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Abstract: Pyrazoline benzenesulfonamide derivatives represent a distinctive class of heterocyclic compounds that synergistically 
combine the pharmacological versatility of the pyrazoline scaffold with the enzyme-inhibitory prowess of benzenesulfonamide 
moieties. These hybrids have emerged as promising candidates in anticancer drug discovery. This review systematically examines 
various synthetic strategies employed to prepare these derivatives, including classical Claisen–Schmidt condensation as well as 
modern ultrasound- and microwave-assisted protocols. These methods facilitate efficient structural diversification, incorporating 
a wide range of heterocyclic and aromatic substituents such as morpholine, pyrazole, benzodioxole, tetrazole, and ferrocene. 
Biological evaluations, integrating both in vitro cytotoxicity assays and in silico molecular docking studies, were analyzed to elucidate 
the anticancer potential and mechanistic insights of these compounds, particularly their selective inhibition of tumor-associated 
enzymes such as matrix metalloproteinases (MMP-2, MMP-9), carbonic anhydrase isoforms (hCA IX, hCA XII), and cyclooxygen
ase-2 (COX-2). The results reveal that several derivatives exhibit potent antiproliferative activity across multiple cancer cell lines, 
including lung (A549), breast (MCF-7), cervical (HeLa), colon (COLO 205), and oral squamous carcinoma, demonstrating significant 
tumor selectivity and low toxicity toward normal cells. Structure–activity relationship analyses further underscore the critical influence 
of electronic substituents and their positioning on aromatic rings in modulating both efficacy and selectivity. These findings highlight 
the therapeutic potential of pyrazoline benzenesulfonamide derivatives and support the continued optimization of synthetic strategies 
and mechanistic studies to facilitate their development as effective anticancer agents capable of overcoming clinical challenges such as 
drug resistance and adverse side effects. 
Keywords: pyrazoline benzenesulfonamide, anticancer agents, synthesis, structure-activity relationships

Introduction
Cancer is a non-communicable disease that poses a significant global health burden. The disease is characterized by the 
loss of control over cell cycle regulation and cell homeostatic function in multicellular organisms, resulting in abnormal 
and uncontrolled cell proliferation.1 As a result, cells will continue to proliferate, leading to the development of abnormal 
tissue growth and tumor growth. The process of cancer progression, or carcinogenesis, involves a series of microevolu
tionary changes in cancer growth that can occur over several months or years, progressing through various stages and 
ultimately leading to a malignant state.2 Curing cancer remains highly challenging due to the complexity of its underlying 
molecular mechanisms. Current treatment strategies primarily aim to alleviate symptoms, improve the patient’s quality of 
life, and minimize the risk of recurrence. Therapeutic approaches for cancer patients differ significantly from those for 
non-cancer patients. Cancer therapies encompass a broad range of interventions such as radiotherapy, chemotherapy, and 
hormone therapy, as well as surgery.3,4
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Cancer treatment with chemotherapy is probably the most recognized cancer treatment by the general public. 
Chemotherapy involves the administration of specialized drugs to patients, which aim to prevent the spread of cancer 
cells, slow their growth, and ultimately kill cancer cells. Various anticancer drugs have been developed, including drugs 
that stimulate the differentiation of cancer cells into benign cells, drugs that enhance the effectiveness of radiation, and 
drugs that modulate the immune response against cancer cells.5,6 Additionally, numerous drugs have been developed 
based on the molecular characteristics of cancer cells. However, these therapies often face challenges such as drug 
resistance, reduced tolerance, limited selectivity, and a range of adverse side effects. A variety of drugs have been used in 
cancer treatment, including epirubicin, doxorubicin, vinorelbine, docetaxel, sorafenib, cisplatin, and busulfan.

Pyrazolines are an intriguing class of heterocyclic compounds that have attracted significant attention in drug design 
and development. Their importance lies in their ability to serve as isosteres of other heterocyclic rings, such as imidazole, 
thiazole, tetrazole, isoxazole, and oxazole.7 This property enables pyrazolines to modulate the physicochemical proper
ties and biological activities of these compounds, resulting in a diverse range of lead compounds with potential 
therapeutic applications. Structurally, pyrazoline comprises a five-membered ring containing two adjacent nitrogen 
atoms and one endocyclic double bond. Pyrazoline can exist in three different isomeric forms, 1-pyrazoline, 2-pyrazoline, 
and 3-pyrazoline, depending on the position of the double bond in the ring, as shown in Figure 1. Among these, 
2-pyrazoline has been studied most extensively due to its greater stability compared to the other two forms.8 Pyrazoline 
derivatives have garnered significant attention in medicinal chemistry due to their diverse range of biological activities. 
These compounds exhibit a broad spectrum of pharmacological properties, making them attractive targets for drug 
discovery and development. A wide range of biological activities of pyrazoline derivatives have been reported, including 
anticancer,9–11 anti-Alzheimer,12,13 antitubercular,14,15 anticonvulsant,16,17 anti-inflammatory,18–20 antidepressant,21 

antimicrobial,14,22–24 anti-HIV,25–27 antimalarial,28 anti-Parkinson,29,30 antioxidant,20,31,32 antiviral,33 anti-amoebic,34,35 

anti-diabetic36 (Figure 2).
Sulfonamides, particularly benzenesulfonamide derivatives, are another important class of pharmacophores in 

medicinal chemistry.37 Characterized by a sulfonamide group attached to a benzene ring, benzenesulfonamide com
pounds are well known for their ability to form strong hydrogen bonds with biological targets, resulting in high binding 
affinity and improved pharmacokinetic profiles. These properties have made sulfonamide derivatives potent inhibitors of 
enzymes, such as carbonic anhydrases, which are often upregulated in tumor environments and play key roles in 
processes including cell proliferation, survival, and metastasis.38,39 Various sulfonamide derivatives have been developed 
for biological purposes, including antibacterial,40 antifungal,41 antioxidant,42 anti-inflammatory,43 antidiabetic,44 

anticancer,45–47 antihypertensive,48 antimicrobial,49 antimycobacterial,50,51 antimalarial,52 antiprotozoal53 activities. 
Moreover, some benzenesulfonamide derivatives exhibit a broad spectrum of biological activities, such as carbonic 
anhydrase inhibitors,54,55 herbicides and plant growth regulators,56–58 elastase inhibitors,59 and Clostridium histolyticum 
collagenase inhibitors.60

The objective of this review is to comprehensively examine recent developments in the discovery and synthesis of 
pyrazoline benzenesulfonamide derivatives as potent anticancer agents against various types of cancer to date. This 

Figure 1 Chemical structures of 1-pyrazoline, 2-pyrazoline, and 3-pyrazoline isomers.

https://doi.org/10.2147/DDDT.S562109                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 11698

Hasyim et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



information will assist chemists and biologists in identifying promising structural frameworks, thereby guiding chemical 
synthesis efforts toward the discovery and development of more effective anticancer agents.

Clinically Available Drugs and Under Developments Containing Pyrazoline
The pyrazoline ring system represents a prominent structural motif widely found in clinically approved pharmaceuticals 
targeting a broad spectrum of diseases. Numerous marketed drugs, as shown in Figure 3, including antipyrine, 
phenylbutazone, edavarone, axitinib, and others, feature the pyrazoline moiety, underscoring its significance as 

Figure 2 Overview of the biological activities of pyrazoline derivatives.
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a privileged scaffold in medicinal chemistry. The versatility of the pyrazoline core is attributed to its broad spectrum of 
biological activities, which encompass anti-inflammatory, anticancer, analgesic, and cardiovascular effects, among others. 
This remarkable pharmacological profile has sparked sustained scientific interest and extensive research efforts aimed at 
developing novel pyrazoline derivatives with enhanced efficacy and safety. Consequently, beyond approved therapeutics, 
a diverse array of new pyrazoline-based compounds is in various stages of preclinical and clinical evaluation, high
lighting the ongoing expansion of this class for therapeutic innovation.

Figure 3 Representative clinically used and investigational drugs with a pyrazoline scaffold.
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Phenazone, also known as antipyrine, is a non-steroidal anti-inflammatory drug (NSAID) with analgesic and 
antipyretic properties. Its effects are believed to be mediated through the inhibition of cyclooxygenase isoforms, 
specifically COX-1, COX-2, and COX-3, which are involved in prostaglandin (PG) synthesis.61,62 Phenylbutazone is 
another NSAID that exhibits analgesic and antipyretic activities and is used in some instances related to acute pain and 
musculoskeletal disorders, such as ankylosing spondylitis and rheumatoid arthritis.63,64 Ramifenazone is a pyrazole 
derivative that acts as a non-steroidal anti-inflammatory drug, exhibiting analgesic, antipyretic, anti-inflammatory, and 
antimicrobial properties.65 Famprofazone is an NSAID with analgesic, anti-inflammatory, and antipyretic effects and is 
notable for being metabolized to methamphetamine and/or amphetamine.66,67

Morazone is an NSAID used as an analgesic and is metabolized into phenmetrazine.68 Oxyphenbutazone is a metabolite 
of phenylbutazone possesses anti-inflammatory effects. It is an orally active, non-selective COX inhibitor that has been 
shown to kill non-replicating Mycobacterium tuberculosis selectively.69,70 Aminophenazone is another NSAID used as 
analgesics, antipyretics, and anti-inflammatories.71 Its mechanism of action involves inhibiting COX-1 and COX-2 
enzymes.72 Metamizole is an analgesic, antipyretic, and spasmolytic drug used to treat both acute and chronic pain and 
fever. The most important side effect of metamizole is the development of agranulocytosis.73 Edaravone is a free radical 
scavenger used as a neuroprotective agent in patients with acute ischemic stroke and amyotrophic lateral sclerosis.74,75

Sulfinpyrazone is an oral uricosuric agent used to treat chronic or intermittent gouty arthritis. It competitively inhibits 
the reabsorption of uric acid at the proximal convoluted tubule, thereby facilitating urinary excretion of uric acid and 
reducing plasma urate concentrations.76,77 Muzolimine is a diuretic that has been proposed for the treatment of hyperten
sion, known for its high ceiling effect similar to loop diuretics.78 It can also be used in cardiovascular disease research.79 

Ibrutinib is a Bruton’s tyrosine kinase inhibitor used in the treatment of lymphoid cancers, including chronic lymphocytic 
leukemia, Waldenström macroglobulinemia, and mantle cell lymphoma.80 Ibipinabant is a potent, selective, and orally 
active antagonist of the cannabinoid CB1 receptor with potential applications in obesity and diabetes research.81,82 Axitinib 
is a potent and selective antagonist inhibitor of vascular endothelial growth factor receptor (VEGFR) tyrosine kinases. It can 
suppress tumor growth and metastasis by inhibiting both angiogenesis and lymphangiogenesis. Additionally, it exerts 
antitumor effects through mechanisms involving the induction of apoptosis in tumor cells.83

Enflicoxib (E-6087) is a new pyrazoline derivative and an NSAID used for the treatment of pain and osteoarthritis. It 
functions as a selective COX-2 inhibitor with potent anti-inflammatory and analgesic activity.84,85 SLV-330 is a drug 
candidate for the treatment of central nervous system (CNS) disorders and acts as a cannabinoid CB1 receptor 
antagonist.86 Lificiguat (YC-1) was initially identified as an activator of NO-independent soluble guanylyl cyclase. It 
inhibits platelet aggregation and prevents vascular contraction. Additionally, it exhibits potent anticancer activity through 
various mechanisms in multiple cancer cell lines.87,88 Pictilisib (GDC-0941) is a specific PI3K inhibitor with good 
clinical tolerability and promising anti-neoplastic activity in adult cancers; it also demonstrates anti-proliferative and pro- 
apoptotic effects in pediatric human medulloblastoma cell lines.89 Pyrazoloacridine (NSC 366140) is a pyrazoline-fused 
acridine analogue currently under investigation in Phase II clinical trials as an anticancer agent.90

Synthetic Approaches for the Preparation of Pyrazoline 
Benzenesulfonamide Derivatives
Pyrazoline derivatives can be synthesized using either one-pot or two-pot techniques, as illustrated in Figure 4. The one- 
pot technique entails a multicomponent reaction in a single vessel, wherein an aromatic ketone, an aromatic aldehyde, 
and hydrazine are combined directly to afford the corresponding pyrazoline scaffold.91–93 In contrast, the two-pot 
technique involves of multiple reaction steps and is more commonly reported for the synthesis of pyrazoline derivatives 
than the one-pot technique.94 The two-pot technique consists of two synthetic steps. It first involves the preparation of 
chalcones, followed by cyclization with hydrazine under suitable reaction conditions.95,96 This is supported by other 
studies, which report that pyrazoline derivatives are generally obtained by first synthesizing chalcones, followed by the 
formation of pyrazolines in acidic or basic medium or alcoholic solvents.97 A widely accepted mechanism for chalcone 
synthesis is the Claisen-Schmidt condensation, which involves a base-catalyzed cross-aldol reaction between aromatic 
aldehydes and ketones. Under basic conditions, the enolate ion derived from the ketone attacks the carbonyl carbon of the 
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aldehyde, leading to the formation of a β-hydroxyketone intermediate, which subsequently undergoes dehydration to 
yield the corresponding chalcone,98 as illustrated in Figure 5.

Multiple synthetic strategies have been established for the construction of pyrazoline derivatives, with the 
Knoevenagel and Fisher methods being among the most extensively utilized. These approaches enable efficient synthesis 
of structurally diverse pyrazolines, commonly achieved through the reaction of α,β-unsaturated carbonyl compounds with 
hydrazine or phenylhydrazine in the presence of acetic acid.99,100 As illustrated in Figure 6, two mechanistic pathways 
have been proposed for the cyclization of α,β-enones with hydrazine derivatives, contingent on variables such as reaction 
conditions, catalyst, and substrate structure. The first route proceeds via formation of a hydrazone intermediate, followed 
by intramolecular cyclization to yield the desired 2-pyrazoline scaffold. Alternatively, the reaction may proceed through 
an aza-Michael addition, forming an aza-Michael intermediate that subsequently undergoes cyclization and water 
elimination to afford the 2-pyrazoline core. Both mechanisms reflect the strategic versatility available for the tailored 
synthesis of pyrazoline compounds.97,101,102

The synthesis of pyrazoline derivatives can be carried out using various heating methods, including microwave 
irradiation, ultrasonic irradiation, grinding techniques, ionic liquids, and conventional methods.103–105 These methods 
offer several improvements over traditional protocols, notably faster reaction rates, higher yields, and greater environ
mental compatibility. Additionally, a wide range of solvents can be used, such as methanol, ethanol, toluene, pyridine, 
polyethylene glycol (PEG), dimethylformamide (DMF), tetrahydrofuran (THF), and dimethyl sulfoxide (DMSO).106–108 

These solvents are selected based on their specific properties, such as polarity and their ability to dissolve reactants, 
which can significantly influence the reaction’s efficiency and outcome. Various catalysts have also been reported for the 
synthesis of pyrazoline derivatives. These include acids such as formic acid, acetic acid, glacial acetic acid, hydrochloric 
acid, chloroacetic acid, propionic acid, acetic anhydride, butyric acid, gallic acid, sulfuric acid,109–112 as well as bases 
such as sodium hydroxide, potassium hydroxide, potassium carbonate, and triethylamine (TEA).113–115 The choice of 
catalyst depends on the specific reaction conditions and the desired outcome. Hydrazines are the most frequently used 
reactants, as they provide both nitrogen atoms in the 2-pyrazoline ring.

