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Abstract:A simple, efficient, and environmentally friendly synthesis of spiroindeno[1,2-b]quinoxalines has
been achieved using basic bleaching earth as a naturally occurring cheap and ecofriendly catalyst. The
low cost, easy availability of the catalyst, and simple reaction conditions are the important features of the

present method.
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Introduction:
Multicomponent (MCRs) offer

unmatched opportunities for the expeditious
increase of complexity and diversity in
synthetic outcomes. The strategy offers
noteworthy advantages over classical
stepwise approaches, allowing the formation
of several bonds and the construction of
complex molecular scaffolds from simple
precursors in a single synthetic operation
without the
intermediates [1]. MCRs, particularly those
performed in aqueous medium,
become increasingly useful tools for the
synthesis of chemically and biologically
important because of their
environmentally friendly, atom economic
and green characteristics [2,3]. Important
pharmaceuticals often possess heterocyclic
scaffolds as their building blocks. Since
pyrazoles and its derivatives acquire various
biological activities, such as anti-
inflammatory, antipyretic, gastric secretion
stimulatory, antidepressant, antibacterial,
and antifilarial agents [4-7], the
development of new methods for the
synthesis of pyrazole derivatives, which will
yield subsets of heterocycles having the
potentiality to serve as templates for new
biologically active compounds, is of great
importance.

Experimental section:

General procedure for the synthesis of
pyrazolone derivatives (3)

A solution containing 1,3-ketoester (1.0
mmole) and hydrazines (1.1 mmole) in
ethanol (5 ml) was stirred at room
temperature for 5 min. After the completion
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of reaction, the solution was diluted with
ethanol (10 ml) and stirred in an ice bath for
30 min. The obtained solid was filtrated,
washed with cold ethanol and recrystallized
from ethanol to obtain pure pyrazolones.

General procedure for the synthesis of
11H-indeno [1, 2-b] quinoxalin-11-one
derivatives (6)

A solution containing 1,2-
phenylenediamines (1.0 mmole) and
ninhydrine (1 mmole) in ethanol (5 ml) was
stirred at 80°C for 3h. After the completion
of reaction, the solution was diluted with
ethanol (10 ml) and stirred in an ice bath for
30 min. The resulting solid was filtrated,
washed with cold ethanol, and recrystallized
from ethanol to obtain pure 11H-indeno[1,2-
b]quinoxalin-11-ones.

General procedure for the synthesis of
spiroindeno[1,2- b]jquinoxalines (8a-f)

To a neat solution containing 11H-
indeno [1,2-b]qui- noxalin-11-one 6 (1
mmol), pyrazolone 3 (1 mmol), and
malononitrile (1 mmol), 100mg of bleaching
earth in ethanol (10 ml) was added. The
reaction mixture was heated at 80 °C for 3h.
After completion of the reaction as indicated
by TLC, the reaction mass was extracted
with dichloromethane, extract washed with
brine solution, evaporation of solvent afford
the pure product 8.
60-Amino-30-methyl-10H-
spirofindeno[1,2-b] quinoxaline-11, 40-
pyrano|2,3-c][pyrazole]-50-carbonitrile
(8a): Light green powder; MP 263-266 °C; IR
(KBr, cm-1): 3450, 3274, 3250, 3112, 2976,
2191, 1637, 1607, 1465, 1401; 'H NMR
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(250 MHz, DMSO-de): L'H (ppm) 1.12 (3H, s,
CHs), 7.45-8.13 (10H, m, H-Ar and NHb2),
12.51 (1H, s, NH).

