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ABSTRACT. A series of quinoxaline derivatives were efficiently synthesized in excellent vield using phospho-

molybdic acid as a catalyst. The advantages of present methods are ambient reaction temperature, simplicity of

operation, high atom economy, recyelability of HPA catalyst and ecofriendly nature of reaction medium.
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INTRODUCTION

Functionalized quinoxaline represents an impor-
tant class of nitrogen-containing heterocvcles and
they constitute useful intermediates in organic syn-
thesis. Quinoxaline derivatives are well known in
pharmaceutical industries and have been shown to
possess a broad spectmm of biological activities.””
They exhibit anticancer. antibacterial. antifungal.
anti-inflammatory and antiviral activities.™ They
also have been used as building blocks for synthesis
of orgamic senﬁconductors,selectrolumjnescent ma-
terials.” and DNA cleaving agents.8

A number of synthetic strategies has been de-
veloped for the preparation of substituted quinoxa-
line from 1,2-benzenediamines and 1,2-dicarbonyl
compounds by refluxing it in ethanol or acetic acid
for 2 ~ 12 hours in 34 ~ 85% vield.” Numerous
methods are available in the literature for synthesis
of quinoxaline derivatives including Bi-catalyzed
oxidative coupling of epoxides and 1.2-diamines."”
cyclization of ary] amino oximes and a-dicarbonyl
compounds under reflux in acetic anhydride.” con-
densation of arfho phenylenediamine and 1.2-dicar-
bonyl compounds in MeOH/AcOH under niicrowave
irradiation."” solid phase synthesis.]‘1 molecular io-

—727-


mailto:achaskar@rediffmail.com

728 Atul Chaskar. Vikas Padalkar. Kiran Phatangare, Bhushan Langi, and Pallavi Naik

dine as a catalyst."" ionic liquid."”” CAN-catalyzed
cvclocondensation reaction between 1.2-dicarbo-
nvl compounds and l_.Z-diamjne,16 and tandem oxi-
dation of ¢-hvdroxy1 ketones using lead acetate'” or
MnO-"* as well as by grinding method. " However,
most of the existing methodologies suffer from one
or more drawbacks such as unsatisfactory product
vield. critical product isolation procedure. expensive
and inaccessible starting material. drastic conditions,
and use of volatile organic solvents and expensive
reagents which limits their use under the aspect of
environmentally benign processes.

Inorder to overcome these difficulties of reported
methods for synthesis of quinoxaline derivatives
and as a part of our ongoing research™ on phospho-
molvbdic acid-catalyzed reactions. we report herein
a simple, highly efficient process for svnthesis of
biologically important quinoxaline derivatives by
reacting 1.2-diamines with 1.2-diketones in pre-
sence of phosphomolyvbdic acid.

In recent decades. use of heteropoly acids (HPAs)
as catalvst have become important in industries
related with fine chemicals.”" HPAs are more active
catalyst than conventional inorganic and organic
acids for various reactions in solution.”""* Solid
HPAs have gained imporance due to easy work-up
procedures and minimization of waste generation.
They are non-corrosive and enviromnentally benign.
as they can be recveled and reused.”"’ Phospho-
molvbdic acid, one of the HPAs. is attractive catalyst
not only for oxidation but also for acid-catalyzed
reactions. It has very strong bronsted acidity and
therefore is widely used for several types of reactions
such as hydration of propylene and poly merization
of hydro-furans.”™** Acidities of heteropolyacids
in solution have been studied by conductivity. =
Hammett acidity constants.™ and the C shift of
mesityl oxide. ™

In the beginning, a systematic comparative study
was carried out to find the catalvtic activity of phos-
phomolyvbdic acid (PMA) compared with the other
acid catalysts on the reaction rate as well as on the
product formation. The results are summarized in
Table 1.

From this study it was found that phospho-

Table |. Catalyst etfect on quinoxaline synthesis. Reac-
tion of benzil and ostho-phenylenediamine in presences
of various catalysts.

Entry Catalyst* Time (Min)  Yield (%)
1 CaCls 33 29
2 CoCl:. 6H-O 73 22
3 FeCls 60 37
4 SnCls. 3H:O 43 2
3 AICL; 47 32
6 SnCl.. 2H-O 50 70
7 PMA 10 89

"Benzil = 0.01 mol, orhio-phenvlenediamine, 0.01 mol. Ca-
talyst 0.0002 mal, solvent-Methanol. temp. 25 °C. "Isalated
Yield in %o.

molybdic acid was superior to all other catalysts
examined and gave good atom economy. Due to
the keggin structure of phosphomolybdic acid the
first and second protons dissociates completely and
accelerate the rate of reaction. Keeping all these
results in view. we decided to generalize the protocol
by treating various 1.2-diketones with 1.2-benzene-
diamines in presence of phosphomolybdic acid.
Quinoxaline synthesis of all the substrate was ob-
served in 72 to 89% vield. This process is applicable
forboth aliphatic as well as aromatic 1.2-dicarbonyl
compounds (Table 2).

