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1 General information

All reagents were obtained from commercial suppliers and used without further purification. The 

reactions were monitored by TLC (thin layer chromatography). Column chromatography was 

performed using silica gel (300−400 mesh). The NMR spectra were recorded on a Bruker Avance 

400 spectrometer at 400 MHz (1H) and 100 MHz (13C) in CDCl3 or DMSO-d6 using 

tetramethylsilane as the internal standard. The following abbreviations were used to explain the 

multiplicities: s = singlet, d = doublet, t = triplet, m = multiplet, dd = doublet of doublet. High-

resolution mass spectra were obtained with an AB Triple 5600 mass spectrometer by ESI on a 

TOF mass analyzer. Melting points are uncorrected. The cyclic voltammetry (CV) measurement 

was conducted using the CHI 601E electrochemical workstation produced by Shanghai Chenhua 

Company.

2 Experimental procedures

2.1 General procedure for the formylation of aryl halides

2

X
O

+
N O

H

H

X = I, Br

Ar Ar

Mg Ni

nBu4NI, rt, 6 h
undivided cell, CCE = 10 mA

To an undivided three-necked flask (10 mL) were added aryl halide (1, 0.5 mmol), DMF (5.0 mL), 

nBu4NI (184.7 mg, 0.5 mmol, 0.1 M). The flask was equipped with Mg as anode and nickel foam 

as cathode. The reaction mixture was stirred and electrolyzed at a constant current (10 mA) under 

Ar at room temperature for 6 h. After the reaction was completed, the mixture was diluted with 

saturated ammonium chloride solution (40 mL) and then extracted by ethyl acetate (20 mL × 3). 

The combined organic phases were dried over anhydrous Na2SO4, filtered, concentrated in vacuo 

and the crude product was obtained. The pure product 2 was obtained by silica gel 

chromatography using petroleum ether/ethyl acetate (100:1-40:1, v/v) as the eluent.

2.2 Gram-scale synthesis of 2d

I

Et Et

O

H
Mg(+) /Ni(-)

nBu4NI (0.1 M)

DMF (50 mL)
50 mA, rt, 14 h

1d, 10 mmol 2d, 0.912 g, 68%
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To an undivided three-necked flask (100 mL) were added 1-ethyl-4-iodobenzene (1d, 1.46 mL, 10 

mmol), nBu4NI (1.85 g, 5.0 mmol, 0.1 M) and DMF (50 mL). The flask was equipped with 

Magnesium plate (50 mm × 20 mm) as anode and nickel foam (50 mm × 20 mm) as cathode. The 

reaction mixture was stirred and electrolyzed at a constant current (50 mA) at room temperature 

for 14 h. After the reaction was completed, the mixture was diluted with saturated ammonium 

chloride solution (60 mL) and then extracted by ethyl acetate (90 mL × 3). The combined organic 

phases were dried over anhydrous Na2SO4, filter, and vacuum concentrate to obtain the crude 

product. The pure product 2d was obtained by silica gel chromatography using petroleum 

ether/ethyl acetate (100:1, v/v) as the eluent.

2.3 General procedure for the preparation of 3, 4 and 5

tBu

O

H

2a, 0.5 mmol

NaBH4 (1.0 equiv.)

MeOH, rt, 2 h
tBu

OH

3, 79%

To a dried 25 mL round bottom flask were added the product 2a (81.1 mg, 0.5 mmol), sodium 

borohydride (18.9 mg, 0.5 mmol, 1.0 equiv.) and MeOH (10 mL) under air. The reaction mixture 

was stirred at room temperature for 2 h. The reaction mixture was diluted with H2O, extracted 

with CH2Cl2. The combined organic layers were washed with brine, dried over anhydrous Na2SO4 

and concentrated in vacuo, and the resulting residue was purified by silica gel column 

chromatography using petroleum ether/ethyl acetate (50:1, v/v) as the eluent to afford the desired 

product 3.

tBu

O

H CH3COOH (1.0 equiv.)

