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Figure 1  Subsite nomenclature for proteolytic enzymes is

shown. Amino acid residues to the left of the polypeptide scissile
amide bond are numbered sequentially, beginning with P1 and
increasing toward the N-terminus. Amino acid residues to the right
of the scissile bond are numbered sequentially, beginning with P1’
and increasing toward the C-terminus. Complimentary regions of

the protease active site employ the corresponding S numbering
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Figure 3  Co-crystallography of SARS-CoV-1 3C™ with com-
pound 2 (PF-00835231)
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Table 1 SARS CoV-1 3C" inhibition data for acyloxymethylke-
tone compounds. a: Continuous fluorescence resonance energy-
transfer assay. The & is the first-order rate constant for the proteo-
lytic reaction and represents the rate of inactivation of coronavirus
3C protease. The slope (k, /1) of a plot of k,_vs [I] is a measure of

the activity of the inhibitor for an enzyme
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Table 2 SARS CoV-1 3C™ inhibition for P2'- modified acyloxy-
methylketone compounds
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Table 3 SAR of the compounds with different substituent at the
peptide skeleton. a: SARS CoV-1 infected Vero 76 cells
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Figure 4
bound to SARS CoV-2 3C"™. b: Sketch of binding mode of com-
pound 24 in the binding site

a: Cocrystal structure of the covalent adduct of 24

KT 10 pmol-L™ (£ 4 A BE), $2& 75 %F SARS CoV 7 £
HA s Sk, 76 15 A 2 A8 8 1, 4 A T B ZR AR,
TR AT, 3 DRSS PF-0083523 1 Ul E N IR 7L, J5
SARSEIH RIMZ L T HA . SR1, PF-00835231 4]
R COVID-19 F138T e i 28 259 ) it (Hoffman
RB, Kania RS, Brothers MA, et al. Discovery of ketone-
based covalent inhibitors of coronavirus 3CL proteases
for the potential therapeutic treatment of COVID-19. J
Med Chem, 2020, 63: 12725-12747).
4 LamAnmi

5 W) 24 47 B P B35 1, X SARS CoV-2
3CTEE AR EE & ALK, = 0.271 nmolL™, %f COVID-19
I B3 I L 1) Vera 76 41 i 1) > U KA B0 FE EC,, =
231 nmol-L™"s R0 254X 3h 77 2% 1) b 1 Wit i 1k AR 2%
(P < 0.207x10° emes™); 14 1R WO BE F A8 AL
N 1.4%, FUIRGHEAE 8 imiE MR (F, x F) RfA
3.3%. BTN — 2S5 LA B 77 ) DR 5 B S A
COVID-19 J & i VE IO AT 52 7, 2508 A0 & W0 1 2o JiE %
AR L A YD 5R ek b S 45 5 1 4
&, B 7.
41 THhe-BRREFRE 7o rhEEe kit
o2, AR A5 90 B F B2 & /N (Veber DF, Johnson SR,
Cheng HY, et al. Molecular properties that influence the
oral bioavailability of drug candidates. ] Med Chem,



R JE S il = KW A A K15 COVID-19 254

- 545 -

2002, 45: 2615-2623). a-F4 H EE W 1E 9 - bk &0 R £ 11
il ) L i &85 5 1) R ] (B 2R 3 e R R HL R ) FT R
A 3 g oAt S A 95 5 A R A1, 481 40 O 1 LR
(Chuck CP, Chen C, Ke ZH, et al. Design, synthesis and
crystallographic analysis of nitrile-based broad-spectrum
3C-like
proteases. Eur J Med Chem, 2013, 59: 1-6). & 1k
EP30 (G5 4) WEPERSA 1%, AHOR B EIRAEIR R
B F=17.6%, £ B BB RICE F, x F,=38%, Zif{
A THERRT. Za80MAARRCR, 30 AKik F
TR B AR AE o

42 RHEETHMEEHEWRCERENER X
JF I A 1) 257 A B R S H M, AT B R AR T e R
I, DA B 46 BRI el S B 45 A, e A, 38 6,6-
TR EE-3- BRI [3.1.0] DA MR R SRR AR AL
W, ATHEN S2 AL R Kl Hh, R T 24 42 B BIK
o BITA I A YD 31 T, (HIE BRI
o2z 00 ) P 6 4 24 I P 9 2 S 25 B AT, SEANTT
43 MEE4-FFEGIRMTER LEY24804-F4H
FE NG| WA A 3N S2 Ji SN, 3K 2 TG I SR R 2

peptidomimetic inhibitors for coronavirus
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Table 4  Structure evolution of the candidate compound and typical parameters. a: P, from apical to basolateral direction was determined

in Madin-Darby canine kidney-low efflux (MDCK-LE) cells; b: CL,  refers to total intrinsic clearance obtained from scaling of half-lives of

test compounds in NADPH-supplemented HLMs
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Figure 5 Reversible covalent Cys145 adduct is formed with the

nitrile substituent in compound

Table 5 Highlight of biological property for candidate 34
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Description

1 Activity: All coronavirus types known to infect humans, including S-coronaviruses (SARS-CoV-2, SARS-CoV-1, HKU1, OC43, and

MERS-CoV) as well as a-coronaviruses (229E and NL63)

2 Selectivity: No inhibitory effects were noted against mammalian cysteine (caspase 2, cathepsin B, and cathepsin L), serine (chymotrypsin,

elastase, and thrombin) and aspartyl (cathepsin D) proteases at the highest concentration tested (100 pmol-L™)
3 Potency for COVID-19 virus-infected mice: Significant reduction of lung viral titers

Histopathological analysis and immunostaining of lungs: From COVID-19 virus infected mice showed that 34 limits cellular infiltration and

protects lung tissue from damage caused by virus replication

5 Immunohistochemical analysis: Using a viral nucleocapsid antibody to detect viral antigen levels in the lungs revealed that 34 inhibits virus

replication in a dose-dependent manner

6  Plasma clearance (CL)): CL, exhibited moderate in rats and monkeys, with elimination half-lives (,,) of 5 h and < 1 h, respectively, after

intravenous dosing

7 Metabolic stability: In NADPH-supplemented HLMs, 34 demonstrated moderate CL._ (24.5 uL-min"-mg’"), which was significantly

inhibited (> 82%) by the selective CYP3A4/5 inhibitor ketoconazole

int

8  Favorable off-target selectivity profile: In a broad panel of G protein-coupled receptors, kinases, transporters, and phosphodiesterase enzyme

inhibitor screens, and was devoid of activity against the cardiac ion channels K 1.1, Ca 1.2, and Na 1.5

9  Genetic toxicity: 34 is not mutagenic or clastogenic and is negative in an in vivo rat micronucleus assay

10  Regulatory toxicity: Repeat oral dosing of 34 in 2-week regulatory toxicity studies in monkeys (60 to 600 mg-kg') and rats (40 to

1 000 mg-kg") led to dose-dependent increases in both maximal plasma concentrations (C,,) and area-under-the-plasma concentration

versus time curves (AUCs)




