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1. General Information 

1.1 Materials and instruments 

All the chemicals were purchased from commercial suppliers, all commercially available 

reagents were directly used without further purification. Reactions were monitored by Thin Layer 

Chromatography (TLC) using UV light (254/365 nm) for detection. Products were purified by 

column chromatography, which was carried out on 200-300 mesh of silica gel purchased from Qing 

Dao Hai Yang Chemical Industry Co. All the 1H, 13C and 19F NMR spectra were recorded on Bruker 

Avance 400 MHz or 600 MHz spectrometer operating at 400 MHz, 101 MHz or 151 MHz and 376 

MHz, respectively. Proton chemical shifts δ were given in ppm using tetramethylsilane as internal 

standard. All NMR spectra were recorded in CDCl3 at room temperature (20 ± 3 °C). High 

resolution mass spectra (HRMS) were taken with a 3000-mass spectrometer, using Waters Q-Tof 

MS/MS system with the ESI technique. Emission intensities were recorded using an F-4600 FL 

spectrophotometer. Cyclic voltammetry was performed on the CHI-660E electrochemical 

workstation (Shanghai Chenhua Instrument Co., Ltd., China). The procedures for the synthesis of 

1, α-oxocarboxylic acids 2, N-arylpropiolamides 4, and 4CzIPN catalyst are according to the 

reported methods.1 

 

Scheme S1. The structures of photocatalysts used in this work 

1.2 The spectrum of our lamp and the visible-light irradiation instrument 

Photochemical reaction was carried out under visible light irradiation by a blue LED at 25 ºC. 

RLH-18 8-position Photo Reaction System manufactured by Beijing Roger Tech Ltd. was used in 

this system. Eight 10W blue LEDs were equipped in this Photo reactor. The blue LED's energy 

peak wavelength is 430 nm, peak width at half-height is 18.4 nm, lirradiance@10 W is 237.57 

mW/cm2. The reaction vessel is borosilicate glass test tube and the distance between it and the lamp 

is 15 mm, no filter applied. 
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 Figure S1a. The spectrum of our lamp (blue LED) 

 

Figure S1b. The visible-light irradiation instrument 

2. Experimental procedures 

2.1 Optimization of reaction conditions 
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Table S1. Optimization of reaction conditions of 3aa 

 

Entry Solvent PC (mol%) Light Source Yield (%) 
1 MeCN 4CzIPN (5) 430 nm 56 
2 acetone 4CzIPN (5) 430 nm 40 
3 2-CH3-THF 4CzIPN (5) 430 nm N.D. 
4 H2O 4CzIPN (5) 430 nm Trace 
5 glycerol 4CzIPN (5) 430 nm N.D. 
6 TBME 4CzIPN (5) 430 nm 24 
7 EG 4CzIPN (5) 430 nm 21 
8 DMF 4CzIPN (5) 430 nm 62 
9 DMSO 4CzIPN (5) 430 nm 65 

10 DCE 4CzIPN (5) 430 nm 88 
11 DMC 4CzIPN (5) 430 nm 86 
12 PEG-200 4CzIPN (5) 430 nm 76 
13 PEG-400 4CzIPN (5) 430 nm 74 
14 PEG-800 4CzIPN (5) 430 nm 55 
15b DMC 4CzIPN (5) 430 nm 78 
16c DMC 4CzIPN (5) 460 nm 76 
17d DMC 4CzIPN (5) 460 nm 84 
18e DMC 4CzIPN (5) 460 nm 75 
19f DMC 4CzIPN (5) 430 nm Trace 
20g DMC 4CzIPN (5) 430 nm N.D. 
21 DMC - 430 nm N.D. 
22 DMC Na2Eosin Y (5) 430 nm N.D. 
23 DMC Eosin B (5) 430 nm N.D. 
24 DMC Eosin Y (5) 430 nm N.D. 
25 DMC Rose Bengal (5) 430 nm N.D. 

a Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), PC (5 mol %), solvent (2 mL) under 

air for 6 h, room temperature, blue LED (5 W), N.D. = not detected, PC = photocatalyst, 

TBME = tert-butyl methyl ether, EG = ethylene glycol, DCE = 1,2-dichloroethane, DMC = 

dimethyl carbonate. Isolated yields were given. b 430 nm Blue LED (10 W). c 460 nm Blue 

LED (3 W). d 460 nm Blue LED (5 W). e 460 nm Blue LED (10 W). f Reaction under N2 

atmosphere. g Experiment performed in the dark. 

We initially started our study by using 2-methyl-1-(2-phenyl-1H-benzo[d]imidazol-1-yl)prop-2-

en-1-one (1a) and 2-oxo-2-phenylacetic acid (2a) as the model substrates in the presence of various 

solvents under irradiation of 430 nm 5 W blue LED to investigate the reaction conditions. To our 

delight, the organic reaction media such as DMSO, DMF, DCE, DMC, PEG-200, PEG-400, and 

PEG-800 were all suitable in terms of reaction yields (entries 8-13) and the optimal isolated yield 

was 88% (entry 10). From the standpoint of green synthesis, we finally choose DMC as the reaction 

solvent. Next, the effects of various light sources on the reaction were investigated. The results 

indicated that 5W light sources were superior to the higher ones (10 W) and the lower wavelength 
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was slightly better. Finally, some organic photocatalysts such as Na2Eosin Y, Eosin B, Eosin Y, 

Rose Bengal were employed as catalysts in DMC for 6 h under air at room temperature, respectively 

(entries 22-25). Yet regrettably, the oxidative decarboxylation reaction didn’t work. Therefore, the 

optimal reaction conditions were thus established as follows: 1a (0.2 mmol), 2a (0.4 mmol), and 

4CzIPN (5 mol %) in DMC at room temperature for 6 h under air atmosphere with the irradiation 

of 430 nm 5 W blue LED. 

Table S2. Optimization of reaction conditions of 5a 

 

Entry Solvent (v/v) Oxidant (equiv) Yield (%) 

1 MeCN -- 45 
2 THF -- Trace 
3 DMF -- Trace 
4 DMC -- 20 
5 DCE -- 26 
6 DMSO -- Trace 
7 H2O -- Trace 
8 MeCN/H2O (100:1) -- 35 
9 MeCN/H2O (50:1) -- 30 

10 MeCN/H2O (30:1) -- 30 
11 MeCN/H2O (20:1) -- 36 
12 MeCN/H2O (10:1) -- 20 
13 MeCN/H2O (5:1) -- 30 
14 MeCN LPO (3) Trace 
15 MeCN K2S2O8 (3) 15 
16 MeCN TBHP (3) Trace 
17 MeCN TBPB (3) 20 
18 MeCN BPO (3) 60 
19b MeCN BPO (3) 77 

a Reaction conditions: 1a (0.2 mmol), 2a (0.4 mmol), solvent (2.5 mL) under 

air for 24 h, room temperature, blue LED (10 W), LPO = dilauroyl peroxide, 

TBHP = tert-butyl hydroperoxide, TBPB = tert-butyl peroxybenzoate, BPO = 

benzoyl peroxide. Isolated yields. b N2 atmosphere. 

We began to set up our optimal experimental conditions towards 3-acylazaspiro[4.5]trienones 

using the model reaction of N-arylpropiolamide (4a) with 2a in the presence of 4CzIPN in various 

solvents and oxidants under irradiation of 10 W blue LED at room temperature for 24 h (Table S2). 

First, the influence of different solvents was examined under open air reaction conditions (entries 

1-13). Among all the solvents tested, the target product 5a was obtained in the highest yield in 

CH3CN (entry 1, 45% yield). Following that, the model reaction was performed in the presence of 

five commonly used oxidants including LPO, K2S2O8, TBHP, TBPB and BPO under open air 

conditions, respectively (entries 14-19), among which the highest yield was gained with BPO and 
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was up to 60% (entry 18). Continuous investigation on the reaction condition indicated that the 

yield of 5a could be raised to 77% when the model reaction was carried out in the presence of BPO 

in CH3CN under N2 atmosphere (entry 19). After a wide exploration, the optimal conditions were 

finally established as follows: 4a (0.2 mmol), 2a (0.4 mmol), 4CzIPN (5 mol %), BPO (3 equiv), 

MeCN (2.5 mL) under N2 atmosphere. 

2.2 Preparation of starting materials 

 

Scheme S2. General experimental procedures for substrates 1 

According to a modified literature procedure,2 to the solution of benzimidazole S1 (5 mmol, 1.0 

equiv.) and DMAP (1.0 mmol, 0.2 equiv.) in DCM (0.5 M) was added Et3N (10 mmol, 2.0 equiv.) 

and methacryloyl chloride (10 mmol, 2.0 equiv.) at 0 oC. The solution was warmed up to room 

temperature and stirred for 12–24 h. Reaction progress was checked by thin-layer chromatography 

(TLC). The mixture was diluted with DCM (20 mL) and saturated NaHCO3 solution (20 mL). The 

organic and aqueous layers were separated. The aqueous layer was extracted with DCM (20 mL × 

2). The combined organic layer was washed with brine, dried over Na2SO4, filtered and 

concentrated in vacuo to give a residue, which was purified by flash chromatography and then 

recrystallized from petroleum ether (PE)/ethyl acetate (EA) to afford product 1. 

 

 

Scheme S3. General experimental procedures for substrates N-arylpropiolamides 4 

According to a reported literature procedure,3 The mixture of N-methylaniline (or the relative 

aniline) (2.5 mmol, 1.0 equiv.) in CH2Cl2 (15 mL) was added the corresponding propynoic acid 

(2.75 mmol, 1.1 equiv) at 0 ℃, then a mixture of dicyclohexylcarbodiimide (DCC) (3.75 mmol, 

1.5 equiv) and 4-dimethylaminopyridine (DMAP) (0.25 mmol, 0.1 equiv) in CH2Cl2 (10 mL) was 

added dropwise, stirred at room temperature for 12 h. Then, the mixture was filtered and washed 

with CH2Cl2 (3 × 50 mL) and concentrated. The residue was purified by a silica gel column 

chromatography (ether/EA (v/v = 5/1)) to give the products (4a-j). 
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Scheme S4. General experimental procedures for the acylated heterocycles  

General procedure a): In a 25 mL reaction tube, 1 (1.0 equiv, 0.2 mmol), 2 (2.0 equiv, 0.4 mmol), 

4CzIPN (5 mol %) were dissolved in DMC (2 mL, 0.1 M), and then the tube was stirred in air at 

room temperature for 6 h with the irradiation of 5 W blue LED. The reaction was monitored by 

TLC. After substrate 1 was completely consumed, 10 mL saturated NaHCO3 solution was added 

to the reaction mixture and extracted with EA (10 mL × 3). The combined organic solvent was 

dried over Na2SO4 and then removed under reduced pressure with the aid of a rotary evaporator. 

