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Sulfonamides are anti-microbial and anti-inflammatory agents
used widely for the treatment of infections. The current research
dealt with the synthesis of four sulfonamides formed by the
reaction of p-toluenesulfonyl chloride with 4-amino phenyl acetic
acid, 5-amino isophthalic acid, 4-piperidine carboxylic acid, and
toluidine. The respective structures of sulfonamide drugs were
verified by elemental analysis (CHNS), FT-IR spectroscopy, and
thermogravimetry. The elemental analysis (CHNS) data
conformed to the proposed chemical composition of the products
1-4. The FT-IR spectra verified the formation of sulfonamide
drugs. Thermogravimetric analysis (TGA) of data in the range of
25-800°C showed that the evolved components and residues were
in good agreement with the molecular skeletons of the products.
The antibacterial potential of sulfonamide drugs was evaluated
against bacterial strains using the disc diffusion method. The
zones of inhibition were found to be larger against Escherichia
coli as compared to Bacillus Subtilis. Cytotoxicity of products
was in the acceptable range of 0.3-3.1%, as compared to triton
X100. It indicates the safety of these products as future medicinal
drugs for human beings.

1. Introduction

are still considered important therapeutic
agents for the empiric and definitive

Sulfonamide functional group is the basis
of numerous sulfa drugs which find very
important applications in medicinal and
synthetic organic chemistry [1].
Sulfonamides are one of the earliest
developed antimicrobial agents [2] which

46 |BSB

treatment of numerous infectious diseases
[3]. Sulfonamides are well-known motifs in
medicinal chemistry [4] and an important
class of synthetic bacteriostatic antibiotics
that are commonly used for the therapy of
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bacterial and other microbial infections [5].
They were considered the major therapeutic
antimicrobial agents before the discovery
of penicillin in 1941 [5]. The
first sulfonamide antibiotic Prontosil was
credited after the pioneering work of
Gerhard Domagk. Till then, sulfonamide
drugs are widely employed as therapeutic

agents due to their antitumor [6],
antidepressant, anticancer, antifungal,
antimalarial, antiviral, antibacterial [7],

anti-carbonic  anhydrase diuretic [8],
hypoglycemic [9], protease inhibitor
activity [10], and anti-thyroid activity [11,
12]. They found clinical uses for the
treatment of dandruff, inflammation,
glaucoma, cancer, and Alzheimer’s disease
which were effective as antiviral HIV
protease  inhibitor = amprenavir  [5].
Sulfonamide moiety is the backbone of
numerous anti-microbial [13], antioxidant,

antiparasitic [14], anticonvulsant,
antiglaucoma,  anticancer,  uricosuric
agents, and many other drugs [15].

However, it is also worth mentioning that
despite the numerous therapeutic uses of
sulfonamides, their utilization is also
associated with some allergic responses [3,
16] including hypersensitivity reactions
and rashes [17]. Also, human pathogens
can acquire resistance against sulfonamides
[18]. The presence of sulfonamide
antibiotics in aquatic environments has
been recognized as an issue warranting
consideration [19, 20]. Their presence has
also been detected in other environmental
samples including agricultural soils [21].
They have been known to effect the
structural diversity and function of the soil
microbial community [22]. Biodegradation
demonstrated a very significant role in
sulfonamide dissipation in both engineered
and natural ecosystems [23]. With the
increase in the number of multidrug-
resistance microbial pathogens, there is a
dire need to develop new antimicrobial
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agents with lower resistance and improved
performance. Medicinal chemistry largely
focused the formation of less harmful and
novel sulfonamides or sulfonamide-bearing
analogs [24].

Sulfonamide is considered a ‘scaffold’ in
medicinal chemistry for the drug
development owing to its biological
activities. Sulfonamides also find industrial
applications in some products of food
colorants, health, and others. Therefore, it
is necessary to continue with new research
projects of sulfonamide syntheses [9].
Owing to their wide uses/applications [25,
26], current studies were performed to
synthesize four sulfonamide drugs and
characterize their structures by elemental
analysis (CHNS), FTIR spectroscopy, and
thermogravimetry. The synthesized
products were tested for their antimicrobial
potential and hemolytic effects.

