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Abstract

The article describes a green and efficient synthesis method for pyrano[2,3-c]-
pyrazoles, employing DL-alpha-tocopherol methoxypolyethylene glycol succinate
solution (TPGS-750-M) as a green and biodegradable surfactant in water. The
utilization of water as a reaction medium and TPGS-750-M as a surfactant
obviates the necessity for organic solvents, thereby enhancing the environmental
sustainability of the synthesis. The compounds synthesized using this novel method
was characterized using various spectroscopic techniques, including 'H-NMR, '*C-
NMR, and mass spectrometry.
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Introduction

Vitamin E is a group of fat-soluble compounds with antioxidant properties that
are commonly found in foods such as nuts, seeds, and vegetable oils [1]. TPGS-
750-M is a water-soluble derivative of Vitamin E that has been developed as an
emulsifying agent and surfactant [2]. TPGS-750-M derivatives have been studied
extensively for their potential as green alternatives in various applications,
including pharmaceuticals, cosmetics, and food products [3, 4]. In recent years,
natural compounds such as Vitamin E and TPGS-750-M have gained significant
attention as green alternatives to traditional synthetic compounds in various
applications. Vitamin E has been shown to have potential as a natural antioxidant
and stabilizer in drug formulations in the pharmaceutical industry, and studies
have demonstrated that vitamin E can protect drugs from oxidation and enhance
their stability, leading to improved shelf life and reduced waste [5]. In addition,
TPGS has been used as a solubilizing agent and enhancer of drug absorption,
making it a promising candidate for improving the bioavailability of poorly
soluble drugs [6]. TPGS-750-M has also been used as a natural alternative to
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synthetic emulsifiers and surfactants, improving the stability and texture of
cosmetic formulations. TPGS-750-M has been used as an emulsifying agent
and stabilizer in food formulations, leading to improved texture and shelf life
[7]. The use of TPGS-750-M in green chemistry has several advantages over
traditional synthetic compounds. These natural compounds are biodegradable
and non-toxic, reducing the environmental impact of chemical products. They
are also renewable resources, reducing dependence on fossil fuels and other non-
renewable resources. Furthermore, their use in various applications has been
shown to improve the quality and stability of products, reduce waste, and increase
efficiency. The use of TPGS-750-M in green chemistry has significant potential
as a sustainable and environmentally friendly alternative to traditional synthetic
compounds [8, 9]. Further research and development are needed to fully realize
the benefits of these natural compounds in various applications.

Green chemistry is an approach to chemical research and engineering that seeks
to reduce or eliminate the use and generation of hazardous substances in the design,
manufacture, and application of chemical products [10]. However, green synthesis
is a rapidly growing area of research that focuses on the development of sustainable
and environmentally friendly methods for synthesizing a wide range of materials
[11]. This field has gained significant attention in recent years due to its potential to
address some of the key environmental and health issues associated with traditional
chemical synthesis methods. Green synthesis involves the use of non-toxic and
renewable starting materials, as well as energy-efficient and environmentally benign
reaction conditions. It offers a promising alternative to conventional synthetic
methods that rely on toxic solvents, high temperatures, and pressures and produce
harmful waste products [12, 13]. The use of green synthesis methods not only
reduces the environmental impact of chemical synthesis but also offers a range of
benefits, such as improved product purity, increased reaction efficiency, and reduced
manufacturing costs.

Pyrano[2,3-c]pyrazoles are characterized by a pyrazole ring fused to a pyran ring,
rendering them structurally unique and intriguing from a synthetic standpoint. This
class of heterocyclic compounds has garnered considerable attention in recent years
due to its diverse biological activities and potential applications in medicinal chem-
istry, as depicted in Fig. 1 [14-19]. These compounds have been shown to exhibit
anticancer, antimicrobial, anti-inflammatory, and antiviral activities [20-24]. For
example, several studies have reported the antitumor activity of pyrano[2,3-c]pyra-
zoles against a variety of cancer cell lines, thus making them promising candidates
for the development of novel anticancer agents [25]. Furthermore, pyrano[2,3-c]
pyrazoles have also shown potential as enzyme inhibitors. For instance, several stud-
ies have demonstrated their ability to inhibit key enzymes such as acetylcholinester-
ase, tyrosinase, and a-glucosidase [26, 27]. The inhibition of these enzymes is also
important for the treatment of diseases such as Alzheimer’s, Parkinson’s, and diabe-
tes, respectively. In addition to their biological activities, pyrano[2,3-c]pyrazoles are
also useful intermediates for the synthesis of other important compounds. They can
be used as starting materials for the synthesis of pyrazolo[1,5-a]pyrimidines, which
have been shown to exhibit potent anticancer and antiviral activities [28, 29].
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Fig. 1 Structures of some biologically active pyrano[2,3-c]pyrazole compounds

