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Abstract

SARS-CoV-2 main protease (MP™) is a validated antiviral drug target of nirmatrelvir, the active
ingredient in Pfizer’s oral drug Paxlovid. Drug-drug interactions limit the use of Paxlovid.

In addition, drug-resistant MP™ mutants against nirmatrelvir have been identified from cell
culture viral passage and naturally occurring variants. As such, there is a need for a second
generation of MP™ inhibitors. In this study, we explored several reactive warheads in the design
of MP™ inhibitors. We identified Jun11119R (sulfonamide warhead), Jun10221R (propiolamide
warhead), Jun1112R (4-chlorobut-2-ynamide warhead), Jun10541R (nitrile warhead), and
Jun10963R (dually activated nitrile warhead) as potent MP™ inhibitors. Jun10541R and
Jun10963R also had potent antiviral activity against SARS-CoV-2 in Calu-3 cells with ECs,
values of 2.92 and 6.47 UM, respectively. X-ray crystal structures of MP™ with Jun10541R and
Jun10221 revealed covalent modification of Cys145. These MP™ inhibitors with diverse reactive
warheads collectively represent promising candidates for further development.
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1. Introduction

It has been more than three years since the beginning of the COVID-19 pandemic. As

of March 10, 2023, more than 676 million positive cases have been reported, and over

6.8 million people have died [1]. The etiological agent of COVID-19 is SARS-CoV-2, an
enveloped, non-segmented positive-sense, and single-stranded RNA virus.[2] SARS-CoV-2
belongs to the genus Betacoronavirus, which also includes SARS-CoV and MERS-CoV [2].
Built upon the knowledge gained in studying SARS-CoV and MERS-CoV, unprecedented
progress has been made in vaccine and antiviral developments [3, 4]. FDA has approved
several drugs for the prevention and treatment of SARS-CoV-2 infection. The viral RNA-
dependent RNA polymerase (RdRp) inhibitors remdesivir, and molnupiravir are successful
examples of drug repurposing. However, the use of remdesivir is limited by intravenous
infusion and controversial clinical efficacy [5, 6]. Molnupiravir is a mutagen, and its use
might cause mutation in the host [7]. SARS-CoV-2 encodes two viral proteases, the main
protease (MP™) and papain-like protease (PLP™), both are high-profile validated antiviral
drug targets [8, 9]. Starting from a lead compound PF-00835231 [10], developed in 2003 to
target SARS-CoV MP'°, Pfizer designed the nitrile-containing nirmatrelvir [11, 12]. Given
its low stability, nirmatrelvir is combined with metabolic enhancer ritonavir and is used

in humans with the brand name Paxlovid [13]. Paxlovid is highly efficacious and reduces
the risk of progression to severe COVID-19 by 89% compared to the placebo group [13].
However, the co-administration of ritonavir leads to multiple drug-drug interactions [14],
which limit its use in certain patients with underlying diseases. Furthermore, like other
RNA viruses, SARS-CoV-2 continues to evolve with or without drug selection pressure [15—
17]. Specifically, multiple mutations in MP™ have been identified from naturally occurring
viruses resistant to nirmatrelvir [15]. MP™ mutations can also evolve under drug selection
pressure in cell culture [16, 18, 19]. Collectively, newer generations of MP™ inhibitors are
needed to combat current and future coronavirus infections [8].

The SARS-CoV-2 Mpro active site’s malleability makes it feasible to accommodate
structurally disparate inhibitors, including both covalent and noncovalent inhibitors [8,
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20, 21]. MP™ is a cysteine protease, and the catalytic Cys145 is susceptible to covalent
modification by reactive warheads from MP™ inhibitors. MP™ inhibitors with diverse
reactive warheads have been reported (Figure 1), including nirmatrelvir (nitrile) [11], Jun9-
62-2R (dichloroacetamide) [22], Jun9-88-6R (tribromoacetamide),[22] (R,R)-18 and YH-6
(chlorofluoroacetamide) [23, 24], YH-53 (benzothiazolyl ketone) [25], Y180 (ketoamide)
[26], GD-9 (chloroacetamide) [27], 20a (nitrile), 23a (4-hydroxybut-2-ynamide), and 14f
(vinyl sulfonamide) [28]. With our continuous interest in exploring reactive warheads for
the MP™ inhibitor design[22] and the inspiration of previous work by others [28], we report
the design, synthesis, enzymatic inhibition, antiviral activity, and X-ray crystal structures of
covalent MP™ inhibitors with sulfonamide propiolamide, 4-chlorobut-2-ynamide, ketoamide,
and nitrile warheads.

Results and Discussion

2.1. Chemistry

2.2.

Synthesis of covalent MP™ inhibitors.—The MP™ inhibitors were synthesized using
the one-pot Ugi four-component reaction (Ugi-4CR) as previously described (Figure 2).

[22, 29] The diastereomers were separated by chiral HPLC for compounds with potent
enzymatic inhibition. The absolute stereochemistry of Jun10541R was determined by X-ray
crystallography, and the stereochemistry for the diastereomers of Jun11119, Jun10221,
Jun1112, and Jun10963 was tentatively assigned based on their relative retention time in
chiral HPLC.

Exploring acrylamide and vinyl sulfonamide as the reactive warheads

We recently reported the design of covalent SARS-CoV-2 MP™ inhibitors with the
acrylamide reactive warhead [22]. Interestingly, the unsubstituted acrylamide Jun9513

was inactive (IC, > 20 pM), while Jun10382 with the 2-chloroacrylamide warhead was
active and had an 1C,, of 4.22 uM (Figure 3). We, therefore, were motivated to explore

other substituted acrylamides as novel reactive warheads. Compound Jun10542 with the
2-fluoroacrylamide was inactive (ICs, > 20 uM). Jun10594 with the 2-bromoacrylamide (ICs,
= 4.26 pM) and Jun10943 with the 2-trifluoromethylacrylamide (ICs, = 4.36 pM) had similar
activity as Jun10382 (IC,, = 4.22 pM), suggesting electron-withdrawing groups at the
2-position increase the electrophilicity of the acrylamide warhead. In contrast, compounds
Jun10592 and Jun10945 with electron-donating substitutions (methyl and phenyl) at the 2-
position were inactive (ICs, > 20 pM). Compound 10905 with the 2-acetylamide substitution
was also inactive (ICs, > 20 pM). Next, we explored acrylamides with 3-substitutions. It was
found that compounds with the 3-substituted acrylamides generally had reduced activity, and
only four compounds, Jun10952 (ICs, =12.39 uM), Jun1117 (ICs, =3.97 uM), Jun10961
(IC5, = 17.05 pM), and Jun10962 (ICs, = 15.42 uM) had moderate MP™ inhibitory activity.
Compounds Jun10946 and Jun10948 with the cyclized alkene were also inactive (ICs, >

20 uM). Lastly, compounds Jun11119R (ICs, = 0.31 uM) and Jun11119S (IC,, = 6.49

uM) with the vinyl sulfonamide warhead had potent MP™ inhibitory activity. However,
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compound Jun11119R is moderately toxic in Vero E6 cells with a CCs, value of 18.4 uM.
Collectively, our results showed that the electro-withdrawing substituents at the 2-position
of acrylamide are preferred, while substitutions at the 3-position are generally not preferred.
Electron-withdrawing substitutions at the 2-position likely increase the electrophilicity at the
3-position for the nucleophilic attack by the Cys145 thiolate. Vinyl sulfonamide is also a
preferred warhead, but it leads to moderate cytotoxicity.

2.3. Exploring propiolamide as the reactive warhead

We recently reported the design of compound Jun9621 with the 2-butynamide warhead
(ICs, = 1.15 pM) [22], however, it was cytotoxic (CCs, = 17.99 uM in Vero E6 cells).

We, therefore, sought to explore unsubstituted and substituted propiolamides as warheads
with reduced cytotoxicity (Figure 4). Both diastereomers Jun10221R (ICs, = 0.02 pM) and
Jun10221S (ICs, = 0.05 uM) with the propiolamide warhead had potent MP™ inhibition
(Figure 4). Unfortunately, both compounds were also highly cytotoxic (CCs, < 3 UM).
Adding hydrophobic substitutions at the 3-position of propiolamide led to compounds
Jun10892 (ICs, = 1.65 uM) and Jun10927 (ICs, = 4.19 uM) with reduced enzymatic
inhibitory activity. Compound Jun10935 with an additional fluoro-substitution at the 3-
position of propiolamide was inactive (ICs, > 20 uM). Unexpectedly, compound Jun10926
with the 3-cyclopropyl substitution had potent MP™ inhibition (IC, = 0.85 uM) while being
non-cytotoxic (CCs, = 101.5 uM). Compound Jun10923 with the 3-propyl substitution

(ICs, = 2.51 uM) was less active, while compound Jun10925 with the 3-tert-butyl
substitution was not active (ICs, > 20 pM). Notably, compound 10917 with the 4-hydroxy-4-
methylpen-2-ynamide was active (ICs, = 1.28 uM). The diastereomers Jun1112R (IC, =
0.04 uM) and Jun1112S (ICs, = 1.11 uM) with the 4-chlorobut-2-ynamide warhead had
potent MP™ inhibition. However, they were highly toxic, with CCs, values of 2.0 and 2.2 uM,
respectively.

2.4. Exploring nitrile as the reactive group

Inspired by the high potency and selectivity of Pfizer’s oral MP™ inhibitor nirmatrelvir,
[11] we were interested in exploring nitrile as a weakly reactive warhead in our scaffold.
Gratifyingly, compound Jun10541R with the 2-cyanoacetamide warhead had potent MP™
inhibition with an IC;, of 0.50 uM (Figure 5). The corresponding diastereomer Jun10541S
was inactive (IC, > 20 pM), consistent with our previous structure-activity relationship
results [22, 29]. Adding substitutions at the 1-position led to compounds Jun10893,
Jun10912, and Jun10913 with abolished MP™ inhibition (ICs, > 20 uM). Next, we
examined the dually activated 2-cyanoacrylamides as the MP™ Cys145 reactive warhead.
Among the compounds tested (Jun10544, Jun10545, Jun10951, and Jun10963), compound
Jun10963R had potent inhibition (ICs, = 0.56 uM), and the corresponding diastereomer
Jun10963S was inactive (ICs, > 20 pM). Compound Jun10963R was also well tolerated
in Vero E6 cells with a CCs, value over 100 uM. Compounds Jun10544, Jun10545, and
Jun10951 with the aliphatic substitutions at the 3-position were inactive (ICs, > 20 pM).
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2.5. Miscellaneous reactive warheads

In addition to the above conventional cysteine reactive warheads, we also explored a

few potential cysteine reactive warheads, including oxoacetamide (Jun10938), diacetamide
(Jun11812), un-activated alkyne (Jun1155, Jun1156, and Jun1191), and sulfony! fluoride
(Jun1191) (Figure 6). Alkynes were previously explored as a reactive warhead for the
active-site cysteine in deubiquitinase [30, 31]. Among the compounds examined, Jun10938
with the oxoacetamide warhead and Jun1155 with the alkyne warhead inhibited MP™ with
IC;, values of 3.81 and 4.63 UM, respectively.

2.6. Characterization of the mechanism of action

To characterize the mechanism of action, we chose four compounds with potent ICs, values,
Jun10221R, Junl112R, Jun10541R, and Jun10963R, and performed enzyme kinetic
studies with different concentrations of inhibitors. The kinetic curves showed one liner
phase (Figure S1), suggesting no enzyme depletion at the time scale of measurement (1 h).
We therefore fit the curve with Morrison equation and obtained the inhibitory constant K;
values [32]. K, is independent of MP™ concentration, and no preincubation with the inhibitor
is required. Therefore, K, provides a more direct comparison of the inhibitor potency. The

K; values for Jun10221R, Jun1112R, Jun10541R, and Jun10963R are 11.77 nM, 54.21
nM, 345.3 nM, and 573.3 nM, respectively (Figure 7). The results suggest that all four
compounds are covalent reversible inhibitors of MP™.

