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Abstract: Sulphanilamide is also known as sulpha drug. This drug is the first
chemotherapeutic agent for gram-positive and gram-negative bacteria because it has a wide
range of pharmacological activities like oral diuretics (furosemide, indapamide,
chlorthalidone, thiazides), anti-inflammatory (celecoxib), anticancer (E7070), antiviral
(Darunavir) ,carbonic anhydrase (CA) inhibitors (CAIs) (acetazolamide, dichlorophenamide,
dorzolamide and brinzolamide), antiepileptics (zonisamide and sulthiame), for rheumatoid
arthritis (Sulfasalazine), antibacterial (Sulfadiazine), as ophthalmological (Dorzolamide)
anticonvulsant (Zonisamide),cyclooxygenase 2 (COX2) inhibitors (valdecoxib).Sulpha drug
shown good activity against breast cancer cell. Sulpha derivatives are used for
conjunctivitis,treatment of acne,toxoplasmosis and urinary tract infections.Hypoglycaemia
and carbonic anhydrase inhibition are the two main inverse effects of sulphonamide
derivatives.Due to the multiple resistance attained by existing antibiotic drugs, there are
ample need to synthesize new derivatives of sulphanilamide for infection because of bacteria
and fungus. Sulphanilamide- derived drugs are competitive inhibitors for the folic acid
synthesise enzymes present in microorganisms. Sulpha drugs have a growth static effect on
micro-organisms. Sulphanilamide has been used to treat a wide range of bacterial infections,
including pneumonia, meningitis and streptococcal infections.Bacterial resistance of
sulphanilamide has become a significant problem in recent years, and the drug is now rarely
used as a first-line treatment for bacterial infections.In this review article, we emphasize only
the variously synthesized new derivatives of sulphanilamide with above mentioned
pharmacological effects.
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Introduction

Sulphanilamides are a crucial class of synthetic antimicrobial drugs with broad-spectrum
activity against bacterial infections in humans and animals. Sulphanilamideshave a distinct 6-
or 5-membered heterocyclic ring and are organo-sulphur compounds containing the SO>NH>
and/or -SO2NH- group[1-2]. They are effective against pyogenic bacterial infections caused
by Gram-positive and Gram-negative bacteria, such as E. coli, Salmonella, Nocardia,
Klebsiella, Shigella, and Enterobacter. It is particularly effective against gram-positive
bacteria, including Streptococcus pneumoniae and Streptococcus pyogenes. However, it is
less effective against gram-negative bacteria, such as Escherichia coli and
Klebsiellapneumoniae. Sulphanilamideshave been widely used as antimicrobial agents. While
they have active antibacterial properties, their antibiotic resistance remains a significant
challenge [3].

Sulphanilamidederivatives have shown numerous biological activities, such as
antimicrobial[4-5], antihypertensive[6], anti-HIV[7-8], translation initiation inhibitors[9],
anticancer[10-12], cyclooxygenase-2 inhibitors[13],anticonvulsant[14], ant migraine
agents[15], carbonic anhydrase inhibitors[16],hypoglycaemic protease inhibitors[17],
antidiabetic agents[18] and herbicides[19].Sulpha drug shown good activity against breast

cancer cell[20].
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Figure:1. Marketed Preparations of Sulphonamide
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Azetolamide and methazolamide sulpha drugs are widely used as antiglaucomaagents[21].
Many other sulpha derivatives are used for conjunctivitis[22],treatment of
acne[23],toxoplasmosis[24] and urinary tract infections[25-26].Sulphanilamide derivatives
acetazolamide used as a carbonic anhydrase inhibitor[27-28] ,furosemide act as a
diuretic[29],sulphathiazole act as a antibacterial agent[30],torasemide act as a hypoglycemic
agent[31] and metalloprotease inhibitor[32-33].