then NaBH3CN (2.0 equiv.), 4 h

PhNH2 (1.0 equiv.), MeOH (10 mL), 2 h

tBu

HN
Ph

4, 92%

To a dried 25 mL round bottom flask were added the product 2a (81.1 mg, 0.5 mmol), acetic acid 

(30.0 mg, 0.5 mmol, 1.0 equiv.), aniline (46.6 mg, 0.5 mmol, 1.0 equiv.) and MeOH (10 mL) 

under air. The reaction mixture was stirred at room temperature for 2 h. Then sodium cyanide 

borohydride (2.0 equiv.) was added and stirred for 4 h. The reaction mixture was diluted with H2O, 

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

anhydrous Na2SO4 and concentrated in vacuo, and the resulting residue was purified by silica gel 



S4

column chromatography using petroleum ether/ethyl acetate (70:1, v/v) as the eluent to afford the 

desired product 4.

tBu

O

H

2a, 0.5 mmol

o-Phenylenediamine (1.0 equiv.)

MeOH, 55 oC, 12 h N
H

N
tBu

5, 86%

To a dried 25 mL round bottom flask were added the product 2a (81.1 mg, 0.5 mmol), o-

phenylenediamine (54.1 mg, 0.5 mmol, 1.0 equiv.) and MeOH (10 mL) under air. The reaction 

mixture was stirred at 55 oC for 12 h. The reaction mixture was diluted with H2O, extracted with 

CH2Cl2. The combined organic layers were washed with brine, dried over anhydrous Na2SO4 and 

concentrated in vacuo, and the resulting residue was purified by silica gel column chromatography 

using petroleum ether/ethyl acetate (20:1, v/v) as the eluent to afford the desired product 5.

3 Mechanism studies

3.1 Cyclic voltammetry studies

Cyclic voltammetry (CV) experiments were performed using three electrodes and glassy carbon as 

the working electrode (ϕ 3 mm, cylindrical), Pt as counter electrode and saturated calomel 

electrode as reference electrode (nBu4NI (0.02 M) in DMF). The working electrode was polished 

with alumina polishing suspension (0.05 μm) on the alumina polishing pad, and then rinsed with 

deionized water and ethanol. The solvent for CV measurement was deoxygenated by bubbling 

with nitrogen gas. All CV measurements were conducted at room temperature. As shown in 

Figure S1, a reduction peak of 1a can be observed at -3.01V vs SCE (blue curve), indicating that 

aryl halides may be reduced to anions at the cathode.
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Figure S1. CV scans (scan rate 100 mv·s-1) of substrates: Blank (nBu4NI (0.02 M) in DMF, black 

curve); 1-tert-butyl-4-iodobenzene (0.02 M, blue curve); 1-bromo-4-tert-butylbenzene (0.02 M, 

red curve). The CV is plotted by using the IUPAC conversion.

3.2 Radical capture experiment

TEMPO (4.0 equiv.)

2b, trace

+

1b, 0.5 mmol

N
O

6

DMF
Standard conditions

detectde by HRMS

Ph

I O

H

To an undivided three-necked flask (10 mL) were added aryl halide (1b, 0.5 mmol), DMF (5.0 ml),  

nBu4NI (184.7 mg, 0.5 mmol, 0.1 M). Then TEMPO (312.5 mg, 2.0 mmol, 4.0 equiv.) was added 

to the flask. The flask was equipped with Mg as anode and nickel foam as cathode. The reaction 

mixture was stirred and electrolyzed at a constant current (10 mA) under Ar at room temperature 

for 6 h. The reaction was obviously suppressed by the addition of TEMPO and trapping products 6 

was observed through the HRMS analysis from the reaction solution (Figures S2).

Figure S2. HRMS analysis of the radical-trapping product 6.

