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电化学条件下喹喔啉-2(1H)-酮 C(3)—H 功能化的研究进展 

李丹丹*    王晓辰    李闪闪    付晨雨 
李倩倩    许东涛    马莹莹 

(许昌学院化工与材料学院  表面微纳米材料研究所  河南省储能与转化微纳米材料重点实验室  河南许昌 461000) 

摘要  喹喔啉酮及其衍生物是一类重要的氮杂环化合物, 广泛存在于具有各种生物活性的天然产物、药物及功能材料

中, 因此, 喹喔啉酮的 C—H 功能化引起了化学工作者的广泛关注. 电化学合成无需外加氧化还原试剂, 直接利用电子

这一“清洁试剂”参与氧化还原反应, 具有反应条件温和及原子经济性好等特点, 十分符合绿色化学符合绿色化学和

可持续发展的要求. 随着对电化学合成反应机理的深入研究以及反应设备的标准化, 该方法已经成为喹喔啉酮类化合

物功能化的强有力工具. 综述了有机电化学在喹喔啉-2(1H)-酮 C(3)—H 功能化领域所取得的研究进展, 对反应的条件

和机理进行了系统的总结, 并对该领域所面临的挑战及发展方向进行了展望与探讨. 
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Recent Advances in Electrochemical C(3)—H Functionalization of 
Quinoxalin-2(1H)-ones  

Li, Dandan*    Wang, Xiaochen    Li, Shanshan    Fu, Chenyu 
Li, Qianqian    Xu, Dongtao    Ma, Yingying 

(Key Laboratory of Micro-Nano Materials for Energy Storage and Conversion of Henan Province, Institute of Surface Micro 
and Nano Materials, College of Chemical and Materials Engineering, Xuchang University, Xuchang, Henan 461000) 

Abstract  Quinoxalinone and its derivatives are a class of important nitrogen heterocyclic compounds, which widely exist in
natural products, drugs and functional materials. Therefore, the C—H functionalization of quinoxalinone has attracted 
extensive attention of chemical workers. In recent years, electrochemical synthesis directly uses electron as a “clean reagent”
to participate in redox reaction without additional redox reagent, which has the characteristics of mild reaction conditions and 
good atom economy. This method meets the requirements of green chemistry and sustainable development. With the in-depth 
study on the mechanism of electrochemical synthesis and the standardization of reaction equipment, this method has become a 
powerful tool for functionalization of quinoxalineones. The recent advances in the electrochemical C(3)—H functionalization 
of quinoxaline-2(1H)-one are summarized. The reaction transformation conditions and mechanisms are systematically 
discussed, and the challenges and future directions of this field are included.  
Keywords  electrochemical synthesis; quinoxalin-2(1H)-one; C(3)—H functionalization 

 
1  Introduction 

In recent years, the direct C—H functionalization has 
received continuous attention because of its high efficiency 
and atomic economy characteristics. Quinoxalin-2(1H)- 
ones, as a privileged heterocyclic unit, can be widely found 
in bioactive natural products, drugs and functional materi-

als.[1] In particular, the C(3) functionalized quinoxalin- 
2(1H)-ones exhibit a variety of biological and pharmaco-
logical activities, such as anticancer,[1c,1e,1j,2] anti-inflam-
matory,[1c,1e,3] and drug resistance antagonism.[1f,1n] Besides, 
polymers derived from these compounds can be used as 
semiconductors, which also establish their importance in 
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the field of materials science.[4] Therefore, continuous en-
deavors have been focused on developing efficient methods 
for the C(3)—H functionalization of quinoxalin-2-ones.[5] 
With the development of green and sustainable chemistry, 
electrosynthesis has attracted considerable attention and has 
emerged as a new tool for organic synthesis.[6] Compared 
with traditional methods for C—H functionalization, elec-
trosynthesis eliminates the generation of waste by using 
electrons as mass-free reagent instead of chemical redox 
reagents. In particular, electrochemical C(3)—H function-
alization of quinoxalin-2(1H)- ones has been established as 
one of the most fundamental tools for the economical, effi-
cient and green synthesis of 3-substituted quinoxalinone 
derivatives. According to existing reports, the reaction 
pathways can be roughly classified into three categories: (1) 
Quinoxalin-2(1H)-one undergoes anodic oxidation, a nu-
cleophilic addition to R2H, followed by anodic oxidation 
and deprotonation to afford the final product (Scheme 1, a). 
(2) Quinoxalin-2(1H)-one undergoes protonation first, fol-
lowed by a radical addition to R2•, and then further anodic 
oxidation and deprotonation lead to the desired product 
(Scheme 1, b). (3) The transformation that include radical 
addition, anodic oxidation and deprotonation (Scheme 1, c). 
Although many reviews have summarized on the C(3)—H 
functionalization of quinoxalin-2(1H)-ones,[5e,5j-5m,7] there is 
no systematic summary of the electrochemical C(3)—H 

