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Abstract

We report a novel, solvent-free synthetic methodology for the preparation of isoxazolone derivatives via the
ultrasonic-assisted reaction of substituted aldehydes, ethyl acetoacetate (EAAC), and hydroxylamine in lemon
juice. This approach is a natural acid-catalyzed multi-component reaction in an aqueous medium for the
synthesis of isoxazolones in good to excellent yields. Furthermore, when ultrasonic radiation is also used,
reaction rates are greatly accelerated and efficiency increases, allowing for quick synthesis with little energy
input. This eco-friendly method reduces pollution in the environment by eliminating the need for dangerous
chemical solvents. The resultant isoxazolone derivatives exhibit a broad spectrum of biological activities,
including antimicrobial, anti-inflammatory, and anticancer properties, rendering them valuable scaffolds for
pharmaceutical and medicinal development.
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Introduction

Researchers around the world have realized the fundamental importance of nitrogen-containing heterocycles
in pharmaceutical and medicinal chemistry. These heterocycles are the core building blocks of many
pharmaceutically active natural products. In fact, 59% of the small molecule drugs approved by the USFDA,
contain nitrogen heterocycles, making them the most important heterocycles in medicinal chemistry.!
Isoxazolone derivatives are a class of heterocyclic compounds that contain a five-membered ring structure
consisting of carbon, nitrogen, and oxygen atoms. They are known for their diverse biological activities and
have been studied for their potential applications in various fields like medicines, pesticides in crops, oils,
dyes, high-temperature lubricants, semiconductors, liquid crystals etc.?1° The chemical structures of bioactive
compounds with the isoxazol-5(4H)-one nucleus, a pharmacological significant scaffold with a variety of
biological activities, are depicted in Figure 1.
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Figure 1. Isoxazolone derivatives are useful in various ways

Several synthesis techniques have been described to create these heterocycles because of their
significance. The synthesis of these heterocyclic compounds includes a multi-component condensation
process including hydroxylamine, different aldehydes, and B-keto esters.

In the last few years, numerous researchers have been working on the synthesis of Isoxazolone
derivatives. One of the most common strategies used involves a three-component (multi-component) reaction
between various aldehydes, hydroxylamine, and dicarbonyl derivatives. This reaction is typically performed
using different catalysts like sodium benzoate (CsHsCO,  Na*),!! 2-hydroxybenzoic acid (salicylic acid, 2-HO-
CsH4CO2H),*? guanidine hydrochloride (HzNC=NHNH,-HCl),** potassium phthalimide (PPI),** nano-SiO,-H,504,*°
pyridine,'® boric acid (H3BOs),Y” sodium silicate,’® pyridine/ultrasound,’® potassium carbonate,?® sodium
hypophosphite,?! sodium sulfide,?? ionic liquid [BMIM][PFs],23 Cu/TCH-pr@SBA-15 nano-composite,?* citrazinic
acid,?> MnO,@Zeolite-Y nanoporous,?® Montmorillonite nanoclay,?” pyridinium p-toluenesulfonate (PPTS),%®
monosodium phosphate (NaH2P04),?° cobalt iron oxide (CoFeO),?° 4-(dimethylamino)pyridine (DMAP),3! ZSM-
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5 as a heterogeneous catalyst,?? sulfonated graphene oxide,?* piperazine,3* citric acid,?> sodium chloride,®
potassium bromide,3’ etc. as catalyss were used under various condition (room temperature to reflux).