N
O
6

Ph

[M + H] = 234.1852
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4 Experimental data for the products 2, 3, 4, 5.

tBu

O

H

4-(Tert-butyl)benzaldehyde (2a).1 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (64.06 mg, 79% 

yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 10.00 (s, 1H), 7.84 (d, J = 8.3 Hz, 2H), 7.57 (d, J = 

8.2 Hz, 2H), 1.37 (s, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 192.1, 158.5, 134.1, 129.7, 126.0, 

35.4, 31.1.

O

H

Benzaldehyde (2b).1 The product was purified by silica gel column chromatography with 

petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (37.64 mg, 71% yield). 1H NMR (400 

MHz, CDCl3) δ (ppm) 10.03 (s, 1H), 7.92–7.87 (m, 2H), 7.68–7.61 (m, 1H), 7.58–7.51 (m, 2H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 192.5, 136.4, 134.5, 129.8, 129.0.

O

H

4-Methylbenzaldehyde (2c).1 The product was purified by silica gel column chromatography 

with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (43.22 mg, 72% yield). 1H NMR 

(400 MHz, CDCl3) δ (ppm) 9.96 (s, 1H), 7.78 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 7.9 Hz, 2H), 2.44 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 192.1, 145.6, 134.2, 129.9, 129.7, 21.9.

Et

O

H

4-Ethylbenzaldehyde (2d).1 The product was purified by silica gel column chromatography with 

petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (50.95 mg, 76% yield). 1H NMR (400 

MHz, CDCl3) δ (ppm) 10.00 (s, 1H), 7.83 (d, J = 8.2 Hz, 2H), 7.38 (d, J = 8.1 Hz, 2H), 2.76 (q, J 

= 7.6 Hz, 2H), 1.30 (t, J = 7.6 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 192.1, 151.7, 134.4, 

130.0, 128.6, 29.2, 15.2.
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NC

O

H

4-Formylbenzonitrile (2e).2 The product was purified by silica gel column chromatography with 

petroleum ether/ethyl acetate (50:1, v/v). White solid (37.35 mg, 57% yield). mp: 99−101 °C. 1H 

NMR (400 MHz, CDCl3) δ (ppm) 10.11 (s, 1H), 8.05–7.98 (m, 2H), 7.92–7.82 (m, 2H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 190.7, 138.7, 132.9, 129.9, 117.8, 117.6.

F3C

O

H

4-(Trifluoromethyl)benzaldehyde (2f).2 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (50:1, v/v). Colorless oil (56.56 mg, 65% 

yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 10.10 (s, 1H), 8.01 (d, J = 8.0 Hz, 2H), 7.81 (d, J = 

7.9 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 191.1, 138.7, 135.6 (q, J = 32.6 Hz), 129.9, 

126.1 (q, J = 3.7 Hz), 123.4 (q, J = 271.2 Hz). 19F NMR (376 MHz, CDCl3) δ (ppm) -63.226.

O

H

O

O

Methyl 4-formylbenzoate (2g).3 The product was purified by silica gel column chromatography 

with petroleum ether/ethyl acetate (50:1, v/v). White solid (63.98 mg, 78% yield). mp: 57−59 °C. 

1H NMR (400 MHz, CDCl3) δ (ppm) 10.12 (s, 1H), 8.21 (d, J = 8.3 Hz, 2H), 7.97 (d, J = 8.3 Hz, 

2H), 3.98 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 191.7, 166.1, 139.1, 135.1, 130.2, 129.6, 

52.6.

F3CO

O

H

4-(Trifluoromethoxy)benzaldehyde (2h).3 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (40:1, v/v). Yellow oil (64.61 mg, 68% yield). 

1H NMR (400 MHz, CDCl3) δ (ppm) 10.03 (s, 1H), 7.96 (d, J = 8.7 Hz, 2H), 7.38 (d, J = 8.3 Hz, 

2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 190.6, 153.5, 134.5, 131.6, 120.2 (q, J = 257.6 Hz), 

120.8. 19F NMR (376 MHz, CDCl3) δ (ppm) -57.607.
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MeO

O

H

4-Methoxybenzaldehyde (2i).3 The product was purified by silica gel column chromatography 

with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (37.41 mg, 55% yield). 1H NMR 

(400 MHz, CDCl3) δ (ppm) 9.88 (s, 1H), 7.84 (d, J = 8.7 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H), 3.88 (s, 

3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 190.9, 164.6, 132.0, 129.9, 114.3, 55.6.

