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NMR numbering schemes 
 

 
Figure S1: Atom numbering schemes for assignment of resonances in 1H and 13C NMR 

spectra of 1a, 1b, 1c, 2a, 2c, 3a, 3b, 3c and C. 
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Synthesis  
 

General Information. NMR spectra were recorded on Bruker AV700, AV600 or AV500 

spectrometers; 1H and 13C NMR chemical shifts (δ) are given in ppm relative to TMS, 

using the residual solvent signals as references and converting the chemical shifts to the 

TMS scale. ESI-MS spectra were recorded on a Bruker amaZon speed ETD spectrometer 

(3D-ion trap). High resolution ESI spectra were recorded on a Bruker maXis UHR-TOF 

spectrometer. Single crystal X-ray diffraction analysis: X-ray diffraction data collections 

were performed on Bruker X8 APEX-II CCD (14), Bruker D8 Venture (1, 3, 21, 22, 24) 

and STOE (2c) diffractometers by using Mo K (1, 3, 14, 21, 24) or Cu K (2c, 22) 

radiation. The structures were solved by direct methods and refined by full-matrix least-

squares techniques. Non-H atoms were refined with anisotropic displacement 

parameters. H atoms were inserted in calculated positions and refined with a riding model. 

The following computer programs and hardware were used: structure solution, SHELXS-

2014 and refinement, SHELXL-2014;[1] molecular diagrams, ORTEP; computer, Intel 

CoreDuo.   

Methyl 4-(2-nitrophenyl)-3-oxobutanoate was synthesized according to literature 

protocols [2]. 2-Bromo-N-(2-bromophenyl)acetamide was prepared by a known 

procedure [3]. Chloromethyl ethyl ether, methyl 4-chloro-4-oxobutyrate, 2-

fluoronitrobenzene, bis(acetonitrile)palladium(II) dichloride and 

tris(dibenzylideneacetone)dipalladium(0) were purchased from TCI Europe. Sodium 

hydride, palladium(II) acetate, palladium on activated charcoal (10% Pd), lithium 

hydroxide monohydrate, 2-nitrophenylacetic acid, methyl acetoacetate, sodium 

methylate, aluminum chloride, trimethylaluminum, 2-iodoaniline, tert-butanol, iron 

powder, N,N-diisopropylethylamine, di-tert-butyl dicarbonate, 4-dimethylaminopyridine, 

bicyclo[2.2.1]hept-2-ene (norbornene), and sodium bisulfite were purchased from Sigma-

Aldrich. o-Iodo-nitrobenzene, o-bromo-nitrobenzene, 1-[bis(dimethylamino)methylene]-

1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide hexafluorophosphate (HATU), 4-bromophenyl 

hydrazine, 1-benzyl-1-phenylhydrazine hydrochloride, silver carbonate, and indole-2-

carboxylate were from abcr. Potassium carbonate, thionyl chloride, chloroacetyl chloride, 

benzyl bromide, triethylamine, sodium iodide, trimethylsilyl diazomethane, pyridine, 

sodium methoxide, 2,2-dimethyl-1,3-dioxan-4,6-dione, sodium thiosulfate, dry 
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dimethylformamide, dry dioxane, dry acetonitrile, and potassium hydroxide were from 

Fisher Scientific GmbH. Lithium aluminum hydride, benzoyl chloride, potassium cyanide, 

and iodine were purchased from Merck. Triphenylphosphine, oxalyl chloride, and copper 

powder were from Alfa Aesar. Gaseous hydrogen chloride was obtained by dropwise 

addition of sulfuric acid to sodium chloride. Solvents were dried using standard 

procedures [4]. Reactions in dry solvents were carried out under argon, if not mentioned 

otherwise. 

 

Synthesis of compounds C, 3b, and 3c 

Methyl 2-(1-benzyl-3-(2-nitrophenyl)-1H-indol-2-yl)acetate (1a). A suspension of methyl 

4-(2-nitrophenyl)-3-oxobutanoate (0.50 g, 2.11 mmol) and 1-benzyl-1-phenylhydrazine 

hydrochloride (0.48 g, 2.06 mmol) in glacial acetic acid (10 mL) was stirred at 100 °C for 

2 h. After cooling to room temperature water (25 mL) was added and the mixture was 

stored at 4 °C overnight. The supernatant liquid was decanted from a yellow oily residue. 

The oil was washed with saturated aqueous sodium bicarbonate solution and extracted 

with ethyl acetate (3  5 mL). The combined organic layers were dried over sodium sulfate 

and concentrated under reduced pressure. Recrystallization from methanol gave 1a as a 

bright yellow solid. Yield: 0.45 g, 55%. 1H NMR (600 MHz, DMSO-d6), δ, ppm: 8.06 (dd, 

J = 8.1, 1.1 Hz, 1H, H4), 7.79 (tt, J = 5.6, 2.8 Hz, 1H, H2), 7.66 (td, J = 8.1, 1.4 Hz, 1H, 

H3), 7.57 (dd, J = 7.6, 1.3 Hz, 1H, H1), 7.42 (d, J = 8.3 Hz, 1H, H9), 7.30 (t, J = 7.5 Hz, 

2H, H15), 7.24 (t, J = 7.3 Hz, 1H, H16), 7.14 (ddd, J = 8.2, 7.0, 1.1 Hz, 1H, H10), 7.09 (d, J 

= 7.8 Hz, 1H, H12), 7.04 – 6.98 (m, 3H, H14, H11), 5.54 (dd, J = 38.1, 17.3 Hz, 2H, H13), 

3.78 (dd, J = 47.7, 16.9 Hz, 2H, H7), 3.43 (s, 3H, H17). 13C{H} NMR (151 MHz, DMSO-d6), 

δ, ppm: 169.42 (Cq, C6), 150.25 (Cq, C4a), 137.65 (Cq, C13a), 136.14 (Cq, C8a), 133.50 

(CH, C1), 132.99 (CH, C2), 130.83 (Cq, C7a), 128.72 (CH, C3), 128.52 (2CH, C15), 128.05 

(Cq, C12c), 127.15 (CH, C16), 126.44 (Cq, C12a), 126.03 (2CH, C14), 124.27 (CH, C4), 

122.07 (CH, C10), 120.11 (CH, C11), 117.78 (CH, C12), 111.24 (Cq, C12b), 110.54 (CH, C9), 

51.96 (CH3, C17), 46.38 (CH2, C13), 30.76 (CH2, C7). HRMS (ESI) m/z: [M + Na]+ calcd for 

C24H20N2O4Na 423.1315; found 423.1317. X-ray diffraction quality single crystals were 

obtained by slow evaporation of a methanolic solution of 1a.  
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Methyl 2-(1-benzyl-5-bromo-3-(2-nitrophenyl)-1H-indol-2-yl)acetate (1b). A suspension 

of methyl 4-(2-nitrophenyl)-3-oxobutanoate (0.50 g, 2.11 mmol), 1-benzyl-1-(4-

bromophenyl)hydrazine (0.87 g, 3.17 mmol), and sodium acetate (0.69 g, 8.29 mmol) in 

glacial acetic acid (10 mL) was stirred at 100 °C for 1 h. Then the mixture was cooled to 

room temperature, concentrated sulfuric acid (0.4 mL) was added and the solution was 

stirred at 100 °C for 1 h. After cooling to room temperature, the mixture was poured into 

a sat. aqueous sodium bicarbonate solution and extracted with ethyl acetate (3 × 70 mL). 

The organic phase was dried over magnesium sulfate and evaporated under reduced 

pressure. The residue was purified on a silica column using a mixture of hexane/ethyl 

acetate 9:1 as eluent to afford 1b as a yellow solid. Yield: 0.54 g, 55%. 1H NMR (600 

MHz, DMSO-d6), δ, ppm: 8.09 (d, J = 8.1 Hz, 1H, H4), 7.80 (t, J = 7.6 Hz, 1H, H2), 7.70 – 

7.68 (m, 1H, H3 ), 7.56 (d, J = 8.8 Hz, 1H, H1), 7.43 (d, J = 8.8 Hz, 1H, H9), 7.32 – 7.21 

(m, 5H, H10, H12, H15, H16), 6.98 (d, J = 7.4 Hz, 2H, H14), 5.56 (d, J = 10.5 Hz, 2H, H13), 

3.81 (d, J = 17.0 Hz, 1H, H7), 3.72 (d, J = 17.0 Hz, 1H, H7), 3.40 (s, 3H, H17). 13C{H} NMR 

(126 MHz, DMSO-d6) δ, ppm: 169.11 (Cq, C6) 150.15 (Cq, C4a), 137.29 (Cq, C13a), 134.92 

(Cq, C8a), 133.60 (CH, C1), 133.17 (CH, C2), 132.55 (Cq, C7a), 129.13(CH, C3), 128.59 

(2CH, C15), 128.29 (Cq, C12c), 127.27 (CH, C16), 126.01 (2CH, C14), 124.57 (CH, C10), 

124.39 (CH, C4), 120.08 (CH, C12), 112.76 (CH, C9), 112.73 (Cq, C11), 110.90 (Cq, C12b), 

52.00 (CH3, C17), 46.59 (C2, C13), 30.77 (CH2, C7). HRMS (ESI) m/z: [M + H]+ calcd for 

C24H20N2O4Br 479.0601; found 479.0603. 

