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1. Synthesis of 1(3)-formyl-β-carboline derivatives


Scheme S1. Synthesis of 1-formyl-9H-pyrido[3,4-b]indole derivatives[15a]


Scheme S2. Synthesis of N-alkylated Kumujian C (1k-n) [15a]


Scheme S3. Synthesis of 3-formyl-9H-pyrido[3,4-b]indoles[14d]


2. Experimental procedures and spectral data 
General Methods: Chemicals and reagents were purchased from Sigma Aldrich, Acros, Spectrochem Ltd., and Avera Synthesis, and used without further purification. Commercially available anhydrous solvents (MeOH, iso-PrOH, diethylether, DMSO and DMF) were used as received without further distillation. Thin layer chromatography (TLC) was performed on precoated aluminium plates (E. Merck; silica gel 60 PF254, 0.25 mm). Column chromatography was performed on silica gel (SRL; 60–120 mesh). Melting points were determined in open-ended capillary tubes on a Precision Digital melting-point apparatus (LABCO) that contained silicon oil and are uncorrected. IR spectra were recorded on an Agilent FTIR spectrophotometer. 1H and 13C NMR spectra were recorded on an Avance III Bruker spectrometer at operating frequencies of 400 MHz, 500MHz, 600MHz (1H) or 100 MHz, 125 MHz, 150 MHz (13C), as shown in the individual spectrum, by using tetramethylsilane (TMS) as an internal standard. HRMS spectra were recorded on 6200 series TOF/6500 series QTOF B.05.01 (B5125). Elemental analysis was performed on a Carlo–Erba 108 or an Elementar Vario EL III microanalyzer. Room temperature varied between 25–40 oC. The multiplicity in the 1H NMR spectra is as follows: s for singlet, d for doublet, t for triplet, q for quartet, dd for doublet of doublet and m for multiplet.
Experimental procedure for the synthesis of β-carboline based 2-nitrochalcone derivatives (1aA, 1bA, 1dA and 1hA) as exemplified for compound 1bA. To a stirred solution of KOH (0.033 g, 0.587 mmol) in dry MeOH (4 mL), 2-nitroacetopehnone (A, 0.080 mL, 0.587 mmol) was added at room temperature and the reaction mixture was stirred for 15 min. Thereafter, 1b (0.15 g, 0.560 mmol) was added portion-wise and the reaction mixture was allowed to stirre for additional 1 h at room temperature. After completion of reaction (as monitored by TLC), the yellow precipitates were filtered through sintered funnel, washed twice with MeOH and dried under vacuum to obtain 0.20 g (86%) of 1bA as a yellow solid.
(E)-Methyl 9-methyl-1-(3-(2-nitrophenyl)-3-oxoprop-1-en-1-yl)-9H-pyrido[3,4-b]indole-3-carboxylate (1bA). Yield: 86% (0.20 g from 0.15 g) as a yellow solid; m.p. 207-208 oC; Rf = 0.30 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1717 (CO2CH3), 1588 (CO); 1H NMR (500 MHz, CDCl3 ) δ = 4.03 (s, 3 H, NCH3), 4.10 (s, 3 H, CO2CH3), 7.38 (t, J = 7.5 Hz, 1 H, ArH), 7.50 (d, J = 8.4 Hz, 1 H, ArH), 7.63 (d, J = 7.5 Hz, 1 H, ArH), 7.67 (d, J = 8.2 Hz, 2 H, ArH), 7.72 (d, J = 15.2 Hz, 1 H, ArH), 7.80 (t, J = 7.5 Hz, 1 H, ArH), 8.18 (t, J = 8.3 Hz, 2 H, ArH), 8.37 (d, J = 15.1 Hz, 1 H, ArH), 8.83 (s, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 33.6, 52.9, 110.1, 118.4, 121.2, 121.5, 122.0, 124.6, 129.0, 129.7, 130.5, 131.0, 131.5, 134.4, 136.3, 137.0, 137.6, 137.7, 139.3, 143.1, 146.8, 166.3, 191.9 ppm; MS (ES): m/z (%) = 416.1 (100) [M+1]+; C23H17N3O5 (415.1168):calcd. for C 66.50, H 4.12, N 10.12; found C 66.61, H 4.15, N 10.18.
(E)-Methyl 1-(3-(2-nitrophenyl)-3-oxoprop-1-en-1-yl)-9-propyl-9H-pyrido[3,4-b]indole-3-carboxylate (1dA). Yield: 91% (0.205 g from 0.150 g) as a yellow solid; m.p. 159-161 oC; Rf = 0.35 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1715 (CO2CH3), 1589 (CO); 1H NMR (400 MHz, CDCl3 ) δ = 0.92 (t, J = 7.4 Hz, 3 H, NCH2CH2CH3), 1.80–1.89 (m, 2 H, NCH2CH2CH3), 4.03 (s, 3 H, CO2CH3), 4.38 (t, J = 7.5 Hz, 2 H, NCH2CH2CH3), 7.37 (t, J = 7.4 Hz, 1 H, ArH), 7.49 (d, J = 8.3 Hz, 1 H, ArH), 7.62–7.70 (m, 3 H, ArH), 7.77–7.81 (m, 2 H, ArH), 8.17–8.20 (m, 3 H, ArH), 8.85 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 11.3, 23.3, 47.4, 52.7, 110.3, 118.4, 121.2, 121.4, 122.0, 124.6, 129.0, 129.6, 130.9, 131.0, 131.6, 134.3, 135.7, 136.8, 137.0, 137.6, 139.4, 142.6, 146.8, 166.3, 192.0 ppm; MS (ES): m/z (%) = 444.1 (100) [M+1]+; C25H21N3O5 (443.1481):calcd. for C 67.71, H 4.77, N 9.48; found C 67.89, H 4.79, N 9.53.
(E)-Methyl 9-benzyl-1-(3-(2-nitrophenyl)-3-oxoprop-1-en-1-yl)-9H-pyrido[3,4-b]indole-3-carboxylate (1hA). Yield: 84% (0.18 g from 0.15 g) as a yellow solid; m.p. 179-181 oC; Rf = 0.37 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1711 (CO2CH3), 1593 (CO); 1H NMR (500 MHz, CDCl3 ) δ = 4.05 (s, 3 H, CO2CH3), 5.58 (s, 2 H, NCH2), 6.83 (d, J = 7.1 Hz, 2 H, ArH), 7.15–7.20 (m, 3 H, ArH), 7.34–7.42 (m, 3 H, ArH), 7.54 (t, J = 7.6 Hz, 1 H, ArH), 7.58–7.62 (m, 2 H, ArH), 7.71 (q, J = 15.3 Hz, 2 H, ArH), 8.03 (d, J = 8.1 Hz, 1 H, ArH), 8.22 (d, J = 7.7 Hz, 1 H, ArH), 8.89 (s, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 49.3, 52.9, 110.3, 118.4, 121.4, 121.9, 122.1, 124.5, 125.3, 128.0, 128.6, 129.3, 130.0, 130.5, 131.7, 132.0, 134.0, 135.7, 136.1, 136.4, 137.2, 138.2, 140.4, 142.9, 146.5, 166.3, 192.5 ppm; MS (ES): m/z (%) = 492.1 (100) [M+1]+; C29H21N3O5 (491.1481):calcd. for C 70.87, H 4.31, N 8.55; found C 70.99, H 4.31, N 8.57.
Experimental procedure for the synthesis of β-carboline substituted benzothiophenone derivatives (2aA, 2bA, 2dA and 2hA) as exemplified for compound 2bA. In a 10 mL round bottom flask, 1bA (0.20 g, 0.482 mmol), sulphur powder (0.077 g, 2.41 mmol) and Et3N (0.336 mL, 2.41 mmol) in DMSO (1 mL) were added and stirred the content at 70 oC for 18 min. After the completion of reaction (by TLC), the crude mixture was directly purified by column chromatography on silica gel (eluent; CHCl3/MeOH, 95:5, v/v) to afford 0.15 g (78%) of 2bA as orange solid. 
