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Abstract

Solid tumors often exhibit hypoxia, a condition resulting from rapid tumor growth that outpaces oxygen supply. This hypoxic
environment promotes angiogenesis and enhances tumor survival while reducing the effectiveness of anticancer drugs. SLC-0111, a
specific inhibitor of human carbonic anhydrase (hCA) IX, is currently being investigated in clinical trials as a potential therapeutic
option for hypoxic malignancies. In this study, we describe the synthesis of a novel compound analogue to SLC-0111 by replacing the
para-fluorophenyl tail with a phenyl triazole motif. Our aim is to investigate the potential of this new compound as an inhibitor of the
cancer-associated hCA IX and hCA XIlI isoforms. Molecular docking was performed on compound 6 to elucidate its possible binding
interactions within the active sites of target enzymes. The hybrid compound exhibited strong binding affinity towards hCA IX and
hCA XIlI isoforms, with higher binding free energy (DG) values (-6.9682 to -5.5453 Kcal/mole) compared to the co-crystallized ligands
(-6.9682 to -5.1109 Kcal/mole), respectively. Docking analysis revealed that the sulfonamide moiety fits well within the active sites of
target enzymes, interacting with the Zn?* ion, while the phenyl triazole tail forms hydrophilic and hydrophobic interactions with amino
acid residues. These findings suggest that the target compound may exhibit selectivity to inhibit hCA IX and hCA XI1 isoforms.
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1.Introduction

Cancer poses a significant worldwide health challenge, as

itis responsible for millions of newly diagnosed cases annually
and ranks among the top causes of death internationally [1]. It can
manifest in numerous forms, affecting virtually any organ or
tissue, and poses a significant global health challenge[2]. The
development of cancer is often influenced by a combination of
genetic predisposition, environmental factors, and lifestyle
choices[3]. Another significant element contributing to
malignancy is the decrease in oxygen levels within the solid
tumor's microenvironment, leading to a state of hypoxia [4]. To
adapt and thrive in such conditions, cancer cells employ
glycolysis and increase the expression of specific enzymes to
lower the external pH [5]. Among these enzymes, hCA IX
isoform is upregulated by tumor cells in response to hypoxia,
aiding these cells in acclimating to the acidic conditions induced
by low oxygen levels, thereby advancing cancer cell growth [6—
8]. On the other hand, hCA XII is excessively activated in various
solid tumors like breast, lung, and cervical cancers [9,10]. These
enzymes facilitate the reversible conversion between bicarbonate
ions and carbon dioxide, utilizing zinc as a vital metal co-factor
in the process that regulates the external pH [11,12]. On a
molecular level, all human CA isoforms share a structurally
conserved active site characterized by a cone-shaped pocket
containing a zinc ion coordinated with three amino acid residues
(His94, His96, and His119) and water [13]. The periphery of this
active site consists of hydrophilic and hydrophobic regions,
exhibiting variations in hydrophobicity and polarity across
different hCA isoforms [14]. Consequently, hCA inhibitors
(CAls) incorporate a zinc-binding group (ZBG) essential for
coordinating with the zinc ion in the active site [15,16]. Despite
sulfonamides being the most effective hCAls, they act non-
selectively against nearly all hCA isoforms, leading to
unintended side effects [17]. Given the substantial similarity in
the active sites of CA isoforms, developing a selective inhibitor
targeting specific diseases has proven challenging [18]. To
address this selectivity issue, the "tail approach™ has emerged as
a promising strategy [19,20]. This approach involves introducing
various substituted phenyl or heterocyclic structures onto the
aromatic sulfonamide ring of hCAls to interact with distinctive
hydrophilic/hydrophobic residues in the peripheral regions of the
isoform's active site [21]. Utilization of tail approach in the
development of selective hCAIs have resulted in the
identification of SLC-0111, marking the first instance of a
selective CAl towards hCA IX isoform in clinical trial phases I/11,
showing potential for treating patients with advanced solid tumor
Fig 1 [22]. Several analogs of SLC-0111 have been synthesized
by replacing its 4-fluorophenyl tail with different chemical
frameworks. Compound | was designed by replacing 4-
fluorophenyl tail of of SLC-0111 with 5-(4-fluorophenyl)thiazole
[23]. Similarly, Compounds Il and I11 was prepared by replacing
the tail of SLC-0111 with benzothiazole [24] and substituted
1,3,5-triazine moiety [25], respectively Fig. 1.
Inspired by these findings, this present study unveils the synthesis
of a novel compound designed as a structural counterpart to SLC-
0111. Our objective is to uncover novel and selective carbonic
anhydrase inhibitors (CAlSs), as illustrated in Fig. 2. Initially, we
substituted the para-fluorophenyl tail in SLC-0111 with aryl
triazole, resulting in the newly synthesized triazole-based
analogue of SLC-0111.
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Figure 1. Chemical structures of SLC-0111, its reported analogues, and target
compound
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Figure 2. Design of 4-(3-(5-methyl-1-phenyl-1H-1,2,3-triazol-4-yl)ureido)
benzenesulfonamide analogue of SLC-0111.

