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Abstract

Targeted small-molecule therapies in mutant epidermal growth factor receptor (EGFR) non-small
cell lung cancer (NSCLC) have undergone several generations of development in response to
acquired drug resistance. With the emergence of the highly prevalent T790M and C797S drug-
resistant mutations, a diverse arsenal of ATP-competitive molecules has led to the front-line drug
AZD9291 (osimertinib) and several in clinical development. Several allosteric inhibitors bind a
site adjacent to the ATP-binding site and exhibit synergy when dosed in combination with certain
ATP-competitive inhibitors. Structure-guided design of molecules that anchor to both sites
simultaneously, namely ATP-allosteric bivalent inhibitors, have been reported as proof-of-concept
EGFR mutant-selective compounds, however their properties are underexplored and currently
exhibit modest activity in human cancer cell lines. To better understand the structural and functional
properties of such molecules, we have carried out structure-activity relationships (SAR) defining
the groups of the allosteric pocket that are responsible for enabling mutant selectivity and potency
of this series. We find that the back pocket phenol ring enables stronger binding while the
methylisoindolinone is responsible for enabling selectivity for the oncogenic mutations. An
optimized allosteric site-binding group and a C797-targeting ATP-site scaffold exhibit inhibitory
effects in a variety of EGFR mutant cell lines, which is improved over earlier examples.
Additionally, a closely related reversible-binding analogue exhibits mutant-selective activity and
~1 nM biochemical potency against L8S8R/T790M/C797S and promising antiproliferative effects
in human cancer cells indicating that ATP-allosteric bivalent kinase inhibitors may serve as tool
compounds in understanding overcoming these important resistance mechanisms. These results
highlight the utility of bivalent ATP-allosteric compounds in understanding the impact certain
functional groups have in the potency and mutant-selectivity enabled by allosteric pocket binding.

The results of this study incentivize further investigations of compounds that bind within an exit
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vector made accessible in the inactive aC-helix “out” conformation as a novel approach for kinase

inhibitors.
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Introduction

Non-small-cell lung cancer (NSCLC) is commonly driven by activating mutations in the
kinase domain of the epidermal growth factor receptor (EGFR) and most prominently the single-
point mutation L858R (LR) and the in-frame exon-19-deletion (ex19del).!? Small-molecule
therapies are rendered successful by these compounds exhibiting selective inhibition of the mutant
EGFR kinase and limited activity on wildtype thereby establishing a viable therapeutic window.
Initial generations of quinazoline-based first (e.g., gefitinib, lapatinib (pan-ErbB-inhibitor)) and
second generation (e.g., neratinib (pan-ErbB-inhibitor)) small-molecule EGFR tyrosine kinase
inhibitors (TKIs) (Figure 1) are eventually rendered ineffective through well appreciated drug
resistance mechanisms,>* e.g., by acquisition of a secondary T790M gatekeeper mutation (TM)
that is found in approximately 50% of patients.>” While most of these TKIs bind merely to the
ATP-site, type 1.5 inhibitors lapatinib and irreversible binding neratinib partially bind within an
allosteric pocket with a fluorophenyl or pyridine moiety, respectively, made accessible due to the
outward rotation of the aC-helix in the inactive conformation.®? The advanced third-generation
EGFR TKIs are based on a mutant-selective anilinopyrimidine scaffold that is selective for the
TM-containing kinase and is equipped with a Michael acceptor functionality poised to covalently
react with residue C797 for maximal efficacy (e.g., osimertinib, lazertinib (Figure 1)).!"
However, despite their initial efficacy, patients eventually develop resistance, in some cases due to
a tertiary C797S mutation (CS) that annuls the utility of these covalent warheads, due to the

decreased nucleophilicity of the serine residue. 21413

Development efforts for alternative EGFR inhibitors capable of treating tumors harboring
resistant mutations resulted in the discovery of ATP non-competitive phenylglycine-based

inhibitors, e.g., EAI045 and subsequently optimized inhibitors JBJ-04-125-02 and JBJ-09-063
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(Figure 1).'6-!® These compounds all bind to the allosteric pocket adjacent to the ATP-binding site
in the kinase “aC-helix out” inactive conformation with mutant-selective targeting of TM and CS-
containing kinase domains, and show encouraging efficacy in in vitro assays and in vivo xenograft

16—

models.!*!¥ Tmportantly, first examples allosteric inhibitors (i.c., EAI045) are rendered less

effective in biological settings due to dimerization-dependent effects that can be blocked if co-

administered with the dimerization blocking antibody cetuximab.!'®-!8

Recently, combinations of
third generation TKIs and allosteric inhibitors have shown synergistic tumor regression and
cocrystal structures of EGFR with inhibitors bound simultaneously to both sites suggested a

cooperative binding mode with supportive efficacy outcomes.!”-1-2

In addition to allosteric inhibitors, several ATP-competitive compounds have been reported
and show promising inhibition of CS-containing tumors where no current drugs are approved.!>-!
Our earlier work reported a series of trisubstituted imidazole-based EGFR inhibitors with reversible
and irreversible properties as a promising basis with high activity on LR/TM- and LR/TM/CS
mutant EGFR.?>?* We characterized several compounds biochemically and structurally and
demonstrated that one of the responsible reversible bindings for overcoming CS mutations is
influenced by an imidazole-dependent H-bond with the catalytic lysine (K745).%° Other advanced
inhibitors from industrial research programs feature analogous interactions with a variety of

functionalities,?¢°

e.g., the wild-type sparing, isoquinoline-based inhibitor BLU-945 that
positions a methoxy group towards K745 (Figure 1) and is currently evaluated in a phase 1/2

clinical trial in combination with osimertinib against progressed NSCLC.3%3!
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Figure 1: Chemical structures of representative EGFR inhibitors of 19-4" generation. Warheads of covalent
inhibitors are colored in red. Allosteric pocket binding moieties are colored in green.

Inspired by these previous studies, efforts have been directed toward producing and
studying ATP-allosteric spanning bivalent compounds that comprise structural elements from ATP
and allosteric site inhibitors.*?** Our groups recently reported the structure-guided design of ATP
and allosteric sites-spanning inhibitors by merging a trisubstituted imidazole with EAI045 (Figure
2). A small subset of compounds was shown to be biochemically active exhibiting mutant
selectivity based on the inclusion of a significant allosteric pocket binding group. A covalent
analogue LN4234 potently inhibited the enzymatic activity of the LR/TM/CS mutation, exhibited
modest cellular efficacies on LR and LR/TM in Ba/F3 cell line models, and this cellular activity
was invariant of added cetuximab indicating that bivalent scaffolds do not suffer this liability which

was observed in allosteric inhibitor EAT1045 .32
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To further understand the structural and functional properties of spanning ATP-allosteric
inhibitors, we herein present insights into the structure-activity relationships (SAR) of
benzylisoindoline-derived trisubstituted imidazole EGFR inhibitors. Optimization of the groups
that bind within the allosteric pocket result in improved enzymatic and cellular potency compared
to previous lead molecules and provide key insights into how allosteric inhibitors acquire their
unique mutant selective properties and motivate drug development to exploit this pocket in other

protein kinases.

/
/

orthosteric

Figure 2: Overview of the EGFR kinase domain and superimposed cocrystal structures of orthosteric binding
imidazole-based inhibitor LN2057 (green, PDB code 6V6K) and allosteric inhibitor EAI045 (yellow, PDB code
6PI1L). The isoindolinone motif of EAI045 occupies a hydrophobic region in proximity to the a.C-helix, which renders
mutant-selectivity for bivalent inhibitors. Chemical structures of LN2057, EAI045 and the bivalent inhibitor LN3844
are shown and relevant aromatic rings for the SAR study are designated as A, B and C in the merged inhibitor LN3844.

Results
To characterize the SAR of trisubstituted imidazole-based bivalent EGFR inhibitors, we
focused our design efforts on moieties that bind inside the allosteric pocket and prepared

derivatives by a modular synthetic strategy. Synthesis of the trisubstituted imidazole scaffold