2. Materials and Methods

The sodium carbonate (Sigma),
hydrochloric acid (Merck), methanol
(Merck), ethanol (Merck), acetone (BDH),
chloroform (Merck), n-hexane (Merck),
and p-toluenesulfonyl chloride (Merck)
were used. Other chemicals having (-NH)
group in their structure were also used; they
include 4-aminophenylacetic acid (Sigma
Aldrich), 5-Aminoisophathalic acid
(Merck), p-toluidine (Merck), and 4-
pipridinecarboxylic acid (Sigma Aldrich).
The purification of novel products was
tested by TLC plates and spots were located
by UV light.

Elemental analysis was performed by
CHN-932 elemental analyzer Lesco
Corporation USA. Thermo Nicolet 6700
FTIR was used to record the IR spectra of
the products while the thermogravimetric
characterization was done by the Metler
Toledo instrument. Compounds were tested
for their antibacterial potential against two
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bacterial strains Bacillus Subtilis and
Escherichia coli by disc diffusion method
[27-29]. Ampicillin was used as the
standard antibacterial drug. A
concentration of 1 mg/ml of a test sample
in DMSO solvent was used for all the
antibacterial tests [30, 31]. The in vitro
hemolytic activities of the sulfonamides
were performed with human red blood cells
while reporting the average lysis
concerning the PBS as a negative control
(0% lysis) and triton X-100 as a positive
control (100% lysis) [32-34].

2.1. Syntheses of Sulfonamides 1-4

1 mmol (0.0151g) of 4-aminophenylacetic
acid was added into 15 mL distilled water
in a round bottom flask and the mixture was
stirred for 10 minutes. Then 1 mmol of
0.019g of p-toluenesulfonyl chloride was
carefully added and the reaction was
allowed to proceed with constant stirring.

significant decrease the in pH of the
reaction mixture due to the formation of
HCl as a product and it was monitored a by
using pH meter. Initial pH was 4, after one
the minute of beginning the reaction. The
pH was strictly maintained at 8-10 by
adding Na2Co3 (having pH13) after regular
intervals. Completion of reaction was
confirmed by no further change in pH of
solution due to the consumption of all the
sulfonyl chloride in sulfonamide formation.
On the completion of reaction, 0.1M HCl
was added to the solution in order to
precipitate out the product 1. The formation
of the product was confirmed by thin layer
chromatography (TLC) in ethanol and
dichloromethane (2:3) as mobile phase.
Using  5-aminoisophathalic acid, p-
toluidine, and 4-pipridinecarboxylic acid in
place of 4-aminophenylacetic acid has
produced the products 2-4, respectively. All
the chemical reactions are displayed in

p-toluene sulfonyl chloride initially floated  g.heme 1
on the surface of the solution. The progress
of the reaction was examined by a
CHgj
pH=8-10
Temp = 35 °C
R——NH; -+ Tlme 4 Hours
-HC1 Products 1-3
SO,CI o— T
NHR
HOOC.

‘Where R-NH, may be

4-Aminophenylacetic acid

HOOC
to produce 1

Q@

5-Aminoisophthalic
acid to produce 2

p-Toluidine to produce 3

COOH

pH =8-10

Temp = 35 °C o

Tlmc 4 Hours ” C>7

3c—< >—S|—N COOH
SO,CI o
4- Plperldmecarboxyllc
acid Product 4
Scheme 1: Synthesis of Products 1-4
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3. Results
3.1. Physical Analysis

Products 1-4 were stable in the air and have
shown sharp melting points. They were
soluble in common organic solvents. The
elemental analysis data (CHNS) agreed well
with the molecular composition of the
products. The physical data of products 1-4
are summarized in Table 1.

Table 1. Physical Data of the Products 1-4

3.2. FTIR Spectroscopy

Products 1-4 were analyzed by FTIR
spectroscopy in the range of 500-4000 cm’!
to evaluate the functional groups present in
the compound. The FTIR data is presented
in Table 2 and a representative spectrum of
compound 1 is shown in Figure 1.

