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a b s t r a c t

An efficient and practical methods for the synthesis of carbamoyl quinoline-2,4-diones via the reaction

of ortho-cyanoarylacrylamides with oxamic acids was described. This cyclic reaction could be performed

efficiently under metal free conditions. Various products with functional groups could be obtained with

moderate to high yields via radical mechanism.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Quinoline-2,4-diones are an important class of biologically ni-

trogen containing fused heterocycles and have a wide applica-

tion in pharmaceuticals and agrochemicals [1]. As a consequence,

the research of efficient and novel methods for the prepara-

tion of quinoline-2,4-diones attracts an ever-increasing attention

in organic chemistry [2]. The intramolecular cyclization of N-

acylanthranilates and the oxidation of 4-hydroxyquinolin-2-ones

were the two classical synthetic methods. In recent years, the

radical cyclization reaction for the synthesis of various hetero-

cyclic compounds has achieved much progress in organic chem-

istry [3]. For example, the cyclization of N-acylanthranilates has re-

ceived much attentions and great progress has been made. In 2019,

Li group realized the cascade methylation/cyclization of ortho

cyanoarylacrylamides with dicumyl peroxide, providing a simple

and straightforward approach to methylated quinoline-2,4-diones

[4]. The nitro-containing quinoline-2,4(1H,3H)-diones was also re-

alized by the same group in 2018 [5]. The difluoro-containing

quinoline-2,4-diones were reported by Shi group [6]. In addition,

difluoromethylated [7], carbonyl substituted [8], sulfonated [9],

trifluoromethylated [10], phosphonylated [11] quinoline-2,4-diones

were also prepared from ortho-cyanoarylacrylamides via radical cy-

clization reaction.

Reactions conducted under metal-free conditions are

ecofriendly and play an important role in organic synthesis [12].
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As a readily available, environmentally friendly, easily handled

oxidant, persulfates have been greatly applied in organic synthesis

[13]. Generally speaking, persulfate can decompose to give sulfate

radical anions under heating, light irradiation or transition metal

reduction conditions. This radical anion has strong single-electron

oxidizing properties, and can oxidize various neutral molecules

or anions to produce corresponding radical active intermediates.

These newly generated reactive intermediates can undergo a series

of chemical transformations to give useful compounds with diverse

structures. As our continuous efforts on heterocyclic compounds

[14], herein, we disclosed ammonium persulfate promoted cy-

clization of ortho-cyanoarylacrylamides with oxamic acids for the

construction of carbamoyl quinoline-2,4-diones under metal-free

conditions (Scheme 1).

For the optimization of the reaction conditions, the cyclic re-

action of N-(2-cyanophenyl)-N-methylmethacrylamide A1 with 2-

oxo-2-(phenylamino)acetic acid B1 was chosen as a model reac-

tion. With examination of a series of solvents, it revealed that

acetone/H2O was suitable for this transformation and the cor-

responding product was isolated with 86% yield (Table 1, en-

try 1). When other solvents dioxane/H2O, CH3CN/H2O, EtOAc/H2O,

DMF/H2O, THF/H2O, DMSO/H2O were used for this reaction, prod-

ucts with slight lower yields were obtained (Table 1, entries 2–7).

To our disappointment, no desired product was generated when

toluene/H2O, DCE/H2O or PhCl/H2O was used as solvent (Table 1,

entries 8–10). We next turn our attention to investigate the effect

of oxidants on the cyclic reaction. Moderate yields of the products
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Scheme 1. Synthesis of quinoline-2,4-diones.

were obtained when the reaction was performed in the presence

of K2S2O8 or Na2S2O8 (Table 1, entries 11 and 12). PIDA, TBPB and

DTBP were not effective for this reaction (Table 1, entries 13–15).

Further optimization of the oxidants loading reveal that 2 equiv. of

(NH4)2S2O8 provided the best yield of the product (Table 1, entries

16 and 17).

