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1. Synthesis of precursors or indole substrates




Scheme S1. Synthesis of N-substituted indole-2-carboxaldehyde derivatives (1a, 1b, 1e, and 1f).


Scheme S2. Preparation of 12f by Suzuki (sp2 C- sp2 C) reaction.




Scheme S3. Synthesis of N-substituted indole-2-carboxaldehyde derivatives (1d, 1g).


Scheme S4. Synthesis of N-substituted indole-2-carboxaldehydes 1c and 1h.
Synthesis of precursors or indole substrates (1a–h)
A. Synthesis of N-substituted indole-2-carboxaldehyde derivatives (1a, 1b, 1e, and1f)
(a) General procedure for the synthesis of N-substituted indoles (12a–b, 12e and 12i)
Crushed potassium hydroxide (5.0 equiv.) was dissolved in N,N-dimethyl formamide (5 mL) in a two neck round-bottom flask (50 mL) by stirring for 5 min at room temperature. 5-Substituted indole, 11a, 11e or 11i (1.0 equiv.) was added to the reaction mixture in one portion and stirred for another 5 min under inert atmosphere. Subsequently, the reaction mixture was cooled to 0 °C and benzyl bromide or methyl iodide (2.0 equiv.) was added using a glass syringe drop-wise over a period of 5 min. The reaction mixture was warmed to room temperature, monitored by TLC and stirred for another 1 h. After the completion of reaction, the reaction mixture was quenched with cold brine (10 mL) and extracted with EtOAc (3 × 10 mL). The combined organic layers was dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The crude residue was purified over silica gel (230–400 mesh) column chromatography using hexane:EtOAc solvent mixtures as eluent to afford 12a–b, 12e and 12i.

1-Methyl-1H-indole (12a). According to the general procedure mentioned above, methyl iodide (1.06 mL, 17.08 mmol) was added to a mixture of KOH (2.40 g, 42.68 mmol) and indole (11a, 1.0 g, 8.54 mmol) in DMF (5 mL) drop-wise and reaction was stirred at room temperature for 1 h. After workup, the crude residue was purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (99.0:1.0) as eluent. Yield 92% (1.03 g); Off white liquid; Rf 0.50 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.62 (d, J = 7.8 Hz, 1H), 7.30 (d, J = 7.5 Hz, 1H), 7.21 (dd, J = 7.8, 7.3 Hz, 1H), 7.10 (dd, J = 7.5, 7.3 Hz, 1H), 7.01 (d, J = 3.0 Hz, 1H), 6.47 (d, J = 3.0 Hz, 1H), 3.74 (s, 1H); 13C NMR (100 MHz, CDCl3) δ 136.8, 128.8, 128.5, 121.5, 120.9, 119.3, 109.2, 100.9, 32.8.

1-Benzyl-1H-indole (12b). According to the general procedure mentioned above, benzyl bromide (0.068 mL, 5.12 mmol) was added to a mixture of KOH (0.957 g, 17.07 mmol) and indole 11a (0.500 g, 4.27 mmol) in DMF (3 mL) drop-wise and reaction was stirred at room temperature for 2 h. After workup, the crude residue was purified over silica gel (230–400 mesh) column chromatography using hexane as eluent. Yield 93% (0.824 g); Pale green liquid; Rf 0.60 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.65 (d, J = 7.8 Hz, 1H), 7.32–7.20 (m, 4H), 7.16 (ddd, J = 7.6, 7.0, 0.7 Hz), 7.13–7.06 (m, 4H), 6.55 (d, J = 3.0 Hz, 1H), 5.31 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 137.6, 136.3, 128.8, 128.7, 128.3, 127.6, 126.8, 121.7, 121.0, 119.6, 109.7, 101.7, 50.1.


5-Methoxy-1-methyl-1H-indole (12e). According to the general procedure mentioned above, methyl iodide (0.169 mL, 2.72 mmol) was added to a mixture of KOH (0.380 g, 6.79 mmol) and 5-methoxy indole 11e (0.20 g, 1.36 mmol) in DMF (3 mL) drop-wise and reaction was stirred at room temperature for 30 min. After workup, the crude residue was purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (98:2) as eluent. Yield 99% (0.216 g); White solid; Rf 0.40 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.22 (d, J = 8.8 Hz, 1H), 7.13–7.09 (m, 1H), 7.02 (d, J = 2.5 Hz, 1H), 6.94–6.87 (m, 1H), 6.42 (d, J = 2.5 Hz, 1H), 3.86 (s, 3H), 3.76 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 154.0, 132.2, 129.3, 128.8, 111.9, 109.9, 102.6, 100.4, 55.9, 33.0.

5-Bromo-1-methyl-1H-indole (12i). According to the general procedure mentioned above, methyl iodide (0.317 mL, 5.10 mmol) was added to a mixture of KOH (0.715 g, 12.75 mmol) and 5-bromo indole 11i (0.50 g, 2.55 mmol) in DMF (3 mL) drop-wise and reaction was stirred at room temperature for 1 h. After workup, the crude residue was purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (98:2) as eluent. Yield 99% (0.525 g); Pale yellow liquid; Rf 0.45 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.75 (d, J = 1.5 Hz, 1H), 7.30 (dd, J = 8.8, 1.5 Hz, 1H), 7.18 (d, J = 8.8 Hz, 1H), 7.04 (d, J = 3.0 Hz, 1H), 6.43 (d, J = 3.0 Hz, 1H), 3.76 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 135.4, 130.2, 130.0, 124.3, 123.3, 112.7, 110.7, 100.6, 33.0.
(b) Preparation of 12f by Suzuki (sp2 C- sp2 C) reaction


1-Methyl-5-phenyl-1H-indole (12f).5-Bromo-1-methyl-1H-indole (12i,0.200 g, 0.95 mmol) and phenyl boronic acid (0.139 g, 1.14 mmol) were dissolved in a mixture (4:1) of dimethoxyethane (DME) and milli-Q water in a two-neck round-bottom flask (100 mL) and the solution was degassed (by bubbling N2 gas for 30 min). K3PO4 (0.403 g, 1.90 mmol) and Pd(PPh3)4 (23 mg, 0.02 mmol) were added to the reaction mixture at room temperature in one portion. The reaction mixture was heated at 65 °C using oil bath under inert atmosphere, monitored by TLC for 16 h. After the completion of reaction, the reaction mixture was quenched with brine (5 mL) and extracted with EtOAc (3 × 10 mL). The combined organic layers were dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. The crude residue was purified over silica gel (230–400 mesh) column chromatography using hexane:EtOAc (96:4) as eluent to afford 12f. Yield 81% (0.160 g); White solid; Rf 0.55 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.87 (d, J = 1.2 Hz, 1H), 7.68 (d, J = 7.8 Hz, 2H), 7.51 (dd, J = 8.3, 1.2 Hz, 1H), 7.46 (dd, J = 7.8, 7.6  Hz, 2H), 7.40 (d, J = 8.3 Hz, 1H), 7.33 (dd, J = 7.3, 7.3 Hz, 1H), 7.09 (d, J = 2.8 Hz, 1H), 6.56 (d, J = 2.8 Hz, 1H), 3.82 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 142.7, 136.3, 132.9, 129.5, 129.0, 128.7, 127.5, 126.3, 121.5, 119.5, 109.5, 101.4, 33.0.
(c) General procedure for the synthesis of N-substituted indole-2-carboxaldehydes (1a–b, 1e, 1f)
	N-substituted indole, 12a–b, 12e or 12f (1.0 equiv.) was dissolved in anhydrous diethyl ether (10 mL) in a two neck round bottom flask (50 mL) fitted with a double walled condenser, under inert atmosphere at room temperature. n-BuLi (1.2 equiv.) was added to the reaction mixture using glass syringe in drop-wise manner at the same temperature over a period of 10 min. The reaction mixture was further refluxed for 3 h on a preheated oil bath and allowed to cool to ambient temperature. Anhydrous DMF (1.5 equiv.) was added to the N-substituted 2-lithiated indole anion and refluxed further for another 5 h. Saturated ammonium chloride (20 mL) was added to the reaction  mixture at room temperature and the aqueous layer was extracted with EtOAc (3 × 10 mL). The combined organic layers was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude residue was purified using hexane: EtOAc as eluent over silica gel column chromatography to afford 1a–b, 1e, 1f.

