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Abstract

A new, cheap, and accessible method has been used for the preparation of nano-belts from the chemical decomposition
(top-down approach) of a cheap stainless steel screw and found as an efficient magnetically recyclable nanocatalyst for the
preparation of quinolines and 1,8-dioxo-octahydroxanthenes under mild reaction conditions. The nano-belts, Fe—Cr—Ni
oxide alloy, was prepared in a two-step synthesis and characterized with various instrumental methods. Due to magnetic
property of the screw (a ferritic-alloy), the resultant nano-belts is magnetic. Magnetic Fe—Cr—Ni alloy nano-belts were
applied toward efficient preparation of quinolines and 1,8-dioxo-octahydroxanthenes under mild conditions. The catalyst
could be readily recovered and recycled for several consecutive runs, while it suffers from a very low metal leaching and

subsequently efficiency drop.
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Introduction

The top-down method is one of the most applicable strategies
for the preparation of nanoparticles [1], first introduced by
Feynman [1, 2] as a method for making particles in nanom-
eter dimensions. In this method, nanoparticles are produced
from larger masses of materials using shaving, milling, etc.
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Mechanical alloying, nanolithography, and severe plastic
deformation are three main top-down approaches for the
preparation of NPs [3, 4]. However, they involve harsh reac-
tion conditions and need expensive process (instruments,
solvents, time, etc.). In this study, we are going to intro-
duce another top-down approach for the synthesis of metal
alloy nanoparticles from an oxidizing mixture solution of
HNO5/DMSO/NaOCI (HDN reagent). The present method
is cheap and easy handling, which produces nanoparticles
in two steps. Screw was chosen as a bulk precursor for the
synthesis of NPs that was subjected to these solutions, and
the prepared nano-belts were used as an efficient magnetic
nanocatalyst for organic reactions.

Heterocyclic compounds received considerable atten-
tion due to various biological and chemical applications
[5, 6]. Quinolines and xanthenes are two main classes of
heterocycle chemistry. Quinolines constitute a most appli-
cable class of N-containing heterocyclic compounds that
have been caught attention of researchers due to of their
broad range of biological activities such as antimicrobial,
anti-inflammatory, antihypertensive, anti-asthmatic, anti-
cancer, and antimalarial [7]. Quinolines can be found in
natural products (especially in alkaloids), shale oil, petro-
leum, wood preservation, and coal processing [8]. Various
methodologies have been developed for the preparation of
quinolines for sake of their inevitable applications in biolog-
ical and organic synthesis such as: Combes, Pfitzinger, Con-
rad-Limpach, Skraup, Doebner—von Miller, and Friedlédnder
annulation. Friedlédnder annulation is the most popular and
straightforward approach for the preparation of quinolines
that involves condensation cyclization between an active car-
bonyl compound containing an active a-methylene group
and 2-aminoaryl ketones [9]. The reaction could be cata-
lyzed by a variety of acid-based catalysts or transition metal-
based catalytic systems that can be point to some recently:
(1) microwave [10], (2) malic acid [11], (3) [M002]2+ [12],
(4) [Mn(CO);Br] [5], (5) a-Chymotrypsin [7], (6) sulfonyl
imidazolium salt [13], (7) Fe;0,@Si0,@ZnCl, [14], (8)
benzylamine [8], (9) carbon aerogel [15], and (10) calcium
silicate nanoparticles [16].

