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ABSTRACT

The decline in the effectiveness of current anticancer drugs is a persisting issue in basic
and advanced medicine. One proposed solution is to conduct theoretical chemical studies to
identify potential drugs using dioxoisoindoline derivatives. This work utilized molecular
docking and AG calculations to assess the derivatives’ activity against cancer-related
proteins. A high negative AG value indicates a close match between the chemical and
protein interactions. Several compounds, such as S4 AG=-8.983, S1 AG=-8.498, and S1
AG=-9.121, exhibited significant activity against various proteins. The AG values obtained
for all derivatives were within an acceptable range, suggesting their potential as therapeutic
agents. These results indicate that the dioxoisoindoline derivatives under investigation show
promise for targeting different cancer-related proteins, underscoring the importance of
developing alternative anticancer drugs. This work introduces a chemical study approach
using these derivatives. The tested compounds have shown potential activity against
specific proteins, positioning them as prospective candidates for further exploration and

development as potential anticancer medications.

Introduction

Cancer is a disease in which the control of
growth in one or more cells is lost, resulting in either a
solid mass of cells known as a tumor or a liquid cancer
(i.e., blood or bone marrow-related cancer). It is one of
the leading causes of death worldwide, with the primary
treatments involving surgery, chemotherapy, and/or
radiotherapy. Chemotherapy is the wuse of low-
molecular-weight drugs to selectively destroy tumor
cells or at least limit their proliferation. Many cytotoxic
agents have drawbacks, such as bone marrow
suppression, gastrointestinal tract lesions, hair loss,
nausea, and clinical resistance [1][2]. These side effects
occur because cytotoxic agents act on tumors and
healthy cells. Cancer is a metabolic syndrome that
describes the uncontrolled growth of normal cells; it is
distinguished by sustained cell proliferation and ability
to invade healthy cells (metastasis) and overcome
apoptosis [3][4]. Surgical removal and radiation therapy
are typically the first steps in the treatment, followed by
chemotherapy using various drugs such as cisplatin,
doxorubicin, methotrexate, and taxanes [5][6].
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However, chemotherapy has significant drawbacks,
including drug resistance, possibility of recurrence, and,
most unfortunately, damage to nontargeted cells [7].
Hence, new class of drugs with the same potency but
few side effects must be explored. For this goal, we can
rely on one of nature’s gifts: phytochemicals, which are
promising cancer treatment options with low toxicity
[8]. To find an effective alternative anticancer drug, this
research theoretically evaluated six dioxoisoindoline
derivatives, an essential component of numerous
substances that have a broad range of medicinal and
biological effects. This class of compounds has
cytotoxic, antihypertensive, analgesic,
antihyperglycemic, antipsychotic, anticancer, and anti-
inflammatory properties. We hypothesize that these
derivatives have a significant binding affinity (AG) with
specific proteins within commonly used drugs. As a part
of our ongoing research, this study designed and
synthesized a series of dioxoisoindoline derivatives with
potential anticancer activity.
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Materials and Methods

