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I. General Information 

Unless otherwise stated, all reactions were set up in a clear pyrex glass tube and were 

stirred with a Teflon-coated magnetic stir bar. Analytical grade solvents and 

commercially available reagents were used to conduct the reactions. Ir(bt)2(acac) was 

purchased from Xi’an Polymer Light Technology Corp. All other reagents were 

purchased from TCI, Innochem, J&K, Adamas, and Energy chemicals, and were 

directly used without further purifications. TLC was performed on silica HSGF254 

plates and visualized by quenching of UV fluorescence (λmax= 254 nm). Silica gel 

(200–300 mesh) was purchased from Qingdao Haiyang Chemical Co., China. All 

reaction glassware was flame- or oven-dried before use. Reactions were monitored by 

thin-layer chromatography (TLC), and the products were obtained by column 

chromatography on silica gel.  

1H NMR, 13C NMR, and 19F NMR were recorded on a Bruker AM-400 MHz 

spectrometer (400 MHz, 100 MHz, and 376 MHz). 1H NMR spectra were reported in 

parts per million (ppm) downfield of tetramethylsilane (TMS) and internally referenced 

to TMS (0.00 ppm) or the residual protic-solvent peak in CDCl3 (7.26 ppm). 13C NMR 

spectra were reported in ppm relative to residual CHCl3 (77.0 ppm). In reporting 

spectral data the format (δ) chemical shift (multiplicity, J values in Hz, integration) was 

used with the following abbreviations: s = singlet, d = doublet, t = triplet, q = quartet, 

dd = doublet of doublets, m = multiplet. H-H COSY data was obtained by Bruker AM-

400 MHz spectrometer. High-resolution mass spectra (HRMS) were measured on a 

TOF by ESI and performed on Bruker Daltonics APEXII 47e Specifications. Infrared 

spectra (IR) was collected on Bruker TENSOR27, and only major peaks were reported 

in cm-1. The X-ray crystal structure was recorded on Supernova. The melting point was 

measured by WRX® X-4B.  
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II. Detailed Reaction Optimizations 

 

entry metal salt additive ligand photocatalyst yields 

1 Co(acac)3 - - 5 eosinY-Na2 26% 

2 Co(acac)3 2 PivONa·H2O - 5 eosinY-Na2 50% 

3 Co(acac)3 2 K2CO3 - 5 eosinY-Na2 14% 

4 Co(acac)3 2 Cs2CO3 - 5 eosinY-Na2 29% 

5 Co(acac)3 2 TfONa - 5 eosinY-Na2 34% 

6 Co(acac)3 2 KOAc - 5 eosinY-Na2 38% 

7 Co(acac)3 2 K3PO4 - 5 eosinY-Na2 0 

8 Co(acac)3 2 K2HPO4 - 5 eosinY-Na2 0 

9 Co(acac)3 2 PivOH - 5 eosinY-Na2 0 

10 Co(acac)3 2 AC-Val-OH - 5 eosinY-Na2 0 

11 Co(acac)3 1 PivONa·H2O - 5 eosinY-Na2 50% 

12 Co(acac)3 0.5 PivONa·H2O - 5 eosinY-Na2 61% 

13 Co(acac)3 0.2 PivONa·H2O - 5 eosinY-Na2 57% 

14b Co(acac)3 0.5 PivONa·H2O - 5 eosinY-Na2 31% 

15c Co(acac)3 0.5 PivONa·H2O - 5 eosinY-Na2 44% 

16d Co(acac)3 0.5 PivONa·H2O - 5 eosinY-Na2 13% 

17 Co(acac)2 0.5 PivONa·H2O - 5 eosinY-Na2 60% 

18e Co(acac)2 0.5 PivONa·H2O  5 eosinY-Na2 22% 

19 Cu(acac)2 0.5 PivONa·H2O - 5 eosinY-Na2 0 

20 Fe(acac)3 0.5 PivONa·H2O - 5 eosinY-Na2 0 

21 Ni(acac)2 0.5 PivONa·H2O - 5 eosinY-Na2 0 

22 Co(NO3)2·6H2O 0.5 PivONa·H2O - 5 eosinY-Na2 0 

23 CoCl2·6H2O 0.5 PivONa·H2O - 5 eosinY-Na2 0 

24 Co(OAc)2 0.5 PivONa·H2O - 5 eosinY-Na2 0 

25 Co(OAc)2 0.5 PivONa·H2O acacH 5 eosinY-Na2 41% 

26 Co(OAc)2 0.5 PivONa·H2O bzacH 5 eosinY-Na2 62% 

27 Co(OAc)2 0.5 PivONa·H2O HFAA 5 eosinY-Na2 0 

28 Co(OAc)2 0.5 PivONa·H2O DBM 5 eosinY-Na2 45% 

29 Co(OAc)2 0.5 PivONa·H2O ppy 5 eosinY-Na2 0 

30 Co(OAc)2 0.5 PivONa·H2O PhP3 5 eosinY-Na2 0 

31 Co(OAc)2 0.5 PivONa·H2O bzacH 5 rose bengal 55% 
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32 Co(OAc)2 0.5 PivONa·H2O bzacH 5 fluorescein 51% 

33 Co(OAc)2 0.5 PivONa·H2O bzacH 5 TPP 29% 

34 Co(OAc)2 0.5 PivONa·H2O bzacH 1 FIrPic 33% 

35 Co(OAc)2 0.5 PivONa·H2O bzacH 1 Ir(bt)2(acac) 83% 

36 CoCl2·6H2O 0.5 PivONa·H2O bzacH 1 Ir(bt)2(acac) 56% 

37 Co(acac)2 0.5 PivONa·H2O bzacH 1 Ir(bt)2(acac) 50% 

38f Co(OAc)2 0.5 PivONa·H2O bzacH 1 Ir(bt)2(acac) 61% 

39g Co(OAc)2 0.5 PivONa·H2O bzacH 1 Ir(bt)2(acac) 47% 

40 Co(OAc)2 0.5 PivONa·H2O bzacH - trace 

41 Co(OAc)2 0.5 PivONa·H2O - 1 Ir(bt)2(acac) 0 

42 - 0.5 PivONa·H2O bzacH 1 Ir(bt)2(acac) 0 

43h Co(OAc)2 0.5 PivONa·H2O bzacH 1 Ir(bt)2(acac) trace 

44i Co(OAc)2 0.5 PivONa·H2O bzacH 1 Ir(bt)2(acac) trace 
aReaction conditions: 1a (0.15 mmol), 2a (0.18 mmol), metal salt (0.2 equiv), ligand (0.2 equiv), 

additive (x equiv), photocatalyst (y mol %), TFE (2 mL) in air with 6 W blue LEDs irradiation at rt 

for 48 h, unless otherwise noted. Isolated yield. bHFIP instead of TFE. cTFE: HFIP = 2:1. dTFE: 

DCM = 1:1. e10 mol % Co(acac)2 was used. f15 mol % Co(OAc)2 was used. g10 mol % Co(OAc)2 

was used. hReaction was carried out in the dark. iReaction was carried out in the Ar atmosphere. 

acacH = acetylacetone, bzacH = benzoylacetone, ppy = 2-phenylpyridine, DBM = 

dibenzoylmethane, HFAA = hexafluoroacetylacetone, PivONa·H2O = sodium pivalate hydrate, 

TFE = trifluoro ethanol. 

 

III. Ineffective Substrates 

1. Ineffective Benzamides 
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2. Ineffective Indoles 

 

IV. Gram-Scale Synthesis of 3aa 

 

To a 50 mL round-bottom flask equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (3.0 mmol, 1.0 equiv), 1-(pyrimidin-2-yl)-1H-indole 2a 

(3.6 mmol, 1.2 equiv), sodium pivalate hydrate (1.5 mmol, 0.5 equiv), benzoylacetone 

(0.66 mmol, 0.22 equiv), cobalt acetate (0.60 mmol, 0.2 equiv) and Ir(bt)2(acac) (0.015 

mmol, 0.005 equiv). Then, trifluoro ethanol (20.0 mL) was added. After the reaction 

mixture was stirred for 3 min, the round-bottom flask was equipped with a gas vent to 

allow air flow without solvent evaporation. The reaction mixture was then irradiated 

with 6 W blue LEDs at rt for 96 h. The solvent was removed under reduced pressure by 

a rotary evaporator. Then, the residue was purified by silica gel column chromatography 

to give the desired product 3aa. 

javascript:;
javascript:;
javascript:;
javascript:;
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V. Control Experiments 

1. KO2 Experiments 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (0.15 mmol, 1.0 equiv), 1-(pyrimidin-2-yl)-1H-indole 2a 

(0.18 mmol, 1.2 equiv), sodium pivalate hydrate (0.1 mmol, 0.5 equiv), benzoylacetone 

(0.033 mmol, 0.22 equiv), cobalt acetate (0.03 mmol, 0.2 equiv), KO2 (0.15 mmol, 1.0 

equiv) and 18-crown-6 (0.30 mmol, 2.0 equiv). Then, trifluoro ethanol (2.0 mL) was 

added. After the reaction mixture was stirred for 3 min and bubbled with a stream of 

argon for 20 min via a syringe needle. The reaction mixture was then stirred at rt for 48 

h. The reaction was monitored by TLC and no desired product 3aa was detected. 

2. the Radical Trapping Experiments 

 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (37.2 mg, 0.15 mmol, 1.0 equiv), 1-(pyrimidin-2-yl)-1H-

indole 2a (35.1 mg, 0.18 mmol, 1.2 equiv), sodium pivalate hydrate (9.3 mg, 0.1 mmol, 

0.5 equiv), benzoylacetone (5.4 mg, 0.033 mmol, 0.22 equiv), cobalt acetate (5.3 mg, 

0.03 mmol, 0.2 equiv), Ir(bt)2(acac) (0.0015 mmol, 0.01 equiv) and TEMPO (35.2 mg, 

0.225 mmol, 1.5 equiv). Then, trifluoro ethanol (2.0 mL) was added. After the reaction 

mixture was stirred for 3 min, the pyrex glass tube was equipped with a gas vent to 

allow air flow without solvent evaporation. The reaction mixture was then irradiated 

with 6 W blue LEDs at rt for 48 h. The reaction was monitored by TLC and no desired 
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product 3aa was observed.  

 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (37.2 mg, 0.15 mmol, 1.0 equiv), 1-(pyrimidin-2-yl)-1H-

indole 2a (35.1 mg, 0.18 mmol, 1.2 equiv), sodium pivalate hydrate (9.3 mg, 0.1 mmol, 

0.5 equiv), benzoylacetone (5.4 mg, 0.033 mmol, 0.22 equiv), cobalt acetate (5.3 mg, 

0.03 mmol, 0.2 equiv), Ir(bt)2(acac) (0.0015 mmol, 0.01 equiv) and BHT (66.0 mg, 

0.225 mmol, 1.5 equiv). Then, trifluoro ethanol (2.0 mL) was added. After the reaction 

mixture was stirred for 3 min, the pyrex glass tube was equipped with a gas vent to 

allow air flow without solvent evaporation. The reaction mixture was then irradiated 

with 6 W blue LEDs at rt for 48 h. The reaction was monitored by TLC and no desired 

product 3aa was observed. The solvent was removed under reduced pressure by a rotary 

evaporator. Then, the residue was purified by silica gel column chromatography to give 

the corresponding product 10. 

 

2-(3,5-di-tert-Butyl-4-hydroxybenzyl)-N-(quinolin-8-yl)benzamide (10): yellow 

liquid, 5.5 mg, (Yield: 8%). 1H NMR (400 MHz, CDCl3): δ 10.05 (s, 1H), 8.94 (d, J = 

7.2 Hz, 1H), 8.69 (dd, J = 4.2, 1.8 Hz, 1H), 8.16 (dd, J = 8.0, 2.0 Hz, 1H), 7.64 (d, J = 

7.2 Hz, 1H), 7.61-7.56 (m, 1H), 7.55-7.52 (m, 1H), 7.44-7.40 (m, 2H), 7.35-7.30 (m, 

2H), 7.00 (s, 2H), 4.92 (s, 1H), 4.25 (s, 2H), 1.24 (s, 18H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 168.5, 151.9, 148.1, 140.5, 138.5, 136.9, 136.2, 135.6, 134.7, 131.2, 130.8, 

130.3, 127.9, 127.4, 127.3, 126.2, 125.6, 121.7, 121.6, 116.6, 38.8, 34.1, 30.1. HRMS 

(ESI-TOF) m/z [M+Na]+ calcd for C31H34N2O2Na 489.2512, found: 489.2515. IR 

(neat, cm-1): 2956, 2918, 2851, 1749, 1734, 1717, 1648, 1559, 1523, 1072, 1022, 826, 

671. 
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Figure S1. The ESI-HRMS of 10. 

VI. Deuteration Experiments 

1. H/D Exchange Experiments 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added 

benzamide 1a-D5 (38.0 mg, 0.15 mmol), Co(OAc)2 (5.30 mg, 0.03mmol, 0.2 equiv), 

benzoylacetone (5.35 mg, 0.033mmol, 0.22 equiv), sodium pivalate hydrate (9.3 mg, 

0.075 mmol, 0.5 equiv) and Ir(bt)2(acac) (0.0015 mmol, 0.01 equiv). Then, trifluoro 

ethanol (2.0 mL) was added. After the reaction mixture was stirred for 3 min, the pyrex 

glass tube was equipped with a gas vent to allow air flow without solvent evaporation. 

The reaction mixture was then irradiated with 6 W blue LEDs at rt for 4 h. The reaction 

mixture was concentrated in vacuo. The resulting residue was purified by silica gel flash 

chromatography (eluent: Petroleum ether/AcOEt) to give products 1a and 1a-D5.
 1H 

NMR analysis of the isolated compound revealed that H/D exchange occurs starting 

from 1a‐D5. 
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Figure S2. the Spectra of 1a‐D5. 

 

 

Figure S3. the Mixture Spectra of 1a and 1a-D5. 
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2. Intermolecular Competition Kinetic Isotope Effect 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added 

benzamide 1a (18.6 mg, 0.075 mmol), 1a-D5 (19.0 mg, 0.15 mmol), Co(OAc)2 (5.30 

mg, 0.03mmol, 0.2 equiv), benzoylacetone (5.35 mg, 0.033mmol, 0.22 equiv), sodium 

pivalate hydrate (9.3 mg, 0.075 mmol, 0.5 equiv), Ir(bt)2(acac) (0.0015 mmol, 0.01 

equiv) and 1-(pyrimidin-2-yl)-1H-indole 2a (35.1 mg, 0.18 mmol, 1.2 equiv). Then, 

trifluoro ethanol (2.0 mL) was added. After the reaction mixture was stirred for 3 min, 

the pyrex glass tube was equipped with a gas vent to allow air flow without solvent 

evaporation. The reaction mixture was then irradiated with 6 W blue LEDs at rt for 4 h. 

The reaction mixture was concentrated in vacuo. The resulting residue was purified by 

silica gel flash chromatography (eluent: Petroleum ether/AcOEt) to give the mixture 

products 3aa and 3aa-D4 in 29.46% total yield. A mixture of 3aa and 3aa-D4 was 

determined on the basis of 1H NMR analysis (CDCl3). Based on the integrations related 

to different hydrogen resonances, the kinetic isotope effect is calculated to be kH / kD ≈ 

1.04. 

 Figure S4. the Mixture of Spectra 3aa and 3aa-D4. 
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3. Parallel Experiments 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (37.2 mg, 0.15 mmol, 1 equiv) or 1a-D5 (38.0 mg, 0.15 

mmol, 1 equiv), 1-(pyrimidin-2-yl)-1H-indole 2a (35.1 mg, 0.18 mmol, 1.2 equiv), 

Co(OAc)2 (5.30 mg, 0.03mmol, 0.2 equiv), benzoylacetone (5.35 mg, 0.033 mmol, 0.22 

equiv), sodium pivalate hydrate (9.3 mg, 0.075 mmol, 0.5 equiv), Ir(bt)2(acac) (0.0015 

mmol, 0.01 equiv). Then, trifluoro ethanol (2.0 mL) was added. After the reaction 

mixture was stirred for 3 min, the pyrex glass tube was equipped with a gas vent to 

allow air flow without solvent evaporation. The reaction mixture was then irradiated 

with 6 W blue LEDs at rt. After 4 h, the reaction immediately quenched with 2 mL 

DCM. Next, the solvent was then removed under reduced pressure and 1H NMR was 

taken using 1,3,5-trimethoxybenzene (5 mg) as the internal standard. The KIE (for 

benzamide) was determined as kH / kD = 30.23/29.66 ≈ 1.02. 

VII. Catalytic Competence of Co(bzac)3 

1. Procedure for the Synthesis of Co(bzac)3 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (0.4 mmol, 1.0 equiv), sodium pivalate hydrate (0.4 mmol, 
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1.0 equiv), Co(OAc)2 (0.4 mmol, 1.0 equiv), benzoylacetone (0.8 mmol, 2.0 equiv) and 

Ir(bt)2(acac) (0.004 mmol, 0.01 equiv). Then, trifluoro ethanol (4.0 mL) was added. 

After the reaction mixture was stirred for 3 min, the pyrex glass tube was equipped with 

a gas vent to allow air flow without solvent evaporation. The reaction mixture was then 

irradiated with 6 W blue LEDs at rt for 12 h. The reaction was monitored by TLC and 

the desired product was observed. The solvent was removed under reduced pressure by 

a rotary evaporator. Then, the residue was purified by silica gel column chromatography 

to give the corresponding product Co(bzac)3 in 20% yield. Spectroscopic data for 

Co(bzac)3 match those previously reported in the literature.1  

Co(bzac)3: green solid. 1H NMR (400 MHz, CDCl3): δ 7.89-7.84 (m, 6H), 7.45-7.39 

(m, 3H), 7.36-7.31 (m, 6H), 6.253, 6.245, 6.23 (s, 3H), 2.40, 2.39, 2.37 (s, 9H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 191.7, 191.6, 191.4, 182.5, 182.3, 182.2, 137.0, 136.8, 

130.99, 130.97, 130.9, 128.0, 127.93, 127.91, 127.5, 127.43, 127.40, 94.6, 94.4, 94.1, 

27.0, 26.8. HRMS (ESI-TOF) m/z [M+Na]+ calcd for C30H27CoO6Na 565.1032, found: 

565.1032. M.P. 208-210 ℃. IR (neat, cm-1): 2918, 2849, 1588, 1519, 1488, 1449, 1377, 

772. 

 

Figure S5. the ESI-HRMS of Co(bzac)3. 
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2. Catalytic Reactions with Co(bzac)3 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (0.15 mmol, 1.0 equiv), 1-(pyrimidin-2-yl)-1H-indole 2a 

(0.18 mmol, 1.2 equiv), sodium pivalate hydrate (0.1 mmol, 0.5 equiv), Co(bzac)3 (0.03 

mmol, 0.2 equiv) and Ir(bt)2(acac) (0.0015 mmol, 0.01 equiv). Then, trifluoro ethanol 

(2.0 mL) was added. After the reaction mixture was stirred for 3 min, the pyrex glass 

tube was equipped with a gas vent to allow air flow without solvent evaporation. The 

reaction mixture was then irradiated with 6 W blue LEDs at rt for 48 h. The reaction 

was monitored by TLC and the desired product 3aa was observed. The solvent was 

removed under reduced pressure by a rotary evaporator. Then, the residue was purified 

by silica gel column chromatography to give 3aa in 74% yield.  

