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可见光光催化：缺电子杂环、苯环与芳基偶氮盐的直接芳基化偶联反应 
左璇 a,b    吴文亮*,b    苏伟平*,a,b 

(a福州大学化学学院  福州 350108) 

(b结构化学国家重点实验室  中国科学院福建物质结构研究所  福州 350002) 

摘要  发展了可见光照射下 Ru(bpy)3(PF6)2催化缺电子杂环 C—H 活化与芳基偶氮盐的交叉偶联反应. 在室温、可见光

照射下, 各种缺电子杂环与芳基偶氮盐发生高效的偶联反应, 同时在相似的条件下, 普通苯环也能有效地与芳基偶氮

盐偶联形成新 C—C 键化合物. 
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Visible-Light Photoredox Catalysis: Direct Arylation of Electron-Deficient 
Heterocycles and Arenes with Aryl Diazonium Salts 

Zuo, Xuana,b    Wu, Wenliang*,b    Su, Weiping*,a,b 
(a College of Chemistry, Fuzhou University, Fuzhou, Fujian 350108, China) 

(b State Key Laboratory of Structural Chemistry, Fujian Institute of Research on the Structure of Matter, Chinese Academy of 
Sciences, Fuzhou, Fujian 350002, China) 

Abstract  Visible-light-mediated Ru(bpy)3(PF6)2 catalyzed arylation of electron-deficient heteroarenes with aryl diazo-
nium salts has been achieved under mild conditions, and a series of benzene derivatives can also be arylated under similar 
reaction conditions in moderate to good yields. 
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1  Introduction 

Arylated electron-deficient heteroarenes represent privi-
leged architectural units that frequently occur within the 
framework of many important organic compounds 
(Scheme 1), and their syntheses have received much atten-
tion and continue to be a focus of synthesis chemistry.[1] 

Traditionally, arylated electron-deficient heterocycles are 
synthesized by Suzuki reaction using aromatic halides and 
aryl organoboron reagents as staring materials.[2] The direct 
C-H activation of (hetero)arenes has been tremendously 
developed in the past decade, providing an atom-     
economical alternative to traditional cross-coupling reac-
tions.[3～5] Recently, visible-light mediated photoredox ca-
talysis has emerged as an effective method in organic syn-
thesis because of its natural abundance, ease handle and 
potential application on a large scale,[6～9] and thus the di-
rect arylation of unfunctionalized heteroarenes using  
visible-light as a promoter is obviously appealing. Herein, 
we report the photocatalyzed arylation of unfunctionalized 
electron-deficient heterocycles with aryl diazoium salts to 
form arylated heteroarenes under mild conditions in the 
presence of visible-light (Eq. 1).  
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Scheme 1  Selected medicinal and natural molecules containing arylated 
electron-deficient heteroarenes 
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2  Results and Discussion 
Initially, we observed the formation of 2-(4-bromo- 

phenyl) isonicotinonitrile (3a) in the reaction of      
diazonium tetrafluoroborate 4-Br-PhN2BF4 (1a) with 
equimolar isonicotinonitrile (2a) that was carried out in 
acetonitrile (1 mL) at room temperature in the presence of 
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CF3COOH (1 equiv.) and photocatalyst Ru(bpy)3Cl2•6H2O 
using a 45 W household fluorescent compact bulb as the 
source of visible light (Table 1, Entry 1). Increasing the 
amount of 2a relative to 1a improved the yields of the ary-
lation product (Entries 2, 3). In the absence of visible light, 
no cross-coupling product was obtained (Entry 4), and only 
a trace of product was obtained without the Ru catalyst 
(Entry 5). No product was obtained when reaction was 
carried out in O2 atmosphere (Entry 8), consistent with the 
literature reports that such a visible light mediated reac-
tions of aryl diazonium salts[4c,10] took place via formation 
of radical intermediates. Although other routine solvent 
such as DMSO and CH3NO2 reduced the yield (Entries 6, 
7), running a net reaction of 1a with 2a in presence of 10 
equiv. of CF3COOH significantly improved the yield (En-
try 9). Ru(bpy)3(PF6)2 provided a better yield than 
Ru(bpy)3Cl2•6H2O (Entry 10), indicative of the effect of 
catalyst countering anion on the reaction. Ir(ppy)2- 
(dtbbpy)PF6, a commonly used catalyst for photo-driven 
reaction,[8i,11] gave considerably lower yield (Entry 11). 

Table 1  Optimization of Ru-catalyzed arylation of 4-cyanopyridinea 

N2BF4

Br N

CN

N

CN

Br

r.t., 24 h

2a 3a1a  

Entry Catalyst (equiv.) 
2a 

(equiv.)
Solvent 

Acid 

(equiv.)
Yield/%

1 
Ru(bpy)3Cl2•6H2O 

(0.05) 
1 CH3CN 

CF3COOH 

(1) 
11 

2 
Ru(bpy)3Cl2•6H2O 

(0.05) 
2 CH3CN 

CF3COOH 

(2) 
22 

3 
Ru(bpy)3Cl2•6H2O 

(0.05) 
5 CH3CN 

CF3COOH 

(5) 
35 

4b 
Ru(bpy)3Cl2•6H2O 

(0.05) 
5 CH3CN 

CF3COOH 

(5) 
None

5 None 5 CH3CN 
CF3COOH 

(5) 
＜10

6 
Ru(bpy)3Cl2•6H2O 

(0.05) 
5 DMSO 

CF3COOH 

(5) 
21 

7 
Ru(bpy)3Cl2•6H2O 

(0.05) 
5 CH3NO2 

CF3COOH 

(5) 
18 

8c Ru(bpy)3(PF6)2 5 None 
CF3COOH 

(10) 
0 

9 
Ru(bpy)3Cl2•6H2O 

(0.05) 
5 None 

CF3COOH 

(10) 
55 

10 Ru(bpy)3(PF6)2 5 None 
CF3COOH 

(10) 
63 

11 Ir(ppy)2(dtbbpy)PF6 5 None 
CF3COOH 

(10) 
40 

a Reaction conditions: 1a (0.125 mmol), CF3COOH (10 equiv.), solvent (1 
mL), irradiation with a 45 W household fluorescent compact bulb under N2 at 
25 ℃. b No light. c l atm of O2. 