2.7. Antiviral activity of the MP" inhibitors with novel warheads against SARS-CoV-2

replication in Calu-3 cells

2.8. X-ray crystal structures of SARS-CoV-2 M

Junl0541R

We next selected compounds with potent MP™ inhibition (ICs, < 1 uM) and low cellular
cytotoxicity (CCs, > 50 uM) for the SARS-CoV-2 antiviral assay. Compounds Jun10541R
and Jun10963R met the criteria, and both compounds contain the nitrile warhead. The
antiviral assay was performed with the infectious SARS-CoV-2 (isolate USA WA1/2020)

in Calu-3 cells using the immunofluorescence assay [29]. Calu-3 is a human lung
adenocarcinoma cell line that expresses TMPRSS2, rendering it a physiologically relevant
cell line for SARS-CoV-2 infection, and it is widely used for antiviral testing [33].
Compounds Jun10541R and Jun10963R inhibited SARS-CoV-2 with ECs, values of 2.92
and 6.47 uM, respectively, and were not cytotoxic to Calu-3 cells at up to 100 uM (Figure 8).
The EC,, value for positive control remdesivir was 0.17 uM.

P’ in complex with Jun10221 and

To characterize the binding poses of Jun10221 and Jun10541R with MP™ and illustrate
interactions between the covalent warheads and catalytic cysteine, we determined their
crystal structures at 2.50 A (Jun10541R, PDB ID 8FIV; Figure. 9A) and 2.55 A (Jun10221,
PDB ID: 8FIW; Figure. 9B) resolution (Table S1). Jun10541R was crystalized with MP™ as
a pure diastereomer, while Jun10221 was crystalized as a diastereomer mixture consisting
of both the (R,S) and (S,S) diastereomers (the first chiral center refers to the a-position of
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the S1 pyridine). Unlike many other cases in which the (R, S) diastereomers are significantly
more active than the (S, S) diastereomers (Jun11119, Jun1112, Jun10541, Jun10963 and
additional examples in references[22, 29]), the (R,S)and (S,S) diastereomers of Jun10221
had similar potency with 1C,, values of 0.02 and 0.05 pM, respectively.

Jun10541R and Jun10221 bear electrophilic nitrile and alkyne warheads that covalently
react with the catalytic Cys145, positioning the rest of the inhibitor two atoms from

the thiol sulfur, where they occupy the active site in a similar fashion. The key, shared
interactions include amide hydrogen bonds between the inhibitor and the peptide backbone
of Gly143 and Glul166 and a hydrogen bond between the pyridyl nitrogen and the His163
sidechain of the S1 pocket (Figure 9A, B). The diphenyl and a-methylphenyl also form
hydrophobic interactions with the buried, nonpolar S2 pocket. Interestingly, in the Jun10221
complex structure, there is defined electron density corresponding to both the (R,S)and
(S,S) diastereomers (Figure 9B, D). Although the electron density for (5,5)-Jun10221
diastereomer is slightly weaker than previous structures containing diastereomer pure (R,S)
inhibitors, it is nonetheless apparent, especially when the 2 F,-F, map is contoured at 0.5 o
(Figure 9B). Overall, the binding poses for both diastereomers of Jun10221 are very similar
(Figure 9C), except that the pyridyl carbon in the (S,S) diastereomer is closer to the S1
pocket, which forces the amide group to rotate ~ 90° outwards and the a-methylbenzene to
flip out of the hydrophobic S2/S4 subpocket and into the solvent-exposed S3 site.

3. CONCLUSION

Cysteine proteases are challenging drug targets. Most cysteine protease inhibitors are
covalent inhibitors, and it is difficult to achieve a delicate balance between potency and
selectivity [34, 35]. No cysteine protease inhibitors had been approved by FDA before
Pfizer’s Paxlovid, which contains the MP™ inhibitor nirmatrelvir and the metabolic enhancer
ritonavir. Key to the success of nirmatrelvir is the choice of nitrile as the reactive warhead.
Nitrile is a weakly reactive cysteine warhead compared to aldehyde, ketoamide, and a,

p-unsaturated ester [36]. Nirmatrelvir is highly selective compared to other MP™ inhibitors,

including GC-376 and its analogs [33]. Several MP™ inhibitors have been desgiend with the
nitrile warhead including nirmatrelvir [11, 12, 28]. This study explored acrylamide, vinyl
suofonamide, propiolamide, nitrile, ketoamide, and alkyne as reactive warheads. Although
compounds with the vinyl sulfonamide Jun11119R and the propiolamide Jun10221R/S
had potent enzymatic inhibition, they were cytotoxic, which might be due to non-specific
modification of host proteins. Similar compounds were reported earlier, but their cellular
cytotoxicity and antiviral activity were not characterized [28]. Although Jun10221 with the
propiolamide warhead was cytotoxic, the co-crystal structures revealed novel findings that
are insightful for drug design. Specifically, both the £,Sand S,S diasteromers of Jun10221
had similar MP* inhibition with 1C;, values of 0.02 and 0.05 puM, respectively. This starkly
contradicts other compounds in the same series in which the £, S diastereomer is more potent
than the S,Sdiastereomer [22, 29]. One explanation might be that the high reactivity of

the propiolamide warhead dominates the potency. X-ray crystal structures revealed that both
diastereomers bind to the S1 and S2 subsites with superimposable configurations. However,
the a-methylbenzene substitution binds in the flipped orientation with the R,S diastereomer

Eur J Med Chem. Author manuscript; available in PMC 2024 November 05.
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facing towards the subsite between S2 and S4 pockets, while the S,S diastereomer projects
away from the protein and occupies the solvent-exposed S3 site. The flipped orientations of
the o-methylbenzene in the two diastereomers of Jun10221 are reminiscent of the binding

of GC-376 in MP™, in which the benzyloxycarbonyl (Cbz) group adapts either the inward

or outward orientations [32, 37, 38]. Notably, Jun10541R with the nitrile reactive warhead
had potent MP™ enzymatic inhibition while being non-cytotoxic. Jun10541R also had potent
antiviral activity against SARS-CoV-2 in Calu-3 cells with an EC,, of 2.92 uM. X-ray

crystal structure showed a covalent modification of the Cys145 by the nitrile warhead. In
summary, our results showed that nitrile is a promising warhead in designing MP™ inhibitors.
Further optimization of Jun10541R might lead to drug candidates with /n vivo animal
efficacy. In addition, the co-crystal structure of MP™ with the S,S diasteromers of Jun10221
represent the first example in this compound series, reavealing a distinct binding pose that is
informative in drug design.

4. EXPERIMENTAL SECTION

4.1. Cell lines and viruses.

VERO ES6 cells (ATCC, CRL-1586) were cultured in Dulbecco’s modified Eagle’s medium
(DMEM), supplemented with 5% heat-inactivated FBS in a 37°C incubator with 5% CO.,.

4.2. Protein expression and purification.

SARS CoV-2 main protease (MP™ or 3CL) gene from strain BetaCoV/Wuhan/W1V04/2019
and SARS-CoV main protease from strain CDC#200301157 in the pET29a(+) vector with
E. coli codon optimization were ordered from GenScript (Piscataway, NJ). The MP™ gene
was then subcloned into pE-SUMO vector as described previously [32, 37]. The expression
and purification of SARS-CoV-2 MP™ with unmodified N- and C-termini was detailed in our
previous publication [37].

4.3. Enzymatic assays.

The main protease (MP™®) enzymatic assays were carried out in MP™ reaction buffer
containing 20 MM HEPES pH 6.5, 120 mM NaCl, 0.4 mM EDTA, 20% glycerol and

4 mM DTT. The percentage of inhibition and enzymatic IC,, values were calculated as
previously described [32, 37]. The ICs, curves for selected compounds were shown in Figure

S2. Briefly, the assay was performed in 96-well plates with 100 uL of 200 nM MP™ protein
in the reaction buffer. Then 1 UL testing compound at various concentrations was added to
each well and incubated at 30 °C for 30 min. The enzymatic reaction was initiated by adding
1 uL of 1 mM FRET substrate (the final substrate concentration is 10 pM). The reaction

was monitored in a Cytation 5 image reader with filters for excitation at 360/40 nm and
emission at 460/40 nm at 30 °C for 1 hr. The initial velocity of the enzymatic reaction with
and without testing compounds was calculated by linear regression for the first 15 min of the
kinetic progress curve.
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For the Morrison plot, 10 uL 100 nM SARS-CoV-2 MP™ protein was added

to 190 pl of MP™ reaction buffer containing testing compound and the FRET
substrate, and the reaction was monitored for 2 hr. The final FRET substrate
concentration in this assay is 20 pM. Detailed curve fitting and K; determination was
described previously [32, 37]. The equation used for Mprrison plot curve fitting is:

Y = V(1 = (B + X+ (KL + (S7KW))) = (B + X+ (K(1 + (S/K))))2) - 4*E‘*X)A0.5)). Y:

/(Z*El)))

enzyme activity; V,: velocity in the absence of inhibitor; E;: enzyme concentration (0.005
uUM); X: concentration of inhibitor (uM); K;: dissociation of inhibitor (uM); S: substrate
concentration (20 uM); K,,: the concentration of substrate which permits the enzyme to
achieve half v, (35.25 uM).

4.4, Cytotoxicity measurement.

Evaluation of the cytotoxicity of compounds were carried out using the neutral red uptake
assay [39, 40]. Briefly, 80,000 cells/mL of the tested cell lines were dispensed into 96-well
cell culture plates at 100 pL/well. Twenty-four hours later, the growth medium was removed
and washed with 150 pL PBS buffer. 200 pL fresh serum-free medium containing serial
diluted compounds was added to each well. After incubating for 5 days at 37 °C, the
medium was removed and replaced with 100 uL DMEM medium containing 40 pg/mL
neutral red and incubated for 2—4 h at 37 °C. The amount of neutral red taken up was
determined by measuring the absorbance at 540 nm using a Multiskan FC Microplate
Photometer (Fisher Scientific). The CCs, values were calculated from best-fit dose response
curves with variable slope in Prism 8.

4.5. Antiviral assay in Calu-3 cells.

Calu-3 cells (ATCC, HTB-55) grown in Minimal Eagles Medium supplemented with 1%
non-essential amino acids, 1% penicillin/streptomycin, and 10% FBS are plated in 384

well plates. The next day, 50 nL of drug suspended in DMSO is added as an 8-pt dose
response with three-fold dilutions between test concentrations in triplicate, starting at 40

UM final concentration. The negative control (DMSO, n=32) and positive control (10 uM
Remdesivir, n=32) are included on each assay plate. Calu3 cells are pretreated with controls
and test drugs (in triplicate) for 2 hours prior to infection. In BSL3 containment, SARS-
CoV-2 (isolate USA-WA1/2020) diluted in serum free growth medium is added to plates

to achieve an MOI=0.5. Cells are incubated continuously with drugs and SARS-CoV-2

for 48 hours. Cells are fixed and then immunstained with anti-dsRNA (J2) and nuclei are
counterstained with Hoechst 33342 for automated microscopy. Automated image analysis
quantifies the number of cells per well (toxicity) and the percentage of infected cells
(dsRNA+ cells/cell number) per well. SARS-CoV-2 infection at each drug concentration was
normalized to aggregated DMSO plate control wells and expressed as percentage-of-control
(POC=% Infection sampie/Avg % Infection ppmso cont)- A non-linear regression curve fit
analysis (GraphPad Prism 8) of POC Infection and cell viability versus the log,, transformed
concentration values to calculate ECs, values for Infection and CCs, values for cell viability.
Selectivity index (SI) was calculated as a ratio of drug’s CCs, and EC;s, values (SI = CCs/ICs).
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4.6. MP™ crystallization and structure determination.

MP™ inhibitor was added to 20 mg/mL SARS-CoV-2 MP™ to a final concentration of 1.75
mM and incubated overnight at 4°C. This mixture was then diluted four-fold with protein
stock buffer (20 mM Tris pH 7.5, 200 mM NaCl, 1 mM DTT) then spun down at 13,000
x g for 1 min to remove precipitate. Crystals were grown by mixing the protein-inhibitor
sample with an equal volume of crystallization buffer (20% PEG 3350, 0.2 M NaF) in

a vapor diffusion, hanging drop apparatus. Crystals were then transferred to a drop with
crystallization buffer containing 5 mM MP™ inhibitor for 1 h, followed by a brief soaking

in a cryoprotectant solution of 30% PEG 3350 and 15% glycerol with 2 mM MP™ inhibitor.
Crystals were then flash frozen in liquid nitrogen for X-ray diffraction.

