Broad-spectrum therapeutics against SARS-CoV-2 3CL protease
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nspl4...TRLQ¢SLEN...nsp15 Fig. 5. Covalent docking of compound 3150 in the active site of the recently reported crystal structure of the SARS-CoV2

3CLpro (6Y2G.pdb). Left: Chain Ais in red and chain B in orange. The inhibitor is shown in green. Center: The inhibitor (green)
IS docked Iin the active site of SARS-CoV2 3CLpro. The inhibitor is covalently attached to the active site residue Cysl145. The
catalytic residue His41 is also shown. Right: 2D interaction diagram of the inhibitor with key active site residues.

We selected the nsp7/nsp8 cleavage site as representative for the SARS-CoV-2
3CLpro cleavage employing a covalent inhibitor design strategy. We decided to
proceed with a P-side (P4-P1) inhibitor design. To further enhance inhibitor binding, we
added an electrophilic warhead designed to react with the nucleophilic thiol group of
Cysl1l45 of the SARS-CoV-2 3CLpro. To develop highly potent and specific lead
molecules, we targeted the catalytic Cys145-His41 dyad and other essential residues
within the binding pocket which are important in the proteolytic process of SARS-CoV-
2. We identified compound 3150, a unigue, non-toxic, small peptidomimetic molecule
. oy - . . . (A-T-L-Q-/A-1 (P,4-P5")

that inhibits structurally related viral 3CL proteases (e.g., norovirus and enterovirus) S.

Fig. 2. SARS-CoV-2 replicase protein products. A) Translation of the replicase gene from the genomic RNA results in
two polyproteins (ppla and pplab) due to ribosomal frameshifting. The proteolytic processing of ppla and pplab by
PLpro and 3CLpro results in nspl through nspl6 proteins. Nspll is an oligopeptide generated when ribosomal
frameshifting does not occur. The drug targets PLpro (part of nsp3), 3CLpro (nsp5), RNA-dependent RNA polymerase
(nspl12), and RNA helicase (nspl3) are shown in blue, red, orange, and green color. PLpro cleavage sites are shown in
blue color and 3CL cleavage sites in red. B) The three amino acid sequences of the predicted 2019-nCoV PLpro
cleavage sites are shown on the left side, and the ten 3CLpro cleavage sites are listed on the right side of panel B.
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Large sidechain to

The expected outcome of this work Is the discovery of submicromolar to low
nanomolar COVID-19 inhibitors. The ultimate goal of the proposed studies is to speed-
up and advance an anti-COVID-19 drug candidate to the stage of filing an
iInvestigational new drug (IND) application. The results will have a significant positive
Impact because they lay the groundwork for the clinical development of COVID-19
antiviral therapy and the potential to combine a potent and selective protease inhibitor
with a nucleoside analog and anti-inflammatory drugs such as a JAK-STAT inhibitor
with antiviral activity (e.g., baricitinib) first in culture and then in an animal model.
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Compound 3150 SAR:
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3150 X =-CHO, Y = naphtyl, Z = 5-Me-isoxazole, n =1
3114 X = -CH(OH)SOs;Na, Y = naphtyl, Z =-0OBn, n =1
3115 X =-C=C(CN)CONH,, Y = naphtyl, Z=-0OBn, n= 1
3116 X = -CH(OH)CF3, Y = naphtyl, Z =-0OBn, n =1

3117 X=-CH(OH)SO5Na, Y= 4-F-phenyl, Z=-OBn, n =1
3163 X = 1,3-dioxolane, Y = naphtyl, Z=-0OBn, n=0
3292 X = (R)-CH(OH)CN, Y = naphtyl, Z=-0OBn, n = 1
3293 X = (S)-CH(OH)CN, Y = naphtyl, Z=-0Bn, n=1
3294 X =-CHO, Y = 4-F-phenyl, Z = 5-Me-isoxazole, n = 1
3441 X = -C=C-COOEHEt, Y = naphtyl, Z = 5-Me-isoxazole, n = 1
3133 X =-C(0O)-CF5, Y = naphtyl, Z=-0OBn, n=1

Fig. 4. SAR approach: Compound 3150
and 3295 will serve as an advanced

SOSNa starting point for the further development
JI\n’ of SARS-CoV-2 3CLpro inhibitors.
Modification of these starting molecules
will proceed along 3 paths: Warhead
modifications: (for the target residue),
Backbone modifications: (modifying the
length, shape, and charge of the
molecule), and Side chain modifications
(increasing contacts with the PR, and to
improve ADME). SAR modifications of
each type are shown.
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Compound 3295 SAR:

Fig. 7. Screening of inhibitors from our proprietary library against 3CLpro using the FRET assay. 10 uM of compound
was incubated with 500 nM of SARS-CoV-2 3CLpro for 150 min at 23 °C, and then 50 uM FRET substrate was added to the
reaction mixture to initiate the reaction.
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