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1. General Information

Unless otherwise stated, the chemicals used are all purchased from reagent 

companies. 1H NMR spectra was recorded on a Bruker Advance 400 spectrometer (400 

MHz) at 298 K, and the chemical shifts (δ) were expressed in ppm and J values were 

given in Hz. UV-vis absorption spectra were characterized by a Shimadzu UV-2450 

spectrophotometer. Conversion was monitored by thin layer chromatography (TLC). 

Flash column chromatography was performed over silica gel (100-200 mesh). LED 

(395 nm, 10W) was purchased from Taobao.com. Quantum Yield Meter (Model 

C11347-11; Manufacturer: Hamamatsu).

2. Preparation of 1,2-diphenyldiazene

NH2

R1

EtOH, reflux

Toluene
N

N
R

R H
N

N
HR

RZn, NH4Cl

Acetone

Dissolve the amine (1.0 g) in toluene (60 mL), then add activated manganese dioxide 

(10 equivalents). The mixture was refluxed at 110 °C for 11 hours. Subsequently, the 

reaction mixture was filtered. The filtrate was subjected to vacuum treatment to obtain 

the crude product, which was purified by flash column chromatography to afford the 

pure azobenzene compound. Dissolve the azobenzene compound (0.8 g) and zinc 

powder (4.0 g) in acetone (50 mL) and saturated aqueous ammonium chloride solution 

(5.0 mL), followed by stirring at room temperature for 4 hours. After completion of the 

reaction, the reaction mixture was filtered and extracted, then dried over anhydrous 

sodium sulfate. The product was finally obtained via vacuum treatment.

3. General procedure for the photochemical reaction

H
N

N
H

N
N H2O2hv

AQ (2 mol%)

EtOH, 2 h

O2 in Air

1,2-Diphenylhydrazine (36.8 mg, 0.2 mmol), anthraquinone (0.8 mg, 2 mol%), and 

ethanol (EtOH, 2.0 mL) were added to a 10 mL screw-cap vial equipped with a 

magnetic stir bar, with a pipette tip fitted at the vial mouth to act as a gas exchange port. 
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The reaction vial was positioned 2 cm away from a 10 W purple LED lamp (395 nm). 

Under ambient air (without inert gas protection), the reaction mixture was irradiated at 

25 °C for 2 hours. Upon completion of the reaction, the reaction solution was 

transferred to a 25 mL round-bottom flask, and the solvent was removed via vacuum 

concentration. The residue was purified by silica gel flash column chromatography to 

afford the target pure product.

hv

AQ (2 mol%)

Isopropanol, N2, 24 h

N
N

H
N

N
H

1,2-Diphenylhydrazine (36.4 mg, 0.2 mmol), anthraquinone (0.8 mg, 2 mol%), and 

isopropanol (2.0 mL) were added to a 10 mL screw-cap vial equipped with a magnetic 

stir bar. The reaction vial was positioned 2 cm away from a 10 W purple LED lamp 

(395 nm). Under a nitrogen atmosphere, the reaction mixture was irradiated at 25 °C 

for 24 hours. Upon completion of the reaction, the reaction solution was transferred to 

a 25 mL round-bottom flask, and the solvent was removed via vacuum concentration. 

The residue was purified by silica gel flash column chromatography to afford the target 

pure product.
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4. UV−vis absorption spectrum
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Absorption spectra for 1,2-diphenylhydrazine (1a, 1×10⁻5 M in EtOH), 

anthraquinone (1×10⁻5 M in EtOH), product (E)-1,2-diphenyldiazene (2a, 1×10⁻5 M in 

EtOH), mixture of 1a and AQ (1×10⁻5 M in EtOH) and mixture of 1a and AQ (1×10⁻5 

M in EtOH) irradiated from one purple 10 W LEDs (395 nm) for 1 min.
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5. Fluorescence spectrum
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Fluorescence emission spectra for 1,2-diphenylhydrazine (1a, 1×10⁻5 M in EtOH), 

anthraquinone (1×10⁻5 M in EtOH), product (E)-1,2-diphenyldiazene (2a, 1×10⁻5 M in 

EtOH), mixture of 1a and AQ (1×10⁻5 M in EtOH) and mixture of 1a and AQ (1×10⁻5 

M in EtOH) irradiated from one purple 10 W LEDs (395 nm) for 1 min.
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6. Fluorescence lifetime spectra
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Fluorescence lifetime spectra of 1,2-diphenylhydrazine (1a, 1×10⁻5 M in EtOH), 

anthraquinone (1×10⁻5 M in EtOH), product (E)-1,2-diphenyldiazene (2a, 1×10⁻5 M in 

