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ABSTRACT

Sulphonamides have been foundational synthetic agents in antimicrobial chemotherapy since
their initial discovery. This review provides a comprehensive survey of the antimicrobial activity of
sulphonamides and their numerous synthetic derivatives against a wide array of pathogenic microbes,
including bacteria, fungi, and protozoa. The core mechanism of action involves the competitive
inhibition of dihydropteroatesynthetase, which disrupts folic acid synthesis essential for microbial
DNA production. In light of the global challenge of multidrug resistance, this review also highlights
recent advancements, including the development of sulphonamide-based hybrid molecules, metal
complexes, and nano-formulations designed for increased efficacy and lower toxicity. The work can
be of great reference to research persons in the area of medicinal chemistry and antimicrobial agent’s

development.

Key words: Antimicrobial activity, metal complexes, multidrug resistance infections,
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INTRODUCTION

The story of the discovery of sulphonamides
is the most entertaining and educative parts of
medicinal-chemistry which underlines the importance
of intelligent design and luck in drug discovery. It
heralded the entry into the chemotherapeutic phase
with the Sulphonamides opening the possibility of

directly assaulting microbial infection'. They are also
known as sulfa drug, and they are the best cause of
treatment against infections caused by bacteria, till
the arrival of penicillin in 19412.Sulphonamide moiety
are extensively identified in several drug candidates
that demonstrate pertinent biological activity®. At
present, over 30 drugs with this functional group
are utilized in the clinical settings, which includes
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the antihypertensive drug bosentan, alongside
antifungal, anti-inflammatory agents, antagonistic
non peptidic vasopressin receptor, and the translation
initiation inhibitors*. Diverse biological activities are
associated with sulfonamides, which include effects
on bacteria and protozoa, as well as their function
as inhibitors of the dihydropteroate synthase and
thus hindering the synthesis of the dihydrofolic
acid®.Although a few classes of antibiotics have
been developed and made widely available in the
past century, bacterial resistance remains a global
problem. It is now clinically essential to create novel
families of antibiotics because of the increase in drug
resistance.Globally, there is still a significant need
for antibacterial drugs with innovative methods of
action. Treating bacterial infections is difficult due to
the rise in multidrug-resistant microbial pathogens
and the appearance of unstoppable diseases.
Some specific examples of sulphonamides used
as drugs includes antimalarial pyrimethamine,
antibiotic sulfisoxazole, and sulfapyridine,
herbicidal penoxsulam, antimigraineaimotripin, and
antiretroviral amprenavir®”. Developing new synthetic
analogues that are efficient against bacterial targets
is necessary. In medicinal chemistry, creating the
novel, less hazardous, minimally demanding, and
highly dynamic sulfonyl or sulphonamide-bearing
analogues is a popular area of study®2°.

General Structure of Sulphonamides:

Mechanism and methods of action:

Antibiotics and other drugs for chemotherapy
are usually used to either eradicate or inhibit germs.
The sulphonamides are the competitive antagonists.
Sulphonamides are structural equivalents of
the p-amino benzoic acid and are also used to
manufacture the folic acid which is vital for bacteria
so that they can produce DNA.As Sulphonamides
and PABA possess similar structures.Sulphonamides
can be used to inhibit, dihydropteroatesynthetase,
which is key enzyme in the formation of folate.
This will eventually culminate in the inhibition of
the formation of dihydrofolate and tetrahydrofolate
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hence stalling the growth of DNA in bacteria and
thus prevents the multiplication of the bacteria.
Since sulphonamides prevent cell division, they are
considered as bacteriostatic rather than antibacterial
medications?'.

Antimicrobial Activity of Sulphonamides:
Kratky and his colleagues prepared some
series of sulphonamide derivatives, including 5
chlorosalicylicacid. The prepared compounds are
subsequently accessed for in vitro antimicrobial
property, which encompasses both gram negative
as well as gram positive bacteria, various species
of mycobacterium and fungi. When compared to all
derivatives, compound 1 was more active towards
S. aureus with Minimum Inhibitory Concentration of
15.62 pmol/L. whereas compound 2 and 3 shows
good activity against Mycobacterium kansasii with
concentration of 1-4pmol/L. Compounds showing
such activity were mentioned below?2,

A series of pyridine-based N-sulphonamides
was prepared by Assam and his coworkers. Further
antiviral and antibacterial efficacy of the developed
compounds has been evaluated. With notable IC_,
and CC_, values in which two of the synthesized
compounds, 4 and 5, demonstrated a viral decrease
of over 50% against HSV-1 and CBV4.Moreover,
both the potent compounds 4 and 5 demonstrates
inhibitory action on the protein (Hsp90alpha), with
IC,, values such as 10.24 pg/ml and 4.48 pg/ml
respectively. IC50 values have been determined to
be lower when 4 and 5 are combined with acyclovir
than when acyclovir is administered alone.

