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no-[1,2-b]-quinoline-
9,11(6H,10H)-dione and 7,7-dimethyl-10-aryl-7,8-
dihydro-5H-indeno[1,2-b]quinoline-9,11(6H,10H)-
dione derivatives in presence of heterogeneous Cu/
zeolite-Y as a catalyst†

Shankar D. Dhengale,ab Chandrashekhar V. Rode, b Govind B. Kolekarc

and Prashant V. Anbhule *a

A simple method for the synthesis of indeno-[1,2-b]-quinoline-9,11-(6H,10H)-dione derivatives and 7,7-

dimethyl-10-aryl-7,8-dihydro-5H-indeno[1,2-b]quinoline-9,11(6H,10H)-diones through the reaction of

aromatic aldehydes, indan-1,3-dione, dimedone, and p-toluidine/ammonium acetate in the presence of

heterogeneous CuO supported on a zeolite-Y catalyst has been investigated in ethanol under reflux

conditions. By this method, the reaction time has been reduced, giving an excellent yield of the product.

The catalyst was prepared by a hydrothermal method followed by a wet impregnation method. The

catalyst had shown Brønsted acid sites and Lewis acid sites. The used catalyst could be actively recycled

with a marginal decrease in yield up to five recycles. The prepared catalyst was characterized by FT-IR,

pyridine FT-IR, XRD, SEM, EDS, XPS, TEM, and BET surface area analysis. The synthesized compounds

were characterized by FT-IR, 1H NMR, 13C NMR and GC-MS spectroscopy.
1. Introduction

Nowadays, microporous and mesoporous materials with
ordered porous structures are used as hosts to encapsulate
metal particles of particular interest in catalysis because the
framework stabilization can hinder the aggregation of transi-
tion metals and the pore size restraint could limit the devel-
opment of clusters even at high temperatures.1,2 Among
microporous materials, zeolites have been the focus of more
research work in the last few years, among the diverse types of
hosts where semiconductor nanoparticles have been prepared.3

Variety in pore size, shape, topology, and framework composi-
tion provides zeolites with a rich series of interesting properties
and industrial applications, such as catalysts, ion exchangers,
and adsorbents.4

The addition of Al to mesoporous MCM-41 increased the
maximum adsorption capacity. Although zeolite NaX, which
had a higher Al content than NaY, had a lower adsorption
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capacity, namely, 120 mg g�1-adsorbent.5 A Faujasite structure
containing periodic supercages has been observed in zeolites X
and Y.

The acidity and the activity of an aluminosilicate zeolite are
determined by the aluminum content and the location of the Al
in the zeolite crystal. The location of the Al is the fundamental
tool needed for the zeolite activity. Additionally, an external
surface of zeolite particles plays an important role in a lot of
catalytic chemistry as large reactant molecules react primarily at
the pore opening of the zeolite, such as in uid catalytic
cracking, as they cannot penetrate the smaller channels. Pore
opening catalysis has been designed to provide experimental
selectivity in selective isomerization, transalkylation, and
hydrocarbon cracking.6

The commercial synthesis of Y zeolite was rst declared by
Breck7 in 1964 following the rst industrial manufacturing of A
and X types byMilton.8,9 Zeolite NaY emerged to be topologically
comparable with the type X aluminosilicate framework. The
most common way to make zeolite-Y is through hydrothermal
synthesis. It is a natural process that efficiently creates crystal-
line silica and zeolites, among other minerals.10 Zeolites are the
cubic unit cell type of aluminosilicates which contain tetrahe-
dral structures of SiO4 and AlO4. Zeolites with Si/Al values lower
and higher than this critical point characterize X and Y
compositions, respectively. Because of the instability of Al-rich
samples in acids or water at elevated temperatures, Rüscher
et al.11 proposed a new denition based on the typical chemical
RSC Adv., 2022, 12, 2083–2093 | 2083
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Scheme 1 Preparation of zeolite-Y.
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View Article Online
behavior of the samples under dealumination by steam treat-
ment.12 Faujasite zeolites are classied on the basic of silicon to
aluminum ratio (Si/Al), so zeolite-X has an Si/Al ratio between 1
and 1.5 and zeolite-Y has an Si/Al ratio over 1.5.13,14 Zeolites have
three-dimensional structures with precise micropores or mes-
opores. The porous structure of a zeolite provides a large surface
area that is suitable for the absorption ability of zeolitic mate-
rials and ensures their efficacy as an adsorbent in a variety of
applications.15

