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1. General considerations 

General. Unless otherwise noted, all reactions were carried out under an O2 

atmosphere. Analytical thin-layer chromatography (TLC) was performed on glass 

plates coated with 0.25 mm 230–400 mesh silica gel containing a fluorescent 

indicator. Visualization was accomplished by exposure to a UV lamp. All the 

products in this article are compatible with standard silica gel chromatography. 

Column chromatography was performed on silica gel (200–300 mesh) using standard 

methods. 

Structural analysis. NMR spectra were measured on a Bruker Ascend 400 

spectrometer and chemical shifts (δ) are reported in parts per million (ppm). 1H NMR 

spectra were recorded at 400 MHz in NMR solvents and referenced internally to 

corresponding solvent resonance, and 13C NMR spectra were recorded at 101 MHz 

and referenced to corresponding solvent resonance. Coupling constants are reported in 

Hz with multiplicities denoted as s (singlet), d (doublet), t (triplet), q (quartet), m 

(multiplet) and br (broad). 

Materials. Commercial reagents and solvent were purchased from Adamas, J&K, 

Energy, Sigma-Aldrich, Alfa Aesar, Acros Organics, TCI and used as received unless 

otherwise stated. 
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2. The synthesis of the photocatalyst used 

The photocatalyst was prepared via the methods that we have disclosed in the 

previous literatures (Chemical Communications 2020, 56, 8273; ACS Sustainable 

Chemistry & Engineering 2020, 8, 13894). The preparation procedure was recorded 

herein, for the sake of completeness. Also, the UV-vis the UV-vis, CV and 

fluorescence data have been disclosed (Chemical Communications 2020, 56, 8273). 

(a) Method A for the synthesis of PC 

 

A flame-dried 25 mL reaction tube was placed with a stirring bar. Then, 

3-phenyl-N-(quinolin-8-yl)propanamide (41.4 mg, 0.15 mmol, 1.0 equiv), phenyl 

trifluoroborate (138.0 mg, 0.75 mmol, 5.0 equiv), Mn (24.7 mg, 0.45 mmol, 3.0 

equiv), 4-toluenesulfonyl chloride (71.5 mg, 0.375 mmol, 2.5 equiv), Na2CO3 (7.9 mg, 

0.075 mmol, 0.5 equiv) and CH3CN (1.5 mL) were added. The resulting mixture was 

stirred at 130 ℃ for 24 hours. Then, the reaction mixture was filtered, concentrated 

and purified by column chromatography (silica gel) to give 62.7 mg of the target 

product in 95% yield. 

(b) Method B for the synthesis of PC 

 

A flame-dried 125 mL reaction tube was placed with a stirring bar. Then, 

3-phenyl-N-(quinolin-8-yl)propanamide (276.3 mg, 1.0 mmol, 1.0 equiv), 

phenylboronic acid (1100.0 mg, 9.0 mmol, 9.0 equiv), K3PO4 (636.8 mg, 3.0 mmol, 

3.0 equiv) and 1,4-dioxane (15 mL) were added. The resulting mixture was stirred at 
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130 ℃ for 36 hours. Then, the reaction mixture was filtered, concentrated, and 

purified by column chromatography (silica gel) to give 286.2 mg of the target product 

in 65% yield. 

(c) Characterization data of the photocatalyst 

1H NMR (400 MHz, CDCl3) δ 8.99 (d, J = 7.6 Hz, 1H), 8.43 (dd, J = 5.2, 0.8 Hz, 

1H), 8.38 (d, J = 8.4 Hz, 1H), 7.80 (t, J = 8.4 Hz, 1H), 7.56−7.52 (m, 1H), 7.52−7.46 

(m, 5H), 7.30−7.24 (m, 6H), 7.13 (t, J = 7.2 Hz, 2H), 7.10−7.03 (m, 1H), 6.83 (d, J = 

6.8 Hz, 2H), 2.60 (dd, J = 9.5, 4.9 Hz, 2H), 2.57−2.49 (m, 2H). 13C NMR (101 MHz, 

CDCl3) δ 176.2, 142.0, 141.5, 139.5, 139.1, 137.7, 133.5, 132.6, 128.5, 128.1, 127.9, 

127.6, 127.2, 125.5, 122.5, 119.0, 117.2, 39.9, 31.5. 
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3. General procedure for the dehydrogenation reactions 

(a) General Procedure A. The procedure for the direct dehydrogenation 

reactions. 

A flame-dried 25 mL quartz reaction tube was placed with a magnetic stir bar. 

Then, 1,2,3,4-tetrahydroquinoline (40.0 mg, 0.3 mmol, 1.0 equiv), PC (1.3 mg, 0.003 

mmol, 1.0 mol%), solvent were added to the tube. After that, charge the tube with 

oxygen. The reaction tube was placed on a photocatalytic parallel reactor with Blue 

LEDs (10 W) at the bottom (Figure S1). Then the reaction mixture was stirred and 

irradiated with the Blue LEDs for 5 hours at room temperature. 

 

Figure S1. Picture of the reactor 

After taking the reaction tube out, 10 mL water was added to the reaction mixture. 

Then, the reaction mixture was extracted with ethyl acetate (3 × 10 mL). The 

combined organic phase was washed with brine (2 × 5.0 mL) and then dried over 

anhydrous Na2SO4. After concentration, the crude product was purified by column 

chromatography (silica gel) to give the target product, using petroleum ether/ethyl 

acetate as the eluent. 
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(b) General Procedure B. The procedure for the cascade cyclization and 

dehydrogenation reactions. 