The mechanism of action of sulphanilamide involves the inhibition of the enzyme
dihydropteroate synthase, which is essential for the bacterial synthesis of folic acid [34].
Folic acid is an important precursor for the synthesis of DNA, RNA, and other essential
molecules in bacterial cells. By inhibiting dihydropteroate synthase, sulphanilamide

blocksthe synthesis of folic acid and hence inhibits the growth and replication of bacteria.
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Figure: 2. Mechanism of Action of Sulphonamide
Despite its declining use as an antibiotic, sulphanilamide remains an important molecule in
the history of medicine. Its discovery paved the way for the development of other antibiotics,
and it is still studied for its potential therapeutic applications, such as in the treatment of
cancer and parasitic infections [35]. However, bacterial resistance to sulphanilamide has
become a significant problem in recent years, and the drug is now rarely used as a first-line

treatment for bacterial infections.
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Anti-bacteria activity

Halve et al.[36]synthesized a series of novel Azomethines derived from sulphonamides and
evaluated their antibacterial activity against Gram-positive bacteria, including
Staphylococcus aureus and Bacillus subtilis, and Gram-negative bacteria  such as
Pseudomonas aeruginosaand Escherichia coli. The researchers used the disc diffusion assay,
with streptomyecin and penicillin-G as reference standard drugs. The Azomethine compounds
contained different side chains but had the same central moiety. Interestingly, the
azomethines containing a 5-methyl isoxazole moiety exhibited excellent antibacterial activity

against all bacterial strains tested.
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Ghorab .et al;[37] study involved the design and synthesis of a series of 4-(4,4-dimethyl-2,6-
dioxocyclohexylidene) benzene sulphonamide derivatives, which were screened for their
antimicrobial activity against various gram-positive and gram-negative bacteria, as well as
fungi. The synthesized compounds exhibited comparable antimicrobial activity, with some of
the compounds showing greater potency than the reference drug, Ciprofloxacin. Furthermore,
molecular docking simulations were conducted to analyze the binding modes of the target

compounds in the active site of dihydropteroate synthase (DHPS).
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Intriguingly, the most potent compounds showed similar binding interactions to
sulphanilamide in the DHPS active site, but with lower binding energy. These findings
suggest that the synthesized sulphonamide derivatives could serve as promising antimicrobial
agents and could be further developed for clinical use.

Dupont et al.[38] developed a series of novel sulphonamide derivatives from chlorosulfonyl
isocyanate (CSI) through a three-step (carbomoylation,sulphamoylation,deprotection)
synthesis process. The synthesized compounds were then evaluated for their antibacterial
activity against pathogenic strains of gram-positive and gram-negative bacteria, specifically
Escherichia coli and Staphylococcus aureus. The results of the in-vitro tests showed
promising bacteriostatic activity of these newly prepared compounds against all bacterial

strains used, as determined through dilution and minimal inhibition concentration (MIC)

methods.
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Neda Mostajeran et al.[39] reported the synthesis of a series of novel coumarin-6-
sulphonamides as potential antibacterial agents. The researchers evaluated the in-vitro
efficacy of these compounds against both Gram-positive and Gram-negative bacteria. The
results showed that the antibacterial activity of the new coumarin sulphonamides against
Gram-negative bacteria was lower than that against Gram-positive bacteria. However, the
coumarin sulphonamides that contained heterocycle rings demonstrated higher antibacterial

activity against Gram-negative bacteria compared to Gram-positive bacteria.

R=4-Methyl-2aminopyridine
6-Methyl-2aminopyridine
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The in-vitro antibacterial activities of all the synthesized compounds were screened against
Escherichia coli and Staphylococcus aureus bacteria. These findings suggest that coumarin-6-
sulfonamides with heterocycle rings may have potential as antibacterial agents, particularly
against Gram-negative bacteria.

Kamal et al.[40] undertook the design and synthesis of a series of linezolid-like oxazolidino-
sulphonamides as part of their efforts to develop new antimicrobial agents with improved
properties. The researchers also investigated the correlation between the calculated
lipophilicity values (C log P) and the antimicrobial activity of the synthesized compounds.
The study found that the majority of the synthesized compounds exhibited good to moderate
activity against a range of Gram-positive and Gram-negative bacteria, as well as fungal
strains. Notably, two of the compounds showed significant activity against a panel of Gram-
positive and Gram-negative bacteria, with a MIC value of 2.0-6.0 pg/ml. These compounds
also displayed activity against Candida albicans, with a MIC value of 4.0pug/ml. These
findings suggest that the synthesized linezolid-like oxazolidino-sulphonamides may have

potential as effective antimicrobial agents
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Anti-cancer activity