The interaction between compound 4
and 5 and the Hsp90 enzyme’s active region were
determined by molecular modelling research. The
compounds exhibiting such activity are shown
below?.
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4

A series of some novel a-aminophosphonates
containing the sulfisoxazole group were prepared
by sabry and his colleague’s through microwave
reaction. The prepared derivatives were tested on
various bacterial species and C. albicans yeast in
order to find its antimicrobial potency. Among all
synthesized derivatives, compound 6 appeared
as the most promising agent, exhibiting potent as
well as broad spectrum anti-bacterial activity. The
MIC (minimum inhibitory concentration) values
for compound 6 and sulfisoxazole against S. typhi
were found to be 94.2 and 205.7 pM, respectively,
indicating approximately 2.1 times greater potency
for compound 6. Additionally, the MIC values for 6
and sulfisoxazole against L. monocytogenes were
recorded at 102.8 and 187.0 pM, respectively?*.

578

Hussein developed a series of new
sulphonamide carbamates, and the resulting
compounds were accessed for its invitro antimicrobial
property. Four gram positive (S. aureus, Bacillus
subtilis, S. pyogenes, Methicillin - Resistant
Staphylococcus aureus) and then three gram
negative (Proteus vulgaris, Erwiniacarotovora, and
Escherichia coli) bacteria were selected to measure
the anti -bacterial activity, whereas a single stain of
fungi (C. albicans) was used to measure antifungal
activity. Compared to other compounds, compound
8 and 7 shows potent anti-microbial activity towards
the selected organisms. Penicillin and Ampicillin and
were taken as the standard drugs. The most active
compounds were shown below?s.
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10

11

12

13

14

Bilbao-Ramos et al synthesize some
N-benzenesulfonamides of amine substituted rings.
The compounds that were synthesized are further
evaluated for anti-leishmanial and trypanocial activity.
TrypanosomacruziandLeishmaniasppare employed
in studying invitro anti-microbial activity. Among
synthesized derivatives compounds 9, 10 and 11
exhibit such antimicrobial activity. Compound 9 and
11 shows more potent activity against Leishmania
spp. Promastigotes nuclease activity assay were
performed so as to investigate the mode of action
and interactions of selected sulphonamides with
DNA of pUC18 plasmid. The most active compounds
exhibiting such activity were shown below?s.

Singh and coworkers prepared several
substituted pyridosulphonamides.The resulting
sulphonamides were subsequently tested for their
antimicrobial properties. Various strains of bacteria
were employed to evaluate the antimicrobial
efficacy. Compounds 12, 13, and 14 demonstrated
antibacterial property against the bacterial strains
utilized in the antimicrobial testing. Screening of the
anti- microbial activity was measured using cup plate
technique. Standard drugs used were Fluconazole
and Co-trimoxazole. The most active compounds
were shown below?”.



GOWSHIK & ANJANA, Orient. J. Chem., Vol. 42(2), 576-588 (2026) 580

15

17

19

21

Ikpa et al. prepared several derivatives of
benzothiazole that include sulphonamides. The
antibacterial property of the prepared compounds
was tested. Agar well diffusion techniques were

16

18

20

22

used in the evaluation of the antibacterial property
of the synthesized derivatives. Both gram positive
and gram negative bacteria such as S. aureus
and E. coli were employed in the assessment of
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the antibacterial property. Ampicillin was taken
as a reference drug. When compared with other
compounds, both compounds 15 and 16 have
maximum activity against the bacteria used. For the
synthesized compounds both zone of inhibition and
MIC was tested. MIC of compound 16 was identified
as <50(pg/mL) against E.coliand S.aureuswhereas
minimum inhibitory concentration of 15 was found
to be 50 pg/mL against S.aureus and <50(pug/mL)
against E.colfs.