Xanthene is another important class of heterocyclic com-
pounds that contains the pyran ring. Numerous biological
activities have been known for them such as anti-bacterial,
anti-inflammatory, anti-viral, photodynamic therapy, anti-
plasmodia, and laser technology [6, 17, 18]. Also, they
played a vital role in other fields of science such as agricul-
tural, industrial, material science, and medicinal chemistry
[19, 20]. Xanthene ring can be constructed via various meth-
ods including: (1) Knoevenagel-Michael reaction of two
equivalents of 1,3-cyclohexadione with aldehydes (2) cyclo-
condensation reaction of 2-hydroxyaromatic aldehydes and
2-tetralone [21], (3) the reaction of benzaldehyde and ace-
tophenone [22], and (4) the condensation of $-naphthol with
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alkyl or aryl aldehydes [23] in acidic conditions. Among
them, multicomponent domino Knoevenagel-Michael reac-
tion of two equivalents of 1,3-cyclohexadione with alde-
hydes [6] is the most current approach for the synthesis
of xanthenes in the presence of various types of catalysts
such as: Lewis acids [20], ZrO, [24], SmCl, [25], Fe;0,@
Si0,-HPW (HPW = phosphotungstic acid) [26], tetrapro-
pylammonium bromide (TPAB) [27], silica sulfuric acid
[19], sulfonated starch nanoparticles [28], ultrasound [29],
Fe;0,@Si0,@GMSI-VB1-Ni** (GMSI = (3-glycidyloxy-
propyl) trimethoxysilane; VB1 =covalent bonding of thia-
mine [17], CuS quantum dots [30], sulfated polyborate [31],
nano-Ti0, [32], Fe;0,@Si0,—SO;H [33], and N-sulfonated
DABCO (DABCO = 1,4-diazabicyclo[2.2.2]octane) [34].
Very recently, Kim and co-workers reported the catalyst-
free synthesis of xanthenes in a water—ethanol medium [18].

Despite considerable progress in synthesis of quinolines
and 1,8-dioxo-octahydroxanthenes, they suffer from numer-
ous drawbacks including low yields, tedious work-up, long
reaction times, use of expensive and toxic reagents, and are
not environmentally friendly.

Herein, in accordance with green chemistry considera-
tion as well as economical and industrial aspects, we have
reported a cheap magnetic nanocatalyst Fe—Cr—Ni oxide
alloy that is prepared by the chemical decomposition of a
stainless steel screw with easily accessible and high catalytic
activity for the construction of quinoline as well as xanthene
derivatives in water as a green solvent at room temperature.

Experimental
Materials and instrumentation

A carbon alloy of screw (ferritic stainless steel 304) with
25 mm height, 4.0 mm width, 2.223 g, was purchased
from PICHSASAN ARAS IRANIAN Co., and used for
the chemical decomposition and subsequently catalyst
preparation. All solvents and reagents were in analytical
grade and provided from Sigma and Fluka companies.
Reactions progress was monitored by thin layer chro-
matography (TLC). FTIR spectra were recorded using a
JASCO FT/IR 4600 spectrophotometer using KBr pellet.
The 'H NMR and >*CNMR spectra were recorded on a
Bruker AVANCE III 300 MHz spectrometer in CDCl; and
DMSO-d, as a solvent and TMS as an internal standard.
Field emission scanning electron microscopy (FE-SEM)
images were obtained on a FEI NOVA NanoSEM 450.
EDX spectroscopy was performed using field emission
scanning electron microscope (FE-SEM, JEOL 7600F),
equipped with a spectrometer of energy dispersion of
X-ray from Oxford instruments. XPS studies were con-
ducted using an XR3E2 (VG Microtech) twin anode X-ray
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source with Al Ka=1486.6 eV. Transmission electron
microscopy (TEM) was performed on a Philips EM208
microscope and was operated at 100 kV. DLS analysis
for the nano-belts was performed on a HORIBA-LB550
instrument. The data were analyzed by DTS applica-
tions 5.10 software. The detection angle was 90 °C for
the size measurement, and the intensity average particle
size of the nano-belts was measured by a nonnegative
least squares analysis method [35]. TGA of the samples
has been performed on a NETZSCH STA 409 PC/PG in
nitrogen atmosphere with a heating rate of 10 °C/min
in the temperature range of 25-1000 °C. The magnetic
behavior of the samples was conducted on Lake Shore
vibrating sample magnetometer (VSM) at room tempera-
ture. The surface area, pore volume, and pore diameter
of the obtained NPs were determined by N, physisorp-
tion at — 196 °C with surface area and pore size analyzer
(Micromeritics ASAP 2000 instrument) using the BET
method. Metal leaching studies were performed using an
inductively coupled plasma mass spectrometer (ICP-MS)
Thermo Elemental VG PQ ExCell. XRF analysis was car-
ried out by a XRF Philips PW1730 instrument. The sur-
face area, pore volume, and pore diameter of the obtained
NPs were determined by N, physisorption at — 196 °C
with surface area and pore size analyzer (Micromeritics
ASAP 2000 instrument) using the BET method.