Pyrazoline benzenesulfonamide derivatives can be synthesized via one-step, two-step, or multi-step reactions. A one- 
step approach, such as a one-pot reaction, can directly yield pyrazoline compounds using suitable reactants like 
acetophenone, benzaldehyde, and 4-hydrazinylbenzenesulfonamide. The two-step reaction typically involves a Claisen- 
Schmidt condensation reaction followed by cyclization with 4-hydrazinylbenzenesulfonamide. Multi-step reactions 

Figure 4 Schematic representation of one-pot and two-pot synthetic strategies for pyrazoline derivatives.
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involve multiple reactions to obtain the final pyrazoline derivative. For example, hydrazine or 4-hydrazinylbenzenesul
fonamide (3) can be prepared from sulfanilamide (1) through a diazotization reaction with sodium nitrite (NaNO2) in 
hydrochloric acid (HCl) to form a diazonium salt intermediate (2), followed by reduction using stannous chloride (SnCl2) 
in hydrochloric acid (HCl), as depicted in Figure 7.15,116,117

Pyrazoline benzenesulfonamide derivatives can be synthesized via a one-pot, one-step reaction using a base catalyst, 
as depicted in Figure 8. The synthesis involves a direct reaction between aromatic ketones (1), aromatic aldehydes (2), 
and 4-hydrazinylbenzenesulfonamide (3) in the presence of sodium hydroxide (NaOH) as a base catalyst in absolute 
ethanol. The reaction is carried out in a sealed-vessel reactor (Monowave 50) equipped with a stir bar and pressure tube 
at 80°C for 2 hours, yielding 3,5-diphenylpyrazoline benzenesulfonamide derivatives (4), with yields ranging from 25% 
to 87%.118 Another study reported that pyrazoline benzenesulfonamide derivatives can also be synthesized under 
catalyst-free conditions using microwave irradiation. In this case, the pyrazoline compounds were obtained through 
a two-step reaction, as depicted in Figure 9. In the first step, chalcones were prepared via the Claisen–Schmidt 
condensation reaction using a base catalyst in ethanol, or through an aldol condensation reaction catalyzed by thionyl 
chloride (SOCl2) in absolute ethanol, involving the appropriate acetophenone (1) and appropriate benzaldehyde (2) at 

Figure 5 General reaction and mechanism of chalcone synthesis by base-catalyzed Claisen-Schmidt condensation.
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Figure 6 Reaction scheme and mechanistic pathways for the synthesis of 2-pyrazoline derivatives from chalcone and hydrazine. Top: Reaction overview showing the 
condensation of a chalcone and hydrazine to yield either a hydrazone or aza-Michael intermediate, leading to 2-pyrazoline. Bottom: Mechanism reaction pathways for 
2-pyrazoline, (A1) the chalcone and hydrazine condense to form a hydrazone intermediate, which subsequently undergoes nucleophilic cyclization and proton transfers to 
yield 2-pyrazoline via intramolecular attack at the enone carbon, (A2) starting with the same hydrazone intermediate, ring closure occurs through a different cyclization 
route, with nucleophilic attack at the β-carbon, leading to the formation of 2-pyrazoline, (B) hydrazine directly adds to the α,β-unsaturated carbonyl of the chalcone via an 
aza-Michael reaction, forming an intermediate that cyclizes and then eliminates water to provide the 2-pyrazoline product.
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room temperature. In the second step, the suitable chalcone derivatives (3) were reacted with 4-hydrazinylbenzenesulfo
namide hydrochloride (4) in methanol or ethanol under microwave irradiation for 7 to 60 minutes, affording pyrazoline 
benzenesulfonamide derivatives bearing substituted-diphenyl (5), substituted-phenyl and styryl (6), and thiophene and 
substituted-phenyl (7), with yields ranging from 4 to 98%.119–121

Pyrazoline benzenesulfonamide derivatives have also been synthesized under acidic conditions using ultrasound 
irradiation, through a stepwise process, as depicted in Figure 10. Initially, 2,4-dimethoxybenzaldehyde (1) reacts with 
methylmagnesium iodide (CH3-MgI) to produce 1-(2,4-dimethoxyphenyl)ethanol (2). This intermediate is then oxidized 
in the presence of magnesium oxide (MgO) under reflux for 2 hours at 80°C, affording 2,4-dimethoxyacetophenone (3). 
Subsequent Claisen–Schmidt condensation of 2,4-dimethoxyacetophenone (3) with a substituted aromatic aldehyde (4) in 
ethanol at room temperature afforded chalcone derivatives (5). In parallel, 4-hydrazinylbenzenesulfonamide hydrochlor
ide (6) is obtained from sulfanilamide via a diazotization-reduction sequence. In the final stage, the chalcones (5) are 
cyclized with 4-hydrazinylbenzenesulfonamide hydrochloride (6) using acetic acid as a catalyst under ultrasound 
irradiation at 65°C for 50–90 minutes in open vessels, affording pyrazoline benzenesulfonamide derivatives bearing 
2,4-dimethoxyphenyl and thiophene (7), 2,4-dimethoxyphenyl and furan (8), and 2,4-dimethoxyphenyl and substituted- 
phenyl (9), with yields ranging from 72% to 85%.116 This ultrasound-assisted method provides an efficient and 
environmentally benign pathway for generating structurally diverse pyrazoline benzenesulfonamide analogues.

A widely used conventional method for synthesizing pyrazoline benzenesulfonamide involves a two-step reaction. 
The first step involves a Claisen–Schmidt condensation reaction between an appropriate aromatic aldehyde and an 
aromatic ketone in the presence of a base or acid catalyst, yielding α,β-unsaturated carbonyl compounds known as 
chalcones. In the second step, the chalcone is then reacted with 4-hydrazinylbenzenesulfonamide hydrochloride in an 
acidic or basic medium, or simply in alcoholic solvents such as ethanol or methanol. The reaction mixture is typically 
heated under reflux for several hours or longer, depending on the substrate, to promote intramolecular cyclization and 
form the pyrazoline ring. After completion, the reaction mixture is cooled, and the crude product is isolated by filtration 

Figure 7 Synthesis of 4-hydrazinylbenzenesulfonamide. Sulfanilamide (1) was converted through a diazotization reaction to form a diazonium salt intermediate (2), followed 
by reduction to yield 4-hydrazinylbenzenesulfonamide (3).

Figure 8 One-pot synthesis of 3,5-diphenyl pyrazoline benzenesulfonamide derivatives. Aromatic ketones (1), aromatic aldehydes (2), and 4-hydrazinylbenzenesulfonamide 
(3) were reacted under a sealed-vessel reactor (Monowave 50) to yield 3,5-diphenylpyrazoline benzenesulfonamide derivatives (4).
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and purified by recrystallization. This conventional synthetic approach is widely employed owing to its straightforward 
procedure and adaptability, allowing for diverse substitution patterns at the 3- and 5-positions of the pyrazoline core. This 
method facilitates the incorporation of a broad array of aromatic and heteroaromatic groups, including 1,5,6,7-tetrahydro- 
4H-indol-4-one,122 naphthalene,123 thiazole,124 pyridine,125,126 benzo[d][1,3]dioxole,127,128 2H-chromen-2-one,129 

pyrazole,130,131 as well as phenoxybenzene and (benzyloxy)benzene.132 In addition, substituents such as furan, thiophene, 
styrene, anthracene, and diphenyl133–140 have also been introduced through this strategy. As illustrated in Figure 11, this 
versatile protocol provides access to structurally diverse pyrazoline benzenesulfonamide derivatives (1–18) with variable 
yields, highlighting its utility in generating novel analogues with potential pharmacological relevance.

The synthesis of pyrazoline benzenesulfonamide derivatives incorporating a ferrocene organometallic moiety is 
accomplished via a stepwise protocol, as depicted in Figure 12. Initially, a Claisen-Schmidt condensation is employed, 
wherein acetylferrocene (1) reacts with various substituted benzaldehydes (2) in the presence of potassium hydroxide 
(KOH) in ethanol at room temperature, affording the corresponding ferrocenyl chalcone intermediates (3). In the 
subsequent step, these intermediates undergo cyclization with 4-hydrazynylbenzenesulfonamide hydrochloride (4) in 
an ethanol–acetic acid mixture (1:2) at 100°C for 21–22 hours, yielding pyrazoline benzenesulfonamide derivatives 
bearing ferrocene and aryl groups (5) in moderate to good yields ranging from 49% to 74%.141

Pyrazoline benzenesulfonamide derivatives bearing benzodioxole and benzodioxane moieties can be efficiently 
synthesized through a sequential three-step process, as depicted in Figure 13. As reported by Yan et al,142 the first 
step involves alkylation of protocatechuic aldehyde (1) with dibromomethane (2a) or 1,2-dibromoethane (2b) using 
anhydrous potassium carbonate (K2CO3) in dimethylformamide (DMF) at 70°C to afford benzo oxygen heterocyclic 
intermediates (3). The resulting intermediates undergo a Claisen–Schmidt condensation with various substituted 

Figure 9 Microwave-assisted synthesis of various pyrazoline benzenesulfonamide derivatives. Appropriate acetophenone (1) condensed with appropriate benzaldehyde (2) 
to prepare chalcone derivatives (3), then reacted with 4-hydrazinylbenzenesulfonamide hydrochloride (4) under microwave irradiation to afford pyrazoline benzenesulfo
namide derivatives bearing substituted-diphenyl (5), substituted-phenyl and styryl (6), and thiophene and substituted-phenyl (7).
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acetophenones (4) in ethanol, catalyzed by potassium hydroxide (KOH), yielding the corresponding chalcone derivatives 
(5). In the final step, a cyclization reaction was performed on the resulting chalcone with 4-hydrazinylbenzenesulfona
mide hydrochloride (6) in ethanol, using glacial acetic acid as a catalyst, under reflux overnight. This process affords 
pyrazoline benzenesulfonamide derivatives bearing benzodioxole (7) and benzodioxane (8) moieties, with yields of 
59–78% and 60–76%, respectively.

The synthesis of tetrazole-bearing pyrazoline benzenesulfonamide derivatives was conducted using a systematic 
three-step process, as depicted in Figure 14. In the first step, 4-aminoacetophenone (1) was converted into a tetrazole- 
substituted acetophenone (2) through a cyclization reaction with sodium azide (NaN3) and triethyl orthoformate (TEOF) 
in glacial acetic acid under reflux conditions for 12 hours. In the second step, acetophenone was condensed with 
substituted benzaldehydes (3), specifically 3,4-dimethoxybenzaldehyde and 3,4,5-trimethoxybenzaldehyde in the pre
sence of potassium hydroxide (KOH) in absolute ethanol at room temperature for 10–12 hours. This reaction proceeds 
via an aldol condensation mechanism, yielding tetrazole-substituted chalcones (4). In the final step, cyclization was 
achieved by reacting the chalcone with 4-hydrazinylbenzenesulfonamide hydrochloride (5) in absolute ethanol under 
reflux conditions for 18 hours. This reaction affords pyrazoline benzenesulfonamide derivatives bearing a tetrazole 
moiety (6), with yields of 51% and 46%.143

The synthesis of morpholine-bearing pyrazoline benzenesulfonamide derivatives is accomplished through a sequential 
three-step process, as depicted in Figure 15. In the first step, morpholine (1) was reacted with 4-fluorobenzaldehyde (2) in 
dimethyl sulfoxide (DMSO) at 120°C for 4 hours to afford 4-morpholinobenzaldehyde (3). In the second step, the resulting 
aldehyde undergoes Claisen–Schmidt condensation with substituted acetophenone (4) in ethanol at 0°C, affording morpho
line- substituted chalcone intermediates (5). In the final step, cyclization reaction of the resulting chalcone with 

Figure 10 Ultrasound-assisted synthesis of pyrazoline benzenesulfonamide derivatives. 2,4-dimethoxybenzaldehyde (1) was converted to 1-(2,4-dimethoxyphenyl)ethanol 
(2), then oxidized to yield 2,4-dimethoxyacetophenone (3), then condensed with substituted aromatic aldehyde (4) to afford chalcone derivatives (5), which then reacted 
with 4-hydrazinylbenzenesulfonamide hydrochloride (6) under ultrasound irradiation to produce pyrazoline benzenesulfonamide derivatives bearing 2,4-dimethoxyphenyl 
and thiophene (7), 2,4-dimethoxyphenyl and furan (8), and 2,4-dimethoxyphenyl and substituted-phenyl (9).
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4-hydrazinylbenzenesulfonamide (6) in ethanol, using glacial acetic acid as a catalyst, under reflux conditions at 80°C for 
8 hours. This reaction affords pyrazoline benzenesulfonamide derivatives bearing a morpholine moiety (7).144

The synthesis of pyrazoline benzenesulfonamide derivatives featuring a methanesulfonamide moiety involves a concise 
three-step process, as depicted in Figure 16. In the first step, N-(4-acetylphenyl)-N-(methylsulfonyl)methanesulfonamide (3) 
was synthesized by reacting 4-aminoacetophenone (1) with methanesulfonyl chloride (2) in dichloromethane (CH2Cl2) using 
triethylamine (TEA) as a base. This intermediate is subsequently subjected to Claisen–Schmidt condensation with various 
substituted benzaldehydes (4) in absolute ethanol, catalyzed by sodium ethoxide at room temperature, yielding methanesul
fonamide-bearing chalcone derivatives (5) in good yields. The final step, the cyclization of these chalcones with 4-hydrazi
nylbenzenesulfonamide hydrochloride (6) in absolute ethanol under reflux conditions for 6–24 hours, affords pyrazoline 
benzenesulfonamide derivatives featuring a methanesulfonamide moiety (7), with yields ranging from 41% to 42%.145

