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Abstract

Because of its importance in medicinal chemistry, scientists have been interested in linking sulfaguanidine to different heterocycles to develop
potential bioactive candidates. To accomplish this, four approaches have been adopted. The adopted approaches included condensation with
electrophilic reactants, coupling with nucleophilic aromatics and active methylene compounds, click cycloaddition, and multicomponent
reaction. This review reports all the adopted synthetic approaches, the biological activities studied, and the mechanistic investigations of the
reported organic sulfaguanidine-linked molecules throughout 2015-2024.
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Serial Abbreviation Full Description

7. CA Carbonic Anhydrase

8. CAls Carbonic Anhydrase Inhibitors

9. Casp Caspase

10. CDK-9 Cyclin-Dependent Kinase 9

11. DBSA p-dodecylbenzenesulfonic acid

12. DMF/DMA Dimethylformamide Dimethyl acetal
13. DNA Deoxyribonucleic Acid

14. DPPH 2,2-Diphenyl-1-picrylhydrazyl

15. EGFR Epidermal Growth Factor Receptor
16. Glu Glutamic Acid

17. Gly Glycine

18. hCA Human Carbonic Anhydrase

19. HCT-116 Human colon cancer cell line

20. HepG-2 Human liver cancer cell line

21. Ile Isoleucine

22. 1z Inhibition Zone

23. K, The Inhibitory Constant

24, LCs Lethal Concentration 50%

25. Leu Leucine

26. Lys Lysine

27. MCEF-7 Michigan Cancer Foundation Breast cancer Cells
28. MDA-MB231 M D Anderson Metastatic Breast Cancer Cells
29. MIC Minimum inhibitory concentration
30. mL Milliliter

31. MMP-2 Matrix Metalloproteinase-2

32. nM Nanomole

33. RNCS Alkyl isocyanates

34. RNCS Alkyl isothiocyanates

35. Ser Serine

36. SGN Sulfaguanidine

37. SI Selectivity Index

38. Thr Threonine

39. TK Tyrosine Kinase

40. VEGFR Vascular Endothelial Growth Factor

1. Introduction

Sulfaguanidine (SGN-01)is a sulfonamide-derived bacteriostatic agent that was prepared for the first time by Marshall and
colleagues in 1940[1-3].1t has long been used for the management of dysentery based on the fact that it has a bad absorption
propertiesfrom the gastrointestinal tract [4, 5]. SGN-01 has a sulfonamide group attached parato an amin group on benzene
ring[6]. Several sulfaguanidine-linkedbioorganic molecules have been developed over the last decade [2, 7-10]. SGN-01 has
been reported as a vital fragment in the construction of bioorganic molecules such as, anticancer [7, 11, 12], anti-
inflammatory [13], antidiabetic [14, 15], antimicrobial [2, 16, 17], antiviral [18, 19], and carbonic anhydrase inhibitors (CAls)
(Figure 1) [20-22]. The effectiveness of sulfaguanidines in targeting Methicillin-Resistant Staphylococcus aureus has also
been reported [9, 23].
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Several approaches have been documented in the construction of sulfaguanidine-linked derivatives. The majority of these
approaches considered the nucleophilic nature of the aniline fragment of both scaffolds[24-28]. So, sulfaguanidine were
condensed with electrophilic reactants like carboxylic acid and acid derivatives[29], sulfonyl chlorides[1], and aryl halides
[24, 28, 30, 31]. Another approach intended the transformation of the nucleophilic nature of the primary amine groups of both
scaffolds into electrophilic centers through diazotization [32-34] and the resulting electrophiles subsequently treated with
nucleophilic reactants rather than electrophilic[29, 35, 36].The produced diazonium salts undergone coupling with
nucleophilic aromatic amines, active methylene compounds like dimethyl oxalate, ethyl cyanoacetate, acetylacetone, or
malononitrile(Figure 1) [37, 38].
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Figure 1: Summary of synthetic approaches and biological activities sulfaguanidines

Diazonium salts of sulfaguanidine have also been utilized for the construction of diverse heterocycles like pyrazoles and
pyridines through the reaction with active methylene compounds followed by binucleophiles [37, 39, 40]. A third approach
for the development of sulfaguanidine-linked molecules considered the conjugation of this molecular fragment with well-
known medications [41, 42]. The conjugation of sulfaguanidine with the well-known antibiotic ciprofloxacin is an example of
this last approach. This aims to boost the activity of the early medication and/or to reduce its unwanted effect [42]. The
sulfaguanidine-ciprofloxacin hybrid has been documented to diminish the mortality rate and lessen the epileptic side effects of
ciprofloxacin alone [9, 43]. One last approach contemplated replacing of the oxazines’ oxygen with the nitrogen of the amine
functionality of sulfaguanidine [44—46].

1.1. Preparation of sulfaguanidine

Sulfaguanidine has several synonymic names, including sulfoguaniland sulfoguanyl, can be prepared in an environment-
friendly method, as shown in Figure 2, by stirring acetanilide with sulfonyl chloride to obtain N-acetylsulfanilyl chloride[47].
The addition of an equimolar amount of guanidine nitrate followed by deacetylation gives sulfaguanidine[48, 49].
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Figure 2: Preparation of sulfaguanidine (SGN-01).

2. Literature survey

In continuation to my contribution to the scientific research community[50-68], over the next few pages, the adopted
synthetic approaches, and the studied activities together with the potential mechanistic pathways (whenever reported) of the
sulfaguanidine-linked bioorganic molecules who had developed from 2015 to 2024 will be discussed. They will be classified
based on the studied activity.

2.1. Sulfaguanidine-linked antimicrobial candidates

In the past year, a cooperation of Egyptian and Saudi researchers has developed nineteen 7-methoxyquinolines linked to
benzenesulfonamide moieties by the nucleophilic displacement of the chloro substituent of 4-chloro-7-methoxyquinoline with
different sulfa drugs (Figure 3). All the synthesized compounds were investigated for their antimicrobial activity against six
pathogenic microbes. The screened microbes included four Gram-positive & Gram-negative bacteria (E. coli, P. aeruginosa,
S. aureus, and B. subtilis) and two fungi (C. albicans and C. neoformans). Results revealed that compound SGN-02 has a
noteworthy effect on most tested bacterial and fungal strains. The MICs of SGN-02against E. coli, and P. aeruginosa were
62.50 and 250.00 pg/mL, respectively compared with 250 and 500 pg/mL for the reference antimicrobial drug
amoxicillin/clavulanic acid. The MIC values for S. aureus and C. albicans were 125.00 pg/mL for each pathogen compared
with 250.00 pg/mL and 125.00 pg/mL for the reference antimicrobials amoxicillin/clavulanic acid and Nystatin [69].