One-pot experimental procedure for the synthesis of 2aA-nA, 2bB, 2hB, 4aA-gA and 4eB as exemplified for compound 2bA. In a 10 mL round bottom flask, the stirred solution of KOH (0.033 g, 0.587 mmol) in dry MeOH (4 mL), 2-nitroacetopehnone (0.080 mL, 0.587 mmol) was added at room temperature and the reaction mixture was stirred for 15 min. Thereafter, 1b (0.15 g, 0.560 mmol) was added portion-wise and the reaction mixture was allowed to stirred for additional 1 h at room temperature. After completion of reaction (as monitored by TLC), excess MeOH was decanted and then, evaporated under reduced pressure. Afterwards, crude chalcone 1bA was dissolved in DMSO (1.5 mL) followed by sequential addition of sulphur powder (0.089 g, 2.80 mmol) and Et3N (0.390 mL, 2.80 mmol) at room temperature. The reaction mixture was stirred at 70 oC for 18 min. After the completion of reaction (as monitored by TLC), the mixture was directly purified through column chromatography on silica gel (eluent; CHCl3/MeOH, 95:5, v/v) to afford the analytically pure product 2bA as orange solid in 74% yield (two step yield). 
(Z)-Methyl 1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2aA). Yield: 46% (0.08 g from 0.18 g) as an orange solid; m.p. 264-266 oC; Rf = 0.50 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 3248 (NH), 1710 (CO2CH3), 1659 (C=O); 1H NMR (400 MHz, CDCl3 ) δ = 1H NMR (400 MHz, DMSO-d6 ) δ = 4.03 (s, 3 H, CO2CH3), 7.36–7.41 (m, 2 H, ArH), 7.67 (d, J = 8.0 Hz, 1 H, ArH), 7.69–7.75 (m, 2 H, ArH), 7.78 (d, J = 7.9 Hz, 1 H, ArH), 7.91 (d, J = 7.6 Hz, 1 H, ArH), 8.46 (d, J = 7.9 Hz, 1 H, ArH), 8.64 (s, 1 H, ArH), 8.95 (s, 1 H, ArH), 12.89 (s, 1 H, NH) ppm; 13C NMR (100 MHz, CDCl3) δ = 47.6, 121.6, 123.0, 124.7, 125.1, 126.4, 126.9, 129.8, 130.2, 131.0, 135.6, 136.3, 136.6, 137.0, 138.4, 141.5, 150.2, 166.0, 189.2 ppm; HRMS (ESI) m/z: calcd. for C22H14N2O3S [M + Na+]: 409.0623, found: 409.0673.
(Z)-Methyl 9-methyl-1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2bA). Yield: 78% (0.15 g from 0.20 g) as an orange solid; m.p. 274-276 oC; Rf = 0.55 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1704 (CO2CH3), 1661 (C=O); 1H NMR (400 MHz, CDCl3 ) δ = 4.13 (s, 3 H, NCH3), 4.31 (s, 3 H, CO2CH3), 7.27 (d, J = 6.6 Hz, 1 H, ArH), 7.38 (t, J = 7.2 Hz, 1 H, ArH), 7.56 (t, J = 6.9 Hz, 3 H, ArH), 7.67 (d, J = 7.6 Hz, 1 H, ArH), 7.92 (d, J = 7.9 Hz, 1 H, ArH), 8.18 (d, J = 7.7 Hz, 1 H, ArH), 8.69 (s, 1 H, ArH), 8.78 (s, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 33.6, 52.7, 110.2, 117.5, 121.4, 121.9, 124.4, 124.6, 125.5, 126.9, 129.5, 130.7, 131.0, 135.6, 136.7, 136.8, 137.1, 138.0, 142.8, 150.8, 166.3, 189.7 ppm; HRMS (ESI) m/z: calcd. for C23H16N2O3S [M + Na+]: 423.0779, found: 423.0725.
(Z)-Methyl 9-ethyl-1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2cA). Yield: 75% (0.11 g from 0.10 g) as an orange solid; m.p. 210-212 oC; Rf = 0.56 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1709 (CO2CH3), 1672 (C=O); 1H NMR (400 MHz, CDCl3 ) δ = 1.68 (t, J = 7.2 Hz, 3 H, NCH2CH3), 4.14 (s, 3 H, CO2CH3), 4.76 (q, J = 7.2 Hz, 2 H, NCH2CH3), 7.26–7.30 (m, 1 H, ArH), 7.40 (t, J = 7.5 Hz, 1 H, ArH), 7.57 (dd, J1 = 5.3 Hz, J2 = 4.2 Hz, 2 H, ArH), 7.59 (d, J = 0.9 Hz, 1 H, ArH), 7.66–7.70 (m, 1 H, ArH), 7.93 (dt, J1 = 7.7 Hz, J2 = 1.0 Hz, 1 H, ArH), 8.21 (d, J = 7.8 Hz, 1 H, ArH), 8.59 (s, 1 H, ArH), 8.82 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 14.8, 40.9, 52.8, 110.0, 117.6, 121.4, 121.5, 122.0, 124.4, 124.6, 125.6, 126.8, 129.5, 130.7, 131.2, 135.6, 136.2, 137.1, 137.2, 142.0, 150.8, 166.3, 189.7 ppm; HRMS (ESI) m/z: calcd. for C24H18N2O3S [M + Na+]: 437.0936, found: 437.0972.
(Z)-Methyl 1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9-propyl-9H-pyrido[3,4-b]indole-3-carboxylate (2dA). Yield: 86% (0.166 g from 0.20 g) as an orange solid; m.p. 184-186 oC; Rf = 0.57 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1710 (CO2CH3), 1662 (C=O); 1H NMR (400 MHz, CDCl3) δ = 1.19 (t, J = 7.3 Hz, 3 H, NCH2CH2CH3), 2.04–2.10 (m, 2 H, NCH2CH2CH3), 4.13 (s, 3 H, CO2CH3), 4.59 (t, J = 7.2 Hz, 2 H, NCH2CH2CH3), 7.25–7.29 (m, 1 H, ArH), 7.36 (t, J = 7.2 Hz, 1 H, ArH), 7.55 (t, J = 5.6 Hz, 3 H, ArH), 7.63 (d, J = 7.2 Hz, 1 H, ArH), 7.90 (d, J = 7.4 Hz, 1 H, ArH), 8.16 (d, J = 7.1 Hz, 1 H, ArH), 8.51 (s, 1 H, ArH), 8.76 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 11.4, 23.2, 47.4, 52.7, 110.2, 117.4, 121.3, 121.8, 124.3, 124.6, 125.4, 126.7, 129.4, 130.6, 131.1, 135.5, 136.7, 136.8, 137.1, 138.0, 142.8, 150.7, 166.2, 190.0 ppm; HRMS (ESI) m/z: calcd. for C25H20N2O3S [M + H+]: 429.1273, found: 429.1310.
(Z)-Methyl 9-butyl-1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2eA). Yield: 77% (0.165 g from 0.15 g) as an orange solid; m.p. 192-194 oC; Rf = 0.60 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1711 (CO2CH3), 1670 (C=O); 1H NMR (400 MHz, CDCl3) δ = 1.07 (t, J = 7.4 Hz, 3 H, NCH2CH2CH2CH3), 1.59–1.68 (m, 2 H, NCH2CH2CH2CH3), 2.00–2.07 (m, 2 H, NCH2CH2CH2CH3), 4.15 (s, 3 H, CO2CH3), 4.69 (t, J = 7.7 Hz, 2 H, NCH2CH2CH2CH3), 7.26–7.30 (m, 1 H, ArH), 7.40 (t, J = 7.5 Hz, 1 H, ArH), 7.56–7.60 (m, 3 H, ArH), 7.66–7.77 (m, 1 H, ArH), 7.92–7.95 (m, 1 H, ArH), 8.21 (d, J = 7.8 Hz, 1 H, ArH), 8.60 (s, 1 H, ArH), 8.83 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 14.0, 20.5, 31.9, 52.8, 57.6, 110.0, 110.3, 117.5, 121.4, 121.9, 124.5, 124.7, 125.6, 126.8, 129.5, 130.7, 135.6, 136.3, 137.1, 142.5, 150.8, 166.3, 184.0 ppm; HRMS (ESI) m/z: calcd. for C26H22N2O3S [M + Na+]: 465.1249, found: 465.1247.