Figure 11 Synthesis of substituted pyrazoline benzenesulfonamide derivatives containing various heterocyclic and aromatic substituents using the conventional method. 
Appropriate acetophenone and appropriate benzaldehyde were condensed to prepare chalcone derivatives, which then reacted with 4-hydrazinylbenzenesulfonamide 
hydrochloride under reflux conditions to yield structurally diverse pyrazoline benzenesulfonamide derivatives. Structures 1–18 represent products bearing: furan/thiophene 
and pyrazole (1), substituted-phenyl and styryl (2), substituted-phenyl and naphthalene (3), substituted-phenyl and anthracene (4), substituted-phenyl and benzo[d]dioxole 
(5), pyridine and substituted-phenyl (6), phenoxybenzene or (benzyloxy)benzene and substituted-phenyl (7), thiophene and benzo[d]dioxole (8), furan/thiophene and 
substituted-phenyl (9), furan and/or thiophene (10), substituted-phenyl and furan/thiophene (11), substituted-phenyl and 1,5,6,7-tetrahydro-4H-indol-4-one (12), 2H- 
chromen-2-one and substituted-phenyl (13), substituted diphenyl (14), p-tolyl and pyrazole (15), pyrazole and substituted-phenyl (16), thiazole and substituted-phenyl 
(17), and 2-vinylfuran or 2-vinylthiophene and furan/thiophene (18).
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The synthesis of pyrazole-linked pyrazoline benzenesulfonamide derivatives proceeds through a multi-step sequence, 
as depicted in Figure 17. In the first step, substituted acetophenones (1) undergo condensation with phenylhydrazine (2) 
in ethanol using acetic acid as a catalyst at room temperature, forming hydrazone intermediates (3).146 These inter
mediates are then subjected to the Vilsmeier–Haack reaction with phosphoryl chloride (POCl3) and dimethylformamide 
(DMF) under reflux conditions in the presence of sodium bicarbonate (NaHCO3), affording pyrazole carbaldehydes (4). 
Subsequent Claisen–Schmidt condensation of the pyrazole carbaldehydes with various substituted acetophenones (5) in 
methanol and sodium hydroxide (NaOH) yields chalcone intermediates (6) in good yields (56–79%). The final step 
involves the cyclization reaction of the resulting chalcone intermediates with 4-hydrazinylbenzenesulfonamide (7) in 
methanol, catalyzed by hydrochloric acid (HCl) under reflux conditions. This reaction affords pyrazole-linked pyrazoline 
benzenesulfonamide derivatives (8), with yields ranging from 54% to 76%.145

The synthesis of coumarin-linked pyrazoline benzenesulfonamide derivatives proceeds through a well-defined 
a multi-step process, as depicted in Figure 18. Initially, 7-hydroxycoumarin (1) was acetylated with acetic anhydride 
(2) under reflux for 5 hours, producing 7-acetoxycoumarin (3). Subsequent Friedel–Crafts acylation with aluminium 
chloride (AlCl3) at 145°C for 1 hour affords 8-acetyl-7-hydroxycoumarin (4). This intermediate then undergoes 
methylation using methyl iodide (CH3I) in dry acetone under reflux for 24 hours, yielding 8-acetyl-7-methoxycoumarin 
(5). In the next stage, the Claisen–Schmidt condensation of 8-acetyl-7-methoxycoumarin (5) with various aromatic 
aldehydes (6) in 10% sodium hydroxide (NaOH) solution in ethanol at room temperature for 24 hours generates 
coumarin–chalcone derivatives (7). Finally, the cyclization of these chalcones with 4-hydrazinylbenzenesulfonamide 
(8) in absolute ethanol under reflux for 16 hours afforded coumarin–pyrazoline benzenesulfonamide hybrids (9), which 
were obtained in yields ranging from 65% to 70%.147

The synthesis of oxazoline-based pyrazoline benzenesulfonamide derivatives was achieved through a structured 
multi-step synthetic strategy, as depicted in Figure 19. The synthesis begins with the O-alkylation of p-hydroxyaceto
phenone (1) using ethyl bromoacetate (2) as the alkylating agent in dry acetone, with potassium carbonate as base, under 
reflux conditions to afford ethyl 2-(4-acetylphenoxy)acetate (3). Subsequent hydrolysis of the ester group yields 
2-(4-acetylphenoxy)acetic acid (4), followed by cyclization with ethanolamine in methanol under reflux conditions to 
afford the oxazoline intermediate (5). This intermediate is subjected to a Claisen–Schmidt condensation with various 

Figure 12 Synthesis of ferrocene-substituted pyrazoline benzenesulfonamide derivatives. Acetylferrocene (1) condensed with substituted benzaldehydes (2) to prepare 
ferrocenyl chalcones (3), which then reacted with 4-hydrazinylbenzenesulfonamide hydrochloride (4) to produce pyrazoline benzenesulfonamide derivatives bearing 
ferrocene and aryl moieties (5).
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aromatic aldehydes (6) in methanol in the presence of sodium hydroxide (NaOH) to afford a series of oxazoline–based 
chalcone derivatives (7). The resulting chalcones undergo cyclization with 4-hydrazinylbenzenesulfonamide (8) in 
methanol under reflux, followed by the addition of hydrochloric acid (HCl), yielding oxazoline–based pyrazoline 
benzenesulfonamide derivatives bearing a phenyl group (9) and benzodioxane (10), with yields of 62–72% and 62%, 
respectively.148

The synthesis of chloropyrazole benzenesulfonamide–linked pyrazoline benzenesulfonamide derivatives, as reported 
by Gul et al149 and Khloya et al,150 was accomplished through a well-defined multi-step process, as depicted in 
Figure 20. The synthesis commences with the condensation of ethyl acetoacetate (2) with 4-hydrazinylbenzenesulfona
mide hydrochloride (1) in ethanol under reflux, resulting in the formation of the pyrazolone intermediate (3). This 
intermediate then undergoes a Vilsmeier–Haack reaction using dimethylformamide (DMF) and phosphoryl chloride 
(POCl3), which introduces a formyl substituent at the 4-position and a chloro substituent at the 5-position of the pyrazole 
ring, affording N-(5-chloro-4-formyl-3-methyl pyrazole)-4-phenylsulfonyl-N,N-dimethylformimidamide (4). During this 
process, the sulfonamide group is temporarily protected through conversion to an N-[(dimethylamino)methylidine] 
sulfonamide group. Subsequent acidic treatment removes the dimethylaminomethyl protecting group, regenerating the 
free sulfonamide moiety and yielding 5-chloro-3-methyl-4-formylpyrazole benzenesulfonamide (5). In the next step, this 
intermediate undergoes a Claisen–Schmidt condensation with substituted acetophenones (6) in ethanol, catalyzed by 
potassium hydroxide (KOH) to yield chalcone derivatives (7). In the final step, these chalcones undergo cyclization with 
4-hydrazinylbenzenesulfonamide hydrochloride in ethanol, in the presence of glacial acetic acid under reflux conditions, 
yielding chloropyrazole benzenesulfonamide–linked pyrazoline benzenesulfonamide derivatives (8).

Figure 13 Synthesis of pyrazoline benzenesulfonamide derivatives bearing benzodioxole and benzodioxane moieties. Protocatechuic aldehyde (1) was alkylated with 
dibromomethane (2a) or 1,2-dibromoethane (2b) to yield benzo oxygen heterocyclic (3), then condensed with substituted acetophenones (4) to afford chalcone derivatives 
(5), which then reacted with 4-hydrazinylbenzenesulfonamide hydrochloride (6) to produce pyrazoline benzenesulfonamide derivatives bearing benzodioxole (7) and 
benzodioxane (8) moieties.
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The synthesis of pyrazoline benzenesulfonamide derivatives containing pyrazole benzenesulfonamide, as reported by 
Kumar et al,151 was achieved through a systematic multi-step process, as depicted in Figure 21. The first step involves the 
preparation of intermediate 4-formylpyrazole bearing a benzenesulfonamide substituent at the N-1 position (1), according 
to established procedures. This intermediates was then subjected to Claisen–Schmidt condensation with appropriate 
acetophenones (2) in a mixed solvent system of methanol and tetrahydrofuran (THF), with sodium hydroxide (NaOH) as 
base, yielding in the formation of chalcone derivatives (3) in moderate to good yields. Subsequently, cyclization of the 

Figure 14 Synthesis of tetrazole–beraing pyrazoline benzenesulfonamide derivatives. 4-aminoacetophenone (1) was converted to a tetrazole–substituted acetophenone (2), 
then condensed with substituted benzaldehydes (3) to afford tetrazole–substituted chalcones (4), which then reacted with 4-hydrazinylbenzenesulfonamide hydrochloride (5) 
to produce pyrazoline benzenesulfonamide derivatives bearing a tetrazole moiety (6).

Figure 15 Synthesis of morpholine-bearing pyrazoline benzenesulfonamide derivatives. Morpholine (1) was reacted with 4-fluorobenzaldehyde (2) to yield 4-morpholino
benzaldehyde (3), then condensed with substituted acetophenone (4) to afford morpholine–substituted chalcone derivatives (5), which then reacted with 4-hydrazinylben
zenesulfonamide (6) to produce pyrazoline benzenesulfonamide derivatives bearing a morpholine moiety (7).

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S562109                                                                                                                                                                                                                                                                                                                                                                                                 11711

Hasyim et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Figure 16 Synthesis of pyrazoline benzenesulfonamide derivatives featuring a methanesulfonamide moiety. 4-Aminoacetophenone (1) was reacted with methanesulfonyl 
chloride (2) to afford N-(4-acetylphenyl)-N-(methylsulfonyl)methanesulfonamide (3), then condensed with substituted benzaldehydes (4) to prepare methanesulfonamide– 
bearing chalcone derivatives (5), which then reacted with 4-hydrazinylbenzenesulfonamide hydrochloride (6) to produce pyrazoline benzenesulfonamide derivatives featuring 
a methanesulfonamide moiety (7).

Figure 17 Synthesis of pyrazole-linked pyrazoline benzenesulfonamide derivatives. Substituted acetophenone (1) was condensed with phenylhydrazine (2) to form 
hydrazone intermediates (3), then subjected to the Vilsmeier–Haack reaction to afford pyrazole carbaldehydes (4), which then condensed with substituted acetophenones 
(5) to afford pyrazole–linked chalcone intermediates (6), which then reacted with 4-hydrazinylbenzenesulfonamide (7) to produce pyrazole–linked pyrazoline benzenesulfo
namide derivatives (8).
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chalcone intermediates is carried out using 4-hydrazinylbenzenesulfonamide hydrochloride (4) under reflux in an ethanol/ 
THF mixture, using a catalytic amount of acetic acid. This step affords pyrazoline benzenesulfonamide containing 
pyrazole benzenesulfonamide derivatives (5), with yields ranging from 65% to 84%.

The synthesis of pyrazoline benzenesulfonamide derivatives bearing benzofuran and pyrazole moieties, as reported by 
Ragab et al,152 was achieved through a structured multi-step synthetic strategy, as depicted in Figure 22. For Scheme A, 
the synthesis commences with the alkaline hydrolysis of the natural furochromone precursor (1) in aqueous KOH (5%), 
affording 1-(6-hydroxy-4,7-dimethoxybenzofuran-5-yl)ethanone (2). This benzofuran–based ketone was then subjected 
to Claisen–Schmidt condensation with a pyrazole-4-carbaldehyde (3) in a sodium hydroxide–ethanol system at room 
temperature, resulting hydroxybenzofuranyl–pyrazolyl chalcone intermediates (4). Subsequently, cyclization of these 
chalcone intermediates with 4-hydrazinylbenzenesulfonamide hydrochloride (5) in ethanol under reflux for 16–48 hours, 
yielding pyrazoline benzenesulfonamide derivatives bearing pyrazole and benzofuran moieties (6), with yields ranging 
from 40% to 60%. Scheme B details a parallel pathway beginning with the Claisen–Schmidt condensation between 
appropriately substituted acetophenone (1) and pyrazole-4-carbaldehyde derivatives (2) in ethanol with sodium hydro
xide (NaOH), generating pyrazolyl chalcone intermediates (3). Cyclization of these chalcone intermediates with 
4-hydrazinylbenzenesulfonamide hydrochloride (4) under reflux in ethanol for 16–48 h, yielding pyrazoline benzene
sulfonamide derivatives bearing a pyrazole moiety (5), with yields ranging from 30% to 55%. This synthetic pathway 
thus provides efficient access to novel benzofuran–pyrazole–pyrazoline benzenesulfonamide derivatives, supporting the 
exploration of new molecular scaffolds in drug discovery.

Figure 18 Synthesis of coumarin-linked pyrazoline benzenesulfonamide hybrids. 7-hydroxycoumarin (1) was acetylated with acetic anhydride (2) to yield 7-acetoxycoumarin 
(3), then acylated with aluminium chloride (AlCl3) to afford 8-acetyl-7-hydroxycoumarin (4), then methylated using methyl iodide (CH3I) to yield 8-acetyl-7-methoxycou
marin (5), then condensated with various aromatic aldehydes (6) generates coumarin–linked chalcone derivatives (7), which then reacted with 4-hydrazinylbenzenesulfo
namide (8) to produce coumarin–linked pyrazoline benzenesulfonamide derivatives (9).
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The synthesis of pyrazoline benzenesulfonamide derivatives bearing pyrazole–quinoline scaffold substituted with 
either a furan or thiophene side chain, as reported by Zala et al,15 proceeds via a convergent multi-step process, as 
depicted in Figure 23. The route initiates with the preparation of 7-chloro-4-hydrazinylquinoline (3), achieved by 
refluxing 4,7-dichloroquinoline (1) with hydrazine hydrate (2) in ethanol for 8 hours. In parallel, 4-hydrazinylbenzene
sulfonamide (8) is synthesized through diazotization of sulfanilamide using sodium nitrite and hydrochloric acid at low 
temperature, followed by reduction with stannous chloride, as per established literature methods (not explicitly depicted 
in this scheme). The Vilsmeier–Haack formylation was then performed by reacting the quinoline hydrazine intermediate 
(3) with a suitable furan or thiophene acetyl (4) in the presence of dimethylformamide (DMF) and phosphoryl chloride 
(POCl3) at 75–80°C for 6 hours, affording the corresponding pyrazole-4-carbaldehyde intermediates (5). These inter
mediates are subsequently subjected to Claisen–Schmidt condensation with various substituted acetophenones (6) in 
methanol, in the presence of sodium hydroxide (NaOH) at room temperature for 10–12 hours, generating chalcone 
intermediates (7). The final step involves cyclization, where the resulting chalcones are reacted with 4-hydrazinylbenze
nesulfonamide (8) in ethanol using a catalytic amount of concentrated hydrochloric acid (HCl), under reflux at 75°C for 
6–8 hours, yielding pyrazoline benzenesulfonamide derivatives bearing the central pyrazole–quinoline scaffold substi
tuted with either a furan or thiophene side chain (9), with yields ranging from 78% to 86%.

Dekhane et al153 reported an efficient and versatile synthetic protocol for the construction of pyrazoline benzene
sulfonamide derivatives bearing 1,3,4-oxadiazole, 1,3,4-thiadiazole, 1,2,4-oxadiazole, and tetrazole rings, as depicted in 
Figure 24. The synthesis begins with the esterification of the potassium salt of 4-(4-chlorophenyl)-2-oxobut-3-enoic acid 

Figure 19 Synthesis of oxazoline-based pyrazoline benzenesulfonamide derivatives. p-Hydroxyacetophenone (1) was alkylated with ethyl bromoacetate (2) to afford ethyl 
2-(4-acetylphenoxy)acetate (3), then hydrolysis of the ester group yields 2-(4-acetylphenoxy)acetic acid (4), followed by cyclization with ethanolamine to yield oxazoline– 
based acetophenone (5), then condensated with various aromatic aldehydes (6) to afford oxazoline–based chalcone derivatives (7), which then reacted 4-hydrazinylbenze
nesulfonamide (8) to produce oxazoline–based pyrazoline benzenesulfonamide derivatives bearing a phenyl group (9) and benzodioxane (10).
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Figure 20 Synthesis of chloropyrazole benzenesulfonamide-linked pyrazoline benzenesulfonamide derivatives. 4-hydrazinylbenzenesulfonamide hydrochloride (1) reacted 
with ethyl acetoacetate (2) to form the pyrazolone intermediate (3), then undergoes a Vilsmeier–Haack reaction to afford N-(5-chloro-4-formyl-3-methyl pyrazole)- 
4-phenylsulfonyl-N, N-dimethylformimidamide (4), then removes the dimethylaminomethyl protecting group, regenerating the free sulfonamide moiety to yield 5-chloro- 
3-methyl-4-formylpyrazole benzenesulfonamide (5), then condensated with substituted acetophenones (6) to prepare chalcone derivatives (7), which then reacted with 
4-hydrazinylbenzenesulfonamide hydrochloride to produce chloropyrazole benzenesulfonamide-linked pyrazoline benzenesulfonamide derivatives (8).