A flame-dried 25 mL quartz reaction tube was placed with a magnetic stir bar. 

Then, 2-(aminomethyl)aniline (36.7mg, 0.3 mmol, 1.0 equiv), benzaldehyde (47.8mg, 

0.45 mmol, 1.5 equiv), PC (1.3 mg, 0.003 mmol, 1.0 mol%), solvent were added to 

the tube. After that, charge the tube with oxygen. The reaction tube was placed on a 

photocatalytic parallel reactor with Blue LEDs (10 W) at the bottom. Then the 

reaction mixture was stirred and irradiated with the Blue LEDs for 10 hours at room 

temperature. After taking the reaction tube out, 10 mL water was added to the reaction 

mixture. Then, the reaction mixture was extracted with ethyl acetate (3 × 10 mL). The 

combined organic phase was washed with brine (2 × 5.0 mL) and then dried over 

anhydrous Na2SO4. After concentration, the crude product was purified by column 

chromatography (silica gel) to give the target product, using petroleum ether/ethyl 

acetate as the eluent. 

(c) Evaluation of reaction variables 

Table S1 Influence of wavelength on the yields. 

 

Entry Wavelength Isolated yield (%) 

1 440 nm 71% 

2 445 nm 74% 

3 450 nm 66% 

4 455 nm 75% 

5 460 nm 70% 

6 465 nm 54% 

7 470 nm 38% 

To investigate the influence of wavelength on the yields, we have chosen a series of 

LED sources to irradiate the reaction mixtures, based on the model reaction. The 

obtained isolated yields are listed in Table S1. The highest yield is obtained at 455nm. 
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It is found the yields decreased significantly when longer wavelength light is used, 

probably due to less absorption of the longer wavelength light. 

To investigate the influence of water on the yields, based on the model reaction, 

two reactions with different amount of water have been performed. The obtained 

isolated yields are listed in Table S2. For the model reaction, 75% yield of target 

product was obtained in extra dry NMP solvent. Then, 10 equivalents of water were 

added to the model reaction, the yield was 68%. When 20 equivalents of water were 

used, the isolated yield dropped to 60%. It seemed the presence of water did affect the 

efficiency of the reaction. However, its influence was not crucial. 

Table S2 Influence of water on the yields. 

 

Entry Solvent x equiv. Isolated yield (%) 

1 extra dry NMP 0 equiv. 75% 

2 extra dry NMP 10 equiv. 68% 

3 extra dry NMP 20 equiv. 60% 

 

  



 8 / 105 

  

4. Characterization data 

All the obtained products are known compounds. The characterization data are in 

accordance with the reported literatures, which are referenced herein. 

 

(2a) quinoline (CAS: 91-22-5)1  

Following the General Procedure A with 

1,2,3,4-tetrahydroquinoline (40.0 mg, 0.3 mmol), 2a was 

obtained as colorless liquid (29.1 mg, 75%). 

1H NMR (400 MHz, CDCl3) δ 8.91 (dd, J = 4.2, 1.8 Hz, 1H), 

8.17−8.07 (m, 2H), 7.81 (dd, J = 8.0, 1.2 Hz, 1H), 7.74−7.68 (m, 1H), 7.57−7.50 (m, 

1H), 7.38 (dd, J = 8.2, 4.2 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 150.4, 148.3, 136.1, 129.5, 129.5, 128.3, 127.8, 126.6, 

121.1. 

 

(2b) 8-methylquinoline (CAS: 611-32-5)2  

Following the General Procedure A with 

8-methyl-1,2,3,4-tetrahydroquinoline (44.2 mg, 0.3 mmol), 2b 

was obtained as colorless liquid (30.5 mg, 71%). 

1H NMR (400 MHz, CDCl3) δ 8.95 (dd, J = 4.2, 1.8 Hz, 1H), 

8.13 (dd, J = 8.4, 1.6 Hz, 1H), 7.67 (d, J = 8.0 Hz, 1H), 7.57 (d, J = 7.2 Hz, 1H), 

7.47−7.37 (m, 2H), 2.83 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 149.3, 147.4, 137.1, 136.4, 129.7, 128.3, 126.3, 125.9, 

120.9, 18.2. 

 

(2c) 4-methylquinoline (CAS: 491-35-0)2  

Following the General Procedure A with 

4-methyl-1,2,3,4-tetrahydroquinoline (44.2 mg, 0.3 mmol), 2c 

was obtained as colorless liquid (30.1 mg, 70%). 

1H NMR (400 MHz, CDCl3) δ 8.75 (d, J = 4.4 Hz, 1H), 8.09 
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(dd, J = 8.4, 0.4 Hz, 1H), 7.95 (dd, J = 8.2, 1.0 Hz, 1H), 7.21−7.64 (m, 1H), 

7.56−7.48 (m, 1H), 7.18 (dd, J = 4.4, 0.8 Hz, 1H), 2.65 (d, J = 0.8 Hz, 3H). 

13C NMR (101 MHz, CDCl3) δ 150.2, 148.0, 144.3, 130.0, 129.1, 128.3, 126.3, 123.8, 

121.9, 18.6. 

 

(2d) 6-methylquinoline (CAS: 91-62-3)2  

Following the General Procedure A with 

6-methyl-1,2,3,4-tetrahydroquinoline (44.2 mg, 0.3 mmol), 2d 

was obtained as colorless liquid (34.8 mg, 81%). 