functionalization of quinoxalin-2(1H)-ones. Herein, we 
summarize the recent advances in the electrochemical  
C(3)—H functionalization of quinoxalin-2-ones as well as 
the discussion of their mechanisms.  

2  Electrochemical C — H alkylation of 
quinoxalin-2(1H)-ones 
2.1  N-Hydroxyphthalimide esters as alkylation rea-
gents 

The N-hydroxyphthalimide (NHP) esters, easily prepared 
from carboxylic acids, have recently been extensively in-
volved in alkylation reaction as a free radical precursor. In 
2019, Xu, Zeng and coworkers[8] demonstrated the first 
NiCl2-catalyzed electro-reductive decarboxylative coupling 
of quinoxalinones with N-hydroxyphthalimide esters 
(Scheme 2). By utilizing NiCl2 as catalyst, graphite felt and 
nickel foam as the electrode materials, different substitu-
tions on the phenyl of quinoxalin-2(1H)-ones could give 
good yields, and it was also found that N-protected 
quinoxalin-2(1H)-ones could be compatible with the reac-
tion. At the same time, a variety of NHP esters involving 
primary, secondary, tertiary carboxylic acids and also 
amino acids, all could be transformed into the correspond-
ing products in satisfactory yields.  
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Scheme 1  Reaction pathways for electrochemical C(3)—H functionalization of quinoxalin-2-ones 
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Scheme 2  Nickel-catalyzed electrochemical reductive decarboxylative coupling of N-hydroxyphthalimide esters with quinoxalinones  
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Control experiments indicated that the cyclohexyl radical 
might be the reaction intermediate, which would go through 
a nucleophilic addition reaction with quinoxalinones com-
plex B, leading to the radical cation intermediate C, which 
loses a proton to afford intermediate D, followed by sin-
gle-electron oxidation and remove of Ni(II) species to form 
target products (Scheme 3). 

Subsequently, a method without the metal-catalysis for 
the electrochemical decarboxylative C(3) alkylation of 
quinoxalin-2(1H)-ones was reported by Wang group 
(Scheme 4).[9] In this work, a series of N-hydroxyphth- 
alimide esters containing chain, cyclic, primary, secondary 
and tertiary carboxylic acids, were all well tolerated in this 
electrochemical oxidative alkylation and furnished the al-
kylated quinoxalinones. Furthermore, various substituted 
quinoxalinones were suitable for this procedure. It is worth 
mentioning that sensitive allyl and alkyne groups on the 
quinoxalinones are also retained under the electrochemical 

conditions. 
Mechanism research indicated that N-phenylmeth- 

acrylamide obtains an electron from cathode to give the 
intermediate A. Subsequently, radical anion A undergoes  
N—O bond cleavage and decarboxylation to generate alkyl 
radical B, which undergoes oxidative addition with 
quinoxalin-2(1H)-ones to yield the radical intermediate 2, 
followed by 1,2-H shift, single-electron oxidation, and 
deprotonation process to access the final product (Scheme  
3). 
2.2  Alkyl boronic compounds as alkylation reagents 

Organic boron compounds have a prominent role in 
chemical synthesis due to their high stability, low toxicity 
and extensive reactivity.[10] In 2021, Wang group[11] dis-
covered an oxidative C—H alkylation of quinoxalin- 
2(1H)-ones under electrochemical conditions with or-
ganoboron compounds as alkylation reagent (Scheme 6). 
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Scheme 3  Possible mechanism 

 

Scheme 4  Electrochemical decarboxylative C(3) alkylation of quinoxalin-2(1H)-ones 
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Scheme 5  Possible mechanism 

Without redox mediator or catalyst, a wide range of 
quinoxalin-2(1H)-ones reacted well with n-Bu4NPF6 as the 
electrolyte, graphite plates as electrodes, trifluoroacetic acid 
as an additive, assembled in an undivided cell. Moreover, 
the method could be applied not only for primary, second-
ary and tertiary alkylboronic acids, but also for organotri-
fluoroborates and boronic esters (Scheme 6).  

