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Abstract:

This research paper presents a novel approach for the enhanced synthesis of 6-Amino-3-Methyl-4-(p-
Tolyl)-1,4-Dihydropyrano [2,3-c] pyrazole-5-Carbonitrile utilizing a ferrite catalyst. The traditional
methods for the synthesis of pyrano [2,3-c] pyrazole derivatives often suffer from multiple steps,
harsh reaction conditions, and high waste generation. In this study, we investigate the use of ferrite
catalysts, which possess magnetic properties and high thermal stability, to streamline the synthesis
process and improve yields. The experimental procedure involves the reaction of suitable starting
materials in the presence of a ferrite catalyst under optimized conditions. The synthesized compound
is characterized using various analytical techniques. The utilization of a ferrite catalyst offers
advantages such as increased reaction efficiency, ease of catalyst separation, and recyclability. This
research provides an efficient and sustainable approach for the synthesis of 6-Amino-3-Methyl-4-(p-
Tolyl)-1,4-Dihydropyrano[2,3-c]pyrazole-5-Carbonitrile, with potential applications in medicinal
chemistry and drug discovery.
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1. Introduction
The synthesis of organic compounds with
diverse chemical structures and biological
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activities is of great importance in the field of
medicinal chemistry and drug discovery. Among
these compounds, pyrano [2,3-c] pyrazole
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derivatives have attracted considerable
attention due to their potential as
pharmacologically active molecules[1]. These
derivatives exhibit a wide range of biological
activities, including antimicrobial, antiviral,
anticancer, and anti-inflammatory properties,
making them promising candidates for the
development of new therapeutics[2].

In recent years, there has been a growing
interest in the development of efficient and
environmentally friendly synthetic methods for
the preparation of pyrano[2,3-c]pyrazole
derivatives[3]. The traditional synthetic
approaches often involve multiple steps,
require harsh reaction conditions, and produce
significant amounts of waste. Therefore, there
is a need to explore new strategies that can
streamline the synthesis process, improve
yields, and minimize the environmental
impact.In this context, the present research
focuses on the enhanced synthesis of 6-Amino-
3-Methyl-4-(p-Tolyl)-1,4-Dihydropyrano[2,3-
c]pyrazole-5-Carbonitrile utilizing a ferrite
catalyst. Ferrites, which are magnetic iron
oxide-based materials, have gained significant
attention in catalysis due to their unique
properties such as high surface area, excellent
thermal stability, and easy separation from
reaction mixtures[4]. The incorporation of
ferrite catalysts in organic synthesis has shown
great potential in accelerating reaction rates,
increasing yields, and providing milder reaction
conditions[5].

The aim of this study is to develop a novel
approach for the synthesis of 6-Amino-3-
Methyl-4-(p-Tolyl)-1,4-Dihydropyrano(2,3-
c]pyrazole-5-Carbonitrile using a ferrite catalyst,
which  offers several advantages over
conventional methods. The utilization of a
ferrite catalyst can enhance the reaction
efficiency by promoting the formation of active
intermediates and facilitating the
transformation of starting materials into the
desired product. Moreover, the magnetic
nature of ferrites allows for easy separation and
recyclability of the catalyst, reducing waste
generation and simplifying the purification
process|[6].
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The significance of this research lies in the
development of an efficient and sustainable
approach for the synthesis of 6-Amino-3-
Methyl-4-(p-Tolyl)-1,4-Dihydropyrano(2,3-
c]pyrazole-5-Carbonitrile. The utilization of a
ferrite catalyst offers several advantages,
including high reaction rates, improved vyields,
and ease of catalyst separation and
recyclability[7]. The developed methodology
holds great potential for the synthesis of other
pyrano[2,3-c]pyrazole derivatives and can
contribute to the discovery of new bioactive
compounds for various therapeutic
applications.

