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ABSTRACT: Transcriptional enhanced associate domain (TEAD) proteins together with their transcriptional coactivator yes-
associated protein (YAP) and transcriptional coactivator with the PDZ-binding motif (TAZ) are important transcription factors and
cofactors that regulate gene expression in the Hippo pathway. In mammals, the TEAD families have four homologues: TEAD1
(TEF-1), TEAD2 (TEF-4), TEAD3 (TEF-5), and TEAD4 (TEF-3). Aberrant expression and hyperactivation of TEAD/YAP
signaling have been implicated in a variety of malignancies. Recently, TEADs were recognized as being palmitoylated in cells, and the
lipophilic palmitate pocket has been successfully targeted by both covalent and noncovalent ligands. In this report, we present the
medicinal chemistry effort to develop MYF-03-176 (compound 22) as a selective, cysteine-covalent TEAD inhibitor. MYF-03-176
(compound 22) significantly inhibits TEAD-regulated gene expression and proliferation of the cell lines with TEAD dependence
including those derived from mesothelioma and liposarcoma.

B INTRODUCTION associated with tumor relapse in pancreatic cancer when KRAS
function is inhibited.’

Although pharmacological regulation of the Hippo pathway
has significant therapeutic potential, direct targeting of the
Hippo pathway has been difficult. The functions of core
kinases involved in the Hippo pathway are mainly as tumor
suppressors such as MST1/2 and LATS1/2 or scaffolding
proteins such as salvador homologue 1 and Mpsl binding

amplification has been tightly linked to the occurrence and protein, and hence'z It remains .challengmg to .develop sn.1a11
. . Lo . . molecules that activate those kinases. Alternatively, targeting
progression of tumor malignancies including mesothelioma,

. . . TEAD-YAP protein—protein interface with peptides or small
meningioma, lung cancer, liver cancer, and other solid tumors.” P P pep

L2 o molecules has been explored.” Indeed, recent reports on
Activation of the YAP 51gn.ahng pathway .has also been TEAD/YAP interface disruptors such as CPD3.1,” compound
frequently observed as a resistance mechanism to targeted

8 9 . .
therapies. For example, in EGFR-mutant lung cancer, treat- 6," and IAG933" demonstrates the potential of this strategy

ment with osimertinib and trametinib induces senescence-like and offers an inspiration for medicinal chemists to-target
. o ) . TEAD/YAP interfaces.

tumor dormancy via transcriptional enhanced associate domain

(TEAD)/YAP corepressor function.” Pharmacological inhib-

ition of TEAD/YAP by small molecules or through genetic Received: September 21, 2022

depletion of YAP enhances apoptosis and reduces the number Published: March 22, 2023

of dormant cells.” In ER-positive cancers, TEAD/YAP-

mediated overexpression of CDK6 in the absence of FAT1

leads to the resistance to a CDK4/6 inhibitor." Similarly,

emerging evidence suggests that activation of TEAD/YAP is

The Hippo pathway is an evolutionarily conserved signaling
cascade with >30 components that plays a pivotal role in organ
size control, tissue homeostasis, stem cell renewal, cell
proliferation, angiogenesis, and tumorigenesis.l Dysregulation
of the Hippo pathway through merlin/neurofibromin-2 (NF2)
loss, large tumor suppressor kinase 1 (LATSI) fusion, yes-
associated protein (YAP)/TAZ fusions, and YAP/TAZ
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Figure 1. Selective examples of TEAD PBP inhibitors.
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Figure 2. Evolution of MYF-01-037. The binding conformation of 1 in complex with TEAD1-YBD was retrieved from the PDB database (PDB ID:
7LIS). Hydrogen bonds are highlighted with yellow dashes. 1 is depicted in green stick.

Interestingly, a reversible post-translational modification,
palmitoylation on TEAD, has been identified to regulate
TEAD stability and function, which represents a potential
“Achilles heel” in TEAD-YAP/TAZ dominated maligancies."’
Therefore, there is growing enthusiasm in both industry and
academia to develop TEAD palmitate-binding pocket (PBP)
inhibitors as an alternate way to modulate TEAD-YAP
signaling. A deluge of TEAD investigational inhibitors has
been disclosed including VT-107,"' MGH-CP-1,"> TM2,"’
compound 2,'* and MSC-4106"° and cysteine-directing
covalent inhibitors such as TED-347,'¢ DC-TEADin02,"”
DC-TEAD3in03,"* kojic acid analogues,lg MYF-01-037,% and
K-975°° (Figure 1). Moreover, three TEAD inhibitors IK930,
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VT3989, and IAG933 have progressed into clinical trials
(NCT05228015, NCT04665206, and NCT04857372) as
monotherapy in subjects with advanced solid tumors.
However, very limited information has been disclosed
regarding the structure—activity relationships (SARs) required
to bind to and inhibit TEAD-dependent transcriptional
activity. Also, since YAP-binding domain (YBD) domains in
all TEAD isoforms (TEAD1—4) are highly conserved, it may
be challenging to engineer isoform-selective TEAD PBP
inhibitors which would be needed to investigate TEAD
isoform selective pharmacology. Here, we detailed our
medicinal chemistry efforts toward the development of a
series of Y-shaped TEAD covalent inhibitors. We also

https://doi.org/10.1021/acs.jmedchem.2c01548
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Figure 3. (A) Schematic representation of TEAD TR-FRET assays. The figure was created with BioRender.com. (B) Representative curve of
inhibitory activities of VT107 in the established TR-FRET biochemical assay. ICs, values are reported as mean + SEM of two experiments. Each

experiment has three independent biological replicates.

Table 1. Substitution in the Hydrophilic Pocket”

D A TEAD1 TEAD2  TEAD3 TEAD4 Reporter
(nM) (nM) (nM) (nM) (nM)
CF3
1 /©/ 3745 49+27 26+14 25413 10630
Y
~CFs
2 “L{U 207+16 230+61 144462  2484:1020  670£337
N
Ny -CFs
3 M 391177 911587 8344247 NE 22094677
Y
Cl
4 /@ 4254254 230+16 42678 NE 985+288
le_ CF4
Cl
5 QQ\ 1006 604+314 215461  4432+1007 1716566
CF3
.
.
6 ‘Y{OL 264141 5018 6822 685+123 4674177
7 E/@ 118452 2622 3812 6041233 13791076

“ICs values are reported as mean + SEM of two experiments. Each experiment has three independent biological replicates. NE means no effect

(ICso > 10,000 nM).

biochemically investigated TEAD isoform selectivity among
this series of compounds and validated TEAD dependency in
liposarcoma by using MYF-03-176 (compound 22), which
provides impetus to further TEAD-directed therapeutics for
the treatment for this cancer.

B RESULTS AND DISCUSSION

Previously, we reported MYF-01-037 as a suboptimal covalent
TEAD binder identified from MS-based screening with
covalent fragments using TEAD2 YAP-binding domain
protein.” With MYF-01-037 as a starting point, we conducted
covalent docking into the palmitoyl pocket of TEAD2, which

4619

enabled us to identify a hydrophilic pocket adjacent to the lipid
pocket.”’ Therefore, the modification of MYF-01-037 was
mostly focused on introducing an additional substitution to the
4-carbon of the pyrrolidine ring to generate Y-shaped
molecules that could gain access to this hydrophilic pocket
(Figure 2). To experimentally verify the docking predictions,
we solved a cocrystal of TEAD1*®~** with one of MYF-01-
037 analogues, namely 1 (MYF-03-69, PDB ID: 7LIS). The
crystal structure confirmed that the acrylamide warhead forms
a covalent bond with Cys359 (TEAD1) and that the carbonyl
interacts with backbone-NH of Cys359 through a hydrogen
bond; the para-trifluoromethyl benzyl group is deeply buried

https://doi.org/10.1021/acs.jmedchem.2c01548
J. Med. Chem. 2023, 66, 4617—4632
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Table 2. Substitution in the Hydrophilic Pocket”

D A TEAD1  TEAD2 TEAD3  TEAD4  Reporter
(nM) (nM) (nM) (nM) (nM)
8 ) \“ﬁ 40+15 103+44 5116 7184233 206453
Sy /N
9 D) 31415 79+44 2045 406:78 15315
SN
%,
10 1\ 561 178161  36+14 11211 13133
iy
55 o)
11 N 4247 103+20  50+33 98468 9043
N )
.SS'/,/
12 ©\,,0 51£13  305¢69 5145 83+27 15319
P~
o
& =
13 @ 33:3 192190  48+20  62+22 58417
S e
14 2942 942 3045 251 144

“ICs values are reported as mean + SEM of two experiments. Each experiment has three independent biological replicates.

inside the palmitoyl pocket, thereby forming extensive
interactions with the surrounding residues F239, 1294, 1369,
and L382; the 3-pyridinyl group faces toward F221 and the
pyridinyl nitrogen interacts through a hydrogen bond with
$310 and Y312 which is mediated by a water molecule™
(Figure 2). This binding mode allowed us to design a series of
analogues to construct a comprehensive SAR with respect to
TEAD binding.

To test this series of compounds, we established a TR-FRET
biochemical assay for all TEADs using a FAM-labeled probe
(WZJ-10) which was built off a known reversible pan-TEAD
inhibitor VT-107'" (Figures 3A,B, SIA, S2, and S3).
Conjugation of FAM to VT-107 decreased the binding affinity
as evidenced by TEAD4 gel-based ABPP assays (Figure S1B).
Second, we developed a TEAD reporter gene assay employing
a pan-TEAD response element in the promotor region to drive
luciferase expression in NCI-H226 cells to investigate whether
the biochemical activity correlated with the TEAD-dependent
transcription (Figure S4A,B). Finally, the active compounds
from TR-FRET and reporter gene assays were progressed to an
antiproliferation assay with mesothelioma cells which are
known to depend on the TEAD-YAP activity.