 

Scheme 6  Electrochemical oxidative C — H alkylation of 
quinoxalin-2(1H)-ones with organoboron compounds 

As shown in Scheme 7, a possible mechanism has been 
proposed for electro-oxidative C—H alkylation of quinox-
alin-2(1H)-ones. Initially, alkylboronic acid is oxidized at 
the anode via a single electron transfer (SET) process to 
form an alkyl radical. Meanwhile, the alkyl radical is in-
tercepted by the protonated quinoxaline-2(1H)-one to pro-

duce the radical cation A. Subsequently, intermediate A 
undergoes deprotonation to generate C-radical intermediate 
B. Further anodic oxidation and deprotonation of interme-
diate B afford the C(3)-alkylated quinoxalin-2(1H)-ones. 
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Scheme 7  Possible mechanism 

2.3  Alkyl carbazates as alkylation reagents 
In 2020, Wang and co-workers[12] revealed a deoxygen-

ative C(3)-alkylation of quinoxalin-2(1H)-ones by using 
carbazates as a new type of electrochemically activated 
alkylating agent (Scheme 8). With a carbon anode and a 
platinum plate cathode, various substituted quinoxa-
lin-2(1H)-ones were suitable for this procedure. It is note-
worthy that the primary, secondary and tertiary alkyl radi-
cals obtained through anodic oxidation can react smoothly 
in this transformation and afford the corresponding products 
with a satisfactory yield.  

According to the mechanistic investigation, a stepwise 
dehydrazination-decarboxylation sequence was involved in 
the C(3)-alkylation of quinoxalin-2(1H)-ones (Scheme 9). 
Initially, alkyl carbazate is oxidized at the anode and 
deprotonated to afford hydrazinecarboxylate radical A and 
diazenecarboxylate B. Then, the diazenecarboxylate is 
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Scheme 8  Electrochemical deoxygenative alkylation of quinoxalin-2(1H)-ones with alkyl carbazates 

further oxidized and deprotonated to form diazene C, which 
undergoes the cleavage of C—N bond to generate acyl 
radical D and releases molecular nitrogen. The subsequent 
decarboxylation affords the alkyl radical, followed by the 
reaction with quinoxalin-2(1H)-ones, oxidation and depro-
tonation to produce the desired product. 

 

Scheme 9  Possible mechanism 

3  Electrochemical C — H arylation of 
quinoxalin-2(1H)-ones 
3.1  Aryldiazonium salts as arylation reagents 

As a common aryl radical precursor, aryldiazonium salts 
are widely used in the construction of aryl C—C bonds.[13] 
In 2019, Zeng group[14] revealed an efficient electrochemi-
cal C(3) arylation of quinoxalin-2(1H)-ones with aryldia-
zonium salts under paired electrolysis conditions (Scheme 
10). In a simple undivided cell, the electrolysis was con-
ducted at low controlled potentials without external sup-
porting electrolyte. A variety of quinoxalin-2(1H)-ones 
were suitable for this C(sp2)—H arylation reaction and gave  

 

Scheme 10  Electrochemical cross-coupling of C(sp2)—H with 
aryldiazonium salts via a paired electrolysis  

the corresponding products in satisfactory yields. Mean-
while, aryldiazonium salts could tolerate different substit-
uents on the aromatic ring and afforded the desired prod-
ucts. It was found that the electronic effect had an obvious 
effect on the transformation. And the substrates with elec-
tron-donating groups gave higher yield than that of elec-
tron-withdrawing substituted aryldiazonium salts. Notably, 
aryldiazonium salts substituted 2-I or 2-Br couldn’t provide 
the corresponding products owing to the possible reduction 
reaction of aryl bromides or aryl iodides in the electro-
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chemical condition. In addition, the authors also attempted 
the heterocyclic aryldiazonium salt as the aryl radical pre-
cursor. 

