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1. Molecular Docking

Docking validation of the co-crystalized ligand, in the SARS-CoV-2 M,,,, (PDB ID: 7AEH)
active site

(A)
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(B)

Figure 1S. (A) 2D interaction diagram showing ligand docking pose interactions with the key
amino acids (hot spots) in the M, active site (Distance in A). (B) 2D diagram of the docking pose
in M, active site with RMSD of 0.75 A.

Docking validation of the co-crystalized ligand, in the SARS-CoV-2 RdRp (PDB ID: 7BV2)
active site
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(B)

Figure 2S. (A) 2D interaction diagram showing ligand docking pose interactions with the key
amino acids (hot spots) in the RdRp active site (Distance in A). (B) 2D diagram of the docking
pose in RdRp active site with RMSD of 0.56 A.

Table 1S. Docking scores of the tested compounds in My, & RdRp.

Compound Mpro binding score RdRp binding score
(Kcal/mol) (Kcal/mol)

3 -15.23 -11.88

5 -15.90 -12.70
9a -17.52 -13.72
9b -16.50 -12.53
12a -15.11 -11.96
12b -16.01 -12.29
14 -14.90 -10.70
15a -14.47 -10.98
15b -16.43 -11.55
19 -16.57 -13.10

Figure 3S. 2D interaction of compound 3 in M, active site
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Figure 5S. 2D imteraction of compound 12a in M, active site
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Figure 78. 2D interaction of compound 14 in M, active site
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Figure 9S. 2D interaction of compound 15b in M, active site
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Figure 118. 2D interaction of compound 9b in RdRp active site
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Figure 128. 2D interaction of compound 12a in RdRp active site
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Figure 13S. 2D interaction of compound 12b in RdRp active site
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Figure 158S. 2D interaction of compound 15a in RdRp active site
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Figure 168S. 2D interaction of compound 15b in RdRp active site
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Figure 17S. A legend guide to binding interactions regarding all the performed docking studies.
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Figure 188S. 3D presentation of surface and map of SARS-CoV-2 M, active site (PDB ID: 7AEH)
with compound 9a.
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Figure 19S. 3D presentation of surface and map of SARS-CoV-2 RdRp active site (PDB ID:
7BV?2) with compound 9a.

2. Density functional theory (DFT) calculations

According to the performed docking studies, compounds 9a, 19 and 5 were predicted to have
interesting binding modes in the active site of SARS-CoV-2 M, and RdRp enzymes. Quantum
chemical computations using the DFT/B3LYP approach with 6-311G++(d,p) basis set were
utilized to get insights regarding the energy values of compounds 9a, 19 and 5 (Table 2S) [1].
Figure 20S-A represents the optimized structures along with their HOMO and LUMO values. The
DFT calculations revealed favorable energetic parameters for the three compounds, and
particularly, compound 9a was comparable with compounds I and II (Figure 20S-B).
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Figure 20S. (A) DFT calculations for compounds 5, 9a and 19. (B) The most stable conformation
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of Ribavirin I and Favipiravir II according to DFT calculation [2, 3].

Compounds 19

Table 2S. The molecular properties of compounds 5, 9a and 19 after DFT calculations

Ener % Of the
Compound | Energy (a.u.) | gt?on E HOMO | E LUMO | Dipole Moment | No. of | most
ompot creylan) ) sova (eV) (eV) (Debye) conformers | favorable
(Kj/Mol)
conformer
5 -1985.50614 -143.63 -6.33 -1.66 8.11 1296 99.993
9a -1946.20887 -125.68 -6.71 -1.38 9.11 216 99.989
19 -1721.30460 -112.69 -5.41 -1.45 8.50 24 99.601

The Spartan '14 program was used to perform the quantum chemistry calculations using the DFT
method. Spartan '14 was used to display all of the data files. DFT at 6-311G++(d,p) basis
set/B3LYP approach was utilized to optimize organic chemical structure of compound 5, 9a and
19 [1].
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3. MM-PBSA calculations

The total free energy of any of the three mentioned entities (complex, receptor and ligand) were
calculated for all MD trajectories from its molecular mechanics potential energy plus the energy
of the solvation, using the g mmpbsa package. The following formula was used.
AGBinding) = G(Complex) ~ G(Receptor) — G(Ligand)

Where Gcomplex) 15 the total free energy of the protein—ligand complex, Greceptory ad G(rigand) are
the total free energies of the isolated protein and ligand in solvent, respectively. Individual energies
along with the values of standard deviations were calculated and then summed together to yield
the average total free energy of each component. Finally, to calculate the binding-free energy, the
total free energy of the receptor and the ligand were subtracted from the total free energy of the

complex [4].

