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Abstract: Pyrazole derivatives are a class of heterocyclic compounds characterized by a five-membered ring
structure containing two adjacent nitrogen atoms. These compounds have garnered significant attention in
medicinal chemistry due to their broad spectrum of biological activities and therapeutic potential. Pyrazole
derivatives exhibit a diverse range of pharmacological properties, including antimicrobial, anti-inflammatory,
anticancer, antioxidant, antiviral, antidiabetic, and neuroprotective activities. The synthesis of pyrazole
derivatives has evolved from classical methods such as cyclization and condensation reactions to modern
approaches that include microwave-assisted synthesis, solvent-free techniques, green chemistry, catalytic
methods, and multicomponent reactions. These advancements have facilitated the efficient and selective
production of pyrazole-based compounds, enhancing their application in drug discovery and development. The
review aims to provide a comprehensive overview of the synthetic strategies employed in the preparation of
pyrazole derivatives, highlighting significant methodologies and their respective advantages and limitations.
Additionally, it explores the structure-activity relationship (SAR) of pyrazole derivatives, correlating specific
structural features with their biological activities. By summarizing recent advances and emerging trends, this
review underscores the importance of pyrazole derivatives in the design of new therapeutic agents and offers
insights into future research directions. Through this detailed examination, the review seeks to underscore the
potential of pyrazole derivatives as versatile and promising candidates in the development of novel drugs,
thereby contributing to the ongoing progress in medicinal chemistry.

Keywords: Pyrazole derivatives, antimicrobial, anti-inflammatory, anticancer, antioxidant, antiviral, drug
development.

1. Introduction

Pyrazole derivatives, characterized by their unique five-membered ring structure containing two adjacent
nitrogen atoms at positions 1 and 2, have emerged as a significant class of compounds in the realm of
heterocyclic chemistry[1]. This structural motif imparts pyrazole derivatives with a wide range of chemical and
biological properties, making them invaluable in various fields, particularly in medicinal chemistry[2]. The
versatility of pyrazole rings allows for numerous modifications, leading to a diverse array of compounds with
distinct pharmacological activities. The ability to easily substitute different functional groups at various
positions on the pyrazole ring has further broadened their utility, allowing for the design of molecules tailored
for specific biological targets[3]. The synthesis and study of pyrazole derivatives date back to the late 19th and
early 20th centuries. The first known pyrazole compound, known as pyrazole itself, was synthesized by Knorr in
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1883. Since then, the field has grown exponentially, with a substantial body of research dedicated to the
exploration of pyrazole chemistry[4]. Early investigations primarily focused on the synthesis and fundamental
chemical properties of pyrazole and its simple derivatives. Over time, as analytical and synthetic techniques
advanced, the focus shifted towards exploring the biological activities of more complex pyrazole derivatives[5].
By the mid-20th century, pyrazole compounds began to be recognized for their potential therapeutic
applications, leading to increased interest from pharmaceutical researchers. In modern medicinal chemistry,
pyrazole derivatives have established themselves as a cornerstone due to their broad spectrum of biological
activities[6]. They exhibit significant pharmacological properties, including antimicrobial, anti-inflammatory,
anticancer, antioxidant, antiviral, antidiabetic, and neuroprotective activities. The structural flexibility of
pyrazole derivatives allows for fine-tuning of their biological properties, making them suitable candidates for
drug development. Several pyrazole-containing drugs have been successfully developed and are currently in
clinical use[7]. For instance, Celecoxib, a selective COX-2 inhibitor used in the treatment of osteoarthritis and
rheumatoid arthritis, and Anastrozole, an aromatase inhibitor used in breast cancer therapy, are notable
examples[8]. These success stories underscore the importance of pyrazole derivatives in the pharmaceutical
industry and their potential for future therapeutic applications. The primary aim of this review is to provide a
comprehensive overview of the synthetic strategies and biological activities of pyrazole derivatives. This
includes an in-depth examination of the various methods employed in the synthesis of these compounds,
highlighting both classical and modern approaches[9]. Classical methods, such as cyclization and condensation
reactions, will be discussed alongside contemporary techniques like microwave-assisted synthesis, solvent-free
synthesis, and green chemistry approaches. Additionally, the review will explore catalytic methods, including
metal-catalyzed, enzymatic, and photocatalysis techniques, as well as multicomponent reactions and
combinatorial chemistry[10]. By presenting a detailed account of these synthetic strategies, the review aims to
offer insights into the efficiencies, selectivities, and practicalities associated with each method. Understanding
these aspects is crucial for researchers looking to synthesize pyrazole derivatives for various applications.
Furthermore, the review will delve into the structure-activity relationship (SAR) of pyrazole derivatives,
correlating specific structural features with their biological activities[11]. This analysis will provide a better
understanding of how modifications to the pyrazole ring and its substituents influence the pharmacological
properties of these compounds. In addition to the synthetic strategies, the review will also highlight the major
biological activities of pyrazole derivatives, providing a comprehensive summary of their pharmacological
potential[12]. This will include detailed discussions on their antimicrobial, anti-inflammatory, anticancer,
antioxidant, antiviral, antidiabetic, and neuroprotective activities. By summarizing recent advances and
emerging trends in the field, the review aims to underscore the importance of pyrazole derivatives in the design
of new therapeutic agents and offer insights into future research directions[13]. Ultimately, the goal of this
review is to underscore the potential of pyrazole derivatives as versatile and promising candidates in the
development of novel drugs[14]. By providing a thorough examination of the synthetic strategies and biological
activities associated with these compounds, the review aims to contribute to the ongoing progress in medicinal
chemistry and inspire further research and development in this exciting field[15].