Results and discussion
Chemistry

Both compound 6 and its intermediates were prepared as outlined
in scheme 1. The Phenyl azide 1 was prepared via diazotization
of aniline with sodium nitrite in hydrochloric acid and further
treatment with sodium azide affording intermediate 1 in a good
yield [26]. Cycloaddition of phenyl azide 1 with ethyl
acetoacetate in the presence of dimethylamine (10 mol %) in
dimethyl sulfoxide (DMSO) at 65-70 C° afforded the
phenyltriazole ester 2 in a good yield [27]. The hydrazide 3 was
synthesized according to the reported procedure by treatment of
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1,2,3-triazol-4-ester 2 with excess hydrazine hydrate in ethanol
[28]. The hydrazide intermediate 3 was subjected to diazotization
using NaNO; in the presence of hydrochloric acid. This was
followed by treatment with sodium azide, resulting in the
formation of phenyl triazole azide 4. Subsequently, the compound
underwent Curtius Rearrangement through refluxing in dry xylene,
leading to the formation of the isocyanate intermediate 5. Further
refluxing of intermediate 5 with sulfanilamide in dry xylene
resulted in the synthesis of the desired 1,2,3-triazole based
sulfonamide (Scheme 1).

'H NMR spectrum of compound 6 in DMSO-ds showed two
singlets at 6 9.27 and 8.62 ppm for the two NH groups of urea
linker, while the free NH group appeared as singlet 8 7.74 ppm.
Also, the methyl group revealed singlet at 5 2.26 ppm Fig 3. On the
other hand, 3C NMR spectrum of compound 6 showed
characteristic signals at & 153.38 ppm corresponding to the
carbonyl group of urea moiety and & 9.35 ppm indicating the
presence of methyl group Fig 4.
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Reagent and conditions: (i) NaNO,, HCI, NaNj stirring 2 h; yield 81 %(ii) Ethyl
acetoacetate, diethylamine, DMSO stirring at 70 C° for 2 h; yield 74 % (iii)
Hydrazine hydrate 99%, absolute ethanol, reflux 3 h; yield 70 % (iv) NaNO,, HCI,
NaNj stirring 2 h; (v) Xylene, reflux 1 h; (vi) Sulfanilamide Xylene, reflux 6 h;
yield 54 %.

Scheme 1: Synthesis of target compound 6
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2.2 Molecular docking studies within the active sites of hCA
IX and hCA XII