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (0.15 mmol, 1.0 equiv), 1-(pyrimidin-2-yl)-1H-indole 2a 

(0.18 mmol,1.2 equiv), sodium pivalate hydrate (0.1 mmol, 0.5 equiv), Co(bzac)3 (0.03 

mmol, 0.2 equiv) and Ir(bt)2(acac) (0.0015 mmol, 0.01 equiv). Then, trifluoro ethanol 

(2.0 mL) was added. After the reaction mixture was stirred for 3 min, the pyrex glass 

tube was equipped with a gas vent to allow air flow without solvent evaporation. The 

reaction mixture was stirred at rt for 48 h without light. The reaction was monitored by 

TLC, trace amounts of product 3aa were observed. 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (0.15 mmol, 1.0 equiv), 1-(pyrimidin-2-yl)-1H-indole 2a 
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(0.18 mmol,1.2 equiv), sodium pivalate hydrate (0.1 mmol, 0.5 equiv) and Co(bzac)3 

(0.03 mmol, 0.2 equiv). Then, trifluoro ethanol (2.0 mL) was added. After the reaction 

mixture was stirred for 3 min, the pyrex glass tube was equipped with a gas vent to 

allow air flow without solvent evaporation. The reaction mixture was then irradiated 

with 6 W blue LEDs at rt for 48 h. The reaction was monitored by TLC, trace amounts 

of product 3aa were observed. 

VIII. the Identification in HRMS of Organometallic Co(Ⅲ) 

Complex 

 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1a (0.4 mmol, 1.0 equiv), sodium pivalate hydrate (0.4 mmol, 

1.0 equiv), Co(OAc)2 (0.4 mmol, 1.0 equiv), benzoylacetone (0.8 mmol, 2.0 equiv) and 

Ir(bt)2(acac) (0.004 mmol, 0.01 equiv). Then, trifluoro ethanol (4.0 mL) was added. 

After the reaction mixture was stirred for 3 min, the pyrex glass tube was equipped with 

a gas vent to allow air flow without solvent evaporation. The reaction mixture was then 

irradiated with 6 W blue LEDs at rt for 12 h. The reaction was monitored by TLC and 

was characterized by high resolution mass spectra. 

Figure S6. the ESI-HRMS of B. 

HRMS (ESI-TOF) m/z [M+H]+ calcd for C36H30CoN2O5 629.1481, found: 629.1482. 

HRMS (ESI-TOF) m/z [M+Na]+ calcd for C36H29CoN2O5Na 651.1301, found: 651.1302. 
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Figure S7. the ESI-HRMS of D. 

HRMS (ESI-TOF) m/z [M+H]+ calcd for C32H21CoN4O2 553.1069, found: 554.1072. 

HRMS (ESI-TOF) m/z [M+Na]+ calcd for C32H21CoN4O2Na 575.0889, found: 575.0889. 

IX. General Synthetic Procedures 

1. General Procedures for the Synthesis of Indolo[2,3-

c]isoquinolin-5-ones 

To a 10 mL pyrex glass tube equipped with a magnetic stir-bar were added N-

(quinolin-8-yl)benzamide 1 (0.15 mmol, 1.0 equiv), 1-(pyrimidin-2-yl)-1H-indole 2 

(0.18 mmol, 1.2 equiv), sodium pivalate hydrate (0.075 mmol, 0.5 equiv), 

benzoylacetone (0.033 mmol, 0.22 equiv), cobalt acetate (0.03 mmol, 0.2 equiv) and 

Ir(bt)2(acac) (0.0015 mmol, 0.01 equiv). Then, trifluoro ethanol (2.0 mL) was added. 

After the reaction mixture was stirred for 3 min, the pyrex glass tube was equipped with 

a gas vent to allow air flow without solvent evaporation. The reaction mixture was then 

irradiated with 6 W blue LEDs at rt for 48 h. The reaction mixture was concentrated in 

vacuo. The resulting residue was purified by silica gel flash chromatography (eluent: 

Petroleum ether/AcOEt) to give the product. 
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2. General Procedures for the Synthesis of Benzamides 

Procedure A2: 

 

A solution of N′-(3-(dimethylamino)propyl)-N-ethylcarbodimide, hydrochloride 

salt (EDC·HCl) (1.3 equiv), 4-(N,N-dimethylamino)pyridine (DMAP) (0.1 equiv), and 

carboxylic acid (1.2 equiv) in CH2Cl2 (5.0 mL, for 1 mmol of 8-aminoquinoline) was 

stirred under a nitrogen atmosphere followed by slow addition of 8-aminoquinoline 

(720 mg, 5 mmol, 1.0 equiv) at room temperature. The resulting reaction mixture was 

stirred overnight. After completion of the reaction as indicated by TLC, the reaction 

mixture was quenched with 1 N HCl followed by extraction with a CH2Cl2 and brine 

solution. The organic layer was separated and washed with a saturated aqueous solution 

of NaHCO3 and brine. The organic layer was dried over Na2SO4. The solvent was 

evaporated under vacuum. The crude residue was purified using column 

chromatography on silica gel. 

Procedure B3: 

 

To a solution of 8-aminoquinoline (3.00 g, 21 mmol) and N,N-dimethyl-4-

aminopyridine (80 mg, 0.65 mmol) in anhydrous CH2Cl2 (30 mL) under nitrogen Et3N 

(3.3 mL, 24 mmol, 1.2 equiv) was added and the resulting solution was cooled to 0 ℃. 

Benzoyl chloride (2.3 mL, 20 mmol) was added dropwise and the reaction mixture was 

stirred at room temperature overnight. The mixture was quenched with water (30 mL) 

and extracted with CH2Cl2 (3×20 mL). The organic layer was separated and washed 

with a saturated aqueous solution of brine. The organic layer was dried over Na2SO4. 

The solvent was evaporated under vacuum. The crude residue was purified using 

column chromatography on silica gel. 
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Synthesis of the amide 1a-D5
4 

 

A round-bottom flask equipped with a stir bar and a condenser was charged with 

D8-toluene (99.9 atom % D) (1g, 10 mmol), KMnO4 (4g, 25 mmol), Na2CO3 (528mg, 

5 mmol), and water (30 mL). The reaction mixture was refluxed for 8 h and then cooled 

to room temperature. The mixture was filtered through a pad of celite, and the filtrate 

was acidified with 12 M HCl and extracted with DCM (310 mL). The organic layer 

was washed with water and concentrated under vacuum. The crude product was 

recrystallized from water to give C6D5CO2H as white needles. 

Synthesis of the amide 1a-D5 from C6D5CO2H was performed using Procedure A 

given for the synthesis of N-(quinolin-8-yl)benzamides from substituted benzoic acids.  

 

3-Iodo-4-methyl-N-(quinolin-8-yl)benzamide (1s): yellow solid. 1H NMR (400 MHz, 

CDCl3): δ 10.65 (s, 1H), 8.90 (dd, J = 7.2, 1.6 Hz, 1H), 8.86 (dd, J = 4.4, 1.6 Hz, 1H), 

8.51 (d, J = 2.0 Hz, 1H), 8.19 (d, J = 8.0, 1.6 Hz, 1H), 7.93 (dd, J = 7.6, 2.0 Hz, 1H), 

7.61-7.54 (m, 2H), 7.49 (dd, J = 8.2, 4.2 Hz, 1H), 7.39 (d, J = 8.0 Hz, 1H), 2.52 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 163.7, 148.3, 145.6, 138.0, 137.1, 136.4, 135.8, 

134.3, 129.7, 128.0, 127.4, 126.8, 121.8, 121.7, 116.6, 101.2, 28.2. HRMS (ESI-TOF) 

m/z [M+Na]+ calcd for C17H13IN2ONa 410.9965, found: 410.9969. M.P. 194-195 ℃. 

IR (neat, cm-1): 3042, 2918, 2850, 1654, 1581, 1558, 1483, 1436, 1291, 1236, 752. 

 

4-Methoxy-3,5-dimethyl-N-(quinolin-8-yl)benzamide (1u): yellow solid. 1H NMR 
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(400 MHz, CDCl3): δ 10.60 (s, 1H), 8.91 (d, J = 7.6 Hz, 1H), 8.84-8.80 (m, 1H), 8.15-

8.11 (m, 1H), 7.72 (s, 2H), 7.58-7.52 (m, 1H), 7.50-7.46 (m, 1H), 7.44-7.39 (m, 1H), 

3.77 (s, 3H), 2.38 (s, 6H); 13C{1H} NMR (100 MHz, CDCl3): δ 165.3, 160.1, 148.2, 

138.7, 136.3, 134.6, 131.3, 130.4, 128.0, 127.9, 127.4, 121.5, 121.4, 116.4, 59.6, 16.2. 

HRMS (ESI-TOF) m/z [M+Na]+ calcd for C19H18N2O2Na 329.1260, found: 329.1263. 

M.P. 126-127 ℃. IR (neat, cm-1): 3338, 2955, 2917, 2850, 1664, 1554, 1508, 1423, 

823, 772, 646. 

3. General Procedures for the Synthesis of 1-(Pyrimidin-2-

yl)-1H-indoles 

 

NaH (60% dispersion in mineral oil, 440 mg, 11.0 mmol) was added in portions at 

0 °C to a stirred solution of indole (1.17 g, 10.0 mmol) in DMF (25 mL). After stirring 

for 30 min at 0 ℃, 2-chloropyrimidine (1.37 g, 12.0 mmol) was added and the mixture 

was stirred at 130 ℃ for 24 h. Then, the reaction mixture was cooled to ambient 

temperature, poured into H2O (30 mL) and extracted with EtOAc (4×20 mL). The 

combined organic phase was dried over Na2SO4. After filtration and evaporation of the 

solvents under reduced pressure, the crude product was purified by column 

chromatography on silica gel to yield 1-(pyrimidin-2-yl)-1H-indoles.5 

 

Under the nitrogen atmosphere, an oven-dried 50 mL Schlenk tube was charged 

with 1-(pyrimidin-2-yl)-1-indole-4-carbaldehyde (377 mg, 1.7 mmol, 1 equiv) and 

CH3OH (10 mL). The solution was cooled to 0 ℃ and NaBH4 (96.5 mg, 2.6 mmol, 1.5 

equiv) was added. After the mixture stirring from 0 ℃ to room temperature for 2 h, 

water was added carefully and after the gas evolution ceased, the reaction mixture was 
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evaporated under reduced pressure to remove MeOH. The remained aqueous layer was 

extracted with ethyl acetate (3×20 mL). The combined organic layers were dried over 

MgSO4 and after filtration, the solvent was removed under reduced pressure. The crude 

product was purified by column chromatography on silica gel to yield 2d as white 

solid.6 

 

 

(1-(Pyrimidin-2-yl)-1H-indol-5-yl)methanol (2d): white solid. 1H NMR (400 MHz, 

CDCl3): δ 8.77 (d, J = 8.4 Hz, 1H), 8.70 (d, J = 4.8 Hz, 2H), 8.30 (d, J = 3.6 Hz, 1H), 

7.36-7.31 (m, 1H), 7.25 (d, J = 7.2 Hz, 1H), 7.05 (dd, J = 4.8, 4.8 Hz, 1H), 6.84 (d, J = 

4.0 Hz, 1H), 4.99 (s, 2H), 1.80 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 158.1, 

132.5, 129.6, 126.0, 123.6, 120.8, 116.3, 116.0, 104.7, 63.7. HRMS (ESI-TOF) m/z 

[M+Na]+ calcd for C13H11N3ONa 248.0794, found: 248.0796. M.P. 141-142 ℃. IR 

(neat, cm-1): 3292, 2918, 2850, 1577, 1561, 1451, 1154, 770. 

 

 

To a 50 mL round-bottom flask with stir bar was added 2d (1.0 equiv, 2.0 mmol), 

Et3N (1.1 equiv, 2.2 mmol), DMAP (0.05 equiv, 0.1 mmol) and CH2Cl2 (10 mL). 

TIPSCl (1.1 equiv, 2.2 mmol) was added at room temperature with constant stirring. 

After 12 h, water was added (10 mL), and the aqueous layer was extracted twice with 

CH2Cl2. The combined organic layers were washed with brine, dried over anhydrous 

Na2SO4, filtered, and evaporated to dryness. The crude residue was purified by silica 

gel column to give the title product 2f as white solid.7 
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1-(Pyrimidin-2-yl)-4-(((triisopropylsilyl)oxy)methyl)-1H-indole (2f): white solid. 

1H NMR (400 MHz, CDCl3): δ 8.75-8.67 (m, 3H), 8.28 (d, J = 4.0 Hz, 1H), 7.37-7.33 

(m, 2H), 7.03 (dd, J = 4.8, 4.8 Hz, 1H), 6.79 (dd, J = 3.6, 0.8 Hz, 1H), 5.15 (s, 2H), 

1.28-1.25 (m, 3H), 1.13 (d, J = 6.8 Hz, 18H); 13C{1H} NMR (100 MHz, CDCl3): δ 

158.1, 157.8, 135.3, 133.5, 128.6, 125. 5, 123.6, 119.4, 116.1, 115.0, 105.0, 63.6, 18.2, 

12.1. HRMS (ESI-TOF) m/z [M+Na]+ calcd for C22H31N3OSiNa 404.2129, found: 

404.2133. M.P. 79-80 ℃. IR (neat, cm-1): 2955, 2940, 2926, 2863, 1653, 1567, 1118, 

795, 757, 659. 

 

Pd(OAc)2 (0.05 equiv, 0.1 mmol) was added to a solution of 5-bromo-1-

(pyrimidin-2-yl)-1H-indole (1 equiv, 2 mmol), cyclopropyl boronic acid (1.3 equiv, 2.6 

mmol), K3PO4 (3.5 equiv, 7 mmol) and tricyclohexylphosphine (0.1 equiv, 0.2 mmol) 

in toluene (8 mL) and H2O (0.44 mL) under argon. The mixture was heated at 108 ℃ 

for 3 h and then cooled to room temperature. H2O (10 mL) was added, and the mixture 

was extracted with EtOAc (2×15 mL), the combined organic layers were washed with 

brine (10 mL), dried over MgSO4 and concentrated in vacuo. The product was isolated 

after column chromatography as a yellow liquid.8 

 

5-Cyclopropyl-1-(pyrimidin-2-yl)-1H-indole (2g): yellow liquid. 1H NMR (400 

MHz, CDCl3): δ 8.65 (d, J = 8.8 Hz, 1H), 8.62 (d, J = 4.8 Hz, 2H), 8.21 (d, J = 3.6 Hz, 

1H), 7.31 (d, J = 1.6 Hz, 1H), 7.08 (dd, J = 8.8, 2.0 Hz, 1H), 6.95 (dd, J = 4.8, 4.8 Hz, 

1H), 6.61 (dd, J = 3.8, 1.0 Hz, 1H), 2.05-1.98 (m, 1H), 0.98-0.93 (m, 2H), 0.76-0.72 
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(m, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 157.9, 157.6, 137.5, 133.7, 131.4, 125.8, 

122.0, 117.4, 116.0, 115.8, 106.6, 15.3, 8.9. HRMS (ESI-TOF) m/z [M+H]+ calcd for 

C15H14N3 236.1182, found: 236.1184. IR (neat, cm-1): 3002, 2918, 2850, 1617, 1577, 

1507, 1474, 1434, 801, 771, 725. 

 

 

A schlenk tube under argon was charged with Pd(OAc)2 (0.01 equiv, 0.1 mmol), 

(2-biphenylyl)dicyclohexylphosphine (0.022 equiv, 0.23 mmol) and K3PO4 (2.3 equiv, 

5.11g). THF (25 mL), cyclohexanone (1.2 equiv, 12.6 mmol) then 5-bromo-1-

(pyrimidin-2-yl)-1H-indole (1 equiv, 10 mmol) were sequentially injected. The tube 

was sealed, and the mixture was stirred and heated to 100 ℃ for 48 h. The crude 

reaction mixture was diluted with diethyl ether and washed with water. The organic 

layer was dried over Na2SO4, filtered, and concentrated in vacuo. The residue was 

purified by chromatography on silica gel to give 2h as a solid.9 

 

 

2-(1-(Pyrimidin-2-yl)-1H-indol-5-yl)cyclohexan-1-one (2h): white solid. 1H NMR 

(400 MHz, CDCl3): δ 8.77 (d, J = 8.4 Hz, 1H), 8.63 (d, J = 4.8 Hz, 2H), 8.26 (d, J = 3.6 

Hz, 1H), 7.42 (d, J = 2.0 Hz, 1H), 7.14 (dd, J = 8.6, 1.8 Hz, 1H), 6.96 (dd, J = 4.8, 4.8 

Hz, 1H), 6.68 (d, J = 3.6 Hz, 1H), 3.75 (dd, J = 12.0, 5.6 Hz, 1H), 2.62-2.45 (m, 2H), 

2.37-2.31 (m, 1H), 2.21-2.11 (m, 2H), 2.07-1.99 (m, 1H), 1.92-1.80 (m, 2H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 210.9, 157.9, 157.5, 134.3, 132.4, 131.4, 125.8, 124.3, 

120.3, 116.0, 115.9, 106.8, 57.2, 42.1, 35.3, 27.8, 25.2. HRMS (ESI-TOF) m/z 

[M+Na]+ calcd for C18H17N3ONa 314.1264, found: 314.1267. M.P. 112-113 ℃. IR 

(neat, cm-1): 2937, 2862, 1708, 1577, 1532, 1435, 806, 771, 729. 
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A mixture of 5-iodo-1-(pyrimidin-2-yl)-1H-indole (2 mmol), morpholine (3 

mmol), K2CO3 (4 mmol), CuI (0.2 mmol) and L-proline (0.4 mmol) in 4 mL of DMSO 

was heated at 90 ℃. The cooled mixture was partitioned between water and ethyl 

acetate. The organic layer was separated, and the aqueous layer was extracted with ethyl 

acetate. The combined organic layers were washed with brine, dried over Na2SO4, and 

concentrated in vacuo. The residual oil was loaded on a silica gel column to afford the 

corresponding product 2i.10 

 

4-(1-(Pyrimidin-2-yl)-1H-indol-5-yl)morpholine (2i): yellow solid. 1H NMR (400 

MHz, CDCl3): δ 8.69-8.63 (m, 3H), 8.22 (d, J = 3.6 Hz, 1H), 7.11 (d, J = 2.4 Hz, 1H), 

7.03 (dd, J = 9.2, 2.4 Hz, 1H), 6.99-6.96 (m, 1H), 6.61 (d, J = 3.6 Hz, 1H), 3.90 (t, J = 

4.8 Hz, 4H), 3.18 (t, J = 4.8 Hz, 4H); 13C{1H} NMR (100 MHz, CDCl3): δ 158.0, 157.6, 

147.3, 132.0, 130.5, 126.1, 116.8, 115.8, 115.0, 107.3, 106.8, 67.1, 51.1. HRMS (ESI-

TOF) m/z [M+H]+ calcd for C16H17N4O 281.1397, found: 281.1398. M.P. 138-139 ℃. 