1-Methyl-1H-indole-2-carbaldehyde (1a). According to the general procedure mentioned above, 1-Methyl-1H-indole (12a, 1.0 g, 7.62 mmol) was dissolved in dry diethyl ether (10 mL) under an inert atmosphere. n-BuLi (5.71 mL, 9.17 mmol, 1.6 M in hexane) was added drop-wise at room temperature and the reaction mixture was refluxed for 3 h. 
	The reaction mixture was allowed to cool to room temperature, and DMF (0.88 mL, 11.43 mmol) was added. The reaction mixture was further refluxed for 5 h and allowed to cool to room temperature. Saturated ammonium chloride (20 mL) was added to the reaction mixture and the aqueous layer was extracted with EtOAc (3 × 10 mL). The combined organic layers was dried over anhydrous Na2SO4, filtered, concentrated, and purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (98:2) as eluent. Yield 79% (0.946 g); Pale yellow liquid; Rf 0.50 (8:2 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.88 (s, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.50–7.34 (m, 2H), 7.24 (s, 1H), 7.18 (dd, J = 7.8, 7.6 Hz, 1H), 4.09 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.9, 140.9, 135.7, 126.9, 126.3, 123.4, 120.9, 117.5, 110.4, 31.5.

1-Benzyl-1H-indole-2-carbaldehyde (1b). According to the general procedure, 1-Benzyl-1H-indole (2b, 0.750 g, 3.62 mmol) was dissolved in dry diethyl ether (7.5 mL) under an inert atmosphere. n-BuLi (2.7 mL, 4.34 mmol, 1.6 M in hexane) was added drop-wise at room temperature and the reaction mixture was refluxed for 3 h. 
	The reaction mixture was allowed to cool to room temperature, and DMF (0.40 mL, 5.43 mmol) was added. The reaction mixture was further refluxed for 5 h and allowed to cool to room temperature. Saturated ammonium chloride (20 mL) was added and the aqueous layer was extracted with EtOAc (3 × 10 mL). The combined organic layers was dried over anhydrous Na2SO4, filtered, concentrated, and purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (98:2) as eluent. Yield 83% (0.710 g); Yellow liquid; Rf 0.60 (8:2 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.90 (s, 1H), 7.76 (d, J = 8.0 Hz, 1H), 7.42–7.34 (m, 2H), 7.33 (s, 1H), 7.28–7.14 (m, 4H), 7.12–7.05 (m, 2H), 5.83 (s, 2H); 13C NMR (100 MHz, CDCl3) δ 182.7, 140.7, 137.8*, 135.4, 128.6, 127.4, 127.2, 126.6, 123.5, 121.2, 118.3, 111.1, 48.0.
*Higher intensity carbon

5-Methoxy-1-methyl-1H-indole-2-carbaldehyde (1e). According to the general procedure, 5-Methoxy-1-methyl-1H-indole, 12e, (0.200 g, 1.24 mmol) was dissolved in dry diethyl ether (5 mL) under an inert atmosphere. n-BuLi (0.93 mL, 1.49 mmol, 1.6 M in hexane) was added drop-wise at room temperature and the reaction mixture was refluxed for 3 h. 
	The reaction mixture was allowed to cool to room temperature, and DMF (0.14 mL, 1.86 mmol) was added to the reaction mixture. The reaction mixture was further refluxed for 5 h and cooled to ambient temperature before addition of saturated ammonium chloride (10 mL) solution to it. The aqueous layer was extracted with EtOAc (3 × 10 mL) and the combined organic layers was dried over anhydrous Na2SO4. The organic layer was filtered, concentrated, and purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (90:10) as eluent. Yield 58% (0.137 g); Off white solid; Rf 0.35 (8:2 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.83 (s, 1H), 7.28 (d, J = 8.8 Hz, 1H), 7.13 (s, 1H), 7.12–7.06 (m, 2H), 4.05 (s, 3H), 3.85 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.7, 154.8, 136.6, 135.9, 126.5, 119.0, 116.5, 111.4, 102.7, 55.7, 31.7.

1-Methyl-5-phenyl-1H-indole-2-carbaldehyde (1f). According to the general procedure, 1-Methyl-5-phenyl-1H-indole (12f, 0.130 g, 0.63 mmol) was dissolved in dry diethyl ether (5 mL) under an inert atmosphere. n-BuLi (0.47 mL, 0.75 mmol, 1.6 M in hexane) was added drop-wise at room temperature and the reaction mixture was refluxed for 3 h. The reaction mixture was allowed to cool to room temperature, and DMF (0.07 mL, 0.95 mmol) was added to the reaction mixture and further refluxed for 5 h. Saturated ammonium chloride solution (10 mL) was added to the mixture after cooling to room temperature. The aqueous layer was extracted with EtOAc (3 × 10 mL) and the combined organic layers was dried over anhydrous Na2SO4. The organic layer was filtered, concentrated, and purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (96:4) as eluent. Yield 68% (0.100 g); White solid; Rf 0.50 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.90 (s, 1H), 7.95–7.88 (m, 1H), 7.69 (dd, J = 8.8, 1.5 Hz, 1H), 7.66–7.59 (m, 2H), 7.50–7.41 (m, 3H), 7.34 (dd, J = 7.5, 7.3 Hz, 1H), 7.29 (s, 1H), 4.12 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.9, 141.5, 140.4, 136.3, 134.5, 128.9, 127.3, 127.0, 126.9, 126.8, 121.5, 117.7, 110.7, 31.8.
B. Synthesis of N-substituted indole-2-carboxaldehyde derivatives (1dand 1g)
(a) General procedure for the synthesis of N-substituted ethyl-1H-indole-2-carboxylate (14d, 14g)
	In a round bottom flask (50 mL), sodium hydride (NaH, 2.0 equiv.) was added to dry DMF (2 mL) and the suspension was cooled to 0 °C under inert atmosphere. Ethyl indole-2-carboxylate, 13 (1.0 equiv.) was added to the suspension in one portion and reaction mixture was stirred for 5 min at the same temperature. Alkyl or tosyl halide (1.5 equiv.) was added to the reaction mixture drop-wise via a glass syringe and the reaction mixture was allowed to warm to room temperature and stirred further until 13 was consumed completely.
	EtOAc (5 mL) was added to the reaction mixture followed by cold brine (5 mL). The aqueous layer was extracted with EtOAc (3 × 5 mL) and the combined organic layers was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure. The crude residue was purified using hexane: EtOAc as eluent over silica gel (230–400 mesh) column chromatography.

