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Abstract

A straightforward, rapid, green, and efficient synthetic procedure has been
introduced for easy access to the synthetically highly substituted arylideneisoxazol-
5-(4H)-one products. A wide scope of the heterocyclic products was obtained via
the three-component cyclocondensation of various aryl aldehydes, NH,OH-HCl, and
p-dicarbonyls by zinc oxide nanoparticles (ZnO NPs) as the catalyst. Optimizing the
reaction conditions indicated that a relatively small amount of catalyst was required
and arylideneisoxazol-5-(4H)-ones were obtained in very short reaction times.
Purification of synthesized heterocyclic molecules was carried out with the help of
simple filtration and crystallization from ethanol. In this method, exhausting and
expensive chromatography methods were not used to purify the products, and the
use of organic solvents was also avoided. In addition, this method is important from
the point of view of green chemistry. The simplicity of the method, cost-effective
catalyst, less time-consuming, mild reaction conditions, conducting experiments at
room temperature, as well as recyclability and reusability of ZnO nano-catalyst are
among other advantages of this powerful process.

Keywords Zinc oxide nanoparticles - f-Dicarbonyl - Green synthesis -
Arylideneisoxazole-5(4H)-one - Water

Introduction

Isoxazoles are the important class of heterocycles that are abundantly found in natu-
ral products as well as agrochemicals [1, 2]. The isoxazole ring is present in vari-
ous bioactive organic compounds with many biological properties, including anti-
bacterial, anticancer, anti-inflammatory, antidiabetic, antidepressant, antifungal,
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antituberculosis, antirheumatic, antiepileptic, osteoarthritis, analgesic, and anti-
Alzheimer [3-9]. The structure of some commercially available drugs with some
aforementioned biologically properties is depicted in Fig. 1. Isoxazoles also show
agrochemical applications such as fungicidal, pesticide, insecticide, and herbicide
activities [10].

In particular, a,f-unsaturated isoxazole-5(4H)-ones are the type of isoxazole,
which have two adjacent hydrogen and oxygen atoms in their ring and are found
in many nonlinear optical crystals, donor—acceptor molecules [11, 12], photochro-
mic Stenhouse compounds [13], synthetic agricultural fungicides [14, 15], and bio-
active organic molecules [16-24]. The structure of a series of heterocycles with
isoxazol-5(4H)-one moiety, which have attractive biological properties such as anti-
fungal, anti-Alzheimer, antioxidant, anti-androgen, antitubercular, antileprotic, anti-
microbial, anti-HIV, and tyrosinase inhibitor, can be seen in Fig. 2. In addition, a,f-
unsaturated isoxazol-5(4H)-ones have been applied as suitable precursors in many
organic reactions to synthesize a wide range of diverse densely functionalized active
organic compounds, including heterocyclic and acyclic compounds [25—41]. Moreo-
ver, the isoxazol-5(4H)-one core has become a platform for the development of drug
candidates [42]. Therefore, their synthesis is of interest to organic chemistry enthu-
siasts and they are attractive targets for organic synthesis.

Generally, the best method to synthesize various derivatives of arylideneisoxazole-
5(4H)-ones involves the multi-component cyclization of suitable f-keto esters, a variety
of aldehydes, and hydroxylamine under catalytic conditions. Some newer catalytic
systems including, 1,4-diazabicyclo[2.2.2]Joctane (DABCO) [43, 44], vitamin Bl
[45], supported solid acid [46], Bronsted acidic organic salt [47], lipase [48], amine
functionalized dendronized polymer [49], Fe;O,@chitosan-SO;H [50], guanidine
hydrochloride [51], ZSM-5 [52], CeO,/TiO, [53], ionic liquid [HNMP][HSO,] [54],
piperazine [55], 2-aminopyridine [56], nano-SiO,—H,SO, [57], Steglich’s base [58],
potassium 2,5-dioxoimidazolidin-1-ide [59], fruit juices [60, 61], silica TLC grade

o, P Oy A iV
N o SS. F
S~NH NH o
‘o < QO
Q O Q A :
Y NH

Y N HO,C N ™y

o) ¢) o) N‘o

Pa{gc(]?lxlb . Oxgqillip Valdecoxib Leflunomide

anti-inflammatory antibiotic osteoarthritis antirheumatic

HoN
Q P (‘)‘ NH
BnHN - H
'S—NH I\ “wN STFON
7N HN o’ (0] \ / \
00y 1-0 '\ Q N
NG S“o N N o8
e HoN o
Sulfamethoxazole Sulfisoxazole Isocarboxazid Zonisamide Epiboxidine
antibiotic antibacterial antidepressant antiepileptic analgesic

Fig. 1 The structure of some commercially available drugs containing isoxazole moiety
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Fig.2 The structure of some biologically active containing isoxazole-5(4H)-one moiety

[62], KBr [63], nano-MnO,@zeolite-Y [64], nano-GO@Fe(ClO,); [65], Ag-CeO,
[66], Cu(I) in metformin-functionalized pS-cyclodextrin (Cu@Met-4-CD) [67], acid
functionalized Fe;O, nanoparticles [68], urea [69], malic acid [70], citrazinic acid [71],
sodium malonate [72], azolium chloride [73], synzyme [74], Cul/Fe;O,NPs@CS-SB
[75], and deep eutectic solvents [76, 77].