Sulfaguanidine got clenched with p-nitrobenzoyl chloride and the obtained amides were reduced and subsequently used as
starting materials for the development ofnovel sulfonamides (Figure 3).The compounds obtainedhave demonstrated
antimicrobial activity against Gram-positive bacteria (Bacillus cereus and B. subtilis), Gram-negative bacteria (Enterobacter
aerogenes), clinical isolate,and mold. Particularly, compound SGN-03 showed the highest activity against B. subtilis with an
inhibition zone of 14.00 mm at a concentration of100 pg/disc. Compounds SGN-04 and SGN-05showed antibacterial activity
against B. cereus and E. aerogenes with IZ diameters of 10.00 mm for each ata concentration of 100 pg/disc. Only the para-
bromo derivative SGN-03has shown a weak antibacterial activity against Gram-negative bacteria L. pneumophila. The same
derivative was found active toward the studied fugal strains C. tropicalis, S. cerevisiae, and A. fumigatus[1].

A set of malononitrile-based benzenesulfonamides were synthesized by condensation of sulfaguanidine and analogous
sulfonamides with triethyl orthoformate and malononitrile (Figure 3). The produced compounds were assessed for their
antioxidant and antimicrobial activities. At a concentration of 1 uM, the malononitrile linked SGN-06 displayed a mild
inhibition in the DPPH free radical scavenging assay. SGN-06 also exhibited mild activities as antibacterial against P.
aeruginosa, S. aureus, and B. subtilis with a percentage inhibition range of 12.40% - 32.71%. No activity has been detected
against C. albicans[70].

2.2. Sulfaguanidine-linked anticancer candidates

Two sets of pyrazolones linked with sulfaguanidine have been recently reported. The amine functionality of sulfaguanidine
was first diazotized and then treated with either malononitrile or diethyl oxalate. The obtained dinitrile and diester were
subjected to a set of binucleophilic cycloaddition reactions(Figure 4)[71]. The final compounds were evaluated for their
potential cytotoxicity on hepatocellular, colorectal, and breast cancer cell lines. Additionally, they have been evaluated as
CDK-9 inhibitors. The diaminopyrazole-linked sulfaguanidine derivative SGN-07 showed an outstanding cytotoxic effect
toward the investigated cancer cells with ICs, values of 6.57 uM, 9.54 uM, and 7.97 uM, respectively. It inhibited the effect
of CDK-9 with an ICs, value of 0.16 uM [7]. The docking experiment (Figure 5) of SGN-07 uncovered its effective binding
interaction with four amino acid residues (Ile25, Lys48, Glu66, and Asp109). In this interaction pattern, the sulfaguanidine
fragment played a significant role.

Researchers who conducted the previous study have extended their work to enhance the ADMET properties of the prepared
compounds. They decreased the number of hydrogen bond donor and acceptor groups [72] by replacing diethyl oxalate with
ethyl acetoacetate, and replacing malononitrile with ethyl cyanoacetate to produce SGN-08(Figure 4)[73]. SGN-08exhibited
a greater tumor uptake (27.3%) compared to "*'I-labelled SGN-07 (17.2%). Among the obtained entities, SGN-08significantly
arrested the growth of MCF-7 and potently inhibited CDK-9 with an ICs, value of 0.496 uM. Cell cycle analysis of the breast
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cancer cells MCF-7 evidenced the capability of the aminopyrazolone-linked sulfaguanidine SGN-08to arrest the cell cycle of
at the G2/M phase with coincident apoptotic effect. Analyzing the in silico binding mode of SGN-08displayed two hydrogen
bonding interactions with Aspl04 and Aspl09 within connection distances of 3.05 A and 3.00 A (Figure 5). In this
interaction pattern, the sulfaguanidine fragment has also played a significant role.

A group of Middle East researchers has developed a novel triazolyl quinazolinediones by the reaction of different enaminones
with substituted quinazolinedione reactants (Figure 4). The cytotoxic activity of the synthesized compounds was evaluated
against two human carcinomas: colorectal carcinoma (HCT-116) and hepatocellular carcinoma (HEP-G2). Some compounds
showed significant potency with variant degrees compared with staurosporin. The quinazoline derivative SGN-09 with
phenyltriazine substituent at position 6 displayed the best activity as cytotoxic against the human hepatocellular carcinoma
(HEP-G2) with an ICs, value of 2.68 uM, which is about 2.6 folds higher than that of staurosporin (ICs, 7.18 uM) [74].

SGN-03: R =4-Br-CgH,
SGN-04: R = 4-OCH;-CgH,
SGN-05: R = C2H5

Reagents and Conditions: b
a) Pyridine, CgH5COCI, 25°C, 1 h;  b) C,H5OH, Na,S, 25°C, 2 h.
¢) Pyridine, RSO,CI, 25°C, 1 h.
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Figure 3: Adopted synthetic approaches for the synthesis of SGNs 02-06
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Figure 5: Connection patterns of SGN-07 (left) and SGN-08 (right) with CDK-9

In 2017, numerous pyridazine-linked sulfaguanidines were synthesized and screened for their in vitro cytotoxic activity on
HCT-116 and MCF-7. Target compounds were synthesized by reacting 4-((6-((3-aminophenyl)amino)pyridazin-3-yl)amino)-
N-carbamimidoylbenzenesulfonamide with a set of alkylisothiocyanates RNCS. Also, they were tested in vivo against Ehrlich
ascites carcinoma (EAC) in mice. The in vitro VEGFR inhibition assay was conducted at a dose of 10.00 uM. Results
revealed the capability of the N-allylthiouria derivative SGN-10(Figure 6) to disrupt HCT-116 and MCF-7 cells with ICs,
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values of 30.30 uM and 27.50. uM, respectively. It also exhibited the best inhibition power in the VEGFR kinase assay
(92.20%) [24, 75].

In 2016, Elzamlyer al. prepared plenty of pyrazolo[4,3-d]pyridazines by refluxing 4-chloro-3,7-diphenyl-1H-pyrazolo[3,4-
d]pyridazine with sulfaguanidine and other sulfonamides in glacial acetic acid to get SGN-11-SGN-14(Figure 6)and many
other analogs. Some selected candidates were evaluated as cytotoxicin HCT-116 (colon cancer). Among the prepared series,
the compounds with hydrazine side chain instead of the sulfaguanidine fragments have showed higher toxicities towards the
colorectal carcinoma cell line even that they were more efficient than the standard drug Imatinib [31].