Melting

Elemental Analysis (Calculated/found)

Comp. Structural Molecular  Mol. Point . Solubilit Yield
No. Formula Formula Mass €C) Yoo C H N S
CHs
DMSO,
Methanol
1 C21H27NO4 140
=$=©° S 389.5 Ethanol, 77 64.75/64.4  6.99/6.8 3.60/3.59 8.23/8.2
NH 1 Water, 9 9 : : 9
DCM,
Acetone
CH,COOH
CH,
© DMSO,
CisH13NOs
o=8=0 S 3353 170 Methanol 53.73/537 3.91/3.9 9.56/9.5
2 | 3 80 2 0 4.18/4.09 9
HN Ethanol,
Jij\ Water
HOOC COOH
DMSO,
Ci1sHisNO2 120 Ethanol,
S 261.3 Methanol 64.34/63.9 5.79/59 5.36/529 9.47/9.3
3 > 70
N 4 DCM 9 8 8 9
Cis 250 DMSO,
4 o | o HoNOS 505 Ethanol, 55 5641(;/56.0 4.3:1/4.3 5.03/506 8.34;/8.3
=" | Methanol
~_
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Table 2. FTIR Data (cm™) of Compounds

1-4
c;;:.p ’ sfo CN (MCe;Il;Iyl) N-H(Argl-nl-zlltic)
1 1148 1023 2956 3358 3050
2 1150 1030 2950 3356 3055
3 1145 1025 2959 3360 3060
4 1140 1020 2954 - 3045

Figure 1. FTIR Spectrum of Compound 1

3.3. Thermogravimetric Analysis (TGA)

Compounds 1-4 were subjected to the
thermo gravimetric analysis in order to
identify their modes of decomposition and
thermal stabilities [35, 36]. The compounds
were analyzed under nitrogen atmosphere
in the absence of oxygen. The obtained data
is shown in Table 3 and the representative
spectrum has been displayed in Figure 2.

Figure 2. Thermogram of Product 1

Table 3. Thermogravimetric Data of Compounds 1-4

Comp. Molecular Temperature Evolved % Weight Loss % Weight Loss
No. Formula Range (OC) Components (Calculated) Observed
250-320 NS 11.2 11
320-490 CHO 11 11
1 C21H27NO4S 490-670 2H20 10 10
670-800 C2He, 8H2 14 14
Residue left behind 18C 56.5 57
25-110 2H202,0 14.3 14.5
110-340 H20,H2 5.9 6
340-490 H3S"H2 11.04 11
2 C15H13NO6S
490-650 (0) 4.77 5
650-800 NO 8.9 8.5
Residue left behind 15C 53 55

BioScientific Review

Volume 4 Issue 4, 2022



Riaz et al.

25-240 S 12 12

240-310 H2, H20 15 15

3 CisHi5NO:S 310-490 NH 5 5
490-800 C2He 11 12

Residue left behind 12C 55 56

25-300 H202,H2 11 11

300-490 NO 10 10

4 C13 H12NO4S 490-610 H2S.H 12 12
610-800 H30"H2 7 7

Residue left behind 12C 51 58

3.4. Antibacterial Studies

The synthesized sulfonamides 1-4 were
tested for their antibacterial potential
against two bacterial strains Bacillus
Subtilis and Escherichia coli by disc
diffusion method [28, 29]. Ampicillin was
used as the standard antibacterial drug. A
concentration of 1 mg/ml of a test sample
in DMSO solvent was used for all the
antibacterial tests [30, 31]. The zone of

standard procedure. Triton X100 was used
as a positive control while phosphate buffer
solution was used as a negative control; the
positive and negative controls have 100%
and 0% lysis, respectively [33, 34]. The
obtained data is shown in Table 5.

Table 4. Antibacterial Activity Data of
Sulfonamides 1-4; zones of inhibition are
given in millimeters (mm)

inhibition was measured in mm by a zone Comp. No. Bacillus Escherichia
reader. The antibacterial activity data is subrtilis coli
displayed in Table 4. 1 2 29
3.5. Hemolytic Activities
2 20 26
The sulfonamides 1-4 were tested for their
toxicological hemolytic effects because in 3 25 30
the presence of these effects the compound 4 2% 25
cannot be used as a drug even if it possesses
strong  antimicrobial  action. The Ampicillin 34 35
cytotoxicity was evaluated by using a
Table 5. Hemolytic Activity Data (%) of Sulfonamides 1-4
Comp. No. 1 2 3 4 Triton X100 PBS
Hemolytic Activity (%) 1.2 2.6 3.1 0.3 100 0

4. Discussions

Sulfonamides 1-4 can be produced by a
nucleophilic substitution reaction of P-

Department of Life Sciences
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pipridine carboxylic acid. The reactions are
facilitated in alkaline environment which
favoured the removal of hydrogen from
amino group and resulted in the formation
of an ionic bond between negatively
charged nitrogen of amide and positively
charged sulfur of sulfonyl group. The
synthetic method in the current studies is
economical in terms of its cost-
effectiveness, time of reaction, reaction
conditions, aqueous medium
(environmentally friendly), significant %
age yield, and products purity.

