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upon the various substitutions on them. We have harnessed MCRto synthesize novel Thiophene-
DHPMs (4a-4d) derivatives introducing an efficient Biginelli protocol approach. All derivatives
are characterized through techniques including FTIR and 'H NMR and evaluated by in vitro SRB
assay method on MCF-7 cell line, compared against positive control ADR. Molecular docking
studies against kinesin spindle protein Eg5 (1Q0B) revealed superior binding interactions and
docking scores (> 8 Kcal) compared to the prototype Eg5 inhibitor Monastrol. Compound 4a

?}?PAZS binds via Hydrogen bond interaction to target Eg5 with ALA-133, PRO-137, TYR-211 In vitro
Méolf") 76”6 evaluation of results indicates that compound 4a found to be moderately active (Glso = -4.41)
SRB t;vmy compared to positive control ADR (Glso = -7.76) against MCF-7 cells. Compound 4a

demonstrates significant activity due to the presence of R=C:Hs, X= S, and thiophene ring.

© 2024 by the authors; licensee Growing Science, Canada.

1. Introduction

In 2020, it was known that there are incidences of roughly 20million cancer occurring worldwide; nearly half of them
lead to death. Almost 1/10 (2.3 million) were detected are of breast cancer.'unfortunately, breast cancer it is most prevalent
and second leading specifically in female than male.?"

Abnormalities in genes BRCA1, BRCA2, genetic mutations which often by exposure to estrogens can lead to breast
cancer. More specifically, in females significant changes due to an assortment of hormones (estrogens, growth hormone,
insulin-like growth factor-1, progesterone, and prolactin) that cause development of female breast cancer.*Despite of
available chemotherapeutic medicines, surgeries, radiations, and immunological therapies which cause apoptosis of breast
cancer cells, these cells can get away from the treatments and defy cell death, which makes them even more aggressive and
untreatable.> Moreover, organic molecules leads pharmacokinetic and dynamic effects on animal models and affecting
metabolism by diversified pathways.’*” Advanced techniques used to link conjugates of heterocyclic drugs in micro porous
or nonporous forms certainly aid bioactvities. 3% 3% 60 62

DHPMs being significant heterocycles of therapeutic potential that are synthesized by the Biginelli MCR by
condensation of aldehydes, ethyl acetoacetate, and thiourea.® Owing to number of therapeutic uses pyrimidine serve as the
most crucial heterocyclic moiety in medicinal chemistry. Moreover, DNA, RNA, and nucleic acid contain backbones
thiamine, uracil, and cytosine possess pyrimidine base is one reason their activity is anticipated.” DHPMs have significant
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uses as biological modulators in medicinal chemistry and possess great pharmacological potential with anti inflammatory,?
anticancer,’2antihypertensive, ' antitubercular,'# antiviral,'>antimicrobial,'-?'antifungal,>***antibacterial>>and antitumor?®
27 properties. Similarly, thiophene nucleus has played a paramount role in development of many therapeutic agents owing
to its importance in drug designing, development and creating multiple libraries of molecules with ease to chemist.?83¢
Notably, it possesses diverse bioactivities such as anticancer, 3'“*antimicrobial,®*3° anti-inflammatory,*
antidepressant,*'and anticonvulsant,* insecticidal®® which make thiophene a consequential scaffold in lead designing and
development.©!

A notorious molecule Monastrol of DHPM class has inspired researchers due to its antimitotic activity by causing mitotic
arrest of mammalian cells by binding to Eg5 protein allosterically.****° Similarly, thiophene ring containing selective drug
Raloxifene is well known estrogens receptor modulator works by preventing proliferation in breast cancer tumours (ER
positive)in post-menopausal women.*° Inspired by presence of DHPM ring in Monastrol and thiophene ring in Raloxifene,
we have made an attempt to design our scaffold by hopping of these two important heterocyclic rings having paramount
therapeutic potential in order to attain anti-breast cancer potential of our designed derivatives. As part of lab work herein,
we report synthesis of novel Thiophene-DHPMs (4a-4d) evaluated against MCF-7 cell line (Fig. 1).
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Fig. 1. Designing of Thiophene-DHPMs Scaffold
2. Results and Discussion
2.1 Chemistry