Fig.1 An experimental sche-
matic for the preparation of
the magnetic Fe—Cr—Ni alloy
nanoparticles

Magnetic Fe-Cr;Ni alloy
nanorods

Preparation of the catalyst

In a 100 mL beaker, a ferritic stainless steel-304 with
2.223 g in weight was placed and 5 mL. DMSO and 5 mL
NaOCl solution were added (Fig. 1). Then, 10 mL HNO,
65% was added to the solution. Immediately after the addi-
tion, a red color of NO, gas was generated and chemical
decomposition/corrosion of the screw was started. The
temperature remained constant at 75 °C during decomposi-
tion, so that the boiling solution was quite clear (no external
heating was applied). The decomposition continued to com-
plete dissolution of the screw, and a transparent dark brown
solution was obtained (no suspensions or gels are formed).
The complete dissolution takes 35 min. The resultant solu-
tion was centrifuged to eliminate any unreacted metal screw.
Then, the solution was neutralized with NaOH 1 N. Upon
neutralization, the dark brown sediment was obtained. The
precipitate was washed several times with deionized water
(2%20 mL) and EtOH (2 x20 mL), dried into oven (60 °C),
and isolated as a stable powder at room temperature in air
atmosphere. An experimental view for the preparation of the
catalyst is shown in Fig. 1.

Typical procedure for preparation
of 1,8-dioxo-octahydroxanthenes

To a 25 mL round bottom flask, benzaldehyde (1.0 mmol)
and dimedone (2.2 mmol) were added to 2 mL of water.

CAUTION!
NO, (o) is very toxic and harmful

pH=7.0

T. is about 90 °C in begning

Magnetically

% separation
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The catalyst (5 mg) was added to the mixture, and the
resulting mixture was stirred for the appropriate time at
room temperature. The reaction progress was monitored by
TLC. Upon reaction completion, 5 mL ethanol was added
to the mixture and the catalyst was separated by an exter-
nal magnetic field. Then, the product was extracted with
EtOAc (3x7 mL). The organic phases were combined,
and the solvent was removed under reduced pressure. The
crude product was recrystallized from EtOH to afford the
pure xanthene product.

Typical procedure for preparation of quinolines

In a typical procedure, to a 25 mL round bottom flask,
2-aminobenzophenone (1.0 mmol) and dimedone
(1.2 mmol) were added to 3 mL of water. The catalyst
(5 mg) was added to the mixture, and the resulting mixture
was stirred at room temperature for an appropriate time.
The reaction progress was monitored by TLC. Upon the
reaction completion, 5 mL of ethanol was added to the
mixture and the catalyst was separated by an external mag-
netic field. Then, the product was extracted with EtOAc
(7 mL x 3). The organic phases were combined, and the
solvent was removed under reduced pressure. The crude
product was recrystallized with EtOH to afford the pure
quinoline product.

Results and discussion
Catalyst characterization

The prepared nano-belts were characterized by various
spectroscopic methods. FTIR spectrum represents a series
of peaks at 444—681 cm™! that could be assigned to Fe-O,
Cr—O or Ni-O stretching vibrations [36, 37]. This is com-
pletely in agreement with magnetic behavior of the NPs.
A peak at 1624 cm™! demonstrates the vibration of water
trapped in nano-belts (Fig. 2a).