4. Hydrogen bond analysis upon time evolution

For further insights into the binding process between compound 9a and the active sites of M,,;, and
RdRp enzymes, hydrogen bond interactions during the MDS were analyzed using VMD 1.8.2
program [5]. As Figure 21S-A and B demonstrate, compound 9a was able to form multiple
hydrogen bond interactions with the M,,;, and RdRp enzymes, respectively, throughout the entire
MDS. Furthermore, the binding interactions between compound 9a and both of M, or RdRp
induced stable complexes as revealed from Figure 22S-A and B.
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Figure 21S. The hydrogen bond contacts during the entire MDS; (A) compound 9a with M., (B)
compound 9a with RdRp.
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Figure 22S. The hydrogen bond contacts during the entire MDS; (A) M,,, enzyme (B) RdRp
enzyme.
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5. NCI-60 cell lines panel

Developmental Therapeutics Program

One Dose Mean Graph
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Figure. 23S. NCI-60 cell line panel of compound §
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NSC: D-787132/1

Conc: 1.00E-5 Molar

Test Date: Sep 14, 2015

Experiment ID: 15090561

Report Date: Oct 02, 2015
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Figure. 24S. NCI-60 cell line panel of compound 9a
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6. Oral toxicity prediction of compounds 5, 9a and 19

Table 3S. In silico oral toxicity prediction for compounds 5, 9a and 19

Compound (Lr?gsfkg) grlz(si;c:ed Toxicity 2/\0/;3rage similarity ?f)diction accuracy
5 300 3 60.56 68.07
9a 598 4 60.75 68.07
19 500 4 47.93 54.26
Remdesivir 1000 4 40.93 54.26
Favipiravir 1717 4 39.16 23.00

2 Toxicity Class ranging from 1 to 6 according to the Global Harmony System (GHS) [6].

The ProTox web server was used to estimate rodent oral toxicity and indication of possible toxicity
targets for compounds 5, 9a and 19 as reported previously [6]. As seen in Table 3S, the evaluated
LDsy was ranged from 300 to 598 mg/kg for the predicted compounds. The evaluated molecules
were predicted to be in toxicity classes of 3 or 4, and have no toxic fragments. Furthermore, the
submitted compounds were found to be not binding to toxic targets, only compound 19 was found

to have a probable hepatotoxicity, figures S-S.

Molweight 484 49
Number of hydrogen 30
bond acceptors
MNumber of hydrogen 2
bond donors
Number of atoms o4
Number of bonds T
Number of rotable bonds &
Molecular refractivity 123.38
Topological Polar 171.25
Surface Area
octanol/water partition 1.28
coefficient(logP)

(A)
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| Classification | Target | Shorthand | Prediction | Probability
| Organ toxicity | Hepatotoxicity | dili | Inactive | 052

| Toxicity end points | Carcinogenicity | carcino | Inactive | 0.61

| Toxicity end points | Immunotoxicity | immuno _ 0.99
| Toxicity end points | Mutagenicity | mutagen _ 0.76

| Toxicity end points | Cytotoxicity cyto | Inactive | 0.56

| Tox21-Muclear receptor signalling pathways | Aryl hydrocarbon Receptor (AhR) nr_ahr _ 0.92
| Tox21-Muclear receptor signalling pathways | Androgen Receptor (AR) nr_ar _ 0.97
| Tox21-Nuclear receptor signalling pathways | Androgen Receptor Ligand Binding Domain (AR-LED) _ 0.95

| Tox21-Muclear receptor signalling pathways

| Aromatase

| Tox21-Nuclear receptor signalling pathways

| Estrogen Receptor Alpha (ER)

| Tox21-Muclear receptor signalling pathways

Estrogen Receptor Ligand Binding Domain (ER-LED)

