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通过 C—H 键活化喹喔啉-2(1H)-酮催化功能化的研究进展 

毛  璞 a    朱军亮 a    袁金伟*,a    杨亮茹 a    肖咏梅 a    张长森 b 
(a河南工业大学化学化工学院  河南省天然药物化学院士工作站  郑州 450001) 

(b郑州大学化学与分子工程学院  郑州 450001) 

摘要  喹喔啉-2(1H)-酮是天然产物和药物中存在的一种非常重要的 N-杂环化合物, 具有广泛的生物活性. 近年来, 研

究者对喹喔啉-2(1H)-酮的 C—H 键活化和功能化的进行了大量的研究, 包括烷基化、苄基化、酰化、芳基化、胺化、

酰胺化、膦酰化、氟烷基化等. 综述了近年来该领域的研究进展, 并对其反应机理进行了探讨.  

关键词  喹喔啉-2(1H)-酮; C—H 键活化; 功能化; 过渡金属催化  

Recent Advances on the Catalytic Functionalization of Quinoxalin- 
2(1H)-ones via C—H Bond Activation 

Mao, Pua    Zhu, Junlianga    Yuan, Jinwei*,a    Yang, Liangrua 

Xiao, Yongmeia    Zhang, Changsenb 
(a Academician Workstation for Natural Medicinal Chemistry of Henan Province, School of Chemistry & Chemical 

Engineering, Henan Univeristy of Technology, Zhengzhou 450001) 
(b College of Chemistry and Molecular Engineering, Zhengzhou University, Zhengzhou 450001) 

Abstract  Quinoxalin-2(1H)-ones are very important N-heterocyclic moieties found in natural products and pharmaceuticals, 
and exhibit an amazingly wide spectrum of biological properties. Numerous efforts have been devoted to the development of 
efficient approaches for the C—H bond activation and functionalization of quinoxalin-2(1H)-ones in recent years, including 
alkylation, benzylation, acylation, arylation, amination, amidation, phosphonation, and fluoroalkylation. The recent advances in 
this area are summarized and their reaction mechanisms are discussed. 
Keywords  quinoxalin-2(1H)-one; C—H bond activation; functionalization; transition-metal catalyst  

 

1  Introduction 

Quinoxalin-2(1H)-ones, an important class of fused het-
erocyclic compounds, have attracted considerable attention 
since they are endowed with significant biological activi-
ties and outstanding chemical properties.[1] They have been 
extensively investigated in organic synthesis, materials 
chemistry and pharmaceuticals.[2] These factors encour-
aged organic chemists to explore the direct functionaliza-
tion of quinoxalin-2(1H)-one. In recent years, a number of 
approaches for the synthesis of quinoxalin-2(1H)-one de-
rivatives have been developed. Especially, the synthesis of 
C3-functionalized quinoxalin-2(1H)-one analogues was 
paid more attention due to their synthetic usefulness and 

biological importance. Recently, numerous efforts have 
been devoted to the development of efficient methods for 
the alkylation, benzylation, acylation, arylation, amination, 
amidation, phosphonation, and fluoroalkylation of quinox-
alin-2(1H)-ones. Transition-metal catalysts and metal-free 
catalysts have been shown to be very effective for the cat-
alytic functionalization. This review will mainly focus on 
the transition metal-catalyzed and metal-free-catalyzed 
functionalization of quinoxalin-2(1H)-ones as well as the 
discussion of their mechanisms. Therefore, we sincerely 
hope that this review will serve as a handy reference for 
chemists interested in quinoxalin-2(1H)-one chemistry and 
in discovering novel methods for their functionalization. 
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2  Constructing C—C bond for the func-

tionalization of quinoxalin-2(1H)-one 

2.1  Alkylation of quinoxalin-2(1H)-one 

The introduction of an alkyl group into an aromatic 
molecule is an important methodology in organic synthe-
sis. The Friedel-Crafts alkylation is the most well-known 
method for the direct alkylation of aromatic compounds.[3] 
However, these reactions suffer from poor regioselectivity, 
restriction of substrates, formation of unwanted waste and 
environmental pollution. Recently, an alternative transition 
metal-catalyzed, or transition-metal-free alkylation route 
has been developed via C—H bond functionalization of 
arenes.[4] However, most of the reactions are limited to the 
alkylation of aromatic substrates with a directing group.  

2.1.1  Ketones as alkylation reagents 

3-Alkyl quinoxalin-2(1H)-one as an important pharma-
cophore has appeared in numerous biological molecules. 
Although great achievements have been made, the synthe-
sis of quinoxalin-2(1H)-ones bearing an alkyl substituent at 
C3 position via the direct C—H bond functionalization has 
rarely been reported. In 1983, Ramanathan and cowork-
ers[5] reported a transition metal-free system for the oxida-
tive cross-coupling reaction of quinoxalines with ketones 
in the presence of dimethyl sulphate (Scheme 1). When the 
reaction was conducted with equimolar quantities of 
quinoxalin-2(1H)-ones and the corresponding methyl ke-
tones were refluxed in the presence of catalytic amount of 
anhydrous dimethyl sulphate to yield the quinoxalinyl ke-
tones. A variety of quinoxalin-2(1H)-ones with electron- 
donating and electron-withdrawing groups could work 
well. When 7-nitro-quinoxalin-2(1H)-one was employed, 
the reaction could proceed, albeit in low yield. Interesting-
ly, the reaction was compatible with aliphatic and aromatic 
ketones. However, cyclopentanone was employed as a 
substrate, and an enamine product was given.  
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Scheme 1  (CH3)2SO4 catalyzed alkylation of quinoxalin-2(1H)- 

ones 

2.1.2  3,3,3-Trifluoro-2,2-dimethylpropanoic acid as 
alkylation reagents 

The tert-butyl group is frequently critical for biological 
activity by means of binding to a hydrophobic pocket in 
the receptor. Besides its excellent lipophilicity, the steric 
hindrance of tert-butyl is also useful in the design of valu-
able compounds.[6] Moreover, trifluoromethyl (CF3) is a 
strongly electron-withdrawing and highly hydrophobic 

group widespread in bioactive compounds and functional 
materials. The replacement of a single CH3 of tert-butyl 
with CF3 would lead to more stable derivatives with simi-
lar or even higher potency profiles.[7] In 2018, Xu and 
coworkers demonstrated a convenient synthesis of various 
C(CF3)Me2-substituted quinoxalin-2(1H)-ones through 
direct C—H functionalization of quinoxalin-2(1H)-ones 
under transition-metal free condition (Scheme 2).[8] 
Quinoxalin-2(1H)-ones bearing electron-donating or elec-
tron- withdrawing substituents reacted smoothly to give the 
corresponding products in good yields. A series of N-sub- 
stituted quinoxalin-2(1H)-ones were also compatible with 
the reaction. Notably, a variety of functionalities, including 
ether, ester, fluoro, chloro, bromo, trifluoromethyl, cyano, 
and nitro were well tolerated. This methodology was also 
extended to the introduction of other CF3-containing 
groups using the corresponding carboxylic acids. Delight-
fully, CF3-containing tertiary carboxylic acids underwent 
decarboxylative fluoroalkylation smoothly, leading to 
products in moderate yields. Unfortunately, 1-(trifluoro- 
methyl)-cyclopropanecarboxylic acid did not react under 
the optimized conditions. 