Swiss Dock is a web-based tool provided by the Swiss
Institute of Bioinformatics that predicts potential
molecular interactions between a target protein and a
small molecule. Docking with standard procedure was
used to dock the following proteins: 5CTO (crystal
structure of CK2 alpha with 3-(3-chloro-4-(phenyl)
benzyl amino) propan-1-ol bound), 1UWJ (the complex
of mutant V599E B-RAF and BAY439006), 210G
human estrogen receptor alpha ligand-binding domain in
complex with compound 11F), 2R3J (crystal structure of
cyclin-dependent kinase 2 with inhibitor), 1M17
(epidermal growth factor receptor tyrosine kinase
domain with 4-anilinoquinazoline inhibitor erlotinib),
5DS3 (crystal structure of constitutively active PARP-1)
and 6B8Y(tgf-beta receptor type 1 kinase domain
(T204D) in complex with N-(3-fluoropyridin-4-yl)-2-[6-
(trifluoromethyl)pyridin-2-yl]-7H-pyrrolo[2,3-
d]pyrimidin-4-amine). Six dioxoisoindolione derivatives
were proposed for the protein active site. All chemical
structures were created in ChemOffice (Chem Draw
20.0) with the proper 2D orientation. MM2 energy
minimization using Chem3D 20.0 calculates steric
energy, thermal energy, and other variables and explains
how the potential energy surface relates to model
conformations. Other factors, such as steric energy and
thermal energy, may be used to describe the potential
energy surface, the model's conformations [9][10].The
energy-minimized ligand molecules were then subjected
to quantum mechanics calculations and geometry
optimization using the B3LYP/6-31G ++ (d, p) level of
theory, chelation bonding, H-bonding, and Pi-Pi
stacking were the SEVEN most common interactions
between protein and compounds containing residues.
The DFT-optimized structures were fed into Swissdock
as input. The Protein Data Bank has the crystal
structures of the receptor molecule: 5CTO (crystal
structure of CK2 alpha with 3-(3-chloro-4-(phenyl)
benzyl amino) propan-1-ol bound), TUWJ (the complex
of mutant V599E B-RAF and BAY439006), 210G
(human estrogen receptor alpha ligand-binding domain
in complex with compound 11F), 2R3J (crystal structure
of cyclin-dependent kinase 2 with inhibitor), 1M17
(epidermal growth factor receptor tyrosine Kkinase
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domain with 4-anilinoguinazoline inhibitor erlotinib),
5DS3 (crystal structure of constitutively active PARP-1)
and 6B8Y (tgf-beta receptor type 1 kinase domain
(T204D) in complex with N-(3-fluoropyridin-4-yl)-2-[6-
(trifluoromethyl)pyridin-2-yl]-7H-pyrrolo[2,3-
d]pyrimidin-4-amine).

Results and Discussion

Docking is a molecular modeling theory utilized to
elucidate the binding interactions between proteins and
ligands. This theory relies on the calculation of binding
free energy (AG), where a negative value suggests a
strong affinity between the ligand and protein. In this
study, six compounds were evaluated for their anticancer
potential and drug-likeness using docking simulations.

The results indicated that compound S4 exhibited the
most promising activity against cancer due to its
interaction with the protein 5CTO (crystal structure of
CK2 alpha with 3-(3-chloro-4-(phenyl) benzyl amino)
propan-1-ol bound), with a AG value of —8.978.
Compound S1 demonstrated significant anticancer
activity by interacting with multiple proteins: 1UWJ
(mutant V599E B-RAF complexed with BAY439006,
AG=-8.498), 1IM17 (epidermal growth factor receptor
tyrosine kinase domain with 4-anilinoguinazoline
inhibitor  erlotinib, =~ AG=-6.901), and  5DS3
(constitutively active PARP-1, AG=-9.121). Compound
S6 exhibited notable anticancer activity against the
protein 210G (human estrogen receptor alpha ligand-
binding domain in complex with compound 11F,
AG=-8.608), and compound S2 displayed high activity
against 2R3J (crystal Structure of cyclin-dependent
Kinase 2 with inhibitor, AG=-9.805). In addition,
compound S4 showed significant affinity toward the
protein 6B8Y (tgf-beta receptor type 1 kinase domain
(T204D) in complex with N-(3-fluoropyridin-4-yl)-2-[6-
(trifluoromethyl)pyridin-2-yl]-7H-pyrrolo[2,3-
d]pyrimidin-4-amine) with a AG value of —8.983.

These findings highlight the potential of these
compounds as anticancer agents, indicating their ability
to effectively interact with specific protein targets
implicated in cancer pathways.