2. Structural Features of Pyrazole Derivatives

Pyrazole derivatives are characterized by a five-membered ring structure containing three carbon atoms and two
adjacent nitrogen atoms at positions 1 and 2. This distinctive heterocyclic structure is denoted as C3H3N2[16].
The simplest form of pyrazole is a planar molecule with the molecular formula C3H4N2. The International
Union of Pure and Applied Chemistry (IUPAC) naming system designates the nitrogen atoms in the ring as N1
and N2, with carbon atoms sequentially numbered as C3, C4, and C5[17].

coprs
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Figure 1: Pyrazole derivatives with diverse therapeutic activities
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The substitution pattern of pyrazole derivatives plays a crucial role in determining their chemical and biological
properties[18]. The most common substitution sites are the carbon atoms at positions 3, 4, and 5, as well as the
nitrogen atoms at positions 1 and 2. These substitutions can include a wide variety of functional groups such as
alkyl, aryl, hydroxyl, amino, nitro, halogen, and others[19].

Substitution at Carbon Positions:

Position 3 (C3): Substituents at this position significantly affect the overall reactivity and biological activity of
the pyrazole derivative. Common substituents include methyl, phenyl, and carboxyl groups[20].

Position 4 (C4) and Position 5 (C5): These positions are often substituted with electron-donating or electron-
withdrawing groups, which can modulate the electronic characteristics of the pyrazole ring. Substituents like
chloro, bromo, and nitro groups are frequently observed[21].

Substitution at Nitrogen Positions:

Position 1 (N1) and Position 2 (N2): Nitrogen atoms in the pyrazole ring can also be substituted, typically with
alkyl or aryl groups. N1-substituted pyrazoles are often more stable and exhibit different biological properties
compared to their unsubstituted counterparts[22]. The variety of possible substitutions allows for fine-tuning of
the physicochemical and pharmacokinetic properties of pyrazole derivatives, making them suitable for a wide
range of applications[23].

Structure-Activity Relationships (SAR)

Understanding the structure-activity relationships (SAR) of pyrazole derivatives is crucial for the rational design
of compounds with desired biological activities. SAR studies involve correlating the chemical structure of
pyrazole derivatives with their observed biological effects to identify the key structural features responsible for
activity[24].

Hydrophobic and Hydrophilic Balance:

The balance between hydrophobic and hydrophilic substituents on the pyrazole ring influences the compound’s
solubility, permeability, and overall bioavailability. Hydrophobic groups (e.g., phenyl, methyl) can enhance
membrane permeability, while hydrophilic groups (e.g., hydroxyl, amino) improve solubility in aqueous
environments[25].

Electronic Effects:

Electron-donating and electron-withdrawing groups on the pyrazole ring can significantly impact the electron
density and reactivity of the molecule[15]. Electron-donating groups (e.g., alkyl, methoxy) tend to increase
electron density on the ring, while electron-withdrawing groups (e.g., nitro, cyano) decrease it. These electronic
effects can influence the binding affinity of the pyrazole derivative to biological targets[26].

Steric Factors:

The size and spatial arrangement of substituents on the pyrazole ring can affect the ability of the molecule to
interact with its biological target. Bulky groups can hinder binding to enzymes or receptors, while smaller
substituents may allow for better fit and stronger interactions[27].

Functional Group Contributions:

Specific functional groups contribute to the overall activity of pyrazole derivatives. For example, hydroxyl
groups may form hydrogen bonds with target proteins, enhancing binding affinity. Amino groups can participate
in electrostatic interactions, while halogens can influence lipophilicity and metabolic stability[28].

Position of Substitution:

The position of substituents on the pyrazole ring is critical in determining the biological activity. For instance,
substituents at C3 may interact directly with active sites of enzymes, while those at C4 or C5 could modulate the
overall shape and conformation of the molecule[29].

Synthetic Strategies of Pyrazole Derivatives

Classical Methods
Cyclization Reactions
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Cyclization reactions are among the most traditional and widely used methods for synthesizing pyrazole
derivatives. These reactions typically involve the formation of the pyrazole ring from acyclic precursors[30].
One common cyclization reaction is the reaction of 1,3-diketones with hydrazines. For instance, the reaction
between acetylacetone (a 1,3-diketone) and hydrazine hydrate yields 3,5-dimethylpyrazole. The mechanism
involves the nucleophilic attack of the hydrazine on the carbonyl group, followed by cyclization and
dehydration to form the pyrazole ring[31].
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Pyrazole derivatives
Figure 2: synthesis of pyrazole derivatives

Condensation Reactions

Condensation reactions also play a crucial role in the synthesis of pyrazole derivatives. A typical example is the
Knorr pyrazole synthesis, which involves the condensation of B-ketoesters with hydrazines[32]. The initial step
is the formation of a hydrazone intermediate, which subsequently undergoes cyclization and dehydration to form
the pyrazole ring. For example, ethyl acetoacetate reacts with phenylhydrazine to produce 1-phenyl-3-
methylpyrazole[33].

Perkin Reaction

The Perkin reaction, traditionally used for the synthesis of cinnamic acids, can also be adapted for the synthesis
of pyrazole derivatives[34]. This reaction involves the condensation of an aromatic aldehyde with an anhydride
in the presence of a base to form an a,B-unsaturated carboxylic acid, which can then be converted into pyrazole
derivatives[2]. An example includes the reaction of benzaldehyde with acetic anhydride to form cinnamic acid,
which can be further processed to form various pyrazole derivatives[35].

