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Abstract: A direct C-H bond carbamoylation of 
quinoxalin-2(1H)-ones with hydrazinecarboxamides has 
been developed. This reaction provides a series of 3-
carbamoylquinoxalin-2(1H)-one derivatives in moderate to 
good yields under mild conditions with a broad range of 
substrates and functional group tolerance. The present 
methodology affords a convenient and practical access to 
pharmaceutically active 3-carbamoylquinoxalin-2(1H)-one 
derivatives.  

 

The quinoxalin-2(1H)-one derivatives have attracted 
tremendous attention due to pharmaceutically important 
molecules

[1]
 and outstanding biological properties.

[2]
 

Morever, 3-carbamoylquinoxalin-2(1H)-one derivative as 
an important pharmacophore has shown numerous 
signifigance biological properties.

[3]
 Examples include the 

c-Met kinase inhibitors,
[4]

 small-molecule HCV 
inhibitors,

[5]
 PDE4 inhibitors

[6]
 and anti-cancer properties

[7]  

(Figure 1). 
 

 
Figure 1. Pharmaceutically active 3-carbamoylquinoxalin-

2(1H)-one derivatives. 
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In view of their remarkable importance, the direct 

functionalization of  C3 position of  quinoxalin-2(1H)-one 

has been extensively studied in recent organic synthesis, 

for instance (Scheme 1a), etherification,
[8]

 amination,
[9] 

alkylation,
[10] 

benzylation,
[11]

 arylation,
[12] 

acylation,
[13] 

phosphonation,
[14] 

trifluoromethylation.
[15] 

Although 

remarkable achievements have been obtained, the direct 

C3-H carbamoylation of quinoxalin-2(1H)-ones remains 

scarce. Due to importance of the 3-carbamoylquinoxalin- 
2(1H)-one derivatives, the development of a direct and 
simple method for synthesis of 3-carbamoylated 
quinoxalin-2(1H)-one derivatives is still highly desirable. 
 

 

Scheme 1. Synthesis of 3-functionalized quinoxalin-

2(1H)-one derivatives. 
 

Amide bond linkage is one of the most essential unit 
omnipresent in many organic molecules including 
proteins,

[16]
 natural alkaloids,

[17]
 fine chemicals and 

pharmaceuticals.
[18]

 About 60% of reactions (including 7.2% 
of peptide synthesis and 50% of amide-bond coupling) 
belong to amide bond formation in current medicinal 
chemistry according to litreature (2014) reported.

[19]
 It is 

notable that carboxamide is the most abundant functional 
group in pharmaceutical structure, more than 25% drug 

10.1002/ejoc.201901858

A
cc

ep
te

d 
M

an
us

cr
ip

t

European Journal of Organic Chemistry

This article is protected by copyright. All rights reserved.

mailto:chenma@sdu.edu.cn


 2 

molecules contain at least one amide functional group.
[20]

 
In classical amide-bond formation, the activation of 
carboxylic acid or employment of novel catalyst is usually 
necessary.

[21]
 However, there are several drawbacks in the 

classic synthetic methods of amides, including too much 
reaction waste, requirement of prefunctionalized starting 
materials, harsh reaction conditions and limited substrate 
scope. In additation, it has always been difficult to 
synthesize sterically hindered amide. Therefore, the 
developement of novel and efficient synthetic methods for 
the direct formation of 3-carbamoylated quinoxalin-2(1H)-
one derivatives is in high demand. In continuation of our 
previous efforts on direct C-H bond functionalization,

[22]
 

we herein report our recent work on direct carbamoylation 
of quinoxalin-2(1H)-ones with hydrazinecarboxamides by 
a N-acyl radical process (scheme 1b), this protocol features 
without the necessary for pre-activation of reactant, broad  
substrate scope and moderate to good yields. To the best of 
our knowledge, direct carbamoylation on the C3 position 
of quinoxalin-2(1H)-one has not been reported. 
It is worthy to be noticed that sterically hindered amides 
can be smoothly introduced at C3 position of quinoxalin-
2(1H)-one in our reaction system. 

