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Additional catalytic experiments 

Table S1 Optimization of reaction conditions for synthesis of N-phenyl-[1,1'-biphenyl]-4-amine (12a) 

 
9ƴǘǊȅ ±ŀǊƛŀǝƻƴ ŦǊƻƳ ǎǘŀƴŘŀǊŘ ŎƻƴŘƛǝƻƴǎ ƛ̧ŜƭŘό҈ύ ƻŦ мнŀ 

м π сл 

т ммл ϲ/ ƛƴ ŀƴƛǎƻƭŜ  пр 

у фл ϲ/ ƛƴ ŀƴƛǎƻƭŜ оф 

ф фл ϲ/ ƛƴ ǘƻƭǳŜƴŜ пл 

мп Iнh рm[ ŀŘŘƛǝǾŜ пр 

мр aǎhI όр m[Σ лΦлр ƳƳƻƭύ ŀŘŘƛǝǾŜ по 

мс !ŎhI όо m[Σ лΦлр ƳƳƻƭύ ŀŘŘƛǝǾŜ пу 

мт н ŜǉǳƛǾΦ ŀƴƛƭƛƴŜ нт 

мм лΦр ŜǉǳƛǾΦŀ ƻ!/ŀƛǊ пр 

р bƻ ŎŀǊōƻŎŀǘŀƭȅǎǘ мм  

с bƻ ŎŀǊōƻŎŀǘŀƭȅǎǘΣ ƴƻ bπƻȄƻǉǳƛƴƻƭƛƴŜ π 

мн !/ŘƳ ŀǎ Ŏŀǘŀƭȅǎǘ от 

мо ǊDhō ŀǎ Ŏŀǘŀƭȅǎǘ сл 
ŀ м ŜǉǳƛǾΦ ƻ!/ŀƛǊ Ґ ннΦр ƳƎΤ ō ǊŜŘǳŎŜŘ DǊŀǇƘŜƴŜ hȄƛŘŜΣ ǇǳǊƛǘȅΥ фф҈Σ нπр ƭŀȅŜǊǎΣ bŀƴƻƎǊŀŬ 

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǎǳōǎǘǊŀǘŜǎ ǿŜǊŜ ǘŜǎǘŜŘ ƛƴ ŎŀǘŀƭȅǎƛǎΣ ōǳǘ ǘƘŜ ǇǊƻŘǳŎǘǎ ǿŜǊŜ ƴƻǘ ƛǎƻƭŀǘŜŘ ŘǳŜ ǘƻ ŘƛŶŎǳƭǘ ǇǳǊƛŬŎŀǝƻƴΦ ²Ŝ 

ƘȅǇƻǘƘŜǎƛȊŜ ǘƘŀǘ ƘƛƎƘƭȅ ŜƭŜŎǘǊƻƴ ǊƛŎƘ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǎǳōǎǘǊŀǘŜǎ ƭŜŘ ǘƻ ǘƘŜ ƻŎŎǳǊǊŜƴŎŜ ƻŦ ǎƛŘŜ ǊŜŀŎǝƻƴǎΣ ǎǳŎƘ ŀǎ ŦǳǊǘƘŜǊ 

ŎƻǳǇƭƛƴƎ ŀƴŘ ǇƻƭȅƳŜǊƛȊŀǝƻƴΦ ¢ƘŜ ƎƛǾŜƴ ȅƛŜƭŘǎ ŀǊŜ baw ȅƛŜƭŘǎ ŦǊƻƳ мI baw όплл aIȊΣ /5/ƭоύ ƻŦ ǘƘŜ ƛƳǇǳǊŜ ƳƛȄǘǳǊŜ 

ŘŜǘŜǊƳƛƴŜŘ ǳǎƛƴƎ мΣоΣрπǘǊƛƳŜǘƘƻȄȅōŜƴȊŜƴŜ ŀǎ ǘƘŜ ƛƴǘŜǊƴŀƭ ǎǘŀƴŘŀǊŘΦ 

 

 

Figure S1: Additional substrates, NMR yields 
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Synthesis of compounds 3a-3w 

N-phenylnaphthalen-2-amine (3a) 

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), aniline (2a) (15.3 mg, 0.164 mmol, 

15 µl) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt, 

filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave the desired product as a white 

solid (19 mg, 0.086 mmol, 81 %). When the same experiment was repeated in 1 mmol scale, the product 3a was 

isolated in 75% yield. Spectroscopic data matches recorded literature values.1 

1H NMR (400 MHz, DMSO)  ɻ8.41 (s, 1H), 7.77 (d, J = 8.9 Hz, 2H), 7.67 (d, J = 9.4 Hz, 1H), 7.47 (d, J = 2.4 Hz, 1H), 7.41 ς 

7.34 (m, 1H), 7.33 ς 7.17 (m, 6H), 6.92 ς 6.84 (m, 1H). 

13/ baw όмлм aIȊΣ 5a{hύ ʵ мпоΦрΣ мпмΦуΣ мопΦ 9, 129.7, 129.3, 128.6, 127.9, 126.7, 126.6, 123.2, 120.7, 120.4, 117.8, 

109.4. 

 

N-(4-(tert-butyl)phenyl)naphthalen-2-amine (3b) 

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), 4-tert-butyl aniline (2b) (15 mg, 

0.101 mmol), quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in 

a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to 

rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (hexane/EtOAc 40:1), which gave the desired product 3b as a dark 

orange solid (20 mg, 0.072 mmol, 71 %). Spectroscopic data matches recorded literature values.2 

1H NMR (400 MHz, CDCl3) ɻ  7.72 (d, J = 8.8 Hz, 2H), 7.62 (d, J = 8.3 Hz, 1H), 7.41 ς 7.36 (m, 2H), 7.36 ς 7.31 (m, 2H), 

7.30 ς 7.25 (m, 1H), 7.19 (dd, J = 8.8, 2.3 Hz, 1H), 7.15 ς 7.09 (m, 2H), 5.79 (s, 1H), 1.33 (s, 9H). 
13C NMR (101 MHz, CDCl3ύ ʵ мппΦсΣ мпмΦ 5, 140.2, 134.7, 129.2, 128.9, 127.6, 126.4, 126.3, 123.2, 119.7, 118.5, 110.6, 

34.3, 31.5. 

 

N-(4-ethoxyphenyl)naphthalen-2-amine (3c) 
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¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), 4-ethoxy aniline (2c) (20 mg, 0.15 

mmol) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt, 

filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (hexane:EtOAc 10:1), which gave the desired product 3c as a light 

yellow solid (18 mg, 0.068 mmol, 72 %).  

1H NMR (400 MHz, CDCl3) ɻ  7.73 ς 7.65 (m, 2H), 7.57 (dd, J = 8.2, 1.1 Hz, 1H), 7.36 (dd, J = 15.1, 1.3 Hz, 1H), 7.26 ς 7.23 

(m, 1H), 7.20 (d, J = 2.3 Hz, 1H), 7.17 ς 7.12 (m, 2H), 7.10 (dd, J = 8.8, 2.3 Hz, 1H), 6.93 ς 6.83 (m, 2H), 5.63 (s, 1H), 4.03 

(q, J = 6.9 Hz, 2H), 1.42 (t, J = 7.0 Hz, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  154.9, 143.0, 135.4, 134.8, 131.8, 129.1, 128.5, 127.6, 126.4, 126.3, 122.9, 122.6, 118.9, 

115.4, 108.7, 63.8, 15.0. 

HRMS calculated for [C18H17NO]: 263.1310 found: 263.1315 

 

N-(4-(trifluoromethyl)phenyl)naphthalen-2-amine (3d) 

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), 4-trifluoromethyl aniline (2d) (18 

mg, 0.110 mmol), quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were 

placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was 

cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced 

pressure. The crude was purified via flash chromatography (hexane/EtOAc 20:1), which gave the desired product 3d as 

a dark orange solid (17 mg, 0.0591 mmol, 59 %). Spectroscopic data matches recorded literature values.2 

1H NMR (400 MHz, CDCl3ύ ʵ тΦтф όǘΣ W Ґ тΦт IȊΣ нIύΣ тΦтл όŘΣ W Ґ уΦм IȊΣ мIύΣ тΦрп όŘΣ W Ґ нΦо IȊΣ 1H), 7.51 (d, J = 8.4 Hz, 

2H), 7.45 (d, J = 16.4 Hz, 1H), 7.37 (d, J = 16.3 Hz, 1H), 7.27 (dd, J = 8.8, 2.3 Hz, 1H), 7.13 (d, J = 8.5 Hz, 2H), 6.08 (s, 1H). 
13C NMR (101 MHz, CDCl3ύ ʵ мпсΦсΣ моуΦуΣ мопΦ4, 130.1, 129.5, 127.8, 126.8, 126.8, 126.7, 124.6 (q, J = 270.0 Hz), 

124.5, 122.03 (q, J = 32.8 Hz), 121.0, 115.8, 115.1. 

 19F NMR (376 MHz, CDCl3) ɻ  -61.47. 

 

N-(3,4-dimethoxyphenyl)naphthalen-2-amine (3e) 

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), 3,4-dimethoxyaniline (2e) (41 mg, 

0.15 mmol) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt, 

filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (hexane:EtOAc 5:1), which gave the desired product 3e as a light 

yellow solid (20 mg, 0.071 mmol, 68 %).  
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1H NMR (400 MHz, CDCl3) ɻ  7.70 (d, J = 1.8 Hz, 2H), 7.60 (d, J = 8.3 Hz, 1H), 7.45 ς 7.32 (m, 1H), 7.30 ς 7.22 (m, 1H), 

7.14 (dd, J = 8.8, 2.3 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 6.82 ς 6.72 (m, 2H), 5.69 (s, 1H), 3.89 (s, 3H), 3.85 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  149.7, 145.0, 142.6, 136.1, 134.8, 129.5, 129.2, 128.7, 127.6, 126.5, 126.3, 123.1, 119.1, 

112.6, 112.2, 109. 4, 105.7, 56.3, 55.9. 

HRMS calculated for [C18H17NO2]: 279.1259 found: 279.1262 

 

N-(naphthalen-2-yl)pyrazine-2-amine (3f) 

 

The general procedure was followed. -̡tetralone (1a) (16 mg, 0.108 mmol, 15 µl), pyrimidin-4-amine (2f) (15 mg, 

0.157 mmol), quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in 

a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to 

rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (DCM/MeOH 40:1), which gave the desired product 3f as a dark 

orange solid (19 mg, 0.085 mmol, 80 %).  

