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1. Introduction

In recent days, bond-formation reaction has effectively
paved the way for the construction of diverse molecular
architecture in organic synthesis, combinatorial, and medic-
inal chemistry [1]. One of the routes more likely to be
considered is Multi-Component Reactions (MCRs), which
construct complex molecules in one pot, sparking the atten-
tion of researchers. This method has various advantages like
high atom economy, eco-friendliness, single-step, and high
yield isolation [2]. Due to these benefits drawn from the
MCRs, they are easily amenable to the efficient generation
of diverse libraries of valuable bioactive heterocycles and
metal chelation agents [3]. This reaction is called one-pot,
where the reactants of three or more undergo a reaction to
form multiple bonds, making and breaking, and also do not
lead to any side reactions [4]. MCRs, especially in aqueous
medium, have proven to be a valuable synthetic route for
the synthesis of a wide range of different biologically ac-

tive compounds [5]. In the present environmental concern,
chemists prefer green solvent media for the synthetic meth-
ods, and require common miscibility of the substrates for
homogeneous heat transfer between the reactants in MCRs
[6]. Water, the safest and most abundant in the universe, is
referred to as a benign universal solvent [7]. The design
and development of new MCRs using environment-friendly
methods remains challenging and is a cutting-edge area in
the green chemistry protocol [8]. Historically, the approach
to discovering drugs hasn’t changed much, because these
drugs were discovered by extraction from herbal remedies
or by serendipity [9]. However, in recent years, advance-
ments in drug discovery have involved lead identification
by computational methods with more accuracy, synthesis
made by efficient methods, and screening becoming ro-
bust [10, 11]. Heterocycles are the largest form of organic
molecules and have contributed immensely to the biolog-
ical, pharmaceutical, and indeed to any developed human
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society. A vast number of heterocycles discovered by nature
and synthetically made are shown to be very good drug can-
didates currently used in the treatment [12]. Among various
heterocycle skeletons, pyrazole is an important class of five-
membered heterocycles attracting attention in several active
pharmaceutical ingredients, photographic couplers, chelat-
ing agents, and agrochemicals [13]. The pyrazole scaffold
has evidenced potential pharmacological application, and
several FDA approved drugs related to its scaffold includes
Celecoxib [14], Phenylbutazone [15], Ramifenazone [16],
Antipyrine [17], Lonazolac [18] and Zaleplon [19] are avail-
able marketed drugs (Fig. 1).

Various ring-fused nitrogen and oxygen-containing hetero-
cycles like pyranopyrazole derivatives represent an impor-
tant group of natural and synthetic heterocyclic derivatives
[20]. The pyranopyrazole moiety exhibited pyrano[2,3-
clpyrazole (i), pyrano[3,2-c]pyrazole (ii), pyrano[3,4-
c]pyrazole (iii), and pyrano[4,3-c]pyrazole (iv) as four iso-
meric forms presented in Fig. 2 [21], but the pyrano[2,3-
c]pyrazole skeleton has been most extensively investigated,
and showed biological compatibility [22]. This pyrano
pyrazole skeleton containing molecules showed anticancer,
anti-inflammatory, antimicrobial, fungicidal, insecticidal,
molluscicidal, analgesic, antiviral, and antidepressant activ-
ities [23].

Recent years have also demonstrated DNA-binding capac-
ity and cholinesterase inhibition [24] (Fig. 3), and substan-
tial studies have been described for the synthesis of het-
erocyclic motifs based on the different approaches [25].
Numerous reported synthetic routes for the pyrano[2, 3-
c]pyrazoles derivatives via the condensation reaction of
hydrazine hydrate (1), malononitrile (2), ethyl acetoac-
etate (3), and aryl aldehyde in the presence of catalysts
such as ZnFe;O4 [26], CuFe,O4 [27], PMO/Chit/Fe;04
[28], CPs-COM-NPs [29], Y3FesO1; [30], FezO4-CNT-In
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[31], Biochar/Fe;04@TiO, [32], Zirconium MNPs [33],
Agar supported ZnS/CuFe;O4 [34], CuNPs [35], Carr-
Mett-MNPs [36], MNPs@DABCO™CI™ [37], Glu@Fe;04
[38], Fe3;04@cellulose [39], Fe3;O4@guanidine [40],
Fe304@Cellulose @SOsH [41], FezsO4@Ag-B-CD [42],
Fe;O4 @L-Arg [43], Fe;04@GO@Melamine-ZnO [44],
SCMNPs @Uridine [45] and recently various modified NPs
catalysts employed for various MCRs PVA@SO3H [46],
Fe3;04@Si0, @KIT-6, MMNPs [47], Fe304@SiO, @KIT-
6-NH, @schiff [48], Fe304@Si0, @vanillin@thioglycolic
acid [49], [PVP-SO3;H] HSO4 [50], and CoNiFe;Oy4 [51]. In
this paper, a one-pot four-component reaction of hydrazine
hydrate, malononitrile, ethyl acetoacetate, and benzalde-
hyde was demonstrated, giving the title product catalyzed by
Fe304@L-Cys in EtOH under a custom-made microwave
oven.

