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ABSTRACT

Cancer is a principal cause of mortality globally, driven by genetic and epigenetic modifications
that result in unregulated cellular proliferation. As a result of the shortcomings of current treatments,
such as drug resistance and toxicity, this study focuses on the rational design of four A, B, C and
D series of novel sulfonamide-quinoline derivatives bearing different amino linkers targeting key
cancer-associated enzymes: carbonic Anhydrase IX (CAIX), Aurora Kinase A (AURKA), and Aurora
Kinase B (AURKB). Molecular docking studies revealed B5, B3, C5, C3, A5, and D2 as the most
promising inhibitors that showed strong binding affinities for all three target enzymes. In addition,
A2, A6, B6, D3, and D6 showed selective inhibition of AURKA and AURKB. Calculations of the
pharmacokinetic parameters of the hybrids were also performed, which showed favorable results.
Toxicity profiling showed that A2, B4, B5, B6, D4, D5, and D6 were less toxic than Sitamaquine, but
all needed optimization except for respiratory toxicity. Most compounds had good Gl absorption,
while B4, D4, D5, and D6 would likely require formulation adjustment to enhance their bioavailability.
This study indicates that sulfonamide-quinoline derivatives are promising multi-target anti-cancer
agents and deserve further in vitro and in vivo studies.

Keywords: Carbonic Anhydrase IX, Aurora Kinase A, Aurora Kinase B, Sulfonamide,
Quinoline, Docking.

INTRODUCTION

Cancer is a genetic disease that can
spread throughout the body and is characterised
by aberrant cell proliferation and genetic or
epigenetic alterations in somatic cells." Globally,
there were 9.6 million cancer-related deaths
and 18 million cancer diagnoses in 2018. It is
anticipated that there would be 420 million cases

annually by 2025.23 Prostate, colorectal, lung, and
breast cancers are among the common varieties.*
Drug resistance and serious adverse effects
(such as nausea, hair loss, and immunological
suppression) are problems with current treatments.
These problems show how urgently safer, more
potent, and less toxic anti-cancer medications
are needed.® In medicinal chemistry, molecular
hybridization—the logical fusion of two or more
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pharmacophoric moieties into a single hybrid
structure-has become a potent tactic. Compounds
with increased biological activity, better selectivity,
and the ability to overcome drug resistance are
frequently the outcome of this strategy.®

For many years, quinoline has been an
essential scaffold in drug development, particularly
in anticancer studies. Quinoline is a nitrogen-
based heterocyclic moiety with biological action.
Nitrogen atoms greatly enhance the basic nature
of quinoline compounds. Several anticancer
medicines based on the quinoline framework are in
clinical testing. Quinoline derivatives inhibit several
cancer-causing enzymes, such as tyrosine kinase,
PI3K-pKB (phosphoinositide 3-kinase-protein
kinase B), epidermal growth factor receptors,
ALK5(Activin-receptor-like kinase-5), mitogen-
activated protein kinase, platelet-d kinase insert
domain receptors, and nonreceptor tyrosine
kinases. Quinoline-based anticancer medicines,
including Bosutinib, Lenvatinib, and Cabozantinib,
prevent protein kinase activity.”

Quinoline derivatives have shown promising
activity in many cancer cell lines, including colorectal,
breast, colon, lung, and renal .82

In medicinal chemistry, the sulfonamide
moiety has gained popularity, leading to the
creation of various sulfonamide derivatives with
various biological actions. These actions include
anti-oxidant,?? anti-bacterial,?® anti-fungal,?*
anti-inflammatory,?® anti-diabetic,?® and anti-
cancer characteristics?”-*'. The FDA has approved
several sulfonamide derivatives as anti-cancer
agents, which is noteworthy. For example,
Belinostat, an inhibitor of histone deacetylase,
has been approved as the third treatment for T-cell
lymphoma (cancer of lymph nodes), following
Vorinostat and Romidepsin. ABT 199, a Bcl-2
inhibitor, is officially authorized to treat patients
with chronic lymphocytic leukemia. Amsacrine has
been approved to treat malignant lymphomas and
acute leukemias by intercalating tumor DNA and
inhibiting topoisomerase-11.2!