X-ray diffraction data for the SARS-CoV-2 MP™ structures were collected on the SBC 19-1D
beamline at the Advanced Photon Source (APS) in Argonne, IL, and processed with the
HKL3000 software suite. The CCP4 versions of MOLREP[41] was used for molecular
replacement using a previously solved SARS-CoV-2 MP structure, 6YB7. Structural
refinement was performed using REFMAC5[42] and COOT [43]. The crystallographic
statistics is shown in Supplementary Materials table S1. The complex structures for SARS-
CoV-2 MP™ with inhibitors have been deposited in the Protein Data Bank with the accession
IDs 8FIV (Jun10541R) and 8FIW (Jun10221).

4.7. General chemical methods.

All chemicals were purchased from commercial vendors and used without further
purification unless otherwise noted. 1H and 13C NMR spectra were recorded on a
Bruker-400 or 500 NMR spectrometer. Chemical shifts are reported in parts per million
referenced with respect to residual solvent (CD30D) 3.31 ppm, (DMSO-d6) 2.50 ppm,
and (CDCls3) 7.26 ppm or from internal standard tetramethylsilane (TMS) 0.00 ppm. The
following abbreviations were used in reporting spectra: s, singlet; d, doublet; t, triplet;

g, quartet; m, multiplet; dd, doublet of doublets; ddd, doublet of doublet of doublets.

All reactions were carried out under N, atmosphere, unless otherwise stated. HPLC-grade
solvents were used for all reactions. Flash column chromatography was performed using
silica gel (230-400 mesh, Merck). High resolution mass spectra were obtained using

an OrbitrapTM for all the compounds, obtained in an lon Cyclotron Resonance (ICR)
spectrometer. The purity was assessed by using Shimadzu UPLC with Shimdazu C18-AQ
column (4.6x150 mm P/N #227-30767-05) at a flow rate of 1 mL/min; A = 254 and

220 nm; mobile phase A, 0.1% trifluoroacetic acid in H,0, and mobile phase B, 0.1%
trifluoroacetic acid in 90% CH3CN and 10% H,0. The gradients are 0-2 mins 10% B, 2—
15mins 10%-100% B, 15-18mins, 100% B, 18.1-20mins 10% B. All compounds submitted
for testing were confirmed to be > 95.0% purity by HPLC traces. All final products were
characterized by proton and carbon NMR, HPLC and HRMS.

General Procedure for Ugi-4CR Reaction: Ug-4CR reaction was performed according

to the reported procedure with modifications [44]. Amine (1.0 equiv) and aldehyde (1.0
equiv) were mixed in methanol (10 ml) and stirred at room temperature for 30 minutes.
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Then carboxylic acid (1.0 equiv) and isocyanide (1.0 equiv) were added sequentially and
the resulting mixture was stirred at room temperature overnight. After that, the solvent was
removed under reduced pressure and the crude product was purified with flash silica gel
chromatography (methanol in dichloromethane 1-5% or acetone in hexane 30-80%).

N-([1,1’-biphenyl]-4-yl)-2-fluoro-N-(2-oxo0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
ylethyl)acrylamide (Jun10542). White solid, 65% yield, dr = 1:1. 1H

NMR (400 MHz, DMSO-dg) 8 8.79-8.75 (t, J = 7.2 Hz, 1H), 8.43-8.30 (m, 2H), 7.62-7.09
(m, 16H), 6.24 (s, 0.5H), 6.21 (s, 0.5H), 5.20-4.96 (m, 3H), 1.39-1.37 (d, J = 6.9 Hz, 1.5H),
1.29-1.27 (d, J = 7.0 Hz, 1.5H). 13C NMR (101 MHz, DMSO-dg) 5 168.02, 167.87, 161.59,
161.53, 151.79, 151.74, 149.53, 144.70, 144.34, 139.70, 139.68, 139.16, 138.52, 138.50,
138.47, 138.45, 138.06, 131.16, 131.13, 130.81, 129.41, 128.72, 128.59, 128.23, 127.13,
126.72, 126.64, 126.52, 126.26, 126.02, 123.53, 123.24, 62.76, 48.91, 48.76, 22.71, 22.58.
C3pH26FN305, HRMS calculated for m/z [M+H]*: 480.2009 (calculated), 480.2004 (found).

N-([1,1’-biphenyl]-4-yl)-2-bromo-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)acrylamide (Jun10594). White solid, 70% yield, dr = 1:1. 1H

NMR (400 MHz, DMSO-dg) 5 8.74-8.71 (t, J = 11.9, 7.6 Hz, 1H), 8.41-8.28 (m,

2H), 7.60-7.07 (m, 16H), 6.22 (s, 0.5H), 6.19 (s, 0.5H), 5.18-4.95 (m, 2H), 1.38 (d, J = 6.8
Hz, 1.5H), 1.29 (d, J = 6.8 Hz, 1.5H). 13C NMR (101 MHz, DMSO-dg) & 167.95, 167.82,
165.34, 165.30, 151.59, 151.54, 149.43, 144.72, 144.26, 139.61, 139.07, 138.62, 138.59,
137.95, 131.88, 131.83, 129.40, 128.72, 128.59, 128.25, 127.22, 127.14, 126.98, 126.66,
126.61, 126.27, 124.16, 121.58, 121.53, 62.43, 48.95, 48.75, 22.71, 22.58. C3yH25BrN30»,
HRMS calculated for m/z [M+H]*: 540.1206 (calculated), 540.1200 (found).

N-([1,1’-biphenyl]-4-y1)-N-(2-ox0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-yl)ethyl)-2-
(trifluoromethyl)acrylamide (Jun10943). White solid, 57% yield, dr = 1:1. 1H

NMR (400 MHz, DMSO-dg) 5 8.77-8.73(t, J = 11.1, 7.7 Hz, 1H), 8.44-8.31

(m, 2H), 7.62-7.58 (t, J = 7.4 Hz, 2H), 7.53-7.17 (m, 13H), 7.13-7.10 (t,

1H), 6.30 (s, 0.5H), 6.25 (s, 0.5H), 5.57-5.54 (m, 2H), 5.07-4.99 (m, 1H),

1.39-1.37 (d, J = 6.9 Hz, 1.5H), 1.30-1.28 (d, J = 6.8 Hz, 1.5H). 13C NMR

(101 MHz, DMSO-dg) 5 171.45, 171.41, 168.54, 168.43, 151.58, 151.54, 149.20, 144.84,
144.41, 141.10, 141.05, 139.90, 139.87, 139.23, 139.00, 138.99, 137.86, 131.73, 131.58,
131.53, 131.38, 129.38, 128.69, 128.58, 128.11, 127.17, 127.11, 126.92, 126.67, 126.52,
126.31, 123.48, 123.19, 118.74, 61.94, 48.90, 48.73, 22.72, 22.64, 20.72. C31HogF3N305,
HRMS calculated for m/z [M+H]*: 530.1965 (calculated), 530.1961 (found).

N-([1,1’-biphenyl]-4-y1)-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
ylethyl)methacrylamide (Jun10592). White solid, 80%

yield, dr = 1:1. 1H NMR (400 MHz, DMSO-dg) & 8.72—

8.68 (t, J = 8.9 Hz, 1H), 8.42-8.28 (m, 2H), 7.60-7.57 (t, J = 7.3 Hz, 2H), 7.46-7.19 (m,
12H), 7.14-7.10 (t, J = 7.4 Hz, 1H), 6.30 (s, 0.5H), 6.25 (s, 0.5H), 5.09-4.99 (m, 2H), 4.92—
4.89 (d, J=13.6 Hz, 1H), 1.74-1.71 (d, J = 11.0 Hz, 3H), 1.38-1.36 (d, J = 6.9 Hz, 1.5H),
1.31-1.29 (d, J = 6.9 Hz, 1.5H). 13C NMR (101 MHz, DMSO-dg) 5 171.44, 171.40, 168.54,
168.42, 151.58, 151.53, 149.20, 144.84, 144.41, 141.10, 141.04, 139.89, 139.87, 139.22,
138.98, 137.85, 131.58, 131.53, 129.38, 128.68, 128.58, 128.11, 127.17, 127.11, 126.91,
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126.67, 126.52, 126.30, 123.48, 123.19, 118.73, 61.93, 48.89, 48.72, 22.72, 22.64, 20.72.
C31H29N30,, HRMS calculated for m/z [M+H]*: 476.2259 (calculated), 476.2255 (found).

N-([1,1’-biphenyl]-4-yl)-N-(2-ox0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-yl)ethyl)-2-
phenylacrylamide (Jun10945). White solid, 55% yield, dr = 1:1. *H NMR (400

MHz, DMSO-dg) 6 8.76-8.74 (d, J = 7.5 Hz, 1H), 8.47-8.31 (m, 2H), 7.51-

7.07 (m, 19H), 6.40 (s, 0.5H), 6.35 (s, 0.5H), 5.77 (s, 1H), 5.64 (s, 1H), 5.32-5.27 (d, J =
16.6 Hz, 1H), 5.11-5.06 (m, 1H), 1.42-1.40 (d, J = 7.0 Hz, 1.5H), 1.33-1.31 (d, J = 6.9 Hz,
1.5H). 13C NMR (101 MHz, DMSO-dg) 6 170.24, 168.72, 168.54, 151.76, 151.66, 144.84,
144.35, 139.16, 138.95, 131.99, 129.30, 128.75, 128.67, 128.58, 128.06, 127.14, 126.85,
126.68, 126.37, 126.32, 126.29, 126.13, 123.49, 123.18, 60.22, 48.95, 48.77, 22.81, 22.57.
C36H31N30,, HRMS calculated for m/z [M+H]*: 538.2415 (calculated), 538.2410 (found).

N-([1,1’-biphenyl]-4-yl)-2-acetamido-N-(2-oxo0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)acrylamide (Jun10905). White solid, 70% yield, dr = 1:1. 'H NMR (400 MHz,
DMSO-dg)  9.79 (s, 1H), 8.80 (dd, J = 13.8, 7.9 Hz, 1H), 8.35 (d, J = 5.6 Hz, 1H),

7.59 (d, J =7.6 Hz, 2H), 7.48-7.18 (m, 15H), 6.25 (s, 1H), 5.11-5.06 (m, 1H), 4.89 (d, J
=21.4 Hz, 1H), 4.63 (d, J = 38.1 Hz, 1H), 1.84 (s, 3H), 1.47 (d, J = 7.0 Hz, 1.5H), 1.40 (d, J
= 7.0 Hz, 1.5H). 13C NMR (101 MHz, DMSO-dg) 5 168.62, 168.03, 166.48, 151.55, 151.44,
149.02, 148.98, 144.94, 144.64, 139.25, 139.10, 139.08, 138.48, 138.41, 138.10, 138.00,
131.99, 131.72, 130.66, 130.52, 129.38, 128.71, 128.63, 128.12, 127.20, 127.10, 126.93,
126.75, 126.72, 126.41, 123.37, 123.22, 55.37, 49.05, 49.01, 23.08, 23.04, 22.85, 22.61.
C3oH3gN4O3, HRMS calculated for m/z [M+H]*:519.2396 (calculated), 519.2399 (found).

(E)-N-([1,1’-biphenyl]-4-yl)-3-bromo-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)acrylamide (Jun10591). White solid, 43% yield, dr = 1:1. TH NMR (400 MHz,
DMSO-dg) 6 8.78-8.74 (t, J = 7.6 Hz, 1H), 8.41-8.28 (m, 2H), 7.66-7.08 (m, 17H), 6.30-
6.24 (t, J = 13.4 Hz, 2H), 5.05-4.98 (m, 1H), 1.40-1.38 (d, J = 6.8 Hz, 1.5H), 1.28-1.27 (d, J
= 6.8 Hz, 1.5H). 13C NMR (101 MHz, DMSO-dg) 5 168.35, 168.21, 163.26, 151.67, 151.61,
149.39, 144.74, 144.41, 139.99, 139.04, 137.89, 131.86, 131.31, 130.91, 129.62, 129.58,
129.43, 128.72, 128.58, 128.34, 127.29, 127.19, 127.12, 127.08, 126.66, 126.25, 124.73,
124.70, 62.06, 48.87, 22.75, 22.62. C3gH26BrN30,, HRMS calculated for m/z [M+H]*:
540.1205 (calculated), 540.1199 (found).