IR (neat, cm-1): 2962, 2855, 2821, 1578, 1559, 1450, 1383, 1173, 964, 892, 802, 771, 

728. 

 

A mixture of 1H-indol-5-ol (2 mmol), (bromomethyl)cyclopropane (2.2 mmol) 

and CS2CO3 (2.2 mmol) in 4 mL of acetone was stirred at rt for 12 h. The mixture 

concentrated in vacuo. The residual was loaded on a silica gel column to afford the 

corresponding product 5-(cyclopropylmethoxy)-1H-indole.11 

Synthesis of the amide 2k from 5-(cyclopropylmethoxy)-1H-indole was 

performed using the representative procedure for the synthesis of 1-(pyrimidin-2-yl)-

1H-indoles. 
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5-(Cyclopropylmethoxy)-1-(pyrimidin-2-yl)-1H-indole (2k): white solid. 1H NMR 

(400 MHz, CDCl3): δ 8.69-8.63 (m, 3H), 8.22 (d, J = 3.6 Hz, 1H), 7.07 (s, 1H), 7.00-

6.96 (m, 2H), 6.01 (d, J = 3.6 Hz, 1H), 3.86 (d, J = 7.2 Hz, 2H), 1.35-1.29 (m, 1H), 0.65 

(d, J = 8.0 Hz, 2H), 0.37 (d, J = 5.6 Hz, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 

158.0, 157.6, 154.8, 132.0, 130.2, 126.2, 117.0, 115.8, 113.2, 106.7, 104.2, 73.3, 10.4, 

3.2. HRMS (ESI-TOF) m/z [M+H]+ calcd for C16H16N3O 266.1288, found: 266.1291. 

M.P. 90-91 ℃. IR (neat, cm-1): 3006, 2905, 2870, 1615, 1578, 1561, 1452, 1269, 1164, 

1014, 802, 762, 723. 

 

To a 50 mL round-bottom flask with stir bar was added 1H-indol-5-ol (1.0 equiv, 

2.0 mmol), Et3N (1.1 equiv, 2.2 mmol), DMAP (0.05 equiv, 0.1 mmol) and CH2Cl2 (10 

mL). TIPSCl (1.1 equiv, 2.2 mmol) was added at room temperature with constant 

stirring. After 12 h, water was added (10 mL), and the aqueous layer was extracted 

twice with CH2Cl2. The combined organic layers were washed with brine, dried over 

anhydrous Na2SO4, filtered, and evaporated to dryness. The crude residue was purified 

by the silica gel column to give the title product 5-((triisopropylsilyl)oxy)-1H-indole.7 

Synthesis of the amide 2m from 5-((triisopropylsilyl)oxy)-1H-indole was 

performed using the representative procedure for the synthesis of 1-(pyrimidin-2-yl)-

1H-indoles. 

 

To a solution of 2m (1 equiv, 2 mmol) in DMF–H2O (20:1, 10 mL) was added 

KOAc (0.1 equiv, 0.2 mmol) and water (1 equiv, 2 mmol), and stirring was continued 

for 7 h at 25 ℃. Then, the reaction mixture was cooled to ambient temperature, poured 

into H2O (10 mL) and extracted with EtOAc (2×15 mL). The combined organic phase 
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was dried over Na2SO4. After filtration and evaporation of the solvents under reduced 

pressure, the crude product was purified by column chromatography on silica gel to 1-

(pyrimidin-2-yl)-1H-indol-5-ol as a colorless solid.12 

 

NaH (2 equiv, 4 mmol) was added in portions at 0 ℃ to a stirred solution of 1-

(pyrimidin-2-yl)-1H-indol-5-ol (1 equiv, 2 mmol) in DMF (10 mL). After stirring for 

30 min at 0 ℃, 1-Boc-3-iodoazetidine (2 equiv, 4 mmol) was added and the mixture 

was stirred at 130 ℃ for 24 h. Then, the reaction mixture was cooled to ambient 

temperature, poured into H2O (20 mL) and extracted with EtOAc (4×15 mL). The 

combined organic phase was dried over Na2SO4. After filtration and evaporation of the 

solvents under reduced pressure, the crude product was purified by column 

chromatography on silica gel to yield 2l as a colorless solid.13 

 

tert-Butyl 3-((1-(pyrimidin-2-yl)-1H-indol-5-yl)oxy)azetidine-1-carboxylate (2l): 

white solid. 1H NMR (400 MHz, CDCl3): δ 8.71 (d, J = 8.8 Hz, 1H), 8.68-8.66 (m, 2H), 

8.25 (d, J = 3.2 Hz, 1H), 7.03-7.00 (m, 1H), 6.90-6.82 (m, 2H), 6.61 (d, J = 3.6 Hz, 1H), 

4.96-4.93 (m, 1H), 4.35-4.31 (m, 2H), 4.06 (dd, J = 9.8, 4.2 Hz, 2H), 1.46 (s, 9H); 

13C{1H} NMR (100 MHz, CDCl3): δ 158.1, 157.5, 156.2, 152.3, 132.0, 130.7, 126.6, 

117.4, 116.0, 112.8, 106.5, 104.2, 79.7, 66.0, 56.7, 28.4. HRMS (ESI-TOF) m/z 

[M+Na]+ calcd for C20H22N4O3Na 389.1584, found: 389.1588. M.P. 125-126 ℃. IR 

(neat, cm-1): 2918, 2850, 2345, 1717, 1684, 1559, 1457, 670. 

 

5-((tert-Butyldimethylsilyl)oxy)-1-(pyrimidin-2-yl)-1H-indole (2m):white solid. 1H 

NMR (400 MHz, CDCl3): δ 8.66-8.53 (m, 3H), 8.23 (d, J = 3.6 Hz, 1H), 7.10 (d, J = 

1.6 Hz, 1H), 6.99 (dd, J = 4.8, 4.8 Hz, 1H), 6.94 (dd, J = 9.2, 2.4 Hz, 1H), 6.59 (d, J = 
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3.6 Hz, 1H), 1.35-1.26 (m, 3H), 1.14 (d, J = 7.2 Hz, 18H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 158.0, 151.4, 132.2, 130.5, 126.2, 117.0, 116.6, 115.8, 110.4, 106.7, 18.0, 

12.7. HRMS (ESI-TOF) m/z [M+H]+ calcd for C21H30N3OSi 368.2153, found: 

368.2157. M.P. 68-69 ℃. IR (neat, cm-1): 2944, 2866, 1616, 1578, 1507, 1465, 1277, 

1168, 997, 723, 643. 

X. X-Ray Crystal Structure Determinations  

Crystal Data C29H21Cl2N5O (M =526.41 g/mol): monoclinic, space group C2/c (no. 

15), a = 18.7453(5) Å, b = 7.61379(17) Å, c = 35.5731(9) Å, β = 99.088(3)°, V = 

5013.4(2) Å3, Z = 8, T = 293.46(10) K, μ(Cu Kα) = 2.596 mm-1, Dcalc = 1.395 g/cm3, 

9015 reflections measured (11.49° ≤ 2Θ ≤ 133.192°), 4404 unique (Rint = 0.0195, Rsigma 

= 0.0238) which were used in all calculations. The final R1 was 0.0462 (I > 2σ(I)) and 

wR2 was 0.1222 (all data). 

 

Table S1 Crystal Data and Structure Refinement of 3aa. 

Compound number 3aa 

Empirical formula C29H21Cl2N5O 

Formula weight 526.41 

Temperature (K) 293.46(10) 

Crystal system monoclinic 

Space group C2/c 

a (Å) 18.7453(5) 

b (Å) 7.61379(17) 

c (Å) 35.5731(9) 

α (°) 90 

β (°) 99.088(3) 

γ (°) 90 

V (Å3) 5013.4(2) 

Z 8 

Density (calculated) (g/cm3) 1.395 

F (000) 2176.0 

Data/restraints/parameters 4404/0/335 

Index range -22 ≤ h ≤ 22, 
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-9 ≤ k ≤ 8, 

-42 ≤ l ≤ 42 

Final R indices [I>=2σ(I)] R1 = 0.0462, wR2 = 0.1177 

GOF 1.072 

Largest difference peak and hole [e Å-3] 0.19/-0.34 

CCDC numbers 2022167 

 

Table S2 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters 

(Å2×103) for 3aa. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

Cl(1) 3623.9(4) 6767.5(11) 704.4(2) 75.8(2) 

Cl(2) 4657.0(5) 4612.4(14) 390.1(3) 97.0(3) 

C(29) 4287.6(18) 5143(5) 798.4(8) 81.0(9) 

O(1) 3731.0(8) 895.5(19) 1626.6(5) 54.2(4) 

N(1) 2848.9(8) 2867.2(19) 1443.7(4) 33.3(3) 

N(2) 1861.6(8) 4896(2) 1420.6(4) 34.2(3) 

N(3) 624.0(9) 5125(3) 1251.4(5) 48.9(4) 

N(4) 1371.2(9) 4239(2) 800.1(5) 46.5(4) 

N(5) 3035.8(10) 1828(2) 720.7(5) 46.5(4) 

C(1) 3539.3(10) 2434(2) 1599.8(5) 35.6(4) 

C(2) 4040.8(10) 3886(2) 1736.9(5) 35.7(4) 

C(3) 4758.5(11) 3466(3) 1873.2(6) 48.0(5) 

C(4) 5247.6(12) 4778(3) 1995.9(8) 59.7(6) 

C(5) 5023.5(13) 6505(3) 1978.2(9) 65.7(7) 

C(6) 4314.5(12) 6930(3) 1841.4(7) 53.7(6) 

C(7) 3813.9(10) 5623(3) 1723.2(5) 37.2(4) 

C(8) 3032.1(10) 6056(2) 1596.2(5) 34.4(4) 

C(9) 2585.3(10) 6231(2) 1914.4(5) 36.6(4) 

C(10) 2765.4(13) 6950(3) 2272.7(6) 51.4(5) 

C(11) 2242.7(15) 7004(4) 2508.7(7) 63.0(7) 

C(12) 1563.9(14) 6333(3) 2389.2(6) 57.3(6) 

C(13) 1373.0(12) 5606(3) 2028.5(6) 44.5(5) 

C(14) 1895.6(10) 5576(2) 1794.3(5) 34.9(4) 

C(15) 2600.2(9) 4674(2) 1339.2(5) 31.8(4) 

C(16) 1259.3(10) 4742(2) 1146.3(5) 36.6(4) 

C(17) 53.2(12) 5002(4) 979.4(8) 61.4(6) 

C(18) 100.2(13) 4500(4) 616.0(8) 65.9(7) 

C(19) 780.3(14) 4114(4) 541.3(7) 59.5(6) 

C(20) 2412.3(10) 1486(2) 1254.5(5) 37.0(4) 

C(21) 1896.0(12) 685(3) 1424.9(6) 47.4(5) 

C(22) 1444.3(13) -609(3) 1230.0(8) 58.8(6) 

C(23) 1513.5(14) -1058(3) 869.4(8) 58.1(6) 

C(24) 2042.2(12) -268(3) 684.6(6) 48.3(5) 

C(25) 2508.4(11) 1014(2) 879.3(6) 39.2(4) 
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C(26) 2133.9(16) -660(3) 307.3(7) 63.4(7) 

C(27) 2654.7(18) 163(4) 150.4(7) 70.5(8) 

C(28) 3095.1(15) 1392(3) 369.1(7) 60.1(6) 

 

Crystal Data for C29H21N5O2 (M =471.51 g/mol): monoclinic, space group P21/c (no. 

14), a = 9.6801(2) Å, b = 15.2424(4) Å, c = 16.2196(4) Å, β = 98.515(2)°, V = 

2366.80(11) Å3, Z = 4, T = 293.45(18) K, μ(CuKα) = 0.692 mm-1, Dcalc = 1.323 g/cm3, 

18974 reflections measured (8.002° ≤ 2Θ ≤ 139.96°), 4419 unique (Rint = 0.0258, Rsigma 

= 0.0188) which were used in all calculations. The final R1 was 0.0457 (I > 2σ(I)) and 

wR2 was 0.1333 (all data). 

 

Table S3 X-ray crystal data of 3qa 

Compound number 3qa 

Empirical formula C29H21N5O2 

Formula weight 471.51 

Temperature (K) 293.45(18) 

Crystal system monoclinic 

Space group P21/c 

a (Å) 9.6801(2) 

b (Å) 15.2424(4) 

c (Å) 16.2196(4) 

α (°) 90 

β (°) 98.515(2) 

γ (°) 90 

V (Å3) 2366.80(11) 

Z 4 

Density (calculated) (g/cm3) 1.323 

F (000) 984.0 

Data/restraints/parameters 4419/0/327 

Index range 

-11 ≤ h ≤ 11, 

-17 ≤ k ≤ 18, 

-18 ≤ l ≤ 19 

Final R indices [I>2σ(I)] R1 = 0.0484, wR2 = 0.1292 

GOF 1.044 
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Largest difference peak and hole [e Å-3] 0.29/-0.23 

CCDC numbers 2052335 

 

Table S4 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters 

(Å2×103) for 3qa. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

O(1) 3918.9(13) 2797.4(9) 3045.5(7) 56.7(3) 

O(2) 6058.2(14) 1898.3(10) 5857.7(8) 69.0(4) 

N(1) 571.6(13) 4898.9(8) 3378.1(8) 42.9(3) 

N(2) 1326.2(16) 5955.7(10) 2533.6(9) 58.7(4) 

N(3) -1088.2(17) 5741.9(11) 2568.7(11) 68.5(5) 

N(4) 2409.2(14) 3892.2(9) 3193.1(7) 44.7(3) 

N(5) 4258.4(17) 4834.0(11) 2401.7(10) 61.7(4) 

C(1) -355.4(16) 4389.2(10) 3774.6(9) 40.9(3) 

C(2) -1759.2(17) 4215.2(11) 3543.0(10) 49.3(4) 

C(3) -2403.0(19) 3656.6(12) 4045.9(12) 57.9(4) 

C(4) -1677(2) 3288.1(12) 4758.8(12) 60.7(5) 

C(5) -264.0(19) 3470.1(11) 4987.3(10) 51.5(4) 

C(6) 392.4(16) 4015.8(10) 4490.7(9) 41.8(3) 

C(7) 1886.2(16) 4339.0(10) 4590.9(9) 42.7(3) 

C(8) 1999.7(16) 4639.8(10) 3700.6(9) 42.8(3) 

C(9) 248.1(17) 5558.9(10) 2799.8(9) 45.0(4) 

C(10) 997(2) 6561.9(13) 1946.8(12) 65.9(5) 

C(11) -333(3) 6788.7(14) 1644.5(14) 76.7(6) 

C(12) -1350(2) 6364.8(16) 1986.8(16) 86.1(7) 

C(13) 2981.8(16) 3698.9(10) 4950.6(9) 44.1(4) 

C(14) 3294(2) 3560.0(14) 5802.2(10) 60.0(5) 

C(15) 4296(2) 2960.0(14) 6134.9(10) 62.4(5) 

C(16) 5024.1(18) 2493.7(12) 5604.8(10) 51.0(4) 

C(17) 4719.0(16) 2615.0(11) 4753.6(9) 45.2(4) 

C(18) 3701.2(15) 3208.5(10) 4427.0(9) 39.7(3) 

C(19) 3383.4(15) 3288.4(10) 3504.1(9) 42.0(3) 

C(20) 6566(2) 1848.0(18) 6720.9(13) 82.3(7) 

C(21) 2146.8(18) 3998.2(11) 2303.4(9) 48.9(4) 

C(22) 978(2) 3670.8(13) 1856.5(11) 60.1(5) 

C(23) 676(3) 3817.2(17) 985.8(14) 86.6(8) 

C(24) 1579(3) 4311.2(18) 595.8(13) 86.5(7) 

C(25) 2788(2) 4661.7(14) 1049.5(11) 68.6(6) 

C(26) 3755(3) 5201.8(18) 704.0(15) 92.3(8) 

C(27) 4893(3) 5512(2) 1187(2) 101.6(9) 

C(28) 5098(3) 5316.7(16) 2027.5(17) 81.9(7) 

C(29) 3107(2) 4499.6(12) 1917.9(10) 55.2(4) 
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Crystal Data C29H21N5O2 (M =471.51 g/mol): monoclinic, space group P21/c (no. 14), 

a = 10.71986(7) Å, b = 7.67386(5) Å, c = 28.00942(17) Å, β = 92.6650(6)°, V = 

2301.64(2) Å3, Z = 4, T = 293.56(10) K, μ(Cu Kα) = 0.711 mm-1, Dcalc = 1.361 g/cm3, 

26309 reflections measured (6.318° ≤ 2Θ ≤ 151.9°), 4617 unique (Rint = 0.0280, Rsigma 

= 0.0156) which were used in all calculations. The final R1 was 0.0377 (I > 2σ(I)) and 

wR2 was 0.0973 (all data). 