Baufas et al. prepared some derivatives
which include a sulphonamide moiety, which were
then accessed for invitro antimicrobial property
against both positive and negative strains of
bacteria using the dilution technique. Minimum
inhibitory concentration against the compounds
was investigated. They study was conducted using
strains such as E. coli and S. aureus. Among the
synthesized derivatives, compounds 17-20 reveal
significant activity against several bacterial strains.
Compound 17 shows MIC of 2ug/mL as against S.
aureus, whereas compounds 18, 19, and 20 have
MIC of 32 pg/mL, 256 pg/mL, 512ug/mL respectively.
The active compounds were presented below?®.

23

Argyropoulou et al. synthesized various
benzthiazole and thiazole derivatives containing
benzenesulfonamides and assessed their
antimicrobial properties using the serial double
dilution method. In the study strains B. subtilisand
S. aureus (gram positive), E. coli (gram negative),
C. tropicalisand S. cerevisiae were employed to
test antimicrobial property. Standard drugs such
as ampicillin, sulfamethoxazole and miconazole
are used in their study. With a MIC of 12 pg/mL,
compound 21 showed the most antibacterial

activity against S. aureusand B. subtilis among all
produced derivatives. Furthermore, with minimal
inhibitory concentrations of 12 pg/mL and 3 pg/mL,
respectively, compound 22 has significant against

24

25

26

27
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S. aureusand B. subtilis. Some of the compounds
exhibits synergistic effect when combined with
trimethoprim in contrast to B.subtilisand also
S.aureus. The most potent compounds were shown
below?.

Several 2-thiouracil-5-sulphonamide
derivatives were prepared by Fathalla and his
coworkers. Its antimicrobial activities were
determined through disc diffusion as well as broth
dilution techniques to test the resultant compounds.
Many different bacterial strains of both gram negative
as well as gram positive nature and also fungi

28

30

32-36

were taken to evaluate the anti-microbial property.
Among the prepared derivatives, compounds 23
and 24 exhibited significant anti-bacterial activity,
demonstrating MIC of 1.25 pg/L, 412 pg/L and 125
pg/L against B. subtilis, E. coli, S. aureus respectively.
In addition to that compound 25 and 26 exhibits
antifungal activity against Microsporiumcanis and
Sporotrichumschenkii. The most potent compounds
were shown below?®'.

29

31

37-39
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S. Compounds R-1 R2 R3
No

1 32 H H OCH3
2 33 H H OH
3 34 H H CH-3
4 35 H -O-CH2-O- -O-CH2-O-
5 36 H OCH3 OH
S. Compounds R-1 R2 R3
No

1 37 H H OCHS3
2 38 H -O-CH2-O- -O-CH2-O-
3 39 H OCH3 OH

Abed| Hafez produced a variety of novel
sulpha drugs featuring selenium, these were
investigated for their ability to inhibit the growth
of both gram-positive and gram-negative bacteria.
Gram negative bacterial strains like E. coli and S.
marcescens have been utilized in their study, along
with gram positive strains like P aeruginosa, B.
cereus and S. aureus. Sulfadiazine, sulfadimidine,
sulfaacetamide are utilized as standard drug for
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their study. Among the synthesized compounds,
compound 27 exhibited significant antibacterial
property towards all bacterial strains. The anti-
bacterial efficacy was assessed using a MIC of
10mg/ml. The most active compound was depicted
as below®.

Some series of novel sulphonamides
exhibiting antimicrobial activity was prepared by
Fahim and Ismael and those compounds are further
evaluated for anti-microbial activity. In their research,
they employ both gram positive (S. pneumoniae, B.
subtilis) and gram negative (E. coli, P. aeruginosa)
bacterial strains in addition to three types of
fungi (A. fumigatus, cephala strumracemosum
and Geotrichum candidum).Among the various
compounds prepared, compound 28 demonstrates
significant anti-bacterial property towards the
bacterial strains used in study. Amphotericin B,
Ampicillin and Gentamicin were taken as reference
drugs®.