 

Scheme 2  Decarboxylative C—H fluoroalkylation of quinoxa-
lin-2(1H)-ones 

A plausible reaction mechanism was proposed in Figure 
1, 3,3,3-trifluoro-2,2-dimethylpropanoic acid (TFDMPA) 
was oxidized by (NH4)2S2O8 to furnish the C(CF3)Me2 
radical (A). The addition of A to 1-methyl quinoxalin- 
2(1H)-one generated intermediate B, which was converted 
to intermediate C in the presence of (NH4)2S2O8. The final 
product was obtained via an oxidation/deprotonation se-
quence of nitrogen cation C. According to this mechanism, 
K3PO4 promoted decarboxylation of TFDMPA and assists 
deprotonation for the formation of the final product. 
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Figure 1  Possible mechanism 
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2.1.3  Cyclohexanone oxime esters as alkylation rea-
gents 

Cyanoalkyl moieties not only widely exist in a variety of 
natural products and pharmaceuticals, but also are a class 
of versatile building blocks in organic synthesis. Therefore, 
efficient incorporation of a cyanoalkyl group into structur-
ally diverse molecules has attracted much attention.[9] In 
2018, Guo and coworkers developed an efficient synthesis 
of cyanoalkylated quinoxalin-2(1H)-ones via iron-  
catalyzed direct C—H cyanoalkylation of heteroarenes 
(Scheme 3).[10] Various quinoxalin-2(1H)-ones bearing 
electron-donating and electron-withdrawing groups on the 
aromatic rings engaged in this reaction efficiently, afford-
ing the corresponding 3-cyanopropylated products in mod-
erate to good yields. Besides the methyl group, substrates 
with other protecting groups such as n-propyl, benzyl, and 
acetate groups were also efficient substrates, furnishing the 
corresponding products in good yields. N-Unprotected 
quinoxalin-2(1H)-one was also successfully converted to 
the desired product in 61% yield. A variety of cyclobuta-
none oxime esters containing aryl, benzyl, and alkyl 
groups at the 3-position reacted well to give the target 
products in good to excellent yields. In addition, 
3,3-disubstituted oxime esters also participated well in this 
reaction to afford the desired products. 

 

Scheme 3  Direct C—H cyanoalkylation of quinoxalin-2(1H)- 
ones 

2.1.4  Ethers as alkylation reagents 

Transition-metal-catalyzed C—H functionalization has 
become a powerful strategy for the construction of C—C 
bonds.[11] The current trend in organic synthesis and espe-
cially in the pharmaceutical industry is to avoid any poi-
sonous and costly transition-metal catalysts or metal oxi-
dants in cross-dehydrogenative coupling (CDC) reactions 
as a challenging synthetic procedure. Ethers are simple and 
commercially available as starting materials in nature. 
Hence, developing an efficient methodology in the con-
struction of complex and functionally concentrated het-
eroarenes containing ethers via direct C—H bond func-
tionalization is highly desirable.  

In 2018, our group reported a convenient and efficient 
transition-metal-free protocol for the synthesis of 3-alkyl 
quinoxalin-2(1H)-ones from the radical reaction of quino- 
xalin-2(1H)-ones with ethers (Scheme 4).[12] The reaction 
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Scheme 4  Direct C—H alkylation of quinoxalin-2(1H)-ones 
with various ethers 

was found to work well with a wide range of cyclic ethers, 
including 1,4-dioxane, tertrahydrofuran, 1,3-dioxolane, etc. 
In addition, when aliphatic ethers such as diethyl ether, 
di-n-butyl ether, etc were subjected to this reaction, the 
reaction could also proceed smoothly, albeit in 35%～65% 
yields. Generally, with respect to substituted quinoxalin- 
2(1H)-ones, both electron-donating and electron-with- 
drawing groups on the phenyl ring were well tolerated, 
providing desired products in moderate to good yields. 
Chroman-4-one derivatives, a class of oxygen heterocy-
cles, are common among the natural products and are ex-
tensively used as synthetic intermediates. To further 
demonstrate the synthetic utility of this protocol, the chro-
man-4-one scaffold was applied to the coupling reaction. 
Exhilaratingly, the corresponding product could be ob-
tained with a moderate yield. Unfortunately, when 1- 
methylpyridin-2(1H)-one was employed as a substrate, the 
reaction could not proceed. 

A plausible catalytic cycle was proposed and depicted in 
Figure 2. Initially, tert-butyl hydroperoxide (TBHP) de-
composed to tert-butoxy A and hydroxyl radicals under 
heating. Next, dioxane radical intermediate B was gener-
ated via the reaction of intermediate A and 1,4-dioxane 
through a C—H bond cleavage. Subsequently, selective 
addition of intermediate B to C-3 position of 1-methyl 
quinoxalin-2(1H)-one afforded the nitrogen radical C. The  
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Figure 2  Possible mechanism 
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intermediate C would furnish the corresponding nitrogen 
cation D via single-electron transformation (SET). Finally, 
the expected coupling product was obtained by the depro-
tonation of D. 

Recently, visible-light catalysis has gained a lot of in-
terest as a very useful protocol for the construction of 
functionalized organic molecules owing to the advantages 
of high efficiency, mild conditions, energy-saving, and 
operation simplicity.[13] In 2018, Wei and coworker devel-
oped a convenient and practical metal-free visible-light- 
promoted method to synthesize 3-oxyalkylated quinoxalin- 
2(1H)-ones at room temperature. The transformation could 
be accomplished through Rose Bengal-catalyzed C—H/  
C — H cross-dehydrogenative-coupling of quinoxalin- 
2(1H)-ones with simple ethers, providing an efficient and 
operationally simple method to access various 
3-oxyalkylated quinoxalin-2(1H)-ones with moderate to 
good yields (Scheme 5).[14] Generally, various quinoxalin- 
2(1H)-ones bearing the electron-donating or electron- 
withdrawing groups reacted well with different cyclic 
ethers to provide the corresponding products. The different 
N-protecting groups on this transformation were also well 
compatible with the present transformation. Moreover, 
N-free protected quinoxalin-2(1H)-ones were also suitable 
substrates to afford the desired products. Importantly, be-
sides cyclic ethers, chain ethers could also be a suitable 
substrate, producing the desired products in good yields.  

 

Scheme 5  Direct C—H alkylation of quinoxalin-2(1H)-ones 
with various ethers 

Subsequently, the kinetic isotope effect indicated that 
α-C—H bond cleavage in tetrahydrofuran was the rate- 
determining step. The On/Off light-illumination experi-
ments confirmed that the continuous illumination of light 
is essential for this transformation. A possible mechanism 
for this reaction was presented in Figure 3. Initially, the 
excited-state Rose Bengal* was generated by irradiation of 
blue LEDs. Subsequently, a single electron transfer (SET) 
between Rose Bengal* and TBHP afforded a hydroxide 
anion and tert-butyloxy radical. Next, the abstraction of a 
hydrogen from α-C—H of tetrahydrofuran by tert-butyloxy 
radical gave an alkoxyalkyl radical intermediate A. Then, 
alkoxyalkyl radical intermediate A was added to 1-methyl 
quinoxalin-2(1H)-one, thus affording nitrogen radical in-
termediate C. The formed intermediate C underwent the 
1,2-hydrogen shift to produce carbon radical D, which is 
oxidized by Rose Bengal＋ to give the carbon cation in-
termediate E through a SET process. Finally, the abstrac-

tion of β-H from intermediate E by base produced the de-
sired product. 
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Figure 3  Possible mechanism 

2.1.5  Alcohols as alkylation reagents 

Alcohols were widely used as solvents and building 
blocks in organic synthesis and industry, and proved to be 
efficient reaction partners for the construction of the C—C 
bond due to the activation of a α sp3-C—H bond by the 
vicinal hydroxyl group.[15] Moreover, the hydroxyl group 
may take part in potentially further functionalization. The 
introduction of hydroxyalkyl substituents at the 3-position 
of quinoxalin-2(1H)-ones would probably promote their 
application in new drug discovery. In 2018, our group re-
ported an efficient method for the coupling of α-carbon 
alcohols with quinoxalin-2(1H)-ones catalyzed by copper 
in the presence of tert-butyl peroxybenzoate (TBPB) 
(Scheme 6).[16] The methodology demonstrates a broad 
substrate scope, excellent functional group tolerance, high 
atom economy and high efficiency. In general, both elec-
tron-donating and electron-withdrawing groups on the 
phenyl of quinoxalin-2(1H)-ones could proceed smoothly 
to deliver the corresponding products with moderate to 
good yields. Pleasingly, quinoxalin-2(1H)-one with a 
strong electron-poor NO2 group was well compatible with 
the reaction system. A variety of primary and secondary 
alcohols all gave the desired products. Interestingly, cyclic 
alcohols were also effective substrates. They showed high-
er efficiency, compared with the results of open chain  

 

Scheme 6  Direct C—H alkylation of quinoxalin-2(1H)-ones 
with various alcohols 
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alcohols. Unfortunately, methanol could not give the de-
sired product due to its relatively low reactivity. A compe-
tition experiment indicated that linear primary and second-
ary alcohols had nearly the same reactivity. 