At present, multi-component reactions (MCRs) occupy an
outstanding position in organic and medicinal chemistry for
their high degree of atom economy and applications in
combinatorial chemistry due to their capability of preparing
target molecules with atomic economy and high efficiency by
the reaction of three or more starting materials together in
a single step.16,17 MCR has attracted increasing attention as one
of the most powerful emerging synthetic tools for the
construction of molecular diversity, complexity, and forming
several bonds in a single operation. MCRs are usually associated
with several advantages, such as the green process of bond-
forming, shorter reaction times, operational simplicity,
convergence, avoidance of time-consuming processes, energy
and rawmaterial saving, high bond-forming efficiency, minimal
waste generation, reduction in the number of work-ups, as well
as having no need for complicated purication processes.18

MCRs have intrinsic advantages over two-component reactions:
the simplicity of a one-pot procedure, possible structural vari-
ations, complicated synthesis, and a large number of accessible
compounds.19

Nevertheless, continued efforts are being made to explore
new MCRs for developing popular organic reactions.20–24 Pref-
erably, all reaction equilibria in the complex MCR mixture
should be reversible, and the last, the product-designing reac-
tion step, must be irreversible, thus providing the driving force
to shi all intermediates and starting materials towards a single
nal product.25

A quinoline skeleton is present in a large number of bio-
logically active compounds and possesses a broad spectrum of
biological activities. Quinoline derivatives undergo hierarchical
self-assembly into a variety of nanostructures and meso-
structures with enhanced electronic and photonic functions as
well as medicinal applications.26

Indenoquinoline derivatives showed a wide range of bio-
logical activities such as 5-HT-receptor binding activity,27 anti-
inammatory activity and they also act as anti-tumor agents,28

inhibitors for steroid reductase,29 acetylcholinesterase inhibi-
tors,30 show antimycobacterial31 and antiproliferative activities32

and act as antimalarials.33 Also, these compounds serve as the
building blocks of many natural-chromophore DNA inter-
calators such as TAS 103,34 DACA,35,36 and NSC 314622,37 which
are currently being used as anticancer drugs. For this reason,
much attention has been directed toward the synthesis of
indenoquinoline derivatives via multi-component reactions.
Shirini et al. newly described the synthesis of dihydro-5H-
indeno[1,2-b]quinolines and showed that these compounds
with stabilized zwitterionic resonance structures showed
feasible application as new pH indicators. These chemosensors
2084 | RSC Adv., 2022, 12, 2083–2093
have a large wavelength shi (100 nm) and revealed excellent
sensitivity in the pH range from 9.2 to 12.38

Many researchers have explored the preparation of copper
surrounded by mineral networks, such as zeolite39 and ZSM-5.40

Zeolites acidic sites applied for copper graing sites have
microporous and crystalline aluminosilicates; they behave as an
appropriate support, allowing the high dispersion of copper
ions. In this Cu/zeolite-Y system, the copper oxidation states
were explored by intense experimental characterization to
understand the structure of the active site.41–44 A high dispersion
of copper ions is extensively engaged in catalysis. Their catalytic
activity is due to the oxidation state, which may change easily
under different environments and can be deduced from the
relative stability of Cu(II) and Cu(I) oxidation states, which
depends strongly on the nature of the counter-ion.45,46 Several
new methodologies have previously been reported for the
synthesis of indenoquinoline derivatives via multi-component
reactions in the presence of various catalysts, such as AcOH,47,
[bmim+][BF4�],48 H14NaP5W30O110,49 In(OTf)3,50 melamine tri-
sulfonic acid (MTSA),38 TiO2 nanoparticles,51 p-toluene-
sulphonic acid18,25 tribromomelamine (TBM), SA, and
ZrOCl2.52 These methods have their own merits and shortcom-
ings. In this work, we report the preparation of a zeolite-Y
supported copper catalyst using a two-step procedure: prepa-
ration of the zeolite-Y support using a hydrothermal method
and copper(II) ions being introduced by using a wet impregna-
tion method and drying followed by calcination at an optimum
temperature.
2. Experimental
2.1 Preparation of zeolite-Y by hydrothermal process

2.1.1 (Composition – 4.62 Na2O: Al2O3:10 SiO2:180H2O)
2.1.1.1 Part-I (seed gel). 1.2 g of sodium hydroxide (NaOH)

was dissolved in 6 mL of water and kept under stirring (10
minutes). Into this solution 2 mL of sodium aluminate (NaAlO2)
was added and stirred until it was dissolved. Then 6.81 g of
sodium silicate (Na2SiO3) solution was added and kept under
further stirring for at least 10 min. Aer stirring, the solution
was kept for aging in a closed bottle for one day.