Table 1. Optimization of  quinoxalin-2(1H)- 

ones with hydrazinecarboxamides.
[a], [b]

 

 

entry  [Cu]  [O]  solvent  yield, %
[b]

 

1 CuBr TBHP DMSO 31 

2 ‐ TBHP DMSO ‐ 

3 I2 TBHP DMSO Trace 

4 Cu(OAc)2•H2O TBHP DMSO 47 

5 CuCl TBHP DMSO 38 

6 Cu(OAc)2 TBHP DMSO 40 

7 CuI TBHP DMSO 56 

8 CuI BPO DMSO 70 

9 CuI TBPB DMSO 29 

10 CuI DTBP DMSO ‐ 

11 CuI 
(NH4)2

S2O8 
DMSO ‐ 

12 CuI BPO 
DMSO/H2

O = 2:1 
39 

13 CuI BPO Dioxane 27 

14 CuI BPO DMF ‐ 

15 CuI BPO Toluene 20 
[a]

 Reaction conditions: 1a (0.2 mmol), 2a (0.5 mmol), [Cu] 

(0.02 mmol), [O] (0.6 mmol), solvent (1.5 mL), 100 
o
C, 18 

h. 
 

[b]
 Isolated yield.

 

  
Initially, we selected  1-methylquinoxalin-2(1H)-one (1a) 

as a model substrate to react with N-

phenylhydrazinecarboxamide (2a) in the presence of 10 

mol% of CuBr, 3 equivalent of tert-butyl hydroperoxide 

(TBHP) in DMSO at 100
 o
C. To our delight,  the desired 4-

methyl-3-oxo-N-phenyl-3,4-dihydroquinoxaline-2-

carboxamide  product (3aa) was obtained in 31% yield 

(Table 1, entry 1). The catalyst was proven to be essential 

for this transformation (Table 1, entry 2), and the copper 

was much more effective than iodine (Table 1, entry 3). 

Various copper catalysts were then investigated, and CuI 

exhibited the best effciency to afford 3aa in 56% yield 

(Table 1, entries 4-7). The subsequent screening of 

oxidants showed that among the various oxidants 

(dibenzoyl peroxide (BPO), tert-butyl peroxybenzoate, di-

t-butyl peroxide and (NH4)2S2O8), BPO showed the best 

efficiency (Table 1, entries 8-11). Finally, other solvents 

(DMSO: H2O, dioxane, DMF, toluene) were used instead 

of DMSO, giving a decreased yield of 3aa (Table 1, entries 

12-15). Thus, we chose 1a (0.2 mmol), 2a (3.0 equiv.) 10 

mol% of CuI and 3 equivalent of BPO in 1.5 mL DMSO at 

100 
o
C for 18 hours as the optimal reaction conditions.  

 

Table 2. Synthesis of the products 3aa–3ar.
 [a],[b] 

 
[a] 

Unless specifically noted otherwise, reaction conditions: 
1a (0.2 mmol), 2a (0.5 mmol), CuI (0.02 mmol), BPO (0.6 

mmol), solvent (1.5 mL), 100 
o
C, 18 h.  

[b] 
Isolated yield. 

With the optimized reaction conditions in hand, we 

explored the reaction of 2a with various quinoxalin-2(1H)-
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ones under the standard conditions. The results were 

shown in Table 2. First, we investigated the substitution at 

R1 with R2 = CH3. A series of quinoxalin-2(1H)-ones with 

different electronic properties smoothly underwent the 

reaction, the corresponding compounds were obtained in 

60-86% yields (Table 2, 3aa-3ae). Generally, electron-

withdrawing substituents on the aromatic ring has positive 

effect on the yield. It is worth mentioning that strong 

conjugated aromatic system such as 1-

methylbenzo[g]quinoxalin-2(1H)-one provided the desired  

product 3af in a yield of 48%. We next studied the 

compatibility with N-substituted quinoxalinones with R1 = 

H. To our delight, various N-substituted quinoxalinones 

were well compatible in this reaction system. We observed 

that N-protected aliphatic groups such as N-propyl, N-butyl, 

N-cyclohexylmethyl, N-esteryl, N-2-oxo-2-phenylethyl, N-

allylic, N-cinnamyl and N-benzyl were all suitable for this 

reaction, providing the desired products in moderate to 

good yield. In addition, N-phenyl quinoxalinone proceeded 

smoothly to give the corresponding product 3ar in 72% 

yield. 