Based on findings published in the medical
and pharmaceutical journals, there has been a
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significant increase in interest in sulfonamide-
quinoline hybrids as anti-cancer medicines.3?4°

Sulfonamides and quinoline derivatives
are two pharmacologically relevant scaffolds that
have exhibited significant potential in anticancer
drug development. Sulfonamides are already
known to be inhibitors of carbonic anhydrase IX
(CA IX),414243 an overexpressed isoenzyme in
hypoxic tumor microenvironments and involved
in tumor survival and metastasis by regulation of
extracellular pH*+. Though CA IX expression is
low in regular tissues, it is upregulated in bladder,
renal, breast, cervical, lung, and colon cancers,
making it a potential therapeutic target®46. Quinoline-
based derivatives, however, have strong anticancer
activity by multiple mechanisms, such as inhibition
of Aurora kinases A and B*°, which are serine/
threonine kinases playing roles in mitotic cell cycle
progression, segregation of chromosomes, and
cell cycle regulation. Overexpression of these
kinases correlates with numerous malignancies
and unfavorable clinical outcomes.*”%2 AURKA is
amplified in breast and lung cancers, and AURKB
is overexpressed in prostate, NSCLC, glioblastoma,
and breast cancer.?

Since CA IX and Aurora kinases play
complementary and antagonistic roles in cancer
biology, the development of hybrid molecules with
dual targeting potential towards both pathways is a
new and interesting therapeutic approach. Herein,
we optimized a set of 32 new sulphonamide-
quinoline derivatives through the molecular
hybridization strategy. The molecules were
structurally optimized by joining sulphonamide
and quinoline units via different amino linkers to
investigate conformational flexibility and maximize
dual-target interaction. This study provides a
foundation for the discovery of multi-targeted
anticancer drugs and opens up a foundation for
additional synthesis, biological testing, and SAR
investigations.

MATERIALS AND METHODS
Design of proposed compounds

The molecular hybridization technique
is widely utilized in drug design and discovery,
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combining various bioactive components to create
novel hybrids with enhanced activity.5* These
findings about sulfonamides and quinolines as
anticancer medicines prompted the creation of
novel sulphonamide-quinoline derivatives as anti-
cancer agents. In this research work, we designed
32 novel sulphonamide-quinoline derivatives
incorporating different amino linkers [x] Fig.1
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with anticancer potential using the molecular
hybridization technique. This linkage is crucial
for maintaining the structural integrity. Quinoline
moiety is kept rigid, and the substituents attached
to the sulphonamide group are denoted by 'R'.
These groups can be varied to modulate the
physicochemical properties and biological activity
of the hybrids.

Fig. 1. Novel sulfonamide-quinoline hybrids
Table 1: List of 32 Sulfonamide-quinoline derivatives

Sr. No Compound R X

1 Al -phenyl -1,2-diaminopropane
2 A2 -phenyl -1,3-diaminopropane
3 A3 -phenyl -1,4-diaminobutane
4 A4 -phenyl -benzene 1,2-diamine
5 A5 -phenyl -benzene 1,3-diamine
6 A6 -phenyl -benzene 1,4-diamine
7 A7 -phenyl -Hydrazine

8 A8 -phenyl -piperazine

9 B1 -p-toluene -1,2-diaminopropane
10 B2 -p-toluene -1,3-diaminopropane
11 B3 -p-toluene -1,4-diaminobutane
12 B4 -p-toluene -benzene 1,2-diamine
13 B5 -p-toluene -benzene 1,3-diamine
14 B6 -p-toluene -benzene 1,4-diamine
15 B7 -p-toluene -Hydrazine

16 B8 -p-toluene -piperazine

17 C1 -phenyl methane -1,2-diaminopropane
18 c2 -phenyl methane -1,3-diaminopropane
19 C3 -phenyl methane -1,4-diaminobutane
20 C4 -phenyl methane -benzene 1,2-diamine
21 C5 -phenyl methane -benzene 1,3-diamine
22 Ccé6 -phenyl methane -benzene 1,4-diamine
23 Cc7 -phenyl methane -Hydrazine

24 Cc8 -phenyl methane -piperazine

25 D1 -4-chlorophenyl -1,2-diaminopropane
26 D2 -4-chlorophenyl -1,3-diaminopropane
27 D3 -4-chlorophenyl -1,4-diaminobutane
28 D4 -4-chlorophenyl -benzene 1,2-diamine
29 D5 -4-chlorophenyl -benzene 1,3-diamine
30 D6 -4-chlorophenyl -benzene 1,4-diamine
31 D7 -4-chlorophenyl -Hydrazine