Two years ago, the concomitant inhibition of MMP-2, CA 1I, and VEGFR-2 under the effect of a set of 1,2,4-triazole hybrids
linked to various sulfonamide pharmacophores was investigated (Figure 6)[76]. The microwave-assisted click cycloaddition
reaction was utilized to connect various alkynyltriazoles with the diazotized benzensulfonamides. All the synthesized adducts
were evaluated for their anticancer actions against the colon cancer cells (Caco-2), breast cancer cells (MDA-MB-231), and
hepatocellular carcinoma (HepG-2). Their potential to promote the expression of the p53 and to induce apoptosis were also
investigated. The safety of the prepared adducts was assessed as well on one normal human cell (Wi-38). The 1,2,4-triazole
hybrid SGN-15 was among the most effective compounds that show ICs, values at the nanomolar scale (10.42, 11.96, and
9.85 nM towards Caco-2, MDA-MB-231, and HepG-2, respectively). Compound SGN-15 significantly participated in the
overexpression of p53 in the tested cell lines (2.47 folds in Caco-2, 1.38 folds in MDA-MB-231, and 3.18 in HepG-2
compared to negative control). The mechanistic evaluation of SGN-15 proved that it inhibits MMP-2 (ICsy = 20.26 nM), CA
II (IC59=187.50 nM), and VEGFR-2 (ICs,=21.00 nM), while the reference MMP-2, CA 1II, and VEGFR-2 inhibitors
quercetin, and sorafenib showed ICs, values of 299.50 nM, 27.30, and 4.92 nM, respectively. The same sulfaguanidine
derivative induced apoptosis in the hepatocellular carcinoma cells in the early stage (from 0.31% to 2.61%) and late stage
(from 0.12% to 7.49%). It also showed a high level of selectivity (SI = 3.5). Docking studies suggested the binding patterns of
SGN-15with the specified biological targets [76]. The sulfaguanidine fragment of the new compound participated in the
interaction with critical amino acid residues in MMP-2 (Thr143, Leul37, and Ser151), CA II (Thr199, Thr200, and Zn262),
and VEGFR-2 (Cys919 and Gly922) (Figure 7).

The same group of researchers who conducted the previous investigation have also adopted a similar procedure to develop
another set of 1,2,3-triazole linked to terminal sulfonamide moieties (Figure 8). The synthesized molecules were evaluated for
their cytotoxic effect against three cancer cells (MCF-7, HCT-116, and HepG-2) and for their inhibitory profile against EGFR
TK. The benzothiazole derivative SGN-16 showed cytotoxic activity with ICs, values of 34.30, 7.52, and 17.57 nM while the
isatin derivative displayed ICs values of 33.50, 17.40, and 91.04 nM against MCF-7, HCT-116, and HepG-2, respectively. As
well, the sulfaguanidine liked 1,2,3-triazole SGN-16 and SGN-17 showed potent EGFR TK inhibition activity at nanomolar
concentrations (413.30 nM and 468.21 nM) [77].

A series of thienopyrimidine-sulfonamides hybrids (Figure 8) was developed in 2023 as suggested anticancer and apoptotic
inducers. This series was obtained by reacting ethyl 2-amino-4,5,6,7-tetrahydrobenzo[b]thiophene-3-carboxylate or diethyl 3-
methylthiophene-2,4-dicarboxylate with formamide followed by getting the produced pyrimidone derivatives chlorinated with
phosphorus oxychloride and finally replacing the chloro substituents with the amine functionality of the appropriate
sulfonamide. Their cytotoxic effect was investigated on human breast cancer cells (MCF-7 and MDA-MB231) and the results
were compared to Doxorubicin. The effects of the new sulfaguanidine hybrids on FGFR-1, Caspase-3, and apoptosis were
also studied. The sulfaguanidine derivatives SGN-19 and SGN-18 exhibited moderate activities against both studied cells.
The ICsy values of SGN-19 were 35.79 and 40.17 uM while those of SGN-18 were 6.17and 8.68 uM, respectively. Their
selectivity indices were found to be greater than Doxorubicin (SI = 12.79 and 44.86 compared with 1.75 for MCF-7; SI =
11.40 and 31.90 compared with 1.27 for MDA-MB231). The ICs, values of SGN-19 and SGN-18 on FGFR-1 131.95 and
325.65 uM, respectively compared with 53.09 uM for Doxorubicin. both compounds and the positive equally induced
Caspase-3 activity in MDA-MB-231 cells. The molecular docking experiment of SGN-18 suggested that the sulfa guanidine
fragment is participating in the binding with four amino acid residues of FGFR-1 (Glu253, Arg212, Thr255, and Thr214)
(Figure 9) [78, 79].
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Figure 7: 3D binding modes of SGN-15 with A) MMP-2 , B) CA II, and C) VEGFR-2 [76].

2.3. Sulfaguanidine-linked antidiabetic candidates

The drug-drug hybridization approach has recently been used to develop eight paracetamol-linked sulfonamides through azo
(-N=N-) linkers (Figure 10). The developed compounds were suggested to have antidiabetic activity mediated by a-amylase,
and a-glucosidase inhibition effect. This was achieved by getting p-aminophenol acetylated with acetic anhydride while the
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appropriate sulfonamide converted to their diazo analogs. Coupling of the resulting N-acetyl paracetamol and diazo
compound furnished hybrid molecules of paracetamol linked through diazo linkers with sulfaguanidine and other analogous
sulfonamides [80]. The designed diazo-paracetamols were screened for their in vitro inhibitory effect on a-amylase and a-
glucosidase. The results proved moderate to potent activity. Among the diazo-paracetamols studied, SGN-20 was identified as
weak inhibitor with ICsy value of 22.66 uM and 96.52 uM compared to Acarbose ICso=0.43 uM and 1.24, respectively.
Assessment of the virtual binding of the designed hybrids with a-amylase and a-glucosidase showed that the sulfaguanidine
adduct has the highest binding energies [80].

3 o\ /N\ NH2 3
| 0 NH,
: D NH, :
0 I JN ‘
: A HaN—( a) ﬁ(\:N NH, |
| <0 N /\\ |
3 o SGN-16 o NH: 3
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3 F N |
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Figure 8: Adopted synthetic approaches for the synthesis of SGNs 16-19
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Figure 10: Adopted synthetic approach for the synthesis of SGN-20

2.4. Sulfaguanidine-linked carbonic anhydrase inhibitor candidates

Applying three-components reaction, novel sulfaguanidines linked to acridine moieties (Figure 11) were synthesized by a
group of Turkish researchers as suggested carbonic anhydrase inhibitors. Sulfaguanidine, cyclohexane-1,3-dione (2 moles),
and aromatic aldehydes were allowed to react in an aquatic environment at room temperature in the presence of p-
dodecylbenzenesulfonic acid (DBSA) as catalyst. The synthesized compounds were evaluated for their abilities to inhibit two
isoforms of the human carbonic anhydrases (hCA I andhCA 1I), and the obtained results were compared to that of
acetazolamide as apositive control. The synthesized compounds were identified as moderate inhibitors of both isoforms with
ICsq values at a micromolar concentration range(118.40-257.50 uM for hCA I and 86.70-249.40 uM for hCA II).Among
these, SGN-21 showed the strongest inhibition potential on the isoform I (ICso= 118.40 pM) while SGN-22 was the most
effective on the isoform II (ICs, value 86.70 uM)[81].

AbdelGawad et al. designed a series of 4-(thiazol-2-ylamino)-benzenesulfonamides(Figure 11) and evaluated them for their
cytotoxic activity on human breast cancer cell line MCF-7 and for their carbonic anhydrase inhibitory effect. Among the
developed entities, the sulfaguanidine derivative SGN-23showed a good profile as a cytotoxic (ICsy = 11.90 puM) and
excellently inhibited all the examined isoforms (CA I, II and IX) Ki values of 0.85 nM, 0.53nM, and 8.50nM,
respectively[36, 82].

