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Development of highly target selective covalent drugs using chlorofluoroacetamide
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Covalent drugs exert potent and durable activity by chemical modification of the targeted protein. To maximize
pharmacological efficacy while alleviating the risk of toxicity due to nonspecific off-target reactions, current
covalent drug discovery focuses on the development of targeted covalent inhibitors (TCls), wherein a reactive
group (warhead) is strategically incorporated onto a reversible ligand of the target protein to facilitate specific
covalent engagement. Although TClIs clinically approved to date largely rely on acrylamide-type electrophiles for
cysteine targeting, acrylamide-based TCIs are shown to undergo concentration- and time-dependent off-target
labeling depending on the molecular architecture (Cravatt et al. Nat. Chem. Biol. 2014). We have recently
introduced chlorofluoroacetamide (CFA) as a novel cysteine-directed warhead with weak electrophilic reactivity
(Nat. Chem. Biol. 2019). We found that the CFA derivatives exhibited higher selectivity in covalent modification
of the targeted tyrosine kinases than the structurally related acrylamide-based inhibitors. We also demonstrated
that the CFA-thiol adducts is hydrolyzed under neutral aqueous conditions to reversibly generate an unmodified
cysteine, which could contribute to high target selectivity by eliminating the solvent-exposed off-target labeling.
In this research project, we utilized these desirable features of CFA for the development of novel covalent drugs

with high target selectivity.

L. Structure-guided development of novel covalent KRAS G12C inhibitors. Based on the molecular architecture
of reported acrylamide-based KRAS G12C inhibitors, we synthesized a number of CFA-type compounds and
evaluated their antiproliferative activity against KRAS G12C mutant cell lines. We identified a CFA compound
with equipotent activity to a reported inhibitor, however, its oral bioavailability was found insufficient. In addition,
in-gel ABPP experiments using alkynylated analogs revealed that the CFA compound showed higher off-target
labeling than the acrylamide-based known inhibitor. GSH reactivity of model compounds were assessed to confirm
that the electrophilic reactivity of CFA on the KRAS G12C inhibitor core was unexpectedly high. We reexamined
GSH reactivity of dihaloacetamides and identified dichloroacetamide (DCA) as a warhead that show weaker
reactivity than CFA. Finally, we successfully generated a DCA-based KRAS G12C inhibitor with comparable
cellular activity to acrylamide-based inhibitors. The DCA compound exhibited sufficient oral absorption for the

evaluation of in vivo antitumor activity.

II. Covalent fragment-based drug discovery (FBDD) targeting P2Y¢R. We previously discovered that inhibition of
the purinergic P2Y receptor limited colitis progression. An ELISA assay detecting MCP-1 produced by UDP
stimulation of P2YsR was established for the exploration of novel P2Y¢R inhibitors. By screening our in-house
covalent fragment library, we discovered chloroacetamide (CA) and CFA fragments that suppress MCP-1
production. We also investigated the mechanism of the electrophile-induced internalization and degradation of
P2YsR. We found that the modification of C220 of the intracellular domain of P2YeR induced NEDD4-mediated
ubiquitination of K137, which resulted in the internalization and the proteasomal degradation of P2Y R (Science

Signaling 2022).

1. Covalent targeting of SARS-CoV-2 main protease (MP™) with chlorofluoroacetamide. SARS-CoV-2 is the
causative pathogen of current pandemic of COVID-19. SARS-CoV-2 MP™ is a cysteine protease essential for the
viral replication and a promising target for the development of novel antiviral agents against SARS-CoV-2. We
used Ugi multi-component reaction (MCR) for the rapid generation of numbers of CFA dipeptides and successfully
identified a potent CFA-based covalent MP™ inhibitor (Chemical Science 2022). Interestingly, the chirality at CFA
warhead showed marked influence on the MP™ inhibitory activity, suggesting stereospecific activation of CFA

reactivity in the protein’s binding pocket.



