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Abstract
Cancer is the second leading cause of death worldwide, and breast cancer accounts for 6.27 million cases in the year 2022. In the 
present study, Quantitative Structural Activity Relationship (QSAR) studies were performed on a dataset of 39 molecules of Imidaz-
olinone analogues using in random selection using QSARINS Software. The statistically validated (R2 = 0.8429 Q2loo = 0.7558) MLR 
model was used to predict the bioactivity of novel leads. Moreover, high-scoring compounds were exposed to molecular docking and 
molecular dynamic modeling study. Intended derivatives 1–23 exhibited the anticipated bioactivity using a QSAR model. Aforemen-
tioned molecules were tested for binding affinities with the target protein and the majority of them demonstrated excellent interac-
tions with binding pocket residues. Molecular dynamics simulations using Desmond for 100 ns of top complexes 1, 7, 9, 13 and 19 
showed critical structural data concerning Aurora kinase inhibition. There were stable hydrophobic and hydrophilic interfaces in the 
dynamic site of compounds with a leading chemical structure. The chemical interacts to the (PDB: 1MQ4) structure in a stable way, 
according to RMSD, RMSF, RoG, H-bond, and SASA analysis. Furthermore, the docking results have been confirmed by MM-PBSA 
and MM-GBSA. Based on our findings, we reported the inclusion of the necessary structural features of imidazolinone derivatives 
leads to the development of the potent candidates for further development.
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Introduction

Breast cancer is a leading reason for mortality among 
women of all ages. It replaces lung cancer as that of the 
second-leading reason for death in women. In 2022, the 
world’s health organization (WHO 2022) predicted 6.27 
million breast cancer-related deaths (Siegel et al. 2022). 
The prevalence of breast cancer is increasing worldwide at 
a dangerous rate. Annually, 2.5 million women are diag-
nosed with breast cancer, which in most postmenopausal 
women was issued by estrogen (Jia et al. 2022). In about 

80% of patients, breast cancer is hormone-responsive 
(Chen et al. 2022). Due to the generation of estrogen in 
peripheral tissues, postmenopausal women have a higher 
chance of developing breast cancer than premenopausal 
women, whose primary source of estrogen production is 
the ovaries. Estrogen is crucial in encouraging the prolif-
eration of cytotoxic breast epithelial cells in breast tumour 
patients with hopeful estrogenic receptors through signal-
ing estrogen receptormediated alleyways. As a result, pa-
tients with breast cancer of the hormone-dependent kind 
have been found to have an increased risk of metastasis 
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and recurrence when their estrogen levels are high (Lei-
no et al. 2022). The progression of hormone-dependent 
breast cancer can be prevented, managed and controlled 
using one of two basic approaches: binding estrogen re-
ceptors with receptor antagonists (ERAs, such as tamoxi-
fen, or preventing the generation of estrogen with Aurora 
kinase inhibitors (AIs) (Khalifa 2021). Due to the absence 
of the estrogenic impact on the uterus and vasculature, it 
was discovered that AIs had fewer side effects than estro-
gen receptor antagonists. Two major categories of Auro-
ra kinase inhibitors can be distinguished based on their 
work. Type 1 comprises steroidal AIs like exemestane and 
formestane which permanently suppress the activity of 
the Aurora kinase enzyme. Barasertib, Alisertib and Da-
nusertib are examples of the second group of nonsteroidal 
AIs, which inhibit the activity of the Aurora kinase and 
have reversible inhibitory effects (McEwan 2021).The AIs 
showed significant outcomes in breast cancer treatment 
when compared to target estrogen receptor modulators 
for postmenopausal females with positive estrogen recep-
tors treated with Tamoxifen, Arimidex alone or combined 
(ATAC) trials (Chumsri et al. 2011). Even though avail-
able AIs, whether steroidal or nonsteroidal, demonstrat-
ed positive clinical outcomes, prolonged use of them can 
result in the development of drug resistance and serious 
antagonistic properties, such as osteoporosis, cardiac dis-
ease, fragmented skeletons, and musculoskeletal and joint 
pain. Therefore, research into novel AIs is still necessary 
to develop substitute medications with better qualities 
(Karahalil et al. 2019).