In addition, the intermolecular competing kinetic isotope 
effect (KIE) showed that the α sp3-C—H bond cleavage of 
isopropanol contributed to the rate-determining step of this 
transformation. A plausible catalytic cycle was proposed in 
Figure 4. Initially, a tert-butoxyl radical A was formed by 
the hemolytic cleavage of TBPB. Then the tert-butoxyl 
radical A abstracted α proton of isopropanol to afford the 
carbon radical B by the elimination of a tert-butyl alcohol. 
Subsequently, the radical B selectively attacked the C＝N 
double bond of quinoxalin-2(1H)-one to afford the nitro-
gen radical C, which would furnish the corresponding ni-
trogen cation D via single-electron oxidation by Cu(II). 
Finally, the expected coupling product was provided by the 
deprotonation of D. 
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Figure 4  Possible mechanism 

2.1.6  Unactivated alkenes as alkylation reagents 

Radical addition reactions are important manners for   
C—C bond construction.[17] In 2019, Studer and coworkers 
disclosed a visible-light-initiated α-perfluoroalkyl-β-  
heteroarylation of various alkenes with perfluoroalkyl io-
dides and quinoxalin-2(1H)-ones. This three-component 
radical cascade reaction allowed an efficient synthesis of a 
range of perfluoroalky containing quinoxalin-2(1H)-one 
derivatives in moderate to excellent yields under mild con-
ditions (Scheme 7).[18] For this reaction, quinoxalin-2(1H)- 
ones were selected as radical acceptors. Due to polar ef-
fects, electrophilic radicals should not react with quinoxa-
lin-2(1H)-ones. This should allow running cascades, where 
the electrophilic radical is first captured by a nucleophilic 
C＝C radical acceptor leading to a nucleophilic radical 
which is then trapped by the quinoxalin-2(1H)-one. 
Non-functionalized alkenes including various functional 
groups (alcohol-, ester-, phosphonate-, nitrile-, halo-, etc.) 
could proceed smoothly to the corresponding products in 
high yields. Quinoxalin-2(1H)-ones with electron-with- 
drawing or electron-donating substituents performed well, 
providing the products in good yields. Other perfluoroalkyl 
iodides gave the desired products in high yields.  
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Scheme 7  Alkylation of quinoxalin-2(1H)-ones with alkenes, 
and perfluoroalkyl iodines 

2.2  Fluoroalkylation of quinoxalin-2(1H)-one 

2.2.1  Sodium trifluoromethanesulfinate as a fluoroal-
kylation reagents 

The trifluoromethyl group has raised widespread con-
cerns in pharmaceutical and agrochemical fields because of 
its outstanding performance in altering the lipophilicity, 
metabolic activity, and bioavailability of potential drug 
candidates.[19] In 2018, with the purpose of establishing an 
economical and transition-metal-free method for the syn-
thesis of CF3-containing quinoxalin-2(1H)-ones, Zhao and 
coworkers developed a direct C—H trifluoromethylation 
of quinoxalin-2(1H)-ones with sodium trifluoromethane- 
sulfinate with [bis(trifluoroacetoxy)iodo]benzene (PhI(O- 
TFA)2) as the oxidant under transition-metal-free condi-
tions (Scheme 8).[20] Various quinoxalin-2(1H)-ones with 
electron-donating and electron-withdrawing groups on the 
7-position of quinoxalin-2(1H)-ones engaged in this reac-
tion efficiently, affording the corresponding products in 
good yields. A series of quinoxalin-2(1H)-ones with dif-
ferent N-protecting groups were all suitable substrates, 
affording the anticipated products in good to excellent 
yields. Gratifyingly, this approach was applied in the 
pharmaceutical synthesis, and 3-trifluoromethylquinoxalin- 
2(1H)-one derivatives as HIV-1 reverse transcriptase in-
hibitors were successfully synthesized. The present meth-
odology featured utilization of the inexpensive trifluoro-
methyl source without transition-metal-catalysts, mild re-
action conditions and high functional group tolerance, 
which promised a convenient and efficient access to phar-
maceutically interesting quinoxalin-2(1H)-ones. 

 

Scheme 8  Trifluoromethylation of quinoxalin-2(1H)-ones with 
sodium trifluoromethanesulfinate 

2.2.2  α,α-Difluoroarylacetic acids as a fluoroalkyla-
tion reagents 

Among various fluoroalkyl groups, the benzylic difluo-
romethylene group (ArCF2) has attracted particular atten-
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tion in medicinal chemistry, due to the fact that the ArCF2 
moiety has unique stability, and isosteric property as an 
ethereal oxygen atom or a carbonyl group, and is also use-
ful lipophilic and metabolically resistant replacements for 
benzylic linkages in medicinal chemistry.[21] In 2019, our 
group described an effective and transition metal-free oxi-
dative decarboxylation coupling of α,α-difluoroarylacetic 
acids with quinoxalin-2(1H)-ones in the presence of 
(NH4)2S2O8 (Scheme 9).[22] A variety of α,α-difluoroaryl- 
acetic acids bearing electron-rich and electron-poor sub-
stituents reacted smoothly affording the corresponding 
products in moderate to good yields. Generally, α,α-difluo- 
roarylacetic acids with electron-donating groups gave 
higher yields. The α,α-difluoroarylacetic acids bearing 
strong electron-withdrawing group, such as 4-trifluo-  
romethyl (CF3) and 4-trifluoromethoxy (OCF3), afforded 
the corresponding desired products with much lower 
yields, due to the instability of the difluoromethyl interme-
diates. Moreover, all the phenyl of quinoxalin-2(1H)-ones 
bearing either electron-rich or electron-deficient substitu-
ents could proceed smoothly to deliver the corresponding 
products with moderate to good yields. Fortunately, when 
6-nitro-1-methylquinoxalin-2-one was employed, the cou-
pling reaction was also tolerated well, and could provide 
the product with 47% yield. 

 

Scheme 9  Decarboxylative C-3-difluoroarylmethylation of 
quinoxalin-2(1H)-ones with α,α-difluoroarylacetic acids 

A plausible mechanism was depicted in Figure 5. First, 
in the presence of (NH4)2S2O8, α,α-difluorophenylacetic 
acid underwent a decarboxylation process to generate a 
radical intermediate A, releasing carbon dioxide. Then, the 
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Figure 5  Possible mechanism 

intermediate A attacked selectively C3-position of 
1-methylquinoxalin-2(1H)-one to give the nitrogen radical 
B. Subsequently, a single-electron transfer (SET) from B 
would form the intermediate nitrogen cation C in the pres-
ence of (NH4)2S2O8. Finally, the expected oxidative cou-
pling product was obtained by the deprotonation of C. 

2.3  Benzylation of quinoxalin-2(1H)-one 

3-Benzylquinoxalin-2(1H)-one as an important phar-
macophore has appeared in numerous biological mole-
cules.[23] In 2018, our group reported an efficient cop-
per-catalyzed direct benzylation of quinoxalin-2(1H)-ones 
at the C3 position using methylarenes as benzylated rea-
gents under microwave irradiation. (Scheme 10).[24] In 
general, toluenes with electron-rich groups exhibited high-
er reactivity than those with electron-poor. Unfortunately, 
for strong electron-withdrawing substituted toluenes (CN, 
NO2), the transformation wasn’t realized. More important-
ly, for sterically hindered substrates, such as α-substituted- 
toluenes and α-methylnaphthalene also proceeded well 
under the optimized conditions, albeit with a slightly lower 
yield. Fortunately, ethylbenzene could also react smoothly 
with quinoxalin-2(1H)-one to provide the desired product 
in 67% yield. Both electron-donating and electron-with- 
drawing groups on the phenyl of quinoxalin-2(1H)-ones 
could also proceed smoothly to deliver the corresponding 
products with moderate to good yields. Regretfully, when 
6-nitro-1-methylquinoxalin-2(1H)-one or N-unprotected 
quinoxalin-2(1H)-ones were employed, these transfor-
mations could not proceed. This protocol demonstrated the 
synthetic utility, and it could be applied into the synthesis 
of an aldose reductase inhibitor. This reaction had a broad 
scope of substrates and provided a convenient process with 
respect to the preparation of 3-benzyl quinoxa-
lin-2(1H)-ones.  