Zinc oxide nanoparticles (ZnO NPs) are one of the most important metal oxide
nanoparticles, which, because of their unique physical as well as chemical properties,
have many applications as an additive in the rubber, paper, plastic industries, cosmet-
ics, sunscreens, textile industry, optoelectronics industry, semiconductors, agriculture,
and nano-dentistry [78-80]. The ZnO NPs are nontoxic and biocompatible and show
biomedical activities, including anticancer, anti-inflammatory, antioxidant, antidiabetic,
antimicrobial, wound healing, bioimaging, as well as in targeted drug delivery [81-85].
These nano-compounds have also been applied as the catalyst in various organic reac-
tions to synthesize various organic compounds due to their advantages such as heter-
ogenous, mild, cheap, minimum execution time, recyclability, commercially avail-
able, good chemical stability under ambient temperature, easy workup procedure,
and easy preparation [86-94]. Considering the unique properties and applications of
arylideneisoxazol-5(4H)-ones, herein, we present a new catalyst for the rapid and effi-
cient synthesis of various derivatives of these heterocycles through the three-compo-
nent cyclocondensation employing hydroxylamine hydrochloride, aryl aldehydes, and
p-keto esters (Scheme 1). To the best of our knowledge, ZnO NPs catalyzed synthesis
of arylideneisoxazole-5(4H)-ones has not been reported yet.

Experimental
Preparation of ZnO nanoparticles

ZnO NPs were prepared according to reported procedures with modification [95,
96]. At room temperature, zinc chloride (2 mmol) was dissolved in distilled water
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Scheme 1 Synthesis of 4-arylideneisoxazol-5(4H)-ones (4a—w) using nano-ZnO catalyst

(20 mL), and then hydrazine hydrate (2 mmol) was added to it, and well stirred
for 30 min. The reaction temperature was then increased to 85 °C, and the pH was
adjusted to 9 using a sodium hydroxide solution. In this step, gas bubbles were
formed on the surface of the solution. After the reaction for 50 min, a white solid
was formed. The solid was filtered off, washed with distilled water and ethanol, and
dried at 100 °C for 1 h. Lastly, solid was annealed at 350 °C for 3 h.

General procedure for the synthesis of compounds 4a-w using ZnO NPs

In a round-bottom flask, S-keto ester (1la—c, 1 mmol), aryl aldehyde (2, 1 mmol),
NH,OH-HCI (3, 1 mmol), and ZnO NPs (5 mol%) were taken. H,O (10 mL) was
added to the flask and the reaction mixture was well stirred at room temperature for
the duration specified in Table 2. The reaction process was checked by thin-layer
chromatography (TLC) analysis. After the reaction was completed, the contents
of the reaction vessel were filtered off, washed with water and then cold ethanol,
and dried. After that, the remaining precipitate was dissolved in hot EtOH and the
catalyst was quickly filtered off. Pure products were obtained after crystallization
from the ethanolic filtrate.

4-(4-Hydroxybenzylidene)-3-methylisoxazol-5(4H)-one (4a) '"H NMR (500 MHz,
CDCl1,) 8 2.24 (s, 3H, CH;) 6.94 (d, J=8.8 Hz, 2H, ArH), 7.79 (s, 1H, H-vinyl), 8.44
(d, J=8.8 Hz, 2H), 11.1 (s, IH); '3C NMR (125 MHz, CDCl5) § 11.9 (CH;), 114.6,
124.5,125.1,136.2, 151.2, 162.6, 164.5 (C=N), 169.4 (C=0).