1H NMR (400 MHz, CDCl3ύ ʵ уΦон όŘΣ W Ґ мΦр IȊΣ мIύΣ уΦмс όŘŘΣ W Ґ нΦуΣ мΦр IȊΣ мIύΣ уΦлм όŘΣ W Ґ нΦр IȊΣ 2H), 7.84 ς 7.74 (m, 

3H), 7.49 ς 7.36 (m, 3H), 6.93 (s, 1H). 
13C NMR (101 MHz, CDCl3ύ ʵ мрнΦ3, 142.1, 136.8, 135.1, 134.2, 133.2, 130.3, 129.2, 127.7, 127.2, 126.7, 124.7, 120.8, 

115.9. 

HRMS calculated for [C14H11N3]: 221.0953 found: 222.0896 

 

N-(naphthalen-2-yl)pyridin-2-amine (3g) 

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), 2-aminopyridine (2g) (15 mg, 0.159 

mmol) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt, 

filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (hexane:EtOAc 5:1), which gave the desired product 3g as a light 

yellow solid (19 mg, 0.086 mmol, 80 %). Spectroscopic data matches recorded literature values.3 

1H NMR (400 MHz, CDCl3) ɻ  8.30 ς 8.21 (m, 1H), 7.88 ς 7.69 (m, 4H), 7.53 (dd, J = 15.6, 1.9 Hz, 1H), 7.48 ς 7.32 (m, 3H), 

6.97 (dt, J = 8.4, 1.0 Hz, 1H), 6.84 (s, 1H), 6.81 ς 6.73 (m, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  155.9, 148.4, 138.0, 137.8, 134.3, 130.0, 129.1, 127.6, 127.0, 126.5, 126.5, 124.3, 121.3, 

115.4, 115.3, 108.6.  

 

N-(naphthalen-2-yl)pyridin-3-amine (3h) 
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The general procedure was followed. -̡tetralone (1a) (16 mg, 0.108 mmol, 15 µl), 3-aminopyridine (2h) (15 mg, 0.159 

mmol), quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt, 

filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (DCM/MeOH 40:1), which gave the desired product 3h as an orange 

solid (13 mg, 0.059 mmol, 54 %).  

1H NMR (400 MHz, CDCl3) ɻ  8.47 (d, J = 2.9 Hz, 1H), 8.22 (dd, J = 4.7, 1.4 Hz, 1H), 7.77 (t, J = 7.8 Hz, 2H), 7.67 (d, J = 8.2 

Hz, 1H), 7.50 (ddd, J = 8.3, 2.8, 1.4 Hz, 1H), 7.48 ς 7.40 (m, 2H), 7.38 ς 7.31 (m, 1H), 7.25 ς 7.17 (m, 2H), 5.91 (s, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  142.4, 140.6, 139.7, 134.5, 129.6, 129.5, 127.7, 126.7, 126.6, 124.1, 124.0, 123.8, 120.0, 

112.6. 

HRMS calculated for [C15H12N2]: 220.1000 found: 220.0999 

 

N-(naphthalen-2-yl)pyrimidin-2-amine (3i) 

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), pyrimidin-2-amine (2i) (15 mg, 

0.157 mmol) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 hours at 140 °C. The reaction was cooled 

to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced 

pressure. The crude was purified via flash chromatography (hexane:EtOAc 5:1), which gave the desired product 3i as a 

light yellow solid (6 mg, 0.027 mmol, 25 %). Spectroscopic data matches recorded literature values.4 

1H NMR (400 MHz, CDCl3) ɻ  8.48 (d, J = 4.9 Hz, 2H), 8.29 (d, J = 2.4 Hz, 1H), 7.83 ς 7.76 (m, 3H), 7.57 (dd, J = 8.8, 2.2 Hz, 

1H), 7.48 ς 7.42 (m, 1H), 7.39 ς 7.34 (m, 1H), 7.28 (s, 1H), 6.77 (t, J = 4.8 Hz, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  160.2, 158.1, 136.9, 134.2, 130.7, 128.7, 127.6, 127.4, 126.4, 124.3, 120.4, 115.1, 112.8. 

7-methoxy-N-phenylnaphthalen-2-amine (3j) 

 

The general procedure was followed. 7-methoxy-3,4-dihydronaphthalen-2(1H)-one (1b) (18.1 mg, 0.102 mmol), 

aniline (2a) (15.3 mg, 0,164 mmol, 15 µl) quinoline-1-oxide (10) (15 mg, 0,103 mmol), anisole (1 mL) and oACair (22.5 

mg, 1 equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. 

The reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was 
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removed under reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave 

the desired product 3j as a bright orange solid (23 mg, 0.09 mmol, 90 %).5  

1H NMR (400 MHz, CDCl3) ɻ  7.70 ς 7.60 (m, 2H), 7.37 ς 7.26 (m, 3H), 7.19 ς 7.12 (m, 2H), 7.05 (dd, J = 8.7, 2.3 Hz, 1H), 

7.01 ς 6.92 (m, 3H), 5.84 (s, 1H), 3.88 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  158.3, 142.9, 141.5, 135.9, 129.4, 129.2, 128.9, 124.6, 121.4, 118.5, 117.5, 116.1, 110.6, 

104.8, 55.3. 

 

7-methoxy-1-methyl-N-phenylnaphthalen-2-amine (3k) 

 

The general procedure was followed. 7-methoxy-1-methyl-3,4-dihydronaphthalen-2(1H)-one (1c) (20.4 mg, 0.107 

mmol), aniline (2a) (15.3 mg, 0.164 mmol, 15 µl) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair 

(22.5 mg, 1 equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 hours 

at 140 °C. The reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent 

was removed under reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 10:1), which 

gave the desired product 3k as a bright orange solid (10 mg, 0.034 mmol, 31 %).  

1H NMR (400 MHz, CDCl3) ɻ  7.70 (d, J = 8.9 Hz, 1H), 7.60 (d, J = 8.7 Hz, 1H), 7.28 (d, J = 8.7 Hz, 1H), 7.25 ς 7.20 (m, 3H), 

7.11 ς 7.04 (m, 1H), 6.89 ς 6.83 (m, 3H), 5.63 (s, 1H), 3.96 (s, 3H), 2.51 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  162.0, 158.1, 145.1, 138.0, 134.9, 129.9, 129.3, 126.7, 126.0, 122.8, 120.1, 119.7, 116.2, 

112.1, 102.9, 55.3, 13.2.  

HRMS calculated for [C18H17NO]: 263.1310 found: 263.1309 

 

6-methoxy-N-phenylnaphthalen-2-amine (3l) 

 

The general procedure was followed. 6-methoxy-3,4-dihydronaphthalen-2(1H)-one (1d) (16.5 mg, 0.093 mmol), 

aniline (2a) (15.3 mg, 0.164 mmol, 15 µl) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 

mg, 1 equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. 

The reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was 

removed under reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 5:1), which gave 

the desired product 3l as a bright orange solid (10 mg, 0.040 mmol, 43 %). Spectroscopic data matches recorded 

literature values.5 

1H NMR (400 MHz, CDCl3) ɻ  7.66 (d, J = 8.8 Hz, 1H), 7.57 (d, J = 8.6 Hz, 1H), 7.42 (d, J = 2.5 Hz, 1H), 7.33 ς 7.24 (m, 3H), 

7.23 (dd, J = 8.8, 2.3 Hz, 1H), 7.11 (d, J = 2.5 Hz, 4H), 6.93 (t, J = 7.4 Hz, 1H), 5.77 (s, 1H), 3.90 (s, 3H).  

13C NMR (101 MHz, CDCl3) ɻ  156.3, 143.7, 138.8, 130.3, 129.9, 129.4, 128.1, 127.9, 121.2, 120.8, 119.1, 117.4, 113.4, 

106.0, 55.3. 
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5-methoxy-N-phenylnaphthalen-2-amine (3m) 

 

The general procedure was followed. 5-methoxy-3,4-dihydronaphthalen-2(1H)-one (1e) (19.9 mg, 0.112 mmol), 

aniline (2a) (15.3 mg, 0.164 mmol, 15 µl) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 

mg, 1 equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. 

The reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was 

removed under reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave 

the desired product 3m as a dark orange solid (11 mg, 0.044 mmol, 39 %). 

1H NMR (400 MHz, CDCl3) ɻ  8.15 (dt, J = 8.9, 0.7 Hz, 1H), 7.39 (d, J = 2.3 Hz, 1H), 7.33 ς 7.27 (m, 3H), 7.24 ς 7.14 (m, 

4H), 6.97 (tt, J = 7.4, 1.1 Hz, 1H), 6.65 (dd, J = 7.6, 1.0 Hz, 1H), 5.86 (s, 1H), 3.98 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  155.6, 142.9, 141.4, 135.8, 129.4, 126.6, 123.5, 121.4, 120.9, 119.1, 118.9, 118.3, 111.2, 

101.8, 55.4. 

HRMS calculated for [C17H12NO]: 249.1154 found: 249.1147 

 

N-(4-ethoxyphenyl)-6-fluoronaphthalen-2-amine (3n) 

 

The general procedure was followed. 6-fluoro-3,4-dihydronaphthalen-2(1H)-one (1f) (16.5 mg, 0.10 mmol), 4-ethoxy 

aniline (2c) (20 mg, 0.15 mmol), quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 

equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The 

reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed 

under reduced pressure. The crude was purified via flash chromatography (hexane:EtOAc 10:1), which gave the 

desired product 3n as a bright red solid (21 mg, 0.074 mmol, 74 %).  

1H NMR (400 MHz, CDCl3) ɻ  7.63 (d, J = 8.9 Hz, 1H), 7.54 (dd, J = 9.0, 5.5 Hz, 1H), 7.32 (dd, J = 9.9, 2.8 Hz, 1H), 7.22 ς 

7.07 (m, 5H), 6.92 ς 6.86 (m, 2H), 5.60 (s, 1H), 4.04 (q, J = 7.0 Hz, 2H), 1.42 (t, J = 7.0 Hz, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  158.99 (d, J = 242.5 Hz), 154.9, 142.5, 135.4, 131.7, 128.74 (d, J = 8.4 Hz), 128.4, 128.3, 

128.3, 128.2, 122.6, 120. 1, 116.5 (d, J = 25.1 Hz), 115.5, 110.7 (d, J = 20.9 Hz), 108.9, 63.8, 14.9. 
19F NMR (376 MHz, CDCl3) ɻ  -119.42. 