4.1. FTIR Spectroscopy

Infrared spectroscopy provides very
important information about the functional
groups of synthetic products [37]. The
FTIR spectra (Table 2) of investigated
products 1-4 displayed a large number of
peaks but N-S=0, C-N, and N-H are the
peaks of special interest. A strong peak
appeared at 1140-1150 cm? which
corresponds to asymmetric stretch of N-
S=0 [38]. The peak at 1020-1030 cm™' was
assigned to C-N [38] whereas the one at
3350- 3360 cm' represented the presence
of N-H group. N-H peak was absent in
product 4. Two separate peaks appeared at
2950-2960 cm™! and 3045-3055 ¢cm™! which
were assigned to C-H bonds of methyl
groups and aromatic moieties, respectively.

4.2. Thermogravimetric Analysis (TGA)

The synthesized sulfonamides were
subjected to thermogravimetric analysis
under the N, atmosphere to investigate their
thermal stability, degradation pattern, and
% purity [23]. It was found that thermally
decomposed data agreed well with the
expected chemical composition of
compounds 1-4. The products have shown
an almost common pattern of degradation
leaving behind only carbon residue (Table
3). The hydrogen, oxygen, and sulfur
contents evolved either in elemental,

52 |BSB

gaseous, or combined form. The thermal
decomposition data agreed well with the
molecular skeletons of the synthesized
products. The initial increase in the weight of
product 1 demonstrated the absorption of
nitrogen gas from its surrounding
environment in the thermoanalyzer.

4.3. Antibacterial Studies

Many sulfonamides have been applied as
potential biological molecules due to their
broad range of biological applications,
better efficacy, and less toxicity [39]. Their
antibacterial activities are commonly
investigated by many researchers [14, 40].
The newly synthesized sulfonamides 1-4
have shown significant antibacterial
potential (Table 4). However, the activities
of tested compounds were comparatively
lower as compared to those (34 against B.
subtilis and 35 mm against E. coli) of the
standard drug (ampicillin). In tested
sulfonamides, 1-4, the zones of inhibitions
(25-30 mm) against Escherichia coli were
larger in size as compared to those (20-26
mm) against Bacillus subtilis. Against B.
subtilis, the highest activity (26 mm) was
displayed by compound 4 while the lowest
activity (20 mm) was shown by
sulfonamide 2. However, the highest
activity (30 mm) was displayed by
compound 3 while the lowest activity (20
mm) was shown by sulfonamide 2 when
activities were tested against E. coli. So, it
can be culminated that all the sulfonamides
are sufficiently active against the tested
bacterial strains, however, sulfonamide 2
possessed the lowest antibacterial potential
against both the tested bacterial strains
namely E. coli and B. subtilis.

4.4. Hemolytic Activities

Hemolytic potential of the synthesized
sulfonamides was investigated because,
even if a compound demonstrates potent
antimicrobial potential, its use in medicine

BioScientific Review
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would be prohibited if it displays
significant hemolytic potential [23].

The hemolytic data (Table 5) of products 1-
4 clarifies that the toxicity of all the
sulfonamides lies in acceptable range of
0.3-3.1%. The literature showed that a
compound having toxicity lower than 10%
can be safe for human medicinal uses [41].
The cytotoxicity of compound 4 was found
lowest as compared to the other
sulfonamides 1-3.