Figure 21 Synthesis of pyrazoline benzenesulfonamide derivatives containing pyrazole benzenesulfonamide. Preparation of intermediate 4-formylpyrazole bearing 
a benzenesulfonamide substituent at the N-1 position (1), then condensed with substituted acetophenones (2) to prepare chalcone derivatives (3), which then reacted 
with 4-hydrazinylbenzenesulfonamide hydrochloride (4) to produce pyrazoline benzenesulfonamide derivatives containing pyrazole benzenesulfonamide (5).
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Figure 22 Synthesis of pyrazoline benzenesulfonamide derivatives bearing benzofuran and pyrazole moieties. (A) Natural furochromone (1) was converted to 1-(6-hydroxy- 
4,7-dimethoxybenzofuran-5-yl)ethanone (2), then condensed with pyrazole-4-carbaldehyde derivatives (3) to prepare hydroxybenzofuranyl–pyrazolyl chalcone intermediates 
(4), which then reacted with 4-hydrazinylbenzenesulfonamide hydrochloride (5) to produce pyrazoline benzenesulfonamide derivatives bearing pyrazole and benzofuran 
moieties (6). (B) Substituted acetophenone (1) was condensed with pyrazole-4-carbaldehyde derivatives (2) to prepare pyrazolyl chalcone intermediates (3), which then 
reacted with 4-hydrazinylbenzenesulfonamide hydrochloride (4) to produce pyrazoline benzenesulfonamide derivatives bearing a pyrazole moiety (5).
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in ethanol using thionyl chloride to obtain the corresponding 4-(4-chlorophenyl)-2-oxo-but-3-enoic acid ethyl ester (1). 
This ester was then reacted with 4-hydrazinylbenzenesulfonamide in ethanol and acetic acid under reflux, yielding the 
5-(4-chlorophenyl)-1-(4-sulfamoylphenyl)-4,5-dihydro-1H-pyrazole-3-carboxylic acid ethyl ester (2). These esters were 
converted to carbohydrazides (3) by treating with hydrazine hydrate in ethanol under reflux conditions. Reaction of esters 
(2) with aqueous ammonia in tetrahydrofuran (THF) at 50–55°C to give amide derivatives (4), then upon dehydration 
with oxalyl chloride in dimethylformamide (DMF) at 0°C, provides the corresponding nitrile derivatives (5). These 
nitriles reacted with hydroxylamine hydrochloride in the presence of sodium carbonate (Na2CO3) in methanol at 
25–30°C, yielding carboxamidines (6). Carbohydrazides (3) reacted with carbonyldiimidazole (CDI) in(THF) using 
triethylamine (Et3N) to form 2-hydroxy-1,3,4-oxadiazoles (7), or with carbon disulfide (CS2) in the presence of 
potassium hydroxide in methanol to yield 2-thiol-1,3,4-oxadiazoles (8). Reacting the carbohydrazides with cyanogen 
bromide (CNBr) and sodium bicarbonate (NaHCO3) in a dioxane–water mixture affords 2-amino-1,3,4-oxadiazoles (9). 
For thiadiazole synthesis, carbohydrazides were reacted sequentially with CS2/KOH, methyl iodide (MeI), then cyclized 
with p-toluenesulfonic acid in toluene, affording 2-thiomethyl-1,3,4-thiadiazoles (10). Carboxamidines (6) reacted with 
ethyl chloroformate in pyridine, then refluxed in xylene to yield 5-hydroxy-1,2,4-oxadiazole (11), or acylated with acetic 
anhydride in the presence of Et3N and converted with sodium hydride (NaH) and CS2 to yield 2-thiol-1,2,4-oxadiazoles 
(12). Meanwhile, nitriles (5) are transformed into tetrazoles (13) via a [3+2] cycloaddition with trimethylsilyl azide 
(TMSN3) in toluene, using dibutyltin oxide (DBTO) as a catalyst under reflux conditions. These tetrazole can be further 
modified by N-methylation by methyl iodide (MeI) in the presence of cesium carbonate (Cs2CO3) in DMF to yield 
N-methyltetrazole derivatives (14).

The Biological Activity of Pyrazoline Benzenesulfonamide Derivatives
Pyrazoline benzenesulfonamide derivatives constitute an important class of heterocyclic compounds that have received 
substantial attention within medicinal chemistry due to their wide-ranging and potent biological activities. The structural 
integration a pyrazoline ring with a benzenesulfonamide group offers a versatile and robust pharmacophore, facilitating 

Figure 23 Synthesis of pyrazoline benzenesulfonamide derivatives bearing pyrazole–quinoline scaffold substituted with either a furan or thiophene side chain. 
4,7-Dichloroquinoline (1) was reacted with hydrazine hydrate (2) to form 7-chloro-4-hydrazinylquinoline (3), then underwent the Vilsmeier–Haack reaction with 
a suitable furan or thiophene acetyl (4) to afford pyrazole-4-carbaldehyde intermediates (5), then condensed with substituted acetophenones (6) to prepare chalcone 
intermediates (7), which then reacted with 4-hydrazinylbenzenesulfonamide (8) to produce pyrazoline benzenesulfonamide derivatives bearing pyrazole–quinoline scaffold 
substituted with either a furan or thiophene side chain (9).
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Figure 24 Synthesis of pyrazoline benzenesulfonamide derivatives bearing 1,3,4-oxadiazoles, 1,2,4-oxadiazoles, 1,3,4-thiadiazoles, and tetrazoles rings. 4-(4-chlorophenyl)- 
2-oxo-but-3-enoic acid ethyl ester (1) reacted with 4-hydrazinylbenzenesulfonamide to form 5-(4-chlorophenyl)-1-(4-sulfamoylphenyl)-4,5-dihydro-1H-pyrazole-3-carboxylic 
acid ethyl ester (2), then converted to carbohydrazides (3). Esters (2) also converted to give amide derivatives (4), which then converted to form nitrile derivatives (5), then 
reacted with hydroxylamine hydrochloride to form carboxamidines (6). Carbohydrazides (3) reacted with carbonyldiimidazole to form 2-hydroxy-1,3,4-oxadiazoles (7), or 
with carbon disulfide to yield 2-thiol-1,3,4-oxadiazoles (8), or with cyanogen bromide to afford 2-amino-1,3,4-oxadiazoles (9), or reacted sequentially with CS2/KOH, methyl 
iodide, then cyclized to afford 2-thiomethyl-1,3,4-thiadiazoles (10). Carboxamidines (6) reacted with ethyl chloroformate, then refluxed in xylene to yield 5-hydroxy- 
1,2,4-oxadiazoles (11), or acylated and converted to yield 5-thiol-1,2,4-oxadiazoles (12). Nitriles (5) are transformed into tetrazoles (13), then modified by N-methylation 
with methyl iodide to yield N-methyltetrazole derivatives (14).
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the rational design and discovery of new therapeutic agents. These derivatives have demonstrated diverse pharmacolo
gical profiles, exhibiting antimicrobial,117,122,151,154,155 antiviral,132 antimalarial,147,156 antioxidant,157 

antihyperglycemic,140 and antitubercular15 activities. Furthermore, significant analgesic, anti-inflammatory, and neuro
protective effects have been reported,124,126,128,135,143,152,153,158 broadening their therapeutic utility. In addition to these 
properties, pyrazoline benzenesulfonamide derivatives show noteworthy enzyme inhibitory activities, including the 
inhibition tyrosinase,118 matrix metalloproteinases (MMPs),123,158 acetylcholinesterase (AChE),159–161 and carbonic 
anhydrase.137,139,156,162 The broad spectrum of bioactivity is shown in Figure 25, reflecting their potential as multi- 
target drug candidates. Importantly, the anticancer efficacy of certain pyrazoline benzenesulfonamide derivatives has 
been substantiated in recent studies,163,164 with these compounds demonstrating tumor selectivity and potent cytotoxicity 
against specific cancer cell lines. This review highlights recent progress in the development of pyrazoline benzenesulfo
namide derivatives, with a particular focus on their advancement as anticancer agents in drug design and discovery.

The Anticancer Activity of Pyrazoline Benzenesulfonamide Derivatives
The anticancer activity of pyrazoline benzenesulfonamide derivatives represents a promising area of research in the 
pursuit of novel anticancer drug candidates. Numerous studies have demonstrated that pyrazoline benzenesulfonamide 
derivatives possess significant anticancer potential and are among the most promising candidates.165 These compounds 
exhibit their activity through diverse mechanisms, including the induction of apoptosis, cell cycle arrest, inhibition of 
angiogenesis, and modulation of key signaling pathways associated with tumor growth and metastasis. Structural 

Figure 25 Representative biological activities exhibited by pyrazoline benzenesulfonamide derivatives.
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modifications on the pyrazoline ring and sulfonamide moiety have been shown to markedly influence cytotoxic potency 
and selectivity toward specific cancer cell lines, offering valuable insights into structure–activity relationships (SAR).

In 2011, Bano et al166 successfully synthesized and conducted comprehensive in vitro evaluations of eight novel 
pyrazoline benzenesulfonamide derivatives across a diverse panel of 60 human tumor cell lines representing leukemia, 
lung, colon, central nervous system (CNS), ovarian, renal, prostate, breast, and melanoma malignancies, as shown in 
Figure 26. The screened compounds (1a–h) varied in terms of the substituent R groups attached to the phenyl ring, 
exhibiting notable differences in biological activity due to their structural modifications. Remarkably, derivatives 1c 
(4-Cl) and 1f (4-N(CH3)2) demonstrated significant antiproliferative properties. Compound 1f, in particular, exhibited 
exceptional growth inhibitory potency, achieving GI50 values below 2 μM in specific cell lines such as MOLT-4 
(1.94 μM) and SR (1.28 μM) for leukemia, EKVX (1.88 μM) for non-small cell lung cancer, and COLO 205 
(1.69 μM) for colon cancer. Additionally, compound 1c also showed substantial activity, with GI50 values such as 
9.21 μM in prostate carcinoma (PC-3) and 13.3 μM in ovarian carcinoma (OVCAR-4). These empirical results 
substantiate the strong potential of pyrazoline benzenesulfonamide scaffolds, particularly 1f and 1c, as promising lead 
compounds for the development of new anticancer agents targeting leukemia, lung, and colon tumor cell lines.

The structure–activity relationship (SAR) analysis reveals that the presence and nature of substituents on the aromatic 
rings significantly influence the biological activity of pyrazoline benzenesulfonamide derivatives. Compounds bearing 
electron-withdrawing groups (such as chloro, as seen in 1c and 1f) and electron-donating groups (such as hydroxy or 
methoxy) on the aryl substituents at the 5-position of the pyrazoline core were found to affect anticancer potency. 
Notably, compound 1f, which features a 4-(N,N-dimethylamino)phenyl substituent, demonstrated the most potent and 
broad-spectrum antiproliferative effect across multiple cancer cell lines. In summary, the introduction of polar or 
electron-rich groups appears to enhance the anticancer activity of pyrazoline benzenesulfonamide derivatives, likely 
by promoting stronger interactions with biological targets critical for cancer cell survival.

In 2013, Amin et al148 synthesized a series of pyrazoline benzenesulfonamide derivatives incorporating a coumarin 
moiety as part of a strategy to develop new antitumor agents, as shown in Figure 27. These hybrid molecules integrate 

Figure 26 Chemical structures of pyrazoline benzenesulfonamide derivatives (1a–h) and GI50 values of compounds 1c and 1f against 60 human cancer cell lines.
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three pharmacologically active components: a coumarin scaffold, a pyrazoline ring, and a benzenesulfonamide group. 
The rationale behind this hybridization approach is to enhance anticancer potency by combining multiple bioactive 
motifs within a single molecular framework. When evaluated for antiproliferative activity, particularly against HCT- 
116 human colon cancer cells, several derivatives demonstrated remarkable cytotoxicity, surpassing that of the standard 
chemotherapeutic drug Doxorubicin. Notably, compounds 2e and 2f bearing electron-withdrawing 4-trifluoromethyl and 
4-methylthio substituents on the aryl ring displayed IC50 values of 0.03 µM and 0.04 µM, respectively, which are 
substantially lower than that of Doxorubicin (IC50 = 0.63 µM). These findings highlight the potential of coumarin- 
conjugated pyrazoline benzenesulfonamides as promising lead structures for the development of anticancer drugs.

The structure–activity relationship (SAR) analysis reveals that the presence of strong electron-withdrawing substi
tuents (eg, -CF3 or CH3S-) at the para position of the 5-aryl ring significantly enhances cytotoxic potency. This finding is 
particularly evident in derivatives 2e and 2f, which display the lowest IC50 values in the series. In contrast, analogues 
lacking these substituents or bearing neutral/aromatic rings (such as 2a and 2c) exhibit markedly reduced antiproliferative 
activity. The coumarin moiety may further contribute to improved cellular uptake and biological target affinity, while the 
sulfonamide group is recognized to enhance drug-likeness and binding interactions. These observations suggest that 
rational structural modification, particularly the introduction of electron-withdrawing groups and retention of the 
coumarin core, is essential for optimizing antitumor activity within this compound class.

Figure 27 Chemical structures of pyrazoline benzenesulfonamide derivatives (2a–f) and their cytotoxic activity (IC50) against HCT-116 human colorectal cancer cells. 
Doxorubicin was used as a reference drug.
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In 2015, pyrazoline benzenesulfonamide derivatives garnered significant attention as potential anticancer agents due 
to their potent inhibitory effects on matrix metalloproteinase-2 (MMP-2), an enzyme that facilitates tumor progression 
and metastasis. Wang et al159 reported a series of such derivatives that demonstrated notable cytotoxicity across several 
cancer cell lines, including A549 (lung), MCF-7 (breast), HeLa (cervical), and HepG2 (liver), with IC50 values ranging 
from 1.93 to 36.8 μM for A549 cells, 1.62 to 22.92 μM for MCF-7 cells, 1.70 to 16.52 μM for HeLa cells, and 1.01 to 
11.51 μM for HepG2 cells, as shown in Figure 28. Meanwhile, the reference drug Gefitinib has IC50 values of 2.83 µM 
for A549 cells, 6.76 µM for MCF-7 cells, and 1.43 µM for HeLa cells, and Celecoxib has IC50 values of 2.26 µM for 
A549 cells, 6.89 µM for MCF-7 cells, 7.61 µM for HeLa cells, and 0.73 µM for HepG2 cells. Among these, compound 
3c was identified as the most potent, showing outstanding antiproliferative activity against A549, MCF-7, HeLa, and 
HepG2 cell lines. Specifically, compound 3c achieved superior MMP-2 inhibition (IC50 = 0.33 µM) relative to the 
standard control CMT-1 (IC50 = 1.13 µM) and significantly induced apoptosis in HeLa cells in a dose-dependent manner. 
These data highlight the critical impact of structural modifications within the benzenesulfonamide scaffold, which can 
modulate both potency and selectivity. Consequently, such derivatives are promising candidates for further optimization 
and advancement as targeted anticancer therapies.