(E)-N-([1,1’-biphenyl]-4-y1)-3-chloro-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)acrylamide (Jun10894). White solid, 46% yield, dr = 1:1. 1H NMR (400 MHz,
DMSO-dg) § 8.80-8.78 (t, J = 8.4 Hz, 1H), 8.47-8.34 (m, 2H), 7.65-7.55 (m, 5H), 7.49—
7.43 (m, 4H), 7.33-7.12 (m, 8H), 6.86-6.82 (t, 1H), 6.35 (s, 0.5H), 6.31 (s, 0.5H), 5.10

(m, 1H), 1.45-1.43 (d, J = 6.8 Hz, 1.5H), 1.35-1.33 (d, J = 6.8 Hz, 1.5H). 13C NMR

(101 MHz, DMSO-dg) 5 168.37, 168.24, 163.05, 151.62, 151.55, 149.33, 144.74, 144.42,
140.02, 139.08, 137.94, 134.93, 131.84, 129.42, 128.77, 128.71, 128.58, 128.32, 127.29,
127.08, 126.67, 126.26, 123.54, 123.25, 62.04, 48.87, 48.79, 22.73, 22.59. C3gH25CIN30,,
HRMS calculated for m/z [M+H]*: 496.1747 (calculated), 496.1712 (found).

(2)-N-([1,1’-biphenyl]-4-yl)-3-iodo-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
ylethyl)acrylamide (Jun10895). White solid, 51% yield, dr = 1:1. TH NMR (400
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MHz, DMSO-dg) 6 8.77-8.75 (d, J = 7.7 Hz, 1H), 8.43-8.30 (m, 2H), 7.62—

7.51 (m, 5H), 7.46-7.36 (m, 5H), 7.29-7.20 (m, 5H), 7.13-7.10 (dd, J = 11.4,

7.0 Hz, 2H), 6.82-6.78 (t, 1H), 6.32 (s, 0.5H), 6.28 (s, 0.5H), 5.06—4.99 (m,

1H), 1.41-1.40 (d, J = 6.8 Hz, 1.5H), 1.31-1.30 (d, J = 6.8 Hz, 1.5H). 13C

NMR (101 MHz, DMSO-dg) 6 168.37, 168.24, 163.05, 151.62, 151.55, 149.33,

144,74, 144.42, 140.02, 139.08, 137.94, 134.93, 131.84, 129.42, 128.77, 128.71, 128.58,
128.32, 127.29, 127.08, 126.67, 126.26, 123.54, 123.25, 62.04, 48.87, 48.79, 22.73, 22.59.
C3pH26IN305, HRMS calculated for m/z [M+H]*: 588.1066 (calculated), 588.1060 (found).

(E)-N-([1,1’-biphenyl]-4-yl)-2-methyl-N-(2-o0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)but-2-enamide (Jun10906). White solid, 77% yield, dr = 1:1. IH NMR (400 MHz,
DMSO-dg) 6 8.71-8.66 (t, J = 8.7 Hz, 1H), 8.41-8.28 (m, 2H), 7.60 (s, 2H), 7.46-7.35 (m,
7H), 7.29-7.14 (m, 6H), 6.29 (s, 0.5H), 6.27 (s, 0.5H), 5.79 (s, 1H), 5.66-5.60 (dd, J = 14.9,
7.6 Hz, 1H), 5.08-4.99 (m, 1H), 1.57 (d, J = 6.9 Hz, 1.5H), 1.54 (d, J = 6.9 Hz, 1.5H),
1.42-1.31 (m, 6H). 13C NMR (101 MHz, DMSO-dg) 5 172.53, 168.66, 168.56, 151.47,
144.85, 144.45, 140.30, 139.25, 138.52, 138.49, 137.80, 132.91, 132.86, 131.37, 131.30,
129.37, 129.27, 129.21, 128.67, 128.58, 128.06, 127.15, 127.11, 126.87, 126.67, 126.38,
126.33, 123.47, 123.20, 62.09, 48.87, 48.71, 22.70, 22.64, 14.43, 13.38. C35H31N305,
HRMS calculated for m/z [M+H]*: 490.2415 (calculated), 490.2411(found).

N-([1,1’-biphenyl]-4-yl1)-3-methyl-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)but-2-enamide (Jun10911). White solid, 83% vyield, dr = 1:1.H NMR (400 MHz,
DMSO-dg) 6 8.67 (s, 1H), 8.36-8.25 (m, 2H), 7.60-7.10 (m, 16H), 6.27 (s, 0.5H), 6.26 (s,
0.5H), 5.39 (s, 1H), 5.00 (s, 1H), 2.08-2.05 (d, J = 10.5 Hz, 3H), 1.61 (s, 3H), 1.38 (s, 1.5H),
1.29 (s, 1.5H). 13C NMR (101 MHz, DMSO-dg) & 169.05, 168.82, 166.49, 151.60, 151.53,
149.14, 139.49, 139.25, 137.81, 131.82, 129.41, 128.61, 128.56, 128.17, 127.09, 126.96,
126.91, 126.70, 126.30, 123.45, 117.99, 61.60, 48.86, 48.75, 27.34, 22.79, 22.65, 20.44.
C3oH31N30,, HRMS calculated for m/z [M+H]*: 490.2410 (calculated), 490.2413 (found).

(E)-4-([1,1°-biphenyl]-4-yl(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)amino)-4-oxobut-2-enoic acid (Jun10952). White solid,

69% yield, dr = 1:1. IH NMR (400 MHz,

DMSO-dg) 5 12.98 (s, 1H), 8.78-8.74 (t, J = 8.1 Hz, 1H), 8.40-8.27 (m, 2H), 7.63-7.55

(m, 5H), 7.48-7.39 (m, 5H), 7.27-7.7.01 (m, 6H), 6.63-6.54 (m, 2H), 6.29 (s, 0.5H), 6.27 (s,
0.5H), 5.05-4.97 (m, 1H), 1.38-1.36 (d, J = 7.1 Hz, 1.5H), 1.27-1.25 (d, J = 7.0 Hz, 1.5H).
13C NMR (101 MHz, DMSO-dg) 5 168.29, 168.14, 166.52, 166.49, 151.64, 149.41, 144.39,
140.03, 139.00, 137.90, 134.24, 132.16, 131.76, 129.45, 128.72, 128.58, 128.36, 127.27,
127.20, 127.12, 127.07, 126.68, 126.27, 123.53, 123.24, 62.38, 48.92, 48.83, 22.74, 22.61.
C31H27N304, HRMS calculated for m/z [M+H]*: 506.2000 (calculated), 506.1998 (found).

Methyl (E)-4-([1,1’-biphenyl]-4-yl(2-ox0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)amino)-4-oxobut-2-enoate (Jun1117). White solid, 80% yield, dr = 1:1. 1H NMR
(400 MHz, DMSO-dg) 5 8.81 (t, J = 8.4 Hz, 1H), 8.32 (s, 1H), 7.64-7.19 (m, 16H), 7.11
(d,J=7.6 Hz, 1H), 6.73-6.62 (m, 2H), 6.34 (s, 0.5H), 6.31 (s, 0.5H), 5.09-4.98 (m, 1H),
3.61 (d, J = 4.7 Hz, 3H), 1.39 (d, J = 7.0 Hz, 1.5H), 1.28 (d, J = 6.9 Hz, 1.5H). 13C NMR
(101 MHz, DMSO-dg) 5 168.25, 168.10, 165.64, 165.62, 163.54, 163.50, 151.74,127.20,
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127.10, 126.93 151.66, 149.44, 144.72, 144.36, 140.09, 138.96, 137.91, 137.89, 134.83,
131.74, 131.16, 130.76, 130.55, 129.44, 129.42, 128.71, 128.57, 128.36, 127.30, 127.20,
127.12, 127.05, 126.67, 126.26, 123.52, 123.22, 62.43, 52.51, 48.94, 48.85, 22.72, 22.59.
C32H2gN304, HRMS calculated for m/z [M+H]*:520.2236 (calculated), 520.2239 (found).

(E)-N-([1,1’-biphenyI]-4-yl)-4-0x0-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)pent-2-enamide (Jun10961). White solid, 66% yield, dr = 1:1. 1H

NMR (400 MHz, DMSO-dg) 8 8.79-8.75 (t, J = 7.1 Hz, 1H), 8.41-8.29

(m, 2H), 7.63-7.60 (t, J = 7.2 Hz, 2H), 7.57-7.55 (d, J = 8.1 Hz, 2H),

7.45-7.40 (dd, J = 10.2, 5.1 Hz, 4H), 7.38-7.34 (t, J = 6.3 Hz, 3H), 7.28-7.17

(m, 4H), 7.11-7.09 (d, J = 7.5 Hz, 1H), 6.97-6.90 (dd, J = 15.2, 11.0 Hz, 1H), 6.48-6.46
(dd, J =15.7, 8.4 Hz, 1H), 6.32 (s, 0.5H), 6.29 (s, 0.5H), 5.04-4.98 (m, 1H), 2.15-2.13 (dd,
J=6.8,2.2 Hz, 3H), 1.39-1.37 (d, J = 7.1 Hz, 1.5H), 1.27 (d, J = 7.1 Hz, 1.5H).13C NMR
(101 MHz, DMSO-dg) 5 198.13, 198.10, 168.30, 168.14, 151.68, 151.62, 149.42, 144.70,
144.40, 139.99, 139.02, 137.89, 137.72, 131.73, 129.44, 128.71, 128.59, 128.35, 127.22,
127.13, 127.05, 126.67, 126.28, 123.54, 123.26, 62.42, 48.91, 48.80, 29.22, 22.73, 22.58.
C3oH2gN303, HRMS calculated for m/z [M+H]*: 504.2209 (calculated), 504.2208 (found).

(E)-N-([1,1’-biphenyl]-4-yl)-3-(furan-2-yl)-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-
(pyridin-3-yl)ethyl)acrylamide (Jun10962). White solid, 75% yield, dr

=1:1. 1H NMR (400 MHz, DMSO-dg) & 8.77-8.73 (t, J = 8.5 Hz, 1H),

8.42-8.30 (m, 2H), 7.68-7.58 (m, 4H), 7.51-7.36 (m, 7H), 7.30-7.18 (m, 3H), 7.13-7.11
(m, 1H), 6.83-6.76 (dd, J = 6.8, 3.4 Hz, 1H), 6.55-6.54 (d, J = 4.3 Hz, 1H), 6.37 (s, 0.5H),
6.35 (s, 0.5H), 6.11-6.01 (m, 1H), 5.06-5.00 (m, 1H), 1.41-1.40 (d, J = 7.1 Hz, 1.5H),
1.30-1.28 (d, J = 7.0 Hz, 1.5H).13C NMR (101 MHz, DMSO-dg) 5 168.74, 168.60, 165.38,
165.34, 151.66, 151.60, 151.14, 149.27, 145.68, 144.83, 144.50, 139.60, 139.08, 137.88,
132.02, 129.45, 128.95, 128.70, 128.57, 128.29, 127.16, 127.12, 127.09, 127.02, 126.70,
126.27, 123.50, 123.21, 116.38, 116.34, 115.73, 112.96, 62.09, 48.85, 48.75, 22.78, 22.63.
C34H29N303, HRMS calculated for m/z [M+H]*: 528.2218 (calculated), 528.2216 (found).

(E)-N-([1,1’-biphenyl]-4-y1)-3-methoxy-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-
(pyridin-3-yl)ethyl)acrylamide (Jun10436). White solid, 81% yield,

dr = 1:1. ITH NMR (400 MHz, DMSO-dg) & 8.65—

8.61 (t, J = 9.2 Hz, 1H), 8.37-8.25 (m, 2H), 7.62-7.33 (m, 13H), 7.27-7.15

(m, 4H), 6.32-6.29 (d, J = 11.2 Hz, 1H), 5.03-4.89 (m, 2H), 3.45-3.43 (d, J = 6.4 Hz, 3H),
1.38-1.36 (d, J = 7.0 Hz, 1H), 1.27-1.25 (d, J = 7.2 Hz, 2H). 13C NMR (101 MHz, DMSO-
de) 5 168.92, 168.82, 166.37, 166.32, 162.00, 151.56, 151.49, 149.13, 144.88, 144.53,
139.45, 139.28, 137.82, 137.79, 132.04, 132.00, 129.40, 128.68, 128.55, 128.18, 127.13,
127.00, 126.97, 126.72, 126.27, 123.46, 123.18, 97.73, 61.54, 58.40, 48.70, 22.76, 22.60.
C31H2gN303, HRMS calculated for m/z [M+H]*: 492.2220 (calculated), 492.2218 (found).