Modern Synthetic Approaches

Microwave-Assisted Synthesis

Microwave-assisted synthesis is a modern technique that accelerates chemical reactions using microwave
radiation. This method is particularly advantageous for the synthesis of pyrazole derivatives as it reduces
reaction times and often results in higher yields[36]. For example, the microwave-assisted reaction of (-
ketoesters with hydrazines can produce pyrazole derivatives in a fraction of the time required by conventional
methods[37].

Solvent-Free Synthesis

Solvent-free synthesis is an environmentally friendly approach that eliminates the need for solvents, thereby
reducing waste and potential hazards[38]. This technique involves grinding the reactants together in the absence
of a solvent. For instance, grinding a 1,3-diketone with hydrazine hydrate can efficiently produce pyrazole
derivatives without the need for a solvent[39].

Green Chemistry Approaches

Green chemistry approaches focus on reducing the environmental impact of chemical processes. These methods
include the use of biodegradable solvents, catalytic reactions, and renewable feedstocks[40]. For example, the
use of water as a solvent for the synthesis of pyrazole derivatives not only reduces environmental harm but also
enhances reaction rates and yields[41].

Catalytic Methods

Metal-Catalyzed Syntheses

Metal-catalyzed syntheses involve the use of metal catalysts to facilitate the formation of pyrazole rings.
Common metals used include palladium, copper, and iron[42]. For example, palladium-catalyzed cross-coupling
reactions between hydrazines and alkynes can produce a variety of pyrazole derivatives. These reactions are
typically highly selective and can be conducted under mild conditions[43].
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Enzymatic Catalysis

Enzymatic catalysis utilizes enzymes to accelerate the synthesis of pyrazole derivatives. This approach is highly
specific and operates under mild conditions, making it suitable for synthesizing bioactive pyrazole
compounds[44]. For instance, lipase-catalyzed reactions have been employed to synthesize pyrazole derivatives
with high enantioselectivity[45].

Photocatalysis

Photocatalysis involves the use of light to activate a catalyst, which then drives the chemical reaction[46]. This
method has been applied to the synthesis of pyrazole derivatives by utilizing photocatalysts such as titanium
dioxide or organic dyes. Photocatalytic reactions are typically clean and energy-efficient, offering a sustainable
alternative to traditional methods[47].

Efficiency and Selectivity

Catalytic methods are known for their efficiency and selectivity. For example, metal-catalyzed reactions can
achieve high yields with excellent selectivity, often producing fewer by-products[48]. Enzymatic catalysis, due
to its high specificity, can produce enantiomerically pure pyrazole derivatives, which are important for
pharmaceutical applications[49].

Multicomponent Reactions

One-Pot Synthesis

One-pot synthesis is a strategy where multiple reactants are combined in a single reaction vessel to form the
desired product[5,6]. This approach simplifies the synthesis of pyrazole derivatives by reducing the number of
steps and purifications required. An example is the one-pot reaction of aldehydes, hydrazines, and B-diketones
to form pyrazole derivatives[50].

Combinatorial Chemistry

High-Throughput Synthesis

Combinatorial chemistry involves the rapid synthesis of large libraries of compounds by systematically varying
the reactants[51]. High-throughput synthesis techniques allow for the efficient production of numerous pyrazole
derivatives, enabling the screening of these compounds for biological activity. Automated systems can quickly
generate and test thousands of compounds, accelerating the drug discovery process[52].

Libraries of Pyrazole Derivatives

Combinatorial chemistry has been used to create extensive libraries of pyrazole derivatives, each with unique
substituents[53]. These libraries are invaluable for identifying compounds with desirable biological activities.
For instance, a library of pyrazole derivatives with varying substituents at the C3, C4, and C5 positions can be
synthesized and screened for antimicrobial or anticancer properties[54].

Biological Activities of Pyrazole Derivatives

Antimicrobial Activity

Pyrazole derivatives exhibit significant antimicrobial activity by targeting various microbial processes. The
mechanisms of action can include inhibition of bacterial cell wall synthesis, interference with protein synthesis,
disruption of cell membrane integrity, and inhibition of nucleic acid synthesis[55]. The versatility of pyrazole
derivatives allows them to interact with different bacterial targets, leading to effective antimicrobial properties.
Pyrazole derivatives have shown activity against a broad spectrum of microorganisms, including Gram-positive
and Gram-negative bacteria, fungi, and mycobacteria[56]. This broad-spectrum activity makes them valuable in
the treatment of various infectious diseases. For instance, some pyrazole derivatives are effective against
methicillin-resistant Staphylococcus aureus (MRSA), a challenging pathogen in clinical settings[57].

Anti-inflammatory Activity

Pyrazole derivatives are well-known for their anti-inflammatory properties, primarily through the inhibition of
cyclooxygenase (COX) enzymes. COX-2, an enzyme responsible for the production of pro-inflammatory
prostaglandins, is a common target[58]. Selective COX-2 inhibitors, such as Celecoxib, a well-known pyrazole
derivative, reduce inflammation and pain by blocking the COX-2 enzyme without affecting COX-1, thereby
minimizing gastrointestinal side effects[59]. In vitro studies often involve assessing the inhibition of COX-2
activity in enzyme assays, while in vivo studies typically use animal models to evaluate the anti-inflammatory
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effects of pyrazole derivatives. For instance, animal models of inflammation, such as carrageenan-induced paw
edema in rats, are used to test the efficacy of pyrazole-based anti-inflammatory agents[60,61].