In 2020, A Turkish team has developed a series of sulfonamides linked toprop-1-en-1-ylbenzamides as suggested inhibitors of
the human carbonic anhydrase isoforms I and II. This was rendered reality through allowing glycine to condense with benzoyl
chloride followed by cyclization of the produced benzoylglycine with p-methoxybenzaldehyde and finally treating the
produced xazol-5(4H)-one with a variety of sulfonamides. Results of the In vitro enzyme assays showed that the
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sulfaguanidine derivative SGN-24 significantly inhibited the isoforms hCA I and hCA II as well as the human AChE with Ki
values of 17.62 nM, 18.67 nM, and 10.60 nM, respectively [83]. The reference compound acetazolamide displayed relatively
lower activities towards the #CA T and ACA 1I (Ki = 30.74 and 22.27 nM) [83-85].
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Figure 11: Adopted synthetic approaches for the synthesis of SGNs 21-24

3. Mechanistic investigations of sulfaguanidine-linked molecules

AS shown earlier, literatures scan shows four major biological activities for the reported sulfaguanidine-linked molecules over
the past ten years. These include anticancer, antimicrobial, antidiabetic, and carbonic anhydrase inhibition.

Regarding the anticancer assessments, thirteen molecules (SGN-07-SGN-19) have been reported as potent cytotoxic against
several cancer cell lines. These cells include hepatocellular (HCT-116 & HEP-G2), colorectal (HCT-116 & Caco-2), and
breast cancer cell lines (MCF-7 & MDA-MB-231). Out of the active cytotoxic sulfaguanidine-linked molecules, seven
candidates were investigated for their potential mechanistic effect (SGNs 07, 08, 10, 15, 16, 17, and 18) .SGN-07 inhibited
the effect of CDK-9 with an ICs, value of 0.16 uM [7]. The docking experiment of SGN-07 suggested the effective binding
interaction of this compound with four amino acid residues (Ile25, Lys48, Glu66, and Asp109). The aminopyrazolone-linked
SGN-08 potently inhibited CDK-9 with an ICs, value of 0.496 uM and arrested the cell cycle of MCF-7 at the G2/M phase
[72, 86]. The computational study of SGN-08 displayed its capability to make two hydrogen bonds with Asp104 and Asp109.
SGN-10 exhibited good inhibition power in the VEGFR kinase assay (92.20%) [24]. The 1,2,4-triazole hybrid SGN-15 was
among the most effective compounds as an inhibitor of MMP-2 (ICs, = 20.26 nM), CA II (ICsy = 187.50 nM), and VEGFR-2
(IC50=21.00 nM) [76]. Also,it promoted the expression of the p53 (2.47 folds in Caco-2, 1.38 folds in MDA-MB-231, and
3.18 in HepG-2) and induced apoptosis in the investigated cancer cells. The sulfaguanidine fragment of this compound has
contributed to the formation of a number of the interaction with critical amino acid residues in MMP-2 (Thr143, Leul37, and
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Ser151), CA II (Thr199, Thr200, and Zn262), and VEGFR-2 (Cys919 and Gly922) [76]. The sulfaguanidine liked 1,2,3-
triazole SGN-16 and SGN-17 have showed potent EGFR TK inhibition activity at nanomolar concentrations (413.30 nM and
468.21 nM) [77]. The ICs, value of SGN-18 on FGFR-1 was 325.65 pM. The molecular docking experiment of this derivative
uncovered the participation of its sulfaguanidine fragment to the binding with four amino acid residues of FGFR-1 (Glu253,
Arg212, Thr255, and Thr214) [57, 78].

Regarding the antimicrobial screening, five molecules (SGN-02-SGN-06) showed noteworthy effects against several Gram-
positive & Gram-negative and fungal pathogens (E. coli, P. aeruginosa, S. aureus, B. subtilis, B. cereus, E. aerogenes, C.
albicans and C. neoformans, C. tropicalis, S. cerevisiae, and A. fumigatus) as proves by their inhibition zones and MICs. The
potential mechanistic effects of these antimicrobial compounds include the inhibition of DNA replication, the inhibition of
DNA gyrase and topoisomerase activities, the inhibition of protein biosynthesis, and the inhibition of cell wall biosynthesis
[87, 88]. However, literatures that reported these compounds did not specified any potential mechanistic effects for the
synthesized compounds [1, 69, 70].

Regarding the antidiabetic activity investigation, only one molecule (SGN-20) has been reported as potent antidiabetic. This
antidiabetic candidate was investigated for their potential mechanistic effect on a-amylase and a-glucosidase.SGN-20 was
identified as a weak inhibitor with ICs, values of 22.66 uM and 96.52 uM, respectively. Assessment of the virtual binding
o-amylase and a-glucosidase showed that it has showed relatively high binding energies [80].

Four SGNs have been reported as CA inhibitors (SGNs-21, 22, 23, and 24). SGN-21 displayed an ICs, value of 118.40 uM
on the isoform I while SGN-22 was effective against the isoform II with anICs, value of 86.70 uM) [81].SGN-23 excellently
inhibited the isoforms I, II and IXwith Ki values of 0.85 nM, 0.53 nM, and 8.50 nM, respectively [36].SGN-24 significantly
inhibited the isoforms hCA I and hCA II with Ki values of 17.62 nM and 18.67 nM, respectively [83].

4. Conclusion

This review presents a comprehensive survey of synthetic strategies and reported biological activities as well as the
mechanistic investigations of sulfaguanidine as a vital molecular scaffold in the development of drug candidates. This
molecular scaffold has proven its advantages as a potent fragment in the skeletons of active bioorganic molecules targeting
diverse biological targets in the field of chemotherapeutics, antimicrobials, and antidiabetics. Their efficacies in developing
selective inhibitors of a specific isoform of carbonic anhydrase have also been reported. The diverse roles that sulfaguanidines
undertaken in synthesizing biologically active candidates targeting vital enzymes collectively underscore their values as
efficient fragments in designing drug candidates.

5. Future perspectives

The encouraging results of several SGNs highlighted here emphasize the importance of this scaffold in Medicinal Chemistry.
Molecules incorporating SGN-01, especially SGN-16, showed significant anticancer potential against MCF-7, HCT-116, and
HepG-2 human carcinomas. The sulfaguanidine linked 1,2,3-triazole SGN-16 has also been identified as a potent cytotoxic
against MCF-7, HCT-116, and HepG-2 cells with ICs, values of 34.30, 7.52, and 17.57 nM.SGN-16was found to be effective
as EGFR TK inhibitors. Also, sulfaguanidine-linked compounds have shown significant CA inhibitory potential. Efficiently,
the thiazole-linked sulfaguanidine derivative SGN-23 showed a good profile as CA inhibitor on isoforms I, II and IX with Ki
values of 0.85 nM, 0.53 nM, and 8.50 nM, respectively. The investigation of this compound revealed that its prominent
activity may be attributed to the presence of sulfaguanidine moiety that can effectively form hydrogen bonds with critical
amino acid residues in the specified biological targets. Accordingly, it warrants complementary structural optimization and
further research efforts which may further enhance its activity as anticancer and CA inhibitors.