We first tested 1 using the TEAD1-4 TR-FRET assay in
which we picked a fixed time point of S h to evaluate and rank
the compounds. As shown in Table 1, 1 displays a low
nanomolar ICggs for all TEADs and an EC, of 106 + 30 nM
in the TEAD reporter assay. As expected, introducing a polar
group to this section was much less favored, and compounds 2

4620

and 3 lost 6- and 21-fold activities, respectively. Disubstitution
on the phenyl ring with Cl and CF; (compounds 4 and §) does
not increase the hydrophobic interaction, and on the contrary,
it impairs the binding, indicating that the hydrophobic pocket
is likely to be narrow and linear. Finally, replacing the phenyl
ring with aliphatic rings such as gem-difluorocyclohexane
(compound 6) and adamantane (compound 7) suggests that
TEAD2 and TEAD3 could be selectively inhibited than other
TEAD:s, although its cellular potency is less than that observed
for 1, which might be due to reduced cell permeability.

We next fixed the trifluoromethyl benzyl group and turned
toward the modification to the hydrophilic site to understand if
a favorable engagement in this tunnel could improve activity
(Table 2). Inspired by the cocrystal structure where the
pyridine group on 1 forms a water-bridged hydrogen bond
network with the surrounding residues, we then questioned if
the pyrimidine substituent could also retain or even improve
this interaction. Compound 8 was synthesized, which indeed
demonstrates a negative response to TEAD4 inhibition while
not having much impact on other TEADs and the reporter
gene assay. Interestingly, a truncated triazole analogue
(compound 9) does not lose any potency, indicating that the
water-mediated interaction observed in the cocrystal with
TEAD1-YBD might not exist or has a minimal contribution to
inhibition. Further design was focused on screening a small
panel of polar groups, as depicted in Table 2. In general, this
hydrophilic pocket has a high tolerance for a variety of
functional groups including triazole (compound 9), pyrazole

https://doi.org/10.1021/acs.jmedchem.2c01548
J. Med. Chem. 2023, 66, 4617—4632
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Table 3. Expansion of the Pyrrolidine Core®

D 5 c  TEAD1 TEAD2 TEAD3 TEAD4 Reporter
(M) (M) M) (M) (M)
PO - 3
15 ;NAN}F i 3085 17s14 2681 21#15  16ed
N Ko
s N= __
16 G ) ENQ‘E 56115 12374738 121:46 427:207 17188
N %5
N I
17 <) ;-f% 804  578+194 420+148 236160 5224263
N \\/N\és

“ICs values are reported as mean + SEM of two experiments. Each experiment has three independent biological replicates. NE means no effect

(ICg, > 10,000 nM).

Table 4. Warhead Exploration”

CF3
@
o A B TEAD1 TEAD2 TEAD3 TEAD4  Reporter
(nM) (nM) (nM) (nM) (nM)
S
18 = NE 229465

N

I\ 4450 4504150 47221
SN \ /

| 2 %,
19 /N\/\)EJ_Y »T/\>\© 102622 NE 1640186 NE 17131432
SN Vi
N
2 <,

21 ﬁ)‘\ N = 2081
r ,.Yé SN \ N/
0 e
22 ﬁ)'\ i } 4715
¥ "

1941 1945 NE 27451702
19745 3115 467+190 86+25
275165  32+11 712 1745

“ICs values are reported as mean + SEM of two experiments. Each experiment has three independent biological replicates. NE means no effect

(ICso > 10,000 nM).

(compound 10), pyridazine-3-one (compound 11), 4-methyl-
sulfonyl benzyl group (compound 12), methylene-pyridine
(compound 13), and pyrimidin-2-amine (compound 14). Of
note, the potency was significantly improved by compound 14
against TEADs and in the reporter gene assay with ICs, values
of 14 + 4 nM, respectively.

Next, we expanded the pyrrolidine core to larger rings:
piperidine and 1,4-diazeopane and synthesized compounds 16
and 17. As shown in Table 3, compound 15, a fluorinated
version of 14 shows a similar potency. Interestingly, a

4621

piperidine-based analogue 16 significantly lost activity for
TEAD2, 3, and 4 while only slightly diminishing TEADI1
inhibition. A similar trend was observed with 1,4-diazepane-
containing compound 17, implying that a selective TEADI1
inhibitor could be designed by tuning the size and/or
conformation of the core ring. Of note, in the reporter gene
assay, both 16 and 17 still maintain an ICy, of 171 + 88 and
522 =+ 263 nM, respectively, indicating TEAD1 as one of the
potential main contributors to TEAD transcription in NCI-
H226 cells.

https://doi.org/10.1021/acs.jmedchem.2c01548
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Figure 4. (A) Five-day antiproliferation activity of TEAD inhibitors in NCI-H226 cells. Data are presented as mean + SD for n = 3 biological
independent samples. (B) Correlation between antiproliferation ICs, values and 3-day reporter ICs, values.
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Finally, we incorporated a set of covalent warheads with
different electrophilic reactivity or conformational accessibility
to the cysteine (Table 4). First, we shielded acrylamide by
introducing methylene dimethylamine to pf-carbon of the
double bond, which is known to tune electrophilicity and
improve drug properties. Unfortunately, 19 became inactive on
all TEADs and did not inhibit TEAD transcription. Replacing
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acrylamide with propynamide (compound 18) selectively
impairs TEAD4 binding while maintaining decent inhibition
of the other TEADs, which translates well to cellular inhibition.
Inspired by the KRAS covalent inhibitor MRTX849 with a
fluorinated acrylamide as warhead, which resulted in a higher
resistance to GSH conjugation compared to its nonfluorination
version, we designed compound 21.”° Encouragingly, 21
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Figure 6. (A) Five-day antiproliferation activity of TEAD inhibitors in 94T778 cells. Data are presented as mean + SD of n = 3 biological
independent samples. (B) Correlation between antiproliferation ICs, values in mesothelioma cells NCI-H226 and liposarcoma cells 94T778. ICy,
curves for other compounds are provided in the Supporting Information.

displayed comparable activity with its fluorine-free counterpart
for TEADI-3 and a slight weaker inhibition of TEAD4.
Interestingly, the activity on TEAD4 was restored in
compound 22, where a smaller amino-pyrimidine group was
introduced to the hydrophilic pocket rather than triazole-
pyrimidine. Moreover, compound 22 exhibits a potent
inhibition on TEAD transcription with an ICg, value of 17 +
S nM. To further establish that the compounds form a covalent
complex with TEAD, the recombinant TEAD1-YBD protein
was incubated with 10-fold molar excess of compound 22 for 1
h at rt. We observed a mass shift consistent with compound 22
demonstrating its covalency (Figure SS).

Viability Assay. To further investigate whether the
observed transcriptional inhibition in the TEAD reporter
gene assay can be translated to antiproliferation activity in
TEAD-dependent cell lines, we conducted a 5-day proliferation
experiment in NCI-H226 mesothelioma cells with selected
compounds in reporter assays. As expected, top-ranked TEAD
inhibitors from the TEAD reporter assay all displayed a potent
inhibition of cell proliferation in NF2-deficient NCI-H226
mesothelioma cells among which compound 14 and
compound 22 are best-of-class with ICy, values of 16 and 24
nM, respectively, while they exhibited limited effect in NF2-
sufficient NCI-H28 mesothelioma cells (Figures 4A and $6).
In addition, we also plotted the ICgys from the reporter assay
against the antiproliferation ICsos from the NCI-H226
proliferation assay, which demonstrates a reasonable correla-
tion (Figure 4B).

Finally, to understand TEAD-YAP dependency in a larger
panel of cancer cells, we performed PRISM screening with a
DNA-barcoded cancer cell library (930 cell lines) with
compound 22.”* The area under the curve (AUC) was plotted
against YAP1 dependency from DepMap (https://depmap.
org/). Encouragingly, mesothelioma cells (MSTO-211H, NCI-
H2052), well-differentiated liposarcoma (94T778 and
95T1000), and liver cancer SKHEP-1 ranked most highly
(Figure SA,B). Correlation analysis demonstrated that the
knockout of TEADI, YAP1, and WWTRI (TAZ) is positively
correlated with the compound cytotoxicity profile, while NF2,
TAOKI, LATS2, and YAP-binding partner angiomotin like 2
(AMOTL2), which are well-characterized negative regulators
on TEAD/YAP activity in the Hippo pathway, are negatively
correlated (Figure SC, Table S1).*> Pearson correlation
analysis with portal data (drug sensitivity PRISM repurposing
primary screen) indicates that compound 22 has a high
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correlation of XAV939, a known tankyrase inhibitor that can
suppress YAP activity by the stabilization of AMOT family
proteins*® (Table S2).

To confirm compound activity in additional lineages
identified from PRISM, we choose 94T778 liposarcoma cells
for viability assays (Figures 6A and S6). A similar response was
observed with high ICy, correlation (R-square of 0.62)
between two TEADi-sensitive cell lines (Figure 6A,B). In
addition, according to the DepMap database, the gene
dependency scores for TEAD1/2/3/4 in 94TT78 are —1.61,
0.05, —0.36, and —0.32, respectively, which suggests that
TEAD1 inhibition may be the primary driver of compound
efficacy. Collectively, these PRISM results support 22 as a
highly selective TEAD inhibitor with a high therapeutic
potential in TEAD-driven malignancies.