Anticancer Activity

Pyrazole derivatives exhibit anticancer activity through various mechanisms, including the induction of
apoptosis, inhibition of cell proliferation, disruption of microtubule function, and interference with signal
transduction pathways[23]. These compounds can target rapidly dividing cancer cells, leading to cell cycle
arrest and programmed cell death[62].
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Figure 3: biological activity of pyrazole derivatives

Targeted Cancer Therapies

Some pyrazole derivatives are designed to target specific proteins or pathways involved in cancer
progression[44]. For example, pyrazole-based inhibitors of the epidermal growth factor receptor (EGFR) have
shown promise in treating certain types of cancer. These targeted therapies offer the potential for more effective
and less toxic treatment options[64,65].

Prominent Pyrazole-Based Anticancer Agents

Several pyrazole derivatives have emerged as promising anticancer agents. Anastrozole, an aromatase inhibitor
used in breast cancer treatment, is a notable example. Additionally, compounds like 1-phenyl-3-(4-pyridyl)-2-
pyrazoline have demonstrated potent anticancer activity against various cancer cell lines in preclinical
studies[66].

Antioxidant Activity

Free Radical Scavenging

Pyrazole derivatives exhibit antioxidant activity primarily through their ability to scavenge free radicals. These
compounds can donate electrons to neutralize reactive oxygen species (ROS), thereby preventing oxidative
stress and cellular damage[67]. The antioxidant properties of pyrazole derivatives are often evaluated using
assays such as the DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assay[68]. The antioxidant activity
of pyrazole derivatives is attributed to the presence of electron-donating groups on the pyrazole ring, which
enhance their radical scavenging ability. Functional groups such as hydroxyl and methoxy groups are
particularly effective in this regard. These groups stabilize the radical intermediate formed during the
scavenging process, enhancing the antioxidant capacity of the compound. Several pyrazole derivatives with
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potent antioxidant activity have been identified[69]. For example, 4-hydroxy-3,5-dimethylpyrazole has shown
strong free radical scavenging activity in various assays. These compounds have potential therapeutic
applications in diseases where oxidative stress plays a key role, such as neurodegenerative disorders and
cardiovascular diseases[70].

Recent Advances and Future Perspectives

Innovations in Synthetic Methodologies

In recent years, significant advancements have been made in the synthetic methodologies for pyrazole
derivatives[71]. Innovations such as microwave-assisted synthesis, solvent-free reactions, and green chemistry
approaches have revolutionized the way these compounds are synthesized. Microwave-assisted synthesis, for
example, has drastically reduced reaction times and improved yields by providing uniform and rapid
heating[72]. Solvent-free reactions, which eliminate the need for hazardous solvents, have emerged as an
environmentally friendly alternative, enhancing the sustainability of pyrazole synthesis. Green chemistry
principles have also been integrated into the synthesis of pyrazole derivatives, focusing on reducing
environmental impact and enhancing safety[73]. Techniques such as the use of biodegradable solvents, catalytic
reactions, and renewable feedstocks have become more prevalent. These advancements not only make the
synthesis processes more efficient but also align with the growing emphasis on sustainability in chemical
research[74].

Emerging Biological Applications

The scope of biological applications for pyrazole derivatives continues to expand. Beyond their established roles
in antimicrobial, anti-inflammatory, anticancer, and antioxidant activities, pyrazole derivatives are being
explored for their potential in treating a variety of other conditions[75]. Emerging applications include antiviral,
antidiabetic, and neuroprotective therapies. In antiviral research, pyrazole derivatives are being investigated for
their ability to inhibit viral replication and entry[50]. This is particularly relevant in the context of emerging
viral diseases, where new therapeutic options are urgently needed[76]. For antidiabetic applications, pyrazole
derivatives acting as PPARy agonists have shown promise in improving insulin sensitivity and controlling blood
glucose levels[27]. Additionally, their neuroprotective properties are being harnessed to develop treatments for
neurodegenerative diseases such as Alzheimer's and Parkinson's disease[77].

Future Directions in Research

Future research on pyrazole derivatives is likely to focus on several key areas. Firstly, there will be a continued
emphasis on the optimization of synthetic methods to enhance efficiency, selectivity, and sustainability[78].
This involves exploring novel catalytic systems and reaction conditions to minimize waste and energy
consumption. Secondly, detailed Structure-Activity Relationship (SAR) studies will be crucial for understanding
the specific structural features contributing to the biological activities of pyrazole derivatives, guiding the design
of more potent and selective compounds[79]. Thirdly, elucidating the precise biological mechanisms through
which pyrazole derivatives exert their effects will enhance understanding and facilitate the development of
targeted therapies, including studying their interactions with specific enzymes, receptors, and signaling
pathways[[80,81]. Additionally, there will be a focus on translating promising in vitro and in vivo findings into
clinical applications through rigorous preclinical and clinical testing to ensure the safety and efficacy of
pyrazole-based drugs[80,82]. The potential for pyrazole derivatives as new therapeutic agents is immense, given
their diverse biological activities and continuous advancements in synthetic methodologies. Their versatility
allows for the design of tailored compounds targeting specific diseases with high efficacy and minimal side
effects[81,83]. For instance, in oncology, pyrazole derivatives with targeted anticancer activities could lead to
more effective treatments with fewer adverse effects compared to traditional chemotherapy[84]. In the field of
infectious diseases, the development of new pyrazole-based antimicrobials could address the growing challenge
of antibiotic resistance[82]. Furthermore, the neuroprotective properties of pyrazole derivatives offer hope for
novel treatments for neurodegenerative disorders, which currently have limited therapeutic options[85,86].