4.5. Conclusion

The sulfonamides 1-4 were produced by a
nucleophilic substitution reaction of P-
toluene sulfonyl chloride with any one from
4-amino phenyl acetic acid, S5-amino
isophathalic acid, p-toluidine, and 4-
pipridine carboxylic acid. The structures of
newly synthesized sulfonamides were
verified by elemental analysis, FTIR, and
thermogravimetric analysis. The results of
microanalysis (CHNS) were in agreement
with the molecular formulas of the
products. FTIR spectroscopy verified the
presence of the characteristic N-S=0 and
C-N bands of sulfonamides. The results of
thermogravimetric analysis agreed with the
molecular skeletons of the products 1-4.
Sulfonamide drugs show significant
antibacterial activities against B. subtilis
and E. coli. In the same vein, the evaluation
of hemolytic activities demonstrates the
safety of the complexes for human
medicinal use.

Acknowledgements

I, Shakila Riaz, gratefully acknowledges
the cooperation of Dr. Shabbir Hussain
(HOD), Department of Chemistry, Lahore
Garrison University for providing me lab
facilities. I am also thankful to Allah
Almighty, my hounrable teachers, and my
family for providing me financial support
to carry out this project.

Department of Life Sciences

References

1.

Mondal S, Malakar S. Synthesis of
sulfonamide and their synthetic and
therapeutic ~ applications:  Recent
advances. Tetrahedron.
2020;76(48):¢131662.
https://doi.org/10.1016/j.tet.2020.1316
62

Taci¢ A, Nikoli¢ V, Nikoli¢ L, Savi¢ 1.
Antimicrobial sulfonamide drugs. Adv
Technol. 2017;6(1):58-71.

Giles A, Foushee J, Lantz E, Gumina
G. Sulfonamide allergies. Phar.
2019;7(3):e132.

Wilden JD. The sulfonamide motif as
a synthetic tool. J Chem Res.
2010;34(10):541-548.
https://doi.org/10.3184/030823410X1
2857514635822

Gulgin 1, Taslimi P. Sulfonamide
inhibitors: a patent review 2013-
present. Expert Opin Ther Pat.
2018;28(7):541-549.
https://doi.org/10.1080/13543776.201
8.1487400

Zhong Z, Ji X, Xing R, et al. The
preparation and antioxidant activity of
the sulfanilamide derivatives of
chitosan and chitosan sulfates. Bioorg
Med Chem. 2007;15(11):3775-3782.
https://doi.org/10.1016/j.bme.2007.03.
036

Apaydin S, Toérok M. Sulfonamide
derivatives as multi-target agents for
complex diseases. Bioorganic Med
Chem Lett. 2019;29(16):2042-2050.
https://doi.org/10.1016/j.bmcl.2019.06
.041

Al-Rashida M, Hussain S, Hamayoun
M, Altaf A, Igbal J. Sulfa drugs as
inhibitors of carbonic anhydrase: new
targets for the old drugs. Biomed Res

Volume 4 Issue 4, 2022



https://doi.org/10.1016/j.tet.2020.131662
https://doi.org/10.1016/j.tet.2020.131662
https://doi.org/10.3184/030823410X12857514635822
https://doi.org/10.3184/030823410X12857514635822
https://doi.org/10.1080/13543776.2018.1487400
https://doi.org/10.1080/13543776.2018.1487400
https://doi.org/10.1016/j.bmc.2007.03.036
https://doi.org/10.1016/j.bmc.2007.03.036
https://doi.org/10.1016/j.bmcl.2019.06.041
https://doi.org/10.1016/j.bmcl.2019.06.041

Synthesis, Structural Elucidation...

Int. 2014;2014:¢162928. https://doi.org/10.2174/138955752066
https://doi.org/10.1155/2014/162928 6200905125738

9. Kotaczek A, Fusiarz I, Lawecka J, 15. Mondal S. Sulfonamide synthesis
Branowska D. Biological activity and under green conditions. Synth
synthesis of sulfonamide derivatives: a Commun. 2021;51(7):1023-1044.
brief review. Chemik. 2014;68(7):620- https://doi.org/10.1080/00397911.202
628. 0.1870238

10. Alsughayer A, Elassar A-ZA, Mustafa  16. Strom BL, Schinnar R, Apter AJ, et al.
S, Al Sagheer F. Synthesis, structure Absence of cross-reactivity between
analysis and antibacterial activity of sulfonamide antibiotics and
new potent sulfonamide derivatives. sulfonamide nonantibiotics. N Engl J
J Biomater Nanobiotechnol. Med. 2003;349(17):1628-1635.
2011;2(2):144-149. https://doi.org/10.1056/NEJMoa0229
https://doi.org/10.4236/jbnb.2011.220 63
18 17. Khan DA, Knowles SR, Shear NH.