Conflict of interest: The author declares that he has no conflict of Interest.

Author Contributions: H. S. Abulkhair contributed to the conceptualization, methodology, formal analysis, writing of the
original draft, and the last version of the manuscript.

6. References

1. Aday B, Sola P, Colak F, Kaya M (2016) Synthesis of novel sulfonamide analogs containing
sulfamerazine/sulfaguanidine and their biological activities. J Enzyme Inhib Med Chem 31:1005-1010.
https://doi.org/10.3109/14756366.2015.1079183

2. Ragab A, Fouad SA, Ali OAA, et al (2021) Sulfaguanidine Hybrid with Some New Pyridine-2-One Derivatives: Design,
Synthesis, and Antimicrobial Activity against Multidrug-Resistant Bacteria as Dual DNA Gyrase and DHFR Inhibitors.
Antibiotics 10:162. https://doi.org/10.3390/antibiotics 10020162

3. L H. El-Qaliei M, El-Gaby M, A. Ammar Y, et al (2020) Sulfonamides: Synthesis and the recent applications in
Medicinal Chemistry. Egypt J Chem 0-0. https://doi.org/10.21608/ejchem.2020.33860.2707

4. Rose FL, Spinks A (1947) The absorption of some sulphaguanidine derivatives in mice. Br J Pharmacol Chemother 2:65—
78. https://doi.org/10.1111/j.1476-5381.1947.tb00322.x

5. Hall LC (1942) The use of sulfaguanidine in enteric infections. J Pediatr 20:328-337. https://doi.org/10.1016/S0022-
3476(42)80188-2

6. Tchaikovskaya O, Bocharnikova E, Bazyl O, et al (2023) Nature of Luminescence and Pharmacological Activity of
Sulfaguanidine. Molecules 28:4159. https://doi.org/10.3390/molecules28104159

7. Husseiny EM, S. Abulkhair H, El-Dydamony NM, Anwer KE (2023) Exploring the cytotoxic effect and CDK-9

Egypt. J. Chem. 68, No. 12 (2025)



SYNTHETIC APPROACHES, BIOLOGICAL ACTIVITY EVALUATIONS, AND MECHANISTIC INVESTIGATIONS.. 171

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

inhibition potential of novel sulfaguanidine-based azopyrazolidine-3,5-diones and 3,5-diaminoazopyrazoles. Bioorg
Chem 106397. https://doi.org/10.1016/j.bioorg.2023.106397

Abdoli M, Bonardi A, Supuran CT, Zalubovskis R (2024) Synthesis and Carbonic Anhydrase I, II, IX, and XII Inhibition
Studies with a Series of Cyclic Sulfonyl Guanidines. ChemMedChem. https://doi.org/10.1002/cmdc.202400197

Ibrahim NM, Fahim SH, Hassan M, et al (2022) Design and synthesis of ciprofloxacin-sulfonamide hybrids to manipulate
ciprofloxacin  pharmacological qualities: Potency and side effects. Eur J Med Chem 228:114021.
https://doi.org/https://doi.org/10.1016/j.ejmech.2021.114021

Alelaimat MA, Al-Sha’er MA, Basheer HA (2023) Novel Sulfonamide-Triazine Hybrid Derivatives: Docking, Synthesis,
and Biological Evaluation as Anticancer Agents. ACS Omega 8:14247-14263.
https://doi.org/10.1021/acsomega.3c01273

Zahran SS, Ragab FA, Soliman AM, et al (2024) Utility of sulfachloropyridazine in the synthesis of novel anticancer
agents as antiangiogenic and apoptotic inducers. Bioorg Chem 148:107411.
https://doi.org/https://doi.org/10.1016/j.bioorg.2024.107411

Musa A, IThmaid SK, Hughes DL, et al (2023) The anticancer and EGFR-TK/CDK-9 dual inhibitory potentials of new
synthetic pyranopyrazole and pyrazolone derivatives: X-ray crystallography, in vitro , and in silico mechanistic
investigations. J Biomol Struct Dyn 41:12411-12425. https://doi.org/10.1080/07391102.2023.2167000

Ahmad S, Abdul Qadir M, Ahmed M, et al (2023) Exploring the Potential of New Benzamide-Acetamide Pharmacophore
Containing Sulfonamide as Urease Inhibitors: Structure—Activity Relationship, Kinetics Mechanism, and In Silico
Studies. ACS Omega 8:46165-46181. https://doi.org/10.1021/acsomega.3c07275

Akocak S, Taslimi P, Lolak N, et al (2021) Synthesis, Characterization, and Inhibition Study of Novel Substituted
Phenylureido Sulfaguanidine Derivatives as o-Glycosidase and Cholinesterase Inhibitors. Chem Biodivers 18:.
https://doi.org/10.1002/cbdv.202000958

Thabet HK, Ragab A, Imran M, et al (2024) Innovation of 6-sulfonamide-2 H -chromene derivatives as antidiabetic
agents targeting a-amylase, a-glycosidase, and PPAR-y inhibitors with in silico molecular docking simulation. RSC Adv
14:15691-15705. https://doi.org/10.1039/D4RA02143F

Bhat MA, Naglah AM, Khan AA, et al (2023) Synthesis, Spectral Characterization, and Antimicrobial Activity of Novel
Biginelli-Type Compounds Containing Sulfaguanidine. Russ J Gen Chem 93:931-936.
https://doi.org/10.1134/S1070363223040217

Mohamed S, Asran A, Abdel Kader N, El-Ansary A (2020) Simultaneous Quantification of Diaveridine and
Sulfadimidine by  Derivative and Ratio Derivative UV  Spectroscopy. Egypt J Chem 0-0.
https://doi.org/10.21608/ejchem.2020.22732.2353

Mohamed-Ezzat RA, Elgemeie GH (2024) Novel synthesis of new triazine sulfonamides with antitumor, anti-microbial
and anti-SARS-CoV-2 activities. BMC Chem 18:58. https://doi.org/10.1186/s13065-024-01164-9

Musa A, Abulkhair HS, Aljuhani A, et al (2023) Phenylpyrazolone-1,2,3-triazole Hybrids as Potent Antiviral Agents with
Promising SARS-CoV-2 Main Protease Inhibition Potential. Pharmaceuticals 16:463.
https://doi.org/10.3390/ph16030463

Abdoli M, De Luca V, Capasso C, et al (2023) Inhibition Studies on Carbonic Anhydrase Isoforms I, II, IX, and XII with
a Series of Sulfaguanidines. ChemMedChem 18:. https://doi.org/10.1002/cmdc.202200658

Lolak N, Tiirkes C, Akocak S, et al (2024) Interactions of novel 1,3-diaryltriazene-sulfamethazines with carbonic
anhydrases:  Kinetic  studies and in  silico simulations. ~Arch Biochem Biophys 761:110181.
https://doi.org/10.1016/j.abb.2024.110181