EtOH), mixture of 1a and AQ (1×10⁻5 M in EtOH) and mixture of 1a and AQ (1×10⁻5 

M in EtOH) irradiated from one purple 10 W LEDs (395 nm) for 1 min.
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7. Light on/off experiment
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1,2-Diphenylhydrazine (36.8 mg, 0.2 mmol), anthraquinone (0.8 mg, 2 mol%), and 

ethanol (EtOH, 2.0 mL) were all added to an oven-dried quartz tube equipped with a 

magnetic stir bar. The reaction vessels were placed 2 cm away from one side of two 10 

W purple LED lamps (395 nm), and the mixtures were stirred and irradiated at room 

temperature. After 0.5 hours, the light source was turned off, and one vial was removed 

from the irradiator for analysis. Subsequently, the remaining mixtures were 

continuously stirred under light-free conditions for another 0.5 hours, and one vial was 

taken out for analysis. The light source was then turned back on to irradiate the 

remaining two mixtures; after another 0.5 hours, the light source was shut down, and 

one vial was removed for analysis. The last vial was additionally stirred under light-

free conditions for 0.5 hours before analysis. The product yield was determined by ¹H 

NMR spectroscopy using dibromomethane as the internal standard.
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8. UV–vis absorption spectra of the cationic radical formed from 

TMPD
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UV-vis absorption spectra of the cationic radical of TMPD generated in the presence 

of blank and AQ (1×10⁻5 M in EtOH). Blank: TMPD without any additive.

9. Rate of 1O2 generation in the presence of AQ
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Rate of 1O2 generation in the presence of AQ (1×10⁻5 M in EtOH). Blank: ABDA 

without any additive.
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10. Control experiments

1a 2a

Additive (2equiv.) Yield (%)

96 60radical scavenger (TEMPO)

scavenger (NaN3)

O2 scavenger (Benzoquinone)radical scavenger (BHT)

scavenger (TEA)HO 1O295 93

98

Additive (2equiv.) Yield (%)

standard conditions 99

H
N

N
H

N
N H2O2hv

AQ (2 mol%)

EtOH, Air, 2h

Additive (2equiv.) Yield (%)

Active species quenchers such as TOMPO and BHT were added to the standard 

reaction system containing 1,2-diphenylhydrazine (36.8 mg, 0.2 mmol), anthraquinone 

(0.8 mg, 2 mol%), and ethanol (EtOH, 2.0 mL). The reaction vial was placed 2 cm away 

from a 10 W purple LED lamp (395 nm). Under ambient air (without inert gas 

protection), the reaction mixture was irradiated at 25 °C for 2 hours. Upon completion 

of the reaction, the reaction progress was observed, and the reaction solution was 

transferred to a 25 mL round-bottom flask. The solvent was removed by vacuum 

concentration, and the residue was purified by silica gel flash column chromatography 

to afford the target pure product.

11. Stern–Volmer quenching experiment 
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Fluorescence emission spectra for AQ (1×10⁻5 M in EtOH) with the addition of 
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different concentrations of 1a (1×10⁻5 M in EtOH) excited at 350 nm.
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Fluorescence emission spectra for AQ (1×10⁻5 M in isopropanol) with the addition 

of different concentrations of 2a (1×10⁻5 M in isopropanol) excited at 350 nm.
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12. Quantitative determination of hydrogen peroxide using titanium 

sulfate
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Firstly, the required experimental reagents were prepared. A 5.0×10⁻2 mol/L 

sulfuric acid solution was prepared using ultrapure water as the solvent, serving as the 

acidic reaction medium. An appropriate amount of titanium sulfate solid was accurately 

weighed, dissolved in the aforementioned sulfuric acid solution, and diluted to volume 

to prepare a 1.0×10⁻2 mol/L titanium sulfate standard solution. A calibrated 30% H2O2 
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standard sample was used to prepare a 1.0×10⁻2 mol/L H2O2 standard stock solution, 

which was stored refrigerated in a brown bottle at 4 ℃ (to be used within 24 hours). 

Subsequently, a standard curve was constructed: six 10 mL stoppered colorimetric 

tubes were taken, and different volumes of the H2O2 standard stock solution were added 

to each tube respectively. Each tube was diluted to volume with the 5.0×10⁻² mol/L 

sulfuric acid solution to prepare a series of H2O2 standard solutions. The prepared 

titanium sulfate solution was added to each colorimetric tube at a 1:1 volume ratio. 

