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1. General Information 

All manipulations were carried out by standard Schlenk techniques. Unless otherwise stated, 

analytical grade solvents and commercially available reagents were used to conduct the reactions. 

LED irradiation was accomplished using the photochemical reactors. Thin layer chromatography 

(TLC) employed glass 0.25 mm silica gel plates. Flash chromatography columns were packed with 

200-300 mesh silica gel in dichloromethane (bp. 39.8 ºC). Gradient flash chromatography was 

conducted and eluted with a continuous gradient from dichloromethane to the methanol. All the new 

compounds were characterized by 1H NMR, 13C NMR, and HRMS or GCMS. The known 

compounds were characterized by 1H NMR and 13C NMR. The 1H NMR and 13C NMR spectra were 

recorded on a Bruker 400 MHz NMR spectrometer. The chemical shifts (δ) were given in part per 

million relative to internal tetramethyl silane (TMS, 0 ppm for 1H NMR), CDCl3 (77.30 ppm for 

13C NMR). High resolution mass spectra (HRMS) were measured with a Waters Micromass GCT 

Premier or JEOL AccuTOF-MS. GCMS spectra were measured with a GCMS-QP2010SE. 

Hydrogen gas content was analyzed by gas chromatography (7890-II, Tianmei, China, TCD, 

nitrogen as a carrier gas and 5 Å molecular sieve column, a thermal conductivity detector).  

Electrolysis experiments were performed using a dual display potentiostat (DJS-292B) or 

galvanostat (made in China). The carbon cloth or felt (made in China) was cut into15 mm×15 mm 

pieces before use as anode electrode. The platinum plate (15 mm×15 mm×0.3 mm) (made in China) 

was purchased as the cathode electrode. Cyclic voltammograms were obtained on a CHI 605E 

potentiostat. 

CAUTION: Organic azides are known to be potentially explosive compounds and should be stored 

below room temperature and away from sources of heat,  pressure and shock. While we did not 

encounter any issues during their synthesis, proper precautions were taken. All azidation reactions 

and subsequent workups should be performed behind a blast shield. 

2. Experiment Procedure 

Procedure A1: In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar. 

The bottle was equipped with carbon cloth (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of cyclohexylbenzene (0.5 mmol, 80.2 mg), sodium azide (2.5 mmol, 5 

equiv., 162.5 mg), 9H-fluoren-9-one (0.055 mmol, 11.0 mol%, 9.9 mg), MnBr2·4H2O (0.05 mmol, 
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10 mol%, 14.3 mg), 1,10-Phen (0.1 mmol, 20 mol%, 18.6 mg), KBr (0.2 mmol, 40 mol%, 23.8 mg), 

TFA (2.0 mmol, 4 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2 equiv., 106.4 mg) in CH3CN (9.5 mL) 

and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current 

of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 15 h. After completion of the reaction, H2 was 

detected by GC-TCD. Then the reaction system was quenched by water. The aqueous solution was 

extracted with CH2Cl2 (3 × 20 mL) and the combined extracts were dried with anhydrous Na2SO4. 

The solvent was removed under reduced pressure by rotary evaporation. Then, the pure product 8 

was obtained by flash column chromatography on silica gel (eluent: dichloromethane/ petroleum 

ether = 1:15). The substrates 4, 5, 6, 8, 9, 10, 14, 16 and 19 were subjected to Procedure A1 

condition. 

Procedure A2: In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar. 

The bottle was equipped with carbon cloth (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of p-cymene (0.5 mmol, 67.1 mg), sodium azide (2.5 mmol, 5 equiv., 

162.5 mg), 9H-fluoren-9-one (0.0275 mmol, 5.5 mol%, 5.0 mg), MnBr2·4H2O (0.05 mmol, 10 

mol%, 14.3 mg), 1,10-Phen (0.1 mmol, 20 mol%, 18.6 mg), KBr (0.2 mmol, 40 mol%, 23.8 mg),  

TFA (2.0 mmol, 4 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2 equiv., 106.4 mg) in CH3CN (9.5 mL) 

and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current 

of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 15 h. After completion of the reaction, H2 was 

detected by GC-TCD. Then the reaction system was quenched by water. The aqueous solution was 

extracted with CH2Cl2 (3 × 20 mL) and the combined extracts were dried with anhydrous Na2SO4. 

The solvent was removed under reduced pressure by rotary evaporation. Then, the pure product 7 

was obtained by flash column chromatography on silica gel (eluent: dichloromethane/ petroleum 

ether = 1:10). The substrates 7, 23 and 24 were subjected to Procedure A2 condition. 

 Procedure A3: In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar. 

The bottle was equipped with carbon cloth (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of 2-isopropyl-9H-thioxanthen-9-one (0.5 mmol, 127.2 mg), sodium azide 

(2.5 mmol, 5 equiv., 162.5 mg), DDQ (0.0275 mmol, 5.5 mol%, 6.3 mg), MnBr2·4H2O (0.05 mmol, 

10 mol%, 14.3 mg), 1,10-Phen (0.1 mmol, 20 mol%, 18.6 mg), KBr (0.2 mmol, 40 mol%, 23.8 mg), 

TFA (2.0 mmol, 4 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2 equiv., 106.4 mg) in CH3CN (9.5 mL) 

and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current 
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of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 15 h. After completion of the reaction, H2 was 

detected by GC-TCD. Then the reaction system was quenched by water. The aqueous solution was  

extracted with CH2Cl2 (3 × 20 mL) and the combined extracts were dried with anhydrous Na2SO4. 

The solvent was removed under reduced pressure by rotary evaporation. Then, the pure product 11 

was obtained by flash column chromatography on silica gel (eluent: dichloromethane/ petroleum 

ether = 1:5). The substrates 11 and 25 were subjected to Procedure A3 condition. 

Procedure A4: In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar. 

The bottle was equipped with carbon cloth (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of 1-ethyl-2-methylbenzene (0.5 mmol, 60.1 mg), sodium azide (2.5 mmol, 

5 equiv., 162.5 mg), 9H-fluoren-9-one (0.0275 mmol, 5.5 mol%, 5.0 mg), MnF2 (0.05 mmol, 10 

mol%, 4.6 mg), 1,10-Phen (0.1 mmol, 20 mol%, 18.6 mg), KBr (0.2 mmol, 40 mol%, 23.8 mg),  

TFA (2.0 mmol, 4 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2 equiv., 106.4 mg) in CH3CN (9.5 mL) 

and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current 

of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 15 h. After completion of the reaction, H2 was 

detected by GC-TCD. Then the reaction system was quenched by water. The aqueous solution was 

extracted with CH2Cl2 (3 × 20 mL) and the combined extracts were dried with anhydrous Na2SO4. 

The solvent was removed under reduced pressure by rotary evaporation. Then, the pure product 15 

was obtained by flash column chromatography on silica gel (eluent: dichloromethane/ petroleum 

ether = 1:10). The substrates 15, 20 and 22 were subjected to Procedure A4 condition. 

Procedure A5: In an oven-dried undivided three-necked bottle (10 mL) equipped with a stir bar. 

The bottle was equipped with carbon felt (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of 1,2-diphenylethane (1.0 mmol, 182.3 mg), sodium azide (4.0 mmol, 4 

equiv., 260.0 mg), DDQ (0.055 mmol, 5.5 mol%, 12.5 mg), MnF2 (0.025 mmol, 2.5 mol%, 2.3 mg), 

1,10-Phen (0.1 mmol, 10 mol%, 18.6 mg), TFA (2.0 mmol, 2 equiv., 228.0 mg) and LiClO4 (1.0 

mmol, 1 equiv., 106.4 mg) in CH3CN (3.0 mL), DCE (2.5 mL) and CH3COOH (0.5 mL) stirring 

under nitrogen atmosphere was electrolyzed at a constant current of 4.5 mA and irradiated by blue 

LEDs at 35 ˚C for 24 h. After completion of the reaction, H2 was detected by GC-TCD. Then the 

reaction system was quenched by water. The aqueous solution was extracted with CH2Cl2 (3 × 20 

mL) and the combined extracts were dried with anhydrous Na2SO4. The solvent was removed under 

reduced pressure by rotary evaporation. Then, the pure product 18 was obtained by flash column 
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chromatography on silica gel (eluent: dichloromethane/ petroleum ether = 1:10). The substrates 18 

and 21 were subjected to Procedure A5 condition. 