The nanoparticles represent a superparamagnetic
behavior with saturation magnetization of 65 emu g=!
(Fig. 2b). This behavior could be attributed directly to
the Fe;0, phases in the nano-belts in accordance with the
FTIR spectrum. The NPs represent an excellent thermal
stability, which there is not found any noticeable weight
loss until 1000 °C. This behavior exhibited that the NPs
are completely inorganic in nature and there are not any
decomposable organic compounds in the NPs. A small
weight loss of ~2% at temperature below 200 °C is related
to desorption of water that is trapped in the network of
NPs (Fig. 2¢).

From XRD pattern of nano-belts, various phases
including Fe;0,, CrO,, and NiO could be seen. The peaks
appeared at 260=29.7°, 36.6°, 43.3°, 53.5°, and 62.9°
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Fig.2 FTIR spectrum (a), b VSM curve, ¢ TGA curve, and d XRD spectrum of the Fe—Cr—Ni oxide alloy nanoparticles
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correspond to the (220), (311), (400), (422), (440) planes
that are related to the inverse spinel crystal structure of
Fe;0, (Fig. 2d, black circles) [38]. The characteristic
diffraction peaks at 20 =37.3°, 43.5°, 62.5°, 75.6°, and
78.4° could be marked, respectively, by their indices to the
(111), (200), (220), (311), and (222) planes, demonstrat-
ing NiO structure [39]. Moreover, two peaks at 20 =27.6°
and 36.8° could be assigned to CrO, crystal structure and
correspond to (110) and (101) planes, respectively [40].

Morphology and shape of the NPs were identified from
SEM and TEM images. As shown in Fig. 3, the nanoparti-
cles are belt-like in shape with a homogenous morphology.
The nano-belts have an average size of 85 nm.

The EDX analysis demonstrated the presence of C, O,
Fe, Cr, Ni, Si, and Mn elements in the nano-belts in agree-
ment with a ferritic stainless steel 304 chemical composi-
tion (Fig. 4a). Also, the major components were Fe, O, Cr,
and Ni with 37.58, 44.33, 12.87, and 3.60 wt%, respectively
(Fig. 4a-inset table). The presence of the elements was also
confirmed by XPS analysis of the nano-belts completely
in agreement with the EDX analysis. The corresponding
bonding energies are assigned in Fig. 4b. The result from
XRF analysis did not show any other heavy metals that were

detected by XPS and EDX analyses (Fig. 4c). Although the
determination of particles size distribution of nano-belts is
challenging due to non-spherical shape, but Liu et al. [35]
introduced an efficient reliable method for this measure-
ment, where the particles size distribution of the nano-belts
was measured using a fixed angle DLS. The results were in
agreement with those from TEM, and the nano-belts have
a mean size of 85 nm with a sharp-narrow peak (Fig. 4d).
As shown in Fig. 4d, a nearly symmetrical size distribution
was obtained for the nano-belts. The specific surface area
and porosity of the nano-belts were studied by N, adsorp-
tion—desorption isotherm analysis. Based on the BET iso-
therm, specific surface area and pore volume of the nano-
belts were obtained 186 m%g and 1.619 cm?/g, respectively
(Table 1).

2p High-resolution XPS analysis was performed to inves-
tigate the detailed elemental information and the oxidation
state of Fe—Cr—Ni oxide alloy. Figure 5a-d shows the bind-
ing energies related to Cr2p, Mn2p, Fe2p, and Ni2p. Cr 2p
XPS spectrum of the alloy and clearly proved the presence
of CrO, phases with their corresponding binding energies
at 576.4 eV (Cr 2p5),) and 586.4 eV (Cr 2p,,) in agreement
with the literature (Fig. 5a) [41, 42]. High-resolution XPS

Fig.3 SEM (a, b), and TEM (c, d) images of Fe—Cr—Ni oxide alloy nanoparticles
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Fig.4 EDX (a), XPS (b), XRF (c), and DLS (d) spectra of the Fe—Cr—Ni alloy nanoparticles