HRMS calculated for [C18H16FNO]: 281.1216 found: 281.1211 

 

N-(pyrazin-2-yl)quinolin-6-amine (3o) 
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The general procedure was followed. 7,8-dihydroquinolin-6(5H)-one (1g) (15 mg, 0.102 mmol), pyrimidin-4-amine (2f) 

(15 mg, 0.157 mmol), quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were 

placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was 

cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced 

pressure. The crude was purified via flash chromatography (DCM/MeOH 10:1), which gave the desired product 2o as a 

dark brown solid (15 mg, 0.068 mmol, 68 %).  

1H NMR (400 MHz, CDCl3ύ ʵ уΦтт όŘΣ J = 8.8 Hz, 1H), 8.55 (dd, J = 6.0, 1.0 Hz, 1H), 8.02 ς 7.86 (m, 3H), 7.83 ς 7.73 (m, 

2H), 7.66 (ddd, J = 8.2, 7.0, 1.2 Hz, 1H), 7.31 (dd, J = 8.5, 6.0 Hz, 1H), 4.57 (s, 1H). 
13C NMR (101 MHz, CDCl3ύ ʵ мртΦ7, 153.6, 146.6, 141.0, 134.7, 133.3, 131.6, 129.5, 127.8, 127.2, 125.4, 119.9, 118.8. 

HRMS calculated for [C13H10N4]: 222.0905 found: 222.0896 

 

N-(5-methoxynaphthalen-2-yl)pyrazin-2-amine (3p) 

 

The general procedure was followed. 5-methoxy-3,4-dihydronaphthalen-2(1H)-one (1e) (18.6 mg, 0.105 mmol), 

pyrimidin-4-amine (2f) (15 mg, 0.157 mmol), quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair 

(22.5 mg, 1 equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 

140 °C. The reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was 

removed under reduced pressure. The crude was purified via flash chromatography (DCM/MeOH 40:1), which gave 

the desired product 3p as a dark orange solid (10 mg, 0.042 mmol, 40 %).  

1H NMR (400 MHz, CDCl3) ɻ  8.34 (d, J = 1.5 Hz, 1H), 8.24 (d, J = 8.9 Hz, 1H), 8.17 (dd, J = 2.7, 1.5 Hz, 1H), 8.02 (d, J = 2.7 

Hz, 1H), 7.98 (d, J = 2.3 Hz, 1H), 7.44 ς 7.33 (m, 3H), 6.82 ς 6.68 (m, 2H), 4.00 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  155.5, 152.2, 142.1, 137.3, 135.4, 135.2, 133.2, 129.5, 126.9, 123.6, 122.2, 119.7, 119.6, 

115.5, 102.9, 55.5. 

HRMS calculated for [C15H13N3O]: 251.1059 found: 251.1052 

 

6-methoxy-N-(4-(trifluoromethyl)phenyl)naphthalen-2-amine (3q) 

 

The general procedure was followed. 6-methoxy-3,4-dihydronaphthalen-2(1H)-one (1d) (18 mg, 0.102 mmol), 4-

trifluoromethyl aniline (2d) (18 mg, 0.110 mmol), quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and 

oACair (22.5 mg, 1 equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 
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h at 140 °C. The reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent 

was removed under reduced pressure. The crude was purified via flash chromatography (hexane:EtOAc 10:1), which 

gave the desired product 3q as a bright red solid (22 mg, 0.069 mmol, 68 %).  

1H NMR (400 MHz, CDCl3) ɻ  7.71 (d, J = 8.8 Hz, 1H), 7.62 (d, J = 8.9 Hz, 1H), 7.54 ς 7.41 (m, 3H), 7.30 ς 7.24 (m, 1H), 

7.19 ς 7.09 (m, 2H), 7.04 (d, J = 8.8 Hz, 2H), 5.99 (s, 1H), 3.91 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  156.9, 147.3, 136.7, 131.3, 129.6, 128.4, 128.2, 126.8, 126.7, 126.1, 124.7 (q, J = 270.7), 

121.42 (q, J = 33.1 Hz), 119.4, 116.8, 115.0, 105.9, 55.4. 
19F NMR (376 MHz, CDCl3) ɻ  -61.39. 

HRMS calculated for [C18H14F3NO]: 317.1027 found: 317.1023 

 

6-fluoro-N-phenylnaphthalen-2-amine (3r) 

 

The general procedure was followed. 6-fluoro-3,4-dihydronaphthalen-2(1H)-one (1f) (15.6 mg, 0.095 mmol), aniline 

(2a) (15.3 mg, 0.164 mmol, 15 µl) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 

equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The 

reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed 

under reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave the 

desired product 3r as a bright orange solid (21 mg, 0.088 mmol, 93 %). Spectroscopic data matches recorded literature 

values.5 

1H NMR (400 MHz, CDCl3ύ ʵ тΦст όŘΣ J = 8.8 Hz, 1H), 7.61 (dd, J = 9.0, 5.5 Hz, 1H), 7.43 (d, J = 2.3 Hz, 1H), 7.36 (dd, J = 

9.8, 2.7 Hz, 1H), 7.33 ς 7.28 (m, 2H), 7.27 ς 7.23 (m, 1H), 7.22 ς 7.10 (m, 3H), 6.98 (tt, J = 7.3, 1.1 Hz, 1H), 5.82 (s, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  159.4 (d, J = 242.5 Hz), 142.9, 140.4, 131.5, 129.5, 128.6, 128.6, 128.5, 128.4, 121.4 (d, J = 

21.9 Hz), 118.2, 116.7 (d, J = 25.1 Hz), 111.9, 110.8 (d, J = 20.0 Hz). 
19F NMR (376 MHz, CDCl3) ɻ  -118.37. 

 

N-phenylquinolin-6-amine (3s) 

 

The general procedure was followed. 7,8-dihydroquinolin-6(5H)-one (1g) (15 mg, 0.102 mmol), aniline (2a) (15.3 mg, 

0.164 mmol, 15 µl) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were 

placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was 

cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced 

pressure. The crude was purified via flash chromatography (DCM/MeOH 40:1), which gave the desired product 3s as a 

dark brown solid (11 mg, 0.05 mmol, 49 %). Spectroscopic data matches recorded literature values.6 

1H NMR (400 MHz, CDCl3ύ ʵ уΦтм όŘŘΣ J = 4.3, 1.7 Hz, 1H), 7.98 (d, J = 9.0 Hz, 1H), 7.93 (d, J = 8.6 Hz, 1H), 7.42 (dd, J = 

9.0, 2.6 Hz, 1H), 7.38 ς 7.27 (m, 4H), 7.23 ς 7.17 (m, 2H), 7.03 (tt, J = 7.3, 1.1 Hz, 1H), 6.05 (s, 1H). 
13C NMR (101 MHz, CDCl3ύ ʵ мптΦсΣ мппΦоΣ мпнΦ2, 141.7, 134.4, 130.6, 129.5, 123.1, 122.3, 121.5, 119.2, 109.4. 
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N-(naphthalen-2-yl)dibenzo[b,d]furan-3-amine (3t) 

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), dibenzo[b,d]furan-3-amine (2g) (23 

mg, 0.12 mmol) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed 

in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled 

to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced 

pressure. The crude was purified via flash chromatography (hexane:EtOAc 10:1), which gave the desired product 3t as 

a dark red solid (24 mg, 0.077 mmol, 72 %).  

1H NMR (400 MHz, CDCl3) ɻ  7.88 ς 7.75 (m, 4H), 7.68 (dd, J = 8.1, 0.9 Hz, 1H), 7.56 ς 7.50 (m, 2H), 7.47 ς 7.28 (m, 6H), 

7.10 (dd, J = 8.3, 2.0 Hz, 1H), 6.11 (s, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  157.6, 156.3, 143.1, 140.4, 134.6, 129.5, 129.4, 127.7, 126.6, 126.6, 125.8, 124.5, 123.8, 

122.8, 121.3, 120.3, 119.7, 117.9, 114.1, 112.5, 111.4, 100.2. 

HRMS calculated for [C22H15ON]: 309.1154 found: 309.1146 

 

4-(naphthalen-2-yl)morpholine (3u) 

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), morpholine (2h) (12.5 mg, 0.143 

mmol) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt, 

filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (hexane:EtOAc 5:1), which gave the desired product 3u as a light 

orange solid (21 mg, 0.098 mmol, 92 %). Spectroscopic data matches recorded literature values.7 

1H NMR (400 MHz, CDCl3) ɻ  7.83 ς 7.63 (m, 3H), 7.41 (ddd, J = 8.2, 6.8, 1.3 Hz, 1H), 7.35 ς 7.19 (m, 2H), 7.11 (d, J = 2.5 

Hz, 1H), 4.01 ς 3.84 (m, 4H), 3.33 ς 3.15 (m, 4H). 
13C NMR (101 MHz, CDCl3) ɻ  149.1, 134.5, 128.8, 128.7, 127.4, 126.8, 126.3, 123.5, 118.9, 110.1, 66.9, 49.8. 

 

1-(naphthalen-2-yl)piperidine (3v) 
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¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ ʲ-tetralone (1a) (16 mg, 0.108 mmol, 15 µl), piperidine (2i) (12.5 mg, 0.143 

mmol) quinoline-1-oxide (10) (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt, 

filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (hexane:EtOAc 5:1), which gave the desired product 3v as a light 

orange solid (8 mg, 0.038 mmol, 36 %). Spectroscopic data matches recorded literature values.8 

1H NMR (400 MHz, CDCl3) ɻ  7.72 (t, J = 9.8 Hz, 3H), 7.41 (ddd, J = 8.3, 6.8, 1.4 Hz, 1H), 7.33 ς 7.26 (m, 2H), 7.15 (d, J = 

2.6 Hz, 1H), 3.37 ς 3.22 (m, 4H), 1.87 ς 1.72 (m, 4H), 1.70 ς 1.60 (m, 2H). 
13C NMR (101 MHz, CDCl3) ɻ  150.1, 134.7, 128.5, 128.3, 127.4, 126.7, 126.1, 123.1, 120.2, 110.3, 51.0, 25.9, 24.4. 

 

N-methyl-N-phenylnaphthalen-2-amine (3w) 

 

The general procedure was followed. -̡tetralone (1a) (16 mg, 0.108 mmol, 15 µl), N-methyl aniline (2j) (15.3 mg, 0.14 

mmol, 15 µl) quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed in a 

reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled to rt, 

filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced pressure. 

