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ABSTRACT

Green chemistry has fostered research on recyclable, insoluble, and easily separable heterogeneous catalysts. Carbon materials
are widely used for renewable energy and environmental studies. Here, we used green Pistachio peel, a biomass waste for the
synthesis of magnetic carbon-based solid acid (Fes0.@C-SO3zH) by carbonization and sulfonation. The physicochemical
properties of the nanocatalyst were characterized using XRD, FT-IR, FE-SEM, TGA, VSM, and TEM. The catalytic activity of
Fes0,@C-SO3H was investigated in the synthesis of isoxazole-5(4H)-one, 1-amido alkyl-2-naphthol, pyrano[2,3-c]pyrazole, and
2,3-dihydro quinazoline-4(1H)-one derivative, and some of the synthesized compounds were screened for their anti-microbial
activity. Furthermore, the recovery and reuse of the catalyst were demonstrated six times without detectible loss inactivity. The
concentration of H* loaded on the Fe3O,@C-SOsH was reported to be 1.3 mmol g*. The well-defined Fe;0,@C-SO3H core—
shell heterostructures exhibited high stability, efficient recyclability (6 cycles).

Keywords: Magnetic nanocatalyst, biomass, pistachio peel, isoxazole, amido alkylnaphthol, pyrano pyrazole, dihydro
quinazolin.

1. Introduction powerful electron acceptor is likely to be a good

Multicomponent reactions (MCRs) are effective candidate for_organip no_nlinear optical (NLO) materials
methods for the practical construction of a wide range  [19], photonic applications [20], and solar cells [21].
of heterocyclic compounds in a single process with ~ Oné of the most attractive methods of obtaining
structural diversity and complexity from simple and  1S0xazole-5(4H)-ones is the cyclo condensation of
inexpensive starting materials via the generation of  hydroxylamine hydrochloride with (-ketoesters and
several bonds in a single synthetic operation [1-7]. various aldehydes in the presence of various types of
The isoxazole-5(4H)-one, also called isoxazoline, ring  catalysts, including sodium acetate and tungsten lamp
systems represent important molecular structures, which ~ [21], potassium phthalimide (PP1) [22], potassium
have been employed as the precursors in the synthesis ~ nydrogen phthalate (KHP) [23], tetrabutylammonium
of interesting organic molecules [8]. They have been  Perchlorate (TBAP)/glycine/sodium oxalate [24] and
known to show antibacterial [9], antifungal [10],  Silica (SiO2-HzS0x) [25].

tyrosinase inhibitory [11], anticancer [12], anti-obesity ~ The 1-amido alkyl-2-naphthol derivatives are important
[13], anti-androgen [14], CDP-ME kinase inhibitor [15],  organic compounds found in anti-inflammatory,
anti HIV [16], fungicide [17], and insecticides [18]  anthelmintic, antibacterial, and antiviral agents [26].
activities. Also, the isoxazole-5-(4H)-one motif as the Some 1l-amido alkyl-2-naphthols are well-known

intermediates to synthesize 1-amino alkyl-2-naphthols
(Betti bases) as pharmaceutically active molecules with
depressor, hypertensive, and bradycardia [27].
Furthermore, derivatives of 1-amido alkyl-2-naphthol
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act as precursors for the synthesis of interesting
molecules with biological activity, including antibiotic
[28], antihypertensive [29], analgesic [30], antimalarial
[31], antitumor [32], antirheumatic [33], antianginal
[34], and anticonvulsant [35]. Owing to the importance
of such biologically active scaffolds and their
occurrence in natural products, their synthesis is
interesting to researchers. A one-pot MCR of j-
naphthols, aldehydes, and amides is an excellent
practical synthetic technique for the synthesis of 1-
amido alkyl-2-naphthols, which is catalyzed by several
catalysts such as sulfanilic acid [36], cellulose-SO3H
[37], zirconocene dichloride (Cp2ZrCly) [38], copper p-
toluenesulfonate (CPTS) [39], tin tetrachloride
(SnCls.5H,0) [40] and magnetic nanoparticles
supported (iminoethyl)phenyl)imino)methyl)phenol Cu
(1) or Zn (1) Schiff base complexes [41].

Pyrano pyrazoles are an important category of
heterocyclic compounds, which play a significant role
in the pharmaceutical field and biologically active
compounds. Compounds bearing the pyrano pyrazole
system have been found to have various biological
activities, for instance, antimicrobial [42], analgesic
[43], vasodilator [44], anticancer [45], anti-
inflammatory [46], molluscicidal [47], anti fungicidal
[48], and also as biodegradable agrochemicals [49],
furthermore, some of these compounds are commonly
employed in industries such as cosmetics and pigments
[50]. Various catalysts and conditions have been used to
synthesize pyrano pyrazoles through a four-component
reaction of aldehydes, ethyl acetoacetate, malononitrile
with hydrazine hydrate. Some of those catalysts are
triethylamine [51], p-dodecylbenesulfonic acid (DBSA)
[52], hexadecyltrimethylammonium bromide
(HTMAB) [53], ammonium acetate [54] and
silicotungstic acid (Ha[SiW12040]) [55].

The heterocyclic fused rings quinazolines have attracted
a huge consideration because of their expanded
applications in the field of pharmaceutical chemistry
[56]. Many substituted quinazoline derivatives possess
a wide range of bioactivities such as antimalarial [57],
anticancer [58], antimicrobial [59], antifungal [60],
antiviral [61], antihypertensive [62], anti-inflammatory
[63], anti-diabetes [64], muscle relaxant [65],
antitubercular [66], antiobesity [67], anticonvulsant [68]
and many other ones. Quinazolines compounds are used
in the preparation of various functional materials for
synthetic chemistry and are also present in molecules of
various drugs. Several synthetic routes have been
widely used for the preparation of quinazoline
derivatives. These compounds have been synthesized in
the presence of a variety of homogeneous or
heterogeneous catalysts such as molecular iodine (12)

[69], cyanuric chloride [70], morpholinoethanesulfonic
acid [71], silica-supported polyphosphoric acid (SiO»-
PPA) [72], NH4CI [73] or by electrochemical reactions.