(Z)-Methyl 9-allyl-1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2fA). Yield: 70% (0.152 g from 0.15 g) as a bright yellow solid; m.p. 183-185 oC; Rf = 0.57 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1701 (CO2CH3), 1665 (C=O); 1H NMR (500 MHz, CDCl3 ) δ = 4.11 (s, 3 H, CO2CH3), 5.12 (d, J = 17.2 Hz, 1 H, =CHH), 5.26 (d, J = 1.7 Hz, 2 H, NCH2), 5.33 (d, J = 10.6 Hz, 1 H, =CHH), 6.19–6.26 (m, 1 H, CH2CH), 7.23–7.25 (m, 1 H, ArH), 7.38 (t, J = 7.4 Hz, 1 H, ArH), 7.48 (d, J = 8.3 Hz, 1 H, ArH), 7.54 (d, J = 3.2 Hz, 2 H, ArH), 7.64 (t, J = 7.7 Hz, 1 H, ArH), 7.87 (d, J = 7.6 Hz, 1 H, ArH), 8.17 (d, J = 7.8 Hz, 1 H, ArH), 8.46 (s, 1 H, ArH), 8.76 (s, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 48.2, 52.8, 110.2, 117.4, 118.2, 121.4, 121.6, 121.9, 124.4, 125.0, 125.5, 126.7, 129.6, 130.6, 131.1, 131.4, 135.5, 136.3, 136.7, 137.3, 137.5, 142.4, 150.7, 166.2, 189.6 ppm; HRMS (ESI) m/z: calcd. for C25H18N2O3S [M + Na+]: 449.0936, found: 449.0982.
(Z)-Methyl 1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9-(prop-2-yn-1-yl)-9H-pyrido[3,4-b]indole-3-carboxylate (2gA). Yield: 45% (0.13 g from 0.20 g) as a dark yellow solid; m.p. 234-236 oC; Rf = 0.60 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1704 (CO2CH3), 1673 (C=O); 1H NMR (400 MHz, CDCl3) δ = 2.50 (t, J = 2.4 Hz, 1 H, C≡CH), 4.14 (s, 3 H, CO2CH3), 5.39 (d, J = 2.4 Hz, 2 H, CH2), 7.25–7.29 (m, 1 H, ArH), 7.42 (t, J = 7.5 Hz, 1 H, ArH), 7.57 (dd, J1 = 4.6 Hz, J2 = 1.0 Hz, 2 H, ArH), 7.60 (d, J = 8.3 Hz, 1 H, ArH), 7.68–7.72 (m, 1 H, ArH), 7.92 (d, J = 7.7 Hz, 1 H, ArH), 8.19 (d, J = 7.8 Hz, 1 H, ArH), 8.76 (s, 1 H, ArH), 8.78 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 36.0, 52.9, 75.1, 76.8, 110.1, 117.4, 121.7, 122.0, 122.1, 124.4, 124.7, 125.5, 126.8, 129.8, 130.7, 131.6, 135.6, 136.8, 137.0, 137.3, 137.9, 141.9, 150.6, 166.1, 189.6 ppm; HRMS (ESI) m/z: calcd. for C25H16N2O3S [M + Na+]: 447.0779, found: 447.0788.
(Z)-Methyl 9-benzyl-1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2hA). Yield: 82% (0.16 g from 0.20 g) as an orange solid; m.p. 244-246 oC; Rf = 0.60 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1712 (CO2CH3), 1675 (C=O); 1H NMR (500 MHz, CDCl3 ) δ = 4.13 (s, 3 H, CO2CH3), 5.92 (s, 2 H, NCH2), 7.20 (d, J = 7.5 Hz, 2 H, ArH), 7.22–7.25 (m, 2 H, ArH), 7.31 (d, J = 7.7 Hz, 2 H, ArH), 7.43 (d, J = 7.5 Hz, 1 H, ArH), 7.52 (t, J = 5.6 Hz, 2 H, ArH), 7.58 (d, J = 8.3 Hz, 1 H, ArH), 7.68 (t, J = 7.6 Hz, 1 H, ArH), 7.85 (d, J = 7.6 Hz, 1 H, ArH), 8.26 (d, J = 7.8 Hz, 1 H, ArH), 8.39 (s, 1 H, ArH), 8.84 (s, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 49.4, 52.7, 110.3, 117.4, 121.4, 121.8, 122.0, 124.3, 124.9, 125.5, 126.1, 126.7, 128.3, 129.3, 129.8, 130.6, 131.4, 135.4, 135.6, 136.7, 136.8, 137.4, 137.5, 143.1, 150.6, 166.2, 189.4 ppm; HRMS (ESI) m/z: calcd. for C29H20N2O3S [M + Na+]: 499.1092, found: 499.1119.
(Z)-Methyl 9-(2-nitrobenzyl)-1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2iA). Yield: 67% (0.135 g from 0.15 g) as a dark brown solid; m.p. 238-240 oC; Rf = 0.55 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1712 (CO2CH3), 1675 (C=O); 1H NMR (500 MHz, CDCl3 ) δ = 4.11 (s, 3 H, CO2CH3), 6.33 (s, 2 H, NCH2), 6.64 (d, J = 7.7 Hz, 1 H, ArH), 7.17–7.20 (m, 1 H, ArH), 7.36 (t, J = 7.7 Hz, 1 H, ArH), 7.43–7.47 (m, 2 H, ArH), 7.49 (t, J = 5.8 Hz, 3 H, ArH), 7.65 (t, J = 7.5 Hz, 1 H, ArH), 7.77 (d, J = 7.6 Hz, 1 H, ArH), 7.85 (s, 1 H, ArH), 8.25 (d, J = 7.8 Hz, 1 H, ArH), 8.47 (dd, J1 = 8.2 Hz, J2 = 0.9 Hz, 1 H, ArH), 8.79 (s, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 48.1, 52.9, 110.0, 117.3, 121.6, 122.1, 122.2, 123.2, 124.3, 125.5, 126.5, 126.8, 127.3, 129.3, 130.0, 130.3, 131.4, 132.3, 134.8, 135.4, 136.6, 137.1, 137.2, 138.0, 142.5, 147.1, 150.1, 166.1, 188.8 ppm; HRMS (ESI) m/z: calcd. for C29H19N3O5S [M + Na+]: 544.0943, found: 544.0899.
(Z)-Isopropyl 9-methyl-1-((3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2jA). Yield: 64% (0.14 g from 0.15 g) as an orange solid; m.p. 180-182 oC; Rf = 0.56 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1703 (CO2i-Pr), 1662 (C=O); 1H NMR (500 MHz, CDCl3 ) δ = 1.58 (d, J = 6.9 Hz, 6 H, CO2CH(CH3)2), 4.14 (s, 1 H, CO2CH(CH3)2), 4.32 (s, 3 H, NCH3), 7.26–7.29 (m, 1 H, ArH), 7.39 (t, J = 7.5 Hz, 1 H, ArH), 7.51–7.58 (m, 3 H, ArH), 7.68 (t, J = 7.7 Hz, 1 H, ArH), 7.92 (d, J = 7.6 Hz, 1 H, ArH), 8.20 (t, J = 7.6 Hz, 1 H, ArH), 8.70 (d, J = 3.9 Hz, 1 H, ArH), 8.79 (d, J = 4.7 Hz, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 22.5, 52.9, 69.5, 110.2, 117.2, 117.5, 121.4, 121.9, 124.3, 124.5, 125.5, 126.9, 129.5, 130.7, 131.1, 135.6, 136.4, 136.7, 136.8, 137.1, 142.7, 150.8, 166.2, 189.6 ppm; HRMS (ESI) m/z: calcd. for C25H20N2O3S [M + Na+]: 451.1092, found: 451.1136.
(Z)-2-((9-Methyl-9H-pyrido[3,4-b]indol-1-yl)methylene)benzo[b]thiophen-3(2H)-one (2lA). Yield: 77% (0.126 g from 0.100 g) as an orange solid; m.p. 248-250 oC; Rf = 0.75 (hexane/EtOAc, 70:30, v/v); 1H NMR (400 MHz, CDCl3 ) δ = 4.29 (s, 3 H, NCH3), 7.27–7.35 (m, 2 H, ArH), 7.53 (dd, J1 = 8.2 Hz, J2 = 1.8 Hz, 2 H, ArH), 7.56 (dd, J1 = 6.7 Hz, J2 = 1.2 Hz, 1 H, ArH), 7.63–7.67 (m, 1 H, ArH), 7.93–7.95 (m, 1 H, ArH), 7.97 (d, J = 4.9 Hz, 1 H, ArH), 8.14 (d, J = 7.7 Hz, 1 H, ArH), 8.68 (d, J = 4.9 Hz, 1 H, ArH), 8.77 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 33.6, 109.8, 115.1, 120.5, 121.0, 121.7, 124.2, 125.4, 125.9, 126.8, 129.1, 130.8, 130.9, 134.8, 135.4, 137.2, 138.6, 142.4, 150.7, 189.5 ppm; HRMS (ESI) m/z: calcd. for C21H14N2OS [M + H+]: 343.0905, found: 343.0939.
(Z)-2-((9-Ethyl-9H-pyrido[3,4-b]indol-1-yl)methylene)benzo[b]thiophen-3(2H)-one (2mA). Yield: 81% (0.156 g from 0.20 g) as an orange solid; m.p. 256-258 oC; Rf = 0.80 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1588 (C=O); 1H NMR (400 MHz, CDCl3 ) δ = 1.66 (t, J = 7.2 Hz, 3 H, NCH2CH3), 4.73 (q, J = 7.2 Hz, 2 H, NCH2CH3), 7.26–7.29 (m, 1 H, ArH), 7.33 (t, J = 7.5 Hz, 1 H, ArH), 7.54 (dd, J1 = 12.2 Hz, J2 = 8.0 Hz, 3 H, ArH), 7.64 (t, J = 7.7 Hz, 1 H, ArH), 7.93 (d, J = 7.6 Hz, 1 H, ArH), 7.97 (d, J = 4.9 Hz, 1 H, ArH), 8.15 (d, J = 7.8 Hz, 1 H, ArH), 8.64 (s, 1 H, ArH), 8.67 (d, J = 4.9 Hz, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 14.6, 40.7, 109.6, 115.2, 120.5, 121.2, 121.7, 124.2, 125.4, 125.9, 126.8, 129.1, 130.9, 131.0, 135.1, 135.4, 136.2, 136.4, 138.4, 141.7, 150.7, 189.6 ppm; HRMS (ESI) m/z: calcd. for C22H16N2OS [M + H+]: 357.1062, found: 357.1071.