7
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followed our previously described conditions with slight adjustments (Scheme 1,3).>> Newly
prepared carboxylic acids of the allosteric-motifs (Scheme 2) were combined with amines of the
pyridinyl-imidazole scaffolds via amide coupling, followed by acidic deprotection (Scheme 4) like

previously described.*
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Scheme 1 Synthesis of the ATP-binding orthosteric motifs - Reagents and conditions are as follows: i) SEM-CI, NaH
(60% dispersion in mineral oil), THF, 0 °C, quant.; ii) t--BuOK, EtOH, rf, 96%; iii) n-BuLi, THF, - 80 °C, quant., iv)
3-(N-Boc-amino)phenylboronic acid, K3POq trihydrate, P(t-Bu)s Pd G3, 1,4-dioxane/H>0, 50 °C, 85%, v) NBS, ACN,
-35°C, 77%, vi) N-(3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl)acetamide, K3;PO« trihydrate, P(t-Bu)s; Pd
G3, 1,4-dioxane/H>0, 55 °C, 64%, vii) 5 % TFA in DCM, rt, 68%, viii) 3 M NaOH (aq), MeOH, 55 °C, 94%; ix)
Bromobenzene, Cs:COs, BrettPhos Pd G3, 1,4-dioxane/t-BuOH, rf, 79-87%, x) 10% TFA in DCM, rt, 57-67%. With
adjustments to our previously described conditions.’*3*
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Scheme 2 Synthesis of allosteric motifs. Reagents and conditions are as follows: A) i) MeOH, cat. H:SOq, rf, 77%; ii)
NBS, cat. AIBN, CCly, rf, 75%, iii) K-phthalimide, DMF, rt, 72%; iv) conc. HCI/AcOH (1+1), Sn, 40 °C, 95%, v) 3 N
NaOH, THF, 50 °C, 72 %. B) i) MeOH, cat. H2SOy, rf, 93%, ii) Ac20, cat. 4-DMAP, TEA, THF, rt, 93%; iii) NBS, cat.
AIBN, CCly, rf; quant.; iii) K-phthalimide, DMF, rt, 94%, iv) conc. HCl/AcOH (1+1), Sn, 40 °C, 73%, v) Ac20, cat.
4-DMAP, TEA, THF, rt, 96%.
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Scheme 3: Preparation of orthosteric motifs. Reagents and conditions are as follows: A) i) HBr (48%), DMSO, 60
°C, 87%; ii) Boc20, TEA, DCM, rt, 88%, iii) $24, Cs2COs, BrettPhos Pd G3, 1,4-dioxane/t-BuOH, rf, 86%, iv) Fe,
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Bis(pinacolato)diboron, KOAc, Pd(dppf)Cl:, 1,4-dioxane, 100 °C, 60%.; iv) 5-Bromo-2-(methylthio)-4-(3-
nitrophenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)- 1 H-imidazole, K3POs trihydrate, P(t-Bu)3 Pd G3, 1,4-dioxane/H-0,
55 °C, 81%, v) Zn, NHiCOO, MeOH, rt, 58%. C) i) N-(3-bromo-4-methoxyphenyl)propionamide, Cs:CO3, BrettPhos
Pd G3, 1,4-dioxane/t-BuOH, rf, 96%, ii) Zn, NH:COO, MeOH, rt, 40%.
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Structure-activity relationships

We first set out to evaluate reversible binding compounds 1-7 comprising a variety of
functional groups within the allosteric-site in HTRF-based biochemical activity assays with
purified wild-type (WT) and EGFR mutants (Table 1).!* Building on our earlier study,’? we
prepared compounds 1 and 2, which consist of a relatively simple benzoic acid and a 3-
hydroxybenzoic acid in the position that would bind the allosteric pocket, respectively and are
found to be most potent against WT and LR and to a lesser extent against LR/TM and LR/TM/CS.
Introduction of the hydroxy group (2 and LN3753) showed a 10-fold higher activity on all
enzymes, consistent with potency improvements influenced by phenyl substitution patterns as seen
in allosteric inhibitors EAI001 and EAI045 (Table 1, Table S1).!® Further elaborations into this
group include methylene-linked isoindolinone- (3) or phthalimide-motifs (4) that negatively impact
potency compared to 1. Additionally, a hydrolyzed phthalimide-motif 5 showed no appreciable

11
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improvements to potency as well. We then examined the effects of the -F and -OH phenyl
substitutions 6 and 7 (Ring A, Figure 2), as inspired by earlier allosteric inhibitors and our
previously reported complexes.'®*? 7 was found to be the most potent analogue consisting of a
phenolic hydroxy group and an isoindolinone, which is notably simpler compared to our earlier
LN3844. 3 An important comparison to these newer molecules is the clinically-approved type 1.5
TKI lapatinib, which similarly anchors a phenyl ring within the allosteric pocket and is highly
potent against WT and LR but practically inactive against TM (Table 1).* Our spanning ATP-
allosteric inhibitors are unique from lapatinib in that they are potent against TM-containing EGFR
kinase domains with ICso values below 1 nM. Additionally, changes to overall potency are
generally accomplished through changes to the phenol while the methylisoindolinone allows for
mutant-selective inhibition as seen for 1 versus 3. These biochemical SAR showcase the regions
of inhibitor where structure-based optimization enables for overall inhibitor potency (phenyl) and
mutant selectivity (methylisoindolinone) all located in regions of the inhibitor that bind within the

allosteric pocket.

12
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Table 1: Biochemical Activities against WT and Mutant EGFR of Inhibitors with Variance of the Allosteric Motif.
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\ / NH
HN\(
EGFR ICso [nM] ™!
Compound R!
WT LR LR/TM LR/TM/CS
O
1 d_, <10 45+ 4 590 + 30 560 + 40
(@]
2 <10 524023 51+4 54+4
HO
(o]
(o]
3 N 2 i\ 1 > 1000 120£5 460 + 30 450 + 30
(o]
(o]
4 N 290 + 50 7745 870 + 70 > 1000
(o]
HO
(@] (o]
HN
5 n.d. 730 + 400 n.d. n.d.
(@]
(o]
(o]
6 N > 1000 190 + 8 930 + 70 > 1000
F
(o]
(0]
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LN3753 6.2+1 [a] 5.5+0.3[a] 32+ 3 [a] 8.0+ 1 [a]
HO F
O
0o
LN3843 N > 1000 [a] 280 + 22 [a] > 1000 [a] > 1000 [a]
HO F
0
N 0O
LN3844 5.8+ 1.0 [a] 1.2+ 0.4 [a] 51+3[a] 32+ 6]a]
%Ho F
Lapatinib - <10 <0.1 > 1000 > 1000

[a] Data from Wittlinger and Heppner et al.>? [b] ICso values were measured from a single experiment in triplicate.
The ATP concentration was 100 uM. Errors are reported as + the standard error.

Having arrived at an optimal structure of the allosteric-site moiety, we next prepared an
advanced series of derivatives to explore the SAR at the ATP-binding site (Table 2). Based on our
earlier studies, we concentrated on the derivatization of position 2 of the imidazole (R!, Table 2)
and the amine of the hinge-binding motif (R?, Table 2).2%23-*2 We first evaluated the effect of a
chlorine substituent on the pyridine ring (R3, Table 2) to correlate with other EGFR TKIs with
similar substitutions [e.g., mobocertinib and neratinib (Figure 1)],3¢° however no improvements
to potency were observed in resulting compound 8 (Table 2). Derivatives 9 and 10 showed ICso
values in a similar range compared to 7 consistent with the apparent tolerance of substitutions at
R2.2324 Phenyl rings at the HR-II instead of N-acetyl amides (11-13, R?, Table 2) showed ~10-fold
reduction in potency on all enzymes, which could in turn be restored by the introduction of a
piperazine at the para position of the HR-II occupying phenyl (14). These observations show that
the biochemical potencies of the optimal allosteric site group are generally unchanged with respect
to groups bound at the ATP site and may be the ideal positions for future property-structure

optimizations.*#!

14
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Table 2: Biochemical Activities against WT and Mutant EGFR of Inhibitors with an Optimized Allosteric Motif and
Derivatized Pyridinyl-imidazole Moieties.

o)
N= R3
N NH
R2 _ OH
HN__N N
Y o
R1
EGFR ICso [nM] ™
Compound R! R? R3
WT LR LR/TM | LR/TM/CS
S 0 Cl
8 SN \8{ e >1000 | 500£80 |  >1000 >1000
0 H
9 b \8{ s <10 | 033+0.03 | 0354007 | 0.09+0.01
O 0 H
10 O %{ 'S <10 | 026+0.02 | 0284004 | 0124001
11 SN Y© T 303 | 61208 | 2824 5741
12 A Y© Mo 3643 | 22203 | 22:4 341
13 O \(© Mol 8110 | 26202 | 53+04 21402
(" ONH
14 WSS \(@NJ Mol 1622 | 10201 | 06+01 | 0.58+0.06

[a] ICs0 values were measured from a single experiment in triplicate. The ATP concentration was 100 uM. Errors are

reported as + the standard error.

To gain structural insights into the binding of our optimized bivalent inhibitor 14, we

carried out compound soaking with EGFR(TM/V948R) crystals as performed previously.

25,32,42

The V948R (VR) mutation is located within the kinase domain and enables crystallization of the
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inactive aC-helix out conformation as this substitution prevents the formation of active asymmetric
dimers in the crystal lattice. We succeeded in determining a cocrystal structure of derivative 14
bound to the inactive conformation of EGFR at 2.49 A-resolution, which shows the binding of this
compound as desired within ATP and allosteric pockets (Figure 3A, Figure S1, Table S2). The 2-
aminopyridine H-bonds to hinge residue M793 and the imidazole is acting as an H-bond acceptor
for the catalytic lysine (K745) as observed in earlier structures (Figure S3).'222? The 4-
phenylpiperazine is positioned towards the solvent and occupies the HR-II region, and a water
molecule is found H-bonding with the imidazole nitrogen opposite from K745. The allosteric site
motif is anchored in this site by an H-bond to T854 while the D855 of the DFG-motif interacts
through bidentate H-bonding with K745. The phenol interacts with F856 of the DFG-motif through
an H-bond to the backbone and n-stacking interactions with the sidechain. Importantly, the mutant
selectivity-enabling isoindolinone moiety is located along the aC-helix with its ketone directed
away from the aC-helix. We found that the overall binding mode of the bivalent ATP-allosteric
inhibitor 14 is consistent with the binding mode of our earlier cocrystal structures of LN3844
(Figure S3B) and the allosteric inhibitor EAI045 (Figure 3B).2!3* Additionally, we determined a
cocrystal structure of a phthalimide-containing derivative of EAI001 (FRF-06-057) soaked into
identical TM/VR crystals and show this molecule bound within the allosteric pocket (Figure 3C,
Table S1, Scheme S1). Biochemical assays (Table 1, Table S1) indicate that the dual-ketone
structure FRF-06-057 does not make additional electrostatic interactions within the allosteric site
as consistent with the binding of LN3844. Importantly, the cocrystal structure of 14 confirms the
binding mode of our optimized ATP-allosteric bivalent compound showcasing the expected

orientation of the phenol and isoindolinone within the allosteric pocket.
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aC-helix

Figure 3: X-ray crystallographic definition of the binding mode of ATP-allosteric sites spanning inhibitor 14 and
structural superposition with allosteric EGFR inhibitors. A) Binding mode of 14 in complex with EGFR(TM/VR). B)
Superposition of crystal structures of 14 (green) and EAI045 (vellow, PDB code 6P1L). C) Superposition of crystal
structures of 14 (green) and FRF-06-057 (magenta). The VR mutation allows for the crystallization of the EGFR
kinase domain in the inactive conformation. P-loop of kinase domain hidden for better view on the binding site.

