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Abstract
Background: Aryl sulfonamides bearing thiophene and chromene moieties have been reviewed for their
antibacterial activity and their synthetic methods. Heterocyclic moiety containing aryl sulfonamide
compounds are dispersed in nature and are crucial for life. Diverse investigational strategies towards a
structural relationship that cognizance upon the exploration of optimized candidates have grown to be
extremely crucial.

Method: Literature research tells that for a series of thiophene or chromene moiety containing aryl
sulfonamide compoundsare vital in medicinal and industrial chemistry.Aryl
sulfonamidescontainingheterocyclic moieties display pharmacological activities against pathogenic
microbes.

Result:Recent various disciplinary reported articles had been cited in this review article to de�ne the
potentialantibacterial properties of thiophene-arylsulfonamide and chromene-arylsulfonamide.

Conclusion: The �nding of this review con�rms the importance of aryl sulfonamidescontaining thiophene
or chromene moiety as potential antibacterial agents. These �nal resultswill give ideasto the synthesis
and developmentof reactions leading to the potential derivativesfor betterpharmacological applications.

Introduction
The millions of people are affected by infectious diseases caused by bacteria which lead to the death of
many people worldwide.1 In developing countries, bacterial infections caused by pathogenic micro-
organism lead to life-threatening diseases.2 Presently, antibacterial agents which are commonly in use
are Fidaxomicin, Cethromycin, Daptomycin, Torezolid and Solithromycin.3 Antibacterial
agents/Antibiotics are used to kill or control the growth of pathogenic bacteria but the long term usage of
antibacterial agents there are chances that bacteria develop resistance against antibacterial/antibiotics.4-

5 In the current situation, multidrug-resistant microbial pathogens have emerged which affect the
treatment of infectious diseases.6 Some of the antibacterial agents like tetracycline are persistent in
nature, owing to which they kill bene�cial bacteria and cause gastrointestinal distress, yellowing of teeth7,
increased intestinal peristalsis related to erythromycin therapy8,cause discolouration of skin9,
condrotoxicity10, ototoxicity11, retinopathy12, lactic acidosis and serotonin syndrome13, aplastic
anemia14, hepatitis15, neuromuscular blockade16 and neoplasia.17 Numerous pathogenic bacteria occur
in nature but the available antibacterial agents or antibiotics have limited inhibitory or killing action on
bacteria. Few antibiotics have been found to exhibit activity against Gram-negative and Gram-positive
bacteria.18-19

Organic chemistry has a signi�cant impact on our lives, as organic compounds are extensively
distributed and play a vital role in various biological �elds. This approach has emerged and come to the
centre stage in the form of Green Chemistry. The class of sulfonamide is an emerging group of research
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and most of the organic chemists are engaged in the synthesis of novel sulfonamide.20-23Sulfonamide
derivatives are usually prepared by the reaction of ammonia or primary or secondary amines with a
sulfonyl chloride.24 Sulfonamide derivatives have been obtained by the reactivity of sul�nic acid salt with
highly electrophilic nitrogen from various organic sources.25-26 Intermolecular free radical reactions of
penta�uorophenylvinyl sulfonate with subsequent aminolysis reaction are a very convenient route to
synthesize sulfonamides.27 Among the broad variety of medicinal compounds, the functional groups of
sulfonamide pharmacophore play a unique role in drug design.28Sulfonamidesdisplay a broad range of
biological activities,including activity against microbial infection.29-30 Derivatives of sulfonamides used
for the treatments of infectious diseases caused by pathogenic microorganisms due to their growth-
inhibiting tendency.31 Compounds carrying sulfonamide core moieties, which construct them signi�cantly
in drug development, have demonstrated signi�cant biological activities.32

Sulfonamides an antibiotic drug are linked with medicinal activities. Sulfonamides have lately exposed
them to be distinctly competent synthons within the practice of diverse treasured biologically active
compounds.33 The derivatives of 9-sulfonylamino scaffold were enhanced antibacterial property against
an array of minocycline and tetracycline-resistant pathogens as an example, staphylococcus aureus
developed resistant from methicillin, carbapenems, penicillin, quinolone, cephems etc34-36, while
sulfonamides and their combination healing procedures are gaining more attention by means of the day
in antimicrobial drug research.37 As a result, it is viable to expand a sequence of sulfonamides with alkyl
amide side chain amendment on carboxyl for enhanced antibacterial e�ciency. Sulfonamides have
medicinal applications and many of them are broadly utilized in therapeutic as antimicrobial38,
antitumor39-40, anticancer41, antiviral42, anti-HIV43, antidiabetic44, antimalarial45, antitubercular46,
analgesic47, antioxidant48, antihypertensive49, antileishmanial50, anti-in�ammatory51, anticonvulsant52,
diuretic53, anti-carbonic anhydrase54 and antiplatelet.55

Aryl sulfonamides

Aryl sulfonamides possess promising antibacterial properties. Singular sequences of effective thioether
benzenesulfonamides are found to be inhibitors of carbonic anhydrases.56As an integral part of their
structure, the majority of pharmacologically active compounds described in the literature contain a
heterocyclic ring. Most of the biologically active compounds contain heterocyclic rings, such as
thiophene, chromene, pyrrole, indole, triazole, tetrazole, imidazole, pyrrolidine, quinoline, isoquinoline,
benzoxazole, benzimidazole, benzothiazole.57-58p-Toluene sulfonamide59containing heterocyclic
components are extensively used, predominantly in pharmaceuticals. Aryl sulfonamides containing
heterocyclic moieties60particularly chromene and thiophene constitute a crucial class of drugs and
exhibit biological properties including antibacterial, antifungal, anticancer, antitumor, anti-HIV, anti-viral,
anti-in�ammatory, enzyme inhibitory, and many others. Aryl sulfonamide derivatives containing
thiophene and chromene moieties have diverse biological properties.61-62
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Sulfonamide core systems are found in nature.63 Natural and synthetic sulfonamide molecules are
attentive and in�uencing functional group of research due to their broad-spectrum biological and
medicinal properties.64 p-Toluene sulfonamides, the important class of sulfonamides, have been reported
to exhibit numerous biological properties65 mainly its applications found in these �elds such as
pharmaceutical, material science and agriculture. Generally, there are several reported synthesis
processes for sulfonamide core-centric biologically active scaffold.66-67