The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave the desired product 3w as a white 

solid (16 mg, 0.7 mmol, 70 %). Spectroscopic data matches recorded literature values.9 

1H NMR (400 MHz, CDCl3) ɻ  7.76 ς 7.65 (m, 3H), 7.41 (t, J = 8.2 Hz, 1H), 7.35 ς 7.27 (m, 4H), 7.20 (dd, J = 8.9, 2.4 Hz, 

1H), 7.10 (d, J = 8.6 Hz, 2H), 7.01 (t, J = 7.3 Hz, 1H), 3.42 (s, 3H). 

13C NMR (101 MHz, CDCl3) ɻ  149.1, 146.6, 134.7, 129.3, 129.1, 128.6, 127.5, 126.7, 126.3, 123.7, 121.9, 121.8, 121.4, 

114.6, 40.6. 

Synthesis of compounds 12a-h 

N-phenyl-[1,1'-biphenyl]-4-amine (12a) 

 

The general procedure was followed. 2,5-dihydro-[1,1'-biphenyl]-4(3H)-one (20.5 mg, 0.119 mmol), aniline (15.3 mg, 

0.164 mmol, 15 µl), quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed 

in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled 

to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced 

pressure. The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave the desired product as a 

white solid (15 mg, 0.061 mmol, 51 %). Spectroscopic data matches recorded literature values.10 

1H NMR (400 MHz, CDCl3) ɻ  7.62 ς 7.58 (m, 2H), 7.57 ς 7.52 (m, 2H), 7.49 ς 7.42 (m, 2H), 7.31 (d, J = 2.1 Hz, 3H), 7.23 ς 

7.12 (m, 4H), 6.99 (tt, J = 7.2, 1.2 Hz, 1H), 5.81 (s, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  142.9, 142.6, 140.9, 133.8, 129.4, 128.8, 128.0, 126.6, 126.5, 121.3, 118.1, 117.8. 
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4'-methyl-N-phenyl-[1,1'-biphenyl]-4-amine (12b)

 

The general procedure was followed. пΩ-methyl-2,5-dihydro-[1,1'-biphenyl]-4(3H)-one (18.9 mg, 0.101 mmol), aniline 

(15.3 mg, 0.164 mmol, 15 µl) quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) 

were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction 

was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under 

reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 5:1), which gave the desired 

product as a white solid (15 mg, 0.057 mmol, 57 %). Spectroscopic data matches recorded literature values.11 

1H NMR (400 MHz, CDCl3) ɻ  7.53 ς 7.39 (m, 3H), 7.30 ς 7.25 (m, 2H), 7.24 ς 7.19 (m, 2H), 7.14 ς 7.08 (m, 4H), 6.94 (tt, J 

= 7.4, 1.3 Hz, 1H), 5.75 (s, 1H), 2.38 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  143.0, 142.3, 138.0, 136.3, 133.8, 129.5, 129.4, 127.8, 126.4, 121.1, 117.9, 116.7, 21.1. 

 

4'-fluoro-N-phenyl-[1,1'-biphenyl]-4-amine (12c) 

 

The general procedure was followed. 4'-fluoro-2,5-dihydro-[1,1'-biphenyl]-4(3H)-one (15.6 mg, 0.095 mmol), aniline 

(15.3 mg, 0.164 mmol, 15 µl) quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) 

were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction 

was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under 

reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave the desired 

product as a white solid (15 mg, 0.05 mmol, 60 %).   

1H NMR (400 MHz, CDCl3) ɻ  7.58 ς 7.51 (m, 2H), 7.50 ς 7.46 (m, 2H), 7.36 ς 7.30 (m, 2H), 7.19 ς 7.10 (m, 6H), 6.99 (tt, J 

= 7.3, 1.2 Hz, 1H), 5.80 (s, 1H). 
13C NMR (101 MHz, CDCl3ύ ʵ 162.1 (d, J = 245.6 Hz), 142.8, 142.6, 137.0, 136.99, 132.8, 129.4, 128.1, 128.0, 127.9, 

121.3, 118.14, 117.78, 115.56 (d, J = 21.0). 
19F NMR (376 MHz, CDCl3) ɻ  -116.78. 

HRMS calculated for [C18H14FN]: 263.1110 found: 263.1108 

 

N-(4-(tert-butyl)phenyl)-4'-fluoro-[1,1'-biphenyl]-4-amine (12d) 

 

The general procedure was followed. 4'-fluoro-2,5-dihydro-[1,1'-biphenyl]-4(3H)-one (26.3 mg, 0.13 mmol), 4-(tert-

butyl)aniline (20 mg, 0.134 mmol) quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) 
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were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction 

was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under 

reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 40:1), which gave the desired 

product as a white solid (21 mg, 0.065 mmol, 41 %).  

1H NMR (400 MHz, CDCl3) ɻ  7.54 ς 7.46 (m, 2H), 7.46 ς 7.40 (m, 2H), 7.35 ς 7.28 (m, 2H), 7.14 ς 7.03 (m, 6H), 5.70 (s, 

1H), 1.32 (s, 9H). 
13C NMR (101 MHz, CDCl3) ɻ  162.02 (d, J = 245.5 Hz), 144.6, 143.2, 139.9, 137.1, 137.1, 132.2, 128.0, 127.9, 127.8, 

126.2, 118.5, 117.1, 115.5 (d, J = 21.0 Hz), 34.2, 31.5.     
19F NMR (376 MHz, CDCl3) ɻ  -116.95. 

HRMS calculated for [C22H22FN]: 319.1736 found: 319.1731 

 

N-(4-(tert-butyl)phenyl)-[1,1'-biphenyl]-4-amine (12e) 

 

The general procedure was followed. 2,5-dihydro-[1,1'-biphenyl]-4(3H)-one (21 mg, 0.12 mmol), 4-(tert-butyl)aniline 

(20 mg, 0.134 mmol) quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were placed 

in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was cooled 

to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced 

pressure. The crude was purified via flash chromatography (hexane/EtOAc 40:1), which gave the desired product as a 

white solid (16 mg, 0.053 mmol, 44 %). Spectroscopic data matches recorded literature values.12 

1H NMR (400 MHz, CDCl3) ɻ  7.61 ς 7.53 (m, 2H), 7.53 ς 7.46 (m, 2H), 7.41 (t, J = 7.7 Hz, 2H), 7.36 ς 7.28 (m, 3H), 7.15 ς 

7.02 (m, 4H), 5.71 (s, 1H), 1.32 (s, 9H). 
13C NMR (101 MHz, CDCl3) ɻ  144.5, 143.2, 140.9, 140.1, 133.2, 128.7, 127.9, 126.5, 126.2, 118.4, 117.1, 34.2, 31.5. 

 

N-(4-(trifluoromethyl)phenyl)-[1,1'-biphenyl]-4-amine (12f) 

 

The general procedure was followed. 2,5-dihydro-[1,1'-biphenyl]-4(3H)-one (21 mg, 0.12 mmol), 4-

trifluoromethylaniline (20 mg, 0.124 mmol) quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 

1 equiv.) were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 hours at 140 °C. 

The reaction was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was 

removed under reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 10:1), which gave 

the desired product as a white solid (15 mg, 0.047 mmol, 40 %).   

1H NMR (400 MHz, CDCl3) ɻ  7.64 ς 7.52 (m, 4H), 7.49 (d, J = 8.5 Hz, 2H), 7.43 (dd, J = 8.4, 6.9 Hz, 2H), 7.35 ς 7.29 (m, 

1H), 7.24 ς 7.18 (m, 2H), 7.09 (d, J = 8.4 Hz, 2H), 5.97 (s, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  146.6, 138.8, 134.4, 130.0, 129.5, 127.7, 126.8, 126.8, 126.7, 124.6 (q, J = 270.7 Hz), 121.9 

(q, J = 32.2 Hz), 120.0, 115.8, 114.9.  
19F NMR (376 MHz, CDCl3) ɻ  -61.47. 
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HRMS calculated for [C19H14F3N]: 313.1078 found: 313.1078 

 

4-(4'-methyl-[1,1'-biphenyl]-4-yl)morpholine (12g)

 

¢ƘŜ ƎŜƴŜǊŀƭ ǇǊƻŎŜŘǳǊŜ ǿŀǎ ŦƻƭƭƻǿŜŘΦ пΩ-methyl-2,5-dihydro-[1,1'-biphenyl]-4(3H)-one (20.3 mg, 0.109 mmol), aniline 

(15.3 mg, 0.164 mmol, 15 µl) quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) 

were placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction 

was cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under 

reduced pressure. The crude was purified via flash chromatography (hexane/EtOAc 5:1), which gave the desired 

product as a white solid (10 mg, 0.041 mmol, 40 %). Spectroscopic data matches recorded literature values.13 

1H NMR (400 MHz, CDCl3) ɻ  7.63 ς 7.52 (m, 2H), 7.52 ς 7.46 (m, 2H), 7.28 ς 7.17 (m, 2H), 7.04 ς 6.96 (m, 2H), 4.00 ς 

3.67 (m, 4H), 3.33 ς 3.02 (m, 4H), 2.41 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  150.4, 137.9, 136.2, 132.8, 129.4, 128.2, 127.6, 126.6, 126.4, 115.8, 115.6, 66.9, 49.3, 

21.1. 

 

4-([1,1'-biphenyl]-4-yl)morpholine (12h) 

 

The general procedure was followed. 2,5-dihydro-[1,1'-biphenyl]-4(3H)-one (23.5 mg, 0.136 mmol), morpholine (12.5 

mg, 0.143 mmol, 15 µl) quinoline-1-oxide (15 mg, 0.103 mmol), anisole (1 mL) and oACair (22.5 mg, 1 equiv.) were 

placed in a reaction tube under Ar atmosphere. The reaction mixture was stirred for 24 h at 140 °C. The reaction was 

cooled to rt, filtered through a pad of celite and washed with CH2Cl2 (50 mL). The solvent was removed under reduced 

pressure. The crude was purified via flash chromatography (hexane/EtOAc 5:1), which gave the desired product as a 

white solid (18 mg, 0.075 mmol, 58 %). Spectroscopic data matches recorded literature values.14 

1H NMR (400 MHz, CDCl3) ɻ  7.61 ς 7.49 (m, 4H), 7.44 ς 7.37 (m, 2H), 7.32 ς 7.26 (m, 1H), 7.03 ς 6.91 (m, 2H), 4.20 ς 

3.58 (m, 4H), 3.34 ς 2.96 (m, 4H). 
13C NMR (101 MHz, CDCl3) ɻ  150.6, 140.8, 132.7, 128.7, 127.8, 126.6, 126.5, 115.8, 66.9, 49.2. 

