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Table S1. Docking scores, RMSD, and binding interactions of the theoretically designed novel substituted 

tetrahydropyrimidine analogues (T1-35). 

Compound 
Score 

(Kcal/mol) 

RMSD 

(Å) 
Interactions 

Distance  

(Å) 

T1 -6.18 1.61 DC11/H-acceptor 3.18 

T2 -6.15 1.55 
DC11/H-acceptor 

DA12/pi-H 

2.95 

3.56 

T3 -6.13 2.00 
GLN778/H-acceptor 

DC11/pi-H 

3.53 

4.25 

T4 -6.33 1.51 
DA12/H-acceptor 

MET782/pi-H 

3.16 

4.25 

T5 -5.81 1.96 DC11/H-acceptor 2.95 

T6 -5.93 1.24 MET782/pi-H 3.59 

T7 -6.27 1.27 GLN778/H-acceptor 3.41 

T8 -6.33 2.08 

GLN778/H-acceptor 

DC11/pi-H 

DC11/pi-H 

3.19 

4.27 

3.99 

T8 -6.70 1.46 
DA12/H-acceptor 

MET782/pi-H 

3.17 

4.41 

T10 -6.43 1.14 MET782/pi-H 4.18 

T11 -6.74 1.59 DC11/H-acceptor 3.14 

T12 -6.42 1.52 MET782/pi-H 4.15 

T13 -6.43 1.66 PRO819/pi-H 3.88 

T14 -6.67 1.44 
DA12/H-acceptor 

MET782/pi-H 

3.10 

3.88 

T15 -6.59 1.79 MET782/pi-H 4.19 

T16 -6.19 1.07 

GLN778/H-acceptor 

DC11/pi-H 

DC11/pi-H 

3.37 

4.49 

4.08 

T17 -6.53 1.57 MET782/pi-H 4.58 

T18 -6.41 1.43 MET782/pi-H 4.33 

T19 -6.20 1.07 GLN 778/H-acceptor 2.93 

T20 -6.77 1.73 DC11/H-acceptor 3.18 

T21 -6.57 1.35 
DC11/H-acceptor 

MET782/pi-H   

3.18 

4.16 

T22 -5.73 1.11 DC11/H-acceptor 3.05 

T23 -6.29 1.28 DA12/H-acceptor 3.34 

T24 -6.61 1.42 
DA12/H-acceptor 

MET782/pi-H 

3.16 

4.07 

T25 -6.91 1.98 
DC11/H-acceptor 

MET782/pi-H 

3.23 

4.43 

T26 -6.28 1.64 MET781/H-donor 3.95 

T27 -6.09 1.84 DA/12/pi-H 3.71 

T28 -6.26 1.25 GLN778/H-acceptor 2.93 
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T29 -6.47 1.63 MET782/pi-H 4.61 

T30 -7.06 1.56 

ALA817/H-donor 

MET782/H-donor 

DC11/H-acceptor 

DA12/pi-H 

3.35 

4.07 

3.24 

3.76 

T31 -6.10 1.69 
SER818/pi-H 

SER818/pi-H 

4.92 

4.35 

T32 -6.21 1.64 

DC11/H-acceptor 

MET782/pi-H 

MET782/pi-H 

3.23 

4.16 

4.24 

T33 -5.83 1.05 
DA12/H-donor 

GLN778/H-acceptor 

3.40 

3.48 

T34 -6.38 2.06 
DC11/H-acceptor 

MET782/pi-H 

3.23 

4.49 

T35 -6.07 1.17 DC11/H-acceptor 2.83 

Dox -7.44 1.58 
GLN778/H-donor 

DA12/H-acceptor 

3.12 

3.85 

Co-Cryst ligand 

(EVP) 
-7.45 1.57 

MET782/H-acceptor 

DA12/H-donor 

2.94 

2.96 
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Figure S1. Heat map showing the total number of hybrid DNA and Topo-II target receptor-ligand 

interactions all over the simulation time of 500 ns for (A) T30, (B) Dox, and (C) EVP.     
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-  

Figure S2. 1H NMR spectrum (500 MHz, DMSO-d6) of the compound T30. 

 

Figure S3. 13C NMR spectrum (126 MHz, DMSO-d6) of the compound T30. 
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Figure S4. DEPTQ-13C NMR spectrum (126 MHz, DMSO-d6) of the compound T30. 

 

Figure S5. HMQC 2D spectrum (1H NMR vs 13C NMR) of the compound T30. 
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Figure S6. HRMS spectrum of the compound T30. 