B CONCLUSIONS

TEAD has emerged as a druggable target spurring extensive
medicinal chemistry efforts to develop TEAD inhibitors, and
two compounds have entered clinical evaluation. Our approach
to inhibit TEAD is through covalent engagement of a
palmitoylated cysteine. We first employed mass spectrome-
try-enabled protein labeling to screen covalent fragment library
and identified MYF-01-037 as the lead compound. Lead
optimization advanced MYF-01-037 as a linear molecule that
can occupy the lipid-binding pocket to a series of Y-shape
molecules that exploit an adjacent hydrophilic pocket. TR-
FRET and TEAD reporter assays demonstrate that overall the
Y-shaped scaffold improves the activity to an ICs, below 50
nM. Interestingly, TEAD isoforms respond differently to
certain modifications. For example, TEAD2 has a higher
tolerance for aliphatic rings than the other TEADs, as
exemplified by compounds 6 and 7. In contrast, TEADI
accommodates a larger aliphatic heterocycle than pyrrolidine
and thus exhibits greater sensitivity to compounds 16 and 17
than TEAD2/3/4. Our chemistry optimization eventually
resulted in the development of a potent pan-TEAD inhibitor
22 (MYF-03-176). We show that MYF-03-176 inhibits TEAD
in biochemical assays, diminishes TEAD-coordinate transcrip-
tional responses in a gene reporter assay, and has a potent
effect on cell viability in TEAD-dependent mesothelioma cells.
Barcoded cell line screens identified additional indications
including liposarcoma and liver cancers. In addition, 22 and its
analogues also provide a chemistry starting point to develop an

https://doi.org/10.1021/acs.jmedchem.2c01548
J. Med. Chem. 2023, 66, 4617—4632


https://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.2c01548/suppl_file/jm2c01548_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.2c01548/suppl_file/jm2c01548_si_001.pdf
https://depmap.org/
https://depmap.org/
https://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.2c01548/suppl_file/jm2c01548_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.2c01548/suppl_file/jm2c01548_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.2c01548/suppl_file/jm2c01548_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c01548?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c01548?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c01548?fig=fig6&ref=pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.jmedchem.2c01548/suppl_file/jm2c01548_si_002.csv
https://pubs.acs.org/doi/10.1021/acs.jmedchem.2c01548?fig=fig6&ref=pdf
pubs.acs.org/jmc?ref=pdf
https://doi.org/10.1021/acs.jmedchem.2c01548?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Journal of Medicinal Chemistry pubs.acs.org/jmc

Scheme 1. Synthesis of Compounds (+)-2—7“
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“Reagents and conditions: (a) NaNj;, NH,Cl, MeOH, 50—60 °C, 60% yield, or TMSN3, (15,25)-(+)-[1,2-cyclohexanediamino-N,N’-bis(3,5-di-t-
butylsalicylidene) Jchromium(III) chloride, K,CO3, MeOH, rt 71% yield. (b) 3-Ethynylpyridine, CuSO,, sodium L-ascorbate, THF, BuOH, H,0,
70 °C, 45% yield; (c) haloalkane or alkyl triflate, NaH, DMF, 0 °C; (d) TFA, DCM, rt >90% yield. (e) Acryloyl chloride, Et;N, DCM, 0 °C.

Scheme 2. Synthesis of Compounds (+)-1,8 and 9
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“Reagents and conditions: (a) 1-(bromomethyl)-4-(trifluoromethyl)benzene, NaH, DMF, 0 °C; (b) ethynylarene, CuSO,, sodium L-ascorbate,
THF, BuOH, H,0, 70 °C; (c) TFA, DCM, rt >90% yield. (d) Acryloyl chloride, Et;N, DCM, 0 °C; (e) TBAF, THF.

CF,3 CF,

a OH O\/@ cd 0 O\/©/

S1 —» BocN —_— BocNg —'»_}—Ng’
" ‘v —_— ‘v

Scheme 3. Synthesis of Compounds (+)-10—13“
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“Reagents and conditions: (a) nucleophile, base, solvent, 0 °C; (b) 1-(bromomethyl)-4-(trifluoromethyl)benzene, NaH, DMF, 0 °C; (c) TFA,
DCM, rt >90% yield; (d) acryloyl chloride, Et;N, DCM, 0 °C.

isoform-specific inhibitor, which might have a wider available tert-butyl 6-oxa-3-azabicyclo[3.1.0]hexane-3-carboxy-
therapeutic window than a pan-TEAD inhibitor. late S1 underwent epoxide ring opening reaction (either in a
Chemistry. Synthetic routes for the preparation of racemic way with sodium azide as the nucleophile or in an
compounds are outlined in Schemes 1—6. Commercially asymmetric way with TMSN; as the nucleophile and
4624 https://doi.org/10.1021/acs.jmedchem.2c01548
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Scheme 4. Synthesis of Compounds (+)-14—16
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“Reagents and conditions: (a) PPh;, H,0, THF, 70 °C; (b) TMSNj, (18,2S)-(+)-[1,2-cyclohexanediamino-N,N’-bis(3,5-di-t-butylsalicylidene)]-
chromium(IIT)chloride, K,CO;, MeOH, rt; (c) 1-(bromomethyl)-4-(trifluoromethyl)benzene, NaH, DMF, 0 °C; (d) DIPEA, BuOH, 70 °C; (e)

TFA, DCM, rt >90% yield; (f) acryloyl chloride, Et;N, DCM, 0 °C.

Scheme 5. Synthesis of Compounds (+)-17“
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“Reagents and conditions:

(a) 4-methoxybenzaldehyde, NaBH4, MeOH; (b) 1,3-dibromopropan-2-ol, Et;N, toluene, 120 °C; (c) 1-

(bromomethyl)-4-(trifluoromethyl)benzene, NaH, DMF, 0 °C; (d) TFA, 90 °C; (e) 2-chloropyrimidine, DIPEA, DMSO, 90 °C; (f) Acryloyl

chloride, Et;N, DCM, 0 °C.

chromium complex as the chiral auxiliary) to afford
intermediate S2. Subsequent copper-catalyzed click chemistry
with 3-ethynylpyridine gave intermediate S3. Nucleophilic
substitution reaction between S3 and various haloalkanes or
alkyl triflate provided intermediate S4, which was followed by
deprotection to afford intermediate SS. Coupling of SS with
acryloyl chloride provided the corresponding final compounds
(£)-2—7 (Scheme 1). Compounds (%)-1, 8, and 9 were
prepared via a slightly different route (Scheme 2). S\2 reaction
of 82 with 1-(bromomethyl)-4-(trifluoromethyl)benzene
afforded intermediate $6. Click chemistry of S6 with various
ethynylarenes afforded intermediate S7, and subsequent
deprotection and installation of acrylamide warhead resulted
in compounds (+)-1, 8 and 9. Similarly, the ring opening
reaction of epoxide with other nucleophilic reagents gave
intermediate S9, which enabled us to synthesize compounds
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(%£)-10—13 (Scheme 3). Reduction of azide S6 by using PPh,
provided amine S11. Nucleophilic aromatic substitution of S11
with 2-bromopyrimidine or 2-bromo-5-fluoropyrimidine af-
forded S12, following deprotection and installation of the
warhead, providing compounds (#)-14 and 1S5. Compound
(2)-16 was prepared from the starting material tert-butyl 7-
oxa-3-azabicyclo[4.1.0]heptane-3-carboxylate S13 via a similar
procedure with (#)-15 (Scheme 4). In particular, the synthesis
of compound (+)-17 started with the PMB protection of
ethane-1,2-diamine S$17. Subsequent cyclization and depro-
tection of PMB led to intermediate $20. Further, the 2-step
reaction afforded final product (+)-17 (Scheme 5). Finally, to
explore the effect of various Cys-reactive warheads, compounds
(3R,4R)-18—22 were synthesized via coupling of key optically
pure intermediates S8-1 or S12-2 with various warhead
precursors (Scheme 6).
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Scheme 6. Synthesis of Compounds (3R, 4R)-18—22“
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“Reagents and conditions: (a) acid or acyl chloride, coupling condition; (b) 2-fluoroacrylic acid, HATU, DIPEA, DMF, rt.

B EXPERIMENTAL SECTION

Compound Synthesis. Unless otherwise noted, reagents and
solvents were obtained from commercial suppliers and were used
without further purification. '"H NMR and *C NMR spectra were
recorded on a 500 MHz (Bruker AS00) spectrometer, and chemical
shifts are reported in parts per million (ppm, d) downfield from
tetramethylsilane (TMS). Coupling constants (J) are reported in Hz.
Spin multiplicities are described as s (singlet), br (broad singlet), d
(doublet), t (triplet), q (quartet), and m (multiplet). Mass spectra
were obtained on a Waters Micromass ZQ_instrument. Preparative
HPLC was performed on a Waters Sunfire C18 column (19 X S0 mm,
S uM) using a gradient of 15—95% methanol in water containing
0.05% trifluoroacetic acid (TFA) over 22 min (28 min run time) at a
flow rate of 20 mL/min. Purities of assayed compounds were in all
cases greater than 95%, as determined by reverse-phase HPLC
analysis. The HPLC traces have been provided in Figure S7.

General Procedure A for the Synthesis of Compounds 2-7.
Step 1: Racemic way: A mixture of S1 (10 g, 54 mmol), NaN; (7 g,
108 mmol), and NH,CI (2.8 g, 54 mmol) in MeOH (120 mL) and
H,0 (20 mL) was stirred at 60 °C under N, overnight. The reaction
mixture was concentrated in vacuum, and the residue was extracted
with ethyl acetate (300 mL X 3). The combined organic was washed
with water (200 mL X 2), dried over anhydrous Na,SO,, and
concentrated and purified by flash column chromatography on silica
gel (ethyl acetate in petroleum ether = 20% v/v) to obtain racemic S2
(11 g) as a oil.

Asymmetric way: A mixture of S1 (4 g 21.6 mmol), TMSN,
(2.664 g, 23.2 mmol), and chiral catalyst (1S,25)-(—)-[1,2-cyclo-
hexanediamino-N,N’-bis(3,5-di-t-butylsalicylidene) ]chromium (III)
chloride (328 mg, 0.42 mmol) was stirred at rt under N, overnight.
The reaction mixture was treated with MeOH (60 mL) and K,CO,
(1.788 g, 12.8 mmol), and stirring was continued at rt for S h. The
reaction mixture was diluted with ethyl acetate (300 mL), washed
with water (300 mL X 2), dried over anhydrous Na,SO,, and
concentrated and purified by flash column chromatography on silica
gel (ethyl acetate in petroleum ether = 20% v/v) to obtain §2 (3.5 g,
96% ee) as a clear oil.