Method Of Preparation
Synthesis of aryl sulfonamides

The reaction of aminobenzaldehyde and dicholorotosyl chloride in presence of chloroform at ambient
temperature to form impure sulfonamide compounds. Impure compounds washed with acetone and
�nally, crude compounds were recrystallized in acetonitrile with the good yield to form the pure product of
arylaldehyde aryl sulfonamide(1).68N-arylacid aryl sulfonamide(2) was prepared by the reaction of amino
benzoic acid and p-toluenesulfonyl chloride in water medium without organic solvent. The pH of the
reaction was maintained due to the addition of Na2CO3 and concentrated HCl.69.Ates et al.

(2012)70reported the preparation of pyrrole-p-toluene sulfonamide (3) by the reaction of heterocyclic
pyrrole and p-toluenesulfonyl chloride in presence of tetra hydro furan and n-butyl lithium at temperature
−78 °C under mild condition. A direct procedure for the synthesis of aryl sulfonamide derivatives(4) was
reported by Kamal et al. (2008).71 The process involves the reaction of substituted arylamine and p-
toluene sulphonyl chloride in presence of green solvent water at ambient temperature. The crude product
of sulfonamide derivatives was puri�ed by column chromatography on silica gel. An e�cient method
was developed for the synthesis of sulfonamide derivatives (5) involves two-component reaction of
substituted acyl benzyl amine and tosyl-chloride using triethylamine (TEA) as catalyst and
dichloromethane (DCM) as solvent at 0oC.72N-substituted -3H-benzo[d]imidazol-5-yl)
benzenesulfonamide(6)compounds have been synthesized by the reaction of substituted
benzo[d]imidazol-5-amine and benzene sulphonyl chloride in pyridine and acetone at room
temperature.73Zarchi and Aslani,(2012)74investigated a new catalytic process for the synthesis of aryl-p-
toluene sulfonamide(7). In this reaction, acetonitrile reacts with methoxyaniline in presence of catalyst
poly (4-vinyl pyridine) [P4-VP] at ambient temperature. The reaction of ethyl 5-amino-3-methylbenzofuran-
2-carboxylate and �uoro tosyl-chloride in dichloromethane (DCM) in presence of pyridine as a basic
catalyst at ambient temperature afforded ethyl 5-(4-�uorophenylsulfonamido)-3-methylbenzofuran-2-
carboxylate (8) in good yield.75

Synthesis of N, N-substituted benzenesulfonohydrazide (09) was carried out by the reaction of aryl
triazenes, hydrazine and sulfur dioxide in presence of catalyst BF3.OEt2 and methylcynide at 60oC under

mild conditions.76Wang et al. (2017)77developed method for the preparation of alkyl aryl sulfonamide
derivatives(10). Aryl hydrazine, hydrazines and potassium metabisul�te (K2S2O5) react together in
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methylcynide under an air atmosphere at 40oC. In this process, aryl hydrazine was oxidized by air into
aryl radicals and potassium metabisul�te was used to generate sulfur dioxide to the formation of
sulfonamide derivatives.

Some sulfonamide moieties containing compounds are available for commercial importance and widely
used in the clinic. Sulfonamides antibiotics are clinically approved drugs were used to prevent many
infectious diseases including pathogenic bacteria known as sulfa drugs Antibacterial drugsul�soxazole
(1) were reported in the modi�ed form such as synthesized metal (II)-sulfonamide are [Ni
(sul�soxazole)2(H2O)4].2H2O and [Cu (sul�soxazole)2(H2O)4].2H2O were reported as e�cient antibacterial

agents.78-79 Some new derivatives of sul�soxazole containing 4-thiazolidinone and 2,3-dihydrothiazoles
were evaluated against micro-organisms. Synthesized derivatives of sul�soxazole possessed promising
antimicrobial activity against various bacteria and fungus.80 Sulfamethoxazole (2) is clinical used well
known antibacterial drug. Synthesized complexes of lanthanide metal (La, Pr, Nd, Sm, Gd, Tb, Dy and Y)
with sulfamethoxazole shows antibacterial activity.81 The potential in-vitro release sulfamethoxazole
drug is due to the water-soluble nature and shows an effective antibacterial property.82Majewsky et al.,
(2014)83reported the synthesizedderivatives of sulfamethoxazole and substituted sulfamethoxazole are
potent antimicrobial agents. Silver complex with sulfamethoxazole84and Pt(II) and Pd(II)
sulfamethoxazole complex85 were synthesized and evaluated against bacterial strains. The antibacterial
drug sulfathiazole (3) and modi�ed form reported in the literature with antibacterial activity such as Ni (II)
complex with cephalosporin and sulfathiazole86, silver complex with sulfathiazole84, Cu (II) complex with
nimesulide and sulfathiazole as ligand87,sulfathiazole-amantadine is a promising antibacterial agent.88

Sulfamethizole (4) drug used for the treatment of various diseases but it’s also used as an antibacterial
agent. The combination of sulfamethizole with amdinocilin was reported by e�cient inhibition of
Escherichia coli strain of infected mouse.89 Antibiotic sulfadiazine (5) were reported in modi�ed form
such as silver sulfadiazine as an antibacterial agent90, Synthesized antibacterial metal ligand [ML(H2O)3]
complex, these transition metal are [M(II)=Co, Mn, Zn and Ni] with cephalothin and sulfadiazine as
ligands.91Sulfamethazine (6) used as antibacterial drug and some modi�ed and combined structure
enhanced antibacterial activities such as p-aminobenzoic acid and sulfamethazine.92 Sulfamehazineand
tiamulin mixture possessed synergistic antibacterial properties against pathogenic bacteria were isolated
from pigs.93The chlorothiazide and hydro chlorothiazide are the class of sulphones series were evaluated
as antibacterial and antifungal.94