 

Table S5 X-ray crystal data of 3q’a 

Compound number 3q’a 

Empirical formula C29H21N5O2 

Formula weight 471.51 

Temperature (K) 293.56(10) 

Crystal system monoclinic 

Space group P21/c 

a (Å) 10.71986(7) 

b (Å) 7.67386(5) 

c (Å) 28.00942(17) 

α (°) 90 

β (°) 92.6650(6) 

γ (°) 90 

V (Å3) 2301.64(2) 

Z 4 

Density (calculated) (g/cm3) 1.361 

F (000) 984.0 

Data/restraints/parameters 4617/0/327 

Index range 

-13 ≤ h ≤ 13, 

-9 ≤ k ≤ 9, 

-30 ≤ l ≤ 35 

Final R indices [I>2σ(I)] R1 = 0.0409, wR2 = 0.1050 

GOF 1.017 

Largest difference peak and hole [e Å-3] 0.17/-0.15 

CCDC numbers 2052337 
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Table S6 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters 

(Å2×103) for 3q’a. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

O(1) 2164.2(9) 3806.7(14) 3012.2(4) 61.9(3) 

O(2) 1158.0(9) -2851.6(12) 4004.5(4) 61.2(3) 

N(1) 5273.8(10) 2013.4(16) 2912.3(4) 53.1(3) 

N(2) 3455.6(8) 2539.4(12) 3568.7(3) 37.7(2) 

N(3) 4498.7(8) 1564.7(13) 4296.0(3) 42.9(2) 

N(4) 6191.3(10) 2486.4(16) 4775.1(5) 61.1(3) 

N(5) 6441.8(10) 1363.7(18) 3989.2(5) 63.1(3) 

C(1) 5302.7(10) 3549.8(16) 3157.3(4) 41.2(3) 

C(2) 4380.1(10) 3856.5(14) 3494.5(4) 38.4(2) 

C(3) 4390.0(12) 5344.6(16) 3758.4(5) 48.8(3) 

C(4) 5300.4(13) 6629.4(17) 3695.9(6) 58.4(3) 

C(5) 6187.0(13) 6396.1(19) 3370.2(6) 60.5(4) 

C(6) 6222.9(11) 4849.3(18) 3097.6(4) 50.2(3) 

C(7) 7138.4(14) 4503(3) 2766.4(6) 69.9(4) 

C(8) 7119.5(15) 2976(3) 2530.2(6) 77.5(5) 

C(9) 6171.2(14) 1762(2) 2614.0(5) 68.0(4) 

C(10) 2388.1(10) 2591.1(16) 3284.5(4) 42.0(3) 

C(11) 1490.9(10) 1110.0(16) 3321.9(4) 41.5(3) 

C(12) 456.1(11) 1039(2) 3001.7(4) 53.0(3) 

C(13) -342.8(12) -370(2) 3012.4(5) 61.7(4) 

C(14) -129.3(12) -1698(2) 3337.4(5) 59.8(4) 

C(15) 883.2(11) -1621.0(17) 3662.8(4) 48.0(3) 

C(16) 1702.9(10) -198.3(15) 3657.7(4) 39.9(2) 

C(17) 2774.6(10) -44.2(14) 4016.8(4) 37.9(2) 

C(18) 3888.3(9) 988.2(14) 3845.4(4) 37.9(2) 

C(19) 3573.0(10) 1812.2(15) 4633.3(4) 40.8(3) 

C(20) 3589.4(13) 2760.0(19) 5053.7(5) 54.5(3) 

C(21) 2493.3(14) 2821(2) 5301.1(5) 59.4(4) 

C(22) 1421.7(13) 1991.4(18) 5135.3(5) 53.9(3) 

C(23) 1417.8(11) 1027.5(16) 4714.4(4) 44.0(3) 

C(24) 2495.7(10) 936.3(14) 4468.7(4) 37.4(2) 

C(25) 533.1(17) -4488(2) 3965.5(7) 76.0(5) 

C(26) 5769.6(10) 1823.5(16) 4357.5(5) 46.9(3) 

C(27) 7418.6(14) 2780(2) 4809.9(7) 73.9(5) 

C(28) 8194.3(13) 2455(2) 4447.2(8) 79.0(5) 

C(29) 7663.7(13) 1713(2) 4041.2(7) 76.7(5) 
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Crystal Data for C29H25N3O3 (M =463.52 g/mol): triclinic, space group P-1 (no. 2), a 

= 8.6131(6) Å, b = 11.7779(8) Å, c = 12.7420(8) Å, α = 83.703(6)°, β = 79.383(6)°, γ 

= 72.590(6)°, V = 1210.21(15) Å3, Z = 2, T = 294.62(10) K, μ(Cu Kα) = 0.670 mm-1, 

Dcalc = 1.272 g/cm3, 7720 reflections measured (7.07° ≤ 2Θ ≤ 133.174°), 4259 unique 

(Rint = 0.0248, Rsigma = 0.0345) which were used in all calculations. The final R1 was 

0.0384 (I > 2σ(I)) and wR2 was 0.1077 (all data). 

 

Table S7 X-ray crystal data of 3aq 

Compound number 3aq 

Empirical formula C29H25N3O3 

Formula weight 463.52 

Temperature (K) 294.62(10) 

Crystal system triclinic 

Space group P-1 

a (Å) 8.6131(6) 

b (Å) 11.7779(8) 

c (Å) 12.7420(8) 

α (°) 83.703(6) 

β (°) 79.383(6) 

γ (°) 72.590(6) 

V (Å3) 1210.21(15) 

Z 2 

Density (calculated) (g/cm3) 1.272 

F (000) 488.0 

Data/restraints/parameters 4259/0/320 

Index range 

-8 ≤ h ≤ 10, 

-13 ≤ k ≤ 14, 

-8 ≤ l ≤ 15 

Final R indices [I>2σ(I)] R1 = 0.0384, wR2 = 0.0995 

GOF 1.032 

Largest difference peak and hole [e Å-3] 0.17/-0.16 

CCDC numbers 2052334 
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Table S8 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement 

Parameters (Å2×103) for 3aq. Ueq is defined as 1/3 of of the trace of the orthogonalised 

UIJ tensor. 

Atom x y z U(eq) 

O(1) -1785.2(14) 736.5(9) 2689.2(8) 47.2(3) 

O(2) 437.5(15) 5546.5(9) 2973.3(9) 51.9(3) 

O(3) 2097.3(13) 3645.9(9) 2849.8(9) 44.7(3) 

N(1) -665.0(15) 2268.4(9) 2393.0(9) 33.8(3) 

N(2) -175.6(15) 4192.3(9) 2104.6(9) 35.0(3) 

N(3) 2233.3(17) 576.4(11) 2756.2(10) 44.5(3) 

C(1) -1334.5(17) 1477.7(11) 2056.5(11) 34.2(3) 

C(2) -1496.4(17) 1551.1(11) 911.1(11) 34.1(3) 

C(3) -2117(2) 722.6(13) 556.6(13) 43.6(4) 

C(4) -2192(2) 713.4(14) -514.2(13) 50.2(4) 

C(5) -1643(2) 1526.3(15) -1237.4(13) 50.4(4) 

C(6) -1035(2) 2356.9(14) -893.3(12) 44.8(4) 

C(7) -971.8(17) 2382.2(12) 186.0(11) 34.5(3) 

C(8) -397.1(17) 3318.6(11) 577.6(11) 33.4(3) 

C(9) 219.3(17) 3016.2(11) 1664.1(11) 32.4(3) 

C(10) -1701.6(17) 4502.9(12) 754.0(11) 35.3(3) 

C(11) -2908(2) 5119.4(13) 157.3(13) 45.5(4) 

C(12) -3894(2) 6236.9(14) 451.3(15) 54.3(4) 

C(13) -3679(2) 6714.5(14) 1335.3(16) 55.6(5) 

C(14) -2478.0(19) 6103.7(13) 1956.6(13) 45.4(4) 

C(15) -1491.2(17) 4993.9(12) 1642.2(11) 35.4(3) 

C(16) 781.9(18) 4545.3(12) 2682.5(11) 36.8(3) 

C(17) 3328(2) 3798.9(14) 3453.3(13) 44.4(4) 

C(18) 4557(2) 2576.6(17) 3425.3(19) 68.7(6) 

C(19) 2521(3) 4103.3(19) 4583.2(15) 66.4(5) 

C(20) 4111(2) 4732.0(18) 2871.8(17) 67.5(5) 

C(21) -260.4(18) 2016.1(11) 3458.4(11) 34.1(3) 

C(22) -1258(2) 2623.3(13) 4290.6(12) 41.7(4) 

C(23) -887(2) 2335.4(14) 5342.4(12) 48.0(4) 

C(24) 461(2) 1440.2(14) 5532.9(12) 46.3(4) 

C(25) 1548.2(19) 805.6(12) 4681.9(11) 38.6(3) 

C(26) 1207.3(18) 1107.8(11) 3622.5(11) 35.0(3) 

C(27) 2986(2) -110.6(14) 4823.4(14) 49.6(4) 

C(28) 4002(2) -637.9(15) 3960.8(15) 56.0(5) 

C(29) 3582(2) -251.1(14) 2939.7(14) 54.3(4) 
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Crystal Data for C30H27CoO6 (M =542.44 g/mol): triclinic, space group P-1 (no. 2), a 

= 9.7355(5) Å, b = 9.7859(5) Å, c = 14.1076(5) Å, α = 84.175(4)°, β = 84.237(4)°, γ = 

77.311(4)°, V = 1300.21(10) Å3, Z = 2, T = 149.99(11) K, μ(Cu Kα) = 5.528 mm-1, 

Dcalc = 1.386 g/cm3, 14909 reflections measured (6.318° ≤ 2Θ ≤ 152.092°), 5114 

unique (Rint = 0.0434, Rsigma = 0.0453) which were used in all calculations. The final R1 

was 0.0608 (I > 2σ(I)) and wR2 was 0.1832 (all data). 

 

Table S9 X-ray crystal data of Co(bzac)3 

Compound number Co(bzac)3 

Empirical formula C30H27CoO6 

Formula weight 542.44 

Temperature (K) 149.99(11) 

Crystal system triclinic 

Space group P-1 

a (Å) 9.7355(5) 

b (Å) 9.7859(5) 

c (Å) 14.1076(5) 

α (°) 84.175(4) 

β (°) 84.237(4) 

γ (°) 77.311(4) 

V (Å3) 1300.21(10) 

Z 2 

Density (calculated) (g/cm3) 1.386 

F (000) 564.0 

Data/restraints/parameters 5114/0/337 

Index range 

-10 ≤ h ≤ 12, 

-12 ≤ k ≤ 12, 

-17 ≤ l ≤ 17 

Final R indices [I>=2σ(I)] R1 = 0.0608, wR2 = 0.1787 

GOF 1.061 

Largest difference peak and hole [e Å-3] 0.47/-0.42 

CCDC numbers 2074411 
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Table S10 Fractional Atomic Coordinates (×104) and Equivalent Isotropic Displacement Parameters 

(Å2×103) for Co(bzac)3. Ueq is defined as 1/3 of of the trace of the orthogonalised UIJ tensor. 

Atom x y z U(eq) 

Co1 7481.4(6) 6293.9(7) 7724.9(4) 39.2(2) 

O1 8076(3) 7315(3) 6608(2) 46.9(7) 

O2 7205(3) 4769(3) 7114.4(18) 40.2(6) 

O3 6822(3) 5376(3) 8869.3(19) 42.0(6) 

O4 9397(3) 5422(3) 7782.7(19) 42.2(6) 

O5 7827(3) 7720(3) 8425(2) 47.8(7) 

O6 5584(3) 7151(3) 7538(2) 44.7(6) 

C1 8942(6) 7749(6) 5018(4) 71.2(15) 

C2 8291(4) 6843(5) 5782(3) 49.1(10) 

C3 7973(5) 5605(5) 5567(3) 53.7(11) 

C4 7429(4) 4659(4) 6219(3) 40.8(8) 

C5 7075(4) 3382(4) 5910(3) 44.0(9) 

C6 6427(5) 3410(6) 5071(3) 56.0(11) 

C7 6005(6) 2222(7) 4850(4) 69.1(14) 

C8 6282(6) 1001(6) 5432(5) 68.6(14) 

C9 6937(5) 950(5) 6251(4) 59.0(12) 

C10 7326(4) 2129(5) 6497(3) 47.1(9) 

C11 6831(4) 3633(5) 10144(3) 49.1(10) 

C12 7578(4) 4349(4) 9321(3) 41.3(8) 

C13 9028(4) 3858(4) 9132(3) 44.4(9) 

C14 9868(4) 4429(4) 8416(3) 38.1(8) 

C15 11427(4) 3931(4) 8331(3) 39.3(8) 

C16 12181(4) 4071(4) 7443(3) 47.2(9) 

C17 13642(5) 3683(5) 7364(3) 53.8(11) 

C18 14364(4) 3167(5) 8155(3) 49.7(10) 

C19 13625(4) 3000(5) 9040(3) 46.9(9) 

C20 12155(4) 3377(4) 9129(3) 42.6(9) 

C21 7408(5) 9800(5) 9200(4) 56.4(11) 

C22 6895(4) 8792(4) 8647(3) 45.4(9) 

C23 5494(4) 9094(5) 8430(3) 46.0(9) 

C24 4913(4) 8292(4) 7883(3) 39.7(8) 

C25 3397(4) 8701(4) 7676(3) 43.3(9) 

C26 2703(4) 7673(5) 7490(3) 48.8(10) 

C27 1299(5) 8002(5) 7327(4) 58.3(12) 

C28 565(5) 9381(6) 7300(4) 63.8(13) 

C29 1233(5) 10412(5) 7477(5) 68.0(14) 

C30 2653(5) 10089(5) 7667(4) 56.3(11) 
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XI. Characterization Data of the Products 

 

7-(Pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-indolo[2,3-

c]isoquinolin-5-one (3aa): yellow solid, 54.8 mg, (Yield: 83%). 1H NMR (400 MHz, 

CDCl3): δ 8.95 (d, J = 2.8 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 8.27 (d, J = 7.6 Hz, 1H), 

8.08 (d, J = 7.6 Hz, 1H), 7.70-7.64 (m, 3H), 7.56 (d, J = 6.4 Hz, 2H), 7.52-7.48 (m, 2H), 

7.41-7.33 (m, 2H), 7.16 (d, J = 6.0 Hz, 2H), 7.02 (d, J = 5.2 Hz, 2H), 6.21 (dd, J = 4.8, 

4.8 Hz, 1H), 4.82 (d, J = 6.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.1, 158.8, 

156.4, 150.3, 145.5, 141.2, 136.9, 135.7, 134.9, 133.8, 132.4, 130.8, 129.5, 128.8, 128.4, 

128.3, 128.0, 127.9, 127.1, 125.5, 123.8, 122.9, 121.0, 117.2, 111.8, 76.3, 44.3; HRMS 

(ESI-TOF) m/z [M+Na]+ calcd for C28H19N5ONa 464.1482, found: 464.1479. M.P. 

246-248 ℃. IR (neat, cm-1): 3043, 2918, 2850, 1684, 1654, 1581, 1557, 1483, 1436, 

1292, 795, 752. 

 

2-Methyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ba): yellow solid, 53.8 mg, (Yield: 79%). 1H NMR 

(400 MHz, CDCl3): δ 8.96 (dd, J = 4.2, 1.8 Hz, 1H), 8.33 (d, J = 8.0 Hz, 1H), 8.17 (d, 

J = 8.0 Hz, 1H), 8.10 (dd, J = 8.4, 2.0 Hz, 1H), 7.66 (d, J = 4.8 Hz, 2H), 7.57 (dd, J = 

6.8, 3.2 Hz, 1H), 7.50 (d, J = 6.4 Hz, 1H), 7.42-7.34 (m, 3H), 7.31 (d, J = 8.0 Hz, 1H), 

7.20-7.13 (m, 2H), 7.04 (d, J = 4.4 Hz, 2H), 6.22 (dd, J = 4.6, 4.6 Hz, 1H), 4.78 (d, J = 

6.4 Hz, 1H), 2.56 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.3, 158.9, 156.4, 

150.3, 145.6, 143.0, 141.2, 137.1, 135.7, 134.8, 133.9, 130.9, 129.5, 128.9, 128.8, 128.2, 

127.9, 125.5, 124.6, 123.8, 122.9, 121.0, 117.2, 111.7, 76.4, 44.3, 21.8; HRMS (ESI-
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TOF) m/z [M+H]+ calcd for C29H22N5O 456.1819, found: 456.1830. M.P. 229-230 ℃. 

IR (neat, cm-1): 3042, 2922, 2872, 1943, 1655, 1582, 1435, 1388, 1292, 910, 795, 732, 

702, 645. 

 

2-(tert-Butyl)-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ca): yellow solid, 67.8 mg, (Yield: 91%). 1H NMR 

(400 MHz, CDCl3): δ 8.96 (dd, J = 4.0, 1.6 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.19 (d, 

J = 8.4 Hz, 1H), 8.06 (dd, J = 8.2, 1.2 Hz, 1H), 7.64 (d, J = 4.0 Hz, 2H), 7.58-7.50 (m, 

4H), 7.40-7.33 (m, 2H), 7.17-7.12 (m, 2H), 7.03 (dd, J = 7.4, 7.4 Hz, 1H), 6.97 (d, J = 

7.6 Hz, 1H), 6.21 (dd, J = 4.8, 4.8 Hz, 1H), 4.81 (d, J = 6.4 Hz, 1H), 1.47 (s, 9H); 

13C{1H} NMR (100 MHz, CDCl3): δ 164.2, 158.9, 156.3, 156.1, 150.2, 145.6, 141.2, 

137.0, 135.7, 134.5, 134.0, 130.8, 129.3, 128.7, 128.2, 127.9, 125.4, 125.3, 124.9, 124.5, 

123.7, 122.9, 121.0, 117.1, 111.7, 76.3, 44.6, 35.1. 31.3; HRMS (ESI-TOF) m/z 

[M+H]+ calcd for C32H28N5O 498.2288, found: 498.2303. M.P. 257-258 ℃. IR (neat, 

cm-1): 3046, 3003, 2964, 1655, 1582, 1556, 1485, 1434, 1388, 1293, 790, 752, 702, 

665. 

 

2-Methoxy-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3da): yellow solid, 39.5 mg, (Yield: 56%). 1H NMR 

(400 MHz, CDCl3): δ 8.97 (dd, J = 4.2, 1.8 Hz, 1H), 8.33 (d, J = 8.0 Hz, 1H), 8.22 (d, 

J = 8.4 Hz, 1H), 8.09 (d, J = 8.4, 1.6 Hz, 1H), 7.65 (d, J = 4.8 Hz, 2H), 7.57 (dd, J = 

6.8, 2.8 Hz, 1H), 7.50 (d, J = 6.4 Hz, 1H), 7.41-7.35 (m, 2H), 7.19-7.13 (m, 2H), 7.09-

6.99 (m, 4H), 6.21 (dd, J = 4.8, 4.8 Hz, 1H), 4.76 (d, J = 6.4 Hz, 1H), 3.95 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 164.1, 162.9, 158.8, 156.3, 150.2, 145.6, 141.2, 

137.0, 136.8, 135.7, 133.6, 131.6, 130.8, 128.7, 128.2, 127.9, 125.4, 123.7, 122.9, 121.0, 
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119.9, 117.1, 113.6, 113.1, 111.7, 76.2, 55.5, 44.5; HRMS (ESI-TOF) m/z [M+Na]+ 

calcd for C29H21N5O2Na 494.1587, found: 494.1601. M.P. 242-244 ℃. IR (neat, cm-

1): 3042, 3003, 2927, 2851, 1654, 1608, 1581, 1556, 1485, 1435, 1388, 1265, 1114, 795, 

753. 

 

2-(Benzyloxy)-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ea): yellow solid, 54.9 mg, (Yield: 67%). 1H NMR 

(400 MHz, CDCl3): δ 9.00 (d, J = 2.4 Hz, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.20 (d, J = 8.4 

Hz, 1H), 8.09 (dd, J = 8.2 ,1.8 Hz, 1H), 7.64 (d, J = 3.6 Hz, 2H), 7.58-7.54 (m, 1H), 

7.52-7.48 (m, 3H), 7.46-7.42 (m, 2H), 7.41-7.38 (m, 2H), 7.34 (dd, J = 7.8, 7.8 Hz, 1H), 

7.15 (d, J = 4.8 Hz, 2H), 7.07 (d, J = 7.6 Hz, 2H), 7.00 (dd, J = 7.4, 7.4 Hz, 1H), 6.94 

(d, J = 7.6 Hz, 1H), 6.21 (dd, J = 4.8, 4.8 Hz, 1H), 5.24 (s, 2H), 4.74 (d, J = 6.4 Hz, 

1H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.1, 161.9, 158.8, 156.4, 150.3, 145.6, 

141.2, 137.0, 136.8, 136.3, 135.8, 133.6, 131.7, 131.0, 128.8, 128.7, 128.3, 128.2, 127.9, 

127.5, 125.5, 123.7, 122.9, 121.0, 120.2, 117.2, 114.4, 114.2, 111.7, 76.2, 70.2, 44.5; 

HRMS (ESI-TOF) m/z [M+H]+ calcd for C35H26N5O2 548.2081, found: 548.2080. M.P. 