1H NMR (400 MHz, CDCl3) δ 8.83 (dd, J = 4.2, 1.8 Hz, 1H), 

8.04 (d, J = 8.4 Hz, 1H), 7.99 (d, J = 8.4 Hz, 1H), 7.57−7.51 (m, 2H), 7.34 (dd, J = 

8.2, 4.2 Hz, 1H), 2.52 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 149.5, 146.9, 136.4, 135.4, 131.8, 129.1, 128.3, 126.6, 

121.1, 21.6. 

 

(2e) 2-methylquinoline (CAS: 91-63-4)1  

Following the General Procedure A with 

2-methyl-1,2,3,4-tetrahydroquinoline (44.2 mg, 0.3 mmol), 2e 

was obtained as colorless liquid (33.1 mg, 77%). 

1H NMR (400 MHz, CDCl3) δ 8.01 (d, J = 8.4 Hz, 2H), 7.74 

(dd, J = 8.0, 1.6 Hz, 1H), 7.69−7.63 (m, 1H), 7.49−7.43 (m, 1H), 7.27 (d, J = 8.4 Hz, 

1H), 2.73 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 159.0, 147.8, 136.2, 129.5, 128.6, 127.5, 126.5, 125.7, 

122.0, 25.4. 

 

(2f) 2-methyl-4-phenylquinoline (CAS: 1721-92-2)3  

Following the General Procedure A with 

2-methyl-4-phenyl-1,2,3,4-tetrahydroquinoline (67.0 mg, 0.3 

mmol), 2f was obtained as white solid (44.7 mg, 68%). 

1H NMR (400 MHz, CDCl3) δ 8.10 (dd, J = 8.4, 0.4 Hz, 1H), 
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7.86 (dd, J = 8.4, 0.8 Hz, 1H), 7.71−7.64 (m, 1H), 7.53−7.46 (m, 5H), 7.45−7.41 (m, 

1H), 7.23 (s, 1H), 2.78 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 158.5, 148.6, 148.4, 138.2, 129.5, 129.3, 129.0, 128.5, 

128.3, 125.8, 125.7, 125.1, 122.2, 25.4. 

 

(2g) 7-nitroquinoline (CAS: 613-50-3)1  

Following the General Procedure A with 

7-nitro-1,2,3,4-tetrahydroquinoline (53.5 mg, 0.3 mmol), 2g 

was obtained as yellow solid (18.8 mg, 36%). 

1H NMR (400 MHz, CDCl3) δ 9.09 (dd, J = 4.0, 1.6 Hz, 1H), 

9.01 (d, J = 2.4 Hz, 1H), 8.33 (dd, J = 8.8, 2.4 Hz, 1H), 8.28 (dd, J = 8.2, 0.6 Hz, 1H), 

7.98 (d, J = 9.2 Hz, 1H), 7.60 (dd, J = 8.4, 4.0 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 152.7, 148.1, 147.2, 135.9, 131.4, 129.5, 125.9, 124.0, 

120.1. 

 

(2h) quinoline-6-carboxylic acid (CAS: 10349-57-2)4  

Following the General Procedure A with 

1,2,3,4-tetrahydroquinoline-6-carboxylic acid (53.2 mg, 0.3 

mmol), 2h was obtained as white solid (27.0 mg, 52%). 

1H NMR (400 MHz, DMSO-d6) δ 13.19 (s, 1H), 9.04 (dd, J = 

4.4, 1.6 Hz, 1H), 8.70 (d, J = 1.6 Hz, 1H), 8.59 (d, J = 8.4 Hz, 1H), 8.24 (dd, J = 8.8, 

2.0 Hz, 1H), 8.12 (d, J = 8.8 Hz, 1H), 7.64 (dd, J = 8.2, 4.2 Hz, 1H). 

13C NMR (101 MHz, DMSO-d6) δ 167.5, 153.1, 149.8, 138.0, 131.4, 129.8, 129.2, 

129.1, 127.7, 122.7. 

 

(2i) methyl quinoline-6-carboxylate (CAS: 38896-30-9)2  

Following the General Procedure A with methyl 

1,2,3,4-tetrahydroquinoline-6-carboxylate (57.4 mg, 0.3 mmol), 

2i was obtained as white solid (29.8 mg, 53%). 
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1H NMR (400 MHz, CDCl3) δ 8.99 (dd, J = 4.2, 1.8 Hz, 1H), 8.57 (d, J = 2.0 Hz, 1H), 

8.28 (dd, J = 8.8, 2.0 Hz, 1H), 8.24 (dd, J = 8.4, 1.2 Hz, 1H), 8.13 (d, J = 9.2 Hz, 1H), 

7.45 (dd, J = 8.4, 4.4 Hz, 1H), 3.98 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 166.6, 152.5, 150.1, 137.4, 131.0, 129.8, 129.0, 128.1, 

127.4, 121.9, 52.5. 

 

(2j) acridine (CAS: 260-94-6)2  

Following the General Procedure A with 9,10-dihydroacridine 

(54.4 mg, 0.3 mmol), 2j was obtained as white solid (27.4 mg, 

51%). 

1H NMR (400 MHz, CDCl3) δ 8.69 (s, 1H), 8.23 (dd, J = 8.8, 

0.8 Hz, 2H), 7.94 (d, J = 8.4 Hz, 2H), 7.80−7.72 (m, 2H), 7.53−7.46 (m, 2H). 

13C NMR (101 MHz, CDCl3) δ 149.1, 136.0, 130.3, 129.4, 128.2, 126.6, 125.7. 