Sulfonamide core moiety scaffolds have been found to exhibit diverse signi�cant biological properties
also found in some natural compounds. Generally, sulfonamide moiety compounds were isolated from
marine actinomycetes. Cytotoxic monoterpene-alkaloid (-)-altemicidin were isolated from active fractions
of Streptomyces sioyaensis.95(-)-Altemicidin showed inhibitory activity against bacterial strains
(Muralidharan andDeecaraman, 2017)96were reported mild growth inhibition against Xanthomonas
species. The bromotyrosine-cysteine derivatives, psammaplin A and C were extracted from the sponge
Psammaplysilla purpurea are e�cient antibacterial agents.97 Nucleocidin are �uorinated sugar structure
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used as an antibiotic and it were obtained from soil microbe Streptomyces calvus98andStreptomyces
albo�avus.99In addition, potent antibacterial activity against both Gram (positive and negative)
pathogenic bacteria strains.

1.2 Thiophene moiety containing sulfonamide derivatives

For the preparation of thiophene moiety containing sulfonamide derivatives via Suzuki cross-coupling
reaction, a convenient approach was published in the literature.100Thiophene moiety containing
compounds are excellent bioactive agents. They have been found to exhibit various biological activities
such as antimicrobial101-102, anti-HIV103, anti-in�ammatory104, anticancer.105Cytochrome inhibition has
been observed in some thiophene derivatives.106

Thiophene-2-sulfonamides derivatives are also regarded as inhibitors of carbonic anhydrase, and the
literature indicates that diuretic activity is also seen in many of its simple derivatives.107

1.2.1 Method of preparation

Synthesis of thiophene moiety containing sulfonamide derivatives

An e�cient process was developed for the synthesis of thiophene sulfonamide derivatives (1). It was two-
component reactions of thiophene sulfonylcholoride and aminoacid in presence of triethylamine (Et3N)

as a catalyst in solvent water and dioxane.108 These compounds were used as metalloproteinase
inhibitors.The reaction of bromothiophene-2-sulfonylchloride and tert-butyl 2-aminoethylcarbamate in
DCM gives tert-butyl 2-(3-bromothiophene-2-sulfonamide)ethylcarbamate which on reaction with 2-
substituted oxyphenylboronic acid catalyzed by Pd(OAc)2 gives N-(2-aminoethyl)-3-(2-

methoxyphenyl)thiophene-2-sulfonamides (2).109(R)-N-(2-(4-(4-(5-((1H-1,2,3-triazol-1-yl)methyl)-2-
oxooxazolidin-3-yl)-2-�uorophenyl)piperazin-1-yl)-2oxoethyl)thiophene-2-sulfonamide (3) synthesized by
the reaction of (R)-5-((1H-1,2,3-triazol-1-yl)methyl)-3-(4-(4-(2-aminoacetyl)piperazin-1-yl)-3-
�uorophenyl)oxazolidin-2-one with 2-thiophenesulfonyl chloride in triethanolamine (TEA) and CH3CN

exhibits signi�cant antibacterial activity.110

The reaction of benzenesulfonamide and (benzothiophen-3-yl)-3-chloropropan-1-one using THF as
solvent and K2CO3 as catalyst affords substituted benzothiophene (N-aryl) sulfonamide (4) in good

yield.111The synthesized thiophene aryl sulfonamide (5) was evaluated in-vitro antibacterial activity
against pathogenic bacteria such as B.subtilis, E.coli, B. megaterium and P.�ourescens.112Thiophene
moiety containing N-substituted aryl sulfonamides (6) have been synthesized from the reaction of 3-
(thiophene-2-ylmethylamino)propanenitrile with p-toluenesulfonyl chloride using Et3N as catalyst and

DCM as a solvent.113(E)-3-(dimethylamino)-1-(thiophene-2yl) prop-2-en-1-one reacts with 4-amino-N-
substituted benzenesulfonamide in absolute ethanol and glacial acetic acid to afford (E)-4-(3-oxo-3-
(thiophene-2-yl)prop-1-enylamino)benzenesulfonamide (7).114Nasr et al. (2014)115reported the synthesis
of N-substituted thiophene aryl sulfonamide (8) by the condensation reaction of N-substituted isoxazole
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aryl sulfonamide and pyrazol-3-oxo-propanenitile in dioxane to form intermediate product under re�ux
condition then further reaction with isothiocyanatomethane and chloropropan-2-one in presence of NaOEt
gives isoxazole-thiophene aryl sulfonamide. The compound has been found to exhibit inhibitory activity
against microbes.

Some compounds of thiophene containing aryl sulfonamide possessed co-ordinate bond with various
metal and act as a multi-dentate ligand. The (E)-N-(4-methoxy-1,2,5-thiadiazole-3-yl)-4-(thiophene-2-
ylmethyleneamino)benzene sulfonamide(9) were used as ligand to formed metal complexes with a
transition metal such metals are Fe(II), Fe(III), Co(II), Cu(II), Cd(II), NI(II) and Zn(II) were assayed
antibacterial activities.116Zemede et al. (2015)117 reported the synthesis of metal complex (10),
thiophene aryl sulfonamide used as ligand and attached with the transition metal. Co-ordination complex
of the metal with ligands having two moles of thiophene aryl sulfonamide occurs. Such ligand and metal
complexes possessed e�cient antibacterial properties.