 

Scheme 10  Direct C-3 benzylation of quinoxalin-2(1H)-ones 
with methylarenes 

A plausible catalytic cycle was proposed in Figure 6. In-
itially, a tert-butoxyl radical A could be generated by ho-
molysis of TBPB. The tert-butoxyl radical A then ab-
stracted a hydrogen atom from toluene to afford the benzyl 
radical B, which selectively attacks the C＝N of 1-methyl- 
quinoxalin-2(1H)-one to afford more stable nitrogen radi-
cal C. Subsequently, C would furnish the corresponding 
nitrogen cation D via single-electron oxidation by Cu(II). 
Finally, the expected coupling product was provided by the 
deprotonation of D. The experimental result of the inter-
molecular competing kinetic isotope effect (KIE) indicated 
that the cleavage of the benzyl C(sp3)—H bond was not a 
rate-determining step of this transformation. 
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Figure 6  Possible mechanism 

2.4  Acylation of quinoxalin-2(1H)-one 

3-Acylquinoxalin-2(1H)-ones as an important pharma-
cophore has shown numerous novel biological properties. 
They have also widespread applications in free radical 
photoinitiated polymerization processes and fluorescence 
term as their unique electronic properties.[25] The classical 
method was a cyclization reaction of the derivatives of 
aniline or 1,2-diaminobenzene with a suitable partner. 
From a synthetic viewpoint, the synthesis of 3-acyl- 
quinoxalin-2(1H)-ones via C—H bond functionalization 
represents a rapid, efficient, and practical access to 
3-acylquinoxalin-2(1H)-ones. 

2.4.1  α-Oxo-carboxylic acids as acylation reagents 

As a structurally special carboxylic acid, α-oxo-car- 
boxylic acids could carry out a decarboxylative acylation 
with a C—H bond to introduce an acyl group on the sub-
strates.[26] In 2017, Hu and coworkers developed a silver- 
catalyzed decarboxylative acylation of quinoxalin-2(1H)- 
ones with α-oxo-carboxylic acids as efficient acylating 
reagents (Scheme 11).[27] Different substituted on the phe-
nyl of quinoxalin-2(1H)-ones could give better yields, and 
it was also found that N-unprotected quinoxalin-2(1H)- 
ones gave the highest yields. However, 6-nitro quinoxalin- 
2(1H)-one failed to give the desired product. Moreover, all 
aryl substituted α-oxo-carboxylic acids gave satisfactory 
results. Further, 3-benzoyl-2-piperazinylquinoxalin, which 
has been reported as potential antitumor agent, was suc-
cessfully synthesized using this decarboxylative acylation. 
Thus, the importance of this synthetic method was en-
hanced significantly. 

 

Scheme 11  Silver-catalyzed decarboxylative acylation of 
quinoxalin-2(1H)-ones 

A possible reaction pathway was proposed in Figure 7. 
First, AgNO3 was oxidized by K2S2O8 to generate Ag(II) 
species, which abstracted a single electron from 
α-oxo-phenylcarboxylic acid to form an acy radical A via a 
decarboxylation. Then, the acyl radical A was trapped by 
1-methyl-quinoxalin-2(1H)-one to produce the intermedi-
ate B, by which a new C—C bond was formed. Subse-
quently, the intermediate nitrogen cation C was formed via 
single-electron oxidation by Ag(II). Finally, the intermedi-
ate C underwent a deprotonation to give the target product. 
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Figure 7  Possible reaction mechanism 

2.4.2  Aldehydes as acylation reagents 

Aldehydes are known to be easily accessible as well as 
relatively safe and stable, and are hence common synthons 
in metal- or non-metal-catalyzed transformations. Alde-
hydes as acylating agents have attracted significant atten-
tion owing to their functional group tolerance, mild reac-
tion conditions, and cost-effectiveness.[28] In 2018, our 
group reported a facile TBHP-mediated direct oxidative 
coupling of quinoxalin-2(1H)-ones with aryl aldehydes 
under metal-free conditions (Scheme 12).[29] In general, a 
variety of benzaldehydes bearing electron-rich and elec-
tron-poor substituents reacted smoothly affording the cor-
responding products in moderate to good yields. Gratify-
ingly, aliphatic aldehydes and benzyl alcohols were used as 
acylated reagents, the coupling reaction could react 
smoothly, albeit in low yields. This method provided a 
convenient and efficient approach to various 3-acylated 
quinoxalin-2(1H)-ones from readily available starting ma-
terials with excellent regioselectivity. This reaction pro-
ceeded efficiently under mild conditions over a broad 
range of substrates bearing various functional groups. 

 

Scheme 12  Metal-free oxidative coupling of quinoxalin- 2(1H)- 
ones with aldehydes 
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2.5  Alkoxycarbonylation of quinoxalin-2(1H)-one 

Carbazates are widely used in alkoxycarbonylation reac-
tion, given that carbazates are stable and readily available 
and they provide innocuous nitrogen as the side-product.[30] 

In 2019, He and coworkers disclosed an efficient and facile 
methyodology for the introduction of an ester group into 
quinoxalin-2(1H)-ones through metal-free alkoxycar-
bonylation with carbazates as an eco-friendly ester source 
(Scheme 13).[31] The main advantages of this method were 
the accessibility of the raw materials, metal-free and base- 
free conditions, good functional-group tolerance and feasi-
bility of scale-up, and good regio- and chemo-selectivity. 
Mechanistic investigations revealed that the functionaliza-
tion of quinoxalin-2(1H)-ones via a free-radical pathway. 

R1 = H, CH3, etc.; R2 = H, CH3, Cl, F, NO2, etc.
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Scheme 13  Metal-free C-3-alkoxycarbonylation of quinoxalin- 
2(1H)-ones with carbazates 

2.6  Arylation of quinoxalin-2(1H)-one 

2.6.1  Substituted indoles as arylation reagents 

Among quinoxalin-2(1H)-one derivatives, 3-(indol-3- 
yl)quinoxalin-2-ones have proven to be a class of efficient 
small-molecule inhibitors for blocking abnormal PDGF- 
induced cell proliferation to treat proliferative disorders.[32] 
The Friedel-Crafts reaction promoted by Lewis acid or 
Brønsted acid is one of the most efficient methods for the 
construction of carbon-carbon bonds to aromatics and het-
roaromatics.[33] Notably, the Friedel-Crafts type reaction of 
imines with indole has arisen increasing attention. In 2010, 
our group presented an efficient approach for the synthesis 
of various 3-(indol-3-yl)-quinoxalin-2(1H)-ones through 
Friedel-Crafts type coupling reaction between quinoxalin- 
2(1H)-ones and indoles with catalytic amount TfOH (10 
mol%) as a catalyst and using air as an oxidizer (Scheme 
14).[34] When various indole derivatives were employed as 
coupling partners, the reaction could proceeded smoothly 
and afford the corresponding products with good yields. 
For 1-substituted quinoxalin-2(1H)-ones, the reaction 
showed higher reactivity and afforded the corresponding 
products with excellent yields. Free quinoxalin-2(1H)-one 
also provided the desired products with good yields at the 
same optimal reaction conditions. This procedure tolerates 
to a wide range of substrates not only for quinoxa-
lin-2(1H)-ones but also for indoles. Nevertheless, the de-
veloped method still requires the use of strong acid. 