The residue was purified by column chromatography on silica gel using PE/EA (v/v = 100/1~15/1) 

as eluting solvent to afford the desired products 3. 

General procedure b) or c): The mixture of 4 (6) (0.2 mmol), 2 (0.4 mmol), 4CzIPN (5 mol %), 

BPO (3 qeuiv) and MeCN (2.5 mL) were sequentially added in a 20 mL reaction vessel. Then the 

reaction vessel was exposed to 10 W blue LED irradiation at room temperature with stirring for 12-

24 h (N2 atmosphere). After the reaction, 20 mL of CH2Cl2 was added then washed with saturated 

NaHCO3 solution (25 mL × 3). Then the aqueous solution was extracted with CH2Cl2 (3 × 15 mL). 

After the organic layer was dried with Na2SO4 and concentrated under vacuum, all the crude 

products were purified by thin-layer chromatography using PE/EA (v/v = 50/1~3/1) as eluting 

solvent to give the desired products 5 (7). 

2.3 The gram-scale synthesis 
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Scheme S5. The reactor for the gram-scale synthesis 

The reactor for the gram-scale synthesis: Gram-scale synthesis of 3aa with blue LEDs light 

irradiation under air atmosphere: 1a (5 mmol), 2a (10 mmol), 4CzIPN (5 mol %) in 50 mL DMC 

at room temperature for 6 h with the assistance of designed reactor. An isolated yield of 3aa (79%, 

1.45 g) was given. 

2.4 HRMS data analysis 

 

 

 

Figure S2. The HRMS analysis 
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2.5 Procedure for emission quenching experiments and cyclic voltammogram 
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Figure S3. i)/ii)/iii) Luminescence quenching study; iv) Cyclic voltammetry of 1a and 2a  

Emission intensities were recorded using an F-4600 FL Spectrophotometer. First, the emission 

intensity of 4CzIPN solutions was observed at 550 nm. The solutions were irradiated at 378 nm 

(Maximum absorption wavelength of 4CzIPN) and fluorescence was measured from 400 nm to 700 

nm. In a typical experiment, the emission spectrum of a 5×10-5 M solution of 4CzIPN with different 

concentration of 1a, 2a, 4a, and BPO in degassed anhydrous CH3CN or DCE in 10 mm path length 

quartz cuvette was collected: Figure S3-i) the emission spectra of 5 × 10-5 M solutions of 4CzIPN 

with reactants (4a, 2a, and BPO) in degassed anhydrous CH3CN; ii) the emission spectra of a 5 × 

10-5 M solution of 4CzIPN with various concentrations of 2a in degassed anhydrous CH3CN and 

the linear relationship between I0/I and the increasing concentration of 1a (I0 and I are the 

fluorescence intensities before and after the increasing the concentration of 1a, respectively); iii) 

the emission spectra of 5 × 10-5 M solutions of 4CzIPN with various concentrations of 2a in 

degassed anhydrous DCE and the linear relationship between I0/I and the increasing concentration 

of 2a; iv) Cyclic voltammetry was performed on the CHI-660E electrochemical workstation 

(Shanghai Chenhua Instrument Co., Ltd., China). Cyclic voltammograms of 0.1 M 

tetrabutylammonium hexafluorophosphate (TBAH) and related compounds in CH3CN using Pt 

working electrode, Pt wire, and saturated calomel electrode (SCE) as counter electrode and 

reference electrode at 100 mV/s scan rate. 

2.6 Set of Experiments 
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A set of experiments that employed 1a and 2a were performed to evaluate the reaction-condition-

based sensitivity of this conversion, which will be valuable in increasing the insight of this new 

synthetic method and reproducibility. Various parameters, including concentration, temperature, 

oxygen level, water level, light intensity, and scale, were chosen with positive and negative 

direction relative to the standard reaction conditions. Each experiment only deliberately changed 

one parameter, while keeping others at standard levels. 

Table S3. Set of Experimentsa 

 

Parameter Variation Description Yieldb Deviationc  

Concentration (c) 
High c c + 10% c 1.35 mL DMC 82% -4% 

Low c c - 10% c 1.65 mL DMC 80% -6% 

H2O level High H2O 
+ H2O; VH2O 

= 1%Vrxn 

15 μL H2O in 1.5 

mL DMC 
81% -5% 

O2 level High O2 O2 balloon 
O2 balloon 

instead of air 
56% -30% 

Temperature (T) 
High T T + 10 ℃ 35 ℃ 83% -3% 

Low T T – 10 ℃ 15 ℃ 78% -8% 

Light intensity (W) Low W W/16 0.3 W  0% -86% 

Scale Big scale n·25 5 mmol of 1a 75% -11% 

aStandard conditions: 1a (0.15 mmol), 2a (0.3 mmol, 2 equiv), 4CzIPN (5 mol %) in DMC (1.5 mL) at room 

temperature for 6 h in air atmosphere under 5 W blue LED. Isolated yields were given. bThe average yield of 

three parallel reactions. cDeviation from the yield of standard reaction. 

2.7 Proposed Reaction Mechanisms 

Based on our experimental investigations and previous reports, the reasonable mechanisms for 

the 4CzIPN-photocatalyzed reactions toward the 3-aroylazaspiro[4.5]trienone were suggested. As 

shown in Scheme S6, 4CzIPN is first excited by blue light to its excited state (4CzIPN*). Then, via 

a single-electron transfer (SET) from 4CzIPN* to 2a, benzoyl radical is produced together with the 

release of CO2 and H+, meanwhile, 4CzIPN* is changed into its radical anion (4CzIPN•−)，which 

afterward is oxidized by BPO to generate benzoate anion (A), with the regeneration of 4CzIPN for 

next photocatalytic cycle. Following that, benzoyl radical regioselectively adds to the triple bond 

of 4a, rendering alkenyl radical 6a, which then undergoes an intramolecular cyclization, giving rise 

to the corresponding azaspiro radical 6b. Then by another additional SET process, 6b is oxidized 

by BPO to resonance-stable cation 6c, with the release of another A. At last, cation 6c reacts with 

anion A, leading to the formation of target product 5a together with methyl benzoate. 
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Scheme S6. Proposed Reaction Mechanisms 

3. Characterization Data for Products 

5-methyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3aa) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3aa. White solid (63 mg, 86% yield), mp 197.6 – 199.4 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.60 – 8.49 (m, 1H), 

8.40 – 8.29 (m, 1H), 7.88 – 7.84 (m, 3H), 7.57 – 7.50 (m, 1H), 7.47 – 7.39 

(m, 6H), 7.35 – 7.30 (m, 1H), 4.30 (d, J = 18.2 Hz, 1H), 4.14 (d, J = 18.3 Hz, 

1H), 1.72 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 196.1, 173.3, 150.1, 144.1, 142.0, 135.7, 

133.6, 131.6, 128.7, 128.1, 127.6, 126.4, 125.6, 125.3, 124.4, 119.8, 115.6, 49.3, 46.2, 30.2. HRMS 

(ESI-TOF) m/z: [M+H]+ Calcd for C24H19N2O2, 367.1441; Found: 367.1445. 

 

5-methyl-5-(2-oxopropyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3ab) 

Purification by flash column chromatography (PE:EA, 100:1~35:1 v/v) to 

provide 3ab. Yellow solid (35 mg, 57% yield), mp 54.6 – 55.3 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.51 (d, J = 7.7 Hz, 1H), 

8.31 (d, J = 7.5 Hz, 1H), 7.84 (d, J = 7.4 Hz, 1H), 7.46 – 7.42 (m, 4H), 7.30 (d, 

J = 7.7 Hz, 1H), 3.80 (d, J = 18.4 Hz, 1H), 3.51 (d, J = 18.4 Hz, 1H), 2.04 (s, 3H), 1.60 (s, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 204.5, 173.1, 149.9, 144.1, 141.7, 131.5, 127.6, 126.4, 125.6, 

125.3, 124.4, 123.1, 119.8, 115.6, 53.9, 46.0, 29.9, 29.4. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for 

C19H17N2O2, 305.1285; Found: 305.1287. 

 

5-methyl-5-(2-oxobutyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3ac) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3ac. White solid (46 mg, 72% yield), mp 122.3 – 122.6 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.52 (dd, J = 7.7, 1.3 

Hz, 1H), 8.32 (dd, J = 6.7, 1.9 Hz, 1H), 7.84 (dd, J = 6.7, 1.8 Hz, 1H), 7.58 

– 7.36 (m, 4H), 7.33 – 7.28 (m, 1H), 7.26 (s, 1H), 3.78 (d, J = 18.2 Hz, 1H), 3.50 (d, J = 18.2 Hz, 
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1H), 2.54 – 2.15 (m, 2H), 1.61 (s, 3H), 0.88 (t, J = 7.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-

d) δ 207.5, 173.2, 149.9, 144.0, 141.7, 131.6, 131.6, 127.6, 126.4, 125.6, 125.4, 124.4, 123.0, 119.8, 

115.6, 52.6, 45.9, 35.5, 30.0, 7.3. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C20H19N2O2, 319.1441; 

Found: 319.1442. 

 

5-methyl-5-(2-oxo-2-(m-tolyl)ethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3ad) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 3ad. Yellow solid (61 mg, 80% yield), mp 67.6 – 68.4 ℃, Rf 

= 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.58 – 8.51 

(m, 1H), 8.38 – 8.30 (m, 1H), 7.90 – 7.84 (m, 1H), 7.67 (d, J = 9.1 Hz, 

2H), 7.47 – 7.39 (m, 4H), 7.34 – 7.30 (m, 3H), 4.29 (d, J = 18.2 Hz, 

1H), 4.14 (d, J = 18.2 Hz, 1H), 2.35 (s, 3H), 1.72 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

196.3, 173.3, 150.1, 144.1, 142.0, 138.5, 135.7, 134.4, 131.6, 128.6 (d, J = 9.4 Hz), 127.6, 126.4, 

125.6, 125.3 (d, J = 4.6 Hz), 124.4, 123.1, 119.8, 115.7, 49.4, 46.2, 30.2, 21.3. HRMS (ESI-TOF) 

m/z: [M+H]+ Calcd for C25H21N2O2, 381.1598; Found: 381.1601. 

