18 (m,10H). 13C NMR (125 MHz, CDCl3) δ (ppm): 168.23, 165.76, 160.33, 158.68, 157.49, 145.51, 135.76, 134.64, 134.46, 131.15, 131.03, 128.71, 128.61, 128.33 ,128.27, 127.16,127.08, 126.76, 126.53, 126.12, 125.86, 125.11, 124.38, 121.54, 121.49, 121.33, 118.74, 118.62, 118.48, 118.34, 116.14, 116.08, 114.91, 112.96, 112.53, 110.28, 110.12, 107.80, 107.32, 63.53, 61.09, 55.38, 50,79, 48.93, 32.86, 30.74, 30.51, 29.69, 25.49, 24.76. EI-MS (70 eV): m/z (%) = 590 (M+). Anal. calcd. For C35H34N4O5: C, 71.17; H, 5.80; N, 9.49; Found: C, 71.28; H, 5.66; N, 9.23.









2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-cyclohexyl-2-(p-tolyl)acetamide(6g)


   
Light yellow powder; yield: 80%(45 mg); mp: 201-202 °C; IR (KBr) (νmax/cm-1): 3310, 2918, 2821, 1716, 1634, 1465, 1329, 749. 1H NMR (500 MHz, CDCl3) δ (ppm): 10.27(s,1H), 8.18-8.19 (d, J = 8.2 Hz, H),8.02 (s, 1H), 7.51-7.50 (d, J = 7.6 Hz, 2H), 7.31 – 7.32 (m, 2H),  7.28 – 7.24 (m, 2H), ), 7.14 – 7.11 (m, 2H), 7.06 (s, 1H), 6.97 (m, 1H), 6.69 (s, 1H), 6.70 (t, J = 8.1 Hz, 1H), 6.52 (t, J = 8 Hz, 1H), 5.83 (s, 1H), 4.93-4.95 (m, 1H), 3.86 – 3.83 (dd, , J = 14.7 Hz, 1H), 3.39 (dd, J = 14.8 Hz, 1H), 2.41 (s, 3H), 1.09 – 1.96 (m, 10H). 13C NMR (125 MHz, CDCl3) δ (ppm): 167.87, 165.30, 158.30, 144.85, 139.55, 135.69, 134.64, 131.35, 130.28, 130.22, 129.68, 129.51, 128.61, 128.34, 127.16, 127.08, 126.54, 125.09, 124.43, 121.62, 121.53, 121.34, 118.79, 118.64, 118.50, 118.38, 116.116, 116.08, 113.03, 112.55, 110.26, 110.11, 107.42, 63.07, 61.13, 48.84 ,32.80, 30.74, 30.45, 25.49, 24.76,24.7, 21.25. EI-MS (70 eV): m/z (%) = 588 (M+). Anal. calcd. For C35H34N4O3: C, 75.25; H, 6.13; N, 10.03; Found: C, 75.32; H, 6.26; N, 10.20.








2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-(tert-butyl)-2-phenylacetamide(6h)


    

White powder; yield:84%(43.5 mg); mp: 280-282 °C; IR (KBr) (νmax/cm-1): 3412, 3356, 2963, 1720, 1648, 1437, 1368, 753. 1H NMR (500 MHz, CDCl3) δ (ppm): 10.2(s,1H),  8.19 (d, J = 8.3 Hz, 1H), 7.97 (s, 1H), 7.64 (d, J = 7.4 Hz, 2H), 7.53 – 7.48 (m, 3H), 7.28 (dd, J = 21.0, 8.7 Hz, 3H), 7.14 (t, J = 7.5 Hz, 1H), 7.08 (d, J = 8.0 Hz, 1H), 6.96 (d, J = 8.2 Hz, 1H), 6.90 (s, 1H), 6.79 (s, 1H), 6.70 (t, J = 7.6 Hz, 1H), 6.49 (t, J = 7.5 Hz, 1H), 6.01 (s, 1H), 4.95 – 4.93 (m, 1H), 3.33 – 3.26 (dd, J = 14.5 Hz, 1H), 2.54 (dd, J = 14.6, 5 Hz, 1H), 1.35 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm): 167.79, 164.74, 159.78, 144.43, 134.68, 129.73, 129.53, 128.32, 127.16, 124.64, 124.40, 121.62, 118.84, 118.39, 116.18, 113.00, 110.16, 107.65, 65.85, 62.71, 51.92, 30.54, 28.62. EI-MS (70 eV): m/z (%) = 518 (M+). Anal. calcd. For C32H30N4O3: C, 74.11; H, 5.83; N, 10.80; Found: C, 74.30; H, 5.61; N, 10.79.