2. Materials and methods

2.1 Preparation of WELFSA

The lemon peel was obtained from a local fruit market in
Belagavi, India. The outer shell is removed and washed
with tap water to remove physical impurities on the surface.
Then dried the peel in the shade, and directly burnt it on
a Bunsen flame to get lemon peel ash. 10 g of this ash
was taken, dispersed in 100 mL double-distilled water, and
stirred for one hour at room temperature. The mixture was
filtered, the light brown-colour filtrate named Water Extract
of Lemon Fruit Shell Ash (WELFSA) and stored till next
use.

2.2 Preparation of Fe;04 using WELFSA

The equal weight 3 g each FeSO4-7H,0 and FeCl3-6H,0O
dissolved in 50 mL of double-distilled water (dd water)
taken in a 100 mL beaker, and then 10 mL of the above-
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Figure 1. The pyrazole skeleton contains some drug molecules.
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Figure 2. Pyrano pyrazole isomers.

prepared WELFSA was added to it. The suspension was
heated to 85 °C for approximately 45 min while stirring, and
then allowed to cool to room temperature. NaOH solution
was added drop-wise until a black precipitate appeared. The
black precipitate was pulled out using a strong magnet and
washed 2 — 3 times with dd water and EtOH. The residue
obtained was dried and calcinated at 400 °C for about four
hours in a muffle furnace, and stored in a desiccator in an
air-tight container till further use.

2.3 Preparation of Fe304@L-Cys

The above-prepared Fe;O4 MNPs (2 g) and L-Cys (1.5
g) were stirred in 50 mL methanol: water (1:1) at room
temperature for 24 h at 1800 rpm. The isolation of the
Fe;04@L-Cys MNPs was simply magnetic decantation,
and washed several times with dd water and methanol, and
then dried in a vacuum at 70 °C for two hours.

2.4 General procedure for the synthesis of pyrano[2,
3-c]pyrazole derivatives

Taken hydrazine hydrate (1) (50.04 g/mol), malononitrile
(2) (66.06 g/mol), ethyl acetoacetate (3) (130.14 g/mol),
and benzaldehyde (4) (106.05 g/mol) in the presence of
Fe;04@L-Cys (25 mg) catalyst in EtOH (2 mL) at a speci-
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fied time MWI at 300 W power. The reaction was monitored
by TLC mobile phase (ethyl acetate: hexane 0.5:9.5). After
the reaction, the reaction mixture was quenched with 15
mL of hot ethanol, hold the catalyst by an external magnet,
decanted ethanol, concentrated and recrystallized at room
temperature gave title products (5) in good yields with no
further purification required. The new compound’s structure
is established based on the FT-IR, 'H- & 3C-NMR, and
mass spectrometry techniques. The physical and spectro-
scopic data were found to be matched with the proposed
structure, and are in good agreement with the literature.