 

5-(2-(2-methoxyphenyl)-2-oxoethyl)-5-methylbenzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3ae) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 3ae. Yellow solid (69 mg, 87% yield), mp 143.1 – 143.7 ℃, 

Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.60 – 

8.49 (m, 1H), 8.35 (dd, J = 7.0, 1.6 Hz, 1H), 7.86 (dd, J = 6.9, 1.5 Hz, 

1H), 7.50 – 7.32 (m, 7H), 6.95 (d, J = 8.3 Hz, 1H), 6.89 – 6.81 (m, 1H), 

4.37 – 4.16 (m, 2H), 3.99 (s, 3H), 1.68 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 197.3, 173.6, 

159.2, 150.2, 144.1, 142.5, 134.4, 131.8, 131.4, 130.8, 127.3, 126.2, 126.2, 125.5, 125.2, 124.7, 

123.1, 120.7, 119.7, 115.7, 111.5, 55.6, 54.7, 46.5, 30.2. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for 

C25H21N2O3, 397.1547; Found: 397.1548. 

 

5-methyl-5-(2-(naphthalen-2-yl)-2-oxoethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3af) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 

v/v) to provide 3af. Yellow solid (37 mg, 44% yield), mp 89.8 – 

91.6 ℃, Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) 

δ 8.57 (dd, J = 6.2, 3.0 Hz, 1H), 8.46 (s, 1H), 8.35 (d, J = 7.0 Hz, 1H), 

7.94 (d, J = 7.9 Hz, 1H), 7.91 – 7.80 (m, 4H), 7.63 – 7.53 (m, 2H), 

7.49 – 7.36 (m, 5H), 4.45 (d, J = 18.1 Hz, 1H), 4.30 (d, J = 18.1 Hz, 

1H), 1.78 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 196.0, 173.3, 

150.1, 144.1, 142.0, 135.8, 133.1, 132.4, 131.7, 131.6, 130.0, 129.6, 128.8, 128.6, 127.8, 127.6, 

127.0, 126.4, 125.6, 125.4, 124.4, 123.5, 123.1, 119.8, 115.7, 49.4, 46.3, 30.3. HRMS (ESI-TOF) 

m/z: [M+H]+ Calcd for C28H21N2O2, 417.1598; Found: 417.1602 
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5-(2-([1,1'-biphenyl]-4-yl)-2-oxoethyl)-5-methylbenzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3ag) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 

v/v) to provide 3ag. Pale yellow solid (39 mg, 44% yield), mp 137.7 

– 138.7 ℃, Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.65 – 8.49 (m, 1H), 8.44 – 8.30 (m, 1H), 7.89 (dd, 

J = 15.1, 7.7 Hz, 3H), 7.59 (dd, J = 17.6, 7.8 Hz, 4H), 7.49 – 7.29 

(m, 8H), 4.32 (d, J = 18.2 Hz, 1H), 4.16 (d, J = 18.2 Hz, 1H), 1.72 

(s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 195.7, 173.3, 150.1, 

146.3, 144.2, 142.0, 139.6, 134.4, 131.7, 131.6, 129.0, 128.7, 128.4, 

127.6, 127.3 (d, J = 1.5 Hz), 126.4, 125.6, 125.4, 124.4, 123.1, 119.8, 115.7, 49.4, 46.2, 30.2. 

HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C30H23N2O2, 443.1754; Found: 443.1757. 

 

5-(2-(4-fluorophenyl)-2-oxoethyl)-5-methylbenzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3ah) 

Purification by flash column chromatography (PE:EA, 100:1~20:7 v/v) 

to provide 3ah. Yellow solid (67 mg, 87% yield), mp 140.1 – 141.0 ℃, Rf 

= 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.56 – 8.54 

(m, 1H), 8.33 (d, J = 7.3 Hz, 1H), 7.93 – 7.81 (m, 3H), 7.47 – 7.39 (m, 

4H), 7.31 (dd, J = 6.9, 2.1 Hz, 1H), 7.07 (t, J = 8.6 Hz, 2H), 4.27 (d, J = 

18.2 Hz, 1H), 4.09 (d, J = 18.2 Hz, 1H), 1.71 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 194.5, 173.2, 167.3 (C-F, 1JC-F = 256.0 Hz), 164.7 (C-F, 
1JC-F = 256.0 Hz), 150.0, 144.1, 141.8, 132.2 (d, J = 3.0 Hz), 131.7, 131.6, 130.8 (C-F, 2JC-F = 9.5 

Hz), 130.7 (C-F, 2JC-F = 9.5 Hz), 127.6, 126.4, 125.7, 125.4, 124.3, 123.1, 119.8, 115.9, 115.7 (C-

F, 3JC-F = 8.1 Hz), 115.6 (C-F, 3JC-F = 8.1 Hz), 49.2, 46.2, 30.2. 19F NMR (376 MHz, Chloroform-d) 

δ -105.05. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C24H18FN2O2, 385.1347; Found: 385.1351. 

 

 

5-methyl-5-(2-oxo-2-(4-(trifluoromethyl)phenyl)ethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-

6(5H)-one (3ai) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 3ai. White solid (72 mg, 83% yield), mp 188.5 – 190.2 ℃, 

Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.62 – 

8.51 (m, 1H), 8.37 – 8.29 (m, 1H), 7.95 (d, J = 8.2 Hz, 2H), 7.87 (d, J = 

7.3 Hz, 1H), 7.68 (d, J = 8.3 Hz, 2H), 7.49 – 7.40 (m, 4H), 7.32 (dd, J 

= 5.9, 3.1 Hz, 1H), 4.32 (d, J = 18.3 Hz, 1H), 4.12 (d, J = 18.3 Hz, 1H), 

1.74 (s, 3H). 13C NMR (151 MHz, Chloroform-d) δ 195.3, 173.0, 150.0, 

144.1, 141.6, 138.3, 134.9 (q, C-F, 2JC-F = 33.0 Hz), 131.7, 131.6, 128.4, 127.7, 127.6, 126.5, 125.7 

(q, C-F, 3JC-F = 4.4 Hz), 125.5, 124.3, 123.4 (q, C-F, 1JC-F = 272.9 Hz), 123.1, 119.9, 115.6, 49.5, 

46.2, 30.2. 19F NMR (376 MHz, Chloroform-d) δ -63.11. HRMS (ESI-TOF) m/z: [M+H]+ Calcd 

for C25H18F3N2O2, 435.1315; Found: 435.1317. 
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3,5-dimethyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3aj) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3aj. Yellow solid (62 mg, 82% yield), mp 106.9 – 107.4 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.43 (d, J = 8.0 Hz, 1H), 

8.32 (d, J = 7.5 Hz, 1H), 7.91 – 7.81 (m, 3H), 7.55 (t, J = 7.4 Hz, 1H), 7.47 – 

7.35 (m, 4H), 7.26 (s, 1H), 7.11 (s, 1H), 4.30 (d, J = 18.3 Hz, 1H), 4.12 (d, J 

= 18.2 Hz, 1H), 2.37 (s, 3H), 1.71 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 196.0, 173.4, 

150.3, 144.2, 142.1, 142.0, 135.8, 133.6, 131.7, 128.7 (d, J = 4.1 Hz), 128.1, 126.4, 125.5, 125.1, 

124.9, 120.4, 119.6, 115.6, 49.3, 46.1, 30.3, 21.9. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for 

C25H21N2O2, 381.1598; Found: 381.1601. 

 

3-ethyl-5-methyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3ak) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3ak. Yellow solid (73 mg, 92% yield), mp 147.5 – 148.6 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.45 (d, J = 8.0 Hz, 1H), 

8.32 (d, J = 7.4 Hz, 1H), 7.85 (t, J = 7.3 Hz, 3H), 7.54 (t, J = 7.4 Hz, 1H), 7.45 

– 7.37 (m, 4H), 7.28 (d, J = 8.2 Hz, 1H), 7.12 (s, 1H), 4.29 (d, J = 18.2 Hz, 

1H), 4.13 (d, J = 18.2 Hz, 1H), 2.65 (q, J = 7.6 Hz, 2H), 1.72 (s, 3H), 1.20 (t, J = 7.6 Hz, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 173.5, 150.3, 148.3, 144.2, 142.0, 135.8, 133.6, 131.7, 128.6, 

128.1, 127.4, 126.5, 125.5, 125.1, 123.7, 120.6, 119.6, 115.6, 49.3, 46.2, 30.4, 29.1, 15.1. HRMS 

(ESI-TOF) m/z: [M+H]+ Calcd for C26H23N2O2, 395.1754; Found: 395.1757. 

 

3-isopropyl-5-methyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3al) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3al. Pale yellow solid (71 mg, 87% yield), mp 169.8 – 170.5 ℃, Rf = 

0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.45 (d, J = 8.1 Hz, 

1H), 8.36 – 8.29 (m, 1H), 7.89 – 7.81 (m, 3H), 7.54 (t, J = 7.4 Hz, 1H), 7.48 – 

7.34 (m, 4H), 7.34 – 7.27 (m, 1H), 7.16 – 7.11 (m, 1H), 4.33 – 4.11 (m, 2H), 

2.94 – 2.84 (m, 1H), 1.72 (s, 3H), 1.20 (dd, J = 6.9, 1.8 Hz, 6H). 13C NMR (101 MHz, Chloroform-

d) δ 196.3, 173.5, 152.9, 150.3, 144.2, 141.9, 135.9, 133.6, 131.7, 128.6, 128.0, 126.5, 125.8, 125.5, 

125.1, 122.5, 120.8, 119., 115.6, 49.2, 46.3, 34.4, 30.4, 23.7 (d, J = 10.0 Hz). HRMS (ESI-TOF) 

m/z: [M+H]+ Calcd for C27H25N2O2, 409.1911; Found: 409.1915. 