 

Scheme 14  Synthesis of 3-(indol-3-yl)quinoxalin-2(1H)-ones 

2.6.2  Aryl diazonium salts as arylation reagents 

In the light of their important application value, 3-aryl- 
quinoxalin-2(1H)-ones have drawn the increasing synthesis 
pursuit of chemists in the synthetic and medicinal chemis-
try.[35] Visible-light photoredox catalysis has been regard 
as an environmentally-benigh and powerful strategy for the 
construction of various useful organic compounds due to 
its mild, economic and sustainable features.[36] In 2018, 
Wei and coworkers reported a simple and efficient visible- 
light-induced protocol for the construction of 3-arylquin- 
oxalin-2(1H)-ones via Eosin Y-catalyzed direct C—H 
3-arylation of quinoxalin-2(1H)-ones with aryl diazonium 
salts (Scheme 15).[37] Generally, aryl diazonium salts with 
a wide range of substituents including electron-rich sub-
stituents and electron-poor substituents all gave the desired 
products in moderate to good yields. It was found that the 
steric effect has an obvious affection on the reaction effi-
ciency. Both electron-donating and electron-withdrawing 
groups on the phenyl of quinoxalin-2(1H)-ones were well 
tolerated in this reaction to give the corresponding prod-
ucts. The present reaction could be performed at room 
temperature under air in a short time to give 3-aryl quinox-
alin-2(1H)-ones in moderate to good yields with favorable 
functional group tolerance.  

 

Scheme 15  Visible-light-induced 3-arylation of quinoxalin- 
2(1H)-ones with aryl diazonium salts 

A tentative mechanism for this transformation was pro-
posed as shown in Figure 8. Initially, on absorption of vis-
ible light, the excited state Eosin Y* was produced from 
the organophotoredox catalyst Eosin Y. A single-electron 
transfer (SET) from the excited state of Eosin Y* to the 
aryldiazonium salt generated an aryl radical A. Subse-
quently, the addition of aryl radical A to quinoxalin- 
2(1H)-ones gave radical intermediate B, which was oxi-
dized by either the eosin Y radical cation (path a) or the 
diazonium salt ArN2BF4 through a radical-chain transfer 
(path b) leading to the nitrogen cation intermediate C. Fi-
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nally, deprotonation of intermediate C regenerated the ar-
omatic ring and produced the desired product. 
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Figure 8  Possible reaction mechanism 

In the same year, Kim and coworkers also developed 
successfully a photocatalyst-free photoredox arylation of 
quinoxalin-2(1H)-ones with aryldiazo sulfones (Scheme 
16).[38] The reaction was completed without any other met-
al, oxidant, or additives. The proposal protocol was a facile 
way for the synthesis of 3-arylquinoxalin-2(1H)-one deriv-
atives with a wide range of functional group tolerance. 
Nevertheless, in the approach for aryl-aryl bond formation, 
a long reaction time was required. Moreover, the desired 
products were only obtained in moderate yields. 

 

Scheme 16  Photocatalyst-free photoredox 3-arylation of 
quinoxalin-2(1H)-ones with aryldiazo sulfones 

2.6.3  Arylboronic acids as arylation reagents 

Arylboronic acids are versatile building blocks and 
found wide applications in transition metal-catalyzed 
cross-coupling reactions. In 2013, Alami and coworkers[39] 
developed successfully an efficient and practical Pd(O- 
Ac)2/phenanthrolin-catalyzed system for C—H arylation of 
various quinoxalin-2(1H)-ones with arylboronic acids 
(Scheme 17). The protocol exhibited a broad substrate 
scope with respect to both the coupling partners. Elec-

tron-rich and electron-deficient substituted arylboronic 
acids all underwent C-3 arylation of quinoxalin-2(1H)- 
ones efficiently from moderate to good yields. The steri-
cally demanding ortho-substitution pattern was tolerated 
toward coupling reaction of quinoxalin-2(1H)-ones. 
N-alkyl- and N-benzyl-quinoxalin-2(1H)-ones having elec-
tron-donating or electron-withdrawing groups on the aro-
matic nucleus led to the corresponding products. Unfortu-
nately, the reaction was not effective with quinoxalin- 
2(1H)-one in which the nitrogen atom was unsubstituted.  

 

Scheme 17  Palladium(II)-catalyzed oxidative arylation of 
quinoxalin-2(1H)-ones with arylboronic acids 

A possible mechanism for the C-3 arylation of quinoxa-
lin-2(1H)-ones was depicted in Figure 9. Arylpalladium 
complex A, which was formed in situ by the transmeta-
lation of an aryl group from boron to palladium, was envi-
sioned to take place as an initial step. This later evolves 
through the migratory insertion mechanism into 1-methyl- 
quinoxalin-2(1H)-one to give a palladium(II) complex B. 
Subsequent β-hydrogen elimination from B produced a 
Heck-type product and hydridopalladium(II) acetate 
(HPd(OAc)) (path a). The desired product could also be 
formed through oxygen-promoted oxidation C which aris-
es from protonolysis of B (path b). 
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Figure 9  Possible reaction mechanism 

Although palladium catalysts exhibit high efficiency in 
the direct arylation of quinoxalin-2(1H)-ones, the use of 
inexpensive and non-toxic catalysts is more attractive. In 
this context, manganese catalysts have recently emerged as 
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promising catalysts for this transformation. Manganese(III) 
acetate has been considered as the most prominent sin-
gle-electron oxidant in the field of free-radical chemis-
try.[40] In 2018, Reddy and coworkers developed a simple 
and efficient method for the synthesis of 3-arylquinoxalin- 
2(1H)-one derivatives through an oxidative cross-coupling 
of arylboronic acids with quinoxalin-2(1H)-ones using a 
readily available oxidant Mn(III) acetate dehydrate 
(Scheme 18).[41] This method provided 3-arylquinoxalin- 
2(1H)-ones scaffolds with a broad substrate scope. How-
ever, the reaction required higher temperature, which 
would limit their application in organic synthesis. 

 

Scheme 18  Mn(OAc)3 promoted 3-arylation of quinoxalin- 
2(1H)-ones with arylboronic acids 

2.6.4  Arylamines as arylation reagents 

Arylamines are known to be easily accessible as well as 
being relatively safe and highly stable, and are hence 
common synthons in transition metal-catalyzed coupling 
reactions and non-metal-mediated transformations. Re-
cently, arylamines as arylating agents have attracted sig-
nificant attention owing to their functional group tolerance, 
mild reaction conditions and cost-effectiveness.[42] In 2017, 
our group developed an efficient and practical method for 
the preparation of diverse 3-arylquinoxalin-2(1H)-ones via 
transition-metal-free direct C-3 arylation of quinoxalin- 
2(1H)-ones with arylamines under extremely mild condi-
tions (Scheme 19).[43] A variety of arylamines bearing 
electron-rich and electron-poor substituents reacted 
smoothly affording the corresponding products in moder-
ate to good yields. For strong electron-withdrawing sub-
strates, the transformation was also realized, albeit in low 
yields. Moreover, there was no desired product detected 
when naphthalene-1-amine was employed. Remarkably, 
the steric hindrance effect of arylamines has some influ-
ence on the coupling reaction. Furthermore, both elec-
tron-donating and electron-withdrawing groups on the 
phenyl of quinoxalin-2(1H)-ones also proceeded smoothly 
to deliver the corresponding products. To further demon-
strate the synthetic utility of this protocol, it has been ap-
plied successfully to the synthesis of an antitumor agent 
N-(4-chlorophenyl)-2-(2-oxo-3-phenylquinoxalin-1(2H)- 
yl)acetamide. Compared with the previously reported ary-
lation of quinoxalin-2(1H)-ones, there are some ad-
vantages, like higher yields, a broader scope of substrates, 
transition-metal free, and mild reaction conditions. In the 

same year, this mild and direct C—H arylation of quinoxa-
lin-2(1H)-ones with aryldiazonium salts at room tempera-
ture under metal-free conditions was also reported by 
zhang and coworkers.[44] 
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Scheme 19  Transition metal-free 3-arylation of quinoxalin- 
2(1H)-ones with arylamines 

A plausible catalytic cycle was proposed in Figure 10. 
Aniline was diazotized in the presence of tert-butyl nitrite 
to generate the intermediate A. The intermediate A reacted 
with methylsulphonic acid to provide the intermediate B, 
which was believed to generate the highly reactive phenyl 
radical C through spontaneous dediazotisation and genera-
tion of a stable mesylate radical. 1-Methylquinoxalin- 
2(1H)-one was protonated to form an intermediate nitrogen 
cation D. Quickly the radical C was intercepted by the in-
termediate D to produce the intermediate E. Subsequently, 
E was deprotonated to form the corresponding radical F, 
which provided the intermediate G by a single electronic 
transformation (SET). Finally, the expected coupling 
product was obtained by the deprotonation of G. 