The most effective compound, S4, exhibits a binding
free energy (AG) of —8.978 when bound to the protein
5CTO (crystal structure of CK2 alpha with 3-(3-chloro-
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4-(phenyl) benzyl amino) propan-1-ol). Similarly, the
most effective ligand, 54P (Piyalepasa Mahallesi-
Taksim), displays a binding free energy of —9.33. With
regard to the AG values, the ligand 54P demonstrates a
stronger binding affinity to the protein compared with
compound S4. This result suggests that the ligand 54P
may have a wide range of potential compounds for drug
development due to its high AG value. When interacting
with the protein 1TUWJ (the complex of mutant V599E
B-RAF and BAY439006), compound S1 yields a AG of
—8.498. Meanwhile, the most effective ligand, BAX
(apoptosis regulator), exhibits a significantly low AG of
—11.574. This finding indicates that treatments involving
BAX may have broader applicability in drug design due
to its stronger binding affinity to the protein compared
with compound S1. In conjunction with the protein
210G (human estrogen receptor alpha ligand-binding
domain in complex with compound 11F), compound S6
displays a AG of —8.608. The most effective ligand,
raloxifene, demonstrates a AG of —9.483. This result
implies that raloxifene’s higher AG value suggests it
may be more versatile in binding to a wider range of
compounds for potential drug development compared
with compound S6. Compound S2, shows a AG of
—9.805 when binding to the protein 2R3J (crystal
structure of cyclin-dependent Kinase 2 with inhibitor).
Meanwhile, the most effective ligand, SCJ (SC
Johnson), presents a AG of —9.916. This finding
indicates that treatments involving SCJ may have
broader potential in drug design due to its stronger
binding affinity to the protein compared with those
involving compound S2. When interacting with the
protein 1M17 (epidermal growth factor receptor tyrosine
kinase domain with 4-anilinoquinazoline inhibitor
erlotinib), compound S1 exhibits a AG of —6.901, and
the most effective ligand, gefitinib, displays a AG of
—8.382. The higher AG value of gefitinib suggests it
may have a broader range of compounds for drug
development compared with compound S1. When bound
to the protein 5DS3 (crystal structure of constitutively
active PARP-1), compound S1 shows a AG of —9.121.
Meanwhile, the most effective ligand, olaparib,
demonstrates a significantly low AG of —13.474. This
result indicates that treatments involving olaparib may
have a wider range of potential compounds for drug
development due to its stronger binding affinity to the
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protein compared with compound S1. When interacting
with the protein 6B8Y (tgf-beta receptor type 1 kinase
domain (T204D) in complex with N-(3-fluoropyridin-4-
yl)-2-[6-(trifluoromethyl)pyridin-2-yl]-7H-pyrrolo[2,3-
d]pyrimidin-4-amine), compound S4 displays a AG of
—8.983. By contrast, the most effective ligand (tgf-beta
receptor type 1 kinase domain) exhibits a AG of
—11.971. This finding suggests that because of its higher
AG value, the ligand has broader applicability in binding
to a wider range of compounds for drug development
compared with compound S4. Overall, olaparib emerges
as the most promising candidate among the ligands,
exhibiting the highest AG value of —13.474. This high
AG value implies a strong binding affinity, potentially
offering broad prospects in drug design and
development.

TABLE LEGENDS

Table 1. Binding affinity (AG) and 5CT0, ITUWJ, 2I0G,
2R3J, 1M17, 5DS3 and 6B8Y protein residues
surrounding the assessed compounds. Amino-acid
abbreviations used: ALA, alanine; ARG, arginine; ASN,
asparagine; ASP, aspartic acid; CYS, cysteine; GLU,
glutamic acid; GLN, glutamine; GLY, glycine; HIE,
histidine with hydrogen on the epsilon nitrogen; HIS,
histidine; ILE, isoleucine; LEU, leucine; LYS, lysine;
MET, methionine; PHE, phenylalanine; PRO, proline;
SER, serine; THR, threonine; TRP, tryptophan; TYR,
tyrosine; VAL, valine.
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Conclusions

A molecular modeling theory called docking was used to
clarify the binding interactions between ligands and
proteins. The basis of this idea is the computation of
binding free energy (AG), which indicates the affinity
between the ligand and protein. A large negative value is
favorable. Docking simulations were used to assess the
anticancer potential and drug-likeness of six substances.
With the correct 2D orientation, all chemical structures
were built using ChemOffice (Chem Draw 20.0). Steric
energy, thermal energy, and other variables were
calculated via (MM2) energy minimization, which also
elucidates the relationship between the estimated model
conformations and the potential energy surface. MM2
uses Chem3D 20.0. The potential energy surface and the
conformations of the model may be described by other
variables, such as steric and thermal energy. The tested
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compounds displayed anticancer activity in the scPTZ
screen, with olaparib (AG=—13.474) being the most
effective treatment against cancer. The effectiveness of
the treatment was determined from the association of
each protein with the compound and the resulting AG
values. The proteins 6B8Y, 5DS3, and 1UWJ were
associated with compounds S4, S1, and S1 respectively,
and all demonstrated higher AG values than the rest of
the proteins. Therefore, treatments with these
compounds could be potentially utilized for anticancer
therapy.
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