2.1.1.2 Part-II (feedstock gel). 0.042 g of NaOH was added to
39 mL of water. 3.92 g of sodium aluminate (NaAlO2) was
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 1 Preparation of various catalysts by a wet impregnation method

Entry Catalyst Precursor weight; g Support weight; g Solvent; mL

Calcination
conditions Activation conditions

Temp; �C Time; h Temp; �C Time; h

1 Zn/Al2O3 Zn(NO3)2$6H2O; 0.4549 Al2O3; 0.9 Water; 10 300 3 450 2
2 Cu/Al2O3 Cu(NO3)2$3H2O; 0.380 Al2O3; 0.9 Water; 10 400 4 450 2
3 Co/Al2O3 Co(NO3)2$6H2O; 0.4938 Al2O3; 0.9 Water; 10 300 3 — —
4 Zn/MCM-41 Zn(NO3)2$6H2O; 0.4549 MCM-41; 0.9 Water; 10 300 3 — —
5 Cu/MCM-41 Cu(NO3)2$3H2O; 0.380 MCM-41; 0.9 Water; 10 400 4 — —
6 Co/MCM-41 Co(NO3)2$6H2O; 0.4938 MCM-41; 0.9 Water; 10 300 3 — —
7 Zn/zeolite-Y Zn(NO3)2$6H2O; 0.4549 Zeolite-Y; 0.9 Water; 10 300 3 — —
8 Cu/zeolite-Y Cu(NO3)2$3H2O; 0.380 Zeolite-Y; 0.9 Water; 10 400 4 — —
9 Co/Zeolite-Y Co(NO3)2$6H2O; 0.4938 Zeolite-Y; 0.9 Water; 10 300 3 — —
10 Cu/SiO2 Cu(NO3)2$3H2O; 0.380 SiO2; 0.9 Water; 10 400 4 — —
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View Article Online
dissolved in this solution and mixed until it was dissolved. Into
this solution 42.72 g of sodium silicate (Na2SiO3) solution was
added and stirred vigorously with a high-shear turbine mixer.

2.1.1.3 Part-III (overall gel). Feedstock gel was added slowly
to 4.95 g of seed gel and stirred with a high-shear turbine mixer
for 30 minutes.

The whole solution was kept for crystallization in a poly-
propylene bottle at room temperature for 24 h by incubation,
and then kept in an oven at 100 �C for 7 h. The product was
recovered by ltration and washed with water up to pH less than
9. The recovered product was dried at 100 �C. See Scheme 1 for
an overview of the process.
2.2 Wet impregnation method

Various catalysts which require compositions of Zn, Cu, and Co
on different supports were prepared by a wet impregnation
method. In this preparation method, an appropriate amount of
precursor was dissolved in water or ethanol as solvent. Further
solid support was added portion-wise to this solution with
constant stirring for the next 12 h. The solvent was evaporated
Fig. 1 IR spectra of zeolite-Y before pyridine adsorption and after
pyridine adsorption.

© 2022 The Author(s). Published by the Royal Society of Chemistry
from the impregnated samples and dried at 110 �C for 12 h. The
solvent was evaporated from the impregnated samples and they
were dried at 110 �C for 12 h. The prepared catalysts were then
calcined (Table 1 entries 1–10) and activated by an H2 atmo-
sphere (Table 1 entries 1 and 2).
3. Result and discussion
3.1 Characterization of catalyst

FT-IR peaks at 463, 505, 578, 717, 792, 1022, 1141, 1339, and
3452 cm�1 were found in commercial zeolite-Y. The prepared
zeolite-Y showed peaks at 677, 752, 999, 1506, 1547, 1652, 1692,
1735, 2334, 2915, 2927, 3464, 3746, and 3866 cm�1 (ref. 53)
(Fig. 1). It has been reported that for BAS, the band at 1540–
1550 cm�1 can be used for quantication of protonated pyri-
dine, while the band at 1440–1450 cm�1 can be used for
molecularly adsorbed pyridine for LAS and the peak at
1490 cm�1 peak contains contributions from both Brønsted and
Lewis acidity.54 Herein, the peak was shied from 1490 cm�1 to
1651 cm�1 for zeolite-Y.
Fig. 2 IR spectra of Cu/zeolite-Y before pyridine adsorption and after
pyridine adsorption.