Based on our design, molecular docking studies have been done
to uncover the possible binding interactions of compound 6
within the active sites of hCA IX and hCA XII as expected
molecular targets. The docking investigations were done using
the X-ray structures for hCA 1X and hCA XII (PDB IDs: 5FL4
and 4WWS8, respectively) [29,30]. To verify the docking setup,
the co-crystallized ligands of hCA 1X and hCA XII proteins were
re-docked into the active site of each respective enzyme. This
self-docking validation process was conducted to evaluate the
appropriateness of the docking protocol for subsequent docking
studies. The results demonstrated the effectiveness of the docking
protocol, as indicated by the small Root Mean Square Deviation
(RMSD) values (less than 2 for both target proteins: RMSD value
for 5FL4 = 0.3370 and for 4WW8 = 0.5647) and the ability of the
docking poses to replicate the essential interactions observed
between the co-crystallized ligand and the hot spots (Zn2+,
Thr199, and/or Thr200) in the active sites of hCA IX and hCA
XII. Once the setup was validated, it was utilized to investigate
the binding mode of newly designed compound within the active
sites of the different carbonic anhydrase isoforms, namely hCA
IX and hCA XII. Docking studies of compound 6 revealed that
benzenesulfonamide moiety fits well into the active sites of hCA
IX and hCA XII with nitrogen atom coordinating the zinc ion.
The SO2 group formed H-bond with amine acid Thr 200 for hCA
IX and amine acid Thr 198 in case of hCA XII. Also, hybrid
compound demonstrated a robust binding affinity for hCA IX and
hCA XII isoforms, exhibiting higher binding free energy (AG)
values (-6.9682 to -5.5453 Kcal/mole) compared to the co-
crystallized ligands (-6.9682 to -5.1109 Kcal/mole), respectively,
Table 1. Molecular docking analysis showed that the sulfonamide
portion of the compound effectively fits within the active sites of
hCA IX and hCA XIl, interacting with the Zn2+ ion.
Additionally, the phenyl triazole tail of the compound engages in
both hydrophilic and hydrophobic interactions with amino acid
residues (Figs 5, 6, 7, and 8). These findings suggest that the
investigated compound has the potential to selectively target
tumor-associated hCA 1X and hCA XIlI isoforms.

Table 1: Energy scores and binding interactions of Co-crystallizes ligands and compound 6 and within the active sites of hCA IX and hCA XI|I.

#  Compound Protein Binding energy
(kcal/mol) Interacting Metal/ Residue

1  Co-crystallized ligand hCA IX -5.9430 Zn*2, Thr A:200, Leu: A199, and hydrophobic
interactions

2 Target compound hCA IX -6.9682 Zn*2, Thr A:200, Leu: A199, Val 130, GIn 92, Leu 92,
Arg 129, and hydrophobic interactions

3 Co-crystallized ligand hCA XII -5.1109 Zn*2, Thr A:198, and hydrophobic interactions

3 Target compound hCA XII -5.5453 Zn*2, Thr A:198, His 91, Leu 197, Ser 130 and

hydrophobic interactions
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Figure 3. 'H NMR of compound 6
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Figure 4. **C NMR for compound 6
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Figure 5. (A) 2D binding interactions of the co-crystallized ligand in the active site of hCA IX. (B) 3D binding interactions of the co-crystallized
ligand in the active site of hCA IX.

Figure 7. (A) 2D binding interactions of the co-crystallized ligand in the active site of hCA XII. (B) 3D binding interactions of the co-crystallized
ligand in the active site of hCA XII.

A

Figure 8. (A) 2D interaction map of compound 6 in the active site of hCA XII. (B) 3D interaction map of compound 6 in the active site of hCA XII.
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Conclusion

In conclusion, our study focused on addressing the hypoxic
conditions commonly observed in solid tumors. We developed a
novel compound analogous to SLC-0111, a specific inhibitor of
hCA X, to explore its potential as an inhibitor for both hCA IX
and hCA XII isoforms, which are associated with cancer.
Molecular docking analysis revealed that the hybrid compound
displayed strong binding affinity towards hCA 1X and hCA XII,
surpassing the binding free energy values of the co-crystallized
ligands. The docking results indicated that the compound's
sulfonamide moiety interacted effectively with the Zn?* ion in the
active sites of hCA 1X and hCA XII, while the phenyl triazole tail
formed interactions with amino acid residues through hydrophilic
and hydrophobic interactions. These findings suggest that the
compound may exhibit selectivity towards tumor-associated hCA
IX and hCA XII isoforms. Further research and evaluation are
needed to assess the therapeutic potential of this compound in
hypoxic malignancies and its efficacy in clinical settings.

