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1. General Information 

All reactions were carried out in oven-dried glassware. Solvents were dried by the 

standard methods. Flash column chromatography was performed using silica gel (300-

400 mesh). Analytical thin-layer chromatography was performed using glass plates pre-

coated with 200-300 mesh silica gel impregnated with a fluorescent indicator (254 nm). 

1H NMR and 13C NMR spectra were recorded in DMSO-d6 on a 400 or 500 MHz 

spectrometer; chemical shifts were reported in ppm with the solvent signal as reference, 

and coupling constants (J) were given in Hertz. The peak information was described as: 

br = broad, s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, comp = 

composite. High-resolution mass spectra (HRMS) were recorded on a commercial 

apparatus (ESI or CI Source). 

 

Materials: CH2Cl2 & ClCH2CH2Cl was distilled over calcium hydride (CaH2) prior to 

use. 4 Å molecular sieves were dried in a Muffle furnace at 250 ℃ over 5 hrs. Alcohols 

and phosphoric acid 4a, 4d, 4e, 4f was commercial available, diazo ketones 1 were 

prepared according to the literature procedures [1] and 3 were synthesized similarly to 

the literature.[2] Phosphoric acid 4b, 4c were prepared according to the literature.[3]  All 

small scale reactions were carried out under argon atmosphere in a well-dried glassware. 

Reactions were monitored by TLC on silica gel using a combination of hexane and 

ethyl acetate as eluents. Reactions were generally run under a nitrogen atmosphere. 

Solvents were distilled prior to use; petroleum ether with a boiling range of 60 to 80 oC 

was used. Silica gel (300–400 mesh) were used for column chromatography (20–30 g 

per one gram of crude material). 
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2. General Procedure for the Preparation of Azonaphthalenes 3. 

 

To a solution of 2-Naphthylhydrazine hydrochloride (2.0 g, 10.0 mmol) in THF (20.0 

mL) was added Et3N (3.1 mL, 22.0 mmol). The mixture was cooled to 0℃ and the 

corresponding chloroformate or substituted benzoyl chloride (11.0 mmol) was added 

dropwise under stirring. The reaction mixture was then stirred for additional 15 min at 

0 ℃ and 1 h at room temperature. Then reaction was then quenched with water (20 mL) 

and extracted with CH2Cl2 (5 x 10 mL), the organic layers were combined and washed 

with saturated aq. NaHCO3 (50 mL) and brine (50 mL). After dried over Na2SO4 and 

concentrated to ~20 mL, PCC (3.2 g, 15.0 mmol) was then added in and stirred at room 

temperature until hydrazide completely consumed (monitored by TLC). The reaction 

mixture was then filtered through celite and the filtrate was concentrated and purified 

by silica gel flash chromatography (n-Hexanes: EtOAc = 100:1 to 20:1) to afford pure 

products 3 as solid. 

 

 (E)-(Naphthalen-2-yldiazenyl)(2,4,6-trichlorophenyl)methanone (3c). 44% yield. 

Dark red solid, mp = 115.1-117.3 oC. 1H NMR (500 MHz, CDCl3) δ 8.54 (s, 1H), 8.00 

(d, J = 6.7 Hz, 2H), 7.90 (d, J = 8.4 Hz, 2H), 7.65 (t, J = 7.5 Hz, 1H), 7.59 (t, J = 7.5 

Hz, 1H), 7.39 (s, 2H); 13C NMR (125 MHz, CDCl3) δ 179.2, 149.6, 136.8, 136.5, 134.7, 

134.2, 133.1, 132.9, 130.3, 129.9, 129.8, 128.2, 128.0, 127.5, 115.5; HRMS (TOF MS 

CI+) calculated forC17H9Cl3N2O [M+H]+: 362.9853, found: 362.9851. 
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(E)-(2,6-Dimethylphenyl) (naphthalen-2-yldiazenyl) methanone (3ca). 63% yield. 

Dark red solid, mp = 213.8-214.9 oC. 1H NMR (500 MHz, CDCl3) δ 8.55 (s, 1H), 8.02 

(d, J = 7.9 Hz, 1H), 7.96 – 7.89 (comp, 3H), 7.66 – 7.58 (comp , 2H), 7.31 – 7.28 (m, 

1H), 7.13 (d, J = 7.4 Hz, 2H), 2.46 (s, 6H); 13C NMR (125 MHz, CDCl3) δ 188.2, 149.6, 

136.0, 135.8, 134.9, 133.2, 132.1, 130.2, 129.9, 129.5, 129.0, 128.1, 127.8, 127.2, 115.6, 

2, 20.6; HRMS (TOF MS CI+) calculated for C19H16N2O [M+H]+ : 289.1335, found: 

289.1338.   

 

(E)-(2,6-Dichlorophenyl) (naphthalen-2-yldiazenyl) methanone (3cb). 51% yield. 

Dark red solid, mp = 152.9-154.2 oC . 1H NMR (500 MHz, CDCl3) δ 8.56 (s, 1H), 8.02 

(t, J = 6.5 Hz, 2H), 7.92 (d, J = 8.5 Hz, 2H), 7.67 (t, J = 7.4 Hz, 1H), 7.60 (t, J = 7.4 

Hz, 1H), 7.39 (s, 3H); 13C NMR (125 MHz, CDCl3) δ 178.0, 149.6, 136.7, 135.5, 134.3, 

133.1, 132.3, 131.3, 130.2, 129.7 (two carbon signals overlapped), 128.2, 127.8, 127.4, 

115.6; HRMS (TOF MS CI+) calculated for C17H10Cl2N2O [M+H]+: 329.0243, found: 

329.0244. 

 

(E)-(2,6-Dibromophenyl) (naphthalen-2-yldiazenyl) methanone (3cc). 51% yield. 

Dark red solid, mp = 129.1-131.3 oC . 1H NMR (400 MHz, CDCl3) δ 8.54 (s, 1H), 8.00 

(d, J = 3.0 Hz, 2H), 7.91 – 7.86 (m, 2H), 7.66 – 7.56 (m, 4H), 7.20 (td, J = 8.1, 3.5 Hz, 

1H); 13C NMR (100 MHz, CDCl3) δ 180.3, 149.7, 139.8, 136.7, 134.5, 133.1, 131.7, 
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131.3, 130.2, 129.7 (two carbon signals overlapped), 128.18, 127.4, 120.1, 115.5; 

HRMS (TOF MS CI+) calculated for C17H10Br2N2O [M+H]+: 416.9233, found: 

416.9237. 

 

(E)-(2,6-Difluorophenyl)(naphthalen-2-yldiazenyl)methanone. 56% yield. Dark red 

solid, 1H NMR (500 MHz, CDCl3) δ 8.57 (s, 1H), 8.07 – 7.98 (m, 2H), 7.92 (d, J = 8.6 

Hz, 2H), 7.65 (m, 1H), 7.60 (m, 1H), 7.57 – 7.52 (m, 1H), 7.04 (t, J = 8.5 Hz, 2H); 13C 

NMR (125 MHz, CDCl3) δ 177.7, δ 161.31 (d, J = 257.9 Hz), 149.5, 136.3, 134.4 (d, J 

= 10.6 Hz), 134.3 (d, J = 10.5 Hz) 133.1, 132.8, 130.1, 129.6, 129.3, 128.1, 127.3, 115.7, 

112.3 (d, J = 21.7 Hz); 19F NMR (376 MHz, CDCl3) δ -106.65; HRMS (TOF MS CI+) 

calculated for C17H10F2N2O [M+H]+: 297.0834, found: 297.0839. 
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3. General Procedure for the Annulation of diazo-ketones with alcohols and 

azonaphthalenes.  