Tox21-Nuclear receptor signalling pathways

Peroxisome Proliferator Activated Receptor Gamma
(PPAR-Gamma)

Tox21-Stress response pathways

Muclear factor (erythroid-derived 2H-ike 2/antioxidant
responsive element (nf2/ARE)

| Tox21-Stress response pathways | Heat shock factor response element (HSE) | sr_hse
| Tox21-Stress response pathways | Mitochondrial Membrane Potential (MMP) | ST_mmp
| Tox21-Stress response pathways | Phosphoprotein (Tumar Supressor) p3 | sr_p53
| Tox21-Stress response pathways | ATPase family AAA domain-containing protein 5 (ATADS) | sr_atadh

(B)

- 0-93
- 0-95

Figure 258S. Physical characters (A) and Toxicity Model Report (B) for compound 5.

Molweight 470 .46
Number of hydrogen 28
bond acceptors

Number of hydrogen 2

bond donors

Number of atoms a1
MNumber of bonds o4

Mumber of rotable bonds T

Molecular refractivity 116.56
Topological Polar 171.25
Surface Area

octanol/water partition 0.89
coefficient(logP)

(A)
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Classification Target Shorthand Prediction | Probability
Organ toxicity Hepatotoxicity dili Inactive 0.56
Toxicity end points Carcinogenicity carcino ‘ Inactive 060
Toxicity end points Immunotoxicity immuno _ 0.99
Toxicity end points Mutagenicity mutagen _ 074

‘ Toxicity end points ‘ Cytotoxicity ‘ cyto ‘ Inactive 0.56

‘ Tox21-Nuclear receptor signalling pathways Aryl hydrocarbon Receptor {(AhR) nr_ahr _ 0.92

‘ Tox21-Nuclear receptor signalling pathways ‘ Androgen Receptor (AR) ‘ nr_ar _ 0.98

‘ Tox21-Nuclear receptor signalling pathways ‘ Androgen Receptor Ligand Binding Domain (AR-LBD) ‘ nr_ar_lbd _ 0.97

‘ Tox21-Nuclear receptor signalling pathways ‘ Aromatase ‘ nr_aromatase _ 098

‘ Tox21-Nuclear receptor signalling pathways ‘ Estrogen Receptor Alpha (ER) ‘ nr_er _ 0.97

‘ Tox21-Nuclear receptor signalling pathways ‘ Estrogen Receptor Ligand Binding Domain (ER-LBD) ‘ nr_er_lbd _ 0.99
Tox21-Nuclear receptor signalling pathways Peroxisome Proliferator Activated Receptor Gamma nr_ppar_gamma - 0.94

(PPAR-Gamma)
Tox21-Stress response pathways Nuclear factor (erythroid-derived 2)-like 2/antioxidant sI_are - 0.95
responsive element (nri2/ARE)

‘ Tox21-Stress response pathways ‘ Heat shock factor response element (HSE) ‘ sr_hse _ 095
Tox21-Stress response pathways Mitochondrial Membrane Potential (MMP) SI_mmp _ 0.88
Tox21-Stress response pathways Phosphoprotein (Tumor Supressor) pS3 sr_p53 _ 091

‘ Tox21-Stress response pathways ‘ ATPase family AAA domain-containing protein 5 (ATADS) ‘ sr_atadS _ 0.99

(B)

Figure 26S. Physical characteristics (A) and Toxicity Model Report (B) for compound 9a

Molweight 404 4

Number of hydrogen 24
bond acceptors

Number of hydrogen 2
bond donors

Mumber of atoms 44

Number of bonds 47

Number of rotable bonds 2

Molecular refractivity 104.2

Topological Polar 15383
Surface Area

octanol/water partition 1438
coefficient(logP)