Table 1 Surface characteristics of Fe—Cr—Ni oxide alloy

XRD crys- TEM Specific Pore Average pore
talline size  particle size surface area volume radius (nm)
(mn) (nm) (m*/g) (cm’/g)

69 85 186 1.619 2.577

spectrum of Mn 2p showed two couples characteristic peaks
at (640.5, 652.0 eV) and (642.0, 653.0) related to (Mn 2p5),,
Mn 2p,,,) for Mn>* and Mn**, respectively (Fig. 5b) [43].
Although the Mn content in the alloy is very low (1.02 wt%
based on EDX analysis), the presence of Mn oxides, Mn,Os,
and MnO, is likely due to the presence of +3 and +4 nuclei
in the alloy (Fig. 5b). For the Fe 2p XPS spectrum, two
spin—orbit splitted represent the existence of both Fe** and
Fe** in Fe;O, phases (Fig. 5c¢) [44]. The peaks at 710.0
(2ps) and 723.4 (2p,,,) €V correspond to Fe?*, and 711.8
(2ps)) and 725.5 (2p,),) eV are related to Fe** [45]. The
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Ni 2p spectrum represents two edge splits by spin orbital
coupling including 2p,,, and 2p,,, at~854 and ~872 eV,
respectively (Fig. 5d). Also, their corresponding satellites
were appeared at 862.1 and 879.0 eV, respectively, which
confirmed the existence of NiO phases in Fe—Cr—Ni oxide
alloy [46, 47].

Catalytic activity

In order to investigate the parameters involved in the reac-
tion, the reaction of benzaldehyde with dimedone was
chosen as a model reaction for the preparation of 9-phenyl-
3,4,5,6,7,9-hexahydro-1H-xanthene-1,8(2H)-dione. First of
all, the reaction was conducted in various types of solvents
(Table 2). The best choice was water as a green solvent with
90% conversion at room temperature; although some other
solvents such as EtOH, PEG-200, glycerol, and DMSO
afforded same and/or slightly higher conversion, since
environmental and industrial aspects, water was selected
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Fig.5 High-resolution XPS (energy-corrected) analysis of Fe—Cr—Ni oxide alloy: a Cr 2p, b Mn 2p, ¢ Fe 2p, and d Ni 2p

Table 2 Optimization experiments for the reaction of benzaldehyde,
dimedone catalyzed by Fe—Cr—Ni alloy

Entry Solvent Cat. amount Time (min) Yield (%)
(mg)

1 H,0 5.0 65 90

2 EtOH 5.0 65 90

3 DMSO 5.0 65 92

4 Glycerol 5.0 80 90

5 PEG-200 5.0 80 88

6 CH;CN 5.0 120 75

7 DEE 5.0 120 45

8 H,0 3.0 80 65

9 H,0 4.0 80 85

10 H,0 6.0 80 90

11 H,0 8.0 80 91

12 H,0 - 180 Trace

Reaction conditions: dimedone (2.2 mmol), benzaldehyde

(1.0 mmol), catalyst, solvent (3.0 mL), room temperature

as the premium solvent in our study. The highest possible
efficiency was obtained in the presence of only 5.0 mg of
catalyst in water, which give 90% conversion for 65 min
(Table 2).

All experiments were performed at room temperature;
it should be noted that the increase in temperature did not

cause a noticeable change in efficiency. The vital role of the
catalyst was elucidated when the reaction was carried out in
the absence of the catalyst, and a trace amount was obtained
(Table 2).

After finding the optimum conditions for the preparation
of xanthene compounds, various derivatives of aldehyde
were condensed with dimedone or 1,3-cyclohexadione in the
presence of 5.0 mg of catalyst in water at room temperature.
The results are tabulated in Table 3. As shown in Table 3,
a wide scope of aldehyde-bearing electron-donating group
(3b, 3c, 3g, 3h, 3u, 3v, ...) or electron-withdrawing group
(3d, 3e, 3i, 3j, 30, 3p, ...) could be transferred to xanthenes
with high efficiency (74-96%, 30-85 min). This diversity
reflects the compatibility of the catalyst toward a variety of
functional groups, which acid sensitive aldehydes such as
thiophene-2-carbaldehyde (Table 3, entry 12) and furfural
(Table 3, entry 13) could be efficiently transformed to the
corresponding xanthenes.