After thorough mixing, the solutions were allowed to stand at room temperature for 5 

minutes. Using a blank solution (sulfuric acid solution without H2O2) as the reference, 

the absorbance of each tube was measured at the characteristic absorption wavelength 

of 407 nm using a UV-visible spectrophotometer, and the regression equation of the 

standard curve was obtained.
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UV absorption spectrum of H2O2 determined by the titanium sulfate method in the 

reaction system of 1a and 2y with Anthraquinone as the catalyst.
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UV absorption spectrum of H2O2 determined by the titanium sulfate method in the 

reaction system of 1a and 2y with Ethylanthraquinone as the catalyst.
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13. Test spectrum of tert-butyl-substituted and sulfonic acid-

substituted anthraquinones 

The titanium sulfate method was employed to determine the ultraviolet absorption 

spectra of hydrogen peroxide in the reaction system when tert-butyl-substituted 

anthraquinone and sulfonic acid-substituted anthraquinone served as catalysts.

14. Quantum yield experiment

The fluorescence quantum yield of the mixture of 1,2-diphenylhydrazine (1a, 1×10⁻³ 

M in EtOH), AQ (1×10⁻³ M in EtOH) was measured by Quantum Yield Meter (Model 

C11347-11; Manufacturer: Hamamatsu, Japan) with an excitation wavelength of 315 

nm.
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15. Determination of hydrogen peroxide by the titanium sulfate 

method

0 h 0.5 h 1 h 1.5 h 2 h 0 h 0.5 h 1 h 1.5 h 2 h 0 h 0.5 h 1 h 1.5 h 2 hExtraction Coloration

1,2-Diphenylhydrazine (36.8 mg, 0.2 mmol), anthraquinone (0.8 mg, 2 mol%), and 

ethanol (EtOH, 2.0 mL) were added to a 10 mL screw-cap vial equipped with a 

magnetic stir bar, and a pipette tip was fitted at the vial mouth to serve as a gas exchange 

port. The reaction vial was positioned 2 cm away from a 10 W purple LED lamp (395 

nm). Under ambient air (without inert gas protection), the reaction mixture was 

irradiated at 25 °C for 2 hours. Upon completion of the reaction, water and 

dichloromethane (DCM) were added to the reaction vial for extraction, affording a 

colorless aqueous solution containing H2O2. Subsequently, a titanium sulfate solution 

in sulfuric acid was added to the reaction vial, and it was observed that the solution 

turned yellow.

16. Lake-water disinfection experimen

Untreated Treated

Bacterial disinfection effect of water samples collected from lake water taken from 

Shandong University of Technology campus (Ji Xia Lake: 118°0′E, 36°48′N)
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17. Comparison of H2O2 Production Rates over photocatalysis and 

electrocatalysis 

Table S1. Comparison of electrocatalytic H2O2 production

Catalyst Electrolyte/PH H2O2 production rate Ref.

Pdδ+−OCNT 0.1 M HClO4 / 1

Pt SA/HSC 0.1 M HClO4 ~1950 mmol·gcat
−1·h−1 2

Pt-Hg 0.1 M HClO4 / 3

Au-Pd-Ni 0.1 M KOH 0.0591 mmol·L−1·h−1 4

Pt (0.2wt%)/TiC 0.1 M HClO4 / 5

h-Pt1-CuSx 0.1 M HClO4 ~546 mmol·gcat
−1·h−1 6

Mo1/OSG-H 0.1 M KOH / 7

Co-N-C 0.1 M HClO4 80 mmol·gcat
−1·h−1 (0.5 VRHE) 8

FPC pH = 1 112.6~792.6 mmol·gcat
−1·h−1 9

F-mrGO 0.1 M KOH 430.8 mmol·gcat
−1·h−1 (0.685 VRHE) 10

CNTs 0.1 M KOH / 9

oxo-G/NH3H2O 0.1 M KOH 224.8 mmol·gcat
−1·h−1 (0.2 VRHE) 11

HPC 0.1 M HClO4 395.7~110.2 mmol·gcat 
−1·h−1 12

CMK-3 0.1 M KOH 0.3 wt% (2 h) (1.6 V, 46 mA) 13
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Table S2. Comparison of photocatalytic H2O2 production

Photocatalysts Sacrificial 
agent Light source H2O2 Yield 

(μmol·g-1·h-1) Ref.