RSC Adv., 2022, 12, 2083–2093 | 2085
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Fig. 3 X-ray diffraction patterns of commercial and prepared zeolites-
Y.
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Cu/zeolite-Y shows peaks at 589, 677, 752, 999, 1506, 1547,
1652, 1692, 1735, 2334, 2915, 2927, 3464, 3746, and 3866 cm�1

(ref. 55) in the FT-IR. It has been observed that the FT-IR spec-
trum of zeolite-Y and Cu/zeolite-Y showed a broad peak at
999 cm�1 in zeolite-Y which was reduced when Cu metal was
added to some sites. In Cu/zeolite-Y, the band at 1574 cm�1 was
observed due to pyridine adsorption having both Brønsted and
Lewis acid sites (Fig. 2).

The XRD pattern of zeolite-Y support showing 2q values at:
6.22� (1 1 1), 9.97� (2 2 0), 11.85� (3 1 1), 15.61� (3 3 1), 18.65� (5 5
1), 20.24� (4 4 0), 23.56� (5 3 3), 27.18� (8 2 2), 27.74� (6 4 2),
29.76� (8 2 2), 30.64� (5 5 5), 32.22� (8 4 0), and 33.96� (664)
corresponds to Si in its SiO2 and Al in its Al2O3 forms (Fig. 3)
(JCPDS: 43-0168).56 2q values in our prepared zeolite-Y catalyst
match exactly with the commercial zeolite-Y sample, which
clearly conrms the successful preparation of the zeolite-Y
catalyst. The commercial and prepared zeolite-Y were vali-
dated by XRD. Peaks at 2q ¼ 48.5� (2 0 2), 51.3� (1 1 2), 53.4� (0 2
Fig. 4 X-ray diffraction study of Cu on different supports.

2086 | RSC Adv., 2022, 12, 2083–2093
0), and 61.4� (1 1 3) were assigned to monoclinic end centred
CuO phases [JCPDF File No. 801917] (Fig. 4). Only two CuO
signature peaks at 35.48� and 38.92�, which were assigned to
the (2 0 0) and (0 0 2) planes (JCPDS 80-1268), were observed for
both CuO and zeolite systems, conrming the formation of CuO
on zeolite.57

Determination of Cu/SiO2 shows a strong and broad peak in
the ranges of 2q ¼ 5� and 15–35� due to amorphous silica with
no diffraction peaks for Cu, probably because the amount of Cu
within SiO2 is too small. The diffraction peaks (2q) at 43.34�,
50.47�, and 74.17� are attributed to the (1 1 1), (2 0 0), and (2 2 0)
planes of Cu, respectively, which can be undoubtedly be
indexed to cubic Cu (JCPDS No. 04-0836).58 For Cu/MCM-41 the
strong peaks (2q) at 43.9�, and 45.5� are attributed to the (1 1 0),
(2 0 0), and (2 2 0) planes.59 For Cu/Al2O3 the diffraction peaks of
the samples correspond to the characteristic face centered cubic
(FCC) copper lines indexed as (1 1 1), (0 0 2) and (0 2 2) that were
observed in these samples at diffraction angles of 43.2�, 50.3�

and 73.9�, respectively (JCPDS No. 98-000-9057).60 XRD patterns
of calcined 10% Cu/zeolite-Y and 10% Cu/SiO2 show that copper
is present in CuO phases (2q at 36� and 39�).

These peaks are related to CuO (JCPDS: 45-0937). In
summary, from the XRD patterns, except for pure CuO and
zeolite, no other phases or other impurities, such as Cu or Na,
were detected. For all CuY samples (except 10 CuY), these
results can be accredited to well-dispersed Cu species interact-
ing with the zeolite framework and there was no new phase
formation despite high-temperature treatment at 550 �C.61

Although two weak XRD diffraction peaks of NaY zeolite corre-
lated to (222) and (422) planes disappear in the patterns of HY
and CuY. The disappearance of these peaks may be recognized
as local defect sites and the hydrolysis of a small fraction of Al–
O bonds during the sudden exposure of the calcined samples to
air.62 Besides the diffractogram of zeolite-Y, the diffraction
pattern of 10% CuY also displays low-intensity peaks at
Fig. 5 SEM image of Cu/zeolite-Y.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 EDS elemental analysis of Cu/zeolite-Y.