2. Conclusion

The review has provided a comprehensive overview of pyrazole derivatives, highlighting their structural
features, synthetic strategies, biological activities, recent advances, and future perspectives. Pyrazole
derivatives, characterized by their versatile five-membered ring structure, have emerged as valuable compounds
in medicinal chemistry due to their diverse pharmacological properties. Classical methods such as cyclization
and condensation reactions, alongside modern approaches like microwave-assisted synthesis and green
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chemistry, have enabled efficient synthesis of these compounds. Pyrazole derivatives exhibit a wide range of
biological activities, including antimicrobial, anti-inflammatory, anticancer, antioxidant, antiviral, antidiabetic,
and neuroprotective properties, making them promising candidates for drug development. Recent innovations in
synthetic methodologies and emerging biological applications underscore the growing importance of pyrazole
derivatives in pharmaceutical research. Their potential as new therapeutic agents remains high, with ongoing
research focusing on optimization of synthetic methods, elucidation of structure-activity relationships, and
clinical development. Overall, pyrazole derivatives hold great promise for addressing various diseases and
advancing medicinal chemistry in the future.

Acknowledgments
All authors contributed equally to this work.

3. References

1. Janus, S.L.; Magdif, A.Z.; Erik, B.P.; Claus, N. Chem. 1999, 130, 1167-1174.

2. Park, H.J.; Lee, K.; Park, S.; Ahn, B.; Lee, J.C.; Cho, H.Y.; Lee, K.I. Bioorg. Med. Chem. Lett. 2005, 15,
3307-3312.

3. Bouabdallah, I.; M’barek, L.A.; Zyad, A.; Ramadan, A.; Zidane, 1.; Melhaoui, A. Nat. Prod. Res. 2006,
20, 1024-1030.

4. Yildirim, I.; Ozdemir, N.; Akcamur, Y.; Dinger, M.; Andag, O. Acta Cryst. 2005, E61, 256-258.

5. Bailey, D.M.; Hansen, P.E.; Hlavac, A.G.; Baizman, E.R.; Pearl, J.; Defelice, A.F.; Feigenson, M.E. J.
Med. Chem. 1985, 28, 256-260.

6. Chu, C.K,; Cutler, J. J. Heterocycl. Chem. 1986, 23, 289-319.

7. Flefel, E.M.; Tantawy, W.A.; El-Sayed, W.A.; Sayed, H.H.; Fathy, N.M. J. Heterocyclic Chem. 2013, 50,
344-350.

8. Youssef, M.S.K.; Abbady, M.S.; Ahmed, R.A.; Omar, A.A. J. Heterocyclic Chem. 2013, 50(2), 179-187.

9. Ragavan, R.V.; Vijayakumar, V.; Kumari, N.S. Eur. J. Med. Chem. 2010, 45, 1173-1180.

10.  Menozzi, G.; Merello, L.; Fossa, P.; Schenoneg, S.; Ranise, A., et al. Bioorg. Med. Chem. 2004, 12, 5465—
5483.

11.  Cocconcelli, G.; Diodata, E.; Caricasole, A.; Gaviraghi, G.; Genesio, E., et al. Bioorg. Med. Chem. 2008,
16, 2043-2052.

12.  Naoum, F.; Kasiotis, K.K.M.; Magiatis, P.; Haroutounian, S. Molecules 2007, 12, 1259-1273.

13.  Friedrich G, Rose T, Rissler K. Determination of lonazolac and its hydroxy and O-sulfated metabolites
by on-line sample preparation liquid chromatography with fluorescence detection. J Chromatogr B.
2002;766:295-305.

14.  Hampp C, Hartzema AG, Kauf TL. Cost-utility analysis of rimonabant in the treatment of obesity. Value
Health. 2008;11:389-399.

15.  Spitz I, Novis B, Ebert R, Trestian S, LeRoith D, Creutzfeld W. Betazole induced GIP secretion is not
mediated by gastric HCI. Metabolism. 1982;31:380-382.

16.  Luttinger D, Hlasta DJ. Antidepressant agents. Annu Rep Med Chem. 1987;22:21-30.

17. Tsutomu K, Toshitaka N. Effects of 1,3-diphenyl-5-(2 dimethylaminopropionamide)-pyrazole
[difenamizole] on a conditioned avoidance response. Neuropharmacology. 1978;17:249-256.

18.  Garcia-Lozano J, Server-Carri6 J, Escriva E, Folgado J-V, Molla C, Lezama L. X-ray crystal structure
and electronic properties of chlorobis (mepirizole) copper (1) tetrafluoroborate (mepirizole = 4-methoxy-
2-(5-methoxy-3-methyl-1H-pyrazol-1-yl)-6 methylpyrimidine). Polyhedron. 1997;16:939-944.

19.  Alam MJ, Alam O, Khan SA, Naim MJ, Islamuddin M, Deora GS. Synthesis, anti-inflammatory,
analgesic, COX1/2-inhibitory activity, and molecular docking studies of hybrid pyrazole analogues. Drug
Des Dev Ther. 2016;10:3529-3543.

20.  Wishart DS, Feunang YD, Guo AC, Lo EJ, Marcu A, Grant JR, et al. DrugBank 5.0: a major update to
the DrugBank database for 2018.

21.  Nucleic Acids Res. 2018;46:D1074-D1082. Prasath R, Bhavana P, Sarveswari S, Ng SW, Tiekink ERT.
Efficient ultrasound-assisted synthesis, spectroscopic, crystallographic and biological investigations of
pyrazole-appended quinolinyl chalcones.