The structure–activity relationship (SAR) analysis revealed that substitutions on the benzene ring of acetophenone 
notably influenced bioactivity, whereas variations in the salicylaldehyde substituent had minimal effects. Compounds 
possessing electron-donating groups such as methyl (CH3) and methoxy (OCH3) at the para-position displayed sig
nificantly enhanced inhibitory potency against MMP-2 and antiproliferative effects on multiple tumor cell lines compared 
to those with electron-withdrawing or bulky groups. For example, compound 3c, with an ethoxy group (OCH2CH3) 
substituent, exhibited the strongest MMP-2 inhibition (IC50 = 0.33 μM) and potent anticancer activity, while compounds 
with electron-withdrawing groups like fluorine had lower activity. This pattern underscores that electron-donating 
substituents on the benzene ring are more favorable for improving pharmaceutical potency in this compound class.

Molecular docking studies were performed using the crystal structure of MMP-2 (PDB ID: 1QIB) to elucidate the 
binding mode of the most active compound 3c. The docking model revealed key interactions of compound 3c within the 
enzyme’s active site, highlighting the roles of amino acid residues Tyr155, Phe157, and Phe180 in stabilizing ligand 
binding. Two hydrogen bonds and two π-π interactions were identified in the 2D interaction model, complemented by 
two coordination bonds between the zinc ion in the catalytic site and the sulfonamide moiety of the compound in the 3D 

Figure 28 Chemical structures of pyrazoline benzenesulfonamide derivatives (3a–y) and their cytotoxic activities (IC50) against A549, MCF-7, HeLa, and HepG2 human 
cancer cell lines, as well as cytotoxicity (CC50) in 293T normal cells. Gefitinib and celecoxib were used as reference drugs.
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structure. These interactions fostered robust steric stabilization of the ligand. The sulfonamide and salicylaldehyde 
backbones were deemed critical for zinc chelation and hydrogen bonding, respectively, supporting the observed 
biological activity. The acetophenone portion provided additional steric bulk, which enhanced the binding affinity. The 
docking results were consistent with biological assay data, confirming the potential of compound 3c as a selective and 
potent MMP-2 inhibitor for antitumor therapy.

Pyrazoline benzenesulfonamide derivatives have shown promising anticancer activity, particularly as inhibitors of 
matrix metalloproteinases MMP-2 and MMP-9, which are essential in tumor progression and metastasis. In the work of 
Yan et al,123 a series of 25 novel derivatives was synthesized and systematically screened for antiproliferative effects 
against four cancer cell lines, namely MCF-7 (breast), HeLa (cervical), A549 (lung), and HepG2 (liver), as shown in 
Figure 29. The majority of compounds demonstrated significant cytotoxicity, with IC50 values ranging from 8.63 to 
50.61 μM for MCF-7 cells, 6.37 to 36.49 μM for HeLa cells, 1.90 to 17.82 μM for A549 cells, and 5.38 to 36.42 μM for 
HepG2 cells. Notably, compound 4i demonstrated the highest potency, particularly against A549 lung cancer cells, with 
an IC50 value of 1.90 μM, outperforming standard agents such as Gefitinib (IC50 = 2.86 μM) and Celecoxib (IC50 = 
2.15 μM). Furthermore, these derivatives exhibited potent inhibitory activity against MMP-2 and MMP-9, with 
compound 4i achieving IC50 values of 0.21 μM for MMP-2 and 1.87 μM for MMP-9, both of which are lower than 
those of the reference inhibitor CMT-1 (IC50 = 1.26 μM for MMP-2, IC50 = 2.52 μM for MMP-9). Importantly, tested 
compounds displayed relatively low cytotoxicity against normal human kidney epithelial cells (293T), reflected by high 
CC50 values, suggesting an encouraging therapeutic window for further development.

The structure–activity relationship (SAR) analysis revealed that the presence and position of functional groups signifi
cantly influenced both anticancer potency and selectivity. Derivatives bearing strong electron-donating groups (such as 
methoxy or ethoxy) at the para-position of the benzene ring generally exhibited enhanced MMP-2 inhibitory activity 
compared to analogs with electron-withdrawing groups (such as chloro or bromo). Additionally, compounds containing an 

Figure 29 Chemical structures of pyrazoline benzenesulfonamide derivatives (4a–y) and their cytotoxic activities (IC50) against MCF-7, HeLa, A549, and HepG2 human 
cancer cell lines, as well as cytotoxicity (CC50) in 293T normal cells. Gefitinib and celecoxib were used as reference drugs.

Drug Design, Development and Therapy 2025:19                                                                             https://doi.org/10.2147/DDDT.S562109                                                                                                                                                                                                                                                                                                                                                                                                 11723

Hasyim et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



α-naphthyl moiety displayed greater anticancer activity and stronger MMP inhibition than those with a β-naphthyl group. SAR 
findings also indicated that the modifications at the R1, R2, and R3 positions significantly impacted both enzymatic inhibition 
and cytotoxicity profiles. Optimal activity was observed when a methyl group was introduced at the R1 position. These SAR 
findings were further supported by molecular docking studies, which demonstrated that compound 4i established strong 
binding interactions within the MMP active site, facilitated by hydrogen bonds, π-cation interactions, and coordinate bonding 
with the catalytic zinc ion. Overall, these insights suggest that strategic structural modifications can be employed to fine-tune 
both the potency and selectivity of pyrazoline benzenesulfonamide derivatives as effective anticancer agents.

Molecular docking simulations positioned compound 4i within the active site of MMP-2 (PDB ID: 1QIB) and MMP-9 
(PDB ID: 2OVX), elucidating its probable binding modalities. For MMP-2, the binding configuration involved a critical 
hydrogen bond with the backbone NH of Phe146, a π-cation interaction with Phe157, and a coordinate bond between the 
zinc ion and an oxygen atom of the ligand. These specific interactions significantly enhanced binding affinity and inhibition. 
Similarly, docking with MMP-9 revealed multiple hydrogen bonds with Leu397 and Leu418, a π-interaction with His401, 
and a coordinate bond between the zinc cation and the ligand’s nitrogen atom, contributing to robust inhibition. The 
estimated binding free energies for compound 4i were −53.29 kcal/mol (MMP-2) and −48.37 kcal/mol (MMP-9), indicating 
very strong binding. These in silico findings corroborated the biological assay data, supporting the conclusion that 
compound 4i is a highly effective inhibitor of both MMP-2 and MMP-9, with strong potential as an anticancer agent.

In 2016, Qiu et al144 reported the rational design and synthesis of a series of pyrazoline benzenesulfonamide 
derivatives, aimed at selectively inhibiting cyclooxygenase-2 (COX-2) and exploring their cytotoxic potential against 
human cancer cell lines. The synthesized compounds (5a–t) were systematically evaluated for their antiproliferative 
effects against A549 (lung carcinoma), HeLa (cervical carcinoma), and HepG2 (hepatocellular carcinoma) cell lines, 
along with an assessment of cytotoxicity in the non-cancerous 293T cell line as shown in Figure 30. The screening results 
indicated that these pyrazoline derivatives demonstrated a broad range of anticancer activities, with IC50 values ranging 
from 1.63 ± 0.97 to 20.84 ± 0.13 μM for A549 cells, 6.12 ± 0.84 to 22.70 ± 2.09 μM for HeLa cells, and 9.54 ± 1.24 to 
38.53 ± 0.67 μM for HepG2 cells. Notably, compound 5d (bearing 2,4-difluoro substitution) showed superior potency, 
achieving an IC50 value of 1.63 ± 0.97 μM against A549 cells, which exceeds the efficacy of the reference COX-2 
inhibitor Celecoxib (IC50 = 2.21 ± 1.31 μM) under identical conditions. Furthermore, compound 5d exhibited good 
selectivity, as evidenced by its low cytotoxicity profile toward 293T cells (CC50 > 100 μM). Further biological assays 
revealed that compound 5d induces apoptosis and causes cell cycle arrest at the G2/M phase in a dose–dependent manner. 
Mechanistic investigations further established that compound 5d is capable of permeating cancer cell membranes, reduce 

Figure 30 Chemical structures of pyrazoline benzenesulfonamide derivatives (5a–t) and their cytotoxic activities (IC50) against A549, HeLa, and HepG2 human cancer cell 
lines, as well as cytotoxicity (CC50) in 293T normal cells. Celecoxib was used as a reference drug.
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cell adhesion (for a key factor in metastasis), and decrease COX-2 protein expression, suggesting that its anticancer 
effects are closely associated with COX-2 inhibition.

The structure–activity relationship (SAR) study centered on the dihydropyrazole scaffold substituted with 
a sulfonamide moiety at the para position of one aryl ring, a known pharmacophore crucial for selective COX-2 
inhibition. Modifications focused on substitutions at the 3-position of the dihydropyrazole core and the aryl rings. The 
library of compounds synthesized demonstrated varying degrees of COX-2 inhibitory potency and selectivity, with 
compound 5d displaying the highest selectivity index (SI = 451), surpassing that of Celecoxib (SI = 415). The high 
selectivity aligns with the molecule’s specific structural attributes, including optimal binding interactions and physico
chemical properties, notably a moderate AlogP value, which facilitates drug-likeness.

Molecular docking simulations against the COX-2 enzyme (PDB ID: 3LN1) elucidated the binding interactions of the 
derivatives, with compound 5d showing the most favorable binding affinity (interaction energy of −63.11 kcal/mol), 
exceeding that of celecoxib (−56.13 kcal/mol). The docking model revealed that 5d forms five key hydrogen bonds with 
COX-2 active site residues Gln178, Leu338, Ser339, Arg499, and Phe504. Additionally, a Pi-Sigma interaction with 
Ser339 and various van der Waals contacts were observed, explaining the compound’s high potency and selectivity. 
These interactions are consistent with the bioactivity profile, confirming compound 5d as a promising selective COX-2 
inhibitor with anticancer properties.

In the same year, Kucukoglu et al138 reported the synthesis and biological evaluation of pyrazoline benzenesulfona
mide derivatives as potential anticancer agents, focusing on their dual roles as carbonic anhydrase (CA) inhibitors and 
cytotoxic agents. This investigation, a series of polymethoxylated-pyrazoline benzenesulfonamides (6a–f), was synthe
sized and subjected to cytotoxicity assays against human oral squamous carcinoma cell lines (Ca9-22, HSC-2, HSC-3, 
HSC-4) as well as human normal oral cells (HGF, HPLF, HPC), with 5-Fluorouracil and Melphalan as standard controls, 
as shown in Figure 31. All tested compounds (except compound 6a) exhibited cytotoxic activity, with CC50 values 
ranging from 7.7 to 200 μM across cancer cell lines. Trimethoxy derivatives (6d, 6e, and 6f) demonstrated markedly 

Figure 31 Chemical structures of pyrazoline benzenesulfonamide derivatives (6a–f) and their cytotoxicity (CC50) against human oral squamous carcinoma cell lines (Ca9-22, 
HSC-2, HSC-3, HSC-4) and normal oral cells (HGF, HPLF, HPC). 5-Fluorouracil and melphalan were used as reference drugs.
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enhanced cytotoxic profiles compared to their dimethoxy analogs (6b and 6c), suggesting that increased methoxylation in 
the phenyl moieties improves anticancer efficacy. The most potent compound, 6f, displayed CC50 values of 10 μM, 
11 μM, 14 μM, and 22 μM against Ca9-22, HSC-2, HSC-3, and HSC-4 cell lines, respectively, outperforming 
5-Fluorouracil (CC50 = 24.4–72.7 μM) on several cell lines. Compound 6f also showed superior tumor selectivity 
(TS1 = 1.5, TS2 = 2.0) compared to other analogs and control agents, indicating favorable selectivity towards malignant 
cells over normal cells. Additionally, all synthesized pyrazoline derivatives exhibited potent inhibitory activity against 
human carbonic anhydrase isoforms I and II, with inhibition constants (Ki) values ranging from 26.5 ± 4.6 to 55.5 ± 19.4 
nM for hCA I and 18.9 ± 9.0 to 28.8 ± 6.5 nM for hCA II. These values were significantly lower, and thus more potent, 
than those observed for the reference inhibitor Acetazolamide (Ki = 276.3 ± 98.1 nM for hCA I and 117.8 ± 14.1 nM for 
hCA II). Collectively, these findings highlight the promising potential of methoxylated–pyrazoline benzenesulfonamides, 
particularly compound 6f, as selective and potent lead candidates for further development in anticancer therapy and 
carbonic anhydrase (CA) inhibition.

The structure–activity relationship (SAR) of these derivatives highlights the critical role of methoxy group substitu
tion patterns on the aromatic rings attached to the pyrazoline core. Trimethoxy-substituted compounds (6d, 6e, and 6f) 
exhibited enhanced cytotoxic activity and greater selectivity toward tumor cells compared to the dimethoxy analogues. 
This SAR indicates that increasing the number of methoxy groups may enhance the ability of the molecules to form 
hydrogen bonds and interact more efficiently with biological targets, such as CA isoenzymes, thereby contributing to 
both anticancer potency and selectivity. Additionally, the modifications on the methoxy position (such as shifting from 
2,5-dimethoxy to 3,4,5-trimethoxy) significantly influence inhibitory activities against CA I and II enzymes, with specific 
substitution patterns favoring CA I inhibition more than CA II. These findings highlight how subtle structural modifica
tions can finely tune the biological profile of these compounds.

In 2017, Gul et al167 reported the synthesis and biological evaluation of pyrazoline benzenesulfonamide derivatives as 
anticancer agents, investigating their dual functionality as carbonic anhydrase (CA) inhibitors and cytotoxic compounds. 
Building on this framework, a series of analogous compounds (7a–i) bearing varied aryl (Ar) substituents was 
synthesized and evaluated for their cytotoxic activities against human oral squamous carcinoma cell lines (Ca9-22, 
HSC-2, HSC-3, and HSC-4) as well as human normal oral cells (HGF, HPLF, and HPC), with the reference drug 
5-Fluorouracil, as shown in Figure 32. The cytotoxic concentration (CC50) values for these derivatives generally ranged 
from 39.3 to 99.3 μM, indicating moderate cytotoxicity toward cancer cells when compared to the reference drug 
5-Fluorouracil (CC50 = 13–29 μM) under similar conditions. Among the studied compounds, the 4-chlorophenyl- 
substituted derivative (7d) exhibited the strongest tumor selectivity (TS1 = 1.5 and TS2 = 2.2) and potency-selectivity 
expression (PSE = 2.6), indicating favorable discrimination between cancerous and normal oral cells. Additionally, this 
analog displayed improved selectivity indices compared to its analogs, underscoring its potential as a lead structure for 
further optimization. Other derivatives, such as those bearing 2,4-dichlorophenyl (7e), 4-fluorophenyl (7f), and 4-nitro
phenyl (7h) groups, also demonstrated notable cytotoxic profiles and selectivity indices. All derivatives were evaluated 
for their inhibitory effects on the cancer-associated carbonic anhydrase isoenzymes hCA IX and hCA XII. Consistent 
with previous findings, the Ki values for hCA IX inhibition by this series ranged from 53.5 to 923 nM, whereas Ki values 
for hCA XII ranged from 6.2 to 68.9 nM. Most compounds exhibited pronounced selectivity for hCA XII over hCA IX, 
indicating a preferential impact on tumor pH regulation through the inhibition of hCA XII. Compound 7i (thiophen-2-yl 
derivative) emerged as the most potent dual CA inhibitor, with Ki values of 53.5 nM (hCA IX) and 6.2 nM (hCA XII), 
further validating its promise for targeted cancer therapy interventions.