Solid acid catalyst has been applied in organic
transformations due to their high catalytic activity,
operational ~ simplicity,  cost-effectiveness, and
recyclability  [74-79].  Functionalized  magnetic
nanoparticles, on the other hand, have become a
valuable and efficient catalyst in green organic
transformations because they provide a convenient way
of using a magnet for the isolation of stimuli and in
chemical reactions facilitates the recovery of expensive
catalysts from the reaction mixture, due to easy
separation by a magnet avoiding the need for the tedious
workup procedure [80-84].

In this work, we have developed a low-cost approach for
synthesizing a magnetic carbon-based solid acid catalyst
(FesO4@C-SO3H) by using green Pistachio peel
biomass waste as a carbon source. The as-prepared
nanocatalyst was characterized by XRD, FT-IR, FE-
SEM, TGA, VSM, and TEM. The catalytic performance
of the as-prepared catalysts was examined in the
synthesis of isoxazole-5(4H)-one, 1-amido alkyl-2-
naphthol, pyrano[2,3-c]pyrazole, and 2,3-dihydro
guinazolin-4(1H)-one derivative, and some of the
synthesized compounds were screened for their anti-
microbial activity.

2.Experimental

2.1 General

All chemicals were purchased from commercial sources
and were used without further purification. The products
were characterized by comparison of their physical data
with those of known samples or by their spectral data.
Melting points were measured on a Buchi 510 melting
point apparatus and are uncorrected. Nuclear magnetic
resonance (NMR) spectra were recorded at ambient
temperature on a BRUKER AVANCE DRX-400 MHz
using CDCl; or DMSO-ds as the solvent. Fourier-
transform infrared spectroscopy (FT-IR) spectra were
recorded on a Perkin-Elmer RXI spectrometer.
Thermogravimetric analysis (TGA) was conducted
from room temperature to 750 °C under argon
atmosphere using a BAHR-Thermoanalyse
simultaneous thermal analyzer STA 503 instrument
with aluminium oxide reference. X-ray diffraction
(XRD) patterns of samples were taken on a Philips X-
ray diffract meter Model PW 1840. The particle
morphology was examined by Field emission scanning
electron microlscopy (FE-SEM) (Philips XL30
scanning electron microscope). Transmission electron
microscopy (TEM) observations were performed using
a Zeiss TEM- LEO 910 apparatus operating at 100 kV.
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The development of reactions was monitored by thin
layer chromatography (TLC) analysis on Merck pre-
coated silica gel 60 F2s4 aluminum sheets, visualized by
ultraviolet (UV) light.

2.2. Catalyst preparation

2.2.1. Synthesis of Fe3O4 nanoparticles

The magnetic core was synthesized by the
coprecipitation method [85]. The FeCls;.6H,O and
FeCl2.4H,0 with the molar ratio of 2:1 were dissolved
in water. Then, NHz solution was added to keep the pH
between 11 and 12. The magnetic core was obtained by
magnetic attraction and washed with water. The
products were then dried at 60 °C in vacuum for 6 h for
further characterization.

2.2.2. Synthesis of Fe304 @C-SOzH

Green Pistachio peel was obtained from Damghan's
Pistachio gardens. The green Pistachio peel was washed
with water and was oven-dried at 70 °C for 6 h then was
ground to powder by an electric spice grinder. Green
Pistachio peel powder (10.0 g) and water (80 mL) were
mixed and stirred at room temperature [86]. Then, 2 g
of magnetic core FesO4 nanoparticles was added, the
resulted mixture was dispersed using ultrasonic
vibration. The mixture was transferred to the 100 mL
Teflon-lined stainless steel autoclaves and heated in an
oven at 180 °C for 12 h. The carbon intermediate was
magnetically attracted, washed with water and ethanol,
and dried at 60 °C in an oven under vacuum for 12 h.
The resulted compound is denoted as Fe;O4 @C.

NH;,
FeCl,4H,0 +FeCly6H,0 ——— » oa |
VLN

carpon

= 2

j 1,50,

Then a mixture of FesOs @C (1.0 g) and concentrated
sulfuric acid (>98%, 10 mL) was mixed and stirred at
room temperature. After being stirred for 1 h, the
resultant mixture was transferred into a 100 mL sealed
Teflon-lined autoclave and kept at 180 °C for 12 h. After
cooling to room temperature, the resulting black solid
was washed with hot deionized water and ethanol
several times until sulfate ions were no longer detected,
then dried at 60 °C in an oven under vacuum for 12 h.
The as-prepared catalyst is denoted as FesO4 @C-SO3zH.

2.2.3. Solid acid titration

The acid loading of (Fes0.@C-SO3zH) MNPs (total
acidity) was determined by acid-base titration. The acid-
based titration was achieved by treating 40 mg of
Fes04@C-SO3H MNPs with 50 ml of a (0.01 M) NaOH
solution at room temperature for 2 h. The catalysts were
separated by filtration. The resulted solution was titrated
to neutrality using a (0.01 M) HCI solution and
phenolphthalein solution as the indicator to determine
the total acidity of Fe;0.@C-SOsH MNPs, Including
sulfonic acid, carboxylic acid and phenolic groups
(Scheme 1) [86].

The sulfonic acid loading groups of the functionalized
Fes0.@C-SOsH MNPs were determined by titration
using NaCl solution. A mixture of 40.0 mg of the sample
with 10 ml of a saturated NaCl solution was stirred at
room temperature for 24 h. The catalyst was separated
by filtration. The resulted solution was titrated to
neutrality using a (0.01 M) NaOH solution and
phenolphthalein as the indicator [86].

green pistachio peel

Drying
And
Crushing

Water
Hydrothermal

Fe;0,@C

Hydrothermal

SOH

HO,S,,

VLN

HO,S™"

N@N

HO;S

~ SO;H

S0
Fey0,@C-SO;H

Scheme 1. The synthetic route of the magnetic carbon-based solid acid
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2.3. Catalytic performance

2.3.1. General procedure for the synthesis of o,p -
unsaturated isoxazole -5(4H) -ones (4a-1)

A mixture of hydroxylamine hydrochloride (0.0695 g,
1.0 mmol), B-ketoester (1.0 mmol), and Fe;0.@C-
SOsH MNPs (0.03 g) in 5 mL of distilled water was
stirred at room temperature (rt) for 10 min; then,
aryl/heteroaryl aldehyde (1.0 mmol) was added to the
vessel reaction. The reaction mixture was stirred at room
temperature until the reaction was completed
(monitored by TLC analysis). After the completion of
the reaction, the catalyst was separated by an external
magnet and the precipitate was separated by simple
filtration and the products were crystallized from
ethanol (95%) to afford the title pure compounds.