3-Methyl-4-(4-methylbenzylidene)isoxazol-5(4H)-one (4b) '"H NMR (400 MHz,
CDCl;) 6 2.32 (s, 3H, CH;), 2.51 (s, 3H, CH; of phenyl ring), 7.57 (s, 1H, H-vinyl),
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7.27 (d, J=8.2 Hz, 2H, Ar-H), 8.31 (d, J=8.2 Hz, 2H, Ar-H); '3C NMR (100 MHz,
CDCl;) § 11.7 (CH;), 22.2 (CH, of phenyl ring), 118.3, 129.7, 129.8, 134.1, 145.9,
150.1, 161.3 (C=N), 168.4 (C=0).
4-(4-Methoxybenzylidene)-3-methylisoxazol-5(4H)-one (4¢) '"H NMR (400 MHz,
CDCl,) & 2.28 (s, 3H, CH;), 3.92 (s, 3H, OCHj,), 6.99-7.02 (m, 2H, Ar-H), 7.34 (s,
1H, H-vinyl), 8.45 (d, J=8.9 Hz, 2H, Ar-H); 1*C NMR (100 MHz, CDCl;) § 11.6
(CH,), 55.7 (OCH,), 114.7, 116.4, 125.8, 136.9, 149.3, 161.3, 164.6 (C=N), 168.8
(C=0).
4-(4-Hydroxy-3-methoxybenzylidene)-3-methylisoxazol-5(4H)-one (4d) 'H NMR
(300 MHz, DMSO-d,) & 2.28 (s, 3H, CH;), 3.91 (s, 3H, OCH,), 7.14 (d, J=8.6, 1H,
Ar-H), 7.76 (s, 1H, H-vinyl), 7.92 (d, /=8.6, 1H, Ar-H), 8.22 (s, 1H, Ar-H), 9.63 (s,
1 H, OH); C NMR (75 MHz, DMSO-dy) § 11.6 (CHj;), 56.2 (OCH;), 111.8, 114.9,
127.2,128.5,129.3, 146.4, 151.8, 153.6, 168.7 (C=N), 170.1 (C=0).
4-(4-(Dimethylamino)benzylidene)-3-methylisoxazol-5(4H)-one (4e) '"H NMR
(500 MHz, CDCl3) & 2.29 (s, 3H, CH;), 3.20 (s, 6H, NMe,), 6.76 (dd, J=1.3,
8.0 Hz, 2H, ArH), 7.26 (s, 1H, H-vinyl), 8.45 (d, J=8.5 Hz, 2H, ArH); >°C NMR
(125 MHz, CDCl;) § 12.1 (CH;), 40.5 (NMe,), 111.5, 111.9, 121.9, 138.1, 149.7,
154.7, 162.0 (C=N), 170.6 (C=0).
4-(3-Hydroxybenzylidene)-3-methylisoxazol-5(4H)-one (4f) '"H NMR (300 MHz,
DMSO-d,) § 2.28 (s, 3H, CH;), 7.08-7.11 (m, 1H, Ar—H), 7.37 (t, J=8.0 Hz, 1H,
Ar-H), 7.79 (d, J=7.6 Hz, 1H, Ar—H), 7.86 (s, 1H, H-vinyl), 7.93 (t, 3.0 Hz, 1H,
Ar-H), 9.95 (s, 1H, OH); '*C NMR (75 MHz, DMSO-dy) & 11.8 (CH;), 118.8,
119.8, 121.8, 125.7, 130.2, 134.2, 152.3, 157.8, 162.8 (C=N), 168.3 (C=0).
4-(2-Hydroxybenzylidene)-3-methylisoxazol-5(4H)-one (4g) 'H NMR (300 MHz,
DMSO-d) & 2.27 (s, 3H, CH3), 6.95 (t, J=10.0 Hz, 1H, Ar-H), 7.01 (d, /=9.0 Hz,
1H, Ar—H), 7.47-7.53 (m, 1H, Ar-H), 8.08 (s, 1H, H-vinyl), 8.74 (dd, J=2.0, 9.5 Hz,
1H, Ar-H), 11.02 (s, 1H, OH); 1*C NMR (75 MHz, DMSO-d) 8 11.8 (CH,), 116.5,
116.8,119.5, 119.8, 132.9, 137.1, 145.4, 160.2, 162.7 (C=N), 168.9 (C=0).
4-(4-Hydroxy-3-nitrobenzylidene)-3-methylisoxazol-5(4H)-one (4h) 'H NMR
(400 MHz, DMSO-dj) & 2.27 (s, 3H, CH;), 7.27 (d, J=8.8 Hz, 1H, ArH), 7.92 (s,