4. Experimental section
4.1. Chemistry

In this study, Thin-layer chromatography (TLC) was used to
monitor the chemical reaction. Merck Grade-9385 precoated
aluminum TLC plates with silica gel 60, were employed. UV
light at 254 nm was applied to visualize the spots on the plates.
Melting points were determined using a Stuart Electrothermal
Melting Point Apparatus. The Bruker AM400 spectrometer,
operating at 100 MHz for *C NMR and 400 MHz for *H NMR
spectra, was used. The solvent DMSO-d6 and the internal
standard tetramethylsilane was utilized. intermediates 1 [26], 2
[27] , and 3[28] were prepared as reported.

4.1.1 General procedures for synthesis of 4-(3-(5-methyl-1-
phenyl-1H-1,2,3-triazol-4-yl)ureido)benzenesulfonamide 6.

A solution containing hydrazide intermediate 3 (1.5 g, 0.007 mol)
and sodium nitrite (0.57 g, 0.008 mol) in hydrochloric acid was
placed in an ice bath and stirred for 1 h. Then, a solution of
sodium azide (0.54 g, 0.008mol) was added, and stirring
continued for 1 h at room temperature. The obtained mixture was
poured onto crushed ice. The solid that formed was filtered, air-
dried, as 5-methyl-1-phenyl-1H-1,2 3-triazole-4-carbonyl azide
4, which was used in the subsequent step as crude product. The
intermediate azide 4 (1g, 0.003 mol) was heated under reflux in
dry xylene for 1 h, followed by the addition of sulphanilamide
(0.6g, 0.003 mol) to the xylene solution. The reaction mixture
was heated under reflux for another 6 hs. After cooling to room
temperature, the precipitated product was filtered, washed with
ether, and recrystallized from ethanol to yield the desired
compound 6 [31,32].

white powder; (0.7 g, 54 % yield); mp: 178-180 °C;'H NMR (400
MHz, DMSO-ds) & 9.27 (1H, s, -NH-C=0), 8.62 (1H, s, -NH-
C=0), 7.74 (2H, s, SOoNH>), 7.63-7.65 (5H, m, Ar-H), 7.17(2H,
d, J=17.74 Hz, Ar-H), 2.26 (3H, s, CH3); '*C NMR (100 MHz,
DMSO-ds) 6 153.38, 143.24, 140.91, 137.61, 136.77, 130.18,
129.96, 127.85, 127.23, 125.12, 118.25, 9.35. Anal. Calcd. For
CisHisN6O3S: C, 51.60; H, 4.33; N, 22.57; Found; C, 51.34; H,
4.11; N, 22.29.

4.2. Docking studies

The X-ray structures of the hCA IIXand hCA XII
enzymes, with PDB IDs: 5FL4 and 4WWS8, respectively, were
accessed through the Protein Data Bank (PDB). The specific
docking protocol employed in the study can be found in the
Supplementary data section, where all the relevant details are
provided.

Refrences

[1] C.E. Theodore, G. Sivaiah, S.B.B. Prasad, K.Y. Kumar, M.S. Raghu,
F. Alharethy, M.K. Prashanth, B.H. Jeon, Design, synthesis, anticancer activity
and molecular docking of novel 1H-benzo[d]imidazole derivatives as potential
EGFR inhibitors, J.  Mol.  Struct. 1294  (2023)  136341.
https://doi.org/10.1016/J.MOLSTRUC.2023.136341.

[2] A.A. Bhat, I. Singh, N. Tandon, R. Tandon, Structure activity
relationship (SAR) and anticancer activity of pyrrolidine derivatives: Recent
developments and future prospects (A review), Eur. J. Med. Chem. 246 (2023)
114954. https://doi.org/10.1016/J.EJMECH.2022.114954.

[3] M.S. Rahman, S. Suresh, M.I. Waly, Risk factors for cancer: Genetic
and environment, Bioact. Components, Diet Med. Treat. Cancer Prev. (2018) 1
23. https://doi.org/10.1007/978-3-319-75693-6_1/COVER.