Ph

O

H

[1,1'-Biphenyl]-4-carbaldehyde (2j).3 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (100:1, v/v). White solid (58.26 mg, 46% 

yield). mp: 55−57 °C. 1H NMR (400 MHz, CDCl3) δ (ppm) 10.09 (s, 1H), 8.01–7.95 (m, 2H), 

7.81–7.76 (m, 2H), 7.69–7.63 (m, 2H), 7.54–7.42 (m, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

192.0, 147.2, 139.7, 135.2, 130.3, 129.1, 128.5, 127.7, 127.4.

O

H

CN

2-Formylbenzonitrile (2k).4 The product was purified by silica gel column chromatography with 

petroleum ether/ethyl acetate (50:1, v/v). White solid (33.41 mg, 51% yield). mp: 106−108 °C. 1H 

NMR (400 MHz, CDCl3) δ (ppm) 10.38 (s, 1H), 8.10–8.02 (m, 1H), 7.87 (dd, J = 7.5, 1.5 Hz, 1H), 

7.85–7.75 (m, 2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 188.6, 136.8, 134.3, 134.1, 133.3, 129.6, 

116.0, 113.9.

O

HO

O

Methyl 3-formylbenzoate (2l).5 The product was purified by silica gel column chromatography 

with petroleum ether/ethyl acetate (40:1, v/v). White solid (58.24 mg, 71% yield). mp: 51−53 °C. 

1H NMR (400 MHz, CDCl3) δ (ppm) 10.09 (s, 1H), 8.55–8.53 (m, 1H), 8.33–8.29 (m, 1H), 8.11–

8.08 (m, 1H), 7.67–7.62 (m, 1H), 3.97 (s, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 191.4, 166.0, 

136.6, 135.2, 133.1, 131.3, 131.2, 129.3, 52.5.
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MeO

OMe

O

H

3,5-Dimethoxybenzaldehyde (2m).1 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (34.87 mg, 42% 

yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 9.92 (s, 1H), 7.02 (d, J = 2.3 Hz, 2H), 6.72 (t, J = 2.4 

Hz, 1H), 3.86 (s, 6H). 13C NMR (100 MHz, CDCl3) δ (ppm) 192.0, 161.3, 138.4, 107.2, 107.1, 

55.6.

O

H

3,5-Dimethylbenzaldehyde (2n).1 The product was purified by silica gel column chromatography 

with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (52.96 mg, 79% yield). 1H NMR 

(400 MHz, CDCl3) δ (ppm) 9.95 (s, 1H), 7.49 (s, 2H), 7.27 (s, 1H), 2.40 (s, 6H). 13C NMR (100 

MHz, CDCl3) δ (ppm) 192.8, 138.8, 136.6, 136.2, 127.6, 21.1.

O

H

2,4,6-Trimethylbenzaldehyde (2o).6 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (47.39 mg, 64% 

yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 10.58 (s, 1H), 6.92 (s, 2H), 2.60 (s, 6H), 2.34 (s, 3H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 193.0, 143.9, 141.5, 130.5, 130.0, 21.5, 20.5.

I

O

H

4-Iodobenzaldehyde (2p).7 The product was purified by silica gel column chromatography with 

petroleum ether/ethyl acetate (50:1, v/v). Yellow solid (90.86 mg, 78% yield). mp: 83−85 °C. 1H 

NMR (400 MHz, CDCl3) δ (ppm) 9.96 (s, 1H), 7.91 (dd, J = 8.9, 2.0 Hz, 2H), 7.64–7.53 (m, 2H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 191.4, 138.4, 135.6, 130.8, 102.9.
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Br