Aminothiazoles were found to be used as starting ma-
terials for synthesizing the sulpha drugs, fungicides, dyes 
and biocides, as a thyroid inhibitor used in the treatment 
of hyperthyroidism and also to have antibacterial activity. 
Recent studies have proven that aminothiazoles are also 
used in the treatment of prion diseases. Aurora kinases 
are threonine/serine kinases that play a crucial role in cell 
division. They aid in the dispensation of genetic material 
from growing cells to their daughter cells (Hehnly et al. 
2015). They perform a critical function in cellular division 
by controlling chromosomal segregation. Defects in this 
segregation produce genetic instability, a condition that is 
strongly linked to tumorigenesis. The first aurora kinases 
were discovered in Drosophila melanogaster, where mu-
tations caused centrosome separation to fail, resulting in 
monopolar spindles resembling the northpole, hence the 
term aurora (Jung et al. 2006).

Experimental section

“QSARINS” enables the creation of numerous linear re-
gression models using ordinary least squares, which are 
meticulously tested and validated using the chemom-
etric technique. A series of amino thiazole derivatives 
with Aurora kinase inhibitory properties were selected 
from a 39-compound dataset (Suppl. material 1: table S1) 

published in the literature. The pIC50 values were trans-
formed and used as a dependent variable.

The data collection, integration, curation, model cre-
ation, and model validation procedures are all included 
in the QSAR modelling study. Using an associated algo-
rithm, a thorough analysis of the collected molecular de-
scriptors yielded structure and bioactivity relationships. 
In our situation, atomic charges, Sanderson’s electro-
negativity, MoRSE descriptors, as well as 3D structural 
approximations constructed on electron diversion de-
scriptors biased by volume, all played a significant part 
in predicting bioactivity (Gramatica 2020). When molec-
ular descriptors are weighted, the molecules become del-
icate to the occurrence of specific components on them. 
The polarizability and ionizability weighing terms, in 
particular, were influenced by the scattering parameter’s 
volatility at bigger terms, often beyond the target value 
of 26. The reported QSAR model shown below does not 
exhibit significant value volatility in repeated testing. The 
enduring standards formed by the erected QSAR model 
indicate that the bioactivity deviation since the investi-
gational reserve assessment was not significant. The pre-
ferred QSAR model, which delivered mechanical evi-
dence, assisted in the improvement of authoritative drugs 
with enhanced Aurora kinase inhibitory action (Adawara 
et al. 2020).

Molecular alignment and conformer 
creation in compound design

Based on our study on the interactions between the hy-
drophobic and hydrophilic areas of the Brest cancer active 
site provided us with significant information for devel-
oping inhibitors. Table 1 shows the geometry optimisa-
tion and Avogadro tool results for the 23 suggested com-
pounds with varied heterocyclic rings, functional groups, 
and 2-amino thiazole chain linkers. During the docking 
research, the best short energy conformers for each ligand 
that could be discovered were chosen.

Molecular docking

The aforementioned conformations were imperilled to In-
silco experiments in order to investigate the interactions 
between residues, H-bonds, and obligatory energy scores. 
The novel Aurora kinase pattern, PDB 3D structures: 
1MQ4, was produced from the protein catalogue (www.
rcsb.org) (Behera et al. 2021). Missing residues were re-
stored using the Modeller V 9.23 program19 after hydro-
gen atoms were added and pre-existing ligands were re-
moved. The cocrystallized ligand was re docked to 1MQ4 
active sites to determine the docking restrictions. Proteins 
were created through the addition of polar hydrogens in 
line with Kollman’s unified atomic charges. The PDB fixer 
tool20 was used to analyse the histidine protonation resi-
due states by assigning ND1 to zinc-bound histidines and 
NE2 to residual histidines.
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The ligand categorizer was constructed by accumulat-
ing polar hydrogens and employing Gasteiger charges. 
The Auto grid selection allows users to generate the en-
ergetic map using a distance-dependent dielectric contin-
uous utility by identifying an active site and setting the 
element size to 60 * 60 * 60 points with 0.503 A0 spacing. 
The RMSD scores between the reference and predicted 
components were used to assess whether the docking sim-
ulation properly foretold a close-match docked pose or 
not (Rosário-Ferreira et al. 2021).