32 D8 -4-chlorophenyl -piperazine

D structures of designed derivatives of series
A,B,C,and D

2D structures of compounds were sketched
using ChemDraw 12.0 software, depicted below:
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Identification of potent compounds by docking  Minimization was done using Chem3D Pro 12.0, and
studies minimized structures were saved in mol format, and

2D-structures of designed compounds further docking was performed stepwise to identify
were drawn in ChemDraw 12 software & Energy  potent compounds.
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PDB ID Validation

The molecular structures for target CAIX,
AURKA, and AURKB were retrieved in pdb. format
from the protein database with PDB IDs 5FL86,
3K5U, and 4AF3, respectively. These PDB IDs were
optimized based on the normal procedure. Validation
was done to confirm the docking procedure.

Docking of designed quinoline-sulphonamide
hybrids

Docking studies were conducted for
designed molecules Table 1. Docking studies
were performed with GOLD 5.3.0 (Cambridge
Crystallographic Data Centre, Cambridge, UK).
Goldscore is used as a scoring function based on
binding affinity. The cavity was only 10A from the
molecular attachment affinity. For every isomer,
docking was conducted at least three times, and
each position had a corresponding Goldscore
fitness function ranking. Top-score compounds were
selected for further studies.

RESULTS AND DISCUSSION

PDB ID validation

The RMSD value was obtained for CA IX
(5FL6):0.2 (as shown in Fig.2), AURKA(3K5U): 0.2
(as shown in Fig. 3), AURKB(4AF3): 0.7 (as shown
in Figures 4).

Fig. 2. Overlapping of co-crystallized and docked
conformation of PDB ID 5FL6. (Red: co-crystallized
conformation; Green: docked confirmation)
(RMSD Value: 0.2A

Fig. 3. Overlapping of co-crystallized and docked
conformation of PDB ID 3K5U. (Blue: co-crystallized
conformation; Light pink: docked confirmation)
RMSD value: 0.4A
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Fig. 4. Overlapping of co-crystallized and docked
conformation of PDB ID 1MQ4. (Yellow: co-crystallized
conformation; Pink: docked confirmation)
RMSD Value: 0.7A

Docking scores of docked compounds
The docking score of the docked compounds
is shown in Table 2.
Table 2: Docking scores (kcal/mol) of Derivatives

Target

Compound CA IX AURKA AURKB
Al 59.00 61.28 62.53
A2 56.94 73.34 67.53
A3 57.72 66.23 66.63
A4 55.98 55.99 61.10
A5 61.11 71.21 67.87
A6 53.48 74.35 67.48
A7 58.67 56.31 57.87
A8 54.43 58.44 58.93
B1 60.24 65.27 65.53
B2 58.06 71.82 66.36
B3 61.21 73.21 66.87
B4 55.62 57.45 56.35
B5 64.07 72.97 69.17
B6 54.39 74.24 69.34
B7 60.06 58.85 60.69
B8 56.18 62.31 60.79
C1 60.07 61.45 69.56
Cc2 56.97 66.78 66.45
C3 60.87 68.96 71.43
C4 60.72 60.55 63.88
C5 61.60 68.23 71.24
C6 56.85 66.73 71.05
Cc7 56.87 63.30 71.05
Cc8 48.65 62.01 70.92
D1 65.20 65.34 65.84
D2 62.98 72.09 69.07
D3 61.13 72.48 67.01
D4 58.05 60.27 64.36
D5 59.49 64.42 63.43
D6 58.70 73.30 68.67
D7 58.66 57.18 61.06
D8 55.40 63.54 69.29

SLC-011* 62.95 53.48 53.44

Sitamaquine* 59.29 63.35 59.66

Sitamaquine*, SLC-011*- Reference drug
A2, A6, B6, D3, and D6 showed good
fitness scores for enzymes AURKA and AURKB.

Designed derivatives also showed better
fitness scores than the reference drugs-SLC-011
and Sitamaquine.

Images of the interaction of Reference drugs
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Fig. 5. Docked conformation and binding interactions of Sitamaquine with amino acid residues for PDB ID:
(a) CAIX (PDB-5FL6) (b) AURKA (PDB-3K5U) (c) AURKB (PDB-4AF3)

In Fig. (a). Hydrogen bond is shown between the ligand and residue ThrA201, and a metal coordination interaction is shown with the
Zn?* jon.