The structure–activity relationship (SAR) analysis revealed that the substitution pattern on the aryl group at the 
5-position of the pyrazoline scaffold has a pronounced impact on both cytotoxic activity and carbonic anhydrase (CA) 
inhibition. Incorporation of strong electron-withdrawing substituents, such as nitro (7h) or halogens such as chloro (7d), 
dichloro (7e), fluoro (7f), and bromo (7g), generally led to enhanced cytotoxic activity and improved selectivity against 
tumor cells when compared to unsubstituted or electron-donating derivatives. Nitro- and halogen-substituted analogs 
yielded the most significant enhancement in CA IX and XII inhibition, with compound 7h (bearing a nitro group) 
possessing the lowest Ki values for both isoenzymes in the series, indicating superior inhibitory potency. Furthermore, 
the replacement of the phenyl ring with a thiophene moiety (7i) significantly increased CA inhibition compared to the 
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parent compound, underscoring the positive effect of bioisosteric substitution on biological activity. These SAR findings 
collectively demonstrate that both cytotoxicity and selectivity toward tumor-associated CA isoenzymes can be efficiently 
modulated through strategic aryl substitution, emphasizing the significance of electron-withdrawing groups and hetero
cyclic replacements for the design of potent and selective antitumor agents.

In the same year, Gul et al121 synthesized and evaluated a series of novel pyrazoline benzenesulfonamide derivatives 
(8a–g) for cytotoxic activity against human oral squamous carcinoma cell lines (Ca9–22, HSC-2, HSC-3, HSC-4) as well 
as normal oral cells (HGF, HPLF, HPC), with the reference drug 5-Fluorouracil (5-FU), as shown in Figure 33. All 
compounds demonstrated cytotoxicity within the micromolar concentration range toward carcinoma cells, and certain 
analogs, specifically 8f (4-bromophenyl), 8e (4-chlorophenyl), and 8b (4-methylphenyl), exhibited markedly enhanced 
potency and selectivity, as reflected in their higher potency selectivity expression (PSE) values, compared to other 
analogs and 5-FU in Ca9–22 assays. The selectivity indices (TS1, TS2) and PSE values emphasize their dual 
functionality in achieving potent tumor cell toxicity while maintaining favorable selectivity over normal oral cell lines. 
Additionally, these compounds were reported to act as effective inhibitors for human carbonic anhydrase (hCA) 
isoenzymes, hCA I and hCA II, with IC50 values in the low nanomolar range, outperforming the standard inhibitor 
Acetazolamide. This dual inhibitory profile suggests that the anticancer activity of these pyrazoline benzenesulfonamide 
derivatives may partly stem from the perturbation of intracellular pH regulation, a crucial element in tumor cell 
proliferation and survival.

The structure–activity relationship (SAR) analysis indicates that the electronic nature and position of the substituents 
on the aromatic ring at the 3-position of the pyrazoline core critically influence both cytotoxic and enzyme-inhibitory 
activities. Derivatives bearing electron-withdrawing groups (such as halogens like Cl, Br, and F) or groups capable of 
participating in hydrogen bonding (such as methoxy and methyl) generally exhibit enhanced cytotoxic potency and tumor 
selectivity compared to non-substituted analogues. Notably, the introduction of bromine (8f) or chlorine (8e) resulted in 
the highest selectivity and potency values. Replacing the phenyl ring with a bioisosteric thiophene moiety (8g) further 
increased both cytotoxicity and selectivity parameters. A positive correlation was also found between the lipophilicity 
(logP) and the potency-selectivity expression (PSE) of the derivatives, suggesting that increased hydrophobic character 

Figure 32 Chemical structures of pyrazoline benzenesulfonamide derivatives (7a–i) and their cytotoxicity (CC50) against human oral squamous carcinoma cell lines (Ca9-22, 
HSC-2, HSC-3, HSC-4) and normal oral cells (HGF, HPLF, HPC). 5-Fluorouracil was used as a reference drug.
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may enhance tumor selectivity and efficacy. These findings underscore that strategic modification of aromatic substi
tuents can effectively fine-tune both the anticancer and carbonic anhydrase inhibitory activities of this compound class.

In 2018, Gul et al 169 reported that pyrazoline benzenesulfonamide derivatives possess significant potential as 
anticancer agents, particularly through the selective inhibition of cancer-associated carbonic anhydrases (CAs), with 
marked activity against hCA IX and hCA XII. In this research, a series of derivatives was synthesized and evaluated for 
cytotoxicity against oral squamous cell carcinoma lines (Ca9-22, HSC-2), as well as normal human oral cells (HGF, 
HPLF), employing 5-Fluorouracil as a standard reference, as shown in Figure 34. All compounds demonstrated notable 
anticancer effectiveness, with CC50 values ranging from 6.3 to 24.7 µM for Ca9-22 cells and 7.3 to 42.6 µM for HSC-2 
cells. Notably, compounds 9p and 9r, featuring a thiophene group and trimethoxyphenyl substituent, exhibited the most 
promising cytotoxic profiles, displaying pronounced activity against carcinoma cells and substantial selectivity. 
Compound 9p achieved tumor selectivity (TS) values of 9.5 (TS1) and 10.5 (TS2), while compound 9r showed TS 
values of 8.9 (TS1) and 10.0 (TS2). Furthermore, their potency-selectivity expression (PSE) values were the highest 
among the tested molecules, with PSE values of 141 for compound 9p and 54.5 for compound 9r, significantly surpassing 
those of 5-Fluorouracil. These findings underscore the promise of these pyrazoline benzenesulfonamide derivatives as 
selective, potent anticancer agents, underscoring the relevance of targeting Cas, especially hCA IX and XII, which are 
frequently overexpressed in malignancies and are crucial for regulating tumor microenvironment pH and supporting 
tumor survival and progression.

The structure–activity relationship (SAR) analysis demonstrates that both the nature and the spatial arrangement of 
substituents on the aromatic ring significantly influence the cytotoxic activity and selectivity of the synthesized pyrazo
line benzenesulfonamide derivatives. Notably, derivatives incorporating thiophene bioisosteres as replacements for 
phenyl moieties tend to exhibit superior cytotoxic effects and elevated tumor selectivity indices, as reflected by their 
lower CC50 values against cancer cell lines and higher selectivity ratios (TS1, TS2, PSE). Furthermore, compounds 
bearing either 2,3,4-trimethoxy or 3,4,5-trimethoxy substitutions on the aromatic ring adjacent to the pyrazoline core 
display enhanced potency, as indicated by improved CC50 data across Ca9-22 and HSC-2 cell lines. The introduction of 
electron-withdrawing (halogen) substituents, such as fluoro, chloro, and bromo groups, also appears to enhance 
selectivity toward malignant cells, as observed in the increased TS and PSE metrics. Most notably, compound 9r, 
featuring both thiophene moiety and 3,4,5-trimethoxyphenyl substituent, stood out due to its prominent selectivity and 

Figure 33 Chemical structures of pyrazoline benzenesulfonamide derivatives (8a–g) and their cytotoxicity (CC50) against human oral squamous carcinoma cell lines (Ca9- 
22, HSC-2, HSC-3, HSC-4) and normal oral cells (HGF, HPLF, HPC). 5-Fluorouracil was used as a reference drug.

https://doi.org/10.2147/DDDT.S562109                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2025:19 11728

Hasyim et al                                                                                                                                                                         

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



cytotoxic activity against cancer cell lines, underscoring its potential as a lead candidate for further development 
targeting cancer-associated human carbonic anhydrase isoenzymes, particularly hCA XII.

Three pyrazoline benzenesulfonamide derivatives (10a–c) were synthesized and evaluated for cytotoxic activity against 
both cancer and normal cell lines, as shown in Figure 35. Gul et al149 reported that compounds 10a and 10b exhibited 
significant cytotoxic effects toward HCC1937 breast cancer cells, with IC50 values of 22.39 ± 1.76 μM and 16.9 ± 1.53 μM, 
respectively. Notably, compound 10b also demonstrated enhanced cytotoxicity against MCF-7 breast and A549 lung cancer 
cell lines, as indicated with IC50 values of 17.65 ± 2.13 μM and 23.1 ± 2.43 μM, respectively, while maintaining low toxicity to 
normal cells (MRC5 and Vero). In contrast, compound 10c did not exhibit measurable cytotoxic effects at the tested 
concentrations in any of the cell lines. Mechanistically, these compounds induce apoptosis and autophagy in cancer cells, 
as evidenced by the cleavage of PARP, activation of caspases, increased LC3 levels, and reduced p62 protein levels. These 
pathways are crucial for the efficient clearance of cancer cells. Furthermore, these derivatives display potent inhibitory activity 
against tumor-associated human carbonic anhydrase isoforms IX and XII, with inhibition constants (Ki) values in the 
nanomolar range (hCA I: 47.9–170.4 nM, hCA II: 4.3–6.4 nM, hCA IX: 20.7–28.1 nM, hCA XII: 4.5–9.3 nM). For reference, 
Acetazolamide exhibited Ki values of 250 nM (hCA I), 12.1 nM (hCA II), 25.8 nM (hCA IX), and 5.7 nM (hCA XII), 
highlighting the superior potency of these compounds for CA inhibition.

The structure–activity relationship (SAR) analysis reveals that variations in the methoxy substitution pattern on the 
aromatic ring, specifically the number and positions of methoxy groups, have a significant impact on both cytotoxic and 
enzyme inhibitory effects. Notably, compound 10b, containing a 2,4-dimethoxyphenyl moiety, displayed greater cyto
toxicity (eg, toward HCC1937 and MCF-7 cells) and hCA I inhibition compared to the monosubstituted 4-methoxy 

Figure 34 Chemical structures of pyrazoline benzenesulfonamide derivatives (9a–r) and their cytotoxicity (CC50) against human oral squamous carcinoma cell lines (Ca9-22, 
HSC-2) and normal oral cells (HGF, HPLF). 5-Fluorouracil was used as a reference drug.
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analog (10a). The dual presence of sulfonamide functionalities within these molecules was essential for achieving robust 
inhibition of hCA II, as well as for pronounced activity against the tumor-associated hCA IX and XII isoforms. In terms 
of selectivity, both 10a and 10b exhibited a favorable cytotoxic profile against cancer cells compared to normal cells 
(MRC5 and Vero), suggesting that their intermediate lipophilicity (logP, approximately 3.1–3.2) facilitates effective 
membrane permeability while minimizing toxicity in non-cancerous tissues. In contrast, the introduction of an additional 
methoxy group (trimethoxyphenyl, compound 10c) did not yield further cytotoxic benefit, underscoring that both the 
quantity and spatial arrangement of substituents are pivotal in fine-tuning the biological activities observed for this class 
of compounds.

In 2019, Yan et al142 reported the synthesis of novel pyrazoline benzenesulfonamide derivatives as potential antic
ancer agents, attributed to their selective inhibitory potency against cyclooxygenase-2 (COX-2). This enzyme is 
markedly elevated in various malignancies. Specifically, two structural series were generated, incorporating either 
a benzodioxole (11a–j) or a benzodioxane scaffold (11k–z), as shown in Figure 36. These compounds were evaluated 
for both COX-2 enzyme inhibition and antiproliferative activity against a panel of human cancer cell lines, namely 
SW620 (colorectal), MCF-7 (breast), HeLa (cervical), A549 (lung), and HepG2 (liver), along with cytotoxicity assess
ments in normal colon cells (NCM460). The derivatives demonstrated substantial anticancer activity, with IC50 values 
ranging from 0.86 ± 0.02 to 7.99 ± 0.56 μM for SW620 cells, 2.99 ± 0.13 to 12.68 ± 0.89 μM for MCF-7 cells, 2.98 ± 
0.17 to 14.61 ± 0.96 μM for HeLa cells, 1.94 ± 0.06 to 9.42 ± 0.74 μM for A549 cells and 2.96 ± 0.14 to 18.22 ± 1.15 μM 
for HepG2 cells. Notably, compound 11b exhibited the most pronounced cytotoxicity against SW620 cells (IC50 = 0.86 ± 
0.02 μM), with minimal toxicity to NCM460 cells (CC50 = 134.33 ± 7.85 μM), thereby highlighting its selectivity 
towards cancer cells versus normal cells. Moreover, compound 11b was shown to surpass celecoxib in both COX-2 
inhibition and tumor suppression in SW620 xenograft models, attributed mechanistically to induction of apoptosis, 

Figure 35 Chemical structures of pyrazoline benzenesulfonamide derivatives (10a–c) and their cytotoxic activities (IC50) against human cancer cell lines (HeLa, HCC1937, 
MCF-7, A549) and normal cell lines (MRC5, Vero).
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suppression of cell adhesion, and reduced metastasis potential. Collectively, these findings position pyrazoline benzene
sulfonamide hybrids, particularly 11b, as a promising scaffold for further development of safe and effective COX- 
2-targeted anticancer therapies.

The structure–activity relationship (SAR) analysis revealed that multiple structural elements are crucial for optimizing 
both COX-2 selectivity and anticancer efficacy among pyrazoline benzenesulfonamide derivatives. Specifically, the 
integration of a benzo–oxygen heterocycle with the pyrazoline scaffold, as well as the para-sulfonamide group on the 
phenyl ring, proved essential for robust COX-2 inhibition. Derivatives bearing a benzodioxole moiety (compounds 11a–j) 
consistently showed more potent inhibition and antiproliferative effects compared to their benzodioxane analogues (11k– 
z), underscoring the superior target affinity afforded by the former motif. Substitution at the pyrazoline aryl position 
further modulated biological activity; the p-tolyl group, exemplified by compound 11b, markedly enhanced both potency 
and selectivity. Similarly, the incorporation of a 4-iodophenyl group (compound 11d) also resulted in improved COX-2 
inhibition and cytotoxicity against SW620 cells. These findings suggest that strategic modification of the pyrazoline and 
aryl substituents is crucial for optimizing the therapeutic index in this chemotype.