Table 2 EDS elemental analysis

Element Weight% Atomic% Net int. Error%

O K 48.95 64.85 629.46 7.89
Al K 10.55 8.28 268.40 6.73
Si K 31.73 23.95 811.90 5.18
Cu K 8.77 2.92 49.10 10.80

Fig. 8 TEM images of Cu/zeolite-Y.
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diffraction angles of 35.5� and 38.7� corresponding to [1, 1, �1]
and [1, 1, 1] planes, respectively, of monoclinic CuO crystallite
(JCPDF les 48-1548). These low-intensity peaks and their large
FWHM suggest the presence of small copper oxide particles
inside the pores of the zeolite. It was found that the intensity of
all peaks decreased with metal loading, which occurred due to
the absorption of X-rays by a layer of copper species.63 Armengol
et al. also detected a decrease in the intensity of the diffraction
pattern of Y Faujasite as Na+ ions exchange with Cu2+ ions64

(Fig. 4). Hence, this Cu2+ ion may provide a Lewis acid site to the
catalyst, which is useful for selective product formation.

The SEM image reveals that some particles are agglomerates.
In addition, in SEM images of Cu/zeolite-Y it was also detected
that copper nanoparticles are much smaller than zeolite-Y but
have identical nanoparticle morphology to zeolite-Y (Fig. 5). The
chemical purity of the samples was investigated by EDS (Fig. 6
and Table 2).
Fig. 7 XPS spectra of Cu/zeolite-Y: (A) survey, (B) Cu 2p, (C) Gaussian
curves for Cu 2p, and (D) Gaussian curves for Al 2p.

© 2022 The Author(s). Published by the Royal Society of Chemistry
The peaks of Si, Na, Al, and O signals were observed aer
calcination. The XRD patterns show that copper oxides exist in
the zeolite. As per the EDS analysis, the mole ratios of copper to
oxygen were 1 : 5, in good agreement with the XRD analysis
(Fig. 6).

The XPS survey shows copper on the surface of the zeolite as
well as the Na, Si, Al, and O of the structure of the zeolite, as
shown in Fig. 7A.

The hybrid systems have no species contaminating them,
but a very small amount of carbon (C 1s at 284.6 eV) used for
calibration is detected. The O 1s core-level spectrum is given in
Fig. 7A.

An analysis of the two Gaussian curves (I and II) was per-
formed using curve-tting. The peak located at 534 eV (I) is for
the O2� ion in CuO and the one at 536.8 eV (II) is for the oxygen
adsorbed on the CuO surface. The peaks corresponding to Cu
2p3/2 and Cu 2p1/2 are observed at 936.18 eV and 956.01 eV,
respectively. These values are in good agreement with the
previously reported values of CuO.65–67 On the high-binding-
energy side, the Cu 2p3/2 peak is separated by about 9 eV from
its strong satellite. A d9 electron ground state conguration is
Fig. 9 Particle size distribution of Cu/zeolite-Y.

RSC Adv., 2022, 12, 2083–2093 | 2087
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Fig. 10 TEM images of Zn/zeolite-Y. Fig. 12 TEM images of Co/zeolite-Y.

Fig. 13 Particle size distribution of Co/zeolite-Y.
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characteristic of materials (i.e. CuO) that exhibit this property.68

The core level Al 2p peak at 75 eV conrmed that Al is present as
the Al2O3 form.69 In conclusion, the XPS results demonstrate
that the synthesized hybrid systems contain copper oxide,
where copper is in an oxidation state of two. The zeolite-Y and
copper oxide act as Brønsted acids as well as Lewis acids for the
synthesis of indeno[1,2-b]quinoline-9,11(6H,10H)-dione
derivatives.

Transmission electron microscopy (TEM) was used to
investigate the size and morphology of the material. The
distribution of copper oxide particles and the shape of zeolite-
supported copper catalysts are shown in Fig. 8. There was
well-dispersed copper oxide on the zeolite crystal. The average
particle size of the impregnated copper was 2.90 nm. Copper
nanoparticles of sizes of 5 to 2 nm with rather uniform spatial
distribution were reported to predominate in the specimens
(Fig. 9).70
Fig. 11 Particle size distribution of Zn/zeolite-Y.

2088 | RSC Adv., 2022, 12, 2083–2093
The TEM analysis of Zn/zeolite explored the morphology and
particle size. The distribution of zinc particles and the shape of
zeolite-supported zinc catalysts are shown in Fig. 10. The
Fig. 14 N2 adsorption–desorption isotherms of zeolite-Y and Cu/
zeolite-Y catalysts.