Procedure for A6: In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir 

bar. The bottle was equipped with carbon cloth (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of sec-butylbenzene (0.5 mmol, 67.1 mg), sodium azide (2.5 mmol, 5 

equiv., 162.5 mg), bis(4-methoxyphenyl)methanone (0.0275 mmol, 5.5 mol%, 6.7 mg), MnF2 (0.05 

mmol, 10 mol%, 4.7 mg), 1,10-Phen (0.1 mmol, 20 mol%, 18.6 mg), KBr (0.2 mmol, 40 mol%, 

23.8 mg), TFA (2.0 mmol, 4 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2 equiv., 106.4 mg) in CH3CN 

(9.5 mL) and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant 

current of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 15 h. After completion of the reaction, 

H2 was detected by GC-TCD. Then the reaction system was quenched by water. The aqueous 

solution was extracted with CH2Cl2 (3 × 20 mL) and the combined extracts were dried with 

anhydrous Na2SO4. The solvent was removed under reduced pressure by rotary evaporation. Then, 

the pure product 13 was obtained by flash column chromatography on silica gel (eluent: 

dichloromethane/ petroleum ether = 1:10). The substrates 13 and 17 were subjected to Procedure 

A6 condition. 

Procedure B1: In an oven-dried undivided three-necked bottle (10 mL) equipped with a stir bar. 

The bottle was equipped with carbon felt (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of 1,1'-bi(cyclohexane) (1.0 mmol, 166.3 mg), sodium azide (4.0 mmol, 

4 equiv., 260.0 mg), DDQ (0.055 mmol, 5.5 mol%, 12.5 mg), MnF2 (0.05 mmol, 5 mol%, 4.6 mg), 

1,10-Phen (0.1 mmol, 10 mol%, 18.6 mg), TFA (2.0 mmol, 2 equiv., 228.0 mg) and LiClO4 (1.0 

mmol, 1 equiv., 106.4 mg) in CH3CN (3.0 mL), DCE (2.5 mL) and CH3COOH (0.5 mL) stirring 

under nitrogen atmosphere was electrolyzed at a constant current of 8.0 mA and irradiated by blue 

LEDs at 35 ˚C for 21 h. After completion of the reaction, H2 was detected by GC-TCD. Then the 

reaction system was quenched by water. The aqueous solution was extracted with CH2Cl2 (3 × 20 

mL) and the combined extracts were dried with anhydrous Na2SO4. The solvent was removed under 

reduced pressure by rotary evaporation. Then, the pure product 30 was obtained by flash column 

chromatography on silica gel (eluent: dichloromethane/ petroleum ether). The substrates 12, 27, 29, 

30, 31, 32, 33, 34, 39 and 40 were subjected to Procedure B1 condition. 

Procedure B2: In an oven-dried undivided three-necked bottle (10 mL) equipped with a stir bar. 
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The bottle was equipped with carbon felt (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of celestolide (1.0 mmol, 244.4 mg), sodium azide (4.0 mmol, 4 equiv., 

260.0 mg), DDQ (0.055 mmol, 5.5 mol%, 12.5 mg), MnF2 (0.025 mmol, 2.5 mol%, 2.3 mg), 1,10-

Phen (0.1 mmol, 10 mol%, 18.6 mg), TFA (2.0 mmol, 2 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 

1 equiv., 106.4 mg) in CH3CN (3.0 mL), DCE (2.5 mL) and CH3COOH (0.5 mL) stirring under 

nitrogen atmosphere was electrolyzed at a constant current of 8.0 mA and irradiated by blue LEDs 

at 35 ˚C for 21 h. After completion of the reaction, H2 was detected by GC-TCD. Then the reaction 

system was quenched by water. The aqueous solution was extracted with CH2Cl2 (3 × 20 mL) and 

the combined extracts were dried with anhydrous Na2SO4. The solvent was removed under reduced 

pressure by rotary evaporation. Then, the pure product 38 was obtained by flash column 

chromatography on silica gel (eluent: dichloromethane/ petroleum ether = 1:5). The substrates 36 

and 38 were subjected to Procedure B2 condition. 

Procedure for 26 and 28: In an oven-dried undivided three-necked bottle (10 mL) equipped with 

a stir bar. The bottle was equipped with carbon felt (15 mm×15 mm) and platinum electrode (15 

mm×15 mm×0.3 mm). A solution of cyclooctane (0.5 mmol, 56.1 mg), sodium azide (2.5 mmol, 5 

equiv., 162.5 mg ), DDQ (0.05 mmol, 5.5 mol%, 6.2 mg), MnF2 (0.05 mmol, 10.0 mol%, 4.6 mg), 

1,10-Phen (0.1 mmol, 20.0 mol%, 18.6 mg), TFA (2.0 mmol, 4 equiv., 228.0 mg) and LiClO4 (1.0 

mmol, 2 equiv., 106.4 mg) in CH3CN (3.0 mL), DCE (2.5 mL) and CH3COOH (0.5 mL) stirring 

under nitrogen atmosphere was electrolyzed at a constant current of 6.0 mA and irradiated by blue 

LEDs at 35 ˚C for 15 h. After completion of the reaction, H2 was detected by GC-TCD. Then the 

reaction system was quenched by water. The aqueous solution was extracted with CH2Cl2 (3 × 20 

mL) and the combined extracts were dried with anhydrous Na2SO4. The solvent was removed under 

reduced pressure by rotary evaporation. Then, the pure product 26 and 28 were obtained by flash 

column chromatography on silica gel (eluent: dichloromethane/ petroleum ether = 1:20), while the 

yield was determined by GC with biphenyl as internal. 

 Procedure for 35: In an oven-dried undivided three-necked bottle (10 mL) equipped with a stir 

bar. The bottle was equipped with carbon felt (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of 2-isopentylisoindoline-1,3-dione (0.5 mmol, 108.5 mg), sodium azide 

(4.0 mmol, 8 equiv., 260.0 mg), DDQ (0.055 mmol, 11.0 mol%, 12.6 mg), MnF2 (0.0375 mmol, 7.5 

mol%, 3.5 mg), 1,10-Phen (0.1 mmol, 20.0 mol%, 18.6 mg), TFA (2.0 mmol, 4 equiv., 228.0 mg) 
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and LiClO4 (1.0 mmol, 2 equiv., 106.4 mg) in CH3CN (3.0 mL), DCE (2.5 mL) and CH3COOH (0.5 

mL) stirring under nitrogen atmosphere was electrolyzed at a constant current of 8.0 mA and 

irradiated by blue LEDs at 35 ̊ C for 21 h. After completion of the reaction, H2 was detected by GC-

TCD. Then the reaction system was quenched by water. The aqueous solution was extracted with 

CH2Cl2 (3 × 20 mL) and the combined extracts were dried with anhydrous Na2SO4. The solvent was 

removed under reduced pressure by rotary evaporation. Then, the pure product 35 was obtained by 

flash column chromatography on silica gel (eluent: dichloromethane/ petroleum ether = 1:5). 