2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-(tert-butyl)-2-(4-methoxyphenyl)acetamide(6i)



White powder; yield: 81%(44 mg); mp: 256-257 °C; IR (KBr) (νmax/cm-1): 3386, 2978, 2893, 1766, 1741, 1652, 1188, 749. 1H NMR (500 MHz CDCl3) δ (ppm): 10.24(s.1H), 8.19 (d, J = 8.3 Hz, 1H), 8.13 – 8.12 (m, 1H), 7.60 – 7.54 (m, 2H), 7.44 – 7.20 (m, 3H), 7.14 (t, J = 7.5 Hz, 1H), 7.08 – 6.94 (m, 5H), 6.87 (t, J = 2.2 Hz, 1H), 6.76 (s, 1H), 6.69 (t, J = 7.6 Hz, 1H), 6.49 (t, J = 7.5 Hz, 1H), 6.01 (s, 1H), 4.93 (m, 1H), 3.85 (s, 3H), 3.33-3.36 (dd, J = 14.6 Hz, 1H), 2.62-2.66 (dd, J = 14.7, 5.1 Hz, 1H), 1.33 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm):  168.10, 165.41, 160.38, 158.37, 135.65, 134.68, 131.18, 128.66, 128.34, 127.11, 126.50, 126.36, 124.65, 124.38, 121.59, 118.78, 118.37, 116.16, 112.87, 110.21, 107.64, 62.35, 61.81, 55.40, 51.85, 30.67, 28.64. EI-MS (70 eV): m/z (%) = 548 (M+). Anal. calcd. For C33H32N4O4: C, 72.24; H, 5.88; N, 10.21; Found: C, 72.35; H, 5.97; N, 10.37.












2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-(tert-butyl)-2-(4-fluorophenyl)acetamide(6j)


  

White powder; yield: 78%(42 mg); mp: 236-237 °C; IR (KBr) (νmax/cm-1): 3413, 3308, 2986, 1754, 1649, 1466, 1214, 747. 1H NMR (500 MHz, CDCl3) δ (ppm): 8.28 (s, 1H), 8.19 (d, J = 8.2 Hz, 1H), 7.62 (td, J = 6.6, 5.0, 2.3 Hz, 2H), 7.29 (dd, J = 26.9, 8.7 Hz, 2H), 7.26 – 7.11 (m, 4H), 7.09 (d, J = 7.9 Hz, 1H), 6.97 (d, J = 8.1 Hz, 1H), 6.90 (d, J = 2.6 Hz, 1H), 6.78 (d, J = 2.1 Hz, 1H), 6.71 (t, J = 7.6 Hz, 1H), 6.51 (t, J = 7.6 Hz, 1H), 5.94 (s, 1H), 4.91-4.93 (m, 1H), 3.33-3.36 (dd, J = 14.7, 1H), 2.62-2.66 (dd, J = 14.9, 1H), 1.34 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm): 167.74, 165.17, 163.16 (d, J = 249.6 Hz), 158.46, 135.71, 134.70, 131.52 (d, J = 8.3 Hz), 130.52 (d, J = 3.7 Hz), 128.36 (d, J = 17.9 Hz), 127.33, 126.46, 124.62 (d, J = 22.0 Hz), 121.68, 118.87, 118.33, 116.61 (d, J = 21.7 Hz), 116.18, 113.22, 110.33, 107.37, 62.78, 62.39, 51.96, 30.68, 28.60. EI-MS (70 eV): m/z (%) = 536 (M+). Anal. calcd. For C32H29FN4O3: C, 71.63; H, 5.45; N, 10.44; Found: C, 71.46; H, 5.59; N, 10.29.








2-3-((1H-indol-3-yl)methyl)-1,4-dioxo-3,4-dihydropyrazino[1,2-a]indol-2(1H)-yl)-N-(tert-butyl)-2-(p-tolyl)acetamide(6k)


  

White powder; yield: 79%(42 mg); mp: 244-246 °C; IR (KBr) (νmax/cm-1): 3321, 2914, 2837, 1714, 1643, 1495, 1215, 743. 1H NMR (500 MHz, CDCl3) δ (ppm):  10.34 (s,1H), 8.09 (d, J = 8.3 Hz, 1H), 7.99 (s, 1H), 7.46 – 7.40 (m, 2H), 7.32 – 7.24 (m, 6H), 7.14 (dd, J = 7.8, 4.8 Hz, 3H), 6.95 (d, J = 8.0 Hz, 1H), 6.79 (d, J = 2.0 Hz, 1H), 6.67 (t, J = 7.8 Hz, 1H), 6.50 (t, J = 7.8 Hz, 1H), 5.73 (s, 1H), 3.91 (dd, J = 14.5, 4.9 Hz, 1H), 3.55 – 3.47 (dd, 1H, J = 14.4 Hz), 2.44 (s, 3H), 1.48 (s, 9H). 13C NMR (125 MHz, CDCl3) δ (ppm): 168.34, 165.64,160.90, 144.35, 139.56, 135.70, 134.46, 130.43, 130.28, 129.62, 128.29, 127.05, 125.73, 124.36, 121.54, 121.38, 118.66, 118.52, 116.07, 112.45, 110.04, 108.13, 64.26, 61.07, 51.91, 31.59, 30.85, 29.70, 28.69, 21.24. EI-MS (70 eV): m/z (%) = 532 (M+). Anal. calcd. For C33H32N4O3: C, 74.41; H, 6.06; N, 10.52; Found: C, 74.57; H, 6.18; N, 10.39.
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