Our current thinking is focused on how to use lemon juice for the construction of heterocyclic compounds.
The citric acid derived from lemons has recently been utilized in various organic transformations or for the
synthesis of organic derivatives fused Imidazoles,3® substituted benzoxazoles,* bispyrazolyl methanes,*® and
bismuth nanoparticless.*! A few researchers have presented their investigation into the use of lemon juice for
the synthesis of naturally or pharmaceutically active heterocyclic compounds.*>*> The text is about the
importance of multicomponent reactions (MCRs) in modern synthetic chemistry. MCRs are important because
they allow for the simultaneous formation of multiple chemical bonds, saving time, energy, and resources in
the synthetic process of heterocycles.*¢*8 Based on the cases mentioned above, we are developing a more
affordable, environmentally friendly, and efficient strategy for synthesizing isoxazolone derivatives using
lemon juice. Lemon juice containing 5-6 % of citric acid, facilitates an acid-catalyzed multi-component reaction
in an aqueous medium.* This approach could prove to be a secure and cost-effective method, involving the
use of lemon juice reaction under ultrasonic radiation.

Results and Discussion
Based on a literature survey, we synthesized derivatives of (Z)-3-methyl-4-(4-methylbenzylidene)isoxazol-
5(4H)-one employing a particular chemical reaction involving p-methyl benzaldehyde, ethyl acetoacetate, and

hydroxylamine using lemon juice in an acid-catalyzed multi-component reaction in an agueous medium. TLC
we used to follow the progress of the reaction, and the proposed mechanism shown in Figure 2.

Figure 2. General reaction scheme and proposed reaction
mechanism
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We have explored the reaction in citric acid and lemon juice, in the presence of water, alcoholic solvent
and without solvent, for the synthesis of isoxazolone derivatives, and found feasible condition for synthesis
(2)-3-methyl-4-(4-methylbenzylidene)isoxazol-5(4H)-one from benzaldehyde, EAAC and hydroxylamine using
lemon juice at 50-60 °C under ultrasonication and the result are summarized in Table 1.

Table 1. Optimization of condition for reaction.

S No Particulars Temp. Time Yield
1 Citric acid /H,0 25-35°C 9-10h 82 %
2 Citric acid /H,0/ Ultrasonic (US) 25-35°C 4.0h 83%
3 Citric acid /H20/ Ultrasonic (US) 50-60 °C 40 min 85 %
4 Lemon Juice / H20 / Ultrasonic (US) 25-35°C 40 min 37 %
5 Lemon Juice / H,0 / Ultrasonic (US) 50-60 °C 40 min 76 %
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6 Lemon Juice / Ethanol / Ultrasonic (US) 25-35°C 35 min 38%
7 Lemon Juice / Ethanol / Ultrasonic (US) 50-60 °C 30 min 74 %
8 Lemon Juice / Solvent free / Ultrasonic (US) 25-35°C 30 min 56 %
9  Lemon Juice / Solvent free / Ultrasonic (US) 50-60 °C 30 min 86 %

Based on the above-mentioned information, we can infer that the maximal conversion of (Z)-3-methyl-4-
(4-methylbenzylidene)isoxazol-5(4H)-one occurs at 50-60 °C in the absence of a solvent. Next, in order to get
maximal conversion and yield, we optimize the quantity of lemon juice. The experimental results are listed in
Table 2 below

Table 2. Optimization of lemon juice for reaction

S No Conditions Temp. Time Conversion
1 Lemon juice 0.5 mL/Ultrasonic (US) 50 °C 30 min 30 %
2 Lemon juice 1.0 mL/Ultrasonic (US) 50 °C 30 min 64 %
3 Lemon juice 1.5 mL/Ultrasonic (US) 50 °C 30 min 85 %
4 Lemon juice 2.0 mL/Ultrasonic (US) 50 °C 30 min 91 %

According to the information above, about 2.0 mL of lemon juice is needed for the synthesis of
isoxazolone at 50 °C under ultrasonic circumstances in order to obtain optimal product transformation.

We explored the reaction without solvent using aryl aldehyde, hydroxylamine and varying EAA the results
are tabulated below in Table 3.

Table 3. Optimization of equivalence study.