Procedure for 37: In an oven-dried undivided three-necked bottle (10 mL) equipped with a stir 

bar. The bottle was equipped with carbon felt (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of adapalene precursor (0.5 mmol, 160.5 mg), sodium azide (2.5 mmol, 5 

equiv., 162.5 mg), DDQ (0.0275 mmol, 5.5 mol%, 6.3 mg), MnF2 (0.050 mmol, 10.0 mol%, 4.6 

mg), 1,10-Phen (0.1 mmol, 20.0 mol%, 18.6 mg), TFA (2.0 mmol, 4 equiv., 228.0 mg) and LiClO4 

(1.0 mmol, 2 equiv., 106.4 mg) in CH3CN (3.0 mL), DCE (2.5 mL) and CH3COOH (0.5 mL) stirring 

under nitrogen atmosphere was electrolyzed at a constant current of 4.5 mA and irradiated by blue 

LEDs at 35 ˚C for 15 h. After completion of the reaction, H2 was detected by GC-TCD. Then the 

reaction system was quenched by water. The aqueous solution was extracted with CH2Cl2 (3 × 10 

mL) and the combined extracts were dried with anhydrous Na2SO4. The solvent was removed under 

reduced pressure by rotary evaporation. Then, the pure product 37 was obtained by flash column 

chromatography on silica gel (eluent: dichloromethane/ petroleum ether = 1:10). 

General procedure for the study of accelerating effect of visible light irradiation in the initial 

stage of the reaction: In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir 

bar. The bottle was equipped with carbon cloth (15 mm×15 mm) and platinum electrode (15 mm×15 

mm×0.3 mm). A solution of 1-isopropyl-4-methoxybenzene (0.5 mmol, 75.1 mg), sodium azide (2.5 

mmol, 5.0 equiv., 162.5 mg), bis(4-methoxyphenyl)methanone (0.0275 mmol, 5.5 mol%, 6.7 mg), 

MnF2 (0.05 mmol, 10.0 mol%, 4.6 mg), 1,10-Phen (0.1 mmol, 20.0 mol%, 18.6 mg), KBr (0.2 mmol, 

40.0 mol%, 23.8 mg), TFA (2.0 mmol, 4.0 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2.0 equiv., 

106.4 mg) in CH3CN (9.5 mL) and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was 

electrolyzed at a constant current of 4.5 mA and irradiated by blue LEDs at 35 ̊ C for different times 

(1.0 h, 1.5 h, 2.0 h, 2.5 h). After completion of the reaction, the reaction system was quenched by 

water. The aqueous solution was extracted with CH2Cl2 (3 × 20 mL) and the combined extracts were 
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dried with anhydrous Na2SO4. The yields of products 5 could be determined by 1H NMR with 

diphenylmethane as the internal standard. Using the above mentioned procedure, the reaction at 

different times (1.0 h, 1.5 h, 2.0 h, 2.5 h) under darkness were conducted. 

 Procedure for gram scale synthesis: In an oven-dried undivided three-necked bottle (100 mL) 

equipped with a stir bar. The bottle was equipped with carbon cloth (30 mm×30 mm) and platinum 

electrode (15 mm×15 mm×0.3 mm). A solution of 1-isopropyl-4-methoxybenzene (10.0 mmol, 1.5 

g), sodium azide (40.0 mmol, 4.0 equiv., 2.6 g), bis(4-methoxyphenyl)methanone (0.55 mmol, 5.5 

mol%, 134 mg), MnF2 (1.0 mmol, 10 mol%, 92 mg), 1,10-Phen (2.0 mmol, 20 mol%, 372 mg), KBr 

(4.0 mmol, 40 mol%, 476 mg), TFA (40.0 mmol, 4 equiv., 4.6 g) and LiClO4 (10.0 mmol, 1.0 equiv., 

1.06 g) in CH3CN (80.0 mL) and CH3COOH (7.5 mL) stirring under nitrogen atmosphere was 

electrolyzed at a constant current of 8.0 mA and irradiated by blue LEDs at 35 ˚C for 72 h. After 

completion of the reaction, H2 was detected by GC-TCD. Then the reaction system was quenched 

by water. The aqueous solution was extracted with CH2Cl2 (3 × 100 mL) and the combined extracts 

were dried with anhydrous Na2SO4. The conversion of reactants and the yield of product could be 

determined by GC with naphthalene as the internal standard. The solvent was removed under 

reduced pressure by rotary evaporation. Then, the pure product 5 was obtained by flash column 

chromatography on silica gel (eluent: dichloromethane/ petroleum ether = 1:5). 

Procedure for azidation reduction experiments: In an oven-dried undivided three-necked 

bottle (100 mL) equipped with a stir bar. A solution of 1-(2-azidopropan-2-yl)-4-methoxybenzene 5 

(5.0 mmol, 955.5 mg), Pd/C (10 % Pd, 57.3 % H2O) (5 mmol, 125.0 mg) in MeOH (25.0 mL) 

stirring under H2 (1 atm, hydrogen-filled balloon) was stirred at r.t. for 38 h. After completion of the 

reaction, Then, the pure product 41 was obtained by flash column chromatography on silica gel. 

 

Figure S1. The azide reduction experiment. 

Procedure for radical inhibition experiment: In an oven-dried undivided three-necked bottle 

(25 mL) equipped with a stir bar. The bottle was equipped with carbon cloth (15 mm×15 mm) and 
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platinum electrode (15 mm×15 mm×0.3 mm). A solution of 1-ethylnaphthalene (0.50 mmol, 78.1 

mg), sodium azide (2.5 mmol, 5.0 equiv., 162.5 mg), TEMPO (1.0 mmol, 2.0 equiv., 156.3 mg,), 

9H-fluoren-9-one (0.0275 mmol, 5.5 mol%, 5.0 mg), MnBr2·4H2O (0.05 mmol, 10.0 mol%, 14.3 

mg), 1,10-Phen (0.10 mmol, 20.0 mol%, 18.6 mg), KBr (0.20 mmol, 40.0 mol%, 23.8 mg), TFA 

(2.0 mmol, 4.0 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2.0 equiv., 106.4 mg) in CH3CN (9.5 mL) 

and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current 

of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 15 h. After completion of the reaction, the 

reaction results were monitored by TLC and GC-MS. 

Procedure for kinetic of isotopic effect experiments: In an oven-dried undivided three-necked 

bottle (25 mL) equipped with a stir bar. The bottle was equipped with carbon cloth (15 mm×15 mm) 

and platinum electrode (15 mm×15 mm×0.3 mm). A solution of cyclohexylbenzene (0.50 mmol, 

80.1 mg), sodium azide (2.50 mmol, 5.0 equiv., 162.5 mg), bis(4-methoxyphenyl)methanone 

(0.0275 mmol, 5.5 mol%, 6.7 mg), MnF2 (0.05 mmol, 10.0 mol%, 4.6 mg), 1,10-Phen (0.10 mmol, 

20.0 mol%, 18.6 mg), KBr (0.20 mmol, 40.0 mol%, 23.8 mg), TFA (2.0 mmol, 4.0 equiv., 228.0 mg) 

and LiClO4 (1.0 mmol, 2.0 equiv., 106.4 mg) in CH3CN (9.5 mL) and CH3COOH (0.5 mL) stirring 

under nitrogen atmosphere was electrolyzed at a constant current of 4.5 mA and irradiated by blue 

LEDs at 35 ˚C for 2 h. After completion of the reaction, the aqueous solution was extracted with 

CH2Cl2 (3 × 20 mL) and the combined extracts were dried with anhydrous Na2SO4. The solvent was 

removed under reduced pressure by rotary evaporation. The yield of product 8 could be determined 

by GC with naphthalene as the internal standard. 