 

Synthesis of starting materials 

7,8-dihydro-5H-spiro[quinoline-6,2'-[1,3]dioxolane] 
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The reaction was performed according to a modified reported procedure by Sotnik et al. 15 Propargylamine (1.68 g, 

30.5 mmol, 1.95 mL) and isopropanol (15 mL) were placed in a 50 mL round-bottom flask. The flask was placed in an 

oil bath heated to 60 °C, and anhydrous CuCl2 (0.131 g, 0.76 mmol) and a mixture of 1,4-dioxaspiro[4.5]decan-8-one 

(2.34 g, 15.3 mmol) in isopropanol (5.0 mL) were added under vigorous stirring. The mixture was stirred at 84 °C under 

reflux for 18.5 h. The reaction mixture was cooled down and evaporated under reduced pressure, and the residue was 

dissolved in CH2Cl2 (100 mL). The crude product was pre-purified by flash chromatography (eluent CH2Cl3, then EtOAc). 

The resulting solution was evaporated, and the crude product was purified by flash chromatography (eluent 

hexane/EtOAc 1:1) to obtain the desired product as a dark orange oil (1.45 g, 7.6 mmol, 50% yield). Spectroscopic data 

matches recorded literature values. 15 

1H NMR (400 MHz, CDCl3) ɻ  8.43 ς 8.35 (m, 1H), 7.34 (ddt, J = 7.7, 1.9, 1.0 Hz, 1H), 7.05 (dd, J = 7.7, 4.7 Hz, 1H), 4.05 (s, 

4H), 3.15 (t, J = 6.9 Hz, 2H), 3.00 (s, 2H), 2.06 (tt, J = 6.9, 1.0 Hz, 2H). 
13C NMR (101 MHz, CDCl3) ɻ  155.8, 147.4, 137.0, 129.5, 121.0, 107.5, 64.6, 38.5, 31.5, 31.0. 

 

7,8-dihydroquinolin-6(5H)-one (1g) 

 

 

The reaction was performed according to a modified reported procedure by Sotnik et al. 15 Water (10 mL), 85% 

ǇƘƻǎǇƘƻǊƛŎ ŀŎƛŘ όр Ƴ[ύΣ ŀƴŘ т Σу-dihydro-рH-spiro[1,3]dioxolane-нΣс-quinoline (900 mg, 4.70 mmol) were added to a 

100 mL flask. The reaction mixture was stirred and heated under reflux at 80 °C for 6 h in an oil bath. The reaction 

solution was adjusted to pH = 6 with saturated sodium carbonate solution and then extracted with EtOAc (3 × 15 mL). 

). The combined organic phases were washed with brine (10 mL), dried over anhydrous sodium sulfate, and the 

solvent was removed under reduced pressure. The crude product was purified by flash chromatography 

(hexane/EtOAc 1:1) to give the desired product as a dark yellow oil (593 mg, 4.04 mmol, 86% yield). Spectroscopic 

data matches recorded literature values. 15 

1H NMR (400 MHz, CDCl3) ɻ  8.48 ς 8.43 (m, 1H), 7.46 ς 7.41 (m, 1H), 7.17 (dd, J = 7.6, 4.9 Hz, 1H), 3.62 (s, 2H), 3.29 (t, J 

= 6.9 Hz, 2H), 2.76 ς 2.61 (m, 2H). 
13C NMR (101 MHz, CDCl3) ɻ  208.7, 156.7, 147.7, 136.1, 128.3, 122.1, 43.8, 37.8, 31.1. 

 

 

Quinoline-1-oxide (10) 

 

The reaction was performed according to a modified reported procedure by Li et al.16 Quinoline (516 mg, 4.0 mmol, 1 

equiv., 472 mL) was dissolved in dry DCM (5 mL, over 4Å sieves), the solution was placed under Ar and cooled down to 

л ɕ/Φ Ƴ-CPBA (760 mg, 4.4 mmol, мΦм ŜǉǳƛǾΦύ ǿŀǎ ŘƛǎǎƻƭǾŜŘ ƛƴ 5/a όмр Ƴ[ύΣ ŀƴŘ ŀŘŘŜŘ ǘƻ ǘƘŜ ǎƻƭǳǘƛƻƴ ŀǘ л ɕ/Φ !ŦǘŜǊ 

ǘƘŜ ŀŘŘƛǘƛƻƴ ǿŀǎ ŎƻƳǇƭŜǘŜŘΣ ǘƘŜ ǊŜŀŎǘƛƻƴ ƳƛȄǘǳǊŜ ǿŀǎ ǎǘƛǊǊŜŘ ŀǘ л ɕ/ for 1 h, then let warm up to rt and stirred for 18.5 

h. After reaction was completed, 10 w% aqueous Na2SO3 solution (5 mL) was added and the reaction mixture was 
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extracted with DCM (3×15 mL), the combined organic phases were washed with saturated NaHCO3 (1×20 mL) and 

brine (1×20 mL). The organic phase was dried over anhydrous Na2SO4, filtered, and evaporated under reduced 

pressure. The crude was purified via flash chromatography (eluent EtOAc/MeOH 10:1) and the product was obtained 

as a white solid. Spectroscopic data matches recorded literature values.16 

1H NMR (400 MHz, CDCl3ύ ʵ уΦун ς 8.72 (m, 1H), 8.54 (dd, J = 6.0, 1.1 Hz, 1H), 7.88 (dd, J = 8.3, 1.5 Hz, 1H), 7.81 ς 7.70 

(m, 2H), 7.66 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 7.31 (dd, J = 8.4, 6.1 Hz, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  141.6, 135.6, 130.5, 130.4, 128.8, 128.1, 125.9, 120.9, 119.8. 

 

General method 

The reaction was performed according to a modified reported procedure by Rashid et al.17 A dry 100 mL 2-neck flask, 

fitted with a reflux condenser and stirring bar, was charged with Mg (267 mg, 11 mmol, 1.1 eq.) turnings and dry THF 

(8 mL) under Ar atmosphere. In another 2-neck flask under Ar, a solution of bromobenzene derivative (10 mmol, 1 eq.) 

in dry THF (2 mL) was prepared and 1 mL was added to the initial mixture. The reaction was initiated by heating 

quickly with a heat gun. The rest of the solution of bromobenzene in THF was added at such a rate that gentle 

refluxing was maintained. After the addition was complete, the reaction mixture was stirred under reflux until all the 

magnesium had reacted. To this solution a solution of 1,4-dioxaspiro[4.5]decan-8-one (10 mmol, 1 eq.) in THF (10 mL) 

was added dropwise at 0 °C. After the addition was completed, the reaction mixture was stirred under reflux for 1-4 h. 

The reaction mixture was than cooled to 0 °C and quenched with sat. NH4Cl (40-50 ml). The organic phase was 

extracted with EtOAc and washed with H2O and brine then dried over Na2SO4. The solvent was removed under 

reduced pressure. The crude product was dissolved in DCM (75 ml) and cooled down in an ice bath. TFA (25 ml) was 

added slowly and the reaction mixture was stirred in RT. After 4h the mixture was neutralized with sat. NaHCO3 at 0 

°C, and the organic phase was extracted with EtOAc, washed with H2O and brine, and dried over Na2SO4. The solvent 

was removed under reduced pressure and the crude was purified by flash column chromatography.  

 

4-phenylcyclohex-3-en-1-one  (11a) 

 

 
 

The product was obtained following the general procedure and purified via (hexane:EtOAc, 20:1) which gave the  

desired product as white solid (0.7282 g, 4.23 mmol, 42%). Spectroscopic data matches recorded literature values.17 
 

1H NMR (400 MHz, CDCl3) ɻ  7.46 ς 7.33 (m, 4H), 7.35 ς 7.27 (m, 1H), 6.12 (tt, J = 3.9, 1.3 Hz, 1H), 3.10 (dt, J = 3.9, 1.9 

Hz, 2H), 3.00 ς 2.87 (m, 2H), 2.68 (t, J = 6.9 Hz, 2H). 
13C NMR (101 MHz, CDCl3) ɻ  210.1, 140.8, 137.8, 128.5, 127.4, 125.2, 121.0, 40.0, 38.7, 27.9. 

 

 

4'-methyl-4-phenylcyclohex-3-en-1-one  (11b) 
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The product was obtained following the general procedure and purified by flash column chromatography 

(hexane:EtOAc, 10:1) which gave the desired product as white solid (0.4552 g, 2.4 mmol, 24%).  

1H NMR (400 MHz, CDCl3) ɻ  7.32 ς 7.27 (m, 2H), 7.19 ς 7.13 (m, 2H), 6.05 (ddt, J = 3.9, 2.5, 1.3 Hz, 1H), 3.10 ς 3.01 (m, 

2H), 2.89 (td, J = 6.9, 1.6 Hz, 2H), 2.64 (t, J = 6.9 Hz, 2H), 2.35 (s, 3H). 
13C NMR (101 MHz, CDCl3) ɻ  210.3, 137.9, 137.6, 137.2, 129.2, 127.5, 125.1, 120.1, 115.6, 39.95, 38.7, 27.9, 21.1. 

HRMS calculated for [C13H14O]: 186.1045 found: 186.1038 

 

4'-fluoro-4-phenylcyclohex-3-en-1-one (11c) 

 

The product was obtained following the general procedure and purified by flash column chromatography 

(hexane:EtOAc, 10:1) which gave the desired product as pale yellow solid (0.865 g, 4.55 mmol, 46%).  

 
1H NMR (500 MHz, CDCl3)  ɻ7.40 ς 7.31 (m, 2H), 7.11 ς 6.98 (m, 2H), 6.12 ς 5.92 (m, 1H), 3.06 (dt, J = 3.9, 1.9 Hz, 2H), 

2.87 (ddq, J = 6.8, 5.1, 1.7 Hz, 2H), 2.65 (t, J = 6.9 Hz, 2H).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
13C NMR (101 MHz, CDCl3) ɻ  209.7, 162.2 (d, J = 246.6 Hz), 136.8, 126. 9, 126.8, 120.9, 115.3 (d, J = 20.9 Hz), 39.9, 38.6, 

28.1. 
19F NMR (376 MHz, CDCl3) ɻ  -114.03. 