SNo Eq.of EAAC Eq. of aldehyde Temp. Time Conversion
1 1.00 0.90 50 °C 30 min 74 %
2 1.00 1.00 50 °C 30 min 89 %
3 1.00 1.15 50 °C 30 min 89 %

Based on the above experiment data a low yield is produced using lower equivalents of aldehyde, while
higher equivalents of aldehyde does not influence reaction yield.

Once the ideal conditions are determined, we synthesize the various isoxazolone derivative 4a-k, which
are depicted in Figure 3 and Table 4.

Figure 3. Synthesis of Isoxazolone derivative 4a-k
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Table 4. Summary synthesis of Isoxazolone derivatives 4a-k.
. _ M.P. °C
S No Compound Time Colour Yield Found | Reported Ref
XN . .
4a m 25min | Brownsolid = 86% = 148 | 159-161 51
F o
F
4b M 30min  Yellowsolid  90% 175 - -
F o
Cl N\ Pale yellow
4c 30 min ) 86% 162 166-168 52
solid
O
Light yellow
4d S 25 min | B Y 92% 133 132133 51
solid
o
4e J@/jé 25min  Yellowsolid = 89% 175 | 177-179 51
~0 5
N
4f - 20 min Brown solid 89% 232 226-227 37
N o]
I
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. Light yellow
4g 30 min <olid 86% 214 210 50
4h 20 min | Reddish solid 85% 198 192 50
4i 30 min Yellow solid 86% 226 228 50
4j 30 min Yellow solid 82% 210 204 50
. Pale yellow
4k 20 min solid 90% 205 208 50

We have reported an efficient strategy and effective conditions for the synthesis of isoxazole derivatives
and we highlight the effectiveness of this method, compared with previous methods as summarized below in
Table 4.

S. No Condition Temp. Time Yield Ref
1 Citric acid / Water r.t 8.0h 90 35
2 Pyridine / Ethanol Reflux 20h 52.5 16
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3 Pyridine / Water / Ultrasound - 1.5h 67 19
4 PTSA / Water Reflux 20h 62 28
5 Monosodium phosphate 80 °C 3.0h 68 29
6 K,COs / water Reflux 3.0h 72 20
7 Sodium hypophosphite / Ethanol r.t. 10 min 80 21
8 2,2'-Bipyridine, perchlorate / Water Reflux 65 min 84 23
9 Boric acid B(OH)s; / Water 80°C 30 min 86 17
11 | Cu/TCH-pr@SBA-15 nanocatalyst 80°C 8.0h 95 24
12  Potassium phthalimide / Water r.t. 1.5h 70 14
13 | Sodium silicate / Water r.t. 2.5h 89 18
14  Sodium benzoate / Water r.t. 1.5h 87 11
15 | Sodium sulfide / Ethanol r.t. 2.5h 80 22
16  [BMIM][PFg] / Ethanol Reflux 1.0h 85 23
17 | Lemon Juice / Ultrasonic radiation 50 °C 30 min 91 C‘t:vror:?t

Conclusions

We have developed a simple and effective method for synthesizing some isoxazol-5(4H)-one derivatives by
combining an aryl aldehyde, ethyl acetoacetate (EAA), and hydroxylamine in lemon juice under ultrasonic
affordable, readily available, biodegradable, safe, and simple irradiation at 50-60 °C. Lemon juice has the
potential to be a reactant as well as a solvent for reaction. In another aspect, it aligns with the concept of
green chemistry. This method offers several advantages, including avoiding the use of metal catalysts, easy
work-up, clean reactions, shorter reaction times, and excellent yields, contributing to green chemistry.
Performing the reaction at 50-60 °C under ultrasonic irradiation is significant as it reduces hazardous waste
and energy consumption, eliminates the need for solvents, minimizes water pollution, and helps conserve
biodiversity and the ecosystem.