11. Cohen HN, Beastall G, Ratcliffe W, Sulfonamide hypersensitivity: Fact
Gray C, Watson I, Thomson J. Effects and fiction. J Allergy Clin Immunol: In
on human thyroid function of Pract. 2019;7(7):2116-2123.
sulphonamide  and  trimethoprim https://doi.org/10.1016/j.jaip.2019.05.
combination drugs. Br Med J. 034
111980.’28“6241)'646_647' . 18. Razavi M, Marathe NP, Gillings MR,
ttps://doi.org/10.1136/bmj.281.6241. . .
646 Flach C-F, Kpshansson E, Joakim
— Larsson D. Discovery of the fourth

12. Comby F, Lagorce J, Moulard T, mobile sulfonamide resistance gene.
Buxeraud J, Raby C. Antibacterial Microbiome. 2017;5(1):1-12.
sulfonamides, antiparasitic and https://doi.org/10.1186/s40168-017-
antifungal derivatives of imidazole: 0379-y
evaluation of their antithyroid effects .
in the rat, Vet Res. 1995:24(4)316. 19 JiL: Chen W, Zheng S, Xu Z, Zhu D.
326. Adsorptlgn of sulfonamide antibiotics

to multiwalled carbon nanotubes.

13. Domagk G. Ein beitrag zur Langmuir. 2009;25(19):11608-11613.
chemotherapie ~ der  bakteriellen https://doi.org/10.1021/1a9015838
infektionen. DMW-Deutsche Med 20. Garcia-Galan MJ, Diaz-Cruz MS.,
Wochenschr.  1935;61(07):250-253. , . .
https://do.org/10.1055/5-0028- Barcel6  D. Identification —and
1129486 determmgﬂon of metabolites apd
- degradation products of sulfonamide

14. Azevedo-Barbosa H, Dias DF, Franco antibiotics. TrAC-Trend Anal Chem.
LL, Hawkes JA, Carvalho DT. From 2008;27(11):1008-1022.
antibacterial to antitumour agents: a https://doi.org/10.1016/j.trac.2008.10.
brief review on the chemical and 001
me.:d¥cma1 aspects of sulfonamides. 21. Accinelli C, Koskinen WC, Becker
Mini Rev Med Chem. IM, Sadowsky MJ. Environmental fate
2020;20(19):2052-2066. ’ YL

54 B SP BioScientific Review

Volume 4 Issue 4, 2022


https://doi.org/10.1155/2014/162928
https://doi.org/10.4236/jbnb.2011.22018
https://doi.org/10.4236/jbnb.2011.22018
https://doi.org/10.1136/bmj.281.6241.646
https://doi.org/10.1136/bmj.281.6241.646
https://doi.org/10.1055/s-0028-1129486
https://doi.org/10.1055/s-0028-1129486
https://doi.org/10.2174/1389557520666200905125738
https://doi.org/10.2174/1389557520666200905125738
https://doi.org/10.1080/00397911.2020.1870238
https://doi.org/10.1080/00397911.2020.1870238
https://doi.org/10.1056/NEJMoa022963
https://doi.org/10.1056/NEJMoa022963
https://doi.org/10.1016/j.jaip.2019.05.034
https://doi.org/10.1016/j.jaip.2019.05.034
https://doi.org/10.1186/s40168-017-0379-y
https://doi.org/10.1186/s40168-017-0379-y
https://doi.org/10.1021/la9015838
https://doi.org/10.1016/j.trac.2008.10.001
https://doi.org/10.1016/j.trac.2008.10.001

Riaz et al.

22.

23.

24.

25.

26.