In an oven-dried undivided three-necked bottle (25 mL) equipped with a stir bar. The bottle was 

equipped with carbon cloth (15 mm×15 mm) and platinum electrode (15 mm×15 mm×0.3 mm). A 

solution of (cyclohexyl-1-d)benzene (0.50 mmol, 80.1 mg), sodium azide (2.5 mmol, 5.0 equiv., 

162.5 mg), bis(4-methoxyphenyl)methanone (0.0275 mmol, 5.5 mol%, 6.7 mg), MnF2 (0.050 mmol, 

10.0 mol%, 4.6 mg), 1,10-Phen (0.10 mmol, 20.0 mol%, 18.6 mg), KBr (0.20 mmol, 40.0 mol%, 

23.8 mg), TFA (2.0 mmol, 4 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2.0 equiv., 106.4 mg) in 

CH3CN (9.5 mL) and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at 

a constant current of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 2 h. After completion of the 

reaction, the aqueous solution was extracted with CH2Cl2 (3 × 20 mL) and the combined extracts 

were dried with anhydrous Na2SO4. The solvent was removed under reduced pressure by rotary 
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evaporation. The yield of product 8 could be determined by GC with naphthalene as the internal 

standard. 

 General procedure for kinetic plots of [Mn]: The order in catalyst MnF2 was determined by 

studying the initial rate of reaction with different concentrations of MnF2. Using the above 

mentioned general procedure, 1-isopropyl-4-methoxybenzene (0.50 mmol, 75.1 mg), sodium azide 

(2.5 mmol, 5.0 equiv., 162.5 mg), bis(4-methoxyphenyl)methanone (0.0275 mmol, 5.5 mol%, 6.7 

mg), MnF2 (0.0125 mmol, 0.020 mmol, 0.0375 mmol, 0.050 mmol, 0.0625 mmol), 1,10-Phen (0.10 

mmol, 20.0 mol%, 18.6 mg), KBr (0.20 mmol, 40.0 mol%, 23.8 mg), TFA (2.0 mmol, 4.0 equiv., 

228.0 mg) and LiClO4 (1.0 mmol, 2.0 equiv., 106.4 mg) in CH3CN (9.5 mL) and CH3COOH (0.5 

mL) stirring under nitrogen atmosphere was electrolyzed at a constant current of 4.5 mA and 

irradiated by blue LEDs at 35 ˚C for 2 h. The yields of product could be determined by 1H NMR 

with diphenylmethane as the internal standard. These experiments were operated two times and the 

initial rates were determined by the average yields. Finally, the initial rate for different concentration 

of [Mn] vs relative concentrations could be obtained. 
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Figure S2. The kinetic study of [Mn]. 

General procedure for kinetic plots of 1,10-Phen: The order in ligand 1,10-Phen was determined 

by studying the initial rate of reaction with different concentrations of 1,10-Phen. Using the above 

mentioned general procedure, 1-isopropyl-4-methoxybenzene (0.50 mmol, 75.1 mg), sodium azide 

(2.50 mmol, 5.0 equiv., 162.5 mg), bis(4-methoxyphenyl)methanone (0.0275 mmol, 5.50 mol%, 6.7 

mg), MnF2 (0.050 mmol, 10.0 mol%, 4.6 mg), 1,10-Phen (0.025 mmol, 0.050 mmol, 0.065 mmol, 
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0.075 mmol, 0.10 mmol, 0.125 mmol, 0.15 mmol), KBr (0.20 mmol, 40.0 mol%, 23.8 mg), TFA 

(2.0 mmol, 4.0 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2.0 equiv., 106.4 mg) in CH3CN (9.5 mL) 

and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current 

of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 2 h. The yields of product could be determined 

by 1H NMR with diphenylmethane as the internal standard. These experiments were operated two 

times and the initial rates were determined by the average yields. Finally, the initial rate for different 

concentration of 1,10-Phen vs relative concentrations could be obtained. 
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Equation y = a + b*x

Weight No Weighting

Residual Sum of 
Squares

0.07789

Pearson's r 0.99515

Adj. R-Square 0.98549

Value Standard Error

Book1_B Intercept 2.38471 0.29839

Book1_B Slope 749.6946 52.39175

Equation y = a + b*x

Weight No Weighting

Residual Sum of 
Squares

0.00302

Pearson's r 0.98495

Adj. R-Square 0.94023

Value Standard Error

Book1_B Intercept 7.91569 0.19697

Book1_B Slope 88.60788 15.55151

 

Figure S3. The kinetic study of [1,10-Phen]. 

General procedure for kinetic plots of NaN3: The order in sodium azide was determined by 

studying the initial rate of reaction with different concentrations of sodium azide. Using the above 

mentioned general procedure, 1-isopropyl-4-methoxybenzene (0.50 mmol, 75.1 mg), sodium azide 

(0.25 mmol, 0.50 mmol, 1.00 mmol, 1.50 mmol, 1.75 mmol, 2.00 mmol), bis(4-

methoxyphenyl)methanone (0.0275 mmol, 5.5 mol%, 6.7 mg), MnF2 (0.05 mmol, 10.0 mol%, 4.6 

mg), 1,10-Phen (0.10 mmol, 20.0 mol%, 18.6 mg), KBr (0.20 mmol, 40.0 mol%, 23.8 mg), TFA 

(2.0 mmol, 4.0 equiv., 228.0 mg) and LiClO4 (1.0 mmol, 2.0 equiv., 106.4 mg) in CH3CN (9.5 mL) 

and CH3COOH (0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current 

of 4.5 mA and irradiated by blue LEDs at 35 ˚C for 2 h. The yields of product could be determined 

by 1H NMR with diphenylmethane as the internal standard. These experiments were operated two 

times and the initial rates were determined by the average yields. Finally, the initial rate for different 

concentration of sodium azide vs relative square of concentrations could be obtained. 
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Equation y = a + b*x

Weight No Weighting

Residual Sum 
of Squares

2.36746

Pearson's r 0.96533

Adj. R-Square 0.91482

Value Standard Error

Book1_A Intercept -0.2153 0.49484

Book1_A Slope 159.70639 21.59407

 

Figure S4. The kinetic study of [NaN3]. 

General procedure for kinetic plots of 1-isopropyl-4-methoxybenzene: The order in substrate 

1-isopropyl-4-methoxybenzene was determined by studying the initial rate of reaction with different 

concentrations of 1-isopropyl-4-methoxybenzene. Using the above mentioned general procedure, 

1-isopropyl-4-methoxybenzene (0.30 mmol, 0.50 mmol, 0.60 mmol, 0.70 mmol, 0.80 mmol, 1.00 

mmol), sodium azide (2.5 mmol, 162.5 mg), bis(4-methoxyphenyl)methanone (0.0275 mmol, 6.7 

mg), MnF2 (0.050 mmol, 4.6 mg), 1,10-Phen (0.10 mmol, 18.6 mg), KBr (0.20 mmol, 23.8 mg), 

TFA (2.0 mmol, 228.0 mg) and LiClO4 (1.0 mmol, 106.4 mg) in CH3CN (9.5 mL) and CH3COOH 

(0.5 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current of 4.5 mA and 

irradiated by blue LEDs at 35 ˚C for 2 h. The yields of product could be determined by 1H NMR 

with diphenylmethane as the internal standard. These experiments were operated two times and the 

initial rates were determined by the average yields. Finally, the initial rate for different concentration 

of C(sp3)-H vs relative concentrations could be obtained. 
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Adj. R-Square 0.39266

Value Standard Error

B Intercept 7.63342 0.88886
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Figure S5. The kinetic study of [1-isopropyl-4-methoxybenzene]. 