With the optimized reaction conditions in hand, we next 
evaluated the substrate scope of this reaction. The reaction 
was compatible with a range of electron-deficient hetero-
cycles substrates. With regard to pyridine derivatives, 

4-tert-butylpyridine and 4-(trifluoromethyl)pyridine all 
coupled with aryl diazonium salts efficiently (Table 2, En-
tries 2, 3), but only a trace of arylated product was obtained 
with unsubstituted pyridine. Other electron-deficient het-
erocycles such as quinoline, quinoxaline and pyrazine all 
proved to be suitable substrates (Entries 4～7). In the reac-
tion of imidazo[1,2-a]pyrimidine with 4-Br-PhN2BF4 (1a), 
15 equiv. of CF3COOH was used for better solubility (En-
try 6). For quinoline, 1 mL acetonitrile was needed and a 
mixture of regioisomers was obtained (Entry 7). Various 
aryl diazonium salts could couple with heterocycles effec-
tually (Entries 8～16), but 4-NO2-PhN2BF4 was not effec-
tive in arylation reactions, probably because electron- 

Table 2  Scope of Ru-catalyzed arylation of heterocyclesa 
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Entry Heteroarene Product 
Isolated 

yield/% 

8 

N

CN

 

N

CN

F3h  

60 

9 

N

CN

 
N

CN

3i  

51 

10 

N

CF3

 
N

CF3

OMe

3i

3j  

66 

11 

N

CF3

 

N

CF3

3k  

65 

12 

N

CF3

 
N

CF3

F3l  

62 

13 
N

N

 
N

N

F3m  

52 

14 
N

N N

 

N

N N

3n  

51 

15 

N

t-Bu

 
N

t-Bu

OMe3o
 

55 

16 

N

t-Bu

 

N

t-Bu

3p  

45 

a Reaction conditions: aryl diazonium salts 1 (0.125 mmol), heterocycles 2 
(0.625 mmol, 5 equiv.), CF3COOH (1.25 mmol, 10 equiv.) irradiation with a 
45 W fluorescent light bulb under N2 at 25 ℃; b CF3COOH (15 equiv.);      
c acetonitrile 1 mL, isomer (C2∶C4＝1∶2). 

withdrawing nitro-group affected dramatically its reactivi-
ty. 

The accomplishment of electron-deficient heterocycles 
arylation encouraged us to investigate visible-light medi-
ated directly arylation of arenes. In this investigation, we 
used 4-CN-PhN2BF4 as arylating resource. The reaction 
conditions used for heterocycles arylation were not suitable 
for arene arylation. Replacing CF3COOH with weak acid 
pivalic acid led to the formation of the desired product. In 
the presence of 5 mol% Ru complex as catalyst, 10 equiv. 
of p-xylene, 10 equiv. of pivalicacid and 1 mL of nitrome-
thane, the arylated product 5a was obtained in 93% yield 
(Table 3, Entry 1). Some cross-coupling results are listed in 
Table 3, benzene, xylene and anisole all generated the cor-
responding products in good to excellent yields, but anisole 
afforded a mixture of regioisomers (Table 3, Entry 3). 

On the basis of our experimental data and literature re-
ports,[4c,10] a hypothesized mechanism of this photoredox 
reaction is shown in Scheme 2. Initially, aryl radical 6 is 
formed by oxidative quenching of the excited state of 7 by 
1, addition of aryl radical 6 to protonated heteroarene gives 
radical cation 8, which is reoxidized by Ru3＋ to form the 
final product. 

Table 3  Scope of Ru-catalyzed arylation of arenesa 

R2
R2

Ru,  r.t., pivalic acid 
CH3NO2

N2BF4

R1
R1

visible-light

1
4

5

+

 

Entry Arene Product Isolated yield/% 

1 

CN
5a  

93 

2 

OMe

OMe

OMe

OMe
CN

5b  

67 

3b 

OMe OMe

CN

5c  

78 

4 

COOMe
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Entry Arene Product Isolated yield/% 

5 

OMe

OMe  

OMe

OMe
COOMe

5e  

54 

6 
 

Br5f  

50 

a Reaction conditions: aryl diazonium salts 1 (0.125 mmol), arenes 4 (1.25 
mmol, 10 equiv.), pivalic acid (1.25 mmol), CH3NO2 (1 mL), irradiation with a 
45 W fluorescent light bulb under N2 at 25 ℃; b isomer (C2∶C4＝1∶2.3). 
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Scheme 2  The proposed mechanism for the transformation 

3  Conclusions 
In conclusion, we have developed a convenient and gen-

eral method for arylation of both electron-deficient hetero-
cycles and arenes under visible-light conditions. These 
reactions proceed under mild conditions and show good 
functional group compatibility. 
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