 

(2j’) acridin-9(10H)-one (CAS: 578-95-0)5  

Following the General Procedure A with 9,10-dihydroacridine 

(54.4 mg, 0.3 mmol), 2j' was obtained as white solid (15.0 mg, 

26%). 

1H NMR (400 MHz, DMSO-d6) δ 11.73 (s, 1H), 8.23 (dd, J = 

8.0, 1.3 Hz, 2H), 7.76 - 7.69 (m, 2H), 7.54 (d, J = 8.4 Hz, 2H), 7.29 – 7.22 (m, 2H). 

13C NMR (101 MHz, DMSO-d6) δ 177.2, 141.4, 133.9, 126.5, 121.5, 121.0, 117.8. 

 

(2k) 6-fluoro-2-methylquinoline (CAS: 1128-61-6)6  

Following the General Procedure A with 

6-fluoro-2-methyl-1,2,3,4-tetrahydroquinoline (49.6 mg, 0.3 

mmol), 2k was obtained as white solid (37.3 mg, 77%). 

1H NMR (400 MHz, CDCl3) δ 8.04−7.95 (m, 2H), 7.48−7.40 

(m, 1H), 7.37 (dd, J = 8.8, 2.8 Hz, 1H), 7.29 (d, J = 8.4 Hz, 1H), 2.73 (s, 3H). 
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13C NMR (101 MHz, CDCl3) δ 160.0 (d, J = 248.5 Hz), 158.3 (d, J = 3.0 Hz), 144.9, 

135.5 (d, J = 5.3 Hz), 131.0 (d, J = 9.0 Hz), 127.0 (d, J = 9.9 Hz), 122.7, 119.4 (d, J = 

25.7 Hz), 110.5 (d, J = 21.5 Hz), 25.2. 

19F NMR (376 MHz, CDCl3) δ -114.94. 

 

(2l) 1H-indole (CAS: 120-72-9)1  

Following the General Procedure A with indoline (35.8 mg, 

0.3 mmol), 2l was obtained as white solid (25.0 mg, 71%). 

1H NMR (400 MHz, CDCl3) δ 8.00 (s, 1H), 7.65 (d, J = 7.6 Hz, 

1H), 7.35 (dd, J = 8.2, 0.6 Hz, 1H), 7.22−7.09 (m, 3H), 6.54 (s, 

1H). 

13C NMR (101 MHz, CDCl3) δ 135.8, 127.9, 124.2, 122.0, 120.8, 119.9, 111.1, 102.6. 

 

(2m) 1H-pyrrolo[2,3-b]pyridine (CAS: 271-63-6)7  

Following the General Procedure A with 

2,3-dihydro-1H-pyrrolo[2,3-b]pyridine (36.0 mg, 0.3 mmol), 

2m was obtained as white solid (19.1 mg, 54%). 

1H NMR (400 MHz, CDCl3) δ 11.36 (s, 1H), 8.42−8.31 (m, 

1H), 7.98 (dd, J = 8.0, 1.2 Hz, 1H), 7.40 (d, J = 3.2 Hz, 1H), 7.11 (dd, J = 7.8, 4.8 Hz, 

1H), 6.52 (d, J = 3.4 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 148.8, 142.4, 129.1, 125.3, 120.5, 115.8, 100.6. 

 

(2n) 5-methyl-1H-indole (CAS: 916979-65-2)7  

Following the General Procedure A with 5-methylindoline (40.0 

mg, 0.3 mmol), 2n was obtained as white solid (28.3 mg, 72%). 

1H NMR (400 MHz, CDCl3) δ 7.98 (s, 1H), 7.48 (s, 1H), 7.30 (d, 

J = 8.4 Hz, 1H), 7.18−7.14 (m, 1H), 7.07 (d, J = 8.0 Hz, 1H), 

6.51 (s, 1H), 2.50 (s, 3H). 
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13C NMR (101 MHz, CDCl3) δ 134.2, 129.0, 128.2, 124.3, 123.7, 120.4, 110.7, 102.1, 

21.5. 

 

(2o)1-(1H-indol-5-yl)ethan-1-one (CAS: 53330-94-2)8  

Following the General Procedure A with 

1-(indolin-5-yl)ethan-1-one (48.4 mg, 0.3 mmol), 2o was 

obtained as white solid (35.3 mg, 74%). 

1H NMR (400 MHz, CDCl3) δ 9.03 (s, 1H), 8.33 (s, 1H), 7.87 

(dd, J = 8.8, 1.6 Hz, 1H), 7.41 (d, J = 8.8 Hz, 1H), 7.31−7.27 

(m, 1H), 6.66 (s, 1H), 2.67 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 198.9, 138.7, 129.8, 127.5, 126.0, 123.2, 122.2, 111.2, 

104.1, 26.7. 

 

(2p) 2-phenylbenzo[d]thiazole (CAS: 883-93-2)9  

Following the General Procedure A with 

2-phenyl-2,3-dihydrobenzo[d]thiazole (64.0 mg, 0.3 mmol), 

2p was obtained as white solid (58.3 mg, 92%). 

Following the General Procedure B with 2-aminobenzenethiol 

(37.6 mg, 0.3 mmol) and benzaldehyde (47.8 mg, 0.45 mmol), 2p was obtained as 

white solid (62.8 mg, 99%). 