 

3-methoxy-5-methyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3am) 

Purification by flash column chromatography (PE:EA, 50:1~5:1 v/v) to 

provide 3am. Yellow solid (60 mg, 76% yield), mp 217.1 – 218.1 ℃, Rf = 

0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.50 (d, J = 8.7 

Hz, 1H), 8.30 (d, J = 7.6 Hz, 1H), 7.84 (dd, J = 13.9, 7.6 Hz, 3H), 7.53 (t, J 

= 7.4 Hz, 1H), 7.44 – 7.34 (m, 4H), 6.97 (dd, J = 8.7, 2.2 Hz, 1H), 6.81 (d, 
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J = 2.2 Hz, 1H), 4.29 (d, J = 18.3 Hz, 1H), 4.08 (d, J = 18.2 Hz, 1H), 3.81 (s, 3H), 1.70 (s, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 196.0, 173.3, 162.3, 150.2, 144.2, 144.1, 135.7, 133.7, 131.6, 

128.7, 128.4, 128.1, 125.5, 124.9, 119.4, 116.0, 115.5, 112.4, 111.1, 55.5, 49.3, 46.3, 30.4. HRMS 

(ESI-TOF) m/z: [M+H]+ Calcd for C25H21N2O3, 397.1547; Found: 397.1549. 

 

3-fluoro-5-methyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3an) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3an. Yellow solid (61 mg, 79% yield), mp 101.1 – 101.7 ℃, Rf = 

0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.56 (dd, J = 8.7, 

5.9 Hz, 1H), 8.37 – 8.27 (m, 1H), 7.85 (t, J = 7.4 Hz, 3H), 7.57 (t, J = 7.4 

Hz, 1H), 7.48 – 7.37 (m, 4H), 7.17 – 7.13 (m, 1H), 7.01 (dd, J = 9.7, 2.3 Hz, 

1H), 4.34 (d, J = 18.3 Hz, 1H), 4.04 (d, J = 18.3 Hz, 1H), 1.72 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 195.9, 172.7, 166.1 (C-F, 1JC-F = 252.6 Hz), 163.5 (C-F, 1JC-F = 252.6 Hz), 149.3, 

144.7 (d, J = 7.6 Hz), 144.0, 135.5, 133.8, 131.6, 129.0 (C-F, 3JC-F = 9.1 Hz), 128.9 (C-F, 3JC-F = 

9.1 Hz), 128.7, 128.1, 125.7, 125.4, 119.7, 119.6 (d, J = 2.9 Hz), 115.6, 115.5, 115.3, 111.7 (C-F, 
2JC-F = 23.4 Hz), 111.5 (C-F, 2JC-F = 23.4 Hz), 49.3, 46.4, 30.1. 19F NMR (376 MHz, Chloroform-d) 

δ -106.76. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C24H18FN2O2, 385.1347; Found: 385.1348. 

 

3-chloro-5-methyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3ao) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 

v/v) to provide 3ao. Yellow solid (70 mg, 88% yield), mp 220.8 – 

222.1 ℃, Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) 

δ 8.49 (d, J = 8.4 Hz, 1H), 8.32 (d, J = 7.2 Hz, 1H), 7.85 (d, J = 7.3 

Hz, 3H), 7.55 (t, J = 7.4 Hz, 1H), 7.47 – 7.40 (m, 5H), 7.30 (d, J = 1.8 

Hz, 1H), 4.33 (d, J = 18.4 Hz, 1H), 4.05 (d, J = 18.3 Hz, 1H), 1.71 (s, 

3H). 13C NMR (101 MHz, Chloroform-d) δ 195.9, 172.6, 149.2, 144.1, 

143.7, 137.7, 135.5, 133.8, 131.6, 128.7, 128.2, 128.1, 127.8, 125.8, 125.6, 124.8, 121.8, 119.9, 

115.6, 49.4, 46.2, 30.0. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C24H18ClN2O2, 401.1051; Found: 

401.1052. 

 

5-methyl-5-(2-oxo-2-phenylethyl)-3-(trifluoromethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-

6(5H)-one (3ap) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 

v/v) to provide 3ap. White solid (66 mg, 76% yield), mp 218.7 – 

220.1 ℃, Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-

d) δ 8.68 (d, J = 8.2 Hz, 1H), 8.34 (d, J = 8.6 Hz, 1H), 7.93 – 7.87 

(m, 1H), 7.84 (d, J = 7.3 Hz, 2H), 7.70 (d, J = 8.2 Hz, 1H), 7.59 – 

7.52 (m, 2H), 7.51 – 7.38 (m, 4H), 4.38 (d, J = 18.4 Hz, 1H), 4.12 (d, 

J = 18.4 Hz, 1H), 1.75 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 196.0, 172.4, 148.6, 144.0, 

142.6, 141.9 (q, C-F, 1JC-F = 271.7 Hz), 135.4, 133.9, 133.0 (d, J = 32.9 Hz), 131.7, 128.7, 128.1, 
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127.0, 126.4, 126.0 (d, J = 8.1 Hz), 124.5 (q, C-F, 3JC-F = 3.3 Hz), 122.2, 121.5 (q, C-F, 2JC-F = 3.4 

Hz), 120.2, 115.8, 49.5, 46.4, 30.0. 19F NMR (376 MHz, Chloroform-d) δ -62.76. HRMS (ESI-

TOF) m/z: [M+H]+ Calcd for C25H18F3N2O2, 435.1315; Found: 435.1316. 

 

 

1-chloro-5-methyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3aq) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3aq. Yellow solid (72 mg, 90% yield), mp 234.5 – 235.3 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.36 (dd, J = 6.1, 2.9 Hz, 

1H), 7.98 (dd, J = 6.0, 2.8 Hz, 1H), 7.86 (d, J = 7.4 Hz, 2H), 7.59 – 7.39 (m, 

6H), 7.33 – 7.24 (m, 2H), 4.35 (d, J = 18.3 Hz, 1H), 4.13 (d, J = 18.3 Hz, 1H), 

1.70 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 195.9, 172.4, 147.4, 144.9, 144.0, 135.6, 134.0, 

133.8, 131.2, 130.9, 130.8, 128.7, 128.1, 126.1, 125.7, 123.1, 121.2, 120.7, 115.6, 49.3, 46.5, 30.6. 

HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C24H18ClN2O2, 401.1051; Found: 401.1053. 

 

 

1-bromo-5-methyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one 

(3ar) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3ar. Yellow solid (78 mg, 88% yield), mp 208.5 – 209.4 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.38 – 8.31 (m, 1H), 8.00 

– 7.94 (m, 1H), 7.90 – 7.83 (m, 2H), 7.75 (dd, J = 7.9, 1.1 Hz, 1H), 7.59 – 7.53 

(m, 1H), 7.49 – 7.40 (m, 4H), 7.30 (dd, J = 8.0, 1.0 Hz, 1H), 7.21 (t, J = 7.9 Hz, 

1H), 4.35 (d, J = 18.3 Hz, 1H), 4.13 (d, J = 18.3 Hz, 1H), 1.70 (s, 3H). 13C NMR 

(101 MHz, Chloroform-d) δ 195.9, 172.3, 147.5, 145.0, 143.7, 135.7, 135.0, 133.7, 131.0, 130.9, 

128.7, 128.1, 126.1, 125.6, 123.7, 122.5, 121.9, 120.8, 115.6, 49.3, 46.7, 30.7. HRMS (ESI-TOF) 

m/z: [M+H]+ Calcd for C24H18BrN2O2, 445.0546; Found: 445.0547. 

 

 

1,5-dimethyl-5-(2-oxo-2-phenylethyl)benzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3as) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3as. White solid (64 mg, 84% yield), mp 223.5 – 224.3 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.37 (dd, J = 6.7, 2.0 Hz, 

1H), 7.93 – 7.81 (m, 3H), 7.53 (t, J = 7.4 Hz, 1H), 7.46 – 7.37 (m, 4H), 7.29 – 

7.23 (m, 2H), 7.21 – 7.16 (m, 1H), 4.31 (d, J = 18.3 Hz, 1H), 4.16 (d, J = 18.3 

Hz, 1H), 3.09 (s, 3H), 1.69 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

196.3, 173.5, 150.3, 144.3, 143.1, 140.2, 135.9, 133.6, 132.0, 130.9, 130.3, 128.6, 128.1, 125.4, 

125.4, 122.1, 121.6, 120.1, 115.7, 49.4, 46.2, 30.9, 24.8. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for 

C25H21N2O2, 381.1598; Found: 381.1595. 
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5-(2-oxo-2-phenylethyl)-5-phenylbenzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3at) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3at. Pale yellow solid (60 mg, 70% yield), mp 99.7 – 101.5 ℃, Rf 

= 0.4 (PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 8.73 – 8.61 (m, 

1H), 8.27 (d, J = 7.8 Hz, 1H), 8.01 – 7.81 (m, 3H), 7.59 (t, J = 7.4 Hz, 1H), 

7.54 – 7.36 (m, 7H), 7.29 (q, J = 4.8 Hz, 4H), 7.22 (d, J = 7.8 Hz, 1H), 4.93 

(d, J = 17.9 Hz, 1H), 4.56 (d, J = 17.8 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 196.0, 171.0, 

150.2, 144.1, 140.9 (d, J = 5.0 Hz), 135.9, 133.7, 131.8, 131.7, 130.1, 129.1, 128.7, 128.4, 128.1 

(d, J = 4.7 Hz), 128.0, 127.2, 126.4, 126.3, 125.7, 125.4, 124.6, 119.8, 115.6, 54.2, 48.3. HRMS 

(ESI-TOF) m/z: [M+H]+ Calcd for C29H21N2O2, 429.1598; Found: 429.1600. 

 

 

 

5-methyl-5-neopentylbenzo[4,5]imidazo[2,1-a]isoquinolin-6(5H)-one (3au) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 3au. White solid (43 mg, 68% yield), mp 115.7 – 117.2 ℃, Rf = 0.4 

(PE:EA = 10:1). 1H NMR (400 MHz, Chloroform-d) δ 8.49 (d, J = 7.9 Hz, 1H), 

8.39 (d, J = 6.9 Hz, 1H), 7.83 (dd, J = 7.4, 1.2 Hz, 1H), 7.57 – 7.35 (m, 5H), 

2.64 (d, J = 14.4 Hz, 1H), 2.17 (d, J = 14.4 Hz, 1H), 1.71 (s, 3H), 0.54 (s, 9H). 13C NMR (101 MHz, 

Chloroform-d) δ 173.4, 149.8, 144.1, 142.0, 131.4, 131.1, 127.6 (d, J = 6.3 Hz), 125.9 (d, J = 1.9 

Hz), 125.5, 122.4, 119.7, 115.8, 55.3, 47.7, 33.1, 32.0, 30.8. HRMS (ESI-TOF) m/z: [M+H]+ Calcd 

for C21H23N2O, 319.1805; Found: 319.1803. 