Results and discussion:

In continuation of our interest in the
synthesis of heterocyclic compounds based
on in MCRs [8], we developed herein the
synthesis of spiroindeno[1,2- b]
quinoxalines 8 via a three-component
condensation reaction of 11H-indeno[l,2-
b]quinoxalin-11-one 6, pyrazolone 3 and
malononitrile 7 in ethanol as green reaction
medium by using basic bleaching earth
catalyst (pH-9.2) at 80 °C in high yield
(Scheme 1). It should be noted that
pyrazolone prepared by the
condensation reaction of [l-keto ester 1 and
hydrazine 2 in ethanol after 5 min [9]. Also,
11H-indeno|[1,2-b]quinoxalin-11-ones 6 was
synthesized according to a method reported
in literature [10] by means of a reaction
between 1,2-phenylenediamines 4 and
ninhydrine 5 (Scheme 1). In an initial
endeavor, we first investigated the
condensation of 11H-indeno [1,2-
b]lquinoxalin-11-one 6, 3-methyl-1H-
pyrazol-5-ol 3 and malononitrile 7 under
various conditions (Table 1). We first studied
the reaction rate in different solvents by
measuring the isolated yield using identical
amounts of reactants in the presence of
100mg of basic bleaching earth catalyst for
a fixed reaction time of 3 h at 80°C (Table 1,
entries 1-8). The desired product was
obtained in polar solvents, such as water,
ethanol, methanol, and acetonitrile, but
ethanol can afford the product in good yield
even better than other solvents (Table 1,
entry 1). The desired product was not
obtained in non-polar solvents, such as
dichloromethane, toluene (Table 1, entries
4,5). Interestingly, the corresponding
product was obtained in high yield when the
reaction was performed in pure ethanol
(entry 1). Next, we studied the model
reaction in ethanol at different temperatures
(entry 2 and entries 6-8). The reaction rate
increased as the temperature was raised.
The maximum yield (90%) was obtained at
80°C in a reaction time of 3 h (entry 2).

3 was

ISSN (Online) 2347 -517X

o] o

M + RyNHNH, —oot
37! . 2

Ry Ot 5min
1 2

o
NH, OH
/C[ oH EtOH, 80°C
Ry NH, 3n
4 5 ©

Schemel. Synthesis
b]quinoxalines

of spiroindeno[1,2-

With the optimized conditions we have
synthesized spiroindeno[1,2-b]
quinoxaline (8a-d) derivatives. The results
are summarized in Table 2. The structures
of the synthesized compounds were
established by IR, 'H NMR and Mass
spectroscopic methods. In all the cases,
good yields were obtained. Mechanistically,
it is plausible that the reaction involves the
initial formation of the Michael acceptor 9
by the Knoevenagel condensation of the
11H-indeno[1,2-b]quinoxalin-11-one 6 with
malononitrile 7. The active methylene of
pyrazolone3 undergoes Michael addition
with intermediate 9 to give the intermediate
10, which then undergoes a Thorpe-Ziegler
intramolecular cyclization followed by a 1,3-
sigmatropic shift into spiroindeno[l,2-
b]lquinoxalines 8. To clarify the proposed
mechanism, the Michael acceptor 9 was
synthesized by Knoevenagel condensation of
the 11H-indeno [1,2- b]quinoxalin-11-one 6
with malononitrile 4. Subsequently, the
reaction of compound 9 with pyrazolone 3
afforded the corresponding spiroindeno[1,2-
b]quinoxaline 8 (Scheme 2).
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Scheme 2. Proposed mechanism
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Table 1. Optimization of reaction conditions

Entry | Solvent Temp (°C) Yield (%)
1 Ethanol 80 90
2 Methanol 60 78
3 Acetonitrile 80 85
4 Toluene 80 Trace
5 Dichloromethane 60 Trace
6 Ethanol 25 45
7 Ethanol 50 70
8 Ethanol 100 90
Table 2. Synthesis of substituted
spiroindeno[1,2-b]quinoxalines
Entry Product Yield (%)
1
90
2
88
3
85
4
82
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Conclusion:

In conclusion, we have developed a simple
and efficient approach for the synthesis of
spiroindeno|1,2-b]quinoxaline derivatives
from 11H-indeno[l, 2-b]quinoxalin-11-one,
pyrazolone and malononitrile in ethanol by
using basic bleaching earth in high yield.
Simple reaction conditions, environmentally
benign catalyst, high yields and easy
product isolation areb the significant
characteristics of the present method.
References:

J. Zhu, H. Bienayme, Multicomponent
Reactions, Wiley-VCH, Weinheim, 2005;
(b) A. Domling, I. Ugi, Angew. Chem. Int.
Ed. 39 (2000) 3168; (c) L.F. Tietze, G.
Brasche, K. Gericke, Domino Reactions in
Organic Synthesis, Wiley-VCH, Weinheim,
Germany, 2006.