22. J Mol Struct. 2015;1081:201-210. Mert S, Kasimogullari R, Ica T, Colak F, Altun A, Ok S. Synthesis,
structure-activity relationships, and in vitro antibacterial and antifungal activity evaluations of novel
pyrazole carboxylic and dicarboxylic acid derivatives.

https://museonaturalistico.it 3245



https://museonaturalistico.it/

NATURALISTA CAMPANO
ISSN: 1827-7160

Volume 28 Issue 1, 2024

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

Eur J Med Chem. 2014;78:86-96. Rahimizadeh M, Pordel M, Bakavoli M, Rezaeian S, Sadeghian A.
Synthesis and antibacterial activity of some new derivatives of pyrazole. World J Microbiol Biotechnol.
2010;26:317-321.

Chandrakantha B, Isloor A, Shetty P, Isloor S, Malladi S, Fun HK. Synthesis, characterization and
antimicrobial activity of novel ethyl 1-(N-substituted)-5-phenyl-1H-pyrazole-4-carboxylate derivatives.
Med Chem Res. 2012;21:2702-2708.

Sharma PK, Kumar S, Kumar P, Kaushik P, Kaushik D, Dhingra Y. Synthesis and biological evaluation
of some pyrazolylpyrazolines as anti-inflammatory-antimicrobial agents. Eur J Med Chem.
2010;45:2650-2655.

Kendre BV, Landge MG, Bhusare SR. Synthesis and biological evaluation of some novel pyrazole,
isoxazole, benzoxazepine, benzothiazepine and benzodiazepine derivatives bearing an aryl sulfonate
moiety as antimicrobial and anti-inflammatory agents. Arab J Chem. 2019;12:2091-2097.

B’Bhatt H, Sharma S. Synthesis and antimicrobial activity of pyrazole nucleus containing 2-
thioxothiazolidin-4-one derivatives. Arab J Chem. 2017;10:1590-1596.

Abunada NM, Hassaneen HM, Kandile NG, Miqgdad OA. Synthesis and antimicrobial activity of some
new pyrazole, fused pyrazolo[3,4-d]-pyrimidine and pyrazolo[4,3-e][1,2,4]-triazolo[1,5-C]pyrimidine
derivatives. Molecules. 2008;13:1501-1517.

Padmaja A, Payani T, Reddy GD, Padmavathi V. Synthesis, antimicrobial and antioxidant activities of
substituted pyrazoles, isoxazoles, pyrimidine and thioxopyrimidine derivatives. Eur J Med Chem.
2009;44:4557-4566.

Ragavan RV, Vijayakumar V, Kumari NS. Synthesis and antimicrobial activities of novel 1,5-diaryl
pyrazoles. Eur J Med Chem. 2010;45:1173-1180.

Sharma PK, Chandak N, Kumar P, Sharma C, Aneja KR. Synthesis and biological evaluation of some 4-
functionalized-pyrazoles as antimicrobial agents. Eur J Med Chem. 2011;46:1425-1432.

Pathak RB, Chovatia PT, Parekh HH. Synthesis, antitubercular and antimicrobial evaluation of 3-(4-
chlorophenyl)-4-substituted pyrazole derivatives. Bioorg Med Chem Lett. 2012;22:5129-5133.

Vijesh AM, Isloor AM, Telkar S, Peethambar SK, Rai S, Isloor N. Synthesis, characterization and
antimicrobial studies of some new pyrazole incorporated imidazole derivatives. Eur J Med Chem.
2011;46:3531-3536.

Wu J, Shi Q, Chen Z, He M, Jin L, Hu D. Synthesis and bioactivity of pyrazole acyl thiourea derivatives.
Molecules. 2012;17:5139-5150.

Wu Z, Hu D, Kuangn J, Cain H, Wun S, Xuen W. Synthesis and antifungal activity of N-(substituted
pyridinyl)-1-methyl(phenyl)-3-(trifluoromethyl)-1H-pyrazole-4-carboxamide  derivatives. Molecules.
2012;17:14205-14218.

Xu L-L, Zheng C-J, Sun L-P, Miao J, Piao H-R. Synthesis of novel 1,3-diaryl pyrazole derivatives
bearing rhodanine-3-fatty acid moieties as potential antibacterial agents. Eur J Med Chem. 2012;48:174—
178.

Desai NC, Rajpara KM, Joshi VV. Synthesis of pyrazole encompassing 2-pyridone derivatives as
antibacterial agents. Bioorg Med Chem Lett. 2013;23:2714-2717.

Jardosh HH, Sangani CB, Patel MP, Patel RG. One step synthesis of pyrido [1,2-a] benzimidazoles
derivatives of aryloxypyrazole and their antimicrobial evaluation. Chin Chem Lett. 2013;24:123-126.
Malladi S, Isloor AM, Isloor S, Akhila D, Fun H-K. Synthesis, characterization and antibacterial activity
of some new pyrazole based Schiff bases. Med Chem Res. 2013;6:335-340.

Dharmendra Bhati et al., “FUSED AND SUBSTITUTED PYRIMIDINE DERIVATIVES AS POTENT
ANTICANCER AGENTS,” Biochemical and Cellular Archives/Biochemical and cellular archives, vol.
24, no. 1, Jan. 2024, doi: https://doi.org/10.51470/bca.2024.24.1.749.