A)
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Classification Target Shorthand Prediction | Probability
Organ toxicity Hepatotoxicity dili Active 0.50
Toxicity end points Carcinogenicity carcino ‘ Inactive 062
Toxicity end points Immunotoxicity immuno _ 098
Toxicity end points Mutagenicity mutagen _ 0.75

‘ Toxicity end points ‘ Cytotoxicity ‘ cyto ‘ Inactive 060

‘ Tox21-Nuclear receptor signalling pathways ‘ Aryl hydrocarbon Receptor {(AhR) ‘ nr_ahr _ 0.96

‘ Tox21-Nuclear receptor signalling pathways ‘ Androgen Receptor (AR) ‘ nr_ar _ 0.87

‘ Tox21-Nuclear receptor signalling pathways ‘ Androgen Receptor Ligand Binding Domain (AR-LBD) ‘ nr_ar_lbd _ 0.97

‘ Tox21-Nuclear receptor signalling pathways ‘ Aromatase ‘ nr_aromatase _ 0.96

‘ Tox21-Nuclear receptor signalling pathways ‘ Estrogen Receptor Alpha (ER) ‘ nr_er _ 0.95

‘ Tox21-Nuclear receptor signalling pathways ‘ Estrogen Receptor Ligand Binding Domain (ER-LBD) ‘ nr_er_lbd _ 10
Tox21-Nuclear receptor signalling pathways Peroxisome Proliferator Activated Receptor Gamma nr_ppar_gamma - 0.96

(PPAR-Gamma)
Tox21-Stress response pathways Nuclear factor (erythroid-derived 2)-like 2/antioxidant sI_are - 0.99
responsive element (nri2/ARE)

‘ Tox21-Stress response pathways ‘ Heat shock factor response element (HSE) ‘ sr_hse _ 0.99
Tox21-Stress response pathways Mitochondrial Membrane Potential (MMP) SI_mmp _ 0.86
Tox21-Stress response pathways Phosphoprotein (Tumor Supressor) pS3 sr_p53 _ 0.92

‘ Tox21-Stress response pathways ‘ ATPase family AAA domain-containing protein 5 (ATADS) ‘ sr_atadS _ 0.99

(B)

Figure 278S. Physical characteristics (A) and Toxicity Model Report (B) for compound 19

Molweight 602.58

Number of hydrogen 45
bond acceptors

Number of hydrogen 4
bond donors

Mumber of atoms T

Number of bonds 80

Number of rotable bonds 14

Molecular refractivity 15043

Topological Polar 213.36
Surface Area

octanol/water partition 328
coefficient(logP)

A)
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Classification Target Shorthand Prediction | Probability
Organ toxicity Hepatotoxicity dili Inactive 0.56
Toxicity end points Carcinogenicity carcino ‘ Inactive 0.55
Toxicity end points Immunotoxicity immuno _ 0.90
Toxicity end points Mutagenicity mutagen W 0.62

‘ Toxicity end points ‘ Cytotoxicity ‘ cyto ‘ Inactive 0.55

‘ Tox21-Nuclear receptor signalling pathways ‘ Aryl hydrocarbon Receptor {(AhR) ‘ nr_ahr _ 0.86

‘ Tox21-Nuclear receptor signalling pathways ‘ Androgen Receptor (AR) ‘ nr_ar _ 0.87

‘ Tox21-Nuclear receptor signalling pathways ‘ Androgen Receptor Ligand Binding Domain (AR-LBD) ‘ nr_ar_lbd _ 093

‘ Tox21-Nuclear receptor signalling pathways ‘ Aromatase ‘ nr_aromatase _ 0.90

‘ Tox21-Nuclear receptor signalling pathways ‘ Estrogen Receptor Alpha (ER) ‘ nr_er _ 0.89

‘ Tox21-Nuclear receptor signalling pathways ‘ Estrogen Receptor Ligand Binding Domain (ER-LBD) ‘ nr_er_lbd _ 0.97
Tox21-Nuclear receptor signalling pathways Peroxisome Proliferator Activated Receptor Gamma nr_ppar_gamma - 095