 

Methyl 3-(1-benzyl-3-(2-nitrophenyl)-1H-indol-2-yl)propanoate (1c). A suspension of 

methyl 5-(2-nitrophenyl)-4-oxopentanoate [5] (2.55 g, 10.15 mmol) and 1-benzyl-1-

phenylhydrazine hydrochloride (2.34 g, 9.95 mmol) in glacial acetic acid (50 mL) was 

stirred at 100 °C for 2 h. After cooling to room temperature distilled water (125 mL) was 

added and the pH was adjusted to about 7 by adding sat. aqueous sodium bicarbonate 

solution. The resulting mixture was extracted with ethyl acetate (3 × 120 mL). The organic 

phase was dried over magnesium sulfate and evaporated under reduced pressure. The 

residue was purified on a silica column using a mixture of hexane/ethyl acetate 7:1 as 

eluent. Yield: 2.19 g, 53%. 1H NMR (600 MHz, DMSO-d6), δ, ppm: 8.05 (dd, J = 8.1, 1.1 

Hz, 1H, H4), 7.79 (td, J = 7.5, 1.3 Hz, 1H, H2), 7.66 (td, J = 8.0, 1.4 Hz, 1H, H1), 7.61 (dd, 

J = 7.6, 1.3 Hz, 1H, H3), 7.38 (d, J = 8.3 Hz, 1H, H10), 7.31 (t, J = 7.4 Hz, 2H, H16), 7.24 
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(t, J = 7.3 Hz, 1H, H17), 7.09 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H, H11), 7.05 (d, J = 7.6 Hz, 1H, 

H13), 7.00 – 6.97 (m, 3H, H12, H15), 5.62 – 5.51 (m, 2H, H14), 3.46 (s, 3H, H18), 3.00 (ddd, 

J = 15.5, 9.7, 6.2 Hz, 1H, H7), 2.94 – 2.86 (m, 1H, H7), 2.44 – 2.35 (m, 2H, H8). 13C{H} 

NMR (151 MHz, DMSO), δ, ppm: 171.85 (Cq, C6), 150.46 (Cq, C4a), 138.15 (Cq, C14a), 

136.54 (Cq, C8a), 136.11 (Cq, C9a), 133.70 (CH, C1), 132.94 (CH, C2), 128.67 (2CH, C16), 

128.63 (CH, C3), 128.55 (Cq, C13c), 127.18 (CH, C17), 126.82 (Cq, C13a), 125.83 (2CH, 

C15), 124.14 (CH, C4), 121.69 (CH, C11), 120.03 (CH, C12), 117.50 (CH, C13), 110.39 (CH, 

C10), 109.55 (Cq, C13b), 51.40 (CH3, C18), 46.05 (CH2, C14), 32.97 (CH2, C8), 19.86 (CH2, 

C7). HRMS (ESI) m/z: [M + H]+ calcd for C25H23N2O4 415.1652; found 415.1650. 

 

Methyl 2-(3-(2-aminophenyl)-1-benzyl-1H-indol-2-yl)acetate (2a). Methyl 2-(1-benzyl-3-

(2-nitrophenyl)-1H-indol-2-yl)acetate (1a, 3.10 g, 7.75 mmol) and palladium (10%) on 

activated charcoal (825 mg, 0.78 mmol Pd) were suspended in dry methanol in a 

pressurization vessel. The vessel was flushed with hydrogen gas (3 × 5 bar) and then 

filled with H2 to a pressure of 5 bar. The slurry was stirred at room temperature overnight. 

The next day, the reaction mixture was filtered over Celite®, followed by methanol 

washing. The filtrate was concentrated and the residue was purified on a silica column 

with hexane/ethyl acetate 4:1 as eluent to give 2a. Yield: 2.64 g, 92%. A small amount of 

3a (59 mg, 2%) was obtained from the second collected fraction when hexane/ethyl 

acetate 1:1 was used as eluent. 1H NMR (700 MHz, DMSO-d6), δ, ppm: 7.39 (d, J = 8.2 

Hz, 1H, H9), 7.30 (t, J = 7.4 Hz, 2H, H15), 7.27 – 7.22 (m, 2H, H16, H12), 7.12 (t, J = 7.5 

Hz, 1H, H10), 7.11 – 7.01 (m, 5H, H14, H1, H3, H11), 6.80 (d, J = 7.9 Hz, 1H, H4), 6.65 (t, J 

= 7.2 Hz, 1H, H2), 5.53 – 5.40 (m, 2H, H13), 4.54 (s, 2H, H5), 3.78 – 3.67 (m, 2H, H7), 3.45 

(s, 3H, H17). 13C{H} NMR (176 MHz, DMSO-d6), δ, ppm: 170.66 (Cq, C6), 146.99 (Cq, 

C4a), 138.41 (Cq, C13a), 137.14 (Cq, C8a), 131.89 (CH, C1), 131.11 (Cq, C7a), 129.01 (2CH, 

C15), 128.49 (CH, C9), 127.58 (CH, C16), 127.03 (Cq, C12a), 126.76 (2CH, C14), 122.17 

(CH, C10), 119.96 (CH, C11), 119.66 (CH, C12), 118.39 (Cq, C12c), 116.78 (CH, C2), 115.17 

(CH, C4), 113.25 (Cq, C12b), 110.75 (CH, C9), 52.37 (CH3, C17), 47.01 (CH2, C13), 31.42 

(CH2, C7). HRMS (ESI) m/z: [M + H]+ calcd for C24H23N2O2 371.1754; found 371.1757. 

Methyl 3-(3-(2-aminophenyl)-1-benzyl-1H-indol-2-yl)propanoate (2c). Compound 1c 

(380 mg, 0.92 mmol) and palladium (10%) on activated charcoal (100 mg, 0.09 mmol Pd) 
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were suspended in dry methanol in a pressurization vessel. The vessel was flushed with 

hydrogen gas (3 × 4 bar) and then filled to a pressure of 5 bar. The reaction mixture was 

stirred at room temperature overnight. The next day, the reaction mixture was filtered over 

Celite®, followed by methanol washing. The filtrate was concentrated and the residue was 

purified on a silica column with hexane/ethyl acetate 6:1 as eluent. Yield: 350 mg, 99%. 

1H NMR (600 MHz, DMSO-d6), δ, ppm: 7.35 (d, J = 8.2 Hz, 1H, H10), 7.32 – 7.30 (m, 2H, 

H16), 7.26 – 7.23 (m, 1H, H17), 7.16 (d, J = 7.8 Hz, 1H, H13), 7.11 – 7.03 (m, 4H, H3, H11, 

H15), 7.03 – 6.97 (m, 2H, H1, H12), 6.79 (dd, J = 8.0, 0.9 Hz, 1H, H4), 6.64 (td, J = 7.4, 1.1 

Hz, 1H, H2), 5.52 (s, 2H, H14), 4.51 (s, 2H, H5), 3.47 (s, 3H, H18), 2.99 – 2.87 (m, 2H, H7), 

2.38 (ddd, J = 18.9, 10.1, 6.3 Hz, 2H, H8). 13C{H} NMR (151 MHz, DMSO), δ, ppm: 172.11 

(Cq, C6), 146.62 (Cq, C13a), 138.46 (Cq, C14a), 136.49 (Cq, C8a), 136.39 (Cq, C9a), 131.46 

(CH, C1), 128.65 (2CH, C16), 127.93 (CH, C3), 127.08 (CH, C17), 127.06 (Cq, C13a), 126.01 

(2CH, C15), 121.16 (CH, C11), 119.32 (CH, C12), 118.68 (CH, C13), 118.52 (Cq, C13c), 

116.25 (CH, C2), 114.53 (CH, C4), 111.00 (Cq, C13b), 110.06 (Cq, C10), 51.31 (CH3, C18), 

46.08 (CH2, C14), 33.09 (CH2, C8), 20.31 (CH2, C7). HRMS (ESI) m/z: [M + H]+ calcd for 

C25H25N2O2 385.1911; found 385.1911. X-ray diffraction quality crystals were obtained by 

slow evaporation of ethyl acetate solution of 2c. 