Simulations of molecular dynamics

The “Desmond V 5.9 software” was used to conduct simu-
lations of molecular dynamics in order to investigate how 
the solvent system altered the molecular makeup of the 
proteinligand complex (Schrodinger 2019-3). The OPLS 4 
force field was used for the docked complex’s MDS (ligand 
1MQ4). For the sake of performing dynamic forces simu-
lations, the complex’s site has been center filled in an ort-
horhombic cubic punnet, and TIP3P water molecules and 
buffers have been inserted at a distance of 10 A0 between 
the box edge and the protein atom (Siva Kumar et al. 
2022). The complex type boundary condition box volume 
has also been estimated, as have counter ions such as Na+ 
and Cl- that were inserted to randomly neutralise the sys-
tem. A clinically tested 2-amino thiazole substituted imid-
azolidinone derivative was used as the reference chemical 
for comparing simulation results. The anticipated lead 
complex molecule 1MQ4 has 458 000 A0 box volume and 
28 252 atoms with 8124 waters for MD simulations. The 
complex is made up of over 49998 atoms and 9209 fluids. 
The Desmond procedure was used to diminish the solvat-
ed built system before relaxing using the OPLS 4 force field 
parameters. To keep heavy atoms on the solute in check, 
the system was simulated using the Berendsen NVT en-
semble at a temperature of 10 K. The MDS was performed 
using the isothermal isobaric ensemble (NPT) at 300 K, 1 
atom, and a thermostat relaxation time of 200 ps (NPT).

Using the Nose-Hoover thermostat and Martyne-Tobi-
as-Klein barostat practices, the temperature and compres-
sion balances were kept at 300 K and 1 atom, respectively. 
Every 50 ps, the simulation progress were methodically 
recorded. Succeeding the replication phase, which needs 
100 ns of manufacturing, the NPT ensemble was initiated. 
The simulated interaction diagram was utilised to inves-
tigate the trajectories of the frames, which assisted in the 
discovery of variations (Khetmalis et al. 2022).

Results and discussion

Intended novel derivatives Founded on absolutely cor-
related with structurally and molecular descriptor infor-
mation from the QSAR model pIC50 = 5.1811+0.0168*(Es-
tateVSA5)+0.0043*(PSA)+0.7620*(MoRSEP3)+1.3270*(
MATSp 5)+12.5951*(RDFC24).

Fitting criteria

ntr = 39 npred = R2 = 0.8429 R2adj = 0.7061 R2-R2adj = 0.0367 
LOF = 0.0541 Kxx = 0.3885 DeltaK = 0.0714 RMSEtr = 0.1762 
MAEtr = 0.1433 RSStr = 1.0241 CCCtr = 0.8525 s = 0.1912 
F = 20.2223

Internal validation criteria

Q2loo = 0.7558 R2-Q2loo = 0.1101 RMSEcv = 0.2105 
MAEcv = 0.1702 PRESScv = 1.4625 CCCcv = 0.7954 
Q2LMO = 0.6076 R2Yscr = 0.1289 Q2Yscr = -0.2219 
RMSEAVYscr = 0.3239 RMSEext = 0.3697