(Z)-2-((9-Benzyl-9H-pyrido[3,4-b]indol-1-yl)methylene)benzo[b]thiophen-3(2H)-one (2nA). Yield: 60% (0.132 g from 0.15 g) as an orange solid; m.p. 228-231 oC; Rf = 0.85 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1672 (C=O); 1H NMR (500 MHz, CDCl3 ) δ = 5.85 (s, 2 H, CH2Ph), 7.20–7.24 (m, 3 H, ArH), 7.27 (d, J = 8.7 Hz, 1 H, ArH), 7.33 (d, J = 7.5 Hz, 2 H, ArH), 7.37 (d, J = 7.4 Hz, 1 H, ArH), 7.46 (d, J = 7.7 Hz, 1 H, ArH), 7.51 (t, J = 8.0 Hz, 2 H, ArH), 7.62 (t, J = 7.6 Hz, 1 H, ArH), 7.85 (d, J = 7.6 Hz, 1 H, ArH), 7.98 (d, J = 5.5 Hz, 1 H, ArH), 8.18 (d, J = 7.8 Hz, 1 H, ArH), 8.40 (s, 1 H, ArH), 8.66 (d, J = 5.0 Hz, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 49.3,  109.9, 115.1, 120.9, 121.1, 121.8, 124.1, 125.3, 126.1, 126.3, 126.6, 128.1, 129.2, 129.4, 130.8, 131.1, 134.8, 135.2, 136.1, 136.5, 136.9, 138.8, 142.7, 150.5, 189.3 ppm; HRMS (ESI) m/z: calcd. for C27H18N2OS [M + Na+]: 441.1038, found: 441.1066.
(Z)-Methyl 1-((5-chloro-3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9-methyl-9H-pyrido[3,4-b]indole-3-carboxylate (2bB). Yield: 65% (0.157 g from 0.15 g) as an orange solid; m.p. >250 oC; Rf = 0.75 (hexane/EtOAc, 80:20, v/v); 1H NMR (400 MHz, CDCl3 ) δ = 4.13 (s, 3 H, CO2CH3), 4.32 (s, 3 H, NCH3), 7.23 (d, J = 8.2 Hz, 1 H, ArH), 7.39 (t, J = 7.4 Hz, 1 H, ArH), 7.56 (d, J = 8.1 Hz, 2 H, ArH), 7.67–7.71 (m, 1 H, ArH), 7.83 (d, J = 8.1 Hz, 1 H, ArH), 8.18 (d, J = 7.7 Hz, 1 H, ArH), 8.69 (s, 1 H, ArH), 8.80 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 33.6, 52.9, 110.2, 117.7, 121.5, 121.9, 124.3, 125.2, 126.2, 127.6, 129.6, 131.2, 137.1, 142.1, 142.8, 152.5, 159.2, 162.7, 166.2, 188.2 ppm; HRMS (ESI) m/z: calcd. for C23H15ClN2O3S [M + H+]: 435.0570, found: 435.0570.
(Z)-methyl 9-benzyl-1-((5-chloro-3-oxobenzo[b]thiophen-2(3H)-ylidene)methyl)-9H-pyrido[3,4-b]indole-3-carboxylate (2hB). Yield: 68% (0.100 g from 0.100 g) as an orange solid; m.p. 232-234 oC; Rf = 0.85 (hexane/EtOAc, 80:20, v/v); IR (neat): max = 1662 (C=O); 1H NMR and 13C NMR spectra could not be recorded due to solubility problem; HRMS (ESI) m/z: calcd. for C29H19ClN2O3S [M + H+]: 511.0883, found: 511.0869.
(Z)-2-((1-Methyl-9H-pyrido[3,4-b]indol-3-yl)methylene)benzo[b]thiophen-3(2H)-one (4aA). Yield: 51% (0.125 g from 0.150 g) as a brown solid; m.p. 223-225 oC; Rf = 0.50 (hexane/EtOAc, 60:40, v/v); IR (neat): max = 3283 (NH), 1658 (C=O); 1H NMR (400 MHz, DMSO-d6 ) δ = 2.90 (s, 3 H, ArCH3), 7.31 (dd, J1 = 15.7 Hz, J2 = 7.8 Hz, 2 H, ArH), 7.58 (t, J = 7.5 Hz, 1 H, ArH), 7.63–7.67 (m, 2 H, ArH), 7.74 (d, J = 7.8 Hz, 1 H, ArH), 7.82 (d, J = 7.6 Hz, 1 H, ArH), 8.05 (s, 1 H, ArH), 8.21 (d, J = 7.8 Hz, 1 H, ArH), 8.50 (s, 1 H, ArH), 12.03 (s, 1 H, NH) ppm; 13C NMR (100 MHz, DMSO-d6) δ = 20.4, 112.4, 119.3, 120.2, 121.1, 121.8, 124.3, 125.3, 125.9, 127.5, 128.4, 129.7, 130.3, 134.3, 135.3, 140.7, 142.6, 188.2 ppm; HRMS (ESI) m/z: calcd. for C21H14N2OS [M - H+]: 341.0749, found: 341.0766.
(Z)-2-((1,9-Dimethyl-9H-pyrido[3,4-b]indol-3-yl)methylene)benzo[b]thiophen-3(2H)-one (4bA). Yield: 78% (0.124 g from 0.10 g) as a brown solid; m.p. 218-221 oC; Rf = 0.60 (hexane/EtOAc, 60:40, v/v); 1H NMR (400 MHz, CDCl3 ) δ = 3.25 (s, 3 H, ArCH3), 4.22 (s, 3 H, NCH3), 7.26 (d, J = 3.8 Hz, 1 H, ArH), 7.37 (t, J = 7.5 Hz, 1 H, ArH), 7.50 (d, J = 8.4 Hz, 1 H, ArH), 7.57 (d, J = 3.5 Hz, 2 H, ArH), 7.65 (t, J = 7.5 Hz, 1 H, ArH), 7.95 (d, J = 7.6 Hz, 1 H, ArH), 8.10 (s, 1 H, ArH), 8.15 (s, 1 H, ArH), 8.17 (d, J = 7.8 Hz, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 23.9, 32.5, 109.9, 118.5, 120.6, 121.7, 124.0, 125.0, 126.7, 128.6, 129.3, 131.3, 131.8, 134.9, 135.4, 141.6, 142.2, 142.4, 150.4, 189.6 ppm; HRMS (ESI) m/z: calcd. for C22H16N2OS [M + H+]: 357.1061, found: 357.1066.
(Z)-2-((1-(Dimethoxymethyl)-9H-pyrido[3,4-b]indol-3-yl)methylene)benzo[b]thiophen-3(2H)-one (4cA). Yield: 57% (0.085 g from 0.100 g) as a brown solid; m.p. 188-190 oC; Rf = 0.70 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 3404 (NH), 1662 (C=O); 1H NMR (500 MHz, CDCl3 ) δ = 3.62 (s, 6 H, CH(OCH3)2), 5.83 (s, 1 H, CH), 7.22–7.25 (m, 1 H, ArH), 7.31 (td, J1 = 6.4 Hz, J2 = 3.1 Hz, 1 H, ArH), 7.52–7.54 (m, 2 H, ArH), 7.56 (d, J = 6.2 Hz, 2 H, ArH), 7.91 (d, J = 7.7 Hz, 1 H, ArH), 8.10 (s, 1 H, ArH), 8.14 (d, J = 7.9 Hz, 1 H, ArH), 8.21 (s, 1 H, ArH), 9.41 (s, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 55.0, 106.8, 112.1, 120.0, 120.7, 121.2, 121.8, 124.0, 125.1, 126.7, 129.1, 130.7, 131.1, 131.6, 131.9, 132.9, 135.0, 140.6, 141.8, 150.2, 189.7 ppm; HRMS (ESI) m/z: calcd. for C23H18N2O3S [M + Na+]: 425.0936, found: 425.0922.
(Z)-2-((1-(Dimethoxymethyl)-9-methyl-9H-pyrido[3,4-b]indol-3-yl)methylene)benzo[b] thiophen-3(2H)-one (4dA). Yield: 68% (0.10 g from 0.10 g) as a brown solid; m.p. 182-184 oC; Rf = 0.75 (hexane/EtOAc, 70:30, v/v); IR (neat): max = 1665 (C=O); 1H NMR (500 MHz, CDCl3 ) δ = 3.64 (s, 6 H, CH(OCH3)2), 4.23 (s, 3 H, NCH3), 5.84 (s, 1 H, CH), 7.22–7.26 (m, 1 H, ArH), 7.34 (t, J = 7.4 Hz, 1 H, ArH), 7.51 (d, J = 8.3 Hz, 1 H, ArH), 7.55 (d, J = 3.2 Hz, 2 H, ArH), 7.63 (t, J = 7.6 Hz, 1 H, ArH), 7.93 (d, J = 7.6 Hz, 1 H, ArH), 8.11 (s, 1 H, ArH), 8.15 (d, J = 7.7 Hz, 1 H, ArH), 8.26 (s, 1 H, ArH) ppm; 13C NMR (125 MHz, CDCl3) δ = 33.7, 56.1, 110.3, 110.4, 120.1, 120.6, 121.2, 121.3, 124.0, 125.1, 126.7, 128.9, 131.2, 131.4, 131.6, 134.0, 134.9, 140.1, 141.3, 143.0, 150.2, 189.5 ppm; HRMS (ESI) m/z: calcd. for C24H20N2O3S [M + Na+]: 439.1092, found: 439.1129.