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Optimization of reaction conditions for the synthesis of indeno-[1,2-b]-quinoline-9,11-(6H,10H)-dione derivatives

Entry Catalyst Amount (mg) Solvent Temperature (�C) Time (min) Yield (%)

1 Al2O3 10 EtOH R.T. 180 —
2 Al2O3 10 EtOH Reux 180 Trace
3 SiO2 10 EtOH R.T. 180 —
4 SiO2 10 EtOH Reux 180 —
5 MCM-41 10 EtOH R.T. 180 —
6 MCM-41 10 EtOH Reux 180 —
7 Zeolite-Y 10 EtOH R.T. 180 25
8 Zeolite-Y 10 EtOH Reux 180 39
9 CuO 10 EtOH R.T. 180 30
10 CuO 10 EtOH Reux 180 55
11 Cu/SiO2 10 EtOH R.T. 180 30
12 Cu/SiO2 10 EtOH Reux 180 55
13 Cu/Al2O3 10 EtOH R.T. 180 33
14 Cu/Al2O3 10 EtOH Reux 180 38
15 Cu/MCM-41 10 EtOH R.T. 180 36
16 Cu/MCM-41 10 EtOH Reux 180 42
17 Cu/zeolite-Y 10 EtOH R.T. 180 60
18 Cu/zeolite-Y 10 EtOH Reux 180 86
19 Zn/Al2O3 10 EtOH Reux 180 27
20 Co/Al2O3 10 EtOH Reux 180 30
21 Zn/MCM-41 10 EtOH Reux 180 40
22 Co/MCM-41 10 EtOH Reux 180 43
23 Zn/zeolite-Y 10 EtOH Reux 180 38
24 Co/zeolite-Y 10 EtOH Reux 180 37
25 Cu/zeolite-Y 10 MeOH R.T. 180 46
26 Cu/zeolite-Y 10 MeOH Reux 180 52
27 Cu/zeolite-Y 10 Acetonitrile R.T. 180 38
28 Cu/zeolite-Y 10 Acetonitrile Reux 180 49
29 Cu/zeolite-Y 10 Toluene R.T. 180 25
30 Cu/zeolite-Y 10 Toluene Reux 180 56
31 Cu/zeolite-Y 10 DCM R.T. 180 —
32 Cu/zeolite-Y 10 DCM Reux 180 —
33 Cu/zeolite-Y 10 DMF R.T. 180 —
34 Cu/zeolite-Y 10 DMSO R.T. 180 —
35 Cu/zeolite-Y 10 Solvent free 100 180 —
36 Cu/zeolite-Y 15 EtOH Reux 180 90
37 Cu/zeolite-Y 20 EtOH Reux 180 91
38 Cu/zeolite-Y 25 EtOH Reux 180 93
39 Cu/zeolite-Y 30 EtOH Reux 180 93
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average particle size of zinc impregnated on zeolite was 3.80 nm
(Fig. 11) and for zeolite/zinc oxide, the mean grain size
measured by the image program was estimated to be 4.3 nm.71

The morphology and particle size of the Co/zeolite catalyst
was investigated from the TEM images. The particle size
distribution of cobalt and the shape of the Co/zeolite-Y catalyst
Scheme 2 Model reaction for the synthesis of indeno-[1,2-b]-quin-
oline-9,11-(6H,10H)-dione derivatives.

© 2022 The Author(s). Published by the Royal Society of Chemistry
are shown in Fig. 12. The average particle size of the zeolite-Y
supported cobalt catalyst was 9.25 nm (Fig. 13) which was
determined from a histogram of the particle size distribution.

From the catalytic activity study, it was found that for
synthesis of indeno-[1,2-b]-quinoline derivatives, selectivity was
enhanced due to the Lewis acid sites as well as the Brønsted
Scheme 3 Synthesis of indeno-[1,2-b]-quinoline-9,11-(6H,10H)-
dione derivatives by using heterogeneous Cu/zeolite-Y as catalyst.
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Table 4 Synthesis of indeno-[1,2-b]-quinoline-9,11-(6H,10H)-dione derivatives using a heterogeneous Cu/zeolite-Y catalysta,b

Entry Aldehydes Aromatic amine Product Time in min Yield (%)

5a 180 95

5b 180 90

5c 180 94

5d 180 84

5e 180 89

5f 180 93

5g 180 82

5h 180 85

5i 180 87

a Reaction conditions: substituted aromatic aldehydes (1 mmol), 1, 3-indandione, (1 mmol), dimedone (1 mmol), and p-toluidine (1 mmol), ethanol
(5 mL) under reux conditions in the presence of Cu/zeolite-Y (15 mg). b The yields refer to the isolated product.
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acid sites supplied by Cu/zeolite-Y. This was supplemented by
copper, zinc, and cobalt supported zeolite-Y catalysts for
enhanced selectivity towards the product due to the copper
particle size.