17

https://doi.org/10.26434/chemrxiv-2023-zzfc3 ORCID: https://orcid.org/0000-0002-0722-5160 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-zzfc3
https://orcid.org/0000-0002-0722-5160
https://creativecommons.org/licenses/by-nc-nd/4.0/

Table 3 Time-dependent kinetic parameters of WT and Mutant EGFR for 15, 16 and LN4234.

N= R’
_o HN—N\ /
HN__N
N L
AN
/ "o
Compound R! WT LR LR/TM
Apparent
0
o Finae K [1/Ms] 1350 £ 20 24500 + 300 2930+ 100
15 Ci/fN v [1/5] 0.0011 + 0.00573 + 0.00091 +
et 0.00001 0.00009 0.00001
K1 [uM] 0.814 +0.021 0.234 + 0.006 0.31+£0.013
Apparent
0
o Finae K [1/Ms] 753+ 13 14900 = 200 2190 + 60
16 N s [1/5] 0.00099 = 0.00411 + 0.00117 +
o et 0.00002 0.00006 0.00002
Ki [uM] 1.32+£0.04 0.276 + 0.007 0.543 £ 0.02
Apparent
o
. Jinae/ K1 [1/M*s] 1340 + 20 24200 + 400 2450+ 70
N 0.00089 + 0.00107 +
LN4234 QA\W : ;ﬁ .
5. ) Kinact [1/5] 0.00001 0.0055 + 0.00009 0.00001
K1 [uM] 0.662 +£0.016 0.227 £ 0.006 0.438 £0.016

Total enzyme concentration WT EGFR, LR and LR/TM at 4 nM.
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Table 4: Biochemical Activities against LR/TM/CS Mutant EGFR of Covalent Bivalent Inhibitors (15-18).

N= R’
_o HN—\ 7 NH
HN_ N
NH b
N
/ o
Reversible EGFR ICso [nM] 8!
Compound R!
LR/TM/CS
0
15 0
N Z ; E > 1000
0
16 0
N 1.2+0.09
HO
0
17 0
N 340 + 50
F
0
18 0
N 1.6+0.1
HO F
0
\ o)
LN4234 : >>:E 4.9+1.0[a]
0
HO F
Osimertinib - >1000 [a]
Neratinib - 280 +20

[a] ICs0 values were measured from a single experiment in triplicate. The ATP concentration was 100 uM. Errors are
reported as + the standard error.
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We next sought to assess the potency of compounds designed as irreversible binding ATP-
allosteric bivalent scaffolds by incorporating a Michael acceptor as covalent warhead in the HR-II
region to address the C797-residue at the edge of the ATP-site*? (Tables 3 & 4). A subset of
molecules were assayed in time-dependent measurements of inhibitor potency (kinact/K1)*P, which
show that these inhibitors exhibit mutant-selective potency against LR and LR/TM kinases mainly
due to reversible binding (K1) as the rate of covalent bond formation is largely similar (kinact, Table
3). The CS-containing EGFR kinase domain does not form covalent bonds with inhibitors of this
type and can be used to assess strength of reversible-binding. Compounds 15-18 have an
isoindolinone motif in common but differ in substitution patterns of their phenyl rings that strongly
impact the potency of these molecules against LR/TM/CS. The 5-fluoro substituent 17 is less
effective compared to 2-hydroxy containing 16 and 18 further supporting the notion that the phenol
is important in enabling tighter binding within these bivalent inhibitors. In contrast, clinically
approved covalent inhibitors osimertinib and neratinib showed high activity on WT, LR, and
LR/TM enzymes but have limited activity against the CS-containing EGFR kinase indicating that
our bivalent compounds are capable of inhibiting this drug resistant mutation due to their stronger
reversible binding. For completeness, we have also measured 1Cso values for WT, LR, and LR/TM
for these irreversible-binding compounds, but acknowledge that these measurements are not
rigorous enough to make strong claims regarding SAR (Table S3).** Additionally, we prepared an
alkylated imidazole analogue 19 and compound 20, which harbors a propionamide instead of the
acrylamide warhead that is not capable of covalent bond formation and a routinely employed
control to assess reversible-binding properties of acrylamide-containing compounds.*+
Biochemical evaluation of 19 and 20 showed practically identical ICso values against LR/TM/CS
with 20 exhibiting strong and mutant-selective potency, which is expected as the Michael acceptor

acrylamide likely contributes minimally to reversible binding (Table 5). The functional studies of
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covalent bivalent inhibitors show similar trends in SAR further demonstrating the importance of

the allosteric site group in enabling potency and selectivity of these compounds.

Table 5 Biochemical Activities against WT and Mutant EGFR of alkylated analogue 19 and propionamide derivative

20.
N= 0
o HNTN / 19 X = -(CH,)-, =W
= 0
HNYN 20X =-S-,R'= \gk/
NH
R
EGFR ICs [nM]

Compound WT LR LR/TM LR/TM/CS

19 - - - 0.91+0.1

20 29+4 2402 0.91%0.1 0.99+ 0.1

[a] ICs0 values were measured from a single experiment in triplicate. The ATP concentration was 100 uM. Errors are
reported as + the standard error.

To better understand the biological activity of these structurally diverse bivalent
compounds, we next evaluated the antiproliferative activity of several compounds in Ba/F3 cell
lines expressing a variety of EGFR mutations (Table 6). We also employed Ba/F3 cells expressing
the activating EGFRVIII mutation (vIII) to assess WT-related activity as this protein contains a WT
kinase domain and is simpler to culture compared to WT EGFR expressing Ba/F3 cells as they
require EGF in the culture medium and the mutants do not.*’*8 Generally, our reversible binding
compounds (7, 9-14), showed limited antiproliferative activity despite their low nM biochemical
ICso values (Table 6). Corresponding irreversible derivatives (15-19) exhibited antiproliferative
activity, with preferential activity against LR and to a lesser extent LR/TM (Table 6) as consistent
with our earlier studies indicating the importance of the covalent bond formation process in cellular

activity.?>23-2 Uniquely, these compounds also exhibit modest cellular activity against Ba/F3 cells
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expressing exon 19 deletion delE746-A750 (ex19del) with 15 being most potent. This is
unexpected since type 1.5 (lapatinib) and allosteric (EAI045) EGFR inhibitors are limitedly
effective against this mutation and instead imply that bivalent ATP-allosteric inhibitors are
uniquely capable of targeting this prevalent mutations.!®*” We also observed that a subset of our
molecules 16, 19, 20 were modestly active against the LR/TM/CS variant implying that they are
capable of strong reversible binding to EGFR (Table 6). The propionamide derivative 20 that lacks
the ability to make a covalent bond to C797 still exhibits antiproliferative activity in several cell
lines, although generally to a lesser extent than the corresponding covalent analogue 16 with the
notable exception of LR/TM/CS. This is somewhat expected as reversible binding analogues of
covalent inhibitors are likely to be less efficacious on account of their lower residence times despite
similar reversible binding properties.*** The variable potencies measured in Ba/F3 cell
antiproliferation assays indicate that our structurally optimized bivalent compounds effectively
target activating EGFR mutations, most potently LR and ~10-fold improved over our earlier

molecule LLN4234 .32
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Table 6: Antiproliferative Activities on the Proliferation of Ba/F3 Cell Lines Models of Selected EGFR Mutants.

Ba/F3 Cellular ECsp [nM] !
Compound
LR LR/TM LR/TM/CS ex19del VvIII (WT)
7 > 10,000 > 10,000 nd. > 10,000 > 10,000
? > 10,000 > 10,000 nd. > 10,000 > 10,000
10 > 10,000 > 10,000 n.d. > 10,000 > 10,000
1 3700 + 1000 > 10,000 n.d. 4000 + 580 > 10,000
12 3900 + 200 > 10,000 > 10,000 nd. > 10,000
13 2900 + 1000 > 10,000 n.d. > 10,000 > 10,000
14 > 10,000 > 10,000 > 10,000 > 10,000 > 10,000
15 170 + 20 880 + 100 > 10,000 1400 + 160 1700 + 320
16 150 + 20 430 + 130 3900 + 2800 950 + 190 750 + 220
17 180 + 45 1100 + 400 > 10,000 530 + 89 720 + 13
18 370+ 100 1200 + 300 > 10,000 1400 + 140 1100 + 200
19 220+ 81 590 + 400 2100 + 530 1500 + 350 1000 + 96
20 1000 + 280 > 10,000 1700 + 410 1800 + 270 1100 + 220
LN4234 1200+ 70 [a] | 4400 + 500 [a] > 10,000 [a] nd. nd.
Osimertinib | 35, ) 614] 8+0[a] 1200 + 130 [a] 14+4 n.d.