Step 2: A mixture of $2 (1000 mg, 4.38 mmol), 3-ethynylpyridine
(451 mg, 4.38 mmol), CuSO, (654 mg, 2.6 mmol), and sodium L-
ascorbate (257 mg, 1.3 mmol) in THF (3 mL), H,O (3 mL), and
nBuOH (3 mL) was stirred at 70 °C overnight. The mixture was
diluted with water (50 mL) and extracted with ethyl acetate (60 mL).
The extract was washed with water (40 mL), dried over anhydrous
Na,SO,, and concentrated and purified by flash column chromatog-
raphy on silica gel (ethyl acetate in petroleum ether = 80% v/v) to
obtain S3 as a yellow solid (650 mg). LC—MS (ESI) m/z: 332 [M +
H]*

Step 3: To a mixture of §3 (100 mg, 0.3 mmol) in DMF (10 mL)
was added NaH (14 mg, 0.33 mmol). The mixture was stirred at rt for
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10 min, and then haloalkane (0.3 mmol) was added. The mixture was
stirred at rt under N, overnight. The mixture was diluted with water
(50 mL) and extracted with ethyl acetate (60 mL X 2). The extract
was washed with water (40 mL), dried over anhydrous Na,SO,, and
concentrated and purified by flash column chromatography on silica
gel to obtain intermediate $4 as a solid.

Step 4: A mixture of $4 (0.1 mmol) and TFA (1 mL) in DCM (3
mL) was stirred at rt for 2 h. The mixture was concentrated to afford
crude intermediate $5 which was used in the next step without further
purification.

Step S: To a mixture of 8§ (0.1 mmol) and Et;N (0.2 mmol) in
DCM (S mL) was added acryloyl chloride (0.1 mmol). The mixture
was stirred at 0 °C for 2 h and then concentrated and purified by
prep-HPLC to obtain the final compounds.

General Procedure B for the Synthesis of Compounds 1, 8,
and 9. Step 1: A mixture of S2 (3 g, 13.1 mmol), 1-(bromomethyl)-
4-(trifluoromethyl)benzene (3.1 g, 13.1 mmol), and 60% NaH (0.6 g,
15.7 mmol) in DMF (20 mL) was stirred at rt under N, protection for
6 h. The reaction mixture was diluted with water (100 mL) and
extracted with ethyl acetate (100 mL X 2). The combined organic was
washed with water (100 mL), dried over anhydrous Na,SO,, and
concentrated and purified by flash column chromatography on silica
gel (ethyl acetate in petroleum ether = 30% v/v) to obtain S6 (3.8 g)
as an oil.

Step 2: A mixture of S6 (100 mg, 0.44 mmol), 3-ethynylpyridine
(45 mg, 0.44 mmol), CuSO, (65 mg, 0.25 mmol), and sodium r-
ascorbate (25 mg, 0.13 mmol) in THF (0.5 mL), H,O (0.5 mL), and
nBuOH (0.5 mL) was stirred at 70 °C overnight. The mixture was
diluted with water (10 mL) and extracted with ethyl acetate (20 mL X
2). The extract was washed with water (20 mL), dried over anhydrous
Na,SO,, and concentrated and purified by flash column chromatog-
raphy on silica gel to obtain S7.

Step 3: A mixture of $7 (0.1 mmol) and TFA (1 mL) in DCM (3
mL) was stirred at rt for 2 h. The mixture was concentrated to give
crude intermediate S8 which was used in the next step without further
purification.

Step 4: To a mixture of S8 (0.1 mmol) and Et;N (0.2 mmol) in
DCM (S mL) was added acryloyl chloride (0.1 mmol) at 0 °C. The
mixture was stirred at rt for 2 h and then concentrated and purified by
prep-HPLC to obtain the final compounds.

General Procedure C for the Synthesis of Compounds 10—
13. Step 1: To a suspension of 60% NaH (32 mg, 0.8 mmol) in THF
(2 mL) was added the solution of nucleophile compound (0.8 mmol)
in THF (1 mL). The mixture was stirred at 0 °C under N, for 30 min,
and then S1 (100 mg, 0.54 mmol) was added. The resulting mixture
was heated at 60 °C under N, for 16 h. After cooling down to rt, the
mixture was diluted with ethyl acetate (10 mL X 2) and washed with
water (10 mL). The organic layer was dried over anhydrous Na,SO,,
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filtered, and concentrated and purified by flash column chromatog-
raphy on silica gel to afford intermediate S9.

Step 2: A mixture of S§9 (0.2 mmol), 1-(bromomethyl)-4-
(trifluoromethyl)benzene (0.2 mmol), and 60% NaH (0.3 mmol) in
DMF (1 mL) was stirred at rt under N, protection for 6 h. The
reaction mixture was diluted with water (10 mL) and extracted with
ethyl acetate (10 mL X 2). The combined organic was washed with
water (10 mL), dried over anhydrous Na,SO,, and concentrated and
purified by flash column chromatography on silica gel to afford
intermediate S10.

Step 3: A mixture of S10 (0.1 mmol) and TFA (1 mL) in DCM (3
mL) was stirred at rt for 2 h. The mixture was concentrated to give
the crude intermediate which was dissolved in DCM (5 mL), and
then Et;N (0.2 mmol) and acryloyl chloride (0.1 mmol) were added
at 0 °C. The resulting mixture was stirred at rt for 2 h and then
concentrated and purified by prep-HPLC to obtain the final
compounds.

General Procedure D for the Synthesis of Compounds 14—
16. S15 was prepared starting from S13 following a similar racemic
procedure as S6.

Step 1: A mixture of compound $6 (300 mg, 0.77 mmol), PPh,
(240 mg, 0.93 mmol), and H,0 (280 mg, 0.15 mmol) in THF (5
mL) was stirred at 70 °C under N, for § h. The mixture was diluted
with water (100 mL) and extracted with ethyl acetate (100 mL X 2).
The organic was washed with water (100 mL), dried over anhydrous
Na,SO,, and concentrated and purified by prep-HPLC to obtain
intermediate S11 as a yellow oil.

Step 2: A mixture of S11 (0.4 mmol), 2-chloropyrimidine or 2-
chloro-5-fluoropyrimidine (0.4 mmol), and DIPEA (1.2 mmol) in
BuOH (3 mL) was stirred at 70 °C under N2 overnight. The mixture
was concentrated and purified by prep-HPLC to obtain compound
$12 as an oil.

Step 3: A mixture of $12 (0.1 mmol) and TFA (1 mL) in DCM (3
mL) was stirred at rt for 2 h. The mixture was concentrated to give
the crude intermediate which was dissolved in DCM ($ mL), and
then Et;N (0.2 mmol) and acryloyl chloride (0.1 mmol) were added.
The resulting mixture was stirred at rt for 2 h and then concentrated
and purified by prep-HPLC to obtain the final compounds.

1-(trans-3-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)-4-((4-
(trifluoromethyl)benzyl)oxy)pyrrolidin-1-yl)prop-2-en-1-one (Com-
pound (%)-1). The title compound was prepared according to the
general procedure B.

'H NMR (400 MHz, CD;0D): § (ppm) 8.91 (d, ] = 1.8 Hz, 1 H),
8.50 (d, J = 49 Hz, 1 H), 8.43 (d, ] = 4.9 Hz, 1 H), 8.18 (dt, ] = 8.0,
1.8 Hz, 1 H), 7.51 (d, ] = 8.0 Hz, 2 H), 7.48—7.38 (m, 3 H), 6.60—
6.49 (m, 1 H), 623 (dd, ] = 16.8, 1.9 Hz, 1 H), 5.75—5.67 (m, 1 H),
5.41-5.30 (m, 1 H), 4.68 (d, J = 4.0 Hz, 2 H), 4.60—4.49 (m, 1 H),
4.32—4.16 (m, 1 H), 4.15—3.87 (m, 2 H), 3.85-3.63 (m, 1 H). 1*C
NMR (126 MHz, DMSO-dy): 6 164.2, 149.5, 146.9, 144.3, 143.0,
132.9, 129.4, 128.5, 128.3 (q, ] = 32.5 Hz), 127.9, 126.9, 125.6, 124.5,
1244 (q J = 272.2 Hz), 1222, 81.1, 70.5, 62.6, 50.2, 49.5. LC—MS
(ESI) m/z: 444 [M + H]".

1-(trans-3-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)-4-((5-
(trifluoromethyl)pyridin-2-yl)methoxy)pyrrolidin-1-yl)prop-2-en-1-
one (Compound (%)-2). The title compound was prepared according
to the general procedure A.

'H NMR (400 MHz, CD,0D): § (ppm) 9.03 (d, J = 1.8 Hz, 1H),
8.82 (s, 1H), 8.65 (d, ] = 6.2 Hz, 1H), 8.58—8.51 (m, 1H), 8.30 (d, J
= 8.0 Hz, 1H), 8.13 (dd, J = 82, 1.9 Hz, 1H), 7.70 (d, ] = 8.2 Hz,
1H), 7.54 (dd, J = 7.9, 4.9 Hz, 1H), 6.68 (dd, J = 16.8, 10.4 Hz, 1H),
636 (dd, J = 16.8, 1.4 Hz, 1H), 5.82 (ddd, J = 10.5, 3.7, 1.9 Hz, 1H),
5.58—5.47 (m, 1H), 491 (d, J = 3.5 Hz, 2H), 4.82—4.72 (m, 1H),
4.48—3.82 (m, 4H). '*C NMR (126 MHz, DMSO-dy): 6 164.2, 162.7,
149.5, 146.9, 146.7, 144.3, 134.8, 132.9, 129.4, 128.0, 126.9, 125.1 (q,
J =334 Hz), 124.1, 124.0 (q, ] = 272.2 Hz), 122.3 (d, ] = 4.1 Hz),
121.8, 81.53, 71.87, 62.59, 50.29, 49.50. LC—MS (ESI) m/z: 445 [M
+ H]".

