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Table S1. Docking scores, RMSD, and binding interactions of the theoretically designed novel substituted
tetrahydropyrimidine analogues (T1-35).

Compound Score RMSD Interactions Distance

(Kcal/mol) (A) (A)

T1 -6.18 1.61 DC11/H-acceptor 3.18
DC11/H-acceptor 2.95

T2 6.15 1.55 DA12/pi-H 3.56
GLN778/H-acceptor 3.53

T3 6.13 2.00 DC11/pi-H 4.25
DA 12/H-acceptor 3.16

T4 633 151 MET782/pi-H 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 341
GLN778/H-acceptor 3.19

T8 -6.33 2.08 DCl11/pi-H 4.27
DC11/pi-H 3.99

DA12/H-acceptor 3.17

T8 -6.70 1.46 MET782/pi-H 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
DA12/H-acceptor 3.10

T14 -6.67 L4 NMET782/pi-H 3.88
T15 -6.59 1.79 MET782/pi-H 4.19
GLN778/H-acceptor 3.37

T16 -6.19 1.07 DCl11/pi-H 4.49
DCl11/pi-H 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
DCI11/H-acceptor 3.18

T21 6.57 1.33 MET782/pi-H 4.16
T22 -5.73 1.11 DC11/H-acceptor 3.05
T23 -6.29 1.28 DA12/H-acceptor 3.34
DA12/H-acceptor 3.16

T24 -6.61 1.42 MET782/pi-H 4.07
DC11/H-acceptor 3.23

T25 691 198 | MET782/pi-H 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
ALAS817/H-donor 3.35

MET782/H-donor 4.07

T30 -7.06 1.56 DC11/H-acceptor 3.24
DA12/pi-H 3.76

SER818/pi-H 4.92

T31 6.10 1.69 SER818/pi-H 4.35
DCI11/H-acceptor 3.23

T32 -6.21 1.64 MET782/pi-H 4.16
MET782/pi-H 4.24

DA12/H-donor 3.40

133 .83 1.05 GLN778/H-acceptor 3.48
DC11/H-acceptor 3.23

T34 -6.38 2.06 MET782/pi-H 4.49
T35 -6.07 1.17 DC11/H-acceptor 2.83
GLN778/H-donor 3.12

Dox 744 1.58 DA12/H-acceptor 3.85
Co-Cryst ligand 745 157 MET782/H-acceptor 2.94
(EVP) ) ) DA12/H-donor 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. '"H NMR spectrum (500 MHz, DMSO-d) of the compound T3y.
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Figure S3. *C NMR spectrum (126 MHz, DMSO-dj) of the compound Tso.
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Figure S4. DEPTQ-"*C NMR spectrum (126 MHz, DMSO-dj) of the compound Tso.
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Figure S5. HMQC 2D spectrum ('"H NMR vs *C NMR) of the compound T3o.
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Figure S6. HRMS spectrum of the compound T3o.

Acq. Operator : SYSTEM
Sample Operator : SYSTEM
Acq. Instrument : HPLC Location : Vvial 10

Injection Date : 3/30/2024 1:51:59 PM
Inj Volume : 10.000 ul
Acq. Method : C:\CHEM32\1\METHODS\PURITY2022.M
Last changed 1 3/30/2024 2:30:41 PM by SYSTEM
(modified after loading)
Analysis Method : C:\CHEM32\1\METHODS\DEF_LC.M14-6-22 water 40 ACN 60.M

Last changed 1 3/30/2024 2:48:43 PM by SYSTEM
(modified after loading)
Sample Info : 60 ACN: 40 water, Flow 1.50 mL/min, 254 nm, 10 ul injection

VWD1 A, Wavelength=254 nm (HAYTHAM\4-015.D)

mAU g
i -]
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500 ‘
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300 ‘ |
200 | ‘
100
0~ : .
0 2 4 6 8 10 12 14 16 18 i
Area Percent Report
Sorted By : Signal
Calib. Data Modified : 3/30/2024 3:19:56 PM
Multiplier ] 1.0000
Dilution 3 1.0000
Sample Amount: $ 0.10000 [ug/ml] (not used in calc.)