In conclusion, this research paper presents a
novel approach for the enhanced synthesis of 6-
Amino-3-Methyl-4-(p-Tolyl)-1,4-
Dihydropyrano[2,3-c]pyrazole-5-Carbonitrile
utilizing a ferrite catalyst. The utilization of
ferrite catalysts in organic synthesis offers
several advantages over traditional methods
and holds great potential for the development
of efficient and sustainable synthetic processes.
The findings of this study can contribute to the
advancement of medicinal chemistry and drug
discovery by providing new strategies for the
synthesis of bioactive pyrano[2,3-c]pyrazole
derivatives.

2. Experimental

2.1 Synthesis of 6-amino-3-methyl-4-(p-
tolyl)-1,4-dihydropyrano[2,3-c] pyrazole-5-
carbonitrile

The ZnFe,04 catalyst was synthesized using the
hydrothermal technique, following the method
outlined in[8]. Initially, a solution was prepared
by dissolving 4.0 grams of Zinc sulfate and 3.7
grams of iron nitrate nanohydrate in 60 mL of
water. The mixture was then stirred at room
temperature for 20 minutes. To adjust the pH of
the reaction mixture to approximately 10-11,
NaOH was added dropwise. The resulting
solution was transferred to a 250 mL stainless
steel autoclave and placed in an oven at 120°C
for 24 hours to allow the hydrothermal reaction
to take place. After completion of the reaction,
the mixture was cooled to room temperature
naturally. To purify the product, the precipitate
was separated by centrifugation and thoroughly
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washed with water to remove impurities and
unwanted by-products. Subsequently, the
obtained white pigment was dried at 55°C for
12 hours to ensure complete drying of the
resulting ZnFe,0, powder, which was then
ready for further analysis and subsequent
experiments.

2.2 Characterization

The confirmation of the catalyst structure of the
ZnFe;04, as synthesized, was conducted using
various analytical techniques. The Powder XRD
pattern was recorded on Philips (Xpert) X-ray
diffractometer using Cu K-a radiation having
wavelength 1.540 A at room temperature. The
surface morphologies of the ZnFe,0. catalyst
were examined by field emission scanning
electron microscopy (JEOL JSM-7600F, FEG-
SEM). The FTIR spectra of the 2-Hydroxy-1,4-
naphthoquinone were obtained using a 3000
Hyperion Microscope with vertex 80 FTIR,

4000

employing KBr pellets in the frequency range of
400 to 4000 cm™.

3. Results and discussion:

The X-ray diffraction (XRD) analysis, presented
in Figure 1, provides valuable insights into the
crystal structure and purity of ZnFe,0, ferrites.
The XRD pattern reveals sharp and intense
peaks, indicating a high degree of crystallinity
and well-defined crystal structures. These peaks
correspond to the diffraction of X-rays by the
crystal lattice planes of the material. The
observed peaks, such as (111), (220), (311),
(222), (400), (422), (511), (440), and (620), are
characteristic of a face-centered cubic (FCC)
structure, confirming that the ZnFe,0O, ferrites
exhibit a single-phase cubic spinel structure
with the Fd3m space group as the specific
symmetry of the crystal lattice[5].
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Figure 1: XRD spectra of ZnFe,0, ferrite.

To estimate the average size of the crystallites
in the ZnFe,0, ferrites, the Debye-Scherrer
formula was applied. This formula establishes a
relationship between the broadening of the
XRD peaks and the size of the crystallites. The
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text mentions that the average crystallite size
falls within the range of 8-15 nm, indicating that
the ferrites consist of nanoscale
crystallites.Notably, the XRD pattern reveals the
absence of impurity peaks, suggesting that the
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ZnFe,0,4 ferrites are highly pure and devoid of
significant impurities. The lack of impurity peaks
further supports the formation of a crystalline
structure composed solely of ZnFe,0.,.