K. Kumaravel, G. Vasuki, Green Chem. 11
(2009) 1945; (b) G.W. Wang, C.B. Miao,
Green Chem. 8 (2006) 1080; (c) S.L. Jain,
S. Singhal, B. Sain, Green Chem. 9 (2007)
740; (d) G. Zhao, T. Jiang, H. Gao, B. Han,
J. Huang, D. Sun, Green Chem. 6 (2004)
75;

J.D. Sunderhaus, S.F. Martin, Chem. Eur.
J. 15 (2009) 1300; (b) D. Tejedor, F.
Garcia-Tellado, Chem. Soc. Rev. 36 (2007)
484; (c) V. Nair, C. Rajesh, A.U. Vinod, S.
Bindu, A.R. Sreekanth, J.S. Methen, L.
Balagopal, Acc. Chem. Res. 36 (2003) 899.
F. Wei, B.X. Zhao, B. Huang, L. Zhang,
C.H. Sun, W.L. Dong, D.S. Shin, J.Y.
Miao,Bioorg. Med. Chem. Lett. 16 (2006)
6342; (b) B. Cottineau, J. Chenault, G.
Guillaumet, Tetrahedron Lett.47 (2006)
817; (c) I. Okada, T.J. Fukuchi,Pestic.Sci.
25 (2000) 310; (d) A. Torremns, J.A.
Castrillo, J. Redondo,Synlett (1999) 765.
A. Tanitam, Y. Oyamada, K. Ofugi, M.
Fujimoto, N. Iwai, Y. Hiyama, K. Suzuki,
H. Ito, H. Terauchi, M. Kawasaki, K.
Nagai, M. Wachi, J. Yamagishi, J. Med.
Chem. 47 (2004) 3693.

L.C. Behr, R. Fusco, C.H. Jarboe, in : A.
Weissberger (Ed.), The Chemistry of
Heterocyclic Compounds, Pyrazoles,
Pyrazolines, Pyrazolidines, Indazoles and
Con-densed Rings, Interscience, New York,
1967; (b) C.E. Rosiere, M.I. Grossman,
Science 113 (1951) 651; (c) D.M. Bailey,
P.E. Hansen, A.G. Hlavac, E.R. Baizman,
J. Pearl, A.F. Defelice, M.E. Feigenson, J.
Med. Chem. 28 (1985) 256.

R.N. Mahajan, F.H. Havaldar, P.S.
Fernandes, J. Indian Chem. Soc. 68 (1991)
245; (b) M. Londershausen,Pestic. Sci. 48




I[JRBAT,Vol.V, Issue (2), May-2017: 1-4

(1996) 269; (c) H.A. Lubs (Ed.), The
Chemistry of Synthetic Dyes and Pigments,
American Chemical Society, Washington
DC, 1970; (d) R.C. Maurya, R. Verma,
Indian J. Chem. Sect. A 36 (1997) 596; (e)
A.D. Elinson, A.I. Uraev, V.I. Minkin,
Arkivoc III (2004) 29.

H.V. Chavan, S.B. Babar, R.U. Hoval, B.P.
Bandgar, Bull. Korean Chem. Soc. 32,
(2011) 3963; (b) H.V. Chavan, L.K. Adsul,
B.P. Bandgar, J. Chem. Sci. 123 (2011)
477; (c) B. P. Bandgar, B. L. Korbad, S.A.
Patil, S.B. Bandgar, H.V. Chavan, B.S.
Hote, Aust. J. Chem. 61 (2008) 700.

X.J. Wang, J. Tan, K. Grozinger,
Tetrahedron Lett. 41 (2000) 4713; (b) M.F.
Brana, A. Gradillas, A.G. Ovalles, B.
Lopez, N. Acero, F. Llinares, D.M.
Mingarro,Bioorg. Med. Chem. 14 (2006) 9.

*kkkkkk

ISSN (Online) 2347 -517X