1H, H-vinyl), 8.20 (s, 1H, ArH), 8.62 (d, J=9.2 Hz, 1H, ArH), 9.21 (s, 1H, OH);
3C NMR (100 MHz, CDCl; and DMSO-dg) § 11.7 (CH;), 117.8, 119.9, 124.5,
132.3, 137.2, 140.5, 149.6, 157.0, 162.3 (C=N), 168.7 (C=0).
3-Methyl-4-((E)-3-phenylallylidene)isoxazol-5(4H)-one (4i) '"H NMR (500 MHz,
CDCl;) & 2.28 (s, 3H,), 7.47 (m, 2H, ArH), 7.70 (dd, J=2.04, 5.62 Hz, 2H, ArH),
8.36-8.55 (m, 4H, ArH, H-Ninyl); *C NMR (125 MHz, CDCl;) § 17.1 (CH,),
118.3, 122.8, 129.4, 129.6, 131.9, 135.4, 148.4, 151.9, 160.3 (C=N), 170 (C=0).
4-Benzylidene-3-methylisoxazol-5(4H)-one (4j) '"H NMR (300 MHz, DMSO-d;)
& 227 (s, 3H, CH;), 7.56 (t, J=8.0 Hz, 2H, Ar-H), 7.63 (t, J=8.0 Hz, 1H,
Ar—H), 7.97 (s. 1H, H-vinyl), 8.41 (d, J=8.0 Hz, 2H, Ar—H); '>*C NMR (75 MHz,
DMSO-d,) 8 11.6 (CHy), 119.3, 129.2, 132.8, 133.9, 134.4, 152.1, 162.7 (C=N),
168.4 (C=0).
3-(Chloromethyl)-4-(4-hydroxybenzylidene)isoxazol-5(4H)-one (4k) 'H NMR
(400 MHz, DMSO-dy) 8 4.91 (s, 2H, CH,Cl), 7.03 (d, J=8.4 Hz, 2H, Ar-H), 8.03
(s, 1H, H-vinyl), 8.47 (d, J=8.8 Hz, 2H, Ar-H), 11.27 (s, 1H, OH); *C NMR
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(100 MHz, DMSO-d,) 6 35.5 (CH,Cl), 110.7, 116.8, 125.1, 138.5, 153.2, 162.1,
164.8 (C=N), 168.8 (C=0).
3-(Chloromethyl)-4-(4-methylbenzylidene)isoxazol-5(4H)-one  (41) 'H NMR
(400 MHz, DMSO-d;) & 2.15 (s, 3H, CHj;), 4.88 (s, 2H, CH,Cl), 7.43 (d, /J=8.0 Hz,
2H, Ar—H), 8.11 (s, 1H, H-vinyl), 8.33 (d, J=8.0 Hz, 2H, Ar-H), °C NMR
(100 MHz, DMSO-d,) & 21.4 (CH;), 34.8 (CH,Cl), 114.1, 129.6, 134.2, 146.1,
152.9, 161.6 (C=N), 167.6 (C=0).
3-(Chloromethyl)-4-(4-methoxybenzylidene)isoxazol-5(4H)-one (4m) 'H NMR
(300 MHz, DMSO-d,) 6 3.94 (s, 3H, OCH,), 4.59 (s, 2H, CH,Cl), 7.04 (dd, /=2.0,
7.2 Hz, 2H, Ar—H), 7.72 (s, 1H, H-vinyl), 8.53 (dd, J=2.0, 7.2 Hz, 2H, Ar-H); 13C
NMR (75 MHz, DMSO-d,) 6 35.5 (CH,Cl), 55.9 (OCH,), 112.4, 114.7, 125.5,
137.6, 151.1, 160.3, 165.2 (C=N), 168.4 (C=0).
3-(Chloromethyl)-4-(4-hydroxy-3-methoxybenzylidene)isoxazol-5(4H)-one (4m)
"H NMR (300 MHz, DMSO-dy) & 3.86 (s, 3H, OCH;), 4.87 (s, 2H, CH,Cl), 6.98 (d,
J=8.8 Hz, 1H, Ar-H), 7.93 (dd, J=8.8 Hz, 1H, Ar-H), 8.01 (s, 1H, H-vinyl), 8.54
(d, J=8.4 Hz, 1H, Ar—H), 11.04 (s, 1H, OH); *C NMR (75 MHz, DMSO-d,) 8 35.7
(CH,CI), 56.1 (OCH,), 110.4, 116.4, 117.2, 125.3, 132.8, 148.1, 153.4, 155.2, 162.3
(C=N), 169.2 (C=0).