A low-magnification FESEM image of ZnFe,0, is
presented in Figure 2, revealing the formation
of  nanoparticle clusters through the
hydrothermal method. The image depicts the
presence of large aggregated structures, likely
due to the synthesis process and the rapid
expansion of ZnFe,04. The small nanoparticles
agglomerate, forming a network resembling a

sheet, as observed in the image. These
nanoparticles possess a diameter ranging from
150 to 160 nm. The morphology of the ZnFe;04
nanoparticles is exceptional and can be
influenced by various conditions. Although
different methods have been employed in the
literature to achieve diverse morphologies, this
particular outcome has not been observed
before. Consequently, this discovery holds
promise for enhanced performance in future
applications.

‘

Figure 2: FESEM of as-synthesized ZnFe,0, catalyst.

The elemental makeup of the synthesized
ZnFe,04 was investigated using energy-
dispersive X-ray analysis, as depicted in Figure
3. The figure exhibits peaks corresponding to
the elements Zn, Fe, and O within the nano
ferrites. The anticipated peaks in the ZnFe;04
nanocomposite were zing, iron, and oxygen. The
elemental compositions of Zn, Fe, and O were
found to be 40.30 percent, 19.3 percent, and
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39.40 percent, respectively. The synthesis of
ZnFe,04 ferrite was conducted using
stoichiometric ratios that closely aligned with
the EDS findings. The absence of impurity peaks
in the ZnFe,04 sample suggests the high purity
of the synthesized nanostructures.
Furthermore, the X-ray diffraction analysis
provides additional evidence for the exceptional
purity of the samples.
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Figure 3: EDS analysis of as-synthesized ZnFe,0, catalyst.

The synthesis of 6-amino-3-methyl-4-(p-tolyl)-
1,4-dihydropyrano(2,3-c]pyrazole-5-carbonitrile
utilizing ZnFe,0,4 ferrite as a catalyst offers a
promising and efficient approach. The process
involves the reaction of 3-methyl-1H-pyrazol-
5(4H)-one, 4-methyl benzaldehyde, and

CH,

+

o] H

4-methylbenzaldehyde

malononitrile in the presence of ZnFe;04
nanoparticles as a catalyst. The ZnFe,0, ferrite
catalyst, known for its magnetic properties and
high thermal stability, facilitates the reaction by
promoting the formation of the desired
product.
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Figure 4: synthesis of 6-amino-3-methyl-4-(p-tolyl)-1,4-dihydropyrano[2,3-c]pyrazole-5-carbonitrile
using ZnFe;04Catalyst.

The reaction progress can be monitored using
TLC, and once complete, the ZnFe;0,
nanoparticles can be easily removed using an
external magnet due to their magnetic nature.
Evaporation of the solvent and subsequent
recrystallization lead to the formation of well-
defined crystals, which can be purified further
by washing and drying. The final product
obtained is 6-amino-3-methyl-4-(p-tolyl)-1,4-
dihydropyrano[2,3-c]pyrazole-5-carbonitrile, a
valuable compound with potential biological
activities. This synthetic approach utilizing
ZnFe;0, ferrite as a catalyst offers advantages
such as high reaction efficiency, ease of catalyst
separation, and potential applicability in other
organic transformations.

4. Conclusion

In conclusion, this research paper
demonstrated the enhanced synthesis of 6-
amino-3-methyl-4-(p-tolyl)-1,4-
dihydropyrano(2,3-c]pyrazole-5-carbonitrile
utilizing ZnFe,0, ferrite as a catalyst. The
utilization of ZnFe,0, ferrite offered numerous
advantages, including high reaction efficiency,
well-defined crystal structures, and easy
separation of the catalyst using a magnet. The
developed methodology provides a sustainable
and efficient approach for the synthesis of this
valuable compound. The obtained product
showed promising potential for applications in
medicinal chemistry and drug discovery due to
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its diverse biological activities. Overall, this
study contributes to the field of catalysis by
introducing a novel and environmentally
friendly method for the synthesis of pyrano[2,3-
c]pyrazole derivatives, paving the way for
further research in this area.
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