To a 10 mL oven-dried vial with a magnetic stirring bar was added azo compounds 3 

(0.2 mmol), alcohol 2 (0.24 mmol), Rh2(OAc)4 (1.12 mg, 2.5 mol%), acid 4c (5.0 

mol%), 4Å molecular sieves (100 mg) and anhydrous DCE (1.0 mL) in sequence under 

atmosphere of argon. The reaction mixture was stirred at 0 oC for 10 minutes and diazo 

ketones 1 (0.30 mmol) in anhydrous DCE (1.0 mL) were added to the above mixture 

for 1.0 h via a syringe pump. After completion of the addition, the reaction was running 

for additional 10 minutes under these conditions. When the reaction was completed 

(monitored by TLC), the reaction mixture was filtered through celite and the filtrate 

was concentrated and purified by silica gel flash chromatography (n-Hexanes: EtOAc: 

CH2Cl2 = 15:1:1 to 5:1:1) to afford pure products 5-7 as viscous solid or liquid. 

4. NMR data for Compounds 5, 6, 7 

 

N-[1-(Benzyloxy)-2-phenyl-3H-benzo[e]indol-3-yl]-2,4,6-trichlorobenzamide (5c). 

83 mg, 70% yield. White solid, mp = 223.9-225.9 oC; 1H NMR (400 MHz, DMSO) δ 

12.20 (s, 1H), 8.60 (d, J = 8.2 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 7.89 – 7.72 (comp, 

4H), 7.67 (d, J = 8.1 Hz, 2H), 7.63 – 7.58 (m, 1H), 7.53 – 7.40 (comp, 4H), 7.34 (s, 

5H), 4.92 (d, J = 11.1 Hz, 1H), 4.82 (d, J = 11.1 Hz, 1H); 13C NMR (125 MHz, DMSO) 

δ 163.0, 137.5, 137.3, 136.2, 133.0, 132.9, 131.9, 130.5, 129.9, 129.1, 128.9, 128.8, 

128.5, 128.5, 128.2, 127.3, 126.9, 124.8, 124.3, 123.6, 113.5, 111.7, 75.9; HRMS (TOF 

MS CI+) calculated for C32H21Cl3N2O2 [M+Na]+: 593.0561, found: 593.0569. 
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2,4,6-Trichloro-N-{1-[(4-fluorobenzyl)oxy]-2-phenyl-3H-benzo[e]indol-3-

yl}benzamide (5d). 79.8 mg, 68% yield. White solid, mp = 209.6-211.8 oC; 1H NMR 

(500 MHz, DMSO) δ 12.19 (s, 1H), 8.57 (d, J = 8.1 Hz, 1H), 8.01 (d, J = 7.9 Hz, 1H), 

7.83 – 7.72 (comp, 4H), 7.61 (t, J = 7.3 Hz, 3H), 7.48 (t, J = 7.4 Hz, 3H), 7.44 – 7.40 

(m, 1H), 7.31 (dd, J = 8.4, 5.7 Hz, 2H), 7.12 (t, J = 8.9 Hz, 2H), 4.92 (d, J = 11.2 Hz, 

1H), 4.80 (d, J = 11.2 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 163.0, 162.4 (d, J = 

244.1 Hz), 137.2, 136.2, 133.5, 133.1, 132.9, 132.0, 130.8, 130.5, 129.9, 129.1 (two 

carbon signals overlapped), 128.8, 128.7, 128.4, 128.4, 127.3, 126.9, 124.8, 124.3, 

123.6, 115.4 (d, J = 21.4 Hz), 113.6, 111.7, 75.1.; 19F NMR (376 MHz, DMSO) δ -

114.14; HRMS (TOF MS CI+) calculated for C32H20Cl3FN2O2 [M+H]+: 589.0647, 

found: 589.0642. 

 

2,4,6-Trichloro-N-{1-[(4-chlorobenzyl)oxy]-2-phenyl-3H-benzo[e]indol-3-

yl}benzamide (5e). 79.7 mg, 66% yield. White solid, mp = 221.1-223.4 oC; 1H NMR 

(400 MHz, DMSO) δ 12.20 (s, 1H), 8.57 (d, J = 8.1 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 

7.78 (d, J = 10.2 Hz, 4H), 7.61 (t, J = 7.3 Hz, 3H), 7.48 (t, J = 7.2 Hz, 3H), 7.43 – 7.39 

(m, 1H), 7.35 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H), 4.94 (d, J = 11.2 Hz, 1H), 

4.82 (d, J = 11.2 Hz, 1H); 13C NMR (100 MHz, DMSO) δ 163.0, 137.1, 136.1, 133.1, 

133.0, 132.9, 132.0, 130.5, 130.3, 129.9, 129.1, 129.0, 128.6, 128.7, 128.4, 127.3, 127.0, 

124.8, 124.3, 123.6, 113.5, 111.7, 75.0; HRMS (TOF MS CI+) calculated for 
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C32H20Cl4N2O2 [M+H]+: 605.0352, found: 605.0363. 

 

N-{1-[(4-bromobenzyl)oxy]-2-phenyl-3H-benzo[e]indol-3-yl}-2,4,6-

trichlorobenzamide (5f). 88 mg, 68% yield. White solid, mp = 215.1-217.3 oC; 1H 

NMR (400 MHz, DMSO) δ 12.18 (s, 1H), 8.55 (d, J = 8.1 Hz, 1H), 8.01 (d, J = 8.0 Hz, 

1H), 7.85 – 7.72 (comp, 4H), 7.63 – 7.58 (comp, 3H), 7.48 (t, J = 8.9 Hz, 5H), 7.43 – 

7.39 (comp, 1H), 7.23 (d, J = 8.1 Hz, 2H), 4.93 (d, J = 11.6 Hz, 1H), 4.80 (d, J = 11.6 

Hz, 1H); 13C NMR (125 MHz, DMSO) δ 163.0, 137.1, 136.6, 136.2, 133.0, 132.9, 132.0, 

131.7, 130.6, 130.5, 129.9, 129.1, 129.1, 128.8, 128.7, 128.40 127.3, 127.0, 124.8, 

124.3, 123.6, 121.7, 113.5, 111.7, 75.0; HRMS (TOF MS CI+) calculated for 

C32H20Cl3BrN2O2 [M-H]-: 646.9701, found: 646.9703. 

 

2,4,6-Trichloro-N-{1-[(4-methylbenzyl)oxy]-2-phenyl-3H-benzo[e]indol-3-

yl}benzamide (5g). 75.9 mg, 65% yield. White solid, mp = 222.5-224.5 oC; 1H NMR 

(500 MHz, DMSO) δ 12.19 (s, 1H), 8.62 (d, J = 6.8 Hz, 1H), 8.00 (d, J = 6.6 Hz, 1H), 

7.78 (d, J = 19.8 Hz, 4H), 7.66 (s, 2H), 7.60 (s, 1H), 7.50 (s, 3H), 7.43 (s, 1H), 7.19 (s, 

2H), 7.14 (s, 2H), 4.87 (d, J = 9.6 Hz, 1H), 4.77 (d, J = 9.3 Hz, 1H), 2.29 (s, 3H); 13C 

NMR (125 MHz, DMSO) δ 163.0, 137.8, 137.5, 136.2, 134.3, 133.1, 132.9, 132.0, 

130.5, 129.9, 129.4, 129.2, 129.1, 128.8, 128.7, 128.6, 128.4, 128.2, 127.4, 126.9, 124.7, 

124.3, 123.6, 113.6, 111.69, 75.8, 21.3; HRMS (TOF MS CI+) calculated for 

C33H23Cl3N2O2 [M+Na]+: 607.0717, found: 607.0710. 
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N-{1-[(4-(Tert-butyl)benzyl)oxy]-2-phenyl-3H-benzo[e]indol-3-yl}-2,4,6-

trichlorobenzamide (5h). 56.3 mg, 45% yield. White solid, mp = 224.4-225.9 ℃; 1H 

NMR (400 MHz, DMSO) δ 12.19 (s, 1H), 8.64 (d, J = 8.2 Hz, 1H), 8.01 (d, J = 8.0 Hz, 