(PPAR-Gamma)
Tox21-Stress response pathways Nuclear factor (erythroid-derived 2)-like 2/antioxidant sI_are - 093
responsive element (nri2/ARE)

‘ Tox21-Stress response pathways ‘ Heat shock factor response element (HSE) ‘ sr_hse _ 093
Tox21-Stress response pathways Mitochondrial Membrane Potential (MMP) SI_mmp _ 077
Tox21-Stress response pathways Phosphoprotein (Tumor Supressor) pS3 sr_p53 _ 081

‘ Tox21-Stress response pathways ‘ ATPase family AAA domain-containing protein 5 (ATADS) ‘ sr_atadS _ 0.86

(B)

Figure 28S. Physical characteristics (A) and Toxicity Model Report (B) for Remdesivir

Molweight 1571

Number of hydrogen &
bond acceptors

Number of hydrogen i
bond donors

Mumber of atoms 15

Number of bonds 15

Mumber of rotable bonds 1

Molecular refractivity 32N

Topological Polar 66.64
Surface Area

octanol/water partition 029
coefficient(logP)

A)
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Classification Target Shorthand Prediction | Probability
Organ toxicity Hepatotoxicity dili Inactive 0.66
Toxicity end points Carcinogenicity carcino ‘ Active 0.53
Toxicity end points Immunotoxicity immuno _ 0.99
Toxicity end points Mutagenicity mutagen _ 0.76

[ Tosxicity end points [ Cytotoxicity [oyto Cnactve 084

‘ Tox21-Nuclear receptor signalling pathways ‘ Aryl hydrocarbon Receptor {(AhR) ‘ nr_ahr _ 0.82

‘ Tox21-Nuclear receptor signalling pathways ‘ Androgen Receptor (AR) ‘ nr_ar _ 0.87

‘ Tox21-Nuclear receptor signalling pathways ‘ Androgen Receptor Ligand Binding Domain (AR-LBD) ‘ nr_ar_lbd _ 0.99

‘ Tox21-Nuclear receptor signalling pathways ‘ Aromatase ‘ nr_aromatase _ 0.97

‘ Tox21-Nuclear receptor signalling pathways ‘ Estrogen Receptor Alpha (ER) ‘ nr_er _ 0.95

‘ Tox21-Nuclear receptor signalling pathways ‘ Estrogen Receptor Ligand Binding Domain (ER-LBD) ‘ nr_er_lbd _ 0.97
Tox21-Nuclear receptor signalling pathways Peroxisome Proliferator Activated Receptor Gamma nr_ppar_gamma - 0.99

(PPAR-Gamma)
Tox21-Stress response pathways Nuclear factor (erythroid-derived 2)-like 2/antioxidant sI_are - 0.96
responsive element (nri2/ARE)

‘ Tox21-Stress response pathways ‘ Heat shock factor response element (HSE) ‘ sr_hse _ 0.96
Tox21-Stress response pathways Mitochondrial Membrane Potential (MMP) SI_mmp _ 0.89
Tox21-Stress response pathways Phosphoprotein (Tumor Supressor) p53 sr_p53 W 0.50

‘ Tox21-Stress response pathways ‘ ATPase family AAA domain-containing protein 5 (ATADS) ‘ sr_atadS ‘ Inactive 058

(B)

Figure 29S. Physical characteristics (A) and Toxicity Model Report (B) for Favipiravir
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7. Spectral data
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Microanalytical Unit - FOPCU - NMR laboratory
Abdallah Reda H 15D www.pharma.cu.edu.eg  dir-mau.fopcu@pharma.cu.edu.eg
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Microanalytical Unit - FOPCU - NMR laboratory m
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Microanalytical Unit - FOPCU - NMR laboratory
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Microanalytical Unit - FOPCU - NMR laboratory
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Abdallah Reda_C_1E(14)
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Microanalytical Unit - FOPCU - NMR laboratory
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Microanalytical Unit - FOPCU - NMR laboratory m
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Microanalytical Unit - FOPCU - NMR laboratory
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Microanalytical Unit - FOPCU - NMR laboratory
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Abdallah Reda_C_13E(19)

Current Data Parameters
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