[a] Data from Wittlinger and Heppner.*? [b] ECso values are averages of at least three independent experiments, with
each experiment performed in triplicate. Errors are reported as + the standard deviation.

Building on these findings from Ba/F3 cells, we proceeded to assess inhibitory properties
of our most effective compounds (16, 19, and 20) against human cancer cell lines driven by diverse
EGFR activating mutations. Accordingly, dose-dependent suppression of EGFR phosphorylation
(pY1068) in H1975 (LR/TM), H3255 (LR) and HCC827 (delE746-A750, ex19del) cell line models
through Western blot is consistent with antiproliferative effects in Ba/F3 cells (Table 6) and further
indicate the broad scope of these bivalent inhibitors (Figure 4). Quantitative antiproliferative
effects of these compounds against H1975 and HCC827 cells are found to be associated with
phosphorylated EGFR suppression with 16 ~15-fold higher ECso values compared to osimertinib

in the H1975 cell assay (Table 7). Strikingly, reversible binding 20 is also active and only slightly
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less effective compared to 16 and 19, which is different from what we observe in Ba/F3 cells. We
support the observation that these bivalent inhibitors are active against ex19del in HCC827 cells
and further indicate how ATP-allosteric bivalent inhibitors are functionally distinct from their
related type 1.5 and allosteric-only analogues. The results of these human cancer cell line
experiments demonstrate that these bivalent ATP-allosteric inhibitors are capable of impacting

diverse EGFR activating mutations in the context of human cancer cells.
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Figure 4: Immunoblotting of phosphorylation levels of EGFR in A) H1975 (LR/TM), B) H3255 (LR) and C)
HCCB827 (ex19del) cells. All experiments performed after 6 hours treatments and western blots are representative of
three independent experiments.

Table 7: Anti-proliferative potency of compounds 16, 19 and 20 in cancer cell lines H1975 (LR/TM) and HCC827

(ex19del).
ECso [nM] 8
16 19 20 lapatinib osimertinib
(IE—IRI/?IZI\S/[) 330 +£200 300 =200 420+ 200 >10,000 22+£9
(Igflg(slg) 160 + 100 290 +200 270+ 100 >10,000 23+1

[a] ECso values are averages of at least three independent experiments, with each experiment performed in triplicate.
Errors are reported as + the standard deviation.

Computer-aided docking has provided a pose for covalent binding 16 in accordance with

what is observed in the crystal structure of reversible binding 14 with the expected orientation for

covalent bond formation with C797 and consistent with our earlier structural and functional studies

(Figure S4).232 We further measured the metabolic stability for 16 and 19 in human liver

microsomes that revealed good stability after 2 hours of incubation. LC-MS analysis of the

metabolites revealed a metabolite with a m/z + 16 Da only for inhibitor 16, which can serve as
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indicator for the metabolic oxidation of the thioether (Figures S5, S6).°° A selectivity screening of
compound 16 against 468 kinases at 1 M concentration exhibited good selectivity for EGFR
mutants with a S(10) of 0.013 (Table S4). Besides EGFR mutants only DMPK?2 and MYO3A were
inhibited with a POC < 10%. Additionally, we found that none of the kinases that harbor a cysteine
at analogues positions to C797 (MKK?7, ITK, BTK, BMX, JAK3, TEC, TXK, BLK) outside the
ErbB-family were significantly targeted by compound 16 indicating that the bivalent scaffold
optimized here is ideally suited for covalent inhibition of EGFR mutations.*” These results, coupled
with our findings in cell lines mentioned previously, indicate that compound 16 showcases early-

phase medicinal chemistry characteristics suitable for future property-structure optimizations.
Discussion

Systematic optimization of small-molecule lead compounds is a proven strategy in
medicinal chemistry to understand the impacts of certain functional groups within target binding
sites. In this study, we have carried out the optimization of a series of spanning ATP-allosteric
bivalent inhibitors based on parent ATP- and allosteric-site motifs to achieve appreciable biological
activity in biochemical assays and a series of human cancer cell lines. We have also determined
the binding mode of a reversible binding analogue 14 confirming the placement of motifs within
the respective pockets and allowing the direct assignment of the sites within in the EGFR kinase
domain that afford potency and mutant selectivity. Accordingly, biochemical SAR of reversible
and irreversible compounds show that the central phenol binds the allosteric pocket in an identical
position of phenyl rings of type 1.5 (lapatinib, neratinib) and allosteric inhibitors (e.g., EAI045),
which is responsible for enabling strong reversible binding of the ATP-allosteric bivalent series
(Figure S3). Distinctly, the peripheral methylisoindolinone positioned along the aC-helix in the

allosteric pocket enables selectivity for the activating mutations. Uniquely, these bivalent inhibitors
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are found to be active against the exonl9del mutation (delE746-A750), which is commonly
resistant to inhibition by type 1.5 and allosteric TKIs.!”!*47 While the structural basis for targeting
the diverse EGFR deletion mutations is known for certain inhibitors,’!>? the precise rationale for
how bivalent inhibitors bind to and inhibit this mutation is presently unknown and counterintuitive
given the requirement for the kinase to adopt the inactive aC-helix “out” conformation while this
deletion mutation likely constrains the inward conformation. Nevertheless, the work detailed here
supports the notion that the binding of the methylisoindolinone along the aC-helix of the EGFR

kinase enables critical mutant selective inhibition of the spanning bivalent inhibitor series.

The compounds presented in this work are structurally unique when compared to all other
EGFR TKIs in that they bind extensively across most of the drug-binding pockets of the inactive
kinase domain. However, they share a variety of structural elements reminiscent of previous EGFR
TKIs. At the ATP site, the imidazole-based scaffold, which extends from the hinge makes H-
bonding interactions with K745, which is a common feature of CS-targeting fourth-generation
inhibitors such as BLU-945 (Figure S7).2! Accordingly, compounds from our earlier study (e.g.,
LLN3753) consisting of imidazole heterocycles contain phenyl rings in the pocket occupied by type
1.5 inhibitors lapatinib, which is important with respect to binding to the aC-helix out inactive
conformation (Figure S3). Our type 1.5 inhibitors (LN3753, 1, 2) are similar to lapatinib but are
capable of inhibiting TM/CS-containing EGFR kinases likely due to binding properties stemming
from the imidazole ATP-site scaffold. The bivalent molecules, by virtue of their design, share much
in common with the phenyl glycine mutant-selective allosteric inhibitors.!®1*32 The mutant-
selectivity of the allosteric pocket is a key feature of the isoindolinone-containing ATP-allosteric
bivalent compounds indicating that inhibitors that bind this pocket are unique and enable mutant
selective EGFR inhibition. The bivalent inhibitors do not extend as far along the aC-helix as the
most potent JBJ-09-063 or JBJ-04-125-02, which exit the kinase domain into solvent. It is possible
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given our biochemical SAR to conclude that mutant selectivity of the ATP-allosteric bivalent
compounds is due to the methylisoindolinone binding of the allosteric site and offer key evidence
that the binding of groups in this region of the aC-helix “out” kinase are capable of enabling mutant
selective binding. Earlier studies indicated that mutant selectivity for EGFR inhibitors was due to
ATP affinity changes that could be thwarted upon acquisition of the T790M mutation.’> The binding
to this region of the inactive EGFR kinase is another region where one can engineer mutant
selective targeting that, in this case, allows for more effective inhibition in the cases of
contemporary drug resistance through TM and CS. Importantly, our SAR also indicates that the
phenyl ring that is shared with lapatinib and neratinib is not a location for mutant selective
binding, at least in absence of the methylisoindolinone. The ability to draw a direct parallel between
the binding site in the allosteric pocket that does and does not enable mutant selective inhibition is
only possible in our bivalent ATP-allosteric scaffolds since, we presume, similar SAR is
inaccessible in allosteric only compounds such as EAI045 and JBJ-09-063 where the triblade