1H), 7.79 (d, J = 9.5 Hz, 4H), 7.67 (d, J = 7.1 Hz, 2H), 7.62 (dd, J = 11.6, 4.5 Hz, 1H), 

7.49 (td, J = 7.1, 3.8 Hz, 3H), 7.42 (t, J = 7.3 Hz, 1H), 7.35 (d, J = 8.2 Hz, 2H), 7.25 (d, 

J = 8.2 Hz, 2H), 4.90 (d, J = 10.9 Hz, 1H), 4.78 (d, J = 10.9 Hz, 1H), 1.28 (d, J = 2.7 

Hz, 9H); 13C NMR (100MHz, DMSO) δ 162.9, 151.0, 137.5, 136.2, 134.3, 133.1, 133.0, 

132.0, 130.5, 129.9, 129.1 (two carbon signals overlapped), 128.8, 128.7, 128.4, 127.4, 

126.9, 126.8, 125.6, 125.2, 124.7, 124.3, 123.7, 113.6, 111.7, 75.8, 34.8, 31.6; HRMS 

(TOF MS CI+) calculated for C36H29Cl3N2O2 [M+H]+: 627.1367, found: 627.1363. 

 

2,4,6-Trichloro-N-{2-phenyl-1-[(4-(trifluoromethyl)benzyl)oxy]-3H-

benzo[e]indol-3-yl}benzamide (5i). 81.6 mg, 64% yield; White solid, mp = 214.6-

216.6 oC;1H NMR (400 MHz, DMSO) δ 12.20 (s, 1H), 8.55 (d, J = 8.2 Hz, 1H), 8.02 

(d, J = 8.2 Hz, 1H), 7.77 (dd, J = 17.6, 8.9 Hz, 4H), 7.69 – 7.55 (comp, 5H), 7.54 – 7.35 

(comp, 6H), 5.09 (d, J = 12.0 Hz, 1H), 4.93 (d, J = 12.0 Hz, 1H); 13C NMR (101 MHz, 

DMSO) δ 163.0, 141.9, 137.0, 136.2, 133.0, 132.9, 132.0, 130.5, 129.9, 129.2, 129.1, 

128.9, 128.8, 128.7, 128.5, 128.4, 127.2, 127.0, 126.0, 125.6 (q, J = 3.6 Hz), 124.9, 

124.3, 123.5, 123.3, 113.4, 111.7, 75.0.; 19F NMR (376 MHz, DMSO) δ -60.99; HRMS 

(TOF MS CI+) calculated for C33H20Cl3F3N2O2 [M+H]+: 639.0615, found: 639.0623. 
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2,4,6-Trichloro-N-{1-[(4-methoxybenzyl)oxy]-2-phenyl-3H-benzo[e]indol-3-

yl}benzamide (5j). 76.8 mg, 64% yield. White solid, mp = 255.8-256.8 ℃; 1H NMR 

(500 MHz, DMSO) δ 12.19 (s, 1H), 8.64 (d, J = 7.6 Hz, 1H), 8.00 (d, J = 7.5 Hz, 1H), 

7.79 (d, J = 19.9 Hz, 4H), 7.67 (d, J = 6.4 Hz, 2H), 7.62 (m, 1H), 7.51 (s, 3H), 7.44 (d, 

J = 6.3 Hz, 1H), 7.22 (d, J = 7.2 Hz, 2H), 6.88 (d, J = 7.3 Hz, 2H), 4.85 (d, J = 10.4 Hz, 

1H), 4.75 (d, J = 10.5 Hz, 1H), 3.74 (s, 3H); 13C NMR (125 MHz, DMSO) δ 163.0, 

159.6, 137.4, 136.2, 133.1, 132.9, 132.0, 130.5, 130.3, 129.9, 129.2, 129.2, 129.1, 128.8, 

128.7, 128.4, 128.3, 127.4, 126.9, 124.7, 124.3, 123.7, 114.2, 113.7, 111.7, 75.7, 55.6; 

HRMS (TOF MS CI+) calculated for C33H23Cl3N2O3 [M+H]+: 601.0847, found: 

601.0853. 

 

N-{1-[(1,1'-Biphenyl)-4-ylmethoxy]-2-phenyl-3H-benzo[e]indol-3-yl}-2,4,6-

trichlorobenzamide (5k). 80.1 mg, 62% yield. White solid, mp = 232.5-234.5 ℃; 1H 

NMR (400 MHz, DMSO) δ 12.23 (s, 1H), 8.66 (d, J = 8.2 Hz, 1H), 8.01 (d, J = 7.9 Hz, 

1H), 7.79 (s, 2H), 7.70 – 7.59 (comp, 8H), 7.50 – 7.36 (comp, 10H), 4.99 (d, J = 11.3 

Hz, 1H), 4.87 (d, J = 11.3 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 163.0, 140.4, 140.3, 

137.4, 136.4, 136.2, 133.1, 132.9, 132.0, 130.6, 129.9, 129.4, 129.1, 128.8, 128.7, 128.4, 

128.0, 127.5, 127.4, 127.2, 127.1, 127.02, 126.97, 126.9, 124.8, 124.3, 123.7, 113.6, 

111.7, 75.6; HRMS (TOF MS CI+) calculated for C38H25Cl3N2O2 [M+H]+: 647.1054. 

found: 647.1051. 
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2,4,6-Trichloro-N-{1-[(3,5-dimethoxybenzyl)oxy]-2-phenyl-3H-benzo[e]indol-3-

yl}benzamide (5l). 79.4 mg, 63% yield. White solid, mp = 231.7-233.5 ℃; 1H NMR 

(400 MHz, DMSO) δ 12.21 (s, 1H), 8.65 (d, J = 8.2 Hz, 1H), 8.01 (d, J = 8.0 Hz, 1H), 

7.78 (d, J = 9.0 Hz, 4H), 7.68 (d, J = 7.5 Hz, 2H), 7.64 – 7.60 (m, 1H), 7.51 (t, J = 7.5 

Hz, 3H), 7.45 – 7.41 (m, 1H), 6.47 (s, 2H), 6.42 (s, 1H), 4.86 (d, J = 11.3 Hz, 1H), 4.78 

(d, J = 11.2 Hz, 1H), 3.68 (s, 6H); 13C NMR (125 MHz, DMSO) δ 163.0, 160.8, 139.5, 

137.4, 136.2, 133.1, 131.9, 130.6, 129.9, 129.1, 128.8, 128.5, 128.1, 127.4, 126.9, 124.8, 

124.3, 123.7, 113.6, 111.7, 106.1, 100.4, 75.7, 55.6; HRMS (TOF MS CI+) calculated 

for C34H25Cl3N2O4 [M+H]+: 631.0953, found: 631.0956. 