3-(Chloromethyl)-4-(4-(dimethylamino)benzylidene)isoxazol-5(4H)-one (40)
"H NMR (400 MHz, CDCl,) 6 3.22 (s, 6H, NMe,), 4.56 (s, 2H, CH,Cl), 6.78 (d,
J=8.6 Hz, 2H, Ar-H), 7.55 (s, 1H, H-vinyl), 8.47 (d, J=7.2 Hz, 2H, Ar—H); °C
NMR (100 MHz, CDCl;) & 35.6 (NMe,), 40.2 (CH,Cl), 107.3, 111.7, 121.7, 125.4,
138.3, 150.4, 154.8, 160.5 (C=N), 169.7 (C=0).
3-(Chloromethyl)-4-(3-hydroxybenzylidene)isoxazol-5(4H)-one (4p) 'H NMR
(300 MHz, DMSO-d;) 6 4.82 (s, 2H, CH,Cl), 7.04 (d, /J=7.6 Hz, 1H, Ar-H), 7.44
(t, /=8.0 Hz, 1H, Ar-H), 7.82 (d, J=7.6 Hz, 1H, Ar-H), 7.86 (s, 1H, H-vinyl), 8.02
(s, IH, Ar-H), 9.95 (s, 1H, OH); '*C NMR (75 MHz, DMSO-d;) § 37.3 (CH,CI),
112.3,115.2, 119.1, 125.4, 130.8, 136.6, 152.5, 156.5, 164.7 (C=N), 169.6 (C=0).
4-Benzylidene-3-(chloromethyl)isoxazol-5(4H)-one (4q) 'H NMR (400 MHz,
DMSO-d;) 6 4.93 (s, 2H CH,CI), 7.72-7.58 (m, 3H, Ar-H), 8.18 (s, 1H, H-vinyl),
8.41 (d, J=7.2 Hz, 2H, Ar-H); *C NMR (100 MHz, DMSO-d,) & 34.9, 115.6,
129.1, 132.2, 133.8, 134.5, 152.9, 161.6 (C=N), 167.3 (C=0).
4-(4-Hydroxybenzylidene)-3-phenylisoxazol-5(4H)-one (4r) 'H NMR (300 MHz,
DMSO-d;) 6 6.96 (d, /=9.0 Hz, 2H, Ar-H), 7.62-7.70 (m, 6H, Ar-H, H-vinyl),
8.45 (d, J=9.0 Hz, 2H, Ar-H), 11.2 (s, 1H, OH); '*C NMR (75 MHz, DMSO-d,) &
113.2, 116.6, 124.9, 127.9, 129.3, 129.7, 131.3, 133.2, 138.5, 153.7, 164.8 (C=N),
169.4 (C=0).
4-(4-Methylbenzylidene)-3-phenylisoxazol-5(4H)-one (4s) 'H NMR (400 MHz,
CDCl;) 6 2.45 (s, 3H, CHj), 7.38 (d, J=8.8 Hz, 2H, Ar—H), 7.59 (s, 1H, H-vinyl),
7.63-7.75 (m, 5H, Ar—H), 8.35 (d, /=8.8 Hz, 2H, Ar-H).
4-(4-Methoxybenzylidene)-3-phenylisoxazol-5(4H)-one (4t) 'H NMR (300 MHz,
DMSO-d;) 8 3.91 (s, 3H, OCH,), 7.14 (d, J=9.0 Hz, 2H, Ar-H), 7.61-7.72 (m, 5H,
Ar—H), 7.74 (s, 1H, H-vinyl), 8.52 (d, J=8.7 Hz, 2H, Ar—H); '>*C NMR (75 MHz,
DMSO0-d6) 6 56.5 (OCH,), 114.7, 115.1, 126.1, 127.8, 129.3, 129.7, 131.4, 137.8,
153.5, 164.7, 165.1 (C=N), 169.2 (C=0).
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4-(4-Hydroxy-3-methoxybenzylidene)-3-phenylisoxazol-5(4H)-one  (4u) 'H
NMR (300 MHz, DMSO-d,) & 3.91 (s, 3H, OCHj;), 7.08 (d, J=3.9, 8.7 Hz, 1H,
Ar-H), 7.61-7.69 (m, 6H, Ar-H, H-vinyl), 8.21 (dd, J=1.5, 8.4 Hz, 1H, Ar—H),
8.23 (s, 1H, Ar—H), 9.65 (s, 1H, OH); '3C NMR (75 MHz, DMSO-d,) & 56.5
(OCH,), 112.2, 114.2, 120.3, 126.5, 127.8, 129.2, 129.8, 130.7, 131.2, 146.7, 153.8,
154.5, 164.6 (C=N), 169.2 (C=0).