(Z)-2-((1-(4-Fluorophenyl)-9H-pyrido[3,4-b]indol-3-yl)methylene)benzo[b]thiophen-3(2H)-one (4eA). Yield: 69% (0.10 g from 0.10 g) as a brown solid; Rf = 0.60 (hexane/EtOAc, 80:20, v/v); 1H NMR (400 MHz, CDCl3 ) δ = 7.18 (dd, J1 = 7.5 Hz, J2 = 3.8 Hz, 1 H, ArH), 7.30 (d, J = 8.3 Hz, 2 H, ArH), 7.48 (d, J = 3.3 Hz, 3 H, ArH), 7.58 (d, J = 7.5 Hz, 2 H, ArH), 7.80 (d, J = 7.6 Hz, 1 H, ArH), 8.04 (s, 1 H, ArH), 8.08 (d, J = 8.2 Hz, 1 H, ArH), 8.17 (d, J = 10.3 Hz, 1 H, ArH), 8.20–8.26 (m, 2 H, ArH), 11.23 (s, 1 H, NH) ppm; 13C NMR (100 MHz, CDCl3) δ = 112.5, 115.7, 115.9, 119.2, 120.6, 121.5, 124.0, 124.9, 126.4, 128.6, 130.5, 130.7, 130.8, 131.9, 133.1, 134.3, 134.8, 141.4, 149.9, 189.4 ppm; HRMS (ESI) m/z: calcd. for C26H15FN2OS [M + H+]: 423.0967, found: 423.0956.
(Z)-2-((1-(4-Fluorophenyl)-9-methyl-9H-pyrido[3,4-b]indol-3-yl)methylene)benzo[b]thiophen-3(2H)-one (4fA). Yield: 79% (0.113 g from 0.10 g) as an brown solid; Rf = 0.65 (hexane/EtOAc, 80:30, v/v); 1H NMR (400 MHz, CDCl3 ) δ = 3.58 (s, 3 H, NCH3), 7.21–7.24 (m, 1 H, ArH), 7.33 (d, J = 8.7 Hz, 2 H, ArH), 7.39 (s, 1 H, ArH), 7.50 (dd, J1 = 7.1 Hz, J2 = 3.0 Hz, 3 H, ArH), 7.64–7.67 (m, 1 H, ArH), 7.84 (dd, J1 = 8.7 Hz, J2 = 5.4 Hz, 2 H, ArH), 7.90 (d, J = 7.6 Hz, 1 H, ArH), 8.14 (s, 1 H, ArH), 8.21 (d, J = 7.8 Hz, 1 H, ArH), 8.25 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 33.7, 110.4, 115.4 (d, J = 21.0 Hz), 118.8, 121.0, 121.5, 121.8, 124.1, 125.1,126.7, 129.2, 131.0 (d, J = 6.0 Hz), 131.4, 131.8 (d, \ J = 8 Hz), 131.9, 132.0, 135.0, 142.2, 143.2, 143.5, 150.2, 163.5 (d, J = 251.2 Hz), 189.7 ppm; HRMS (ESI) m/z: calcd. for C27H17FN2OS [M + H+]: 437.1124, found: 437.1109.
(Z)-2-((9-Ethyl-1-(4-fluorophenyl)-9H-pyrido[3,4-b]indol-3-yl)methylene)benzo[b]thiophen-3(2H)-one (4gA). Yield: 73% (0.103 g from 0.10 g) as a brown solid; Rf = 0.70 (hexane/EtOAc, 80:20, v/v); 1H NMR (400 MHz, CDCl3 ) δ = 1.02 (t, J = 7.1 Hz, 3 H, NCH2CH3), 4.13 (q, J = 7.1 Hz, 2 H, NCH2CH3), 7.21–7.25 (m, 1 H, ArH), 7.29–7.34 (m, 2 H, ArH), 7.37 (d, J = 7.1 Hz, 1 H, ArH), 7.47–7.53 (m, 3 H, ArH), 7.62–7.66 (m, 1 H, ArH), 7.79–7.83 (m, 2 H, ArH), 7.92 (d, J = 7.2 Hz, 1 H, ArH), 8.16 (s, 1 H, ArH), 8.23 (d, J = 7.7 Hz, 1 H, ArH), 8.28 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 14.1, 39.7, 110.7, 115.5 (d, J = 21.0 Hz), 118.8, 120.9, 121.9, 124.1, 125.1, 126.7, 129.0, 131.1, 131.3 (d, J = 5.0 Hz),  131.8 (d, J = 44.0 Hz), 133.7, 134.8, 135.6, 142.3 (d, J = 31.0 Hz), 143.2, 150.3, 163.5 (d, J = 246.0 Hz), 189.7 ppm; HRMS (ESI) m/z: calcd. for C28H19FN2OS [M + H+]: 451.1280, found: 451.1280.
(Z)-5-Chloro-2-((1-(4-fluorophenyl)-9H-pyrido[3,4-b]indol-3-yl)methylene)benzo[b]thiophen-3(2H)-one (4eB). Yield: 48% (0.076 g from 0.10 g) as an orange solid; m.p. 233-235 oC; Rf = 0.70 (hexane/EtOAc, 80:20, v/v); IR (neat): max = 3383 (NH), 1669 (C=O); 1H NMR and 13C NMR spectra could not be recorded due to solubility problem; HRMS (ESI) m/z: calcd. for C26H14ClFN2OS [M + H+]: 457.0578, found: 457.0565.
One-pot experimental procedure for the synthesis of 6C. In a 10 mL round bottom flask, the stirred suspension of Cs2CO3 (0.182 g, 0.560 mmol) in dry THF (4 mL), 5 (0.100 g, 0.373 mmol) was added and stirred the reaction content for 10 min. Thereafter, 2-nitrobenzaldehyde (C, 0.062 g, 0.410 mmol) was added and the reaction mixture was stirred for additional 2 h at room temperature. After completion of reaction (by TLC), THF was evaporated under reduced pressure. In a reaction vial, crude chalcone (5C) was dissolved in DMSO (1 mL) followed by the sequential addition of sulphur powder (0.060 g, 1.86 mmol) and Et3N (0.260 mL, 1.86 mmol) at room temperature. The reaction mixture was stirred at 70 oC for 1 h. After the completion of reaction, the mixture was directly purified through column chromatography on silica gel (eluent; hexane/EtOAc, 60:40, v/v) to afford 0.056 g (39%) of 6C as a light brown solid (two step yield).
Methyl 1-(benzo[b]thiophene-2-carbonyl)-9-benzyl-9H-pyrido[3,4-b]indole-3-carboxylate (6C). Yield: 39% (0.052 g from 0.10 g) as a yellow solid; m.p. 228-231 oC; Rf = 0.85 (hexane/EtOAc, 80:20, v/v); IR (neat): max = 1658 (C=O); 1H NMR (400 MHz, CDCl3 ) δ = 4.04 (s, 3 H, CO2CH3), 5.75 (s, 2 H, NCH2), 6.72–6.76 (m, 3 H, ArH), 6.81 (t, J = 7.2 Hz, 2 H, ArH), 7.34 (t, J = 7.8 Hz, 1 H, ArH), 7.43–7.48 (m, 2 H, ArH), 7.62 (d, J = 8.4 Hz, 1 H), 7.68–7.74 (m, 2 H, ArH), 7.75 (s, 1 H, ArH), 7.86 (dd, J1 = 8.2 Hz, J2 = 0.7 Hz, 1 H, ArH), 8.32 (d, J = 7.8 Hz, 1 H, ArH), 9.09 (s, 1 H, ArH) ppm; 13C NMR (100 MHz, CDCl3) δ = 48.6, 53.0, 110.8, 119.5, 121.3, 121.8, 121.9, 122.8, 124.7, 126.4, 126.7, 127.5, 127.6, 128.4, 130.0, 132.6, 135.2, 135.4, 135.7, 136.1, 139.1, 139.4, 142.4, 143.6, 143.7, 166.2, 186.5 ppm; HRMS (ESI) m/z: calcd. for C29H20N2O3S [M + H+]: 477.1273, found: 477.1290.
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4. 1H-NMR and 13C-NMR spectra of β-carboline C-1(3) linked benzothiophenones
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-86 H-NMR.jpeg]
Fig. S1. 1H-NMR spectrum of 1bA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-86 C-13 NMR.jpeg]
Fig. S2. 13C-NMR spectrum of 1bA. 
[image: C:\Users\Welcome\Desktop\TU NMR Sample\data 30-5-18\Ch-52 H-NMR.jpeg]Fig. S3. 1H-NMR spectrum of 1dA.
[image: C:\Users\Welcome\Desktop\TU NMR Sample\data 30-5-18\Ch-52 C-13 NMR.jpeg]Fig. S4. 13C-NMR spectrum of 1dA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-88 H-NMR.jpeg]Fig. S5. 1H-NMR spectrum of 1hA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-88 C-13 NMR.jpeg]Fig. S6. 13C-NMR spectrum of 1hA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-74.jpeg]Fig. S7. 1H-NMR spectrum of 2aA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-74 C-13 NMR.jpeg]Fig. S8. 13C-NMR spectrum of 2aA.
[image: C:\Users\Welcome\Desktop\Z-74-page-001.jpg]
Fig. S9. HRMS spectrum of 2aA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-73 H-NMR.jpeg]Fig. S10. 1H-NMR spectrum of 2bA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-73 C-13 NMR.jpeg]Fig. S11. 13C-NMR spectrum of 2bA.
[image: C:\Users\Welcome\Desktop\Z-73-page-001.jpg]