 

2,4,6-trichloro-N-(1-((2-methylbenzyl)oxy)-2-phenyl-3H-benzo[e]indol-3-

yl)benzamide (5m). 60.7 mg, 52% yield. White solid, mp = 221.5-223.5 ℃;  1H NMR 

(500 MHz, DMSO) δ 12.18 (s, 1H), 8.61 (d, J = 7.8 Hz, 1H), 8.01 (d, J = 7.7 Hz, 1H), 

7.77 (s, 4H), 7.60 (dd, J = 20.2, 7.0 Hz, 3H), 7.47 (s, 3H), 7.42 (d, J = 6.2 Hz, 1H), 7.33 

(d, J = 5.8 Hz, 1H), 7.20 (t, J = 7.5 Hz, 2H), 7.12 (d, J = 6.1 Hz, 1H), 4.94 (d, J = 11.0 

Hz, 1H), 4.83 (d, J = 11.0 Hz, 1H), 2.10 (s, 3H); 13C NMR (125 MHz, DMSO) δ 163.0, 

137.5, 136.9, 136.2, 135.4, 133.1, 133.0, 131.8, 130.9, 130.5, 129.9, 129.3, 129.1, 128.8, 

128.7, 128.5, 128.4, 127.4, 126.8, 126.3, 124.7, 124.3, 123.6, 113.4, 111.7, 74.2, 18.7; 

RMS (TOF MS CI+) calculated for C33H23Cl3N2O2 [M+H]+: 585.0898, found: 585.0883. 
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2,4,6-Trichloro-N-{1-[(3-chlorobenzyl)oxy]-2-phenyl-3H-benzo[e]indol-3-

yl}benzamide (5n). 74.9 mg, 62% yield. White solid, mp = 205.9-208.1 ℃; 1H NMR 

(400 MHz, DMSO) δ 12.22 (s, 1H), 8.58 (d, J = 8.0 Hz, 1H), 8.01 (d, J = 7.9 Hz, 1H), 

7.78 (s, 4H), 7.62 (dd, J = 15.2, 7.7 Hz, 3H), 7.49 (t, J = 7.3 Hz, 3H), 7.44 – 7.40 (comp, 

1H), 7.36 – 7.29 (comp, 3H), 7.26 (d, J = 5.1 Hz, 1H), 4.98 (d, J = 11.6 Hz, 1H), 4.85 

(d, J = 11.5 Hz, 1H); 13C NMR (100 MHz, DMSO) δ 163.0, 139.7, 137.2, 136.2, 133.5, 

133.1, 132.9, 131.9, 130.6, 130.6, 129.9, 129.1, 129.0, 128.8, 128.7, 128.5, 128.4, 128.2, 

127.3, 127.0, 126.9, 124.8, 124.3, 123.6, 113.47, 111.7, 75.1; HRMS (TOF MS CI+) 

calculated for C32H20Cl4N2O4 [M+H]+: 605.0352, found: 605.0359. 

 

N-[1-(Benzo[d][1,3]dioxol-4-ylmethoxy)-2-phenyl-3H-benzo[e]indol-3-yl]-2,4,6-

trichlorobenzamide (5o). 79.8 mg, 65% yield. White solid, mp = 150.2-152.2 ℃; 1H 

NMR (400 MHz, DMSO) δ 12.19 (s, 1H), 8.69 (d, J = 7.8 Hz, 1H), 7.99 (d, J = 7.6 Hz, 

1H), 7.87 – 7.71 (comp, 3H), 7.67 – 7.59 (comp, 3H), 7.54 – 7.44 (comp, 4H), 7.41 (t, 

J = 7.3 Hz, 1H), 6.85 (d, J = 7.4 Hz, 1H), 6.75 (t, J = 7.3 Hz, 1H), 6.67 (d, J = 7.5 Hz, 

1H), 5.98 (d, J = 6.1 Hz, 2H). 4.89 (d, J = 10.9 Hz, 1H), 4.79 (d, J = 10.9 Hz, 1H); 13C 

NMR (100 MHz, DMSO) δ 162.9, 147.5, 146.3, 137.1, 136.2, 133.0, 132.9, 131.9, 

130.5, 129.9, 129.0, 128.8, 128.7, 128.5, 128.3, 127.3, 126.8, 124.7, 124.3, 123.9, 123.1, 

121.8, 118.3, 113.7, 111.7, 109.1, 101.4, 70.1, 55.4; HRMS (TOF MS CI+) calculated 

for C33H21Cl3N2O4 [M+H]+: 615.0640, found: 615.0637. 
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N-[1-(Benzo[d][1,3]dioxol-5-ylmethoxy)-2-phenyl-3H-benzo[e]indol-3-yl]-2,4,6-

trichlorobenzamide (5p). 92.1 mg, 75% yield. White solid, mp = 172.3-175.1 ℃; 1H 

NMR (400 MHz, DMSO) δ 12.19 (s, 1H), 8.61 (d, J = 8.2 Hz, 1H), 8.00 (d, J = 8.0 Hz, 

1H), 7.87 – 7.73 (comp, 4H), 7.63 (d, J = 7.1 Hz, 3H), 7.49 (t, J = 6.6 Hz, 3H), 7.42 (t, 

J = 7.2 Hz, 1H), 6.82 (d, J = 7.8 Hz, 1H), 6.77 (s, 1H), 6.72 (d, J = 7.8 Hz, 1H), 5.99 

(d, J = 3.4 Hz, 2H), 4.84 (d, J = 10.9 Hz, 1H), 4.71 (d, J = 10.9 Hz, 1H); 13C NMR (100 

MHz, DMSO) δ 162.9, 147.7, 147.6, 137.2, 136.2, 133.0, 132.9, 132.0, 130.9, 130.6, 

129.9, 129.1, 129.1, 128.8, 128.7, 128.5, 128.4, 127.3, 126.9, 124.7, 124.3, 123.7, 122.5, 

113.6, 111.68, 109.2, 108.4, 101.5, 75.8; HRMS (TOF MS CI+) calculated for 

C33H21Cl3N2O4 [M+H]+: 615.0640, found：615.0641. 

 

2,4,6-Tichloro-N-[-(cyclopentylmethoxy)-2-phenyl-3H-benzo[e]indol-3-

yl]enzamide (5q). 51.4 mg, 45% yield. White solid, mp = 238.1-240.5 ℃; 1H NMR 

(400 MHz, DMSO) δ 12.15 (s, 1H), 8.60 (d, J = 8.2 Hz, 1H), 7.99 (d, J = 8.1 Hz, 1H), 

7.87 – 7.70 (comp, 4H), 7.63 (t, J = 7.3 Hz, 3H), 7.49 (q, J = 7.0 Hz, 3H), 7.41 (t, J = 

7.3 Hz, 1H), 3.78 – 3.71 (m, 1H), 3.63 (t, J = 8.1 Hz, 1H), 1.70 – 1.59 (m, 2H), 1.46 (s, 

4H), 1.30 – 1.17 (m, 3H); 13C NMR (125 MHz, DMSO) δ 163.0, 138.0, 136.2, 133.1, 

133.0, 131.9, 130.6, 129.8, 129.2, 129.1, 128.8, 128.7, 128.3, 127.9, 127.4, 126.8, 124.6, 

124.2, 123.7, 113.5, 111.7, 78.3, 29.4, 25.3; HRMS (TOF MS CI+) calculated for 

C31H25Cl3N2O2 [M+H]+: 563.1054, found: 563.1052. 
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2,4,6-Tichloro-N-[-(cyclohexylmethoxy)-2-phenyl-3H-benzo[e]indol-3-

yl]enzamide (5r). 50.6 mg, 45% yield. White solid, mp = 250.2-252.2 ℃; 1H NMR 

(500 MHz, DMSO) δ 12.16 (s, 1H), 8.59 (d, J = 6.7 Hz, 1H), 7.99 (d, J = 7.2 Hz, 1H), 

7.77 (comp, 4H), 7.64 (t, J = 7.3 Hz, 3H), 7.49 (d, J = 6.6 Hz, 3H), 7.42 (d, J = 6.0 Hz, 

1H), 3.71 (s, 1H), 3.58 (s, 1H), 1.74 – 1.56 (m, 6H), 1.15 (d, J = 24.5 Hz, 3H), 0.96 (d, 

J = 9.6 Hz, 2H); 13C NMR (125 MHz, DMSO) δ 162.95, 138.04, 136.1, 131.9, 130.6, 

129.8, 129.2 129.1 128.8 128.6, 128.3, 127.9, 127.3, 126.9 124.6, 124.2, 123.7 113.5, 

111.7 79.7, 38.1, 29.8, 29.8 26.4, 25.8; HRMS (TOF MS CI+) calculated for 

C32H27Cl3N2O2 [M+H]+: 577.1211, found: 577.1210. 