2.5 Antioxidant activity

DPPH radical scavenging assays were performed to evaluate
the in vitro antioxidant activity of the selected pyrano[2,3-
c]pyrazole derivatives. A sample solution was prepared in
DMSO and transferred separately into test tubes at differ-
ent concentrations of samples, 200, 400, 600, 800, 1000
ug/uLl, and reference. To each of these tubes, 5 mL of
0.1 mM ethanolic solution of DPPH was added, and mixed
vigorously. All test tubes are incubated in the dark room
for about 30 minutes. The absorbance of the sample was
taken at 517 nm, and ascorbic acid was used as a standard.
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Figure 3. Biologically active pyrano pyrazole.
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It is reduced when an antioxidant molecule is present, and
the result is a decolourisation in ethanol solution. In other
words, the reduced DPPH radicals are directly proportional
to oxidized antioxidants. The formula below was used to
assess radical scavenging

controlled OD —sample OD

100
controlled OD x

Inhibition ratio % =

2.6 Spectral data of selected compounds
2.6.1 6-Amino-3-methyl-4-phenyl-1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(5a)
White solid; m.p. 198 °C; FT-IR (cm~1): 3731.82, 3552.51
(NH), 3162.68 (C-H, sp?), 2916.66, 2032.66, (CH»); 'H-
NMR &(ppm): 1.83 (s, 2H, NH), 4.54 (s, 1H, CH), 6.83 (s,
2H, CH3), 7.17 (t, J = 6.9Hz, 2H, Ar-H), 7.27 (t, J = 6.3Hz,
1H, Ar-H), 7.43 (t, J = 7.3 Hz, 2H, Ar-H), 8.00 (s, 1H,
NH) ppm; 3C NMR §(ppm): 10.18 (CH3-C), 36.34, 39.48,
40.112, 56.39 (C-0-C), 97.01, 120.93 (C=C), 129.30 (CH-
), 136.22 (C-C), 146.85, 155.108, 161.60 (C-N); LC-MS:
m/z (Obs): 252.10 [M+H] ", C14H{2N4O (Calcd.): 252.28
Da.

2.6.2 6-Amino-3-methyl-4-(4-nitrophenyl)-1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(52)
Light orange; FT-IR (cm™!): 3475.79, 3280.76 (NH,),
3198.20 (C-H, sp?), 1680.34, 1591.93, 1490.59, 1345.23;
13C NMR § (ppm): 120.93 (C-C), 124.35 (CH-C), 125.78
(CH-N), 129.30 (CH-C), 136.41 (C-C), 146.85 (C-N),
152.52,161.56 (C-O); 'H-NMR & (ppm): 1.78 (s, 3H, CH3),
5.20 (s, 1H, CH), 7.08 (s, 1H, Ar-H), 7.63-7.67 (m, 1H, Ar-
H), 7.80 — 7.83 (m, 1H, Ar-H), 7.95 —7.97 (m, 1H, Ar-H),
8.05 —8.07 (m, 1H, Ar-H), 8.39 (s, 1H, Ar-H), 12.20 (s,
1H, NH); LC-MS: m/z (Calcd.) = 297.41 Da; m/z (Obs) =
298.42 Da.

2.6.3 6-Amino-4-(2-chloroquinolin-3-yl)-3-methyl-1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile
(53)

Light yellow; FT-IR (cm™!): 3719.69, 3405.60 (NH>),

3162.10 (C-H, sp?), 1649.34, 1585.96, 1450.27, 1326.49,

1160.16, 1026.42, 930.43, 829.92; 3C NMR § (ppm):

165.72, 157.94 (C-Cl), 145.63 (C-C), 141.87, 140.79 (C-

C), 137.16 (CH-C), 134.35, 130.64 (CH-C), 128.05 (CH-
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C), 126.02 (C-C), 116.99 (C-CN) ppm; 'H-NMR &(ppm):
1.80 (s, 3H, CH3), 4.83(s, 1H, CH), 7.05 (s, 1H, Ar-H),
7.45 —7.48 (m, 3H, Ar-H), 7.97 — 8.87 (m, 3H, Ar-H),
12.22 (s, 1H, NH); LC-MS: m/z (Caled.) = 337.14 Da;
m/z (Obs.) = 338.59 Da.