External validation criteria

MAEext = 0.3167 PRESSext = 0.8199 R2
ext = 0.6726 

Q2-F1 = -0.2977 Q2-F2 = -0.3627 Q2-F3 = -0.1322 
CCCext = 0.6877 r2

m aver = 0.2370 r2
m delta = 0.4976

Using alkyl linkers on imidazolidinone and a 2-amino 
thiazole ring on the tail, the 2-amino thiazole imidazoli-
din-4-one core structure was investigated. ESI the dataset 
chemicals used to create the QSAR models are shown in 
Table 1 along with the best leads discovered. Twentythree 
generated compounds were exposed to the descriptor devi-
ousness tools of Chem DesChemoPy services using the lead 
structure as a template to determine the appropriate Estat-
eVSA5, PSA, MoRSEP3, MATSp5, and RDFC24 values 
(Fig. 3). In most cases, the MoRSE descriptors (molecular 
representation of structure by electron diffraction) includ-
ed weights for volume, atomic charges, Sanderson’s electro-
negativity, and other variables in addition to the scattering 
parameter, which ranged from 1 to 23. (Table 1) displays the 
molecular descriptor values and structural details of 23 of 
the best-designed compounds along with estimates of their 
projected bioactivity at nano and sub-nano molar scales.

Figure 1. text, text, text.
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Applicability domain. Hat diagonal values versus stan-
dardized residuals.

Molecular docking studies

The calculated novel derivatives with greatest pIC50 stan-
dards remained exposed to molecular docking studies for 
necessary empathy and H-bond interfaces estimate. Mo-
lecular docking was performed to investigate the potenti-
ality of the chosen compounds, to engage the active cavity 
of Aurora Kinase in a way that would disrupt its tumor-
igenic activity. Many poses were observed and the pos-
es with least score for each compound were considered. 
Interestingly, all the selected compounds except 2, 3, 10, 
11, 12, 15 and 17 showed good interaction with the target 
in terms of glide score and energy; in particular than the 
reference compounds Tamoxifen and Arimidex. Results 
of the binding scores and the interactions with the amino 
acid residues are shown in Table 2. The active site pocket 
lies within the kinase domain of the target protein, which 
is essential for its function. Compound 19 having imid-
azolidionone and sulfonyl groups showed a least glide 

Figure 2. text, text, text.

Table 1. Molecular descriptor principles and predicted pic50 val-
ue for the 23 designed derivatives.

Name EstateVSA5 PSA MoRSEP3 MATSp5 RDFC24 Pred.Pki
1 23.71 222.071 -0.401 -0.107 0.052 6.7417275
2 35.852 252.400 -0.688 -0.150 -0.122 6.4286278
3 17.663 147.655 -0.427 -0.144 0.063 7.81143
4 23.719 259.48 0.008 -0.144 0.176 7.6593774
5 35.852 125.67 -0.400 -0.132 0.026 7.3411652
6 44.005 275.522 -0.154 -0.142 -0.015 6.349563
7 11.587 126.812 -1.452 -0.097 0.004 6.242778
8 30.829 268.487 -0.067 -0.146 0.048 5.740689
9 23.719 196.07 -2.188 -0.146 0.175 5.764796
10 47.975 233.577 -1.053 -0.135 -0.139 5.505607
11 41.909 241.284 -0.595 -0.156 -0.022 5.763515
12 11.587 259.962 0.070 -0.15 -0.024 5.849557
13 23.719 133.707 -0.757 -0.151 -0.194 5.978507
14 11.577 167.313 -1.129 -0.107 -0.006 5.846769
15 11.587 126.587 -1.545 -0.097 0.073 6.421773
16 47.975 154.355 0.382 -0.097 -0.069 6.283066
17 35.852 153.268 -0.558 -0.142 -0.061 6.257293
18 29.786 145.244 -1.45 -0.122 -0.013 6.720173
19 29.786 199.690 -0.296 -0.146 0.126 7.883326
20 11.587 128.361 -0.751 -0.136 0.102 5.816033
21 11.587 200.986 -0.037 -0.145 -0.193 6.191462
22 29.776 151.861 -1.570 -0.139 0.017 6.373608
23 35.842 152.813 -1.119 -0.042 0.012 5.653782

Table 2. Amino acid interactions and docking scores ligand 
and significantly scored compounds.