Ethyl 1-butyl-1H-indole-2-carboxylate (14d). According to the general procedure, NaH (46 mg, 1.06 mmol, 55–60% in mineral oil) was added to dry DMF (2 mL) in a 50 mL RB flask and the suspension was cooled to 0 °C under inert atmosphere. Ethyl indole-2-carboxylate (0.100 g, 0.53 mmol) was added to the suspension in one portion and reaction mixture was stirred for 5 min at the same temperature. n-Butyl iodide (0.091 mL, 0.80 mmol) was added drop-wise to the reaction mixture and stirred at room temperature for further 5 min.
	After the completion of the reaction as confirmed by TLC, EtOAc (5 mL) was added to the reaction mixture followed by cold brine solution (5 mL). The aqueous layer was further extracted with EtOAc (3 × 5 mL) and the combined organic layers was dried over anhydrous Na2SO4. The organic layer was filtered, concentrated and purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (98:2) as eluent. Yield 98% (0.125 g); Colorless liquid; Rf 0.45 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 7.67 (d, J = 8.0 Hz, 1H), 7.40 (d, J = 7.8 Hz, 1H), 7.36–7.28 (m, 2H), 7.14 (dd, J = 7.8, 7.0 Hz, 1H), 4.57 (t, J = 7.5 Hz, 2H), 4.38 (q, J = 7.0 Hz, 2H), 1.86–1.71 (m, 2H), 1.45–1.31 (m, 5H), 0.95 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 162.1, 139.1, 127.5, 126.0, 124.8, 122.6, 120.4, 110.5, 110.4, 60.5, 44.6, 32.8, 20.2, 14.4, 13.9.

Ethyl 1-tosyl-1H-indole-2-carboxylate (14g). According to the general procedure, NaH (46 mg, 1.06 mmol, 55–60% in mineral oil,) was added to dry DMF (2 mL) in a 50 mL RB flask and the suspension was cooled to 0 °C under inert atmosphere. Ethyl indole-2-carboxylate (0.100 gms, 0.53 mmol) was added in one portion and the reaction mixture was stirred for 5 min at the same temperature. Tosyl chloride (0.152 g, 0.80 mmol) was added in one portion to the reaction mixture and stirred further at room temperature for overnight.
	After the completion of the reaction, as confirmed by TLC, EtOAc (5 mL) was added to the reaction mixture followed by cold brine (5 mL). The aqueous layer was further extracted with EtOAc (3 × 5 mL) and the combined organic layers was dried over anhydrous Na2SO4. The organic layer was filtered, concentrated and purified over silica gel (230–400 mesh) column chromatography using hexane-EtOAc (90:10) as eluent. Yield 98% (0.180 g); Colorless liquid; Rf 0.50 (8:2 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 8.5 Hz, 1H), 7.91 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 7.8 Hz, 1H), 7.42 (dd, J = 8.5, 7.8 Hz, 1H), 7.30–7.20 (m, 3H), 7.14 (s, 1H), 4.41 (q, J = 7.0 Hz, 2H), 2.36 (s, 3H), 1.39 (t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 161.4,144.9, 138.2, 135.7, 131.9, 129.6, 128.2, 127.4, 126.9, 124.1, 122.4, 116.5, 115.4, 62.0, 21.6, 14.1.
(b) General procedure for synthesis of N-substituted indole-2-carboxaldehyde (1d, 1g)
	N-substituted ethyl indole-2-carboxylate14d or 14g (1.0 equiv.) was dissolved in dry THF and cooled to 0 °C under inert atmosphere. Lithium aluminium hydride (LiAlH4, 3.0 equiv.) was added in one portion to the mixture with constant stirring. The reaction mixture was allowed to warm at room temperature and continued to stir for further 20 min. 
	After the completion of reaction, saturated ammonium chloride solution (5 mL) was added cautiously to quench the reaction. The aqueous layer was extracted with EtOAc (3 × 10 mL) and the combined organic layers were dried over anhydrous Na2SO4. The organic layer was filtered, concentrated and used as such in the next step without further purification.
	The crude residue was dissolved in dichloromethane (10 mL), MnO2 (15.0 equiv.) was added in one portion and the reaction mixture was refluxed for 12–48 h. After the completion of reaction, CH2Cl2 was evaporated under reduced pressure and the crude residue was purified through silica gel (230–400 mesh) column chromatography using hexane-EtOAc mixture as eluent.

1-Butyl-1H-indole-2-carbaldehyde (1d). According to the general procedure, 14d (0.125 g, 0.51 mmol) was dissolved in dry THF (3 mL) in a round bottom flask (50 mL) under inert atmosphere. The solution was cooled to 0 °C and LiAlH4 (59 mg, 1.53 mmol) was added in one portion to the reaction mixture. The reaction mixture was allowed to warm to room temperature and stirred for another 20 min. 
	After the completion of reaction, saturated ammonium chloride solution (5 mL) was added cautiously to quench the reaction. The aqueous layer was extracted with EtOAc (3 × 10 mL) and the combined organic layers was dried over anhydrous Na2SO4. The organic layer was filtered, concentrated and used as such in the next step without further purification.
	The crude residue was dissolved in dichloromethane (10 mL), MnO2 (0.652 g, 7.50 mmol) was added in one portion and the reaction mixture was refluxed for 24 h. After the completion of reaction, CH2Cl2 was evaporated under reduced pressure and the crude residue was purified through silica gel (230–400 mesh) column chromatography using hexane-EtOAc (90:10) as eluent. Yield 98% (0.100 g); White gummy solid; Rf 0.55 (4:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.80 (s, 1H), 7.66 (d, J = 8.0 Hz, 1H), 7.38–7.29 (m, 2H), 7.18 (s, 1H), 7.13–7.05 (m, 1H), 4.49 (t, J = 7.3 Hz, 2H), 1.75–1.63 (m, 2H), 1.34–1.22 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 181.5, 139.3, 134.4, 125.7, 125.4, 122.4, 119.8, 116.8, 109.7, 43.5, 31.6, 19.1, 12.8.


1-Tosyl-1H-indole-2-carboxylate (1g). According to the general procedure, 14g (0.180 g, 0.52 mmol) was dissolved in dry THF (3 mL) in a round bottom flask (50 mL) under inert atmosphere. The solution was cooled to 0 °C and LiAlH4 (60 mg, 1.56 mmol) was added in one portion and the reaction mixture was allowed to warm to room temperature with constant stirring for another 20 min. 
	After the completion of the reaction, saturated ammonium chloride solution (5 mL) was added cautiously to quench the reaction. The aqueous layer was extracted with EtOAc (3 × 10 mL) and the combined organic layers was dried over anhydrous Na2SO4. The organic layer was filtered, concentrated and used as such in the next step without further purification.
	The crude residue was dissolved in dichloromethane (10 mL), MnO2 (0.649 g, 7.46 mmol) was added in one portion and the reaction mixture was refluxed for 48 h. After the completion of reaction, CH2Cl2 was evaporated under reduced pressure and the crude residue was purified through silica gel (230–400 mesh) column chromatography using hexane-EtOAc (90:10) as eluent. Yield 89% (0.132 g); White gummy solid; Rf 0.40 (4:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 10.5 (s, 1H), 8.22 (d, J = 7.5 Hz, 1H), 7.65 (d, J = 8.3 Hz, 2H),7.61 (d, J = 7.3 Hz, 1H),7.51 (dd, J = 7.5, 7.5 Hz, 1H), 7.46 (s, 1H), 7.30 (dd, J = 7.5, 7.3 Hz, 1H), 7.18 (d, J = 8.3 Hz, 2H), 2.32 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 183.4, 145.6, 138.5, 137.8, 134.7, 130.0, 128.8, 128.2, 126.7, 124.8, 123.6, 118.9, 115.4, 21.6.
C. Synthesis of N-substituted indole-2-carboxaldehydes 1c and 1h