3. Results and discussion

3.1 Preparation and characterization of catalysts
(Fe304@L-Cys)
The catalyst core shell (FezOy4) is prepared using an agro-
waste extract medium using a previously reported procedure
[52]. The method developed was a chemical-free synthe-
sis to give free-flowing magnetic Fe3Oy4. Further, its outer
surface was modified with natural amino acid L-Cysteine,
giving Fe304 @L-Cys (Scheme 1).
The prepared catalyst was subjected to various spectro-
scopic techniques. Firstly, the Raman spectrum was col-
lected for Fe304@L-Cys, and characteristic peaks were
observed at 389 and 425 cm™! for the iron oxide as shown
in Fig. 4. Also, the Raman spectrum was collected for the
reused catalysts after the fifth cycle, and showed a simi-
lar pattern of peaks with low intensity to fresh catalysts
(Fig. S17). In the XRD pattern, the surface of the MNPs
modified with Cys indicates a crystalline nature, and other
peaks become more pronounced at 26 values.
Due to the -SH group present on the top of the substrate at
18.85°. To identify the presence of characteristic 26 values
30.22°, 35.46°, 43.17°, 53.66°, 57.34°, and 63.06° for the
Fe304. The 260 values corresponding to the Miller indices
of the cubic iron oxide phase (inverse spinel ferrite, JCPDS
file n0.19-0629) [53]. Therefore, the pattern of the XRD
diffractogram revealed the deposition of the Cys on the sur-
face of Fe304 (Fig. 5), and also collected reused XRD of
the catalysts after the fifth cycle showed no change in the
pattern of the spectrum (Fig. S18).
Further, dried catalyst was loaded on carbon tape on FE-
SEM to record the surface morphology and presence of
the elements in the prepared catalysts. The FE-SEM im-
age shows the development of small crystalline structures
(Fig. 6a) and functionalization of the core shell (Fig. 6b).
The tiny grooves are located on the surface of the Fe3O4,
and also collected FE-SEM image of the reused catalysts,
but the morphology showed fewer densities of the function-
alized L-Cys compared to the fresh sample image, as shown
in Fig. S19. Additionally, the elemental mapping evidence
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Scheme 1. Preparation of Fe304@L-Cys.
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Figure 4. Raman spectra of Fe304 @L-Cys.

shows the presence of elements Fe, O, N, and S (Fig. 6¢),
and reused elemental mapping also revealed the presence of
the elements Fig. S20. Furthermore, the EDS spectra peaks
at 2.09 keV attributed to the S-peak, and a prominent peak
around 0.5 keV corresponds to the N peak, and a peak at 6.4
eV due to the presence of Fe (Fig. 7), and a similar pattern
of elemental mapping was noticed for the reused catalysts
(Fig. S21).

The Vibrating Sample Magnetometer (VSM) was used to in-
vestigate the magnetic behavior of the Fe304 and Fe;04 @L-
Cys samples in the 15 KG to -15 KG applied field at room
temperature (Fig. 8), and from its exposure to ferromagnetic
properties. Specifically, the M-H plot given in Table 1 was
used to approximate the converse magnetization properties
such as magnetic saturation (Ms), coercivity (Hc), and rem-
nant magnetization (Mr). In Table 1, pure Fe3O4 shows a
high Ms value, but after decoration with L-Cysteine, the
Ms value decreases significantly up to 40.17 emu/gm. This
implies that the magnetic saturation of the dopant is di-
minished as the coercivity rises from 5.04 G to 6.85 G for
higher dopants, which indicates that the strong magnetism
slowly decreases with the dopants. The magnetic properties

studied by VSM at rt ranging from applied field of 1 T to
+1 T. The values for magnetic properties such as magnetic
saturation (Ms), remnant magnetization (Mr), coercivity
(Hc), and magnetic susceptibility (X) were calculated and
listed in Table 1. The Ms drops prominently from 36.11
to 1.63 emu/g, such a typical nature was observed because
the L-Cys does not have a magnetic nature, and reused iron
oxide with L-Cys magnetic behavior was also collected
and showed a similar pattern to the fresh sample, and is
appended in Fig. S22.

In FT-IR, the presence of a strong absorption peak at 600
cm~! is due to the presence of iron oxide of the Fe-O stretch-
ing vibration of the tetrahedral and C=C site of the spinel
structure. The strong absorption band at 1602 cm™! is due
to the OH bending of physically held water molecules. The
strong peak at 3300 cm ™! is due to the O-H stretching of
water adsorbed on the surface of Fe;0,4. The weak bands
at 845 and 1032 cm™! are due to the C-O stretching of the
surface carbon layer. The prominent peak at 3351 cm™!
is due to the surface -OH stretching of the -SH (Fig. 9).
The reused catalysts’ FT-IR spectra also resemble the fresh
catalyst’s spectrum and are appended in Fig. S23.
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Figure 5. XRD profile of Fe304@L-Cys.
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Figure 6. FE-SEM image of the core shell and fabricated (a & b), and elemental mapping (c).