3-Methyl-4-(4-methylbenzylidene)isoxazole-5(4H)-one
(4b)

IH-NMR (400 MHz, CDC1s): d 2.33 (s, 3H), 2.48 (s,
3H), 7.36 (d, J = 8.1 Hz, 2H), 7.42 (s, 1H), 8.32 (d, J =
8.4 Hz, 2H); 3C NMR (100 MHz, CDC15): d 11.6, 22.1,
118.2, 129.8, 129.9, 134.2, 145.8, 150.2, 161.4, 168.3.

4-(4-(Dimethylamino)benzylidene)-3-
methylisoxazole5(4H)-one (4d)

H NMR (400 MHz, CDC13): d 2.27 (s, 3H), 3.19 (s, 6H),
6.75 (dd, J = 1.2, 8.4 Hz, 2H), 7.24 (s, 1H), 8.43 (d, J =
8.4 Hz, 2H); *C NMR (100 MHz, CDC1s): d 11.7, 40.1,
110.9, 111.5, 121.5, 137.7, 149.3, 154.2, 161.7, 170.2.

3-Methyl-4-(thiophen-2-yImethylene)isoxazole-
5(4H)one (4h)

H NMR (400 MHz, CDC13): d 2.32 (s, 3H), 7.29 (t, J =
4.8 Hz, 1H), 7.64 (s, 1H), 7.95 (d, J = 4.8 Hz, 1H), 8.13
(d, J = 3.6 Hz, 1H); °C NMR (100 MHz, CDC13): d
11.5, 114.6, 128.9, 136.5, 139.2, 139.6, 141.5, 160. 7,
168.7.

2.3.2. General procedure for the synthesis of 1-amido
alkyl-2-naphthols (7a-1)

A mixture of substituted benzaldehyde (1.0 mmol), 2-
naphthol (1.0 mmol), amide (1.0 mmol) and Fe;0,@C-
SOsH MNPs (0.04 g) was stirred at 70 °C in an oil bath.
After completion of the reaction (using TLC analysis),
the hot ethanol was added to the resulting mixture and
the catalyst was separated by an external magnet and the
reaction mixture was allowed to cool to room

temperature and solid product was formed.
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N-((2-Hydroxynaphthalen-1-y1)(3-
nitrophenyl)methyl)acetamide (7a)

IH NMR (400 MHz, DMSO. de): 5 = 10.14 (s, 1H), 8.62
(d, J = 8.0 Hz, 1H), 8.02-7.99 (m, 2H), 7.84 (br, 1H),
7.78 (t, J = 8.6 Hz, 2H), 7.59-7.51 (m, 2H), 7.40 (t, J =
7.6 Hz, 1H), 7.26 (t, J = 7.4 Hz, 1H), 7.18 (d,J = 8.7 Hz,
1H), 7.16 (t, J = 8.0 Hz, 1H), 2.02 (s, 3H); *C NMR
(100 MHz, DMSO. de): 6 = 170.3, 153.9, 148.2, 145.9,
133.4, 132.7, 130.5, 130.1, 129.2, 128.9, 127.3, 123.2,
123.1,121.8,120.9, 118.9, 118.3, 48.2, 23.1.

N-((2-Hydroxynaphthalen-1-yl)(4-
nitrophenyl)methyl)acetamide (7b)

IH NMR (400 MHz, DMSO-ds): 6 = 10.07 (s, 1H), 8.53
(d, J = 7.9 Hz, 1H), 8.10 (d, J = 8.8, 2H), 7.74-7.82 (m,
3H), 7.44-7.33 (m, 3H), 7.25 (t, J = 7.5 Hz, 1H), 7.19
(d, J = 8.8 Hz, 1H), 7.14 (d, J = 7.9 Hz, 1H), 1.98 (s,
3H).

1-((2-Hydroxynaphthalen-1-yl)(phenyl)methyl)urea
(7c)

'H NMR (400 MHz, DMSO-ds): 6 = 9.97 (s, 1H), 7.75-
7.83 (M, 3H), 7.82 (d, J = 7.9 Hz, 1H), 7.41-7.12 (m,
7H), 6.94 (s, 1H), 5.86 (s, 2H).

2.3.3. General procedure for the synthesis of
pyrano[2,3-c]pyrazole derivatives (10a-1) .
A mixture of aryl aldehyde (1.0 mmol),
phenylhydrazine/hydrazine hydrate (1.0 mmol), ethyl
acetoacetate (1.0 mmol), malononitrile (1.0 mmol) and
Fe;0,@C-SOsH MNPs (0.03 g) was stirred in water (5
mL) at room temperature. After completion of the
reaction (monitored by TLC), the catalyst was separated
by an external magnet and the product was filtered off,
washed with small amounts of water (5 mL) and then
recrystallized from hot ethanol to give the pure products.

6-amino-3-methyl-4-(p-tolyl)-1,3a,4,7a-
tetrahydropyrano[2,3-c]pyrazole-5-carbonitrile (10b)

'H NMR (400 MHz, DMSO-ds) & ppm 1.77 (s, 3H,
CHs), 4.79 (s, 1H, CH), 6.98 (s, br, 2H, NHy), 7.46 (d,
2H, J = 8.4 Hz, ArH), 8.20 (d, 2H, J = 8.6 Hz, ArH),
12.13 (s, 1H, NH); 3C NMR (100 MHz, DMSO-ds) &
ppm 10.1, 35.1, 61.0, 98.6, 120.5, 123.9, 129.1, 135.9,
146.5, 149.2, 150.7, 161.2.