phenyl glycine structure is absolutely necessary for binding in a general sense.!”"”
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Figure 5. The divergent drug-binding channels and exit vectors in protein kinases. Overlay of the regions of
the EGFR kinase occupied by an ATP-allosteric bivalent (14 green, PDB code 8TO3), allosteric JBJ-09-063 (yellow,
PDB code 7JXQ), and type 2 inhibitor imatinib (magenta, PDB code 201Q) with compounds indicated with space
filling spheres. Protein surface (PDB ID) indicated with a transparent surface highlighting the binding channels
dependent on the aC-helix out and DFG-out channels. Binding modes of B) 14, C) JBJ-09-063, and D) imatinib from
structure in A) highlighting the group bound within the respective allosteric pockets and the direction of the exit vector
along the respective drug binding.
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Given the ability to determine the pocket within the aC-helix “out” kinase that allows for
mutant selective inhibition by our ATP-allosteric molecules, it is especially interesting to consider
how this site is related to kinase inhibitors more broadly. The outward rotation of the aC-helix is a
key feature of the inactive kinase and cocrystal structures of bivalent inhibitors along with allosteric
inhibitors show that this site is actually a solvent accessible channel, which we denote this channel
in the inactive aC-helix out kinase as the “aC-helix-out channel” (Figure 5). The residues along
this pocket are mainly hydrophobic until the N-terminus of the aC-helix where the channel
terminates into hydrophilic residues at the solvent interface (green and yellow, Figure SA-C). It is
interesting to juxtapose this channel in the context of the distinct and alternative allosteric pocket
made accessible in type 2 TKIs where the DFG-motif outward conformation leads to a completely
different exit vector, which we denote as the “DFG-out channel” (imatinib in magenta, Figure SA
and D). These two channels are never present at the same time as they are made accessible to drug
binding by structural changes of either the aC-helix or DFG-motif and correspondingly the
orientation of the activation loop (Figure S8). The aC-helix “out” conformation has to this point
been considered only relevant for type 1.5 inhibitors, but our SAR would suggest that further
elaborative binding from allosteric-site binding molecules along the aC-helix is likely to enable
beneficial and desired drug properties as has been done previously with Type 2 inhibitors. A search
of kinase inhibitors in available structural databases reveals very few kinases have been studied
with compounds that bind the aC-helix channel (Table S5). The results of this study would strongly
suggest that more attention should be paid to molecules that can anchor into this aC-helix-out

channel in an analogous fashion to the compounds studied in the present work.
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Conclusion

We have carried out the structure-based optimization of a series of ATP-allosteric EGFR
inhibitors to maximize potency in cells and establish mutant-selective inhibition. We achieve broad
inhibition of EGFR mutants that are highly prevalent in NSCLC and show marked improvements
in cellular efficacy. Biochemical SAR and cocrystal structures indicate the desired selectivity for
EGFR mutations is enabled by anchoring of a methylisoindolinone group within a channel made
accessible by the outward rotation of the aC-helix in the inactive kinase domain. These ATP-
allosteric EGFR inhibitors represent novel examples of mutant-targeting agents that offer a
platform for the development of unique inhibitors that bind the aC-helix-out channel in other

kinases that may enable selectivity and potency needed for drug development.
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Experimental

Protein expression and purification

The EGFR kinase domain (residues 696-1022) was cloned into pTriEx with an N-terminal 6xHis-
glutathione S-transferase (GST) fusion tag followed by a TEV protease cleavage site. EGFR WT,
L858R, L858R/T790M, L858R/T790M/C797S was expressed after baculoviral infection in SF9
cells and EGFR(T790M/V948R) was expressed in SF21 cells. Briefly, cells were pelleted and
resuspended in lysis buffer composed of 50 mM Tris pH 8.0, 500 mM NaCl, 1 mM tris(2-
carboxyethyl) phosphine (TCEP), and 5% glycerol. Cells were lysed via sonication prior to
ultracentrifugation at >200,000 g for 1 h. Imidazole pH 8.0 was added to the supernatant for a final
concentration of 40 mM and flowed through a column containing Ni-NTA agarose beads. The resin
was washed with lysis buffer supplemented with 40 mM imidazole and eluted with lysis buffer
containing 200 mM imidazole. Eluted EGFR kinase domain was dialyzed overnight in the presence
of 5% (w/w) TEV protease against dialysis buffer containing 50 mM Tris pH 8.0, 500 mM NaCl,
1 mM TCEP, and 5% glycerol. The cleaved protein was passed through Ni-NTA resin to remove
the 6xHis-GST fusion protein and TEV prior to size exclusion chromatography on a prep-grade
Superdex S200 column in 50 mM Tris pH 8.0, 500 mM NaCl, 1 mM TCEP, and 5% glycerol.
Fractions containing EGFR kinase of >95% purity as assessed by Coomassie-stained SDS-PAGE
were concentrated to approximately 4 mg/mL as determined by Bradford assay or absorbance.

Crystallization and structure determination

EGFR(T790M/V948R) pre-incubated with 1 mM AMP-PNP and 10 mM MgCl; on ice was
prepared by hanging-drop vapor diffusion over a reservoir solution containing 0.1 M Bis-Tris (pH
=35.5), 25% PEG-3350, and 5 mM TCEP (buffer A for crystals soaked with compound 1) or 0.1 M
Bis-Tris (pH =5.7), 30% PEG-3350 TCEP (buffer B for crystals soaked with compound 2). Drops
containing crystals in buffer A and B were exchanged with solutions of both buffers containing
~1.0 mM 14 and FRF-06-057 were exchanged three times for an hour and then left to soak
overnight. Crystals were flash frozen after rapid immersion in a cryoprotectant solution with buffer
A or BA containing 25% ethylene glycol. X-ray diffraction data on soaked T790M/V948R crystals
were collected at 100K at the National Synchrotron Light Source II 17-ID-238. Diffraction data was
processed and merged in Xia2 using aimless and dials. The structure was determined by molecular
replacement with the program PHASER using the inactive kinase domain EGFR(T790M/V948R)
kinase from our previous work excluding the LN3844 ligand (PDB 6 WXN). Repeated rounds of
manual refitting and crystallographic refinement were performed using COOT and Phenix. The
inhibitor was modeled into the closely fitting positive F, — F¢ electron density and then included
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in following refinement cycles. Statistics for diffraction data processing and structure
refinement are shown in Table S1.

Time-dependent Kinase Inhibition Assays

Biochemical assays were performed with commercially available EGFR WT, cytoplasmic domain
(669-1210), GST-tagged, Carna (Cat#/Lot#: 08-115/21CBS-0127H), EGFR [T790M/L858R] and
EGFR [L858R], cytoplasmic domain (669-1210), GST-tagged, Carna (Cat#/Lot#: 08-510/12CBS-
0765M). Reactions were performed with kinase domain enzyme concentrations of 4 nM in final
solutions of 52 mM HEPES pH 7.5, 1 mM ATP, 0.5 mM TCEP, 0.011% Brij-35, 0.25% glycerol,
0.1 mg/ml BSA, 0.52 mM EGTA, 10 mM MgCl, 15 uM Sox-based substrate (AQT0734). BSA
was not included in this experiment to prevent interference with irreversible inhibitor
characterization via off-target binding. All reactions were run for 240 minutes at 30 °C. Time-
dependent fluorescence from the Sox-based substrate was monitored in PerkinElmer ProxiPlate-
384 Plus, white shallow well microplates (Cat. #6008280) Biotek Synergy Neo 2 microplate reader
with excitation (360 nm) and emission (485 nm) wavelengths. 15, 18 and LLN4234 was dosed
between 0 and 10 pM in 24-point curves with 1.5-fold dilutions. Fluorescence, determined with
identical reactions but lacking purified enzyme or crude cell lysate was subtracted from the total
fluorescence signal for each time point, with both determined in duplicate, to obtain corrected
relative fluorescence units (RFU). Corrected RFU values then were plotted vs. time and the reaction
velocity for the first ~40 min (initial reaction rates) were determined from the slope using GraphPad
Prism (La Jolla, CA) with units of RFU/min.

HTREF Assays

Biochemical assays for EGFR domains were carried out using a homogeneous time-resolved
fluorescence (HTRF) KinEASE-TK (Cisbio) assay, as described previously.”® Assays were
optimized for ATP concentration of 100 pM with enzyme concentrations WT EGFR 10 nM,
L858R 0.1 nM, L858R/T790M at 0.02 nM and L858R/T790M/C797S at 0.02 nM. Inhibitor
compounds in DMSO were dispensed directly in 384-well plates with the D300 digital dispenser
(Hewlett Packard) followed immediately by the addition of aqueous buffered solutions using
the Multidrop Combi Reagent Dispenser (Thermo Fischer). Compound ICso values were
determined by 11-point inhibition curves (from 1.0 to 0.00130 uM) in triplicate. The data was
graphically displayed using GraphPad Prism version 7.0, (GraphPad software). The curves were
fitted using a non-linear regression model with a sigmoidal dose response.

Ba/F3 Cellular Antiproliferative Experiments

The parental Ba/F3 cells was a generous gift from the laboratory of Dr. David Weinstock (in 2014),
Dr. Pasi Janne (2020) and was used to generate the L858R (LR), L858R/T790M (LR/TM),
L858R/T790M/C797S (LR/TM/CS), exonl19del and vIII EGFR mutant Ba/F3 cells. These cells
were previously characterized as described.?® ° All Ba/F3 cells were cultured in RPMI1640 media
with 10% fetal bovine serum and 1% penicillin and streptomycin. All cell lines were tested negative
for Mycoplasma using Mycoplasma Plus PCR Primer Set (Agilent) and were passaged and/or used
for no longer than 4 weeks for all experiments. Assay reagents were purchased from
MilliporeSigma (Cat# R7017-5G). Ba/F3 cells were plated and treated with increasing
concentrations of inhibitors in triplicate for 72 hours. Compounds were dispensed using the Tecan
D300e Digital Dispenser. Cellular growth or the inhibition of growth was assessed by resazurin
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viability assay. All experiments were repeated at least 3 times and values were reported as an
average with standard deviation.