In Fig. (b). Negatively charged residues (Glu 211, Glu 181) are near the ligand, and residue Lys 182 may be forming a hydrogen bond
with the ligand.

In Fig. (c). The ligand forms hydrogen bonds with residues such as Phe 85.

Leu83, Pro82, Leu206, and Pro203 provide a hydrophobic environment for the ligand’s tail.

n—n stacking interaction occurring with Phe 85.

Fig. 6. Docked conformation and binding interactions of SLC-011 with amino acid residues for PDB ID:
(a) CAIX (PDB-5FL6), (b) AURKA (PDB-3K5U) (c) AURKB (PDB-4AF3)

In Fig. (a). Ligand forms a hydrogen bond with ThrB200, and Zn ion shows metal coordination interaction.

In Fig. (b). The ligand forms hydrogen Bonds with Thr288, Arg189, and possibly with the phosphate group (PO4).

In Fig. (c). Ligand forms hydrogen bonds with: Ala217, Phe219

2D interaction images of best-docked compounds  compounds in all three target proteins, CA IX, AURKA,
2D interaction images of best-docked and AURKB, respectively, are provided below:

Fig. 7. Docked conformation and binding interactions of compounds A5 with amino acid residues for PDB ID:
(a) CAIX (PDB-5FL6) (b) AURKA (PDB-3K5U) (c) AURKB (PDB-4AF3)



ARORA et al., Orient. J. Chem., Vol. 41(5), 1493-1508 (2025) 1499

Fig. 8. Docked conformation and binding interactions of compounds B5 with amino acid residues for PDB ID:
(a) CAIX (PDB-5FL6) (b)AURKA (PDB-3K5U) (c) AURKB (PDB-4AF3)

Fig. 9. Docked conformation and binding interactions of compounds B3 with amino acid residues for PDB ID:
(a) CAIX (PDB-5FL6) (b)AURKA (PDB-3K5U) (c) AURKB (PDB-4AF3)

Fig. 10. Docked conformation and binding interactions of compounds C3 with amino acid residues for PDB ID:
(a) CAIX (PDB-5FL6) (b)AURKA (PDB-3K5U) (c) AURKB (PDB-4AF3)

Fig. 11. Docked conformation and binding interactions of compounds C5 with amino acid residues for PDB ID:
(a) CAIX (PDB-5FL6) (b) AURKA (PDB-3K5U) (C)AURKB (PDB-4AF3)
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Fig. 12. Docked conformation and binding interactions of compounds D2 with amino acid residues for PDB ID:
(a) CAIX (PDB-5FL6) (b) AURKA (PDB-3K5U) (C)AURKB (PDB-4AF3)

Panel (a): Interactions with CA IX

Compound A5, B5, B3, C3, C5 and D2
showing interaction with residue ThrA201, Quinoline
moiety of these compounds forming a hydrogen
bond with ThrA201, except for C5 and C3, in which
the linker and Sulphonamide moiety form a hydrogen
bond with ThrA201, respectively.

Zn?* lon Coordination (ZN at 3.260)
suggests additional metal coordination interaction.

Hydrophobic Environment: Surrounded by
Leu, Val, Trp, His-stabilizing the ligand in the pocket.

Panel (b): Interactions with AURKA

Compound A5, B5, B3, C3, C5 and D2
showing arene-cation interaction with residue
Lys162 forming hydrogen bonds. In addition to this,
B3 and C3 show an arene-arene interaction with
residue Phe275, forming a hydrogen bond.

Compound D2 also forms a hydrogen bond
with residue ALA213.

Charged residues nearby: Asp274, Lys162
(positively charged), help stabilize the ligand

Panel (c): Interactions with AURKB

Compound A5, B5, B3, C3, C5 and D2
forming single hydrogen bond with residue Lys106.

Hydrophobic and polar residues:
. Hydrophobic: Phe219, Leu83, Leu207
J Polar: Gly84, Asn205, Ala227.