K. J. Mangala et al., “NANOCELLULOSE: A VERSATILE AND SUSTAINABLE CARRIER FOR
DRUG AND BIOACTIVE COMPOUNDS,” Biochemical and Cellular Archives/Biochemical and
cellular archives, vol. 24, no. 1, Jan. 2024, doi: https://doi.org/10.51470/bca.2024.24.1.553.

Rohit Kumar Trivedi et al., “REVOLUTIONIZING DRUG DELIVERY THROUGH 3D PRINTING
TECHNOLOGY: CURRENT ADVANCES AND FUTURE DIRECTIONS,” Biochemical and Cellular
Archives/Biochemical ~and cellular archives, wvol. 24, no. 1, Jan. 2024, doi:
https://doi.org/10.51470/bca.2024.24.1.521.

H. Rastogi, P. Bhatt, S. Garg, S. Kamboj, V. Deva, and R. Goel, “EXPLORING THE POTENTIAL OF
QUANTUM DOTS AS LUMINOUS PROBES FOR TARGETED DRUG DELIVERY AND
BIOIMAGING IN CLINICAL DIAGNOSTICS,” Biochemical and Cellular Archives/Biochemical and
cellular archives, vol. 24, no. 1, Jan. 2024, doi: https://doi.org/10.51470/bca.2024.24.1.457.

https://museonaturalistico.it 3246



https://museonaturalistico.it/
https://doi.org/10.51470/bca.2024.24.1.749
https://doi.org/10.51470/bca.2024.24.1.553
https://doi.org/10.51470/bca.2024.24.1.521
https://doi.org/10.51470/bca.2024.24.1.457

NATURALISTA CAMPANO
ISSN: 1827-7160

Volume 28 Issue 1, 2024

44,

45,

46.

47,

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

M. shama, “CRISPR-Cas9 gene editing in pharmaceuticals : Current applications and future
prospects,” Biochemical and Cellular Archives/Biochemical and cellular archives, vol. 23, no. S1, Dec.
2023, doi: https://doi.org/10.51470/bca.2023.23.51.1655.

S. Arora, Saiphali, G. Dharmamoorthy Dharmendra Bhati, T. Gupta, and P. Bhatt, “Advancements in
peptide-based therapeutics: Design, synthesis and clinical applications,” Biochemical and Cellular
Archives/Biochemical and  cellular archives, wvol. 23, no. S1, Dec. 2023, doi:
https://doi.org/10.51470/bca.2023.23.51.1415.

M. Singhal et al., "Formulation development and characterization of powder for oral suspension
containing H2 blocker drug to combat GERD and peptic ulcer,” NeuroQuantology, vol. 20, no. 11, pp.
1258, 2022.

S. Ahamed, P. Bhatt, S. J. Sultanuddin, R. Walia, M. A. Haque, and S. B. InayathAhamed, "An
Intelligent loT enabled Health Care Surveillance using Machine Learning,” in 2022 International
Conference on Advances in Computing, Communication and Applied Informatics (ACCAI). IEEE, 2022.
V. Ahmed, S. Sharma, and P. Bhatt, "Formulation and evaluation of sustained release tablet of diltiazem
hydrochloride,” International Journal of Pharmaceutical Sciences and Research, vol. 11, no. 5, pp. 2193—
2198, 2020.

A. E. Al-Snafi, S. Singh, P. Bhatt, and V. Kumar, "A review on prescription and non-prescription appetite
suppressants and evidence-based method to treat overweight and obesity,” GSC biol pharm sci, vol. 19,
no. 3, pp. 148-155, 2022.

B. Baskar, S. Ramakrishna, and A. Daniela La Rosa, Eds., Encyclopedia of green materials. Singapore:
Springer Nature Singapore, 2022.

P. Bhatt et al., "Nanorobots recent and future advances in cancer or dentistry therapy- A review," Am J
PharmTech Res, vol. 9, no. 3, pp. 321-331, 2019.

P. Bhatt et al.,, "Citrus Flavonoids: Recent Advances and Future Perspectives On Preventing
Cardiovascular Diseases," in The Flavonoids, 2024, pp. 131-152.

P. Bhatt et al., "Functional and tableting properties of alkali-isolated and phosphorylated barnyard millet
(Echinochloa esculenta) starch,” ACS Omega, vol. 8, no. 33, pp. 30294305, 2023.

P. Bhatt et al., "Plasma modification techniques for natural polymer-based drug delivery systems,"”
Pharmaceutics, vol. 15, no. 8, p. 2066, 2023.

P. Bhatt et al., "Comparative study and in vitro evaluation of sustained release marketed formulation of
aceclofenac sustained release tablets," Pharma Science Monitor, vol. 9, no. 2, 2018.

P. Bhatt et al., "Development and characterization of fast dissolving buccal strip of frovatriptan succinate
monohydrate for buccal delivery,” Int J Pharm Investig, vol. 11, no. 1, pp. 69-75, 2021.

P. Bhatt et al., "Artificial intelligence in pharmaceutical industry: Revolutionizing drug development and
delivery,"” The Chinese Journal of Artificial Intelligence, 2023.

P. Bhatt et al., "Blockchain technology applications for improving quality of electronic healthcare
system," in Blockchain for Healthcare Systems, 2021, pp. 97-113.

P. Bhatt, "Mouth Dissolving Tablets Challenges, Preparation Strategies with a Special Emphasis on
Losartan Potassium—A Review," World J. Pharm. Pharm. Sci, vol. 7, no. 9, pp. 271-287, 2018.

C. Goyal et al., "Estimation of shelf-life of Balachaturbhadrika syrup containing different sweetening
agents,"” Res J Pharm Technol, pp. 5078-5083, 2022.