223-225 ℃. IR (neat, cm-1): 3034, 3005, 2923, 2852, 1717, 1654, 1606, 1581, 1484, 

1436, 1387, 1318, 1292, 1263, 1168, 795, 754, 700, 664. 

 

2-(Chloromethyl)-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3fa): yellow solid, 47.7 mg, (Yield: 65%). 1H NMR 

(400 MHz, CDCl3): δ 8.95 (d, J = 4.0 Hz, 1H), 8.32 (d, J = 7.6 Hz, 1H), 8.25 (d, J = 7.6 

Hz, 1H), 8.10 (d, J = 8.0 Hz, 1H), 7.66-7.58 (m, 4H), 7.50 (d, J = 6.8 Hz, 2H), 7.41-

7.35 (m, 2H), 7.16 (d, J = 4.8 Hz, 2H), 7.06-6.99 (m, 2H), 6.23 (dd, J = 4.8, 4.8 Hz, 

1H), 4.82 (d, J = 5.6 Hz, 1H), 4.75 (s, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 163.6, 
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158.8, 156.4, 150.4, 145.4, 141.8, 141.1, 136.8, 135.7, 135.5, 133.5, 130.7, 130.0, 128.8, 

128.4, 128.1, 128.0, 127.2, 125.5, 123.7, 123.0, 121.1, 117.2, 111.8, 76.2, 45.5, 44.2; 

HRMS (ESI-TOF) m/z [M+Na]+ calcd for C29H20ClN5ONa 512.1249, found: 

512.1265. M.P. 224-225 ℃. IR (neat, cm-1): 3041, 2918, 2850, 1684, 1654, 1617, 1484, 

1435, 795. 

 

2-Fluoro-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ga): yellow solid, 50.3 mg, (Yield: 73%). 1H NMR 

(400 MHz, CDCl3): δ 8.98 (dd, J = 4.0, 1.6 Hz, 1H), 8.33-8.26 (m, 2H), 8.10 (dd, J = 

8.2, 1.4 Hz, 1H), 7.66 (d, J = 4.4 Hz, 2H), 7.58 (dd, J = 5.6, 4.0 Hz, 1H), 7.51 (d, J = 

6.4 Hz, 1H), 7.43-7.35 (m, 2H), 7.28-7.25 (m, 1H), 7.20-7.15 (m, 3H), 7.07-7.02 (m, 

2H), 6.24 (dd, J = 4.8, 4.8 Hz, 1H), 4.78 (d, J = 6.4 Hz, 1H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 165.3 (d, J = 252.0 Hz), 164.0, 163.3, 158.8, 156.4, 150.4, 145.5, 141.2, 

137.7 (d, J = 9.0 Hz), 136.7, 135.8, 133.1, 132.4 (d, J = 9.0 Hz), 130.8, 128.8, 128.5, 

128.1, 125.5, 123.6, 123.5 (d, J = 3.0 Hz), 123.1, 121.1, 117.3, 115.3 (d, J = 8.0 Hz), 

115.1 (d, J = 8.0 Hz), 111.9, 76.2, 44.3; 19F NMR (376 MHz, CDCl3): δ -106.64; 

HRMS (ESI-TOF) m/z [M+H]+ calcd for C28H19FN5O 460.1568, found: 460.1584. 

M.P. 249-251 ℃. IR (neat, cm-1): 3034, 2918, 2850, 1684, 1636, 1578, 1436, 1220, 

773. 

 

2-Chloro-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ha) : yellow solid, 37.8 mg, (Yield: 53%). 1H NMR 

(400 MHz, CDCl3): δ 8.97 (d, J = 4.0 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.21 (d, J = 4.4 

Hz, 1H), 8.11 (d, J = 8.4, 1H), 7.67 (d, J = 4.8 Hz, 2H), 7.61-7.55 (m, 2H), 7.49 (d, J = 

6.8 Hz, 1H), 7.47 (d, J = 9.2 Hz, 1H), 7.43-7.35 (m, 2H), 7.16 (d, J = 4.8 Hz, 2H), 7.08-
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7.03 (m, 2H), 6.24 (dd, J = 4.8, 4.8 Hz, 1H), 4.78 (d, J = 6.4, 1H); 13C{1H} NMR (100 

MHz, CDCl3): δ 163.3, 158.8, 156.4, 150.4, 145.4, 141.2, 138.6, 136.73, 136.70, 135.8, 

133.1, 131.2, 130.8, 128.8, 128.6, 128.33, 128.26, 128.1, 125.8, 125.5, 123.7, 123.1, 

117.4, 111.9, 76.2, 44.1; HRMS (ESI-TOF) m/z [M+H]+ calcd for C28H19ClN5O 

476.1273, found: 476.1291. M.P. 306-308 ℃. IR (neat, cm-1): 3042, 3005, 2923, 2852, 

1654, 1595, 1557, 1485, 1433, 1389, 1317, 793, 768, 753. 

 

2-Bromo-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ia): yellow solid, 48.3 mg, (Yield: 62%). 1H NMR 

(400 MHz, CDCl3): δ 8.98 (dd, J = 4.4, 1.6 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.14-8.10 

(m, 2H), 7.74 (d, J = 2.0 Hz, 1H), 7.67-7.63 (m, 3H), 7.59 (dd, J = 6.4, 3.2 Hz, 1H), 

7.49 (d, J = 6.4 Hz, 1H), 7.43 (dd, J = 8.2, 4.2 Hz, 1H), 7.40-7.36 (m, 1H), 7.19-7.15 

(m, 2H), 7.08-7.03 (m, 2H), 6.25 (dd, J = 4.8, 4.8 Hz, 1H), 4.78 (d, J = 6.4 Hz, 1H); 

13C{1H} NMR (100 MHz, CDCl3): δ 163.4, 158.8, 156.4, 150.4, 145.4, 141.2, 136.9, 

136.7, 135.8, 133.1, 131.3, 131.2, 130.8, 128.8, 128.6, 128.1, 127.1, 126.2, 125.5, 123.7, 

123.1, 121.2, 117.3, 111.9, 76.2, 44.0; HRMS (ESI-TOF) m/z [M+Na]+ calcd for 

C28H18BrN5ONa 542.0587, found: 542.0606. M.P. 252-253 ℃. IR (neat, cm-1): 2923, 

2850, 1829, 1717, 1670, 1558, 1396, 1219, 774. 

 

7-(Pyrimidin-2-yl)-6-(quinolin-8-yl)-2-(trifluoromethoxy)-6,6a,7,11b-tetrahydro-

5H-indolo[2,3-c]isoquinolin-5-one (3ja): yellow solid, 46.5 mg, (Yield: 59%). 1H 

NMR (400 MHz, CDCl3): δ 8.98 (d, J = 2.8 Hz, 1H), 8.34 (d, J = 2.0 Hz, 1H), 8.32 (d, 

J = 3.2 Hz, 1H), 8.11 (dd, J = 8.2, 1.8 Hz, 1H), 7.67 (d, J = 4.8 Hz, 2H), 7.61-7.57 (m, 

1H), 7.53 (d, J = 6.4 Hz, 1H), 7.44-7.34 (m, 4H), 7.19-7.14 (m, 2H), 7.06 (dd, J = 7.2, 

7.2 Hz, 1H), 6.99 (d, J = 7.2 Hz, 1H), 6.25 (dd, J = 4.8, 4.8 Hz, 1H), 4.81 (d, J = 6.4 
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Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 163.0, 158.7, 156.4, 152.1, 152.0, 150.4, 

145.4, 141.1, 137.2, 136.6, 135.8, 132.9, 131.8, 130.7, 128.8, 128.6, 128.2, 125.6, 125.5, 

123.5, 123.1, 121.1, 120.4 (q, J = 257 Hz), 120.1, 119.9, 117.4, 111.9, 76.2, 44.2; 19F 

NMR (376 MHz, CDCl3): δ -57.41; HRMS (ESI-TOF) m/z [M+Na]+ calcd for 

C29H18F3N5O2Na 548.1305, found: 548.1324. M.P. 280-282 ℃. IR (neat, cm-1): 3046, 

3007, 2925, 2852, 1662, 1614, 1557, 1485, 1436, 1258, 1218, 1167, 795, 753. 

 

7-(Pyrimidin-2-yl)-6-(quinolin-8-yl)-2-(trifluoromethyl)-6,6a,7,11b-tetrahydro-

5H-indolo[2,3-c]isoquinolin-5-one (3ka): yellow solid, 40.5 mg, (Yield: 53%). 1H 

NMR (400 MHz, CDCl3): δ 8.96 (dd, J = 4.0, 1.6 Hz, 1H), 8.41 (d, J = 8.0 Hz, 1H), 

8.36 (d, J = 8.0 Hz, 1H), 8.11 (dd, J = 8.4, 1.6 Hz, 1H), 7.84 (s, 1H), 7.80 (d, J = 8.0 

Hz, 2H), 7.67 (d, J = 4.4 Hz, 1H), 7.60 (dd, J = 6.4, 1.6 Hz, 1H), 7.54 (d, J = 6.4 Hz, 

1H), 7.44-7.37 (m, 2H), 7.20-7.15 (m, 2H), 7.06 (dd, J = 7.4, 7.4 Hz, 1H), 6.96 (d, J = 

7.2 Hz, 1H), 6.25 (dd, J = 4.8, 4.8 Hz, 1H), 4.86 (d, J = 6.4 Hz, 1H); 13C{1H} NMR 

(100 MHz, CDCl3): δ 162.8, 158.8, 156.5, 150.5, 145.3, 141.1, 136.5, 135.82, 135.78, 

134.1 (q, J = 32.0 Hz), 132.9, 130.7, 130.3, 130.2, 128.8, 128.7, 128.2, 125.5, 125.3 (q, 

J = 3.5 Hz), 124.8 (q, J = 3.5 Hz), 123.7 (q, J = 271.0 Hz), 123.6, 123.2, 121.2, 117.4, 

112.0, 76.1, 44.1; 19F NMR (376 MHz, CDCl3): δ -62.72; HRMS (ESI-TOF) m/z 

[M+Na]+ calcd for C29H18F3N5ONa 532.1356, found: 532.1370. M.P. 284-286 ℃. IR 

(neat, cm-1): 3047, 2927, 2854, 1664, 1582, 1485, 1435, 1388, 1311, 1291, 1167, 1130, 

1072, 910, 794, 697, 668. 

 

Methyl 5-oxo-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinoline-2-carboxylate (3la): yellow solid, 42.6 mg, (Yield: 57%). 

1H NMR (400 MHz, CDCl3): δ 8.97 (d, J = 2.8 Hz, 1H), 8.35 (d, J = 8.4 Hz, 1H), 8.32 
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(d, J = 8.4 Hz, 1H), 8.27 (s, 1H), 8.16 (dd, J = 8.2, 1.0 Hz, 1H), 8.11 (dd, J = 8.2, 1.8 

Hz, 1H), 7.67 (d, J = 3.6 Hz, 2H), 7.61-7.57 (m, 1H), 7.53 (d, J = 6.4 Hz, 1H), 7.43-

7.36 (m, 2H), 7.17 (d, J = 4.4 Hz, 2H), 7.06-7.00 (m, 2H), 6.25 (dd, J = 4.6, 4.6 Hz, 

1H), 4.90 (d, J = 6.4 Hz, 1H), 4.03 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 166.4, 

163.2, 158.8, 156.4, 150.4, 145.3, 141.1, 136.5, 135.8, 135.1, 133.5, 133.3, 130.9, 130.7, 

129.7, 129.6, 128.9, 128.8, 128.5, 128.2, 125.5, 123.8, 123.1, 121.1, 117.3, 111.9, 76.2, 

52.5, 44.1; HRMS (ESI-TOF) m/z [M+Na]+ calcd for C30H21N5O3Na 522.1537, found: 

522.1550. M.P. 217-218 ℃. IR (neat, cm-1): 3042, 2921, 2851, 1718, 1654, 1581, 1558, 

1435, 1219, 672, 625. 

 

2-Acetyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ma): yellow solid, 31.2 mg, (Yield: 43%). 1H NMR 

(400 MHz, CDCl3): δ 8.95 (t, J = 2.0 Hz, 1H), 8.37 (d, J = 8.0 Hz, 1H), 8.33 (d, J = 8.0 

Hz, 1H), 8.18 (s, 1H), 8.11 (dd, J = 8.4, 1.2 Hz, 1H), 8.08 (dd, J = 8.0, 1.2 Hz, 1H), 

7.37 (d, J = 4.0 Hz, 2H), 7.62-7.58 (m, 1H), 7.53 (d, J = 6.4 Hz, 1H), 7.42 (dd, J = 8.2, 

4.2 Hz, 1H), 7.40-7.35 (m, 1H), 7.17 (d, J = 4.4 Hz, 2H), 7.06-7.02 (m, 1H), 6.99 (d, J 

= 7.2 Hz, 1H), 6.25 (dd, J = 4.8, 4.8 Hz, 1H), 4.91 (d, J = 6.4 Hz, 1H), 2.75 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 197.6, 163.2, 158.8, 156.4, 150.4, 145.3, 141.1, 

139.9, 136.6, 135.8, 135.4, 133.2, 130.9, 130.7, 130.0, 128.8, 128.6, 128.2, 128.0, 127.9, 

125.5, 123.8, 123.1, 121.2, 117.3, 111.9, 76.2, 44.2, 27.0; HRMS (ESI-TOF) m/z 

[M+Na]+ calcd for C30H21N5O2Na 506.1587, found: 506.1602. M.P. 229-231 ℃. IR 

(neat, cm-1): 3044, 3005, 2920, 2851, 1685, 1655, 1582, 1557, 1484, 1432, 1388, 1273, 

793, 753. 

 

2-Morpholino-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-
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indolo[2,3-c]isoquinolin-5-one (3na): yellow solid, 43.4 mg, (Yield: 55%). 1H NMR 

(400 MHz, CDCl3): δ 8.96 (dd, J = 4.0, 1.6 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 8.14 (d, 

J = 8.8 Hz, 1H), 8.09 (dd, J = 8.4, 1.6 Hz, 1H), 7.65 (d, J = 4.4 Hz, 2H), 7.59-7.55 (m, 

1H), 7.47 (d, J = 1.2 Hz, 1H), 7.40 (dd, J = 8.2, 4.2 Hz, 1H), 7.38-7.33 (m, 1H), 7.16 

(s, 1H), 7.14 (d, J = 6.4 Hz, 1H), 7.08-7.01 (m, 2H), 6.98-6.96 (m, 2H), 6.22 (dd, J = 

4.8, 4.8 Hz, 1H), 4.73 (d, J = 6.4 Hz, 1H), 3.94 (t, J = 4.8 Hz, 4H), 3.41 (t, J = 4.8 Hz, 

4H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.4, 158.9, 156.4, 154.0, 150.3, 145.8, 

141.3, 137.3, 136.4, 135.7, 133.9, 131.1, 131.0, 128.8, 128.3, 127.9, 125.5, 123.7, 122.9, 

121.0, 118.1, 117.2, 113.7, 113.2, 111.7, 76.4, 66.7, 48.0, 44.9; HRMS (ESI-TOF) m/z 

[M+Na]+ calcd for C32H26N6O2Na 549.2009, found: 549.2006. M.P. 287-289 ℃. IR 

(neat, cm-1): 2956, 2850, 1772, 1699, 1607, 1577, 1474, 1220, 1121, 672. 

 

 

3-Chloro-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3oa): yellow solid, 30.3 mg, (Yield: 43%). 1H NMR 

(400 MHz, CDCl3): δ 8.97 (dd, J = 4.0, 1.6 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.26 (d, 

J = 2.4 Hz, 1H), 8.11 (dd, J = 8.4, 1.6 Hz, 1H), 7.67-7.65 (m, 3H), 7.60-7.58 (m, 1H), 

7.53-7.49 (m, 2H), 7.41 (dd, J = 8.2, 4.2 Hz, 1H), 7.40-7.36 (m, 1H), 7.17-7.15 (m, 2H), 

7.08-7.03 (m, 1H), 7.01-6.98 (m, 1H), 6.25 (dd, J = 4.8, 4.8 Hz, 1H), 4.81 (d, J = 6.4 

Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 162.9, 158.8, 156.4, 150.4, 145.3, 141.1, 

136.6, 135.8, 134.1, 133.3, 133.2, 132.4, 130.7, 129.9, 129.5, 128.8, 128.7, 128.5, 128.2, 

125.5, 123.6, 123.0, 121.1, 117.3, 111.9, 76.2, 43.8. HRMS (ESI-TOF) m/z [M+H]+ 

calcd for C28H19ClN5O 476.1273, found: 476.1290. M.P. 261-263 ℃. IR (neat, cm-1): 

3043, 3005, 2924, 2853, 1654, 1578, 1558, 1483, 1432, 1387, 1292, 1272, 829, 794, 

705. 
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1-Chloro-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3o’a): yellow solid, 25.3 mg, (Yield: 35%). 1H NMR 

(400 MHz, CDCl3): δ 8.95 (dd, J = 3.8, 1.8 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.21 (dd, 

J = 7.6, 1.2 Hz, 1H), 8.10 (dd, J = 8.4, 1.6 Hz, 1H), 7.96-7.67 (m, 3H), 7.62-7.57 (m, 

1H), 7.48-7.46 (m, 2H), 7.43 (dd, J = 8.0, 4.0 Hz, 1H), 7.40-7.36 (m, 1H), 7.20-7.17 

(m, 2H), 7.12 (d, J = 7.2 Hz, 1H), 7.07-7.03 (m, 1H), 6.24 (dd, J = 4.8, 4.8 Hz, 1H), 

5.28 (d, J = 6.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 163.2, 158.8, 156.4, 

150.4, 145.3, 141.4, 136.6, 135.8, 133.6, 133.5, 133.2, 132.1, 130.7, 129.4, 128.8, 128.7, 

128.4, 128.14, 128.11, 125.5, 124.4, 123.0, 121.1, 117.3, 111.9, 76.1, 42.0. HRMS 

(ESI-TOF) m/z [M+Na]+ calcd for C28H18ClN5ONa 498.1092, found: 498.1107. M.P. 

234-235 ℃. IR (neat, cm-1): 3005, 2923, 2852, 1654, 1581, 1558, 1486, 1436, 1288, 

796, 752.  