Some compounds widely used as antibacterial agents such as (oxalylamino-methylene)-thiophene
sulfonamide (OMTS)(1) compound was evaluated for the selective inhibition of bacterial protein. The
pathogenic bacteria, Mycobacterium tuberculosis inhibited by OMTS were reported by Grundner et al.
(2007).118Naidu et al. (2015)119reported for the evaluation of 6-(4-(5-bromothiophen-2-
ylsulfonyl)piperazin-1-yl)phenanthridine(2) antibacterial activity against pathogenic Mycobacterium
tuberculosis bacteria.Substituted benzyl thiophene sulfonamide(3) compounds showed potent
antimicrobial activity against pathogenic bacteria Campylobacter jejuni and Campylobacter coli in
humans and chickens.120 The synthesized hydroxyl-thiophene containing sulfonamides(4) compound
used for dyeing polyester fabrics and fabrics possessed antibacterial properties against most of the
bacterial strain positive as well as negative.121

Thiophene-sulfonamide compound does not exist in a natural source. Thiophene exists in natural
sources with promising biological applications but the compounds of thiophene moiety sulfonamide
scaffold only available in synthesized form.

1.3 Chromene moiety containing sulfonamide derivatives

The core entity of several biologically vigorous natural products, as well as synthetic therapeutic agents,
consists of unsaturated 1-benzopyran derivatives, widely known as chromenes.122The chromene nucleus
is, thus, widely known in medicinal chemistry as a privileged scaffold.1234H-chromene and 2H-chromene
are an isomeric form of each other, which depending on their substitution pattern, can be differentiated by
the site of unsaturation and show a range of pharmacological properties. Chromene moieties play a
signi�cant role with structural aryl sulfonamide scaffold which can be easily transformed into
functionalized diverse biologically active molecules.124 Naturally occurring125 and synthetic chromene
compounds possess antibacterial properties.126A number of pathways are available for their synthesis,
but there is a signi�cant need for approaches that include chromenes from precursors that are readily
available.127
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Some synthesized sulfonamide derived chromenes were investigated for antibacterial, antifungal and
cytotoxic.128 Chromone is known as a single molecule that can be paired with various receptors
groups.129 Due to its useful activities and low toxicity, chromone is regarded as a desirable source for the
synthesis of new drugs.130

1.3.1 Method of preparation

Synthesis of chromene moiety containing sulfonamide derivatives

Ghorab et al., (2016)131developed method for the synthesis of sulfonamides containing chromene
moiety. 3-(3-Dimethylamino)propnoyl)-2H-chromen-2-one reacts with 4-amino-N-substituted
benzenesulfonamide in absolute ethanol and glacial acetic acid to form (E)-4-(3-oxo-3-(2-oxo-2H-
chromen-3-yl)prop-1-enylamino) benzenesulfonamide (1). Signi�cant in-vitro antibacterial activity against
pathogenic bacterial strains were reported for 4-(((2,4-dioxo-2H-chrome-3(4H)-ylidene)methyl)amino)-N-
substituted benzenesulfonamide (2) compounds synthesized by the reaction of 4-hydroxycoumarin,
substituted sulfonamide and ethylorthoformate in 2-butanol.132Amin et al. (2018)133developed two-step
synthesis for the preparation of furo[3,2-g] chromene aryl sulfonamide (3) by the reaction of furo[3,2-g]
chromene and sulfurochloridic acid to form furo[3,2-g] chromene sulfonylcholride under ambient
condition. While the next step of the reaction further proceeds by the addition of amine arylsulfonamide
in presence of pyridine to form main product derivatives under re�ux condition with high
yields.Substituted 2-oxo-N-(4-(N-(pyrimidine-2-yl)sulfamoyl) phenyl)2H-chromene-3-carboxamide (4) were
synthesized by the reaction of 2-cyano-N-(4-(pyrimidine-2-yl)sulfamoyl)phenyl)acetamide with
substituted salicylaldehydes in presence of fused sodium acetate in acetic acid. The compounds
exhibited excellent antibacterial activity.134

Reddy et al., (2005)135reported a process in which coumarin 3-(N-aryl) sulfonamides (5) were synthesized
by the reaction of 3-anilino-3-oxopropionate with substituted salicylaldehydes using piperidine as catalyst
and ethanol as solvent under re�ux condition.A mild new method for the synthesis of benzochromene-p-
toluene sulfonamide (6) was reported by Soussi et al. (2011)136using benzochromenone and aryl
sulfonamide in presence of lead acetate, cesium carbonate and xantphos as catalyst and dioxane as
solvent at 100oC.Okasha et al. (2019)137 reported the synthesis of substituted (Z)-4-((2-amino-3-cyano-4-
phenyl-4H-chromen-6-yl) benzenesulfonamide (7) derivatives by the reaction of benzaldehyde,
malanonitrile to form 2-benzylidenemalononitrile. 2-benzylidenemalononitrile further react with (E)-4-((2,
4-dihydroxyphenyl)diazenyl)benzenesulfonamide. Whole reaction completed at re�ux temperature in the
presence of piperidine as a catalyst in ethanol. Synthesized derivatives were evaluated against microbes
(bacteria and fungi) and possessed effective antimicrobial properties. Sabt et al., (2018)138reported a
process in which2H-chromen-2-one reacts with sulfurochloridic acid at 100oC to form 2-oxo-2H-
chromene-6-sulfonyl chloride. Chromene sulfonyl chloride further reacts with 1-(4-aminophenyl)ethanone
in pyridine to afford N-(4-acetylphenyl)-2-oxo-2H-chromene-6-sulfonamide (8).The reaction of
cyanoacetamide aryl sulfonamide and salicylaldehyde in the presence of piperidine catalyst and dioxane
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solvent to afford 2-iminochromene aryl sulfonamide(9) was evaluated on microbes. 2-iminochromene
aryl sulfonamide processed both antibacterial and antifungal activities.139

Chromene-sulfonamide compound does not exist in a natural source. Chromene and its derivatives exist
in various natural sources with promising biological applications but the compounds of chromene moiety
sulfonamide scaffold only available in synthesized form.