Gottleib et al;[41] reported the synthesis of sulphonamide compounds containing methionine
and aniline, which were investigated for their ability to inhibit protein farnesyl transferase
and geranylgeranyl transferase. Their study revealed that one of the synthesized compounds
exhibited potent inhibition of protein farnesyl transferase, with an IC50 value of 20
nanomolar. These findings suggest that this compound could have potential as a therapeutic
agent for diseases that involve the dysregulation of protein prenylation, such as cancer and

cardiovascular disease. y
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Teicher et al;[42] reported that acetazolamide 3, a sulphonamide derivative and a strong
inhibitor of several carbonic anhydrase isozymes, may have potential as a modulator of
anticancer therapies when combined with different cytotoxic agents such as alkylating agents,
nucleoside analogs, and platinum derivatives. The potential mechanism of action is thought to
be due to the acidification of the intratumoral environment resulting from carbonic anhydrase
inhibition, although other mechanisms of action for this drug have not been ruled out. These
findings suggest that acetazolamide 3 could have value as an adjunct therapy to enhance the
efficacy of traditional cytotoxic treatments in cancer.

H,C

Owa et al;[43] has revealed a new class of sulphonamide compounds that demonstrate potent
antitumor activity by blocking cell cycle progression in the G1 phase, rather than the mitotic
(M) phase, as seen with other compounds such as E7010. The lead molecule for this class of
compounds was used to synthesize a large series of N-7-indolyl-benzenesulphonamides,
designated as type 24, which were subsequently evaluated for their potential as antitumor
agents. These findings suggest that the newly discovered sulphonamide compounds have the
potential to be developed into effective cancer treatments that target the G1 phase of the cell

cycle.

R1=MeO;CI;NO2;NH2;CN
R2=H,CI,OH
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Anti-HIV activity
Vazquez et al.[44] Synthesized various hydroxyethylamino sulphonamides derivatives.The

synthesized compound (benzyloxycarboiiyi) showed good activity against retroviral.
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Boyer et al.,[45]synthesized a series of various sulphonlamide derivatives. Synthesized a
various sulphonyl moieties substituted at the 4-position of C3-phenyl ring substituents of

thedihydropyran-2-one ring system. The compounds were shown to possess very good anti-
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Harvey et al,[46]synthesized a cyciooctyipyranones suiphonamide substituted derivative.

hiv activity.

The compound had non-peptidic HIV protease inhibitor activity.

Conclusion
Sulphanilamide is an antimicrobial drug that inhibits bacterial folic acid synthesis and has a

broad spectrum of activity against a range of bacteria. Although its use as an antibiotic has
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declined due to bacterial resistance, it remains an important molecule in the history of

medicine and is still studied for its potential therapeutic applications.

References

1. Seydel, J.K., 1968. Sulfonamides: A review of some aspects of their chemistry,
pharmacology and clinical use. Journal of the American Pharmaceutical Association
(Scientific ed.), 57(3), pp.287-298.

2. Supuran, C.T., Scozzafava, A. and Clare, B.W., 2003. Sulfonamides and sulfonylureas as
carbonic anhydrase inhibitors. Current medicinal chemistry, 10(10), pp.925-953

3. Wenzel, R. P., Edmond, M. B., & Daschner, F. D. (2004). Sulfonamides in the 21st century:
pharmacovigilance in drug development and use. Clinical Microbiology and Infection, 10(1),
1-4.

4. Geng Y, Ozkanca R and Bekdemir Y. Antimicrobial activity of some sulfonamide derivatives
on clinical isolates of Staphylococus aureus. Ann. Clin. Microbiol. Antimicrob (2008) 7: 17-
22.

5. Ozbek N, Katircioglu H, Karacan N and Baykal T. Synthesis, characterization and
antimicrobial activity of new aliphatic sulfonamide. Bioorg. Med. Chem. (2007) 15: 5105-
5109.

6. Banerjee M, Poddar A, Mitra G, Surolia A, Owa T and Bhattacharyya B: Sulfonamide drugs
binding to the colchicine site of tubulin: thermodynamic analysis of the drug—tubulin
interactions by isothermal titration calorimetry. Journal of Medicinal Chemistry 2005; 48(2):
547-55

7. Stranix BR, Lavall JF, Vigny GS and Yelle J: Lysine sulfonamides as novel HIV-protease
inhibitors: NE-Acyl aromatic -amino acids. Bioorganic and Medicinal Chemistry Letters
2006; 16(13): 3459-62.