The use of TPGS-750-M as a catalyst in the synthesis of pyrano[2,3-c]pyrazole
can represent an environmentally friendly and economical approach in line with
the principles of green chemistry. The aim of this developed method is to provide
a more sustainable and environmentally friendly alternative to traditionally used
chemicals with high toxic and environmental impacts. It will contribute to make
pyrano[2,3-c]pyrazole synthesis processes more efficient, environmentally friendly,
and economical. Furthermore, the use of TPGS-750-M can be considered to make
a significant contribution to the efforts to achieve environmental sustainability goals
in the field of industrial chemistry, as it has led to the reduction of waste products
and toxic substances, as well as energy savings. Therefore, the use of TPGS-750-M
as a catalyst in the synthesis of pyrano[2,3-c]pyrazole will be an important and ben-
eficial development, both scientifically and environmentally.

Experimental
General

The chemicals utilized in this study were purchased from two different companies,
Merck and Sigma-Aldrich. No further purification was performed on the reagents and
solvents used. The progress of the reactions was observed by analyzing them with thin-
layer chromatography (TLC) on aluminum sheets pre-coated with Merck silica gel
60 F254, visualized under UV light. The obtained samples underwent measurement
of their melting points employing an Electrothermal Gallenkamp apparatus, and the
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resultant values were reported without any adjustments. Nuclear Magnetic Resonance
(NMR) spectra, specifically '"H (400 MHz) and '*C (100 MHz), were recorded
in deuterated dimethyl sulfoxide (DMSO-d4) solutions. Thermo Scientific hybrid
quadrupole-Orbitrap mass spectrometer, equipped with a refractive index detector, was
employed for the determination of the molecular weights of the acquired samples.

General procedure for synthesis of pyrano [2,3-c] pyrazoles

A mixture of ethyl acetoacetate 1 (1 mmol), hydrazine hydrate 2 (1 mmol), and 2 mL
TPGS-750-M solution (2 wt% in H,O) was stirred at room temperature for 3 min,
then molanonitrile 3 (1 mmol), and aldehydes 4a-y (each 1 mmol) were added to the
mixture. It was stirred at 50 °C. The reaction progress was monitored by TLC under
UV light. After completion of the reaction, the resulting precipitate was subjected to
washing with cold ethanol and subsequent filtration. Crude products were recrystallized
from ethanol (96%) to afford the title pure compounds. The confirmation of the
identity of established products was achieved through a meticulous comparison of
their spectroscopic data and inherent physical characteristics with the comprehensive
information provided in contemporary literature. Conversely, the novel products were
discerned through rigorous analysis of their spectral data, encompassing 'H-NMR, *C-
NMR, and Mass data.

Selected data
6-amino-5-cyano-3-methyl-4-phenyl-1,4-dihydropyrano[2,3-c]pyrazole (5a)

White solid, Yield 99%; m.p: 243-245 °C. "H NMR (400 MHz, DMSO-d;, & ppm):
1221 (s, 1H, NH), 7.60-7.08 (m, 5H), 6.90 (s, 2H, NH,), 4.51 (s, 1H), 1.95 (s, 3H,
CH,); 3C NMR (100 MHz, DMSO-dy): 159.3, 153.8, 145.3, 136. 3, 129.5, 129.3,
128.6, 128.2, 120.3, 97.4, 57.7, 37.9, 10.1; HRMS (ESI): m/z Calcd for C,,H,;N,0
[M-+H]*: 253.10859; Found, 253.10873.

6-amino-4-(4-fluorophenyl)-3-methyl-1,4-dihydropyrano[2,3-c]
pyrazole-5-carbonitrile (5e)

White solid, Yield 96%; m.p: 238-240 °C. 'H NMR (400 MHz, DMSO-d,, &
ppm): 11.99 (s, 1H, NH), 7.33-7.12 (m, 4H), 6.96 (s, 2H, NH,), 4.59 (s, 1H), 1.56
(s, 3H, CH,); °C NMR (100 MHz, DMSO-d,): 159.5, 153.9, 144.9, 130.6, 129.4,
127.6, 1234, 122.2, 119.1, 115.3, 99.4, 58.8, 36.4, 9.5; HRMS (ESI): m/z Calcd for
C,,H,,FN,O [M+H]*: 271.09917; Found, 271.09924.