 

8-Benzyl-7-hydroindolo[2,3-d][1]benzazepin-6(5H)-one (3a). A solution of 

trimethylaluminum (2 M in toluene, 14.2 mL, 28.4 mmol) in dry dichloromethane (60 mL) 

under argon atmosphere was cooled to −10 °C by using a 3:1 mixture of ice and sodium 

chloride. A solution of methyl 2-(3-(2-aminophenyl)-1-benzyl-1H-indol-2-yl)acetate (2a, 

2.63 g, 7.10 mmol) in dry dichloromethane (10 mL) was added dropwise. Then the mixture 

was allowed to slowly reach room temperature and stirred overnight. On the next day, the 

reaction mixture was poured onto a mixture of ice and 1 M HCl (200 mL). The organic 

layer was separated, and the aqueous phase was extracted with dichloromethane (2 × 

200 mL). The combined organic layers were washed with saturated bicarbonate solution 

and brine, dried over magnesium sulfate, and evaporated. The residue was crystallized 

from methanol (15 mL) to give the product as white needles. Yield: 1.91 g, 80%. 1H NMR 

(600 MHz, DMSO-d6), δ, ppm: 10.15 (s, 1H, H5), 7.92 – 7.87 (m, 1H, H1), 7.85 (d, J = 7.5 

Hz, 1H, H12), 7.57 (d, J = 8.0 Hz, 1H, H9), 7.33 – 7.25 (m, 5H, H15, H3, H2, H4), 7.23 (t, J 
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= 7.3 Hz, 1H, H16), 7.21 – 7.14 (m, 4H, H14, H10, H11), 5.60 (s, 2H, H13), 3.65 (s, 2H, H7). 

13C{H} NMR (151 MHz, DMSO-d6), δ, ppm: 169.15 (Cq, C6), 137.79 (Cq, C13a), 137.04 

(Cq, C8a), 134.37 (Cq, C4a), 132.21 (Cq, C7a), 128.55 (2CH, C15) 127.82 (CH, C1), 127.27 

(CH, C16), 126.67 (2CH, C14), 125.98 (CH, C3), 125.88 (Cq, C12c), 124.45 (Cq, C12a), 

124.13 (CH, C4), 122.53 (CH, C2), 121.76 (CH, C10), 120.55 (CH, C11), 118.19 (CH, C12), 

111.04 (CH, C9), 109.98 (Cq, C12b), 45.81 (CH2, C13), 32.96 (CH2, C7). HRMS (ESI) m/z: 

[M + Na]+ calcd for C23H18N2ONa 361.1311; found 361.1307. X-ray diffraction quality 

crystals were obtained by slow evaporation of a methanolic solution of 3a. 

 

8-Benzyl-11-bromo-7-hydroindolo[2,3-d][1]benzazepin-6(5H)-one (3b). Methyl 2-(1-

benzyl-5-bromo-3-(2-nitrophenyl)-1H-indol-2-yl)acetate (370 mg, 0.77 mmol) was 

dissolved in a 6:1 mixture of ethanol and acetic acid (16.3 mL) and iron powder (218 mg, 

3.85 mmol) was added. The mixture was heated at 80 °C for 2 h. The solution was cooled 

to room temperature, poured into ice water, and the pH was adjusted to about 10 by 

addition of sat. aqueous potassium carbonate solution. The mixture was filtered over 

Celite®, washed with water (100 mL) and ethyl acetate (100 mL). The organic layers were 

combined, dried over magnesium sulfate, and concentrated under reduce pressure.  The 

residue was purified on a silica column using a mixture of hexane/ethyl acetate 6:1 as 

eluent. Yield: 185 mg, 58%. 1H NMR (600 MHz, DMSO-d6), δ, ppm: 10.20 (s, 1H, H5), 

7.95 (d, J = 1.8 Hz, 1H, H12), 7.86 (d, J = 9.3 Hz, 1H, H1), 7.57 (d, J = 8.7 Hz, 1H, H9), 

7.34 – 7.20 (m, 7H, H2, H3, H4, H10, H15, H16), 7.15 (d, J = 7.1 Hz, 2H, H14), 5.62 (s, 2H, 

H13), 3.68 (s, 2H, H7). 13C{H} NMR (126 MHz, DMSO-d6) δ, ppm: δ 169.05 (Cq, C6), 

137.49 (Cq, C13a), 135.85 (Cq, C8a), 134.51 (Cq, C4a), 133.78 (Cq, C7a), 128.65 (2CH, 

C15), 127.86 (CH, C1), 127.42 (CH, C16), 126.65 (2CH, C14), 126.42 (CH, C3), 126.12 (Cq, 

C12a), 125.16 (Cq, C12c), 124.39 (CH, C4), 124.29 (CH, C10), 122.61 (CH, C2), 120.39 (CH, 

C12), 113.29 (CH, C11), 113.22 (CH, C9), 109.70 (Cq, C12b), 46.00 (CH2, C13), 33.05 (CH2, 

C7). HRMS (ESI) m/z: [M + Na]+ calcd for C23H17N2OBrNa 439.0416; found 439.0409. 

 

9-Benzyl-7,8-dihydroindolo[2,3-e][1]benzazocin-6(5H)-one (3c). A solution of trimethyl 

aluminum (2 M in toluene, 2.28 mL, 4.55 mmol) in dry dichloromethane (10 mL) under 

argon atmosphere was cooled to −10 °C using a 3:1 mixture of ice and sodium chloride. 
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Methyl 3-(3-(2-aminophenyl)-1-benzyl-1H-indol-2-yl)propanoate (2c, 350 mg, 0.91 mmol) 

was dissolved in dry dichloromethane (10 mL) and added dropwise. Then the mixture 

was allowed to slowly reach room temperature and stirred overnight. On the next day, the 

mixture was poured on a mixture of ice and 1 M HCl. The organic layer was separated, 

and the aqueous layer was extracted with dichloromethane (2 × 50 mL). The combined 

organic layers were washed with saturated bicarbonate solution and brine, dried over 

magnesium sulfate, and evaporated. The residue was purified on a silica column using a 

mixture of hexane/ethyl acetate 3:1 as eluent. Yield: 171 mg, 53%. 1H NMR (600 MHz, 

DMSO-d6): δ 9.67 (s, 1H, H5), 7.54 (dd, J = 7.3, 1.9 Hz, 1H, H1), 7.45 (d, J = 8.2 Hz, 1H, 

H10), 7.41 – 7.35 (m, 2H, H4, H17), 7.30 (t, J = 7.3 Hz, 2H, H16), 7.28 – 7.25 (m, 2H, H3, 

H13), 7.23 – 7.20 (m, 1H, H2), 7.14 – 7.10 (m, 1H, H11), 7.04 (d, J = 8.1 Hz, 2H, H15), 7.03 

– 6.99 (m, 1H, H12), 5.50 (q, J = 17.2 Hz, 2H, H14), 3.27 – 3.23 (m, 1H, H7), 3.13 – 3.05 

(m, 1H, H7), 2.82 – 2.79 (m, 1H, H8), 2.17 – 2.11 (m, 1H, H8). 13C{H} NMR (151 MHz, 

DMSO-d6), δ, ppm: δ 173.26 (Cq, C6), 137.98 (Cq, C14a), 136.56 (Cq, C9a), 136.26 (Cq, 

C4a), 135.46 (Cq, C8a), 132.42 (CH, C1), 131.09 (Cq, C13c), 128.65 (2CH, C16), 127.91 

(Cq, C13a), 127.16 (CH, C17), 127.08 (CH, C3), 126.21 (2CH, C15), 125.97 (CH, C4), 125.55 

(CH, C2), 121.75 (CH, C11), 119.77 (CH, C12), 118.18 (CH, C13), 109.87 (Cq, C13b), 109.78 

(CH, C10), 45.74 (CH2, C14), 28.53 (CH2, C8), 23.92 (CH2, C7). HRMS (ESI) m/z: [M + Na]+ 

calcd for C24H20N2ONa 375.1468; found 375.1458. 

 

7,8-Dihydroindolo[2,3-d][1]benzazepin-6(5H)-one (C). A suspension of 8-benzyl-7-

hydroindolo[2,3-d][1]benzazepin-6(5H)-one (3a, 635 mg, 1.88 mmol) in dry benzene 

(32 mL) was added dropwise to a suspension of aluminum chloride (1.25 g, 9.38 mmol) 

in dry benzene (32 mL) at boiling temperature. Then the reaction mixture was stirred 

under reflux for 5 min and cooled to room temperature. The resulting mixture was poured 

on a mixture of ice and 2 M aqueous hydrochloric acid (ca. 150 mL) and extracted with 

dichloromethane (4 × 100 mL). The organic phase was washed with saturated sodium 

bicarbonate solution and dried over magnesium sulfate. The organic phase was 

concentrated to a volume of ca. 30 mL and allowed to stand at room temperature for 1 h. 

