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ABSTRACT

Potassium Dodecatungstocobaltate Trihydrate [PDTC, K5CoW12O40-3H2O] mediated an alternative method
has been developed in excellent yields for the synthesis of a series of quinoxalines (3a-l) by one-pot two-component
condensation reaction of o-phenylenediamine (1) and various 1,2-diketones (2) at RT in ethanol.
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INTRODUCTION
Quinoxaline derivatives are an important class of nitrogen-containing heterocycles in medicinal chemistry,
possessing a wide and diverse spectrum of pharmacological properties,2–6 such as anti-biotic, anti-viral,7
anti-cancer,8 and anti-inflammatory activities.9–11 The quinoxaline core moiety is also associated with
different applications in organic semiconductors,12,13 dyes,14 cavitands15,16, and dehydroannulenes.17

Fig.-1: Biologically Active Quinoxaline Molecules

In the studies towards the synthesis of new compounds as useful biologically active scaffolds, we report
in this method an efficient synthesis of quinoxaline derivatives. Based on the literature survey, there was
no report for the synthesis of quinoxalines using Potassium Dodecatungstocobaltate Trihydrate
[PDTC, K5CoW12O40-3H2O], which is a heteropoly acid and an inexpensive, recyclable catalyst.18-21
Because of this reason, we have investigated in depth the utility of Potassium
Dodecatungstocobaltate Trihydrate for the synthesis of quinoxalines. In the present investigation,
we have taken advantage of NH2 and keto groups in a two-component condensation reaction of o-
phenylenediamine (1) and 1,2-diketone (2) at room temperature in ethanol in the preparation of
substituted-quinoxaline derivatives (Scheme-1).

EXPERIMENTAL
Material and Methods
To measure the melting points of the compounds, the Fischer-Johns melting point apparatus was used.
Perkin Elmer-283B & Nicolet-740 was used to record IR spectra. Varian Gemini-200, Varian unit-500,
and Avance 300 MHz, Avance 400 MHz, BrukerUx-NMR were used to record 1H NMR spectra, and VG
Micro mass 7070H (ESI was used to record Mass spectra).
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Typical Procedure for the Synthesis of Substituted-quinoxalines (3a-l)
The mixture of o-phenylenediamine (1a, 1.0 mmol), 1,2-diketone (2a, 1.1 mmol), and Potassium
Dodecatungstocobaltate Trihydrate catalyst (10 mol%, 0.02 g) was stirred for 2.0 hr in 5 mL of
EtOH at room temperature. After completion of the reaction, the solid catalyst was separated, washed
with EtOH (2 x 5 mL), and the Potassium Dodecatungstocobaltate Trihydrate catalyst was dried.
The filtrate was concentrated using Rotavapor, and the crude product was purified by column
chromatography using a 2:8 ratio of EtOAc and hexane as eluent to get the following title compounds.

Representative Spectral Data
2,3-Diphenylquinoxaline (3a)
Yield: 87%.IR (KBr): υ3053, 1636, 1340, 766, 694 cm-1. 1H NMR (CDCl3): δ 7.30-7.40 (m, 6H, Ar-H),
7.50 (m, 4H, Ar-H), 7.90 (dd, 2H, J=8.50 Hz, Ar-H), 8.20 (dd, 2H, J=9.0 Hz, Ar-H). ESI-MS: m/z =
283[M+H].

6-Chloro-3-methyl-2-phenylquinoxaline (3c)
Yield: 85%. IR (KBr): υ3063, 1607, 1509, 1245, 830,762 cm-1. 1H NMR (CDCl3): δ 2.85 (s, 3H, -CH3),
7.50-7.58 (m, 3H, Ar-H), 7.62-7.70 (m, 2H, Ar-H), 7.99 (d, 2H, J=9.0 Hz, Ar-H), 8.10 (d, 2H, J=8.55 Hz,
Ar-H). ESI-MS: m/z = 255[M+H], 257 [M+2].

6-Chloro-2,3-di-p-tolyl phenyl quinoxaline (3e)
Yield: 86%. IR (KBr): υ 2920, 1640, 1334, 1057, 825 cm-1. 1H NMR (CDCl3):δ 2.15 (s, 6H, 2x-CH3),
7.15 (d, 4H, J=8.55 Hz, Ar-H), 7.40 (d, 4H, J=8.56 Hz, Ar-H), 7.68 (d, 1H, J=8.75 Hz, Ar-H), 8.05 (d,
1H, J=8.80 Hz, Ar-H), 8.14 (s, 1H, Ar-H). ESI-MS: m/z = 345[M+H], 347 [M+2].

2,3-Bis(4-methoxyphenyl)quinoxaline (3i)
Yield: 88%. IR (KBr): υ3006, 2838, 1607, 1509, 1245, 830,762 cm-1. 1H NMR (CDCl3): δ 3.85 (s, 6H, 2x
-OCH3), 6.88 (d, 4H, J=8.50 Hz, Ar-H), 7.50 (d, 4H, J=8.56 Hz, Ar-H), 7.70 (dd, 2H, Ar-H), 8.12 (dd, 2H,
Ar-H). ESI-MS: m/z = 343[M+H].