2D interaction images of best-docked compounds
with AURKA and AURKB are provided below:

Fig.13: Docked conformation and binding interactions of
compound A2 with amino acid residues for PDB ID: (a)
AURKA (PDB-3K5U) (b)AURKB (PDB-4AF3)

Fig.15: Docked conformation and binding interactions of
compounds B6 with amino acid residues for PDB ID: (a)
AURKA (PDB-3K5U) (b)AURKB (PDB-4AF3)

Fig. 16. Docked conformation and binding interactions of
compounds D3 with amino acid residues for PDB ID:
(a) AURKA (PDB-3K5U) (b)AURKB (PDB-4AF3)
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Fig. 17. Docked conformation and binding interactions of
compounds D6 with amino acid residues for PDB ID:
(a) AURKA (PDB-3K5U) (b)AURKB (PDB-4AF3)
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Panel (b): Interactions with AURKA enzyme

Compounds A2, A6, B6, D6, D3 showed
interactions with residue Lys162, Phe275 forming
hydrogen bonds.

Panel (c): Interactions with AURKB enzyme
Compound A2 and A6 formed a hydrogen

bond with Lys 106, and B6 showed interaction with

residue Phe219, forming a hydrogen bond.

Important amino acids involved in the interaction
of the drug-receptor complex

Table 3: Type of interactions and amino acid residues involved for compounds

Panel Target Compounds Amino acid Interaction Type Additional Notes
Enzyme Residues Involved

(a) CA IX A5, B5, B3, ThrA201 H-bond (via Quinoline moiety) C5 (via linker), C3 (via sulphonamide)
C3, C5, D2

(a) CA IX Zn? at 3.260 A Metal coordination Suggests strong binding

(a) CA IX Leu, Val, Trp, His Hydrophobic interactions Pocket stabilization

(b) AURKA A5, B5, B3, Lys162 Arene-cation + H-bond Key interaction site
C3, C5, D2

(b) AURKA Phe275 Arene-arene + H-bond Observed in B3, C3

(b) AURKA Ala213 H-bond Observed in D2

(b) AURKA Asp274, Lys162 Electrostatic stabilizing Positively charged pocket

(b) AURKA A2, A6, B6, Lys162, Phe275 H-bonds Alternate compound set

D6, D3

(c) AURKB A5, B5, B3, Lys106 H-bond Common interaction site
C3, C5, D2

(c) AURKB Phe219, Leu83, Leu207 Hydrophobic Ligand stabilization

(c) AURKB Gly84, Asn205, Ala227 Polar interactions Enhance binding

(c) AURKB A2, A6 Lys106 H-bond Confirmed interaction

(c) AURKB B6 Phe219 H-bond Additional interaction

Study profile of designed derivatives
Physicochemical properties

Key physicochemical characteristics related
to bioavailability and drug-likeness were examined
in 32 designed compounds (A1-D8) as well as
the reference molecule SLC-011. These include
molecular weight (MW), number of rotatable bonds,
hydrogen bond donors (HBD), and topological
polar surface area (TPSA). Most derivatives show
moderate molecular weights (MW: 333.79-444.33
Da) and acceptable topological polar surface area
(TPSA: ~61.89-79.47 A?), suggesting good oral
bioavailability.As stated in Table 4, all of the proposed
derivatives adhere to the Lipinski rule of five, which
indicates that excellent absorption is more likely to
occur when there are no more than (i) five H-bond
donors, (ii) ten H-bond acceptors, (iii) the molecular
weight (MW) <500 dalton, and (iv) a computed Log
P (cLogP) less than five.®®* As shown in Table 5,

Most molecules have LogP values between 2 and
6, indicating moderate lipophilicity, which is ideal for
drug-likeness.

Solubility prediction

Solubility predictions using ESOL, Ali, and
Silicos-IT methods showed variability in aqueous
solubility and classification Table 6. The majority of
compounds are classified as moderately soluble
(MS) or poorly soluble (PS), except for SLC-011
which is soluble (S).

