
• 316 diverse acids available from Enamine Building Blocks and created 10 libraries of about 93,000 compounds each.

• 10 diamine core libraries, 93’026 molecules per library = ~ 1 million compounds.  

De-Novo Generated Top 100 Scoring Compounds: 
Moving away from Pyridine N-oxides



De-Novo Generated Top 100 Scoring Compounds: 
Moving away from Pyridine N-oxides whilst retaining cores

3) Virtual Screening with PyRx 0.8 / AutoDock Vina 1.2

• Reduced to 20’226 molecules. 

• DataWarrior’s ‘diversity selection rank’ in order of structural 

diversity.

• Selected the top 1000 most diverse compounds for virtual screening 

using PyRx 0.8/AutoDock Vina 1.2. PyRx - Virtual Screening Tool 

download | SourceForge.net

1) Diversification of the amine cores with commercially available 

and diverse Enamine carboxylic acids afforded 93’026 compounds, 

which were sent for virtual screening (Maestro Glide). 

2) DataWarrior triage

Total molweight < 500 Da

cLogP < 5 

cLogS < 1

H Acceptors < 10

H Donors < 5

Rotatable bonds < 3

Polar Surface Area < 140 

Angstroms 

Mutagenic X

Tumorigenic X

Reproductive effective X

Irritant X

Nasty functions X

https://sourceforge.net/projects/pyrx/
https://sourceforge.net/projects/pyrx/


De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA 

• First docked to pdb 7kro (ATP/(+)ssRNA 

bound state as part of replicase-

transcriptase complex (RTC) cryo-EM 

structure. 

• Backtracking ssRNA ; counteracting the 

RdRp/nsp12. 

• Used PyRx 0.8 to run virtual screen using 

AutoDock Vina v1.2 scoring function > 

protein prepared via DockPrep in Chimera 

1.16 with hydrogens added. All ligands 

energy minimised before running. 

• Unbiased virtual screen (RecA domains, ATP 

site + RNA channel protein grid) using 

energy-minimised ligands and 

exhaustiveness = 8 conformers. 



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (Core 1, pdb 7kro)

• Visually inspected minimum energy poses to validate, eliminating 

incorrect geometries (cis-amides).

• Ranked average binding free energy scores, then applied 

cutoff at -10.0 kcal/mol (lead-like binding energy)



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (Core 1 , pdb 7kro)



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (Core 1, pdb 7kro)



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (Core 1)

• PANDDA fragment interactions at 5’ RNA site



De-Novo Generated Top 100 Scoring Compounds: 
Core1 compounds

• All compounds PAINS filtering (SwissADME) cleared.   



De-Novo Generated Top 100 Scoring Compounds: 
Core1 compounds



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (pdb 7rdx) 

• Next, I factored in the helicase’s flexibility by docking to two structural 

extremes, pdb 7kro (1B domain closed) and 7rdx (1B domain open).

• Selected ligands with average binding scores of -10 kcal/mol or below 

from the first docking run (7kro). 

• Re-docked these to pdb 7rdx (open state) as part of replicase-

transcriptase complex (RTC) cryo-EM structure. 

• 1B domain fully open; RNA unbound, ATP bound.

• Unbiased virtual screen (full protein) using energy-minimised ligands and 

exhaustiveness = 8 conformers. 



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (pdb 7rdx) 

• Visually inspected poses again; selected compounds that remained bound at 5’ RNA site in both structures (pdb 7kro and 7rdx).



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (pdb 7rdx and 7kro) 

Average binding free energies 
that cleared visual pose 
inspection (kcal/mol:

7kro (red/top)
7rdx (green/bottom)

Summary:

• 15 final compounds for synthesis from >93’000 Core 
Enamine carboxylic acid enumerated 1 library.



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (pdb 7rdx) 



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (pdb 7rdx) 



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (pdb 7kro and 7rdx) 

SMILES String: 