4-(4-(Dimethylamino)benzylidene)-3-phenylisoxazol-5(4H)-one (4v) 'H NMR
(300 MHz, DMSO-d;) & 2.24 (s, 3H, CH;), 3.17 (s, 6H, NMe,), 6.65 (s, 1H,
H-vinyl), 6.87 (d, J=9.3 Hz, 2H, ArH), 8.47 (d, J=9.0 Hz, 2H, ArH); '3*C NMR
(75 MHz, DMSO-d,) 6 40.3 (NMe,), 107.7, 112.3, 121.4, 128.6, 129.3, 129.5,
130.8, 138.7, 152.2, 155.3, 164.7 (C=N), 170.4 (C=0).

4-Benzylidene-3-phenylisoxazol-5(4H)-one (4w) 'H NMR (300 MHz, DMSO-dy)
6 7.60-7.80 (m, 8H, Ar-H), 7.91 (s, 1H, H-vinyl), 8.42 (dd, /=1.2, 7.2 Hz, 2H,
Ar-H); 13C NMR (75 MHz, DMSO-d,) § 118.5, 127.5, 129.2, 129.3, 129.8, 131.6,
132.7, 134.2, 134.5, 154.0, 164.4 (C=N), 168.3 (C=0).

Results and discussion

ZnO NPs were synthesized with minor modifications according to the documented
procedure [95, 96] and characterized using scanning electron microscopy (SEM)
and X-ray diffraction techniques (supporting information). The nanostructure and
crystallite size of the particles was confirmed by XRD, SEM, transmission elec-
tron microscope (TEM Philips EM 208S), and comparison with the literature [97,
98]. The X-ray diffraction pattern of ZnO NPs (Fig. 3) shows definite line broaden-
ing of the X-ray diffraction peaks, showing that the prepared particles were in the
nanoscale range. The diffraction peaks located at 31.9, 34.5, 36.2, 47.6, 56.7, 63.1,
and 67.8° have been indexed as the spherical to the hexagonal phase of ZnO with
high crystallinity [82, 98]. Based on these characteristic peaks in XRD, there is no
specific impurity in the synthesized particles.

SEM images of ZnO NPs (see supporting) show that the particles are semi-
rod and semispherical and have accumulated in a compact form. The particles are
almost homogeneous and this homogeneity has caused ZnO NPs to play important
roles in different activities. The morphology of synthesized ZnO NPs can also be
determined based on TEM images (Fig. 4). Accordingly, the particle size is less than
25 nm.

After this, the model reaction (a mixture of 1 equiv. of ethyl 3-oxobutanoate
1a, 4-hydroxybebzaldehyde 2a, and NH,OH-HCI 3) under water solvent at room
temperature deprived of using any catalyst was conducted and after 100 min.,
30% of product 4a was isolated (Table 1, entry 1). Then, the same three-com-
ponent reaction was accomplished using nano-ZnO as the catalyst at RT under
water solvent. It was decided to use 1 mol% of the catalyst in the reaction. As a
result of this reaction, the corresponding product (4a) was obtained with an iso-
lated reaction yield of 40% afterward 80 min (Table 1, entry 2). This was a good
result and encouraged us to check other amounts of catalyst. When 2 mol% of
nano-ZnO catalyst was utilized, the desired heterocyclic product 4a was attained
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Fig.3 The XRD pattern of synthesized ZnO NPs

Fig.4 TEM images of ZnO NPs

with 55% isolated reaction yield after 50 min. (Table 1, entry 3). Using 2.5 mol%
of the catalyst, the model reaction proceeded to afford the isoxazolone product
4a in 66% isolated reaction yield (Table 1, entry 4). Due to the gradual increase
of the catalyst along with the increase in the yield of the reaction and decrease in
reaction time, the amount of catalyst was increased to 5 mol%. In this case, the
reaction gave the best-isolated reaction yield (98%) after 3 min (Table 1, entry
5). Adding higher amounts of the catalyst did not lead to an improvement in the
yield of reaction or reaction time (Table 1, entries 6 and 7). Therefore, the opti-
mal amount of the catalyst was selected as 5 mol%. Besides water solvent, other
solvents including ethanol, acetonitrile, dichloromethane, chloroform, and ethyl
acetate were also tested using the optimum catalyst loading. None of these sol-
vents had the same positive effect as water on the reaction (Table 1, entries 8§—12).
When a 1:1 volumetric mixture of water and ethanol was utilized, the correspond-
ing isoxazole-5-one (4a) was achieved in 98% isolated yield and 1.5 min (Table 1,
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Table 1 Optimization of the reaction conditions using 1 mmol of each reactant under different conditions

ﬁ Nano-ZnO HO%//// A CHj

P x mol% { -

M+ SN OH s NHOHHO M) PO TRNA

HsC 0 P Solvent (10 mL), N
HO™ ™ 2a

1a 3 Temp. (°C) 4a o7~ O

Entry Solvent Nano-ZnO Temp. Time (min) Isolated
(mol%) yield
(%)
1 H,O - RT 100 30
2 H,0 1 RT 80 40
3 H,0 2 RT 50 55
4 H,0 2.5 RT 40 66
5 H,0 5 RT 3 98
6 H,0 10 RT 35 93
7 H,0 15 RT 4 80
8 EtOH 5 RT 2 93
9 CH,;CN 5 RT 45 89
10 CH,Cl, 5 RT 4 96
11 CHCl,4 5 RT 3 92
12 EtOAc 5 RT 6 91
13 EtOH-H,0 (1:1) 5 RT 1.5 98
14 H,0 5 40 3 91
15 H,0 5 50 3 90
16 H,0 5 60 3 92
17 - 5 RT 40 86