Conclusion
Aryl sulfonamides bearing thiophene or chromene moieties have been reviewed for their antibacterial
activity and their synthetic methods.The review will provide insight to readers,to tap the potential of these
classes of compounds. More compounds of these classes need to be synthesized with wide structural
variation in order to establish structure-activity relationship and �nd out new compounds having
promising antibacterial properties.

Declarations
Con�ict of Interest

There is no con�ict of interest between coauthor.

Funding

No funding was supported by any organizations for this work.

Acknowledgement

Mr. Ajay Kumar and all co-author’sare thankful to G. B Pant University of Agriculture and Technology,
Pantnagar, Uttarakhand, India for providing research facilities.

References
1. F. Brundage and G. D. Shanks,Emer. Infect. Dis., 2008,14, 1193.

2. A. A. Al-Bari, M. A. Sayeed, M. S. Rahman and M. A. Mossadik, Res. J. Med. Sci., 2006, 1,77.

3. G. Zhanel, D. Cheung, H. Adam, S. Zelenitsky, A. Golden, F. Schweizer, B. Gorityala, P. R. Lagace-Wiens,
A. Walkty, A. S. Gin and D. J. Hoban,Drugs, 2016,76, 567.

4. Sharma, S. Singh and S. Sharma, J. Microb. Biochem. Technol., 2015,7, 374.

5. Li and T. J. Webster,J. Orthop. Res.,36, 22-32

�. Chawla, U. Sahoo, A. Arora, P. C. Sharma and V. Radhakrishan, Acta. Poloniae. Pharm-Drug Res.,2010,
67, 55.

7. R. Sanchez, R. S. Rogers lll and P. J. Sheridan,Int. J. Dermatol., 2004,43, 709.



Page 10/21

�. Catnach and P. Fairclough,Gut., 1992, 33, 397.

9. Holdiness, Med. Toxicol. Adverse Drug Exp., 1989,4, 444.

10. Stahlmann, U. Zippel, C. Forster, R. Schwabe, M. Shakibaei, H. J. Merker and K. Borner,Antimicrob.
Agents Chemother., 1998, 42, 1470.

11. Selimoglu,Curr. Pharm Des., 2007, 13, 119.

12. Wiebe and P. Hamilton, J. Am. Vet. Med. Assoc.,2002,221, 1568.

13. Garrabou, A. Soriano, S. Lopez, J. P. Guallar, M. Giralt, F. Villarroya, J. A. Martinez, J. Casademont, F.
Crdellach, J. Mensa and O. Miro, Antimicrob. Agents and Chemother., 2007, 51, 962.

14. Cruchaud, G. Gfeller, B. Liebeskind, F. Meykadeh, R. Choisy and E. Hausser,Schweiz. Med.
Wochenschr., 1963,93, 1471.

15. Sun, Y. Chen, Y. Xiang and S. Zhan,Int. J. Tuberc. Lung Dis.,2008, 12, 994.

1�. R. Pasquale and J. S. Tan, Clin. Infect. Dis., 2005, 40, 127.

17. D. Friedman, S. F. Jiang, N. Ydaltsova, C. P. Quesenberry Jr, J. Chan and L. A. Habel,Int. J. Cancer.,
2009, 125, 2173.

1�. Guzman, J. Dille and S. Godet, Nanomed: Nanotech. Bio. Med., 2012, 8, 37.

19. A. Khan and M. Yusuf, Eur. J. Med. Chem., 2009, 44, 2597.

20. Zoumpoulakis, C. Camoutsis, G. Pairas, M. Soković, J. Glamočlija, C. Potamitis, and A. Pitsas, Bioorg.
Med. Chem.,2012, 20, 1569.

21. Akbaba, A. Akıncıoğlu, H. Göçer, S. Göksu, İ. Gülçin and C. T. Supuran,J. Enzym. Inhib Med.
Chem.,2014, 29, 35.

22. A. Moreira, J. M. F. Custódio, W. F. Vaz, G. D. C. D’Oliveira, C. N. Perez and H. B. Napolitano, .J. Mol.
Model., 2019, 25, 205.

23. El‐Mekabaty and H. M. Awad,J. Heterocycl. Chem., 2020, 57, 1123.

24. N. S. Rad, A. Khala�-Nezhad, Z. Asrari, S. Behrouz, Z. Amini and M. Behrouz,Synthesis, 2009, 23,
3983.

25. M. Baskin and Z. Wang,Tetrahedron Lett., 2002, 43, 8479.

2�. Aziz and A. Hamze,Org. Biomol. Chem., 2020, 18, 9136.

27. Caddick, D. Hamza, S. N. Wadman and J. D. Wilden, Org. Lett.,2002, 4, 1775.

2�. Baffoe, M. Y. Hoe and B. B. Toure,Org. Lett.,2010, 12, 1532. 

29. L. Wilkinson, L. F. Bornaghi, A. D. Wright, T. A. Houston and S. A. Poulsen,Bioorg.Med. Chem.
Lett., 2007, 17, 1355.

30. Yamali, H. I.Gul, C.Kazaz, S.Levent and I. Gulcin,Bioorg. Chem., 2020, 96, 103627.

31. L. Perlovich, N. N. Strakhova, V. P. Kazachenko, T. V. Volkova, V. V. Tkachev, K. J. Schaper and O. A.
Raevsky, Int. J. Pharm., 2008, 349, 300.

32. Eshghi, M. Rahimizadeh, M. Zokaei, S. Eshghi, S. Eshghi, Z. Faghihi, E. Tabasi and M. Kihanyan,Eur.
J. Chem.,2011, 2, 47.



Page 11/21

33. O. Ajani, O. B. Familoni, D. V. Aderohunmu, K. O. Ogunniran, J. A. Adekoya and I. O. Olanrewaju,Pak. J.
Biol. Sci., 2015, 18, 166.