 

 

 

5-methyl-5-(2-(naphthalen-2-yl)-2-oxoethyl)-12-phenylindolo[2,1-a]isoquinolin-6(5H)-one 

(3ba) 

Purification by flash column chromatography (PE:EA, 

100:1~40:1 v/v) to provide 3ba. White solid (52 mg, 53% yield), 

mp 192.7 – 193.9 ℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.63 (d, J = 8.2 Hz, 1H), 8.49 (s, 1H), 7.98 – 

7.86 (m, 2H), 7.81 (t, J = 7.7 Hz, 2H), 7.59 – 7.48 (m, 8H), 7.42 

– 7.31 (m, 2H), 7.30 – 7.21 (m, 2H), 7.13 (t, J = 7.2 Hz, 1H), 6.96 

(t, J = 7.4 Hz, 1H), 4.47 (d, J = 18.0 Hz, 1H), 4.23 (d, J = 18.0 

Hz, 1H), 1.76 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

196.4, 173.4, 139.4, 135.7, 134.4, 133.6, 132.4, 132.4, 130.4, 129.9, 129.6, 129.2, 128.6, 128.4, 

128.3, 128.0, 127.8, 126.8, 126.5, 125.8, 125.7, 125.4, 124.3, 123.7, 120.2, 119.4, 116.7, 48.6, 46.0, 

30.6. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C35H26NO2, 492.1958; Found: 492.1957. 
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5-methyl-5-(2-oxo-2-(4-(trifluoromethyl)phenyl)ethyl)-12-phenylindolo[2,1-a]isoquinolin-

6(5H)-one (3bb) 

Purification by flash column chromatography (PE:EA, 100:1~40:1 

v/v) to provide 3bb. Yellow solid (50 mg, 49% yield), mp 96.3 – 

97.2 ℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 MHz, Chloroform-

d) δ 8.62 (d, J = 8.2 Hz, 1H), 8.03 (d, J = 8.3 Hz, 2H), 7.71 (d, J = 

8.3 Hz, 2H), 7.60 (d, J = 4.4 Hz, 4H), 7.56 – 7.48 (m, 2H), 7.45 – 

7.39 (m, 1H), 7.39 – 7.30 (m, 2H), 7.26 – 7.15 (m, 2H), 7.05 – 6.98 

(m, 1H), 4.39 (d, J = 18.1 Hz, 1H), 4.08 (d, J = 18.1 Hz, 1H), 1.77 

(s, 3H). 13C NMR (151 MHz, Chloroform-d) δ 195.6, 173.0, 138.9, 

138.8, 134.6 (q, C-F, 2JC-F = 33.4 Hz), 134.1, 132.3, 130.3, 129.8, 

129.7, 129.2, 128.8, 128.4, 128.3, 127.4, 126.2, 125.9, 125.8, 125.7 (q, C-F, 3JC-F = 3.7 Hz), 125.4 

(q, C-F, 1JC-F = 274.8 Hz), 125.4, 124.2, 120.4, 119.5, 116.6, 48.7, 45.9, 30.5. 19F NMR (376 MHz, 

Chloroform-d) δ -63.16. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C32H23F3NO2, 510.1675; Found: 

510.1677. 

 

5,10-dimethyl-5-(2-oxo-2-phenylethyl)-12-phenylindolo[2,1-a]isoquinolin-6(5H)-one (3bc) 

Purification by flash column chromatography (PE:EA, 

100:1~40:1 v/v) to provide 3bc. White solid (74 mg, 81% yield), 

mp 183.5 – 184.1 ℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.48 (d, J = 8.4 Hz, 1H), 7.97 – 7.83 (m, 2H), 

7.63 – 7.35 (m, 9H), 7.23 – 7.17 (m, 2H), 7.14 – 7.06 (m, 2H), 

6.98 – 6.89 (m, 1H), 4.33 (d, J = 18.2 Hz, 1H), 4.07 (d, J = 18.1 

Hz, 1H), 2.39 (s, 3H), 1.70 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 196.4, 173.1, 139.3, 136.7, 134.6, 134.0, 133.3, 

132.6, 132.5, 130.4, 129.9, 129.2, 128.6, 128.2, 128.1, 127.9, 127.0, 126.4, 125.7, 125.4, 124.2, 

120.0, 119.2, 116.3, 48.3, 45.8, 30.6, 21.5. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C32H26NO2, 

456.1958; Found: 456.1962. 

 

10-fluoro-5-methyl-5-(2-oxo-2-phenylethyl)-12-phenylindolo[2,1-a]isoquinolin-6(5H)-one (3bd) 

Purification by flash column chromatography (PE:EA, 

100:1~30:1 v/v) to provide 3bd. Pale yellow solid (59 mg, 64% 

yield), mp 90.3 – 92.1 ℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 

MHz, Chloroform-d) δ 8.59 (dd, J = 8.9, 4.7 Hz, 1H), 7.98 – 7.89 

(m, 2H), 7.65 – 7.49 (m, 7H), 7.45 (t, J = 7.7 Hz, 2H), 7.26 (d, J = 

7.5 Hz, 1H), 7.22 – 7.15 (m, 1H), 7.11 (td, J = 9.0, 2.6 Hz, 1H), 

7.04 – 6.96 (m, 2H), 4.36 (d, J = 18.2 Hz, 1H), 4.13 (d, J = 18.2 

Hz, 1H), 1.75 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 196.4, 

173.2, 161.6 (C-F, 1JC-F = 241.0 Hz), 159.2 (C-F, 1JC-F = 241.0 Hz), 139.5, 136.1, 133.9, 133.7 (C-

F, 3JC-F = 9.9 Hz), 133.6 (C-F, 3JC-F = 9.9 Hz), 133.4, 131.3, 130.7, 130.3, 129.3, 128.6, 128.2, 128.1, 

126.5, 125.9, 125.0, 124.3, 119.7 (d, J = 4.1 Hz), 117.7 (d, J = 8.9 Hz), 113.3 (C-F, 2JC-F = 24.9 Hz), 
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113.0 (C-F, 2JC-F = 24.9 Hz), 105.0 (d, J = 24.5 Hz), 100.0, 48.5, 45.7, 30.6. 19F NMR (376 MHz, 

Chloroform-d) δ -118.20. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C31H23FNO2, 460.1707; Found: 

460.1708. 

 

10-chloro-5-methyl-5-(2-oxo-2-phenylethyl)-12-phenylindolo[2,1-a]isoquinolin-6(5H)-one (3be) 

Purification by flash column chromatography (PE:EA, 

100:1~30:1 v/v) to provide 3be. White solid (63 mg, 66% yield), 

mp 173.2 – 174.8 ℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.57 (d, J = 8.7 Hz, 1H), 7.94 (d, J = 7.4 Hz, 

2H), 7.67 – 7.49 (m, 7H), 7.45 (t, J = 7.7 Hz, 2H), 7.36 (dd, J = 

8.7, 2.1 Hz, 1H), 7.31 (d, J = 2.0 Hz, 1H), 7.26 (d, J = 7.5 Hz, 

1H), 7.22 – 7.16 (m, 1H), 7.05 – 6.97 (m, 1H), 4.37 (d, J = 18.2 

Hz, 1H), 4.14 (d, J = 18.2 Hz, 1H), 1.75 (s, 3H). 13C NMR (101 

MHz, Chloroform-d) δ 196.4, 173.3, 139.5, 136.1, 133.7, 133.7, 133.5, 132.7, 131.1, 130.3, 130.0, 

129.4, 128.7, 128.6, 128.3, 128.1, 126.6, 125.9, 125.7, 124.9, 124.3, 119.3, 118.9, 117.7, 48.6, 45.8, 

30.6. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C31H23ClNO2, 476.1412; Found: 476.1413. 

 

10-bromo-5-methyl-5-(2-oxo-2-phenylethyl)-12-phenylindolo[2,1-a]isoquinolin-6(5H)-one (3bf) 

Purification by flash column chromatography (PE:EA, 

100:1~30:1 v/v) to provide 3bf. White solid (63 mg, 61% yield), 

mp 173.2 – 174.8 ℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.48 (d, J = 8.7 Hz, 1H), 7.95 – 7.83 (m, 2H), 

7.62 – 7.49 (m, 6H), 7.47 (d, J = 2.0 Hz, 1H), 7.46 – 7.44 (m, 1H), 

7.44 – 7.39 (m, 3H), 7.22 (d, J = 7.1 Hz, 1H), 7.18 – 7.12 (m, 1H), 

6.99 – 6.93 (m, 1H), 4.32 (d, J = 18.2 Hz, 1H), 4.09 (d, J = 18.1 

Hz, 1H), 1.71 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 196.4, 173.3, 139.5, 136.1, 134.2, 

133.7, 133.5, 133.1, 131.0, 130.3, 129.4, 128.7, 128.6, 128.4, 128.3, 128.1, 126.6, 125.9, 124.9, 

124.3, 122.0, 119.2, 118.1, 117.8, 48.6, 45.8, 30.6. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for 

C31H23BrNO2, 520.0907; Found: 520.0909. 

 

5-methyl-6-oxo-5-(2-oxo-2-phenylethyl)-12-phenyl-5,6-dihydroindolo[2,1-a]isoquinoline-10-

carbonitrile (3bg) 

Purification by flash column chromatography (PE:EA, 

100:1~25:1 v/v) to provide 3bg. White solid (60 mg, 64% yield), 

mp 237.6 – 242.3 ℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.70 (d, J = 8.4 Hz, 1H), 8.00 – 7.79 (m, 2H), 

7.69 – 7.48 (m, 9H), 7.43 (t, J = 7.7 Hz, 2H), 7.28 – 7.23 (m, 1H), 

7.22 – 7.16 (m, 1H), 7.04 – 6.95 (m, 1H), 4.33 (d, J = 18.2 Hz, 

1H), 4.14 (d, J = 18.2 Hz, 1H), 1.74 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 196.4, 173.7, 139.4, 136.2, 135.9, 133.6, 133.1, 

132.5, 132.0, 130.2, 129.5, 129.2, 128.7, 128.6, 128.1, 126.8, 126.1, 124.5, 124.4, 124.1, 119.6, 
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119.2, 117.4, 107.7, 48.9, 45.9, 30.5. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C32H23N2O2, 

467.1754; Found: 467.1753. 