Further, the thermal stability of the synthesized Fe;04@L-
Cys catalyst was investigated by thermal gravimetric anal-
ysis (TGA), which helped to evaluate the stability of the
catalysts. The TGA curve in Fig. 10 demonstrates 7% initial
weight loss at temperatures lower than 100 °C, and weight
loss from 100 — 185 °C is related to evaporation of the sur-
face water. TGA analysis was used for the determination
of the weight changes of the organic functional groups of
the Fe304 @L-Cys heating, and degradation of the organic
groups was not observed in the range of 100 to 600 °C.
Since the catalyst weight loss did not occur except above
600 °C, this implies its high thermal stability, which is ad-
vantageous as many organic compounds may be synthesized
at higher temperatures (Fig. 10).

The Zeta potential was used to understand the surface charge
of the MNPs and predict their long-term dispersion stability.
According to previous reports, nanoparticles with zeta po-
tential values between 426 and —26 mV are usually very
stable. As shown in Fig. 11, the zeta potential was scanned,
and the value of dispersed catalyst in distilled water and in
the absence of any electrolyte was found to be 25.1 mV.
The nitrogen adsorption-desorption isotherms of iron oxide
functionalized L-Cys are shown in Fig. 12. The catalytic
system shows a type-IV isotherm, which, according to the
IUPAC classification, confirms the catalysts have a meso-
porous structure. According to the Brunauer-Emmett-Teller
(BET) technique, the surface functionalized L-Cys is 50.32
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Figure 7. Elemental composition of iron-oxide @L-Cys.

m?/ g. The obtained BET results, such as surface area, to-
tal pore volume, average pore diameter, and average pore
width, are depicted in Table 2.

To explore the application of the prepared heterogeneous
catalysts FezO4 @L-Cys, herein demonstrated for the syn-
thesis of pyrano[2,3-c]pyrazole derivatives based upon the
model reaction of hydrazine hydrate (1), malononitrile (2),
ethyl acetoacetate (3), and benzaldehyde (4), gave the title
product (5). The reaction was catalyzed by Fe;04@L-Cys
(25 mg) in EtOH solvent under custom-made MWI of 6 min.
After the reaction completion, the reaction was monitored
by TLC. After reaction completion, hot ethanol was added
(10 mL), and an external strong magnetic field was used to
separate the catalyst used, and then the product was quickly
isolated after recrystallization (Scheme 2).

3.2 Optimization of the reaction

To achieve the best condition required for the reaction, a
model reaction was performed with different amounts of the
catalyst starting from 0, 5, 20, 25, and 30 mg of the catalyst
under MWI at 300 W power, and the isolated products are
compiled in Table 3. The experimental data showed that
with an increase of 5 — 25 mg quantity of catalyst, a gradual
increase in the product yield was observed (entries 2 — 5,
Table 3). But, if the amount of the catalyst increased to 30

Fe,0,
2 Fe,0,EL-Cys]

Magntization {M} {emuw/gm)

T T T T T T T .
-5000 0 5000 10000

Applied feild {1} (G)

! | !
-15000  -10000 15000

Figure 8. VSM Profile of Fe304 and Fe3;04@L-Cys.
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Table 1. Magnetic saturation (Ms), remanent magnetization (Mr), coercivity (Hc), and magnetic susceptibility (X) data.

Sample Ms. Mr. Hec. X.
P (emu/g) (emu/g) (Oe) (emu/g.Oe)
Fe304 40.17 0.43 357.05 0.00518
Fe304@L-cys 5.25 0.22 354.52 0.000577
= R
z &1
£
E
£ -
g -
B B8 BE 2= EHEE o —
] 98 BE g9 s EEE 3 3
;] R 28 B4 2@ oz E
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Wavenumber cm-1

Figure 9. FT-IR Spectra of Fe304 @L-Clys.

mg, the product yield isolation remained unchanged in 6
min MWI. In another experiment, where no catalyst (entry
1, Table 3), no product formation was observed in TLC. This
reaction revealed that the reaction required a catalyst for
the product formation. The optimization reaction showed
that, for a 1 mmol scale reaction, high product isolation
was observed in 25 mg of the catalyst used in 6 min MWI
(entry 5, Table 3). Moreover, for microwave power 300 W,
a quite suitable output power for this reaction acceleration
was found, and high product yield isolation was achieved.