Experimental Section

General. All the ingredients, reagents, and solvents used in this experiment were sourced from reputable
commercial providers. We used borosilicate glassware and a 6.5-liter ultrasonic bath manufactured by Athena
technology model 220/240 V, AC/50Hzs for sonication. Silica gel served as the stationary phase in TLC analysis,
which allowed us to monitor the progress and conversion of the product. The characteristics of each spot were
visible under ultraviolet light. Melting points were determined in open capillary tubes using a paraffin oil bath

Page 8 of 12 ©AUTHOR(S)



Arkivoc 2024 (8) 202412330 Vane, V. et al.

and were uncorrected. IR spectra were recorded using a Brucker FT-IR spectrometer, 'H NMR spectra were
acquired using a Brucker 400 and 500 MHz spectrometer, and 3C NMR spectra were recorded using a Brucker
100 & 125 MHz spectrometer. Additionally, the Agilent 7800 system was used to analyses the mass of every
compound.

Synthesis of Isoxazolone derivatives 4a-k. A mixture of EAAC (2.014 mmol), aryl aldehyde (or its derivative)
(2.014 mmol), and hydroxylamine (2.014 mmol) was added within a sealed tube. To this mixture lemon juice
(2.0 ml) was added and the resultant mixture was kept at 50 °C, under ultrasonic radiation for an appropriate
time. Completion of the reaction was determined by TLC (Ethyl acetate: Hexane, 95:5), and the resulting
reaction mixture was filtered and washed with water times. Finally, this crude product was recrystallized from
EtOH to afford the pure product.

4-(4-Fluorobenzylidene)-3-methylisoxazol-5(4H)-one (4a). Brown Solid (Yield-86 %); M.P. 158 °C; *H NMR (ds-
DMSO, 400 MHz) &: 8.54 (m, 2H, Ar-H), 7.98 (s, 1H, CH), 7.48-7.44 (m, 2H, Ar-H), 2.30 (s, 3H, CHs); 3C NMR
(CDCls5, 100 MHz) 6: 168.0, 167.2, 164.7, 161.0, 148.2, 136.8, 136.7, 128.9, 116.6, 116.4, 11.6; FT-IR cm™
(KBr):3047.55, 1749.04, 1621.19, 1507.35, 1423.31, 1297.26, 1169.36, 960.34, 830.69; MS: m/z= 206.23
[M+1].

4-(2,4-difluorobenzylidene)-3-methylisoxazol-5(4H)-one (4b). Yellow Solid (Yield-90 %); M.P. 175 °C; *H NMR
(de-DMSO, 400 MHz) 6: 7.96-7.94 (m, 1H, Ar-H), 7.50-7.48, (m, 1H, Ar-H), 7.31-7.21 (m, 1H, Ar-H), 7.06 (s, 1H,
CH) 1.90 (s, 3H, -CHz3); 3C NMR (CDCls, 100 MHz) &: 167.8, 166.9, 165.4, 161.1, 148.2, 138.7, 138.6, 135.4,
116.6, 116.4, 11.6; FT-IR cm™ (KBr):3433.36, 3072.47, 1672.25, 1496.98, 1367.09, 990.39, 874.42; MS: m/z=
224.03 [M+1].

4-(4-chlorobenzylidene)-3-methylisoxazol-5(4H)-one (4c). Pale yellow solid (m, 1H, Ar-H), 7.56-7.37 (m, 1H,
Ar-H), 7.26 (s, 1H, CH), 2.33 (s, 3H, -CH3); 13C NMR (CDCls, 100 MHz) &: 167.5, 160.9, 148.0, 147.8, 135.0, 133.6,
131.8, 130.3, 129.8, 121.2, 11.6; FT-IR cm™ (KBr):3148.00, 3056.70, 1734.91, 1595.56, 1517.52, 1335.33,
1123.5, 872.5; MS: m/z=222.05 [M+1].

