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1. Experiment setup for electrochemical site-selective alkylation of azobenzenes 

with (thio)xanthenes 

          

Figure S1 Experiment setup for electrochemical site-selective alkylation of 

azobenzenes with (thio)xanthenes 

 

2. Gram-Scale Synthesis of 3a 

 
Azobenzene (1a, 1.0 g, 5.5 mmol, 1.0 equiv), xanthene (2a, 1.2 g, 6.6 mmol, 1.2 

equiv), nBu4NPF6 (4.3 g, 11.0 mmol, 2.0 equiv) and MeOH (25 mL) was sequentially 

added to a 50 mL oven-dried undivided three neck bottle that equipped with a 

magnetic stirrer bar and sealed with rubber plugs under air atmosphere. A carbon rod 

(Φ 6 mm) anode and a carbon rod (Φ 6 mm) were used as the cathode in the bottle. 

About 1.0 cm of the carbon rod was under the solution. The reaction mixture was 

stirred and electrolyzed at a constant current of 73 mA under air at room temperature 

for 9 hours. After completion of the reaction, the solution was concentrated in vacuum. 

The resulting crude mixture was purified by flash column chromatography to give the 

desired product 3a (1.2 g, 60 % yield). 
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Figure S2 Experiment setup for the gram-scale synthesis of 3a. 

 

3. Mechanistic Experiments 

3.1 Cyclic Voltammetry Studies 

Cyclic voltammetry was performed in a three electrode cell connected to a Schlenk 

line at room temperature. The working electrode was a glassy carbon electrode, and 

the counter electrode was a platinum electrode. The reference was an Ag/AgCl 

electrode, and MeOH (10 mL) containing 0.1 M n-Bu4NPF6 was poured into the 

electrochemical cell in all experiments. Under ambient conditions, the LK98C 

electrochemical workstation was used with an applied potential range of 0 V to 3.0 V 

and a scan rate of 0.1 V/s. The test concentrations of 1a, 2a and 1a+2a are 1 mM, 

respectively. 

3.2 KIE experiments 
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  Azobenzene 1a (0.3 mmol，1.0 equiv), 2a (0.18 mmol, 0.6 equiv), 2a-d2 (0.18 

mmol, 0.6 equiv), nBu4NPF6 (0.6 mmol, 2.0 equiv) and MeOH (5.0 mL) were 

sequentially added into a 15.0 mL oven-dried undivided single necked bottle that 

equipped with a magnetic stirrer bar and sealed with rubber plugs under air 

atmosphere. A carbon rod (Φ 6 mm) anode and a carbon rod (Φ 6 mm) were used as 

the cathode in the bottle. About 1.0 cm of the carbon rod was under the solution. The 



 S3

reaction mixture was stirred and electrolyzed at a constant current of 9 mA under air 

at room temperature for 1 h. After that, the mixture in reaction tube was detected by 

TLC. The crude product was purified by flash chromatography (silica gel, petroleum 

ether), affording the desired product 3a and 3a-d as an orange solid (27.4 mg, 25% 

yield). The ratio of 3a/3a-d was determined as 1.2 by 1H NMR analysis. 
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1a (0.15 mmol，0.5 equiv), 1a-d10 (0.15 mmol，0.5 equiv), xanthene 2a (0.36 

mmol, 1.0 equiv), nBu4NPF6 (0.6 mmol, 2.0 equiv) and MeOH (5.0 mL) were 

sequentially added into a 15.0 mL oven-dried undivided single necked bottle that 

equipped with a magnetic stirrer bar and sealed with rubber plugs under air 

atmosphere. A carbon rod (Φ 6 mm) anode and a carbon rod (Φ 6 mm) were used as 

the cathode in the bottle. About 1.0 cm of the carbon rod was under the solution. The 

reaction mixture was stirred and electrolyzed at a constant current of 9 mA under air 

at room temperature for 1 h. After that, the mixture in reaction tube was detected by 

TLC. The crude product was purified by flash chromatography (silica gel, petroleum 

ether), affording the desired product 3a and 3a-D9 as an orange solid (19.8 mg, 18% 

yield). The ratio of 3a/3a-D9 was determined as 2.2 by 1H NMR analysis. 
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4. 1H, 13C, 19F NMR Spectra of the Products 

NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-phenyldiazene (3a) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(p-tolyl)diazene (3b) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(4-ethylphenyl)diazene (3c) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(4-isopropylphenyl)diazene 