TAPT–DHA / Xe lamp 1629 14

CKCN IPA 300 W Xe lamp 9000 15

ZnO/WO3 Ethanol 300 W Xe lamp 6788 16

COF-2CN / 300 W Xe lamp 
(λ≥420 nm) 1601 17

KPCN IPA 300 W Xe lamp 
(λ>420 nm) 7740 18

Sb-SAPC / 300 W Xe lamp 
(λ=420～500 nm) 196 19

NiSAPs-PuCN / 300 W Xe lamp 
(λ≥420 nm) 342.2 20

Nv–CN–CN / 300 W Xe lamp 
(λ≥420 nm) 3093 21

ZnPPC-NBCN / 300 W Xe lamp 
(λ=400～800 nm) 114 22

CPN / 300 W Xe lamp 
(λ≥420 nm) 1968 23

Co/AQ/C3N4
/ Xe lamp AM 1.5G 124 24

5Cv@g-C3N4
/ Xe lamp AM 1.5G 1650 25

TfpBpy (COF) / Xe lamp 
(λ=420～700 nm) 694.7 26

TZ-COF (COF) Xe lamp (λ>420 nm) 268 27

JNM-24 (MOF) / 300 W Xe lamp 168 28

CNIO-GaSA / Visible light 
(λ≥420 nm) 331.7 29

Ni1Zn1-PCN / 300 W Xe lamp 1205.4 30

AQ-PAFs / 300 W Xe lamp 
(λ>420nm) 7124 31

AQTEE-COP / Visible light 
(λ≥420nm) 3204 32

PS-TAA-AQ-Ru
furfuryl 
alcohol

300 W Xe lamp 
(λ>400nm) 1550±50 33
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PEI/C3N4
/ Xe lamp AM 1.5G 208.1 34

TBTN-COF 
(COF) / 300 W Xe lamp 

(λ>420nm) 11013 35

TpDz / 300 W Xe lamp 
(λ>420nm) 7327 36

PS-Ru-AQ-TAA / 300 W Xe lamp 
(λ≥420nm) 1111 33

AQ / Visible light (λ=395 
nm LED) 97500 This 

work

18. Gram scale preparation

H
N

N
H

N
N H2O2hv

AQ (2 mol%)

EtOH, Air,18 h

5.0 mmol 0.75 g, 82%
64%

51522 mol•g-1•h-1

Add 1,2-diphenylhydrazine (920.5 mg, 5 mmol), anthraquinone (20.8 mg, 0.1 mmol) 

and ethanol (50 mL) to an oven-dried quartz tube equipped with a magnetic stirring bar. 

Irradiate the mixture with four 10W purple LED lamps (395 nm) at 25 °C for 18 hours 

under ambient air without inert gas protection. Subsequently, concentrate the residual 

solvent under vacuum and purify by flash column chromatography on silica gel to 

obtain the product 1,2-diphenyldiazene (746.5 mg, 82% yield) and H2O2 (51522 

μmol·g-1·h-1, 64% yield).

19. Synthesis of 2,6-Di-tert-butylanthraquinone

OH TFA, 24 h 1. AcOH, reflux, 15 min

2. CrO3, H2O, reflux, 4 h
O

O

reflux

The target compound was synthesized based on the previously published reference37. 

In a 100 mL round-bottom flask, prepare a mixture containing 5.78 mmol (1.03 g) of 

anthracene, 16.73 mmol (1.24 g) of tert-butanol, and 7.5 mL of trifluoroacetic acid. 

Heat the mixture to 120°C and reflux for 24 hours. After reaction completion, the 

mixture was cooled to room temperature. Reaction was terminated by adding 1 mL ice 

water and 1 mL petroleum ether. The entire system was transferred to a 50 mL beaker 

and 13 mL distilled water was added. Excess acid was neutralized by adding sodium 
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bicarbonate in portions. The mixture was then transferred to a separatory funnel, and 

the organic layer was washed repeatedly with distilled water and saturated salt solution. 

After washing, the organic phase was filtered under reduced pressure through a Büchner 

funnel. The filter cake was washed with ice-cold petroleum ether to yield a white solid 

powder. The cake was transferred to a watch glass and dried in a vacuum oven at 50°C 

for 12 hours. The final white powdery product, 2,6-di-tert-butylanthracene, was 

obtained in 0.80 g, corresponding to an overall yield of 45%.

In a 100 mL round-bottom flask, mix 5.5 mmol (1.60 g) of 2,6-di-tert-

butylanthraquinone with 16 g of glacial acetic acid. The reaction mixture was heated to 

124°C, maintained at this temperature for 15 minutes, then cooled to room temperature. 

A solution containing 2.4 mL distilled water and 15.4 mmol (15.4 g) chromium trioxide 

(CrO3) was added to the flask. The reaction system was refluxed at 110°C for 4 hours. 

After heating cessation, allow the reaction mixture to cool to room temperature before 

adding 80 mL ice water to quench the reaction. Filter the mixture through a Büchner 

funnel to isolate green crystals. Wash the crystals sequentially with hot water and 1 M 

NaOH solution in batches; the solid color changes from green to pale yellow. After 

final washing with ice water, the solid was transferred to a Petri dish and dried in a 

vacuum oven at 50°C for 12 hours. This yielded 1.5 g of yellow crystalline 2,6-di-tert-

butylanthraquinone with an 87% yield. The spectral data of the product correspond to 

those previously reported.