4-(4-methylbenzylidene)-3-methylisoxazol-5(4H)-one (4d). Light yellow Solid (Yield-92 %); ; M.P. 133 °C; 'H
NMR (CDCls, 500 MHz) 6: 8.28-8.27 (d, 2H, Ar-H), 7.39 (s, 1H, CH), 7.32-7.26 (d, 2H, Ar-H), 2.44 (s, 3H, Ar-CHs),
2.28 (s, 3H, -CHs); 13C NMR (CDCls, 125 MHz) 6: 168.2, 161.2, 150.0, 145.7, 134.1, 131.0, 130.0, 129.9, 129.7,
118.4, 22.1, 11.6; FT-IR cm™ (KBr):3010.19, 2935.37, 1968.19, 1612.12, 1423.54, 1264.30, 987.14, 872.95; MS:
m/z=202.10 [M+1].

4-(4-methoxy benzylidene)-3-methylisoxazol-5(4H)-one (4e). Yellow Solid (Yield-89 %); M.P. 175 °C; *H NMR
(CDCl3, 500 MHz) 6: 8.45-8.42 (d, 2H, Ar-H), 7.34 (s, 1H, CH), 7.01-6.99 (d, 2H, Ar-H), 3.91 (s, 3H, OCH3), 2.27 (s,
3H, -CHs); 3C NMR (CDCls, 125 MHz) &: 168.8, 164.6, 161.3, 149.3, 137.0, 125.8, 116.4, 114.7, 55.7, 11.6; FT-IR
cm™ (KBr):2929.47, 2838.08, 1751.41, 1591.24, 1484.96, 1324.64, 1250.74, 986.50, 815.00; MS: m/z= 218.07
[M+1].

4-(4-(dimethylamino)benzylidene)-3-methylisoxazol-5(4H)-one (4f). Brown Solid (Yield-89 %); M.P. 232 °C; *H
NMR (CDCls, 500 MHz) &: 8.40-8.39 (d, 2H, Ar-H), 7.21 (s, 1H, CH), 6.74-6.72 (d, 2H, Ar-H), 3.15 (s, 6H, -
N(CH3z)2), 2.23 (s, 3H, -CH3); 13C NMR (CDCls, 125 MHz) 6:170.1, 161.5, 154.1, 149.2, 137.6, 121.8, 111.7, 111.4,
40.2,11.7; FT-IR cm™ (KBr):2927.23, 1662.28, 1594.03, 1556.25, 1412.26, 1298.31, 1149.85, 912.48, 864.75.
3-methyl-4-((1-phenyl-3-(p-tolyl)-1H-pyrazol-4-yl)methylene)isoxazol-5(4H)-one (4g). Light yellow solid
(Yield-86 %); M.P. 214 °C; 'H NMR (ds-DMSO, 400 MHz) &8: 7.94-7.92 (d, 2H, Ar-H), 7.68-7.60 (m, 5H, Ar-H), 7.51
(s, 1H, CH), 7.49-7.40 (m, 2H, Ar-H), 2.49 (s, 3H, CHs), 2.23 (s, 3H, Ar-CHs); 3C NMR (CDCls;, 100 MHz) 6:168.9,
161.7, 140.0, 139.2, 138.4, 133.5, 130.0, 129.7, 129.1, 128.2, 127.6, 119.6, 115.1, 114.7, 20.9, 10.9; FT-IR cm™
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(KBr):3144.64, 2979.94, 1734.55, 1611.86, 1596.65, 1454.70, 1334.46, 1231.35, 996.54, 831.85; MS: m/z=
244.39 [M+1].