Encouraged by the obtained results from the preparation
of xanthenes, we then examined the versatility and general-
ity of this method toward the preparation of quinolines. As
shown in Table 4, again, a wide variety of carbonyl com-
pounds whether aliphatic or aromatic (5) were condensed
with 2-aminobenzophenone and/or 2-amino-5-chlorbenzo-
phenone (4b), and high to excellent yields were achieved
for all of entries.
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Table 3 Preparation of 1,8-dioxo-octahydroxanthenes (3a—3ac) cata-
lyzed by Fe—Cr—Ni nano-belts in water at room temperature

R,
R—CHO + 2 JE—
1 R;
2

Table 4 Preparation of quinoline derivatives (6a—6r) catalyzed by
Fe—Cr—Ni nano-belts in water at room temperature

)I\ Catalyst (5 mg)
© TH,0,RT. T

\= Ar, Heterocyclic  R,=H, Me 'O 3a 3ac
R=H (4a); Cl (4b)
N
Entry R, R, Product Time (min) Yield (%)
1 Phenyl H 3a 65 90 Entry 4 5 Product Time (min) Yield (%)
2 4-Me-phenyl H 3b 50 88 1 4a 1,3-Cyclohexanone 6a 50 90
3 4-OMe-phenyl H 3c 55 86 2 4a Methyl acetoacetate  6b 35 98
4 4-Cl-phenyl H 3d 70 82 3 4a Cycloheptanone 6¢ 38 98
5 3-Cl-phenyl H  3e 50 92 4 4a Acetophenone 6d 35 95
6 3-Me-phenyl H 3f 45 90 5 4b Ethyl acetoacetate 6e 60 85
7 2-OH-phenyl H 3 50 86 6 4b 1,3-cyclohexanone of 40 88
8 4-OH-phenyl H 3h 45 89 7 4a 4'-MeO-acetophenone 6g 32 98
9 4-NOp-phenyl H 3 35 97 8 4a 4'-OH-acetophenone  6h 35 92
10 3-NO,-phenyl H 3 30 97 9 4b 4'-Cl-acetophenone 6i 50 88
1 Phenyl Me 3k 60 9 10 4a 4'-NO,-acetophenone 6j 50 86
12 2-Thiophene Me 31 70 98 11 4a Cyclohexanone 6k 60 95
13 2-Furyl Me 3m 60 98 12 4b 4'-Cl-acetophenone 6l 40 98
14 2,5-diMeO-phenyl Me  3n 60 80 13 4a Cyclopentanone 6m 45 93
15 2-Pyridil Me 3o 60 9 14 4b Acetophenone 6n 66 86
16 3-Pyridil Me 3p 60 98 15 4b Acetylacetone 60 85 82
17 2-Naphthyl Me 3q 80 76 16 4b Dimedone 6p 30 97
18 4-Me-phenyl Me 3r 45 9 17 4a Acetylacetone 6q 40 80
19 2-NO,-phenyl Me 3s 85 89 18 4a 4'-Cl-acetophenone 6r 30 80
20 3-Me-phenyl Me 3t 60 73
21 2-OH-phenyl Me 3u 30 76 Reaction conditions: 2-aminobenzophenone (1.0 mmol), carbonyl
2 4-OH-phenyl Me 3v 40 32 ;Z;zﬁfrind (1.2 mmol), catalyst (5.0 mg), water (3.0 mL), room tem-
23 4-Br-phenyl Me 3w 55 83
24 4-Cl-phenyl Me 3x 80 74
25 4-1-phenyl Me 3y 45 94
26 2-MeO-phenyl Me 3z 80 78
27 4-NO,-phenyl Me 3aa 75 90
28 3-NO,-phenyl Me 3ab 40 96
29 4-MeO-phenyl Me 3ac 85 85 wq 5 .
98 9 g