T. Kaur and S. Singh, "Controlled release of bi-layered malvidin tablets using 3D printing techniques,” J
Pharm Res Int, pp. 70-78, 2021.

M. Kaurav et al., "In-depth analysis of the chemical composition, pharmacological effects,
pharmacokinetics, and patent history of mangiferin," Phytomed Plus, vol. 3, no. 2, p. 100445, 2023.

A. Kumar, P. Bhatt, and N. Mishra, "lIrritable bowel Syndrome with reference of Alosetron
Hydrochloride and Excipient profile used in the manufacturing of Alosetron tablet-A review," J Chem
Pharm Sci, vol. 12, no. 03, pp. 71-78, 2019.

M. K. Malik et al., "Significance of chemically derivatized starch as drug carrier in developing novel
drug delivery devices," Nat Prod J, 2022.

M. K. Malik et al., "Preclinical safety assessment of chemically cross-linked modified mandua starch:
Acute and sub-acute oral toxicity studies in Swiss albino mice," ACS Omega, vol. 7, no. 40, pp. 35506—
35514, 2022.

M. K. Malik et al., "Phosphorylation of alkali extracted mandua starch by STPP/STMP for improving
digestion resistibility," ACS Omega, vol. 8, no. 13, pp. 11750-11767, 2023.

https://museonaturalistico.it 3247



https://museonaturalistico.it/
https://doi.org/10.51470/bca.2023.23.s1.1655
https://doi.org/10.51470/bca.2023.23.s1.1415

NATURALISTA CAMPANO
ISSN: 1827-7160

Volume 28 Issue 1, 2024

67.

68.
69.

70.

71.

72.

73.

74,

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.

85.
86.

Pankaj, "Anti-cancer cyclodextrin nanocapsules based formulation development for lung chemotherapy,"
J Pharm Res Int, pp. 54-63, 2021.

Pankaj, "Cyclodextrin modified block polymer for oral chemotherapy,” J Pharm Res Int, pp. 21-29, 2021.
V. Raghuwanshi et al., "Recent Advances In Nanotechnology For Combating Against Corona Virus
Infection," Journal of Pharmaceutical Negative Results, pp. 1811-1820, 2022.

K. K. Sahu et al., "Utility of nanomaterials in wound management,” in Nanotechnological Aspects for
Next-Generation Wound Management, 2024, pp. 101-130.

S. K. Sharma et al., "Combined therapy with ivermectin and doxycycline can effectively alleviate the
cytokine storm of COVID-19 infection amid vaccination drive: A narrative review," J Infect Public
Health, vol. 15, no. 5, pp. 566-572, 2022.

S. K. Sharma and P. Bhatt, "Controlled release of bi-layered EGCG tablets using 3D printing techniques,"
J Pharm Res Int, pp. 5-13, 2021.

S. K. Sharma and S. Singh, "Antimicrobial Herbal Soap Formulation,” Journal of Pharmaceutical
Research International, vol. 32, no. 36, pp. 82-88, 2022.

S. Singh et al., "Cardiovascular comorbidity of COVID-19 disease: A review,” WIPMR, vol. 8, no. 4, pp.
216-225, 2022.

S. Singh et al., "Phytonutrients, Anthocyanidins, and Anthocyanins: Dietary and Medicinal Pigments
with Possible Health Benefits," in Advances in Flavonoids for Human Health and Prevention of Diseases,
2024, pp. 23-46.

S. Singh et al., "Digital Transformation in Healthcare: Innovation and Technologies,” in Blockchain for
Healthcare Systems, 2021, pp. 61-79.

S. Singh et al., "Alginate based Nanoparticles and Its Application in Drug Delivery Systems," Journal of
Pharmaceutical Negative Results, pp. 1463-1469, 2022.

R. Johari et al., "Artificial Intelligence and Machine Learning in Drug Discovery and Development,” in
2023 12th International Conference on System Modeling & Advancement in Research Trends (SMART),
2023, pp. 556-561.

P. Bhatt et al., “Impact of Cross-Linking on the Physicochemical and Physiological Characteristics of
Barnyard Millet (Echinochloa frumentacea) Grains Starch,” Stirke/Starch, May 2024, doi:
https://doi.org/10.1002/star.202300285.

V. Kumar et al., “Ultrasound assisted techniques for starch modification to develop novel drug delivery
systems: A comprehensive study,” Journal of bioactive and compatible polymers, May 2024, doi:
https://doi.org/10.1177/08839115241249143.

Rao, J.N.; Sujith, K.V.; Kalluraya, B. Saudi Chem. Soc. 2008, 12(3), 347-352.

Sahu, S.K.; Banerjee, M.; Samantray, A.; Behera, C.; Azaml, M.A. Trop. J. Pharm. Res. 2008, 7(2), 961-
968.

Argade, N.D.; Kalrale, B.K.; Gill, C.H. E-J. Chem. 2008, 5(1), 120-129.

Chovatia, P.T.; Akabari, J.D.; Kachhadia, P.K.; Zalavadia, P.D.; Joshi, H.S. J. Serb. Chem. Soc. 2007,
71(7), 713-720.

Manna, K.; Yadvendra, K. Bioorg. Med. Chem. Lett. 2009, 19, 2688-2692.

Karthikeyan, M.S.; Holla, B.S.; Kumari, N.S. Eur. J. Med. Chem. 2007, 42, 30-36.

https://museonaturalistico.it 3248



https://museonaturalistico.it/
https://doi.org/10.1002/star.202300285
https://doi.org/10.1177/08839115241249143