N-([1,1’-biphenyl]-4-yl)-3-0x0-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)cyclopent-1-ene-1-carboxamide (Jun10946). White solid, 82% yield,

dr = 1:1. IH NMR (400 MHz, DMSO-dg) 6 8.78 (t,

J=8.4 Hz, 1H), 8.46 — 8.30 (m, 2H), 7.59-7.19 (m, 16H),

7.10 (d, J=7.8 Hz, 1H), 6.32 (s, 0.5H), 6.28 (s, 0.5H), 5.71 (d, J = 15.2 Hz, 1H), 5.09-4.97
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(m, 1H), 2.72-2.62 (m, 2H), 2.18 (d, J = 5.0 Hz, 2H), 1.38 (d, J = 7.0 Hz, 1.5H), 1.29 (d, J

= 6.9 Hz, 1.5H). 13C NMR (101 MHz, DMSO-dg) 5 208.51, 170.09, 170.06, 168.16, 168.02,
151.73, 151.68, 149.48, 144.70, 144.33, 139.81, 138.91, 138.26, 138.21, 137.93, 132.88,
131.70, 131.66, 130.94, 130.56, 129.41, 128.73, 128.61, 128.31, 127.23, 127.17, 126.97,
126.81, 126.65, 126.29, 123.57, 123.27, 48.99, 48.83, 34.46, 34.43, 29.94, 22.70, 22.63.
C34H29N303, HRMS calculated for m/z [M+H]*:528.2287 (calculated), 528.2297 (found).

3-([1,1’-biphenyl]-4-yl)-4-(cyclohex-1-en-1-yl)-4-oxo-N-((S)-1-phenylethyl)-2-(pyridin-3-
yl)butanamide (Jun10948). White solid, 82% yield, dr = 1:1. 1H NMR (400 MHz,
DMSO-dg) 6 8.66 (t, J = 8.4 Hz, 1H), 8.32 (dd, J = 11.4, 4.7 Hz, 1H), 7.57 (t, J = 6.9

Hz, 2H), 7.45-7.37 (m, 7H), 7.33 (t, J = 7.8 Hz, 3H), 7.22-7.15 (m, 5H), 6.28 (s, 0.5H), 6.24
(s, 0.5H), 5.75 (s, 1H), 5.70 (d, J = 15.2 Hz, 1H), 5.04-4.95 (m, 1H), 1.92 (d, J = 14.2 Hz,
2H), 1.78-1.72 (m, 2H), 1.34 (d, J = 6.6 Hz, 3H), 1.28 (d, J = 7.1 Hz, 3H). 13C NMR (101
MHz, DMSO-dg) 5 171.84, 171.79, 168.63, 168.54, 151.47, 151.44, 149.11, 144.83, 144.44,
140.28, 140.25, 139.29, 138.57, 138.54, 137.79, 134.89, 134.84, 131.98, 131.36, 131.29,
131.26, 129.38, 128.67, 128.58, 128.05, 127.15, 127.10, 126.86, 126.67, 126.32, 126.28,
123.48, 123.21, 61.98, 55.38, 48.86, 48.70, 26.10, 24.66, 22.69, 22.64, 22.04, 22.02, 21.48.
C34H33N30,, HRMS calculated for m/z [M+H]*:516.2651 (calculated), 516.2655 (found).

(R)-2-(N-([1,1’-biphenyl]-4-yl)vinylsulfonamido)-N-((S)-1-phenylethyl)-2-(pyridin-3-
yl)acetamide (Jun 11119R). White solid, 39% yield. 1H NMR (400 MHz, DMSO-d)
58.85 (dd, J = 20.8, 7.8 Hz, 1H), 8.45 (d, J = 16.2 Hz, 2H), 7.63-7.25 (m, 17H), 6.94 (dd,
J=16.4,9.8 Hz, 1H), 6.15-5.96 (m, 2H), 5.10-5.01 (m, J =7.2 Hz, 1H), 1.31 (d,J=7.0

Hz, 3H).13C NMR (101 MHz, DMSO-dg) & 168.26, 151.08, 149.71, 144.33, 140.03, 139.28,
137.50, 136.25, 135.96, 133.44, 133.38, 131.17, 129.39, 128.73, 128.22, 127.29, 127.23,
127.06, 126.89, 126.75, 126.57, 126.43, 123.72, 63.55, 48.92, 48.83, 46.59, 22.50, 22.36.
CogH57N305S, HRMS calculated for m/z [M+H]*: 498.1851 (calculated), 498.1862 (found).

(S)-2-(N-([1,1’-biphenyl]-4-yl)vinylsulfonamido)-N-((S)-1-phenylethyl)-2-(pyridin-3-
yl)acetamide (Jun 11119S). White solid, 40% yield. 1H NMR (400 MHz,

DMSO-dg) 6 8.82 (t, J = 8.6 Hz, 1H), 8.36 (dd, J = 21.7, 5.1 Hz, 2H), 7.63-7.13 (m, 18H),
6.18-6.03 (m, 2H), 5.10-5.01 (M, J = 7.1 Hz, 1H), 1.44 (d, J = 7.1 Hz, 3H).13C NMR (101
MHz, DMSO-dg) § 168.49, 151.16, 149.67, 144.40, 144.29, 139.25, 137.58, 136.48, 133.46,
133.40, 130.91, 129.39, 129.37, 128.64, 128.62, 128.24, 127.24, 127.20, 127.05, 126.92,
126.77, 126.28, 126.26, 123.46, 63.71, 63.53, 48.96, 48.91, 46.78, 46.15, 22.68, 22.60.
Co9H27N303S, HRMS calculated for m/z [M+H]*: 498.1851 (calculated), 498.1862 (found).

N-([1,1’-biphenyl]-4-y1)-N-((S)-2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)propiolamide (Jun10221R). White solid, 31% vyield.

1H NMR (400 MHz, DMSO-dg) 5 8.78-8.72 (dd, J = 16.3, 7.1 Hz, 1H), 8.42-8.29

(m, 2H), 7.65-6.88 (m, 16H), 6.21-6.12 (m, 2H), 5.08-4.99 (m, J = 13.9, 6.7 Hz, 1H), 1.41-
1.39 (d, J = 6.7 Hz, 1.5H), 1.28-1.27 (d, J = 6.4 Hz, 1.5H). 13C NMR (101 MHz, DMSO-
dg) 5 167.98, 151.60, 149.53, 144.37, 139.16, 137.87, 131.98, 129.43, 128.71, 128.60,
128.27, 127.19, 127.02, 126.80, 126.60, 123.56, 83.92, 77.14, 61.93, 48.83, 22.55, 21.36.
C3pH25N30,, HRMS calculated for m/z [M+H]*: 460.1948 (calculated), 460.1945 (found).
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N-([1,1’-biphenyl]-4-y1)-N-((R)-2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
ylethyl)propiolamide (Jun10221S). White solid, 30% yield.

IH NMR (400 MHz, DMSO-dg) 5 8.78-8.76 (d, J

= 7.8 Hz, 1H), 8.41-8.27 (m, 2H), 7.62-7.07 (m, 17H), 6.18 (s, 1H), 5.01

(m, 1H), 1.27 (s, 1.5H), 1.25 (s, 1.5H). 13C NMR (101 MHz, DMSO-dg) 13C NMR (101
MHz, DMSO) § 170.79, 167.97, 153.13, 151.59, 149.51, 144.35, 140.01, 139.13, 138.25,
137.86, 131.97, 130.70, 129.40, 128.69, 128.58, 128.25, 127.18, 127.00, 126.79, 126.58,
126.41, 126.26, 123.54, 83.91, 77.12, 61.91, 60.21, 48.96, 48.82, 22.54, 21.22, 14.55.
C3pH25N30,, HRMS calculated for m/z [M+H]*: 460.1948 (calculated), 460.1945 (found).

N-([1,1’-biphenyl]-4-y1)-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)pent-2-ynamide (Jun10892). White solid, 81% yield, dr = 1:1. *H NMR (400 MHz,
DMSO-dg) 6 8.75-8.73 (d, J = 7.7 Hz, 1H), 8.40-8.29 (m, 2H), 7.58-7.47 (m, 5H), 7.43—
7.30 (m, 8H), 7.20-7.15 (t, J = 6.3 Hz, 2H), 7.09-7.07 (d, J = 7.4 Hz, 1H), 6.18 (s, 0.5H),
6.16 (s, 0.5H), 5.03-4.93 (m, 1H), 2.05-1.97 (m, 2H), 1.36-1.35 (d, J = 7.0 Hz, 1.5H),
1.26-1.24 (d, J = 6.9 Hz, 1.5H), 0.68-0.64 (t, J = 7.5 Hz, 3H). 13C NMR (101 MHz, DMSO-
dg) 5 168.22, 167.99, 154.09, 154.04, 151.60, 151.53, 149.43, 144.41, 139.40, 138.84,
137.87, 137.84, 132.00, 129.41, 128.69, 128.59, 128.17, 127.16, 126.99, 126.66, 126.60,
126.28, 123.58, 123.28, 96.01, 75.17, 55.39, 48.93, 48.79, 22.74, 22.57, 12.78, 11.95.
C32H2gN30,, HRMS calculated for m/z [M+H]*: 488.2261 (calculated), 488.2259 (found).

N-([1,1’-biphenyl]-4-yl)-4-methyl-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)pent-2-ynamide (Jun10927). White solid, 77% yield, dr = 1:1. TH NMR (400

MHz, DMSO-dg) 6 8.78-8.76 (d, J = 7.7 Hz, 1H), 8.44-8.31 (m, 2H), 7.60-7.51 (m, 5H),
7.46-7.27 (m, 9H), 7.18-7.10 (m, 2H), 6.21 (s, 0.5H), 6.19 (s, 0.5H), 5.02 (m, 1H), 2.45-
2.37 (m, 1H), 1.40-1.38 (d, J = 7.1 Hz, 1.5H), 1.29-1.27 (d, J = 7.0 Hz, 1.5H), 0.77 (dd,
J=17.9, 4.3 Hz, 6H). 13C NMR (101 MHz, DMSO-dg) 5 168.23, 167.99, 154.17, 154.12,
151.60, 151.54, 149.47, 144.66, 144.43, 139.98, 139.95, 139.51, 138.96, 137.89, 137.86,
132.06, 131.06, 130.76, 129.42, 128.69, 128.59, 128.15, 127.15, 127.00, 126.67, 126.60,
126.28, 123.60, 123.31, 99.24, 74.97, 61.67, 48.93, 48.79, 22.73, 22.56, 21.76, 21.75, 19.99.
C33H31N30,, HRMS calculated for m/z [M+H]*: 502.2399 (calculated), 502.2402 (found).

N-([1,1’-biphenyl]-4-yl)-4-fluoro-4-methyl-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-
(pyridin-3-yl)ethyl)pent-2-ynamide (Jun10935). White solid, 70% yield,

dr = 1:1. IH NMR (400 MHz, DMSO-dg) 6 8.63-8.57 (dd, J = 14.5, 7.7 Hz, 1H), 8.37-8.25
(m, 2H), 7.59-7.01 (m, 16H), 6.15 (s, 0.5H), 6.11 (s, 0.5H), 5.07-4.98 (m, 1H), 1.56-1.43
(m, 6H), 1.38-1.36 (d, J = 7.0 Hz, 1.5H), 1.26-1.24 (d, J = 6.9 Hz, 1.5H). 13C NMR (101
MHz, DMSO-dg) 6 171.65, 171.45, 168.52, 168.36, 152.01, 151.91, 149.24, 149.22, 144.92,
144.38, 139.42, 139.11, 138.13, 138.09, 131.10, 130.65, 129.37, 129.35, 128.64, 128.52,
128.06, 127.13, 127.03, 126.95, 126.92, 126.67, 126.20, 126.03, 123.30, 122.98, 97.27,
95.42, 63.71, 63.68, 60.22, 55.38, 48.81, 48.64, 27.12, 26.88, 22.79, 22.64, 21.23, 14.56.
C33H3pFN305, HRMS calculated for m/z [M+H]*: 520.2355 (calculated), 520.2349 (found).