 

2,4,6-Trichloro-N-{2-phenyl-1-[((5S,5aR,8aR,8bS)-2,2,7,7-tetramethyltetrahydro-

5H-bis([1,3]dioxolo)[4,5-b:4',5'-d]pyran-5-yl)methoxy}-3H-benzo[e]indol-3-

yl)benzamide (5s). 90.9 mg, 63% yield. White solid, mp = 242.6-245.3℃; 1H NMR 

(500 MHz, DMSO, 70 oC) δ 11.91 (s, 1H), 8.77 (d, J = 8.2 Hz, 1H), 7.95 (d, J = 8.0 Hz, 

1H), 7.75 – 7.71 (comp, 2H), 7.67 (comp, 4H), 7.56 (m, 1H), 7.46 (q, J = 7.0 Hz, 3H), 

7.41 (m, 1H), 5.45 (s, 1H), 4.55 (d, J = 7.5 Hz, 1H), 4.32 (d, J = 2.5 Hz, 1H), 4.23 (d, J 

= 7.7 Hz, 1H), 4.15 – 4.03 (m, 2H), 3.84 (m, 1H), 1.48 – 1.26 (m, 12H); 13C NMR (125 

MHz, DMSO, 70 oC) δ δ 162.8, 136.1, 133.2, 133.18, 132.1, 130.7, 130.0, 129.4, 

128.8, 128.7, 128.6, 128.4, 127.5, 126.6, 124.7, 124.5, 124.2, 113.6, 111.7, 109.1, 108.4, 
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96.2, 72.8, 72.5, 70.9, 70.8, 70.7, 67.0, 66.6, 26.4, 26.3, 25.4, 25.0; HRMS (TOF MS 

CI+) calculated for C37H33Cl3N2O7 [M+Na]+: 745.1246, found: 745.1258. 

 

N-[1-(Benzhydryloxy)-2-phenyl-3H-benzo[e]indol-3-yl]-2,4,6-trichlorobenzamide 

(5t). 52.9 mg, 41% yield. White solid, mp = 165.9-168.4℃; 1H NMR (400 MHz, 

DMSO) δ 12.01 (s, 1H), 8.63 (d, J = 8.1 Hz, 1H), 7.99 (d, J = 7.6 Hz, 1H), 7.86 – 7.65 

(m, 4H), 7.52-7.50 (m, 1H), 7.49 – 7.44 (m, 1H), 7.38 (t, J = 5.3 Hz, 5H), 7.23-7.20 (m, 

5H), 7.17 – 7.08 (m, 5H), 6.02 (s, 1H); 13C NMR (125 MHz, DMSO) δ 162.8, 141.5, 

141.2, 136.1, 135.5, 133.0, 131.9, 131.1, 129.9, 129.6, 129.1, 128.7, 128.5, 128.4, 128.2, 

128.1, 128.0, 127.5, 127.1, 126.7, 124.7, 124.2, 123.8, 113.6, 111.6, 85.3; HRMS (TOF 

MS CI+) calculated for C38H25Cl3N2O2 [M+Na]+: 669.0874, found: 669.0881. 

 

 

N-{1-[Benzo[d][1,3]dioxol-5-ylmethoxy]-2-(4-fluorophenyl)-3H-benzo[e]indol-3-

yl}-2,4,6-trichlorobenzamide (5ba). 74.5 mg, 59% yield. White solid, mp = 224.1-

226.3℃; 1H NMR (400 MHz, DMSO) δ 12.27 (s, 1H), 8.61 (d, J = 8.1 Hz, 1H), 8.02 

(d, J = 8.1 Hz, 1H), 7.85 – 7.75 (comp, 4H), 7.66 (d, J = 1.6 Hz, 2H), 7.58 (t, J = 7.8 

Hz, 2H), 7.53 – 7.48 (m, 1H), 7.41 (t, J = 7.8 Hz, 1H), 6.78 – 6.75 (m, 1H), 6.72 (s, 

1H), 6.64 (d, J = 7.9 Hz, 1H), 6.00 (d, J = 4.7 Hz, 2H), 4.91 (d, J = 11.0 Hz, 1H), 4.71 

(d, J = 11.0 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 163.4, 163.0, 161.5, 147.6, 137.0, 

136.2, 133.0, 132.9, 132.8, 132.7, 132.0, 130.8, 129.9, 129.1, 128.8, 127.7, 127.4, 127.0, 



S16 

 

125.5, 125.3, 124.8, 124.3, 123.7, 122.7, 115.7, 115.5, 113.6, 111.7, 109.4, 108.3, 101.5, 

75.9; 19F NMR (376 MHz, DMSO) δ -113.70; HRMS (TOF MS CI+) calculated for 

C33H20Cl3FN2O4 [M+H]+: 633.0545, found: 633.0545. 

 

N-{1-[Benzo[d][1,3]dioxol-5-ylmethoxy]-2-(4-chlorophenyl)-3H-benzo[e]indol-3-

yl}-2,4,6-trichlorobenzamide (5bb). 79.1 mg, 61% yield. White solid, mp = 219.1-

221.3℃; 1H NMR (400 MHz, DMSO) δ 12.21 (s, 1H), 8.60 (d, J = 7.6 Hz, 1H), 8.01 

(d, J = 7.1 Hz, 1H), 7.79 (comp, 4H), 7.54 (comp, 6H), 6.82 – 6.71 (comp, 2H), 6.65 

(d, J = 6.5 Hz, 1H), 5.99 (d, J = 10.2 Hz, 2H), 4.90 (d, J = 10.4 Hz, 1H), 4.71 (d, J = 

10.2 Hz, 1H); 13C NMR (100 MHz, DMSO) δ 162.9, 147.6 (two carbon signals 

overlapped), 137.2, 136.3, 133.1, 133.0, 132.8, 132.4, 132.1, 130.6, 129.9, 129.2, 128.8, 

128.6, 128.0, 127.6, 127.4, 127.0, 125.0, 124.4, 123.7, 122.8, 113.7, 111.7, 109.4, 108.3, 

101.5, 76.0; HRMS (TOF MS CI+) calculated for C33H20Cl4N2O4 [M+Na]+: 671.0069, 

found: 671.0052. 

 

N-{1-[Benzo[d][1,3]dioxol-5-ylmethoxy]-2-(4-bromophenyl)-3H-benzo[e]indol-3-

yl}-2,4,6-trichlorobenzamide (5bc). 80.1 mg, 64% yield. White solid, mp = 223.6-

225.8℃; 1H NMR (500 MHz, DMSO) δ 12.23 (s, 1H), 8.63 (d, J = 8.1 Hz, 1H), 8.01 

(d, J = 7.9 Hz, 1H), 7.85 – 7.76 (comp, 4H), 7.67 (d, J = 8.0 Hz, 3H), 7.51 (d, J = 8.2 
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Hz, 3H), 6.77 (d, J = 8.0 Hz, 2H), 6.65 (d, J = 7.8 Hz, 1H), 6.00 (d, J = 11.5 Hz, 2H), 

4.91 (d, J = 11.0 Hz, 1H), 4.73 (d, J = 11.0 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 

162.9, 147.63, 147.59, 137.2, 136.3, 133.0, 132.8, 132.5, 132.4, 131.5, 130.6, 129.9, 

129.2, 128.8, 128.3, 127.7, 127.3, 127.1, 125.1, 124.4, 123.7, 122.8, 121.7, 113.7, 111.7, 

109.4, 108.2, 101.5, 76.0; HRMS (TOF MS CI+) calculated for C33H20BrCl3N2O4 [M-

H]-: 690.9599, found: 690.9589. 