2.6.5  Diaryliodonium salts as arylation reagents 

In recent years, iodine(III) compounds have been widely 
studied as mild and environmentally benign agents in 
modern synthesis because of good availability, good stabil-
ity, low toxicity, high reactivity, and good tolerance of 
diverse functional groups. Recently, diaryliodonium salts 
have been employed particularly as arylating agents in 
various methodologies.[45] In 2017, Zhang and coworkers 
developed an alternative method for the synthesis of di-
verse 3-aryl quinoxalin-2(1H)-ones with diaryliodonium 
salts via transition-metal-free direct C—H arylation under 
extremely mild conditions (Scheme 20).[46] This reaction 
has a broad scope of substrates and provides a convenient 
process with respect to the preparation of 3-arylsubstituted 
quinoxalin-2(1H)-ones. Moreover, various carbon-halogen 
bonds were well-tolerated, and halide handles allowed for 
additional cross-coupling reactions. Mechanistic studies, 
including radical trapping experiments, revealed that the 
arylation occured through an aryl radical mechanism. 

2.6.6  Arylhydrazines as arylation reagents 

Arylhydrazines are simple and cheap starting materials, 
and they can undergo oxidation to form aryl radicals in the 
presence of oxidant reagent.[47] Recently, hypervalent io-
dine reagents have attracted significant attention owing to 
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Figure 10  Possible reaction mechanism 
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Scheme 20  Transition metal-free 3-arylation of quinoxalin- 
2(1H)-ones with diaryliodonium salts 

their high functional group tolerance, environmental 
friendliness, and cost-effectiveness. Iodosylbenzene 
(PhIO)-mediated oxidative cycloaddition for the construc-
tion of various heterocycles is well-known.[48] In 2017, Lee 
and coworkers developed successfully a PhIO-mediated 
direct oxidative arylation reaction of quinoxalin-2(1H)- 
ones with arylhydrazines (Scheme 21).[49] This protocol 
involves a PhIO-mediated N—H and C—N bond cleavage 
of arylhydrazines, followed by a direct crosscoupling to 
various quinoxalin-2(1H)-ones. The reactions of 1-methyl- 
quinoxalin-2(1H)-one with several arylhydrazines bearing 
electron-donating and electron-withdrawing groups on the 
benzene ring could afford the desired products. However, 
the treatment of 1-methylquinoxalin-2(1H)-one with ar-
ylhydrazines bearing very strong electron-withdrawing 
groups such as CN and NO2 did not provide the desired 
products. The reaction of N-substituted and unprotected 

quinoxalin-2(1H)-ones with arylhydrazines could also pro-
vide the desired products in good yields. Moreover, when 
quinoxalin-2(1H)-ones bearing electron-donating and elec-
tron-withdrawing groups on the benzene ring were em-
ployed, the reactions could proceed smoothly to obtain the 
desired products. This direct arylation reaction could also 
be used to synthesize biologically interesting such as 
3-arylbenzo[g]quinoxalinones and 3-arylpyrido[3,4-b]-py- 
razinones. 

 

Scheme 21  Iodosobenzene-promoted direct oxidative 
3-arylation of quinoxalin-2(1H)-ones with arylhydrazines 

2.6.7  Arenes as arylation reagents 

Compared with aryl halides, arylboronic acids, aryla-
mines, diazoniums, and arylhydrazine salts as arylation 
reagents, simple arenes are generally more attractive cou-
pling partners. However, the remarkable stabilities of sim-
ple arenes render them significantly less reactive, and 
hence their use becomes highly challenging in catalytic 
arylation reactions. In 2019, Lee and coworkers developed 
a Pd(TFA)2-catalyzed cross-dehydrogenative coupling 
(CDC) reaction for the direct C-3 arylation of quinoxa-
lin-2(1H)-ones with arenes (Scheme 22).[50] A wide array 
of functionalities, including highly sensitive allyl and ben-
zyl group substituted quinoxalin-2(1H)-ones, are readily 
assembled with arenes containing electron-donating and 
electron-withdrawing groups in this CDC reaction. Highly 
regioselective products were produced in good yields with 
stronger electron-donating groups than toluene and densely 
substituted arenes as coupling partners. Moreover, this 
protocol represented an efficient technique to access vari-
ous 3-arylbenzo[g]quinoxalinones and 2-aryl-4-methyl- 
pyrido[3,4-b]pyrazin-3(4H)-ones under mild conditions. 
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Scheme 22  Pd(TFA)2-catalyzed direct arylation of quinoxalin- 
2(1H)-ones with arenes 
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An important feature of this approach over other typical 
arylation methods is the atom-economical strategy, which 
does not require pre-functionalization. 

A plausible mechanistic pathway for the arylation reac-
tion was depicted in Figure 11. The CDC reaction was ini-
tiated by the heteroatom-guided palladation of 1-methyl 
quinoxalin-2(1H)-one with Pd(OCOCF3)2 to form C-3 pal-
ladated species B and CF3CO2H via intermediate A. The 
intermediate B underwent subsequent coordination with 
benzene and C—H metalation afforded the intermediate C, 
which released CF3CO2H to furnish another intermediate 
D. Finally, reductive elimination of D provided the C-3 
arylated product and palladium(0) species. The Pd0 ob-
tained by the reductive elimination was subsequently oxi-
dized to Pd2＋ with Ag2O, which resumed the catalytic 
cycle. 
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Figure 11  Possible reaction mechanism 

3  Constructing C—N bond for the func-
tionalization of quinoxalin-2(1H)-ones 

3-Aminoquinoxalin-2(1H)-one as an important pharma-
cophore has appeared in numerous bioactive compounds, 
such as glycogen phosphorylase inhibitors, antimicrobial 
and anticancer agents.[51] The preparation of 3-amino- 
quinoxalin-2(1H)-ones has attracted considerable attention 
since they are endowed with significant biological activi-
ties. Recently, significant progress has been achieved for 
intermolecular amidation/amination via C—H bond func-
tionalization. 

3.1  Amination of quinoxalin-2(1H)-one 

In 2008, Gulevskaya and coworkers reported a simple 
and convenient synthetic route to alkylaminodiazinones via 
oxidative alkylamination of dizainones using alkyla-

mine/AgPy2MnO4 or alkylamine/KMnO4 system (Scheme 
23).[52] 1-Methyl quinoxalin-2(1H)-one could react smoo- 
thly with primary and secondary alkylamines in the pres-
ence of an oxidant to yield 3-alkylamino-quinoxalin- 
2(1H)-one derivatives in moderate yields. 

 

Scheme 23  Alkylamination of quinoxalin-2(1H)-one with pri-
mary and secondary alkylamines 

In 2016, Cui and coworkers developed successfully a 
novel and mild methodology for Cu-catalyzed oxidative 
amination of quinoxalin-2(1H)-ones, which allowed pri-
mary and secondary amines as the nitrogen reagents 
(Scheme 24).[53] Various 3-aminoquinoxalin-2(1H)-ones 
were afforded in moderate to excellent yields using molec-
ular oxygen from air as a sole oxidant. However, aromatic 
amines and amides were unsuitable for the reaction. This 
method provided one of the easy pathways for rapid syn-
thesis of 3-aminoquinoxalin-2(1H)-ones and featured being 
particularly cheap, efficient, and atom-economic. 