Onyeije et al developed some series
of compounds possessing sulphonamides from

branched chain amino acid and the prepared
compounds are further subjected to antimicrobial

41

43



GOWSHIK & ANJANA, Orient. J. Chem., Vol. 42(2), 576-588 (2026)

study. E. coli, C. albicans, S. aureus were utilized
in their research. Their research indicated that
among the synthesized compounds, compound 31
demonstrates significant antifungal (C. albicans)
and antibacterial (S. aureus) properties, while
potent antibacterial property was exhibited by
compounds 29 and 30 against both S. aureusand
E. colirespectively. The most active compound were
shown below3*,

Rambabu et al prepared some series
of heterocyclic compounds having sulphamido
moiety and further studied for anti-microbial
activity for prepared compounds. The effects of
the prepared compounds as anti-bacterial agents
were determined by B. subtilisand S. aureus (gram
positive) as well as S. typhiand E. coli (gram-
negative) bacteria using agar cup plate methods.
Compounds 32, 33, 35, 37, and 38 demonstrated
significant antimicrobial property against all used
bacterial strains. In contrast, compounds 34, 36, 37,
and 39 exhibited antifungal effects against both A.
nigerand C. albicansspecies. The active compounds
are shown below?®®.

A number of new aliphatic sulphonamides
were prepared by Ozbek and his colleagues. It
was subsequently examined for its anti-microbial
properties towards multiple bacterial and fungal
strains. Different bacteria such as S. aureusand B.

44
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cereus (gram positive) and E. coli (gram negative)
and also fungal organism such as Candida albicans
were included in the study. Disc diffusion and MIC
were utilized to determine the assessment. Out
of all other compounds, compound 40 exhibited
both antifungal and antibacterial activities with
MIC of 225,180,315,216,128 pg/mL against the
E. coli and B. cereus, C. albicans, S. aureus and
L. monocytogenesrespectively. In addition to that
compound 41 exhibits potent antifungal activity
against fungal strain only as compared to standard
drug ketoconazole®*.

Abdul Qadir et al, have synthesized several
novel sulphonamides and these are then tested
anti-bacterial property against gram positive as
well as gram negative strains of bacteria including
S. aureus, B. subtilis, E. coli, K. pneumoniae. The
antibacterial property were evaluated by determining
the MIC and zone of inhibition. Both are measured
in pg/ml and mm respectively. With the MIC of 7.80
pg/ml, compounds 42 and 43 exhibited significant
antibacterial property towards the E. coli in
comparison to others. Ciprofloxacin were taken as
a standard drug. The most active compounds are
shown below®".

Some novel 5-aryl thiopenes possessing
sulphonylacetamide were developed by Noreen and
his co-workers. Prepared compounds then examined

45
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48

50

52

for its antibacterial and antiurease activity by agar
well diffusion methods and indophenol method
respectively. Among all the prepared compounds,
compound 50 exhibits significant antiurease
activity having IC,; 17.1 ug/mL, while the remaining
compounds 44-49, demonstrate antibacterial
property towards E. coli, B. subtilis, S. typhi, P.
aeruginosa. Ampicillin was utilized as an reference
drug. The potent compounds showing antibacterial
activity were mentioned below?.

Several effective derivatives of
sulphonamides were prepared by Alsughayer and
his coworkers. The derivatives that are prepared
were examined for antibacterial property. Further
antibacterial property was assessed using the
Minimum Inhibitory Concentration method. Among
all synthesized derivatives, compound 51 has potent
activity on S.aureus and E.coli and compound 52
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49

51

53

shows effect on E.coli whereas compound 53 shows
potent effect against P.aeruginosa and B.subtilis®.

CONCLUSION

Sulphonamides and their derivatives are
a milestone in the sphere of antimicrobial therapy
connecting the past and the present. They have
structural flexibility that can be customized with
changes that boost their activity against resistant
strains. Despite the challenges posed by the
resistance, new sulphonamide hybrids and nano-
formulations are promising agents that overcome
the resistance hurdles. They have antibacterial,
antifungal, antiviral, and antiparasitic properties
which should be further investigated beyond the
traditional applications. With their nobled history,
sulphonamides still play a crucial, although
changing, role in the antimicrobial armamentarium.
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Not only is their direct efficacy highlighted in this
review but also the extraordinary structural plasticity
that has enabled the preparation of a wide range
of derivatives with improved potency, spectrum
and/or reduced toxicity. With antibiotic resistance
growing ever higher, it is possible that reinvented
sulphonamides can still become the unsung heroes
in the antimicrobial armamentarium and show that
even thoroughly investigated scaffolds have hidden
potential.
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