Control experiments indicated that cathodic reduction led 
to the formation of the aryl radical. According to the 
mechanism study and research reports, the possible reaction 
mechanism is outlined in Scheme 11. Firstly, aryldiazonium 
salts could be reduced at the surface of the cathode, fol-
lowed by loss of molecular N2 to afford aryl radical. Then, 
the aryl radical undergoes a radical addition to quinoxalin- 
2(1H)-one, generating the intermediate A. Finally, the in-
termediate A is oxidized at the anode to finish the desired 
arylation product. Nevertheless, the pathway which inter-
mediate A reacts with aryldiazonium salts followed by 
deprotonation to form the product, along with the release of 
aryl radical can’t excluded. 
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Scheme 11  Possible mechanism 

3.2  Pyrroles as arylation reagents 
In 2019, Wang et al.[15] reported an electrochemical het-

eroarylation of quinoxalin-2(1H)-ones with pyrroles via 
cross-dehydrogenation coupling (Scheme 12). The reaction 
could be compatible with different substituted quinoxa-
lin-2(1H)-ones and gave the corresponding products. Un-
fortunately, the author did not make a further study on this 
reaction. 
3.3  Cyanopyridines as arylation reagents 

Recently, the electrochemical reduction of cyanopyri-
dines has arisen increasing attention.[16] Wen, Sun, Yang 
and coworkers[17] reported the electroreductive-  induced 
C(3) pyridylation of quinoxalin-2(1H)-ones with cyano-
pyridines to afford a series of bidentate nitrogen ligands 
(Scheme 13). The reaction was performed in an undivided 
cell under a constant current of 15 mA with CH2Cl2/hexa-
fluoroisopropanol (HFIP) as the solvent, carbon felt as 
anode and Pt as counter electrode. A broad range of func-
tional groups bearing quinoxalin-2(1H)-ones were well 
tolerated and provided good to excellent yields. It is worth 
noting that some C(2) or C(4) replaced cyanopridines were 
not compatible in this transformation (Scheme 13). It might 
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Scheme 12  Electrochemical heteroarylation of quinoxalin- 
2(1H)-ones with pyrroles 

N

N

O
R

NNC
n-BuNBF4

CH2Cl2/HFIP (V:V = 7:3)

CF Pt

undivided cell

Ar Ar+

N
N O

RAr

N

N
H

N

O

N

95%

N
H

N

O

N
F

83%

N
H

N

O

N

42%

N

N

O

N

75%
CN

N

N

O

N

45%

N
H

N

O

N

68%

CN

N
H

N

O

N

Trace

N
H

N

O

N

Trace

N
H

N

O

N

86%

N
H

N

O

N

R1

R1 = Cl, trace
R1 = Me, trace

Cl

N
H

N

O

N

78%

Ph

N

N

O

N

76%
Ph

Ar

 

Scheme 13  Electroreductive-induced C(3) pyridylation of 
quinoxalin-2(1H)-ones with cyanopyridines 
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be due to the position of the substituent and the electronic 
effect. 

This proposed mechanism is shown in Scheme 14. 
Firstly, cyanopyridine undergoes proton exchange with 
HFIP to generate intermediate A, which obtains an electron 
at the cathode producing the intermediate B. Then, inter-
mediate B reacts with quinoxalin-2(1H)-one to provide the 
intermediate C, which is subjected to oxidation and decy-
anation to furnish the free radical D. Finally, radical D is 
converted into the desired product via the dehydrogenation 
and isomerization.  