2.3.4. General procedure for the synthesis of 2,3-
dihydro quinazolin-4(1H)-ones (12a-I)

To a solution of 2-aminobezamide (1.0 mmol) and

substituted benzaldehyde (1.0 mmol) in water (5 mL),

Fes0.@C-SOsH MNPs (0.03 g) was added. The mixture
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was stirred at room temperature. After completion of the
reaction, as indicated by TLC (ethyl acetate: n-hexane
1:1), the catalyst was separated by an external magnet
and the precipitate was filtered off. Finally, the crude
product was purified by recrystallization from EtOH to
afford the corresponding 2,3-dihydroquinazolin-4-(1H)-
ones.

2,3-dihydro-2- phenylquinazolin-4(1H)-one (12a)

'H NMR (400 MHz, DMSO): ¢ 5.75 (s, 1H), 6.67 (t,
1H), 6.76 (d, J= 8 Hz, 1H), 7.11 (s, 1H), 7.24 (t, 1H),
7.34-7.39 (m, 3H), 7.49 (d, J=8 Hz, 2H), 7.61 (d, J=6.4
Hz), 8.29 (s, 1H, br).

2,3-dihydro-2-(3,4-
4(1H)-one (12h)

dimethoxy phenyl) quinazolin-

'H NMR (400 MHz, DMSO): § 3.74 (s, 3H), 3.75 (s,
3H), 5.69 (s, 1H), 6.67 (t, 1H), 6.75 (dd, J= 8 Hz, 1H),
6.93-6.98 (m, 2H), 7.01 (s, 1H, br), 7.24 (m, 1H), 7.60
(dd, J= 8 Hz), 8.16 (s, 1H).

2,3-dihydro-2-(3,4,5-trimethoxy  phenyl) quinazolin-
4(1H)-one (12i)

IH NMR (400 MHz, DMSO): 6 3.64 (s, 3H), 6.67-6.71
(m, J= 8 Hz, 1H), 6.76 (dd, J= 8 Hz, 1H), 6.84 (s, 2H),
7.04 (s, 1H, br), 7.26 (m, J= 8 Hz, 1H), 7.62 (s, J=7.8
Hz ,1H), 8.21 (s, 1H). C NMR (400 MHz, DMSO):
56.34, 60.34, 67.34, 104.86, 104.86, 114.89, 115.48,
117, 127.82, 133.75, 137.03, 137.03, 137.03, 137.97,
148.50, 153.18, 164.16.

Anti-microbial testing

Some of the prepared compounds 1-4 were screened for
their antimicrobial activity. The preliminary activity
was determined by the disc diffusion method. In this
work, Escherichia coli and Staphylococcus aureus
bacterial strains were used. The compounds were
dissolved in DMSO at a concentration of 1 mgmL™ [25,
41].

3. Results and Discussion

3.1. Characterization of the novel magnetic carbon-
based solid acid

3.1.1. Acidity test of Fes0.@C-SOsH MNPs

Green pistachio peel biomass waste was used as a
carbon source for the synthesis of the novel magnetic
carbon-based solid acid by a hydrothermal method. To
increase the acidity of the catalyst, the sulfonation was
done by concentrating sulfuric acid at 180 °C in a sealed
Teflon-lined autoclave. In this process, polycyclic

aromatic carbon sheets in Fe;0s@C MNPs were
sulfonated.

The amount of introduced sulfonic acid (-SOsH) groups
was 1.3 mmol H* g, quantified by an ion exchange of
H* ions of the sulfonic acid with NaCl, followed by
titration of the resulting filtrate with NaOH. On the other
hand, the number of H* determined by acid-base
titration was 2.8 mmol H* g for total acidity including
—SOsH, -COOH, and phenolic -OH groups based on
reaction with NaOH and then back-titration by HCI
solution.

The acidity of the magnetic carbon-based solid acid was
derived mainly from the sulfonic acid groups [86], To
enhance the acidity of catalyst, the amounts of sulfuric
acid were increased. The acidity of 1.3 mmol H*/g was
obtained by the reaction of sulfuric acid (10 ml) and
Fes0.@C (1 g). The higher acidity of 2.0 mmol H*/g
was obtained using sulfuric acid (15 ml). However, the
magnetic property of this solid acid was decreased
because of the corrosion of the magnetic core by sulfuric
acid. So, As shown in Table 1, the optimized acidity of
the catalyst was obtained by the reaction of H,SO4 (10
ml) and Fe;:04@C (1 g) under hydrothermal conditions.

3.1.2. analysis of Fe;0.@C-SO3H MNPs

The nanocatalyst FesO,@C-SO3H was characterized by
various microscopic, and spectroscopic techniques such
as X-ray diffraction (XRD), Scanning electron
microscope (SEM), Transmission electron microscopy
(TEM), Fourier-transform infrared spectra (FT-IR),
Thermogravimetric (TGA), and Vibrating sample
magnetometer (VSM).

The XRD pattern (Fig. 1. b) of the magnetic carbon-
based solid acid showed the diffraction peaks at 30.4,
35.8 43.2, 51.3, 57.4 and 62.9, which were attributed to
the (220), (311), (400), (422), (511), and (440) planes of
FesO4, respectively. The result indicated that the
magnetic iron oxide structure was well kept in the solid
acid, which further confirmed the sulfonation process
did minor harm to the magnetic cores. For the
amorphous carbonaceous shell, the XRD pattern
showed many glitches in the baseline, and the broad
weak diffraction peak near nine further confirmed the
amorphous carbon shell [87].

FT-IR patterns of Fe;0.@C-SOsH MNPs in the
wavelength of 400-4000 cm™ are shown in Fig 1. ¢). The
carbonization process successfully endows, as
demonstrated by the FT-IR spectrum of the catalyst. The
broad solid absorbability in 950-1250 cm® was
attributed to the C-O stretching vibration, which
confirmed the high oxygen-containing groups in carbon
intermediate. The strong peak in 1058 cm? confirmed
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Table 1. The acidity of catalyst in the reaction of Fe;0.@C (1 g) and various amounts of sulfuric acid.