[4] Y. Li, L. Zhao, X.F. Li, Hypoxia and the Tumor Microenvironment,
Technol. Cancer Res. Treat. 20 (2021).
https://doi.org/10.1177/15330338211036304.

[5] F. Paredes, H.C. Williams, A. San Martin, Metabolic adaptation in
hypoxia ~and  cancer, Cancer  Lett. 502  (2021) 133-142.
https://doi.org/10.1016/J.CANLET.2020.12.020.

[6] M. Kciuk, A. Gielecinska, S. Mujwar, M. Mojzych, B. Marciniak, R.
Drozda, R. Kontek, Targeting carbonic anhydrase IX and XI1 isoforms with small
molecule inhibitors and monoclonal antibodies,

Https://Doi.Org/10.1080/14756366.2022.2052868. 37 (2022) 1278-1298.
https://doi.org/10.1080/14756366.2022.2052868.

[7] A. Queen, H.N. Bhutto, M. Yousuf, M.A. Syed, M.I. Hassan, Carbonic
anhydrase IX: A tumor acidification switch in heterogeneity and chemokine
regulation, Semin. Cancer Biol. 86 (2022) 899-913.
https://doi.org/10.1016/J.SEMCANCER.2022.01.001.

[8] C.H.C. Ong, D.Y. Lee, B. Lee, H. Li, J.C.T. Lim, J.X. Lim, J.P.S.
Yeong, H.Y. Lau, A.A. Thike, P.H. Tan, J. Igbal, Hypoxia-regulated carbonic
anhydrase IX (CAIX) protein is an independent prognostic indicator in triple
negative  breast  cancer, Breast  Cancer  Res. 24 (2022).
https://doi.org/10.1186/S13058-022-01532-0.

[9] M.J. Hsieh, K.S. Chen, H.L. Chiou, Y.S. Hsieh, Carbonic anhydrase
XI1 promotes invasion and migration ability of MDA-MB-231 breast cancer cells
through the p38 MAPK signaling pathway, Eur. J. Cell Biol. 89 (2010) 598-606.
https://doi.org/10.1016/J.EJCB.2010.03.004.

[10] C. Yamali, H. Inci Gul, G. Ozli, A. Angeli, P. Ballar Kirmizibayrak,
B. Erbaykent Tepedelen, H. Sakagami, S. Bua, C.T. Supuran, Exploring of tumor-
associated carbonic anhydrase isoenzyme IX and XII inhibitory effects and
cytotoxicities of the novel N-aryl-1-(4-sulfamoylphenyl)-5-(thiophen-2-yl)-1H-
pyrazole-3-carboxamides, = Bioorg.  Chem. 115  (2021)  105194.
https://doi.org/10.1016/J.BIOORG.2021.105194.

[11] S. Singh, C.L. Lomelino, M.Y. Mboge, S.C. Frost, R. McKenna,
Cancer Drug Development of Carbonic Anhydrase Inhibitors beyond the Active
Site, Molecules. 23 (2018). https://doi.org/10.3390/MOLECULES23051045.
[12] C.T. Supuran, Carbonic anhydrase inhibitors, Bioorg. Med. Chem.
Lett. 20 (2010) 3467—-3474. https://doi.org/10.1016/J.BMCL.2010.05.009.

[13] L. Baranauskiené, D. Matulis, Overview of Human Carbonic
Anhydrases, Carbon. Anhydrase as Drug Target. (2019) 3-14.
https://doi.org/10.1007/978-3-030-12780-0_1.

[14] C.L. Lomelino, C.T. Supuran, R. McKenna, Non-Classical Inhibition
of Carbonic Anhydrase, Int. J. Mol. Sci. 2016, Vol. 17, Page 1150. 17 (2016)
1150. https://doi.org/10.3390/1JMS17071150.