Figure 36 Chemical structures of pyrazoline benzenesulfonamide derivatives (11a–z) and their cytotoxic activities (IC50) against SW620, MCF-7, HeLa, A549, and 
HepG2 human cancer cell lines, as well as cytotoxicity (CC50) in NCM460 normal colon cell lines. Celecoxib was used as a reference drug.
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Molecular docking simulations were performed using the crystal structure of COX-2 (PDB ID: 3LN1) to explore the 
binding modes and affinities between the synthesized dihydropyrazole derivatives and the COX-2 active site. The 
calculated CDOCKER interaction energies ranged from –45.96 to –33.41 kcal/mol, with compound 11b displaying the 
most favorable binding score (–45.96 kcal/mol), surpassing that of celecoxib (–42.57 kcal/mol). Docking visualizations 
revealed that 11b formed nine hydrogen bonds and fourteen π-π interactions with key residues within the COX-2 active 
site, including Arg106, Ser339, Arg499, Gln178, and Leu338; additionally, it established strong contacts via His75, 
Phe504, and Val102, which interact with the sulfonamide and benzodioxole fragments. A linear correlation was observed 
between binding energies and experimental COX-2 inhibition, validating the design rationale. Collectively, these findings 
position compound 11b as a promising COX-2-targeted anticancer candidate, with both robust in vitro efficacy and strong 
computational support for its mechanism of action.

Another series of pyrazoline benzenesulfonamide derivatives (12a–h) has been investigated for their biological 
properties, particularly as enzyme inhibitors and potential anticancer agents. Ozgun et al160 reported that a series of 
compounds was synthesized and evaluated for cytotoxic effects against human oral squamous cell carcinoma lines (Ca9- 
22, HSC-2, HSC-3, HSC-4) and human normal oral cells (HGF, HPLF, HPC), with the standard drugs 5-Fluorouracil and 
Melphalan, as shown in Figure 37. Most derivatives exhibited moderate cytotoxicity against cancer cell lines, with CC50 

values ranging from 15 to 200 μM, indicating low to moderate anticancer potency compared to standard drugs such as 
5-Fluorouracil (CC50 = 24.4–72.7 μM) and Melphalan (CC50 = 10.3–40.3 μM). Selectivity toward malignant cells was 
limited; only derivatives bearing a 3,4-dimethoxyphenyl group, notably compounds 12f and 12b, showed slightly 
improved tumor selectivity (TS1 = 1.3–1.4). Overall, the cytotoxic profiles suggested that these compounds may not 
be optimal for direct anticancer applications. However, the derivatives demonstrated potent enzyme inhibition at 
nanomolar concentrations against human carbonic anhydrase isoforms (hCA I and II) with inhibition constants (Ki) 

Figure 37 Chemical structures of pyrazoline benzenesulfonamide derivatives (12a–h) and their cytotoxicity (CC50) against human oral squamous carcinoma cell lines (Ca9- 
22, HSC-2, HSC-3, HSC-4) and normal oral cells (HGF, HPLF, HPC). 5-Fluorouracil and melphalan were used as reference drugs.
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values ranging from 27.9 ± 3.2 to 74.3 ± 28.9 nM for hCA I and 27.4 ± 1.4 to 54.5 ± 11.6 nM for hCA II. In comparison, 
the reference drug Acetazolamide exhibited Ki values of 164.7 ± 14.1 nM (hCA I) and 132.6 ± 13.1 nM (hCA II). 
Additionally, the compounds showed strong inhibition of acetylcholinesterase with Ki values ranging from 37.7 ± 14.4 to 
89.2 ± 30.2 nM, compared to the reference drug Tacrine (Ki = 282.5 ± 55.4 nM). These findings support the potential of 
these derivatives as enzyme-targeted agents, with possible value in adjunctive cancer therapy or the development of 
enzyme inhibitors with added bioactive properties.

The structure–activity relationship (SAR) analysis revealed that both the electronic properties and positional orienta
tion of the substituents on the aromatic rings were pivotal determinants of bioactivity among the compounds 12a–h. The 
incorporation of halogen atoms, such as fluorine, chlorine, or bromine at the R1 position typically resulted in enhanced 
inhibitory potency against both carbonic anhydrase and acetylcholinesterase, with a trend also observed for the placement 
of a methoxy group. Notably, derivatives containing a 3,4-dimethoxyphenyl substitution, particularly those also bearing 
halogen atoms (eg, compounds 12f and 12g), recorded the lowest CC50 values and strongest enzyme inhibition, 
underscoring the additive effects of electron-donating and electron-withdrawing groups. The brominated analogue 
(12g) exhibited the highest acetylcholinesterase inhibition among the series, indicating a favorable synergy between 
bromine and the methoxy substituents. Despite these enhancements in enzyme inhibition, neither halogenation nor 
increased methoxylation substantially improved cytotoxic potency or selectivity towards tumor cells, as TS indices 
remained low throughout the group. Overall, these data underscore the significance of both electronic and steric 
influences imposed by aromatic substituents, demonstrating that strategic modification of these groups can be leveraged 
to optimize enzyme inhibition, albeit with only modest impact on anticancer selectivity within this chemotype.

In 2021, Thach et al120 reported the synthesis and anticancer evaluation of a series of pyrazoline benzenesulfonamide 
derivatives containing substituted-diphenyl (13a–s) and styryl (13t–z) moieties. These compounds were screened for their 
cytotoxic effects against human cervical carcinoma (Hep-2C) and human lung carcinoma (A549) cell lines, with 
additional assessment of selectivity using the non-cancerous Vero cell line and the reference drug Ellipticine, as 
shown in Figure 38. The cytotoxicity and selectivity profiles were quantified by percentage cell survival (CS%) and 
half-maximal inhibitory concentration (IC50) values. Notably, several compounds demonstrated pronounced antiproli
ferative activity. Specifically, derivatives such as 13f, 13j, 13L, 13m, and 13p exhibited potent cytotoxicity towards Hep- 
2C cells, with IC50 values ranging from 16.03 ± 1.63 to 22.75 ± 0.19 μM. Furthermore, these compounds also exhibited 
strong cytotoxic effects against A549 cells, with IC50 values ranging from 18.64 ± 1.02 to 20.66 ± 2.09 μM. Crucially, 
these active analogues maintained relatively low cytotoxicity against Vero cells, with several analogues exhibiting IC50 

values above 10 μM, indicating a degree of selectivity for cancer cells over normal cells. This selectivity profile 
highlights their potential as lead compounds for further development as chemotherapeutic agents with a favorable 
therapeutic index, meriting additional investigation for translational relevance and safety optimization.

The structure–activity relationship (SAR) analysis reveals that the nature and position of substituents on the aromatic 
rings significantly influence the anticancer activity of these pyrazoline benzenesulfonamide derivatives. As shown in 
Figure 38, the incorporation of electron-donating groups such as methyl (–CH3), methoxy (–OCH3), and hydroxyl (–OH) 
in the para or meta positions tends to enhance cytotoxic potency against both Hep-2C and A549 cancer cell lines. For 
example, compound 13f (4-CH3, 3-OH) and 13p (4-Cl, 3-OH) exhibited superior activity, while compounds 13j 
(4-OCH3, 4-CH3), 13L (4-OCH3, 2,3-di-OCH3), and 13m (4-OCH3, 2-Cl) bearing methoxy and/or chloro substituents 
also displayed pronounced cytotoxic effects against Hep-2C cell lines. The enhanced activity associated with these 
substituents may be attributed to their ability to alter the electronic distribution and steric configuration of the molecules, 
thereby promoting more effective interactions with biological targets. Conversely, derivatives featuring bulky styryl 
groups (13t–z) consistently lacked significant cytotoxicity, suggesting that increased steric hindrance at this position 
attenuates antiproliferative efficacy. Collectively, these SAR findings underscore the importance of judiciously tailoring 
aromatic substituents within the scaffold to optimize both anticancer potency and selectivity for potential chemother
apeutic development.

In the same year, Tuğrak et al127 reported the synthesis of a series of novel pyrazoline benzenesulfonamide 
derivatives, incorporating a benzodioxole moiety (14a–j) and diverse methoxy group substitutions on the aromatic 
ring. They evaluated their cytotoxic effects against human oral squamous cell carcinoma cell lines (Ca9-22, HSC-2, 
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HSC-3, HSC-4), as well as human normal oral cells (HGF, HPLF, HPC), with 5-Fluorouracil as the reference drug, as 
shown in Figure 39. The tested compounds exhibited a broad range of cytotoxic activity, with CC50 values ranging from 
6.7 to 400 μM. Several analogues demonstrated marked selectivity toward tumor cell lines relative to normal cells. In 
particular, mono- and polymethoxy-substituted derivatives, including 14b (4-methoxy), 14f (2,5-dimethoxy), 14g 
(2,4-dimethoxy), and 14i (3,4,5-trimethoxy), demonstrated the lowest CC50 values and the most significant tumor 
selectivity, as indicated by high potency-selectivity expression (PSE2) scores, often exceeding those of 5-Fluorouracil 
(PSE2 = 206). These data highlight their promise as lead structures for further development of anticancer drugs. 
Furthermore, the pharmacological profiling of these derivatives revealed potent inhibitory activity against human 
carbonic anhydrase isoenzymes I and II (hCA I, hCA II), with Ki values ranging from 12.7 ± 1.7 to 59.8 ± 3.0 μM 
for hCA I and 6.9 ± 1.5 to 24.1 ± 7.1 μM for hCA II. By comparison, the reference drug Acetazolamide exhibited Ki 
values of 30.2 ± 7.8 μM (hCA I) and 4.4 ± 0.6 μM (hCA II). Notably, compound 14g (2,4-dimethoxy) emerged as the 
most effective hCA I inhibitor, while compound 14c (3-methoxy) showed superior potency against hCA II. Inhibition of 
carbonic anhydrase isoforms is therapeutically relevant as these enzymes are commonly upregulated within the tumor 
microenvironment, facilitating cancer cell survival, proliferation, and contributing to an acidic extracellular milieu. 

Figure 38 Chemical structures of pyrazoline benzenesulfonamide derivatives (13a–z) and their cytotoxic activities, expressed as percent cell survival (CS) and IC50 values, in 
human cancer cell lines (Hep-2C and A549) and normal cells (Vero). Ellipticine was used as a reference drug.
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Collectively, these findings substantiate the dual anticancer and carbonic anhydrase inhibitory activities of pyrazoline 
benzenesulfonamide derivatives as promising candidates for further investigation.

The structure–activity relationship (SAR) analysis highlighted the significant impact of both the number and position of 
methoxy substituents on the phenyl ring in modulating the cytotoxicity and selectivity of this series. Polymethoxylated 
derivatives, such as 14i (3,4,5-trimethoxy), 14f (2,5-dimethoxy), and 14g (2,4-dimethoxy), consistently demonstrated superior 
anticancer activity across multiple oral squamous cell carcinoma cell lines, as reflected by their low CC50 values and high 
potency-selectivity expression (PSE2) scores relative to both mono-methoxylated or unsubstituted analogues. In particular, 
specific arrangements of methoxy groups, namely 2,4-dimethoxy (14g), 2,5-dimethoxy (14f), and 3,4,5-trimethoxy (14i), 
notably enhanced both potency and selectivity towards tumor cells, suggesting that these substitution patterns facilitate 
optimized molecular interactions, possibly through improved binding affinity or cell permeability. Conversely, specific 
substitution motifs, such as the 2,4,5-trimethoxy group in compound 14h, were associated with a pronounced reduction in 
cytotoxic activity, underscoring the importance of regioselectivity in pharmacophore optimization. Collectively, these SAR 
observations highlight that not only the presence but also the precise topological arrangement of methoxy substituents is 
critical for attaining potent and tumor-selective anticancer effects within this compound class.

In 2022, Bilginer et al119 reported the synthesis and anticancer evaluation of a new series of pyrazoline benzene
sulfonamide derivatives featuring phenol or polyphenol moieties. The compounds (15a–n) exhibited notable in vitro 
anticancer activity, demonstrated through their cytotoxic effects against human lung carcinoma (A549), colorectal 
adenocarcinoma (Caco2), and breast adenocarcinoma (MCF7) cell lines, as shown in Figure 40. The derivatives 
exhibited half-maximal inhibitory concentration (IC50) values in the low micromolar range, ranging from 24.52 to 
138.10 µM against A549 cells, 7.78 to 56.18 µM against Caco2 cells, and 6.49 to 40.28 µM against MCF-7 cells. 
Particularly, compounds 15c, 15e, and 15k were identified as lead candidates, demonstrating both high cytotoxicity (low 
IC50 values) and superior selectivity indices (SI), indicating enhanced selectivity towards cancer cells relative to normal 

Figure 39 Chemical structures of pyrazoline benzenesulfonamide derivatives (14a–j) and their cytotoxicity (CC50) against human oral squamous carcinoma cell lines (Ca9- 
22, HSC-2, HSC-3, HSC-4) and normal oral cells (HGF, HPLF, HPC). 5-Fluorouracil was used as a reference drug.
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fibroblasts. Notably, compound 15c displayed greater cytotoxic efficacy than the reference drug Doxorubicin (IC50 = 
8.4 µM) against Caco-2 cells, whereas compounds 15e and 15c exhibited pronounced potency against MCF-7 cells. 
Beyond their anticancer potential, the series also showed remarkable inhibitory effects on carbonic anhydrase (CA) 
isoenzymes hCA I and hCA II, which are implicated in tumor progression. All tested derivatives surpassed the inhibitory 
activity of the reference drug Acetazolamide, with inhibition constants (Ki) values ranging from 7.53 ± 0.91 to 58.26 ± 
9.61 nM for hCA I and 8.49 ± 1.45 to 33.35 ± 3.22 nM for hCA II, compared to Acetazolamide Ki values of 68.13 ± 9.11 
nM (hCA I) and 48.13 ± 8.28 nM (hCA II). Compound 15a exhibited the most potent inhibition against hCA I (Ki = 7.53 
nM), while compound 15d showed the strongest hCA II inhibition (Ki = 8.49 nM). These dual-acting profiles underscore 
the potential of this compound series as promising therapeutic agents combining anticancer efficacy with enzyme 
inhibition, meriting further investigation.

The structure–activity relationship (SAR) analysis revealed that the substitution patterns on the aromatic rings play 
a pivotal role in modulating both cytotoxic effects and selectivity toward cancer cells. Compounds bearing 4-hydroxy- 
3-methoxy substituents on the phenyl ring at the 3-position of the pyrazoline scaffold (such as 15d and 15e) exhibited 
marked improvements in cytotoxic potency, especially against Caco2 and MCF-7 cell lines, relative to their unsubstituted 
or differently substituted analogs. The introducing of methoxy substituents at this position was associated with several- 
fold enhancements in anticancer activity, as exemplified by the substantially lower IC50 values of 15e (Caco2 IC50 = 
6.19 µM, MCF-7 IC50 = 6.49 µM). In contrast, increasing the number of hydroxyl substituents, as seen in compound 15i, 
led to diminished cytotoxicity and selectivity indices, underscoring the importance of judiciously balancing 

Figure 40 Chemical structures of pyrazoline benzenesulfonamide derivatives (15a–n) and their cytotoxic activities (IC50) against human cancer cell lines (A549, Caco2, 
MCF-7) and normal fibroblast cell lines. Cisplatin and doxorubicin were used as reference drugs.
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hydrophilicity and electron-donating effects for optimal activity. Moreover, the SAR analysis highlighted the critical 
influence of the phenyl ring at the 5-position of the pyrazoline core. The presence of at least one hydroxyl substituent on 
this ring proved essential for both potent activity and favorable selectivity, with compounds lacking such substituents (eg, 
15n) displaying weak anticancer effects (A549 IC50 = 138.10 µM; SI = 0.9) and low selectivity indices across all tested 
cell lines. These observations collectively indicate that both the nature and spatial arrangement of substituents on the 
aromatic rings are decisive factors in optimizing the therapeutic profile of pyrazoline benzenesulfonamide derivatives for 
anticancer applications.