Entry sulfuric acid (ml) Acidity (mmol H*/g)
1 5 0.6
2 10 1.3
3 15 2.0

the S-O, which indicated the sulfonic acid groups were
successfully introduced to the carbon shell. The —SOzH
groups give rise to the sharp peaks at 1350 and 1160 cm-
! due to asymmetric and symmetric stretching vibrations
of —SO»— groups. As shown in the FT-IR pattern of the
catalyst, the broadband around 3600 to 2800 cm'
indicates the presence of ~OH in COOH carboxylic and
phenolic OH groups. Also, the existing band at 1600 cm-
110 1700 cm* is due to C=0 of COOH and C=C of the
poly-aromatic rings of hydrocarbon in the base. This
indicates that functional groups including SOsH,
COOH, and OH of phenolic groups were present on the
catalyst after sulfonation; the absorption peaks at around
560 cm™ and 580 cm™ could be assigned to the Fe-O
absorption in the hematite [88].

The stability of the Fe;0.@C-SOsH catalyst was
determined by thermo-gravimetric analysis. The
thermal gravimetric (TG) analysis of Fe;0,@C-SO3H
was performed over the range of 25 to 800 °C, with a
temperature increase rate of 10 °C minin a nitrogen
atmosphere (Fig. 1. ). According to the TG curve, the
weight loss processes of FesOs@C-SOsH could be
divided into two stages. The first weight loss in the field
was in the range of 100-150 °C. The second weight loss
in the range of 250-300 °C was attributed to the
decomposition of the organic layer. Therefore,
Fes04s@C-SOs3H is stable below 200 °C, which is
enough for constant weight during the catalysis
procedure of our experiments [89].

The size of particles was evaluated by FE-SEM, and
TEM images of the Fe;0.@C-SO3H catalyst (Figs. 1a
and 1f. Both the TEM and SEM showed that the
nanoparticles of the Fes0,@C-SO3H were present and
the size of nanoparticles was less than 100 nm and their
morphology is spherical. TEM images clearly showed
that as-prepared particle has a core—shell structure [90].

The hysteresis loop of Fe;0.@C-SOsH is shown in (Fig.
1. d). As can be seen, compared with the high saturation
magnetization (57.32 emu/g) of FesOs, the saturation
magnetization (50.77 emu/g) of magnetic Fe;0.@C-
SOsH was significantly reduced, because of the thick
layer of carbon [91].
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3.2.Catalytic studies

3.2.1.Synthesis of o,f -unsaturated isoxazole -5(4H) -
ones (4a-l)

Because of our ongoing program for developing greener
and sustainable processes for the synthesis of
heterocyclic compounds [92-99] here, the catalytic
application of Fe;0.@C-SOsH MNPs was examined in
the synthesis of o, B-unsaturated isoxazole-5(4H)-
ones. The synthesis of a,f-unsaturated isoxazole-5(4H)
-ones was achieved using the multicomponent reaction
of various benzaldehyde, hydroxylamine hydrochloride,
and S-ketoesters in agueous media at room temperature.
To find the best conditions, the reaction between
benzaldehyde, hydroxylamine hydrochloride and ethyl
acetoacetate was chosen as a model reaction, The
influences of various parameters such as reaction
temperature, solvent, amount of catalyst were examined
to obtain the best possible combination (Table 2).
Initially, a series of solvents, including H.O, EtOH,
CH3CN, n-Hexane and under solvent-free conditions
were studied in the presence of 0.03 g of prepared
catalyst. The best result was obtained in aqueous media.
Next, the effects of catalyst loading under the aqueous
condition and temperature on the model reaction were
examined. The results were summarized in Table 1. The
best results were gained with 0.03 g catalyst in aqueous
media at room temperature. The increased temperature
and the addition of more catalyst amounts did not lead
to better results (reaction time and yield). The important
thing is that without the use of catalysts, the reaction did
not proceed.

After successfully optimizing the reaction conditions,
the cyclo condensation reaction of a range of different
aryl/heteroaryl aldehydes was explored, and the results
are given in Table 3. On the other hand, the reaction of
buthyraldehyde, hydroxylamine hydrochloride and
ethylacetoacetate did not lead to a,[3-unsaturated
isoxazole, so aliphatic aldehyde does not react in these
conditions.
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Fig. 1. Analysis and spectra of Fes0.@C-SOsH MNPs. (A): Scanning Electron Microscopy (SEM), (B): X-ray Diffraction
(XRD), (C): Fourier-transform infrared spectra (FT-IR), (D): Vibrating sample magnetometer (VSM), (E): Thermogravimetric
analysis (TGA), (F): Transmission electron microscopy (TEM).
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Table 2. Screening of the reaction conditions of the model reaction of benzaldehyde, hydroxylamine hydrochloride, and ethyl
acetoacetate for the synthesis of 4a in the presence of Fe;0,@C-SOsH MNPs. 2

Q 0 H,C
H,C
NH,OH.HCI ~ + ’ )l + ©)LH NT T
070 o}

1 2 3a O 4
Entry Catalyst (9) mmol H* T(C) Solvent (5 mL) Time (min) Yield (%)
1 0.02 0.026 25 H20 10 50
2 0.03 0.039 25 H.0 10 98
3 0.04 0.052 25 H20 10 90
4 - 0 25 H-0 60 -
5 0.03 0.039 Reflux H-0 3 50
6 0.03 0.039 25 EtOH 30 65
7 0.03 0.039 25 n-Hexane 120 0
8 0.03 0.039 25 Solvent-free 30 30
9 0.03 0.039 25 CH3CN 120 5

@ The reaction conditions benzaldehyde (1.0 mmol), hydroxylamine hydrochloride (1.0 mmol), and ethyl acetoacetate (1.0
mmol) in the presence of FesO4s@C-SOsH MNPs under various conditions.