To optimize the MW power required for the model reaction,
a series of reactions with varying MW power starting from

120
70.25% Weight change
100 (0.78925)
. 80+
=
=
Z 604 40179 %
40 4
20 \
T T T T T
0 200 400 600 800 1000
Temperature FC)

Figure 10. The TGA-DTG image of Fe304@L-Cys.

100, 180, 300, and 450 W were examined. The product
isolation was noticed at its highest in 300 W power in 6 min
irradiation time (entry 6, Table 4), and a decrease in MW
power (180 and 100 W) led to longer reaction times with
incomplete and lower product yield isolation (entries 4 & 5,
Table 4). However, in the case of high MW power of 450
W, low yield product isolation may be due to excess heating
and reactant loss (entry 7, Table 4). In addition, it is inves-
tigated in a model reaction different reaction techniques,
such as grinding, ultrasound, and rt stirring methods. These
three methods required longer reaction times and provided
very poor product isolation (entries 1 — 3, Table 4).
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Figure 11. The Zeta potential image of Fe304 @L-Cys.
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Figure 12. The nitrogen adsorption & desorption isotherms of
FC3 04 @L—Cys.

To check the diversity and tolerance of the developed proto-
col on the substrate compatibility with different substituents
present on the aromatic aldehyde containing an electron-
withdrawing group (EWG) and an electron-donating group
(EDG) was investigated. The substituent of either EWG or
EDG groups present on the aryl aldehyde did not show any
measurable effect on the rate of the reaction, and the isola-
tion of the product yield (Table 5). However, it is noticed
that, there is a reduction in the aryl aldehyde reactivity due
to steric hindrance in the vicinity of the reactive site, the
reactivity of the aldehyde-bearing electron-donating groups
(OCH3, CH3) & were significantly high reaction rate than
electron-withdrawing groups (Cl, F, NO,, CN) distributed
around the aromatic aldehyde.

3.3 Comparison of the present approach with the litera-
ture reported

We compared the present method with selected reported

methods used for pyrano[2, 3-c]pyrazole synthesis (Table 6).

To evaluate these heterogeneous catalysts reported, they are

Shekhanavar et al.

expensive and a hyper-sensitized reaction (entries no. 1, 2,
3, 6, and 11). Many of the techniques that are employed
are costly and use dangerous solvents (Table 6, entries 4, 5,
7,9, 10), time-consuming, and give low yield isolation of
the product. All these disadvantages motivated us to come
up with economic, eco-friendly, and recyclable catalysts for
the synthesis of pyrano[2,3-c]pyrazole scaffolds.

3.4 Reusability of catalysts

A model reaction was carried out for the synthesis of
pyrano[2, 3-c]pyrazoles from benzaldehyde, hydrazine hy-
drate, ethyl acetoacetate, and ethylcyanoacetete in the pres-
ence of the catalyst under optimized reaction conditions.
The completion of the reaction was followed by the addition
of hot ethanol into the reaction mixture and the separation of
the catalyst using a strong magnet. The catalyst was washed
2 times with 50 mL distilled water, and once with 10 mL
EtOH, dried under vacuum at 80 °C for 5 h, and then used in
the consecutive cycles. The catalyst activity was monitored
up to four cycles, and it was noticed without significant loss
of its catalyst efficiency, though a comparatively low yield
was isolated in the fifth cycle (Fig. 13).

Turnover frequency (TOF) and turnover number (TON) val-
ues for the catalysts and recycled for up to 5 run calculated.
Both the numbers decreases in each cycle due to loss of the
active site or poisoning. The TOF and TON values were
summarized in Table 7.