Then, the white precipitate was filtered off, washed with benzene, and dried in vacuo. 

Yield: 333 mg, 71%. 1H NMR (500 MHz, DMSO-d6) δ 11.58 (s, 1H, H8), 10.09 (s, 1H, H5), 
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7.88 – 7.84 (m, 1H, H1), 7.81 (d, J = 7.7 Hz, 1H,H12), 7.45 (d, J = 7.8 Hz, 1H, H9), 7.30 – 

7.22 (m, 3H, H4, H3, H2), 7.20 – 7.08 (m, 2H, H10, H11), 3.55 (s, 2H, H7). 13C{H} NMR (126 

MHz, DMSO-d6) δ 170.02 (Cq, C6), 136.64 (Cq, C8a), 134.62 (Cq, C4a), 132.01 (Cq, C7a), 

127.94 (CH, C1), 126.72 (Cq, C12c), 126.09 (CH, C3), 125.68 (Cq, C12a), 124.58 (CH, C4), 

123.06 (CH, C2), 121.85 (CH, C10), 120.48 (CH, C11), 118.44 (CH, C12), 112.25 (CH, C9), 

109.53 (Cq, C12b), 35.53 (CH2, C7). HRMS (ESI) m/z: [M + Na]+ calcd for C16H12N2ONa 

271.0842; found 271.0839. 

 

Synthesis of compounds 4–24 

1-Benzyl-1-(4-bromophenyl)hydrazine. 4-Bromophenyl hydrazine (4.47 g, 20 mmol) was 

suspended in dry acetonitrile (66 mL) and cooled to 0 °C. Sodium hydride (60% dispersion 

in mineral oil, 1.68 g, 42 mmol) was added and the mixture was stirred for 1.5 h at 0 °C. 

Benzyl bromide (2.53 mL, 21.3 mmol) was mixed with dry acetonitrile (33 mL) and added 

dropwise at 0 °C. After complete addition, the solution was allowed to slowly reach room 

temperature and stirred overnight. On the next day the reaction mixture was poured on 

water (100 mL) and extracted with dichloromethane (3 × 150 mL). The organic phase was 

dried over magnesium sulfate and evaporated under reduced pressure. The residue was 

purified on a silica column using a mixture of hexane/ethyl acetate 9:1 as eluent. Yield: 

2.32 g, 42%. 1H NMR (500 MHz, DMSO) δ, ppm: δ 7.33 – 7.29 (m, 2H, HAr), 7.28 – 7.20 

(m, 5H, HAr), 6.91 (d, J = 9.1 Hz, 2H, HAr), 4.62 (s, 2H, CH2), 4.45 (s, 2H, NH2).  HRMS 

(ESI) m/z: [M + H]+ calcd for C13H14N2Br 277.0335; found 277.0327. Preparation of 1-

Benzyl-1-(4-bromophenyl)hydrazine by a different method has been described in the 

literature; NMR data was reported in CDCl3.[6]   

 

1-(Ethoxymethyl)-1H-indole (4). A solution of 1H-indole (1.24 g, 10.6 mmol) in dry 

dimethylformamide (21 mL) was cooled to 0 °C and sodium hydride (60% dispersion in 

mineral oil, 636 mg, 15.9 mmol) was added in portions. The mixture was stirred at 0 °C 

for 10 min and at room temperature for 1 h. Afterwards, chloromethyl ethyl ether (1.97 

mL, 21.2 mmol) was added dropwise and the resulting mixture was stirred at room 

temperature overnight. On the next day, the solvent was removed under reduced 

pressure. The residue was taken up in water (20 mL) and extracted with dichloromethane 
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(3 × 20 mL). The organic phase was dried over magnesium sulfate and evaporated under 

reduced pressure. The residue was purified on a silica column using a mixture of 

hexane/ethyl acetate 95:5 as eluent. Yield: 1.56 g, 84%. 1H NMR (500 MHz, DMSO-d6), 

δ, ppm: 7.59 – 7.53 (m, 2H, HAr), 7.46 (d, J = 3.2 Hz, 1H, HAr), 7.16 (ddd, J = 8.2, 7.1, 1.0 

Hz, 1H, HAr), 7.06 (ddd, J = 7.9, 7.1, 0.9 Hz, 1H, HAr), 6.48 (dd, J = 3.2, 0.7 Hz, 1H, HAr), 

5.55 (s, 2H, CH2OCH2CH3), 3.38 (q, J = 7.0 Hz, 2H, CH2OCH2CH3), 1.04 (t, J = 7.0 Hz, 

3H, CH2OCH2CH3). Preparation of compound 4 by a slightly different method has been 

described in the literature; however, NMR data was reported in CDCl3.[7] 

 

1-(Ethoxymethyl)-3-(2-nitrophenyl)-1H-indole (5). A mixture of 1-(ethoxymethyl)-1H-

indole (4, 6.27 g, 35.8 mmol), o-iodo-nitrobenzene (8.92 g, 35.8 mmol), palladium(II) 

acetate (804 mg, 3.58 mmol), and potassium carbonate (14.84 g, 107.4 mmol) in dry 

dioxane was stirred at 100 °C overnight. After cooling to room temperature, the mixture 

was filtered over Celite® and the filtrate was evaporated. The residue was purified on a 

silica column using a mixture of hexane/ethyl acetate 9:1 as eluent. Yield: 2.35 g, 22%. 

1H NMR (500 MHz, DMSO-d6) , δ, ppm: 8.15 (dd, J = 8.2, 1.2 Hz, 1H, HAr), 7.88 – 7.83 

(m, 1H, HAr), 7.79 – 7.75 (m, 1H, HAr), 7.73 – 7.68 (m, 1H, HAr), 7.66 (dd, J = 8.3, 0.6 Hz, 

1H, HAr), 7.59 (d, J = 7.8 Hz, 1H, HAr), 7.24 (ddd, J = 8.3, 7.1, 1.2 Hz, 1H, HAr), 7.15 – 

7.11 (m, 1H, HAr), 6.55 (d, J = 0.5 Hz, 1H, HAr), 5.34 (s, 2H, CH2OCH2CH3), 3.29 (q, J = 

7.0 Hz, 2H, CH2OCH2CH3), 0.96 (t, J = 7.0 Hz, 3H, CH2OCH2CH3). 

  

2-(1-(Ethoxymethyl)-1H-indol-3-yl)aniline (6). A suspension of 1-(ethoxymethyl)-3-(2-

nitrophenyl)-1H-indole (5, 1.00 g, 3.37 mmol) and palladium (10%) on activated charcoal 

(359 mg, 0.34 mmol Pd) in dry tetrahydrofuran was transferred into a pressurization 

vessel. The vessel was flushed with hydrogen (3 × 4 bar) and then filled with hydrogen 

(4 bar). The reaction mixture was stirred at room temperature overnight. On the next day, 

the suspension was filtered over Celite® and the filtrate was evaporated. The residue was 

purified on a silica column using a mixture of hexane/ethyl acetate 9:1 as eluent. Yield: 

700 mg, 78%. 1H NMR (500 MHz, DMSO-d6) , δ, ppm: 7.59 – 7.53 (m, 2H, HAr), 7.21 – 

7.06 (m, 4H, HAr), 6.79 (d, J = 7.9 Hz, 1H, HAr), 6.65 (t, J = 7.4 Hz, 1H, HAr), 6.47 (s, 1H, 
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HAr), 5.36 (s, 2H, CH2OCH2CH3), 4.92 (s, 2H, NH2), 3.18 (q, J = 7.0 Hz, 2H, 

CH2OCH2CH3), 0.89 (t, J = 7.0 Hz, 3H, CH2OCH2CH3). 