Table 3. Scope of aldehydes and p-ketoesters studied for the synthesis of «, f-unsaturated isoxazole-5(4H)ones (4a—l)
catalyzed by Fe30,@C-SO3H MNPs

Fe;0,@C-SO;H MNPs

Z
Q o 0.03 g
z (0.039 mmol H*) N
NH,OH.HCI + + Ar)J\H ' > O\,
0 OH H,0, r.t. O
1 2 3a-1 4a-1
H;C HO OH H,C
OH
N 4 H;C H,C N)f_@
\ / / \
07X, N N "o
07X, 07X,
43a; 98% 4b; 96% 4c¢; 95% 4d; 98%
10 min 20 min 15 min 15 min
141-143°C 198-200 °C 202-204 °C 125-127 °C
H,C OCH H,C
; CH, G a e : N N(CHy),
N\/ =z N/ RN 3 _ OH N\/
e} o \O 5 N\/ O o
070
4e; 94% 4f; 90% 49; 97% 4h; 100%
17 min 25 min 10 min 7 min
135-137°C 146-148 °C 211-213°C 226-228 °C
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H,;C o) \ Cl~cp,
N(CH3),
Z N\ %
N7 N :
0 0

0 (6}

4k; 90% 4j; 96%
20 min 12 min
239-241°C 179-181°C

Cl~cH,
_ OH
N/
o

¢ N\/ 4 O
070
4k; 94% 41; 91%
10 min 30 min
182-184 °C 214-216 °C

a8 The reaction conditions aldehyde (1.0 mmol), hydroxylamine hydrochloride (1.0 mmol), and p-ketoester (1.0 mmol) in
the presence of Fes0,@C-SOsH MNPs (0.03 g) and H,O (5 mL) at rt. °Melting points are listed in Refs: [15-19].

3.2.2.Synthesis of 1-amido alkyl-2-naphthols (7a—l)

The catalytic performances were also investigated in the
synthesis of amido alkyl naphthols as multicomponent
reactions. For this purpose, a series of trial reactions
were performed with a combination of benzaldehyde, 2-
naphthol, acetamide to obtain reaction conditions
(Table 4). Several solvents were screened before
concluding that responses were carried out without any
solvent and the important thing is that without the use of
catalysts, the response did not proceed. Thus, the
optimum conditions for the synthesis of 1-amido alkyl-
2-naphthols were achieved by treatment of aromatic

aldehyde (1 mmol), 2-naphthol (1 mmol), acetamide (1
mmol) in the presence of Fe;0,@C-SOsH MNPs (0.04
g) at 70 °C under Solvent-free conditions.

Therefore, we employed the above conditions for the
conversion of various aldehydes to the 1-amido alkyl-2-
naphthols, the reaction time and the percentage yield of
the products are shown in Table 5. The reaction of
buthyraldehyde, hydroxylamine hydrochloride and
ethylacetoacetate did not lead to a,[-unsaturated
isoxazole, so aliphatic aldehyde does not react in these
conditions.

Table 4. Screening of the reaction conditions of the model reaction of benzaldehyde, 2-naphthol and acetamide for the synthesis

of 7a in the presence of Fe30.@C-SO3;H MNPs?

3 0 g
©)(H OH )J\ NHCOCH;
+ + H;C NH, —— OH
3
a ; : (s
Entry Catalyst ( g) mmol H* T(C) Solvent (5 mL) Time (min) Yield (%)
1 0.03 0.039 70 Solvent-free 40 70
2 0.04 0.052 70 Solvent-free 40 95
3 0.05 0.065 70 Solvent-free 40 90
4 - 0 70 Solvent-free 120 10
5 0.04 0.052 Reflux EtOH 120 25
6 0.04 0.052 Reflux H,0 120 10
7 0.04 0.052 Reflux n-Hexane 120 0
8 0.04 0.052 25 Solvent-free 60 5
9 0.04 0.052 Reflux CH3CN 120 10

2 Reaction conditions: benzaldehyde (1 mmol), 2-naphthol (1 mmol), acetamide (1 mmol) in the presence of Fe304@C-SO3H

MNPs under various conditions.
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Table 5. Scope of aldehydes and amide studied for the synthesis of 1-amido alkyl-2-naphthols (7a-l) catalyzed by Fe;0,@C-
SO3H MNPs

Fe;0,@C-SO;H MNPs

R
0.04 ¢ O
OH
OO H, (0.052 mmol H") NHCOX
Solvent-free, 70 °C O
X= CH3, Ph, NH2

O,N Cl Cl
NHCOCH; NHCOCH, O NHCOCH; NHCOCH;
: OO SoN OO

.

5

ey

7a; 95% 7b; 98% 7c; 98% 7d; 96%
40 min 20 min 25 min 30 min
228-230 °C 239-241°C 236-238 °C 230-232°C
H,CO NO, HO OCH,
‘ NHCOCH, ‘ NHCOCH, O NHCOCH, ‘
SO OON coyt M S e
7e; 93% 7f; 91% 79; 100% 7h; 95%
28 min 25 min 30 min 25 min
184-186 °C 179-181°C 218-220 °C 253-255°C
g g
NHCONH, NHCONH, NHCOPh NHCOPh
o OO o OO
7i; 94% 7j; 93% 7k; 90% 71; 90%
30 min 20 min 15 min 20 min
178-180°C 190-192 °C 230-232°C 239-241°C

2 Reaction conditions: aromatic aldehyde (1 mmol), 2-naphthol (1 mmol), acetamide (1 mmol) in the presence of Fes04@C-
SO3H MNPs (0.04 g) at 70 °C under Solvent-free conditions. °Melting points are listed in Refs: [30-35].

. A room temperature. Also, to optimize the Fe;0.@C-
?ﬁ:_%y nthesis of pyrano[2,3-clpyrazole derivatives SOsH MNPs loading, the model reaction was performed
with different amounts of catalysts at ambient
The catalytic performance of Fes0,@C-SOsH MNPs temperature. And the important thing is that without the
has also been investigated in the synthesis of use of catalysts, the reaction did not proceed. The results
pyrano[2,3-c] pyrazoles. As an initial test, we run a are summarized in Table 7.
model reaction by stirring an equimolecular amounts of
benzaldehyde  with  hydrazine hydrate, ethyl
acetoacetate (EAA), and malononitrile in the presence
of Fe30,@C-SO3H MNPs (0.03 g) in water (5 mL) at 25
°C that result in the formation of the desired compound
lawith 90% yield (Table 6). To seek an optimal solvent
and optimal amounts of catalyst, the model reaction was
explored using different solvents such as water, ethanol,
ethyl Acetate, n-Hexane and solvent-free conditions at

The scope of the response was then expanded to various
benzaldehydes, including a range of electron-releasing
or electron-withdrawing groups (Table 7). As shown in
Table 7 both, electron-donating and electron-
withdrawing groups lead to the corresponding products
in excellent yields.
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Table 6. Screening of the reaction conditions of the model reaction of benzaldehyde, hydrazine hydrate, ethyl acetoacetate (EAA), and

malononitrile for the synthesis of 10a in the presence of Fe304s@C-SOsH MNPs?