1H NMR (400 MHz, CDCl3) δ 8.14−8.07 (m, 3H), 7.92−7.87 (m, 1H), 7.54−7.46 (m, 

4H), 7.42−7.35 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 168.1, 154.2, 135.1, 133.7, 131.0, 129.1, 127.6, 126.4, 

125.2, 123.3, 121.7. 
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(2q) 2-phenylquinazoline (CAS: 25855-20-3)2  

Following the General Procedure A with 

2-phenyl-1,2,3,4-tetrahydroquinazoline (63.1 mg, 0.3 

mmol), 2q was obtained as white solid (48.3 mg, 78%). 

Following the General Procedure B with 

2-(aminomethyl)aniline (36.7 mg, 0.3 mmol) and 

benzaldehyde (47.8 mg, 0.45 mmol), 2q was obtained as white solid (49.5 mg, 80%). 

1H NMR (400 MHz, CDCl3) δ 9.47 (s, 1H), 8.66−8.59 (m, 2H), 8.09 (d, J = 8.8 Hz, 

1H), 7.96−7.87 (m, 2H), 7.65−7.58 (m, 1H), 7.58−7.50 (m, 3H). 

13C NMR (101 MHz, CDCl3) δ 161.1, 160.5, 150.8, 138.1, 134.1, 130.6, 128.7, 128.6, 

127.33, 127.1, 123.6. 

 

(2r) 1,1'-(2,6-dimethylpyridine-3,5-diyl)bis(ethan-1-one) (CAS: 24234-61-5)10  

Following the General Procedure A with 

1,1'-(2,6-dimethyl-1,4-dihydropyridine-3,5-diyl)

bis(ethan-1-one) (58.0 mg, 0.3 mmol), 2r was 

obtained as white solid (55.7 mg, 97%). 

1H NMR (400 MHz, CDCl3) δ 8.25 (s, 1H), 2.77 

(s, 6H), 2.64 (s, 6H). 

13C NMR (101 MHz, CDCl3) δ 199.2, 160.2, 137.8, 130.1, 29.3, 25.0. 

 

(2s) diethyl 2,6-dimethylpyridine-3,5-dicarboxylate (CAS: 1149-23-1)7  

Following the General Procedure A with diethyl 

2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylat

e (76.0 mg, 0.3 mmol), 2s was obtained as white 

solid (69.3 mg, 92%). 

1H NMR (400 MHz, CDCl3) δ 8.63 (s, 1H), 4.35 (q, J = 7.2 Hz, 4H), 2.80 (s, 6H), 

1.37 (t, J = 7.0 Hz, 6H). 
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13C NMR (101 MHz, CDCl3) δ 165.9, 162.2, 140.9, 123.0, 61.4, 24.9, 14.2. 

 

(6a) 2-(naphthalen-2-yl)quinazoline (CAS: 2025333-94-0)11  

 Following the General Procedure B with 

2-(aminomethyl)aniline (36.7 mg, 0.3 mmol) and 

2-naphthaldehyde (70.3 mg, 0.45 mmol), 6a was obtained as 

white solid (51.5 mg, 67%). 

1H NMR (400 MHz, CDCl3) δ 9.48 (s, 1H), 9.17 (s, 1H), 8.74 (dd, J = 8.6, 1.8 Hz, 

1H), 8.17−8.10 (m, 1H), 8.09−8.03 (m, 1H), 8.00 (d, J = 8.4 Hz, 1H), 7.94−7.86 (m, 

3H), 7.62−7.52 (m, 3H). 

13C NMR (101 MHz, CDCl3) δ 161.0, 160.5, 150.8, 135.4, 134.7, 134.2, 133.5, 129.3, 

129.0, 128.7, 128.3, 127.8, 127.3, 127.2, 127.1, 126.3, 125.5, 123.6. 

 

(6b) 2-(thiophen-2-yl)quinazoline (CAS: 154221-04-2)12  

 Following the General Procedure B with 

2-(aminomethyl)aniline (36.7 mg, 0.3 mmol) and 

thiophene-2-carbaldehyde (50.5 mg, 0.45 mmol), 6b was 

obtained as white solid (42.0 mg, 66%). 

1H NMR (400 MHz, CDCl3) δ 9.34 (d, J = 0.8 Hz, 1H), 8.15 (dd, J = 3.6, 1.2 Hz, 1H), 

7.99 (d, J = 8.8 Hz, 1H), 7.89−7.83 (m, 2H), 7.58−7.49 (m, 2H), 7.19 (dd, J = 5.2, 3.6 

Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 160.6, 157.9, 150.6, 143.9, 134.4, 130.0, 129.3, 128.4, 

128.2, 127.3, 127.0, 123.4. 
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(6c) 2-(p-tolyl)quinazoline (CAS: 80089-59-4)11  

 Following the General Procedure B with 

2-(aminomethyl)aniline (36.7 mg, 0.3 mmol) and 

4-methylbenzaldehyde (54.1 mg, 0.45 mmol), 6c was 

obtained as white solid (47.6 mg, 72%). 

1H NMR (400 MHz, CDCl3) δ 9.43 (d, J = 0.8 Hz, 1H), 8.56−8.47 (m, 2H), 8.06 (dd, 

J = 8.4, 0.8 Hz, 1H), 7.93−7.82 (m, 2H), 7.57 (td, J = 7.4, 1.1 Hz, 1H), 7.35 (d, J = 

8.0 Hz, 2H), 2.45 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 161.2, 160.5, 150.8, 140.9, 135.3, 134.1, 129.5, 128.6, 

128.6, 127.2, 127.1, 123.5, 21.6. 