34. Huang, and G. Yan, Org. Biomol. Chem., 2017, 15, 1753.

35. Gao, Y. L. Fan, F. Zhao, Q. C. Ren, X. Wu, L. Chang and F. Gao,Eur. J. Med. Chem.,2018, 157, 1081.

3�. Gajdács,Antibiotics,2019, 8, 52.

37. Genç, R. Özkanca and Y. Bekdemir,Ann. Clin. Microbiol.Antimicrob.,2008, 7, 17.

3�. Özbek, H. Katırcıoğlu, N. Karacan and T. Baykal, Bioorg.Med. Chem., 2007, 15, 5105.

39. I. Alqasoumi, A. M. Al-Taweel, A. M. Alafeefy, E. Noaman and M. M. Ghorab, European J. Med. Chem.,
2010, 45, 738.

40. Xing, C. Chen, Q. Zhong, S. Zheng, G. Wang and L. He,Molecules, 2020, 25, 5459.

41. D. Hopkins, F. A. K. A. Abebe, G. L. Ozmer, A. A. Sheir, L. J. Schroeder and A. A. Lamar,Org. Biomol.
Chem., 2019, 17, 8391.

42. N. Dash, A. K. Moharana and B. B. Subudhi,Curr. Org. Chem., 2020, 24, 1018-1024

43. Iqbal, M. Zareef, S. Ahmed, J. H. Zaidi, M. Arfan, M. Sha�que and N. A. Al‐Masoudi,J. Chin. Chem.
Soc.,2006, 53, 689-696

44. Berredjem, Y. Reggami, M. Benlaifa, M. Berredjem and N. Bouzerna,Int. J. Pharmacol., 2015. 11, 226 .

45. Pingaew, V. Prachayasittikul, A. Worachartcheewan, C. Nantasenamat, S. Prachayasittikul, S.
Ruchirawat and V. Prachayasittiku, Eur. J. Med. Chem., 2015,103, 446.

4�. V. Papadopoulou, W. D. Bloomer, H. S. Rosenzweig, A. Arena, F. Arrieta, J. C. Rebolledo and D. K.
Smith,Antimicrob. Agents Chemother., 2014, 58, 6828.

47. Zebardast, A. Zarghi, B. Daraie, M. Hedayati and O. G. Dadrass, Bioorg. Med. Chem. Lett., 2009, 19,
3162.

4�. Saeedi, F. Goli, M. Mahdavi, G. Dehghan, M. A. Faramarzi, A. Foroumadi and A. Sha�ee, Iran. J.
Pharm Res., 2014, 13, 881.

49. M. Bhagwat, A. R. Bhat, M. S. Palled, A. P. Khadke and A. M. Patil,Am. J. Pharm. Technol. Res., 2014,
4 326.

50. Bhattacharya, M. M. Salem and K. A. Werbovetz,Bioorg. Med. Chem. Lett., 2002, 12, 2395.

51. P. Keche, G. D. Hatnapure, R. H. Tale, A. H. Rodge, S. S. Birajdar and V. M. Kamble,Bioorg. Med.
Chem.Let., 2012,22, 3445.

52. Rajyalakshmi, A. R. N. Reddy, J. V. Rao and M. Sarangapani,J. Pharm. Res., 2009, 2, 388.

53. Wang, D. Z. Chow, L. P. Connolly, J. A. Scott E. L. Palmer,Am. J. Roentgenol., 2018, 210, 866.

54. Le Darz, Mingot, Le Darz, A. Le Darz, F. Bouazza, U. Castelli, O. Tanc, M. Karam and S. Thibaudeau,J.
Enzyme Inhib. Med. Chem., 2015, 30, 737.

55. Khalid, A. Badshah, A. U. Khan, H. Nadeem and S. Ahmed,Chem. Cent. J., 2018, 21, 11.

5�. Vernier, W. Chong, D. Rewolinski, S. Greasley, T. Pauly, M. Shaw and E. Reyner,Bioorg.
Med.Chem.,2010, 18,3307.



Page 12/21

57. Lancianesi, A. Palmieri and M. Petrini,Chem. Rev., 2014, 114, 7108.

5�. S. Radwan and M. A. Khalid,J. Heterocycl. Chem., 2019,56,1063.

59. M. Yahya and M. A. Al-Iraqi,Ra�dain J. Sci., 2009, 20, 58.

�0. Scozzafava, L. Menabuoni, F. Mincione, F. Briganti, G. Mincioneand and C. T. Supuran, J. Med.
Chem.,2000, 43, 4542.

�1. Assirey, A. Alsaggaf, A. Naqvi, Z. Moussa, R. M. Okasha, T. H. A��, and A. S. Abd-El-
Aziz,Molecules,2020, 25, 544.

�2. Mishra, N. Sachan, N. Kumar, I. Mishra and P. Chand, J. Heterocycl. Chem.,2018, 55, 2019.

�3. Mujumdar, and S. A. Poulsen,J. Nat. Prod.,2015, 78, 1470.

�4. D. Luca,Curr. Med. Chem.,2006, 13, 1-23.

�5. Abdul Qadir, M. Ahmed, H. Aslam, S. Waseem, and M. I. Sha�q,J. Chem., 2015,20, 15.

��. De Luca and G. Giacomelli, J. Org. Chem., 2008, 73,3967.

�7. Leechaisit, R. Leechaisit, V. Leechaisit, A. Prachayasittikul, Worachartcheewan, S. Prachayasittikul, S.
Ruchirawat and V. Prachayasittikul,Bioorg. Med. Chem., 2019, 27, 115040.

��. M. El-Sharief, Y. A. Ammar, M. A. Zahran, A. H. Ali and M. S. A. El-Gaby,Molecules,2001, 6, 267.

�9. Deng and N. S. Mani, Green Chem.,2006, 8,835.