Yapar G, Lolak N, Bonardi A, et al (2024) Exploring the potency of diazo-coumarin containing hybrid molecules:
Selective inhibition of tumor-associated carbonic anhydrase isoforms IX and XII. ChemMedChem 19:.
https://doi.org/10.1002/cmdc.202300626

Kritky M (2024) Novel Sulfonamide Derivatives as a Tool to Combat Methicillin-Resistant Staphylococcus Aureus.
Future Med Chem 16:545-562. https://doi.org/10.4155/fmc-2023-0116

Elmeligie S, Ahmed EM, Abuel-Maaty SM, et al (2017) Design and Synthesis of Pyridazine Containing Compounds with
Promising Anticancer Activity. Chem Pharm Bull (Tokyo) 65:236-247. https://doi.org/10.1248/cpb.c16-00532
Abul-Khair H, Elmeligie S, Bayoumi A, et al (2013) Synthesis and evaluation of some new (1,2,4) triazolo(4,3-
a)quinoxalin- 4(5h)-one derivatives as AMPA receptor antagonists. J Heterocycl Chem 50:1202-1208.
https://doi.org/10.1002/jhet.714

Thmaid S, Ahmed HEA, Al-Sheikh Ali A, et al (2017) Rational design, synthesis, pharmacophore modeling, and docking
studies  for  identification = of novel potent DNA-PK inhibitors. Bioorg Chem  72:234-247.
https://doi.org/10.1016/j.bioorg.2017.04.014

Turky A, Sherbiny FF, Bayoumi AH, et al (2020) Novel 1,2,4-triazole derivatives: Design, synthesis, anticancer
evaluation, molecular docking, and pharmacokinetic profiling studies. Arch Pharm (Weinheim) 353:2000170.
https://doi.org/10.1002/ardp.202000170

Hamed A, Sharaby C, El-Sherif A, et al (2022) In vitro anticancer and antibacterial assessment of novel metal complexes
of 1,3-di-[p-tolyl]-2,4-di-[9H-purin-6-yl]-2,4-dichlorocyclodiphosph(V)azane. Egypt J Chem 0-0.
https://doi.org/10.21608/ejchem.2022.158055.6840

Siddiqui H, Haniffa HM, Jabeen A, et al (2018) Sulphamethazine derivatives as immunomodulating agents: New
therapeutic strategies for inflammatory diseases. PLoS One 13:¢0208933. https://doi.org/10.1371/journal.pone.0208933
Tolba MS, Ahmed M, Kamal El-Dean AM, et al (2018) Synthesis of New Fused Thienopyrimidines Derivatives as
Anti-inflammatory Agents. J Heterocycl Chem 55:408-418. https://doi.org/10.1002/jhet.3056

Egypt. J. Chem. 68, No. 12 (2025)



172

Hamada S. Abulkhair

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Elzamly R, Zaky H, Kandile N (2016) Simple and Efficient Methods for the Synthesis of New Biologically Active
Heterocycles. J Sci Res Sci 33:463—-488. https://doi.org/10.21608/jsrs.2016.18344

Othman EM, Fayed EA, Husseiny EM, Abulkhair HS (2022) The effect of novel synthetic semicarbazone- and
thiosemicarbazone-linked 1,2,3-triazoles on the apoptotic markers, VEGFR-2, and cell cycle of myeloid leukemia. Bioorg
Chem 127:105968. https://doi.org/10.1016/j.bioorg.2022.105968

Swain SS, Paidesetty SK, Padhy RN (2017) Antibacterial activity, computational analysis and host toxicity study of
thymol-sulfonamide conjugates. Biomed Pharmacother 88:181-193. https://doi.org/10.1016/j.biopha.2017.01.036

Fadhel S, Al-kadumi ASH, Imran NA, Abdulateef MH (2021) A Developed Method for the Estimation of Diclofenac
Sodium via Coupling with Diazotized 4-Aminoacetophenone. Egypt J Chem 0-0.
https://doi.org/10.21608/ejchem.2021.68509.3497

Ali 'Y, Muhamad Bunnori N, Susanti D, et al (2018) Synthesis, in-Vitro and in Silico Studies of Azo-Based
Calix[4]arenes as Antibacterial Agent and Neuraminidase Inhibitor: A New Look Into an Old Scaffold. Front Chem 6:.
https://doi.org/10.3389/fchem.2018.00210

Abdel Gawad NM, Amin NH, Elsaadi MT, et al (2016) Synthesis of 4-(thiazol-2-ylamino)-benzenesulfonamides with
carbonic anhydrase I, II and IX inhibitory activity and cytotoxic effects against breast cancer cell lines. Bioorg Med
Chem 24:3043-3051. https://doi.org/10.1016/j.bmc.2016.05.016

El-Sayed HA, Moustafa AH, Fadda AA, Abd El-Rahman KE (2019) Pyrazole and Nicotinonitrile Derivatives
Synthesized from Sulfa Drugs, and Their Antibacterial Activity. Russ J Gen Chem 89:339-347.
https://doi.org/10.1134/S1070363219020270

Fadda AA, El Salam MA, Tawfik EH, et al (2017) Synthesis and insecticidal assessment of some innovative heterocycles
incorporating a thiadiazole moiety against the cotton leafworm, Spodoptera littoralis. RSC Adv 7:39773-39785.
https://doi.org/10.1039/C7RA06087D

Husseiny EM, Abulkhair HS, El-Haddad SS, et al (2023) Aminopyridone-linked Benzimidazoles: A Fragment-based
Drug Design for the Development of CDK-9 Inhibitors. Future Med Chem. https://doi.org/10.4155/fmc-2023-0139
Husseiny E, El menofy N, El-Sebaey S (2021) Utility of 1,8-diaminonaphthalene in the synthesis of some novel
heterocycles as potent anti-MRSA with dual DNA gyrase and topoisomerase IV inhibition. Egypt J Chem 0-0.
https://doi.org/10.21608/ejchem.2021.104410.4824

Chiang L-L, Tseng I-J, Lin P-Y, et al (2016) Synthesis of Canthardin Sulfanilamides and Their Acid Anhydride
Analogues via a Ring-Opening Reaction of Activated Aziridines and Their Associated Pharmacological Effects.
Molecules 21:100. https://doi.org/10.3390/molecules21010100

Ahmad S, Abdul Qadir M, Ahmed M, et al (2023) Exploring the potential of propanamide-sulfonamide based drug
conjugates as dual inhibitors of urease and cyclooxygenase-2: biological and their in silico studies. Front Chem 11:.
https://doi.org/10.3389/fchem.2023.1206380

Abulkhair HS (2025) The role of the sulfaguanidine molecular scaffold in drug design and development. Arch Pharm
(Weinheim) 358:. https://doi.org/10.1002/ardp.202400802

Zaki RM, Radwan SM, Kamal El-Dean AM (2017) A Convenient Synthetic Method and Spectral Characterization of
New Tetrahydro[ 1,3]Joxazinothieno[2,3- ¢ Jisoquinoline and Its Pyrimidine Derivatives. J Chinese Chem Soc 64:1417-
1431. https://doi.org/10.1002/jccs.201700232