N-([1,1’-biphenyl]-4-yl)-3-cyclopropyl-N-(2-oxo0-2-(((S)-1-phenylethyl)amino)-1-
(pyridin-3-yl)ethyl)propiolamide (Jun10926). White solid, 83% vyield,
dr = 1:1. ITH NMR (400 MHz, DMSO-dg) & 8.74—
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8.72 (d, J = 7.7 Hz, 1H), 8.41-8.27 (m, 2H), 7.60-7.57 (t, J = 7.3 Hz, 2H),

7.53-7.32 (m, 10H), 7.27-7.25 (d, J = 8.0 Hz, 3H), 6.18 (s, 0.5H), 6.15 (s, 0.5H), 5.03-4.96
(m, 1H), 1.37-1.36 (d, J = 7.0 Hz, 1.5H), 1.27-1.25 (d, J = 7.0 Hz, 1.5H), 0.69-0.66 (dd,
J=8.0,3.9 Hz, 2H), 0.18-0.14 (dd, J = 8.5, 4.8 Hz, 2H). 13C NMR (101 MHz, DMSO-dg)
5 168.55, 168.33, 154.37, 154.32, 151.91, 151.85, 149.78, 144.75, 140.28, 139.78, 139.28,
138.16, 132.40, 129.77, 129.02, 128.92, 128.53, 127.49, 127.36, 126.98, 126.94, 126.61,
123.92, 123.63, 98.92, 70.86, 61.90, 61.85, 49.25, 49.12, 23.06, 22.89, 14.90, 9.61, 9.55.
C33H2gN30,, HRMS calculated for m/z [M+H]*:500.2265 (calculated), 500.2259 (found).

N-([1,1’-biphenyl]-4-yl)-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
ylethyl)hex-2-ynamide (Jun10923). White solid, 79%

yield, dr = 1:1. 1H (400 MHz, DMSO-dg)

58.77-8.75 (d, J = 7.6 Hz, 1H), 8.43-8.30 (m, 2H), 7.59-7.33 (m, 13H), 7.23-7.18 (m,
2H), 7.12-7.10 (t, J = 8.0 Hz, 1H), 6.22 (s, 0.5H), 6.19 (s, 0.5H), 5.08-4.97 (m, 1H), 2.09-
2.04(dd, J = 6.4 Hz, 2H), 1.40-1.38 (d, J = 7.0 Hz, 1.5H), 1.29-1.28 (d, J = 6.9 Hz, 1.5H),
1.14-1.05 (m, 2H), 0.54-0.50 (m, 3H). 13C NMR (101 MHz, DMSO-dg) 5 168.22, 168.00,
154.09, 154.04, 151.61, 151.54, 149.43, 144.68, 144.41, 139.98, 139.51, 138.84, 137.88,
137.85, 132.03, 129.40, 128.69, 128.59, 128.14, 127.16, 127.13, 127.00, 126.75, 126.61,
126.28, 123.56, 123.27, 94.71, 75.89, 61.67, 48.94, 48.79, 22.73, 22.56, 20.90, 20.14, 13.07.
Ca3H31N30,, HRMS calculated for m/z [M+H]*: 502.2420 (calculated), 502.2413 (found).

N-([1,1’-biphenyl]-4-yl)-4,4-dimethyl-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)pent-2-ynamide (Jun10925). White solid, 76% yield, dr = 1:1. 1H NMR (400 MHz,
DMSO-dg) 6 8.78-8.75 (dd, J = 7.7, 4.0 Hz, 1H), 8.45-8.31 (m, 2H), 7.59-7.27 (m, 14H),
7.18-7.10 (m, J = 7.2 Hz, 2H), 6.21 (s, 0.5H), 6.19 (s, 0.5H), 5.01 (m, 1H), 1.40-1.38 (d,
J=6.8 Hz, 1.5H), 1.29-1.27 (d, J = 7.1 Hz, 1.5H), 0.87-0.85 (t, J = 6.8 Hz, 9H). 13C

NMR (101 MHz, DMSO-dg) & 168.26, 168.00, 154.24, 154.19, 151.61, 151.54, 149.49,
149.46, 144.64, 144.45, 140.06, 140.03, 139.58, 139.04, 137.90, 137.86, 132.12, 129.43,
128.68, 128.59, 128.14, 127.15, 127.00, 126.69, 126.59, 126.28, 123.61, 123.32, 101.46,
74.33, 74.30, 61.63, 61.57, 48.93, 48.79, 29.65, 29.62, 27.33, 22.73, 22.56. C34H33N305,
HRMS calculated for m/z [M+H]*: 516.2581 (calculated), 516.2573 (found).

N-([1,1’-biphenyl]-4-yl)-4-hydroxy-4-methyl-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-
(pyridin-3-yl)ethyl)pent-2-ynamide (Jun10917). White solid, 68% yield, dr =

1:1. 'H NMR (400 MHz, DMSO-dg) 5 8.79-8.76 (m, 1H), 8.45-8.31 (m, 2H), 7.59-7.34
(m, 13H), 7.24-7.20 (m, 2H), 7.12-7.10 (d, /=7.2 Hz, 1H), 6.21 (s, 0.5H), 6.19 (s, 0.5H),
5.41-5.40 (d, J=7.7 Hz, 1H), 5.06-4.99 (m, 1H), 1.40-1.39 (d, /= 7.0 Hz, 1.5H), 1.30-
1.28 (d, J= 6.8 Hz, 1.5H), 1.00-0.98 (m, 6H). 13C NMR (101 MHz, DMSO-dg) 5 168.18,
167.92, 154.04, 153.99, 151.62, 151.55, 149.52, 149.48, 144.64, 144.42, 140.02, 139.99,
139.51, 138.73, 137.91, 137.87, 131.99, 130.94, 130.65, 129.43, 128.69, 128.61, 128.17,
127.16, 127.01, 126.73, 126.71, 126.59, 126.29, 123.62, 123.33, 98.28, 75.25, 75.22, 63.41,
63.39,61.71, 61.66, 60.23, 55.39, 48.96, 48.82, 30.75, 30.67, 22.74, 22.58, 21.24, 14.57.
C33H31N303, HRMS calculated for m/z [M+H]*: 518.2366 (calculated), 518.2354 (found).

N-([1,1’-biphenyl]-4-yl)-4-chloro-N-((S)-2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)but-2-ynamide (Jun1112R). White solid, 35% yield. 1H NMR (400 MHz, DMSO-
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dg) 5 8.91 (s, 1H), 8.76-8.74 (d, J = 7.9 Hz, 1H), 8.51 (s, 2H), 7.55-7.48 (m, 4H),
7.39-7.27 (m, 10H), 7.22-7.18 (m, 1H), 6.13 (s, 1H), 4.94 (m, 1H), 4.31 (s, 2H), 1.23

(s, 1.5H), 1.21 (s, 1.5H). 13C NMR (101 MHz, DMSO-dg) 5 167.02, 158.47, 158.19,
152.97, 144.13, 140.46, 139.19, 137.83, 131.63, 129.42, 129.18, 128.74, 128.32, 127.27,
127.23, 127.07, 126.57, 88.26, 79.41, 60.15, 48.97, 30.02, 22.41. C31H26CIN30,, HRMS
calculated for m/z [M+H]*: 508.1722 (calculated), 508.1720 (found).

N-([1,1’-biphenyl]-4-yl)-4-chloro-N-((R)-2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
ylethyl)but-2-ynamide (Jun1112S). White solid, 35% yield. 1H NMR (400 MHz, DMSO-
dg) 5 8.87 (s, 1H), 8.79-8.77 (d, J = 7.6 Hz, 1H), 8.31 (s, 2H), 7.53-7.50 (dd, J =

10.9, 8.4 Hz, 3H), 7.37-7.26 (m, 7H), 7.18-7.11 (m, 4H), 7.05-7.02 (m, 2H), 6.10 (s,

1H), 4.91 (m, 1H), 4.32 (s, 2H), 1.31 (s, 1.5H), 1.30 (s, 1.5H). 13C NMR (101 MHz,
DMSO-dg) 5 166.83, 158.45, 158.13, 153.01, 144.49, 140.48, 139.19, 137.80, 131.66,
129.41, 128.84, 128.68, 128.31, 127.27, 127.24, 127.06, 126.23, 88.25, 79.44, 60.08, 49.18,
30.04, 22.59. C31H26CIN3O5, HRMS calculated for m/z [M+H]*: 508.1722 (calculated),
508.1720 (found).

N-([1,1’-biphenyl]-4-yl)-2-cyano-N-((S)-2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)acetamide (Jun10541R). White solid, 38% yield. 1H NMR (400 MHz, DMSO-
dg) 8.67-8.65 (d, J = 7.9 Hz, 1H), 8.30-8.26 (m, 2H), 7.54-7.52 (d, J = 7.4 Hz,

2H), 7.47-7.45 (d, J = 8.0 Hz, 2H), 7.38-7.18 (m, 11H), 7.12-7.09 (dd, J = 7.9,

4.8 Hz, 1H), 6.12 (s, 1H), 4.97-4.90 (m, 1H), 3.52-3.51 (d, J = 4.1 Hz, 2H), 1.20

(s, 1.5H), 1.19 (s, 1.5H). 13C NMR (101 MHz, DMSO-dg) 5 168.18, 163.43, 151.54,
149.44, 144.31, 140.24, 139.05, 137.85, 137.81, 131.67, 131.06, 129.43, 128.72, 128.34,
127.32, 127.22, 127.03, 126.64, 123.51, 116.06, 62.36, 48.78, 26.95, 22.49. C3gH25N40>,
HRMS calculated for m/z [M+H]+: 475.2080 (calculated), 475.2065 (found).

N-([1,1’-biphenyl]-4-yl)-2-cyano-N-((R)-2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)acetamide (Jun10541S). White solid, 37% yield. 1H NMR (400 MHz, DMSO-

dg) 8 8.67-8.65 (d, J = 7.9 Hz, 1H), 8.30-8.26 (m, 2H), 7.54-7.52 (d, J = 7.5 Hz,

2H), 7.47-7.44 (m, 2H), 7.38-7.18 (m, 11H), 7.12-7.09 (dd, J = 7.9, 4.8 Hz, 1H),

6.12 (s, 1H), 4.94 (m, 1H), 3.52-3.51 (d, J = 4.3 Hz, 2H), 1.20 (s, 1.5H), 1.19 (s,

1.5H). 13C NMR (101 MHz, DMSO-dg) 6 168.18, 163.43, 151.54, 149.44, 144.31, 140.24,
139.05, 137.85, 137.81, 131.67, 131.06, 129.43, 128.72, 128.34, 127.32, 127.22, 127.03,
126.63, 123.51, 116.07, 62.36, 48.78, 26.95, 22.49. C39HogN40,, HRMS calculated for
m/z [M+H]*: 475.2080 (calculated), 475.2065 (found).

N-([1,1’-biphenyl]-4-yl)-1-cyano-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)cyclopropane-1-carboxamide (Jun10893). White solid, 66% vyield,

dr = 1:1. 'H NMR (400 MHz, DMSO-dg) 5 8.71-8.67 (t, J

= 8.6 Hz, 1H), 8.40-8.27 (m, 2H), 7.63-7.33 (m, 12H), 7.21-7.17 (m, 2H), 7.09-7.07 (d,
J=7.3Hz, 2H), 6.19 (s, 0.5H), 6.15 (s, 0.5H), 5.06-4.95 (m, 1H), 1.79-1.71 (m, 1H), 1.64—
1.59 (m, 1H), 1.45-1.40 (m, 2H), 1.36-1.34 (d, J = 7.1 Hz, 1.5H), 1.27-1.25 (d, J = 6.5 Hz,
1.5H). 13C NMR (101 MHz, DMSO-dg) 5 168.09, 167.98, 164.73, 164.69, 151.84, 151.78,
149.43, 144.73, 144.32, 140.06, 139.13, 138.01, 137.50, 137.41, 132.66, 132.60, 131.06,
130.64, 129.40, 128.70, 128.57, 128.27, 127.20, 127.12, 126.97, 126.78, 126.64, 126.26,

Eur J Med Chem. Author manuscript; available in PMC 2024 November 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tan et al.