 

5,9,11-trimethyl-5-(2-oxo-2-phenylethyl)-12-phenylindolo[2,1-a]isoquinolin-6(5H)-one (3bh) 

Purification by flash column chromatography (PE:EA, 

100:1~30:1 v/v) to provide 3bh. White solid (58 mg, 62% yield), 

mp 157.8 – 158.5℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.41 (s, 1H), 8.03 – 7.79 (m, 3H), 7.65 – 7.59 

(m, 1H), 7.58 – 7.38 (m, 7H), 7.18 (d, J = 7.9 Hz, 1H), 7.13 – 

7.04 (m, 2H), 6.91 – 6.82 (m, 2H), 4.32 (d, J = 18.2 Hz, 1H), 

4.06 (d, J = 18.1 Hz, 1H), 2.44 (s, 3H), 1.93 (s, 3H), 1.68 (s, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 196.3, 173.4, 138.9, 137.0, 

136.3, 135.6, 135.0, 133.3, 131.1, 130.8, 130.3, 129.3, 129.0, 128.5, 128.1, 127.9 (d, J = 4.3 Hz), 

127.7, 127.5, 126.4, 125.7, 125.4, 124.1, 121.0, 114.8, 48.4, 45.8, 30.7, 21.7, 19.8. HRMS (ESI-

TOF) m/z: [M+H]+ Calcd for C33H28NO2, 470.2115; Found: 470.2119. 

 

5-methyl-5-(2-oxo-2-phenylethyl)-12-phenyl-8-(trifluoromethyl)indolo[2,1-a]isoquinolin-

6(5H)-one (3bi) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 

v/v) to provide 3bi. White solid (52 mg, 51% yield), mp 234.1 – 

235.2 ℃, Rf = 0.4 (PE:EA = 8:1). 1H NMR (400 MHz, Chloroform-d) 

δ 7.90 – 7.82 (m, 2H), 7.68 – 7.63 (m, 1H), 7.57 (q, J = 8.5 Hz, 4H), 

7.50 (t, J = 8.7 Hz, 3H), 7.41 – 7.32 (m, 4H), 7.26 – 7.22 (m, 1H), 7.19 

– 7.15 (m, 1H), 6.99 – 6.92 (m, 1H), 4.31 (d, J = 18.2 Hz, 1H), 3.97 

(d, J = 18.2 Hz, 1H), 1.83 (s, 3H). 13C NMR (151 MHz, Chloroform-

d) δ 195.9, 173.5, 140.2, 136.2, 135.4, 134.3, 133.6, 133.2, 130.5, 129.3, 128.7, 128.5, 128.3, 128.0, 

126.9, 126.5, 126.1, 125.9, 124.8, 124.3 (q, C-F, 3JC-F = 5.0 Hz), 124.2 (q, C-F, 1JC-F = 276.6 Hz), 

124.2, 123.3, 120.1 (q, C-F, 2JC-F = 33.5 Hz), 119.6, 48.9, 46.0, 29.3. 19F NMR (376 MHz, 

Chloroform-d) δ -58.02. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C32H23F3NO2, 510.1675; Found: 

510.1678. 

 

5-methyl-5-neopentyl-12-phenylindolo[2,1-a]isoquinolin-6(5H)-one (3bj) 

Purification by flash column chromatography (PE:EA, 100:1~50:1 v/v) 

to provide 3bj. Yellow oil (37 mg, 47% yield), Rf = 0.4 (PE:EA = 10:1). 
1H NMR (400 MHz, Chloroform-d) δ 8.70 (d, J = 8.2 Hz, 1H), 7.57 – 

7.47 (m, 5H), 7.45 – 7.37 (m, 3H), 7.30 – 7.26 (m, 2H), 7.24 – 7.19 (m, 

1H), 7.01 – 6.94 (m, 1H), 2.61 (d, J = 14.2 Hz, 1H), 2.08 (d, J = 14.2 Hz, 

1H), 1.72 (s, 3H), 0.59 (s, 9H). 13C NMR (101 MHz, Chloroform-d) δ 

173.8, 139.3, 134.3, 134.2, 132.4, 130.3, 129.7, 129.3, 128.1, 127.8, 127.7, 126.5, 125.8, 125.2, 

124.9, 124.5, 120.2, 119.3, 117.0, 55.9, 46.9, 33.0, 32.1, 30.8. HRMS (ESI-TOF) m/z: [M+H]+ 

Calcd for C28H28NO, 394.2165; Found: 394.2167. 
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3-benzoyl-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5a)3 

Purification by flash column chromatography (PE:EA, 40:1~15:1 v/v) to provide 

5a. Yellow solid (55 mg, 77% yield), mp 108.2 – 110.1 ℃, Rf = 0.4 (PE:EA = 

5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.88 – 7.81 (m, 2H), 7.55 – 7.50 (m, 

1H), 7.39 (t, J = 7.8 Hz, 2H), 7.28 – 7.25 (m, 3H), 7.22 – 7.16 (m, 2H), 6.74 – 

6.66 (m, 2H), 6.63 – 6.53 (m, 2H), 2.93 (s, 3H). 13C NMR (101 MHz, Chloroform-

d) δ 191.3, 183.8, 167.2, 154.5, 144.7, 136.1, 135.6, 134.3, 133.5, 130.1, 129.5, 

128.8, 128.7, 127.8, 67.3, 25.9. 

 

3-benzoyl-1-ethyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5b) 

Purification by flash column chromatography (PE:EA, 40:1~15:1 v/v) to 

provide 5b. Yellow solid (59 mg, 80% yield), mp 87.6 – 89.4 ℃, Rf = 0.4 

(PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.83 (d, J = 7.8 Hz, 2H), 

7.52 (t, J = 7.3 Hz, 1H), 7.38 (t, J = 7.6 Hz, 2H), 7.29 – 7.10 (m, 5H), 6.74 (d, 

J = 9.7 Hz, 2H), 6.54 (d, J = 9.7 Hz, 2H), 3.39 (q, J = 7.2 Hz, 2H), 1.25 (t, J = 

7.1 Hz, 4H). 13C NMR (101 MHz, Chloroform-d) δ 191.3, 184.0, 167.1, 154.4, 

145.0, 136.5, 135.6, 134.2, 133.0, 130.4, 130.1, 129.5, 128.7, 128.7, 127.8, 67.7, 

36.0, 15.2. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C24H20NO3, 370.1438; Found: 370.1437. 

 

3-benzoyl-4-phenyl-1-propyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5c) 

Purification by flash column chromatography (PE:EA, 40:1~15:1 v/v) to 

provide 5c. Yellow solid (60 mg, 78% yield), mp 69.6 – 71.4 ℃, Rf = 0.4 

(PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.87 – 7.78 (m, 2H), 

7.54 – 7.50 (m, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.27 – 7.15 (m, 5H), 6.73 (d, 

J = 10.1 Hz, 2H), 6.53 (d, J = 10.1 Hz, 2H), 3.38 – 3.11 (m, 2H), 1.78 – 1.54 

(m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

191.3, 184.0, 167.4, 154.5, 145.1, 136.5, 135.6, 134.2, 133.0, 130.4, 130.1, 

129.4, 128.7, 128.7, 127.8, 67.8, 43.0, 23.1, 11.4. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for 

C25H22NO3, 384.1594; Found: 384.1592. 

 

3-benzoyl-1-butyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5d) 

Purification by flash column chromatography (PE:EA, 40:1~15:1 v/v) to 

provide 5d. Yellow solid (50 mg, 63% yield), mp 78.7 – 79.9 ℃, Rf = 0.4 

(PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.82 (dd, J = 8.3, 

1.4 Hz, 2H), 7.56 – 7.49 (m, 1H), 7.38 (t, J = 7.8 Hz, 2H), 7.27 – 7.15 (m, 

5H), 6.73 (d, J = 10.0 Hz, 2H), 6.54 (d, J = 10.1 Hz, 2H), 3.31 (dd, J = 

9.2, 6.5 Hz, 2H), 1.64 – 1.58 (m, 2H), 1.38 – 1.29 (m, 2H), 0.91 (t, J = 

7.3 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 191.3, 184.0, 167.3, 

154.5, 145.1, 136.5, 135.6, 134.2, 133.0, 130.4, 130.1, 129.4, 128.7, 128.7, 127.8, 67.8, 41.2, 31.9, 

20.2, 13.7. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C26H24NO3, 398.1751; Found: 398.1750. 
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3-benzoyl-7-chloro-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5e)3 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to 

provide 5e. Yellow solid (50 mg, 60% yield), mp 184.4 – 186.1 ℃, Rf = 0.4 

(PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.87 – 7.78 (m, 2H), 7.58 

– 7.51 (m, 1H), 7.40 (t, J = 7.8 Hz, 2H), 7.32 – 7.27 (m, 1H), 7.22 (d, J = 4.4 

Hz, 4H), 6.90 (d, J = 2.8 Hz, 1H), 6.71 (dd, J = 9.9, 2.8 Hz, 1H), 6.64 (d, J = 9.9 

Hz, 1H), 2.96 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 190.9, 177.0, 166.9, 

153.8, 145.2, 140.3, 136.9, 136.4, 135.5, 134.4, 132.4, 130.7, 129.6, 129.5, 

129.0, 128.8, 127.7, 69.0, 26.1. 

 

3-benzoyl-7-bromo-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5f) 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to 

provide 5f. Light yellow solid (44 mg, 51% yield), mp 110.3 – 112.2 ℃, Rf = 

0.4 (PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.86 – 7.80 (m, 2H), 

7.57 – 7.52 (m, 1H), 7.40 (t, J = 7.8 Hz, 2H), 7.31 – 7.27 (m, 1H), 7.22 (d, J = 

4.3 Hz, 4H), 7.17 (d, J = 2.7 Hz, 1H), 6.71 (dd, J = 9.8, 2.7 Hz, 1H), 6.64 (d, J 

= 9.9 Hz, 1H), 2.96 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 190.9, 176.8, 

166.9, 153.6, 145.1, 144.6, 136.5, 135.4, 134.4, 131.9, 130.7, 129.6, 129.5, 

129.0, 128.8, 128.6, 127.7, 69.7, 26.2. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C23H17BrNO3, 

434.0386; Found: 434.0384. 

 

3-benzoyl-1-methyl-4-(p-tolyl)-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5g)3 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to 

provide 5g. Yellow solid (59 mg, 80% yield), mp 121.2 – 123.1 ℃, Rf = 

0.4 (PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.88 – 7.82 (m, 

2H), 7.56 – 7.49 (m, 1H), 7.39 (t, J = 7.7 Hz, 2H), 7.20 – 7.15 (m, 2H), 

6.99 (d, J = 8.0 Hz, 2H), 6.72 – 6.65 (m, 2H), 6.61 – 6.55 (m, 2H), 2.91 (s, 

3H), 2.23 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 191.6, 183.9, 

167.3, 154.5, 145.0, 141.1, 135.6, 135.3, 134.2, 133.4, 129.6, 129.5, 128.7, 

127.7, 127.2, 67.1, 25.8, 21.3. 