2,6-di-tert-butyl-4a,9a-dihydroanthracene-9,10-dione AQ1

O

O

1H NMR (400 MHz, Chloroform-d) δ 8.32 (d, J = 2.1 Hz, 2H), 8.25 (d, J = 8.2 Hz, 2H), 

7.82 (dd, J = 8.2, 2.1 Hz, 2H), 1.42 (s, 18H). The spectrum is consistent with the 

reference literature37.



S21

1H NMR (400 MHz, Chloroform-d) spectrum of compound AQ1

20. One-pot experiment

H
N

N
H

N
N H2O2hv

AQ (2 mol%)

EtOH, 2 h

O2 in Air hv

AQ (2 mol%)

Isopropanol, N2, 24 h

H
N

N
H

0.2 mmol 90%Evaporate ethanol & one-pot

Add 1,2-diphenylhydrazine (36.8 mg, 0.2 mmol), anthraquinone (0.8 mg, 2 mol%), 

and ethanol (EtOH, 2.0 mL) to a 10 mL screw-cap vial equipped with a magnetic stir 

bar. Use a pipette tip as the gas exchange port at the vial opening. The reaction flask 

was placed 2 cm below a 10W violet LED lamp (395 nm). Under ambient air conditions 

(without inert gas protection), the reaction mixture was irradiated at 25 °C for 2 hours. 

After the reaction, the solvent was removed by vacuum concentration. Add isopropanol 

(2.0 mL) to the reaction flask and place it 2 cm below a 10W violet LED lamp (395 

nm). Under a nitrogen atmosphere, the reaction mixture was irradiated at 25°C for 24 

hours. After the reaction, the reaction solution was transferred to a 25 mL round-bottom 

flask and the solvent was removed by vacuum concentration. The residue was purified 

by silica gel flash chromatography, yielding the target pure compound in 90% yield.
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21. The variation of hydrogen peroxide yield/concentration over time

a) The curve of ultraviolet absorption of titanium sulfate method over time; b) The 

yield/concentration of hydrogen peroxide varies with time.

When using the titanium sulfate method to determine the ultraviolet absorption 

spectrum of hydrogen peroxide in the reaction system with anthraquinone as a catalyst, 

four parallel reactions with different reaction times were first conducted under standard 

reaction conditions. After reaction completion, the reaction mixture was extracted with 

dichloromethane, and the upper aqueous layer was collected. The extracted aqueous 

layer was diluted for later use. Subsequently, a 5×10⁻² concentration sulfuric acid 

solution and a 1×10⁻² titanium sulfate solution was prepared for later use. UV testing 

was then conducted. A 100 μL aliquot of the test solution and a sulfuric acid peptide 

solution were diluted to 3 mL in sulfuric acid solution. The UV absorption of the 

hydrogen peroxide-sulfuric acid peptide reaction was measured at different reaction 

times. Subsequently, calculations were performed using the standard curve obtained 

from the hydrogen peroxide-sulfuric acid titanium method to determine the 

concentration and yield.
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22.CV experiment

Solvent: acetonitrile solution containing tetrabutylammonium hexafluorophosphate 

(0.1M); Scan rate: 200 mV/s

23. Characterization data for products
1,2-diphenyldiazene 2a

N
N

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2a as a colorless oil (36.0 mg, 

99% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.92 – 7.87 (m, 4H), 7.53 – 7.41 (m, 6H).
13C NMR (101 MHz, Chloroform-d) δ 152.7, 131.1, 129.2, 122.9.

1,2-bis(4-fluorophenyl)diazene 2b

N
N

F

F

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2b as a colorless oil (41.4 

mg, 95% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.97 – 7.90 (m, 4H), 7.21 (dd, J = 9.0, 8.2 Hz, 

4H).
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13C NMR (101 MHz, Chloroform-d) δ 165.6, 163.1, 149.0 (d, J = 2.6 Hz), 124.8 (d, J 

= 9.1 Hz), 116.1 (d, J = 23.1 Hz).

1,2-bis(4-chlorophenyl)diazene 2c

N
N

Cl

Cl

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2c as a colorless oil (45.0 mg, 

90% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.89 – 7.84 (m, 4H), 7.52 – 7.47 (m, 4H).
13C NMR (101 MHz, Chloroform-d) δ 150.7, 137.2, 129.4, 124.2.