In the same year, Fadhil et al 170 reported the synthesis and anticancer evaluation of a series of novel pyrazoline 
benzenesulfonamide derivatives. The biological activity of these compounds was evaluated both in silico using molecular 
docking techniques and in vitro assays against human breast cancer cell lines, specifically estrogen receptor-positive 
(MCF-7) and triple-negative (MDA-MB-468) models, as shown in Figure 41. The in vitro results highlighted that several 
derivatives exhibited measurable antiproliferative effects, with their activity profiles varying according to structural 
modifications. Notably, compound 16e demonstrated prominent cytotoxicity against the MCF-7 cell line, with an IC50 

value of 4.6 µM, indicating substantially greater potency compared to Tamoxifen (IC50 = 18.0 µM). Conversely, 
compound 16c was identified as the most active derivative against the MDA-MB-468 cell line, with an IC50 value of 
7.70 µM, outperforming Tamoxifen (IC50 = 15.29 µM), by a considerable margin. Additional derivatives, such as 16a 
and 16d, also showed selective activity with IC50 values of 16.33 µM and 20.09 µM, respectively, against MDA-MB-468 
cells, but exhibited limited activity against MCF-7 cells (IC50 > 40 µM). Interestingly, compound 16b exhibited minimal 
cytotoxicity towards both cell lines (IC50 > 40 µM). These findings underscore the critical influence of substituent 
variation on anticancer activity and reinforce the hypothesis that hybridization of pyrazoline and benzenesulfonamide 
scaffolds yields promising candidates for further development as breast cancer therapeutics.

Figure 41 Chemical structures of pyrazoline benzenesulfonamide derivatives (16a–e) and their cytotoxic activities (IC50) against MCF-7 and MDA-MB-468 human breast 
cancer cell lines. Tamoxifen was used as reference drug.
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The structure–activity relationship (SAR) analysis indicated that the nature and position of the substituent played 
a critical role in modulating cytotoxicity. Among the derivatives evaluated, the presence of a para-hydroxy group 
(compound 16e) markedly enhanced activity towards the MCF-7 cells, which was substantially lower than that of the 
reference drug Tamoxifen Conversely, derivatives with electron-donating or electron-withdrawing groups on other 
positions demonstrated moderate to weak activity, particularly against the triple-negative MDA-MB-468 cells. 
Notably, the para-dimethylamino derivative (compound 16c) exhibited improved activity against MDA-MB-468 cells, 
outperforming Tamoxifen. Derivatives bearing less optimal groups generally showed diminished cytotoxicity (>40 µM), 
underscoring the influence of substituent electronics and hydrogen bonding potential on bioactivity. Overall, the 
introduction of specific functional groups capable of forming key molecular interactions, such as hydrogen bonds, 
significantly increases antiproliferative potency on selected breast cancer phenotypes.

Molecular docking studies were conducted using the GOLD Suite platform, targeting both the human estrogen 
receptor (hER) (PDB ID: 1ERR) and PARP1 (PDB ID: 5HA9), to investigate the binding affinities and interaction 
landscapes of the synthesized compounds. The docking protocol measured Piecewise Linear Potential (PLP) fitness 
scores and mapped hydrogen bond and hydrophobic contacts. Compound 16e (para-hydroxy) exhibited the highest 
affinity towards the hER binding site, with a PLP fitness score of 98.46, forming key hydrogen bonds with Glu353 and 
Arg394, critical residues for ligand recognition and receptor modulation. Comparable interactions were observed for 
tamoxifen and its active metabolite, validating the relevance of the docking models. Meanwhile, compound 16c (para- 
dimethylamino) was notable for its favorable binding with PARP1, correlating with its selective efficacy against the 
triple-negative line. Docking results aligned well with in vitro antiproliferative data, demonstrating that a strong binding 
affinity, particularly facilitated by hydrogen bond donors and acceptors that overlap with the pharmacophoric features of 
known ligands, reliably translates to heightened biological activity. All lead compounds satisfied drug-likeness para
meters (Lipinski’s Rule of Five) and possessed high predicted bioavailability, supporting their therapeutic potential as 
anti-breast cancer candidates.

In 2024, Fadhil et al125 reported the synthesis and biological evaluation of several novel pyrazoline benzenesulfo
namide derivatives for their cytotoxic activities against breast cancer cell lines MCF-7 (estrogen receptor-positive) and 
MDA-MB-468 (triple-negative), as shown in Figure 42. The series demonstrated differential antiproliferative properties, 
which were strongly influenced by the nature of the substituents on the aromatic rings. Specifically, compound 17d 
exhibited the highest cytotoxic potency toward MDA-MB-468 cells, with an IC50 value of 2.79 µM, markedly out
performing Tamoxifen (IC50 = 15.29 µM) in this context. Meanwhile, compounds 17c and 17e showed selective activity 
against MCF-7 cells, with IC50 values of 7.4 µM and 17.96 µM, respectively, which are nearly similar to those of 
Tamoxifen (IC50 = 18.0 µM). In contrast, other analogs (17a, 17b) were less effective (IC50 > 50 µM for both cell lines). 
These results articulated the significance of rational structural modifications within the pyrazoline benzenesulfonamide 
scaffold, guiding the development of derivatives with target-specific cytotoxicity against breast cancer subtypes.

The structure–activity relationship (SAR) analysis of the newly synthesized pyrazoline benzenesulfonamide deriva
tives indicates that the substituent patterns on both the phenyl and pyridine rings greatly influence biological activity 
against breast cancer cell lines. Derivatives featuring electron-withdrawing substituents, such as chlorine (compound 
17d), significantly enhance cytotoxic potency against the MDA-MB-468 (triple-negative) cell lines. Meanwhile, com
pounds bearing electron-donating groups such as dimethylamino (compound 17c) and hydroxy (compound 17e) showed 
selective activity against the MCF-7 (ER-positive) cell lines. In contrast, derivatives without such substituents generally 
exhibited weak or negligible antiproliferative effects (IC50 > 50 µM). These findings demonstrate that minor structural 
modifications on the aromatic rings critically modulate both potency and selectivity towards different breast cancer 
subtypes, likely by altering the binding efficacy and interaction profiles with target proteins.

Molecular docking studies evaluated the binding affinities of pyrazoline benzenesulfonamide derivatives against two 
key breast cancer protein targets, the human estrogen receptor alpha (hER) (PDB ID: 1ERR) and poly(ADP-ribose) 
polymerase 1 (PARP1) (PDB ID: 5HA9). Using the GOLD Suite docking software, all tested compounds showed 
favorable binding interactions with both protein targets, as reflected by piecewise linear potential (PLP) fitness scores 
ranging from 78.24 to 89.37 for hER and 81.62 to 93.24 for PARP1. Docking results indicated that these compounds 
formed multiple hydrogen bonds and short contacts, such as van der Waals and π-π stacking interactions, with key active- 
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site residues (eg, Ala350, Asp351, Trp383, Met388, Arg394, Phe404, Met421, Ile424, Leu428) in the estrogen receptor 
and important residues (eg, Tyr246, Asn106, Ser203, Arg204) in PARP1. Among the tested derivatives, the compound 
17d exhibited the highest PLP fitness and excellent binding at the PARP1 active site, which aligns with its potent 
cytotoxicity towards triple-negative MDA-MB-468 cells (IC50 = 2.79 µM). Compounds 17c and 17e presented strong 
docking scores and binding modes at the ER target, consistent with their in vitro selectivity for ER-positive MCF-7 cells 
(IC50 values of 7.4 µM and 17.96 µM, respectively). Comparative analysis with tamoxifen and 4-hydroxytamoxifen 
revealed that these reference drugs scored slightly higher in PLP fitness, yet the novel derivatives showed significant and 
therapeutically relevant interactions. Overall, the molecular docking studies substantiate that rational modifications of the 
pyrazoline-benzenesulfonamide framework can yield compounds with high and selective binding affinity towards breast 
cancer therapeutic targets, supporting their potential as anticancer agents.

Future Perspectives
The ongoing exploration of pyrazoline benzenesulfonamide derivatives as anticancer agents continues to show excep
tional promise, greatly supported by advances in synthetic methodologies and a deeper understanding of their mechan
istic profiles. Recent innovations, including one-pot, multi-step reactions, as well as microwave and ultrasound-assisted 
protocols, have enabled the efficient generation of structurally diverse derivatives that integrate a wide array of 
heterocyclic and aromatic substituents, such as morpholine, tetrazole, benzodioxole, pyrazole, thiazole, and ferrocene, 
as illustrated in Figure 43. Such chemical diversity not only expands the pharmacological spectrum but also allows for 
tailored bioactivity targeting. Empirical cytotoxicity assays and enzyme inhibitory studies have validated the potent 
anticancer effects of these compounds, particularly their strong inhibition of key cancer-related enzymes including matrix 
metalloproteinases (MMP-2 MMP-9), carbonic anhydrase isoforms (hCA IX, hCA XII), and cyclooxygenase-2 (COX-2), 

Figure 42 Chemical structures of pyrazoline benzenesulfonamide derivatives (17a–e) and their cytotoxic activity (IC50) against MDA-MB-468 and MCF-7 human breast 
cancer cell lines. Tamoxifen was used as reference drug.
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Figure 43 Diverse substituents and hybrid structures of pyrazoline benzenesulfonamide, including aliphatic heterocyclics (eg, morpholine, 4,5-dihydrooxazole, 1,5,6,7-tetra
hydro-4H-indol-4-one), aromatic heterocyclics (eg, furan, thiophene, pyrazole, tetrazole, thiazole, 1,2,4-oxadiazole, 1,3,4-oxadiazole, 1,3,4-thiadiazole, 2H-chromen-2-one, 
pyridine, benzofuran, benzo[d][1,3]dioxole, and 2,3-dihydrobenzo[b][1,4]dioxine), aromatic polycyclics (eg, naphthalene and anthracene), organometallic (ferrocene), and 
various benzene derivatives (eg, phenyl, toluene, aniline).
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each of which plays a central role in tumor progression, metastasis, and the regulation of the tumor microenvironment. 
Structure-activity relationship investigations further highlight that electron-donating substituents such as methoxy and 
methyl groups positioned on aromatic rings consistently increase anticancer potency and selectivity. Importantly, these 
compounds exhibit dual-targeting capabilities, enhancing therapeutic action against both enzymatic and cellular path
ways, and demonstrate the ability to induce apoptosis and autophagy in a range of cancer cell lines (breast, lung, cervical, 
colon, and oral squamous carcinoma), while sparing normal cells. Computational molecular docking analyses have 
become invaluable by elucidating binding interactions and supporting the rational design of new analogues with 
enhanced affinity for relevant cancer targets, such as estrogen receptor and PARP1. Docking studies demonstrate how 
key derivatives selectively form multiple hydrogen bonds and hydrophobic contacts within the active sites of target 
proteins, thus reinforcing experimental findings and guiding structure-based lead optimization.

Moreover, antimicrobial investigations have identified certain pyrazoline benzenesulfonamide derivatives as potent 
antibacterial and antifungal agents. Selected analogues exhibit significant inhibitory activity against both Gram-positive 
and Gram-negative bacteria, as well as several pathogenic fungi, thereby expanding their clinical relevance for cancer 
patients at risk of infectious complications. The inclusion of antimicrobial testing in future screening paradigms is 
anticipated to facilitate the development of multifunctional agents that can address both malignancy and secondary 
infections. To advance these promising molecules toward clinical utility, future research should strive to optimize eco- 
friendly and scalable synthetic approaches, deepen mechanistic studies incorporating both experimental and computa
tional perspectives, and conduct comprehensive in vivo pharmacological and toxicological evaluations. Interdisciplinary 
collaborations spanning medicinal chemistry, molecular biology, pharmacology, computational modeling, and microbiol
ogy will be essential for the successful identification and translation of lead compounds with superior efficacy, 
pharmacokinetics, and safety. Such integrated approaches are critical for the realization of pyrazoline benzenesulfona
mide derivatives as next-generation agents in cancer therapy and infectious disease management.

Conclusion
Pyrazoline benzenesulfonamide derivatives have emerged as a highly promising scaffold in anticancer drug discovery, 
demonstrated by their versatile synthetic accessibility and broad spectrum of potent bioactivities against various cancer 
types, including lung, breast, cervical, colon, and oral squamous carcinoma. Diverse synthetic methodologies, ranging from 
classical Claisen–Schmidt condensation to innovative ultrasound- and microwave-assisted protocols, enable the efficient 
generation of structurally diverse derivatives incorporating multiple pharmacophores such as morpholine, pyrazole, 
benzodioxole, tetrazole, and organometallic ferrocene moieties, which enhance therapeutic profiles. Biological evaluations 
reveal these derivatives exhibit multifaceted mechanisms of action, prominently including strong inhibitory effects on 
matrix metalloproteinases (MMP-2 and MMP-9), cyclooxygenase-2 (COX-2), and cancer-associated carbonic anhydrase 
isoforms (hCA IX and XII), leading to suppression of tumor proliferation, metastasis, as well as induction of apoptosis and 
autophagy with favorable selectivity indices. Structure-activity relationship analyses highlight the crucial role of electron- 
donating and electron-withdrawing substituents, as well as their positions on aromatic rings, in influencing efficacy and 
selectivity. Integrative in vitro, in vivo, and in silico studies, particularly molecular docking studies, have further 
substantiated the potential of these derivatives as lead compounds, revealing the molecular basis for their potent inhibition 
and binding affinity to cancer-relevant enzymes, such as MMPs, COX-2, and carbonic anhydrases. These approaches 
illuminate key interactions, including hydrogen bonds, hydrophobic contacts, and metal coordination, that underpin both 
potency and selectivity, thus guiding rational design toward improved pharmacokinetic and safety profiles. Looking ahead, 
the clinical translation of pyrazoline benzenesulfonamide derivatives will be accelerated by optimizing sustainable 
synthetic strategies and elucidating deeper mechanistic insights. Importantly, emerging evidence of their antibacterial 
and antifungal activity suggests a further expanded scope for these compounds. Future studies focusing on systematic 
antimicrobial screening and rational pharmacophore integration may provide novel dual-action agents, particularly relevant 
for immunocompromised cancer patients or settings with oncologic comorbidity. Continued interdisciplinary research will 
be vital for advancing these derivatives as safe, selective, and multifunctional therapeutics capable of addressing existing 
challenges, such as drug resistance, toxicity, and secondary infections, within cancer treatment regimens.
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