HRMS calculated for [C12H11FO]: 190.0794 found: 190.0790 

 

3,4-dihydronaphthalen-2(1H)-one-1,1,3,3-d4 (1a-1,1,3,3-2H4) 

 

The reaction was performed according to a modified reported procedure by Zhou et al. 18 A MW vial was dried and 

filled with Ar. After being charged with ̡-tetralone (132 µL, 146 mg, 1 mmol), anhydrous K2CO3 (55 mg, 0.4 mmol),  

and 0.55 mL D2O, it was sealed and stirred at 100 °C for 48 h. It was then cooled to rt, neutralized with 50 µL acetic 

acid-d4 and the organic phase extracted with 3x5mL EtOAc. After drying with NaSO4, it was filtered and the solvent 

removed under reduced pressure. Desired product was obtained as a colorless oil in 84% yield (95% deuteration). 

Spectroscopic data matches recorded literature values.18 

1H NMR (400 MHz, CDCl3) ɻ  7.25 ς 7.19 (m, 3H), 7.13 (td, J = 4.8, 3.1 Hz, 1H), 3.06 (s, 2H). 
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13C NMR (101 MHz, CDCl3) ɻ  210.9, 136.7, 133.2, 128.3, 127.6, 126.9, 126.88, 45.6 ς 43.4 (m), 39.5 ς 36.0 (m) 28.2. 

HRMS calculated for [C10H6D4O]: 150.0983 found: 150.0978 

 

3-phenylpropan-3,3-d2-1-ol 

 

The reaction was performed according to a modified reported procedure by Kurita et al.19 A suspension of 3-

phenylpropan-1-ol (2.00 mmol, 272 mgύ ŀƴŘ мл ҈ tŘκ/ όмл ǿǘ ҈ ƻŦ ǘƘŜ ǎǳōǎǘǊŀǘŜύ ƛƴ 52O (1 Ƴ[ύ ǿŀǎ ǎǘƛǊǊŜŘ рл ϲ/ ƛƴ ŀ 

sealed Schlenk tube filled with hydrogen gas for 18h. The mixture was then diluted with diethyl ether and filtered 

through celite to remove the catalyst. The filtrate was partitioned between diethyl ether and aqueous layers. The 

aqueous layer was extracted with diethyl ether (2×15 mL) and the combined organic layers were dried over Na2SO4, 

filtered, and the solvent removed under reduced pressure. Desired product was obtained as a colorless oil (260 mg, 

1.88 mmol, 94% yield, 92% deuteration).  

 
1H NMR (400 MHz, CDCl3) ɻ  7.31 ς 7.26 (m, 2H), 7.22 ς 7.16 (m, 3H), 3.66 (t, J = 6.4 Hz, 2H), 1.88 (t, J = 6.6 Hz, 2H). 
13C NMR (101 MHz, CDCl3) ɻ  141.8, 128.4, 128.4, 125.9, 62.1, 34.0, 32.5 ς 31.0 (m). 
HRMS calculated for [C9H10D2O]: 138.1014 found: 138.1016 

 

3-phenylpropanal-3,3-d2 

 

The reaction was performed according to a reported procedure by Zhang et al. 20 A solution of 3-phenylpropan-3,3-d2-

1-ol (260 mg, 1.88 mmol, 1.0 equiv) and IBX (1.58 g, 5.64 mmol, 3.0 equiv.) in 30 mL ethyl acetate was heated to reflux 

for 3 hours. Upon cooling to room temperature, the reaction mixture was filtrated through a pad of celite, washed 

with 50 mL of ethyl acetate and concentrated under reduced pressure. Desired product was obtained as a colorless oil 

(240 mg, 1.76 mmol, 93% yield, 92% deuteration). Spectroscopic data matches recorded literature values.20 

1H NMR (400 MHz, CDCl3) ɻ  9.82 (t, J = 1.4 Hz, 1H), 7.33 ς 7.26 (m, 2H), 7.20 (td, J = 7.3, 1.3 Hz, 3H), 2.80 ς 2.73 (m, 

2H). 
13C NMR (101 MHz, CDCl3) ɻ  201.6, 140.3, 128.6, 128.3, 126.3, 45.2, 28.6 ς 27.1 (m). 

 

(but-3-yn-1-yl-1,1-d2)benzene 
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The reaction was performed according to a modified reported procedure by Xu et al. 21 To a solution of 3-

phenylpropanal-3,3-d2 (240 mg, 1.76 mg, 1 equiv.), K2CO3 (486 mg, 3.52 mmol, 2 equiv.) and Bestmann-Ohira reagent 

(dimethyl (1-diazo-2-oxopropyl)phosphonate, 409.6 mg, 2.11 mmol, 1.2 equiv.) were added and the suspension was 

stirred at room temperature for 18 h. The solvent was removed and the crude was was purified via flash 

chromatography (hexane/EtOAc 20:1), which gave the desired product as a colorless oil (130 mg, 0.98 mmol, 56% 

yield, 92% deuteration). 

1H NMR (400 MHz, CDCl3) ɻ  7.33 ς 7.27 (m, 2H), 7.25 ς 7.20 (m, 3H), 2.83 (t, J = 7.4 Hz, 0H), 2.49 ς 2.45 (m, 2H), 1.97 (t, 

J = 2.6 Hz, 1H). 
13C NMR (101 MHz, CDCl3) ɻ  140.4, 128.4, 126.4, 83.8, 69.0, 35.0 ς 33.8 (m), 20.4. 

HRMS calculated for [C9H10D2O]: 132.0908 found: 132.0902 

 

3,4-dihydronaphthalen-2(1H)-one-4,4-d2 (1a-4,4-2H2) 

 

The reaction was performed according to a modified reported procedure by Ling et al.22 To a vial containing 5 mL of 

DCE was added sequentially (but-3-yn-1-yl-1,1-d2)benzene (31 mg, 0.25 mmol), 2, 6-dichloropyridine 1-oxide (50 mg, 

0.34 mmol, 1.36 equiv), TMetBuXPhosAuCl (3.5 mg, 0.005 mmol), and NaBArF4 (8.5 mg, 0.0075 mmol). The resulting 

mixture was bubbled with Ar for 15 minutes and stirred at 50 °C, and the progress of the reaction was monitored by 
1H-NMR. After 5h, when x was consumed, the reaction mixture was concentrated under vacuum. The crude was 

purified via flash chromatography (hexane/EtOAc 10:1), which gave the desired product as a colorless oil (25 mg, 0.17 

mmol, 67% yield, 92% deuteration). 

1H NMR (400 MHz, CDCl3) ɻ  7.23 (td, J = 5.4, 3.1 Hz, 3H), 7.16 ς 7.10 (m, 1H), 3.59 (d, J = 0.7 Hz, 2H), 2.55 (s, 2H). 
13C NMR (101 MHz, CDCl3) ɻ  210.7, 136.6, 133.3, 128.2, 127.6, 126.9, 126.8, 45.1, 38.0, 27.7. 

HRMS calculated for [C9H10D2O]: 148.0857 found: 148.0860 

 

Carbon material BET data 

Table S2. Textural analysis  

Sample SBET (m2/g) Vp (cm3/g) 

oACair 1112.1 0.796 

oACair + pyrene 1equiv. 729.9 0.639 

oACair + pyrene 2equiv. 662.5 0.598 

rGO 551 0.538 
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Carbon material XPS data 

              Table S3. Summary of O1s XPS (surface analysis) 

 

Material H2O O-C=O C-O esters C-OH C=O 

Peak BE (eV) 535.9 524.2 533.3 532.3 531.1 
ACdm 0.71 0.87 1.07 0.51 0.48 

oACHNO3 2.38 4.55 5.22 1.66 0.42 
rGO 2.35 5.29 8.47 2.53 0.45 

oACŀƛǊόҟύ 1.71 1.98 3.09 0.95 0.74 
oACair 2.18 2.45 3.88 1.3 0.68 
oACair-F 0.44 0.71 0.85 0.29 0.11 

       
       

 

Table S4. Summary of C1s XPS (surface analysis) 
 

Material Graphitic Aliphatic C-OH C=O O-C=O C(̄ - *̄)  

Peak BE (eV) 284.6 285.2 286.1 287.6 289.1 291.3 
ACdm 51.73 22.37 7.7 4.5 2.95 6.88 

oACHNO3 38.44 22.47 7.33 4.27 6.18 6.07 
rGO 35.04 19.5 12.41 5.12 4.61 4.03 

oACŀƛǊόҟύ 42.82 20.68 11.63 5.28 3.26 7.45 
oACair 38.62 24.96 9.24 4.81 3.79 7.61 
oACair-F 48.36 28.26 5.67 4.6 2.53 6.92 

 

 

 
 

Figure S2: XPS survey, C1s and O1s scans of ACdm 
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Figure S3: XPS survey, C1s, O1s and N1s scans of oACHNO3 

 

 
 

Figure S4: XPS survey, C1s, O1s and N1s scans of rGO 
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Figure S5: XPS survey, C1s and O1s scans of oACair(ɲ) 

 

 

 

 

 
 

Figure S6: XPS survey, C1s, O1s and N1s scans of oACair 
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Figure S7: XPS survey, C1s, O1s, N1s and F1s scans of oACair 

Solid-state 13C NMR  

 

Figure S8:  Solid-state 13C NMR of oACair 
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Additional computational data 

Enamine formation reaction energies 

To shed light on observed enamines in the reaction mixture, we computed reaction energies (DG and DH) 

of ketone 1a and amine 2a/2g/2u to enamine оŀΩ/оƎΩ/оǳΩ (Table S5). The elimination of H2O was accounted 

by solvating it with an explicit anisole molecule. All computed reaction energies were exergonic (entries 11-

13).     

 

Table S5. Table of computed (M06-2X/6-31+g(d,p)/CPCM(anisole)) free energies (DG) and enthalpies (DH).  