Do not use Multiplier & Dilution Factor with ISTDs

Signal 1: VWD1 A, Wavelength=254 nm

Peak RetTime Type Width Area Area Name
#  [min] [min] [mAU*s] %

e |----- |---mee- [--mmmmnee |--mmeee [ -mmmmmmmmmeeeeee e
1 8.218 BBA 0.2843 1.94358e4 98.9669 ?

Totals : 1.94358e4  98.9669

*** End of Report ***

Figure S7. HPLC spectrum of the compound Ts3o.
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One Dose Mean Graph

NSC: D-839923/ 1

Conc: 1.00E-5 Molar Test Date: Nov 14, 2022

Experiment ID: 22110S69

Report Date: Jan 11, 2023

Panel/Cell Line
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Figure S8. One dose mean graph for compound T3p (NSC 839923) at 10 uM.
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In-Vitro Testing Results
NSC: D -839923 /1 Experiment ID : 2304NS09 Test Type : 08 Units : Molar
Report Date : October 16, 2023 Test Date : April 03, 2023 QNS: MC :
COMI : 30CH3_ClI Stain Reagent : SRB Dual-Pass Related SSPL : 1AYR
Log10 Concentration
Time Mean Optical Densities Percent Growth
Panel/Cell Line Zero  Ctrl 80 -70 60 -50 -4.0 80 -70 60 -50 40 GI50 TGl LC50
Leukemia
CCRF-CEM 0479 2380 2404 2262 2036 0.568 0.463 101 94 82 5 -3 2.59E-6 3.77E-5 > 1.00E-4
HL-60(TB) 0992  3.087 3.071 2932 2833 0.851 0.738 99 93 88 -14 -26 2.35E-6 7.26E-6 > 1.00E-4
K-562 0.165 1740 1645 1671 1.393 0254 0.272 94 96 78 6 7 2.44E-6 > 1.00E-4 > 1.00E-4
MOLT-4 0638 2876 2917 2701 2.814 0.742 0.681 102 92 97 5 2 3.24E-6 > 1.00E-4 > 1.00E-4
RPMI-8226 1.038 2987 2912 2821 2688 0.932 1.020 96 91 85 -10 -2 2.32E-6 7.80E-6 > 1.00E-4
Non-Small Cell Lung Cancer
AB549/ATCC 0381 2494 2426 2389 2313 1242 0122 97 95 91 41 -68 6.57E-6 2.37E-5 6.83E-5
EKVX 0.712 1.733 1787 1.757 1.646 0.925 0.048 105 102 91 21 -93 3.87E-6 1.62E-56 4.18E-5
HOP-62 0651 2170 2085 2112 2.040 1.641 0.140 94 96 91 65 -79 1.27E-5 2.84E-5 6.33E-5
HOP-92 1626 2446 2433 2328 2344 1.797 0.364 98 86 88 21 -78 3.66E-6 1.63E-5 5.24E-5
NCI-H226 0.748 2155 2107 2059 2.074 1177 0177 97 93 94 30 -76 4.94E-6 1.93E-5 5.66E-5
NCI-H23 0689 1.983 1.921 1883 1.819 0753 0.059 95 92 87 5 -92 2.84E-6 1.12E-5 3.71E-5
NCI-H322M 0905 2345 2283 2239 2218 1655 0.022 96 93 91 52 -98 1.03E-5 2.23E-5 481E-5
NCI-H460 0251 2783 3.067 3097 2829 0673 0.055 11 112 102 17 -78 4.06E-6 1.50E-5 5.05E-5
NCI-H522 0929 2127 2013 1938 1.872 0.262 0.272 90 84 79 72 -71 1.55E-6 3.33E-6 7.16E-6
Colon Cancer
COLO 205 0402 1837 1888 1842 1907 0527 0.118 104 100 105 9 -71 3.72E-6 1.29E-5 5.49E-5
HCC-2998 0.766 2515 2373 2303 2437 1.219 0.054 92 88 96 26 -93 4 51E-6 1.65E-5 4.35E-5
HCT-116 0379 3.025 2911 3.008 2929 0569 0.295 96 99 96 7 -22 3.31E-6 1.76E-5 > 1.00E-4