6-amino-3-methyl-4-(3-nitrophenyl)-2,4-dihydropyrano[2,3-c]
pyrazole-5-carbonitrile (5j)

Yellow solid, Yield 83%; m.p: 191-193 °C. 'H NMR (400 MHz, DMSO-d;, 6 ppm):
12.01 (s, 1H, NH), 7.63-7.04 (m, 4H), 6.85 (s, 2H, NH,), 4.65 (s, 1H), 1.97 (s, 3H,
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CH,); C NMR (100 MHz, DMSO-dy): 160.0, 154.9, 149.3, 133.6, 132.5, 129.8,
127.8, 1223, 121.0, 116.0, 99.9, 58.3, 35.2, 10.0; HRMS (ESI): m/z Calcd for
C,H,N50; [M+H]J*: 298.09347; Found, 298.09363.

6-amino-4-(3,4-dimethoxyphenyl)-3-methyl-2,4-dihydropyrano[2,3-c]
pyrazole-5-carbonitrile (50)

White solid, Yield 62%; m.p: 190-192 °C. "H NMR (400 MHz, DMSO-d;, § ppm):
12.06 (s, 1H, NH), 7.53-7.18 (m, 3H), 6.91 (s, 2H, NH,), 4.51 (s, 1H), 3.45 (s, 3H,
CH;), 3.26 (s, 3H, CH,), 1.98 (s, 3H, CH,); '*C NMR (100 MHz, DMSO-dj): 160.9,
159.3, 155.1, 152.8, 134.8, 130.8, 127.5, 124.8, 122.6, 116.4, 99.8, 61.1, 55.5,
51.0, 36.3, 9.9; HRMS (ESI): m/z Caled for C,¢H,(N,O;Na [M+Na]*: 311.11256;
Found, 311.11288.

6-amino-3-methyl-4-(1\.2-pyrrol-2yl)-1,4-dihydropyrano[2,3-c]
pyrazole-5-carbonitrile (5u)

Yellow solid, m.p: 201-203 °C. 'H NMR (400 MHz, DMSO-dg, & ppm): 11.85 (s,
1H, NH), 10.08 (s, 1H, NH), 7.64-6.53 (m, 3H), 6.81 (s, 2H, NH,), 4.70 (s, 1H),
1.88 (s, 3H, CH;); 13C NMR (100 MHz, DMSO-dg): 160.6, 158.1, 144.9, 129.4,
122.2, 119.8, 118.9, 115.5, 100.1, 59.8, 34.8, 10.2; HRMS (ESI): m/z Calcd for
C,H,;NsOK [M+K]*: 279.05139; Found, 279.05106.

Results and discussion

Overall, the scientific significance of pyrano[2,3-c]pyrazoles lies in their diverse
biological activities and potential applications in medicinal chemistry [30, 31].
Further research is necessary to develop environmentally friendly synthetic
strategies for producing these compounds as significant agents and to thoroughly
evaluate their potential. The aim of our study was to investigate the catalytic
efficiency of the TPGS-750-M catalyst in the eco-friendly synthesis of pyrano[2,3-c]
pyrazole derivatives. We optimized the reaction conditions, such as employing
a green solvent system, utilizing low catalyst loading, maintaining mild reaction
temperatures, and achieving high reaction yields, to establish a sustainable and
environmentally benign process. Table 1 depicts the outcomes of the effect of the
TPGS-750-M catalyst on the synthesis of compound Sa. Initially, the model reaction
was conducted without a TPGS-750-M catalyst in a solvent-free condition.

The reaction was monitored using TLC, and after 2 h, it was observed that
pyrano[2,3-c]pyrazole Sa was not formed (Table 1, entry 1). When only 2 mL of
water without catalyst was used, a 15% product yield was obtained within 2 h.