Fig. S12. HRMS spectrum of 2bA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-72 H-NMR.jpeg]Fig. S13. 1H-NMR spectrum of 2cA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-72 C-13 NMR.jpeg]Fig. S14. 13C-NMR spectrum of 2cA.
[image: C:\Users\Welcome\Desktop\Z-72-page-001.jpg]
Fig. S15. HRMS spectrum of 2cA.
[image: C:\Users\Welcome\Desktop\TU NMR Sample\Data 15-6-18\I-52 H-NMR.jpeg]Fig. S16. 1H-NMR spectrum of 2dA.
[image: C:\Users\Welcome\Desktop\TU NMR Sample\Data 15-6-18\I-52 C-13 NMR.jpeg]Fig. S17. 13C-NMR spectrum of 2dA.
[image: C:\Users\Welcome\Desktop\I-52.jpg]
Fig. S18. HRMS spectrum of 2dA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-76 H-NMR.jpeg]Fig. S19. 1H-NMR spectrum of 2eA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-76 C-13 NMR.jpeg]Fig. S20. 13C-NMR spectrum of 2eA.
[image: C:\Users\Welcome\Desktop\Z-76-page-001.jpg]
Fig. S21. HRMS spectrum of 2eA.
[image: C:\Users\Welcome\Desktop\NMR with structure\I-36 H-NMR.jpeg]Fig. S22. 1H-NMR spectrum of 2fA.
[image: C:\Users\Welcome\Desktop\NMR with structure\I-36 C-13 NMR.jpeg]Fig. S23. 13C-NMR spectrum of 2fA.
[image: C:\Users\Welcome\Desktop\I-36-page-001.jpg]
Fig. S24. HRMS spectrum of 2fA.
[image: F:\An Ongoing Work\Thioaurones from nitrochalcone\Analytical Data\H-NMR\I-34 H-NMR.jpeg] Fig. S25. 1H-NMR spectrum of 2gA.
[image: F:\An Ongoing Work\Thioaurones from nitrochalcone\Analytical Data\C-13 NMR\I-34 C-13 NMR.jpeg] Fig. S26. 13C-NMR spectrum of 2gA.
[image: C:\Users\Welcome\Desktop\NMR with structure\I-33 H-NMR.jpeg]Fig. S27. 1H-NMR spectrum of 2hA.
[image: C:\Users\Welcome\Desktop\NMR with structure\I-33 C-13 NMR.jpeg]Fig. S28. 13C-NMR spectrum of 2hA.
[image: C:\Users\Welcome\Desktop\I-33.jpg]
Fig. S29. HRMS spectrum of 2hA.
[image: F:\An Ongoing Work\Thioaurones from nitrochalcone\Analytical Data\H-NMR\Z-75 H-NMR.jpeg]Fig. S30. 1H-NMR spectrum of 2iA.
[image: F:\An Ongoing Work\Thioaurones from nitrochalcone\Analytical Data\C-13 NMR\Z-75 C-13 NMR.jpeg]Fig. S31. 13C-NMR spectrum of 2iA.
[image: C:\Users\Welcome\Desktop\Z-75-page-001.jpg]
Fig. S32. HRMS spectrum of 2iA.
[image: C:\Users\Welcome\Desktop\NMR with structure\I-37 H-NMR.jpeg]Fig. S33. 1H-NMR spectrum of 2jA.
[image: C:\Users\Welcome\Desktop\NMR with structure\I-37 C-13 NMR.jpeg]Fig. S34. 13C-NMR spectrum of 2jA.
[image: C:\Users\Welcome\Desktop\I-37-page-001.jpg]
Fig. S35. HRMS spectrum of 2jA.
[image: C:\Users\Welcome\Desktop\Manuscript\Data BITS\Z-104 H-NMR.jpeg]Fig. S36. 1H-NMR spectrum of 2lA.
[image: C:\Users\Welcome\Desktop\Manuscript\Data BITS\Z-104 C-13 NMR.jpeg]Fig. S37. 13C-NMR spectrum of 2lA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-80 H-NMR.jpeg]Fig. S38. 1H-NMR spectrum of 2mA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-80 C-13 NMR.jpeg]Fig. S39. 13C-NMR spectrum of 2mA.
[image: C:\Users\Welcome\Desktop\NMR with structure\I-50 H-NMR.jpeg]Fig. S40. 1H-NMR spectrum of 2nA.
[image: C:\Users\Welcome\Desktop\NMR with structure\I-50 C-13 NMR.jpeg]Fig. S41. 13C-NMR spectrum of 2nA.
[image: C:\Users\Welcome\Desktop\Manuscript\Data BITS\Z-112 H-NMR.jpeg]Fig. S42. 1H-NMR spectrum of 2bB.
[image: C:\Users\Welcome\Desktop\Manuscript\Data BITS\Z-112 C-13 NMR.jpeg]Fig. S43. 13C-NMR spectrum of 2bB.
[image: C:\Users\Welcome\Desktop\00 Cover Page-page-001.jpg]
Fig. S44. HRMS spectrum of 2bB.
[image: C:\Users\Welcome\Desktop\S-4_BITS-CompoundReport-page-002.jpg]
Fig. S45. HRMS spectrum of 2hB.
[image: C:\Users\Welcome\Desktop\TU NMR Sample\Data 15-6-18\Z-97 H-NMR.jpeg]
Fig. S46. 1H-NMR spectrum of 4aA.
[image: C:\Users\Welcome\Desktop\TU NMR Sample\Data 15-6-18\Z-97 C-13 NMR.jpeg]Fig. S47. 13C-NMR spectrum of 4aA.
[image: F:\An Ongoing Work\Thioaurones from nitrochalcone\Analytical Data\NMR & HRMS with structure\HRMS\Z-97-neg-page-001.jpg]
Fig. S48. HRMS spectrum of 4aA.
[image: C:\Users\Welcome\Desktop\Manuscript\nmrsu\Z-117 H-NMR.jpeg]Fig. S49. 1H-NMR spectrum of 4bA.
[image: C:\Users\Welcome\Desktop\Manuscript\nmrsu\Z-117 C-13 NMR.jpeg]Fig. S50. 13C-NMR spectrum of 4bA.
[image: F:\An Ongoing Work\Thioaurones from nitrochalcone\Analytical Data\H-NMR\Z-78 H-NMR.jpeg]Fig. S52. 1H-NMR spectrum of 4cA.
[image: F:\An Ongoing Work\Thioaurones from nitrochalcone\Analytical Data\C-13 NMR\Z-78 C-13 NMR.jpeg]Fig. S52. 13C-NMR spectrum of 4cA.
[image: C:\Users\Welcome\Desktop\Z-78-page-001.jpg]
Fig. S53. HRMS spectrum of 4cA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-77 H-NMR.jpeg]Fig. S54. 1H-NMR spectrum of 4dA.
[image: C:\Users\Welcome\Desktop\NMR with structure\Z-77 C-13 NMR.jpeg]Fig. S55. 13C-NMR spectrum of 4dA.
[image: C:\Users\Welcome\Desktop\Z-77-page-001.jpg]
Fig. S56. HRMS spectrum of 4dA.
[image: C:\Users\Welcome\Desktop\Manuscript\Data BITS\Z-109 H-NMR.jpeg]Fig. S57. 1H-NMR spectrum of 4eA.
[image: C:\Users\Welcome\Desktop\Manuscript\Data BITS\Z-109 C-13 NMR.jpeg]Fig. S58. 13C-NMR spectrum of 4eA.
[image: C:\Users\Welcome\Desktop\S-9_BITS-CompoundReport-page-002.jpg]
Fig. S59. HRMS spectrum of 4eA.
[image: C:\Users\Welcome\Desktop\Manuscript\Data BITS\Z-110 H-NMR.jpeg]Fig. S60. 1H-NMR spectrum of 4fA.
[image: C:\Users\Welcome\Desktop\Manuscript\Data BITS\Z-110 C-13 NMR.jpeg]Fig. S61. 13C-NMR spectrum of 4fA.
[image: C:\Users\Welcome\Desktop\Manuscript\nmrsu\Z-115 H-NMR.jpeg]Fig. S62. 1H-NMR spectrum of 4gA.
[image: C:\Users\Welcome\Desktop\Manuscript\nmrsu\Z-115 C-13 NMR.jpeg]Fig. S63. 13C-NMR spectrum of 4gA.
[image: C:\Users\Welcome\Desktop\00 Cover Page-page-002.jpg]
Fig. S64. HRMS spectrum of 4gA.
[image: C:\Users\Welcome\Desktop\S-6_BITS-CompoundReport-page-002.jpg]
Fig. S65. HRMS spectrum of 4eB.
[image: C:\Users\Dhruv\Desktop\118.jpg]Fig. S66. 1H-NMR spectrum of 6C.
[image: G:\An Ongoing Work\Thioaurones from nitrochalcone\Analytical Data\C-13 NMR\Z-118 C-13 NMR.jpeg]Fig. S67. 13C-NMR spectrum of 6C.
[image: C:\Users\Welcome\Desktop\00 Cover Page-page-003.jpg]
Fig. S68. HRMS spectrum of 6C.
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Compound Table