27.

of two sulfonamide antimicrobial
agents in soil. J Agric Food Chem.
2007;55(7):2677-2682.
https://doi.org/10.1021/jf063709j

Gutiérrez IR, Watanabe N, Harter T,
Glaser B, Radke M. Effect of
sulfonamide antibiotics on microbial
diversity and activity in a Californian
Mollic Haploxeralf. J Soils Sediments.
2010;10(3):537-544.
https://doi.org/10.1007/s11368-009-
0168-8

Chen J, Xie S. Overview of
sulfonamide biodegradation and the
relevant pathways and
microorganisms. Sci Total Environ.
2018;640:1465-14717.
https://doi.org/10.1016/j.scitotenv.201
8.06.016

Verma SK, Verma R, Xue F, Thakur
PK, Girish Y, Rakesh K. Antibacterial
activities of sulfonyl or sulfonamide
containing heterocyclic derivatives
and its structure-activity relationships
(SAR) studies: A critical review.
Bioorg Med Chem. 2020;105:e104400.
https://doi.org/10.1016/j.bioorg.2020.
104400

Sadarangani SP, Estes LL, Steckelberg
JM. Non-anti-infective effects of
antimicrobials and their clinical
applications: A review. Elsevier; 2015.
https://doi.org/10.1016/j.mayocp.2014
.09.006

Prescott JF. Sulfonamides,
diaminopyrimidines, and their
combinations. Antimicrob Ther Veter
Med. 2013;5:279-294.
https://doi.org/10.1002/978111867501
4.chl7

Fritsche TR, McDermott PF, Shryock
TR, Walker RD. Agar dilution and disk
diffusion susceptibility testing of

Department of Life Sciences

28.

29.

30.

31.

32.

Campylobacter spp. J Cli Microbiol.
2007;45(8):2758-2759.
https://doi.org/10.1128/JCM.00569-
07

Hussain S, Ali S, Shahzadi S, Rizzoli
C, Shahid M. Diorganotin (IV)

complexes with monohydrate
disodium salt of iminodiacetic acid:
synthesis, characterization, crystal

structure and biological activities. J
Chin Chem Soc. 2015;62(9):793-802.
https://doi.org/10.1002/jccs.20150027
4

Hussain S, Ali S, Shahzadi S, Tahir
MN, Shahid M. Synthesis,
characterization, biological activities,
crystal structure and DNA binding of
organotin (IV) 5-chlorosalicylates. J
Coord Chem. 2015;68(14):2369-2387.
https://doi.org/10.1080/00958972.201
5.1046849

Hussain S, Ali S, Shahzadi S, et al.
Organotin (IV) complexes with 5-
aminoisophthalic acid:  Synthesis,
characterization, theoretical study, and
biological activities.
Russ J Gen Chem. 2015;85(10):2386-
2394,
https://doi.org/10.1134/S1070363215
100266

Fatima J, Hussain S, Ali S, Shahzadi S,
Ramzan S, Shahid M. Organo Sn (IV)
and Pd (II) complexes with various
oxygen and sulphur donor ligands:
Synthesis, spectroscopy and biological
activity. Russ J Gen Chem.
2016;86(12):2914-2923.
https://doi.org/10.1134/S1070363216
120604

Sharma P, Sharma JD.

In wvitro

hemolysis of human erythrocytes—by
with antiplasmodial
Ethnopharmacol.

plant extracts
activity. J

Volume 4 Issue 4, 2022



https://doi.org/10.1021/jf063709j
https://doi.org/10.1007/s11368-009-0168-8
https://doi.org/10.1007/s11368-009-0168-8
https://doi.org/10.1016/j.scitotenv.2018.06.016
https://doi.org/10.1016/j.scitotenv.2018.06.016
https://doi.org/10.1016/j.bioorg.2020.104400
https://doi.org/10.1016/j.bioorg.2020.104400
https://doi.org/10.1016/j.mayocp.2014.09.006
https://doi.org/10.1016/j.mayocp.2014.09.006
https://doi.org/10.1002/9781118675014.ch17
https://doi.org/10.1002/9781118675014.ch17
https://doi.org/10.1128/JCM.00569-07
https://doi.org/10.1128/JCM.00569-07
https://doi.org/10.1002/jccs.201500274
https://doi.org/10.1002/jccs.201500274
https://doi.org/10.1080/00958972.2015.1046849
https://doi.org/10.1080/00958972.2015.1046849
https://doi.org/10.1134/S1070363215100266
https://doi.org/10.1134/S1070363215100266
https://doi.org/10.1134/S1070363216120604
https://doi.org/10.1134/S1070363216120604

Synthesis, Structural Elucidation...

2001;74(3):239-243.
https://doi.org/10.1016/S0378-
8741(00)00370-6

37.