The BET (Brunauer–Emmett–Teller) surface areas of zeolite-
Y and Cu/zeolite-Y were 178 m2 g�1 and 96 m2 g�1, respectively.
2090 | RSC Adv., 2022, 12, 2083–2093
Zeolite-Y and Cu/zeolite-Y have pore diameters and pore
volumes of 1.816 nm and 1.801 nm, and 0.186 cm3 g�1 and
0.129 cm3 g�1, respectively. The results suggest partial blockage
of the zeolite network by copper oxide species.72 The N2

adsorption–desorption isotherm of the Cu/zeolite-Y catalyst is
shown in Fig. 14.
© 2022 The Author(s). Published by the Royal Society of Chemistry
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Table 5 Formation of 7,7-dimethyl-10-aryl-7,8-dihydro-5H-indeno-
[1,2-b]-quinoline-9,11(6H,10H)-dione derivatives using a heteroge-
neous Cu/zeolite-Y catalysta,b

Entry Aromatic aldehydes Product Time in min Yield (%)

7a 50 94

7b 50 93

7c 50 96

7d 50 88

7e 50 95

7f 50 89

7g 50 86

7h 50 82

a Reaction conditions: substituted aromatic aldehydes (1 mmol), 1,3-
indandione, (1 mmol), dimedone (1 mmol), and ammonium acetate
(1.5 mmol), ethanol (5 mL) under reux conditions in the presence of
Cu/zeolite-Y (15 mg). b The yields refer to the isolated product.
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3.2 Optimization of reaction parameters

We have tested different supports like Al2O3, MCM-41, SiO2,
and zeolite-Y and it was observed that the zeolite-Y support
forms the product (Table 3 entries 1–8). Also CuO used as the
catalyst showed a yield (Table 3 entries 9 and 10). From these
results, we have condence that CuO shows activity for this
synthesis. Hence supporting it with Cu/SiO2, Cu/Al2O3, Cu/
MCM-41, and Cu/zeolite-Y showed results (Table 3 entries
11–18). Cu/zeolite-Y shows an 86% yield of product (Table 3
entry 18). Aer that, the Zn and Co supported catalyst was
tested for its activity (Table 3 entries 19–24). Then solvents like
MeOH, acetonitrile, toluene, DCM, DMF, DMSO and solvent-
free conditions were used for the reaction (Table 3 entries
25–35). Aer checking the catalytic activity of various catalysts,
the Cu/zeolite-Y catalyst was found to be efficient for this
reaction. Catalyst amounts from 10, 15, 20, 25, to 30 mg were
checked for their activity, and about 15 mg of catalyst was
sufficient for the transformation (Table 3 entries 18, 36–39).
The model reaction (Scheme 2) afforded better yield in ethanol
under reux conditions. Both Lewis acid sites and Brønsted
acid sites for the selective synthesis of indeno[1,2-b]-quino-
line-9,11-(6H,10H)-dione derivatives were offered by the Cu/
zeolite-Y catalyst apart from the Cu/SiO2, Cu/Al2O3, and Cu/
MCM-41 catalysts.

Aer optimization of the model reaction for the synthesis
of indeno-[1,2-b]-quinoline-9,11-(6H,10H)-dione derivatives,
we carried out a one-pot multicomponent reaction of
aromatic aldehyde (1 mmol), 1,3-indandione, (1 mmol),
dimedone (1 mmol), and p-toluidine (1 mmol) in ethanol as
a solvent under reux conditions (Scheme 3) with a hetero-
geneous catalyst Cu/zeolite-Y(0.015 g). We concentrated our
attention on substrate diversity to conrm the generality of
a protocol using substituted aromatic aldehydes and
a screening test of various aldehydes was utilized. The
electron-withdrawing m-nitrobenzaldehyde forms an excel-
lent yield (95%) of the product (5a). Also, the electron-
donating group p-chlorobenzaldehyde gives the correspond-
ing product (5b) with a better yield of 90%. As summarized in
Table 4, diverse functional groups of aromatic aldehydes (of
electron-withdrawing or donating nature) react smoothly with
each other to give a product with excellent yield (Table 4
entries 5a–5i).