Entry Structure  DG DH 

1 H2O + anisole (a.u.) -769.451451 -769.38219 

2 anisole (a.u.) -693.060496 -692.999956 

3 D of (H2O + anisole) -anisole (kcal/mol) -76.3910 -76.3822 

4 1a (a.u.) -462.010568 -461.967487 

5 2a (a.u.) -287.407003 -287.371166 

6 2g (a.u.) -303.466325 -303.431153 

7 2u (a.u.) -287.578972 -287.544338 

8 оŀΩ (a.u.) -673.011274 -672.956391 

9 оƎΩ (a.u.) -689.066476 -689.011868 

10 оǳΩ (a.u.) -673.186786 -673.133541 

11 D ƻŦ оŀΩ ǘƻ мŀҌнŀҌI2O(anisole) (kcal/mol) -5.6608 -16.0109 

12 D ƻŦ оƎΩ ǘƻ мŀҌнƎҌI2O(anisole) (kcal/mol) -3.0754 -13.1808 

13 D ƻŦ оǳΩ ǘƻ мŀҌнǳҌI2O(anisole) (kcal/mol) -7.8840 -18.5071 

 

Imine-enamine tautomerization mediated by H2O and/or phenol 

Mediation of imine-enamine tautomerization with a) two water molecules, b) three water molecules and c) 
phenol and two water molecules were inspected (Fig. S1). Free energies, DG, (and enthalpies, DH) of 
transition state (TS) and enamine оŀΩ are normalized to imine оŀΩΩ with 2 or 3 H2O (or 2 H2O and PhOH) (Fig. 
S9 and Table S6). 

a. Proton transfer bridged with two H2O 

 



S26 
 

  

b. Proton transfer bridged with three H2O 

          

     

c. Proton transfer bridged with a phenol and two H2O 

                   

 

Figure S9: Mediation of proton shift in оŀΩΩ -оŀΩ tautomer exchange by a) two H2O, b) three H2O, c) PhOH and two H2O. 
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Table S6. Table of computed (M06-2X/6-31+g(d,p)/CPCM(anisole)) free energies (DG) and enthalpies (DH) (in a.u.). 

The energies of stationary structures are normalized to imine оŀΩΩ xH2O (+PhOH) complexes (kcal/mol). 

Entry {ǘǊǳŎǘǳǊŜ оŀΩΩ  DG DH i-freq Complex name (XYZ) 

1 with 2H2O (a.u.) -825.79854 -825.726497  оŀΩΩ-2H2O 

2 D to TS (kcal/mol) 28.80771072 24.48165953 -900.67 оŀΩΩ-2H2O-TS 

3 D to оŀΩ (kcal/mol) -2.55585 -0.86534  оŀΩ-2H2O 

4 with 3H2O (a.u.) -902.190508 -902.112229  оŀΩΩ-3H2O 

5 D to TS (kcal/mol) 26.63276244 22.88088254 -698.43 оŀΩΩ-3H2O-TS 

6 D to оŀΩ (kcal/mol) -2.38390897 -0.044553182  оŀΩ-3H2O 

7 with PhOH and 2H2O (a.u.) -1133.076958 -1132.986909  оŀΩΩ-PhOH-2H2O 

8 D to TS (kcal/mol) 24.92781886 20.6488309 -917.69 оŀΩΩ-PhOH-2H2O-TS 

9 D to оŀΩ (kcal/mol) -3.778862811 -2.939882476  оŀΩ-PhOH-2H2O 

Computational evaluation of enamine oxidation potentials 

The oxidation potentials for enamines were computed with the DFT method (M06-2X/6-
311G(d,p)/IEFPCM(MeCN) (Table S7) Luo and co-workers recently benchmarked this method for various 
enamines´ redox properties that were experimentally determined with cyclic voltammetry in MeCN.23 

Table S7. Oxidation potentials of selected enamines calculated with M06-2X/6-311G(d,p)/IEFPCM(MeCN)23  

Entry Enamine Charge DG (a.u.) Eox V vs. SCE (MeCN)* Structure name (XYZ) 

1 оŀΩ 1 -672.9538  оŀΩ-N 

2  0 -673.1426 0.671 оŀΩ-rK 

3 оƎΩ Npy 1 -689.00894  оƎΩ-N 

4  0 -689.20197 0.786 оƎΩ-rK 

5 оǳΩ morp 1 -673.14056  оǳΩ-N 

6  0 -673.31741 0.346 оǳΩ-rK 

7 оǾΩ piper 1 -637.22099  оǾΩ-N 

8  0 -637.39413 0.245 оǾΩ-rK 

9 оŦΩ pyraz 1 -705.05119  оŦΩ-N 

10  0  -705.24819 0.894 оŦΩ-rK 

11 оƛΩ Npyim 1 -705.06727  оƛΩ-N 

12  0 -705.26391 0.884 оƛΩ-rK 

13 оŎΩ Ph4OEt 1 -826.726466  оŎΩ-N 

14  0 -826.914882 0.661 оŎΩ-rK 

15 оōΩ Ph4tBu 1 -830.06853  оōΩ-N 

16  0 -830.25572 0.627 оōΩ-rK 

17 оŘΩ-Ph4CF3 1 -1009.9973  оŘΩ-N 

18  0 -1010.1914 0.814 оŘΩ-rK 

19 оƳΩ 5OMe 1 -787.43629  оƳΩ-N 

20  0 -787.625098 0.715 оƳΩ-rK 

21 оƭΩ 6OMe 1 -787.44269  оƭΩ-N 

22  0 -787.6247 0.486 оƭΩ-rK 

23 3j 7OMe 1 -787.43487  оƧΩ-N 

24  0 -787.247 0.993 оƧΩ-rK 

25 оƴΩ 6F 1 -772.20158  оƴΩ-N 

26  0 -772.39074 0.681 оƴΩ-rK 

27 оƻΩ BQpyraz 1 -721.09974  оƻΩ-N 

28  0 -721.30257 1.053 оƻΩ-rK 

*(DG(radical cation) - 0.00138# - DG(neutral)*627.5096 kcal/mol/23.061 kcal/(mol*V) - 4.429 V (saturated calomel 
electrode (SCE) in MeCN). # Value for the gas phase energy of the electron (-3.62 kj/mol = -0.00138 a.u.) based on the 
Fermi-Dirac statistical formalism.24 
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Mechanism of PQ mediated C-H cleavage 

We explored different enamine 3a C-H cleavage modes by PQ: single electron transfer (SET), hydrogen atom 

transfer (HAT) and hydride transfer (Fig. S10) by applying a computational concept analogous to the one 

Floreancig and Liu recently used to evaluate the C-H cleavage mechanism of benzyl ether by DDQ.25  

The SET pathway indicates high endergonic reaction free energies (DG = 46 kcal/mol) for the studied 

system. These values are lowered to some extent (ca. 7 kcal/mol) if the semiquinone radical anion is stabilized 

by a water or phenol molecule acting as H-bond donor. The subsequent step in this route would be 

deprotonation, resulting in the HAT pathway intermediate (оŀΩ-rN), stabilized with a neutral semiquinone 

radical, which is still endergonic, with reaction free energy of 19.7 kcal/mol. The following HAT step from 

neutral radical to the semiquinone, associated with highly exergonic aromatization ((DG = - 40.2 kcal/mol), is 

likely a diffusion-controlled step. Nevertheless, the high endergonic energies associated to the initial SET step 

make this route unlikely. 

 

Figure S10: Activation and reaction energies (in kcal/mol) of PQ promoted N-phenyl-3,4-dihydronaphthalen-2-amine 

dehydrogenation routes. (* estimated based on distance scan hill top, #biradical mixed state (HOMO-LUMO orbitals) 

computation) 

Next, to probe the HAT route, we computed reaction energies for H-3 and H-4 abstractions which denoted 
the radical at the allylic position (3-position) of оŀΩ is ca. 3.0 kcal/more stable than the one in benzylic (4-
position) (Fig. S11 and Table S7). We were not able to locate TS for H-3 HAT abstraction, but the biradical 
distance scan indicated that the barrier is higher than 35 kcal/mol. Instead, we were able to locate biradical 
TS H-4 HAT, with 33.8 kcal/mol barrier that is 0.3 lower than that for hydride shift TS (without H-bond donor). 
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Notably, in presence of an H-bond donor the biradical computations produced entirely ionic TS structures, 
with no spin density. To illustrate the phenomenon, we monitored the variation of Mulliken charge and spin 
density with IRC with and without an explicit water molecule (Fig. S11). The obtained values show that the 
involvement of H2O as H-bond bond donor changes the mechanism ionic. This result agrees with the 
computational results reported by Chan and Radom for transfer hydrogenation of quinones: going from gas 
phase to solvents, the increased polarity of medium changes the mechanism from radical to ionic.26 Similar 
biradical computations for TS2 geometry of оŀΩ and PQ as well as TS1 geometry of оŀΩ and CQ resulted purely 
ionic structures with zero spin densities. 

 

              

 
Figure S11: Mulliken charge and spin density monitored along IRC profile A) without H-bond donor towards PQ 
semiquinone radical and B) with H2O as H-bond donor towards PQ hydroquinone anion. Respective TS-geometries (оŀΩ-
PQ (+ H2O)) are illustrated above. 

 
Subsequently, ionic mechanism took our attention. Hydride transfer energy barriers from 3- and 4-

position of enamine оŀΩ to PQ were initially studied by relaxed H-O distance scanning runs (with 0.1 Å 
ƛƴŎǊŜƳŜƴǘǎύΦ ¢ƘŜ άƘƛƭƭ ǘƻǇέ ƎŜƻƳŜǘǊȅ ƻŦ ǇƻǘŜƴǘƛŀƭ ŜƴŜǊƎȅ surface scans were selected as an initial structure 
estimate for transition state optimizations. The scans made for the hydrogen at 3-position resulted ca. 5 
kcal/mol higher barriers than those of the one at 4-position, that indicated ca. 30 kcal/mol SCF energy. All 
the 3-position H shift transition state optimizations failed to give stationary structures related to H-shift, 
instead resulting in C-C bond formation between PQ carbonyl carbon and enamine carbon at 1-position. 
Barrier height differences can be rationalized by comparing the respective carbocation stabilities: the 
benzylic carbocation is ca. 9 kcal/mol more stable than the allylic one, which is reflected in the TS according 

to BellςEvansςPolanyi principle.  The observed KIE for 4-position deuterated b-tetralone fully agrees with this 
mechanistic hypothesis.     

The effect of H-bond donor additives 

As oAC contains abundantly OH groups, and the condensation reaction step releases a water molecule, we 
were also interested in studying their effect on quinone catalysis. Energy profile in Fig. S12 displays two 
hydride transfer pathways from enamine оŀΩ to PQ with H2O and PhOH as hydrogen bond donor additives 
(Table S8). The H-bonding takes place on the neighboring carbonyl oxygen that does not have any direct 
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bonding interactions the hydrogen shift process. The additives have a stabilization effect already in the initial 
van der Waals complex of оŀΩ and PQ (оŀΩ-PQ-vdW). As the vdW-complex formation is slightly endergonic 

(DG = 1.3 kcal/mol) without H-bond donor, H-bonding by H2O makes it energetically neutral and phenol 

slightly exergonic (DG = -1.3 kcal/mol). The effect of the additives becomes stronger at the later stage of the 
routes, when the complex is more polarized. Compared to TS1, its energy is 3.2 and 5.7 kcal/mol lower when 
stabilized by H2O and phenol, respectively. The strongest H-bonding stabilization is observed for intermediate 

complex оŀΩ.ƴ/-HPQ-vdW, for which H2O and PhOH provide 6.6 and 11.0 kcal/mol lower DG, respectively. 
The concerted route is less affected by the H-bond donors, where PhOH provides 1.6 and 3.6 kcal/mol lower 

DGἁ associated to TS2, respectively. Free (non-coordinated) H2O and PhOH solvation energies are evaluated 
by solvating the molecules with one and two explicit anisole molecules, respectively as H-bond acceptors.    