 

Scheme 14  Possible mechanism 

4  Electrochemical C—H trifluoromemeth-
ylation of quinoxalin-2(1H)-ones 

Trifluoromethyl, as an important chemical group, has 
been widely used in organic synthesis and drug molecules 
because of its high lipid solubility, good metabolic stability, 
high electronegativity and bioavailability.[18] The group of 
Zeng[19] reported their efforts on bromide ions-mediated 
electrosynthesis of Minisci-type trifluoromethylation of 

quinoxaline-2(1H)-ones in an undivided cell (Scheme 15). 
Due to the sulfonyl hypobromite intermediates generated in 
situ, the CF3 radical could be regulated and controlled at a 
low concentration, thus improving the efficiency of indirect 
electrolysis. Utilizing graphite plate as the anode and Pt net 
as the cathode, a variety of quinoxaline-2(1H)-ones could 
be transformed into the corresponding products.  
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Scheme 15  Bromide ions-mediated electrosynthesis of Minisci- 
type trifluoromethylation of quinoxaline-2(1H)-ones 

Mechanistic elucidation shows that Br2, which is gener-
ated from the anodic oxidation of bromide, reacts with 
Zn(SO2CF3)2 to give sulfonyl hypobromite A or sulfonyl 
bromide B. Subsequently, sulfonyl bromide decomposition 
yields the CF3 free radical via a cathodic reduction or a 
homolytic cleavage process, along with the release of one 
molecule of SO2. Then, the CF3 free radical adds to the 
quinoxalin-2(1H)-one to afford the radical intermediate C, 
which is successively oxidized and deprotonated to deliver 
the desired product (Scheme 16). 
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Scheme 16  Possible mechanism 
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5  Electrochemical C — H cyanation of 
quinoxalin-2(1H)-ones 

Nitrile is an important structural part of natural products 
and drugs.[20] Organic nitriles are versatile intermediates for 
the production of pharmaceuticals, pesticides, dyes, pig-
ments, polyamides and various fine chemicals.[20c,21] In 
addition, nitriles can be used as a variety of intermediates 
and widely converted to other functional groups, such as 
amines, acids, aldehydes, amides, isocyanates, ketones, 
esters and heterocycles.[22] Therefore, the facile introduction 
of a cyano group to organic compounds is very attractive for 
organic chemists. Very recently, Sun group[23] developed an 
electro-oxidative method for efficient C—H cyanation of 
quinoxalin-2(1H)-ones with TMSCN as a nucleophiliccy-
ano source in a mixed solvent of CH3CN and KH2PO4/ 
K2HPO4 (pH＝9) buffer solution (Scheme 17). The protocol 
features oxidant free, ambient condition, a broad substrate 
scope, excellent functional group tolerance and good to 
excellent yield of the desired product. Notably, quinoxa-
lin-2(1H)-ones bearing N-substituents (chain alkyl, cyclo-
alkyl, cyanomethyl, ester group, phenacyl, 3-bromo- propyl 
allyl, propargyl, benzyl, ect.) successfully transformed the 
C(3) alkylated derivative in moderate to excellent yields. In 
addition, quinoxalin-2(1H)-ones possessing both elec-
tron-donating groups and electron-withdrawing groups 
could afford the desired products under this electrochemical 
oxidative conditions. 
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Scheme 17  Electrooxidative C(3) cyanation of quinoxalin- 
2(1H)-ones with TMSCN 

A plausible mechanism of this electrochemical oxidative 
C—H cyanation of quinoxalin-2(1H)-ones is outlined in 
Scheme 18. Initially, quinoxalin-2(1H)-one is oxidized at 
the anode via a single-electron transfer (SET) pathway to 
afford the intermediate A, which then undergoes nucleo-
philic attack of TMSCN to produce intermediate B. Finally, 
the intermediate B is further oxidized and deprotonated to 
furnish the final product. 
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Scheme 18  Possible mechanism 

6  Electrochemical C — H amination of 
quinoxalin-2(1H)-ones 

The construction of C—N bond plays an important role in 
pharmaceutical chemistry, materials science and organic 
synthesis.[24] The direct C—H amination has attracted much 
attention due to its high efficiency and atomic economy. In 
2019, Zeng group[25] developed an efficient protocol for the 
electro-oxidative C(3)—H amination of quinoxalin-2(1H)- 
ones, which allowed aliphatic amines and azoles as the 
nitrogen reagents (Scheme 19). Utilizing graphite rod as the 
anode and platinum plate as the cathode, a variety of 
3-aminoquinoxalin-2(1H)-ones were obtained in moderate 
to excellent yields under electrochemical oxidation condi-
tions. The reaction mechanism was initiated from the nu-
cleophilic addition of the amine to the protonated quinoxa-
line-2(1H)-one.  