3-methyl-4-((1-phenyl-3-(thiophen-2-yl)-1H-pyrazol-4-yl)methylene)isoxazol-5(4H)-one (4h). Reddish solid
(Yield-85 %); M.P. 198 °C; 'H NMR (ds-DMSO, 400 MHz) 6: 7.89-7.87 (m, 2H, Ar-H), 7.88-7.75 (m, 1H, Ar-H),
7.68-7.66 (m, 1H, Ar-H), 7.62-7.58 (m, 2H, Ar-H), 7.48-7.45(m, 1H, Ar-H), 7.29-7.26 (s, 1H, CH), 2.31 (s, 3H,
CHs); 13C NMR (CDCl3, 100 MHz) 6:168.8, 161.0, 150.3, 138.7, 138.1, 133.5, 131.8, 129.8, 128.7, 128.5, 128.4,
128.2, 119.4, 115.2, 114.9, 79.2, 78.8, 78.5, 10.9; FT-IR cm™ (KBr):3145.20, 3109.20, 1744.93, 1613.44,
1498.64, 1460.42, 1297.09, 1128.987, 992.60, 871.71; MS: m/z= 236.35 [M+1].

Acknowledgements

The principal and the chemistry department of Yogeshwari Mahavidyalaya, Ambajogai College, are to be
thanked by the author for providing the required research support.

Supplementary Material

For spectral analysis of synthesised compounds 4a, 4b,4c, 4d, 4e, 4f, 4g & 4h. Please find the Spectral data in
supplementary information (SI).

References

1. Vitaku, E.; Smith, D. T.; Njardarson J. T. J. Med. Chem. 2014, 57, 24, 10257-10274.
https://doi.org/10.1021/im501100b

2. Shailaja, M.; Manijula, A.; Rao, B. Indian J. Chem. 2011, 50B, 214-222.

3. Ishioka, T.; Tanatani, A.; Nagasawa, K.; Hashimoto, Y. Bioorg. Med. Chem. 2003, 13, 2655-8.
https://doi.org/10.1016/S0960-894X(03)00575-4

4. Deng, B. L.; Hartman, T. L.; Buchheit. W.; Pannecouque, C.; Clercq, E. D.; Cushman, M. J. Med. Chem. 2006,
49, 5316-5323.
https://doi.org/10.1021/jm0604490.

5. Laughlin, S. K.; Clark, M. P.; Djung, J. F.; Golebiowski, A.; Brugel, T. A.; Sabat, M.; Bookland, R. G.;
Laufersweiler, M. J.; Van Rens, R. L.; Townes, J. A.; De, B., Hsieh, L. C.; Xu, S. C.; Walter, M. J.; Mekel, M. J,;
Janusz, J. A. Bioorg. Med. Chem. Lett. 2005, 15, 2399-2403.
https://doi: 10.1016/j.bmcl.2005.02.066.

6. Pandhurnekar, C. P.; Pandhurnekar, H. C.; Mungole, A. J.; Butoliya, S. S.; Yadao, B.G. J. Heterocycl. Chem.
2023, 60, 536-565.
https://doi.org/10.1002/jhet.4586.

7. Thakur, A.; Verma, M.; Bharti, R.; Sharma, R. Tetrahedron, 2022, 119, 132813,
https://doi. org/10.1016/j.tet.2022.132813.

8. Bandaru, P. K.; Rao, S. N.; Radhika, G.; Rao, B.V. Chem. Data Collect. 2023, 44, 100994,
https://doi.org/10.1016/j.cdc.2023.100994.

9. Lamberth, C. J. Heterocyclic. Chem. 2018, 55, 2035—-2045.
https://doi.org/10.1002/jhet.3252.

10. Zia, M.; Hameed, S.; Ahmad, I.; Tabassum, N.; Yousaf, S. J. Mol. Struct. 2020, 1202, 127230,
https://doi.org/ 10.1016/j.molstruc.2019.127230.

Page 10 of 12 ©AUTHOR(S)



https://doi.org/10.1021/jm501100b
https://doi.org/10.1016/S0960-894X(03)00575-4

Arkivoc 2024 (8) 202412330

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.
22.

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Liu, Q.; Zhang, Y. Bull. Korean Chem. Soc. 2011, 32, 3559-3560.
https://doi.org/10.5012/bkcs.2011.32.10.3559.