O

H

I

O

H

4-Bromobenzaldehyde and 4-Iodobenzaldehyde (2q).7, 8 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (100:1, v/v). Yellow solid (74.52 mg, 

77% yield). mp: 75−77 °C. 1H NMR (400 MHz, CDCl3) δ (ppm) 9.99 (s, 1H), 9.97 (s, 0.25H), 

7.93–7.91 (m, 0.50H), 7.78–7.75 (m, 2H), 7.71–7.68 (m, 2H), 7.61–7.59 (m, 0.50H). 13C NMR 

(100 MHz, CDCl3) δ (ppm) 191.4, 191.1, 138.4, 135.6, 135.1, 132.5, 131.0, 130.8, 129.8, 102.9.

OH

1-Naphthaldehyde (2r).1 The product was purified by silica gel column chromatography with 

petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (54.62 mg, 70% yield). 1H NMR (400 

MHz, CDCl3) δ (ppm) 10.43 (s, 1H), 9.29 (dd, J = 8.6, 1.0 Hz, 1H), 8.13 (dd, J = 8.2, 1.2 Hz, 1H), 

8.03 (dd, J = 7.1, 1.1 Hz, 1H), 7.95 (dd, J = 8.1, 1.3 Hz, 1H), 7.75–7.71 (m, 1H), 7.69–7.61 (m, 

2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 193.6, 136.8, 135.4, 133.8, 131.4, 130.6, 129.1, 128.5, 

127.0, 124.9.

O

H

2-Naphthaldehyde (2s).1 The product was purified by silica gel column chromatography with 

petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (57.74 mg, 74% yield). 1H NMR (400 

MHz, CDCl3) δ (ppm) 10.18 (s, 1H), 8.36 (d, J = 1.4 Hz, 1H), 8.07–7.86 (m, 4H), 7.69–7.59 (m, 

2H). 13C NMR (100 MHz, CDCl3) δ (ppm) 192.3, 136.5, 134.6, 134.1, 132.7, 129.6, 129.1, 129.1, 

128.1, 127.1, 122.8.

O

H

Phenanthrene-9-carbaldehyde (2t).1 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (70.10 mg, 69% 
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yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 10.39 (s, 1H), 9.45–9.33 (m, 1H), 8.77–8.66 (m, 2H), 

8.26 (s, 1H), 8.05 (dd, J = 7.9, 1.5 Hz, 1H), 7.86–7.81 (m, 1H), 7.78–7.73 (m, 2H), 7.72–7.68 (m, 

1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 193.7, 141.4, 133.0, 130.6, 130.5, 130.4, 130.3, 130.1, 

128.3, 127.7, 127.3, 126.0, 122.9, 122.8.

S O

H

Thiophene-2-carbaldehyde (2u).2 The product was purified by silica gel column chromatography 

with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (47.04 mg, 84% yield). 1H NMR 

(400 MHz, CDCl3) δ (ppm) 9.93 (s, 1H), 7.77 (dd, J = 8.9, 4.3 Hz, 2H), 7.26–7.11 (m, 1H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 183.1, 144.0, 136.5, 135.2, 128.4.

S

O

H

Thiophene-3-carbaldehyde (2v).2 The product was purified by silica gel column chromatography 

with petroleum ether/ethyl acetate (100:1, v/v). Yellow oil (47.16 mg, 86% yield). 1H NMR (400 

MHz, CDCl3) δ (ppm) 9.93 (s, 1H), 8.13 (dd, J = 2.9, 1.2 Hz, 1H), 7.55 (dd, J = 5.1, 1.2 Hz, 1H), 

7.39–7.37 (m, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 185.0, 143.0, 136.9, 127.5, 125.3.

O

O

H

Benzofuran-5-carbaldehyde (2w).9 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (100:1, v/v). Yellow solid (48.19 mg, 66% 

yield). mp: 54−56 °C. 1H NMR (400 MHz, CDCl3) δ (ppm) 10.08 (s, 1H), 8.16 (d, J = 1.7 Hz, 1H), 

7.89 (dd, J = 8.5, 1.7 Hz, 1H), 7.74 (d, J = 2.3 Hz, 1H), 7.63 (d, J = 8.5 Hz, 1H), 6.91 (dd, J = 2.2, 

1.0 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 191.8, 158.3, 146.8, 132.3, 128.0, 125.8, 124.7, 

112.2, 107.3.