8. De Clercq E. New developments in anti-HIV chemotherapy. Curr. Med. Chem. (2001) 8:
1543-1572.

9. Soukarieh F, Nowicki MW, Bastide A, Poyry T, Jones C, Dudek K, Patwardhan G,
Meullenet F, Oldham NJ, Walkinshaw MD, Willis AE and Fischer PM: Design of nucleotide-
mimetic and non-nucleotide inhibitors of the translation initiation factor elF4E: Synthesis,
structural and functional characterization. European Journal of Medicinal Chemistry 2016;
124: 200-17.

10. Mun J, Jabbar AA, Devi NS, Yin S, Wang Y, Tan C, Culver D, Snyder JP, Van Meir EG and
Goodman MM. Design and in-vitro activities of N-alkyIN-[(8-R-2,2-dimethyl-2H-chromen-

VOLUME 22 : ISSUE 04 (April) - 2023 Page No0:1253



YMER || ISSN : 0044-0477 http://ymerdigital.com

6-yl)methyl] heteroarylsulfonamides, novel, small-molecule hypoxia inducible factor-1
pathway inhibitors and anticancer agents. J. Med. Chem. (2012) 55: 6738- 6750.

11. El-Sayed NS, El-Bendary ER, El-Ashry SM and ElKerdawy MM. Synthesis and antitumor
activity of new sulfonamide derivatives of thiadiazolo[3,2-a] pyrimidines. Eur. J. Med.
Chem. (2011) 46: 3714-3720

12. Casini A, Scozzafava A, Mastrolorenzo A and Supuran CT: Sulfonamides and Sulfonylated
derivatives as anticancer agents. Current Cancer Drug Targets 2002; 2(1): 55-75

13. Talley JJ, Bertenshaw SR, Brown DL, Carter JS, Graneto MJ, Kellogg MS, Koboldt CM,
Yuan J, Zhang YY and Seibert K: N-[[(5-Methyl-3-phenylisoxazol-4-yl)- phenyl]
sulfonyl]propanamide, sodium salt, parecoxib sodium: A potent and selective inhibitor of
COX-2 for parenteral administration. Journal of Medicinal Chemistry 2000; 43(9): 1661-63.

14. Maryanoff BE, Nortey SO, Gardocki JF, Shank RP and Dodgson SP: Anticonvulsant O-alkyl
sulfamates 2,3: 4,5- bis-O-(1-methylethylidene)-p-D-fructopyranose sulfamate and related
compounds. Journal of Medicinal Chemistry 1987; 30: 880-87.

15. Ong JJY and Felice MD: Migrane treatment: Current acute medications and their potential
mechanism of action. Neurotherapeutics 2017; 3-17

16. Talley JJ, Bertenshaw SR, Brown DL, Carter JS, Graneto MJ, Kellogg MS, Koboldt CM,
Yuan J, Zhang YY and Seibert K: N-[[(5-Methyl-3-phenylisoxazol-4-yl)- phenyl]
sulfonyl]propanamide, sodium salt, parecoxib sodium: A potent and selective inhibitor of
COX-2 for parenteral administration. Journal of Medicinal Chemistry 2000; 43(9): 1661-63.

17. Roush WR, Gwaltney SL and Cheng J: Vinyl sufonate esters and vinyl sulfonamides: Potent
irreversible inhibitors occysteine proteases. Journal of the American Chemical Society 1998;
120(42): 1-23.

18. Naim MJ, Alam O, Alam MJ, Siddiqui N, Naidu VG and Alam MI: Design synthesis and
molecular docking of thiazolidinedione based benzene sulfonamide derivatives containing
pyrazole core as potential antidiabetic agents. Bioorganic Chemistry 2018; 76: 98-112.

19. Haughn GW, Smith J, Mazur B and Somerville C: Transformation with mutant Arabidopsis
acetolactate synthase gene renders tobacco resistant to sulfonylurea herbicides. Molecular
and General Genetics 1988; 211: 266-71.