1H-indole-2-carbaldehyde (15). Ethyl indole-2-carboxylate 13, (0.20 g, 1.06 mmol) was dissolved in dry THF under inert atmosphere and the solution was cooled to 0 °C before addition of LiAlH4 (0.120 g, 3.17 mmol) in a single portion. The reaction mixture was allowed to warm to room temperature and stirred for another 1 h.
After the completion of reaction, as confirmed by TLC, the reaction mixture was quenched using saturated ammonium chloride (10 mL) and the aqueous layer was extracted with EtOAc (3 × 10 mL). The combined organic layers was dried over anhydrous Na2SO4, filtered and concentrated under reduced pressure.
	The crude residue was dissolved in CH2Cl2 (10 mL), MnO2 (1.382 g, 15.90 mmol) was added to the solution at room temperature in one portion and the reaction mixture was refluxed for 12 h. After the completion of reaction, the crude reaction mixture was filtered through celite and recrystallized using 10% CH2Cl2 in hexane. Yield 88% (0.105 g); Yellow crystalline solid; Rf 0.60 (4:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.85 (s, 1H), 9.66 (s, 1H), 7.75 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 7.5 Hz, 1H), 7.40 (dd, J = 8.0, 7.3 Hz, 1H), 7.29 (s, 1H), 7.18 (dd, J = 7.5, 7.3 Hz, 1H); 13C NMR (100 MHz, CDCl3) δ 182.4, 138.3, 136.0, 127.43, 127.35, 123.5, 121.3, 115.3, 112.7.

1-(4-Methoxybenzyl)-1H-indole-2-carbaldehyde (1c). Under inert atmosphere, indole-2-carbaldehyde 15 (0.135 g, 0.93 mmol) was dissolved in dry DMF (3 mL) in a single neck round bottom flask (50 mL). The mixture was cooled to 0 °C and sodium hydride (56 mg, 1.40 mmol, 60% in mineral oil) was added in single portion with stirring. The reaction mixture was allowed to warm to room temperature and stirred for further 5 minutes. 4-Methoxy benzyl chloride (0.25 mL, 1.86 mmol) was added drop-wise to the reaction mixture at room temperature and the reaction was stirred for another 1 h.
	After the completion of reaction, cold brine solution (5 mL) was added cautiously to quench the reaction. The aqueous layer was extracted with EtOAc (3 × 10 mL) and the combined organic layers were dried over anhydrous Na2SO4. The organic layer was filtered, concentrated and purified through silica gel (230–400 mesh) column chromatography using hexane-EtOAc (95:5) as eluent. Yield 81% (0.20 g); White solid; Rf 0.45 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 9.90 (s, 1H), 7.75 (d, J = 8.2 Hz, 1H), 7.46–7.34 (m, 2H), 7.31 (s, 1H), 7.18 (dd, J = 7.8, 6.8 Hz, 1H), 7.08 (d, J = 8.5 Hz, 2H), 6.78 (d, J = 8.5 Hz, 2H), 5.76 (s, 2H), 3.73 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 182.7, 158.9, 140.6, 135.3, 129.9, 128.1, 127.2, 126.6, 123.5, 121.2, 118.4, 114.0, 111.1, 55.2, 47.4.

Tert-butyl 2-formyl-1H-indole-1-carboxylate (1h). A stirred solution of indole-2-carbaldehyde 15, (75 mg, 0.52 mmol), trimethylamine (0.086 mL, 0.62 mmol), and dimethyl aminopyridine (6 mg, 0.05 mmol) in dry THF (3 mL) was cooled to 0 °C and Boc anhydride (0.145 mL, 0.62 mmol) was added drop wise to the mixture using a glass syringe under inert atmosphere. The reaction mixture was allowed to warm to room temperature and stirred overnight.
After the completion of reaction, the reaction mixture was concentrated under reduced pressure and the crude product was purified through silica gel (230–400 mesh) column chromatography using hexane-EtOAc (95:5.0) as eluent. Yield 94% (0.120 g); White gummy solid; Rf 0.50 (9:1 hexane-EtOAc); 1H NMR (400 MHz, CDCl3) δ 10.43 (s, 1H), 8.16 (d, J = 7.8 Hz, 1H), 7.67 (d, J = 7.5 Hz, 1H), 7.48 (dd, J = 7.8, 7.8 Hz, 1H), 7.43 (s, 1H), 7.29 (dd, J = 7.8, 7.5 Hz, 1H), 1.71 (s, 9H); 13C NMR (100 MHz, CDCl3) δ 184.2, 149.9, 137.94, 137.9, 128.3, 127.6, 123.9, 123.2, 116.5, 116.1, 85.6, 28.2.
















2. UV calibration of -carboline 3ac in organic solvents
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Figure S1: UV calibration curve for -carboline 3ac in different solvents.






3. Single crystal XRD analysis of 3ac
Crystallographic data for 3ac and details of X-ray diffraction experiments and crystal structure refinements are given below. Using Olex2, the structures was solved with the ShelXS structure solution program using Direct Methods and refined with the ShelXL refinement package using Least Squares minimization. All non-hydrogen atoms were refined with anisotropic displacement coefficients. Crystallographic data for the structure 3ac has been deposited with the Cambridge Crystallographic Data Center as CCDC 1897787. Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK (fax: (+44) 1223-336-033; email: deposit@ccdc.cam.ac.uk.

Bond precision: C-C = 0.0037ÅWavelength=1.54184
Cell: a=9.8883(3)Å b=9.9509(3)Å c=22.4024(7)Å
alpha/°=90 beta/°=90.314(3) gamma/°=90
Temperature: 293 K

	Parameters
	Calculated 

	Reported

	Volume/Å3
	2204.31(12) 
	2204.32(12)

	Space group
	P 21/n
	P 1 21/n 1


	Hall group
	-P 2yn
	-P 2yn


	Empirical formula
	C26H25N3O2
	C26H25N3O2


	Sum formula
	C26H25N3O2
	C26H25N3O2


	Formula weight
	411.49
	411.49


	ρcalcgcm-3
	1.240
	1.240


	Z
	4 

	4

	μ (mm-1)
	0.632
	0.632


	F(000)
	872.0
	872.0


	F(000’)
	874.49

	

	h,k,lmax
	12,12,28
	12,12,27


	Nref
	4582
	4418


	Tmin,Tmax
	0.906,0.927
	0.357,1.000


	Tmin’
	0.904

	



Correction method= # Reported T Limits: Tmin=0.357 Tmax=1.000
AbsCorr = MULTI-SCAN
Data completeness= 0.964 Theta(max)= 75.494
R(reflections)= 0.0962 (3510) wR2(reflections)= 0.2860 (4418)
S = 1.155 Npar= 285


[image: G:\IIT Indore\Methodology\Carboline\Characterisation\SC XRD\Figure.JPG]
Figure S2: Molecular structure of 3ac by single crystal XRD analysis (ORTEP, 30% probability).