Thiophene-DHPM derivatives (4a-4d) are synthesized as per procedure shown in (Fig. 2). For synthesis of desired
derivative’s multicomponent reaction approach was adopted as per Biginelli protocol. The one pot synthesis is carried out
using thiophene aldehyde, methyl or ethyl acetoacetate, urea or thiourea in one pot for (4-8hr) (Table 1). The reaction is
monitored by periodic TLC. All purified compounds were characterized by FTIR, 'H- NMR. All compounds were
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characterized by Infrared spectroscopy. The characteristic band for NH was found between the range of 3100-3600cm'. In
FT-IR spectroscopy, the characteristic peak for C=0 str. was found in a range of 1400-1700cm'. In FTIR, the characteristic
band of C-N str. was found within range 1330-1266 cm', C=S str. (compound 4a & 4c¢) band was found in the range of
1025-1225 cm'. carbonyl group C=0 (Compound 4b & 4d) str. was found in the range of 1600-1585 cm' & 1500-1400 cm'.
The '"H NMR of aromatic protons were seen in the range of 7-9 ppm. The pyrimidine ring, N-H proton, is seen in the range
of 9-10 ppm. Aliphatic protons were seen in the range of 2-3 ppm. Electronegative substituents such as sulphur attached to
the aromatic ring reduce the electron density around the proton resulting in strong de-shielding effect. The greater the
electronegativity of the substituent, the more it Shields the proton adjacent to it, and hence the greater the chemical shift of
this proton.
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Fig. 2. Synthetic scheme of Thiophene-DHPMs

Table. 1. Series of Thiophene-DHPMs (4a-4d)

Compound X -R ‘((‘l;ol)d M. P. ©0)
4a S -Et 75 218
4b (0) -Et 86 210
4c S -Me 80 224
4d (6] -Me 84 214

2.2 Prediction of physicochemical, pharmacokinetic, and ADMET properties:

We employed Swiss ADME software to assess the ADMET properties of our developed molecules (4a-4d), Molecular
weights ranged from 252.9 to 282.38 g/mol, with log p values within the range of 2.07 to 2.61. TPSA values ranged from
95.67 to 110.69, indicating acceptability. Predictions suggested moderate to poor solubility across all compounds, with a
consistent bioavailability score of 0.55 and following Lipinski rule of five (Table 2).

Table. 2. Pharmacokinetic data of compounds (4a-4d)
Code MW" HBA"” HBD® TPSA® LogP* ESOL'Class GIA® Bioavailability score P-gp" substrate BBB' permeability

4a 282.38 2 2 110.69  2.61 Soluble High 0.55 No No
4b 266.32 3 2 95.67 2.19 Soluble High 0.55 No No
4c 268.36 2 2 110.69 2.44 Soluble High 0.55 No No
4d 252.29 3 2 95.67 2.07 Very Soluble  High 0.55 No No

Note — a: Molecular weight; b: Hydrogen bond acceptor; c¢: Hydrogen bond donors; d: Topological surface area; e: Octanol-water partition coefficient; f:
Solubility class; g: Gastrointestinal absorption; h: P- glycoprotein; i: Blood-Brain Barrier.

Compounds (4a-4d), categorized by the BOILED-Egg model, demonstrate favorable gastrointestinal absorption in the
white region. They are non-substrates for P-glycoprotein. The bioavailability radar plot underscores their optimal oral
bioavailability for effective absorption and distribution in the pink area (Fig. 3).
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Fig. 3. BOILED-Egg graphical representation of the synthesized compounds
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2.3 Molecular docking studies:
Molecular docking studies showed good interactions of all compounds with target Eg5. The details of the binding energy,

amino acid residues, and hydrogen bonds involved in each derivative's interaction with Eg5. A higher negative value of
binding energy signifies a more stable interaction between the designed molecule and the target enzyme (Table 3).

Table 3. Analysis of binding interaction and docking scores for designed compounds with the Eg5 kinesin spindle protein

(1Q0B)

Compound Code Docking Score (Kcal/ Estimated inhibition Hydrogen Bond Interactions Hydrophobic Interactions
mol) constant (Ki)
4a -6.7 10.7 uM PRO-137, TYR-211 ALA-133, PRO-137, TYR-211
4b -6.5 15.8 uM PRO-137 ALA-133, TYR-211
4c -6.2 28.2uM PRO-137 ALA-133, PRO-137
4d -6.0 34.8 uM GLU-116 ARG-119, PRO-137
Monastrol -7.0 6.4 uM GLU-116, GLU-118, TYR- ALA-133, Pro-137