Procedure for EPR experiments (electrophotocatalytic condition): In an oven-dried undivided 

three-necked bottle (25 mL) equipped with a stir bar. The bottle was equipped with carbon cloth (15 

mm×15 mm) and platinum electrode (15 mm×15 mm×0.3 mm). A solution of 1-ethylnaphthalene 

(0.25 mmol, 39.0 mg), sodium azide (1.25 mmol, 5 equiv., 81.3 mg), bis(4-

methoxyphenyl)methanone (0.01375 mmol, 5.5 mol%, 3.4 mg), MnF2 (0.025 mmol, 10 mol%, 2.4 

mg), 1,10-Phen (0.05 mmol, 20 mol%, 9.8 mg), KBr (0.1 mmol, 40 mol%, 11.9 mg), TFA (1.0 mmol, 

4 equiv., 114.0 mg) and LiClO4 (0.5 mmol, 2 equiv., 53.2 mg) in dry CH3CN (4.7 mL) and 

CH3COOH (0.25 mL) stirring under nitrogen atmosphere was electrolyzed at a constant current of 

4.5 mA and irradiated by blue LEDs at 35 ˚C for 2.5 h. Then, DMPO (40 μL) was added into the 

reaction system, which was further electrolyzed at a constant current of 4.5 mA and irradiated by 

blue LEDs at 35 ˚C for 5 mins. The solution sample was taken out into a small tube and analyzed 

by EPR. EPR spectra was recorded at 298 K on EPR spectrometer operated at 9.824 GHz. Typical 

spectrometer parameters are shown as follows, scan range: 100 G; center field set: 3505 G; time 

constant: 163.84 ms; S21 scan time: 30.72 s; modulation amplitude: 1.0 G; modulation frequency: 

100 kHz; receiver gain: 1.00×104 ; microwave power: 22.00 mW. 

Procedure for EPR experiments (photocatalytic condition): A solution of 1-ethylnaphthalene 

(0.5 mmol, 78.0 mg) and bis(4-methoxyphenyl)methanone (0.12 mol, 30.0 mg) in degassed dry 

CH3CN (1.0 mL) were stirred under nitrogen atmosphere, which was irradiated by blue LEDs or 

under darkness at 25 ˚C for 3 h. Then, DMPO (20 μL) was added into the reaction system, which 
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was further irradiated by blue LEDs or under darkness at 25 ˚C for 30 mins. The solution sample 

was taken out into a small tube and analyzed by EPR. EPR spectra was recorded at 298 K on EPR 

spectrometer operated at 9.818 GHz. Typical spectrometer parameters are shown as follows, scan 

range: 100 G; center field set: 3503 G; time constant: 163.84 ms; S21 scan time: 30.72 s; modulation 

amplitude: 1.0 G; modulation frequency: 100 kHz; receiver gain: 1.00×105; microwave power: 

21.78 mW. 

General procedure for cyclic voltammetry (CV) experiments: Cyclic voltammetry experiments 

were performed in a three-electrode cell connected to a Schlenk line at room temperature. The 

working electrode was a steady glassy carbon disk electrode, the counter electrode a platinum wire. 

The reference was a Ag/AgCl electrode submerged in saturated aqueous KCl solution, and separated 

from reaction by a salt bridge. CH3CN (10 ml) containing LiClO4 (1.0 mmol) were poured into the 

electrochemical cell in all experiments. For some certain experiments, 0.5 mL CH3COOH were 

added. The scan rate is 0.1 V/s, ranging from 0 V to 2.5 or 3.0 V. 

3. Characterization of Products 

 

(Azidomethanetriyl)tribenzene (4)1: 141.1 mg colorless liquid was isolated, yield 99%. 1H NMR 

(400 MHz, Chloroform-d) δ 7.34 – 7.22 (m, 15H). 13C NMR (101 MHz, Chloroform-d) δ 143.20, 128.55, 

128.30, 127.80, 77.22. 

 

 

1-(2-Azidopropan-2-yl)-4-methoxybenzene (5): 91.7 mg colorless liquid was isolated, yield: 96%. 1H 

NMR (400 MHz, Chloroform-d) δ 7.41 – 7.33 (m, 2H), 6.94 – 6.85 (m, 2H), 3.81 (s, 3H), 1.62 (s, 6H).  

13C NMR (101 MHz, Chloroform-d) δ 158.86, 136.76, 126.54, 113.85, 63.65, 55.40, 28.56. HRMS (EI) 

exact mass calculated for [C10H13N3O], 191.1059, found 191.1066. 
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(4-(2-Azidopropan-2-yl)phenoxy)(tert-butyl)dimethylsilane (6):  116.4 mg colorless liquid was 

isolated, yield: 80%. 1H NMR (400 MHz, Chloroform-d) δ 7.33 – 7.25 (m, 2H), 6.89 – 6.75 (m, 2H), 

1.61 (s, 6H), 0.98 (s, 9H), 0.20 (s, 6H).  13C NMR (101 MHz, Chloroform-d) δ 154.98, 137.32, 126.46, 

119.95, 63.67, 28.54, 25.79, 18.31, -4.27. HRMS (EI) exact mass calculated for [C15H23N3OSi], 

291.1767, found 291.1774. 

 

 

1-(2-Azidopropan-2-yl)-4-methylbenzene (7): 56.9 mg colorless liquid was isolated, yield: 65%. 1H 

NMR (400 MHz, Chloroform-d) δ 7.33 (d, J = 8.2 Hz, 2H), 7.17 (d, J = 8.2 Hz, 2H), 2.34 (s, 3H), 1.61 

(s, 6H). 13C NMR (101 MHz, Chloroform-d) δ 141.73, 137.21, 129.30, 125.18, 63.82, 28.51, 21.09. 

HRMS (EI) exact mass calculated for [C10H13N3], 175.1109, found 175.1110. 

 

 

(1-Azidocyclohexyl)benzene (8)1: 70.0 mg colorless liquid was isolated, yield: 69%. 1H NMR (400 

MHz, Chloroform-d) δ 7.48 – 7.43 (m, 2H), 7.39 (td, J = 6.9, 6.4, 1.9 Hz, 2H), 7.33 – 7.26 (m, 1H), 2.09 

– 1.95 (m, 2H), 1.84 (td, J = 13.6, 12.3, 4.4 Hz, 2H), 1.78 – 1.59 (m, 5H), 1.38 – 1.23 (m, 1H). 13C NMR 

(101 MHz, Chloroform-d) δ 144.46, 128.75, 127.65, 125.57, 66.74, 36.05, 25.35, 22.54.  

 

 

1-(2-Azidopropan-2-yl)-4-isopropylbenzene (9): 50.5 mg colorless liquid was isolated, yield: 57%. 1H 

NMR (400 MHz, Chloroform-d) δ 7.40 – 7.31 (m, 2H), 7.26 – 7.16 (m, 2H), 2.90 (hept, J = 6.9 Hz, 1H), 

1.62 (s, 6H), 1.25 (d, J = 6.9 Hz, 6H). 13C NMR (101 MHz, Chloroform-d) δ 148.07, 142.07, 126.64, 

125.20, 63.80, 33.78, 28.51, 24.05. HRMS (EI) exact mass calculated for [C12H17N3], 203.1422, found 

203.1422. 
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1,4-Bis(2-azidopropan-2-yl)benzene (9’, diazidation): 42.7 mg colorless liquid was isolated, yield: 

35%. 1H NMR (400 MHz, Chloroform-d) δ 7.43 (s, 4H), 1.64 (s, 12H). 13C NMR (101 MHz, 

Chloroform-d) δ 143.89, 125.41, 63.62, 28.42. GCMS (EI) exact mass calculated for [C12H16N6-N2], 

216.14, found 216.05. 

 

 

1-(2-Azidopropan-2-yl)-3,5-diisopropylbenzene (10): 77.2 mg colorless liquid was isolated, yield: 

63%. 1H NMR (400 MHz, Chloroform-d) δ 7.10 (d, J = 1.4 Hz, 2H), 7.01 (s, 1H), 2.91 (hept, J = 6.9 Hz, 

2H), 1.64 (s, 6H), 1.26 (d, J = 6.9 Hz, 12H). 13C NMR (101 MHz, Chloroform-d) δ 149.14, 144.60, 

123.71, 120.85, 64.22, 34.49, 28.67, 24.23. HRMS (EI) exact mass calculated for [C15H23N3], 245.1892, 

found 245.1888. 