 

(6d) 2-(4-methoxyphenyl)quinazoline (CAS: 67205-04-3)11  

 Following the General Procedure B with 

2-(aminomethyl)aniline (36.7 mg, 0.3 mmol) and 

4-methoxybenzaldehyde (61.3 mg, 0.45 mmol), 6d was 

obtained as white solid (39.7 mg, 56%). 

1H NMR (400 MHz, CDCl3) δ 9.38 (d, J = 0.8 Hz, 1H), 

8.58 (d, J = 9.2 Hz, 2H), 8.02 (d, J = 8.8 Hz, 1H), 7.87−7.81 (m, 2H), 7.56−7.48 (m, 

1H), 7.04 (d, J = 9.0 Hz, 2H), 3.87 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 161.8, 160.8, 160.4, 150.8, 134.0, 130.7, 130.2, 128.4, 

127.1, 126.8, 123.3, 114.0, 55.4. 

 

(8a) 7-chloro-2-phenylquinazolin-4(3H)-one (CAS: 7012-94-4)11  

 Following the General Procedure B with 

2-amino-4-chlorobenzamide (51.2 mg, 0.3 mmol) 

and benzaldehyde (47.8 mg, 0.45 mmol), 8a was 

obtained as white solid (73.9 mg, 96%). 

1H NMR (400 MHz, DMSO-d6) δ 12.72 (s, 1H), 
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8.26−8.17 (m, 3H), 7.84 (d, J = 2.0 Hz, 1H), 7.69−7.57 (m, 4H). 

13C NMR (101 MHz, DMSO-d6) δ 162.2, 154.3, 150.3, 139.7, 132.8, 132.2, 129.1, 

128.4, 128.4, 127.3, 127.1, 120.3. 

 

(8b) 2-phenylquinazolin-4(3H)-one (CAS: 1022-45-3)13  

 Following the General Procedure B with 

2-aminobenzamide (40.9 mg, 0.3 mmol) and benzaldehyde 

(47.8 mg, 0.45 mmol), 8b was obtained as white solid (62.0 

mg, 93%). 

1H NMR (400 MHz, CDCl3) δ 11.82 (s, 1H), 8.33 (dd, J = 

8.0, 0.8 Hz, 1H), 8.30−8.24 (m, 2H), 7.87−7.77 (m, 2H), 7.62−7.56 (m, 3H), 

7.54−7.47 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 164.1, 151.9, 149.5, 134.9, 132.8, 131.6, 129.0, 128.0, 

127.5, 126.8, 126.3, 120.8. 

 

(8c) 3-methyl-2-phenylquinazolin-4(3H)-one (CAS: 22686-81-3)14  

 Following the General Procedure B with 

2-amino-N-methylbenzamide (45.1 mg, 0.3 mmol) 

and benzaldehyde (47.8 mg, 0.45 mmol), 8c was 

obtained as white solid (46.8 mg, 66%). 

1H NMR (400 MHz, CDCl3) δ 8.37−8.31 (m, 1H), 

7.80−7.71 (m, 2H), 7.59−7.49 (m, 6H), 3.50 (s, 3H). 

13C NMR (101 MHz, CDCl3) δ 162.7, 156.2, 147.4, 135.4, 134.3, 130.1, 128.9, 128.0, 

127.5, 127.0, 126.7, 120.6, 34.3. 
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(8d) 2-(4-fluorophenyl)quinazolin-4(3H)-one (CAS: 190838-76-7)11  

 Following the General Procedure B with 

2-aminobenzamide (40.9 mg, 0.3 mmol) and 

4-fluorobenzaldehyde (55.9 mg, 0.45 mmol), 8d was 

obtained as white solid (57.0 mg, 79%). 

1H NMR (400 MHz, DMSO-d6) δ 12.59 (s, 1H), 

8.32−8.22 (m, 2H), 8.17 (dd, J = 8.0, 1.2 Hz, 1H), 7.89−7.81 (m, 1H), 7.74 (d, J = 7.6 

Hz, 1H), 7.56−7.49 (m, 1H), 7.40 (t, J = 8.8 Hz, 2H). 

13C NMR (101 MHz, DMSO-d6) δ 164.5 (d, J = 250.4 Hz), 162.72, 151.9, 149.1, 

135.1, 130.8 (d, J = 9.1 Hz), 129.7 (d, J = 2.8 Hz), 127.9, 127.1, 126.3, 121.3, 116.1 

(d, J = 22.0 Hz). 

19F NMR (376 MHz, DMSO-d6) δ -109.05. 

 

(8e) 2-(4-methoxyphenyl)quinazolin-4(3H)-one (CAS: 1152-07-4)11  

 Following the General Procedure B with 

2-aminobenzamide (40.9 mg, 0.3 mmol) and 

4-methoxybenzaldehyde (61.3 mg, 0.45 mmol), 8e 

was obtained as white solid (46.9 mg, 62%). 

1H NMR (400 MHz, DMSO-d6) δ 12.42 (s, 1H), 

8.20 (d, J = 9.2 Hz, 2H), 8.14 (dd, J = 8.0, 1.2 Hz, 1H), 7.85−7.79 (m, 1H), 7.71 (dd, 

J = 8.0, 0.4 Hz, 1H), 7.53−7.45 (m, 1H), 7.10 (d, J = 8.8 Hz, 2H), 3.86 (s, 3H). 