Then, we attempted to ascertain the optimal effect of catalyst quantity on the
reaction by altering the concentration of TPGS-750 M catalyst in the synthesis
of pyrano[2,3-c]pyrazole. The model reaction yielded 40% yield of pyrano[2,3-c]
pyrazole in 60 min at room temperature when a 0.5% weight in water catalyst was
utilized (Table 1, entry 2). When the temperature was doubled, the reaction time
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Table 1 Optimization of the reaction conditions for the synthesis of pyrano[2,3-c]pyrazole 5a

oN CHO
M NHz ( TPGS-750-M/H,0
o + HoN + CN +
t, T
1 2 3 4a

Entry TPGS-750-M (%wt)  Temperature (°C) Time (min) Yield (%)
1 - 50 120 -
2 0.5 25 60 40
3 0.5 50 28 65
4 1 25 20 68
5 1 50 13 75
6 2 25 15 76
7 2 35 10 77
8 2 50 10 99
9 4 25 17 81
10 4 50 10 96

decreased, and the yield increased. Upon using 1% TPGS-750-M catalyst, it was
observed that the product yield increased further under the same reaction conditions
(Table 1, entries 3-5). This indicates that both the amount of catalyst and tempera-
ture should be adjusted. The model reaction was conducted using 2% weight and
4% weight of TPGS-750-M catalyst, resulting in yields of 76% and 81% yields in
15 min and 17 min at room temperature, respectively (Table 1, entries 7 and 9).
In order to achieve high yields and reduce the reaction time, the temperature was
increased from 25 to 50 °C, resulting in a 99% yield in 10 min using TPGS-750-M
catalyst at 2% weight in water catalyst (Table 2, entry 8). Similarly, 96% product
efficiency was attained with a 4% weight TPGS-750-M catalyst (Table 2, entry 10).
The study aimed to determine the optimal effect of TPGS-750-M catalyst on the
synthesis of compound 5a. Furthermore, an investigation was conducted to evalu-
ate the influence of aldehydes on the synthesis of pyrano[2,3-c]pyrazole using the
TPGS-750-M catalyst in the model reaction. After optimizing the catalyst amount
and temperature, various aldehydes 4a-y were employed under the same reaction
conditions for the synthesis of pyrano[2,3-c]pyrazole, using hydrazine hydrate 1,
ethyl acetoacetate 2, and malononitrile 3 (1 mmol each). The green synthesis was
conducted as depicted in Scheme 1. The TPGS-750-M-catalyzed multi-component
reaction proved to be effective for a range of aldehydes, including those featur-
ing both electron-donating and electron-withdrawing substituents on the aromatic
rings. The reaction model yielded pyrano[2,3-c]pyrazole products with high yields,
which were conveniently purified through recrystallization in ethanol. Moreover,
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Table 2 Used catalysts for the synthesis of pyrano[2,3-c]pyrazole

No. Catalyst Reaction condition Time (min) Yield (%) References
1 Piperidine H,0, .t 5-10 89 [36]
2 Glycine H,0, .t 20 94 [37]
3 L-proline [Bmim]BF4, 50 °C 5 94 [38]
4 Maltose solvent-free, 100 °C 10 98 [39]
5 Per-6-amino-beta-cyclodextrin  solvent-free, r.t 10 99 [40]
6 Bovine Serum Albumin H,0O-ethanol (7:3), r.t 120 88 [41]
7 Montmorillonite K-10 H,O0, rt 300 88 [42]
8 Ionic liquid solvent-free, r.t 30 85 [43]
9 Lemon Juice H,O0 -ethanol (9:1), 90 °C 45 94 [44]
10 Iso-nicotinic acid solvent free, 85 °C 10 90 [45]
11 Bael fruit H,0, r.t 5 93 [46]
12 Heteropoly acid solvent free, 60 °C 10 96 [47]
13 Mg/Al hydrotalcite ethanol, .t 240 86 [48]
14 Nano MgO acetonitrile, r.t 10 97 [49]
15 Nano ZrO, H,O0 -ethanol (1:6), r.t 5 95 [25]
16  Nano ZnS grinding, r.t 10 94 [25]
17 Nano ZnO H,0, 100 °C 35 89 [50]
18  Graphite oxide 25 oC 20 92 [51]
19 Nano TiO, H,O, r.t 30 90 [52]
20  Nano Fe;0, solvent free, r.t 7 96 [53]
21 Nano MgFeCrO, ethanol, 78 °C 10 90 [54]
22 Nano SiO, H,0, 80 °C 30 94 [55]
23 y-Alumina H,0, r.t 120 93 [56]
24 Magnetized water H,0, .t 120 60 [57]
25  Potassium t-butoxide H,0, .t 120 64 [58]
26  TPGS-750-M H,0, 50 °C 10 94 Our work