 

N-{1-[Benzo[d][1,3]dioxol-5-ylmethoxy]-2-[4-(trifluoromethyl)phenyl]-3H-

benzo[e]indol-3-yl}-2,4,6-trichlorobenzamide (5bd). 84.5 mg, 62% yield. White 

solid, mp = 228.6-230.9℃; 1H NMR (400 MHz, DMSO) δ 12.27 (s, 1H), 8.61 (d, J = 

8.1 Hz, 1H), 8.02 (d, J = 8.1 Hz, 1H), 7.85 – 7.75 (comp, 4H), 7.66 (comp, 2H), 7.58 

(t, J = 7.8 Hz, 2H), 7.53 – 7.48 (m, 1H), 7.41 (t, J = 7.8 Hz, 1H), 6.76 (dd, J = 14.6, 7.9 

Hz, 2H), 6.64 (d, J = 7.9 Hz, 1H), 6.00 (d, J = 4.7 Hz, 2H), 4.91 (d, J = 11.0 Hz, 1H), 

4.71 (d, J = 11.0 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 162.3, 147.1, 147.0, 137.1, 

135.7, 132.6, 132.40, 132.36, 132.1, 130.4, 129.8, 129.4, 128.7, 128.3, 127.1, 126.8, 

126.6, 125.4, 124.9, 124.8 (q, J = 3.5 Hz). 124.0, 123.2, 123.1, 122.5, 113.1, 111.2, 

109.0, 107.6, 100.9, 75.4.; 19F NMR (376 MHz, DMSO) δ -61.00; HRMS (TOF MS 

CI+) calculated for C34H20Cl3F3N2O4 [M+H]+: 683.0514, found: 683.0529. 
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N-{1-[Benzo[d][1,3]dioxol-5-ylmethoxy]-2-(p-tolyl)-3H-benzo[e]indol-3-yl}-2,4,6-

trichlorobenzamide (5be). 80.4 mg, 64% yield. White solid, mp = 225.5-227.8 ℃; 

1H NMR (500 MHz, DMSO) δ 12.18 (s, 1H), 8.66 (d, J = 8.1 Hz, 1H), 8.01 (d, J = 7.9 

Hz, 1H), 7.85 – 7.74 (comp, 4H), 7.65 – 7.61 (m, 1H), 7.57 (d, J = 7.5 Hz, 2H), 7.51 – 

7.47 (m, 1H), 7.32 (d, J = 7.5 Hz, 2H), 6.83 (d, J = 10.4 Hz, 2H), 6.76 (d, J = 7.6 Hz, 

1H), 6.01 (d, J = 5.7 Hz, 2H), 4.85 (d, J = 10.9 Hz, 1H), 4.76 (d, J = 10.9 Hz, 1H), 2.40 

(s, 3H); 13C NMR (125 MHz, DMSO) δ 163.0, 147.7, 147.6, 137.8, 137.0, 136.2, 133.1, 

133.0, 131.8, 131.0, 130.5, 129.9, 129.2, 129.1, 128.8, 128.5, 127.4, 126.8, 126.3, 124.5, 

124.2, 123.7, 122.5, 113.7, 111.7, 109.2, 108.4, 101.5, 75.7, 21.5; HRMS (TOF MS 

CI+) calculated for C34H23Cl3N2O4 [M+H]+: 629.0796, found: 629.0799. 

 

 

N-{1-[Benzo[d][1,3]dioxol-5-ylmethoxy]-2-(4-methoxyphenyl)-3H-benzo[e]indol-

3-yl}-2,4,6-trichlorobenzamide (5bf). 87.5 mg, 68% yield. White solid, mp = 223.2-

225.7 ℃; 1H NMR (400 MHz, DMSO) δ 12.12 (s, 1H), 8.60 (d, J = 7.5 Hz, 1H), 7.99 

(d, J = 8.0 Hz, 1H), 7.99 (d, J = 8.0 Hz, 1H), 7.82 (s, 1H), 7.74 (s, 2H), 7.60 (d, J = 7.5 

Hz, 1H), 7.53 (d, J = 7.1 Hz, 2H), 7.47 (t, J = 7.5 Hz, 1H), 7.06 (d, J = 8.2 Hz, 2H), 

6.82 (d, J = 7.8 Hz, 1H), 6.79 (s, 1H), 6.73 (d, J = 7.8 Hz, 1H), 5.99 (d, J = 5.4 Hz, 2H), 
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4.83 (d, J = 10.8 Hz, 1H), 4.72 (d, J = 10.9 Hz, 1H), 3.82 (s, 3H); 13C NMR (100 MHz, 

DMSO) δ 162.9, 159.7, 147.7, 147.5, 136.7, 136.2, 133.04, 132.98, 132.0, 131.5, 131.1, 

129.8, 129.0, 128.8, 128.3, 127.3, 126.8, 124.3, 124.2, 123.7, 122.5, 121.4, 114.2, 113.6, 

111.6, 109.2, 108.4, 101.5, 75.7, 55.8; HRMS (TOF MS CI+) calculated for 

C34H23Cl3N2O5 [M+H]+: 645.0745, found: 645.0745. 

 

 

N-{1-[Benzo[d][1,3]dioxol-5-ylmethoxy]-2-(3-bromophenyl)-3H-benzo[e]indol-3-

yl}-2,4,6-trichlorobenzamide (5bg). 75.1 mg, 60% yield. White solid, mp = 149.2-

151.0℃; 1H NMR (500 MHz, DMSO) δ 12.27 (s, 1H), 8.62 (d, J = 8.1 Hz, 1H), 8.03 

(d, J = 7.9 Hz, 1H), 7.85 – 7.76 (comp, 4H), 7.69 – 7.65 (comp, 2H), 7.60 (comp, 2H), 

7.53 – 7.49 (m, 1H), 7.43 (t, J = 7.8 Hz, 1H), 6.77 (d, J = 7.8 Hz, 1H), 6.73 (s, 1H), 

6.65 (d, J = 7.8 Hz, 1H), 6.01 (d, J = 5.7 Hz, 2H), 4.92 (d, J = 11.0 Hz, 1H), 4.73 (d, J 

= 11.0 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 163.0, 147.7, 147.6, 137.4, 136.3, 133.0, 

132.8, 132.5, 131.2, 130.9, 130.6, 130.5, 129.9, 129.4, 129.2, 128.9, 127.3, 127.1, 125.3, 

124.5, 123.6, 122.9, 122.0, 113.6, 111.7, 109.5, 108.2, 101.5, 76.0; HRMS (TOF MS 

CI+) calculated for C33H20BrCl3N2O4 [M+H]+: 692.9745, found: 692.9771.  
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N-{1-[Benzo[d][1,3]dioxol-5-ylmethoxy]-2-(2-bromophenyl)-3H-benzo[e]indol-3-

yl}-2,4,6-trichlorobenzamide (5bh). 70.1 mg, 56% yield. White solid, mp = 200.9-

202.6℃; 1H NMR (500 MHz, DMSO) δ 12.20 (s, 1H), 8.64 (d, J = 8.2 Hz, 1H), 8.01 

(d, J = 8.0 Hz, 1H), 7.78 (comp, 3H), 7.65 (t, J = 6.9 Hz, 3H), 7.52 – 7.47 (comp, 3H), 

7.42 (t, J = 7.4 Hz, 1H), 6.82 (d, J = 7.9 Hz, 1H), 6.79 (d, J = 1.4 Hz, 1H), 6.73 (dd, J 

= 7.9, 1.4 Hz, 1H), 6.00 (dd, J = 5.2, 0.8 Hz, 2H), 4.85 (d, J = 11.0 Hz, 1H), 4.73 (d, J 

= 10.9 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 163.0, 147.7, 147.6, 137.2, 136.2, 

133.1, 132.9, 132.0, 130.9, 130.6, 129.9, 129.2, 129.1, 128.8, 128.7, 128.5, 128.4, 127.4, 

126.9, 124.7, 124.3, 123.7, 122.5, 113.7, 111.7, 109.2, 108.4, 101.5, 75.8; HRMS (TOF 

MS CI+) calculated for C33H20BrCl3N2O4 [M+H]+: 692.9745, found: 692.9771. 