Al-Romaizan AN, Ahmed NS, Elfeky SM (2019) Design, Synthesis, and Biological Evaluation of Triazolyl- and
Triazinyl-Quinazolinediones as Potential Antitumor Agents. J Chem 2019:1-12. https://doi.org/10.1155/2019/9104653
Abulkhair HS, Adl K El (2025) A decade of research effort in synthesis , biological activity assessments , and
mechanistic investigations of sulfamethazine - incorporating molecules. 1-17. https://doi.org/10.1002/ardp.202500033
Chen L, Lowe B, Fletcher S (2023) Tetrazole and acylsulfonamide bioisosteric replacements of the carboxylic acid in a
dual MCL-1/BCL-x L inhibitor are tolerated. RSC Adv 13:34322-34334. https://doi.org/10.1039/D3RA05711A

Yun XSZ (2016) A kind of preparation method of sulfaguanidine

Bieber T, Kane B (1956) Communications - A New Synthesis of Sulfanilamides. J Org Chem 21:1198-1199.
https://doi.org/10.1021/jo01116a029

Abulkhair HS, Turky A, Ghiaty A, et al (2020) Novel triazolophthalazine-hydrazone hybrids as potential PCAF
inhibitors: Design, synthesis, in vitro anticancer evaluation, apoptosis, and molecular docking studies. Bioorg Chem
100:103899. https://doi.org/10.1016/j.bioorg.2020.103899

Hammoud MM, Khattab M, Abdel-Motaal M, et al (2023) Synthesis, structural characterization, DFT calculations,
molecular docking, and molecular dynamics simulations of a novel ferrocene derivative to unravel its potential antitumor
activity. J Biomol Struct Dyn 41:5199-5216. https://doi.org/10.1080/07391102.2022.2082533

Aljuhani A, Ahmed HEA, Ihmaid SK, et al (2022) In vitro and computational investigations of novel synthetic
carboxamide-linked pyridopyrrolopyrimidines with potent activity as SARS-CoV-2-M Pro inhibitors. RSC Adv
12:26895-26907. https://doi.org/10.1039/D2RA04015H

Turky A, Bayoumi AH, Ghiaty A, et al (2020) Design, synthesis, and antitumor activity of novel compounds based on
1,2,4-triazolophthalazine scaffold: Apoptosis-inductive and PCAF-inhibitory effects. Bioorg Chem 101:104019.
https://doi.org/10.1016/j.bioorg.2020.104019

Hannoun MH, Hagras M, Kotb A, et al (2020) Synthesis and antibacterial evaluation of a novel library of 2-(thiazol-5-
yl)-1,3,4-oxadiazole derivatives against methicillin-resistant Staphylococcus aureus (MRSA). Bioorg Chem 94:103364.
https://doi.org/10.1016/j.bioorg.2019.103364

El-Shershaby MH, El-Gamal KM, Bayoumi AH, et al (2021) Synthesis, antimicrobial evaluation, DNA gyrase inhibition,
and in silico pharmacokinetic studies of novel quinoline derivatives. Arch Pharm (Weinheim) 354:€2000277.

Egypt. J. Chem. 68, No. 12 (2025)



SYNTHETIC APPROACHES, BIOLOGICAL ACTIVITY EVALUATIONS, AND MECHANISTIC INVESTIGATIONS.. 173

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

https://doi.org/10.1002/ardp.202000277

Ezzat HG, Bayoumi AH, Sherbiny FF, et al (2021) Design, synthesis, and molecular docking studies of new
[1,2,4]triazolo[4,3-a]quinoxaline derivatives as potential A2B receptor antagonists. Mol Divers 25:291-306.
https://doi.org/10.1007/311030-020-10070-w

El-Shershaby MH, Ghiaty A, Bayoumi AH, et al (2021)1,2,4-Triazolo[4,3- ¢ ]quinazolines: a bioisosterism-guided
approach towards the development of novel PCAF inhibitors with potential anticancer activity . New J Chem 45:11136—
11152. https://doi.org/10.1039/d1nj00710f

Al-Karmalawy AA, Rashed M, Sharaky M, et al (2023) Novel fused imidazotriazines acting as promising top. II
inhibitors and apoptotic inducers with greater selectivity against head and neck tumors: Design, synthesis, and biological
assessments. Eur ] Med Chem 259:115661. https://doi.org/10.1016/j.ejmech.2023.115661

Aouadi A, Hamada Saud D, Rebiai A, et al (2024) Introducing the antibacterial and photocatalytic degradation potentials
of biosynthesized chitosan, chitosan-ZnO, and chitosan-ZnO/PVP nanoparticles. Sci Rep 14:14753.
https://doi.org/10.1038/541598-024-65579-z

Khayat MT, Ahmed HEA, Omar AM, et al (2023) A novel class of phenylpyrazolone-sulphonamides rigid synthetic
anticancer molecules selectively inhibit the isoform IX of carbonic anhydrases guided by molecular docking and orbital
analyses. J Biomol Struct Dyn 41:15243-15261. https://doi.org/10.1080/07391102.2023.2188957

El-Adl K, Ibrahim MK, Khedr F, et al (2022) Design, synthesis, docking, and anticancer evaluations of phthalazines as
VEGFR-2 inhibitors. Arch Pharm (Weinheim) 355:2100278. https://doi.org/10.1002/ardp.202100278

Abdulrahman FG, Abulkhair HS, Saeed HS EI, et al (2024) Design, synthesis, and mechanistic insight of novel
imidazolones as potential EGFR inhibitors and apoptosis inducers. Bioorg Chem 144:107105.
https://doi.org/10.1016/j.bioorg.2024.107105

El-Kalyoubi S, Elbaramawi SS, Eissa AG, et al (2023) Design and synthesis of novel uracil-linked Schiff bases as dual
histone deacetylase type Il/topoisomerase type I inhibitors with apoptotic potential. Future Med Chem.
https://doi.org/10.4155/fmc-2023-0112

Abdulrahman FG, Abulkhair HS, Zidan RA, et al (2024) Novel benzochromenes: design, synthesis, cytotoxicity,
molecular docking and mechanistic investigations. Future Med Chem 16:105-123. https://doi.org/10.4155/fmc-2023-
0198

Osman W, Maaz MA, Ali A, et al (2023) Geigeria alata- a potential source for anti-Alzheimer’s constituents: In vitro and
computational investigations. Indones J Pharm 34:603-616. https://doi.org/10.22146/ijp.7967

Abdallah EA, Taher Salah El-Din Taha, Aly SM, et al (2023) Correlation between cognitive pain perception and
functional performance level in Patients with chronic non-specific low back pain: a cross-sectional study. Rev Iberoam
Psicol Del Ejerc Y El Deport 18:705-709. https://doi.org/10.6084/m9.figshare.27935742

Shaaban S, Hammouda MM, Althikrallah HA, et al (2024) Organoselenium-based Azomethines as Apoptosis Inducers in
Colorectal Carcinoma via P53, BAX, Caspase-3, Caspase-6, and Caspase-9 Modulations. Curr Med Chem 31:.
https://doi.org/10.2174/0109298673319340240809104237