Compound 
Code

Docking score 
(kcal/mol)

Glide energy 
(Kcal/mol)

H-bond interactions 
(distance in A0)

1 -7.812 -126.364 LYS 143–1.96
LYS 162–2.27 
ASN 261–2.48
ASP 274–2.01

2 -3.551 -136.422 LYS 143–2.17
LYS 162–2.26
ALA 213–2.18
ASN 261–2.67
ASP 274–2.33

3 -4.178 -121.158 ASP 256–1.93
ASN 261–1.92

4 -7.505 -128.895 LYS 143–2.76
ALA 213–1.99
LYS 258–2.42
ASN 261–2.15
ASP 274–1.70

5 -6.567 -113.935 LYS 143–2.05
LYS 258–3.34

6 -6.282 -129.258 ASN 261–2.11
ASP 274–2.26

7 -7.653 -130.38 LYS 143–1.83
LYS 162–2.04
ASN 261–2.51
ASP 274–1.88

8 -6.677 -131.410 LYS 162–2.01
ALA 213–2.28
LYS 258–2.24
ASN 261–1.97
ASP 274–1.97

9 -7.894 -123.094 LYS 162–1.69
ALA 213–2.09
LYS 258–2.50
ASN 261–2.11
ASP 274–2.03

10 -3.030 -130.443 LYS 162–2.34
ASN 261–2.22
ASP 274–1.71

11 -4.178 -121.158 LYS 143–2.07
LYS 162–2.23

12 -3.449 -122.071 LYS 143–2.29
LYS 162–2.34
ASP 274–2.03

13 -7.606 -127.369 LYS 143–1.69
ASN 261–2.33
ASP 274–1.80

14 -6.680 -132.345 LYS 143–2.32
LYS 162–2.18
ASN 261–2.70
ASP 274–2.74

15 -3.822 -129.061 LYS 143–2.32
LYS 162–2.19
ASN 261–2.55
ASP 274–1.94

16 -6.534 -119.101 LYS 143–2.19
ASN 261–2.23

17 -4.877 -126.472 LYS 143–2.58
LYS 162–1.94

18 -6.044 -126.472 LYS 143–2.01
LYS 162–2.24

19 -9.484 -130.410 LYS 162-1.98
GLU 211–2.19
ALA213–2.27
LYS 258–2.38
ASN 261–1.98
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score of -9.488KJ/mol-1 with the formation of five hydro-
gen bonds. The hydroxyl benzene group of compound 19 
fits perfectly into the hydrophobic core of the active site 
sharing two hydrogen bonds with the residues Glu211 
and Ala213. The core thiazole group shared two hydrogen 
bonds with Asp274 and Lys258 respectively. Moreover, 
an attractive non covalent pi-pi interaction was observed 
between the core group and Trp277 of the target. Com-
pound 9 with substituted Aromatic P- Hydroxy benzal-
dehyde interacted through five hydrogen bonds with the 
binding site residues of the target Aurora Kinase possess-
ing a docking score of -7.894KJ/mol-1. It was noted that 
the bromo and hydroxy phenyl groups of both the com-
pounds (Compound 19 and 9) are located deeply inside 
the hydrophobic core due to their hydrophobic nature.

The superlative conformation of Derivatives 7- 1MQ4 
multifaceted from Glide demonstrated obligatory empa-
thy as -7.653KJ/mol-1. The sulfonyl and oxo groups of the 
compound showed interactions with the residues Lys143, 
Lys162, Asn261 and Asp274 through hydrogen bonding. 
Compared to the previous two compounds, this occupied 
different binding mode in the active pocket. The core thi-
azole imidazolidinone group shared four hydrogen bonds 
with the residues Lys143, Lys162, Asn261 and Asp274. In 
addition, a pi-pi interaction with the residue Trp277 was 
observed. Compound 1 shared five hydrogen bonds with 
the residues Lys162, Lys258, Asn261, Glu211 and Ala213. 
The thiazole group of the core component and the car-
bonyl sulphide of R1 shared hydrogen bonds with a single 
residue Lys 162. Interestingly, compound 19, 9 and 1, 7 
showed similar binding modes respectively.