 

2-Chloro-N-(2-(1-(ethoxymethyl)-1H-indol-3-yl)phenyl)acetamide (7). A solution of 2-(1-

(ethoxymethyl)-1H-indol-3-yl)aniline (6, 226 mg, 0.85 mmol) and triethylamine (165 µL, 

1.19 mmol) in dry dichloromethane (5 mL) was cooled to 0 °C and a solution of 

chloroacetyl chloride (95 µL, 1.19 mmol) in dry dichloromethane (5 mL) was added 

dropwise. Afterwards, the reaction mixture was allowed to slowly reach room temperature 

and stirred for 48 h. The reaction was quenched with water (10 mL) and extracted with 

dichloromethane (3 × 10 mL). The combined organic phases were dried over magnesium 

sulfate and evaporated. The residue was purified on a silica column using a mixture of 

hexane/ethyl acetate first 9:1 then 8:2 as eluent. Yield: 230 mg, 79%. 1H NMR (500 MHz, 

DMSO-d6), δ, ppm: 9.41 (s, 1H, NH), 7.84 (d, J = 8.0 Hz, 1H, HAr), 7.63 – 7.58 (m, 2H, 

HAr), 7.52 – 7.46 (m, 2H, HAr), 7.34 (dd, J = 10.9, 4.1 Hz, 1H, HAr), 7.25 – 7.20 (m, 1H, 

HAr), 7.13 (dd, J = 11.0, 4.0 Hz, 1H, HAr), 6.58 (s, 1H, HAr), 5.29 (s, 2H, CH2OCH2CH3), 

4.17 (s, 2H, CH2Cl), 3.21 (q, J = 7.0 Hz, 2H, CH2OCH2CH3), 0.93 (t, J = 7.0 Hz, 3H, 

CH2OCH2CH3). 

 

N-Benzyl-2-chloro-N-(2-(1-(ethoxymethyl)-1H-indol-3-yl)phenyl)acetamide (8). A solution 

of 2-chloro-N-(2-(1-(ethoxymethyl)-1H-indol-3-yl)phenyl)acetamide (7, 230 mg, 

0.67 mmol) in dry acetonitrile (5 mL) was cooled to 0 °C and sodium hydride (60% 

dispersion in mineral oil, 38 mg, 0.94 mmol) was added. The resulting mixture was stirred 

at 0 °C for 10 min and a solution of benzyl bromide (88 µL, 0.74 mmol) in dry acetonitrile 

(5 mL) was added dropwise. The reaction mixture was allowed to slowly reach room 

temperature and stirred overnight. On the next day, the reaction was quenched with 

saturated aqueous ammonium chloride solution (20 mL) and extracted with 

dichloromethane (3 × 20 mL). The combined organic layers were dried over magnesium 

sulfate and evaporated. The residue was purified on a silica column using a mixture of 

hexane/ethyl acetate first 9:1 then 8:2 as eluent. Yield: 255 mg, 88%. 1H NMR (500 MHz, 

DMSO-d6), δ, ppm: 7.71 – 7.64 (m, 2H, HAr), 7.61 (d, J = 7.8 Hz, 1H, HAr), 7.55 (td, J = 

7.6, 1.1 Hz, 1H, HAr), 7.44 (td, J = 7.8, 1.5 Hz, 1H, HAr), 7.26 – 7.08 (m, 8H, HAr), 6.55 (s, 
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1H, HAr), 5.46 (d, J = 11.0 Hz, 1H, CH2OCH2CH3), 5.37 (d, J = 11.0 Hz, 1H, 

CH2OCH2CH3), 5.08 (d, J = 14.7 Hz, 1H, CH2C6H5), 4.30 (d, J = 13.7 Hz, 1H, CH2Cl), 

4.11 (d, J = 13.7 Hz, 1H, CH2Cl), 3.79 (d, J = 14.7 Hz, 1H, CH2C6H5), 3.51 – 3.40 (m, 2H, 

CH2OCH2CH3 (overlapped water peak)), 0.98 (t, J = 7.0 Hz, 3H, CH2OCH2CH3).  

 

N-Benzyl-N-(2-(1-(ethoxymethyl)-1H-indol-3-yl)phenyl)-2-iodoacetamide (9). A 

suspension of N-benzyl-2-chloro-N-(2-(1-(ethoxymethyl)-1H-indol-3-yl)phenyl)acetamide 

(8, 216 mg, 0.50 mmol) and sodium iodide (748 mg, 4.99 mmol) in acetone (6 mL) was 

stirred at room temperature overnight. On the next day, the reaction mixture was diluted 

with ethyl acetate (50 mL) and washed with 10% aqueous sodium thiosulfate solution (2 × 

20 mL). The organic phase was dried over magnesium sulfate and evaporated. The 

residue was purified on a silica column using a mixture of hexane/ethyl acetate first 9:1 

then 8:2 as eluent. Yield: 208 mg, 79%. 1H NMR (500 MHz, DMSO-d6), δ, ppm: 7.70 – 

7.64 (dd, J = 12.5, 4.8 Hz, 2H, HAr), 7.60 (d, J = 7.8 Hz, 1H, HAr), 7.55 (td, J = 7.6, 1.2 Hz, 

1H, HAr), 7.45 (td, J = 7.7, 1.5 Hz, 1H, HAr), 7.28 – 7.21 (m, 4H, HAr), 7.18 – 7.08 (ddd, J 

= 10.5, 9.3, 4.3 Hz, 4H, HAr), 6.60 (s, 1H, HAr), 5.43 (d, J = 11.0 Hz, 1H, CH2OCH2CH3), 

5.36 (d, J = 11.0 Hz, 1H, CH2OCH2CH3), 5.09 (d, J = 14.7 Hz, 1H, CH2C6H5), 3.82 – 3.75 

(m, 2H, CH2C6H5, CH2I), 3.63 (d, J = 10.5 Hz, 1H, CH2I), 3.48 – 3.40 (m, 2H, 

CH2OCH2CH3), 0.99 (t, J = 7.0 Hz, 3H, CH2OCH2CH3).  

 

(1H-Indole-2-yl)methanol (10). The synthesis was carried out by following a modified 

literature procedure [8]. A solution of indole-2-carboxylate (6.00 g, 31.71 mmol) in dry 

tetrahydrofuran (100 mL) was added dropwise to a suspension of lithium aluminum 

hydride (1.80 g, 47.56 mmol) in dry tetrahydrofuran (42 mL) at 0 °C. The resulting mixture 

was refluxed for 4 h, then cooled to 0 °C, and water (5 mL) was added slowly, followed 

by a solution of sodium hydroxide (0.75 g, 18.75 mmol) in water (5 mL). The mixture was 

stirred at room temperature for 1 h. Then, the precipitate was filtered off and washed with 

tetrahydrofuran. The filtrate was dried over magnesium sulfate and concentrated under 

reduced pressure. Yield: 3.60 g, 89%. 1H NMR (500 MHz, DMSO-d6), δ, ppm: 10.99 (s, 

1H, NH), 7.44 (d, J = 7.8 Hz, 1H, HAr), 7.31 (dd, J = 8.1, 0.7 Hz, 1H, HAr), 7.05 – 6.98 (m, 

1H, HAr), 6.95 – 6.90 (m, 1H, HAr), 6.25 (d, J = 1.1 Hz, 1H, HAr), 5.23 (t, J = 5.5 Hz, 1H, 
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CH2OH), 4.59 (d, J = 5.2 Hz, 2H, CH2OH). Preparation of compound 10 by a slightly 

different method has been described in the literature; however, NMR data was reported 

in CDCl3.[9]  

 

(1H-Indol-2-yl)methyl benzoate (11). The compound was prepared by following a reported 

procedure [10]. Yield: 6.79 g, 89%.  1H NMR (500 MHz, DMSO-d6), δ, ppm: 11.33 (s, 1H, 

NH), 8.01 (dd, J = 8.3, 1.2 Hz, 2H, HAr), 7.70 – 7.64 (m, 1H, HAr), 7.54 – 7.52 (m, 3H, HAr), 

7.40 – 7.35 (m, 1H, HAr), 7.14 – 7.07 (m, 1H, HAr), 7.02 – 6.96 (m, 1H, HAr), 6.55 (d, J = 

1.3 Hz, 1H, HAr), 5.46 (s, 2H, CH2). Preparation of compound 11 has been described in 

the literature; however, NMR data was reported in CDCl3.[10]  

 

2-(1H-Indol-2-yl)acetonitrile (12). The compound was synthesized as reported in the 

literature [11]. Yield: 2.24 g, 53%. 1H NMR (500 MHz, DMSO-d6), δ, ppm: 11.29 (s, 1H, 

NH), 7.49 (d, J = 7.8 Hz, 1H, HAr), 7.34 (dd, J = 8.1, 0.7 Hz, 1H, HAr), 7.13 – 7.04 (m, 1H, 

HAr), 7.03 – 6.93 (m, 1H, HAr), 6.37 (d, J = 1.1 Hz, 1H, HAr), 4.18 (d, J = 0.5 Hz, 2H, CH2). 