70. Ates, N. Uludag and T. Karazehir,J. Solid State Electrochem.,2012, 16, 2639.

71. Kamal, J. S. Kamal, E. V. Bharathi and D. Dastagiri, Tetrahedron Lett., 2008 49, 348.

72. S. Reddy, A. S. Rao, M. A. Chari, V. R. Kumar, V. Jyothy and V. Himabindu, J. Chem. Sci.,2012, 124,
723.

73. M. Gonzalez-Chavez, F. Mendez, R. Martinez, C. Perez-Gonzalez, and F. Martinez-
Gutierrez,Molecules.2011 16, 175-189.

74. A. K. Zarchi and M. Aslani,J. Appl. Polym. Sci., 2012, 124, 3456.

75. A. Abu-Hashem, H. A. Hussein, A. S. Aly and M. A. Gouda,Synth. Commun.,2014, 44, 2285.

7�. Li, M. Beller and X. F. Wu, Chem. Commun., 2014, 50,9513.

77. Wang, B. Du, W. Sha, H. Mei, J. Han and Y. Pan,Org. Chem. Front.,2017, 4,  1313.

7�. Kremer, Facchin, G. Estévez, E. Alborés, P. Baran, E. J. Ellena, abd M. H. J. Torre, J. Inorg.
Biochem.,2006, 100, 1167.

79. Mondelli, V. Bruné, G. Borthagaray, J. Ellena, O. R. Nascimento, C. Q. Leite, and M. H. Torre,J. Inorg.
Biochem.,2008, 102, 285.

�0. Nasr, S. Bondock, and S. Eid,J. Enzym. Inhib. Med. Chem., 2016, 31, 236.

�1. Karthikeyan, K. Mohanraj, K. P. Elango and K. Girishkumar, Russ. J. Coord. Chem.,2006, 32, 380.

�2. Ma, Y. Cheng, Z. Xu, P. Xu, H. Qu, Y. Fang, and L. Wen, Eur.J. Med. Chem., 2007, 42, 93.

�3. Majewsky, D. Wagner, M. Delay, S. Bräse, V. Yargeau and H. Horn, Chem. Res. Toxicol.,2014 27, 1821.

�4. H. B. Nunes, R. E. F. de Paiva, A. Cuin, W. R. Lustri and P. P. Corbi,Polyhedron,2015, 85, 437.



Page 13/21

�5. Bouchoucha, S. Zaater, S. Bouacida, H. Merazig and S. Djabbar,J. Mol. Struct.,2018, 1161, 345.

��. R. Anacona, and M. Lopez,Int. J. Inorg. Chem.,2012, 20, 12.

�7. H. B. Nunes, R. E. F. de Paiva, A. Cuin, A. M. da Costa Ferreira, W. R. Lustri and P. P. Corbi, J. Mol.
Struct.,2016,  1112, 14.

��. Y. Wang, Y. M. Yu, M. C. Yu , Y. T. Yu, Z. Y. Wu and C. W. Yan, Cryst. Eng. Comm., 2020, 22,3804.

�9. B. Kerrn, N. Frimodt-Møller, and F. Espersen, Antimicrob Agents Chemother.,2003, 47, 1002.

90. Cao, X. Cao, Y. Sun and H. Fong,J. Bioact. Compat. Polym.,2009, 24,350.

91. R. Anacona, N. Noriega and J. Camus, Spectrochimica Acta Part A: Mol. Biomol. Spectrosc., 2015,
137,16.

92. Pan, Y. Zheng, R. Zheng, S. Qiu, Z. Chen, W. Rao and X. Guan, Cryst. Growth Des.,2019, 19, 2455.

93. S. Chae, E. K. Park, C. Y. Yoo, S. Kim and H. J. Lee,�������,2019, 43, 201.

94. K. Lakkakula, J. N. Pujari, P. Nali, B. R. Abbavaram and N. Swamy Golla, J. Chem. Pharm. Sci.,2009, 2,
253.

95. R. Lankapalli and K. Kannabiran, Interdiscipl. Sci. Comput. Life Sci., 2013, 5,37.

9�. Muralidharan and M. Deecaraman,Res. J. Pharm. Technol., 2017, 10, 3598.

97. J. Melander, H. B. Melander, M. D. Stephens, C. A. Bewley and C. Melander,Bioorg. Med. Chem.
Lett., 2016, 26, 5863.

9�. Bartholome, J. E. Janso and D. O'Hagan,Org. Biomol. Chem., 2017, 15, 61.

99. A. Al-Sulami, K. M. Hawaz and Z. T. Aldaly,J. Thi-Qar Sci.,2011, 3, 61.

100. Rizwan, M. Zubair, N. Mahmood, T. Ayub, K. Alitheen and M. Rani, Chem. Cent. J., 2018, 12, 49.

101. M. Khalil, M.A. Berghot, and M.A. Gouda,Eur. J. Med.Chem.,2009, 44, 4434.

102. Rani, and Y. Mohamad,J. Saudi Chem. Soc.,2014, 18, 411.

103. Bonini, L. Chiummiento, M. De Bonis, M. P. Suanno, G. Funicello, and P. Campaner,Tetrahedron,2005,
61,6580.

104. E. G. E. Amr, N. M. Sabry and M. M. Abdulla,Monatsh. Chem. Chem. Mont.,2007, 138, 699.

105. F Mohamed, Y. M. Attia, S. A. Shouman and I. A. Abdelhamid, Anti-Cancer Agents Med. Chem., 2017,
17, 1084.

10�. M. Isin and F. P. Guengerich,Biochim. Biophys. Acta,2007, 1770, 314.

107. Bellina, and R, Rossi,Synthesis, 2004, 15, 2419.

10�. Nuti, F. Casalini, S. Santamaria, P. Gabelloni, S. Bendinelli, E. Da Pozzo, and M. M. Bernardo,Eur.J.
Med. Chem.,2011, 46, 2617.