S77

Dose vs response or IC50 curves for representative -carbolines, 3ac, 3bc, 3ca and 3ga against cancer cell lines






Figure S3: Dose vs response or IC50 curves for -carbolines 3ac, 3bc, 3ca, and 3ga in various cancer cell lines.

5. Copies of 1H and 13C NMR spectra of 1a–h, 3aa–3ac, 3ba–3bc, 3da, 3ea, 3ga, 12a–b, 12e–f, 12i, 14d, 14g and 15.
1H NMR spectrum of 1-Methyl-1H-indole-2-carbaldehyde (1a)
[image: C:\Users\user\Desktop\1a.tif]

13C NMR spectrum of 1-Methyl-1H-indole-2-carbaldehyde (1a)
[image: C:\Users\Dell\Desktop\1a.tif]

1H NMR spectrum of 1-Benzyl-1H-indole-2-carbaldehyde (1b)

[image: C:\Users\user\Desktop\1b.tif]

13C NMR spectrum of 1-Benzyl-1H-indole-2-carbaldehyde (1b)
[image: C:\Users\Dell\Desktop\1b.tif]

1H NMR spectrum of 1-(4-Methoxybenzyl)-1H-indole-2-carbaldehyde (1c)
[image: C:\Users\Dell\Desktop\1d.tif]

13C NMR spectrum of 1-(4-Methoxybenzyl)-1H-indole-2-carbaldehyde (1c)
[image: C:\Users\Dell\Desktop\1d.tif]


1H NMR spectrum of 1-Butyl-1H-indole-2-carbaldehyde (1d)
[image: C:\Users\Dell\Desktop\1e.tif]


13C NMR spectrum of 1-Butyl-1H-indole-2-carbaldehyde (1d)
[image: C:\Users\Dell\Desktop\1e.tif]


1H NMR spectrum of 5-Methoxy-1-methyl-1H-indole-2-carbaldehyde (1e)

[image: C:\Users\user\Desktop\1c.tif]

13C NMR spectrum of 5-Methoxy-1-methyl-1H-indole-2-carbaldehyde (1e)
[image: C:\Users\Dell\Desktop\1c.tif]


1H NMR spectrum of 1-Methyl-5-phenyl-1H-indole-2-carbaldehyde (1f)
19[image: C:\Users\Dell\Desktop\1g 1H.tif]


13C NMR spectrum of 1-Methyl-5-phenyl-1H-indole-2-carbaldehyde (1f)
[image: C:\Users\Dell\Desktop\1g.tif]

1H NMR spectrum of 1-Tosyl-1H-indole-2-carboxylate (1g)
[image: C:\Users\Dell\Desktop\1f.tif]

13C NMR spectrum of 1-Tosyl-1H-indole-2-carboxylate (1g)
[image: C:\Users\Dell\Desktop\1f.tif]

1H NMR spectrum of Tert-butyl 2-formyl-1H-indole-1-carboxylate (1h)
[image: C:\Users\Dell\Desktop\1h.tif]

13C NMR spectrum of Tert-butyl 2-formyl-1H-indole-1-carboxylate (1h)
[image: C:\Users\Dell\Desktop\1h.tif]

1H NMR spectrum of Methyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3aa)
[image: C:\Users\Dell\Desktop\3aa.tif]

13C NMR spectrum of Methyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3aa)
[image: C:\Users\Dell\Desktop\3aa.tif]


1H NMR spectrum of Ethyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ab)
[image: C:\Users\Dell\Desktop\3ab.tif]

13C NMR spectrum of Ethyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ab)
[image: C:\Users\Dell\Desktop\3ab.tif]


1H NMR spectrum of Tert-butyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ac)
[image: C:\Users\Dell\Desktop\3ac.tif]

13C NMR spectrum of Tert-butyl 5-methyl-1-(1-methyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ac)
[image: C:\Users\Dell\Desktop\3ac.tif]


1H NMR spectrum of Methyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ba)
[image: C:\Users\Dell\Desktop\3ba.tif]

13C NMR spectrum of Methyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ba)
[image: C:\Users\Dell\Desktop\3ba.tif]

1H NMR spectrum of Ethyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bb)
[image: C:\Users\Dell\Desktop\3bb.tif]


13C NMR spectrum of Ethyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bb)
[image: C:\Users\Dell\Desktop\3bb.tif]


1H NMR spectrum of Tert-butyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bc)
[image: C:\Users\Dell\Desktop\3bc.tif]


13C NMR spectrum of Tert-butyl 5-benzyl-1-(1-benzyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3bc)
[image: C:\Users\Dell\Desktop\3bc.tif]


1H NMR spectrum of Methyl 5-(4-methoxybenzyl)-1-(1-(4-methoxybenzyl)-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ca)
[image: C:\Users\Dell\Desktop\3da.tif]

13C NMR spectrum of Methyl 5-(4-methoxybenzyl)-1-(1-(4-methoxybenzyl)-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3ca)
[image: C:\Users\Dell\Desktop\3da.tif]


1H NMR spectrum of Methyl 5-butyl-1-(1-butyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3da)
[image: C:\Users\Dell\Desktop\3ea.tif]

13C NMR spectrum of Methyl 5-butyl-1-(1-butyl-1H-indol-2-yl)-5H-pyrido[4,3-b]indole-3-carboxylate (3da)
[image: C:\Users\Dell\Desktop\3ea.tif]

1H NMR spectrum of Methyl 8-methoxy-1-(5-methoxy-1-methyl-1H-indol-2-yl)-5-methyl-5H-pyrido[4,3-b]indole-3-carboxylate (3ea)
[image: C:\Users\Dell\Desktop\3ca.tif]


13C NMR spectrum of Methyl 8-methoxy-1-(5-methoxy-1-methyl-1H-indol-2-yl)-5-methyl-5H-pyrido[4,3-b]indole-3-carboxylate (3ea)
[image: C:\Users\Dell\Desktop\3ca.tif]


1H NMR spectrum of Methyl 5-tosyl-1-(1-tosyl-1H-indol-2-yl)-2,5-dihydro-1H-pyrido[4,3-b]indole-3-carboxylate (3ga)
[image: C:\Users\Dell\Desktop\3fa.tif]

13C NMR spectrum of Methyl 5-tosyl-1-(1-tosyl-1H-indol-2-yl)-2,5-dihydro-1H-pyrido[4,3-b]indole-3-carboxylate (3ga)
[image: C:\Users\Dell\Desktop\3fa.tif]

1H NMR spectrum of 1-Methyl-1H-indole (12a)

[image: C:\Users\user\Desktop\12a.tif]

13C NMR spectrum of 1-Methyl-1H-indole (12a)

[image: C:\Users\user\Desktop\12a(1).tif]
1H NMR spectrum of 1-Benzyl-1H-indole (12b)
[image: C:\Users\user\Desktop\12b.tif]

13C NMR spectrum of 1-Benzyl-1H-indole (12b)

[image: C:\Users\user\Desktop\12b(1).tif]
1H NMR spectrum of 5-Methoxy-1-methyl-1H-indole (12e)

[image: C:\Users\user\Desktop\12c.tif]

13C NMR spectrum of 5-Methoxy-1-methyl-1H-indole (12e)

[image: C:\Users\user\Desktop\12c_1.tif]
1H NMR spectrum of1-Methyl-5-phenyl-1H-indole (12f)
[image: C:\Users\Dell\Desktop\12e.tif]


