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Sample size

Data exclusions

Replication

For determination and analysis of crystal structures, we used HKL3000, CCP4 (v7.0.078), COOT (v0.8.9.2), PHENIX (v1.17.1-3660), Pymol
(v2.4.0), and LigPlot (v2.2.8).

NMR data for all compounds was analyzed with MestReNova (v12.0.0-20080).

Purity analysis of compounds was analyzed with ChemStation (vB.04.02) or Chromeleon (v7.2 SR5);

The Xcalibur (v2.0.5) sofeware was used to analyze the ESIMS and HRESIMS data for all compounds.

The atomic coordinates and structure factors have been deposited into the Protein Data Bank with accession codes 8IFP [https://doi.org/10.2210/pdb8IFP/pdb]
(SARS-CoV-2 3CLpro in complex with compound 1), 8IFQ [https://doi.org/10.2210/pdb8IFQ/pdb] (SARS-CoV-2 3CLpro in complex with compound 2), 8IFR [https://
doi.org/10.2210/pdb8IFR/pdb] (SARS-CoV-2 3CLpro in complex with compound 3), 8IFS [https://doi.org/10.2210/pdb8IFS/pdb] (SARS-CoV-2 3CLpro in complex with
compound 7), 8IFT [https://doi.org/10.2210/pdb8IFT/pdb] (SARS-CoV-2 3CLpro in complex with compound 10), 8IGX [https://doi.org/10.2210/pdb8IGX/pdb] (SARS-
CoV-2 3CLpro in complex with simnotrelvir), and 8IGY [https://doi.org/10.2210/pdb8IGY/pdb] (SARS-CoV-2 3CLpro in complex with nirmatrelvir).

The structure of SARS-CoV-2 3CLpro in complex with boceprevir (PDB code: 6XQU, https://doi.org/10.2210/pdb6XQU/pdb) was obtained from Protein Data Bank.

The cDNA of 3CLpros of SARS-CoV-2 (Gen-Bank: MN908947.3), SARS-CoV (Gen-Bank: AAP13442.1), MERS-CoV (Gen-Bank: MT387202.1), H229E-CoV (Gen-Bank:
AF304460.1), HKU1-CoV (Gen-Bank: AY597011.2), NL63-CoV (Gen-Bank: AY567487.2), and OC43-CoV (Gen-Bank: AY903459.1) were obtained from Genbank
[https://https.ncbi.nlm.nih.gov/genbank/].

Source data are provided with this paper. All the raw data generated in this study are provided in the Source Data file.
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No sample size calculation were performed for the experiments conducted. The sample size for each experiment is provided in the figure

legends and in the main manuscript. Sample sizes were chosen to assure statistical differences and reproducibility of the results.

The sample sizes for pharmacokenetic studies and rat bone marrow micronucleus test were chosen according to “Technical Guidelines for
Non-clinical Pharmacokinetic Studies” issued by CDE.

The sample sizes for toxicity studies was chosen according to “Technical Guidelines for Repeated Dose Toxicity Studies” issued by CDE.

The preliminary experiment was conducted to determine the proper sample sizes for In vivo efficacy study. The sample sizes for efficacy
study were also chosen based on the reported literatures (J. Pharmacol. Pharmacother. 2013. 4(4):303-306, PLoS Biol. 2020. 18(7):e3000410).

No data were excluded from analysis.

The experiments were repeated as described in the figure legends and Method section. All attempts at replication were successful.
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Randomization

Blinding
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Animals and other research organisms
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Laboratory animals

Wild animals

Reporting on sex

SD rats, cynomolgus monkeys, C57BL/6J mice and K18-hACE2 mice were randomly grouped for animal experiments including in vivo rat bone
marrow micronucleus test, repeat dose toxicity studies, animal pharmacokinetics studies, and in vivo efficacy study. Ramdomization is not
applied for the other experiments since randomization is not applicable for these in vitro experiments.

Blinding was performed in scoring the histopathology of lung and brain. Representive pathology images were selected that represent the
mean score after blinded quantification. Blinding was not performed in the determination of crystal structures based on the nature of
structural biology. Blinding is not relevant to the other experiments since they are observational studies. All results were analyzed in unbiased
ways.

Anti-SARS-CoV-2 nucleocapsid protein monoclonal antibody used at a 1:400 dilution in IHC anlysis were purchased from Cell
Signaling Technology (#26369).

The goat anti-rabbit IgG polymonal antibody (SeraCare, #5220-0336) (1:500) were applied as secondary antibodies in IHC anlysis.

SARS-CoV-2 Nucleocapsid Protein (HL344) Rabbit mAb (CST, #26369) is commercially available, extensively used in prior studies and
validated in IHC analysis for K18-hACE2 mice infected with SARS-CoV-2 by manufacturer.

The goat anti-rabbit IgG polymonal antibody (SeraCare, #5220-0336) is tested to assure specificity and lot-to-lot consistency using an
in-house ELISA assay by manufacturer.

Chinese hamster lung (CHL) and Vero E6 cell line was purchased from ATCC with catalog number CRL-1935 and CRL-1586,
respectively. Human PBMC was puchased from Oricells with catalog number FPB004. Human primary hepatocytes were
purchased from BioIVT with catalog number F00995-P.

The cell lines were not authenticated.

Mycoplasma testing confirmed negative.

No commonly misidentified cell lines were used.

SD rats (200-260 g, n = 6 for each group) , Male C57BL/6J mice (7-8 weeks old, n = 3 for time point) and cynomolgus monkeys(2-5
kg, 2.5-5 years old, n = 6 for each group) were used in pharmacokinetic (PK) studies. Male C57BL/6J mice (15-30 g, n = 24 for each
group) were used in tissue distribution study. SD rats (6-8 weeks old, main group: n = 30 for each group; TK group: n = 8 for each
group) and cynomolgus monkeys (2-5 kg, 2.5-5 years old, n = 6-10 for each group) were used in repeat dose toxicity studies. Male SD
rats (6-9 weeks old, n = 6 for each group) were used in bone marrow micronucleus test. Male K18-hACE2 mice (7-8 weeks old, n = 2-5
for each group) were used to assess the antiviral activity of the compound.

The study did not involve wild animals.

Only male K18-hACE2 mice were used to assess the antiviral activity of the compound, because male mice have been proved to be