109. Yang, S. Chen, M. Zhou, Y. Li, Y. LI, Z. Zhang, Z. Liu, Q. Ba, J. Li, H. Wang, X. Yan, D. Ma, and R.
Wang,Chem. Med. Chem., 2014, 9, 1436.

110. A. Phillips, E. E. Udo, M. E. Abdel-Hamid and R. Varghese, Eur. J. Med. Chem., 2013, 66, 246.

111. Berrade, B. Aisa, M. J. Ramirez, S. Galiano, S. Guccione, L. R. Moltzau, F.O. Levy, F. Nicoletti, G.
Battaglia, G. Molinaro and I. Aldana,J. Med. Chem.,2011, 54, 3086.



Page 14/21

112. M. Desai and V. H. Shah,Indian J. Chem., 2003, 42B, 631.

113. Yu, Q. Tang, Z. Xu, S. Li, M. Jin, Z. Zhao, C. Dong, S. Wu and H. B. Zhou,Eur. J. Med. Chem., 2018, 159,
206.

114. M. Ghorab, F. A. Ragab, H. I. Heiba and A. M. Soliman,Res. Chem. Intermed., 2017, 43, 4657.

115. Nasr, S. Bondock and S. Eid, Eur. J. Med. Chem., 2014, 84, 491.

11�. M. Sharaby, Spectrochim. Acta A Mol. Biomol. Spectrosc., 2007, 66, 1271.

117. B. Zemede, D. Nithyakalyani and S. A. Kumar, Asian J. Chem., 2015, 27, 941.

11�. Grundner, D. Perrin, R. H. Van Huijsduijnen, D. Swinnen, J. Gonzalez, C. L. Gee, T. N. Wells and T.
Alber,Structure, 2007, 15, 499.

119. M. Naidu, H. N. Nagesh, M. Singh, D. Sriram, P. Yogeeswari and K. V. G. C. Sekhar, Eur. J. Med.
Chem.,2015, 92, 415.

120. Deblais, Y. A. Helmy, A. Kumar, J. Antwi, D. Kathayat, U. M. Acuna, H.C. Huang, E. C. de Blanco, J. R.
Fuchs,G. Rajashekara, The J. Antibiotics, 2019, 72, 555.

121. S. Hossan, Text. Res. J., 2020, 90, 376.

122. Pratap and V. J. Ram,Chem. Rev., 2014, 114, 10476.

123. M. Alshibl, E. S. Al-Abdullah and H. M. Alkahtani,Curr. Bioact. Compd., 2020, 16, 837.

124. Raj and J. Lee, Front. Chem.,2020, 8, 623.

125. Z. Li, X. Y. Nie and J. Liang,Lett. Drug Des. Discov., 2011, 8, 558.

12�. Gholipour, A. Davoodnia and M. Nakhaei-Moghaddam,Chem. Heterocycl. Compd., 2015, 51, 808.

127. Satyanarayana, K. B. Manjappa and D. Y. Yang,Green Chem., 2020, 22, 8316.

12�. H. Chohan, A. Rauf, M. M. Naseer, M. A. Somra and C. T. Supuran,J. Enzym. Inhib. Med. Chem.,2006,
21, 173.

129. Parveen, A. M. Malla, Z. Yaseen, A. Ali and M. Alam,J. Photochem. Photobio. B: Biology, 2014, 130,
179.

130. A. Horton, G.T. Bourne and M. L. Smythe,Chem. Revi., 2003, 103, 893.

131. M. Ghorab, M. S. Alsaid, G. H. Al-Ansary, G. A. Abdel-Latif and D. A. Abou El Ella, Eur. J. Med.
Chem.,2016, 124, 946.

132. H. Chohan, A. U. Shaikh, A. Rauf and C. T. Supuran,J. Enzym. Inhib. Med. Chem., 2006, 21, 741.

133. M. Amin, Y. M. Syam, M. M. Anwar, H. I. Ali, T. M. Abdel-Ghani and A. M. Serry,Bioorg. Chem., 2018, 76,
487.

134. M. Farrag, H. M. Elsehrawi and A. S. Younes,J. Pharm. Appl. Chem., 2015, 1, 27.

135. S. Reddy, K. Gumireddy, M. R. Mallireddigari, S. C. Cosenza, P. Venkatapurm, S. C. Bell, E. P. Reddy and
M. Reddy,Bioorg. Med. Chem.2005,13, 3141.

13�. A. Soussi, D. Audisio, S. Messaoudi, O. Provot, J. D. Brion and M. Alami,Eur. J. Org. Chem., 2011, 26,
5077.



Page 15/21

137. M. Okasha, M. Alsehli, S. Ihmaid, S. S. Althagfan, M. S. El-Gaby, H. E. Ahmed, and T. H. A��,Bioorg.
Chem., 2019, 92, 103262.

13�. Sabt, O. M. Abdelhafez, R. S. El-Haggar, H. M. F. Madkour, W. M. Eldehna, E. E. D. A. M. El-Khrisy, M. A.
Abdel-Rahman and L. A. Rashed, J. Enzym. Inhib. Med. Chem., 2018, 33, 1095.

139. S. Darwis, A. M. A. Fattah, F. A. Attaby and O. N. Al-Shayea, Int. J. Mol. Sci., 2014, 15, 1237.

Figures

Figure 1

1Preparation methods of aryl sulfonamides
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Figure 2

Advance method for the preparation of aryl sulfonamides.

Figure 3

Bioactive heterocyclic containing aryl sulfonamide agents
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Figure 4

Natural bioactive sulfonamide compounds

Figure 5

Preparation methods of thiophene-aryl sulfonamides
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Figure 6

Preparation methods of myriad thiophene containing aryl sulfonamides
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Figure 7

Preparation methods of organometallic complexes of thiophene-aryl sulfonamides
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Figure 8

Bioactivethiophene-sulfonamides agents

Figure 9

Preparation methods of chromene containing aryl sulfonamides
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Figure 10

Preparation methods of myriad chromene containing aryl sulfonamides
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