Recovery and reusability of catalyst are the de-
manding feature for the ecofriendly catalytic process.
In this protocol we used heteropoly acid as recy-
clable catalyst. After completion of reaction. the
heteropoly acid was recovered and reused. Even after
three nuns. we observed negligible change in the
catalytic activity of phosphomolybdic acid (7able 3).

EXPERIMENTAL SECTION

All commercial reagents are used as received
without purification and all solvents were reagent
grade. The reaction was monitored by TLC using
on 0.25 mm E-Merck silica gel 60 F:s; precoated
plates. which were visualized with UV light. Melting
points were taken in open capillaries. The IR spectra
were recorded on a Perkin-Elmer 237 spectrometer
using KBr discs. 'H NMR and '“C NMR spectra
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Table 2. Synthesis of substituted quinoxaline derivatives using HPA
R O H,N. Ry .
Z : D/ © HPA. Methanol R, f\j:j/Rs
| X
. 25°C
Ry "0 H,N : 1\'/
1 2 3
Entrv Diketone' Diamine’ Quinoxalines’ Time" Yield®
a Ri,R:=Ph R.:=H Ri.R-=Ph.R:=H 10 89
b Ri,R:=Ph Ra=COPh Ri.R-=Ph.R:s=COPh 11 {7
¢ Ri,R:=Ph R:=NO: Ri.R:=Ph.Ri=NO: 14 73
d Ri, R: = Ph-p-Me R:=H Ri.R:=Ph-p-Me,Ra=H 12 84
e Ri, R: = Ph-p-OMe R.=CH; Ri.R:=Ph-p-OMe. R; = CH; 10 {7
£ Ri, R: =Ph-p-Br R:=H Ri.R:=Ph-p-Br.R:=H 16 83
e Ri. R: =Ph-p-Br R:=CH; Ri.R: = Ph-p-Br, R: = CH: 13 88
h Ri. R: =Ph-p-Br R:=NO: Ri.R: = Ph-p-Br, Ry = NO: 17 80
8 Ri,R:=Et R:=H Ri.R-=Et.Ri=H (9 73
1 Ri,R:=Et R.=CH; Ri.R:=Et.Ri=CH: 08 77
] Ri.R:=H R:=Ph Ri.R:-=H.R:=Ph 10 72

A . . b . o . -
Time in minutes, “Isolated yield after crystalization.

Table 3. Recyclability of phosphomolybdic acid for qui-
noxaline synthesis.

Run Yield (%)
1 89
2 89
3 88
4 87
3 87

were recorded on VXR-300 MHz instrument using
TMS as an internal standard.

General Experimental Procedure

A mixture of 1.2-diketones (0.01 mole). 1.2-ben-
zenediamines (0.01 mole) and phosphomolybdic
acid (0.0002 mole). was stirred at room temperature
inmethanol (3.6 mL) for appropriate time mentioned
in 7able 2. The progress of reaction was monitored
by thin laver chromatography (TLC). After comple-
tion of the reaction, the reaction mass was concent-
rated to dryness. The solid was washed with water:
the crude quinoxaline was cryvstallized from ethanol.
Phosphomolvbdic acid was recovered by concent-
rating the aqueous layer.

2009, ol 33.No. 6

Representative data (3a)

M.P: 123 - 125 °C, (lit. 126 - 127 °C)

IR (KB 3051, 1506, 1493, 1478, 1439, 1392,
134212871243, 1219, 1177. 1155, 1075, 1058.
977.771.817.801. 771. 730. 697 cm™.

"H-NMR (CDCl): § = 7.33- 7.44 (6H. m. Ar-H).
7.44-7.51 (4 H.m. Ar-H), 7.87-7.92 (2H. m. Ar-H),
8.14-8.20 (2H. m. Ar-H) ppm.

BCNMR (CDQl;): 5=124.6.129.2.130.4, 131 2.
131.8, 137.7. 141.5, 151.6 ppm.

Mass: m/z = 282 (M").

Elemental Analysis : C-;H 4N~ Calculated: C =
85.10: H=5.00. N=9.92. Found: C=85.20. H=
491: N=989.

CONCLUSION

Inconclusion, we have developed a simple, con-
venient and efficient method for svnthesis of quino-
xaline and its derivatives from various 1.2-diketones
and 1.2-benzenediamines using safe, stable and
easily available phosphomolybdic acid as a solid
acid catalyst. The advantages of this procedure are
simplicity of operation. short reaction time. high
atom econony. recvclability of catalyst. and eco-
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friendly nature.

We believe this will provide a better and more
practical alternative to the existing methodologies
for svnthesis of Quinoxaline and its derivatives.
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