1,2-bis(4-bromophenyl)diazene 2d

N
N

Br

Br

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2d as a colorless oil (69.5 

mg, 92% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.77 – 7.70 (m, 4H), 7.63 – 7.58 (m, 4H).
3C NMR (101 MHz, Chloroform-d) δ 151.1, 132.4, 125.8, 124.4.

1,2-di-o-tolyldiazene 2e

N
N

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2e as a colorless oil (36.6 mg, 

87% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.67 – 7.58 (m, 2H), 7.38 – 7.32 (m, 4H), 7.26 

(ddd, J = 10.3, 5.5, 2.3 Hz, 2H), 2.74 (s, 6H).
13C NMR (101 MHz, Chloroform-d) δ 151.1, 138.1, 131.3, 130.7, 126.4, 115.9, 17.7.

1,2-bis(3-methoxyphenyl)diazene 2f
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O
O N

N

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2f as a colorless oil (41.2 mg, 

85% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.56 (ddd, J = 7.8, 1.8, 1.0 Hz, 2H), 7.47 – 7.40 

(m, 4H), 7.05 (ddd, J = 8.2, 2.7, 1.0 Hz, 2H), 3.90 (s, 6H).
13C NMR (101 MHz, Chloroform-d) δ 160.3, 153.8, 129.8, 117.9, 117.2, 105.7, 55.5.

1,2-bis(2-bromophenyl)diazene 2g

N
N

Br

Br

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2g as a colorless oil (61.5 mg, 

91% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.76 (ddd, J = 7.9, 4.1, 1.6 Hz, 4H), 7.41 (td, J = 

7.6, 1.5 Hz, 2H), 7.34 (td, J = 7.6, 1.8 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 149.5, 133.8, 132.5, 128.1, 126.4, 118.5.

1,2-bis(2,4-dimethylphenyl)diazene 2h

N
N

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2h as a colorless oil (39.5 

mg, 83% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.53 (d, J = 8.2 Hz, 2H), 7.11 (d, J = 1.9 Hz, 2H), 

7.03 (dd, J = 8.2, 1.9 Hz, 2H), 2.67 (s, 6H), 2.35 (s, 6H).
13C NMR (101 MHz, Chloroform-d) δ 149.2, 140.7, 137.9, 131.8, 127.1, 115.7, 21.4, 

17.6.

1,2-di-m-tolyldiazene 2i
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N
N

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2i as a colorless oil (37.0 mg, 

88% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.72 (dd, J = 6.5, 1.6 Hz, 4H), 7.38 (dd, J = 8.6, 

7.5 Hz, 2H), 7.26 (d, J = 7.5 Hz, 2H), 2.43 (s, 6H).
13C NMR (101 MHz, Chloroform-d) δ 152.8, 139.0, 131.8, 129.0, 122.9, 120.6, 21.5.

1,2-bis(3-(trifluoromethyl)phenyl)diazene 2j

N
NF3C

CF3

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2j as a colorless oil (52.2 mg, 

82% yield).
1H NMR (400 MHz, Chloroform-d) δ 8.21 (d, J = 1.9 Hz, 2H), 8.14 (dt, J = 7.9, 1.5 Hz, 

2H), 7.77 (d, J = 7.7 Hz, 2H), 7.68 (t, J = 7.8 Hz, 2H).
13C NMR (101 MHz, Chloroform-d) δ 152.2, 131.9 (q, J = 33.0 Hz), 129.8, 127.9 (q, J 

= 3.7 Hz), 126.5, 125.1, 122.4, 119.7 (q, J = 3.8 Hz).

1,2-bis(3-chlorophenyl)diazene 2k

N
NCl

Cl

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2k as a colorless oil (40.0 

mg, 80% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.88 (q, J = 1.5 Hz, 2H), 7.82 (ddt, J = 6.8, 4.3, 

2.4 Hz, 2H), 7.49 – 7.41 (m, 4H).
13C NMR (101 MHz, Chloroform-d) δ 153.1, 135.2, 131.2, 130.2, 122.7, 121.9.

1,2-bis(4-(trifluoromethoxy)phenyl)diazene 2l
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N

O

N

O

F3C

CF3

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2l as a colorless oil (63.0 mg, 

90% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.99 – 7.90 (m, 4H), 7.35 (dq, J = 7.9, 1.1 Hz, 

4H).
13C NMR (101 MHz, Chloroform-d) δ 151.2 (q, J = 1.9 Hz), 150.5, 124.5, 121.7, 

121.29, 117.9 (d, J = 258.1 Hz).

1,2-bis(3,5-dimethylphenyl)diazene 2m

N
N

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2m as a colorless oil (45.2 

mg, 95% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.52 (d, J = 1.6 Hz, 4H), 7.10 (s, 2H), 2.40 (s, 

12H).
13C NMR (101 MHz, Chloroform-d) δ 152.9, 138.8, 132.6, 120.6, 21.3.