13C NMR (101 MHz, DMSO-d6) δ 162.8, 162.4, 152.3, 149.4, 135.0, 129.9, 127.8, 

126.6, 126.3, 125.3, 121.2, 114.5, 55.9. 

 

(10a) 2-cyclohexylbenzo[d]thiazole (CAS: 40115-03-5)15  

 Following the General Procedure B with 

2-aminobenzenethiol (37.6 mg, 0.3 mmol) and 

cyclohexanecarbaldehyde (55.0 mg, 0.45 mmol), 10a was 
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obtained as colorless liquid (50.2 mg, 77%). 

1H NMR (400 MHz, CDCl3) δ 8.01−7.94 (m, 1H), 7.86−7.81 (m, 1H), 7.47−7.40 (m, 

1H), 7.36−7.29 (m, 1H), 3.16−3.04 (m, 1H), 2.26−2.14 (m, 2H), 1.95−1.84 (m, 2H), 

1.80−1.72 (m, 1H), 1.71−1.58 (m, 2H), 1.51−1.38 (m, 2H), 1.38−1.29 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 177.6, 153.1, 134.6, 125.8, 124.5, 122.6, 121.6, 43.5, 

33.5, 26.1, 25.8. 

 

(10b) 2-(4-(trifluoromethyl)phenyl)benzo[d]thiazole (CAS: 134384-31-9)16  

 Following the General Procedure B with 

2-aminobenzenethiol (37.6 mg, 0.3 mmol) and 

4-(trifluoromethyl)benzaldehyde (78.4 mg, 0.45 

mmol), 10b was obtained as white solid (82.1 mg, 

98%). 

1H NMR (400 MHz, CDCl3) δ 8.18 (d, J = 8.0 Hz, 2H), 8.10 (d, J = 8.0 Hz, 1H), 

7.94−7.87 (m, 1H), 7.73 (d, J = 8.0 Hz, 2H), 7.56−7.48 (m, 1H), 7.46−7.38 (m, 1H). 

13C NMR (101 MHz, CDCl3) δ 166.03, 154.05, 136.8 (q, J = 1.5 Hz), 135.2, 132.4 (q, 

J = 32.9 Hz), 127.8, 126.7, 126.0 (q, J = 3.7 Hz), 125.8, 124.2 (q, J = 273.4 Hz), 

123.6, 121.7. 

19F NMR (376 MHz, CDCl3) δ -62.84. 

 

(10c) 2-(p-tolyl)benzo[d]thiazole (CAS: 16112-21-3)16  

 Following the General Procedure B with 

2-aminobenzenethiol (37.6 mg, 0.3 mmol) and 

4-methylbenzaldehyde (54.1 mg, 0.45 mmol), 10c was 

obtained as white solid (53.4 mg, 79%). 

1H NMR (400 MHz, CDCl3) δ 8.11−8.05 (m, 1H), 8.04−7.96 (m, 2H), 7.88 (dd, J = 

8.0, 0.4 Hz, 1H), 7.52−7.45 (m, 1H), 7.41−7.34 (m, 1H), 7.29 (d, J = 8.0 Hz, 2H), 

2.42 (s, 3H). 
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13C NMR (101 MHz, CDCl3) δ 168.3, 154.2, 141.5, 135.0, 131.0, 129.7, 127.5, 126.3, 

125.0, 123.1, 121.6, 21.6. 

 

(10d) 2-propylbenzo[d]thiazole (CAS: 17229-76-4)16  

 Following the General Procedure B with 

2-aminobenzenethiol (37.6 mg, 0.3 mmol) and butyraldehyde 

(32.5 mg, 0.45 mmol), 10d was obtained as colorless liquid 

(35.6 mg, 67%). 

1H NMR (400 MHz, CDCl3) δ 8.00−7.94 (m, 1H), 7.85−7.81 (m, 1H), 7.47−7.41 (m, 

1H), 7.37−7.30 (m, 1H), 3.16−3.02 (m, 2H), 1.97−1.86 (m, 2H), 1.06 (t, J = 7.4 Hz, 

3H). 

13C NMR (101 MHz, CDCl3) δ 172.2, 153.3, 135.2, 125.9, 124.6, 122.5, 121.5, 36.3, 

23.1, 13.7. 

 

(12a) 2-phenyl-1H-benzo[d]imidazole (CAS: 716-79-0)12  

 Following the General Procedure B with 

benzene-1,2-diamine (32.5 mg, 0.3 mmol) and 

benzaldehyde (47.8 mg, 0.45 mmol), 12a was obtained 

as white solid (57.7 mg, 99%). 

1H NMR (400 MHz, DMSO-d6) δ 12.97 (s, 1H), 

8.35−8.16 (m, 2H), 7.61−7.55 (m, 2H), 7.61−7.55 (m, 2H), 7.54−7.48 (m, 1H), 

7.28−7.21 (m, 2H). 

13C NMR (101 MHz, DMSO-d6) δ 151.7, 130.7, 130.3, 129.4, 126.9, 122.6. 

 

(12b) 2-cyclohexyl-1H-benzo[d]imidazole (CAS: 36947-70-3)17  

 Following the General Procedure B with 

benzene-1,2-diamine (32.5 mg, 0.3 mmol) and 



 21 / 105 

  

cyclohexanecarbaldehyde (55.0 mg, 0.45 mmol), 12b was obtained as white solid 

(54.7 mg, 91%). 