 

Table 3. Synthesis of the products 3ba–3bk.
[a],[b]

 

 
[a] 

Unless specifically noted otherwise, reaction conditions: 
1a (0.2 mmol), 2a (0.5 mmol), CuI (0.02 mmol), BPO (0.6 

mmol), solvent (1.5 mL), 100 
o
C, 18 h.  

[b] 
Isolated yield. 

 

Further, we studied the scope of carbamoylation of 

quinoxalin-2(1H)-ones reaction by investigating a wide 

variety of N-substitued hydrazinecarboxamide compounds 

(Table 3). The substituents (R3) on the N-phenyl was first 

investigated. Both electon-withdrawing groups (4-Cl, 4-Br, 

4-F) and electron-donating groups (4-methoxy, 4-methyl, 

4-tert-butyl) afforded the desired compound 3ba-3bf in 

good yield. When the substituent was present in ortho-

position, the corresponding product 3bg was obtained in 76% 

yield. We were pleased to see that sterically hindered 

amides was successfully introduced at C3 position of 

quinoxalin-2(1H)-one (3bh-3bi). In addition, N-aliphatic 

group substrate (N-cyclohexylhydrazinecarboxamide) 

proceed smoothly to give the desired compound 3bj in 62% 

yield. Finally, the π-extended aromatic 2ak provided the 

expected product 3bk in 60% yield. 

To provide further insight into the reaction system, we 

peformed the reaction in the presence 3 equiv. of BHT or 

TEMPO under the standard conditions. The transformation 

was completely inhibited (Scheme 2). This result indicated 

that the reaction may proceed via a radical pathway. 

 

 
Scheme 2. Control experiments. 

 

On the basis of the control experiments and literature 

reports,
[11],[12],[23]

 we proposed a plausible reaction 

mechanism (Scheme 3). The benzoyl radical is generated 

via homolysis or copper-catalyzed decomposition of  

dibenzoyl peroxide. Radical intermediate  4 was generated 

by the single-electron transfer between N-

phenylhydrazinecarboxamide (2a) and RO
●

. The stepwise 

single-electron transfer and deprotonation forms radical 

intermediate  7 with the release of molecular nitrogen. The 

addition of 7 to the 1a affords radical intermediate 8, 

which is further oxidized by Cu (II) to form nitrogen cation 

intermediate 9. Finally, desired compound 3aa is obtained 

by the deprotonation of 9. 

 
Scheme 3. Presumptive reaction mechanism. 

 

 
 

In conclusion, an efficient and simple method for 
synthesis of 3-carbamoylated quinoxalin-2(1H)-ones base 
on copper-catalyzed direct carbamoylation of quinoxalin-
2(1H)-ones at C3 position has been reported. This process  
exhibits good functional group tolerance with a broad  
substrate scope and provides an efficient method for the 
introduction sterically hindered amides at C3 position of 
quinoxalin-2(1H)-one. This method features cheap catalyst 
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and without the necessary for pre-activation of reactant. 
Our research also provides a novel and efficient synthetic 
method for the formation of amide on α,β-unsaturated 
compound. Our future work will extend this efficient 
functionalization strategy to other α,β-unsaturated bonds. 

Experimental Section 

General Procedure for the carbamoylation of 
Quinoxalin-2(1H)-ones   

A round-bottomed flask was charged with 1-
methylquinoxalin-2(1H)-one (1a) (0.2 mmol, 0.0320 g), N-
phenylhydrazinecarboxamide (2a) (0.5 mmol, 0.0756 g), 
BPO (0.6 mmol, 0.1453 g), CuI (0.02 mmol, 0.0038 g) and 
DMSO (1.5 mL). Then, the mixture was stirred at 100 

o
C 

under air until the reaction was completed (monitored by 
TLC). The cooled reaction mixture was added with ethyl 
acetate (20 mL) and and saturated aqueous NaCl (20 mL), 
then filtered by sintered funnel. The remaining aqueous 
was extracted with ethyl acetate (20 mL×3). The combined 
organic layers were dried with Na2SO4 and evaporated 
under vacuum to afford the residue. The residue was 
purified by column chromatography (silica gel) with 
petroleum ether/ethyl acetate (3: 1) to obtain pure product 
3aa as a yellow solid (70% yield). 
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