1-(trans-3-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)-4-((6-
(trifluoromethyl)pyridin-3-yl)methoxy)pyrrolidin-1-yl)prop-2-en-1-
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one (Compound (%)-3). The title compound was prepared according
to the general procedure A.

'"H NMR (400 MHz, CD;0D): § (ppm) 9.04 (d, ] = 2.2 Hz, 1H),
8.76—8.50 (m, 3H), 8.31 (dt, J = 7.9, 1.9 Hz, 1H), 8.03 (d, ] = 8.2 Hz,
1H), 7.80 (d, J = 8.1 Hz, 1H), 7.56 (dd, J = 8.0, 4.9 Hz, 1H), 6.67
(ddd, J = 16.8, 10.4, 3.5 Hz, 1H), 6.36 (dd, ] = 16.8, 1.7 Hz, 1H), 5.83
(ddd, J = 10.5, 5.1, 1.9 Hz, 1H), 5.58—5.44 (m, 1H), 4.97 (s, 2H),
4.81-4.68 (m, 1H), 4.48—4.03 (m, 3H), 4.02—3.80 (m, 1H). *C
NMR (126 MHz, DMSO-d,): § 164.2, 149.7, 149.5, 146.9, 146.2 (q, ]
= 33.5 Hz), 144.3, 137.8, 137.7, 132.9, 129.4, 128.0, 126.9 (d, ] = 2.8
Hz), 124.5, 122.2, 122.2 (q, J = 272.2 Hz), 1209, 8122, 68.3, 62.6,
50.2, 49.5. LC—MS (ESI) m/z: 445 [M + H]*.

1-(trans-3-(3-Chloro-5-(trifluoromethyl)benzyloxy)-4-(4-(pyridin-
3-yl)-1H-1,2,3-triazol-1-yl)pyrrolidin-1-yl)prop-2-en-1-one (Com-
pound (%)-4). The title compound was prepared according to the
general procedure A.

'"H NMR (400 MHz, CD;0D): § (ppm) 9.03 (d, ] = 1.1 Hz, 1H),
8.62 (d, ] = 49 Hz, 1H), 8.55 (d, ] = 4.9 Hz, 1H), 8.31 (dt, ] = 8.0,
1.8 Hz, 1H), 7.68—7.51 (m, 4H), 6.67 (ddd, ] = 16.7, 10.4, 4.4 Hz,
1H), 6.36 (d, ] = 16.8 Hz, 1H), 5.83 (ddd, J = 10.4, 5.6, 1.9 Hz, 1H),
5.56—5.40 (m, 1H), 4.82—4.63 (m, 3H), 4.40—4.0S (m, 3H), 3.97—
3.76 (m, 1H). C NMR (126 MHz, DMSO-dy): § 164.2, 149.5,
146.9, 144.3, 142.3, 134.5, 132.9, 131.8, 131.3 (q, J = 33.5 Hz), 129.4,
127.9 (d, ] = 2.3 Hz), 126.9 (d, ] = 3.2 Hz), 124.8, 124.5,123.8 (q, ] =
272.2 Hz), 123.3, 122.1, 81.0, 69.8, 62.6, 50.1, 49.4. LC—MS (ESI)
m/z: 478 [M + H]".

1-(trans-3-(2-Chloro-5-(trifluoromethyl)benzyloxy)-4-(4-(pyridin-
3-yl)-1H-1,2,3-triazol-1-yl)pyrrolidin-1-yl)prop-2-en-1-one (Com-
pound (+)-5). The title compound was prepared according to the
general procedure A.

'"H NMR (400 MHz, CD;0D): § (ppm) 9.03—8.98 (m, 1H), 8.64
(d, J = 5.2 Hz, 1H), 8.55—8.50 (m, 1H), 8.31—8.26 (m, 1H), 7.80 (s,
1H), 7.61 (s, 2H), 7.55=7.51 (m, 1H), 6.70—6.61 (m, 1H), 6.37—
6.30 (m, 1H), 5.83—5.77 (m, 1H), 5.57—5.45 (m, 1H), 4.86 (s, 2H),
4.79—4.68 (m, 1H), 4.42—3.80 (m, 4H). *C NMR (126 MHz,
DMSO-dy): 6§ 164.2, 149.5, 146.9, 144.3, 137.1, 137.0, 132.9, 130.7,
129.4,129.3, 128.5 (q, ] = 33.5 Hz), 127.9, 126.9, 126.6, 126.4, 124.4
(d, ] =2.3 Hz), 124.2 (q, J = 272.2 Hz), 122.2 (d, ] = 3.3 Hz), 8144,
68.3, 62.6, 50.1, 49.5. LC—MS (ESI) m/z: 478 [M + H]".

1-(trans-3-((4,4-Difluorocyclohexyl)methoxy)-4-(4-(pyridin-3-yl)-
1H-1,2,3-triazol-1-yl)pyrrolidin-1-yl)prop-2-en-1-one (Compound
(£)-6). The title compound was prepared according to the general
procedure A.

'"H NMR (400 MHz, CD;0D): § (ppm) 8.91 (d, ] = 1.2 Hz, 1H),
8.55—8.40 (m, 2H), 8.18 (dt, J = 8.0, 1.9 Hz, 1H), 7.43 (dd, J = 8.0,
4.9 Hz, 1H), 6.55 (ddd, J = 16.8, 10.4, 2.5 Hz, 1H), 6.28—6.20 (m,
1H), 5.70 (ddd, J = 10.5, 4.7, 1.9 Hz, 1H), 5.29—5.18 (m, 1H), 4.43—
4.32 (m, 1H), 4.27—4.16 (m, 1H), 4.07—3.37 (m, SH), 1.91 (ddd, J =
13.9, 7.0, 3.5 Hz, 2H), 1.76—1.54 (m, SH), 1.26—1.13 (m, 2H). 3C
NMR (126 MHz, DMSO-d): § 164.2, 149.5, 146.9, 1442, 132.9,
129.5, 127.9, 126.9, 124.8 (t, ] = 240.6 Hz), 124.5, 122.3, 81.2, 73.6,
62.5,50.3, 49.4, 35.5, 32.8 (t, ] = 23.8 Hz), 25.8 (d, ] = 9.6 Hz). LC—
MS (ESI) m/z: 418 [M + H]".

1-(trans-3-((Adamantan-1-yl)methoxy)-4-(4-(pyridin-3-yl)-1H-
1,2,3-triazol-1-yl)pyrrolidin-1-yl)prop-2-en-1-one (Compound
(£)-7). The title compound was prepared according to the general
procedure A.

'"H NMR (400 MHz, CD;0D): § (ppm) 9.04 (d, ] = 2.1 Hz, 1H),
8.68—8.53 (m, 2H), 8.37—8.21 (m, 1H), 7.55 (dd, ] = 7.9, 5.0 Hz,
1H), 6.68 (dd, J = 16.8, 10.4 Hz, 1H), 6.36 (dd, ] = 16.8, 1.7 Hz, 1H),
5.83 (ddd, J = 10.5, 4.6, 1.9 Hz, 1H), 5.41-5.20 (m, 1H), 4.46—4.38
(m, 2H), 4.12—4.02 (m, 2H), 3.85—3.67 (m, 1H), 3.21 (d, ] = 2.5 Hz,
2H), 1.97 (s, 3H), 1.80—1.70 (m, 6H), 1.59 (s, 6H). *C NMR (126
MHz, DMSO-di): § 164.2, 149.5, 146.9, 144.2, 132.9, 129.5, 127.9,
126.9, 124.5, 122.3, 81.6, 80.1, 50.3, 49.0, 39.3, 37.1, 33.9, 28.0. LC—
MS (ESI) m/z: 434.3 [M + H]".

1-(trans-3-(4-(Pyrimidin-4-yl)-1H-1,2,3-triazol-1-yl)-4-(4-
(trifluoromethyl)benzyloxy)pyrrolidin-1-yl)prop-2-en-1-one (Com-
pound (+)-8). The title compound was prepared according to the
general procedure B.
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'"H NMR (400 MHz, CD;0D): § (ppm) 9.17 (d, ] = 1.2 Hz, 1H),
8.85 (d, ] = 5.0 Hz, 1H), 8.76 (d, ] = 5.0 Hz, 1H), 8.12 (dd, ] = 44,
1.2 Hz, 1H), 7.63 (d, ] = 8.1 Hz, 2H), 7.53 (d, ] = 8.1 Hz, 2H), 6.66
(dd, J = 16.8, 10.4 Hz, 1H), 6.35 (d, ] = 16.8 Hz, 1H), 5.82 (ddd, J =
10.4, 5.4, 1.9 Hz, 1H), 5.60—5.44 (m, 1H), 4.79 (d, ] = 3.4 Hz, 2H),
4.73—4.62 (m, 1H), 4.46—3.74 (m, 4H). C NMR (126 MHz,
DMSO-dy): 6 164.2, 159.4, 158.7, 156.8, 145.7, 143.0, 129.4, 128.5,
128.3 (q, J = 32.5 Hz), 128.0, 125.6 (d, ] = 4.4 Hz), 125.5, 124.4 (q, ]
=272.2 Hz), 116.8, 80.9, 70.5, 62.8, 50.3, 49.4. LC—MS (ESI) m/z:
445 [M + H]*.

1-((trans)-3-(1H-1,2,3-Triazol-1-yl)-4-((4-(trifluoromethyl)-
benzyl)oxy)pyrrolidin-1-yl)prop-2-en-1-one (Compound (+)-9). The
title compound was prepared according to the general procedure B.