The best conformation of compound 13 - 1MQ4 complex 
from Glide displayed binding affinity as -7.520KJ/mol-1. Sim-
ilar to compound 1, the thiazole group of the core compo-
nent and the carbonyl sulphide of R1 shared hydrogen bonds 
with a single residue Lys 162. Apart from that the residues 
Asp274, Asn261 and Lys143 were found to have H-bonded 
interactions. Compound 23 also showed good interaction 
with a docking score of -7.520 KJ/mol. Four hydrogen bonds 
involving the residues Asn261, Asp274 and Lys143 were ob-
served with Asp274 forming two hydrogen bonds.

The compound 4 with substituted Aromatic cinnamal-
dehyde interacted with ALA 213 and

Oxo amino group interact with LYS 143, ASN 261 and 
ASP274 by the hydrogen bonding. The compound 22 with 
amino thiazole group moiety interacted with LYS 162, 
ASP 274 and Oxo and amino group interacted LYS 143, 
ASN 261, via H-bond. Bromo benzene formed pi-pi inter-
actions with Trp277. Also it is evident from the table and 
figures, that all the above mentioned compounds showed 
better binding affinity than the control drug Tamoxifen. 
In addition, compounds 14, 8, 5, 20, 16, 21, 6 and 18 also 
showed good binding affinity than tamoxifen as evident 
from (Table 2) and their interaction are shown in Suppl. 
material 1: fig. S1.

Molecular dynamics simulation studies

Although molecular docking analyses have revealed the 
complex binding mechanisms (protein-inhibitor), mo-
lecular dynamics simulation can detect even the slightest 
disagreement. To find out as much as possible about the 
atomic specifics in the solvent system, the compounds 1, 7, 
9, 13, and 19 with the best interactions and energy docked 
conformation were studied (Fig. 3). For the MDS inves-
tigation, the active conformation with the best H-bond 
interactions, docking score and energy values were taken 
into account. We further looked into the simulation af-
ter a 100 ns simulation was run to determine the stability 
of the protein-inhibitor combination. Several parameters 
such as RMSD and RMSF of the protein and ligand, their 
respective torsion profiles and the histogram representing 
the ligand-protein

To study the stability of the bound complexes, the 
RMSD and RMSF calculations were performed. RMSD 
reflects the mobility of an atom during the MD simulation 
trajectory; with higher RMSD corresponding to high-
er mobility, whereas, lower RMSD corresponds to lower 
mobility. The RMSD plot indicates that the compounds 
19, 9 and 7 stabilized shortly after commencing the sim-
ulation and found no major deviations throughout the 
simulation. Also a similar pattern of fluctuation was ob-
served for both protein and ligand except for compound 
13. For compound 19, the ligand RMSD varied from 0.91 
to 2.48Å, whereas protein RMSD showed variation from 
1.20Å to 2.19Å (Fig. 4). There was a small increase and 
decrease in RMSD of the protein and compound 19 re-
spectively around 40–45 ns of simulation time. An ini-
tial drift was observed till 30 ns for compound 1, after 
which certain stabilization could be observed. In case of 
Compound 9-AurK complex, the protein showed a small 
decrease in RMSD between 48–51, suggesting minor 
conformational changes in the protein Compound 13 
showed an increase in RMSD till 60 ns and started sta-
bilizing further, whereas the protein undergone minor 
conformational change initially which might be due the 
flexibility of the residues. Moreover, compound 19 and 
compound 1 showed minimal deviation than the control 
drug tamoxifen.