Western blotting

H1975 cells were treated for 6 hours with concentrations and inhibitors indicated in the figure
legend. Cells were collected and lysed with lysis buffer (SM NaCl, 1M TRIS pH 8.0, 10% SDS,
10% Triton X-100 and a tablet of protease inhibitors) and processed for Western blotting analysis.
Primary antibodies used; phospho-EGFR (Tyr1068; #2234, 1:1,000), EGFR (#4267; 1:1,000 or
1:2000), phospho-AKT (Ser473; #4060, 1:1,000), AKT (#9272, 1:1,000), phospho-ERK1/2
(Thr202/Tyr204; #4370, 1:1,000), and ERK1/2 (#4695, 1:1,000) antibodies; were purchased from
Cell Signaling Technology. Secondary Goat anti-rabbit IgG starbright blue 700 and Anti-tubulin
hFAB Rhodamine Tubulin were purchased from Bio-rad.

MTT Antiproliferative Assay

Cells were seeded at a density of 6 x 10* cells/ml or 8 x 10*cells/ml in a clear 96-well plate and
incubated for 24 hours at 37 "C. Cells were treated with different concentrations of desired drugs
for 72 hours. Media was sucked out and 1X MTT working solution was added to each well. The
plates were incubated for 4 hours, and the converted dye was dissolved using MTT solubilization
solution. The absorbance was measured at 570 nm and reference wavelength at 650 nm using a
microplate reader. MTT cell proliferation Assay Kit was purchased from OZ Biosciences.

Metabolic stability in Human Liver Microsomes (HLM)

Pooled liver microsomes from humans (male) were purchased from Sekisui XenoTech, LLC,
Kansas City, KS, USA. Metabolic stability assays were performed in the presence of an NADPH-
regenerating system consisting of 5 mM glucose-6-phosphate, 5 U/mL glucose-6-phosphate
dehydrogenase, and 1 mM NADP". Liver microsomes (20 mg/mL), NADPH-regenerating system,
and 4 mM MgClz-6 H2O in 0.1 M TRIS-HCl-buffer (pH 7.4) were preincubated for 5 min at 37 °C
and 750 rpm on a shaker. The reaction was started by adding the preheated compound at 10 mM
resulting in a final concentration of 0.1 mM. The reaction was quenched at selected time points (0,
10, 20, 30, 60, and 120 min) by pipetting 100 pL of internal standard (ketoprofen) at a concentration
of 150 uM in acetonitrile. The samples were vortexed for 30 s and centrifuged (21910 relative
centrifugal force, 4 °C, 20 min). The supernatant was used directly for LC-MS analysis. All
compound incubations were conducted at least in triplicates. Additionally, a negative control
containing BSA (20 mg/mL) instead of liver microsomes and a positive control using verapamil
instead of compound were performed. A limit of 1% organic solvent during incubation was not
exceeded. Sample separation and detection were performed on an Alliance 2695 Separations
Module HPLC system (Waters Corporation, Milford, MA, USA) equipped with a Phenomenex
Kinetex 2.6 pm XB-C18 100 A 50 x 3 mm column (Phenomenex Inc., Torrance, CA, USA) coupled
to an Alliance 2996 Photodiode Array Detector and a MICROMASS QUATTRO micro API mass
spectrometer (both Waters Corporation, Milford, MA, USA) using electrospray ionization in
positive mode. Mobile phase A: 90% water, 10% acetonitrile and additionally 0.1% formic acid
(v/v), mobile phase B: 100% acetonitrile with additionally 0.1% formic acid (v/v). The gradient
was set to: 0-2.5 min 0% B, 2.5-10 min from 0 to 40% B, 10-12 min 40% B, 12.01-15 min from
40 to 0% B at a flow rate of 0.7 mL/min. Samples were maintained at 10 °C, the column
temperature was set to 20 °C with an injection volume of 5 puL.. Spray, cone, extractor, and RF lens
voltages were at 4 kV, 30 V, 8 V and 2 V, respectively. The source and desolvation temperatures
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were set to 120 °C and 350 °C, respectively, and the desolvation gas flow was set to 750 L/h. Data
analysis was conducted using MassLynx 4.1 software (Waters Corporation, Milford, MA, USA).

Chemistry

General Information

All starting materials, reagents, and (anhydrous) solvents were commercially available and were
used as received without any further purification or drying procedures unless otherwise noted. All
NMR spectra were obtained with Bruker Avance 200 MHz / 400 MHz spectrometers, Bruker
Ascend 400 MHz or with a Bruker Avance 600 MHz spectrometer (NMR Department, Institute of
Organic Chemistry, Eberhard-Karls-Universitdt Tiibingen). Solvents for NMR are noted in the
experimental procedures for each compound. Residual solvent peaks were used to calibrate the
chemical shifts. Chemical shifts (8) are reported in parts per million. Mass spectra were obtained
by Advion TLC-MS (ESI), from the MASS Spectrometry Department (ESI-HRMS), Institute of
Organic Chemistry, Eberhard-Karls-Universitét Tiibingen or by TripleTOF 5600+ MS , Institute
of Pharmaceutical Sciences, Pharmaceutical (Bio-)Analysis, University of Tiibingen (see below
for specifications). The purity of the tested compounds was determined via HPLC analysis on an
Agilent 1100 Series LC with a Phenomenex Luna C8 column (150 x 4.6 mm, 5 um), and detection
was performed with a UV diode array detector (DAD) at 254 and 230 nm wavelengths and was
>95%. Elution was carried out with the following gradient: 0.01 M KH>PO4, pH 2.30 (solvent A),
and MeOH (solvent B), 40% B to 85% B in 8 min, 85% B for 5 min, 85% to 40% B in 1 min, 40%
B for 2 min, stop time of 16 min, 5 pL injection volume, flow rate of 1.5 mL/min, and 25 °C oven
temperature. Thin-layer chromatography (TLC) analyses were performed on fluorescent silica gel
60 F254 plates (Merck) and visualized via UV illumination at 254 and 366 nm. Column
chromatography was performed either on Davisil LC60A 20—45 pm silica from Grace Davison or
on LiChroprep RP-18 40-63 um from Merck as the stationary phase and Geduran Si60 63—-200 um
silica from Merck for the precolumn. using an Interchim PuriFlash XS 420 automated flash
chromatography system. Chromatographic purification was performed via gradient flash
chromatography, if not stated otherwise, and the final mixture of the mobile phase is stated in the
procedures.

HRMS

An Agilent (Waldbronn, Germany) 1290 UHPLC system was used comprising of a binary pump
(G4220A), a thermostated column compartment (G1316C) and a PAL HTC-xt Autosampler (CTC
Analytics, Zwingen, Switzerland) coupled to a TripleTOF 5600+ MS-instrument (Sciex, Ontario,
Canada) with a DuoSpray Ion Source operated in positive electrospray ionization mode. Data was
acquired in Sequential Window Acquisition of all Theoretical Mass Spectra (SWATH-MS) mode,
consisting of a MSI1 full scan and various SWATH experiments (MS2). For full scan an
accumulation time of 50 ms, collision energy of 10 V and a scan range of 50-1000 m/z were used.
Twelve SWATH windows, each 25 Da wide, starting from 500 m/z spanned the area 500-800 m/z
for precursor selection. The MS/MS experiments utilized an accumulation time of 50 ms and
rolling collision energy with a collision energy spread (CES) of 15 V. For all MS experiments a
declustering potential (DP) of 80 V, curtain gas (CUR) 30 psi, nebulizing gas (GS1) 50 psi, heater
gas (GS2) 40 psi, a source temperature of 550°C and an ion spray voltage floating (ISVF) of 4500
V were used. A Kinetex C8 column (50x3.0 mm, 2.6 um) from Phenomenex (Torrance, USA) was
used. Mobile phase A consisted of water with 0.1% (v/v) formic acid and mobile phase B of
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acetonitrile with 0.1% (v/v) formic acid. The column temperature was kept at 40 °C and flow rate
was set to 0.5 mL/min. Gradient profile was 10-100 % mobile phase B in 13 min followed by six
column volumes wash and eight column volumes re-equilibration. Samples were diluted to a
concentration of 0.1 mg/mL with water/ACN (9:1, v/v) and 2.5 puL. were injected.

2,4,5-Tribromo-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazole (S1)

To begin, 21.4 g (70.2 mmol) of 2,4,5-tribromoimidazole was dissolved in 110 mL of THF under
a nitrogen atmosphere, and the solution was cooled to 0 °C. To the solution was added 3.09 g (77.2
mmol, 60% dispersion in oil) sodium hydride portion wise while maintaining the temperature under
0 °C. To the stirred reaction mixture was added 13.2 mL (74.4 mmol) of SEM-CI dropwise via
syringe while the temperature was maintained at 0 °C. After full addition, the mixture was warmed
up to ambient temperature and stirred for 2 h. To the mixture was added demineralized water and
the aqueous layer was extracted several times with EtOAc. The combined organic layers were dried
over NaSQs, filtered, and solvents were removed in vacuo. The brownish yellow crude was
obtained in quantitative yield (30.8 g, 70.2 mmol) and used in the next step without further
purification. '"H NMR (400 MHz, DMSO) & 5.32 (s, 2H), 3.58 (t, J = 7.9 Hz, 2H), 0.86 (t,J = 7.9
Hz, 2H), -0.04 (s, 9H). *C NMR (101 MHz, DMSO) § 119.7, 116.4, 106.3, 75.7, 66.3, 17.1, -1.5.