'"H NMR (400 MHz, DMSO-dy): & (ppm) 828 (dd, J = 5.6, 1.1
Hz, 1H), 7.80 (dd, ] = 3.8, 1.1 Hz, 1H), 7.70 (d, ] = 7.9 Hz, 2H), 7.52
(d, ] = 8.0 Hz, 2H), 6.61 (ddd, ] = 16.8, 10.4, 1.5 Hz, 1H), 6.18 (ddd,
J =168, 3.0,2.3 Hz, 1H), 5.72 (ddd, ] = 10.8, 8.7, 2.3 Hz, 1H), 5.44
(ddt, J = 35.9, 7.6, 4.1 Hz, 1H), 4.78—4.67 (m, 2H), 4.52 (ddt, ] =
30.3, 5.8, 3.7 Hz, 1H), 4.24 (dd, J = 11.5, 7.0 Hz, 0.5H), 4.11 (dd, ] =
11.5, 4.5 Hz, 0.5H), 4.07—3.99 (m, 1H), 3.92 (dd, J = 13.2, 4.1 Hz,
0.5H), 3.87—3.77 (m, 1H), 3.58 (dd, J = 13.2, 3.6 Hz, 0.5H). *C
NMR (126 MHz, DMSO-d): § 164.1, 143.0, 134.1, 129.4, 128.7 (q, ]
=32.7 Hz), 128.4 (d, ] = 3.3 Hz), 127.9, 125.6 (t, ] = 4.2 Hz), 125.0,
124.7 (q, J = 272.2 Hz), 80.9, 70.4, 62.1, 50.3, 49.6. LC—MS (ESI)
m/z: 367 [M + H]".

1-(trans)-3-(1H-Pyrazol-1-yl)-4-((4-(trifluoromethyl)benzyloxy)-
pyrrolidin-1-yl)prop-2-en-1-one (Compound (£)-10). The title
compound was prepared according to the general procedure C.

'"H NMR (400 MHz, CD,0D): § (ppm) 7.74 (dd, ] = 5.2, 2.4 Hz,
1H), 7.63 (d, ] = 8.0 Hz, 2H), 7.56 (d, ] = 1.6 Hz, 1H), 747 (d,] =
8.1 Hz, 2H), 6.66—6.59 (dd, J = 16.8, 10.4 Hz, 1H), 6.36—6.30 (m,
2H), 5.85—5.74 (m, 1H), 5.18—5.02 (m, 1H), 4.68 (d, ] = 5.8 Hz,
2H), 4.51-4.42 (m, 1H), 4.28—4.08 (m, 2H), 4.01-3.93 (m, 1H),
3.83—3.65 (m, 1H). *C NMR (126 MHz, DMSO-dy): & 164.1, 143.3,
139.9, 130.4, 129.5, 128.5 (q, ] = 32.5 Hz), 128.3,127.7,125.6 (d, ] =
3.1 Hz), 124.4 (q, ] = 272.2 Hz), 106.1 (d, ] = 5.6 Hz), 81.2, 70.3,
63.2, 55.3, 51.1. LC—MS (ESI) m/z: 366 [M + H]*.

2-(trans-1-Acryloyl-4-((4-(trifluoromethyl)benzyl)oxy)pyrrolidin-
3-yl)pyridazin-3(2H)-one (Compound (%)-11). The title compound
was prepared according to the general procedure C.

'"H NMR (400 MHz, CD;0D): § (ppm) 7.94 (dd, J = 3.8, 1.6 Hz,
1H), 7.65 (d, J = 8.0 Hz, 2H), 7.57 (d, ] = 7.9 Hz, 2H), 7.50—7.40
(m, 1H), 7.02 (dt, ] = 9.5, 1.6 Hz, 1H), 6.64 (ddd, ] = 16.8, 12.6, 10.5
Hz, 1H), 6.32 (dd, J = 16.8, 1.5 Hz, 1H), 5.84—5.76 (m, 1H), 5.69—
5.59 (m, 1H), 4.82 (dd, J = 19.8, 7.6 Hz, 2H), 4.42—4.29 (m, 1H),
4.24—4.09 (m, 1H), 4.05—3.99 (m, 1H), 3.99—3.83 (m, 1H), 3.77 (d,
J = 3.7 Hz, 1H). 3C NMR (126 MHz, DMSO-d,): § 163.9, 161.5,
147.0, 132.6, 132.5, 128.5 (q, J = 32.5 Hz), 127.1 (d, ] = 4.4 Hz),
1269, 124.4 (q, ] = 2722 Hz), 122.9, 122.4, 117.2, 80.9, 70.4, 62.1,
50.3, 49.6. LC—MS (ESI) m/z: 394 [M + H]*".

1-(trans-3-(4-(Methylsulfonyl)phenyl)-4-(4-(trifluoromethyl)-
benzyloxy)pyrrolidin-1-yl)prop-2-en-1-one (Compound (+)-12).
The title compound was prepared according to the general procedure
C.

'"H NMR (400 MHz, DMSO-dg): 6 (ppm) 7.90 (dd, J = 8.3, 2.6
Hz, 2H), 7.69 (d, ] = 8.3, 2.6 Hz, 2H), 7.60 (d, ] = 8.4 Hz, 2H), 7.48
(d, J = 8.0 Hz, 2H), 6.69—6.58 (m, 1H), 6.22—6.15 (m, 1H), 5.75—
5.67 (m, 1H), 4.66 (d, ] = 3.4 Hz, 2H), 4.33—4.22 (m, 1H), 4.13—
3.99 (m, 1H), 3.95-3.40 (m, 4 H), 3.21 (s, 3 H). *C NMR (126
MHz, DMSO-dy): § 164.0, 146.2, 143.4, 139.9, 129.7, 129.3, 128.9,
128.5 (q, ] = 32.5 Hz), 128.3 (d, ] = 5.2 Hz), 127.8 (d, J = 2.4 Hz),
125.9, 124.7 (q, ] = 272.2 Hz), 82.4, 70.4, 50.6, 49.5, 47.5, 43.9. LC—
MS (ESI) m/z: 454 [M + H]".

1-(trans)-3-(Pyridin-2-ylmethyl)-4-((4-(trifluoromethyl)-
benzyloxy)pyrrolidin-1-yl)prop-2-en-1-one (Compound (+)-13).
The title compound was prepared according to the general procedure
C.

'H NMR (400 MHz, CD;0D): § (ppm) 8.55—8.42 (m, 1H),
7.84—7.72 (m, 1H), 7.61 (d, ] = 8.1 Hz, 2H), 7.48—7.25 (m, 4H),
6.60 (ddd, ] = 16.7, 10.4, 5.0 Hz, 1H), 6.29 (dd, J = 16.8, 1.9 Hz, 1H),
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5.76 (ddd, ] = 10.4, 4.4, 1.9 Hz, 1H), 4.61 (d, ] = 6.2 Hz, 2H), 4.07—
3.40 (m, SH), 3.01—2.73 (m, 3H). 3*C NMR (126 MHz, DMSO-d,):
5 164.1, 159.6, 149.6, 143.6, 136.9, 129.8, 128.5 (q, J = 33.5 Hz),
128.3, 127.3, 125.5 (p, J = 3.6 Hz), 124.7 (q, ] = 272.2 Hz), 123.8,
121.9 (d, ] = 4.4 Hz), 80.9, 69.6, 50.4, 49.3, 42.0, 39.2. LC—MS (ESI)
m/z: 391 [M + H]".
1-(trans-3-(Pyrimidin-2-ylamino)-4-((4-(trifluoromethyl)benzyl)-
oxy)pyrrolidin-1-yl)prop-2-en-1-one (Compound (+)-14). The title
compound was prepared according to the general procedure D.

'"H NMR (400 MHz, CD;0D): § (ppm) 8.33 (d, ] = 4.8 Hz, 2H),
7.63 (dd, J = 28.8, 8.2 Hz, 4H), 6.74—6.55 (m, 2H), 631 (dd, ] =
16.8, 1.9 Hz, 1H), 5.78 (dd, ] = 10.4, 1.7 Hz, 1H), 4.85 (t, ] = 6.6 Hz,
2H), 4.61 (dd, ] = 20.0, 6.0 Hz, 1H), 4.27—4.17 (m, 1H), 4.11-3.67
(m, 4H). ®C NMR (126 MHz, DMSO-dg): 6 164.2, 161.9, 158.4,
143.6, 129.8 (d, J = 5.7 Hz), 128.6 (q, ] = 33.5 Hz), 128.2, 127.1,
125.5 (d, J = 3.6 Hz), 124.7 (q, ] = 272.2 Hz), 111.2, 80.6, 69.8, 54.6,
50.2, 49.7. LC—MS (ESI) m/z: 393 [M + H]*.

1-(trans-3-((5-Fluoropyrimidin-2-yl)amino)-4-((4-
(trifluoromethyl)benzyl)oxy)pyrrolidin-1-yl)prop-2-en-1-one (Com-
pound ()-15). The title compound was prepared according to the
general procedure D.

'H NMR (400 MHz, DMSO-dy): & (ppm) 8.41 (d, J = 0.9 Hz,
2H), 7.75-7.52 (m, SH), 6.56 (ddd, J = 17.2, 10.3, 7.2 Hz, 1H),
6.21-6.08 (m, 1H), 5.67 (ddd, J = 10.3, 4.6, 2.4 Hz, 1H), 4.82—4.68
(m, 2H), 4.37 (dt, ] = 18.8, 6.0 Hz, 1H), 4.15—4.01 (m, 1H), 3.87
(ddd, J = 24.3, 11.4, 5.2 Hz, 1H), 3.77—3.60 (m, 2H), 3.60—3.51 (m,
1H). F NMR (376 MHz, DMSO-dy): & 60.90, 60.91, 156.07,
156.08. F NMR (376 MHz, DMSO-d;): § —60.9, —156.1. *C NMR
(126 MHz, DMSO-dy): § 1642, 159.1, 1524 (d, J = 2452 Hz),
145.9, 143.6 (d, J = 5.1 Hz), 129.9 (d, ] = 6.5 Hz), 128.6 (q, ] = 33.5
Hz), 128.3,127.1, 125.5 (q, ] = 4.3, 3.9 Hz), 124.7 (q, ] = 272.2 Hz),
80.5, 69.7, 55.2, 50.2, 49.7. LC—MS (ESI) m/z: 411 (M + H)".

