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Abstract

Keywords

Quinoxalin-2-one (1) reacts with ethyl acetoacetate in trifluoroacetic
acid (TFA) to form 3-(2-oxopropylideno)-3,4-dihydroquinoxaline-2one
(2)
and
3-(3-oxo-3,4dihydroquinoxaline-2-(1H)ylidene)methylquinoxaline-2-(1H)-one (3). The reaction product 3
was also obtained by heating the compound 1 with acetone in the
presence of TFA.
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Key findings
● The replacement of hydrogen led to the formation of water, which activated the process of cleavage of
the dicarbonyl group of 3-(2-oxopropylideno)-3,4-dihydroquinoxaline-2-one. The acyl group of com
pound 3-(2-oxopropylideno)-3,4-dihydroquinoxaline-2-one was "vicarious" in this reaction.
● The formation of 3-(3-oxo-3,4-dihydroquinoxaline-2-(1H)-ylidene) methylquinoxaline-2-(1H)-one was
the result of C,C-coupling of compounds quinoxaline-2-one and 3-(2-oxopropylideno)-3,4dihydroquinoxaline-2-one, similarly to the reaction of quinoxaline-2-one 1 with acetone.

1. Introduction
Compounds with various types of biological activity were
found among quinoxaline derivatives. [1, 2] Quinoxidine
and Dioxidine were used as antimicrobial agents [3].
The features of the synthesis and biological activity of
quinoxaline derivatives are described in the review [4]. It
was previously reported that quinoxaline salts interact
with acetylacetone or ethyl acetoacetate in the presence of
base catalysis (diethyl and triethylamines) to form
3a,4,9,9a-tetrahydro-endo-furo[2,3-b]quinoxalines [5].
The authors of the article [6] described the cyclization
of 1,3-bis(silyl-enol-ethers) and quinoxaline with the formation
of
6-alkylidene-2,3-benzo-1,4-diaza-7oxobicyclo[4,3,0]non-2-yenes. There were known examples of hydrogen substitution in the heterocyclic nucleus
of quinoxaline when the reactions with various
C-nucleophiles were carried out in the presence of acid. As
a result, –C–C-coupling products were obtained [7].
Recently [8] it was found that quinoxaline-2-one reacted with acetylacetone, benzylacetone, and heptane-3,5-

dione when heated in TFA to form derivatives 6а,7dihydropyrido[1,2-a]quinoxaline-6,8-dione.
Examples of reactions of aliphatic aldehydes with
quinoxalin-2-one in the presence of acid with the formation of 6-oxidopyrido[1,2-a]quinoxalinium zwitter ions
were published [9].
It was also previously found that when quinoxalin-2one and phenylhydrazine hydrazones are heated in butanol in the presence of TFA, hydrogen substitution products
are formed [10].
It should be noted that there have been no data on
–C–C– coupling of quinoxaline-2-one with esters of
β-dicarbonyl acids in the literature.

2. Experimental
Unless otherwise indicated, all common reagents and solvents were used from commercial suppliers without further purification.
The reaction progress and purity of the obtained compounds were controlled by thin layer chromatography
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(TLC) method on Sorbfil UV-254 plates, using visualization
under UV light. Melting points were determined on a Stuart SMP10 melting point apparatus.
1H, 13C and 19F NMR spectra were acquired on Bruker
Avance-400 and Bruker Avance NEO–600 spectrometers
in DMSO-d6 solutions, using TMS as internal reference for
1H and 13C NMR or CFCl for 19F NMR. Mass-spectra (EI,
3
70 eV) were recorded on MicrOTOF-Q instrument (Bruker
Daltonics) at 250 °C.
Elemental analysis was performed using a PerkinElmer 2400 Series II CHNS/O analyzer.