S

O
H

Dibenzo[b,d]thiophene-4-carbaldehyde (2x).1 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (76.33 mg, 72% 
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yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 10.31 (s, 1H), 8.45 (dd, J = 7.8, 1.2 Hz, 1H), 8.26–

8.23 (m, 1H), 8.04–7.95 (m, 2H), 7.69 (t, J = 7.6 Hz, 1H), 7.59–7.49 (m, 2H). 13C NMR (100 

MHz, CDCl3) δ (ppm) 191.4, 141.7, 138.2, 137.4, 133.6, 133.0, 130.7, 127.5, 127.0, 124.8, 124.4, 

123.1, 121.5.

O
O

H

Dibenzo[b,d]furan-4-carbaldehyde (2y).1 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (100:1, v/v). Colorless oil (78.42 mg, 80% 

yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 10.59 (s, 1H), 8.19 (dd, J = 7.6, 1.3 Hz, 1H), 8.02–

7.91 (m, 2H), 7.72–7.69 (m, 1H), 7.57–7.53 (m, 1H), 7.48 (t, J = 7.6 Hz, 1H), 7.45–7.41 (m, 1H). 

13C NMR (100 MHz, CDCl3) δ (ppm) 188.6, 156.6, 155.9, 128.2, 127.6, 126.7, 126.0, 123.6, 

123.0, 122.8, 121.2, 120.8, 112.2.

N

O

H

Quinoline-6-carbaldehyde (2z).10 The product was purified by silica gel column chromatography 

with petroleum ether/ethyl acetate (40:1, v/v). Yellow solid (36.91 mg, 47% yield). mp: 80−82 °C. 

1H NMR (400 MHz, CDCl3) δ (ppm) 10.23 (s, 1H), 9.08 (dd, J = 4.3, 1.7 Hz, 1H), 8.40–8.33 (m, 

2H), 8.27–8.20 (m, 2H), 7.56 (dd, J = 8.3, 4.3 Hz, 1H). 13C NMR (100 MHz, CDCl3) δ (ppm) 

191.5, 153.1, 150.8, 137.6, 134.4, 133.7, 130.8, 127.7, 126.8, 122.3.

O

Me

MeMe

O

O H

(1R,2S,5R)-2-Isopropyl-5-methylcyclohexyl 4-formylbenzoate (2aa).11 The product was 

purified by silica gel column chromatography with petroleum ether/ethyl acetate (40:1, v/v). 

Yellow oil (67.72 mg, 47% yield). 1H NMR (400 MHz, CDCl3) δ (ppm) δ 10.12 (s, 1H), 8.22 (d, J 

= 8.2 Hz, 2H), 7.97 (d, J = 8.3 Hz, 2H), 5.02–4.95 (m, 1H), 2.20–2.10 (m, 1H), 2.00–1.92 (m, 1H), 

1.79–1.72 (m, 2H), 1.65–1.54 (m, 2H), 1.19–1.11 (m, 2H), 0.95 (dd, J = 6.8, 4.4 Hz, 7H), 0.81 (d, 
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J = 6.9 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ (ppm) 191.8, 165.1, 139.0, 135.8, 130.2, 129.5, 

75.7, 47.2, 40.9, 34.2, 31.5, 26.5, 23.6, 22.1, 20.8, 16.5.