[15] S. Singh, C.L. Lomelino, M.Y. Mboge, S.C. Frost, R. McKenna,
Cancer Drug Development of Carbonic Anhydrase Inhibitors beyond the Active
Site, Mol. 2018, Vol. 23, Page 1045. 23 (2018) 1045.
https://doi.org/10.3390/MOLECULES23051045.

[16] D. Cuffaro, E. Nuti, A. Rossello, An overview of carbohydrate-based
carbonic anhydrase inhibitors,
Https://Doi.Org/10.1080/14756366.2020.1825409. 35 (2020) 1906-1922.
https://doi.org/10.1080/14756366.2020.1825409.

[17] A. Nocentini, S. Bua, C.L. Lomelino, R. McKenna, M. Menicatti, G.
Bartolucci, B. Tenci, L. Di Cesare Mannelli, C. Ghelardini, P. Gratteri, C.T.
Supuran, Discovery of New Sulfonamide Carbonic Anhydrase IX Inhibitors
Incorporating Nitrogenous Bases, ACS Med. Chem. Lett. 8 (2017) 1314-1319.
https://doi.org/10.1021/ACSMEDCHEMLETT.7B00399/SUPPL_FILE/ML7B0
0399_SI_001.PDF.

J. Adv. Biomed. & Pharm. Sci.



Hamada H. H. Mohammed

[18] V. Chahal, S. Nirwan, M. Pathak, R. Kakkar, Identification of potent
human carbonic anhydrase 1X inhibitors: a combination of pharmacophore
modeling, 3D-QSAR, virtual screening and molecular dynamics simulations,
Https://Doi.Org/10.1080/07391102.2020.1860132. 40 (2020) 4516-4531.
https://doi.org/10.1080/07391102.2020.1860132.

[19] A. Bonardi, A. Nocentini, S. Bua, J. Combs, C. Lomelino, J. Andring,
L. Lucarini, S. Sgambellone, E. Masini, R. McKenna, P. Gratteri, C.T. Supuran,
Sulfonamide Inhibitors of Human Carbonic Anhydrases Designed through a
Three-Tails Approach: Improving Ligand/Isoform Matching and Selectivity of

Action, J. Med. Chem. 63 (2020) 74227444,
https://doi.org/10.1021/ACS.JMEDCHEM.0C00733.
[20] C. Kakakhan, C. Tiirkes, O. Giileg, Y. Demir, M. Arslan, G.

Ozkemahli, S. Beydemir, Exploration of 1,2,3-triazole  linked
benzenesulfonamide derivatives as isoform selective inhibitors of human
carbonic  anhydrase, Bioorg. Med. Chem. 77 (2023) 117111.
https://doi.org/10.1016/J.BMC.2022.117111.

[21] A. Kumar, K. Siwach, T. Rom, R. Kumar, A. Angeli, A. Kumar Paul,
C.T. Supuran, P.K. Sharma, Tail-approach based design and synthesis of
Arylthiazolylhydrazono-1,2,3-triazoles  incorporating  sulfanilamide  and
metanilamide as human carbonic anhydrase |, I, IV and IX inhibitors, Bioorg.
Chem. 123 (2022) 105764. https://doi.org/10.1016/J.BIOORG.2022.105764.
[22] A. Kumar, K. Siwach, C.T. Supuran, P.K. Sharma, A decade of tail-
approach based design of selective as well as potent tumor associated carbonic
anhydrase inhibitors, Bioorg. Chem. 126 (2022) 105920.
https://doi.org/10.1016/J.BIOORG.2022.105920.

[23] M.F. Abo-Ashour, W.M. Eldehna, A. Nocentini, H.S. Ibrahim, S. Bua,
H.A. Abdel-Aziz, S.M. Abou-Seri, C.T. Supuran, Novel synthesized SLC-0111
thiazole and thiadiazole analogues: Determination of their carbonic anhydrase
inhibitory activity and molecular modeling studies, Bioorg. Chem. 87 (2019)
794-802. https://doi.org/10.1016/J.BIOORG.2019.04.002.