Preparation of compound 12 by a slightly different method has been described in the 

literature; however, NMR data was reported in CDCl3.[11]  

 

Methyl indol-2-ylacetate (13). The synthesis was carried out by following a modified 

literature procedure [12]. A solution of 2-(1H-indol-2-yl)acetonitrile (12, 1.10 g, 7.04 mmol) 

in dry methanol (40 mL) was cooled to 0 °C and a stream of gaseous hydrogen chloride 

was bubbled through the solution for 20 min. Then the mixture was stirred at room 

temperature for 48 h. Afterwards, the mixture was neutralized using saturated aqueous 

sodium bicarbonate solution and extracted with dichloromethane (5 × 60 mL). The 

combined organic layers were dried over magnesium sulfate and concentrated under 

reduced pressure. The residue was purified on a silica column by using a mixture of 

hexane/ethyl acetate 3:1 as eluent. Yield: 1.10 g, 83%. 1H NMR (500 MHz, DMSO-d6), δ, 

ppm: 11.03 (s, 1H, NH), 7.44 (d, J = 7.9 Hz, 1H, , HAr), 7.31 (dd, J = 8.1, 0.8 Hz, 1H, HAr), 

7.03 (ddd, J = 8.1, 7.1, 1.2 Hz, 1H, HAr), 6.94 (td, J = 7.5, 1.0 Hz, 1H, HAr), 6.26 (d, J = 

1.2 Hz, 1H, HAr), 3.84 (s, 2H, CH2), 3.65 (s, 3H, CH3). Preparation of compound 13 by a 

different method was described in the literature; NMR data was reported in CDCl3 [13].  
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2-(1H-Indol-2-yl)acetic acid (14). The compound was prepared by adapting the procedure 

reported for a similar acid [14]. Methyl indol-2-ylacetate (13, 4.08 g, 21.56 mmol) was 

dissolved in a mixture of tetrahydrofuran/water/methanol 1:1:1 (120 mL) and lithium 

hydroxide monohydrate (1.69 g, 41.96 mmol) was added. The resulting reaction mixture 

was stirred at room temperature for 16 h and then diluted with water (80 mL), acidified 

with 1 M hydrochloric acid to pH ≈ 1 and extracted with ethyl acetate (3 × 60 mL). The 

combined organic phases were washed with water and brine, concentrated under 

reduced pressure to give a pale-beige solid. Yield: 3.60 g, 95%. 1H NMR (500 MHz, 

DMSO-d6), δ, ppm: 12.50 (s, 1H, COOH), 10.99 (s, 1H, NH), 7.43 (d, J = 7.8 Hz, 1H, HAr), 

7.30 (dd, J = 8.0, 0.8 Hz, 1H, HAr), 7.01 (ddd, J = 8.1, 7.1, 1.2 Hz, 1H, HAr), 6.95 – 6.91 

(m, 1H, HAr), 6.24 (d, J = 1.2 Hz, 1H, HAr), 3.72 (s, 2H, CH2). Analytical data are in 

accordance with those reported in the literature.[13]  

 

2-(1H-Indol-2-yl)-N-(2-iodophenyl)acetamide (15). The compound was prepared by 

adapting a procedure reported for a similar amide [15]. Under argon atmosphere 1-

[bis(dimethylamino)methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium 3-oxide hexafluoro-

phosphate (HATU, 1.65 g, 4.34 mmol) was added to a solution of N,N-

diisopropylethylamine (DIPEA, 1,35 mL, 7.81 mmol) and 2-(1H-indol-2-yl)acetic acid (14, 

0.66 g, 3.77 mmol) in dry dimethylformamide (5 mL). After 6 min, 2-iodoaniline (0.75 g, 

3.47 mmol) was added. The reaction mixture was stirred at room temperature overnight. 

On the next day the reaction mixture was diluted with water (5 mL) and extracted with 

chloroform (5 × 20 mL). The organic phases were combined, dried over magnesium 

sulfate, and concentrated under reduced pressure. The residue was purified on a silica 

column by using a mixture of hexane/ethyl acetate 3:1 as eluent. Yield: 0.32 g, 23%. 1H 

NMR (500 MHz, DMSO-d6), δ, ppm: 11.04 (s, 1H, NH), 9.51 (s, 1H, CONH), 7.87 (d, J = 

7.0 Hz, 1H, HAr), 7.52 (d, J = 6.8 Hz, 1H, HAr), 7.45 (d, J = 7.8 Hz, 1H, HAr), 7.38 (t, J = 

7.1 Hz, 1H, HAr), 7.33 (d, J = 8.1 Hz, 1H, HAr), 7.05 – 7.00 (m, 1H, HAr), 6.95 (ddd, J = 

14.9, 10.9, 3.9 Hz, 2H, HAr), 6.36 (s, 1H, HAr), 3.87 (s, 2H, CH2). 
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tert-Butyl 2-(2-((tert-butoxycarbonyl)(2-iodophenyl)amino)-2-oxoethyl)-1H-indole-1-

carboxylate (16). To a solution of 2-(1H-indol-2-yl)-N-(2-iodophenyl)acetamide (15, 

550 mg, 1.46 mmol) in dry acetonitrile (27 mL) under argon atmosphere 4-

dimethylaminopyridine (178 mg, 1.46 mmol) and di-tert-butyl dicarbonate (573 mg, 

2.63 mmol) were added. The mixture was stirred at room temperature for 12 h. Then the 

solvent was removed under reduced pressure. The crude solid was washed with water 

and extracted with ethyl acetate (3 × 20 mL). The organic phases were combined, dried 

over magnesium sulfate, and concentrated under reduced pressure. The residue was 

purified on a silica column by using a mixture of hexane/ethyl acetate 3:1 as eluent. Yield: 

723 mg, 86%. 1H NMR (500 MHz, DMSO-d6), δ, ppm: 7.98 (d, J = 8.6 Hz, 1H, HAr), 7.91 

(dd, J = 7.9, 1.3 Hz, 1H, HAr), 7.53 (d, J = 7.3 Hz, 1H, HAr), 7.45 (td, J = 7.7, 1.4 Hz, 1H, 

HAr), 7.26 – 7.23 (m, 2H, HAr), 7.22 – 7.18 (m, 1H, HAr), 7.11 (td, J = 7.7, 1.5 Hz, 1H, HAr), 

6.69 (s, 1H, HAr), 4.82 (d, J = 18.1 Hz, 1H, CH2), 4.56 (d, J = 18.2 Hz, 1H, CH2), 1.63 (s, 

9H, (CH3)3), 1.38 (s, 9H, (CH3)3). 

 

N-(Ethoxymethyl)-2-[1-(ethoxymethyl)-1H-indole-2-yl]-N-(2-iodophenyl)acetamide (17). 

To a solution of 2-(1H-indol-2-yl)-N-(2-iodophenyl)acetamide (15, 20 mg, 0.05 mmol) in 

dry tetrahydrofuran (0.5 mL) at 0 °C sodium hydride (60% dispersion in mineral oil, 3 mg, 

0.068 mmol) was added. The mixture was stirred at 0 °C for 30 min. Then chloromethyl 

ethyl ether (10 µL, 0.108 mmol) was added. The ice–water bath was removed and the 

mixture was stirred at room temperature overnight. On the next day, the solvent was 

removed under reduced pressure. The residue was taken up in water (1 mL) and 

extracted with dichloromethane (3 × 5 mL). The organic phase was dried over magnesium 

sulfate and evaporated under reduced pressure. The residue was purified on a silica 

column by using a mixture of hexane/ethyl acetate 95:5 as eluent. Yield: 3.34 mg, 18%. 

1H NMR (500 MHz, DMSO-d6), δ, ppm: 8.08 (dd, J = 7.9, 1.3 Hz, 1H, HAr), 7.54 – 7.50 

(m, 2H, HAr), 7.48 – 7.42 (m, 2H, HAr), 7.24 – 7.22 (m, 1H, HAr), 7.11 (t, J = 7.1 Hz, 1H, 

HAr), 7.02 (t, J = 7.5 Hz, 1H, HAr), 6.28 (s, 1H, HAr), 5.48 (d, J = 10.5 Hz, 1H, 

CH2OCH2CH3), 5.42 (d, J = 2.8 Hz, 1H, CH2CO), 4.43 (d, J = 10.5 Hz, 1H, CH2OCH2CH3), 

3.67 – 3.62 (m, J = 1.8 Hz, 2H, CH2OCH2CH3), 3.58 – 3.53 (m, 1H, CH2OCH2CH3), 3.47 

(d, J = 16.9 Hz, 1H, CH2OCH2CH3), 3.37 (s, 1H, CH2OCH2CH3), 3.24 – 3.22 (m, 1H, 
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CH2OCH2CH3), 1.12 (t, J = 8.3, 5.7 Hz, 3H, CH2OCH2CH3), 0.95 (t, J = 7.0 Hz, 3H, 

CH2OCH2CH3). 