Pharmacokinetic parameters:

Pharmacokinetic parameters are indicated
in Table 7. The faster that it is broken down and
digested in the body, the higher the Gl absorption.
Most of the molecules have high Gl absorption,
except B4, D4, D5, and D6. This is, therefore,
good oral bioavailability. Only A8, B8, C8, D8, and
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Sitamaquine can cross the BBB and hence are
possible candidates for the CNS-related treatments.
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B4, D4, D5, and D6 require either prodrugs or
formulation changes due to low Gl absorption.
Table 4: Physicochemical properties of designed derivatives of series A, B, C, and D

Molecule Formula MwW Heavy  Aromatic  Fraction Rotatable H-bond H-bond MR TPSA
atoms heavy Csp3 bonds acceptors donors
atoms
Al C,sH,,CIN,O,S 375.87 25 16 0.17 6 4 2 101.09 79.47
A2 C,.H,.CIN,O,S 375.87 25 16 0.17 7 4 2 101.09  79.47
A3 C,,H,,CIN,O,S 389.9 26 16 0.21 8 4 2 105.9 79.47
A4 C,H,,CIN,O,S 409.89 28 22 0 5 3 2 113.41 79.47
A5 C,H,.CIN,O,S 409.89 28 22 0 5 3 2 113.41  79.47
A6 C,H,,CIN,O,S 409.89 28 22 0 5 3 2 113.41 79.47
A7 C,;H,,.CIN,O,S 333.79 22 16 0 4 4 2 86.67 79.47
A8 C,H,CIN,O,S 387.88 26 16 0.21 3 4 0 110.82 61.89
B1 C,,H,,CIN,O,S 389.9 26 16 0.21 6 4 2 106.06  79.47
B2 C,,H,,CIN,O,S 389.9 26 16 0.21 7 4 2 106.06  79.47
B3 C,,H,,CIN,O,S 403.93 27 16 0.25 8 4 2 110.86  79.47
B4 C,,H,,CIN,O,S 423.92 29 22 0.05 5 3 2 118.38  79.47
B5 C,,H,,CIN,O,S 423.92 29 22 0.05 5 3 2 118.38  79.47
B6 C,,H,.CIN,O,S 423.92 29 22 0.05 5 3 2 118.38  79.47
B7 C,.H,,CIN,O,S 347.82 23 16 0.06 4 4 2 91.63 79.47
B8 C,,H,,CIN,O,S 401.91 27 16 0.25 3 4 0 115.79 61.89
Ci C,,H,,CIN,O,S 389.9 26 16 0.21 7 4 2 106.73  79.47
c2 C,,H,,CIN,O,S 389.9 26 16 0.21 8 4 2 106.73  79.47
C3 C,H,,CIN,O,S 403.93 27 16 0.25 9 4 2 111.54  79.47
c4 C,,H,.CIN,O,S 423.92 29 22 0.05 6 3 2 119.05  79.47
C5 C,,H,,CIN,O,S 423.92 29 22 0.05 6 3 2 119.05 79.47
Ccé6 C,,H,,CIN,O,S 423.92 29 22 0.05 6 3 2 119.05 79.47
c7 C,.H,,CIN,O,S 347.82 23 16 0.06 5 4 2 92.31  79.47
c8 C,,H,,CIN,O,S 401.91 27 16 0.25 4 4 0 116.46  61.89
D1 C,H,,CI,N,O,8 410.32 26 16 0.17 6 4 2 106.1 79.47
D2 C,H,,C,N,0,8 410.32 26 16 0.17 7 4 2 106.1  79.47
D3 C,,H,,CI,N,O,S 424.34 27 16 0.21 8 4 2 110.91 79.47
D4 C,H,,CI,N,O,S 444.33 29 22 0 5 3 2 118.42 79.47
D5 C,,H,,CI,N,0,S 444.33 29 22 0 5 3 2 118.42  79.47
D6 C,H,.CI,N,O,S 444.33 29 22 0 5 3 2 118.42 79.47
D7 C,;H,,CI,N,O,S 368.24 23 16 0 4 4 2 91.68 79.47
D8 C,,H,,CI,N,O,S 422.33 27 16 0.21 3 4 0 11583  61.89
SLC-011 C,;H,,FN,O,S 309.32 21 12 0 5 5 3 76.12 109.67
Table 5: Lipophilicity of designed derivatives of series A, B, C and D
Molecule iLOGP XLOGP3 WLOGP MLOGP Silicos-IT Log P

A1 2.15 3.9 4.56 2.22 2.8

A2 2.82 4.98 4.56 2.22 2.97

A3 3.47 4.18 4.95 2.45 3.36

A4 2.73 5.49 6.32 3.21 3.39

A5 2.92 5.49 6.32 3.21 3.39

A6 2.82 5.49 6.32 3.21 3.39

A7 1.86 4.27 4.08 2.32 1.84

A8 3.01 3.56 3.72 2.45 2.42

B1 2.63 4.26 4.87 2.45 3.32

B2 2.87 4.74 4.87 2.45 3.49

B3 3.13 4.54 5.26 2.67 3.89

B4 3.17 5.86 6.63 3.43 3.91

B5 3.18 5.86 6.63 3.43 3.91

B6 297 5.86 6.63 3.43 3.91

B7 2.92 4.63 4.39 2.56 2.34
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B8 3.28 3.92 4.03 2.67 2.93