 

Scheme 24  Copper-catalyzed C—H amination of quinoxalin- 
2(1H)-ones 

A plausible catalytic cycle was proposed in Figure 12. 
Firstly, the Cu(II) coordinated to the imine of quinoxalin- 
2(1H)-ones and gave the species A. Then, the nucleophilic 
amine attacked to the activated imine and afforded 
H-adduct B, the balance between the electrophilicity of 
the A and H-adduct B has to be favorable. Subsequent 
β-hydrogen elimination from H-adduct B produced the 
target product and regenerated the active copper(I) species, 
which was oxidized into active Cu(II) species for the next 
catalytic cycle. 

In 2017, Jain and coworkers reported a metal-free cross- 
dehydrogenative coupling between quinoxalin-2(1H)-ones 
and amines using aqueous tert-butyl hydroperoxide 
(TBHP) as the terminal oxidant in the presence of catalytic 
iodine (Scheme 25).[54] The reaction was highly versatile 
and exhibited good functional group tolerance with a range 
of primary and secondary amines. In general, the cyclic 
amines such as morpholine and piperidine substituted with 
electron-withdrawing groups gave lower yields of the 
aminated products in comparison to the unsubstituted 
amines, or those with electron-releasing substituents. A 
range of primary aliphatic amines with varied alkyl chains 
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Figure 12  Possible reaction mechanism 

 

Scheme 25  Iodine-catalyzed amination of quinoxalin-2(1H)- 
ones 

were found to give lower yields, in comparison to those for 
secondary amines. Interestingly, 2-aminopyridine also re-
acted with quinoxalin-2(1H)-ones to give the C-N coupled 
product. The reaction of quinoxalin-2(1H)-ones bearing 
electron-donating and electron-withdrawing groups with 
amines could proceed smoothly to obtain the desired 
products in good yields. Furthermore, using the synthetic 
utility of this methodology, the aldose reductase inhibitor, 
known to possess antidiabetic activity, was synthesized 
successfully. The C-N coupling worked efficiently under 
metal-free conditions, did not require any ligand or addi-
tive, and generates nonhazardous byproducts such as 
tert-butyl alcohol and water. 

In 2018, Wei and coworkers developed a novel and effi-
cient visible-light-induced C(sp2)—H/N—H cross-dehy- 
drogenative coupling (CDC) amination with both primary 
and secondary aliphatic amines in air (Scheme 26).[55] This 
reaction proceeded smoothly at room temperature to con-
struct a new C—N bond via a radical process under metal- 
and strong oxidant-free conditions. The present protocol 
provided a facile and practical approach to access diverse 
3-aminoquinoxalin-2(1H)-ones in moderate to good yields.  

Organic electrosynthesis was regarded as a green and 
environmentally friendly way to achieve C—H bonds 
functionalization, and it was revolutionizing the way of  

 

Scheme 26  Visible-light photoredox catalyzed amination of 
quinoxalin-2(1H)-ones 

organic synthesis.[56] Recently, electrochemical oxidative 
amination of C—H bonds has been well documented.[57] In 
2019, Zeng and coworkers developed successfully an effi-
cient protocol for the synthesis of 3-aminoquinoxalin- 
2(1H)-ones via the electrochemical dehydrogenative C-3 
amination of quinoxalin-2(1H)-ones (Scheme 27).[58] The 
reaction was highly versatile and exhibited good functional 
group tolerance with a range of cyclic and acyclic amines. 
With aliphatic amines and azoles as the nitrogen sources, a 
series of 3-aminoquinoxalin-2(1H)-ones was obtained in 
excellent yields. This direct electrolytic method avoided 
the use of transition metals and external oxidants, and rep-
resented an appealing alternative for the synthesis of 
3-aminoquinoxalin-2(1H)-ones. 

 

Scheme 27  Synthesis of 3-aminoquinoxalinones via electro-
chemical cross-coupling of quinoxalin-2(1H)-ones with amines 

A possible reaction mechanism was proposed in Figure 
13. The ionic mechanism started from nucleophilic addi-
tion of the substrate amine to protonated quinoxalin- 
2(1H)-ones A to give intermediate B, which anodic oxida-
tion and deprotonation afforded the desired product (Path-
way 1). In the radical pathway, the anodic oxidation of 
amines formed nitrogen-centered radical C, which was 
intercepted by A giving intermediate D. Further anodic 
oxidation and deprotonation gave the desired product 
(Pathway 2). Simultaneously, proton was reduced at the 
cathode surface to generate molecular hydrogen. 

Among many amination reagents employed in the 
aforementioned reactions, azides have emerged as ideal 
amino sources due to only environmentally friendly N2 as 
the single byproduct released.[59] In 2019, Zhang and 
coworkers reported a convenient C—H amination of 
quinoxalin-2(1H)-ones with TMSN3 as an amino source   
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Figure 13  Possible reaction mechanism
 

under mild conditions (Scheme 28).[60] Various quinoxalin- 
2(1H)-ones bearing electron-donating and electron-with- 
drawing groups could proceed smoothly to obtain the cor-
responding products. And the substrates with the strongly 
electron-withdrawing group NO2 also gave moderate 
yields. Especially, quinoxalin-2(1H)-ones without protect-
ing group was well matched with the transformation. This 
reaction provided concise access to 3-aminoquinoxalin- 
2(1H)-ones with a broad tolerance of functional groups, 
utilizing TMSN3 as an amino source under simple and mild 
conditions.  

 

Scheme 28  Synthesis of primary 3-aminoquinoxalin-2(1H)- 
ones 

3.2  Amidation of quinoxalin-2(1H)-one 

The amide functionality is one of the most important 
functional groups in life and synthetic chemistry. 
3-Acylamino quinoxalin-2(1H)-ones as an important 
pharmacophore appear in numerous biological mole-
cules.[61] Nitriles are commercially available and common-
ly used for functional group conversions in organic reac-
tions, including the formation of amides, aldehydes, car-
boxyl derivatives, amines, and heterocycles.[62] In 2019, 
our group established a palladium-catalyzed direct oxida-
tive C-3 amidation of quinoxalin-2(1H)-ones with acetoni-
trile (Scheme 29).[63] A variety of quinoxalin-2(1H)-ones 
bearing electron-rich and electron-poor substituents reacted 
smoothly affording the desired products in good to excel-
lent yields. And the N-substituted-quinoxalin-2(1H)-one 
analogues showed good reactivity with acetonitrile under 
the optimal conditions. Unfortunately, for quinoxalin- 
2(1H)-ones with a strong electron-withdrawing NO2 group, 
and unprotected quinoxalin-2(1H)-ones, the transformation 

was not realized. This methodology provided a practical 
approach to various 3-acetamino quinoxalin-2(1H)-ones 
from the readily available starting material acetonitrile. 

 

Scheme 29  Palladium-catalyzed oxidative amidation of 
quinoxalin-2(1H)-ones with acetonitrile 

A plausible catalytic cycle was proposed in Figure 14. 
Acetonitrile reacted with H2O in the presence of potassium 
peroxydisulfate to generate an acetamide. Then, in the 
presence of Pd(OAc)2 and potassium peroxydisulfate, the 
acetamide leaved a hydrogen radical to provide the inter-
mediate A. The metallization of 1-methylquinoxalin- 
2(1H)-one with Pd(OAc)2 generated the intermediate B, 
which underwent oxidative addition with the radical A to 
yield the complex Pd(III) C. Under visible light photore-
dox and palladium dual catalysis conditions this putative 
Pd(III) was further oxidized to Pd(IV) with a photoredox 
catalyst and/or an oxidant. The desired product may form 
through the facile reductive elimination of the intermediate 
D and the generation of the Pd(II) catalyst for subsequent 
runs. 