O O

O H

2,2-Dimethyl-3-(m-tolyl)propyl 4-formylbenzoate (2ab). The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (40:1, v/v). Yellow oil (107.00 mg, 69% 

yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 10.14 (s, 1H), 8.23 (d, J = 8.2 Hz, 2H), 8.00 (d, J = 

8.3 Hz, 2H), 7.19 (t, J = 7.8 Hz, 1H), 7.05 (d, J = 7.5 Hz, 1H), 7.01–6.96 (m, 2H), 4.10 (s, 2H), 

2.70 (s, 2H), 2.33 (s, 3H), 1.07 (s, 6H). 13C NMR (100 MHz, CDCl3) δ (ppm) 191.7, 165.5, 139.2, 

137.9, 137.5, 135.4, 131.3, 130.2, 129.6, 127.9, 127.5, 127.0, 72.8, 45.4, 35.3, 24.6, 21.5. HRMS 

(ESI) m/z: [M + H]+ Calcd for C20H23O3
+ , 311.1642; Found 311.1641.

O O

O H

3,7-Dimethyloctyl 4-formylbenzoate (2ac). The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (40:1, v/v). Yellow oil (59.49 mg, 41% yield). 

1H NMR (400 MHz, CDCl3) δ (ppm) 10.12 (s, 1H), 8.22 (d, J = 8.3 Hz, 2H), 7.97 (d, J = 8.3 Hz, 

2H), 4.44–4.38 (m, 2H), 1.87–1.81 (m, 1H), 1.67–1.52 (m, 4H), 1.40–1.35 (m, 2H), 1.22–1.13 (m, 

3H), 0.99–0.98 (m, 3H), 0.88 (d, J = 6.6 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ (ppm) 191.7, 

165.7, 139.1, 135.5, 130.2, 129.5, 64.3, 39.2, 37.1, 35.5, 30.0, 28.0, 24.6, 22.7, 22.6, 19.6. HRMS 

(ESI) m/z: [M + H]+ Calcd for C18H27O3
+ , 291.1955; Found 291.1953.

tBu

OH

(4-(Tert-butyl)phenyl)methanol (3).12 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (50:1, v/v). Colorless oil (64.83 mg, 79% 
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yield). 1H NMR (400 MHz, CDCl3) δ (ppm) 7.43 (d, J = 8.3 Hz, 2H), 7.33 (d, J = 8.3 Hz, 2H), 

4.66 (s, 2H), 1.37 (s, 9H). 13C NMR (100 MHz, CDCl3) δ (ppm) 150.7, 138.0, 127.0, 125.5, 65.1, 

34.6, 31.4.

tBu

HN
Ph

N-(4-(Tert-butyl)benzyl)aniline (4).13 The product was purified by silica gel column 

chromatography with petroleum ether/ethyl acetate (70:1, v/v). Yellow oil (110.12 mg, 92% yield). 

1H NMR (400 MHz, CDCl3) δ (ppm) 7.46–7.41 (m, 2H), 7.36 (d, J = 8.1 Hz, 2H), 7.26–7.22 (m, 

2H), 6.79–6.69 (m, 1H), 6.72–6.67 (m, 2H), 4.34 (s, 2H), 4.17–4.04 (m, 1H), 1.38 (s, 9H). 13C 

NMR (100 MHz, CDCl3) δ (ppm) 150.3, 148.2, 136.3, 129.3, 127.5, 125.6, 117.6, 112.9, 48.1, 

34.6, 31.4.

N
H

N
tBu

2-(4-(Tert-butyl)phenyl)-1H-benzo[d]imidazole. (5).14 The product was purified by silica gel 

column chromatography with petroleum ether/ethyl acetate (20:1, v/v). White solid (107.56 mg, 

86% yield). mp: 258−260 °C.  1H NMR (400 MHz, DMSO-d6) δ (ppm) 12.84 (s, 1H), 8.17–8.02 

(m, 2H), 7.70–7.48 (m, 4H), 7.23–7.15 (m, 2H), 1.34 (s, 9H). 13C NMR (100 MHz, DMSO-d6) 

153.0, 151.7, 144.3, 135.4, 127.9, 126.7, 126.2, 122.8, 122.0, 119.2, 111.7, 35.1, 31.5.
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6 Copies of 1H and 13C NMR spectra of products 2, 3, 4, 5
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