1. CC1(C(NC(N1)=O)=O)c1cccc(c1)C(NC1CCN(C1)C(c1ccc2CN(C)Cc2c1)=O)=O
2. CC1(C(NC(N1)=O)=O)c1cccc(c1)C(N1CCC(C1)NC(c1ccc2CN(C)Cc2c1)=O)=O
3. C1CN(CC1NC(C=Cc1nnc2c3ccccc3cnn12)=O)C(c1ccc2c(cc[nH]2)c1)=O
4. C1Cc2c3cccc(C(N4CCC(C4)NC(c4ccc(cc4)F)=O)=O)c3[nH]c2C1
5. CC1(C(NC(N1)=O)=O)c1cccc(c1)C(NC1CCN(C1)C(c1ccc(C#C)cc1)=O)=O
6. CN1Cc2ccc(cc2C1)C(NC1CCN(C1)C(C=Cc1nnc2c3ccccc3cnn12)=O)=O
7. C1CN(CC1NC(c1ccc2C(NN=Cc2c1)=O)=O)C(c1ccc2c(c1)ocn2)=O
8. C1Cc2c3cccc(C(NC4CCN(C4)C(c4ccc5C(NN=Cc5c4)=O)=O)=O)c3[nH]c2C1
9. C1Cc2c3cccc(C(NC4CCN(C4)C(c4ccc5c(cc[nH]5)c4)=O)=O)c3[nH]c2C1
10. C1CN(CC1NC(c1ccc2c(cc[nH]2)c1)=O)C(C=Cc1nnc2c3ccccc3cnn12)=O
11. CC1(C(NC(N1)=O)=O)c1cccc(c1)C(NC1CCN(C1)C(c1ccccn1)=O)=O
12. CC1(C(NC(N1)=O)=O)c1cccc(c1)C(NC1CCN(C1)C(c1cccnn1)=O)=O
13. C1CN(CC1NC(C12CC(C1)Oc1ccccc12)=O)C(c1c2COc3ccccc3n2cn1)=O
14. C1CN(CC1NC(C1COC2COCC12)=O)C(C1CC2(C1)C(NC(N2)=O)=O)=O
15. CC1(C(NC(N1)=O)=O)c1cccc(c1)C(NC1CCN(C1)C(c1cnc2ccccc2n1)=O)=O



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA (pdb 7kro and 7rdx) 

• Simple 3-step diamide synthesis.  



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA 

Synthesis:

• 13x R1 reactions.
• 15x Boc-deprotections reactions.
• 9x R2 reactions.
• Total reactions = 24
• Total compounds = 15



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA 



De-Novo Generated Top 100 Scoring Compounds: 
Virtual Screen with PyRx 0.8 / AutoDock VINA 

3-(4-methyl-2,5-dioxoimidazolidin-4-

yl)benzoic acid | EnamineStore

2-methyl-2,3-dihydro-1H-isoindole-5-

carboxylic acid hydrochloride | 
EnamineStore

3-{[1,2,4]triazolo[3,4-a]phthalazin-3-
yl}prop-2-enoic acid | EnamineStore

Doug Discovery - the online intermediate chemical 
compound catalogue - Fluorochem Ltd

1H,2H,3H,4H-cyclopenta[b]indole-5-
carboxylic acid | EnamineStore

Doug Discovery - the online intermediate 
chemical compound catalogue - 
Fluorochem Ltd

1-oxo-1,2-dihydrophthalazine-6-
carboxylic acid | EnamineStore

8-oxatricyclo[7.1.1.0,2,7]undeca-2,4,6-
triene-1-carboxylic acid | EnamineStore

hexahydrofuro[2,3-c]furan-3-carboxylic 
acid | EnamineStore

879-65-2 Cas No. | Quinoxaline-2-carboxylic 
acid | Apollo (apolloscientific.co.uk)

Approx. total = $6’931 
                        = £5’451

https://www.enaminestore.com/catalog/EN300-98620
https://www.enaminestore.com/catalog/EN300-98620
https://www.enaminestore.com/catalog/EN300-1720001
https://www.enaminestore.com/catalog/EN300-1720001
https://www.enaminestore.com/catalog/EN300-11362
https://www.enaminestore.com/catalog/EN300-11362
https://dougdiscovery.com/p/F047688
https://dougdiscovery.com/p/F047688
https://www.enaminestore.com/catalog/EN300-30836
https://www.enaminestore.com/catalog/EN300-30836
https://dougdiscovery.com/p/F047874
https://dougdiscovery.com/p/F047874
https://www.enaminestore.com/catalog/EN300-6758811
https://www.enaminestore.com/catalog/EN300-6758811
https://www.enaminestore.com/catalog/EN300-28227250
https://www.enaminestore.com/catalog/EN300-28227250
https://www.enaminestore.com/catalog/EN300-6482296
https://www.enaminestore.com/catalog/EN300-6482296
https://store.apolloscientific.co.uk/product/quinoxaline-2-carboxylic-acid
https://store.apolloscientific.co.uk/product/quinoxaline-2-carboxylic-acid
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