The humbled nucleophilicity of amides (electron-  
withdrawing carbonyl groups) which is comparable to that 
of amines makes them challenging partners. In 2019, our 
group developed successfully an efficient and facile cop-
per-catalyzed C-3 amidation of quinoxalin-2(1H)-ones 
with amides under microwave irradiation (Scheme 30).[64] 
The approach provided a novel strategy to synthesize the 
3-amidated-quinoxalin-2(1H)-ones via direct functionali-
zation of aryl C—H bond. A wide range of substrates in-
cluding (hetero)aryl amides (primary, secondary) and ali-
phatic amides (cyclic, acyclic) responded to this C—N 
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Figure 14  Possible reaction mechanism 

bond formation and furnished the biologically useful ami-
dated quinoxalin-2(1H)-ones in good to high yields. A 
gram-scale experiment was conducted, and the reaction 
proceeded well to produce the desired product in good 
yields. The protocol was atom-economic, did not require 
ligands and base-free, and can be executed efficiently at 
ambient temperature. Very recently, Guo and coworkers 
developed an effective copper-catqalyzed direct C—H/N—
H cross-coupling of quinoxalin-2(1H)-ones with diverse 
unprotected 2-quinoxalinones and 2-quinolinones. This 
protocol provided a convenient route for various important 
quinoxalin-2(1H)-ones containing biheteroaryls.[65] 
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Scheme 30  Copper-catalyzed amidation of quinoxalin-2(1H)- 
ones with amidates 

4  Constructing C—P bond for the func-
tionalization of quinoxalin-2(1H)-ones 

Phosphorus-substituted heterocycles were found in 
many bioactive molecules, and advanced functional mate-
rials. The development of straightforward and efficient 
methods of C—P bond formation was the key in the con-
struction of such heterocycles.[66] Traditional methods for 
building C—P bond relyed on the reaction of organometal-
lic reagents with an electrophilic P-reagent such as 
Ph2P(O)Cl, or on palladium-catalyzed cross-coupling of 
aryl halies with H-phosphonates.[67]  

4.1  Metal-free phosphonation of quinoxalin-2(1H)- 
one 

In 2016, Cui and coworkers disclosed a synthetic meth-
od for the selective phosphonation of quinoxalin-2(1H)- 
ones with H-phosphonates under transition-metal-free 
conditions, where K2S2O8 is the sole oxidant (Scheme 
31).[68] In general, H-phosphonates bearing various groups 
could thus be coupled with quinoxalin-2(1H)-ones, afford-
ing the corresponding products in fair to high yields. Fur-
ther, substituted quinoxalin-2(1H)-ones were also subject-
ed to same coupling conditions with H-phosphonates. This 
method exhibited excellent performance in terms of atom 
economy and environmental friendliness. The protocol was 
also compatible with a wide range of functional groups, 
thus providing an attractive access to C-3 phosphonated 
quinoxalin-2(1H)-ones, which were potentially useful for 
medicinal chemistry purposes. Although this approach has 
proven valuable for the synthesis of 3-phosphorylated 
quinoxalin-2(1H)-ones, they suffered from the disad-
vantage of requiring high temperature, and strong oxidant. 

 

Scheme 31  Direct phosphonation of quinoxalin-2(1H)-ones 
under transition-metal-free conditions 

A tentative mechanism was proposed in Figure 15. First, 
a cationic radical A could be generated from dimethyl 
H-phosphonate upon oxidation with persulfate. Then elec-
trophilic addition of cationic radical of A to the imine bond 
of 1-methylquinoxalin-2(1H)-one would lead to the species 
B, which might react with dimethyl H-phosphonate to give 
intermediate C. Finally, oxidative dehydrogenation of C 
produced the desired product. 
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Figure 15  Possible reaction mechanism 
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4.2  Light photoredox-catalyzed phosphonation of 

quinoxalin-2(1H)-one 

The visible light mediated photoredox catalysis for 
chemical transformations has become a powerful tool with 
a lot of intriguing features such environmentally benign 
reaction conditions, as reaction economics, and operational 
simplicity.[69] In 2018, Kim and coworkers developed a 
novel and environmentally benign process for the visible 
light mediated photoredox-catalyzed phosphorylation of 
quinoxalin-2(1H)-ones with diphenylphosphine oxide 
(Scheme 32).[70] This methodology was accomplished us-
ing a commercially available Eosin B as the nontoxic and 
inexpensive organic photocatalyst using air as the sole 
green oxidant. The reaction was completed after a short 
period without any other metal catalyst. Unfortunately, 
only diphenylphospine oxide could be employed as a cou-
pling partner for this visible light mediated photoredox- 
catalyzed phosphorylation of quinoxalin-2(1H)-ones. 

 

Scheme 32  Visible light photoredox-catalyzed phosphorylation 
of quinoxalin-2(1H)-ones 

5  Other functionalization of quinoxalin- 

2(1H)-one 

In 1984, Nishio described a regioselective photocy-
cloaddition reaction of quinoxalin-2(1H)-ones with elec-
tron-deficient olefins in benzene with a high-pressure 
mercury lamp through a Pyrex filter (Scheme 33).[71] Irra-
diation of quinoxalin-2(1H)-ones in the presence of elec-
tron-deficient olefins gave the novel regiospecific (2＋2) 
cycloadducts of the carbon-nitrogen double bond of 
quinoxalin-2(1H)-ones and olefin. The protocol was com-
patible with a wide range of functional groups, thus 
providing an access to (2＋2) cycloadducts of quinoxalin- 
2(1H)-ones. 

 

Scheme 33  [2＋2] Photocycloaddition of quinoxalin-2(1H)- 
ones with olefins 

In 2014, Messaoudi et al.[72] successfully developed an 
efficient and practical catalytic protocol based on Pd(II)- 
and Pd(0)-catalyzed tandem process for C-3 and N-4 aryla-

tion/alkenylation of various quinoxalin-2(1H)-ones with 
arylboronic acids and aryl/alkenyl halides in a safe and 
green water reaction media (Scheme 34). The protocol 
exhibited a broad substrate scope with respect to the cou-
pling partners, thus providing an attractive method to ac-
cess a large molecular diversity of 3-aryl-4-aryl(alkenyl)- 
dihydroquinoxalin-2(1H)-ones of biological interest. 

 

Scheme 34  Palladium(II)/Palladium(0)-catalyzed C- and N- 
arylation of quinoxalin-2(1H)-ones 

In 2018, Zhao and coworkers[73] reported a convenient 
and efficient protocol for the synthesis of thetetrazolo[1,5- 
a]quinoxalin-4(5H)-ones via copper-catalyzed [3＋2] cy-
clization of azidotrimethylsilane with quinoxalin-2(1H)- 
ones under mild conditions (Scheme 35). This protocol 
utilized cheap Cu(eh)2 as a catalyst and safe TMSN3 as 
azide source, as well as tolerates a wide range of functional 
groups. 

 

Scheme 35  [3＋2] cyclization of azidotrimethylsilane with 
quinoxalin-2(1H)-ones 

6  Conclusions and perspectives 

In this review, we have presented an overview for the 
catalytic functionalization of quinoxalin-2(1H)-ones via  
C—H bond activation process. Numerous novel approach-
es have been developed for the alkylation, benzylation, 
acylation, arylation, amination, amidation, phosphonation, 
and fluoroalkylation of quinoxalin-2(1H)-ones. From a 
synthetic point of view, these reactions offer novel and 
efficient tools for constructing various useful quinoxalin- 
2(1H)-one derivatives. Mechanistic studies would help us 
to understand the nature of these reactions and lead to the 
discovery of new catalytic systems. However, there are 
still some major challenges that need to be addressed in 
this field. For most of these reactions, transition metals like 
palladium, copper, and silver are essential to serve as cata-
lysts. Some reactions still suffer from some issues like 
harsh temperature, poor yields, and the limitation of sub-
strates.  
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The development of cheap and robust catalytic systems 
for the functionalization of quinoxalin-2(1H)-ones is be-
coming more attractive. An importance challenge will be 
to develop efficient and green protocols to construct such 
carbon-heteroatom bonds and extend the substrate scope. 
As a consequence, new achievements of the quinoxalin- 
2(1H)-one chemistry are expected to appear in the near 
future. 
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