13C NMR spectrum of1-Methyl-5-phenyl-1H-indole (12f)
[image: C:\Users\Dell\Desktop\12e.tif]

1H NMR spectrum of 5-Bromo-1-methyl-1H-indole (12i)

[image: C:\Users\user\Desktop\12d.tif]

13C NMR spectrum of 5-Bromo-1-methyl-1H-indole (12i)
[image: C:\Users\user\Desktop\12d(1).tif]

1H NMR spectrum of Ethyl 1-butyl-1H-indole-2-carboxylate (14d)

[image: C:\Users\user\Desktop\14a.tif]

13C NMR spectrum of Ethyl 1-butyl-1H-indole-2-carboxylate (14d)
[image: C:\Users\Dell\Desktop\14a.tif]


1H NMR spectrum of Ethyl 1-tosyl-1H-indole-2-carboxylate (14g)
[image: C:\Users\Dell\Desktop\14b.tif]

13C NMR spectrum of Ethyl 1-tosyl-1H-indole-2-carboxylate (14g)
[image: C:\Users\Dell\Desktop\14b.tif]


1H NMR spectrum of 1H-indole-2-carbaldehyde (15)
[image: C:\Users\Dell\Desktop\15.tif]


13C NMR spectrum of 1H-indole-2-carbaldehyde (15)
[image: C:\Users\Dell\Desktop\15.tif]


Density Functional Theory Calculations: All the calculations have been carried out using the Becke's three-parameter hybrid exchange functional and Lee–Yang–Parr's correlation functional (B3LYP) and 6-311++G**(d,p) basis sets as implemented in the Gaussian 09 program.
The calculated total (E) and relative (∆E) energies for 10 and 10a are as follows:

	Compound
	Electronic + zero-point energy correction (E)

	Units

	-Carboline (10) 
	-1203.725016
	Hartrees

	β-Carboline (10a) 
	-1203.698618
	Hartrees

	∆E
	0.026398
	Hartrees

	
	16.56
	Kcal/mol



Cartesian coordinates & energies (in Hartree) for two isomers of Carboline

Carboline (10)

6        2.375185000     -1.141941000     -0.646874000
6        3.477291000     -0.855274000      0.213097000
7        3.228092000      0.344615000      0.854860000
6        2.013335000      0.837641000      0.396106000
6        1.468038000     -0.050840000     -0.513060000
6        1.378573000      2.071716000      0.741571000
6        0.298060000      2.424565000     -0.007626000
7       -0.145510000      1.649389000     -1.064182000
6        0.108238000      0.187598000     -1.112244000
6       -0.983023000     -0.619408000     -0.437929000
6       -0.979272000     -1.210484000      0.799610000
6       -2.261347000     -1.815732000      0.997657000
6       -3.021987000     -1.552793000     -0.173033000
7       -2.224356000     -0.835370000     -1.045747000
6       -0.380628000      3.717025000      0.259711000
8       -0.042705000      4.524941000      1.093901000
6       -2.846160000     -2.553321000      2.038866000
6       -4.152851000     -2.998149000      1.899640000
6       -4.892952000     -2.720309000      0.734672000
6       -4.341004000     -1.995327000     -0.314476000
6        2.384762000     -2.333131000     -1.391887000
6        3.474348000     -3.185259000     -1.286865000
6        4.559625000     -2.876975000     -0.445241000
6        4.575439000     -1.712128000      0.313897000
1        1.551189000     -2.585981000     -2.037669000
1        3.493177000     -4.105518000     -1.859538000
1        5.398648000     -3.560781000     -0.386142000
1        5.417069000     -1.482952000      0.957175000
1        1.719672000      2.734613000      1.522057000
1        0.136567000     -0.084221000     -2.173828000
1       -0.141476000     -1.220568000      1.478301000
1       -2.283136000     -2.769771000      2.940316000
1       -4.615654000     -3.566738000      2.698300000
1       -5.913826000     -3.076478000      0.654761000
1       -4.922736000     -1.783379000     -1.204230000
8       -1.448741000      3.899958000     -0.558381000
6       -2.171682000      5.131833000     -0.380124000
6       -2.683811000     -0.324901000     -2.322815000
6        4.162942000      1.029356000      1.726911000
1       -1.010114000      1.963994000     -1.477664000
1       -1.515981000      5.985553000     -0.555155000
1       -2.974628000      5.107423000     -1.113617000
1       -2.576009000      5.190546000      0.631030000
1       -3.313080000      0.565024000     -2.203078000
1       -1.835123000     -0.071597000     -2.956842000
1       -3.265003000     -1.091017000     -2.840489000
1        3.641305000      1.802043000      2.289311000
1        4.590366000      0.322113000      2.440758000
1        4.976050000      1.495486000      1.160181000
Total energy of optimized structure: -1204.1193866 Hartrees
Number of Imaginary Frequency: 0


Carboline (10a)	

6       -2.436525000     -0.741118000      0.671533000
6       -3.560387000     -0.641352000     -0.200393000
7       -3.369007000      0.433592000     -1.044780000
6       -2.166140000      1.038217000     -0.693267000
6       -1.574397000      0.347549000      0.343550000
6       -1.489672000      2.135894000     -1.349390000
7       -0.451697000      2.701510000     -0.851235000
6       -0.061796000      2.281569000      0.489956000
6       -0.205670000      0.744163000      0.830580000
6        0.869227000     -0.158769000      0.274696000
6        0.907844000     -0.774130000     -0.954556000
6        2.137702000     -1.498060000     -1.043107000
6        2.818698000     -1.288060000      0.185321000
7        2.040716000     -0.458654000      0.973530000
6        2.731375000     -2.306075000     -2.026233000
6        3.964626000     -2.885017000     -1.767158000
6        4.620183000     -2.673934000     -0.538631000
6        4.058830000     -1.878262000      0.451829000
6       -2.388517000     -1.784973000      1.611805000
6       -3.444970000     -2.677334000      1.677219000
6       -4.557227000     -2.551395000      0.819455000
6       -4.632851000     -1.537580000     -0.124385000
6        1.292708000      2.834582000      0.959210000
8        1.453109000      3.033869000      2.142403000
1        4.571477000     -1.726818000      1.394296000
1        5.581647000     -3.142385000     -0.361198000
1        4.433048000     -3.512560000     -2.516909000
1        2.229219000     -2.477902000     -2.972326000
1        0.133888000     -0.716997000     -1.703640000
1       -1.836426000      2.494286000     -2.318715000
1       -0.180290000      0.694865000      1.921539000
1       -0.768488000      2.770399000      1.173009000
1       -1.537622000     -1.889098000      2.275295000
1       -3.422310000     -3.486372000      2.397961000
1       -5.370788000     -3.263346000      0.898826000
1       -5.493225000     -1.451601000     -0.777376000
6        2.353806000     -0.163306000      2.364872000
6       -4.355257000      0.932378000     -1.986604000
8        2.306047000      3.095494000      0.123455000
6        2.347080000      2.745142000     -1.277616000
1        3.418518000      0.056771000      2.454683000
1        1.816490000      0.718705000      2.703168000
1        2.113308000     -1.013678000      3.012477000
1       -5.203733000      1.392495000     -1.469766000
1       -3.899827000      1.677432000     -2.636366000
1       -4.722097000      0.115523000     -2.611908000
1        3.404834000      2.780772000     -1.534836000
1        1.963731000      1.740246000     -1.447602000
1        1.783285000      3.468442000     -1.862201000