1H NMR (400 MHz, DMSO-d6) δ 12.10 (s, 1H), 7.51−7.40 (m, 2H), 7.14−7.05 (m, 

2H), 2.89−2.78 (m, 1H), 2.08−1.96 (m, 2H), 1.84−1.75 (m, 2H), 1.74−1.66 (m, 1H), 

1.66−1.54 (m, 2H), 1.45−1.32 (m, 2H), 1.32−1.22 (m, 1H). 

13C NMR (101 MHz, DMSO-d6) δ 159.3, 121.5, 38.2, 31.7, 26.1, 26.0. 

 

(12c) 2-(m-tolyl)-1H-benzo[d]imidazole (CAS: 6528-83-2)18  

 Following the General Procedure B with 

benzene-1,2-diamine (32.5 mg, 0.3 mmol) and 

3-methylbenzaldehyde (54.1 mg, 0.45 mmol), 12c was 

obtained as white solid (55.0 mg, 88%). 

1H NMR (400 MHz, DMSO-d6) δ 12.90 (s, 1H), 8.06 (s, 1H), 8.01 (d, J = 8.0 Hz, 1H), 

7.66−7.57 (m, 2H), 7.44 (t, J = 7.6 Hz, 1H), 7.30 (d, J = 7.6 Hz, 1H), 7.25−7.18 (m, 

2H), 2.42 (s, 3H). 

13C NMR (101 MHz, DMSO-d6) δ 151.8, 138.6, 130.9, 130.6, 129.3, 127.5, 124.1, 

122.5, 21.5. 

 

(12d) 2-(pyridin-2-yl)-1H-benzo[d]imidazole (CAS: 1137-68-4)19  

 Following the General Procedure B with 

benzene-1,2-diamine (32.5 mg, 0.3 mmol) and 

picolinaldehyde (48.2 mg, 0.45 mmol), 12d was 

obtained as white solid (52.7 mg, 90%). 

1H NMR (400 MHz, DMSO-d6) δ 13.17 (s, 1H), 8.80−8.72 (m, 1H), 8.39 (dt, J = 7.6, 

1.0 Hz, 1H), 8.02 (td, J = 7.6, 1.6 Hz, 1H), 7.89−7.57 (m, 2H), 7.56−7.50 (m, 1H), 

7.27 (dd, J = 6.0, 2.8 Hz, 2H). 

13C NMR (101 MHz, DMSO-d6) δ 151.2, 149.8, 149.0, 138.0, 125.1, 121.9. 
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(12e) 2-(4-chlorophenyl)-1H-benzo[d]imidazole (CAS: 1019-85-8)12  

 Following the General Procedure B with 

benzene-1,2-diamine (32.5 mg, 0.3 mmol) and 

4-chlorobenzaldehyde (63.3 mg, 0.45 mmol), 12e 

was obtained as white solid (63.1 mg, 92%). 

1H NMR (400 MHz, DMSO-d6) δ 13.01 (s, 1H), 8.25−8.19 (m, 2H), 7.73−7.51 (m, 

4H), 7.24 (dd, J = 6.0, 2.8 Hz, 2H). 

13C NMR (101 MHz, DMSO-d6) δ 150.6, 135.0, 129.5, 128.6. 
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5. Exploration of reaction mechanism 

(a) Detection of free radical  

Following the General Procedure A, used 1,2,3,4-tetrahydroquinoline (40.0 mg, 0.3 

mmol) as a raw material, and added TEMPO (93.7 mg, 0.6 mmol, 2.0 equiv) to the 

reaction mixture. 18.6 mg of the target product was obtained. The yield was 48%. 

Following the General Procedure A, used 1,2,3,4-tetrahydroquinoline (40.0 mg, 0.3 

mmol) as a raw material, and added TEMPO (140.6 mg, 0.9 mmol, 3.0 equiv) to the 

reaction mixture. 10.5 mg of the target product was obtained. The yield was 27%. 

(b) Detection of superoxide radical  

Following the General Procedure A, used 1,2,3,4-tetrahydroquinoline (40.0 mg, 0.3 

mmol) as a raw material, and added butylated hydroxytoluene (132.2 mg, 0.6 mmol, 

2.0 equiv) to the reaction mixture. 3.9 mg of the target product was obtained. The 

yield was 10%. 

(c) Detection of peroxide species  

A flame-dried 25 mL quartz reaction tube was placed with a magnetic stir bar. 

Then, 1,2,3,4-tetrahydroquinoline (40.0 mg, 0.3 mmol, 1.0 equiv) and solvent were 

added to the tube. After that, charge the tube with oxygen. The reaction tube was 

placed on a photocatalytic parallel reactor with Blue LEDs (10 W) at the bottom. 

Then the reaction mixture was stirred and irradiated with the Blue LEDs for 5 hours at 

room temperature. When the reaction was terminated, 2.0 mL of potassium iodide 

aqueous solution (0.03 g/mL) was immediately added into the reaction. Then, starch 

aqueous solution (0.01 g/mL) was added dropwise. It was found that no black mixture 

was formed.  

Following the General Procedure A with 1,2,3,4-tetrahydroquinoline (40.0 mg, 0.3 

mmol). When the reaction was terminated, 2.0 mL of potassium iodide aqueous 

solution (0.03 g/mL) was immediately added into the reaction. Then, starch aqueous 

solution (0.01 g/mL) was added dropwise. The reaction mixture turned into black. 
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7. Copies of NMR spectra 
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