211

The designed compounds exhibit binding energies ranging from -6.08 to -6.78 kcal/mol, while the co-crystallized ligand
has a binding energy of -6.99 kcal/mol. Compound 4a shows good binding affinity to Eg5, with a low binding energy of -
6.78 kcal/mol. Notably, it interacts strongly with PRO-137, TYR-211, and ALA-133 amino acids. In comparison, standard
Monastrol displays a lower binding energy of -7.08 kcal/mol and interacts withGLU-116, GLU-118, TYR-211, ALA-133,
and Pro-137 amino acids (Fig. 4).
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Fig. 4 Binding interactions of 4a and Standard Monastrol with Eg5 protein
2.4 Biological evaluations
2.4.1 Results of in vitro anti-breast anticancer activity

Compounds (4a-4d) were screened for anti-breast cancer potential on MCF-7 cells, by SRB assay; ADR is used as a
positive control (Fig. 5, Table 4). Values obtained are the means of three independent experiments at four different
concentrations in micromolar. Amongst all 4a had shown good growth inhibition at concentration 10~ M (Glso = -4.41).
The presence of thiophene nucleus, ethyl group at position R and presence of sulphur (X=S) in 4a contributes more to its
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activity. However, 4a is moderately active compared to the most potent anticancer drug ADR (Glso =-7.76). However,

compounds 4b, 4¢, and 4d are found to be less active may be due to presence of (X=0) or R= CH3 groups.

Table 4. Anti-breast cancer activity of compounds (4a-4d)

Concentration Gl -logGlso

Entry 10'M 10°M 10°M 10“*M (MCF-7)
4a 83.2 77.0 36.0 52.1 0.000038867 -4.41
4b 83.2 77.0 76.4 52.1 0.000785647 -3.10
4c 89.4 82.8 89.2 53.5 0.002562049 -2.59
4d 90.1 85.0 88.7 51.9 0.001582327 -2.80
ADR 32.6 18.2 5.9 -25.1 0.0000000172 -7.76

Values obtained are the means of three independent experiments at four different concentrations.
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Fig. 5. Graphical presentation of Anti-breast cancer activity (4a-4d)
3. Conclusion

In the present study, all four compounds (4a-4d) were successfully synthesized using the conventional methods of
synthesis (Fig. 2). The periodic TLC on percolated silica gel-G plates is used to monitor reactions. Furthermore, compounds
are characterized by FT-IR, and 'H NMR. Based on results of in vitro SRB assay performed on MCF-7 cells, we observed
compound 4a displayed good growth inhibition potential as compared to 4b,4¢, and 4d. According to the structure activity
relationship (SAR) study, we observed that, Presence of thiophene ring, R=C,Hs and X=S group in 4a leads to enhancement
in activity. However, 4a was found to be moderately active compared to potent anticancer drug ADR. From docking studies,
the designed compounds showed similar binding energy and fit well in allosteric binding pockets. They interact with amino
acids like PRO-137, ALA-133, TYR-211, GLU-116, ARG-119. Although the role of thiophene and DHPM nucleus is well
established in literature, we still need to develop more efficient analogues possessing great potency by selectively targeting

only cancerous cells rather than normal cells. Therefore, we conclude to address this issue in futuristic studies in a more
profound way.

Acknowledgement

We acknowledge Oriental University, Indore for providing research facility and ACTRECT, Navi Mumbai for
conduction of in vitro anti breast cancer studies.

4. Experimental

4.1 Materials and methods

Pure, analytical grade chemicals were obtained from Sigma Aldrich. Shimadzu ATR was used to record FT-IR spectra.
13C NMR recorded on Bruker Advance 11 (DMSO-100 MHz), Proton NMR recorded on Bruker Advance 11 (DMSO- 500
MHz) TMS used as internal standard. Periodic TLC was determined by pre coated Silica gel plates.

4.2 General procedure for synthesis ofThiophene-DHPMs (4a-4d)
Thiophene-2-carboxaldehydel (3.6 mmol), acetoacetates2 (3.0 mmol), urea or thiourea 3 (3.6 mmol), concentrated HCI

(0.6 mmol) in catalytic amount were refluxed for 4-8 hours (Figure 2). Reaction was continuously by periodic TLC [mobile
phase: hexane: ethyl acetate (6:4)]. The resultant derivatives (4a-4d) are recrystallized by alcohol.
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4.3 Physical and Spectral Data

4.3.1 ethyl-6-methyl-2-sulfanylidene-4-thiophene-tetrahydropyrimidine (4a)