Base on the cyclic voltammetry and control experiments, 
the authors proposed two reaction mechanism pathways and 
also suggested that the pathway involving a radical process 
is most likely (Scheme 20). In pathway 1, amine is oxidized 
in the anode to form an N-centered radical A, which un-
dergoes a radical addition to yield the radical cation C. 
Then, the intermediate C is converted into the correspond-
ing product via a single-electron transfer (SET) oxidation 
processes and deprotonation. In pathway 2, amine under-
goes nucleophilic addition with protonated quinoxaline- 
2(1H)-one to produce the intermediate B, followed by  



   
有机化学 综述与进展 

 
4618      http://sioc-journal.cn/ © 2021 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2021, 41, 4610～4622 

N

N

O

R1

LiClO4

AcOH (2.0 equiv.), DMF

C Pt

undivided cell

Ar +
N

N O

R1
Ar

N
R2

N
H

N

O

N

NH
R3

R3R2

O

81%

N
H

N

O

N
N

21%

N
H

N

O

N

49%

N

N
H

N

O

N
O

R

R = Cl, 69%
R = F, 71%
R = OMe, 33%

N

N

O

N
O

R1 = Me, 71%
R1 = CH2CO2Et, 76%
R1 = 3,5-Me2C6H3CH2, 80%

R1

 
Scheme 19  Electro-oxidative C(3)—H amination of quinoxa-
lin-2(1H)-ones 

further oxidation and decarboxylation to afford the final 

product. 

7  Electrochemical C—H alkoxylation of 
quinoxalin-2(1H)-ones 

Generally, alcohols participate in the formation of C—O 
bonds as nucleophiles. In 2020, Li, Yu and co-workers[26] 
exploited an efficient electrochemical protocol for the 
synthesis of 3-alkoxylated quinoxalin-2(1H)-ones through 
dehydrogenative C—H/O—H cross-coupling (Scheme 21). 
With graphite rod as anode and Pt plate as cathode, different 
quinoxalin-2(1H)-ones bearing electron-rich and electron- 
poor substituents reacted smoothly, affording the corre-
sponding products in moderate to good yields under stand-
ard conditions. Meanwhile, primary alcohols were well 
tolerated in this protocol. For the secondary alcohols, the 
yields decreased slightly owing to the steric hindrance. 
Unfortunately, for the tertiary alcohols and phenols, the 
transformation was not realized. 

Mechanism studies revealed that a radical process might 
be involved in the reaction (Scheme 22). First, single- 
electron-transfer (SET) oxidation of the quinoxalin-2(1H)- 
one by the anode leads to a radical-cation intermediate A. 
Subsequent nucleophilic addition of ROH to intermediate  

 

Scheme 20  Possible mechanism 
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Scheme 21  Electrochemical dehydrogenative C—H/O—H cross-coupling for the synthesis of 3-alkoxylated quinoxalin-2(1H)-ones  
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A generates a radical cation B. Further anodic oxidation and 
deprotonation lead to the desired product. 
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Scheme 22  Possible mechanism 

8  Electrochemical C—H thioetherification 
of quinoxalin-2(1H)-ones 

Over the past decade, oxidative C—H/S—H cross-  
coupling has received continuous attention because of the 
highly atom-economical and environmental friendly

characteristics of the approach.[27] In 2020, the group of 
Li[28] demonstrated an electrooxidative cross-coupling be-
tween thiols and quinoxalin-2(1H)-ones for the synthesis of 
3-thioquinoxalinones with platinum electrodes as both the 
anode and the cathode (Scheme 23). Both electron-donating 
and electron-withdrawing groups on the phenyl ring of 
quinoxalin-2(1H)-ones were tolerated under the reaction 
conditions to provide the desired products in acceptable 
yields. Different N-substituted quinoxalin-2(1H)-ones also 
tolerated the reaction conditions, but it showed less re-
sponsive than the unprotected quinoxalin-2(1H)-one. In 
addition, aliphatic thiols worked well and provided moder-
ate to good yields, while the thiophenols showed poor re-
activity in the transformation.  