[24] T. Al-Warhi, M.M. Elbadawi, A. Bonardi, A. Nocentini, A.A. Al-
Karmalawy, N. Aljaeed, O.J. Alotaibi, H.A. Abdel-Aziz, C.T. Supuran, W.M.
Eldehna, Design and synthesis of benzothiazole-based SLC-0111 analogues as
new inhibitors for the cancer-associated carbonic anhydrase isoforms IX and XII,
J. Enzyme Inhib. Med. Chem. 37 (2022) 2635-2643.
https://doi.org/10.1080/14756366.2022.2124409/SUPPL_FILE/IENZ_A_21244
09_SM6014.PDF.

[25] N. Lolak, S. Akocak, S. Bua, R.K.K. Sanku, C.T. Supuran, Discovery
of new ureido benzenesulfonamides incorporating 1,3,5-triazine moieties as
carbonic anhydrase I, Il, IX and XII inhibitors, Bioorg. Med. Chem. 27 (2019)
1588-1594. https://doi.org/10.1016/J.BMC.2019.03.001.

[26] M.I. Mangione, R.A. Spanevello, M.B. Anzardi, Efficient and
straightforward click synthesis of structurally related dendritic triazoles, RSC
Adv. 7 (2017) 47681-47688. https://doi.org/10.1039/C7RA09558A.

[27] S. Zhou, H. Liao, M. Liu, G. Feng, B. Fu, R. Li, M. Cheng, Y. Zhao,
P. Gong, Discovery andw biological evaluation of novel 6,7-disubstituted-4-(2-
fluorophenoxy)quinoline derivatives possessing 1,2,3-triazole-4-carboxamide
moiety as c-Met kinase inhibitors, Bioorg. Med. Chem. 22 (2014) 6438-6452.
https://doi.org/10.1016/J.BMC.2014.09.037.

[28] B.F. Abdel-Wahab, H.A. Mohamed, G.E.A. Awad, Synthesis of 5-
(1,2,3-Triazol-4-yl)-1,3,4-Oxa(thia) diazol-2-Amines as Antimicrobial Agents,
Egypt. J. Chem. 57 (2014) 257-266.
https://doi.org/10.21608/EJCHEM.2014.1044.

[29] M.M. Ghorab, A.M. Soliman, S. Bua, C.T. Supuran, Biological
evaluation, radiosensitizing activity and structural insights of novel halogenated
quinazoline-sulfonamide conjugates as selective human carbonic anhydrases

IX/XII inhibitors, Bioorg. Chem. 107 (2021) 104618.
https://doi.org/10.1016/J.BIOORG.2020.104618.
[30] M.M. Elbadawi, W.M. Eldehna, A. Nocentini, W.R. Somaa, S.T. Al-

Rashood, E.B. Elkaeed, M.A. El Hassab, H.A. Abdel-Aziz, C.T. Supuran, M.
Fares, Development of 4-((3-oxo-3-phenylpropyl)amino)benzenesulfonamide
derivatives utilizing tail/dual-tail approaches as novel carbonic anhydrase
inhibitors, Eur. J. Med. Chem. 238 (2022) 114412.
https://doi.org/10.1016/J.EJMECH.2022.114412.

[31] W.M. Eldehna, G.S. Hassan, S.T. Al-Rashood, T. Al-Warhi, A.E.
Altyar, H.M. Alkahtani, A.A. Almehizia, H.A. Abdel-Aziz, Synthesis and in vitro
anticancer activity of certain novel 1-(2-methyl-6-arylpyridin-3-yl)-3-
phenylureas as apoptosis-inducing agents, J. Enzyme Inhib. Med. Chem. 34
(2019) 322-332. https://doi.org/10.1080/14756366.2018.1547286.

[32] M. El-Naggar, H. Almahli, H.S. lbrahim, W.M. Eldehna, H.A. Abdel-
Aziz, Pyridine-Ureas as Potential Anticancer Agents: Synthesis and In Vitro
Biological Evaluation, Mol. 2018, Vol. 23, Page 1459. 23 (2018) 1459.
https://doi.org/10.3390/MOLECULES23061459.

59

J. Adv. Biomed. & Pharm. Sci.