The optimized conditions of the reaction are seen in bold

entry 13). This effect was better than a water solvent in terms of reaction time,
but since water is cheaper, greener, and safer, it was chosen as the best solvent
for other reactions. After all the above-mentioned investigations, we found that
the best solvent for the reaction is water, and the best temperature condition is
room temperature. Apart from checking different amounts of catalyst loading and
solvents, the temperature parameter was also checked in the water solvent. Per-
forming the reaction at temperatures of 40, 50, and 60 °C did not significantly
change the time and yield (Table 1, entries 14—16). Considering this result, we
avoided checking the reaction at other temperatures. Finally, the model reaction
was evaluated under solvent-free conditions, and the corresponding isoxazolone
product 4a was separated in 86% yield after 40 min (Table 1, entry 17). Thus, the
optimized conditions were determined as nano-ZnO catalyst (5 mol%), water sol-
vent, and RT (Table 1, entry 5).

After determining the optimized conditions of the reaction, the generality of
this reaction was evaluated using other substituted aldehyde precursors. The aryl
aldehydes containing electron-donating groups underwent hetero-cyclization
in 1.5-5.5 min to obtain the corresponding heterocyclic compounds (4b-f) in
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85-97% isolated yields (Table 2, entries 2-6). Also, the sterically hindered
2-hydroxybenzaldehyde (2g) successfully participated in the three-component
reaction and obtained a 92% isolated yield of compound 4g in 3 min (Table 2,
entry 7). When cinnamaldehyde (2i) was employed as an a,f-unsaturated aldehyde
precursor, the nano-ZnO catalyzed hetero-cyclization process has occurred
and the isoxazolone product 4i obtained with an excellent yield (94%) after
3 min (Table 2, entry 9). When substituted benzaldehydes containing electron-
accepting functional groups were used in the reaction, the desired heterocyclic
products were not obtained, which is probably due to the destabilizing effect of
these substituents. Surprisingly, when a substituted benzaldehyde containing
both electron-releasing and electron-accepting groups (2h) was treated with
NH,0OH-HCI (3) and p-keto ester 1la, the desired heterocyclic 4-(4-hydroxy-3-
nitrobenzylidene)-3-methylisoxazole-5(4H)-one (4h) was achieved with 92%
isolated reaction yield in 3 min (Table 2, entry 8). To further investigate the
generality of the precursor, two other f-keto-esters 1b and 1c¢ were tested in this
catalytic hetero-cyclization. When ethyl acetoacetate (1a) was changed to ethyl
4-chloroacetoacetate (1b) or ethyl benzoylacetate (1c¢), the three-component
reactions could furnish the arylideneisoxazol-5(4H)-ones (4k-w) in good to
excellent yields (Table 2, entries 11-23).

Recyclability and the ability to reuse the catalyst are important from the point
of view of green chemistry [99]. For this reason, the cyclability and reuse of the
catalyst were investigated. After the reaction is complete, the crude product along
with the catalyst was collected after simple filtration from the reaction mixture
and washed with a minimum amount of EtOH. To separate of catalyst from the
products, the solid mixture remaining on the filter paper was liquified in hot EtOH
and quickly filtered off (The isoxazolone products were easily liquified in hot
EtOH and the catalyst remained insoluble.). The remaining ZnO NPs catalyst on
the filter paper was washed with EtOH and dried. The recovered nano-catalyst was
used in the model reaction under optimized reaction conditions. The experimental
results revealed that the catalyst can be recycled up to four times. In four runs, the
product was obtained with yields of 90, 85, 76, and 70% after 5, 9, 15, and 20 min,
respectively.

According to the literature [65, 104], the possible reaction mechanism is drawn
in Scheme 2. Accordingly, the condensation between hydroxylamine and S-ketoester
leads to the formation of oxime intermediate. The reaction between the activated
aldehyde and the oxime intermediate leads to Knoevenagel condensation and the
corresponding intermediate is formed. Intramolecular cyclization and the sub-
sequent emersion of ethanol lead to the formation of the final arylideneisoxazol-
5(4H)-one products (Scheme 2).