 

 

1,3-Bis(2-azidopropan-2-yl)-5-isopropylbenzene (10’, diazidation): 31.5 mg colorless liquid was 

isolated, yield: 22%. 1H NMR (400 MHz, Chloroform-d) δ 7.31 (t, J = 1.5 Hz, 1H), 7.20 (d, J = 1.3 Hz, 

2H), 3.02 – 2.88 (m, 1H), 1.65 (s, 12H), 1.27 (d, J = 6.9 Hz, 6H). 13C NMR (101 MHz, Chloroform-d) δ 

149.52, 145.05, 122.38, 119.50, 64.11, 34.58, 28.64, 24.17. HRMS (EI) exact mass calculated for 

[C15H22N6], 286.1906, found 286.1912. 

  

 

2-(2-Azidopropan-2-yl)-9H-thioxanthen-9-one (11): 73.7 mg yellow liquid was isolated, yield: 50%. 

1H NMR (400 MHz, Chloroform-d) δ 8.70 – 8.58 (m, 2H), 7.78 (dd, J = 8.5, 2.3 Hz, 1H), 7.68 – 7.56 
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(m, 3H), δ 7.54 – 7.46 (m, 1H), 1.73 (s, 6H). 13C NMR (101 MHz, Chloroform-d) δ 179.98, 143.39, 

137.22, 136.60, 132.52, 130.06, 129.99, 129.23, 129.05, 126.67, 126.58, 126.19, 126.12, 63.70, 28.40. 

HRMS (EI) exact mass calculated for [C16H13N3OS], 295.0779, found 295.0783. 

 

 

1-(2-Azidopropan-2-yl)-4-bromobenzene (12): 151.2 mg colorless liquid was isolated, yield: 63%. 

1H NMR (400 MHz, Chloroform-d) δ 7.51 – 7.42 (m, 2H), 7.33 – 7.26 (m, 2H), 1.59 (s, 6H). 13C NMR  

(101 MHz, Chloroform-d) δ 143.82, 131.65, 127.05, 121.44, 63.39, 28.30. GCMS (EI) exact mass 

calculated for [C9H10BrN3], 239.0, found 239.9. 

 

 

(2-Azidobutan-2-yl)benzene (13): 40.3 mg colorless liquid was isolated, yield: 46%. 1H NMR (400 

MHz, Chloroform-d) δ 7.42 – 7.32 (m, 4H), 7.30 – 7.23 (m, 1H), 1.96 – 1.78 (m, J = 7.0 Hz, 2H), 1.66 

(s, 3H), 0.79 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 143.41, 128.53, 127.30, 125.75, 

67.46, 35.13, 25.23, 8.83. HRMS (EI) exact mass calculated for [C10H13N3], 175.1109, found 175.1110. 

 

 

4-(1-Azidoethyl)-1,1'-biphenyl (14): 48 mg colorless liquid was isolated, yield: 43%. 1H NMR (400 

MHz, Chloroform-d) δ 7.64 – 7.55 (m, 4H), 7.49 – 7.31 (m, 5H), 4.66 (q, J = 6.8 Hz, 1H), 1.57 (d, J = 

6.8 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 141.19, 140.69, 139.96, 128.94, 127.63, 127.58, 

127.24, 126.96, 60.96, 21.72. HRMS (EI) exact mass calculated for [C14H13N3], 223.1109, found 

223.1115. 

 

 

1-(1-Azidoethyl)-2-methylbenzene (15): 41.1 mg colorless liquid was isolated, yield: 51%. 1H NMR 

(400 MHz, Chloroform-d) δ 7.41 – 7.35 (m, 1H), 7.30 – 7.14 (m, 3H), 4.84 (q, J = 6.8 Hz, 1H), 2.37 (s, 

3H), 1.53 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 138.86, 135.32, 130.85, 128.01, 

126.62, 125.71, 57.51, 20.61, 19.27. HRMS (EI) exact mass calculated for [C9H11N3], 161.0953, found 
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161.0955. 

 

 

1-(1-Azidoethyl)-4-methoxybenzene (16)2: 39.8 mg colorless liquid was isolated, yield: 45%. 1H NMR 

(400 MHz, Chloroform-d) δ 7.43 – 7.10 (m, 2H), 7.03 – 6.77 (m, 2H), 4.57 (q, J = 6.8 Hz, 1H), 3.81 (s, 

3H), 1.51 (d, J = 6.9 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 159.48, 132.93, 127.80, 114.17, 

60.80, 55.43, 21.62. 

 

 
1-(1-Azidoethyl)naphthalene (17): 60.0 mg colorless liquid was isolated, yield: 61%. 1H NMR (400 

MHz, Chloroform-d) δ 8.07 (d, J = 8.4 Hz, 1H), 7.95 – 7.74 (m, 2H), 7.66 – 7.35 (m, 4H), 5.32 (q, J = 

6.8 Hz, 1H), 1.70 (d, J = 6.8 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 136.18, 134.05, 130.66, 

129.16, 128.91, 126.60, 125.96, 125.46, 123.67, 123.12, 57.61, 20.79. HRMS (EI) exact mass calculated 

for [C12H11N3], 197.0953, found 197.0952. 

 

 

(1-Azidoethane-1,2-diyl)dibenzene (18): 122.7 mg colorless liquid was isolated, yield: 55%. 1H NMR 

(400 MHz, Chloroform-d) δ 7.41 – 7.17 (m, 8H), 7.17 – 7.09 (m, 2H), 4.65 (dd, J = 8.3, 6.2 Hz, 1H), 

3.04 (qd, J = 13.8, 7.2 Hz, 2H). 13C NMR (101 MHz, Chloroform-d) δ 139.38, 137.51, 129.49, 128.83, 

128.51, 128.41, 127.03, 126.88, 67.76, 43.10. HRMS (EI) exact mass calculated for [C14H13N3-N2], 

195.1048, found 195.1043. 

 

 

1-(1-Azidoethyl)-3,5-diethylbenzene (19): 41.6 mg colorless liquid was isolated, yield: 41%. 1H NMR  

(400 MHz, Chloroform-d) δ 7.00 (s, 1H), 6.97 (s, 2H), 4.57 (q, J = 6.8 Hz, 1H), 2.64 (q, J = 7.6 Hz, 4H), 

1.53 (d, J = 6.8 Hz, 3H), 1.24 (t, J = 7.6 Hz, 6H). 13C NMR (101 MHz, Chloroform-d) δ 144.92, 140.96, 

127.46, 123.33, 61.42, 28.97, 21.74, 15.71. HRMS (EI) exact mass calculated for [C12H17N3], 203.1422, 
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found 203.1429. 

 

 

2-(1-Azidoethyl)benzo[b]thiophene (20): 32.5 mg colorless liquid was isolated, yield: 32%. 1H NMR 

(400 MHz, Chloroform-d) δ 7.78 (dd, J = 29.0, 7.9 Hz, 2H), 7.34 (p, J = 7.1 Hz, 2H), 7.23 (s, 1H), 4.88 

(q, J = 6.8 Hz, 1H), 1.67 (d, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 144.82, 139.58, 

139.27, 124.79, 124.65, 123.87, 122.60, 121.56, 57.24, 21.77. HRMS (EI) exact mass calculated for 

[C10H9N3S], 203.0517, found 203.0514. 

 

 

3-Azido-2,3-dihydrobenzofuran (21): 62.8 mg colorless liquid was isolated, yield: 39%. 1H NMR 

(400 MHz, Chloroform-d) δ 7.43 – 7.37 (m, 1H), 7.30 (td, J = 8.2, 1.3 Hz, 1H), 6.98 (td, J = 7.5, 0.9 Hz, 

1H), 6.91 (d, J = 8.1 Hz, 1H), 5.00 (dd, J = 6.9, 2.8 Hz, 1H), 4.61 – 4.38 (m, 2H). 13C NMR (101 MHz, 

Chloroform-d) δ 160.28, 131.27, 125.43, 123.92, 121.29, 110.82, 76.35, 62.06. HRMS (EI) exact mass 

calculated for [C8H7N3O], 161.0589, found 161.0593. 