1,2-bis(4-(trifluoromethyl)phenyl)diazene 2n

N

F3C

N

CF3

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 20:1) to give 2n as a colorless oil (54.7 

mg, 86% yield).
1H NMR (400 MHz, Chloroform-d) δ 8.03 (d, J = 8.2 Hz, 4H), 7.80 (d, J = 8.3 Hz, 4H).
13C NMR (101 MHz, Chloroform-d) δ 154.0 (d, J = 1.5 Hz), 133.0 (q, J = 32.6 Hz), 
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127.9, 126.4 (q, J = 3.8 Hz), 125.2, 123.3, 122.4, 119.7.

1,2-diphenylhydrazine 1a

H
N

N
H

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 1a as a colorless oil (35.0 mg, 

95% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.19 (dd, J = 8.8, 7.1 Hz, 4H), 6.87 – 6.76 (m, 

6H), 5.50 (s, 2H).
13C NMR (101 MHz, Chloroform-d) δ 148.9, 129.4, 119.9, 112.4.

1,2-bis(4-fluorophenyl)hydrazine 2o

H
N

N
H

F

F

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2o as a colorless oil (40.5 mg, 

92% yield).
1H NMR (400 MHz, Chloroform-d) δ 6.90 (td, J = 8.8, 4.5 Hz, 4H), 6.75 (dt, J = 8.8, 

4.4 Hz, 4H), 5.56 – 5.46 (m, 2H).
13C NMR (101 MHz, Chloroform-d) δ 158.4, 156.0, 144.9 (d, J = 2.1 Hz), 115.9 (d, J 

= 22.4 Hz), 113.4 (d, J = 7.6 Hz).

1,2-bis(4-chlorophenyl)hydrazine 2p

H
N

N
H

Cl

Cl

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2p as a colorless oil (44.9 

mg, 89% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.22 – 7.09 (m, 4H), 6.80 – 6.69 (m, 4H), 5.59 

(s, 2H).
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13C NMR (101 MHz, Chloroform-d) δ 147.1, 129.3, 124.7, 113.5.

1,2-bis(4-bromophenyl)hydrazine 2q

H
N

N
H

Br

Br

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2q as a colorless oil (59.1 

mg, 87% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.32 – 7.25 (m, 4H), 6.72 – 6.68 (m, 4H), 5.61 

(s, 2H).
13C NMR (101 MHz, Chloroform-d) δ 147.4, 132.2, 124.5, 114.0.

1,2-di-o-tolylhydrazine 2r

H
N

N
H

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2r as a colorless oil (39.5 mg, 

93% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.12 – 7.04 (m, 4H), 6.88 (dd, J = 8.0, 1.2 Hz, 

2H), 6.77 (td, J = 7.3, 1.3 Hz, 2H), 5.50 (s, 2H), 2.24 (s, 6H).
13C NMR (101 MHz, Chloroform-d) δ 146.3, 130.4, 127.3, 121.2, 119.4, 111.0, 17.2.

1,2-bis(3-methoxyphenyl)hydrazine 2s

O
O

H
N

N
H

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2s as a colorless oil (41.0 mg, 

84% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.13 – 7.05 (m, 2H), 6.43 – 6.34 (m, 6H), 5.55 

(s, 2H), 3.72 (s, 6H).
13C NMR (101 MHz, Chloroform-d) δ 160.9, 150.5, 130.2, 105.2, 105.1, 98.4, 55.2.
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1,2-bis(2-bromophenyl)hydrazine 2t

H
N

N
H Br

Br

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2t as a colorless oil (59.8 mg, 

88% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.45 (dd, J = 7.9, 1.4 Hz, 2H), 7.15 (ddd, J = 8.5, 

7.5, 1.4 Hz, 2H), 6.91 (dd, J = 8.2, 1.6 Hz, 2H), 6.71 (td, J = 7.6, 1.6 Hz, 2H), 6.20 (s, 

2H).
13C NMR (101 MHz, Chloroform-d) δ 144.7, 132.6, 128.7, 120.8, 113.1, 107.5.

1,2-bis(2,4-dimethylphenyl)hydrazine 2u

H
N

N
H

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2u as a colorless oil (38.9 

mg, 81% yield).
1H NMR (400 MHz, Chloroform-d) δ 6.90 (d, J = 2.0 Hz, 2H), 6.86 (dd, J = 8.2, 2.0 

Hz, 2H), 6.76 (d, J = 8.1 Hz, 2H), 5.35 (s, 2H), 2.23 (s, 6H), 2.17 (s, 6H).
13C NMR (101 MHz, Chloroform-d) δ 142.1, 131.2, 127.9, 127.4, 122.6, 115.2, 20.6, 

17.4.