the straightforward purification process via recrystallization from ethanol highlights
the practicality of this methodology for synthetic chemists and researchers in the
field. A short reaction time of 6 min was observed for 5 s, while a longer reaction
time of 22 min was determined for 5 1. The reaction efficiencies were found to range
between 55 and 99%. When the reaction was carried out using model reactants
(1 mmol each) with 2% weight of TPGS-750-M catalyst in 2 mL of water at 50 °C,
the pyrano[2,3-c]pyrazole products were obtained in abundant yields without col-
umn chromatography purification. The successful application of the TPGS-750-M
catalyst in this multi-component reaction underscores its versatility in accommodat-
ing a wide range of aldehyde substrates, regardless their electronic properties.

The structure of the synthesized pyrano[2,3-c]pyrazoles was identified by Mass,
'H, and '3C NMR spectroscopy (see Supplementary Material). When the NMR
results of all pyrano[2,3-c]pyrazole compounds are examined in general, in the struc-
tures of pyrano[2,3-c]pyrazoles 5a-y, the amine proton signals of the pyrazole were
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o o NH CN y CN
PP NH; ({ 2wt % TPGS-750-MH,0 N [ |
0 N+ HoN + CN + R-CHO N

07 "NH,
50 °C, 6-22 min. H
1 2 3 4a-y 5a-y
N N N N N N N
H Ha N Ho H H H H
5a 5¢ 5d 5e 5f 59
(10 min, 99%) (10 min, 96%) (9 min, 80%) (7 min, 85%) (8 min, 96%) (10 min, 73%) (10 min, 75%)
N
N N
N Ho H N
H H Ha
5i 5
(10 min, 73%) (10 min, 76%) (10 min, 83%) (10 min, 64%) (22 min, 68%) (7 min, 85%) (15 min, 55%)
2
N N NI
H H H 07 “NH,
50 5p 5q 5r 5s 5t
(9 min, 62%) (11 min, 77%) (12 min, 70%) (10 min, 56%) (6 min, 99%) (13 min, 90%)
CF, OH
) CN ) CN ) CN
N N NI
N N N
H O NH H O NH H O NH
5u 5v 5w 5x 5y
(7 min, 82%) (12 min, 79%) (18 min, 71%) (19 min, 88%) (6 min, 81%)

Scheme 1 Synthesis of pyrano[2,3-c]pyrazoles 5a-e in TPGS-750-M solution. Conditions: ethyl aceto
acetate 1 (1 mmol), hydrazine hydrate 2 (1 mmol), malononitrile 3 (1 mmol), aldehydes 4a-y (1 mmol),
and 2 wt% TPGS-750-M in water (2 mL), 50 °C, 6-22 min

observed around & 12.00 ppm, and the amine protons attached to the pyran ring were
observed around 6 6.80 ppm. Methyl protons in the structure of pyrano[2,3-c]pyra-
zole were also observed around 6 1.90 ppm. Structure elucidations of pyrano[2,3-c]
pyrazole 5a-y are mainly based upon NMR spectroscopy. Signals of carbon atoms
of the pyrano[2,3-c]pyrazole rings are assigned at about ~160.0 (C-2 pyran), ~155.0
(C-5 pyrazole), ~136.0 (C-3 pyrazole), ~122.0 (C-4 pyrazole), ~120.0 (CN),
~98.0 (C-3 pyran), ~115.0 (C-3a) and~57.0 (C-4 pyran) ppm. The characterization
results of these obtained compounds were consistent with the structures of current
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Scheme 2 Proposed mechanism for the pyrano[2,3-c]pyrazoles synthesis

pyrano[2,3-c]pyrazoles [32-34]. The efficient synthesis of pyrano[2,3-c]pyrazole
compounds with substantial yields offers a promising approach for the preparation
of these biologically relevant molecules. Currently, the mechanism of pyrano[2,3-c]
pyrazole synthesis with the TPGS-750-M catalyst is not well understood. Although
the reaction mechanism was not investigated in this study, a possible explanation for
the reaction progress for the synthesis of pyrano[2,3-c]pyrazoles with the TPGS-
750-M catalyst system is depicted in Scheme 2 [32, 35]. According to this reac-
tion mechanism, the first step involves the formation of intermediate pyrazolone
8 through the reaction between hydrazine hydrate 1 and ethyl acetoacetate 2. The
Knoevenagel condensation reaction between malonitrile 3 and aldehydes 4a-y on
the active sites of the TPGS-750-M surface synthesizes arylidenemalonitriles 9.
Subsequently, intermediates 8a-y and 9a-y undergo Michael addition to give 10a-
y, which upon intramolecular cyclization yield the desired pyrano[2,3-c]pyrazoles
S5a-y.