Molecular formula: Ci,H40:N,S,; Molecular weight:282.38 g/mol; R¢:0.6; yield: 75 %; M.P (218 °C); IR (v, cm™):N-
H 3308, C=S 1186, CH,=CH, (Aromatic) 1454, C-N 1329;'H NMR (500 MHz, DMSO) é ppm: 1.18 (3H, t); 2.2 (3H, s);
4.10 (2H, q); 5.4 (1H,d ); 6.9-7.4 (3H, multiplet); 9.7 (1H, s); 10.4 (1H, s); *C NMR( 100 MHz, DMSO) : § 176.5; 164.2;
161.3, 140.4; 127.9; 127.7; 132.6; 103.2; 63.7; 56.3,15.6; 14.2

4.3.2 ethyl-6-methyl-2-oxo-4-thiophene-tetrahydropyrimidine (4b)

Molecular formula: Ci2H1403N,S; Molecular weight:266.32 g/mol; R¢0.6; yield: 86 %; M.P (210 °C); IR (v, cm™): N-
H 3109, C=0 1648, C-N 1289, CH,=CH, 1460; '"H NMR (500 MHz, DMSO) ¢ ppm:d 1.18 (3H, t); 2.22 (3H, s), 4.07 (2H,
q), 5.4 (1H, d); 6.8-7.3 (3H, multiplet); 7.9 (1H,s); 9.3 (1H, s); *C NMR( 100 MHz, DMSO) : § 168.2; 152.4; 148.6; 142.4;
127.6; 127.5; 127.3; 99.8; 62.2; 56.4;18.6; 14.2

4.3.3 methyl 6-methyl-2-sulfanylidene-4-thiophene-tetrahydropyrimidine (4c)

Molecular formula:C1H;20,N2S,; Molecular weight:268.36 g/mol; R¢:0.3; Yield: 80 %; M.P (224 °C); IR (v, cm™):N-H
3109, C=S 1089, C-N 1289, CH,=CH, (Aromatic) 1449; '"H NMR (500 MHz, DMSO) J ppm: & 2.2 (3H, s); 3.6 (3H, s);
5.4 (1H, d); 6.9-7.4 (3H, multiplet); 9.7 (1H, s); 10.4 (1H, s) '*C NMR( 100 MHz, DMSO) : 6 178.4; 166.2; 146.4; 142.2;
127.8;127.5; 127.4; 99.4; 56.6; 52.4; 18.6

4.3.4 methyl 6-methyl-2-oxo-4-thiophene-tetrahydropyrimidine (4d)

Molecular formula:C1H203N2S; Molecular weight:252.29 g/mol; R¢0.48; Yield 84 %; M.P (214 C); IR (v, cm™): N-H
3331, C=0 1671, CH,=CH; (Aromatic) 1454, C-N 1335; '"H NMR (500 MHz, DMSO) é ppm: 82.2 (3H, s); 3.6 3H, s); 5.4
(1H, d); 6.9-7.3 (3H, multiplet); 7.9 (1H,s); 9.3 (1H, s) 3*C NMR( 100 MHz, DMSO) : 6 166.4; 152.4; 148.6; 141.0; 127.8;
127.6; 127.4;99.2; 56.4; 53.2; 18.2

4.4 Prediction of physicochemical, pharmacokinetic, and ADMET studies:

Pharmacokinetic parameters are screened by using Swiss ADMET software to predict drug like characters. It has been
found as all compounds have lead likeness property and they do not violate Lipinski rule of 5.51-52

4.5 Molecular Docking Studies:

Molecular docking with Cygwin 64 software assessed the interaction between Eg5 tyrosine kinase spindle protein (PDB
ID: 1Q0B) and ADP, monastrol, and thiophene derivatives. Protein preparation involved chain A selection and removal of
water, heteroatoms, and ligands using Discovery Studio 4.0. Ligands were converted to mol 2 format after preparation with
ChemDraw. Autodock-Cygwin64 facilitated docking with a grid box resolution set at -2.778A. The GRIP module generated
ligand conformers and explored binding positions within the active site. Scoring evaluated energy-minimized poses for
binding affinity. Standard drug docking provided a baseline for comparison with DHPM derivatives in the same binding
sites™>.

Abbreviations

DHPMs:Dihydropyrimidinones/thiones;MCR:multicomponent reactions; SRB:sulforhodamine B; ADR:Adriamycin;
ER: Estrogen receptor;MCF-7:Human breast adrenocarcinoma; Glso: Growth inhibition; BRCA: breast cancer causing
genes; TMS: Tetramethyl silane; TLC: Thin layer chromatography;mmeol: millimoles; TPSA : Tropological polar surface
area DMSO: Dimethylsulfoxide; pl: microliter;FTIR: Fourier transform infrared; HBD:Hydrogen bond donor;HBA:
Hydrogen bond acceptor;'H NMR: Proton nuclear magnetic resonance
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