El-Adl K, Sakr HM, Yousef RG, et al (2022) New quinoxalin-2(1H)-one-derived VEGFR-2 inhibitors: Design, synthesis,
in vitro anticancer evaluations, in silico ADMET, and docking studies. Arch Pharm (Weinheim) 355:.
https://doi.org/10.1002/ardp.202200048

Ghorab MM, M. Soliman A, El-Sayyad GS, et al (2023) Synthesis, Antimicrobial, and Antibiofilm Activities of Some
Novel 7-Methoxyquinoline Derivatives Bearing Sulfonamide Moiety against Urinary Tract Infection-Causing Pathogenic
Microbes. Int J Mol Sci 24:8933. https://doi.org/10.3390/ijms24108933

Mubeen S, Rauf A, Ullah H, et al (2021) Synthesis and Biological Evaluation of Malononitrile-Based Sulfonamide
Analogs. Russ J Org Chem 57:1694—1699. https://doi.org/10.1134/S1070428021100195

Subramanian S, Sharma VK, Yun J, Jung S-H (2014) Exploration of Isosteric Replacement of Imidazolidinone Motif in
4-Phenyl-1-arylsulfonylimidazolidinone with Pyrazole and Pyrazolidinone for Cytotoxicity. Bull Korean Chem Soc
35:2922-2928. https://doi.org/10.5012/bkcs.2014.35.10.2922

Husseiny EM, Abulkhair HS, El-Sebaey SA, et al (2024) In vivo evaluation of novel synthetic pyrazolones as CDK9
inhibitors with enhanced pharmacokinetic properties. Future Med Chem. https://doi.org/10.1080/17568919.2024.2419363
Othman EM, Fayed EA, Husseiny EM, Abulkhair HS (2022) Rationale design, synthesis, cytotoxicity evaluation, and in
silico mechanistic studies of novel 1,2,3-triazoles with potential anticancer activity. New J Chem 46:12206-12216.
https://doi.org/10.1039/d2nj02061k

Al-Romaizan AN, Ahmed NS, Elfeky SM (2019) Design, Synthesis, and Biological Evaluation of Triazolyl- and
Triazinyl-Quinazolinediones as Potential Antitumor Agents. J Chem 2019:1-12. https://doi.org/10.1155/2019/9104653
El-Adl K, Sakr H, El-Hddad SSA, et al (2021) Design, synthesis, docking, ADMET profile, and anticancer evaluations of
novel thiazolidine-2,4-dione derivatives as VEGFR-2 inhibitors. Arch Pharm (Weinheim) 354:2000491.
https://doi.org/10.1002/ardp.202000491

Reda Aouad M, Almehmadi MA, Faleh Albelwi F, et al (2022) Targeting the interplay between MMP-2, CA II and
VEGFR-2 via new sulfonamide-tethered isomeric triazole hybrids; Microwave-assisted synthesis, computational studies
and evaluation. Bioorg Chem 124:105816. https://doi.org/10.1016/j.bioorg.2022.105816

Rezki N, Almehmadi MA, Thmaid S, et al (2020) Novel scaffold hopping of potent benzothiazole and isatin analogues
linked to 1,2,3-triazole fragment that mimic quinazoline epidermal growth factor receptor inhibitors: Synthesis, antitumor
and mechanistic analyses. Bioorg Chem 103:104133. https://doi.org/10.1016/j.bioorg.2020.104133

Elmongy EI, Binjubair FA, Alshehri OY, et al (2023) In Silico Screening and Anticancer-Apoptotic Evaluation of Newly
Synthesized Thienopyrimidine/Sulfonamide Hybrids. Int J Mol Sci 24:10827. https://doi.org/10.3390/ijms241310827

Egypt. J. Chem. 68, No. 12 (2025)



174

Hamada S. Abulkhair

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Abulkhair HS, Elmeligie S, Ghiaty A, et al (2021) In vivo- and in silico-driven identification of novel synthetic
quinoxalines as  anticonvulsants and AMPA  inhibitors. Arch Pharm (Weinheim) 354:2000449.
https://doi.org/10.1002/ardp.202000449

Khamees Thabet H, Ragab A, Imran M, et al (2024) Discovery of new anti-diabetic potential agents based on
paracetamol incorporating sulfa-drugs: Design, synthesis, o-amylase, and o-glucosidase inhibitors with molecular
docking simulation. Eur J Med Chem 275:116589. https://doi.org/https://doi.org/10.1016/j.ejmech.2024.116589

Ulus R, Kaya M, Demir D, et al (2016) Three-component synthesis and carbonic anhydrase inhibitory properties of novel
octahydroacridines  incorporating  sulfaguanidine scaffold. J Enzyme Inhib Med Chem 31:63-69.
https://doi.org/10.1080/14756366.2016.1187605

Omar AM, Thmaid S, Habib ESE, et al (2020) The rational design, synthesis, and antimicrobial investigation of 2-Amino-
4-Methylthiazole analogues inhibitors of GIcN-6-P synthase. Bioorg Chem 99:103781.
https://doi.org/10.1016/j.bioorg.2020.103781

Tugrak M, Giil Hi, Anil B, Giilgin I (2020) Synthesis and pharmacological effects of novel benzenesulfonamides carrying
benzamide moiety as carbonic anhydrase and acetylcholinesterase inhibitors. Turkish J Chem 44:1601-1609.
https://doi.org/10.3906/kim-2007-37

Husseiny EM, Abulkhair HS, Saleh A, et al (2023) Molecular overlay-guided design of new CDK2 inhibitor
thiazepinopurines: ~ Synthesis, anticancer, and mechanistic investigations. Bioorg Chem  140:106789.
https://doi.org/10.1016/j.bioorg.2023.106789

Jadoubushra, Al-hilfi D (2021) Synthesis, and Biological Studies of New Azo-azomethineCompounds Based
onSulfathiazole and Sulfadiazine. Egypt J Chem 0-0. https://doi.org/10.21608/ejchem.2021.100924.4690

Malebari AM, E. A. Ahmed H, Thmaid SK, et al (2023) Exploring the dual effect of novel 1,4-diarylpyranopyrazoles as
antiviral and anti-inflammatory for the management of SARS-CoV-2 and associated inflammatory symptoms. Bioorg
Chem 130:106255. https://doi.org/10.1016/j.bioorg.2022.106255

Halawa EM, Fadel M, Al-Rabia MW, et al (2024) Antibiotic action and resistance: updated review of mechanisms,
spread, influencing factors, and alternative approaches for combating resistance. Front Pharmacol 14:.
https://doi.org/10.3389/fphar.2023.1305294

Zhou G, Li Y (2024) Investigation of bacterial DNA gyrase Inhibitor classification models and structural requirements
utilizing multiple machine learning methods. Mol Divers 28:2119-2133. https://doi.org/10.1007/s11030-024-10806-y

Egypt. J. Chem. 68, No. 12 (2025)