Page 18

123.47,123.17, 119.34, 63.46, 63.41, 48.90, 48.75, 22.68, 22.61, 18.72, 18.52, 14.84.
C3oH2gN40,, HRMS calculated for m/z [M+H]*: 501.2223 (calculated), 501.2219 (found).

tertbutyl 4-([1,1’-biphenyl]-4-yl(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yhethyl)carbamoyl)-4-cyanopiperidine-1-carboxylate (Jun10912). White solid, 70% yield,
dr = 1:1. IH NMR (400 MHz, DMSO-dg) & 8.65 (s, 1H), 8.38-8.25 (m, 2H), 7.61-7.33
(m, 11H), 7.19-7.02 (m, 3H), 6.14 (s, 0.5H), 6.09 (s, 0.5H), 5.75 (s, 1H), 5.02-4.95 (m,
1H), 3.89-3.79 (m, J = 14.2 Hz, 2H), 2.80 (s, 2H), 1.93-1.82 (m, 3H), 1.38 (s, 12H). 13C
NMR (101 MHz, DMSO-dg) & 168.33, 168.09, 166.24, 154.00, 152.10, 152.00, 149.44,
144.81, 144.30, 140.78, 138.96, 138.13, 136.49, 136.42, 129.41, 128.62, 128.54, 128.40,
127.13, 127.03, 126.64, 126.21, 79.69, 79.67, 64.49, 55.38, 48.91, 48.74, 43.50, 43.38,
33.36, 28.47, 22.75, 22.56. C3gH41N504, HRMS calculated for m/z [M+H]*: 644.3160
(calculated), 644.3150 (found).

N-([1,1’-biphenyl]-4-yl)-4-cyano-N-(2-ox0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)tetrahydro-2H-pyran-4-carboxamide (Jun10913). White solid, 68% vyield,

dr = 1:1. 'H NMR (400 MHz, DMSO-dg) 6 8.69-8.65 (t, J

= 8.5 Hz, 1H), 8.40-8.27 (m, 2H), 7.64-6.93 (m, 16H), 6.17 (s, 0.5H), 6.13

(s, 0.5H), 5.07-4.98 (m, 1H), 3.85-3.77 (g, J = 9.0, 5.7 Hz, 2H), 3.39-3.33 (t, J = 11.1 Hz,
2H), 2.23-2.14 (m, 1H), 2.04-1.97 (m, 1H), 1.87-1.78 (dd, J = 24.0, 14.0 Hz, 2H), 1.39-
1.37 (d, J = 7.0 Hz, 1.5H), 1.27-1.25 (d, J = 6.8 Hz, 1.5H). 13C NMR (101 MHz, DMSO-d)
5168.32, 168.11, 166.21, 152.07, 151.97, 149.42, 144.82, 144.30, 140.70, 138.93, 138.11,
136.43, 136.36, 129.42, 129.40, 128.66, 128.54, 128.40, 127.17, 127.07, 127.02, 127.00,
126.65, 126.21, 118.89, 64.47, 63.38, 63.32, 55.38, 33.98, 33.92, 33.88, 33.83, 22.77, 22.59.
C34H3oN403, HRMS calculated for m/z [M+H]*: 545.2475 (calculated), 545.2470 (found).

(E)-N-([1,1’-biphenyl]-4-yl)-2-cyano-4-methyl-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-
(pyridin-3-yl)ethyl)pent-2-enamide (Jun10544). White solid, 52% vyield, dr = 1:1.

1H NMR (400 MHz, DMSO-dg) 6 8.76-8.74 (d, J = 7.7 Hz, 1H), 8.43-8.30

(m, 2H), 7.59-7.10 (m, 17H), 6.20 (s, 0.5H), 6.18 (s, 0.5H), 5.05-4.98 (m, J

= 7.4 Hz, 1H), 2.45-2.36 (m, J = 6.8 Hz, 1H), 1.39-1.38 (d, J = 7.0 Hz, 1.5H), 1.29-1.27 (d,
J=7.0 Hz, 1.5H), 0.78-0.77 (d, J = 5.9 Hz, 6H). 13C NMR (101 MHz, DMSO-dg) 6 168.01,
164.58, 162.58, 151.72, 149.54, 144.31, 140.02, 139.15, 138.42, 138.04, 132.00, 131.97,
131.02, 129.42, 128.73, 128.60, 128.27, 127.23, 127.00, 126.95, 126.65, 126.59, 126.30,
123.57, 114.02, 109.61, 62.75, 60.22, 48.81, 31.39, 22.59, 21.22, 21.04, 21.01, 14.56.
C34H3oN40,, HRMS calculated for m/z [M+H]*: 529.2525 (calculated), 529.2524 (found).

(E)-N-([1,1’-biphenyl]-4-yl)-2-cyano-3-cyclopropyl-N-(2-oxo-2-(((S)-1-
phenylethyl)amino)-1-(pyridin-3-yl)ethyl)acrylamide (Jun10545). White

solid, 44% vyield, dr = 1:1. 1H

NMR (400 MHz, DMSO-dg) 6 8.80-8.75 (t, J = 8.1 Hz, 1H), 8.45-8.31 (m, 2H), 7.59—
7.10 (m, 17H), 6.32 (s, 0.5H), 6.28 (s, 0.5H), 5.73-5.70 (d, J = 14.4 Hz, 1H), 5.08-4.99
(m, 1H), 2.74-2.68 (m, 2H), 2.26-2.16 (m, 2H), 1.38-1.37 (d, J = 7.1 Hz, 1.5H), 1.29-1.28
(d, J = 7.0 Hz, 1.5H). 13C NMR (101 MHz, DMSO-dg) 5 168.10, 168.01, 166.99, 162.36,
151.74, 149.49, 144.70, 144.36, 139.96, 139.14, 138.19, 138.04, 132.22, 132.17, 129.42,
129.20, 128.78, 128.73, 128.59, 128.28, 127.20, 127.13, 127.00, 126.87, 126.65, 126.34,

Eur J Med Chem. Author manuscript; available in PMC 2024 November 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tan et al.

Page 19

126.28, 126.03, 114.67, 114.13, 107.63, 63.05, 55.37, 48.88, 22.66, 22.58, 15.75, 10.76.
C34H30N40,, HRMS calculated for m/z [M+H]*: 527.2370 (calculated), 527.2375 (found).

N-([1,1’-biphenyl]-4-yl)-2-cyano-2-cyclohexylidene-N-(2-o0xo0-2-(((S)-1-
phenylethyl)amino)-1-(pyridin-3-yl)ethyl)acetamide (Jun10951). White

solid, 36% yield, dr = 1:1. TH NMR (400 MHz, DMSO-dg) & 8.78-8.76

(d, J =7.7 Hz, 1H), 8.45-8.29 (m, 2H), 7.60-7.06 (m, 17H), 6.25 (s, 0.5H), 6.21 (s, 0.5H),
5.76-5.75 (d, J = 2.2 Hz, 1H), 5.06-4.98 (m, 1H), 2.40-2.38 (m, 2H), 2.16 (s, 2H), 1.44—
1.42 (m, 4H), 1.37-1.35 (d, J = 6.8 Hz, 1.5H), 1.29-1.27 (d, J = 6.8 Hz, 1.5H). 13C NMR
(101 MHz, DMSO-dg) 5 168.19, 167.96, 165.85, 162.85, 151.76, 151.65, 149.56, 149.51,
144.73, 144.18, 139.93, 138.94, 138.05, 137.75, 137.73, 131.51, 131.48, 130.46, 129.43,
129.41, 128.65, 128.59, 128.32, 127.15, 126.98, 126.69, 126.60, 126.27, 123.58, 123.26,
115.67, 115.62, 62.56, 60.22, 55.37, 49.04, 48.81, 33.57, 31.79, 27.53, 27.05, 22.78, 22.51.
C3gH34N40,, HRMS calculated for m/z [M+H]*: 555.2690 (calculated), 555.2688 (found).

(E)-N-([1,1’-biphenyl]-4-yl)-2-cyano-3-(4-methoxyphenyl)-N-((S)-2-oxo0-2-(((S)-1-
phenylethyl)amino)-1-(pyridin-3-yl)ethyl)acrylamide (Jun10963R). White solid,

38% yield. 'H NMR (400 MHz, DMSO-dg) 5 8.73-8.71

(d,J=7.7 Hz, 1H), 8.30-8.24 (dd, J = 18.6, 3.5 Hz, 2H), 7.78 (s, 1H),

7.71-7.68zz (d, J = 8.9 Hz, 2H), 7.51-7.49 (d, J = 7.1 Hz, 2H), 7.44-7.42 (d, J = 8.4 Hz,
2H), 7.32-7.30 (d, J = 7.9 Hz, 2H), 7.27-7.20 (m, 3H), 7.18-7.00 (m, 8H), 6.96-6.93 (dd,
J=8.7,3.8 Hz, 2H), 6.21 (s, 1H), 4.93 (m, 1H), 3.71 (s, 3H), 1.31 (s, 1.5H), 1.30 (s, 1.5H).
13C NMR (101 MHz, DMSO-dg) 5 167.95, 163.82, 162.94, 152.09, 151.70, 149.52, 144.68,
139.68, 138.95, 138.22, 138.05, 132.43, 132.14, 130.77, 129.38, 128.59, 128.26, 127.14,
126.92, 126.76, 126.27, 125.02, 123.30, 116.00, 115.18, 103.80, 63.16, 56.03, 48.93, 22.67.
C3gH3oN403, HRMS calculated for m/z [M+H]*: 593.2485 (calculated), 593.2466 (found).

(E)-N-([1,1’-biphenyl]-4-yl)-2-cyano-3-(4-methoxyphenyl)-N-((R)-2-oxo0-2-(((S)-1-
phenylethyl)amino)-1-(pyridin-3-yl)ethyl)acrylamide (Jun10963S). White solid,

38% yield. 1H NMR (400 MHz, DMSO-dg) & 8.72-8.70

(m, 1H), 8.32-8.25 (m, 2H), 7.70-7.68 (d, J = 8.5 Hz, 2H), 7.51-

6.94 (m, 19H), 6.21 (s, 1H), 4.97-4.90 (m, 1H), 3.71 (s, 3H), 1.31-1.29 (d, J = 7.1Hz 3H).
13C NMR (101 MHz, DMSO-dg) & 167.95, 163.82, 162.94, 152.09, 151.70, 149.52, 144.68,
139.68, 138.95, 138.22, 138.06, 132.43, 132.14, 130.77, 129.38, 128.59, 128.26, 127.14,
126.92, 126.76, 126.27, 125.02, 123.30, 116.00, 115.18, 103.80, 63.16, 56.03, 48.93, 22.67.
C3gH3oN403, HRMS calculated for m/z [M+H]*: 593.2485 (calculated), 593.2466 (found).

N-([1,1’-biphenyl]-4-yl)-2-0x0-N-(2-0x0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
ylethyl)butanamide (Jun10938). White solid, 65% vyield, dr =

1:1. TH NMR (400 MHz, DMSO-dg) & 8.41 (s, 1H), 8.35—

8.33 (d, J = 4.6 Hz, 1H), 8.25-8.20 (m, 1H), 7.73-6.89 (m, 16H), 6.15

(s, 1H), 6.08 (s, 0.5H), 6.05 (s, 0.5H), 3.84 (m, 1H), 2.64 (m, J = 7.1 Hz, 1H), 2.34-2.30 (t, J
=7.1Hz, 1H), 1.73-1.55 (m, 2H), 1.14-1.12 (d, J = 6.0 Hz, 1.5H), 0.98-0.96 (d, J = 6.1 Hz,
1.5H).13C NMR (101 MHz, DMSO-dg) 5 172.60, 172.56, 168.67, 168.57, 151.51, 151.47,
149.13, 144.85, 144.46, 140.32, 139.28, 138.55, 138.52, 137.81, 132.94, 132.88, 131.38,
131.32, 129.38, 129.29, 129.22, 128.68, 128.59, 128.06, 127.16, 127.12, 126.88, 126.69,
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126.39, 126.35, 123.48, 123.21, 62.12, 48.88, 48.72, 22.70, 22.63, 14.44, 13.41, 13.38.
C31H29N303, HRMS calculated for m/z [M+H]*: 492.2219 (calculated), 492.2215 (found).