4,5-Dibromo-2-ethoxy-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazole (S2)

To begin, 2.00 g (4.60 mmol) S1 was dissolved in 10 mL EtOH and 1.55 g (13.8 mmol) of KO7Bu
was added to the solution and the mixture was stirred overnight at reflux temperature. The reaction
mixture was cooled down to ambient temperature and the solvent was removed in vacuo. The
residue was dissolved in EtOAc, and the organic layer was washed several times with aqueous
NaHCOs;. The organic phase was dried over Na;SO4 and evaporated. The crude product was
obtained as light-yellow oil in 96% yield (1.77 g, 4.42 mmol) and was used without further
purification in the next step. '"H NMR (400 MHz, CDCl3) 6 5.11 (s, 2H), 4.41 (q, J = 7.1 Hz, 2H),
3.57 - 3.52 (m, 2H), 1.38 (t, J = 7.1 Hz, 3H), 0.92 — 0.88 (m, 2H), -0.02 (s, 9H). 3C NMR (101
MHz, CDCL) 6 152.1, 111.9, 97.6, 72.2, 66.7, 66.3, 17.8, 14.7, -1.3.

4-Bromo-2-ethoxy-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-imidazole (S3)

To begin, 1.74 g (4.35 mmol) of S2 was dissolved in 10 mL of THF under an argon atmosphere,
and the solution was cooled to -80 °C. To the solution was added 1.74 mL (4.35 mmol) of n-BuLi
(2.5 M in n-hexane solution) dropwise via syringe while the temperature was maintained at -80 °C.
After full addition, the reaction mixture was stirred for 15 minutes, whereupon MeOH was added,
and the mixture was warmed up to ambient temperature. To the mixture was added brine, and the
organic layer was separated. The aqueous layer was extracted several times with EtOAc. The
combined organic layers were dried over Na;SOs, filtered and volatiles were removed in vacuo.
The product was obtained as a yellow oil in quantitative yield (1.40 g, 4.35 mmol) and was used
without further purification in the next step. '"H NMR (400 MHz, CDCls) § 6.60 (s, 1H), 5.03 (s,
2H), 4.41 (q,J = 7.1 Hz, 2H), 3.53 — 3.47 (m, 2H), 1.37 (t, /= 7.1 Hz, 3H), 0.92 — 0.86 (m, 2H), -
0.01 —-0.03 (m, 9H). 3*C NMR (101 MHz, CDCl3) & 151.7, 113.8, 110.2, 72.7, 66.44, 66.36, 17.8,
14.7,-1.3.
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tert-Butyl (3-(2-ethoxy-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-4-
yDphenyl)carbamate (S4)

To begin, 1.00 g (3.11 mmol) of S3, 0.81 g (3.42 mmol) of 3-(N-Boc-amino)phenylboronic acid,
and 3.32 g (12.5 mmol) of K3POjs trihydrate were dissolved in 32 mL of 1,4-dioxane and 8§ mL of
demineralized water. The solution was degassed with three cycles of evacuation and backfilling
with argon. To the solution was added 36 mg (2 mol%) of P(z-Bu); Pd G3, and another three cycles
of evacuation and argon backfilling were carried out. The reaction mixture was warmed to 50 °C
and stirred overnight. After cooling to ambient temperature, brine was added, and the aqueous layer
was extracted several times with EtOAc. The combined organic layers were dried over Na;SOs,
filtered, and evaporated to dryness. The crude product was purified via flash chromatography
(SiO2; n-hexane/EtOAc 75:25) to obtain a yellowish oil in 85% yield (1.15 g, 2.65 mmol). '"H NMR
(400 MHz, DMSO) 6 9.28 (s, 1H), 7.88 — 7.82 (m, 1H), 7.29 — 7.25 (m, 2H), 7.24 — 7.20 (m, 1H),
7.20 —7.17 (m, 1H), 5.10 (s, 2H), 4.41 (q, J = 7.0 Hz, 2H), 3.56 — 3.50 (m, 2H), 1.49 — 1.47 (m,
9H), 1.36 (t, J = 7.0 Hz, 3H), 0.88 — 0.83 (m, 2H), -0.04 (s, 9H). 13C NMR (101 MHz, DMSO) §
152.8,152.0,139.7, 134.8, 134.7,128.5, 117.9, 116.2, 113.8, 111.9, 78.8, 72.3, 65.30, 65.27, 28.1,
17.1, 14.6, -1.4. TLC-MS (ESI+): calcd. m/z 433.24 for C22H35sN3048S1, found 456.5 [M + Na]*.

tert-Butyl (3-(5-bromo-2-ethoxy-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-4-
yD)phenyl)carbamate (S5)

To begin, 1.00 g (2.31 mmol) of S4 was dissolved in 25 mL of ACN under an argon atmosphere
and the solution was cooled to -30 °C. Then, 0.39 g (2.19 mmol) of N-bromosuccinimide dissolved
in 10 mL of ACN was added dropwise to the solution, while the temperature was maintained at
-30 °C. The reaction mixture was stirred for 1 h at -30 °C and then slowly warmed up to ambient
temperature. To the reaction mixture was added an aqueous saturated Na>SOs solution, and the
aqueous layer was extracted several times with EtOAc. The organic layers were dried over Na>SOs,
filtered, and evaporated to dryness. The crude product was purified via flash chromatography
(SiOg; n-hexane/EtOAc 70:30) to obtain a colorless oil in 77% yield (912 mg, 1.78 mmol). 'H
NMR (400 MHz, DMSO) 6 9.38 (s, 1H), 7.99 (s, 1H), 7.46 (d,J="7.7 Hz, 1H), 7.37 (d, J=7.7 Hz,
1H), 7.26 (t, J= 7.9 Hz, 1H), 5.15 (s, 2H), 4.43 (q, /= 7.0 Hz, 2H), 3.56 (t,J = 7.9 Hz, 2H), 1.48
(s, 9H), 1.37 (t, J = 7.0 Hz, 3H), 0.87 (t, J = 7.9 Hz, 2H), -0.03 (s, 9H). 3*C NMR (101 MHz,
DMSO0) & 152.8,152.1,139.5,133.4,132.5,128.4,119.9, 116.9, 116.1,93.9, 78.9, 71.2, 65.6, 65 .4,
28.1,17.1, 14.4, -1.4. TLC-MS (ESI+): calcd. m/z 511.15 for C22H34BrN304Si, found 533.7/535.9
[M + Na]".

tert-Butyl (3-(5-(2-acetamidopyridin-4-yl)-2-ethoxy-1-((2-(trimethyl silyl)ethoxy )methyl)-
1H-imidazol-4-yl)phenyl)carbamate (S6)

To begin, 850 mg (1.66 mmol) of S5, 565 mg (2.16 mmol) of N-(4-(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)pyridin-2-yl)acetamide and 1.41 g (6.63 mmol) of K3POjs trihydrate were
dissolved in 33 mL of 1,4-dioxane and 4.5 mL of demineralized water. The solution was degassed
with three cycles of evacuation and backfilling with argon. To the solution was added 24 mg (2.5
mol%) of P(+-Bu)s Pd G3, and another three cycles of evacuation and argon backfilling were carried
out. The reaction mixture was warmed to 55 °C and stirred overnight. After cooling to ambient
temperature, brine was added, and the aqueous layer was extracted several times with EtOAc. The
combined organic layers were dried over Na;SOs, filtered, and evaporated to dryness. The crude
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product was purified via flash chromatography (SiO»; n-hexane/EtOAc 40:60) to obtain a yellowish
solid in 64% yield (600 mg, 1.06 mmol). 'H NMR (400 MHz, DMSO) & 10.55 (s, 1H), 9.24 (s,
1H), 8.34 — 8.29 (m, 1H), 8.10 (s, 1H), 7.65 — 7.59 (m, 1H), 7.27 (d, J= 7.7 Hz, 1H), 7.06 (t, J =
7.9 Hz, 1H), 7.03 — 6.99 (m, 1H), 6.88 (d, J= 7.8 Hz, 1H), 4.99 (s, 2H), 4.47 (q, J = 7.0 Hz, 2H),
3.43 —3.38 (m, 2H), 2.06 (s, 3H), 1.44 (s, 9H), 1.40 (t, J = 7.0 Hz, 3H), 0.83 — 0.77 (m, 2H), -0.08
(s, 9H). 3C NMR (101 MHz, DMSO) & 169.2, 152.8, 152.70, 152.67, 148.3, 139.8, 139.5, 134.4,
133.2,128.2,121.8,120.7, 120.5, 116.9, 116.6, 114.4, 78.9, 70.5, 65.6, 65.4, 28.1,23.9, 17.2, 14.6,
-1.5. TLC-MS (ESI+): caled. m/z 567.29 for C20H41Ns5Os5Si, found 590.9 [M + Na]™.