A comparative study of this work with previously reported works was carried out
for the synthesis of 4a (Table 3). The results of these investigations indicate that this
work has advantages over some previous catalysts. Among these advantages can be
a lower amount of catalyst (compared to entries 1-5, 7-13, 16, 18-23, and 25 in
Table 3), shorter reaction times (compared to entries 1-25 in Table 3), relatively
higher yields (compared to entries 1-6, 10-15, 17-20, and 22-25 in Table 3), per-
forming the reaction in an aqueous medium (in comparison with entries 20 and 25),
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Table 2 Synthesis of arylideneisoxazol-5(4H)-ones (4a—w)

Entry  Structure of product/color Time/min  Isolated  Observed m.p./°C
yield/%  (reported) [References]
1 CHj 3 98 213-215 (211-213) [69]
HO
i:: \I \,\
N
0”0 darvellow
2 CHg 5.5 92 130-132 (134-136) [69]
H3C%: >ﬁ {
N
N
07 0 4p/Pale yellow
3 CH3 3 97 175-176 (175-177) [69]
cho%: :H {
N
N
Ie) o
4 CHy 15 95 215-217 (212-214) [69]
HO
;:: \I \/\
N
HsCO 07 7O 4d/Yellow
5 \N CH, 3.5 85 219-220 (226-228) [69]
AN
/ \/N
07 O 4e/Crimson
6 CHg 3 96 202-204 (201-203) [69]
X
\/N
HO 0”0 4frYellow
7 OH 3 92 197-198 (198-200) [69]
CHs
A
07 0 4g/Yellow
8 CHs 3 92 259-262 (266-267) [100]
HO
A
N
O=N 07 O 4h/Greenish yellow
9 CHg 3 94 183-185 (175-177) [69]
o™y
N
o” © 4i/Orange
10 CHg 8 84 140-142 (141-143) [69]
AN
\/N
07 O 4j/Pale yellow
11 WHZCI 3 88 186-188 (184-186) [69]
HO
A
N
0”0 awYellow
12 CHCI 5 80 174-146 (177-178) [69]

N

T
S
/
[oN /i

@)
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Table 2 (continued)

Entry  Structure of product/color Time/min  Isolated  Observed m.p./°C
yield/% (reported) [References]

13 CH,CI 4 90 178180 (175-177) [69]
HaCO

O 4m/Yellow

14 CH,CI 2.5 92 142144 (143-144) [69]
HsCO O 4n/Deep yellow
15 CH,CI 35 92 175-177 (178-181) [69]
d  4o/Red
16 % H,Cl 4 87 200-202 (201-202) [69]
o 4p/Yellow
17 % H,Cl 5 75 180182 (181-183) [69]
© 4q/Yellow
18 C 3 91 208-210 (209-211) [69]
0 4r/Yellow
19 C 2 95 194-195 (195-197) [69]
0 4s/Yellow
20 2 88 171-172 (168-170) [69]
HsCO
0 4t/Yellow
21 % 4 90 180-181 (182-184) [69]
4u/Yellow
22 Q 3 88 194-196 (195-197) [69]
0 4v/Red
23 % 35 86 210-211 (213-215) [69]
O 4w/Yellow

Reaction conditions: p-keto ester (la—c, 1 mmol), aldehyde (2, 1 mmol), NH,OH-HCI (3, 1 mmol), ZnO
NPs (5 mol%), and H,O (10 mL). Reactions were performed at room temperature
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®
| |
R)\/ko/\ + NH,OH.HCl —— RMO/\ H)\Ar -~ H)J\Ar
la-c oxime intermediate activated aldehyde
N ) ad
~
J Knoevenagel condensation

R . T
Ar intramolecular !
A N . Cyclization cyclization NOH O NOH O
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Ar
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Scheme 2 Proposed mechanism for generation 4-arylideneisoxazol-5(4H)-ones (4a-w) catalyzed by
ZnO NPs

Knoevenagel adducts

avoiding heating or irradiation (in comparison with entries 1, 2, 5, 6, 9, 11, 14, 15,
20, 22, 24, and 25), and one-step preparation of the catalyst instead of several steps
(in comparison with entries 9 and 15).

Conclusions

In summary, a multicomponent reaction (MCR) for the synthesis of fully
substituted arylideneisoxazol-5(4H)-ones using ZnO NPs has been developed.
The MCR proceeded smoothly through the Knoevenagel condensation followed
by hetero-cyclization to afford a series of desired heterocyclic compounds with
acceptable reaction yields. The screening of solvents by means of a nano-ZnO as
the catalyst revealed that water was the best choice solvent. During the synthesis
of arylideneisoxazol-5(4H)-ones, using aryl aldehydes with various functional
groups, in the case of substituted aldehydes comprising electron-releasing functional
groups, excellent results were obtained, while the use of substituted aldehydes
containing electron-withdrawing functional groups did not result in the construction
of arylideneisoxazol-5(4H)-ones. The nano-ZnO catalyst was recycled and reused
for four consecutive runs. This method was environment-friendliness and simple, as
well as the used nano-catalyst was nontoxic and stable at room temperature. Short
reaction times, aqueous conditions, and recyclability of catalyst all of which were
beneficial to the economy and environment.
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