1,2-di-m-tolylhydrazine 2v

H
N

N
H

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2v as a colorless oil (32.7 mg, 

77% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.07 (t, J = 7.9 Hz, 2H), 6.68 – 6.56 (m, 6H), 

5.41 (s, 2H), 2.25 (s, 6H).
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13C NMR (101 MHz, Chloroform-d) δ 149.2, 139.3, 129.3, 120.8, 113.1 109.6, 21.7.

1,2-bis(3-(trifluoromethyl)phenyl)hydrazine 2w

H
N

N
H

F3C
CF3

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2w as a colorless oil (49.9mg, 

78% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.30 (t, J = 7.9 Hz, 2H), 7.12 – 7.06 (m, 4H), 

7.00 – 6.95 (m, 2H), 5.80 (s, 2H).
13C NMR (101 MHz, Chloroform-d) δ 148.7, 131.8 (q, J = 32.2 Hz), 130.0, 128.2, 

125.5, 122.8, 120.1, 116.8 (q, J = 3.9 Hz), 115.3 (d, J = 1.4 Hz), 108.8 (q, J = 3.9 Hz).

1,2-bis(3-chlorophenyl)hydrazine 2x

H
N

N
H

Cl
Cl

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2x as a colorless oil (42.3 mg, 

84% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.13 (t, J = 8.0 Hz, 2H), 6.85 – 6.79 (m, 4H), 

6.68 (ddd, J = 8.2, 2.3, 0.9 Hz, 2H), 5.65 (s, 2H).
13C NMR (101 MHz, Chloroform-d) δ 149.6, 135.3, 130.5, 120.2, 112.3, 110.5.

1,2-bis(4-(trifluoromethoxy)phenyl)hydrazine 2y

H
N

O

N
H

O

F3C

CF3

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2y as a colorless oil (45.8 mg, 

65% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.11 – 7.04 (m, 4H), 6.83 – 6.78 (m, 4H), 5.81 

(s, 2H).
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13C NMR (101 MHz, Chloroform-d) δ 147.3, 142.3 (q, J = 2.1 Hz), 124.5, 122.5, 

121.91, 119.4, 116.8, 112.8.

1,2-bis(3,5-dimethylphenyl)hydrazine 2z

H
N

N
H

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 2z as a colorless oil (35.1 mg, 

73% yield).
1H NMR (400 MHz, Chloroform-d) δ 6.46 (dd, J = 6.8, 1.5 Hz, 6H), 5.42 (s, 2H), 2.22 

(s, 12H).
13C NMR (101 MHz, Chloroform-d) δ 149.4, 139.1, 121.7, 110.1, 21.5.

1,2-bis(4-(trifluoromethyl)phenyl)hydrazine 3a

H
N

F3C

N
H

CF3

Following the general procedure. The crude material was purified by flash column 

chromatography (Petroleum ether /EtOAc = 10:1) to give 3a as a colorless oil (57.0 mg, 

89% yield).
1H NMR (400 MHz, Chloroform-d) δ 7.44 (d, J = 8.5 Hz, 4H), 6.85 (d, J = 8.5 Hz, 4H), 

6.05 (s, 2H).
13C NMR (101 MHz, Chloroform-d) δ 150.9, 128.7, 126.8 (q, J = 3.9 Hz), 126.0, 123.3, 

121.9 (q, J = 32.6 Hz), 120.6, 111.6.
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24. Spectra of prepared compounds
1H NMR (400 MHz, Chloroform-d) spectrum of compound 2a

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2a
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2b

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2b
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2c

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2c
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2d

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2d
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2e

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2e
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2f

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2f
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2g

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2g
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2h

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2h



S41

1H NMR (400 MHz, Chloroform-d) spectrum of compound 2i

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2i
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2j

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2j



S43

1H NMR (400 MHz, Chloroform-d) spectrum of compound 2k

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2k
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2l

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2l
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2m

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2m
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2n

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2n
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 1a

13C NMR (101 MHz, Chloroform-d) spectrum of compound 1a
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2o

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2o
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2p

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2p
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2q

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2q
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2r

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2r
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2s

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2s
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2t

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2t
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2u

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2u
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2v

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2v
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2w

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2w
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2x

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2x
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2y

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2y
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 2z

13C NMR (101 MHz, Chloroform-d) spectrum of compound 2z
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1H NMR (400 MHz, Chloroform-d) spectrum of compound 3a

13C NMR (101 MHz, Chloroform-d) spectrum of compound 3a
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