3.5 A plausible mechanism

Exact mechanistic pathway via a heterogeneous catalyst has
not been explicitly elucidated, but it is assumed to have an
intuitive mechanism compared to the utilization of the or-
ganic or inorganic base replaced by a heterogeneous catalyst
(Fig. S16). In the first step, one of the active hydrogen is
abstracted from malononitrile (2) gave carbanion formation
(2a), it is nucleophilic, and attacks the carbonyl carbon of
the arylaldehyde (4), loss of water molecule and generates
an arylidene malononitrile (4a). Alternatively, 3-methyl-
5-pyrazolone (1a) made from ethyl acetoacetate (3) and
hydrazine hydrate (1) and its enolic isomer (1b) undergoes

Table 2. Surface area, average pore width, volume & diameter of Fe304 @L-Cys.

BET surface area  Langmuir Total pore Average pore  Average pore
m?/g surface area  volume cm®/g  diameter A width A
50.32 142.11 0.10 75.25 22.08

H,N-NH, H,0 NC._ _CN

=L He T
Fe;04@L-Cys \ T e

—> X' |
MWLE:OH/6 min N0 N
3(a-p)

Scheme 2. Pyrano[2, 3-c]pyrazole synthesis.
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Table 3. The quantity of the catalyst required in a model reaction (1 mmole).

Entry  Quantity of catalyst (mg) Time (min) Yield%

1 0 6 Nil
2 6 28
3 10 6 36
4 20 6 70
5 25 6 93
6 30 6 90

Table 4. Rate of reaction vs power and optimization.

Entry Methods Power (W) Time (min) Yield (%)

1 Grindstone - 30 48
2 Ultrasound - 75 70
3 rt - 80 62
4 MWI 100 9 60
5 MWI 180 7 78
6 MWI 300 6 94
7 MWI 450 7 90

Table 5. Pyrano[2, 3-c]pyrazoles yield, structure, and physical data.

) m.p. (°C)
Entry  Aldehyde Product TON/TOF  Yield (%) Ref.
Obs./Lit.
9
o) H;C T
~ b A _CN 195/
1 U j H N’f\[ IL 129.4/10.1 92 [54]
o N0 Nm, 197 — 198
4a Sa
Cl
ﬁ“
0 H,C
P T)LH /}A N 234/
2 pP ant 128196 86 [54]
Cl = E 07 TNH, 233 —-235
4b 5b
()
o H.C \I" “Cl
o CN
e N
- al 216/
3 AN 127.3/9.1 90 [54]
Cl H O NH 214216
4c ic
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Continued of Table 5.
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m.p. (°C)
Entry  Aldehyde Product TON/TOF  Yield (%) Ref.
Obs./Lit.
170/
4 126.6/8.7 85 [54]
168 — 170
181/
5 124.56/8.1 88 [54]
180 — 182
223/
6 130.5/7.5 86 [54]
224 —226
,|/”§:\
o Y "N,
2 BC ey 262 —263
7 dE N 1325/7.0 84 [54]
NO, ;][ 07 "NH; New
4g 5g
0 215/
8 m 130.5/6.8 88 [54]
O H 215217

2252-0236[https://doi.org/10.57647/j.ijc.2025.1503.33]


https://doi.org/10.57647/j.ijc.2025.1503.33

Shekhanavar et al.

1JC15 (2025) -152533

Continued of Table 5.

m.p. (°C)
Entry  Aldehyde Product TON/TOF  Yield (%) Ref.
Obs./Lit.
HiC  CH;
a HiC ] 164/
9 H p; N 1316179 86 [54]
HiC oy N
CH; §7 07 NH, 162 — 164
4i 5
[
N7
c1—. T
‘L{ HyC I ] 215216
10 [I/*“I%[/ H T l/C-\ 135.7/81 91 [54]
~F N el N0 N, New
4 5
OH
o OCH;
o HiC o 234/
11 0 T 130.6/79 88 [54]
OCH; 3 07TNH, 234236
4k sk
OH
OEt
0]
H HiG ) 193/
12 CN 126515 92 [54]
HO N
OEt ﬁ 07" NH, 192 — 194
41 51
Et0._OEt
Q
H H;C A 284/
13 E1O N N 132862 90 [54]
OEt ¥ o7, 284 — 286
dm 5m
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Continued of Table 5.

m.p. (°C)

Entry  Aldehyde product TON/TOF  Yield (%) Ref.
Obs./Lit.
210/

14 130.79.2 87 [54]
208 —210
190/

15 131.4/89 84 [54]
190 —192
241

16 132.9/10.1 86 [54]
240 —242

Michael addition with arylidene malononitrile (4a) gave 3.6 Evaluation of the antioxidant activities

intermediate (4b), which subsequently yields H-abstraction,
and intramolecular cyclization products (4c & 4d), and fi-
nally the target product (5) formed through isomerization

(Fig. S16).