Total energy of optimized structure: -1204.09303467 Hartrees

[bookmark: _GoBack]Number of Imaginary Frequency: 0



image53.tiff
Chioroform-df

E FERE B Gode by
|

081 0es 188 12 300
u U u

3 i
Chemical Shift (ppm)





image54.emf
N

Ts

1g

CHO



image55.tiff
giz-

real—

180 140 0 100 ) )
Chemical Shift (ppm)

180




image56.emf
N

1h

CHO

OO



image57.tiff
-

eroi—

S00
1

098
vuy

0es
u

i

A
Chemical Shift (ppm)

s





image58.emf
N

1h

CHO

OO



image59.tiff
zez—

EES

ToRl—

180 140 12 100 & &
Chemical Shift (ppm)

180




image2.emf
N

Me

12f

N

Me

12i

BrB(OH)

2

+

Pd(PPh

3

)

4

DME:Water(4:1)

65



C,16h


image60.emf
N

N

Me

N

Me

COOMe

3aa



image61.tiff
Chioroform-d

SERRERAICE NS 3%
'
|
i
0% aatioe Bl
u i Wy
7 q

3 3
Chemical Shift (ppm)





image62.tiff
gez
oiel

oes—

180 140 120 100 & )
Chemical Shift (ppm)

180




image63.emf
N

N

Me

N

Me

COOEt

3ab



image64.tiff
Chioroform-d

3

e
e5E—

5+
123 QV
e
e

102
o
6L
2
B
s
152
a1

P
o5
054
e

e

275
[

210 304
uu
i

u

YT v

085112354228

3
Chemical Shift (ppm)




image65.emf
N

N

Me

N

Me

COOEt

3ab




image66.tiff
shi—

ez
[

Fla—

'l

ik

&
Chemical Shift (ppm)

100

180 140

180





image67.emf
N

N

Me

N

Me

COO

t

Bu

3ac



image68.tiff
Chloroform-d

SeskiRRriEnEr R T
"
-
a7 oarain Sor S
i i i
A 7

3 9
Chemical Shift (ppm)




image69.emf
N

N

Me

N

Me

COO

t

Bu

3ac



image70.tiff
oz
ez s
ziel

|

180 140 120 100 & )
Chemical Shift (ppm)

180




image71.emf
N

N

N

COOMe

3ba



image72.tiff
hloroform-d

| AfnnEioie §f a

200 289
w u

3 3
Chemical Shift (ppm)




image3.emf
N

H

COOEt

R

1

X,NaH,DMF

0°C–RT

N

COOEt

R

1

i)LiAlH

4

,THF

0°C–RT,20min

ii)MnO

2

,DCM,Reflux

N

CHO

R

1

14d;R

1

=

n

Bu

14g;R

1

=Ts

R

1

X=TsClor

n

BuI13

1d

;R

1

=

n

Bu

1g;R

1

=Ts



image73.tiff
g3
e
b

180 140 12 100 & &
Chemical Shift (ppm)

180




image74.emf
N

N

N

COOEt

3bb



image75.tiff
Chioroform-d

e
¥ 1
3t

300

205
i

187 100221 518

U g

u

7

Chemical Shift (ppm)

3






image76.tiff
rhi—

aar
s

gla-

I

| “ W

]

J

180 140 100 &
Chemical Shift (ppm)

180




image77.emf
N

N

N

COO

t

Bu

3bc



image78.tiff
ei—

a9

200
uu

088 537

08

Uy

7

5
Chemical Shift (ppm)







image79.tiff
zez—

I

|

|

)
Chemical Shift (ppm)

100

120

180

180




image80.emf
N

N

N

COOMe

3ca

O

O



image81.tiff
Chloroform-d

6 328 419212 210 304 318
TSIy Eg} [ udi

'
1.0
uu

[ 7 s s 3
Chemical Shift (ppm)





image82.emf
N

N

N

COOMe

3ca

O

O



image83.tiff
180 140 120 100 ) )
Chemical Shift (ppm)

180




image84.emf
N

N

N

COOMe

3da



image4.emf
N

H

COOEt

i)LiAlH

4

,THF

ii)MnO

2

,DCM

Reflux,12h

N

H

CHO

0°C–RT,1h

4-MeO-C

6

H

4

CH

2

Cl

N

CHO

OMe

Bocanhydride,DMAP

ACN,RT,12h

N

CHO

OO

15

1c

1h

13

NaH,DMF

0°C–RT,1h


image85.tiff
Chioroform-d

203 205 342300

201300

094 312209
PR Y]

[N TRY]

[y

7
Chemical Shift (ppm)

5




image86.emf
N

N

N

COOMe

3da



image87.tiff
se1
ek
g

A

vier
zzel

verr
=4

75—

|

"

180 140 12 100 & &
Chemical Shift (ppm)

180





image88.emf
N

N

Me

N

Me

COOMe

3ea

O

O



image89.tiff
159
12
1
I
8l
i
e
B L

s

283 312
riipt)

218
W

e
u

i
Chemical Shift (ppm)

3




image90.emf
N

N

Me

N

Me

COOMe

3ea

O

O



image91.tiff
ez
Vet

0ss
15
Gt

180 140 12 100 &0 2
Chemical Shift (ppm)

180





image92.emf
N

NH

N

Me

SOO

Me

S

O

O

COOMe

3ga



image93.tiff
see—

sl

287
w

108 102
Wi LU WU

198199 321
U

i

3
Chemical Shift (ppm)




image94.emf
N

NH

N

Me

SOO

Me

S

O

O

COOMe

3ga



image95.tiff
g1z

G
97—

140 12 100 L
Chemical Shift (ppm)

150

180





image96.emf
N

Me

12a



image97.tiff
pre—

300

08
u

0e2082

U

T

5
Chemical Shift (ppm)




image98.emf
N

Me

12a


image5.emf
N

Me

12a



image99.tiff
oz

140 b 100 &
Chemical Shift (ppm)

180

180




image100.emf
N

Bn

12b



image101.tiff
les—

08
u

o]

(e
u

i

3
Chemical Shift (ppm)





image102.tiff
vos—

180 140 120 100 & &
Chemical Shift (ppm)

180




image103.emf
N

Me

12e

O



image104.tiff
Chioroform-d

TESE 7
aeo
|
y
0ss 08 313
Uiy w
7 K

3 3
Chemical Shift (ppm)





image105.emf
N

Me

12e

O



image106.tiff
oes—

es—

oosi—

180 140 12 100 & )
Chemical Shift (ppm)

180




image107.emf
N

Me

12f



image108.tiff
Chloroform-d

SRR IR S T
o
|
|
| i
.
Pty P
i 8 i
7 7

3 3
Chemical Shift (ppm)




image109.emf
N

Me

12f



image110.tiff
oee—

180 140 120 100 & &
Chemical Shift (ppm)

180




image111.emf
N

Me

12i

Br


image6.emf
N

12b



image112.tiff
378

500
u

3 q
Chemical Shift (ppm)




image113.emf
N

Me

12i

Br



image114.tiff
oes—

goo1—

ron—
rTns

sezi
evz1/

ZoEL
yeel/

140 12 100 2
Chemical Shift (ppm)