HCT-15 0224 1.848 1.850 1.658 1.626 0.071 0.015 100 88 86 -69 -93 1.72E-6 3.61E-6 7.59E-6
HT29 0.231 1.769 1.762 1.754 1.702 0194 0.139 99 99 96 -16 -40 2.56E-6 7.16E-6 > 1.00E-4
KM12 0593 2862 2938 2986 2.940 1.178 0.032 103 105 103 26 -95 4 87E-6 1.64E-5 4.26E-5
SW-620 0316 2228 2242 2371 2.311 0238 0.050 101 107 104 -25 -84 2.64E-6 6.44E-6 2.66E-5
CNS Cancer
SF-268 0591 2008 2167 2078 1916 0.840 0.140 111 105 94 18 -76 3.74E-6 1.54E-5 5.24E-5
SF-295 0.706 2733 2724 2724 2814 1631 0.049 100 100 104 46 -93 8.42E-6 2.13E-5 4.89E-5
SF-539 0.766 2244 2229 2261 2.151 0.731 0.003 99 101 94 5 -100 2.78E-6 8.98E-6 3.00E-5
SNB-19 0698 2.040 1.917 1910 1.952 1451 0.002 91 90 93 56 -100 1.09E-5 2.29E-5 4.79E-5
SNB-75 1.302 2389 2344 2409 2213 1607 0.069 96 102 84 28 -95 4.03E-6 1.69E-5 4.32E-5
U251 0.358 1.905 1815 1836 1.728 0705 0.072 94 96 89 22 -80 3.83E-6 1.66E-5 5.10E-5
Melanoma
LOXIMVI 0.194 1387 1.242 1.251 1.044 0.065 0.009 88 89 7 -66 -95 1.43E-6 3.29E-6 7.59E-6
MALME-3M 0560 1.832 1.722 1639 1510 0266 0.049 91 85 75 52 -91 1.57E-6 3.91E-6 9.71E-6
M14 0556 2447 2419 2389 2375 0.931 0.280 99 97 96 20 -50 4.02E-6 1.93E-5 > 1.00E-4
MDA-MB-435 0519 2545 2440 2359 2304 0554 0.045 95 91 88 2 -91 2.76E-6 1.04E-5 3.59E-5
SK-MEL-2 0954 2504 2458 2374 2419 1260 0.237 97 92 94 20 -75 3.94E-6 161E-5 5.43E-5
SK-MEL-28 0.566  1.832 1.825 1.783 1.751 0610 0.012 99 96 94 4 -98 3.08E-6 1.10E-5 3.40E-5
SK-MEL-5 0.759 3155 3.124 3.103 3.007 0.905 0.072 99 98 94 6 -91 3.16E-6 1.16E-5 3.80E-5
UACC-257 0.920 2409 2272 2274 2116 1.239 0.128 91 91 80 21 -86 3.27E-6 1.58E-5 461E-5
UACC-62 0916 2728 2586 2522 2381 0.788 0.012 92 89 81 -14 -99 2.11E-6 711E-6 2.66E-5
Ovarian Cancer
IGROV1 0632 2527 2567 2468 2447 0.964 0.081 102 97 96 17 -87 3.84E-6 1.47E-5 441E-5
OVCAR-3 0572 1.883 1.957 2321 1958 0483 0.010 106 133 106 -16 -98 2.88E-6 7.43E-6 261E-5
OVCAR-4 0977 2375 2367 2388 2297 1587 0.014 99 101 94 44 -99 7.49E-6 2.03E-5 4. 55E-5
OVCAR-5 0522 1654 1696 1.557 1.523 0669 0.006 95 91 88 13 -99 3.23E-6 1.31E-5 3.66E-5
OVCAR-8 0514 2385 2328 2309 2.338 1.132 0.100 97 96 97 33 -81 5.45E-6 1.95E-5 5.37E-5
NCI/ADR-RES 0536 1.907 1.902 1.886 1.832 0830 0.154 100 98 95 21 -71 4.07E-6 1.70E-5 5.89E-5
SK-OV-3 0.770 1868 1842 1777 1.830 1.552 0.077 98 92 97 71 -90 1.35E-5 2.77E-5 5.65E-5
Renal Cancer
7860 0598 2684 2545 2646 2629 0.959 0244 93 98 97 17 -59 3.90E-6 1.68E-5 7.58E-5
A498 1211 2157 2174 2072 2.037 1625 0.043 102 91 87 44 -96 7.20E-6 2.05E-5 4.66E-5
ACHN 0.387 1.716 1690 1688 1478 0392 -0.001 98 98 82 0 -100 2.47E-6 1.01E-5 3.17E-5