Mosallanezhad, A.; Kiyani, H. Current Organocatal. 2019, 6, 28-35,
https://doi.org/10.2174/2213337206666190214161332.

Barkule, A. B.; Gadkari, Y. U.; Telvekar, V.N. Polycycl. Aromat. Compd. 2022, 42, 5870-5881.
https://doi.org/10.1080/10406638.2021.1959353.

Kiyani, H.; Ghorbani, F. J. Saudi Chem. Soc. 2017, 21, S112-S119.
https://D0I1:10.1016/j.jscs.2013.11.002

Ghorbani, F., Kiyani, H. and Pourmousavi, S. A. Res. Chem. Intermed. 2020, 46, 943-959.
https://doi.org/10.1007/s11164-019-03999-7.

Vane, V. et al.

Zhang, Y. Q.; Ma, J. J.; Wang, C.; Li J. C.; Zhang, D. N.; Zang, X. H.; Li, J. Chin. J. Org Chem. 2008, 28, 141-

144.

Kiyani, H.; Ghorbani, F, Res. Chem. Intermed. 2015, 41, 2653—-2664.
https://doi.org/10.1007/s11164-013-1411-x.

Liu, Q.; Wu, R. T. J. Chem. Res. 2011, 35, 598-599.
https://doi:10.3184/174751911x13176501108975.

Cheng, Q.; Xu, X.; Wang, Q.; Liu, L.; Liu, W.; Lin, Q.; Yang, X., Chin. J. Org. Chem. 2009, 29, 1267-1271.

Laroum, R.; Boulcina, R.; Bensouici, C.; Debache, A. Org. Prep. Proced. Int. 2019, 51, 583-588.
https://doi.org/10.1080/00304948.2019.1677993

Tayade, A.; Gaikwad, D.; Pawar, R. Chem. Biol. Interface. 2021, 11, 124-129
Liu, Q.; Hou, X. Phosphorus, Sulfur, Silicon Relat. Elem. 2011, 187, 448-453.
https://doi.org/10.1080/10426507.2011.621003

Mokal, R.; Jadhavar, S. Heterocycl. Lett. 2024, 14, 545-551.

Kalhor, M.; Sajjadi, S. M.; Dadras, A. RSC Advances. 2020, 10, 27439-27446.
https://d0i:10.1039/d0ra01314e

Ostadzadeh, H.; Kiyani, H. Org. Prep. Proced. Int. 2023, 55, 538-548.
https://doi.org/10.1080/00304948.2023.2192601

Kalhor, M.; Samiei, S.; Mirshokraie, S. A., Silicon 2021, 13, 201-210.
https://doi.org/10.1007/s12633-020-00413-5

Safari. J.; Ahmadzadesh. M.; Zarnegar. Z. Catalysis Commun. 2016, 86, 91-95.
https://doi:10.1016/j.catcom.2016.08.018

Laroum, R.; Debache, A. Synth. Commun. 2018, 48, 1876—1882.
https://doi.org/10.1080/00397911.2018.1473440

Khodja. I., Boulcina, R., Boumoud, T., Boumoud, B. and Debache, A. Der Pharma Chemica, 2016, 8, 97-101
Saadati-Moshtaghin, H. R.; Maleki, B.; Tayebee, R.; Kahrobaei, S.; Abbasinohoji, F. Polycycl. Aromat.

Compd. 2020, 42, 885-896.
https://doi.org/10.1080/10406638.2020.1754865

Faramarzi, Z.; Kiyani, H. Polycycl. Aromat. Compd. 2022, 43, 3099-3121.
https://doi.org/10.1080/10406638.2022.2061533

Hatvate, N. T.; Ghodse, S. M. Synth. Commun. 2020, 50, 3676—3683.
https://doi.org/10.1080/00397911.2020.1815786

Basak, P.; Dey, S.; Ghosh, P. Chemistry Select. 2020, 5, 626-636.
https://doi:10.1002/slct.201904164.