Some of the synthesized compounds were screened for
their antioxidant activity using the DPPH radical scavenger
method [57], and ascorbic acid (VC) as a reference. The
compounds with concentrations ranging from 200 pug/uL
— 1000 pg/uL were tested in the assay, and results showed
variation of the scavenging activity. Compounds 5a, 5h,

Table 6. Reported catalysts and comparison of the methods with the current protocol for the synthesis of pyrano[2, 3-c]pyrazoles®.

Entry Catalyst Catalyst (mg) Condition Time (min)  Yield** (%) Ref.
1 Fe;04@Glu 20 rt/Solvent 15 94 [55]
2 NiFe3;0y4 30 EtOH 10 80 [56]
3 MNPs@Cu 40 Solvent free 8 95 [57]
4 Feq(OH)13(H,0)s 25 EtOH 180 78 [57]
5 AuFe;04@LCys 30 Solvent free 360 76 [58]
6 Fe;04@SiO,NH, 35 DCM 30 73 [59]
7 Fe;0,@CS 25 Solvent free 480 60 [60]
8 CoFe;04,@SOsH 50 Solvent free  15—30 85 [61]
9 AuFe;04 @GSH 35 EtOH 60 — 80 58 [62]
10 MnFe; 04 @Dox 60 EtOH 120 80 [63]
11 Fe;0,@L-Cys 25 MW/EtOH 6 94 Present

ryl alde e (I mmole), razine rate (1 mmole), malononitrile (1 mmole), et acetoacetate (1 mmole), mg catalysts, microwave 1rradiation
* Aryl aldehyde (1 le), hydrazine hyd (1 le) I itrile (1 le), ethyl (1 le), 25 mg ly: i irradiati

at 300 W.

** The reaction completion was monitored by TLC, the catalyst was separated by a strong magnet, and the product was isolated in yield.
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Figure 13. Reusability of the catalysts.

Table 7. Calculation of TON & TOF of the catalysts recycle.

RUN1 RUN2 RUN3 RUN3 RUN4 RUNS
TON 1321 130.6 128.1 127.3 125.4 124.8
TOF 8.9 8.8 7.7 6.5 5.6 4.8

13/15

and 5i have shown very good scavenging activity, and other
compounds 5j-5q have moderate scavenging activity with
reference to Fig. 14.

4. Conclusion

MCRs of aromatic aldehyde, malononitrile, hydrazine,
and ethyl acetoacetate leading to pyrano[2, 3-c]pyrazoles
reported in one-pot catalysed by the heterogeneous catalyst
Fe3;04@L-Cys. The highlights of this work are the core
shell of the catalyst derived from the agro-waste solvent
medium, and further surface modification by biopolymer
L-Cys, which is non-toxic. The prepared catalyst was
characterized using various techniques. The application

100

80 —

60 - Sh sShyg

Inhibition (%)

Sa
40 4 8 Rz i

20 - Sk sq £

sp

of this catalyst outlined includes rapid, eco-friendly,
recyclable catalyst, inexpensive and simple isolation of
the product after recrystallization and avoid use of the
chromatographic purification. The synthesized pyrano
pyrazole integrity of the product was established by
various spectroscopic techniques such as FT-IR, 'H-
& 3C-NMR, and LC-MS. Additionally, some of the
derivatives demonstrated moderate antioxidant activity
when screened for their antioxidant properties (5a, 5h, 5i,
5j, 5k, 5n, 5p, and 5q) against a reference. Overall, the
method developed is an efficient, inexpensive, and simple
way to isolate a product in a few minutes. The method
can be examined further for scale-up reaction synthesis.

snsi

200pg 400ug

600pg 800pg 1000pg

vC

Concentration in (ug/ul)

Figure 14. Derivatives of pyrano[2, 3-c]pyrazoles with antioxidant activity.
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The method uses greener solvents and is non-toxic to the
environment.
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