 

 

1-Azido-2,3-dihydro-1H-indene (22): 39.8 mg colorless liquid was isolated, yield: 50%. 1H NMR (400 

MHz, Chloroform-d) δ 7.40 (d, J = 7.0 Hz, 1H), 7.32 – 7.21 (m, 3H), 4.87 (dd, J = 7.1, 4.7 Hz, 1H), 3.18 

– 3.01 (m, 1H), 2.95 – 2.79 (m, 1H), 2.56 – 2.32 (m, 1H), 2.22 – 1.97 (m, 1H). 13C NMR (101 MHz, 

Chloroform-d) δ 143.75, 140.74, 128.97, 126.95, 125.19, 124.65, 65.97, 32.64, 30.57. HRMS (EI) exact 

mass calculated for [C9H9N3], 159.0796, found 159.0801. 

 

 

(1-Azidooctyl)benzene (23): 58.9 mg colorless liquid was isolated, yield: 51%. 1H NMR (400 MHz, 

Chloroform-d) δ 7.42 – 7.24 (m, 5H), 4.40 (t, J = 7.2 Hz, 1H), 1.90 – 1.68 (m, 2H), 1.40 (dd, J = 18.1, 

9.1 Hz, 1H), 1.34 – 1.18 (m, 9H), 0.87 (t, J = 6.7 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 140.06, 

128.86, 128.26, 127.01, 66.56, 36.31, 31.89, 29.35, 29.26, 26.40, 22.76, 14.23.  GCMS (EI) exact mass 

calculated for [C14H21N3-N2], 203.17, found 203.10. 
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(1-Azidoundecyl)benzene (24): 71.0 mg colorless liquid was isolated, yield: 52%. 1H NMR (400 MHz, 

Chloroform-d) δ 7.43 – 7.35 (m, 2H), 7.34 – 7.26 (m, 3H), 4.49 – 4.30 (m, 1H), 1.91 – 1.67 (m, 2H), δ 

1.44 – 1.34 (m, 1H), 1.33 – 1.20 (m, 15H), 0.88 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, Chloroform-

d) δ 140.07, 128.86, 128.26, 127.01, 66.56, 36.31, 32.04, 29.71, 29.68, 29.58, 29.45, 29.39, 26.40, 22.83, 

14.27. HRMS (EI) exact mass calculated for [C17H27N3-N2], 245.2143, found 245.2141. 

 

 

(1-Azido-4-methoxybutyl)benzene (25): 56.4 mg colorless liquid was isolated, yield: 55%. 1H NMR 

(400 MHz, Chloroform-d) δ 7.41 – 7.33 (m, 2H), 7.29 – 7.22 (m, 3H), 4.40 – 4.29 (m, 1H), 3.52 (s, 3H), 

2.84 – 2.62 (m, 2H), 1.89 – 1.75 (m, 4H). 13C NMR (101 MHz, Chloroform-d) δ 141.82, 128.52, 128.50, 

126.06, 94.21, 56.71, 35.50, 34.14, 26.57. HRMS (EI) exact mass calculated for [C11H15N3O-N2], 

177.1154, found 177.1162. 

 

 

Azidocyclooctane (26)3: Colorless liquid was obtained, while GC yield was determined with biphenyl 

as internal standard: 41%. 1H NMR (400 MHz, Chloroform-d) δ 3.57 (tt, J = 8.4, 4.0 Hz, 1H), 1.92 – 

1.82 (m, 2H), 1.77 – 1.66 (m, 4H), 1.60 – 1.43 (m, 8H). 13C NMR (101 MHz, Chloroform-d) δ 62.36, 

30.91, 27.34, 25.25, 23.29. 

 

 

Azidocyclododecane (27): 64.8 mg colorless liquid was isolated, yield: 31%. 1H NMR (400 MHz, 

Chloroform-d) δ 3.91 – 3.14 (m, 1H), 1.75 – 1.63 (m, 2H), 1.50 (ddd, J = 14.3, 11.9, 6.0 Hz, 4H), 1.35 

(d, J = 11.6 Hz, 16H). 13C NMR (101 MHz, CDCl3) δ 59.28, 29.15, 24.05, 23.83, 23.45, 23.35, 21.42.  

HRMS (EI) exact mass calculated for [C12H23N3], 209.1892, found 209.1896. 
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(2-Azidopropan-2-yl)cyclohexane (28)3: Colorless liquid was obtained, 2.4:1 site selectivity was 

determined by 1H NMR, while GC yield was determined with biphenyl as internal standard: 51%. 1H 

NMR (400 MHz, Chloroform-d) δ 1.85 – 1.74 (m, 3H), 1.71 – 1.62 (m, 2H), 1.60 – 1.48 (m, 1H), 1.43 

– 1.26 (m, 2H), 1.22 (s, 4.29H), 1.19 – 1.11 (m, 1H), 1.11 – 0.97 (m, 2H), 0.96 (d, J = 6.8 Hz, 1.72H). 

13C NMR (101 MHz, Chloroform-d) δ 67.17, 64.78, 47.53, 37.39, 31.58, 27.74, 26.68, 26.48, 25.63, 

23.61, 22.30, 17.35. 

 

 

4a-Azidodecahydronaphthalene (29): 68.0 mg colorless liquid was isolated, yield: 38%. 1H NMR (400 

MHz, Chloroform-d) δ 1.82 (m, 1H), 1.77 – 1.65 (m, 2H), 1.55 (m, 3H), 1.26 (m, 8H), 1.03 – 0.74 (m, 

3H). 13C NMR (101 MHz, Chloroform-d) δ 65.29, 44.46, 36.37, 28.82, 26.17, 22.13. HRMS (EI) exact 

mass calculated for [C10H17N3], 179.1422, found 179.1420. 

 

 

1-Azido-1,1'-bi(cyclohexane) (30): 103.7 mg colorless liquid was isolated, yield: 50%. 1H NMR (400 

MHz, Chloroform-d) δ 1.87 – 1.76 (m, 4H), 1.71 – 1.62 (m, 4H), 1.61 – 1.48 (m, 4H), 1.47 – 1.33 (m, 

3H), 1.25 – 1.05 (m, 6H). 13C NMR (101 MHz, CDCl3) δ 67.21, 47.72, 31.78, 27.26, 26.87, 26.57, 25.73, 

22.34. HRMS (EI) exact mass calculated for [C12H21N3], 207.1735, found 207.1745. 

 

 

(1r,3R,5S,7r)-1-Azido-3,5-dimethyladamantane (31)3: 94.3 mg colorless liquid was isolated, yield: 

46%. 1H NMR (400 MHz, Chloroform-d) δ 2.21 (hept, J = 3.1 Hz, 1H), 1.64 (d, J = 2.5 Hz, 2H), 1.44 

(q, J = 12.1 Hz, 4H), 1.38 – 1.27 (m, 4H), 1.15 (s, 2H), 0.88 (s, 6H). 13C NMR (101 MHz, Chloroform-

d) δ 60.52, 50.36, 47.60, 42.38, 40.19, 33.16, 30.51, 30.00.  
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(1r,3s,5R,7S)-1-Azido-3-chloroadamantane (32): 113.9 mg colorless liquid was isolated, yield: 

54%. 1H NMR (400 MHz, Chloroform-d) δ 2.34 (s, 2H), 2.16 (s, 2H), 2.09 – 2.04 (m, 3H), 1.79 – 1.73 

(m, 4H), 1.60 (q, J = 13.0 Hz, 2H), 1.25 (s, 1H). 13C NMR (101 MHz, Chloroform-d) δ 66.54, 60.47, 

51.17, 46.10, 39.86, 34.04, 31.83. HRMS (EI) exact mass calculated for [C10H14ClN3], 211.0876, found 

211.0877. 