 

N-(1-(Benzo[d][1,3]dioxol-5-yloxy)-2-phenyl-3H-benzo[e]indol-3-yl)-2,6-

dimethylbenzamide (5ca). 57.8 mg, 55% yield. White solid, mp = 213.8-215.5 ℃; 1H 

NMR (400 MHz, DMSO) δ 11.78 (s, 1H), 8.64 (d, J = 8.2 Hz, 1H), 8.02 (d, J = 8.0 Hz, 

1H), 7.79 (d, J = 8.9 Hz, 1H), 7.65 (dd, J = 10.8, 8.2 Hz, 4H), 7.50 (comp, 4H), 7.22 (d, 

J = 7.5 Hz, 1H), 7.06 (d, J = 7.5 Hz, 2H), 6.83 (comp, 2H), 6.73 (d, J = 7.8 Hz, 1H), 

6.00 (d, J = 5.5 Hz, 2H), 4.89 (d, J = 10.9 Hz, 1H), 4.70 (d, J = 10.9 Hz, 1H), 2.00 (s, 

6H); 13C NMR (125 MHz, DMSO) δ 168.8, 147.7, 147.6, 137.04, 137.00, 135.4, 135.0, 

132.2, 132.1, 131.0, 130.5, 129.8, 129.6, 129.5, 129.1, 128.9, 128.7, 128.5, 128.4, 127.9, 

127.5, 126.9, 124.5, 124.2, 123.7, 122.5, 113.60, 113.56, 111.4, 109.2, 108.4, 101.5, 

75.9, 21.1, 19.1. HRMS (TOF MS CI+) calculated for C35H28N2O4 [M+H]+: 541.2122, 

found: 541.2119. 
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N-(1-(Benzo[d][1,3]dioxol-5-yloxy)-2-phenyl-3H-benzo[e]indol-3-yl)-2,6-

dichlorobenzamide (5cb). 72.4 mg, 64% yield. White solid, mp = 215.9-217.5 ℃; 1H 

NMR (400 MHz, DMSO) δ 12.16 (s, 1H), 8.60 (d, J = 7.7 Hz, 1H), 8.00 (d, J = 7.6 Hz, 

1H), 7.77 (s, 2H), 7.63 (d, J = 6.4 Hz, 4H), 7.50 (d, J = 6.8 Hz, 5H), 7.42 (d, J = 6.4 Hz, 

1H), 6.82 (d, J = 7.7 Hz, 1H), 6.77 (s, 1H), 6.72 (d, J = 7.8 Hz, 1H), 5.99 (s, 2H), 4.83 

(d, J = 10.9 Hz, 1H), 4.71 (d, J = 10.9 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 167.2, 

147.6, 147.6, 137.1, 133.8, 132.7, 132.1, 131.9, 130.9, 130.5, 129.8, 129.1, 129.1, 128.9, 

128.6, 128.5, 128.3, 127.3, 126.9, 124.6, 124.3, 123.6, 122.5, 113.5, 111.7, 109.2, 108.4, 

101.5, 75.8; HRMS (TOF MS CI+) calculated for C33H22Cl2N2O4 [M+H]+: 581.1029, 

found: 581.1034. 

 

N-(1-(Benzo[d][1,3]dioxol-5-yloxy)-2-phenyl-3H-benzo[e]indol-3-yl)-2,6-

dibromobenzamide (5cc). 65.4 mg, 50% yield. White solid, mp = 129.4-131.2 ℃; 1H 

NMR (400 MHz, DMSO) δ 12.16 (s, 1H), 8.60 (d, J = 8.1 Hz, 1H), 7.98 (dd, J = 16.1, 

8.6 Hz, 2H), 7.76 (t, J = 8.1 Hz, 2H), 7.62 (d, J = 7.1 Hz, 4H), 7.49 (t, J = 7.4 Hz, 3H), 

7.40 (t, J = 7.4 Hz, 1H), 7.33 (t, J = 8.0 Hz, 1H), 6.81 (d, J = 7.8 Hz, 1H), 6.74 (s, 1H), 

6.70 (d, J = 7.8 Hz, 1H), 5.99 (d, J = 4.6 Hz, 2H), 4.85 (d, J = 10.9 Hz, 1H), 4.66 (d, J 

= 10.9 Hz, 1H); 13C NMR (125 MHz, DMSO) δ 165.2, 147.6, 147.6, 137.5, 137.1, 

133.2, 132.5, 132.2, 130.9, 130.8, 129.8, 129.4, 129.0, 128.8, 128.3, 127.3, 126.8, 124.4, 

124.2, 123.6, 122.5, 113.5, 112.44, 109.2, 108.4, 101.4, 75.8; HRMS (TOF MS CI+) 

calculated for C33H22Br2N2O4 [M+H]+: 669.0019, found: 668.9896. 
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Ethyl 2-(1-(benzyloxy)-2-oxo-2-phenylethyl)-2-(naphthalen-2-yl)hydrazine-1-

carboxylate (6a). 56.3 mg, 62% yield, yellow liquid. 1H NMR (400 MHz, CDCl3) δ 

7.82 (s, 2H), 7.66 (t, J = 8.2 Hz, 2H), 7.57 (d, J = 7.8 Hz, 1H), 7.51 – 7.44 (comp, 2H), 

7.35 – 7.29 (comp, 6H), 7.25 – 7.15 (comp, 4H), 6.08 (s, 1H), 5.16 – 4.89 (m, 2H), 4.12 

(d, J = 5.8 Hz, 2H), 1.24 – 1.16 (m, 3H); 13C NMR (100 MHz, CDCl3) δ 194.4, 156.7, 

145.3, 136.8, 134.3, 134.0, 133.7, 129.6, 129.5, 129.4, 129.0, 128.72, 128.66, 128.5, 

128.3, 127.7, 127.3, 126.7, 124.3, 117.5, 111.3, 71.7, 61.8, 14.7; HRMS (TOF MS CI+) 

calculated for C28H26N2O4 [M+Na]+: 477.1785, found: 477.1781. 

 

N'-(1-(Benzyloxy)-2-oxo-2-phenylethyl)-N'-(naphthalen-2-yl)benzohydrazide (6b). 

70.01 mg, 72% yield. Yellow liquid. 1H NMR (500 MHz, CDCl3) δ 7.83 (d, J = 7.0 Hz, 

1H), 7.76 (d, J = 7.2 Hz, 1H), 7.72 (d, J = 7.3 Hz, 1H), 7.63 – 7.59 (comp, 2H), 7.50 

(d, J = 8.1 Hz, 1H), 7.44 – 7.38 (comp, 3H), 7.33 (d, J = 6.4 Hz, 3H), 7.28 (d, J = 7.7 

Hz, 2H), 7.23 (s, 5H), 7.18 (d, J = 10.8 Hz, 3H), 6.19 (s, 1H), 5.01 (s, 2H); 13C NMR 

(125 MHz, CDCl3) δ 200.3, 166.1, 143.5, 135.4, 133.4, 133.1, 133.0, 132.7, 131.9, 

131.0, 128.5, 128.4, 128.3, 128.0, 127.7, 127.6, 127.4, 127.3, 127.2, 126.5, 126.4, 126.0, 

125.5, 125.5, 125.3, 123.2, 122.5, 116.6, 114.9, 110.4, 86.6, 70.6; HRMS (TOF MS 

CI+) calculated for C32H26N2O3 [M+Na]+: 509.1836, found: 509.1835. 
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N'-(1-(Benzyloxy)-2-oxo-2-phenylethyl)-2,4,6-trichloro-N'-(naphthalen-2-

yl)benzohydrazide (6c). 23 mg, 32% yield. Yellow liquid. 1H NMR (500 MHz, CDCl3) 

δ 7.75 (d, J = 7.8 Hz, 3H), 7.54 (dd, J = 18.2, 10.9 Hz, 4H), 7.34 – 7.29 (m, 5H), 7.24 

– 7.17 (m, 5H), 6.70 (s, 2H), 5.00 (s, 1H), 4.90 (s, 2H); 13C NMR (125 MHz, CDCl3) δ 

190.5, 169.8, 142.2, 136.1, 136.0, 135.6, 134.7, 134.6, 134.0, 133.7, 133.6, 132.7（two 

carbon signals overlap）, 129.5, 128.9, 128.7, 128.5, 128.2, 127.5, 126.7, 126.4, 126.3, 

123.9, 116.5, 116.4, 110.5, 80.6, 71.8. HRMS (TOF MS CI+) calculated for 

C32H23Cl3N2O3 [M+Na]+: 611.0666, found: 611.0669. 