6-Chloro-2,3-bis(4-fluorophenyl)quinoxaline (3k)
Yield: 80%. 1H NMR (CDCl3): δ 7.05 (dd, 4H, Ar-H), 7.50 (dd, 4H, Ar-H), 7.70 (d, 1H, J=8.75 Hz, Ar-
H), 8.08 (d, 1H, J=8.75 Hz, Ar-H), 8.15 (s, 1H, Ar-H). ESI-MS: m/z=353[M+H], 355 [M+2].

6-Methyl-2,3-di-p-tolyl quinoxaline (3l)
Yield: 87%. IR (KBr): υ3029, 2914, 1616, 1338, 825 cm-1. 1H NMR (CDCl3):δ 2.35 (s, 6H, 2x -CH3),
2.60 (s, 3H, -CH3), 7.10 (d, 4H, J=8.56 Hz, Ar-H), 7.40 (d, 4H, J=8.50 Hz, Ar-H), 7.58 (d, 1H, J=8.75 Hz,
Ar-H), 7.90 (s, 1H, Ar-H), 8.05 (d, 1H, J=8.70 Hz, Ar-H). ESI-MS: m/z = 325[M+H].

RESULTS AND DISCUSSION
For a model experiment for the preparation of quinoxalines, the reaction between o-phenylenediamine
and 1,2-bis(4-methoxyphenyl) ethane-1,2-dione was observed in the presence of 5, 10, 15 & 20 mol% of
Potassium Dodecatungstocobaltate Trihydrate catalyst and ethanol, methanol, MeCN, and DMF as
solvents at room temperature (Table-1).
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Scheme-1: Synthesis of Substituted-Quinoxalines using PDTC Catalyst

The results indicated that using ethanol as a solvent with 5, 10, 15, and 20 mol% of Potassium
Dodecatungstocobaltate Trihydrate catalyst at room temperature gave relatively good to excellent
yields of the product in 2 h. However, using a higher amount of Potassium Dodecatungstocobaltate
Trihydrate, there was no increase in the yield.
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Table-1: Optimization of Catalyst for synthesis of 1,2-bis(4-methoxyphenyl)quinoxaline
Entry Catalyst(mol%) Time(h) Yield(%)
1 K5CoW12O40.3H2O(5) 2.0 70
2 K5CoW12O40.3H2O(10) 2.0 88
3 K5CoW12O40.3H2O(15) 2.0 88
4 K5CoW12O40.3H2O(20) 2.0 88
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Finally, we concluded that the best reaction condition is 10 mol% of Potassium
Dodecatungstocobaltate Trihydrate with EtOH solvent at room temperature, resulting in 88% of
isolated yield into quinoxaline. Thus, 10 mol% of Potassium Dodecatungstocobaltate Trihydrate
catalyst with EtOH at room temperature was the choice for all the reactions (Scheme-1). We were able to
recover and reuse the Potassium Dodecatungstocobaltate Trihydrate catalyst. Thus, the reaction of
o-phenylenediamine and 1,2-diketone and Potassium Dodecatungstocobaltate Trihydrate catalyst
(10 mol%) at room temperature afforded 3i in 88% yield. After the completion of the reaction, the
catalyst was recovered by filtration from the reaction mixture, thoroughly washed with ethanol, and
reused for the same reaction to get 3i in 88% yield under similar conditions. When we carried out
repeated runs, there was not much reduction in the %yield (88 to 73) in the catalytic property (Table-2).

Table-2: Behaviour of reused catalyst for the synthesis of 3i
Entry 0 1 2 3 4 5 6

Yield(%) 88 88 80 79 77 75 73

The above results showed that 10 mol% of Potassium Dodecatungstocobaltate Trihydrate catalyst
is sufficient for the representative examples. For example, the compound 3i was confirmed by following
spectral representation; the appearance of [M+H]+ peak at m/z343 in mass spectrum, in IR C-H stretching
at 2950 cm-1for C=N stretching at 1607 cm-1 and six methoxy protons as singlet at δ 3.86 ppm, one
doublet at 6.85 ppm (for 4H, Ar-H), one doublet at 7.50 ppm (for 4H, Ar-H) and the characteristic proton
of quinoxalines at δ 7.75 & 8.25 ppm appearance in 1H NMR. The generality and scope of this method
was established with various 1,2-diketones and o-phenylenediamine, and the reaction proceeds very well.
Good to excellent yields and shorter reaction times were noticed for other quinoxalines.

CONCLUSION
We have developed an alternative method for the one-pot two-component synthesis of substituted-
quinoxalines 3a-l by the condensation of various o-phenylenediamines and 1,2-diketones at RT using 10
mol% of Potassium Dodecatungstocobaltate Trihydrate catalyst. The present methodology shows
very attractive features: shorter reaction times with excellent yields, followed by the catalyst recovery and
reuse.
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