 

Figure S7. HPLC spectrum of the compound T30. 



Supporting Information 

9 

 

 
Figure S8.  One dose mean graph for compound T30 (NSC 839923) at 10 μM. 
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Figure S9. Values of log molar concentration of response parameters (log10 GI50, log10 TGI & log10 LC50) for 

compound T30. 
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Figure S10. Dose-response curves (% growth versus sample concentration) for all cell lines with different subpanel 

obtained from the NCI’s in vitro disease-oriented human cancer cells line for compound T30 on nine 

types of cancer. 
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Figure S11. Mean Graphs of the log10 values (Molar) of GI50, TGI, and LC50 obtained from the NCI 60 cell line 

experiments for compound T30. 
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Figure S12. Dose-response curves for all cell lines in the NCI 60 panel exposed compound T30 with tissue-

originated colors and shapes. 
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SI1. Molecular dynamics simulations 

The molecular dynamics simulations were carried out using the Desmond simulation package of 

Schrödinger LLC.1-3 The NPγT ensemble with the temperature 300 K and a pressure 1.01 bar was applied 

in all runs. The simulation length was 500 ns with a relaxation time of 1 ps. The OPLS4 force field 

parameters were used in all simulations.4 The cutoff radius in Coulomb interactions was 9.0 Å. The 

orthorhombic periodic box boundaries were set 10 Å away from the protein atoms. The water molecules 

were explicitly described using the transferable intermolecular potential with the three points (TIP3P) 

model.5 Salt concentration was set to 0.15 M NaCl and was built using the System Builder utility of 

Desmond. The Martyna−Tuckerman−Klein chain coupling scheme with a coupling constant of 2.0 ps was 

used for the pressure control and the Nosé−Hoover chain coupling scheme for the temperature control.6, 7 

Nonbonded forces were calculated using a RESPA integrator where the short-range forces were updated 

every step, and the long-range forces were updated every three steps. The trajectories were saved at 300 

ps intervals for analysis. The behavior and interactions between the ligands and protein were analyzed 

using the Simulation Interaction Diagram tool implemented in the Desmond MD package. The stability 

of MD simulations was monitored by looking at the RMSD of the ligand and protein atom positions as a 

function of simulation time. 

 

SI2. MD trajectory analysis and prime MM-GBSA calculations 

Simulation interactions diagram panel of Maestro software was used to monitoring interactions 

contribution in the ligand-protein stability. The molecular mechanics generalized born/solvent 

accessibility (MM – GBSA) was performed to calculate the ligand binding free energies and ligand strain 

energies for docked compounds over the last 50 ns with thermal_mmgbsa.py python script provided by 

Schrodinger which takes a Desmond trajectory file, splits it into individual snapshots, runs the MM-GBSA 

calculations on each frame, and outputs the average computed binding energy. 

 



Supporting Information 

15 

 

References 

 

1. K. J. Bowers, D. E. Chow, H. Xu, R. O. Dror, M. P. Eastwood, B. A. Gregersen, J. L. Klepeis, I. 

Kolossvary, M. A. Moraes, F. D. Sacerdoti, J. K. Salmon, Y. Shan and D. E. Shaw, 2006. 

2. M. H. El-Shershaby, A. Ghiaty, A. H. Bayoumi, A. A. Al-Karmalawy, E. M. Husseiny, M. S. El-

Zoghbi and H. S. Abulkhair, Bioorganic & Medicinal Chemistry, 2021, 42, 116266. 

3. D. E. S. Research, Journal, 2021. 

4. E. Harder, W. Damm, J. Maple, C. Wu, M. Reboul, J. Y. Xiang, L. Wang, D. Lupyan, M. K. 

Dahlgren, J. L. Knight, J. W. Kaus, D. S. Cerutti, G. Krilov, W. L. Jorgensen, R. Abel and R. A. 

Friesner, Journal of Chemical Theory and Computation, 2016, 12, 281-296. 

5. W. L. Jorgensen, J. Chandrasekhar, J. D. Madura, R. W. Impey and M. L. Klein, Journal of 

Chemical Physics, 1983, 79, 926-935. 

6. G. J. Martyna, M. L. Klein and M. Tuckerman, Journal of Chemical Physics, 1992, 97, 2635-2643. 

7. G. J. Martyna, D. J. Tobias and M. L. Klein, Journal of Chemical Physics, 1994, 101, 4177-4189. 

 