 

N'-(1-(Benzo[d][1,3]dioxol-5-ylmethoxy)-2-oxo-2-phenylethyl)-2,6-difluoro-N'-

(naphthalen-2-yl)benzohydrazide. 91.7 mg, 81% yield. Yellow liquid. 1H NMR (400 

MHz, CDCl3) δ 8.64 (s, 1H), 7.97 (d, J = 7.6 Hz, 2H), 7.80 (comp, 2H), 7.71 (d, J = 8.1 

Hz, 1H), 7.61 (comp, 1H), 7.49 – 7.35 (comp, 7H), 7.08 – 6.96 (comp, 4H), 6.85 (m, 

1H), 6.30 (s, 1H), 6.00 (d, J = 6.7 Hz, 2H), 5.09 (m, 2H); 13C NMR (100 MHz, CDCl3) 

δ 194.9, 160.4, 160.3 (d, J = 252.9 Hz), 147.9, 147.9, 144.1, 134.4, 134.2, 134.1, 132.3 

(d, J = 10.1 Hz), 132.2 (d, J = 10.1 Hz), 130.1, 129.7, 129.5, 129.4, 128.6, 127.5, 127.2, 

126.6, 124.4, 123.7, 117.4, 112.1 (d, J = 21.0 Hz), δ 112.1 (d, J = 15.1 Hz), 111.7, 110.1, 

108.3, 101.2, 71.8; 19F NMR (376 MHz, CDCl3) δ -111.01.  
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Ethyl 1-(1-(benzyloxy)-2-oxo-2-phenylethyl)-2-(naphthalen-2-yl)hydrazine-1-

carboxylate (7a). 27.2 mg, 30% yield, yellow liquid. 1H NMR (400 MHz, CDCl3) δ 

7.93 (d, J = 7.3 Hz, 2H), 7.68 (d, J = 7.8 Hz, 1H), 7.60 (t, J = 7.3 Hz, 2H), 7.44-7.42 

(m, 5H), 7.39-7.36 (m, 4H), 7.25 (d, J = 7.3 Hz, 1H), 6.94 (s, 2H), 6.73 (s, 1H), 6.10 (s, 

1H), 4.93 (s, 2H), 4.24 (s, 2H), 1.17 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 192.3, 

157.3, 144.6, 136.7, 135.0, 134.2, 133.6, 129.3, 129.3, 128.9, 128.8, 128.7, 128.6 (two 

carbon signals overlapped), 128.3, 127.6, 126.6, 126.2, 123.3, 116.2, 108.4, 71.6, 63.3, 

14.4; HRMS (TOF MS CI+) calculated for C28H26N2O4 [M+Na]+: 477.1785, found: 

477.1788. 
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5. General Procedure for Scale up 

 

To a 50-mL oven-dried round-bottom flask with a magnetic stirring bar, 

Azonaphthalenes compounds 3c (0.991 g, 2.7 mmol), Piperonyl alcohol 2p (0.502 g, 

3.3 mmol), Rh2(OAc)4 (11.9 mg, 1.0 mol%), 4c (85.92 mg, 5.0 mol%), 4 Å molecular 

sieves (1.35 g) and anhydrous DCE (15.0 mL) were added in sequence under 

atmosphere of argon, the mixture was stirred at 0 ℃ for 10 minutes. 1a (0.589 g, 4.1 

mmol) in anhydrous DCE (15.0 mL) was then added to the above mixture via a syringe 

pump for 1.0 h at 0 ℃ under argon atmosphere. When reaction was completed 

(monitored by TLC), the crude reaction mixture was evaporated in vacuo after filtration. 

The residue was purified by flash column chromatography on silica gel (Hexanes: 

EtOAc: CH2Cl2 = 15:1:1 to 5:1:1) to give the pure product 5p 68% yield (1.20 g) as 

yellow solid. 

 

6. Control Experiment： 

 

Control reaction (a): 

 

To a 10-mL oven-dried vial with a magnetic stirring bar, compound 8 (0.12 mmol), 

Azonaphthalenes compound 3c (0.10 mmol), Rh2(OAc)4 (2.5 mol%), 4Å molecular 

sieves (100 mg) and anhydrous DCE (1 mL) were added in sequence under atmosphere 

of argon, the mixture was stirred at 0 ℃ for 1 hour. The crude reaction mixture was 

then evaporated in vacuo after filtration. Crude NMR showed more than 95% of starting 

material 3c remained (1,3,5-trimethoxybenzene (0.10 mmol) was used as the internal 

standard), after flash column chromatography on silica gel (Hexanes: EtOAc = 50:1 to 
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20:1), > 95% of 3c was recovered. (Figure S1). 

 

 

Figure S1 

Control reaction (b): 
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To a 10-mL oven-dried vial with a magnetic stirring bar, Benzyl alcohol 2a (0.12 mmol), 

Azonaphthalenes compound 3c (0.10 mmol), 4c (5.0 mol%), 4 Å molecular sieves (100 

mg) and anhydrous DCE (1 mL) were added in sequence under atmosphere of argon, 

the mixture was stirred at 0 ℃ for 10 minutes, and 1a (0.15 mmol) in anhydrous DCE 

(1 mL) were added to the above mixture via a syringe pump for 1 h at 0 ℃ under argon 

atmosphere. The crude reaction mixture was evaporated in vacuo after filtration. Crude 

NMR showed more than 95% of starting material 3c remained (1,3,5-

trimethoxybenzene (0.10 mmol) was used as the internal standard), after flash column 

chromatography on silica gel (Hexanes: EtOAc = 50:1 to 20:1), > 95% of 3c was 

recovered.( Figure S2). 
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Figure S2 

 

Control reaction (c): 

 

To a 10-mL oven-dried vial with a magnetic stirring bar, Benzyl alcohol 2a (13.0 mg, 

0.12 mmol), Azonaphthalenes compound 3c (36.3 mg, 0.1 mmol), Rh2(OAc)4 (1.1 mg, 

2.5 mol%), 4Å molecular sieves (100 mg) and anhydrous DCE (1 mL) were added in 

sequence under atmosphere of argon, the mixture was stirred at 0 ℃ for 10 minutes, 

and 1a (21.9 mg, 0.15 mmol) in anhydrous DCE (1 mL) were added to the above 

mixture via a syringe pump for 1 h at 0 ℃ under argon atmosphere. The crude reaction 

mixture was evaporated in vacuo after filtration and the residue was purified by flash 

column chromatography on silica gel (Hexanes : EtOAc = 20:1 to 15:1) to give the pure 

product 6c in 65% yield (38.23 mg). 
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8. NMR Spectra for Compounds 3, 5, 6, 7 
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Quantitative 
13
C spectrum for compound 5c: 
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9. Single-Crystal X-ray Diffraction of 5p, 5t and 7a  

Crystallographic Data for Compound 5p (CCDC No. 2026832): 
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Crystallographic Data for Compound 5t (CCDC No. 1964942) 
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Crystallographic Data for Compound 7a (CCDC No. 1965474) 
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