 

5,8-Bis(ethoxymethyl)-7,8-dihydro[2,3-d][1]benzazepin-6(5H)-one (18). A mixture of N-

(ethoxymethyl)-2-[1-(ethoxymethyl)-1H-indole-2-yl]-N-(2-iodophenyl)acetamide (17, 20 

mg, 0.04 mmol), triphenylphosphine (5.3 mg, 0.02 mmol), palladium(II) acetate (2.25 mg, 

0.01 mmol), and silver carbonate (27.5 mg, 0.10 mmol) was vigorously stirred in dry 

dimethylformamide (2 mL) under argon atmosphere at 100 °C for 1 h. Then the mixture 

was cooled to room temperature, the solvent was removed under reduced pressure, the 

residue was taken up in dichloromethane, and filtered over Celite®, followed by 

dichloromethane washing. The solvent was evaporated under reduced pressure, and the 

crude product was purified on a silica column by using a mixture of hexane/ethyl acetate 

3:1 as eluent. Yield: 3 mg, 30%. 1H NMR (500 MHz, CDCl3), δ, ppm: 7.94 – 7.90 (m, 2H, 

HAr), 7.86 (dd, J = 7.8, 1.7 Hz, 1H, HAr), 7.56 (d, J = 8.1 Hz, 1H, HAr), 7.40 – 7.37 (m, 2H, 

HAr), 7.32 – 7.29 (m, 1H, HAr), 7.28 – 7.26 (m, J = 1.0 Hz, 1H, HAr, (overlapped solvent 

residual peak)), 5.72 (d, J = 11.6 Hz, 1H, CH2), 5.60 (d, J = 11.6 Hz, 1H, CH2), 5.41 (d, J 

= 9.9 Hz, 1H, CH2OCH2CH3), 4.70 (d, J = 9.9 Hz, 1H, CH2OCH2CH3), 4.01 (d, J = 13.9 

Hz, 1H, CH2OCH2CH3), 3.68 – 3.63 (m, 1H, CH2OCH2CH3), 3.54 – 3.46 (m, 2H, 

CH2OCH2CH3), 3.38 (d, J = 13.9 Hz, 2H, CH2OCH2CH3), 1.22 – 1.19 (m, 3H, 

CH2OCH2CH3, overlapped n-hexane peak)), 0.85 – 0.82 (m, 3H, CH2OCH2CH3, 

overlapped n-hexane peak).  ESI-MS (acetonitrile/methanol + 1% water), positive: m/z 

387.26 [M + Na]+. 

 

Ethyl 1-benzyl-1H-indole-2-carboxylate (19). A suspension of ethyl 1H-indole-2-

carboxylate (6.00 g, 31.7 mmol) in dry acetonitrile was cooled to 0 °C and sodium hydride 

(60% dispersion in mineral oil, 1.77 g, 44.4 mmol) was added in small portions. The 

resulting mixture was stirred at 0 °C for 10 min and a solution of benzyl bromide (4.52 mL, 

38.0 mmol) in dry acetonitrile (50 mL) was added dropwise. Afterwards, the reaction 

mixture was allowed to slowly reach room temperature and stirred overnight. On the next 

day, the reaction was quenched with saturated aqueous ammonium chloride solution 

(100 mL) and extracted with dichloromethane (3 × 150 mL). The combined organic layers 
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were dried over magnesium sulfate and evaporated. The residue was purified on a silica 

column by using a mixture of hexane/ethyl acetate 9:1 as eluent. Yield: 7.80 g, 88%. 1H 

NMR (500 MHz, DMSO-d6), δ, ppm: 7.72 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 8.5 Hz, 1H), 

7.38 (d, J = 0.4 Hz, 1H), 7.33 – 7.29 (m, 1H, HAr), 7.26 (t, J = 7.4 Hz, 2H, HAr), 7.19 (t, J 

= 7.3 Hz, 1H, HAr), 7.14 (t, J = 7.4 Hz, 1H, HAr), 7.02 (d, J = 7.2 Hz, 2H, HAr), 5.87 (s, 2H, 

CH2C6H5), 4.31 – 4.25 (m, 2H, CH2CH3), 1.28 (t, J = 7.1 Hz, 3H, CH2CH3). Preparation of 

compound 19 by slightly different methods has been described in the literature; however, 

NMR data in DMSO-d6 was not reported.[8],[16],[17],[18],[19],[20] 

 

1-Benzyl-1H-indole-2-carboxylic acid (20). A suspension of ethyl 1-benzyl-1H-indole-2-

carboxylate (19, 3.00 g, 10.75 mmol) and lithium hydroxide monohydrate in 

tetrahydrofuran/methanol/water 1:1:1 (54 mL) was stirred at room temperature overnight. 

On the next day, water (150 mL) was added and the resulting mixture was acidified with 

1 M hydrochloric acid to pH ≈ 2. The resulting mixture was extracted with ethyl acetate 

(2 × 200 mL). The combined organic layers were dried over magnesium sulfate and 

evaporated. The raw product was recrystallized from ethyl acetate (20 mL). Yield: 1.45 g, 

54%. 1H NMR (500 MHz, DMSO-d6), δ, ppm: 13.00 (s, 1H, COOH), 7.70 (d, J = 8.0 Hz, 

1H, HAr), 7.53 (d, J = 8.5 Hz, 1H, HAr), 7.33 (s, 1H, HAr), 7.30 – 7.23 (m, 3H, HAr), 7.19 (t, 

J = 7.3 Hz, 1H, HAr), 7.12 (t, J = 7.4 Hz, 1H, HAr), 7.02 (d, J = 7.2 Hz, 2H, HAr), 5.88 (s, 

2H, CH2C6H5). X-ray diffraction quality crystals were obtained by slow evaporation of a 

solution of 20 in ethyl acetate. Preparation of compound 20 by slightly different methods 

was described in the literature; however, NMR data was reported in a mixture of DMSO-

d6 and CDCl3.[21]  

 

1-Benzyl-1H-indole-2-carboxylic anhydride (21). (From an attempt to synthesize 1-(1-

benzyl-1H-indol-2-yl)-2-diazoethan-1-one). A few drops of dry dimethylformamide were 

added to a suspension of 1-benzyl-1H-indole-2-carboxylic acid (500 mg, 1.99 mmol) in 

dry dichloromethane (5 mL). The mixture was cooled to 0 °C and a solution of oxalyl 

chloride (256 µL, 2.99 mmol) in dry dichloromethane (5 mL) was added dropwise. The 

resulting mixture was stirred at room temperature and the reaction was monitored by TLC. 

After 3 h complete conversion was observed, and the solvent was removed under 
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reduced pressure. Trimethylsilyl diazomethane (2 M in hexane, 2.08 mL, 4.16 mmol) was 

diluted with dry acetonitrile and triethylamine (303 µL, 2.19 mmol) was added. The 

solution was cooled to 0 °C and a solution of the acid chloride in dry acetonitrile (5 mL) 

was added dropwise. The resulting mixture was allowed to slowly reach room 

temperature and stirred overnight. On the next day, the solvent was removed under 

reduced pressure and the residue was taken up in saturated aqueous sodium bicarbonate 

solution (30 mL). The resulting mixture was extracted with dichloromethane (3 × 30 mL). 

The combined organic layers were dried over magnesium sulfate and evaporated. The 

residue was purified on a silica column by using a mixture of hexane/ethyl acetate 9:1 as 

eluent. Yield: 166 mg, 34%. 1H NMR (500 MHz, DMSO-d6), δ, ppm: 7.81 (d, J = 8.1 Hz, 

2H, HAr), 7.74 (s, 2H, HAr), 7.68 (d, J = 8.6 Hz, 2H, HAr), 7.43 (t, J = 7.4 Hz, 2H, HAr), 7.28 

(t, J = 7.4 Hz, 4H, HAr), 7.25 – 7.19 (m, 4H, HAr), 7.06 (d, J = 7.3 Hz, 4H, HAr), 5.88 (s, 4H, 

CH2C6H5). X-ray diffraction quality crystals of 21 were obtained by recrystallization from 

ethanol. Compound 21 has been reported previously; however, we were unable to 

retrieve any information regarding its preparation or spectral data from the patent in 

Japanese language.[22]  

 

1,4-bis(2-Bromophenyl)piperazine-2,5-dione (22). (From an attempt to synthesize N-(2-

bromophenyl)-2-(1H-indol-2-yl)acetamide, by a known protocol) [23]. A suspension of 2-

bromo-N-(2-bromophenyl)acetamido [3] (586 mg, 2,00 mmol), 1H-indole (117 mg, 

1.00 mmol), norbornene (188 mg, 2.00 mmol), potassium carbonate (276 mg, 2.00 

mmol), and bis(acetonitrile)palladium(II) dichloride (26 mg, 0.10 mmol) in 0.5 M 

water/dimethylacetamide (5 mL) was degassed 3 times by the freeze-pump-thaw method 

and stirred overnight at 70 °C. After cooling to room temperature, the reaction mixture 

was diluted with diethyl ether and filtered. The filtrate was evaporated and the residue 

was crystallized from ethyl acetate to give 22 as a beige solid. Yield: 259 mg, 61%. 1H 