2.1. Reaction of quinoxaline-2-one 1 with ethyl
acetoacetate
A mixture of quinoxaline-2-one (1) (0.2 mmol) and ethyl
acetoacetate (0.6 mmol) was refluxed in 2.0 ml of TFA at
110 ℃ in a sealed vessel for 50 hours. The solvent was removed in vacuo. The precipitate was dissolved in ethanol
(3.0 ml). The alcoholic solution was treated with water
(2.0 ml) followed by treatment with 15% NH 4OH solution
to pH 7–8 with the formation of a precipitate. The precipitate of the mixture of reaction products was filtered off.
3-(2-Oxopropylidene)-3,4-dihydroquinoxaline-2-one (2)
was
isolated
using
preparative
chromatography
(Rf = 0.156, Silica gel Kiselgel 60 PF 254, chloroform).
Yield 35%, m.p. 267–268 °С ([11] 267 °С). 1H NMR
(400 MHz, DMSO-d6) δ 2.19 (s, 3H), 6.06 (s, 1H),
7.08–7.13 (m, 3H), 7.37–7.40 (m, 1H), 11.86 (s, 1H),
12.96 (s, 1H). MS (IR, 70 эВ), m/z (Iотн, %): 202 (M+, 100),
187 (М-15, 98), 159 (М-43, 60). Found, %: С 65.28;
Н 4.99; N 13.88. C11H10N2O2. Calculated, %: С 65.34;
Н 4.98; N 13.85.
3-(3-oxo-3,4-dihydroquinoxaline-2-(1H)ylidene)methylquinoxaline-2-(1H)-one (3) was isolated by
preparative chromatography (Rf = 0).
Yield 5%, m.p. >300 °С. 1H NMR (400 MHz, DMSO-d6)
δ 6.87 (s, 1H), 7.16–7.21 (m, 6H), 7.71–7.73 (m, 2H),
11.93 (s, 2H), 13.62 (s, 1H). 13С NMR (101 MHz, DMSO-d6) δ

88.91, 99.49, 115.16, 121.09, 123.29, 125.18, 128.28,
128.54, 147.03, 155.71. MS (EI, 70 eV), m/z (Iотн, %):
304 (M+, 100), 276 (18), 248 (27). Found, %: С 67.13;
Н 3.99; N 18.38. C17H12N4O2. Calculated, %: С 67.10;
Н 3.97; N 18.41.

2.2. Reaction of quinoxaline-2-one 1 with acetone
0.5 mmol of quinoxaline-2-one (1) was heated with
0.6 mmol of acetone in a mixture of butanol (2 ml) and
TFA (0.5 ml) at 110 °C in a sealed vessel for 25 hours. The
solvent was removed in vacuo. The precipitate was suspended in ethanol (3 ml) and filtered off. The resulting
precipitate of 3-(3-oxo-3,4-dihydroquinoxaline-2(1H)ylidene) methylquinoxaline-2-(1H)-one (3) was recrystallized from DMSO and dried.
Yield 30%. The melting point and spectral characteristics of the reaction product were similar to those obtained
in the product of the interaction of quinoxaline-2-one (1)
with ethyl acetoacetate.

3. Results and discussion
While developing effective methods for the functionalization of quinoxaline-2-one, we investigated the interactions
of quinoxaline-2-one with ethyl acetoacetate under acid
catalysis. We found that heating the reagents in TFA resulted in the formation of 3-(2-oxopropylideno)-3,4dihydroquinoxaline-2-one 2 (Scheme 1).
The mass spectrum of compound 2, in addition to the
molecular ion peak, contained intense peaks of ions with
molecular weights of 187 (М–СН3) and 159 (М–СОСН3).
These peaks were formed during the decomposition of
ketones, which were characteristic of these compounds in
common (Scheme 2).
The singlet of the protons of the methyl group in the
NMR spectrum of compound 2 in DMSO-d6 was observed
at 2.3 ppm. The signal of the proton of the methine group
of the enamine fragment was observed at 6.2 ppm.

Scheme 1 The formation of 3-(2-oxopropylideno)-3,4-dihydroquinoxaline-2-one 2
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4. Conclusions
In conclusion, it should be noted that the synthesis of alkylated derivatives of quinoxaline-2-one was carried out
earlier [11] by the interaction of 1,2-dihydroquinoxaline
4-oxide with active methylene compounds in the presence
of piperidine. Nevertheless, direct alkylation of quinoxaline-2-one with ethyl acetoacetate under conditions of acid
catalysis was described by us for the first time.
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