Kiyani, H.; Daroughezadeh, Z. Heterocycles 2022, 104, 1625.

Page 11 of 12

©AUTHOR(S)


https://doi.org/10.5012/bkcs.2011.32.10.3559
http://dx.doi.org/10.1016/j.jscs.2013.11.002

Arkivoc 2024 (8) 202412330

35.

36.

37.

38.

39.

40.

41.

42.
43.

44,
45.

46.

47.

48.

49.

50.
51.

52.

https://doi.10.3987/COM-22-14686

Rikani A. B.; Setamdideh D. Orient J. Chem. 2016, 32, 1433-7.

https://doi.org/10.13005/0jc/320317

Haidary, F.; Kiyani, H. Sustainable Chemistry for the Environment. 2024, 5, 100066.

https://doi.org/10.1016/j.scenv.2024.100066

Kulkarni, P. J. Indian Chem. Soc. 2021, 98, 100013.

https://doi:10.1016/j.jics.2021.100013

Saha, A.; Jana, A.; Choudhury, L. New J. Chem., 2018, 42, 17909.

https://doi: 10.1039/c8nj03480j

Bhagyashri, A.; Lole, Pravina.; Piste, B. Int. J. Pharm. Sci. Rev. Res., 2018, 49, 17-21.
Diwan, F.; Shaikh, M.; Mazahar Farooqui, M. Chem. Biol. Interface, 2018, 8, 255-268.
Mahiuddin, M.; Ochiai, B. ACS Omega. 2022, 7, 35626-35634.

https://doi.org/10.1021/acsomega.2c03416

Mostafa, J.; Younis, S. Iraqi National J. Chem. 2023, 23, 23-40.

Das, D. Tetrahedron Lett. 2020, 61, 152298.
https://doi.org/10.1016/j.tetlet.2020.152298

Vane, V. et al.

Khan, F.; Shaikh, K.; Choudhary, J.; Khan, S.; Shalgar, S.; Ali, A.; Mateen, S. JIPBS, 2022, Vol 9 (4): 13-17.

Kumari, S.; Singh, S.; Srivastava, V. Mol. Divers. 2020, 24, 717-725.

https://doi.org/10.1007/s11030-019-09980-1

Chaudhary, B.; Singla, D.; Arya, P.; Dabra, A.; Kumar, P.; Afzal, O.; Altamimi, A. S. A,; Alzarea, A. |.; Kazmi, I.;

Al-Abbasi, F.A.; Gupta, G.; Gupta. M. M. J. Heterocycl. Chem. 2023, 60, 523-536,

https://doi.org/10.1002/jhet.4583.

Kamalifar, S.; Kiyani, H. Res. Chem. Inter. 2019, 45, 5975-5987,

https://doi.org/10.1007/s11164-019-04014-9

Kamalifar, S.; Kiyani, H. Curr. Org. Chem. 2019, 23, 2626-2634.

https://doi.org/10.2174/1385272823666191108123330

Penniston, K. L.; Nakada, S. Y.; Holmes, R. P.; Assimos, D. G. J Endourol. 2008 Mar;22(3):567-70.

https://doi: 10.1089/end.2007.0304.

G.Shirole, A.; Tambe and Shelke, S. Indian J. Chem. Sec. B 2020, 59B, 459.

Ferouani, G.; Nacer, A.; Ameur, N.; Bachir, R.; Ziani-Cherif, C. J. Chin. Chem. Soc. 2018, 65, 459-464.

https://doi:10.1002/jccs.201700334.

Patil, M. S.; Mudaliar, C.; Chaturbhuj, G. U. Tetrahedron Lett. 2017, 58, 3256—3261.

https://doi: 10.1016/j.tetlet.2017.07.019

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY)
license (http://creativecommons.org/licenses/by/4.0/)

Page 12 of 12

©AUTHOR(S)


http://creativecommons.org/licenses/by/4.0/