After completion of the search for the optimized reaction con-

ditions, the scope of the substrates was examined and the re-

sults were shown in Scheme 2. A series of substituted oxamic

acids with different substituents on the phenyl subunit were in-

vestigated. To our delight, wide range of substituted oxamic acids

can be used in the reaction to give the desired quinoline-2,4-

diones. Various substituents such as CH3, CH3O, F, Br and CF3 were

well tolerated in this system (Scheme 2, C1-C11). The electronic

properties and steric hindrance of the substituents did not show

significant effect on the efficiency of the reaction. Additionally,

when 2-(naphthalen-1-ylamino)-2-oxoacetic acid was subjected to

this reaction, the corresponding product was isolated in 94% yield

(C12). Besides aryl substituted oxamic acids, alkyl substituted ox-

amic acids also reacted well, providing the corresponding prod-

ucts in 74%–88% yields (C13–C15). The effect of substituents on the

N-aryl moiety was also investigated. To our delight, a variety of

N-(2-cyanoaryl)acrylamides we tested showed good performance

(C16–C31). It was noted that N-benzyl substituted acrylamide also

showed high reactivity, affording C32 in 88% yield. However, acry-

lamide with a free N–H bond was not suitable for this reaction

(C33).

In order to shed some light on the reaction mechanism, some

control experiments were conducted. It was found that the reac-

tion was completely inhibited when the reaction was performed in

the presence of TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl). Ad-

Scheme 2. Reaction scope. A (0.2 mmol), B (0.4 mmol), (NH4)2S2O8 (2.0 equiv.), acetone/H2O (2 mL). 80 °C, 12 h.
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Table 1

Optimization of the reaction conditions.a

Entry Oxidant Solvent Yield (%)b

1 (NH4)2S2O8 acetone/H2O (1:1) 86

2 (NH4)2S2O8 dioxane/H2O (1:1) 77

3 (NH4)2S2O8 CH3CN/H2O (1:1) 78

4 (NH4)2S2O8 EtOAc/H2O (1:1) 75

5 (NH4)2S2O8 DMF/H2O (1:1) 68

6 (NH4)2S2O8 THF/H2O (1:1) 70

7 (NH4)2S2O8 DMSO/H2O (1:1) 77

8 (NH4)2S2O8 toluene/H2O (1:1) N.R.

9 (NH4)2S2O8 DCE/H2O (1:1) N.R.

10 (NH4)2S2O8 PhCl/H2O (1:1) N.R.

11 K2S2O8 acetone/H2O (1:1) 74

12 Na2S2O8 acetone/H2O (1:1) 76

13 PIDA acetone/H2O (1:1) N.R.

14 TBPB acetone/H2O (1:1) N.R.

15 DTBP acetone/H2O (1:1) N.R.

16c (NH4)2S2O8 acetone/H2O (1:1) 67

17d (NH4)2S2O8 acetone/H2O (1:1) 84

N.R.= no reaction.
a Reaction conditions: A (0.2 mmol), B (0.4 mmol), catalyst

(2.0 mol%), oxidant (2.0 equiv.), solvent (2.0 mL) at 80 °C for

12 h.
b Isolated yield.
c Oxidant (1.0 equiv.).
d Oxidant (3.0 equiv.).

Scheme 3. Control experiments.

ditionally, when 1.1-diphenylethylene as another radical inhibitor

was added under standard conditions, the carbamoyl radical cap-

tured intermediate D1 was detected by HRMS. These results indi-

cated that a radical mechanism was involved it the cyclic reaction

(Scheme 3).

On the basis of the above mentioned results and previous

reports [15], a proposed reaction mechanism was described in

Scheme 4. First, oxidation of 2-oxo-2-(phenylamino)acetic acid B1

by persulfate generated carbamoyl radical E, subsequently, alkyl

radical F was formed via the addition reaction of carbamoyl rad-

ical E with N-(2-cyanophenyl)-N-methylmethacrylamide A1. In-

tramolecular addition of the alkyl radical to the nitrile provided

imine radical G, which was converted to imine H via H-abstraction.

Finally, the hydrolysis of imine in the presence of H2O could result

in the desired product C.

In conclusion, we have developed an efficient and practical

methods for the synthesis of carbamoyl quinoline-2,4-diones via

the reaction of ortho-cyanoarylacrylamides with oxamic acids. This

cyclic reaction could be performed efficiently under metal free

Scheme 4. Tentative reaction mechanism.

conditions. Various products with functional groups could be ob-

tained with moderate to high yields. Radical mechanism was pro-

posed for this reaction. This procedure is expected to comple-

ment the current methods for the synthesis of quinoline-2,4-

diones derivatives.
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