Control experiments revealed that the sulfur radical was 
likely to be a reaction intermediate, which would add to 
protonated quinoxaline-2(1H)-one A, delivering C-radical 
cation species B. Oxidation of intermediate B at the anode, 
followed by deprotonation finished the 3-thioquinoxalin- 
ones (Scheme 24). 

9  Electrochemical C—H phosphorylation 
of auinoxalin-2(1H)-ones 

Organophosphorus compounds widely exist in pesticides, 
organic ligands, materials and bioactive compounds.[29] It is 
of great significance to effectively construct different C—P 

 
Scheme 23  Electrooxidative cross-coupling for the synthesis of 3-thioquinoxalinones 
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Scheme 24  Possible mechanism
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bonds. In 2019, the group of Zeng[30] developed an efficient 
electrochemical phosphonation of quinoxalin-2(1H)-ones 
with H-phosphonates or H-phosphine oxides via C—H/P—
H dehydrogenative cross-coupling (Scheme 25). This pro-
tocol provided a concise and practical route to 3-phos-
phonated quinoxalin-2(1H)-ones with excellent functional 
group tolerance and broad substrate scope. 

The mechanistic studies revealed that the reaction pro-
ceeded through a radical process (Scheme 26). Initially, 
quinoxalin-2(1H)-one is oxidized at the anodic, lead to the 
formation of immediate A, which may undergo homoge-
neous electron transfer with H-phosphonates or H-phos-

phine oxides to generate the phosphorus-centered radical B, 
along with the regeneration of quinoxalin-2(1H)-one. Sub-
sequently, radical C undergoes radical addition to the pro-
tonated quinoxalin-2(1H)-one with the formation of a car-
bon radical intermediate D. Finally, the intermediate D is 
converted into the corresponding product via single-elec-
tron transfer (SET) oxidation and deprotonation processes. 

Subsequently, Wang and coworkers[15] achieved the 
coupling of quinoxalin-2(1H)-ones with diarylphosphine 
oxides using similar electrochemical oxidative methods 
(Scheme 27). This reaction exhibited good functional 
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Scheme 25  Electrochemical phosphonation of quinoxalin-2(1H)-ones via C—H/P—H dehydrogenative cross-coupling 
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Scheme 26  Possible mechanism 

 

Scheme 27  Electrochemical oxidative coupling of quinoxalin-2(1H)-ones with diarylphosphine oxides 
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group tolerance and a wide range of substrate scope and 
gave moderate to high yields. The reaction mechanism 
proposed by the author is similar to the Zeng group. 

10  Conclusions 
In this review, we have summarized recent developments 

in electrochemical C(3)—H functionalization of quinoxa-
lin-2-ones, including the formation of C—C, C—O, C—N, 
C—S and C—P bonds. Compared with the traditional C—H 
functionalization reaction, the electrosynthesis C—H func-
tionalization has a high atom-economy, because it does not 
need to sacrifice oxidants. In the case of adjustable operat-
ing current and potential, some sensitive functional groups 
could be well tolerated. Mechanistic insights could help us 
to understand the nature of these reactions. However, there 
are still some major challenges to be addressed in this field. 
(1) The scope of electrochemical C(3)—H functionalization 
of quinoxaline-2-one may need to be further expanded, such 
as acylation, amidation and halogenation. (2) The func-
tionalized products of quinoxaline-2-one still have short-
comings in drug design and development and lead com-
pound modification, thus we should pay more attention to 
the development of pharmaceutical chemistry, and further 
deepened the related research. Overall, electrochemical 
C(3)—H functionalization offer a new opportunity for 
green synthesis of various C(3)-substituted quinoxa-
lin-2(1H)-ones in the areas of pharmaceutical chemistry and 
functional materials. Importantly, with the development of 
sustainable chemistry and green chemistry, electrochemical 
synthesis, as a safe and more economical alternative to 
traditional synthesis methods, will attract more attention. 
We believe that this review will provide a useful reference 
and important guidance for the further development of 
electrochemical synthesis and its application for the func-
tionalization of quinoxalin-2-ones. 
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