The reusability of the TPGS-750-M catalyst was assessed to determine its practi-
cal and industrial applications. After the synthesis reaction of pyrano[2,3-c]pyrazole
5a was completed, the product was filtered from the reaction mixture with water
mixture (see experimental). Subsequently, the used catalyst was present in the aque-
ous phase, which could be isolated. The remaining aqueous suspension was regen-
erated by concentrating it with excess water, enabling the catalyst to be reused.
Achieving 100% reusability of the TPGS-750-M catalyst is beneficial for scaling up
the synthesis process. The regenerated TPGS-750-M catalyst was tested for further
pyrano[2,3-c]pyrazole Sa synthesis reactions as shown in Fig. 2, demonstrating cost-
effective potential. In the first, second, and third reaction runs, a slight decrease in
product yield was observed, with yields of 99%, 96%, and 94%, respectively. How-
ever, in the fourth reaction, a more significant decrease in yield was recorded, with a
yield of 84%. These experiments confirmed that the catalyst could be recycled for up
to four cycles with minimal loss of activity.
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Fig.2 Recyclability of the TPGS-750-M catalyst

Various catalysts previously employed in the synthesis of pyrano[2,3-c]
pyrazole, as reported in the literature, have been investigated within the context
of green synthesis, and the results are presented in Table 2. As indicated in
Table 2, many of the listed methodologies exhibit certain limitations. These
include extended reaction durations, elevated temperatures, reliance on non-
aqueous solvents, and the use of non-natural catalysts. In contrast, the proposed
catalyst offers distinct advantages, including high yields, shorter reaction
times, minimal catalyst usage, compatibility with water, and, most notably, its
environmentally friendly nature. These characteristics position it as superior
to other catalysts. The comparative analysis presented in Table 2 underscores
the significant advancements achieved with the proposed catalyst. Its ability
to deliver high yields while simultaneously minimizing reaction times and
catalyst quantities is particularly noteworthy. Furthermore, its compatibility
with water and its environmentally friendly nature align with the principles of
green chemistry, enhancing its overall adherence to sustainable and eco-friendly
practices. This not only enhances the sustainability of the synthesis process but
also aligns with the broader goals of environmentally conscious chemistry. The
catalyst’s compatibility with water is a significant advantage as it simplifies
the reaction conditions, reduces the need for hazardous organic solvents, and
contributes to a more environmentally friendly synthesis process. This aligns
perfectly with the core principles of green chemistry, emphasizing the importance
of sustainability, safety, and reduced environmental impact in chemical processes
[59-61]. It also opens up opportunities for more eco-conscious approaches to
chemical synthesis, a crucial aspect in modern research and industry [62, 63].
Overall, the proposed catalyst represents a promising development in the field,
addressing several drawbacks associated with alternative methodologies. This
reaction model showcases its flexibility in modulating molecular complexity and
diversity. Notably, the reactions occurred almost instantaneously, yielding pure
products without the need for chromatographic techniques, through a simple
recrystallization process using ethanol. The rapid completion of reactions and the
ease of product purification make this method practical and efficient for synthetic
endeavors.
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Conclusion

In conclusion, we present a sustainable and environmentally friendly method
for synthesizing pyrano[2,3-c]pyrazole compounds utilizing TPGS-750-M as
a catalyst in an aqueous medium at room temperature. The application of TPGS-
750-M in pyrano[2,3-c]pyrazole synthesis represents a novel approach. The notable
advantages of this novel synthesis method, including environmentally benign
reaction conditions, facile product isolation, impressive yields, reduced reaction
times, and catalyst recyclability, underscore its alignment with the fundamental
principles of green chemistry. The study’s findings endorse TPGS-750-M as a more
practical and efficient catalyst for green chemistry. Additionally, it is conceivable
that TPGS-750-M may have potential applicability as a catalyst in various
multicomponent reactions or other organic synthesis reactions.
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