CAKI-1 0422 1.747 1648 1.585 1.346 0450 0.007 93 88 70 2 -98 1.96E-6 1.05E-5 3.30E-5
RXF 393 1.092 1830 1.808 1.812 1.710 1.019 0.276 97 97 84 -7 -75 2.36E-6 8.42E-6 4.33E-5
SN12C 0584 2235 2176 2139 2.105 0.835 0.007 96 94 92 15 -99 3.53E-6 1.36E-5 3.73E-5
TK-10 1.023 2205 2013 1974 1.904 1072 0.078 84 80 75 4 -92 2.23E-6 1.10E-5 3.64E-5
UOo-31 0.850 2171 1.906 1900 1.763 0.788 0.029 80 79 69 -7 -97 1.78E-6 8.01E-6 3.00E-5
Prostate Cancer
PC-3 0.726 2696 2595 2661 2.713 1.624 0287 95 98 101 46 -60 8.32E-6 2.69E-5 7.97E-5
DU-145 0246  1.140 1115 1.131 0.885 0323 0.012 97 99 7 9 -95 2.20E-6 1.21E-5 3.66E-5
Breast Cancer
MCF7 0428 2430 2244 2259 1992 0472 0.098 91 91 78 2 -77 2.34E-6 1.07E-5 4.54E-5
MDA-MB-231/ATCC 0.842 2346 2364 2320 2249 0.892 0.021 101 98 94 3 -98 3.04E-6 1.08E-5 3.38E-5
HS 578T 1190 2174 2159 2134 2065 1.122 0.771 98 96 89 6 -36 2.58E-6 8.70E-6 > 1.00E-4
BT-549 1278 2369 2357 2363 2325 1.383 0.316 99 99 96 10 -75 3.40E-6 1.30E-5 5.04E-5
T-47D 0723 1914 1914 1833 1696 0.930 0457 100 93 82 17 -37 3.11E-6 2.09E-5 > 1.00E-4
MDA-MB-468 0.843 2070 2102 2011 1.841 0.890 0.288 103 95 81 4 -66 2.53E-6 1.13E-5 591E-5

compound T3o.

10

Figure S9. Values of log molar concentration of response parameters (logio Glso, logio TGI & logio LCso) for
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Dose Response Curves

NSC: D - 839923/ 1

SSPL: 1AYR l EXP. ID: 2304NS09

Report Date: October 16, 2023

Test Date: April 03, 2023
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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 T3y on nine
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Figure S11. Mean Graphs of the logio values (Molar) of Glso, TGI, and LCso obtained from the NCI 60 cell line

experiments for compound T3o.
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Figure S12. Dose-response curves for all cell lines in the NCI 60 panel exposed compound Tz 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
Schrodinger LLC.! The NPyT 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.* The cutoff radius in Coulomb interactions was 9.0 A. The
orthorhombic periodic box boundaries were set 10 A away from the protein atoms. The water molecules
were explicitly described using the transferable intermolecular potential with the three points (TIP3P)
model.> Salt concentration was set to 0.15 M NaCl and was built using the System Builder utility of
Desmond. The Martyna—Tuckerman—KIlein 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.®’
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.
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