20. Mirian M, Zarghi A, Sadeghi S, Tabaraki P, Tavallaee M, Dadrass O and Sadeghi-Aliabadi
H. Synthesis and cytotoxic evaluation of some novel sulfonamide derivatives against a few
human cancer cells. Iran. J. Pharm. Res. (2011) 10: 741-748.

VOLUME 22 : ISSUE 04 (April) - 2023 Page No:1254



YMER || ISSN : 0044-0477 http://ymerdigital.com

21. Renzi G, Scozzafava A and Supuran CT: Carbonic anhydrase inhibitors: Topical sulfonamide
anti-glaucoma agents incorporating secondary amine moieties. Bioorganic and Medicinal
Chemistry Letters 2000; 10(7): 673-76

22. Gibson JR: Trimethoprim-polymyxin B ophthalmic solution in the treatment of presumptive
bacterial conjunctivitis-A multicentre trial of its efficacy versus neomycin-polymyxin B
gramicidin and chloramphenicol ophthalmic solutions. Journal of Antimicrobial
Chemotherapy 1983; 11: 217-21.

23. Del Rosso JQ: The use of sodium sulfacetamide 10%- sulfur 5% emollient foam in the
treatment of acne vulgaris. The Journal of Clinical and Aesthetic Dermatology 2009; 2(8):
26-29.

24.. Tanya VA, David HMJ, Edward G, John EH and Paul FGS: The Molecular Basis of
Sulfonamide Resistance in Toxoplasma gondii and Implications for the Clinical Management
of Toxoplasmosis. The Journal of Infectious Diseases 2002; 185: 1637-43.

25. Arredondo-Garcia JL, Figueroa-Damian R, Rosas A, Jauregui A, Corral M, Costa A, Merlos
RM, Rios-Fabra A, Amabile-Cuevas CF and Hernandez-Oliva GM: Comparison of short-
term treatment regimen of Ciprofloxacin versus long-term treatment regimens of
trimethoprim/sulfamethoxazole or norfloxacin for uncomplicated lower urinary tract
infections: A randomized, multicentre, open-label, prospective study. Journal of
Antimicrobial Chemotherapy 2004; 54: 840-43.

26. McCarthy JM, Richard G, Huck W, Tucker RM, Tosiello RL, Shan M, Heyd A and Echols
RM: A randomized trial of short-course Ciprofloxacin, ofloxacin, or trimethoprim/
sulfamethoxazole for the treatment of acute urinary tract infection in women. Ciprofloxacin
urine tract infection group. The American Journal of Medicine 1999; 106: 292- 99.

27. Supuran, C. T.; Scozzafava, A. Carbonic Anhydrase Inhibitors and their Therapeutic
Potential. Exp. Opin. Ther. Patents 2000 , 10, 575-600.

28. Supuran, C. T.; Scozzafava, A. Carbonic Anhydrase Inhibitors. Curr. Med. Chem.- Immunol.,
Endoc. Metab. Agents 2001, 1, 61-97

29. Maren, T. H. Relations between Structure And Biological Activity of Sulfonamides. Annu.
Rev. Pharmacol. Toxicol. 1976, 16, 309-327

30. Drew, J. Drug Discovery: A Historical Perspective Science 2000, 287, 1960-1964.

31. Wouters, J.; Michaux, C.; Durant, F.; Dogné, J. M.; Delarge, J.; Masereel, B. Isosterism
Among Analogues of Torasemide: Conformational, Electronic and Lipophilic Properties.
Eur. J. Med. Chem. 2000, 35, 923-929.

VOLUME 22 : ISSUE 04 (April) - 2023 Page No0:1255



YMER || ISSN : 0044-0477 http://ymerdigital.com

32. Supuran, C. T.; Scozzafava, A.; Mastrolorenzo, A. Bacterial Proteases: Current Therapeutic
Use and Future Prospects for the Development of New Antibiotics. Exp. Opin. Ther. Patents
2001, 11, 221-259.

33. Scozzafava, A.; Supuran, C. T. Carbonic Anhydrase and Matrix Metalloproteinase Inhibitors.
Sulfonylated Amino Acid Hydroxamates with MMP Inhibitory Properties Act as Efficient
Inhibitors of Carbonic Anhydrase Isozymes I, 11 And IV, and NHydroxysulfonamides Inhibit
Both these Zinc Enzymes. J. Med. Chem. 2000, 43, 3677-3687.