180

180




image115.emf
N

14d

COOEt



image116.tiff
Chioroform-d

226485 3.00

215

175
Uy

[ER)

uu

H

3
Chemical Shift (ppm)




image117.emf
N

14d

COOEt




image118.tiff
oo
ok

zo—
oz

g

s0a—

vou-
sonk

vz
szzi~
SLE
oSz
Ent

veel—

veal—

140 120 100 &
Chemical Shift (ppm)

180

180




image119.emf
N

Ts

14g

COOEt



image120.tiff
el
B 1
i

acz—

ey
orp:
vy

2

280
[}

300
[

295
RN

178

7

5
Chemical Shift (ppm)





image121.emf
N

Ts

14g

COOEt



image122.tiff
o0za—

rial—

180 140 120 100 ) &
Chemical Shift (ppm)

180




image123.emf
N

H

15

CHO



image124.tiff
Chioroform-d

g5
e

111
U iy

100

107
ug

7

3
Chemical Shift (ppm)




image7.emf
N

Me

12e

MeO



image125.tiff
vzai—

180 140 12 100 &0 )
Chemical Shift (ppm)

180





image8.emf
N

Me

12i

Br



image9.emf
N

Me

12f



image10.emf
N

Me

1a

CHO



image11.emf
N

1b

CHO



image12.emf
N

Me

1e

CHO

MeO



image13.emf
N

Me

1f

CHO



image14.emf
N

14d

COOEt



image15.emf
N

S

14g

COOEt

OO

Me



image16.emf
N

1d

CHO



image17.emf
N

S

1g

CHO

OO

CH

3



image18.emf
N

H

CHO

15



image19.emf
N

1c

MeO

CHO



image20.emf
N

1h

CHO

OO



image21.jpeg
0.20

0.16

Absorbance
° °

°
g

0.00

0.0

4.0x10° 80x10° 1.2¢10* 1.6x10" 2.0x10° 24x10*
Molar concentration (3ac in Hexane)




image22.jpeg
Absorbance
o o o o o
8 8 =& 8 B

°
g

0.00

00

4.0x10° 8.0x10° 1.2x10" 1.6x10° 2.0x10* 2.4x10*
Molar concentration (3ac in DCM)




image23.jpeg
04

°

Absorbance
o

01

00

4.0¢10° 8.0x10° 1.2x10* 1.6x10* 2.0x10* 2.4x10*
Molar concentration (3ac in DMSO)




image24.jpeg
Absorbance

05

04

03

02

01

00

4.0x10° 80x10° 1.2¢10* 1.6x10% 2.0x10° 24x10°

Molar concentra

n (3ac

MeOH)





image25.jpeg




image26.emf
-2.0-1.5-1.0-0.50.00.51.01.52.02.5

0

20

40

60

80

100

120

Log [-carbolines], [µM]

%

 

N

o

r

m

a

l

i

s

e

d

 

c

e

l

l

 

v

i

a

b

i

l

i

t

y

3ac;IC

50

= 2.29M

3bc;IC

50

= 7.14M

3ca;IC

50

= 6.73M

3ga;IC

50

= 4.98M

HEK 293



image27.emf
-2.0-1.5-1.0-0.50.00.51.01.52.02.5

0

20

40

60

80

100

120

Log [-carbolines], [µM]

%

 

N

o

r

m

a

l

i

s

e

d

 

c

e

l

l

 

v

i

a

b

i

l

i

t

y

3ac;IC

50

= 2.29M

3bc;IC

50

= 7.14M

3ca;IC

50

= 6.73M

3ga;IC

50

= 4.98M

HEK 293



image28.emf
-2.0-1.5-1.0-0.50.00.51.01.52.02.5

0

20

40

60

80

100

120

Log [-carbolines], [µM]

%

 

N

o

r

m

a

l

i

s

e

d

 

c

e

l

l

 

v

i

a

b

i

l

i

t

y

3ac;IC

50

= 4.90M

3bc;IC

50

= 9.18M

3ca;IC

50

= 4.47M

3ga;IC

50

= 3.57M

A431



image29.emf
-2.0-1.5-1.0-0.50.00.51.01.52.02.5

0

20

40

60

80

100

120

Log [-carbolines], [µM]

%

 

N

o

r

m

a

l

i

s

e

d

 

c

e

l

l

 

v

i

a

b

i

l

i

t

y

3ac;IC

50

= 4.76M

3bc;IC

50

= 5.53M

3ca;IC

50

= 5.27M

3ga;IC

50

= 5.05M

A549



image30.emf
N

Me

1a

CHO



image31.tiff
Chloroform-d

SR
'
L
07e Ta2 500
u U [}
0 [ 7 q

3 3
Chemical Shift (ppm)





image32.tiff
sie—

58l

180 140 12 100 & )
Chemical Shift (ppm)

180




image33.emf
N

Bn

1b

CHO



image34.tiff
05—

200

ez 354

3

U

] 3

“Chemical Shift (ppm)

s






image35.tiff
oer—

rza—

140 120 100 &
Chemical Shift (ppm)

180

180




image36.emf
N

CHO

O

1c



image37.tiff
Chioroform-

-

7 SRR T 7
|
|
052 184 132 13 300
u U wu u
o 5 7 i

3 3
Chemical Shift (ppm)




image38.emf
N

CHO

O

1c



image39.tiff
vip—

Tes—

sesi—

ree—

180 140 120 100 & &
Chemical Shift (ppm)

180




image40.emf
N

1d

CHO



image41.tiff
1wy
6rp:
05

05—

207134300

188 215

u b

075

Uuu

7

3
Chemical Shift (ppm)





image42.emf
N

1d

CHO



image43.tiff
azi-
vei—

gie—

sev—

s1e1—

180 140 12 100 & &
Chemical Shift (ppm)

130




image44.emf
N

Me

1e

CHO

MeO



image45.tiff
Chloroform-d

b TR 3%
' |
07a 187 317
] U uu
o [ 7 q

3 3
Chemical Shift (ppm)




image46.emf
N

Me

1e

CHO

MeO


image1.emf
N

H

R

1

N

R

1

CHO

R

2

KOH,R

2

X

i)n-BuLi,Et

2

O

Reflux,3h

11a;R

1

=H

11e;R

1

=MeO

11i;R

1

=Br

N

R

1

R

2

ii)DMF,Reflux,5h

iii)Sat.NH

4

Cl

12a;R

1

=H,R

2

=Me

12b;R

1

=H,R

2

=Bn

12e;R

1

=MeO,R

2

=Me

12f;R

1

=Ph,R

2

=Me

12i;R

1

=Br,R

2

=Me

11

12

1

1a;R

1

=H,R

2

=Me

1b;R

1

=H,R

2

=Bn

1e;R

1

=MeO,R

2

=Me

1f;R

1

=Ph,R

2

=Me

R

2

X=BnBrorMeI

DMF,RT,1h

Pd(PPh

3

)

4

PhB(OH)

2



image47.tiff
rie-

res—

Frsi—

ree—

140 120 100 &
Chemical Shift (ppm)

180

180




image48.emf
N

Me

1f

CHO



image49.tiff
Chloroform-d

7 EpREIeE 3
|
0s0 0% 202 300
u ) u
n [ 7

3 3
Chemical Shift (ppm)




image50.emf
N

Me

1f

CHO



image51.tiff
e

58l

&

180 a0 100 )
Chemical Shift (ppm)

180





image52.emf
N

Ts

1g

CHO