N-([1,1’-biphenyl]-4-yl)-2-(4-methylpiperazin-1-yl)-2-0xo-N-(2-o0x0-2-(((S)-1-
phenylethyl)amino)-1-(pyridin-3-yl)ethyl)acetamide (Jun11812). White solid,

46% yield, dr = 1:1. 1H NMR (400 MHz,

DMSO-dg) 5 8.85 (d, J = 7.7 Hz, 1H), 8.30 (s, 1H), 7.58-7.12 (m, 18H), 6.26 (s,

0.5H), 6.21 (s, 0.5H), 5.12-5.02 (m, 1H), 3.50-3.36 (m, 3H), 3.23-3.16 (m, 2H), 3.18 (d, J
=14.5 Hz, 1H), 3.11-3.04 (m, 1H), 2.36-2.23 (m, 1H), 2.12 (dt, J = 12.9, 6.7 Hz, 1H), 2.06
(s, 3H), 1.39 (d, J = 7.0 Hz, 1.5H), 1.32 (d, J = 7.0 Hz, 1.5H). 13C NMR (101 MHz, DMSO-
dg) 5 168.20, 167.96, 165.37, 165.33, 162.28, 162.23, 151.69, 151.58, 149.54, 149.50,
144.67, 144.13, 140.13, 139.08, 138.05, 138.00, 136.37, 136.29, 131.57, 130.48, 130.17,
129.40, 129.39, 128.65, 128.62, 128.27, 127.20, 127.16, 126.99, 126.97, 126.67, 126.60,
126.31, 123.61, 123.29, 61.80, 61.78, 54.48, 54.08, 49.13, 48.93, 45.99, 45.21, 22.78, 22.49.
C34H35N503, HRMS calculated for m/z [M+H]*: 567.2818 (calculated), 567.2820 (found).

N-([1,1’-biphenyl]-4-y1)-N-(2-ox0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
ylethyl)but-3-ynamide (Jun1155). White solid, 75% yield,

dr = 1:1. ITH NMR (400 MHz, CDCls)

5 8.45 (s, 2H), 7.51-7.26 (m, 18H), 6.72 (s, 0.5H), 6.22 (s, 0.5H), 5.18-5.11 (m,1H), 3.06 (s,
2H), 1.48 (s, 1.5H), 1.46 (s, 1.5H). 13C NMR (101 MHz, CDCl3) 5 168.00, 167.57, 151.53,
149.88, 142.95, 141.89, 139.50, 138.21, 137.30, 130.64, 129.93, 128.88, 128.75, 127.93,
127.44, 127.05, 126.29, 122.94, 76.65, 71.84, 61.78, 60.35, 49.54, 26.91, 21.70, 14.19.
C31H27N30,, HRMS calculated for m/z [M+H]*: 474.2182 (calculated), 474.2186 (found).

N-([1,1’-biphenyl]-4-y1)-N-(2-ox0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yl)ethyl)but-3-ynamide (Jun1156). White solid, 70% yield,

dr = 1:1. 1H NMR (400 MHz, DMSO-dg)

58.68 (dd, J=12.6, 7.7 Hz, 1H), 8.38-8.26 (m, 2H), 7.62-7.08 (m, 18H), 6.25 (s,

0.5H), 6.22 (s, 0.5H), 5.04-4.95 (m, 1H), 2.72 (d, J = 8.4 Hz, 1H), 2.38-2.14 (m, 4H), 1.38
(d, J=7.0 Hz, 1.5H), 1.26 (d, J = 6.9 Hz, 1.5H). 13C NMR (101 MHz, DMSO-dg) & 168.70,
168.57, 151.61, 151.53, 149.23, 144.84, 144.42, 139.78, 139.23, 138.96, 138.90, 137.78,
137.75, 131.88, 131.70, 131.31, 129.38, 128.69, 128.54, 128.21, 127.21, 127.05, 126.68,
126.23, 123.45, 123.15, 84.17, 84.13, 71.76, 61.81, 48.82, 48.71, 34.11, 22.77, 22.60, 14.31.
C32H2gN30,, HRMS calculated for m/z [M+H]*: 488.2338 (calculated), 488.2342 (found).

2-([1,1’-biphenyl]-4-yl(prop-2-yn-1-yl)amino)-N-((S)-1-phenylethyl)-2-(pyridin-3-
ylacetamide (Jun10924). White solid, 70% vyield, dr =

1:1. 'H NMR (400 MHz, CDCl5) 6 8.64 (dd, J = 32.3, 2.3 Hz, 1H), 8.54 (ddd,
J=16.7,4.9, 1.6 Hz, 1H), 7.72 (ddt, J = 38.8, 8.0, 2.0 Hz, 1H), 7.57-7.50 (m, 4H), 7.42
(td, J=7.6,4.9 Hz, 2H), 7.30-7.04 (m, 9H), 6.91 (dd, J = 6.6, 3.0 Hz, 1H), 5.40 (s, 0.5H),
5.34 (s, 0.5H), 5.12-5.01 (m, 1H), 3.97-3.75 (m, 2H), 2.18 (dt, J = 26.8, 2.4 Hz, 1H), 1.39
(d, J=6.9 Hz, 1.5H), 1.27 (d, J = 6.9 Hz, 1.5H). 13C NMR (101 MHz, CDCl3) 5 168.75,
168.69, 150.52, 150.46, 149.73, 149.58, 146.69, 146.48, 142.70, 142.52, 140.42, 136.73,
136.70, 134.65, 134.29, 131.60, 131.47, 128.86, 128.84, 128.67, 128.51, 128.06, 127.98,
127.44, 127.23, 126.95, 126.91, 126.67, 126.64, 126.20, 125.93, 123.61, 123.52, 118.31,
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117.80, 79.09, 78.88, 74.09, 73.93, 66.81, 66.74, 49.06, 48.88, 40.79, 40.26, 21.70, 21.27.
C3oH27N30, HRMS calculated for m/z [M+H]*: 446.2236 (calculated), 446.2217 (found).

2-([1,1’-biphenyl]-4-yl(2-ox0-2-(((S)-1-phenylethyl)amino)-1-(pyridin-3-
yhethyl)amino)-1,1-difluoro-2-oxoethane-1-sulfonyl fluoride (Jun1191). Yellow

solid, 60% vyield, dr = 1:1. TH NMR (400 MHz, DMSO-dg) 5 8.76 (t, J = 7.6 Hz, 1H),
8.41-8.28 (m, 2H), 7.63-7.09 (m, 16H), 6.27 (s, 0.5H), 6.24 (s, 0.5H), 5.06-4.96 (m, 1H),
1.39 (d, J = 6.8 Hz, 1.5H), 1.28 (d, J = 7.2 Hz, 1.5H).13C NMR (101 MHz, CDCl3) 5 171.32,
149.42, 149.09, 144.74, 140.88, 134.80, 133.64, 131.61, 128.85, 128.82, 128.67, 128.04,
126.98, 126.36, 126.34, 123.95, 121.42, 115.44, 113.83, 58.54, 53.21. CygHo4F3N304S,
HRMS calculated for m/z [M+H]*: 568.1518 (calculated), 568.1523 (found).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS
SARS-CoV-2 severe acute respiratory syndrome coronavirus 2
Ugi-4CR Ugi four-component reaction
MPro main protease
3CLPro 3-chymotrypsin-like protease
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. Diverse reactive warheads were explored in targeting SARS-CoV-2 main
protease.

. Jun10541R with the nitrile warhead had an 1Cs, of 0.50 UM against MP™.
. Jun10963R with a dually activated nitrile warhead had an I1Cs, of 0.56 pM.

. Jun10541R and Jun10963 inhibited SARS-CoV-2 with ECs, values of 2.92
and 6.47 uM.

. X-ray crystals showed covalent conjugation with nitrile and alkyne warheads.
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Figure 1.
SARS-CoV-2 MP™ inhibitors with diverse reactive warheads.
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Figure 2.
Synthesis of covalent SARS-CoV-2 MP™ inhibitors through Ugi-4CR. The R and S chirality
refers to the chiral center at the pyridine substitution. w=warhead.

Eur J Med Chem. Author manuscript; available in PMC 2024 November 05.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Tanetal. Page 28

) Yy N B N N B
= = = = = = =
-
NN v N V\N N N YLN X N

loE <:Jloé F=lo Br o : CF3=lO =o =o

£

£

OO

O
O

Jung9513 Jun10382 Jun10542 Jun10594 Jun10943 Jun10592 Jun10945
IC50 > 20 M IC50=4.22+025uM  ICs0>20 uM IC50=4.26 £ 0.35 UM IC50= 4.36 + 0.45 uM ICs0 > 20 uM ICs0 > 20 uM
CCs < 10 uM (Vero) CCso < 3.9 uM (Vero) CCsg < 3.9 uM (Vero)

)=

) ) ) [y [y oy
o ¥ o o I o Y o ¥ 7

s 5 3 3 3 3

Jun10905 Jun10591 Jun10894 Jun10895 Jun10906 Jun10911
IC50 > 20 uM ICs0 > 20 uM IC50 > 20 uM ICs0 > 20 uM IC50 > 20 uM ICs0 > 20 uM

S S S A S B
HOL A AN O AN oA AN WN N oA AN N o,:<\/‘u N
) :
o ] i

G O 0w i

H \_
Jun10952 Jun1117 Jun10961 Jun10962 Jun10436 Jun10946
IC50=12.39 + 0.60 pM IC5p = 3.97 £ 0.42 uM IC50=17.05 + 1.56 uM ICs5p =15.42 + 1.34 uM IC50>20 pM ICso > 20 uM
CCsp > 250 uM (Vero) CCs9=8.9+0.2 uM (Vero)

z
O

[e]

Jun10948 JUHATTIR Jun111198

ICs0 = 0.31 + 0.02 uM C
ICs0 > 20 uM CCop = 18.4 £1.1 uM (Vero) 'C50 = 6:49 093 uM

Figure 3.
SARS-CoV-2 MP™ inhibitors with substituted acrylamide warheads or vinyl sulfonamides.

Results of Jun9513 and Jun10382 were reported.[22]
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SARS-CoV-2 MP™ inhibitors with substituted propiolamide warheads.
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SARS-CoV-2 MP™ inhibitors with substituted nitrile warheads.
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SARS-CoV-2 MP™ inhibitors with miscellaneous warheads.
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Figure 7.
K; plots for four potent MP™ inhibitors Jun10221R, Jun1112R, Jun10541R, and
Jun10963R.
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Antiviral activities of Mpro inhibitors Jun10541R and Jun10963R against SARS-CoV-2 in
Calu-3 cells. The antiviral ECs, curve and the cytotoxicity CCs, curve were shown in blue and

green, respectively.
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Figure 9.

Complex structures of SARS-CoV-2 MP™ with inhibitors Jun10541R (2.50 A resolution)
and 10221 (2.55 A). (A) 2Fo-Fc map, shown in grey and contoured at 1 o, illustrates

the continuous electron density between the catalytic cysteine C145 and Jun10541R,
which forms a covalent adduct through its nitrile warhead. (B) Jun10221 also forms a
covalent adduct via its alkyne warhead, but has two conformations corresponding to both
diastereomers. Here, the 2Fo-Fc map, shown in grey, is contoured at 0.5 o to highlight

the positioning of the a-methylbenzene sidechain more clearly. (C) The conformations for
both diastereomers of Jun10221 are shown from a different angle, offering an unobstructed
view of the pyridyl stereocarbon, indicated in the figure, which causes the a-methylbenzene
sidechain to occupy either the S2 pocket for the (R, S) diastereomer (turquoise) or flip

into the solvent exposed S3 site for the (S, S) diastereomer (pale blue). (D) 2F,-F;

electron density map for inhibitor Jun10221. Sidechain density for the two diastereomers of
Jun10221 is less defined at 1 o (left panel), than 0.5 o (right panel).
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