34. Chopra, 1., & Roberts, M. (2001). Tetracycline antibiotics: mode of action, applications,
molecular biology, and epidemiology of bacterial resistance. Microbiology and Molecular
Biology Reviews, 65(2), 232-260.

35. Fischbach, M. A., & Walsh, C. T. (2009). Antibiotics for emerging pathogens. Science,
325(5944), 1089-1093.

36. Gupta A and Halve AK: Synthesis and in-vitro antibacterial screening of some new
azomethines derived from sulphonamides. International Journal of Current Pharmaceutical
Research 2015; 1(1): 17-20.

37. Ghorab MM, Soliman AM, Alsaid MS and Askar AA: Synthesis, antimicrobial activity and
docking study of some Novel 4-(4,4- dimethyl-2,6-dioxocyclohexylidine) methyl amino
derivatives carrying biologically active sulfonamide moiety. Arabian Journal of Chemistry
2017; 1-12

38. Boufasa W, Dupontb N, Berredjema M, Berrezaga K, Bechekerc I, Berredjemc H and Aoufa
N: synthesis and antibacterial activity of sulfonamides SAR and DFT studies. Journal of
Molecular Structure 2014; 1-15

39. Neda M, Farzaneh AA, Hamid A and Ahmad M: Solventfree synthesis and antibacterial
evaluation of novel coumarin sulfonamides. Pharmaceutical Chemistry Journal 2018; 52(1):
1-7

40. Kamal A, Swapna P, Shetti RV, Shaik AB, Narasimha MP and Gupta S: Synthesis, biological
evaluation of new oxazolidino-sulfonamides as potential antimicrobial agents. European
Journal of Medicinal Chemistry 2013; 62: 661-69

41. Gotteland,J.P.,Serge,H.,Dominique,P and Bridget,H.(Pierre Fabre Medicaments,fr.),PCT
Int. Appl.W09906876,through Chem,Abstr.,1999,130,701,168653s.

42. Teicher, B. A.; Liu, S. D.; Liu, J. T.; Holden, S. A.; Herman, T. S. A Carbonic Anhydrase
Inhibitor as a Potential Modulator of Cancer Therapies. Anticancer Res. 1993, 13, 1549-
1556.

VOLUME 22 : ISSUE 04 (April) - 2023 Page No0:1256



YMER || ISSN : 0044-0477 http://ymerdigital.com

43. Owa, T.; Okauchi, T.; Yoshimatsu, K.; Hata, S. N.; Ozawa, Y.; Nagasu, T.; Koyanagi, N.;
Okabe, T.; Kitoh, K.; Yoshino, H. A Focused Compound Library of Novel N- (7-
Indolyl)Benzenesulfonamides for the Discovery of Potent Cell Cycle Inhibitors. Bioorg.
Med. Chem. Lett. 2000, 10, 1223-1226.

44. Vazquez,M.L.,Mueller,R.A., Talley,J.J.,Getman,D.P.,Decrescenzo,G.A.,Freskos,J.N.,Heintz,
R.M. and Bertenshaw,D.E.(G.D. Searle and Co.USA);US Patent N0.6060476,2000,through
Chem.Abstr.,2000,132,576,322147e.

45. Boyet,E.E.,Vara,P.J.V.,.Domagala,J.M.,Elisworth,E.L.,Gajda,C.,Hagen,S.E.,Markoski,L.J.,Ta
it,B.D.,Lunney,E.A.,Palovsky,A.,Ferguson,D.,Graham..N,Holler.T,Hupe.D,Nouhan.C,Tumm
ino.P.J,Urumov.A,Zeikus.E,ZEIKUS.G,Gracheck,S.J.,Sanders,J.M.,Vanderroest.S,Brodfuehr
er.J,Lyer.k,Sinz.m and GUInik S.V.,J.Med.Chem.,2000,43,843

46. Harvey.1.S;Johnson.P.D;Aristoff,P.A;Morris  J.K., Tomich,P.K.;Lovasz,K.D.,Howe,W.J.,
Dalga,R.J.,Zhong,W.Z.,Williams,M.G. and Romines ,K.R;J.Med.Chem;1997,40,1149

VOLUME 22 : ISSUE 04 (April) - 2023 Page No:1257