 

 

4-Azido-4-methylpentyl 4-methylbenzoate (33): 91.3 mg colorless liquid was isolated, yield: 35%. 

1H NMR (400 MHz, Chloroform-d) δ 7.93 (d, J = 8.2 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 4.31 (t, J = 6.5 

Hz, 2H), 2.40 (s, 3H), 1.90 – 1.79 (m, 2H), 1.66 – 1.58 (m, 2H), 1.30 (s, 6H). 13C NMR (101 MHz, 

Chloroform-d) δ 166.67, 143.64, 129.63, 129.13, 127.56, 64.70, 61.25, 37.86, 26.03, 23.89, 21.70.  

GCMS (EI) exact mass calculated for [C14H19N3O2-N2], 233.14, found 233.10. 

 

 

7-Azido-3,7-dimethyloctyl 4-methylbenzoate (34): 120.5 mg colorless liquid was isolated, yield: 

38%. 1H NMR (400 MHz, Chloroform-d) δ 7.93 (d, J = 8.2 Hz, 2H), 7.23 (d, J = 8.0 Hz, 2H), 4.41 – 

4.27 (m, 2H), 2.40 (s, 3H), 1.86 – 1.75 (m, 1H), 1.71 – 1.51 (m, 3H), 1.50 – 1.32 (m, 5H), 1.25 (s, 6H), 

0.97 (d, J = 6.5 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 166.85, 143.57, 129.66, 129.15, 127.82, 

63.34, 61.76, 41.74, 37.21, 35.64, 30.02, 26.12, 26.08, 21.76, 21.69, 19.62. HRMS (DART Positive Ion 

Mode) exact mass calculated for [C18H28N3O2
+-N2], 290.2115, found 290.2113. 
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2-(3-Azido-3-methylbutyl)isoindoline-1,3-dione (35)4: 45.2 mg pale yellow liquid was isolated, 

yield: 35%. 1H NMR (400 MHz, Chloroform-d) δ 7.84 (dd, J = 5.5, 3.0 Hz, 2H), 7.71 (dd, J = 5.4, 3.1 

Hz, 2H), 3.84 – 3.72 (m, 2H), 1.91 – 1.77 (m, 2H), 1.37 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 168.31, 

134.10, 132.22, 123.38, 60.32, 39.30, 33.92, 26.07.  

 

 

2-((1r,3s,5R,7S)-3-Azido-5,7-dimethyladamantan-1-yl)isoindoline-1,3-dione (36)5: 106.8 mg 

white solid was isolated, yield: 35%. 1H NMR (400 MHz, Chloroform-d) δ 7.78 – 7.73 (m, 2H), 7.72 

– 7.66 (m, 2H), 2.45 (s, 2H), 2.14 (s, 4H), 1.56 (d, J = 11.8 Hz, 2H), 1.44 (d, J = 11.7 Hz, 2H), 1.25 (s, 

1H), 1.17 (d, J = 12.9 Hz, 1H), 1.00 (s, 6H). 13C NMR (101 MHz, Chloroform-d) δ 169.48, 133.97, 

131.74, 122.77, 61.76, 60.70, 49.05, 46.44, 44.85, 42.65, 33.91, 29.47.  

 

 

(1s,3r,5R,7S)-1-Azido-3-(5-bromo-2-methoxyphenyl)adamantane (37)5: 77.8 mg colorless liquid was 

isolated, yield: 43%. 1H NMR (400 MHz, Chloroform-d) δ 7.32 – 7.24 (m, 2H), 6.75 (d, J = 8.6 Hz, 

1H), 3.81 (s, 3H), 2.35 – 2.27 (m, 2H), 2.10 (s, 2H), 2.07 – 2.00 (m, 2H), 1.97 – 1.91 (m, 2H), 1.83 (d, J 

= 2.8 Hz, 4H), 1.69 – 1.64 (m, 2H). 13C NMR (101 MHz, Chloroform-d) δ 157.67, 138.38, 130.02, 

129.66, 113.39, 113.33, 59.90, 55.34, 43.93, 40.93, 39.65, 39.02, 35.41, 30.23.  

 

 

1-(3-Azido-6-(tert-butyl)-1,1-dimethyl-2,3-dihydro-1H-inden-4-yl)ethan-1-one (38)3: 145.4 mg 

colorless liquid was isolated, yield: 51%. 1H NMR (400 MHz, Chloroform-d) δ 7.76 (d, J = 1.7 Hz, 1H), 

7.41 (d, J = 1.7 Hz, 1H), 5.59 (dd, J = 7.3, 1.7 Hz, 1H), 2.66 (s, 3H), 2.19 (dd, J = 13.7, 7.3 Hz, 1H), 2.08 

(dd, J = 13.7, 1.8 Hz, 1H), 1.38 (s, 9H), 1.34 (s, 3H), 1.32 (s, 3H). 13C NMR (101 MHz, Chloroform-d) 

δ 199.94, 154.83, 153.34, 136.24, 133.94, 125.95, 124.09, 63.35, 47.98, 42.84, 35.10, 31.49, 30.77, 29.31, 
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28.24. 

 

 

Methyl 2-(4-(1-azido-2-methylpropyl)phenyl)propanoate (39)3: 104.4 mg colorless liquid was 

isolated, yield: 40%. 1H NMR (400 MHz, Chloroform-d) δ 7.30 (d, J = 8.2 Hz, 2H), 7.21 (d, J = 8.2 Hz, 

2H), 4.12 (d, J = 7.9 Hz, 1H), 3.74 (q, J = 7.2 Hz, 1H), 3.67 (s, 3H), 1.97 (dh, J = 13.4, 6.7 Hz, 1H), 1.50 

(d, J = 7.2 Hz, 3H), 1.01 (d, J = 6.6 Hz, 3H), 0.80 (d, J = 6.7 Hz, 3H). 13C NMR (101 MHz, Chloroform-

d) δ 175.03, 140.30, 138.01, 127.78, 127.74, 72.98, 52.22, 45.21, 34.13, 19.66, 19.25, 18.69.  

 

 

Methyl 2-(4-(azido(2-oxocyclopentyl)methyl)phenyl)propanoate (40): 100.0 mg colorless liquid was 

isolated, yield: 33%. 1H NMR (400 MHz, Chloroform-d) δ 7.21 (d, J = 8.1 Hz, 2H), 7.12 (d, J = 8.1 Hz, 

2H), 3.70 (d, J = 7.1 Hz, 1H), 3.65 (s, 3H), 3.13 (dd, J = 13.9, 4.0 Hz, 1H), 2.57 – 2.42 (m, 1H), 2.39 – 

2.28 (m, 2H), 2.18 – 2.05 (m, 2H), 2.01 – 1.91 (m, 1H), 1.78 – 1.68 (m, 1H), 1.48 (d, J = 7.2 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 175.17, 138.93, 138.38, 130.41, 129.19, 127.55, 69.19, 52.09, 

51.06, 45.04, 38.24, 35.23, 29.28, 20.59, 18.64. HRMS (DART Positive Ion Mode) exact mass 

calculated for [C16H20N3O3
+-N2], 274.1438, found 274.1438. 

 

 

2-(4-Methoxyphenyl)propan-2-amine (41)6: 764.0 mg pale yellow liquid was isolated, yield: 93%.  

1H NMR (400 MHz, Chloroform-d) δ 7.45 – 7.39 (m, 2H), 6.90 – 6.83 (m, 2H), 3.79 (s, 3H), 1.64 (s, 

2H), 1.47 (s, 6H). 13C NMR (101 MHz, Chloroform-d) δ 157.92, 142.57, 125.86, 113.47, 55.31, 52.01, 

33.03. 
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5. NMR Spectra of Products 
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