 

3-Methyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3pa): yellow solid, 53.3 mg, (Yield: 78%). 1H NMR 

(400 MHz, CDCl3): δ 8.97 (dd, J = 4.4, 1.6 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.11 (dd, 

J = 8.2, 1.4 Hz, 2H), 7.66 (d, J = 4.4 Hz, 2H), 7.60-7.56 (m, 1H), 7.52-7.46 (m, 3H), 

7.41 (dd, J = 8.2, 4.2 Hz, 1H), 7.38-7.34 (m, 1H), 7.17 (s, 1H), 7.16 (d, J = 1.6 Hz, 1H), 

7.03 (d, J = 4.4 Hz, 2H), 6.23 (dd, J = 4.8, 4.8 Hz, 1H), 4.80 (d, J = 6.4 Hz, 1H), 2.46 

(s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.4, 158.9, 156.4, 150.3, 145.6, 141.2, 

137.7, 137.1, 135.7, 134.1, 133.2, 131.9, 130.9, 129.9, 128.8, 128.4, 128.2, 128.0, 126.9, 

125.5, 123.8, 123.0, 121.0, 117.2, 111.7, 76.4, 44.0, 21.2; HRMS (ESI-TOF) m/z 

[M+H]+ calcd for C29H22N5O 456.1819, found: 456.1834. M.P. 267-269 ℃. IR (neat, 

cm-1): 3047, 2918, 2850, 1654, 1558, 1507, 1435, 1237, 772, 641. 
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3-Methoxy-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3qa): yellow solid, 35.8 mg, (Yield: 51%).1H NMR 

(400 MHz, CDCl3): δ 8.97 (d, J = 2.8 Hz, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.10 (d, J = 8.4 

Hz, 1H), 7.81 (d, J = 2.4 Hz, 1H), 7.65 (d, J = 4.0 Hz, 2H), 7.59-7.55 (m, 1H), 7.49 (d, 

J = 2.4 Hz, 1H), 7.47 (s, 1H), 7.40 (dd, J = 8.2, 4.2 Hz, 1H), 7.37-7.33 (m, 1H), 7.26-

7.23 (m, 1H), 7.16 (d, J = 4.8 Hz, 2H), 7.05-7.02 (m, 2H), 6.22 (dd, J = 4.6, 4.6 Hz, 

1H), 4.78 (d, J = 6.4 Hz, 1H), 3.87 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.1, 

159.4, 158.9, 156.4, 150.4, 145.5, 141.1, 137.0, 135.7, 134.2, 130.7, 129.6, 128.8, 

128.21, 128.19, 128.0, 127.0, 125.5, 123.8, 123.0, 121.0, 120.1, 117.1, 112.6, 111.7, 

76.4, 55.5, 43.6; HRMS (ESI-TOF) m/z [M+H]+ calcd for C29H22N5O2 472.1768, 

found: 472.1783. M.P. 308-310 ℃. IR (neat, cm-1): 3003, 2918, 2850, 1654, 1579, 

1557, 1484, 1434, 1387, 1317, 1282, 795, 754. 

 

1-Methoxy-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3q’a): yellow solid, 25.6 mg, (Yield: 36%). 1H NMR 

(400 MHz, CDCl3): δ 8.95 (dd, J = 4.0, 1.2 Hz, 1H), 8.30 (d, J = 8.0 Hz, 1H), 8.09 (dd, 

J = 8.2, 1.0 Hz, 1H), 7.88 (d, J = 8.0 Hz, 1H), 7.70-7.59 (m, 2H), 7.59-7.55 (m, 1H), 

7.47-7.42 (m, 2H), 7.39 (dd, J = 8.4, 4.2 Hz, 1H), 7.36-7.32 (m, 1H), 7.23 (s, 1H), 7.18-

7.13 (m, 2H), 7.03-6.99 (m, 2H), 6.20 (dd, J = 4.6, 4.6 Hz, 1H), 5.22 (d, J = 6.8 Hz, 

1H), 3.99 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.2, 158.9, 156.6, 156.3, 

150.3, 145.5, 141.5, 137.1, 135.7, 133.6, 130.7, 128.8, 128.4, 128.3, 127.93, 127.87, 

125.5, 124.4, 124.3, 122.9, 121.1, 121.0, 117.1, 114.0, 111.6, 76.2, 55.9, 38.8; HRMS 

(ESI-TOF) m/z [M+Na]+ calcd for C29H21N5O2Na 484.1587, found: 494.1583. M.P. 

167-168 ℃. IR (neat, cm-1): 3043, 3004, 2957, 2850, 1654, 1579, 1558, 1484, 1435, 

1387, 1294, 1273, 796, 771, 752. 
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7-(Pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-[1,3]dioxolo[4,5-

g]indolo[2,3-c]isoquinolin-5-one (3ra): yellow solid, 57.5 mg, (Yield: 79%). 1H NMR 

(400 MHz, CDCl3): δ 8.99 (d, J = 4.4 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 8.10 (d, J = 8.4 

Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 7.70-7.60 (m, 2H), 7.55 (dd, J = 7.2, 2.8 Hz, 1H), 

7.46 (d, J = 6.4 Hz, 1H), 7.42-7.35 (m, 2H), 7.20-7.14 (m, 3H), 7.08-7.03 (m, 1H), 6.94 

(d, J = 8.0 Hz, 1H), 6.26 (s, 1H), 6.23 (dd, J = 4.8, 4.8 Hz, 1H), 6.13 (s, 1H), 5.03 (d, J 

= 6.4 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 163.8, 158.8, 156.3, 150.8, 150.3, 

145.6, 145.2, 141.4, 137.1, 135.7, 132.9, 130.8, 128.7, 128.3, 127.9, 125.4, 124.7, 124.1, 

123.0, 121.2, 121.0, 117.3, 116.8, 111.7, 107.8, 102.2, 75.8, 38.9; HRMS (ESI-TOF) 

m/z [M+Na]+ calcd for C29H19N5O3Na 508.1380, found: 508.1394. M.P. 269-270 ℃. 

IR (neat, cm-1): 3044, 3003, 2902, 1662, 1629, 1581, 1557, 1485, 1437, 1404, 1220, 

1117, 827, 752, 666. 

 

3-Iodo-2-methyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3sa): yellow solid, 54.8 mg, (Yield: 63%). 1H NMR 

(400 MHz, CDCl3): δ 8.97 (d, J = 2.4 Hz, 1H), 8.66 (s, 1H), 8.31 (d, J = 8.0 Hz, 1H), 

8.11 (d, J = 7.6 Hz, 1H), 7.66 (d, J = 4.0 Hz, 2H), 7.58 (t, J = 4.8 Hz, 1H), 7.46 (d, J = 

6.4 Hz, 1H), 7.43-7.35 (m, 3H), 7.18-7.15 (m, 2H), 7.07-7.01 (m, 2H), 6.24 (dd, J = 

4.6, 4.6 Hz, 1H), 4.73 (d, J = 6.0 Hz, 1H), 2.62 (s, 3H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 162.8, 158.8, 156.4, 150.4, 146.1, 145.5, 141.2, 139.9, 136.7, 135.8, 134.9, 

133.3, 130.8, 129.5, 128.8, 128.5, 128.1, 126.4, 125.5, 123.7, 123.0, 121.1, 117.3, 111.9, 

100.0, 76.3, 43.9, 28.5; HRMS (ESI-TOF) m/z [M+H]+ calcd for C29H21IN5O 

582.0785, found: 582.0781. M.P. 241-243 ℃. IR (neat, cm-1): 3047, 3004, 2918, 2850, 

1653, 1580, 1541, 1521, 1485, 1387, 828, 669. 
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1,3-Dimethyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ta): yellow solid, 52.0 mg, (Yield: 74%).1H NMR 

(400 MHz, CDCl3): δ 8.94 (dd, J = 8.0, 1.6 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 8.07 (dd, 

J = 8.4, 1.6 Hz, 1H), 7.96 (s, 1H), 7.71-7.53 (m, 3H), 7.41-7.33 (m, 4H), 7.17-7.13 (m, 

2H), 7.02-6.98 (m, 1H), 6.91 (d, J = 7.6 Hz, 1H), 6.20 (dd, J = 4.6, 4.6 Hz, 1H), 4.92 

(d, J = 6.4 Hz, 1H), 2.53 (s, 3H), 2.41 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 

164.7, 158.8, 156.4, 150.3, 145.5, 141.5, 137.1, 137.0, 135.7, 135.4, 135.2, 133.2, 130.7, 

130.6, 128.8, 128.1, 127.9, 127.8, 127.3, 125.5, 123.9, 122.9, 121.0, 117.2, 111.6., 76.5, 

41.4, 21.1, 18.7; HRMS (ESI-TOF) m/z [M+Na]+ calcd for C30H23N5ONa 492.1795, 

found: 492.1808. M.P. 242-244 ℃. IR (neat, cm-1): 3042, 2920, 2851, 1699, 1654, 

1609, 1578, 1485, 1436, 1218, 1173, 795, 771, 670. 

 

2-Methoxy-1,3-dimethyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-

tetrahydro-5H-indolo[2,3-c]isoquinolin-5-one (3ua): yellow solid, 41.0 mg, (Yield: 

55%). 1H NMR (400 MHz, CDCl3): δ 8.96 (d, J = 2.4 Hz, 1H), 8.31 (d, J = 8.0 Hz, 

1H), 8.09 (d, J = 7.6 Hz, 1H), 8.00 (s, 1H), 7.67-7.56 (m, 3H), 7.42-7.34 (m, 3H), 7.18-

7.13 (m, 2H), 7.04-7.00 (m, 1H), 6.90 (d, J = 6.8 Hz, 1H), 6.23 (dd, J = 4.6, 4.6 Hz, 

1H), 4.94 (d, J = 6.0 Hz, 1H), 3.87 (s, 3H), 2.49 (s, 3H), 2.39 (s, 3H); 13C{1H} NMR 

(100 MHz, CDCl3): δ 164.5, 160.7, 158.9, 156.4, 150.3, 145.6, 141.6, 137.1, 135.7, 

133.1, 130.9, 130.5, 130.4, 128.8, 128.6, 128.2, 127.9, 125.5, 123.9, 123.1, 122.9, 121.0, 

117.3, 111.7, 77.2, 60.0, 42.0, 16.2, 12.0; HRMS (ESI-TOF) m/z [M+H]+ calcd for 

C31H26N5O2 500.2081, found: 500.2098. M.P. 112-114 ℃. IR (neat, cm-1): 3042, 2924, 

2852, 1654, 1579, 1557, 1485, 1435, 1387, 1311, 1272, 1219, 1141, 1062, 795, 752. 
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6-(Pyrimidin-2-yl)-5-(quinolin-8-yl)-5,5a,6,10b-tetrahydro-4H-thieno[2',3':4,5] 

pyrido[2,3-b]indol-4-one (3va): yellow solid, 37.6 mg, (Yield: 56%). 1H NMR (400 

MHz, CDCl3): δ 9.01 (dd, J = 4.4, 1.6 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 8.11 (dd, J = 

8.2, 1.8 Hz, 1H), 7.71 (d, J = 5.2 Hz, 1H), 7.64 (d, J = 4.8 Hz, 2H), 7.61-7.57 (m, 2H), 

7.42 (dd, J = 8.4, 4.4 Hz, 1H), 7.39-7.35 (m, 2H), 7.19 (dd, J = 7.2, 1.6 Hz, 1H), 7.17-

7.12 (m, 2H), 7.07 (dd, J = 7.2, 7.2 Hz, 1H), 6.23 (dd, J = 4.8, 4.8 Hz, 1H), 4.94 (d, J = 

6.8 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 160.9, 158.9, 156.4, 150.4, 145.9, 

141.7, 140.0, 136.6, 135.7, 132.7, 132.2, 131.1, 128.8, 128.24, 128.15, 127.0, 125.5, 

123.8, 123.1, 121.1, 117.5, 111.9, 78.2, 42.0; HRMS (ESI-TOF) m/z [M+Na]+ calcd 

for C26H17N5OSNa 470.1046, found: 470.1062. M.P. 245-247 ℃. IR (neat, cm-1): 3043, 

3004, 2924, 2853, 1653, 1581, 1557, 1484, 1434, 1389, 1295, 795, 684. 

 

2-Chloro-6-(pyrimidin-2-yl)-5-(quinolin-8-yl)-5,5a,6,10b-tetrahydro-4H-

thieno[3',2':4,5]pyrido[2,3-b]indol-4-one (3wa): yellow solid, 34.6 mg, (Yield: 48%). 

1H NMR (400 MHz, CDCl3): δ 9.01 (dd, J = 4.0, 2.0 Hz, 1H), 8.32 (d, J = 8.0 Hz, 1H), 

8.10 (dd, J = 8.4, 1.6 Hz, 1H), 7.64 (d, J = 4.8 Hz, 2H), 7.59-7.55 (m, 2H), 7.44-7.36 

(m, 2H), 7.21 (s, 1H), 7.18-7.07 (m, 4H), 6.24 (dd, J = 4.6, 4.6 Hz, 1H), 4.81 (d, J = 6.8 

Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 159.9, 158.7, 156.3, 150.4, 145.6, 141.6, 

139.6, 137.8, 136.2, 135.8, 132.1, 131.0, 129.7, 128.8, 128.4, 128.3, 126.4, 125.4, 123.6, 

123.2, 121.1, 117.5, 112.0, 77.8, 41.8. HRMS (ESI-TOF) m/z [M+Na]+ calcd for 

C26H16N5OSNa 504.0656, found: 504.0666. M.P. 238-239 ℃. IR (neat, cm-1): 3075, 

3006, 2923, 2852, 1653, 1582, 1557, 1485, 1388, 1295, 1113, 1068, 795, 753. 
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5-(Pyrimidin-2-yl)-6-(quinolin-8-yl)-5,5a,6,12c-tetrahydro-7H-benzo[4',5']thieno 

[3',2':4,5]pyrido[2,3-b]indol-7-one (3xa): yellow solid, 40.3 mg, (Yield: 54%). 1H 

NMR (400 MHz, CDCl3): δ 9.00 (dd, J = 4.2, 1.8 Hz, 1H), 8.36 (d, J = 8.0 Hz, 1H), 

8.12 (dd, J = 8.2, 1.8 Hz, 1H), 8.06-7.98 (m, 2H), 7.73-7.63 (m, 3H), 7.60 (dd, J = 7.6, 

7.6 Hz, 1H), 7.59-7.53 (m, 2H), 7.43 (dd, J = 8.2, 4.2 Hz, 1H), 7.38 (dd, J = 8.0, 1.6 

Hz, 1H), 7.24 (dd, J = 7.2, 1.6 Hz, 1H), 7.17 (dd, J = 7.8, 7.8 Hz, 1H), 7.09 (d, J = 7.6 

Hz, 1H), 7.02-6.97 (m, 1H), 6.26 (dd, J = 4.8, 4.8 Hz, 1H), 5.25 (d, J = 6.8 Hz, 1H); 

13C{1H} NMR (100 MHz, CDCl3): δ 161.6, 158.9, 156.4, 150.4, 145.7, 142.6, 141.8, 

138.2, 136.5, 135.8, 135.3, 132.5, 131.6, 131.0, 128.8, 128.4, 128.3, 126.9, 125.5, 125.1, 

124.0, 123.6, 123.2, 123.1, 121.2, 117.6, 112.0, 78.4, 40.9; HRMS (ESI-TOF) m/z 

[M+H]+ calcd for C30H20N5OS 498.1383, found: 498.1400. M.P. 254-255 ℃. IR (neat, 

cm-1): 3045, 3005, 2924, 2852, 1657, 1581, 1556, 1484, 1433, 1287, 795, 749. 

 

9-(Pyrimidin-2-yl)-8-(quinolin-8-yl)-8,8a,9,13b-tetrahydro-7H-

benzo[f]indolo[2,3-c]isoquinolin-7-one (3ya): yellow solid, 62.6 mg, (Yield: 85%). 

1H NMR (400 MHz, CDCl3): δ 8.95 (dd, J = 8.4, 2.2 Hz, 1H), 8.85 (s, 1H), 8.34 (d, J 

= 8.0 Hz, 1H), 8.12 (dd, J = 8.2, 1.8 Hz, 1H), 8.01 (dd, J = 8.0, 8.0 Hz, 3H), 7.69-7.64 

(m, 3H), 7.60 (dd, J = 7.6, 2.0 Hz, 1H), 7.59-7.54 (m, 2H), 7.41 (dd, J = 8.2, 4.2 Hz, 

1H), 7.39-7.35 (m, 1H), 7.23-7.17 (m, 2H), 7.04-6.99 (m, 2H), 6.25 (dd, J = 4.6, 4.6 

Hz, 1H), 5.03 (d, J = 6.0 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.3, 158.9, 

156.4, 150.4, 145.5, 141.1, 137.1, 135.7, 135.3, 134.2, 132.7, 131.0, 130.9, 129.7, 128.8, 

128.4, 128.2, 128.0, 127.3, 127.2, 126.4, 125.5, 124.9, 124.0, 123.0, 121.1, 117.2, 111.8, 

76.3, 44.8. HRMS (ESI-TOF) m/z [M+Na]+ calcd for C32H21N5ONa 514.1638, found: 

514.1650. M.P. 291-293 ℃. IR (neat, cm-1): 2921, 2851, 1772, 1654, 1578, 1436, 1398, 

1290, 795, 751. 
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11-Methyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ab): yellow solid, 57.8 mg, (Yield: 85%). 1H NMR 

(400 MHz, CDCl3): δ 8.91 (dd, J = 4.2, 1.8 Hz, 1H), 8.22 (dd, J = 7.6, 1.6 Hz, 1H), 8.18 

(d, J = 8.0 Hz, 1H), 8.05 (dd, J = 8.4, 1.6 Hz, 1H), 7.69 (d, J = 7.2 Hz, 1H), 7.66 (d, J 

= 4.8 Hz, 2H), 7.61-7.54 (m, 2H), 7.52-7.48 (m, 1H), 7.40-7.35 (m, 2H), 7.26 (d, J = 

8.0 Hz, 1H), 7.23-7.14 (m, 2H), 6.76 (d, J = 7.6 Hz, 1H), 6.19 (dd, J = 4.8, 4.8 Hz, 1H), 

4.89 (d, J = 5.2 Hz, 1H), 1.95 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.6, 158.7, 

156.3, 150.2, 145.4, 141.5, 136.6, 135.7, 135.5, 135.0, 131.4, 131.1, 131.0, 130.7, 129.0, 

128.8, 128.2, 128.1, 128.0, 126.2, 125.5, 121.0, 114.9, 111.7, 76.8, 46.4, 19.8; HRMS 

(ESI-TOF) m/z [M+H]+ calcd for C29H22N5O 456.1819, found: 456.1833. M.P. 236-

237 ℃. IR (neat, cm-1): 3041, 3003, 2926, 1655, 1579, 1557, 1488, 1462, 1400, 1289, 

1220, 795, 770, 666. 