Hussain S, Ali S, Shahzadi S, Sharma
SK, Qanungo K, Bukhari IH.
Homobimetallic complexes containing
Sn (IV) with acetylene dicarboxylic

33. Hussain S, Ali S, Shahzadi S, Sharma L .
. . acid: their syntheses and structural
SK, Qanungo K, Shahid M. Synthesis, . . . .
.. . . interpretation by spectroscopic, semi-
characterization, semiempirical and gy .

. . . . empirical, and DFT techniques. J
biological activities of organotin (IV) Coord Chem. 2012:65(2):278-285
carboxylates with 4- hitps://doi.ore/10.1080/00958972.201
piperidinecarboxylic acid. Bioinorg 16 451 86. - .
Chem  Appl.  2014;2014:€959203. -
https://doi.org/10.1155/2014/959203 38. Rehman H, Qadir A, Ali Z, Nazir S,

34. Balas V, Verginadis I, Geromichalos Zahra A, .Shghzady TG. Synthesis .and
. characterization of novel sulfonamides
G, et al Synthesis, structural derivatives and their antimicrobial
characterization and biological studies .. L
. . . antioxidant and cytotoxicity
of the triphenyltin (IV) complex with . ;
. L evaluation. Bull Chem Soc Ethiop.
2-thiobarbituric acid. Eur J Med Chem. . .
2017;31(3):491-498.
2011:46(7):2835-2844. https://doi.ore/10.4314/bese.v31i3.13
https://doi.org/10.1016/j.ejmech.2011. : - - : ]
04.005
35. Hussain S, Bukhari IFL, Ali S, Shahzadi > Ighan FA, Mushtaq S, Naz S, et al.
. . ulfonamides as potential bioactive
S, Shahid M, Munawar KS. Synthesis
. scaffolds. Curr  Org  Chem.
and spectroscopic and 2018;22(8):818-830
thermogravimetric characterization of https://doi.org/10.2174/138527282266
heterobimetallic complexes with Sn 6180122153839
(IV) and Pd (II); DNA binding, I
alkaline phosphatase inhibition and 40. Ovung A, Bhattacharyya J.
biological activity studies. J Coord Sulfonamide drugs: Structure,
Chem. 2015;68(4):662-677. antibacterial property, toxicity, and
https://doi.org/10.1080/00958972.201 biophysical interactions. Biophys Rev.
4.994515 2021;13(2):259-272.
36. Hussain S, Ali S, Shahzadi S, Shahid bups: fdoLorg/ 1010075 12331-021
M.  Heterobimetallic =~ complexes -
containing Sn (IV) and Pd (II) with 4-  41. Idrees S, Sarfraz R, Riaz M, et al.
(2-Hydroxyethyl) piperazine-1- Evaluation of antidiabetic, antioxidant,
carbodithioic acid: Synthesis, antimicrobial and cytotoxicity
characterization and biological properties of avena sativa roots
activities. Cogent Chem. extracts. Oxid Commun.
2015;1(1):¢1029038. 2017;40(2):613-623.
https://doi.org/10.1080/23312009.201
5.1029038
56 B SP BioScientific Review

Volume 4 Issue 4, 2022


https://doi.org/10.1016/S0378-8741(00)00370-6
https://doi.org/10.1016/S0378-8741(00)00370-6
https://doi.org/10.1155/2014/959203
https://doi.org/10.1016/j.ejmech.2011.04.005
https://doi.org/10.1016/j.ejmech.2011.04.005
https://doi.org/10.1080/00958972.2014.994515
https://doi.org/10.1080/00958972.2014.994515
https://doi.org/10.1080/23312009.2015.1029038
https://doi.org/10.1080/23312009.2015.1029038
https://doi.org/10.1080/00958972.2011.648186
https://doi.org/10.1080/00958972.2011.648186
https://doi.org/10.4314/bcse.v31i3.13
https://doi.org/10.2174/1385272822666180122153839
https://doi.org/10.2174/1385272822666180122153839
https://doi.org/10.1007/s12551-021-00795-9
https://doi.org/10.1007/s12551-021-00795-9

	Metadat-BSR 4_4_2
	2_2089-Formatted_pdf
	3.2. FTIR Spectroscopy
	Table 2. FTIR Data (cm-1) of Compounds 1-4
	4.1. FTIR Spectroscopy