From the above study, we concluded that substituted alde-
hydes proceeded to give the desired products with high yields.

For the synthesis of 7,7-dimethyl-10-aryl-7,8-dihydro-5H-
indeno-[1,2-b]-quinoline-9,11(6H,10H)-diones derivatives using
Scheme 4 Synthesis of 7,7-dimethyl-10-aryl-7,8-dihydro-5H-
indeno-[1,2-b]-quinoline-9,11(6H,10H)-dione derivatives.

© 2022 The Author(s). Published by the Royal Society of Chemistry
Cu/zeolite-Y as a heterogeneous catalyst, we carried out a one-
pot multi-component reaction of aromatic aldehyde (1
mmol), 1,3-indandione, (1 mmol), dimedone (1 mmol),
ammonium acetate (1.5 mmol) in ethanol (5 mL) as solvent
(Scheme 4) and heterogeneous catalyst Cu/zeolite-Y. The
current approach provides an excellent yield (82–96%) of the
product (Table 5 entries 7a–h) in a quick reaction time due to
its simple set-up, and there is no need for further product
purication. The electron-withdrawing m-nitrobenzaldehyde
gives an excellent yield of 94% (7a). Also, the electron-
donating group p-chlorobenzaldehyde gives the
RSC Adv., 2022, 12, 2083–2093 | 2091
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Fig. 15 Catalyst recycling experiment with Cu/zeolite-Y.
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corresponding product (7c) with a better yield of 96%. This is
summarized in Table 5.
3.3 Catalyst recycles

Even aer ve recycles under the optimum reaction conditions,
the activity of Cu/zeolite-Y remained steady, as shown in Fig. 15.
The catalyst was rinsed with ethyl acetate aer each cycle, dried
at 110 �C, calcined and reused.
4. Conclusions

In conclusion, pyridine FT-IR analysis has demonstrated that
the Cu/zeolite-Y catalyst contains Brønsted and Lewis acid sites,
while TEM images suggest that the particle size is optimal for
the selective synthesis and high yields of indeno-[1,2-b]-quino-
line-9,11-(6H,10H)-dione and 7,7-dimethyl-10-aryl-7,8-dihydro-
5H-indeno-[1,2-b]-quinoline-9,11(6H,10H)-dione derivatives.
This heterogeneous catalyst exhibits high activity, catalyst
recovery, reusability, facile separation from products and a good
to excellent yield of product in a short reaction time due to
eliminating column chromatography, an easy workup and there
being no need for further product purication.
Conflicts of interest

The authors announce no competing nancial interest.
Acknowledgements

Shankar Dhengale acknowledges the Chhatrapati Shahu
Maharaj Research, Training and Human Development Institute
(SARTHI), Pune, MH, India, for the award of Chief Minister
Special Research Fellowship.
2092 | RSC Adv., 2022, 12, 2083–2093
References

1 Q. Tang, Q. Zhang, P. Wang, Y. Wang and H. Wan, Chem.
Mater., 2004, 16, 1967–1976.

2 A. Seidel and B. Boddenberg, J. Mater. Chem., 1999, 9, 2495–
2498.

3 M. R. Lukatskaya, A. S. Vyacheslavov, A. V. Lukashin,
Y. D. Tretyakov, O. M. Zhigalina and A. A. Eliseev, J. Magn.
Magn. Mater., 2009, 321, 3866–3869.

4 M. E. Davis, Nature, 2002, 417, 813–821.
5 W. Rongchapo, Water Sci. Technol., 2015, 71, 1347–1353.
6 H. S. Cerqueira, P. C. Mihindou-Koumba, P. Magnoux and
M. Guisnet, Ind. Eng. Chem. Res., 2001, 40, 1032–1041.

7 D. W. Breck, Crystallyne zeolite Y, US Pat., US3130007, 1964.
8 E. C. Soule, N. Falls, US Pat., 1959, 19–22.
9 R. Milton, Molecular sieve adosorbents, US Pat.,
US2882243A, 1959.

10 X. P. Xiao, B. Q. Xiong, Q. S. Wang, G. L. Xie, L. J. Peng and
G. X. Huang, Rare Met., 2013, 32, 144–149.
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