Compound Label | RT | _WMass | Formula T MFG Formula B Formula |
Cpd 3:0.084]  0.084]  434.0499] C20 H10 N4 08 | C20 H10 N4 08 i €20 H10 N4 08 ]
Compound Label m/z RT  Algorithm Mass
Cpd 3: 0.084 435057 0,084 Find by Molecular Feature 434.0499
MFE MS Spectrum
%10 4 |Cpd 3: 0.084: +ES| MFE Spectrum (0.035-0.135 min) Frag=175.0V 2-112.d
4 435.0570
35 (M%)t
3 |
25
2
15
1 {
05 891.0906

(2M+Na)+

150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
‘Counts vs. Mass-to-Charge (m/z)

MFE MS Zoomed Spectrum
x10 4 [Cpd 3: 0.084: +ESI MFE Spectrum (0.035-0.135 min) Frag=175.0V Z-112.d

4] 4350570

8] 4 (M*‘H)q
3

25
2

15
5 |

05 891.0906

(2M+Na)+

425 450 475 500 525 550 575 600 625 650 675 700 725 750 775 800 825 850 875 900
Counts vs. Mass-to-Charge (m/z)

MS Spectrum Peak List

m/z 2 [Abund Ton
435.057| 1 43030.43|(M+H)+
436.0608| 1 8046.88|(M+H)+
891.0906] 1 546.91|(2M+Na)+

-~ End Of Report -

Exact Mass: 434.0492
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x104

HRMS Facility, BITS Pilani, Pilani Campus

Comnound Renart

Cpd 1: 0.202 526.1156: +ESI Scan (rt: 0.136-0.650 min, 32 scans) Frag='