1-(trans-4-(5-Fluoropyrimidin-2-ylamino)-3-(4-(trifluoromethyl)-
benzyloxy)piperidin-1-yl)prop-2-en-1-one (Compound (£)-16). The
title compound was prepared according to the general procedure D.

'"H NMR (400 MHz, CD;0D): § (ppm) 8.21 (s, 2H), 7.51 (dt, J =
15.9, 8.4 Hz, 4H), 6.76 (ddd, ] = 20.8, 16.8, 10.7 Hz, 1H), 6.19 (t, ] =
15.5 Hz, 1H), 5.73 (dd, ] = 14.7, 11.0 Hz, 1H), 4.76—4.55 (m, 2H),
4.41-3.42 (m, 6H), 2.13 (s, 1H), 1.61 (dt, J = 14.7, 6.8 Hz, 1H). *C
NMR (126 MHz, DMSO-dg): § 164.9, 159.7,152.2 (d, ] = 247.6 Hz),
146.0, 144.3, 128.6 (q, ] = 33.5 Hz), 128.1, 128.1, 127.7, 125.4, 124.7
(q,J =2722 Hz), 77.5, 69.7, 52.7, 47.0, 43.6, 29.5. LC—MS (ESI) m/
z: 425 [M + HJ".

1-(4-(Pyrimidin-2-yl)-6-(4-(trifluoromethyl)benzyloxy)- 1,4-diaze-
pan-1-yl)prop-2-en-1-one (Compound (+)-17). Step 1: A mixture of
4-methoxybenzaldehyde (2 g, 14.7 mmol), ethane-1,2-diamine S16
(440 mg, 7.35 mmol), and NaBH, (558 mg, 14.7 mmol) in MeOH
(30 mL) was stirred at rt under N, overnight. The mixture was diluted
with water (100 mL) and extracted with EtOAc (3 X 50 mL). The
combined organic was washed with brine (100 mL), dried over
anhydrous Na,SO,, filtered, and concentrated to afford crude
intermediate S17 as an oil (1.5 g). LC—MS (ESI) m/z: 301[M + H]".

Step 2: A mixture of crude S17 (1000 mg, 3.0 mmol), 1,3-
dibromopropan-2-ol (650 mg, 3.0 mmol), and Et;N (600 mg, 6.0
mmol) in toluene (20 mL) was stirred at 120 °C under N, for 4 days.
The mixture was concentrated and purified by prep-HPLC to obtain
S$18 as a brown solid (300 mg). LC—MS (ESI) m/z: 357 [M + H]".

Step 3: To a solution of $18 (400 mg, 1.1 mmol) in DMF (S mL)
was added NaH (136 mg, 3.2 mmol) at 0 °C. The mixture was stirred
at rt for 10 min, and then 1-(bromomethyl)-4-(trifluoromethyl)-
benzene (268 mg, 1.1 mmol) was added. The resulting mixture was
stirred at rt under N, overnight. The mixture was diluted with water
(100 mL) and extracted with EtOAc (S0 mL X 3). The combined
organic was washed with brine (100 mL), dried over anhydrous
Na,SO,, and concentrated and purified by prep-HPLC to obtain
compound S19 as a yellow oil (300 mg). LC—MS (ESI) m/z: 515 [M
+H]".

Step 4: A mixture of S19 (250 mg, 0.48 mmol) and TFA (20 mL)
was stirred at 90 °C under N, for 4 days. The mixture was
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concentrated to afford crude compound $20 as a white solid (100
mg). LC—MS (ESI) m/z: 275 [M + H]".

Step S: A mixture of $20 (200 mg, 0.72 mmol), 2-chloropyrimidine
(80 mg, 0.72 mmol) and DIPEA (280 mg, 2.16 mmol) in DMSO (15
mL) was stirred at 90 °C under N, for 3 h. The mixture was diluted
with water (100 mL) and extracted with EtOAc (50 mL X 3). The
combined organic was concentrated, and the residue was purified by
prep-HPLC to obtain S21 as a yellow oil (50 mg). LC—MS (ESI) m/
z: 353 [M + H]*.

Step 6: A mixture of $21 (50 mg, 0.14 mmol), acryloyl chloride (13
mg, 0.14 mmol), and Et;N (28 mg, 0.28 mmol) in DCM (15 mL) was
stirred at 0 °C for 2 h. The mixture was concentrated and purified by
prep-HPLC to obtain compound 17 as a yellow oil (11 mg).

'H NMR (400 MHz, CD;OD): § (ppm): 8.38—8.25 (m, 2H),
7.69—7.40 (m, 4H), 6.93—6.56 (m, 2H), 6.30—5.58 (m, 2H), 4.87—
3.39 (m, 10H), 3.15-3-08 (m, 1H). *C NMR (126 MHz, DMSO-d,):
5 166.0, 161.9, 161.3, 158.5, 145.4, 129.1 (q, J = 33.5 Hz), 128.3,
126.1 (q, J = 3.8 Hz), 1242 (q, ] = 272.2 Hz), 110.9, 110.7, 74.8,
69.9, 50.2, 48.6, 47.3, 46.7. LC—MS (ESI) m/z: 407 [M + HJ".

1-((3R,4R)-3-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)-4-(4-
(trifluoromethyl)benzyloxy)pyrrolidin-1-yl)but-2-yn-1-one (Com-
pound 18). A mixture of 3-(1-((3R4R)-4-((4-(trifluoromethyl)-
benzyl)oxy)pyrrolidin-3-yl)-1H-1,2,3-triazol-4-yl)pyridine (100 mg,
0.25 mmol), but-2-ynoic acid (30 mg, 0.25 mmol), HATU (140
mg, 0.37 mmol), and Et;N (50 mg, 0.5 mmol) in DCM (10 mL) was
stirred at rt for 2 h. The mixture was concentrated and purified by
prep-HPLC to obtain compound 18 as a white solid (30 mg).

'"H NMR (400 MHz, CD;0D): § (ppm) 9.09—8.98 (m, 1H), 8.60
(d, ] = 4.4 Hz, 1H), 8.57—-8.53 (m, 1H), 8.33—8.27 (m, 1H), 7.70—
7.50 (m, SH), 5.52—5.40 (m, 1H), 4.79 (d, ] = 8.3 Hz, 2H), 4.67—
4.62 (m, 1H), 4.44—3.69 (m, 4H), 2.06 (d, ] = 7.2 Hz, 3H). *C
NMR (126 MHz, DMSO-dy): 6 152.4, 149.5, 146.9, 144.3, 142.9,
132.9, 128.6 (q, J = 33.5 Hz), 128.5 (d, J = 2.3 Hz), 126.9, 125.6 (d, ]
=3.9 Hz), 1247 (q, ] = 272.2 Hz), 124.5, 122.30, 89.14, 80.96, 74.29,
70.56, 62.47, 51.43, 49.09, 3.71. LC—MS (ESI) m/z: 456 [M + H]".

(E)-4-(Dimethylamino)-1-((3R,4R)-3-(4-(pyridin-3-yl)-1H-1,2,3-tri-
azol-1-yl)-4-(4-(trifluoromethyl)benzyloxy)pyrrolidin-1-yl)but-2-en-
T-one (Compound 19). A mixture of 3-(1-((3R4R)-4-((4-
(trifluoromethyl)benzyl) oxy)pyrrolidin-3-yl)-1H-1,2,3-triazol-4-yl)-
pyridine (100 mg, 0.25 mmol), (E)-4-(dimethylamino)but-2-enoic
acid (385 mg, 0.25 mmol), HATU (142 mg, 0.37 mmol), and TEA
(50 mg, 0.5 mmol) in DCM (S mL) was stirred at rt for 2 h. The
mixture was concentrated and purified by prep-HPLC to obtain
compound 19 as a white solid (60 mg).

'H NMR (400 MHz, CD;0D): § (ppm) 9.03 (d, J = 2.1 Hz, 1H),
8.65—8.51 (m, 2H), 8.35—8.25 (m, 1H), 7.66—7.50 (m, SH), 6.91
(dt, J = 15.2, 6.5 Hz, 1H), 6.51 (d, ] = 15.3 Hz, 1H), 5.53—5.38 (m,
1H), 4.80 (d, ] = 6.1 Hz, 2H), 4.67 (dd, ] = 24.5, 5.4 Hz, 1H), 4.44—
3.99 (m, 3H), 3.96—3.75 (m, 1H), 3.21 (dd, J = 8.7, 3.3 Hz, 2H), 2.30
(d,J = 5.5 Hz, 6H). 3*C NMR (126 MHz, DMSO-d;): § 164.2, 149.5,
146.9, 144.3, 142.9, 142.8, 132.9, 128.7 (q, ] = 33.5 Hz), 128.4 (d, ] =
4.2 Hz), 1269 (d, ] = 1.9 Hz), 125.6 (q, ] = 3.8 Hz), 124.6 (q, ] =
2722 Hz), 124.4 (d, ] = 2.3 Hz), 123.4, 122.1, 81.0, 70.5, 62.7, 60.3,
502, 49.5, 45.5. LC—=MS (ESI) m/z: 501 [M + H]*.

1-((3R,4R)-3-(4-(Pyridin-3-yl)-1H-1,2,3-triazol-1-yl)-4-(4-
(trifluoromethyl)benzyloxy)pyrrolidin-1-yl)-2-(trifluoromethyl)-
prop-2-en-1-one (Compound 20). A mixture of 3-(1-((3R4R)-4-
((4-(trifluoromethyl)benzyl) oxy) pyrrolidin-3-yl)-1H-1,2,3-triazol-4-
yl)pyridine (S0 mg, 0.12 mmol), 2-(trifluoromethyl)acrylic acid (20
mg, 0.12 mmol), HATU (70 mg, 0.18 mmol), and TEA (25 mg, 0.25
mmol) in DCM (6 mL) was stirred at rt for 2 h. The mixture was
concentrated and purified by prep-HPLC to obtain compound 20 as a
white solid (S mg).