NMR (500 MHz, DMSO-d6), δ, ppm: 7.79 (d, J = 7.9 Hz, 2H, HAr), 7.53 (dd, J = 5.8, 3.6 

Hz, 4H, HAr), 7.41 – 7.35 (m, 2H, HAr), 4.70 – 4.04 (m, 2H, CH2). ESI-MS 

(acetonitrile/methanol + 1% water), positive: m/z 424.92 [M + H]+, 446.89 [M + Na]+. X-

ray diffraction quality crystals were obtained by slow evaporation of a solution of 22 in 

ethyl acetate. 
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Ethyl 3-iodo-1H-indole-2-carboxylate (23) [24]. To indole-2-carboxylate (1.0 g, 

5.29 mmol) in dry dimethylformamide (20 mL) powdered potassium hydroxide (0.89 g, 

15.86 mmol) and iodine (1.48 g, 5.53 mmol) in dry dimethylformamide (1 mL) were added. 

Then, the reaction mixture was stirred at room temperature for 3 h. After completion of 

the reaction as indicated by TLC, the reaction mixture was quenched with 10% sodium 

bisulfite solution and extracted with ethyl acetate (3 × 50 mL). The ethyl acetate extract 

was repeatedly washed with 10% sodium thiosulfate and water. The combined organic 

phases were dried and concentrated under reduced pressure to afford the pure product. 

Yield: 1.33 g, 80%. 1H NMR (500 MHz, CDCl3), δ, ppm: 9.30 (s, 1H, NH), 7.57 (dd, J = 

8.1, 0.8 Hz, 1H, HAr), 7.39 (d, J = 0.6 Hz, 2H, HAr), 7.23 (ddd, J = 8.0, 6.1, 1.8 Hz, 1H, 

HAr), 1.65 (s, 2H, CH2CH3), 1.47 (t, J = 7.1 Hz, 3H, CH2CH3). Preparation of compound 

23 by a different method was described in the literature; NMR data was reported in 

CDCl3.[25]  

 

2,2’-Dinitrobiphenyl (24). (In an attempt to synthesize ethyl 3-(2-nitrophenyl)-1H-indole-2-

carboxylate) [26]. A mixture of ethyl 3-iodo-1H-indole-2-carboxylate (23, 1.33 g, 

4.22 mmol) and o-bromo-nitrobenzene (0.85 g, 4.22 mmol) in dimethyl sulfoxide (25 mL) 

was treated with tris(dibenzylideneacetone)dipalladium(0) (125.9 mg, 0.138 mmol) and 

copper powder (1.33 g, 20.76 mmol, 0.01 g-atom). The resulting mixture was vigorously 

stirred at 80 °C for 2 h and then cooled to room temperature, diluted with diethyl ether 

(80 mL), and filtered over Celite®. The filtrate was washed with water and brine, dried 

over magnesium sulfate, and evaporated under reduced pressure. The residue was 

purified on a silica column by using hexane/ethyl acetate 4:1 as eluent. Yield: 391 mg, 

76%. 1H NMR (500 MHz, DMSO-d6), δ, ppm: 8.23 (dd, J = 7.9, 1.2 Hz, 2H, HAr), 7.84 (dd, 

J = 8.1, 1.5 Hz, 2H, HAr), 7.73 (m, 2H, HAr), 7.50 (td, J = 7.7, 1.5 Hz, 2H, HAr). X-ray 

diffraction quality crystals were grown by slow evaporation of a solution of 24 in ethyl 

acetate. Preparation of 24 by slightly different methods was described in the literature; 

NMR data was reported in CDCl3.[27] The X-ray diffraction crystal structure of 24 at room 

temperature was reported previously.[28] 
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X-ray crystallography data 
 

 
Figure S2: ORTEP view of 14 with thermal ellipsoids drawn at 50% probability level. 

 

 
Figure S3: ORTEP view of 21 with thermal ellipsoids drawn at 50% probability level. 

 

 
Figure S4: ORTEP view of 22 with thermal ellipsoids drawn at 50% probability level. 
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Figure S5: ORTEP view of 2c with thermal ellipsoids drawn at 50% probability level. 

 

 

 
Figure S6: ORTEP view of 24 with thermal ellipsoids drawn at 50% probability level. This 

X-ray diffraction structure was determined at 100 K. The same structure with diffraction 

data collected at room temperature is available in Cambridge Structural Database with 

reference code ZZZJPA. 

 

 

NMR-spectra  
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Figure S7: 1H NMR spectrum of 1a in DMSO (600 MHz). 
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Figure S8: 13C NMR spectrum of 1a in DMSO (151 MHz). 

DMSO 
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Figure S9: 1H NMR spectrum of 1b in DMSO (500 MHz).   
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water 
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Figure S10: 13C NMR spectrum of 1b in DMSO (126 MHz). 

DMSO 
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Figure S11: 1H NMR spectrum of 1c in DMSO (500 MHz).   
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Figure S12: 13C NMR spectrum of 1c in DMSO (126 MHz).  

DMSO 
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Figure S13: 1H NMR spectrum of 2a in DMSO (700 MHz). 
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Figure S14: 13C NMR spectrum of 2a in DMSO (176 MHz). 
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Figure S15: 1H NMR spectrum of 2c in DMSO (500 MHz).  
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Figure S16: 13C NMR spectrum of 2c in DMSO (126 MHz).  

DMSO 
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Figure S17. 1H NMR spectrum of 3a in DMSO (600 MHz). 
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Figure S18: 13C NMR spectrum of 3a in DMSO (151 MHz). 

DMSO 
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Figure S19. 1H NMR spectrum of 3b in DMSO (500 MHz).  
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water 



S36 

 
Figure S20: 13C NMR spectrum of 3b in DMSO (126 MHz).  

DMSO 
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Figure S21. 1H NMR spectrum of 3c in DMSO (500 MHz).   

ethyl acetate 
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Figure S22: 13C NMR spectrum of 3c in DMSO (126 MHz). 
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Figure S23: 1H NMR spectrum of C in DMSO (500 MHz). 
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Figure S24: 13C NMR spectrum of C in DMSO (126 MHz). 
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Figure S25: 1H NMR spectrum of 4 in DMSO (500 MHz). 
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Figure S26. 1H NMR spectrum of 5 in DMSO (500 MHz). 
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Figure S27: 1H NMR spectrum of 6 in DMSO (500 MHz). 
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Figure S28: 1H NMR spectrum of 7 in DMSO (500 MHz). 

DMSO 

water 



S45 

 
Figure S29: 1H NMR spectrum of 8 in DMSO (500 MHz). 
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Figure S30: 1H NMR spectrum of 9 in DMSO (500 MHz). 
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Figure S31: 1H NMR spectrum of 10 in DMSO (500 MHz). 

THF 

water 

DMSO 



S48 

 
Figure S32: 1H NMR spectrum of 11 in DMSO (500 MHz).  
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Figure S33: 1H NMR spectrum of 12 in DMSO (500 MHz).  
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Figure S34: 1H NMR spectrum of 13 in DMSO (500 MHz).  

DMSO 

water 



S51 

 
Figure S35: 1H NMR spectrum of 14 in DMSO (500 MHz).  
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Figure S36: 1H NMR spectrum of 15 in DMSO (500 MHz). 
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Figure S37: 1H NMR spectrum of 16 in DMSO (500 MHz).  
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Figure S38: 1H NMR spectrum of 17 in DMSO (500 MHz).  
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Figure S39: 1H NMR spectrum of 18 in CDCl3 (500 MHz).  
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Figure S40: 1H NMR spectrum of 19 in DMSO (500 MHz). 
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Figure S41: 1H NMR spectrum of 20 in DMSO (500 MHz). 
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Figure S42: 1H NMR spectrum of 21 in DMSO (500 MHz). 
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Figure S43: 1H NMR spectrum of 22 in DMSO (500 MHz). 
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Figure S44: 1H NMR spectrum of 23 in CDCl3 (500 MHz).  
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Figure S45: 1H NMR spectrum of 24 in DMSO (500 MHz). 
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Figure S46: 1H NMR spectrum of 1-benzyl-1-(4-bromophenyl)hydrazine in DMSO (500 MHz). 
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Figure S47: 1H NMR spectrum of methyl 5-(2-nitrophenyl)-4-oxopentanoate in DMSO (500 MHz).
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