Reaction conditions: 1,3-dione (2.2 mmol), aldehyde (1.0 mmol), cat-
alyst (5.0 mg), water (3.0 mL), room temperature

Recyclability studies

The main advantage of a heterogeneous catalyst is its ability
to recover from the reaction medium and use it repeatedly
without compromising efficiency [36, 37, 48]. This property
is very important in terms of economic, industrial objectives,
and environmental sustainability. In this way, both reactions
of (1) dimedone with benzaldehyde (preparation of 3a), and
(2) 2-aminobenzophenone with 1,3-cyclohexadione (prepa-
ration 6a) were performed several consecutive times under
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Table 5 Measurement of

. . Element Leaching amount in each run (pg L™

leaching amount in each

reaction cycle for the reaction of Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8

benzaldehyde and dimedone for

the preparation of 3a Cr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.006
Ni 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.005
Fe 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Mn 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.008

Reaction conditions: 1,3-dione (2.2 mmol), aldehyde (1.0 mmol), catalyst (5.0 mg), water (3.0 mL), room

temperature

The analyses for Cr, Ni, Fe, and Mn were taken at 205.552 nm, 231.604 nm, 259.940 nm, and 257.610 nm,

respectively

optimized conditions. Figure 6 shows the corresponding
results that insignificant loss in efficiency was observed at
the eighth run. There is only a 3% loss in product yield was
achieved for both reactions (Fig. 6). In addition, metal leach-
ing in the catalyst was studied for the reaction of dimedone
with benzaldehyde (preparation of 3a). Due to the presence
of various transition metals in the catalyst, the leaching was
determined for each of them in every cycle. Table 5 shows

these amount for Cr, Ni, Mn, and Fe, which there are not sig-
nificant. However, an ignorable amount was detected for the
elements after the eight run except Fe (Table 5). To support
these results, the hot filtration test was applied for this reac-
tion. The catalyst was magnetically filtered from the reaction
mixture of benzaldehyde and dimedone after 30 min at room
temperature. The efficiency was 49% (GC) in this time. The
reaction was allowed to proceed for another 1 h, where the

nras
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Fig.7 FTIR (a) and EDX (b) spectra, SEM (c¢) and TEM (d) images of the Fe—Cr—Ni oxide alloy nanoparticles
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yield reached to 50%. This indicates that the catalyst acts
heterogeneously and it does not suffer any metal leaching
during the reaction. These results reflect the heterogeneous
nature of the catalyst which maintains its catalytic activity
during recycling.

To show the stability and durability of the catalyst, it was
characterized after the eight recycling test (Figs. 6 and 7). As
shown in Fig. 7 and with the comparison with the fresh ones,
the FTIR and EDX spectra as well as SEM and TEM images
confirmed that the structure of the catalyst is as same as the
fresh one and there is not any change in its structure during
several recycles. FTIR and EDX spectra strongly confirmed
the structure and morphology of the catalyst. Also, from the
recovered SEM and TEM spectra, it could be concluded that
the structure and morphology of the catalyst remain intact
during the recycles (Fig. 7a—d).

Conclusion

A new approach for the top-down preparation of nanoparti-
cles has been developed via the chemical decomposition of
bulk metal alloys using the NaOCI/HNO,/DMSO reagent
as an extraordinary oxidizing/corrosion mixture. In this
study, magnetic Fe—Cr—Ni oxide nano-belts were prepared
by chemical decomposition of a ferritic stainless steel-304
in two steps. The nano-belts demonstrated an excellent
catalytic activity toward the preparation of quinolines and
1,8-dioxo-octahydroxanthenes in water at room tempera-
ture, which high to excellent yields were obtained for all
compounds. The nano-belts have a diameter of about 80 nm
and have sufficient magnetization of 65 emu g~', and also
high thermal and mechanical resistance. The catalyst could
be recycled for at least eight consecutive runs without any
significant loss in its activity.
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