 Figure S12: Hydride shift energy profiles for enamine 3aΩ ŀƴŘ tv ǿƛǘƘ I2O and PhOH as H-bond donor additives.  

 
Table S8. Table of computed free energies (DG) and enthalpies (DH) M06-2X/6-311++(d,p)//M06-2X/6-31G+(d,p) 

CPCM(anisole). 

Entry Structure / complex  DG (in a.u.) DH (in a.u.) i-freq name (XYZ) 

1 оŀΩΩ -673.146759 -673.092384  оŀΩΩ 

2 оŀΩ -673.146978 -673.092733  оŀΩ 

3 оŀΩ .ŜƴȊȅƭƛŎ Ŏŀǘƛƻƴ -672.345640 -672.291405  оŀΩ .ƴ/ 

4 оŀΩ !ƭƭȅƭƛŎ Ŏŀǘƛƻƴ -672.331599 -672.277015  оŀΩ !/ 

5 оŀΩ .ŜƴȊȅƭƛŎ ǊŀŘƛŎŀƭ -672.517180 -672.461977  оŀΩ .ƴw 

6 оŀΩ !ƭƭȅƭƛŎ ǊŀŘƛŎŀƭ -672.521984 -672.466459  оŀΩ !w 

7 3a -671.978394 -671.925202  3a 

8 PQ -688.525440 -688.476011  PQ 

9 H2PQ -689.726658 -689.676878  H2PQ 

10 IнtvΩ -689.666979 -689.716792  IнtvΩ 

11 оŀΩ-PQ-vdW -1361.669506 -1361.585679  оŀΩ-PQ-vdW 

12 оŀΩ.ƴ/-HPQ-vdW -1361.633759 -1361.552429  оŀΩ-HPQ-vdW 

13 оŀΩ-PQ-TS1 -1361.618084 -1361.537794 -1331.67 оŀΩ-PQ-TS1 

14 оŀΩ-PQ-TS2 -1361.615330 -1361.535184 -1263.42 оŀΩ-PQ-TS2 

15 оŀΩ-PQ-TS1 H20 -1438.038607 -1437.952635 -1312.83 оŀΩ-PQ-TS1 H20 
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16 оŀΩ-PQ-TS2 H2O -1438.033201 -1437.946544 -1282.25 оŀΩ-PQ-TS2 H2O 

17 оŀΩ.ƴ/-HPQ-vdW-H2O -1438.057971 -1437.971744  оŀΩ-HPQ-vdW-H2O 

18 оŀΩ-PQ-TS1 PhOH -1668.971982 -1668.877118 -1304.26 оŀΩ-PQ-TS1 PhOH 

19 оŀΩ-PQ-TS2 PhOH -1668.965856 -1668.871713 -1307.03 оŀΩ-PQ-TS2 PhOH 

20 оŀΩ.ƴ/-HPQ-vdW-PhOH -1668.994439 -1668.896810  оŀΩ-HPQ-vdW-PhOH 

21 оƎΩ -689.207895 -689.154028  оƎΩ 

22 оƎΩ-PQ-vdW -1377.730824 -1377.647516  оƎΩ-PQ-vdW 

23 оƎΩ.ƴ/-HPQ-vdW -1377.691611 -1377.610710  оƎΩ-HPQ-vdW 

24 оƎΩ-PQ-TS1 -1377.676600 -1377.597050 -1339.32 оƎΩ-PQ-TS1 

25 оƎΩ-PQ-TS2 -1377.680093 -1377.601663 -1240.01 оƎΩ-PQ-TS2 

26 оǳΩ -673.330650 -673.278098  оǳΩ 

27 оǳΩ-PQ-vdW -1361.855251 -1361.772749  оǳΩ-PQ-vdW 

28 оǳΩ.ƴ/-HPQ-vdW -1361.821072 -1361.741020  оǳΩ-HPQ-vdW 

29 оǳΩ-PQ-TS1 -1361.804779 -1361.725229 -1220.90 оǳΩ-PQ-TS1 

30 оǳΩ-PQ-TS2 -1361.800546 -1361.721995 -1371.96 оǳΩ-PQ-TS2 

31 оƳΩ (5OMe) -787.631258 -787.571442  оƳΩ 

32 оƳΩ-PQ-vdW -1476.154947 -1476.066708  оƳΩ-PQ-vdW 

33 оƳΩ.ƴ/-HPQ-vdW -1476.124758 -1476.039322  оƳΩ-HPQ-vdW 

34 оƳΩ-PQ-TS1 -1476.107150 -1476.022052 -1357.67 оƳΩ-PQ-TS1 

35 оƳΩ-PQ-TS2 -1476.100610 -1476.016027 -1164.72 оƳΩ-PQ-TS2 

36 оƭΩ (6OMe) -787.631267 -787.571310  оƭΩ 

37 оƭΩ-PQ-vdW -1476.155401 -1476.066934  оƭΩ-PQ-vdW 

38 оƭΩ.ƴ/-HPQ-vdW -1476.126116 -1476.040496  оƭΩ-HPQ-vdW 

39 оƭΩ-PQ-TS1 -1476.105549 -1476.019535 -1380.50 оƭΩ-PQ-TS1 

40 оƭΩ-PQ-TS2 -1476.098650 -1476.013073 -1271.02 оƭΩ-PQ-TS2 

42 оƧΩ (7OMe) -787.630896 -787.570970  оƧΩ  

43 оƧΩ-PQ-vdW -1476.157162 -1476.069678  оƧΩ-PQ-vdW 

44 оƧΩ.ƴ/-HPQ-vdW -1476.116733 -1476.030539  оƧΩ-HPQ-vdW 

45 оƧΩ-PQ-TS1 -1476.103338 -1476.017692 -1262.22 оƧΩ-PQ-TS1 

56 оƧΩ-PQ-TS2 -1476.100165 -1476.014005 -1255.54 оƧΩ-PQ-TS2 

47 Coronene (CQ) -1070.743421 -1070.684075  CQ 

48 оŀΩ-CQ-vdW -1743.892702 -1743.801474  оŀΩ-CQ-vdW 

49 оŀΩ.ƴ/-HCQ-vdW -1743.860158 -1743.768712  оŀΩ-HCQ-vdW 

50 оŀΩ-CQ-TS1 -1743.839780 -1743.749324 -1448.14 оŀΩ-CQ-TS1 

51 оŀΩ-CQ-TS2 -1743.837947 -1743.748874 -1187.21 оŀΩ-CQ-TS2 

52 H2CQ -1071.953394 -1071.890832  H2CQ 

53 H2/vΩ -1071.932168 -1071.872024  Iн/vΩ 

54 H2O-2*anisole -769.629788 -769.563211  H2O-2anisole 

55 2*anisole -693.214470 -693.155434  2anisole 

56 anisole -346.612472 -346.573984  anisole 

57 PhOH-anisole -653.957243 -653.900191  PhOH-anisole 

58 оŀΩ-PQ-TS1-mix* -1361.618572 -1361.538061 -1531.34 оŀΩ-PQ-TS1-mix 

59 оŀΩ-PQ-TS2-mix* -1361.329918 -1361.247690 -1226.13 оŀΩ-PQ-TS2-mix 

60 оŀΩ-PQ-H2O-TS1-mix* -1438.038607 -1437.952635 -1312.83 оŀΩ-PQ-H2O-TS1-mix 

61 оŀΩ-Coro-TS1-mix* -1743.839780 -1743.749324 -1448.14 оŀΩ-Coro-TS1-mix 

*biradical computations 
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LƭƭǳǎǘǊŀǘƛƻƴǎ ƻŦ ǎŜƭŜŎǘŜŘ ǎǘǊǳŎǘǳǊŜǎΣ ŦǊŀƎƳŜƴǘ b.h ŎƘŀǊƎŜǎ ŀƴŘ IhahΩǎΦ 

  
оŀΩ-PQ-vdW  NBO charges of fragments 

 

оŀΩ.ƴ/-HPQ-vdW   NBO charges of fragments 

 

оŀΩ-PQ TS1 C-H, O-H bond lengths and secondary C-C interactions displayed 

 

оŀΩ-PQ TS1 NBO charges for fragments and atoms 
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оŀΩ-PQ TS1 HOMO illustrating fragment interactions, the secondary interaction is pointed by the arrow. 

 

оŀΩ-PQ TS2 C-H, O-H bond lengths displayed 

 

оŀΩ-PQ TS2 NBO charges for fragments and atoms 
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оƎΩ-PQ TS2 C-H, O-H bond lengths displayed 

 

оǳΩ-PQ TS2 C-H, O-H bond lengths displayed 

 

оǳΩ-PQ TS1 C-H, O-H bond lengths displayed 
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оŀΩ-CQ TS2 C-H, O-H bond lengths displayed 

 

 

 

оŀΩ-CQ TS1 C-H, O-H bond lengths displayed 
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b/L Ǉƭƻǘ ǾƛǎǳŀƭƛȊŀǘƛƻƴ όǿƛǘƘ ±a5ύ ƻŦ ǎŜƭŜŎǘŜŘ ¢{ ǎǘǊǳŎǘǳǊŜǎ ŦŜŀǘǳǊƛƴƎ оŀΩŀƴŘ tvκ/v  

In G16 optimizations name.wfx output file was requested in keyword list (output.wfx). Fine 
resolution was used in NCI plot software27,28 to  generate name-grad-cube, name-dens.cube and 
name.vmd files. These files were used in VMD29 visualization software for plotting of noncovalent 
interactions (with default graphical presentation parameters). 

 

¢{м оŀΩ tv                on side               on top 

 

¢{м оŀΩ CQ  on side   on top 

 

¢{н оŀΩ PQ    on side   on top 
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¢{н оŀΩ CQ 

NCI plot visualizations: Color-filled RDG isosurface. Blue color: strong attractive interactions), green color: attractive 

noncovalent interactions, red color: areas of repulsion . 
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