Compound 
Code

Docking score 
(kcal/mol)

Glide energy 
(Kcal/mol)

H-bond interactions 
(distance in A0)

20 -6.545 -136.410 LYS 143–1.91
LYS 162–1.91
ASN 261–2.24
ASP 274–1.87

21 -6.523 -124.212 LYS 143–2.17
LYS 162–2.13
ASP 274–1.98

22 -7.006 -124.475 LYS 143–2.00
LYS 162–2.02
ASN 261–2.24
ASP 274–1.90

23 -7.520 -124.332 LYS 143–2.08
ASN 261–2.38
ASP 274–2.00

Tamoxifen -5.003 -52.219 LYS 107–2.31
ASP 108–2.42
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Gly173 is fluctuated to around 2.70 Å upon binding of 
Compound 19. Secondary structural analyses showed a 
loop to stand conversion around the 180th residue, induced 
by compound 19. In case of Compound1-AurK complex, 
fluctuations were observed in regions of Thr287 to Gly291. 
From the ligand RMSF graph, the carbonyl and the thiazole 
groups of compound 19 are exposed towards the surface, 
which is also evident from the 2D plot (from docking). 
The benzyl group of compound 1 showed higher fluctu-
ations than the other regions, suggesting their exposure 

to the surface. The residues Thr287 and Thr288 have fluc-
tuated a bit upon binding of compound 7. Notably, these 
fluctuations lie under the permissible range of 1–3Å. No 
major residual fluctuations were observed in Compound 
9-AurK complex. However, of the residues GLY 142, LYS 
143, PHE 144, Glu 170, LYS 171 and ALA 172 showed an 
increase in flexibility (>3Å) interaction with compound 
13. Ligand RMSF (Fig. 5) also confirmed the exposure of 
the bromo-benzyl group towards the surface as evidenced 
from the 2D molecular docking interaction (Fig. 7).

Figure 3. Leads generated from QSAR and docking studies (compounds 1, 7, 9, 13, 19) structural stability analysis upon ligand docking.

1 7 

9 
13 

19 
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Preservation of intermolecular contacts 
in MDS

Interactions histogram showed the interactions last-
ing over different simulation time and the connections 

that past additional than 30% of the simulation time 
are measured. It shows that most of the interactions of 
the docked pose were retained during simulation. Wa-
ter-bridge, Hydrogen bonding following hydrophobic 
interactions at stable areas LEU 139, GLY 142, LYS 143, 

Figure 4. The root mean square deviation (RMSD) of 1MQ4 protein during 100 ns MD, Compounds 1, 7, 9, 13, 19.

RMSD graph of Compound 1 RMSD graph of Compound 7 

 

RMSD graph of Compound 9 

RMSD graph of Compound 13

RMSD graph of Compound 19 
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PHE 144, GLY 145, VAL 147, ALA 160, LYS 162, LYS 
162, LEU 164, GLU 211, ALA 213, LYS 258, GLU 260, 
ASN 261, LEU 263, ASP 274 and TRP 277 were found 
in compound 19 during MDS (Fig. 6). Hydrogen bonds 
shared by the residues GLU 211, ALA 213, LYS162, ASN 
261 and ASP 274 were retained. In addition, an aromat-
ic amino acid PHE144 interacts with the keto group of 
the compound for 41% of simulation time. Compound 
1 showed an additional hydrogen bond with LYS 162 

and it was found that the compound was capable to in-
teract retain interaction with the lysine residues com-
pared to other interactions. Similar to Compound 1, 
compound 7 formed an additional hydrogen bond with 
Lys162, accompanied by the thiazole and keto group 
of the compound. However it lost the hydrogen bonds 
shared by other residues during docking. Unlike com-
pound 1 and 7, compound 9 is capable of preserving 
the hydrogen bonds shared by the residues Asparagine 

 

RMSF graph of Compound 1 

 

RMSF graph of Compound 7 

 