N CN
O \\ s
O O
2 2 O/\ //
8 2 Ny HN_ 10a
3a N
Entry Catalyst( g) mmol H* T(CO) Solvent(5 mL) Time (min) Yield (%)

1 0.02 0.026 25 H20 30 70
2 0.03 0.039 25 H20 30 90
3 0.04 0.052 25 H20 30 90
4 - 0 25 H>0 120 10
5 0.03 0.039 25 EtOH 60 65
6 0.03 0.039 Reflux H20 30 90
7 0.03 0.039 25 n-Hexane 120 0
8 0.03 0.039 25 Solvent-free 60 15
9 0.03 0.039 25 EtOAc 120 10

@ The reaction conditions: benzaldehyde (1.0 mmol), hydrazine hydrate (1.0 mmol), ethyl acetoacetate (1.0 mmol), and malononitrile
(2.0 mmol) in the presence of Fes04@C-SOsH MNPs under variuos conditions.

Table 7. Scope of aldehydes and hydrazine hydrate studied for the synthesis of pyrano[2,3-c]pyrazole derivatives (10 a-l)
catalyzed by Fe304@C-SOs;H MNPs?

N H,N CN
o \\ Fe;0,@C-SO;H MNPs ?
0.03g —
o} o .
)J\ NH, NH, )J\/U\ (10.039 mmol H) (¢} Ar
Ar H + + .
3a-l 8 O/\ // 0 H,O, r.t.
? N HN. A~ 10a
N
H,N CN H,N CN H,N CN H,N CN
0o 0 CH, o] OCH, o] cl
HN_ » HN_ HN_ HN
N N N N
10a; 90% 10b; 90% 10c; 95% 10d; 90%
30 min 20 min 17 min 15 min
242-244 °C 193-195°C 208-210°C 230-232 °C
H,N CN H,N CN H,N CN NO, H,N CN
o] N(CH3), o] NO, 0 0 OH
HN\N/ HN\N/ HN\N/ HN\N/
10e; 97% 10f; 95% 10g; 94% 10h; 91%
35 min 20 min 20 min 30 min
215-217 °C 248-250 °C 235-237°C 225-227 °C
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H,N CN H,N CN
0 - Q - CH;
Ot O
10i; 93% 10j; 90%
40 min 45 min
169-171°C 180-182 °C

H)N CN H)N CN
0 N Cl Q NO,
O O
N N
10k; 91% 101; 92%
35 min 30 min
173-175°C 189-191°C

aThe reaction conditions: aldehyde (1.0 mmol), hydrazine hydrate (1.0 mmol), ethyl acetoacetate (1.0 mmol), and
malononitrile (1.0 mmol) in the presence of Fe;0,@C-SOsH MNPs under variuos conditions. ® Melting points are

listed in Refs: [45-49].

3.2.4.Synthesis of 2,3-dihydro quinazolin-4(1H)-ones
(12a-1)

The activity of the catalyst was then investigated by
employing it in the synthesis of 2,3-dihydroquinazolin-
4(1H)-one derivative using the reaction of various
benzaldehyde and 2-amino benzamide in aqueous media
at room temperature. To find the best conditions, the
reaction between benzaldehyde, and 2-amino
benzamide was chosen as a model reaction. The
influences of various parameters such as reaction
temperature, solvent, amount of catalyst were examined
to obtain the best possible combination (Table 8).
Initially, coditions with a series of solvents, including
H.O, n-Hexane, EtOH, EtOAc, and in the absence of
solvent (solvent-free condition) were studied in the
presence of 0.03 g of prepared catalyst. Next, the

catalyst loading under the aqueous condition and the
effect of temperature on the model reaction were
examined. The results were summarized in Table 8. The
best results were gained with 0.03 g catalyst in aqueous
media at room temperature. The increased temperature
and the addition of more catalyst amounts did not lead
to better results (reaction time and yield). And the
important thing is that without the use of catalysts, the
reaction did not proceed.

The scope of the reaction was then expanded to various
benzaldehydes, including a range of electron-releasing
or electron-withdrawing elements (Table 9). As shown
in Table 9 both electron-donating and electron
withdrawing groups lead to the corresponding products
in excellent yields.

Table 8. Screening of the reaction conditions of the model reaction of benzaldehyde and 2-amino benzamide for the synthesis of 12a
in the presence of Fe;04s@C-SOsH MNPs.2

(0] O O
o L
+ _—
N
NH, H/I}{\© 12a
11

3a
Entry Catalyst ( ) mmol H* T (°C) Solvent (5 mL) Time (min) Yield (%)
1 0.02 0.026 25 H20 20 85
2 0.03 0.039 25 H20 20 100
3 0.04 0.052 25 H20 20 94
4 - 0 25 H,0 60 5
5 0.03 0.039 25 EtOH 80 120
6 0.03 0.039 Reflux H20 20 80
7 0.03 0.039 25 n-Hexane 120 0
8 0.03 0.039 25 Solvent-free 60 25
9 0.03 0.039 25 EtOAC 120 40

2 The reaction conditions: benzaldehyde (1.0 mmol) and 2-amino benzamide (1.0 mmol) in the presence of Fes04@C-SO3H MNPs

at various conditions.?