C1 2.38 3.83 4.55 2.18 3.19

c2 2.39 4.31 4.55 2.18 3.36

C3 2.65 4.11 4.94 2.4 3.75

Cc4 2.33 4.82 6.31 3.16 3.78

C5 2.61 5.43 6.31 3.16 3.78

C6 2.86 5.43 6.31 3.16 3.78

c7 2.23 4.2 4.07 2.29 2.21

Cc8 2.74 3.49 3.71 24 2.8

D1 2.72 5.13 5.21 2.72 3.45

D2 2.7 5.61 5.21 2.72 3.62

D3 3.2 5.41 5.6 2.94 4.01

D4 3.01 6.12 6.98 3.7 4.03

D5 2.89 6.12 6.98 3.7 4.03

D6 3.05 6.12 6.98 3.7 4.03

D7 2.18 4.89 4.74 2.83 2.48

D8 3.29 4.19 4.37 2.94 3.05

SLC-011 1.56 1.45 3.24 1.78 0.34

Sitamaquine 4.43 4.71 4.68 2.8 4.87

Table 6: Water solubility of designed derivatives of series A, B, C and D
ESOL Ali Silicos-IT
Molecule LogS  Solubility (mg/mL) Class Log S Solubility (mg/mL) Class Log S Solubility class

A1 -4.71 7.41E-03 MS -5.27 2.03E-03 MS -7.64 2.27E-08 PS
A2 -5.32 1.80E-03 MS -6.39 1.54E-04 PS -8.02 9.59E-09 PS
A3 -4.82 5.93E-03 MS -5.56 1.08E-03 MS -8.41 3.87E-09 PS
A4 -6.09 3.32E-04 PS -6.92 4.96E-05 PS -9.29 5.11E-10 PS
A5 -6.09 3.32E-04 PS -6.92 4.96E-05 PS -9.29 5.11E-10 PS
A6 -6.09 3.32E-04 PS -6.92 4.96E-05 PS -9.29 5.11E-10 PS
A7 -4.87 4.46E-03 MS -5.65 7.45E-04 MS -6.83 1.47E-07 PS
A8 -4.75 6.98E-03 MS -4.55 1.11E-02 MS -6.47 3.37E-07 PS
B1 -5 3.89E-03 MS -5.64 8.92E-04 MS -8.02 9.55E-09 PS
B2 -5.24 2.26E-03 MS -6.14 2.83E-04 PS -8.39 4.04E-09 PS
B3 -5.12 3.10E-03 MS -5.93 4.73E-04 MS -8.79 1.63E-09 PS
B4 -6.39 1.72E-04 PS -7.3 2.12E-05 PS -9.67 2.15E-10 PS
B5 -6.39 1.72E-04 PS -7.3 2.12E-05 PS -9.67 2.15E-10 PS
B6 -6.39 1.72E-04 PS -7.3 2.12E-05 PS -9.67 2.15E-10 PS
B7 -5.16 2.38E-03 MS -6.02 3.29E-04 PS -7.21 6.15E-08 PS
B8 -5.04 3.65E-03 MS -4.92 4.85E-03 MS -6.85 1.42E-07 PS
C1 -4.66 8.46E-03 MS -5.19 2.49E-03 MS -8.04 9.16E-09 PS
c2 -4.9 4.91E-03 MS -5.69 7.91E-04 MS -8.41 3.87E-09 PS
C3 -4.78 6.73E-03 MS -5.49 1.32E-03 MS -8.8 1.57E-09 PS
C4 -5.67 9.06E-04 MS -6.22 2.54E-04 PS -9.68 2.07E-10 PS
C5 -6.05 3.74E-04 PS -6.85 5.92E-05 PS -9.68 2.07E-10 PS
Cc6 -6.05 3.74E-04 PS -6.85 5.92E-05 PS -9.68 2.07E-10 PS
c7 -4.83 5.18E-03 MS -5.58 9.18E-04 MS -7.23 5.90E-08 PS
c8 -4.71 7.93E-03 MS -4.47 1.35E-02 MS -6.87 1.36E-07 PS
D1 -5.68 8.67E-04 MS -6.54 1.17E-04 PS -8.23 5.86E-09 PS
D2 -5.91 5.03E-04 MS -7.04 3.73E-05 PS -8.61 2.48E-09 PS
D3 -5.79 6.89E-04 MS -6.83 6.22E-05 PS -9 1.01E-09 PS
D4 -6.68 9.24E-05 PS -7.57 1.19E-05 PS -9.88 1.33E-10 PS
D5 -6.68 9.24E-05 PS -7.57 1.19E-05 PS -9.88 1.33E-10 PS
D6 -6.68 9.24E-05 PS -7.57 1.19E-05 PS -9.88 1.33E-10 PS
D7 -5.45 1.29E-03 MS -6.29 1.87E-04 PS -7.43 3.75E-08 PS
D8 -5.34 1.94E-03 MS -5.2 2.67E-03 MS -7.06 8.75E-08 PS
SLC-011 -2.76 5.32E-01 S -3.36 1.35E-01 S -4.8 1.60E-05 MS
Sitamaquine -4.51 1.07E-02 MS -5.22 2.05E-03 MS -7.58 2.62E-08 PS
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Table 7: Pharmacokinetic Parameters of designed derivatives of series A, B, C, and D