RMSF graph of Compound 9 RMSF graph of Compound 13 

RMSF graph of Compound 19 

Figure 5. The root mean square fluctuation (RMSF) of 1MQ4 protein during 100 ns MD, representing local changes along the pro-
tein chain for Compounds 1, 7, 9, 13, 19.
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and arginine. It was also noted that ASP 274 shared two 
hydrogen bonds with the two N-H groups of the com-
pound, maintaining the same for more than 75% sim-
ulation time. To summarize all the above mentioned 
compounds were found to have good interaction with 
the active pocket at the kinase domain of aurora kinase, 

disrupting its action, thereby inhibiting cell growth and 
induce apoptosis. Overall, it can be concluded that the 
compounds in particular compound 19, compound 1, 
compound 9 and compound 7 can be used as a potential 
inhibitor in targeting the enzyme aurora kinase upon 
experimental validation.

Figure 6. The plot represents the hydrogen bonding interactions of compounds 1, 7, 9, 13, 19 with esteem to deposits of 1MQ4 
throughout 100 ns MD simulation.

Compound 1 

 

Compound 7 

 
 Compound 9 

 

Compound 13 

 Compound 19
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Compound 1 Compound 7

Compound 9
Compound 13

Compound 19

Figure 7. Two-dimensional diagram of Compounds 1, 7, 9, 13, 19 interactions (top) during 100 ns MD simulation and hit molecule 
compound 19_1MQ4 interaction (bottom).

MM-GBSA free energy studies

Estimation of binding energy using the molecular me-
chanics-generalized born surface area (MMGBSA) sys-
tem helps in identification of ligands that bind effectively. 
The bound complexes identified by molecular docking 
and MDS were further discovered by performing MMGB-
SA binding free energy calculations. The key contributors 

for binding namely Hbonding, lipophilic interactions, 
electrostatic interactions and Van der Waals energy were 
also estimated from the trajectories attained through-
out MDS and depicted in (Table 3). The allosteric site of 
the protein Aurora kinase is predicted to be more pref-
erable for the binding of the chosen ligands (Lokhande 
et al. 2022). The corresponding binding free energies of 
the compounds are -125.18, -102.40, -96.91, -88.51 and 
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-84.88 Kcal/mol. for molecules 19, 7, 9, 1 and 13 re-
spectively indicating the binding affinity in the order of 
Mol19 > Mol7 > Mol9 > Mol1 > Mol13.

Conclusions

In this study employed a large-scale computational anal-
ysis of 39 compounds with imidazolinone backbones 
that exhibit inhibitory effects on aurora kinases. The pri-
mary objective was to identify the key structural char-
acteristics and properties associated with the biological 
activity of these compounds against breast cancer, with 
the ultimate goal of enhancing their potential as suc-
cessful leads in drug discovery. To achieve this objective, 
a hybrid strategy combining ligand-based and struc-
ture-based methods for drug development was utilized. 
Notably, the study relied on the properties of a quantita-
tive structure-activity relationship (QSAR) model specif-
ically developed for imidazolidin-4-one derivatives. This 
approach proved to be straightforward and highly effec-
tive in guiding the design of novel imidazolidin-4-one 
derivatives. The screening process incorporated various 
techniques, including QSAR, molecular docking, and 
molecular dynamics simulations. Molecular dynamics 
simulations were particularly valuable as they provid-
ed insights into the stability dynamics of selected com-
pounds (1, 7, 9, 13 and 19) within the active site. Over 

the course of a 100 nanosecond trajectory, the MD simu-
lations demonstrated a high degree of stability for all five 
examined complexes. Furthermore, the newly designed 
compounds were evaluated for their inhibitory effects on 
enzyme activity and other receptors. The results of these 
assessments, combined with the knowledge gained from 
the study, suggest that further modifications to the ring 
system could contribute to the development of lead can-
didates with significant potential as therapeutic agents 
for breast cancer treatment.
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