 

11-Methoxy-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ac): yellow solid, 45.2 mg, (Yield: 64%). 1H NMR 

(400 MHz, CDCl3): δ 8.94 (dd, J = 4.2, 1.8 Hz, 1H), 8.19 (dd, J = 7.8, 1.2 Hz, 1H), 8.07 

(dd, J = 8.3, 2.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.78-7.76 (m, 1H), 7.65 (d, J = 4.8 

Hz, 2H), 7.60-7.55 (m, 2H), 7.47-7.41 (m, 2H), 7.39 (dd, J = 8.2, 4.1 Hz, 1H), 7.32 (dd, 

J = 8.2, 8.2 Hz, 1H), 7.24-7.17 (m, 2H), 6.60 (d, J = 8.3 Hz, 1H), 6.21 (dd, J = 4.8, 4.8 

Hz, 1H), 4.97 (d, J = 5.6 Hz, 1H), 3.53 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 

164.7, 158.8, 157.5, 156.3, 150.3, 145.6, 143.0, 136.9, 135.6, 134.7, 131.7, 131.0, 130.8, 

129.5, 128.7, 128.1, 127.9, 127.6, 127.5, 125.5, 121.0, 119.9, 111.8, 110.3, 107.5, 76.5, 

55.5, 44.3. HRMS (ESI-TOF) m/z [M+Na]+ calcd for C29H21N5O2Na 494.1587, found: 

494.1604. M.P. 251-253 ℃. IR (neat, cm-1): 3039, 3001, 2925, 2852, 1654, 1580, 1558, 

1497, 1470, 1425, 1233, 1000, 794, 766. 
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3-(Hydroxymethyl)-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-

5H-indolo[2,3-c]isoquinolin-5-one (3ad): yellow solid, 40.3 mg, (Yield: 57%). 1H 

NMR (400 MHz, CDCl3): δ 8.92 (dd, J = 4.4, 1.6 Hz, 1H), 8.31 (dd, J = 8.0, 1.2 Hz, 

1H), 8.23 (dd, J = 7.6, 1.6 Hz, 1H), 8.07 (dd, J = 8.4, 1.6 Hz, 1H), 7.88 (dd, J = 7.6, 1.2 

Hz, 1H), 7.68-7.66 (m, 2H), 7.63 (dd, J = 7.4, 1.4 Hz, 1H), 7.58-7.52 (m, 2H), 7.41 (d, 

J = 5.2 Hz, 1H), 7.40-7.35 (m, 2H), 7.21-7.18 (m, 1H), 7.15 (dd, J = 7.2, 1.6 Hz, 1H), 

7.04 (dd, J = 8.0, 1.2 Hz, 1H), 6.23 (dd, J = 4.8, 4.8 Hz, 1H), 4.96 (d, J = 5.6, 1H), 4.32-

4.22 (m, 2H), 1.64 (s, 1H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.5, 158.6, 156.4, 

150.3, 145.4, 142.0, 138.1, 136.5, 135.7, 134.4, 131.9, 131.0, 130.8, 130.1, 129.2, 128.8, 

128.64, 128.56, 128.1, 125.5, 123.9, 121.1, 116.9, 111.9, 76.9, 61.9, 46.0. HRMS (ESI-

TOF) m/z [M+Na]+ calcd for C29H21N5O2Na 494.1587, found: 494.1583. M.P. 278-

280 ℃. IR (neat, cm-1): 3042, 3003, 2928, 2854, 1653, 1578, 1558, 1488, 1461, 1422, 

1289, 794, 750. 

 

(5-Oxo-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-indolo[2,3-

c]isoquinolin-11-yl)methyl acetate (3ae): yellow solid, 32.3 mg, (Yield: 42%). 1H 

NMR (400 MHz, CDCl3): δ 8.93 (dd, J = 4.0, 1.6 Hz, 1H), 8.36 (d, J = 8.4 Hz, 1H), 

8.23 (dd, J = 8.4, 1.6 Hz, 1H), 8.05 (dd, J = 8.4, 1.6 Hz, 1H), 7.72 (d, J = 7.6 Hz, 1H), 

7.66-7.61 (m, 2H), 7.59-7.49 (m, 3H), 7.43 (d, J = 5.6 Hz, 1H), 7.39-7.35 (m, 2H), 7.20-

7.14 (m, 2H), 7.00 (d, J = 7.6 Hz, 1H), 6.22 (dd, J = 4.8, 4.8 Hz, 1H), 4.96 (d, J = 5.6 

Hz, 1H), 4.79 (d, J = 12.0 Hz, 1H), 4.66 (d, J = 12.0 Hz, 1H), 1.91 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 170.3, 164.4, 158.5, 156.3, 150.2, 145.3, 142.1, 136.4, 

135.7, 134.4, 132.9, 132.0, 130.8, 129.7, 129.1, 128.7, 128.53, 128.45, 128.0, 125.5, 

125.4, 121.0, 117.5, 112.0, 76.8, 63.1, 46.2, 20.8. HRMS (ESI-TOF) m/z [M+Na]+ 
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calcd for C31H23N5O3Na 536.1693, found: 536.1703. M.P. 233-235 ℃. IR (neat, cm-

1): 3037, 3004, 2924, 2852, 1734, 1655, 1579, 1558, 1489, 1462, 1423, 1397, 1236, 

795, 751. 

 

7-(Pyrimidin-2-yl)-6-(quinolin-8-yl)-11-(((triisopropylsilyl)oxy)methyl)-

6,6a,7,11b-tetrahydro-5H-indolo[2,3-c]isoquinolin-5-one (3af): yellow solid, 42.3 

mg, (Yield: 45%). 1H NMR (400 MHz, CDCl3): δ 8.92 (dd, J = 4.4, 1.6 Hz, 1H), 8.25-

8.21 (m, 2H), 8.06 (dd, J = 8.2, 1.8 Hz, 1H), 7.76 (d, J = 7.6 Hz, 1H), 7.70-7.61 (m, 

2H), 7.60-7.53 (m, 2H), 7.51 (d, J = 7.6 Hz, 1H), 7.41-7.35 (m, 3H), 7.32 (d, J = 7.6 

Hz, 1H), 7.21-7.15 (m, 2H), 6.20 (dd, J = 4.8, 4.8 Hz, 1H), 4.90 (d, J = 5.6 Hz, 1H), 

4.69 (d, J = 13.6 Hz, 1H), 4.11 (d, J = 14.0 Hz, 1H), 1.07-0.97 (m, 21H); 13C{1H} NMR 

(100 MHz, CDCl3): δ 164.4, 158.7, 156.3, 150.2, 145.4, 141.3, 139.4, 136.6, 135.7, 

134.8, 131.7, 131.0, 130.2, 129.1, 128.74, 128.69, 128.31, 128.29, 128.0, 125.5, 121.1, 

121.0, 115.6, 111.7, 76.9, 62.3, 46.2, 18.1, 18.0, 11.9. HRMS (ESI-TOF) m/z [M+Na]+ 

calcd for C38H41N5O2SiNa 650.2922, found: 650.2919. M.P. 266-268 ℃. IR (neat, cm-

1): 3042, 2942, 2865, 1655, 1581, 1556, 1489, 1474, 1427, 1117, 883, 792. 

 

10-Cyclopropyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ag): yellow solid, 49.1 mg, (Yield: 68%). 1H NMR 

(400 MHz, CDCl3): δ 8.96 (dd, J = 8.4, 1.8 Hz, 1H), 8.27 (d, J = 7.6 Hz, 1H), 8.16 (d, 

J = 8.0 Hz, 1H), 8.08 (dd, J = 8.2, 1.8 Hz, 1H), 7.70-7.67 (m, 1H), 7.62 (d, J = 4.8 Hz, 

2H), 7.58-7.54 (m, 2H), 7.52-7.46 (m, 2H), 7.38 (dd, J = 8.4, 4.4 Hz, 1H), 7.16-7.12 

(m, 2H), 7.03 (d, J = 8.4 Hz, 1H), 6.74 (s, 1H), 6.18 (dd, J = 4.8, 4.8 Hz, 1H), 4.77 (d, 

J = 6.4 Hz, 1H), 1.88-1.81 (m, 1H), 0.88 (dd, J = 8.8, 2.4 Hz, 2H), 0.65-0.55 (m, 2H); 

13C{1H} NMR (100 MHz, CDCl3): δ 164.1, 158.7, 156.3, 150.3, 145.5, 138.9, 138.7, 
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136.8, 135.7, 134.8, 133.8, 132.4, 130.8, 129.4, 128.7, 128.4, 127.9, 127.2, 125.5, 125.2, 

121.7, 121.0, 116.9, 111.5, 76.3, 44.3, 15.1, 8.8, 8.7. HRMS (ESI-TOF) m/z [M+Na]+ 

calcd for C31H23N5ONa 504.1795, found: 504.1791. M.P. 246-248 ℃. IR (neat, cm-1): 

3079, 3003, 2925, 2853, 1655, 1579, 1556, 1491, 1464, 1421, 1287, 1163, 795, 756. 

 

10-(2-Oxocyclohexyl)-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-

5H-indolo[2,3-c]isoquinolin-5-one (3ah): yellow solid, 52.3 mg, (Yield: 65%). 1H 

NMR (400 MHz, CDCl3): δ 8.95 (d, J = 4.4 Hz, 1H), 8.31-8.24 (m, 2H), 8.09 (d, J = 

8.0 Hz, 1H), 7.70-7.63 (m, 3H), 7.59-7.54 (m, 2H), 7.53-7.47 (m, 2H), 7.39 (dd, J = 

6.2, 4.0 Hz, 1H), 7.21-7.09 (m, 3H), 6.79 (s, 0.56H), 6.73 (s, 0.44H), 6.20 (dd, J = 4.8, 

4.8 Hz, 1H), 4.86-4.81 (m, 1H), 3.61-3.52 (m, 1H), 2.53-2.42 (m, 2H), 2.24-2.07 (m, 

2H), 2.04-1.74 (m, 4H); 13C{1H} NMR (100 MHz, CDCl3): δ 210.53, 210.50, 164.2, 

158.8, 156.3, 150.3, 145.5, 140.1, 136.9, 135.7, 134.9, 134.8, 133.8, 133.6, 133.4, 132.4, 

130.8, 129.44, 129.40, 129.0, 128.7, 128.5, 128.4, 128.0, 127.9, 127.8, 127.7, 127.2, 

125.5, 124.6, 123.4, 121.0, 117.1, 116.9, 111.6, 76.28, 76.26, 57.2, 56.9, 44.24, 44.18, 

42.2, 42.1, 35.9, 34.7, 27.8, 27.7, 25.4, 25.3; HRMS (ESI-TOF) m/z [M+Na]+ calcd 

for C34H27N5O2Na 560.2057, found: 560.2052. M.P. 254-255 ℃. IR (neat, cm-1): 3002, 

2934, 2860, 1706, 1655, 1578, 1556, 1490, 1462, 1421, 1289, 752. 

 

10-Morpholino-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ai): yellow solid, 41.8 mg, (Yield: 53%). 1H NMR 

(400 MHz, CDCl3): δ 8.96 (dd, J = 4.0, 1.6 Hz, 1H), 8.29 (d, J = 8.0 Hz, 1H), 8.18 (d, 

J = 8.8 Hz, 1H), 8.10 (dd, J = 8.2, 1.8 Hz, 1H), 7.72-7.63 (m, 3H), 7.59-7.52 (m, 3H), 

7.50-7.47 (m, 1H), 7.41 (dd, J = 8.2, 4.2 Hz, 1H), 7.17 (d, J = 4.8, 2H), 6.90 (dd, J = 
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8.6, 2.6 Hz, 1H), 6.62 (d, J = 2.8 Hz, 1H), 6.19 (dd, J = 4.8, 4.8 Hz, 1H), 4.80 (d, J = 

6.0 Hz, 1H), 3.84 (t, J = 4.6 Hz, 4H), 3.05 (t, J = 4.8 Hz, 4H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 164.1, 158.7, 156.4, 150.3, 149.7, 145.5, 136.9, 135.7, 135.0, 134.81, 134.77, 

132.4, 130.8, 129.6, 128.8, 128.3, 128.0, 127.3, 125.5, 121.0, 117.6, 115.6, 113.1, 111.3, 

76.4, 66.9, 50.5, 44.6. HRMS (ESI-TOF) m/z [M+H]+ calcd for C32H27N6O2 527.2190, 

found: 527.2210. M.P. 256-258 ℃. IR (neat, cm-1): 3002, 2959, 2922, 2854, 2820, 

1655, 1579, 1553, 1493, 1424, 1287, 1119, 795, 756. 

 

11-Methoxy-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3aj): yellow solid, 52.9 mg, (Yield: 75%). 1H NMR 

(400 MHz, CDCl3): δ 8.96 (dd, J = 4.0, 2.0 Hz, 1H), 8.29 (d, J = 7.6 Hz, 1H), 8.22 (d, 

J = 8.8 Hz, 1H), 8.08 (dd, J = 8.4, 1.6 Hz, 1H), 7.70-7.60 (m, 3H), 7.59-7.47 (m, 4H), 

7.39 (dd, J = 8.2, 4.2 Hz, 1H), 7.19-7.14 (m, 2H), 6.88 (dd, J = 8.6, 2.6 Hz, 1H), 6.63-

6.56 (m, 1H), 6.18 (dd, J = 4.8, 4.8 Hz, 1H), 4.79 (d, J = 6.4 Hz, 1H), 3.76 (s, 3H); 

13C{1H} NMR (100 MHz, CDCl3): δ 164.0, 158.7, 156.4, 156.0, 150.3, 145.4, 136.8, 

135.9, 135.4, 134.73, 134.66, 132.4, 130.9, 129.5, 128.8, 128.3, 127.98, 127.95, 127.2, 

125.5, 121.0, 117.8, 112.4, 111.3, 110.9, 76.4, 55.7, 44.4; HRMS (ESI-TOF) m/z 

[M+H]+ calcd for C29H22N5O2 472.1768, found: 472.1782. M.P. 228-229 ℃. IR (neat, 

cm-1): 3041, 3002, 2932, 1654, 1581, 1556, 1489, 1401, 1288, 1273, 1034, 795, 770. 

 

10-(Cyclopropylmethoxy)-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-

tetrahydro-5H-indolo[2,3-c]isoquinolin-5-one (3ak): yellow solid, 45.2 mg, (Yield: 

59%). 1H NMR (400 MHz, CDCl3): δ 8.97 (dd, J = 4.2, 1.8 Hz, 1H), 8.28 (d, J = 7.6 

Hz, 1H), 8.18 (d, J = 8.8 Hz, 1H), 8.10 (dd, J = 8.2, 1.8 Hz, 1H), 7.70-7.62 (m, 3H), 

7.59-7.53 (m, 2H), 7.52-7.48 (m, 2H), 7.40 (dd, J = 8.2, 4.2 Hz, 1H), 7.18-7.14 (m, 2H), 

6.86 (dd, J = 8.6, 2.6 Hz, 1H), 6.63 (d, J = 2.8 Hz, 1H), 6.18 (t, J = 4.6 Hz, 1H), 4.80 
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(d, J = 6.0 Hz, 1H), 3.75 (d, J = 6.8 Hz, 2H), 1.27-1.22 (m, 1H), 0.65-0.60 (m, 2H), 

0.35-0.31 (m, 2H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.0, 158.7, 156.3, 155.4, 

150.3, 145.5, 136.8, 135.7, 135.4, 134.7, 132.4, 130.8, 129.5, 128.8, 128.3, 128.0, 127.9, 

127.2, 125.5, 121.0, 117.6, 112.8, 111.8, 111.3, 76.4, 73.3, 44.4, 10.3, 3.1. HRMS (ESI-

TOF) m/z [M+Na]+ calcd for C32H25N5O2Na 534.1900, found: 534.1896. M.P. 240-

242 ℃. IR (neat, cm-1): 3005, 2922, 2853, 1654, 1582, 1557, 1489, 1424, 1287, 795, 

756. 

 

tert-Butyl 3-((5-oxo-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-

5H-indolo[2,3-c]isoquinolin-10-yl)oxy)azetidine-1-carboxylate (3al): yellow solid, 

71.6 mg, (Yield: 78%). 1H NMR (400 MHz, CDCl3): δ 8.94 (dd, J = 4.2, 1.7 Hz, 1H), 

8.27 (d, J = 7.6 Hz, 1H), 8.19 (d, J = 4.4 Hz, 1H), 8.08 (dd, J = 8.3, 1.6 Hz, 1H), 7.69-

7.61 (m, 3H), 7.58-7.54 (m, 1H), 7.52 (s, 1H), 7.50-7.47 (m, 2H), 7.38 (dd, J = 8.2, 2.1 

Hz, 1H), 7.19-7.13 (m, 2H), 6.64 (dd, J = 8.8, 1.2 Hz, 1H), 6.48 (s, 1H), 6.19 (dd, J = 

4.8, 4.8 Hz, 1H), 4.82-4.76 (m, 2H), 4.26-4.18 (m, 2H), 3.98-3.93 (m, 2H), 1.44 (s, 9H); 

13C{1H} NMR (100 MHz, CDCl3): δ 163.9, 158.5, 156.3, 156.0, 152.7, 150.3, 145.3, 

136.7, 135.8, 135.7, 135.4, 134.4, 132.5, 130.6, 129.4, 128.7, 128.1, 127.97, 127.95, 

127.0, 125.3, 121.0, 117.8, 112.7, 111.4, 79.6, 76.3, 65.9, 56.4, 44.2, 28.2. HRMS (ESI-

TOF) m/z [M+Na]+ calcd for C36H32N6O4Na 635.2377, found: 635.2382. M.P. 236-

237 ℃. IR (neat, cm-1): 3003, 2976, 2931, 2880, 1699, 1655, 1580, 1556, 1489, 1423, 

1404, 1159, 756, 687. 

 

7-(Pyrimidin-2-yl)-6-(quinolin-8-yl)-10-((triisopropylsilyl)oxy)-6,6a,7,11b-

tetrahydro-5H-indolo[2,3-c]isoquinolin-5-one (3am): yellow solid, 37.7 mg, (Yield: 

41%). 1H NMR (400 MHz, CDCl3): δ 8.98 (dd, J = 4.4, 1.6 Hz, 1H), 8.29 (dd, J = 4.4, 
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1.6 Hz, 1H), 8.13-8.09 (m, 2H), 7.72-7.68 (m, 1H), 7.62 (d, J = 4.8 Hz, 2H), 7.60-7.56 

(m, 1H), 7.54-7.49 (m, 3H), 7.41 (dd, J = 8.2, 4.2 Hz, 1H), 7.17 (d, J = 4.8 Hz, 2H), 

6.85 (dd, J = 8.6, 2.6 Hz, 1H), 6.57-6.54 (m, 1H), 6.18 (dd, J = 4.8, 4.8 Hz, 1H), 4.81 

(d, J = 6.4 Hz, 1H), 1.23-1.18 (m, 3H), 1.08-1.06 (m, 18H); 13C{1H} NMR (100 MHz, 

CDCl3): δ 164.0, 158.7, 156.4, 152.2, 150.3, 145.5, 136.9, 135.8, 135.2, 134.9, 134.7, 

132.3, 130.9, 129.5, 128.8, 128.2, 128.0, 127.9, 127.1, 125.5, 121.0, 118.6, 117.6, 115.8, 

111.2, 76.4, 44.3, 17.9, 12.6. HRMS (ESI-TOF) m/z [M+Na]+ calcd for 

C37H39N5O2SiNa 636.2765, found: 636.2761. M.P. 252-253 ℃. IR (neat, cm-1): 2945, 

2867, 1661, 1582, 1555, 1487, 1278, 995, 757, 687. 