'"H NMR (400 MHz, CD,0D): § (ppm) 9.03 (s, 1H), 8.60 (d, ] =
10.4 Hz, 1H), 8.56 (d, J = 4.4 Hz, 1H), 8.30 (d, J = 7.5 Hz, 1H),
7.71=7.49 (m, SH), 6.33 (d, J = 10.3 Hz, 1H), 6.12 (s, 1H), 5.52—
5.40 (m, 1H), 4.84—4.58 (m, 3H), 4.38—4.03 (m, 3H), 3.88—3.76
(m, 1H). 3C NMR (126 MHz, DMSO-d,): § 162.3, 149.5, 146.9,
1443, 142.9, 1332, 132.9, 129.1 (q, J = 332 Hz), 128.5, 128.44,
127.2 (q,J = 33.2 Hz), 125.6 (d, ] = 4.0 Hz), 125.6 (q, ] = 272.2 Hz),
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124.5,122.3 (d, ] = 8.1 Hz), 122.1 (q, J = 275.6 Hz), 80.9, 70.5, 62.5,
52.2, 49.8. LC—MS (ESI) m/z: 512.2 [M + H]".
2-Fluoro-1-((3R,4R)-3-(4-(pyridin-3-yl)-1H-1,2,3-triazol-1yl)4(4-
(trifluoromethyl)benzyloxy)pyrrolidin-1-yl)prop-2-en-1-one (Com-
pound 21). A mixture of 3-(1-((3R4R)-4-((4-(trifluoromethyl)-
benzyl)oxy)pyrrolidin-3-yl)-1H-1,2,3-triazol-4-yl)pyridine (100 mg,
0.25 mmol), 2-fluoroacrylic acid (30 mg, 0.25 mmol), HATU (140
mg, 0.37 mmol), and Et;N (50 mg, 0.5 mmol) in DCM (10 mL) was
stirred at rt for 2 h. The mixture was concentrated and purified by
prep-HPLC to obtain compound 21 as a yellow oil (44 mg).

'H NMR (400 MHz, CD;0D): 5 (ppm) 9.03 (s, 1H), 8.61 (s,
1H), 8.55 (dd, J = 5.2, 1.2 Hz, 1H), 8.30 (d, ] = 7.8 Hz, 1H), 7.70—
7.50 (m, SH), 5.56 (dd, J = 47.2, 3.2 Hz, 1H), 5.51-5.42 (m, 1H),
531 (dd, J = 16.5, 3.5 Hz, 1H), 4.81 (s, 2H), 4.70—4.60 (m, 1H),
4.52—3.79 (m, 4H). 3C NMR (126 MHz, DMSO-d): § 159.7, 156.9
(d, J =267.9 Hz), 149.5, 146.9, 144.3, 142.9, 132.9, 128.7 (q, ] = 33.2
Hz), 1284 (d, ] = 4.8 Hz), 1269, 125.6 (d, ] = 3.9 Hz), 124.7 (q,] =
2722 Hz), 1244, 122.3, 101.2 (d, ] = 15.3 Hz), 80.7, 70.5, 62.5, 51.5,
50.5. LC—MS (ESI) m/z: 462 [M + H]*.

2-Fluoro-1-((3R,4R)-3-(pyrimidin-2-ylamino)-4-((4-
(trifluoromethyl)benzyl)oxy)pyrrolidin-1-yl)prop-2-en-1-one (Com-
pound 22). A mixture of 3-(1-((3R4R)-4-((4-(trifluoromethyl)-
benzyl)oxy)pyrrolidin-3-yl)-1H-1,2,3-triazol-4-yl)pyridine (200 mg,
0.58 mmol), 2-fluoroacrylic acid (60 mg, 0.69 mmol), HATU (256
mg, 0.69 mmol), and DIPEA (224 mg, 1.74 mmol) in DMF (S mL)
was stirred at rt overnight under N, protection. The reaction mixture
was monitored by LC—MS. The reaction mixture was concentrated
and purified by p-HPLC to obtain compound 22 as a white solid (150
mg). "H NMR (400 MHz, MeOD): 5 8.44 (s, 2 H), 7.82—7.50 (m, 4
H), 6.83 (dd, J = 8.3, 4.9 Hz, 1 H), 5.50 (dt, ] = 47.1, 3.3 Hz, 1 H),
527 (dt, J = 16.5, 3.4 Hz, 1 H), 4.82 (dd, J = 13.3, 8.8 Hz, 2 H),
4.68—4.57 (m, 1 H), 4.28-3.67 (m, 5 H). 3C NMR (126 MHz,
DMSO-dy): § 161.6, 159.6, 158.3, 156.9 (d, ] = 265.7 Hz), 143.4,
128.5, (q, J = 33.2 Hz), 128.1 (d, ] = 9.0 Hz), 125.3 (d, ] = 3.9 Hz),
124.5 (q, ] = 272.2 Hz), 111.1 (d, J = 4.9 Hz), 1002 (dd, ] = 18.7,
15.5 Hz), 79.8, 69.5, 54.0, 51.2, 50.6. LC—MS (ESI) m/z: 411 [M +
H]"

Cell Lines. NCI-H226 (ATCC, #CRL-5826) mesothelioma cells,
NCI-H28 (ATCC, #CRL-5820) mesothelioma cells, 94T778 (ATCC,
#CRL-3043) well-differentiated liposarcoma cells, and NCI-H226
reporter cells were cultured in RPMI1640 media supplemented with
10% FBS and 1% penicillin/streptomycin. Cells were passaged for no
longer than 6 weeks for all experiments and tested negative for
Mycoplasma using the MycoAlert mycoplasma detection kit (Lonza,
#LT07-318).

Cell Proliferation. NCI-H226 cells were seeded in 384 white
plates (Corning, #3570) at the density of 100 cells per well with the
total volume of 50 uL. Seeded cells were treated with TEAD
inhibitors using the HP D300 digital dispenser (Tecan) and incubated
for S days. On day S, 12.5 uL of CellTiter-Glo reagent (Promega,
#G7570) was added to the plate and incubated for 20 min. The
luminescent signal was read using a PHERAstar FSX plate reader
(BMG Labtech), and data were normalized to DMSO-treated
samples.

TEAD Gene Reporter Assay. TEAD transcriptional assay was
conducted as previously described.'” NCI-H226 cells were infected by
150 uL of TEAD luciferase reporter lentivirus (BPS Bioscience,
#79833) in the presence of 8 ug/mL polybrene. After 3 days of
infection, cells were selected by 1 ug/uL puromycin. For testing
TEADi, the selected cells were seeded in two 384 white plates
(Corning, #3570) at a density of 1000 cells per well with the total
volume of 40 uL. Seeded cells were treated with TEAD inhibitors
using the HP D300 digital dispenser (Tecan). After 3 day treatment,
the luciferase activity was measured by One-Glo luciferase reagents
(Promega, #E6110). which was normalized by cell viability using
CellTiter-Glo reagent (Promega, #G7570).

PRISM. PRISM study (MTS019) was conducted as previously
described.”” The compound was tested at an 8-point dose for 5-day
treatment, with 902 cancer cells passing QC. Correlation and
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biomarker analyses were performed using data from DepMap
(https://depmap.org/portal/download/all/).

Protein Purification. TEAD2/3/4-YBD protein purification was
conducted as previously described.'” TEAD1-YBD (209-424)
expression vector was cloned using ligation-independent cloning
with a 6XHis tag at the N-terminus of the inserted gene. Protein
expression in Rosetta(DE3) pLysS competent cells (Sigma, #70956)
was inducted using 0.4 mM in isopropyl-1-thio-p-galactopyranoside at
18 °C for 16 h. Cell pellets were harvested and lysed in lysis buffer
(20 mM HEPES pH 7.5, 800 mM NaCl, 10 mM imidazole pH 8, 10%
glycerol, and 2 mM 2-mercaptoethanol) and purified using Cobalt
resin. Then, elutes were further purified using gel filtration in the final
buffer (20 mM Tris—HCI pH 8, 150 mM NaCl, and 1 mM TCEP).
Protein was frozen down in the presence of 5% glycerol.

TR-FRET. TR-FRET experiments were conducted in the assay
buffer (50 mM HEPES pH 7.5, 200 mM NaCl, and 0.1% Pluronic F-
68 solution) as previously described.”” The synthesis of TR-FRET
tracer WZJ10 has been described in the Supporting Information. In
the assay, 100 nM His-TEAD-YBD recombinant protein was
pretreated with TEAD inhibitors for S h in a 384 low-volume black
plate (corning, #4514), and then 800 nM WZJ-10 was added to the
plate followed by the addition of MAb Anti-6HIS Tb cryptate Gold
HTREF (PerkinElmer, #61HI2TLA) with the final concentration of 50
ng/mL. The TR-FRET signal (490/520 nm) was collected using a
PHERAstar FSX plate reader (BMG Labtech).

Intact Mass Spectrometry Analysis. TEAD1 protein was
incubated with DMSO or a 10-fold molar excess of compound 22
for 1 h at rt. Reactions were then analyzed by LC—MS using a
Shimadzu autosampler and LC (Marlborough, MA) interfaced to an
LTQ ion trap mass spectrometer (Thermo Fisher Scientific, San Jose,
CA). Reactions were injected onto a self-packed column (0.5 mm
ILD., packed 5 cm POROS SOR2 from Applied Biosystems,
Framingham, MA), desalted for 4 min with 100% A (A = 02 M
acetic acid in water), gradient eluted (0—100% B in 1 min; A = 0.2 M
acetic acid in water, B = 0.2 M acetic acid in acetonitrile), and
introduced to the mass spectrometer by electrospray ionization (spray
voltage = 4.5 kV). The mass spectrometer was programmed to acquire
full scan MS data (m/z 300—2000). Mass spectra were deconvoluted
using MagTran version 1.03b2.>°
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