150



F. Ghorbani and S. A. Pourmousavi/ Iran. J. Catal. 12(2), 2022, 139-157

Table 9. Scope of aldehydes studied for the synthesis of 2,3-dihydro quinazolin-4(1H)-ones (12a-I) catalyzed by Fe;0.@C-SO3H

MNPs &b
O H Fe304@C-SO3H MNPs
O 0.03 g 0
+
dNHz (0.039 mmol H") N NH
R + >
NH, rt, H,0
HH R
3a-1 11
12 a-1
0 0 0 0
©\)‘\NH ©\)‘\NH ©\)\ NH @\)LNH
N N
cl OH CH;
12a; 100% 12b; 95% 12c; 94% 12d; 95%
20 min 8 min 10 min 20 min
225-227 °C 200-202 °C 213-215°C 229-231°C
0 0 0 0
NH I NH OCH; NH NH
N OH N
E H E H H H HH
Cl OCH, OCH,
12e; 98% 12f; 92% 129; 91% 12h; 93%
15 min 10 min 25 min 17 min
182-184°C 179-181°C 220-222 °C 185-187 °C
o} 0 0 0
©\)LNH @\)LNH ©\)L NH Cl ©\)‘\NH OH
OCH
N 3 N
OCH; OCH,
OCH; OCH3
12i; 92% 12j; 90% 12k; 93% 121; 95%
10 min 10 min 15 min 25 min
174-176 °C 188-200 °C 209-211°C 200-202 °C

2 The reaction conditions: benzaldehyde (1.0 mmol) and 2-amino benzamide (1.0 mmol) in the presence of Fe;0,@C-SOsH MNPs
(0.03 g) and H20 (5.0 mL) at rt.® Melting points are listed in Refs: [64-67].

3.2.5.Reusability of catalyst

The recyclability of the Fe;0,@C-SOsH MNPs was
investigated in the model reaction for the synthesis of 2-
phenyl-2,3-dihydro ~ quinazolin-4(1H)-one  under
optimized conditions (Table 10). After the reaction, the
catalyst was separated by an external magnet. The
recovered catalyst was reused six times without any
significant decrease in the yield of the corresponding
heterocyclic compound.

After the second and third runs, the acid densities of
Fes0.@C-SOsH catalysts were measured by NaOH
titration. It is clear from Table 11 that the activity test

results in the slight losses of acid densities from the 1.30
to 1.20 mmol/g, after the first and second runs,
respectively, possibly due to the leaching of surface
SO3H groups.

On the other hand, the FT-IR spectrum of recycled
catalyst and unused catalyst was shown in Fig. 2. The
recycled catalyst after the second run was similar to the
unused catalyst.

The performance and efficiency of the synthesized
acidic FesO,@C-SO3;H nanocatalyst were compared
with those of other synthesized catalysts in Table 12.
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Table 10. Reusability of catalyst in the synthesis of 2-phenyl-2,3-dihydroquinazolin-4(1H)-one

(0) H
Q Fe,0,@C-SO;H MNPs o
©\)kNH2 0.03 ¢ ©\)LNH
N >
NH, rt, H,O N/}\©
HH
3a 11 12a
Run Fresh Run 1 Run2 Run3 Run 4 Run 5 Run6
Time (min) 20 20 20 20 20 20 20
Yield % 100 98 98 96 95 95 90
Table 11. Acidity density of Fes0.@C-SOsH catalyst during the catalytic runs
Catalyst Acid density/(mmol g?)
Fresh 1.30
After the first run 1.20
After the second run 1.20
90
80
D\: 70
)
5]
&
£ 60
=
7]
&
I: 50
40 A
30 I | I ! I I |
4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers(1/cm)

Fig. 2. FT-IR spectrum of unsed catalyt (Black) and the recycled catalyst (red)
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Table 12. Comparison of acidity of the Fes04.@C—-SOsH nanocatalyst with several known catalysts

Entry Catalyst Acidity Reference
1 Pis-SO3H 7.75 [77]
2 Pine-SOzH 8.1 [78]
3 GPW-SO3H 6.5 [79]
4 Str-SOzH 0.19 [80]
5 Fe;04@Si0,@RF-SO3H 1.30 185[
6 Fes0,@C-SOzH 1.30 [86]
7 Fe:04@C-SOzH 1.30 This work

3.2.6.Anti-microbial activity

The synthesized compounds were subject to
antimicrobial screening by disk diffusion assay for the
zone of inhibition. The Anti-bacterial activity of some
derivatives was tested against gram-positive and gram-
negative bacteria (Fig. 3).

The results were described in Table 13. According to
the data (inhibition zone %) in Table 13, these
compounds showed good activity against E. coli and
Staphylococcus aureus.

4. Conclusions

In summary, the synthesis of Fe;0.@C-SO3H as a
magnetic carbon-based solid acid nanocatalyst from
green pistachio peel (a biomass waste) is reported. The
Fe;0,@C-SOsH MNPs have been synthesized through
hydrothermal carbonization and sulfonation. This new
heterogeneous nanocatalyst has been efficiently used for
the synthesis of isoxazole-5(4H)-one, 1-amido alkyl-2-
naphthol, pyrano[2,3-c]pyrazole and 2,3-dihydro
quinazolin-4(1H)-one derivative. All the reactions
worked efficiently in high yields. More importantly, this
nanocatalyst was recycled and used repetitively six
times without a distinct loss of catalytic efficiency. The
use of these magnetically recoverable catalysts has
several advantages such as clean reaction profiles, lack
of side reactions, green synthesis, simple experimental
procedure, excellent catalytic performance, easy
preparation from waste biomass, and simple magnetic
attraction recovery process of the catalyst make it a
suitable magnetically recyclable catalyst for several
acid-catalyzed reactions.

e

Fig. 3. The biological activity of 2-phenyl-2,3-dihydro
guinazolin-4(1H)-one
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Table 13. The biological activity of some of the synthesized compounds 1-12

Entry Product Zone of Inhibition (mm)

Gram positive Gram negative

Staphylococcus aureus Escherichia Coli
1 4a 14 12
2 4b 12 14
3 4c 10 10
4 7a 13 15
5 b 10 11
6 7c 16 13
7 10a 15 15
8 10b 9 12
9 10c 8 9
10 12a 9 10
11 12b 10 10
12 12¢ 8 9
13 St 30 20

St., standard (Azithromycin).
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