 

10-Fluoro-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3an): yellow solid , 35.1 mg, (Yield: 51%). 1H NMR 

(400 MHz, CDCl3): δ 8.96 (dd, J = 4.2, 1.7 Hz, 1H), 8.25 (dd, J = 7.8, 1.3 Hz, 1H), 8.14 

(d, J = 8.0 Hz, 1H), 8.09 (dd, J = 8.2, 1.7 Hz, 1H), 7.76-7.73 (m, 1H), 7.67 (d, J = 4.8, 

2H), 7.63 (dd, J = 7.6, 1.6 Hz, 1H), 7.57 (dd, J = 7.6, 2.2 Hz, 1H), 7.52-7.48 (m, 2H), 

7.40 (dd, J = 8.2, 4.2 Hz, 1H), 7.35-7.30 (m, 1H), 7.22-7.16 (m, 2H), 6.72 (dd, J = 9.0, 

9.0 Hz, 1H), 6.25 (dd, J = 4.8, 4.8 Hz, 1H), 5.05 (d, J = 6.0 Hz, 1H); 13C{1H} NMR 

(100 MHz, CDCl3): δ 164.3, 160.1 (d, J = 246.0 Hz), 158.6, 156.4, 150.3, 145.5, 143.8 

(d, J = 8.0 Hz), 136.7, 135.7, 133.5, 132.0, 130.8, 130.3 (d, J = 5.0 Hz), 130.0 (d, J = 

8.0 Hz), 128.74, 128.67, 128.1 (d, J = 4.0 Hz), 127.4, 125.4, 121.1, 119.3, 119.1, 113.0 

(d, J = 3.0 Hz), 112.2, 110.9, 110.7, 76.4, 43.4; 19F NMR (376 MHz, CDCl3): δ -120.48; 

HRMS (ESI-TOF) m/z [M+Na]+ calcd for C28H18FN5ONa 482.1388, found: 482.1404. 

M.P. 255-257 ℃. IR (neat, cm-1): 3040, 3004, 2926, 1656, 1582, 1558, 1490, 1468, 

1291, 1240, 918, 795, 767, 732. 
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9-Methyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ao): yellow solid, 62.7 mg, (Yield: 92%). 1H NMR 

(400 MHz, CDCl3): δ 8.97 (dd, J = 4.4, 1.7 Hz, 1H), 8.28 (dd, J = 7.8, 1.0 Hz, 1H), 8.16 

(s, 1H), 8.10 (dd, J = 8.4, 1.6 Hz, 1H), 7.70-7.66 (m, 3H), 7.59-7.55 (m, 2H), 7.53-7.48 

(m, 2H), 7.41 (dd, J = 8.2, 4.2 Hz, 1H), 7.21-7.16 (m, 2H), 6.90 (d, J = 7.6 Hz, 1H), 

6.85 (d, J = 8.0 Hz, 1H), 6.22 (dd, J = 4.6, 4.6 Hz, 1H), 4.80 (d, J = 6.4 Hz, 1H), 2.46 

(s, 3H); 13C{1H} NMR (100 MHz, CDCl3): δ 164.1, 158.9, 156.3, 150.3, 145.6, 141.2, 

138.3, 137.0, 135.7, 135.1, 132.4, 131.1, 130.8, 129.4, 128.8, 128.4, 127.9, 127.8, 127.1, 

125.5, 123.6, 123.4, 121.0, 117.9, 111.6, 76.5, 43.9, 21.9; HRMS (ESI-TOF) m/z 

[M+Na]+ calcd for C29H21N5ONa 478.1638, found: 478.1653. M.P. 273-275 ℃. IR 

(neat, cm-1): 3040, 2920, 2852, 1654, 1581, 1557, 1497, 1387, 1291, 794, 772, 756, 

664, 614. 

 

8-Methyl-7-(pyrimidin-2-yl)-6-(quinolin-8-yl)-6,6a,7,11b-tetrahydro-5H-

indolo[2,3-c]isoquinolin-5-one (3ap): yellow solid, 44.4 mg, (Yield: 65%). 1H NMR 

(400 MHz, CDCl3): δ 8.96 (d, J = 4.0 Hz, 1H), 8.25 (d, J = 7.6 Hz, 1H), 8.16 (d, J = 8.4 

Hz, 1H), 7.82 (d, J = 4.8 Hz, 2H), 7.75 (d, J = 8.4 Hz, 1H), 7.64 (dd, J = 7.2, 7.2 Hz, 

1H), 7.51 (d, J = 7.6 Hz, 1H), 7.46 (dd, J = 7.6, 7.6 Hz, 1H), 7.44-7.35 (m, 2H), 7.34-

7.26 (m, 2H), 7.17 (d, J = 7.6 Hz, 1H), 7.03 (dd, J = 7.6, 7.6 Hz, 1H), 6.84 (d, J = 7.2 

Hz, 1H), 6.38 (dd, J = 4.8, 4.8 Hz, 1H), 4.92 (d, J = 6.4 Hz, 1H), 2.18 (s, 3H); 13C{1H} 

NMR (100 MHz, CDCl3): δ 164.0, 159.4, 157.0, 150.1, 145.3, 140.5, 136.7, 135.9, 

135.5, 135.3, 132.3, 131.0, 130.4, 129.4, 129.1, 129.0, 128.4, 128.1, 127.7, 127.1, 125.5, 

125.0, 121.4, 120.9, 112.8, 81.8, 45.6, 20.3. HRMS (ESI-TOF) m/z [M+Na]+ calcd for 
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C29H21N5ONa 478.1638, found: 478.1652. M.P. 270-272 ℃. IR (neat, cm-1): 3042, 

3002, 2922, 1657, 1580, 1556, 1499, 1460, 1424, 1289, 1238, 1167, 754. 

 

tert-Butyl 5-oxo-6-(quinolin-8-yl)-5,6,6a,11b-tetrahydro-7H-indolo[2,3-

c]isoquinoline-7-carboxylate (3aq): yellow solid, 43.0 mg, (Yield: 62%). 1H NMR 

(400 MHz, CDCl3): δ 8.90 (dd, J = 4.2, 1.6 Hz, 1H), 8.23-8.20 (m, 2H), 7.90-7.79 (m, 

2H), 7.68-7.63 (m, 1H), 7.58-7.51 (m, 2H), 7.50-7.45 (m, 1H), 7.43 (dd, J = 8.2, 4.2 

Hz, 1H), 7.34-7.28 (m, 2H), 7.05-7.02 (m, 1H), 6.97 (d, J = 7.6 Hz, 1H), 6.80 (d, J = 

1.2 Hz, 1H), 4.79 (d, J = 6.0 Hz, 1H), 0.61 (s, 9H); 13C{1H} NMR (100 MHz, CDCl3): 

 δ 163.9, 150.9, 150.5, 144.9, 140.2, 136.3, 134.3, 132.9, 132.5, 132.2, 131.0, 129.6, 

129.3, 128.5, 128.3, 128.0, 127.8, 126.8, 126.5, 123.7, 121.5, 116.5, 80.5, 76.3, 44.6, 

27.1. HRMS (ESI-TOF) m/z [M+Na]+ calcd for C29H25N3O3Na 486.1788, found: 

486.1790. M.P. 235-236 ℃. IR (neat, cm-1): 3006, 2980, 2930, 2854, 1708, 1661, 1498, 

1479, 1398, 1285, 796, 755, 666. 
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XIII. the NMR Spectra of Products 

Figure S8. 1H NMR (400 MHz, CDCl3) spectra of compound 1s. 

 

 

Figure S9. 13C NMR (100 MHz, CDCl3) spectra of compound 1s. 
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Figure S10. 1H NMR (400 MHz, CDCl3) spectra of compound 1u. 

 

 

 

Figure S11. 13C NMR (100 MHz, CDCl3) spectra of compound 1u. 

 



S62 
 

 

Figure S12. 1H NMR (400 MHz, CDCl3) spectra of compound 2d. 

 

 

 

Figure S13. 13C NMR (100 MHz, CDCl3) spectra of compound 2d. 
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Figure S14. 1H NMR (400 MHz, CDCl3) spectra of compound 2f. 

 

 

 

Figure S15. 13C NMR (100 MHz, CDCl3) spectra of compound 2f. 
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Figure S16. 1H NMR (400 MHz, CDCl3) spectra of compound 2g. 

 

 

 

Figure S17. 13C NMR (100 MHz, CDCl3) spectra of compound 2g. 

 



S65 
 

 

Figure S18. 1H NMR (400 MHz, CDCl3) spectra of compound 2h. 

 

 

 

Figure S19. 13C NMR (100 MHz, CDCl3) spectra of compound 2h. 
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Figure S20. 1H NMR (400 MHz, CDCl3) spectra of compound 2i. 

 

 

 

Figure S21. 13C NMR (100 MHz, CDCl3) spectra of compound 2i. 
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Figure S22. 1H NMR (400 MHz, CDCl3) spectra of compound 2k. 

 

 

 

Figure S23. 13C NMR (100 MHz, CDCl3) spectra of compound 2k. 
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Figure S24. 1H NMR (400 MHz, CDCl3) spectra of compound 2l. 

 

 

 

Figure S25. 13C NMR (100 MHz, CDCl3) spectra of compound 2l. 
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Figure S26. 1H NMR (400 MHz, CDCl3) spectra of compound 2m. 

 

 

 

Figure S27. 13C NMR (100 MHz, CDCl3) spectra of compound 2m. 
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Figure S28. 1H NMR (400 MHz, CDCl3) spectra of compound 3aa. 

 

 

 

Figure S29. 13C NMR (100 MHz, CDCl3) spectra of compound 3aa. 
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Figure S30. 1H NMR (400 MHz, CDCl3) spectra of compound 3ba. 

 

 

 

Figure S31. 13C NMR (100 MHz, CDCl3) spectra of compound 3ba. 

 



S72 
 

 

Figure S32. 1H NMR (400 MHz, CDCl3) spectra of compound 3ca. 

 

 

 

Figure S33. 13C NMR (100 MHz, CDCl3) spectra of compound 3ca. 
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Figure S34. 1H NMR (400 MHz, CDCl3) spectra of compound 3da. 

 

 

 

Figure S35. 13C NMR (100 MHz, CDCl3) spectra of compound 3da. 
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Figure S36. 1H NMR (400 MHz, CDCl3) spectra of compound 3ea. 

 

 

 

Figure S37. 13C NMR (100 MHz, CDCl3) spectra of compound 3ea. 
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Figure S38. 1H NMR (400 MHz, CDCl3) spectra of compound 3fa. 

 

 

 

Figure S39. 13C NMR (100 MHz, CDCl3) spectra of compound 3fa. 
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Figure S40. 1H NMR (400 MHz, CDCl3) spectra of compound 3ga. 

 

 

 

Figure S41. 13C NMR (100 MHz, CDCl3) spectra of compound 3ga. 
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Figure S42. 19F NMR (376 MHz, CDCl3) spectra of compound 3ga. 

 

 

 

Figure S43. 1H NMR (400 MHz, CDCl3) spectra of compound 3ha. 
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Figure S44. 13C NMR (100 MHz, CDCl3) spectra of compound 3ha. 

 

 

 

Figure S45. 1H NMR (400 MHz, CDCl3) spectra of compound 3ia. 
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Figure S46. 13C NMR (100 MHz, CDCl3) spectra of compound 3ia. 

 

 

 

Figure S47. 1H NMR (400 MHz, CDCl3) spectra of compound 3ja. 
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Figure S48. 13C NMR (100 MHz, CDCl3) spectra of compound 3ja. 

 

 

 

Figure S49. 19F NMR (376 MHz, CDCl3) spectra of compound 3ja. 
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Figure S50. 1H NMR (400 MHz, CDCl3) spectra of compound 3ka. 

 

 

 

Figure S51. 13C NMR (100 MHz, CDCl3) spectra of compound 3ka. 
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Figure S52. 19F NMR (376 MHz, CDCl3) spectra of compound 3ka. 

 

 

 

Figure S53. 1H NMR (400 MHz, CDCl3) spectra of compound 3la. 
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Figure S54. 13C NMR (100 MHz, CDCl3) spectra of compound 3la. 

 

 

 

Figure S55. 1H NMR (400 MHz, CDCl3) spectra of compound 3ma. 
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Figure S56. 13C NMR (100 M Hz, CDCl3) spectra of compound 3ma. 

 

 

 

Figure S57. 1H NMR (400 MHz, CDCl3) spectra of compound 3na. 
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Figure S58. 13C NMR (100 MHz, CDCl3) spectra of compound 3na. 

 

 

 

Figure S59. 1H NMR (400 MHz, CDCl3) spectra of compound 3oa. 
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Figure S60. 13C NMR (100 MHz, CDCl3) spectra of compound 3oa. 

 

 

 

Figure S61. 1H NMR (400 MHz, CDCl3) spectra of compound 3o’a. 
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Figure S62. 13C NMR (100 MHz, CDCl3) spectra of compound 3o’a. 

 

 

 

Figure S63. 1H NMR (400 MHz, CDCl3) spectra of compound 3pa. 

 



S88 
 

 

Figure S64. 13C NMR (100 MHz, CDCl3) spectra of compound 3pa. 

 

 

 

Figure S65. 1H NMR (400 MHz, CDCl3) spectra of compound 3qa. 
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Figure S66. 13C NMR (100 MHz, CDCl3) spectra of compound 3qa. 

 

 

 

Figure S67. 1H NMR (400 MHz, CDCl3) spectra of compound 3q’a. 
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Figure S68. 13C NMR (100 MHz, CDCl3) spectra of compound 3q’a. 

 

 

 

Figure S69. 1H NMR (400 MHz, CDCl3) spectra of compound 3ra. 

 



S91 
 

 

Figure S70. 13C NMR (100 MHz, CDCl3) spectra of compound 3ra. 

 

 

 

Figure S71. 1H NMR (400 MHz, CDCl3) spectra of compound 3sa. 
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Figure S72. 13C NMR (100 MHz, CDCl3) spectra of compound 3sa. 

 

 

 

Figure S73. 1H NMR (400 MHz, CDCl3) spectra of compound 3ta. 
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Figure S74. 13C NMR (100 MHz, CDCl3) spectra of compound 3ta. 

 

 

 

Figure S75. 1H NMR (400 MHz, CDCl3) spectra of compound 3ua. 
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Figure S76. 13C NMR (100 MHz, CDCl3) spectra of compound 3ua. 

 

 

 

Figure S77. 1H NMR (400 MHz, CDCl3) spectra of compound 3va. 
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Figure S78. 13C NMR (100 MHz, CDCl3) spectra of compound 3va. 

 

 

 

Figure S79. 1H NMR (400 MHz, CDCl3) spectra of compound 3wa. 
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Figure S80. 13C NMR (100 MHz, CDCl3) spectra of compound 3wa. 

 

 

 

Figure S81. 1H NMR (400 MHz, CDCl3) spectra of compound 3xa. 
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Figure S82. 13C NMR (100 MHz, CDCl3) spectra of compound 3xa. 

 

 

 

Figure S83. 1H NMR (400 MHz, CDCl3) spectra of compound 3ya. 

 



S98 
 

 

Figure S84. 13C NMR (100 MHz, CDCl3) spectra of compound 3ya. 

 

 

Figure S85. 1H NMR (400 MHz, CDCl3) spectra of compound 3ab. 
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Figure S86. 13C NMR (100 MHz, CDCl3) spectra of compound 3ab. 

 

 

 

Figure S87. 1H NMR (400 MHz, CDCl3) spectra of compound 3ac. 
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Figure S88. 13C NMR (100 MHz, CDCl3) spectra of compound 3ac. 

 

 

 

Figure S89. 1H NMR (400 MHz, CDCl3) spectra of compound 3ad. 
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Figure S90. 13C NMR (100 MHz, CDCl3) spectra of compound 3ad. 

 

 

 

Figure S91. 1H NMR (400 MHz, CDCl3) spectra of compound 3ae. 
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Figure S92. 13C NMR (100 MHz, CDCl3) spectra of compound 3ae. 

 

 

 

Figure S93. 1H NMR (400 MHz, CDCl3) spectra of compound 3af. 
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Figure S94. 13C NMR (100 MHz, CDCl3) spectra of compound 3af. 

 

 

 

Figure S95. 1H NMR (400 MHz, CDCl3) spectra of compound 3ag. 
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Figure S96. 13C NMR (100 MHz, CDCl3) spectra of compound 3ag. 

 

 

 

Figure S97. 1H NMR (400 MHz, CDCl3) spectra of compound 3ah. 
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Figure S98. 13C NMR (100 MHz, CDCl3) spectra of compound 3ah. 

 

 

 

Figure S99. 1H NMR (400 MHz, CDCl3) spectra of compound 3ai. 
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Figure S100. 13C NMR (100 MHz, CDCl3) spectra of compound 3ai. 

 

 

 

Figure S101. 1H NMR (400 MHz, CDCl3) spectra of compound 3aj. 
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Figure S102. 13C NMR (100 MHz, CDCl3) spectra of compound 3aj. 

 

 

 

Figure S103. 1H NMR (400 MHz, CDCl3) spectra of compound 3ak. 
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Figure S104. 13C NMR (100 MHz, CDCl3) spectra of compound 3ak. 

 

 

 

Figure S105. 1H NMR (400 MHz, CDCl3) spectra of compound 3al. 
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Figure S106. 13C NMR (100 MHz, CDCl3) spectra of compound 3al. 

 

 

 

Figure S107. 1H NMR (400 MHz, CDCl3) spectra of compound 3am. 
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Figure S108. 13C NMR (100 MHz, CDCl3) spectra of compound 3am. 

 

 

 

Figure S109. 1H NMR (400 MHz, CDCl3) spectra of compound 3an. 
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Figure S110. 13C NMR (100 MHz, CDCl3) spectra of compound 3an. 

 

 

 

Figure S111. 19F NMR (376 MHz, CDCl3) spectra of compound 3an. 
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Figure S112. 1H NMR (400 MHz, CDCl3) spectra of compound 3ao. 

 

 

 

Figure S113. 13C NMR (100 MHz, CDCl3) spectra of compound 3ao. 

 



S113 
 

 

Figure S114. 1H NMR (400 MHz, CDCl3) spectra of compound 3ap. 

 

 

 

Figure S115. 13C NMR (100 MHz, CDCl3) spectra of compound 3ap. 
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Figure S116. 1H NMR (400 MHz, CDCl3) spectra of compound 3aq. 

 

 

 

Figure S117. 13C NMR (100 MHz, CDCl3) spectra of compound 3aq. 
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Figure S118. 1H NMR (400 MHz, CDCl3) spectra of compound 10. 

 

 

 

Figure S119. 13C NMR (100 MHz, CDCl3) spectra of compound 10. 
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Figure S120. 1H NMR (400 MHz, CDCl3) spectra of compound Co(bzac)3. 

 

 

 

Figure S121. 13C NMR (100 MHz, CDCl3) spectra of compound Co(bzac)3. 
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XIV. 2D NMR 

 

Figure S122. H-H COSY of compound 3ra (400 MHz, CDCl3). 