Molecule Gl absorption BBB Pgp CYP1A2 CYP2C19 CYP2C9 CYP2D6 CYP3A4
permeability substrate inhibitor inhibitor inhibitor inhibitor inhibitor

Al -
A2 - -
A3 - -
A4 -
A5 - -
A6 - -
A7 - -
A8 - -
B1 - -
B2 - -
B3 -
B4 -
B5 - -
B6 - -
B7 - -
B8 -
C1 - -
c2 - -
C3 - -
Cc4 - -
C5 - -
C6 - -
Cc7 - -
C8 -
D1 - -
D2 - -
D3 - -
D4 -
D5 - -
D6 - -
D7 - -
D8 -
SLC-011 -
Sitamaquine -

: maximum absorption,  : minimum absorption

Based on the toxicity profile depicted in
Table 8, A2, B4, B5, B6, D4, D5, and D6 molecules
only demonstrate respiratory toxicity and BBB
penetration and are thus relatively safer. These
compounds also had less toxicity compared to the

standard drug sitamaquine. The derivatives are
the most promising, as these compounds do not
have neurotoxicity, although they have respiratory
toxicity, which requires optimization and makes them
potential candidates as anti-cancer agents.

Table 8: Toxicity profile of designed derivatives of series A, B, C and D

Organ toxicity

Toxicity endpoints

Molecule Hepato- Neuro- Nephrotoxicity Respiratory Cardio- Carcinogenicity Immuno- Mutagenicity Cytotoxicity BBB-

toxicity  toxicity toxicity toxicity

toxicity barrier

Al
A2
A3
A4
A5
A6
A7
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A8
B1
B2
B3
B4
B5
B6
B7
B8
C1
c2
C3
C4
C5
C6
c7
c8
D1
D2
D3
D4
D5
D6
D7
D8
SLC-011
Sitamaquine

1505

: Inactive

CONCLUSION

: Active,

In summary, a molecular hybridization
technique was used to create the quinoline and
sulfonamide molecular hybrids. The proposed
derivatives, particularly B5, B3, C5, C3, A5,
and D2, which demonstrate strong multi-target
fitness across CAIX, AURKA, and AURKB, have
intriguing potential as anti-cancer drugs, according
to molecular docking studies. In addition, A2, A6,
B6, D3, and D6 showed selective inhibition of
AURKA and AURKB. Most derivatives comply with
Lipinski’s rule, indicating good oral bioavailability,
with only a few requiring formulation improvements.
Compounds A2, B4, B5, B6, D4, D5, and D6
stand out due to their lower toxicity compared
to Sitamaquine, making them safer candidates

despite the need to address respiratory toxicity. In
conclusion, B5 is the most promising compound
among all the derivatives acting as a multi-target
anti-cancer agent. Further modification, particularly
in addressing respiratory toxicity and improving the
Gl absorption of certain derivatives, will enhance
their suitability for clinical research.
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