 

3-benzoyl-4-(4-bromophenyl)-1-methyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5h) 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to 

provide 5h. Yellow solid (50 mg, 58% yield), mp 139.5 – 140.8 ℃, Rf = 

0.4 (PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.84 (dd, J = 8.2, 

1.3 Hz, 2H), 7.59 – 7.53 (m, 1H), 7.41 (t, J = 7.8 Hz, 2H), 7.37 – 7.31 (m, 

2H), 7.19 – 7.11 (m, 2H), 6.68 (d, J = 10.1 Hz, 2H), 6.59 (d, J = 10.1 Hz, 

2H), 2.92 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 191.1, 183.5, 

166.9, 153.2, 144.4, 136.7, 135.4, 134.5, 133.7, 129.5, 129.3, 128.9, 128.9, 

125.2, 67.2, 26.0. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C23H17BrNO3, 434.0386; Found: 

434.0395. 
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3-benzoyl-1-methyl-4-(pyridin-4-yl)-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5i)3 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to 

provide 5i. Yellow solid (36 mg, 50% yield), mp 170.9 – 172.4 ℃, Rf = 0.4 

(PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 8.54 – 8.43 (m, 2H), 

7.88 – 7.79 (m, 2H), 7.61 – 7.55 (m, 1H), 7.44 (t, J = 7.8 Hz, 2H), 7.18 – 7.10 

(m, 2H), 6.71 – 6.56 (m, 4H), 2.94 (s, 3H). 13C NMR (101 MHz, Chloroform-

d) δ 190.4, 183.2, 166.4, 151.4, 150.4, 143.7, 138.8, 137.6, 135.3, 134.8, 134.0, 

129.4, 128.9, 121.9, 67.1, 26.1. 

 

 

1-methyl-3-(3-methylbenzoyl)-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5j)3 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to 

provide 5j. Yellow solid (45 mg, 61% yield), mp 173.6 – 175.5 ℃, Rf = 0.4 

(PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.68 (d, J = 1.9 Hz, 

1H), 7.61 – 7.59 (m, 1H), 7.34 (d, J = 7.6 Hz, 1H), 7.28 – 7.24 (m, 4H), 7.22 

– 7.17 (m, 2H), 6.72 – 6.67 (m, 2H), 6.61 – 6.54 (m, 2H), 2.92 (s, 3H), 2.34 

(s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 191.5, 183.8, 167.2, 154.2, 

144.8, 138.6, 136.3, 135.6, 135.1, 133.5, 130.5, 130.1, 129.6, 128.8, 128.6, 

127.1, 67.2, 25.9, 21.3.  

3-(4-fluorobenzoyl)-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5k)3 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to 

provide 5k. Yellow solid (49 mg, 65% yield), mp 184.4 – 186.2 ℃, Rf = 

0.4 (PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.94 – 7.81 (m, 

2H), 7.32 – 7.17 (m, 5H), 7.10 – 7.02 (m, 2H), 6.76 – 6.64 (m, 2H), 6.64 

– 6.50 (m, 2H), 2.93 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 189.6, 

183.7, 167.6 (C-F, 1JC-F = 257.1 Hz), 167.1, 165.1 (C-F, 1JC-F = 257.1 Hz), 

154.9, 144.5, 135.8, 133.6, 132.3 (C-F, 3JC-F = 9.7 Hz), 132.2 (C-F, 3JC-F 

= 9.7 Hz), 132.1 (d, J = 3.0 Hz), 130.7, 130.0, 128.9, 127.8, 116.1 (C-F, 2JC-F = 22.2 Hz), 115.9 (C-

F, 2JC-F = 22.2 Hz), 67.3, 25.9. 19F NMR (376 MHz, Chloroform-d) δ -102.53. 

 

 

3-([1,1'-biphenyl]-4-carbonyl)-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5l) 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) 

to provide 5l. Yellow solid (43 mg, 50% yield), mp 105.3 – 106.6 ℃, 

Rf = 0.4 (PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.95 – 

7.89 (m, 2H), 7.65 – 7.55 (m, 4H), 7.47 – 7.35 (m, 4H), 7.32 – 7.26 (m, 

2H), 7.25 – 7.17 (m, 2H), 6.77 – 6.67 (m, 2H), 6.64 – 6.53 (m, 2H), 

2.94 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 190.9, 183.8, 167.3, 

154.5, 146.9, 144.7, 139.6, 136.2, 134.3, 133.5, 130.6, 130.1, 129.0, 

128.9, 128.5, 127.8, 127.4, 127.3, 67.3, 25.9. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C29H22NO3, 

432.1594; Found: 432.1597. 
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1-methyl-4-phenyl-3-(4-(trifluoromethyl)benzoyl)-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione 

(5m)3 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) 

to provide 5m. Yellow solid (47 mg, 55% yield), mp 209.9 – 210.4 ℃, 

Rf = 0.4 (PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 7.94 (d, 

J = 8.1 Hz, 2H), 7.65 (d, J = 8.2 Hz, 2H), 7.31 – 7.20 (m, 5H), 6.69 (d, 

J = 10.1 Hz, 2H), 6.60 (d, J = 10.1 Hz, 2H), 2.94 (s, 3H). 13C NMR 

(151 MHz, Chloroform-d) δ 190.2, 183.6, 166.9, 156.1, 144.2, 138.2, 

135.5, 135.2 (q, C-F, 2JC-F = 32.9 Hz), 133.7, 130.9, 129.8, 129.7, 128.9, 

127.8, 125.8 (q, 3JC-F = 3.7 Hz), 123.4 (q, C-F, 1JC-F = 273.2 Hz), 67.4, 26.0. 19F NMR (376 MHz, 

Chloroform-d) δ -63.30. 

 

3-(2-naphthoyl)-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5n) 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) 

to provide 5n. Yellow solid (54 mg, 67% yield), mp 111.5 – 112.5 ℃, 

Rf = 0.4 (PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 8.32 (d, 

J = 1.7 Hz, 1H), 7.94 (dd, J = 8.6, 1.8 Hz, 1H), 7.88 (d, J = 8.1 Hz, 1H), 

7.82 (dd, J = 8.6, 2.2 Hz, 2H), 7.60 – 7.56 (m, 1H), 7.52 – 7.48 (m, 1H), 

7.34 – 7.27 (m, 2H), 7.24 – 7.12 (m, 3H), 6.77 – 6.71 (m, 2H), 6.65 – 

6.54 (m, 2H), 2.95 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 191.3, 

183.8, 167.3, 154.5, 144.8, 136.3, 136.1, 133.5, 133.0, 132.3, 132.3, 130.6, 130.1, 129.8, 129.1, 

128.8, 128.8, 127.9, 127.8, 126.9, 124.1, 67.3, 26.0. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for 

C27H20NO3, 406.1438; Found: 406.1441. 

 

3-(tert-butyl)-1-methyl-4-phenyl-1-azaspiro[4.5]deca-3,6,9-triene-2,8-dione (5o)3 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to provide 

5o. Light yellow solid (25 mg, 40% yield), mp 176.7 – 177.3 ℃, Rf = 0.4 (PE:EA 

= 8:1). 1H NMR (400 MHz, Chloroform-d) δ 7.29 – 7.20 (m, 3H), 6.98 – 6.95 (m, 

2H), 6.50 – 6.41 (m, 2H), 6.30 (dd, J = 10.4, 2.3 Hz, 2H), 2.88 (s, 3H), 1.15 (s, 9H). 

13C NMR (101 MHz, Chloroform-d) δ 184.2, 170.4, 147.7, 146.0, 144.2, 133.0, 

132.9, 129.3, 128.4, 127.4, 67.8, 34.6, 29.7, 26.3. 

 

3-benzoyl-2-(p-tolyl)-4H-thiochromen-4-one (7a)4 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 7a. White solid (51 mg, 72% yield), mp 123.6 – 124.1 ℃, 

Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.55 (d, 

J = 7.8 Hz, 1H), 7.88 – 7.81 (m, 2H), 7.71 – 7.67 (m, 2H), 7.62 – 7.57 

(m, 1H), 7.53 – 7.47 (m, 1H), 7.41 – 7.32 (m, 4H), 7.12 (d, J = 7.9 Hz, 

2H), 2.31 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 195.0, 178.9, 152.4, 140.7, 137.6, 137.1, 

135.0, 133.4, 132.0, 131.9, 130.6, 130.2, 129.5, 129.2, 129.1, 128.6, 128.5 (d, J = 1.7 Hz), 128.1, 

126.1, 21.3. 
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3-benzoyl-2-(4-(tert-butyl)phenyl)-4H-thiochromen-4-one (7b)4 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 7b. White solid (61 mg, 76% yield), mp 223.4 – 224.5 ℃, Rf 

= 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.55 (d, J = 

8.0 Hz, 1H), 7.84 (d, J = 7.3 Hz, 2H), 7.69 (q, J = 5.1, 3.8 Hz, 2H), 7.61 

– 7.57 (m, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.42 – 7.30 (m, 6H), 1.27 (s, 

9H).13C NMR (101 MHz, Chloroform-d) δ 195.0, 179.0, 153.7, 152.5, 137.7, 137.3, 135.0, 133.3, 

132.0, 131.9, 130.7, 129.1, 129.1, 128.5, 128.3, 128.0, 126.1, 125.8, 34.8, 31.1. 

 

 

3-benzoyl-2-(4-methoxyphenyl)-4H-thiochromen-4-one (7c)4 

Purification by flash column chromatography (PE:EA, 100:1~30:1 

v/v) to provide 7c. Pale yellow solid (58 mg, 78% yield), mp 73.4 – 

74.7 ℃, Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) 

δ 8.55 (d, J = 8.0 Hz, 1H), 7.89 – 7.79 (m, 2H), 7.73 – 7.65 (m, 2H), 

7.63 – 7.57 (m, 1H), 7.50 (t, J = 7.4 Hz, 1H), 7.43 – 7.34 (m, 4H), 

6.83 (d, J = 8.8 Hz, 2H), 3.78 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 195.1, 178.9, 161.2, 152.0, 137.6, 137.0, 134.8, 133.4, 132.0, 130.6, 130.2, 129.2, 

129.1, 128.6, 128.5, 128.0, 127.1, 126.0, 114.3, 55.3. 