(3d) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(4-(tert-butyl)phenyl)diazene 

(3e) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(4-(trifluoromethoxy)phenyl)diazene 

(3f) 
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NMR spectra of (E)-1-(4-((4-(9H-xanthen-9-yl)phenyl)diazenyl)phenyl)ethan-1-one 

(3g) 
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NMR spectra of (E)-4-((4-(9H-xanthen-9-yl)phenyl)diazenyl)benzonitrile (3h) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(4-(trifluoromethyl)phenyl)di

azene (3i) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(m-tolyl)diazene (3k); 

(E)-1-(3-methyl-4-(9H-xanthen-9-yl)phenyl)-2-phenyldiazene (3k’) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(2,3-dimethylphenyl)diazene 

(3l) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(2,4-dimethy phenyl)diazene 

(3m) 

 

 

 
 



 S19

NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(3,4-dimethylphenyl)diazene 

(3n) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(3,5-dimethylphenyl)diazene 

(3o) 
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NMR spectra of (E)-1-(3-methyl-4-(9H-xanthen-9-yl)phenyl)-2-(m-tolyl)diazene (3p) 
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NMR spectra of (E)-1-(2-isopropyl-4-(9H-xanthen-9-yl)phenyl)-2-(2-isopropylphen

yl)diazene (3q) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(3-methyl-4-(9H-xanthen-9-y

l)phenyl)diazene (4a) 
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NMR spectra of (E)-1-(4-(9H-xanthen-9-yl)phenyl)-2-(2-isopropyl-4-(9H-xanthen-9

-yl)phenyl)diazene (4b) 
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NMR spectra of (E)-1,2-bis(2-isopropyl-4-(9H-xanthen-9-yl)phenyl)diazene (4c) 
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NMR spectra of (E)-1-(4-(2-methyl-9H-xanthen-9-yl)phenyl)-2-phenyldiazene (5a) 
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NMR spectra of (E)-1-(4-(4-methoxy-9H-xanthen-9-yl)phenyl)-2-phenyldiazene (5b) 
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NMR spectra of (E)-1-phenyl-2-(4-(4-phenyl-9H-xanthen-9-yl)phenyl)diazene (5c) 
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NMR spectra of (E)-1-(4-(12H-benzo[a]xanthen-12-yl)phenyl)-2-phenyldiazene (5d) 
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NMR spectra of (E)-1-(4-(7H-benzo[c]xanthen-7-yl)phenyl)-2-phenyldiazene (5e) 
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NMR spectra of (E)-1-(4-(10-methyl-12H-benzo[a]xanthen-12-yl)phenyl)-2-phenyl

diazene (5f) 
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NMR spectra of (E)-1-(4-(9H-thioxanthen-9-yl)phenyl)-2-phenyldiazene (5g) 
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NMR spectra of (E)-1-(4-(2-methyl-9H-thioxanthen-9-yl)phenyl)-2-phenyldiazene 

(5h) 
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NMR spectra of (E)-1-(4-(2-chloro-9H-thioxanthen-9-yl)phenyl)-2-phenyldiazene (5i) 
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5. Crystallographic Data for 3d 
The compound 3d was crystalized over a solution of 3d (80 mg) in 

CH2Cl2/petroleum (2 mL/2 mL) at room temperature. The mixed solvent 

spontaneously evaporates in open air to obtain the crystals of 3d. Then the crystals 

were carefully collected and used for X-ray diffraction analysis. The crystal 

structure was further determined by Bruker D8 QUEST X-ray single crystal 

diffractometer. The CCDC number of 3d is 2178297. 
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Figure S3 X-ray structure of 3d (ORTEP diagram with ellipsoid contour 50% 
probability) 

 
 
6. Determination of Faradaic Efficiency 
 

(1) F. E. (%) =
n F mol of product or intermediate formed

acculumated charge (C)
100 %

F. E. (%) =
2 96485 C mol 0.3 mmol 0 76

9 mA 10 4 h 3600
100 %

= 33.9 %

-1 -3

-3

 
The F.E. (%) of the product 3a was calculated by (1). The F.E. is the proportion of 

electrons consumed in each electrochemical reaction of the total applied charge and 

represents the selectivity of the electrochemical system for each reaction. In Eq (1), F 

is the Faradaic constant (96485 C mol-1), and n is the number of electrons required for 

the production of products. The yield is the proportion of reactant converted to target 

product. 