ST

511.0869
{[C28HT9CIN203ST+H

512.0902
(IC29H1SCIN203S]+H)+

00.0V S-4.d Subtract

513.0877
(IC29H1SCIN203S]+H)+

514.0907
(IC28H19CIN203S]+H)+
515.0973
(IC29H19CIN203S]+H)+

506.5 507

MS Spectrum Peak List

507.5 508

5085 509 500.5 510 5105 511 5115 512 5125 513 5135
Counts vs. Mass-to-Charge (m/z)

m/z Calc m/z__|Diff(ppm) | z [Abund [Formula Ton
511.0869|  511.0878] 162) 1 72567.85|C29HI9CIN203S [(M+H)+
512.0002| _ 512.0009] 138] 1 23229.96|C29HI9CIN2035 [(M+H)+
513.0877| 513.086| 339 1 27617.25|C29H19CIN2035 [(M+H)+
514.0907| _ 514.0883] EE 8417.9|C29HISCIN2035 [(M+H)+
515.0973] 515.087| 2003 1 4172.86|C29H19CIN2035 [(M+H)+

516.101]  516.0876] 26.08] 1 1345.47|C29H19CIN203S [(M+H)+
517.1011] 517.089) 2348 1 334.21[C29HISCIN203S [(M+H)+

Instrument Info : Agilent Technologies 6545 Q-TOF LC/MS

514 5145 515 5155

Exact Mass: 510.0805

Note: Please acknowledge the work done by HRMS Facility at BITS Pilani, Pilani Campus funded by DST-FIST in your publication.

--End Of Report---

Agilent Technologies

Page 2 of 2

Printed at: 10:46 AM on:7/19/2019
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Display Report

Analysis Info Acquisition Date ~ 7/12/2018 2:19:45 PM
Analysis Name  D:\Data\User Data\External Samples\Dr.Nisha\Z-78.d

Method Tune_pos_Standard.m Operator ~ Puneet

Sample Name Blank Instrument  maXis impact  1819696.00160
Comment

Acquisition Parameter

Source Type ES| lon Polarity Positive Set Nebulizer 0.5 Bar
Focus Active Set Capilary 4500 V Set Dry Heater 200 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 Umin
Scan End 3000 m/z Set Charging Voltage 2000 V Set Divert Valve Source
Set Corona 0nA Set APCI Heater 0°C
Intens. 2-78.d: +MS, 0.1min #3|
x108
1.50
4250922
1.25
1.00
Exact Mass: 4021038

075

050

025

403.1565 4411193
] 408.1780 4351332
660 . 1 L Ly
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z-78.d

Bruker Compass DataAnalysis 4.1 printed: 7/12/2018 2:26:44 PM by: Puneet Page 1 of 1
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image110.jpeg
HRMS Facility, BITS Pilani, Pilani Campus

Comnound Renart

X104 |Cpd 1: 0.196 423.0956: +ESI Scan (rt: 0.146-0.163, 0.246-0.661 min, 28 scans) Frag=100.0V §-0.d Subtract

0O 2N WwAOON®O

423.0956

H15FN20STH)*

ic:

424.0988

(IC26H15FN208}+H)+

425.0976
([C26H1SFN20S]+H)+

4185 419

MS Spectrum Peak List

4195 420

4205 421 4215 422 4225 423 423.5 424 424.5 425 4255 426 4265 427 427.5
Counts vs. Mass-to-Charge (m/z)

m/z Calc m/z__|Diff(ppm) | z [Abund [Formula Ton
423.0056] _423.0062] 1] 1| 100747.47|C26HISFN208 [(M+H)+
424,008 424.0093] 126] 1 29414.15|C26HISFN205 [(M+H)+
425.0076] 425,007 Bl 5790.28]C26H15FN205 [(+H)+

Instrument Info : Agilent Technologies 6545 Q-TOF LC/MS

~End Of Report-—-

Exact Mass: 422.0889
Note: Please acknowledge the work done by HRMS Facility at BITS Pilani, Pilani Campus funded by DST-FIST in your publication.

Agilent Technologies

Page 2 of 2

Printed at: 10:50 AM on:7/19/2019
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Fluorescence intensity (a.u.)

2 2 o o
g 2 8 S

0.109

0.08 4
0.06 4
0.04 4
0.02 4

duEqIoSqY

0.00

Wavelength (nm)




image115.jpeg
C Table

WG
Comy Label RT Mass. Formula MFG Formula (ppm) DB Formula
Cpd1: 2BHISFN20S| 0435  450.1212 CZBHISFN20S CZBHIOFN20S 228 CZBHIOFN20S

Compound Label m/z RT Algorithm Mass.
Cpd 1: C28HISFN20S 451.128 0.135  Find by Molecular Feature 450.1212

MFE MS Spectrum
x10 4 |Cpd 1: C28 H19 F N2 O S: 4ESI MFE Spectrum (0.131-0.197 min) Frag=175.0V 2-115.d

| as1 Lzao
15 (IC28 H19 F N2 O SJ+H)+

125
1
075
05
025

150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Counts vs. Mass-to-Charge (m/z)

MFE M5 Zoomed Spectrum
410 4 [Cpd 1:C28 H18 F N2 O : +ESI MFE Spectrum (0.131-0.197 min) Frag=175.0V 2-115.d

451280
15 (C28 H19 FN2 O SjH)+
125
1
075
05
025
o

420 425 430 435 440 445 450 455 460 465 470 475 480 485
‘Counts vs. Mass-to-Charge (m/z)

MS S im Peak List

[m/z 2 [Abund [Formula Ton
451.128] 1| 1760021 |C2BHISFN20S ()
452.1333[ 1 5679.85|CBHIS FN20'S [t

-~ End OF Report —
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HRMS Facility, BITS Pilani, Pilani Campus
Comnound Renart

x10 4 |Cpd 1: 0.190 291.0923: +ESI Scan (rt: 0.140-0.571 min, 27 scans) Frag=100.0V S-6.d Subtract
>
55 T By
5 g I
45 28 z
4 g g
Bo
as LE-
s & 3
g H
B 2 g
2 g |
15 |
1
05

4525 453 4535 454 4545 455 4555 456 456.5 457 457.5 458 458.5 459 450.5 460 4505 461 4615
Counts vs. Mass-to-Charge (m/z)

MS Spectrum Peak List

m/z Calc m/z__|Diff(ppm) | z [Abund [Formula Ton
457.0565| _ 457.0572] 158] 1 56911.99|C26H14CIFN20S [(M+H)+
458.0598] 4580603} 113[ 1 17287.38[C26H14CIFN20S [(M+H)+

Instrument Info : Agilent Technologies 6545 Q-TOF LC/MS

" . Exact Mass: 4560499
Note: Please acknowledge the work done by HRMS Facility at BITS Pilani, Pilani Campus fundeu vy us1-r1>1 1 your pubiicauon.

—-End Of Report-—

Agilent Technologies Page 2 of 2 Printed at: 10:49 AM on:7/19/2019




image117.jpeg
LS T—

00—

08bL'S—

9919
SEELY
bLELY
655L9

s
s

L6168~
Teees”

£606—

Jan22-20195

Z-118

-—00°€

007

25 20 1.5 1.0 0.5 0.0

3.0

35

4.0

55 50 45
f1 (ppm)

6.0

6.5

7.0

I8

8.0

8.5

9.0

9.5




image118.jpeg
98—

9%675—

9L
AN

s/

8L0TT—

9'6IT
6CTZT
oL1er
6721
08z —
SLYT—
s
SL9zT
bs2TT
09221
s
L6621
09°ZET
LTSET
S'SET
69°SET
Tr9ET
ET6ET
PH6ET
SETHT
65°EbT
So'EHT
17991 —

Jan22-2019 g4

Z-118

190 180 170 160 150 140 130 120 110 _ 100 90 80 70 60 50 40 30 20 10
f1 (ppm)

200




image119.jpeg
Sample Name  Z-118 Position P1-C4 Instrument Name

1nj Vol

10 InjPosition SampleType

Data Filename ~ Z-118.d ACQMethod  Damo JK.m Comment

x10 €
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15
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A
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04
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Instrument 1 User Name
Sample IRM Calibration Status Success
Acquired Time 13-03-2019 15:36:19

C25 H20 N2 O3 S: +ESI Scan (0.086 min) Frag=175.0V 2-118.d

477.1290
(IC29 H20 N2 O3 SJ+H)+

477.3292

Exact Mass: 476.1195
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