 

 

2-([1,1'-biphenyl]-4-yl)-3-benzoyl-4H-thiochromen-4-one (7d)4 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 7d. White solid (70 mg, 84% yield), mp 164.3 – 165.1 ℃, Rf 

= 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.58 (d, J = 

7.9 Hz, 1H), 7.91 – 7.84 (m, 2H), 7.74 – 7.69 (m, 2H), 7.64 – 7.60 (m, 

1H), 7.57 – 7.49 (m, 7H), 7.47 – 7.36 (m, 5H). 13C NMR (101 MHz, 

Chloroform-d) δ 194.9, 178.9, 151.9, 143.1, 139.7, 137.5, 137.1, 135.2, 

133.6, 133.5, 132.1, 130.7, 129.2, 129.1, 128. 9, 128.7, 128.2, 128.0, 127.4, 127.1, 126.1. 

 

3-benzoyl-2-(4-fluorophenyl)-4H-thiochromen-4-one (7e)4 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 7e. Pale yellow solid (53 mg, 73% yield), mp 83.7 – 84.5 ℃, 

Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.56 (d, J 

= 7.8 Hz, 1H), 7.86 – 7.78 (m, 2H), 7.76 – 7.67 (m, 2H), 7.63 – 7.59 (m, 

1H), 7.51 (t, J = 7.4 Hz, 1H), 7.48 – 7.42 (m, 2H), 7.38 (t, J = 7.7 Hz, 

2H), 7.01 (t, J = 8.6 Hz, 2H). 13C NMR (101 MHz, Chloroform-d) δ 

194.7, 178.8, 165.0 (C-F, 1JC-F = 251.9 Hz), 162.5 (C-F, 1JC-F = 251.9 Hz), 150.8, 137.3 (C-F, 2JC-F 

= 44.9 Hz), 136.9 (C-F, 2JC-F = 44.9 Hz), 135.5, 133.6, 132.2, 130.8, 130.7, 130.6, 130.2, 129.1, 

128.7, 128.5, 128.2, 126.1, 116.1 (C-F, 3JC-F = 22.0 Hz), 115.9 (C-F, 3JC-F = 22.0 Hz). 19F NMR (376 

MHz, Chloroform-d) δ -109.36. 
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3-benzoyl-2-(4-chlorophenyl)-4H-thiochromen-4-one (7f)4 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 7f. Pale yellow solid (52 mg, 69% yield), mp 68.4 – 69.1 ℃, 

Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.56 (d, 

J = 8.1 Hz, 1H), 7.86 – 7.79 (m, 2H), 7.76 – 7.66 (m, 2H), 7.64 – 7.60 

(m, 1H), 7.55 – 7.48 (m, 1H), 7.39 (t, J = 7.7 Hz, 4H), 7.34 – 7.28 (m, 

2H). 13C NMR (101 MHz, Chloroform-d) δ 194.6, 178.8, 150.6, 137.2, 

136.8, 136.7, 135.5, 133.7, 133.1, 132.2, 130.6, 130.2, 130.0, 129.1, 129.1, 128.7, 128.5, 128.3, 

126.1. 

 

3-benzoyl-2-(4-(trifluoromethyl)phenyl)-4H-thiochromen-4-one (7g) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 7g. Yellow oil (62 mg, 76% yield, Rf = 0.4 (PE:EA = 4:1). 
1H NMR (400 MHz, Chloroform-d) δ 8.60 – 8.52 (m, 1H), 7.87 – 7.79 

(m, 2H), 7.77 – 7.67 (m, 2H), 7.65 – 7.61 (m, 1H), 7.59 (s, 4H), 7.56 

– 7.50 (m, 1H), 7.45 – 7.36 (m, 2H). 13C NMR (101 MHz, Chloroform-

d) δ 194.3, 178.7, 150.2, 138.1 (d, J = 1.4 Hz), 137.1, 136.9, 133.7, 

133.2 (q, C-F, 1JC-F = 210.1 Hz), 132.2 (q, C-F, 2JC-F = 33.0 Hz), 130.2, 129.1, 128.8, 128.5 (d, J = 

2.0 Hz), 126.2, 125.8 (q, C-F, 3JC-F = 3.7 Hz). 19F NMR (376 MHz, Chloroform-d) δ -63.01. HRMS 

(ESI-TOF) m/z: [M+H]+ Calcd for C23H14F3O2S, 411.0661; Found: 411.0666. 

 

 

3-benzoyl-2-(thiophen-3-yl)-4H-thiochromen-4-one (7h) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 7h. White solid (52 mg, 74% yield), mp 159.4 – 160.7 ℃, Rf = 0.4 

(PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.58 – 8.50 (m, 1H), 

7.92 – 7.83 (m, 2H), 7.70 (dd, J = 5.9, 1.3 Hz, 2H), 7.63 – 7.57 (m, 2H), 7.53 

(t, J = 7.4 Hz, 1H), 7.40 (t, J = 7.7 Hz, 2H), 7.31 – 7.29 (m, 1H), 7.19 (dd, J 

= 5.1, 1.3 Hz, 1H). 13C NMR (101 MHz, Chloroform-d) δ 195.4, 179.1, 146.0, 137.2, 136.7, 135.0, 

134.3, 133.6, 132.1, 130.6, 129.1, 129.0, 128.7, 128.1, 127.7, 127.4, 127.2, 126.0. HRMS (ESI-

TOF) m/z: [M+H]+ Calcd for C20H13O2S2, 349.0351; Found: 349.0351. 

 

3-acetyl-2-(p-tolyl)-4H-thiochromen-4-one (7i) 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) 

to provide 7i. White solid (42 mg, 72% yield), mp 128.1 – 129.3 ℃, Rf 

= 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.56 (dd, J 

= 8.1, 1.0 Hz, 1H), 7.73 – 7.51 (m, 3H), 7.39 (d, J = 8.2 Hz, 2H), 7.27 

(d, J = 7.7 Hz, 2H), 2.42 (s, 3H), 2.28 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 202.3, 178.4, 151.2, 140.9, 137.4, 132.0, 131.9, 130.8, 

129.7, 128.9, 128.4, 128.0, 126.0, 31.9, 21.4. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C18H15O2S, 

295.0787; Found: 295.0787. 
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3-benzoyl-1-methylquinoxalin-2(1H)-one (9)5 

Purification by flash column chromatography (PE:EA, 40:1~10:1 v/v) to 

provide 9. Pale yellow solid (42 mg, 79% yield), mp 124.1 – 125.2 ℃, 

Rf = 0.4 (PE:EA = 4:1). 1H NMR (400 MHz, Chloroform-d) δ 8.04 – 7.98 

(m, 2H), 7.95 (dd, J = 8.3, 1.5 Hz, 1H), 7.73 – 7.61 (m, 2H), 7.50 (t, J = 

7.7 Hz, 2H), 7.46 – 7.41 (m, 2H), 3.77 (s, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 191.8, 154.7, 153.4, 134.8, 134.3, 133.9, 132.1, 131.0, 130.0, 128.7, 128.5, 124., 

114.01, 29.1. 

 

(8-methylquinolin-2-yl)(phenyl)methanone (11)6 

Purification by flash column chromatography (PE:EA, 100:1~30:1 v/v) to 

provide 11. White solid (27 mg, 54% yield), mp 63.1 – 64.2 ℃, Rf = 0.4 

(PE:EA = 5:1). 1H NMR (400 MHz, Chloroform-d) δ 8.41 – 8.32 (m, 2H), 

8.21 (d, J = 8.5 Hz, 1H), 8.11 – 7.86 (m, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.68 

– 7.62 (m, 2H), 7.58 – 7.51 (m, 3H), 2.81 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 193.5, 

153.1, 145.8, 138.8, 137.2, 136.6, 134.9, 132.7, 131.7, 130.1, 129.9, 128.3, 127.9, 125.5, 120.4, 

17.9. 

 

6-methyl-3-(2-oxo-2-phenylethyl)chroman-4-one (13)7 

Purification by flash column chromatography (PE:EA, 50:1~15:1 

v/v) to provide 13. White solid (38 mg, 68% yield), mp 160.1 – 

161.5 ℃, Rf = 0.4 (PE:EA = 5:1). 1H NMR (400 MHz, 

Chloroform-d) δ 8.01 (d, J = 7.3 Hz, 2H), 7.70 (s, 1H), 7.59 (t, J 

= 7.4 Hz, 1H), 7.48 (t, J = 7.6 Hz, 2H), 7.32 – 7.29 (m, 2H), 6.89 (d, J = 8.4 Hz, 1H), 4.63 – 4.59 

(m, 1H), 4.28 (t, J = 11.3 Hz, 1H), 3.73 – 3.68 (m, 1H), 3.63 – 3.49 (m, 1H), 3.06 – 2.99 (m, 1H), 

2.32 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 197.1, 193.7, 159.9, 137.1, 136.5, 133.4, 130.9, 

128.7, 128.2, 126.9, 120.3, 117.7, 70.4, 41.9, 34.5, 20.4. 

 

methyl 1-benzoyl-4-hydroxy-7-phenoxyisoquinoline-3-carboxylate (15) 

Purification by flash column chromatography (PE:EA, 100:1~40:1 

v/v) to provide 15. White solid (39 mg, 49% yield), mp 158.6 – 

158.9 ℃, Rf = 0.4 (PE:EA = 10:1). 1H NMR (400 MHz, 

Chloroform-d) δ 12.15 (s, 1H), 8.50 (d, J = 9.1 Hz, 1H), 8.07 – 7.91 

(m, 2H), 7.82 (d, J = 2.3 Hz, 1H), 7.64 – 7.58 (m, 1H), 7.54 (dd, J 

= 9.1, 2.4 Hz, 1H), 7.47 (t, J = 7.7 Hz, 2H), 7.43 – 7.37 (m, 2H), 

7.22 (t, J = 7.4 Hz, 1H), 7.16 – 7.02 (m, 2H), 4.04 (s, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

193.0, 170.9, 160.3, 157.7, 155.2, 145.6, 136.7, 133.3, 131.7, 131.2, 130.2, 128.2, 125.7, 124.9, 

124.0, 123.0, 120.0, 118.4, 111.7, 53.1. HRMS (ESI-TOF) m/z: [M+H]+ Calcd for C24H18NO5, 

400.1179; Found: 400.1190. 
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4. NMR Copies of Products 
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