N-(4-(4-(3-Aminophenyl)-2-ethoxy-1-((2-(trimethylsilyl)ethoxy)methyl) -1H-imidazol-5-
yDpyridin-2-yl)acetamide (S7)

180 mg (0.32 mmol) of S6 was dissolved in 13 mL of a mixture of TFA/DCM 5% v/v. The solution
was stirred overnight at ambient temperature. The reaction mixture was concentrated in vacuo and
to the residue was added a saturated aqueous NaHCO3 solution, whereupon the aqueous layer was
extracted several times with EtOAc. The combined organic layers were dried over Na>SOs, filtered,
and the solvents removed in vacuo. The crude product was purified via flash chromatography
(S102; n-hexane/EtOAc/MeOH 10:80:10) to give the pure product as an off-white solid in a 67%
yield (100 mg, 0.21 mmol). 'H NMR (400 MHz, DMSO) & 10.54 (s, 1H), 8.35 — 8.27 (m, 1H),
8.10 (s, 1H), 7.06 — 6.98 (m, 1H), 6.87 — 6.80 (m, 1H), 6.80 — 6.77 (m, 1H), 6.46 — 6.32 (m, 2H),
5.08 —4.86 (m, 4H), 4.46 (q, J = 6.9 Hz, 2H), 3.45 — 3.36 (m, 2H), 2.07 (s, 3H), 1.39 (t,J= 7.0 Hz,
3H), 0.83 — 0.76 (m, 2H), -0.07 (s, 9H). 1*C NMR (101 MHz, DMSO) § 169.2, 152.64, 152.55,
148.5, 148.1, 140.2, 134.5, 133.9, 128.4, 121.2, 120.6, 114.8, 114.4, 112.64, 112.56, 70.4, 65.4,
65.3,23.9,17.2, 14.6, -1.5. TLC-MS (ESI+): calcd. m/z 467.24 for C24H33N50sSi, found 489.8 [M
+ Na]".

tert-Butyl (3-(5-(2-aminopyridin-4-yl)-2-ethoxy-1-((2-(trimethylsilyl) ethoxy) methyl)-1H-
imidazol-4-yl)phenyl)carbamate (S8)

To begin, 380 mg (0.67 mmol) of S6 was dissolved in 15 mL of MeOH and aqueous 3 N NaOH
solution was added. The reaction mixture was stirred at 55 °C for 5 h. After cooling down to
ambient temperature, solvents were concentrated in vacuo. The oily residue was dissolved in small
amounts of MeOH and the slow addition of iced water precipitated a white solid, which was
collected by filtration and dried in the oven to obtain the product in 94% yield (330 mg, 0.63 mmol).
'"H NMR (400 MHz, DMSO) 8 9.27 (s, 1H), 7.94 (d, J= 5.2 Hz, 1H), 7.66 (t,J= 1.7 Hz, 1H), 7.28
(d, J=17.7 Hz, 1H), 7.06 (t,J = 7.9 Hz, 1H), 6.88 — 6.84 (m, 1H), 6.46 (dd, J= 5.2, 1.4 Hz, 1H),
6.38 (s, 1H), 5.97 (s, 2H), 4.97 (s, 2H), 4.45 (q, /= 7.0 Hz, 2H), 3.46 — 3.41 (m, 2H), 1.46 (s, 9H),
1.39 (t,J = 7.0 Hz, 3H), 0.84 — 0.79 (m, 2H), -0.05 (s, 9H). 1*C NMR (101 MHz, DMSO) § 160.2,
152.8, 152.5, 148.3, 139.4, 138.7, 134.8, 132.2, 128.1, 122.5, 120.7, 117.1, 116.5, 113.1, 109.0,
78.8,70.4, 65.5,65.4,28.1,17.3, 14.6, -1.5. TLC-MS (ESI+): calcd. m/z 525.28 for C27H39N504S1i,
found 548.3 [M + Na]*.

tert-Butyl (3-(2-ethoxy-5-(2-(phenylamino)pyridin-4-yl)-1-((2-(trimethylsilyl)
ethoxy)methyl)-1H-imidazol-4-yl)phenyl)carbamate (S9)

To begin, 300 mg (0.57 mmol) of S8, 179 mg (1.14 mmol) of bromobenzene, and 279 mg (0.86
mmol) Cs2CO3 in 6 mL of a mixture of 1,4-dioxane/-BuOH (4 + 1) was degassed three times by
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evacuating and backfilling with argon under stirring. To the mixture was added 26 mg of BrettPhos
Pd G3 (5 mol%), and another three cycles of evacuation and argon backfilling were carried out.
The solution was stirred under reflux for 5 h. After cooling to ambient temperature, Celite was
added to the mixture, and solvents were removed in vacuo. Purification via flash chromatography
(SiO2; n-hexane/EtOAc 60:40) yielded 79% (270 mg, 0.45 mmol) of an off-white solid. 'H NMR
(400 MHz, DMSO) 6 9.29 (s, 1H), 9.02 (s, 1H), 8.20 (d, /= 5.1 Hz, 1H), 7.67 — 7.65 (m, 1H), 7.56
(s, 1H), 7.54 (s, 1H), 7.31 (d, J = 7.8 Hz, 1H), 7.23 — 7.18 (m, 2H), 7.12 (t,J = 7.9 Hz, 1H), 6.96 —
6.92 (m, 1H), 6.88 — 6.83 (m, 1H), 6.78 —6.75 (m, 2H), 5.02 (s, 2H), 4.47 (q,J= 7.0 Hz, 2H), 3.48
—3.42 (m, 2H), 1.44 — 1.38 (m, 12H), 0.83 — 0.79 (m, 2H), -0.07 (s, 9H). *C NMR (101 MHz,
DMSO) & 156.3, 152.73, 152.67, 147.9, 141.5, 139.5, 138.8, 134.6, 132.9, 128.5, 128.3, 122.1,
120.8, 120.5, 118.1, 117.1, 116.6, 115.2, 111.4, 78.9, 70.5, 65.52, 65.50, 28.1, 17.3, 14.6, -1.5.
TLC-MS (ESI+): calced. m/z 601.31 for C33H43N504S1, found 624.4 [M + Na]".

4-(4-(3-Aminophenyl)-2-ethoxy-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-5-yl)-/V-
phenylpyridin-2-amine (S10)

250 mg (0.42 mmol) of S9 was dissolved in 20 mL of a mixture of TFA/DCM 10% v/v. The
solution was stirred overnight at ambient temperature. The reaction mixture was concentrated in
vacuo and to the residue was added a saturated aqueous NaHCOj solution, and the aqueous layer
was extracted several times with EtOAc. The combined organic layers were dried over Na;SOs,
filtered, and volatiles were removed in vacuo. The crude product was purified via flash
chromatography (SiO2; n-hexane/EtOAc/MeOH 40:55:5) to give the product as an off-white solid
in a 67% yield (140 mg, 0.28 mmol). 'H NMR (400 MHz, DMSO) 8 9.03 (s, 1H), 8.21 — 8.16 (m,
1H), 7.59 — 7.53 (m, 2H), 7.24 — 7.19 (m, 2H), 6.89 — 6.84 (m, 2H), 6.83 — 6.81 (m, 1H), 6.79 (s,
1H), 6.78 — 6.75 (m, 1H), 6.48 — 6.43 (m, 1H), 6.43 — 6.37 (m, 1H), 5.05 — 4.97 (m, 4H), 4.45 (q,
J=17.0 Hz, 2H), 3.47 — 3.41 (m, 2H), 1.39 (t, /= 7.0 Hz, 3H), 0.83 — 0.79 (m, 2H), -0.07 (s, 9H).
3C NMR (101 MHz, DMSO) § 156.2, 152.6, 148.6, 147.8, 141.5, 139.2, 134.7, 133.6, 128.6,
128.5, 121.6, 120.5, 118.1, 115.3, 114.9, 112.7, 112.5, 111.4, 70.4, 65.5, 65.4, 17.3, 14.6, -1.5.
TLC-MS (ESI+): calced. m/z 501.26 for C23H35sNs0Si, found 624.4 [M + Na]".

Methyl 2-fluoro-6-methylbenzoate (S11)

To begin, 750 mg (4.86 mmol) 2-fluoro-6-methylbenzoic acid was dissolved in 10 mL of MeOH
and five drops of conc. H,SO4 was added. Refluxing over 48 h led to complete conversion. After
cooling to ambient temperature, saturated aqueous NaHCO3 was added, and the aqueous layer was
extracted with EtOAc. The combined organic layers were dried over Na>SQg, filtered and volatiles
were removed in vacuo to obtain the product in 77% yield (630 mg, 3.74 mmol) as a white
amorphic solid. 'H NMR (200 MHz, DMSO) & 7.52 — 7.34 (m, 1H), 7.21 — 7.05 (m, 2H), 3.87 (s,
3H), 2.32 (s, 3H). 13C NMR (50 MHz, DMSO) & 165.4, 159.1 (d, J = 248.0 Hz), 138.2 (d, J=2.5
Hz), 131.8 (d, J=9.0 Hz), 126.4 (d, J = 3.0 Hz), 121.1 (d, /= 16.0 Hz), 113.2 (d, J = 21.4 Hz),
52.5,19.0 (d, J=2.2 Hz).

Methyl 2-(bromomethyl)-6-fluorobenzoate (S12)
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To begin, 590 mg (3.51 mmol) S11 was dissolved in 8 mL of CCls and the temperature was set to
refluxing conditions. 656 mg (3.68 mmol) N-bromosuccinimide and 34 mg (0.35 mmol) of AIBN
were added in one portion and the mixture was refluxed overnight. After cooling down to ambient
temperature, the solvent was removed in vacuo and the residue was purified via flash
chromatography (SiO2, n-hexane/EtOAc 90:10) to obtain the product in 75% yield (620 mg, 2.63
mmol) as colorless oil. 'TH NMR (200 MHz, DMSO) & 7.63 — 7.50 (m, 1H), 7.46 — 7.40 (m, 1H),
7.38 —7.27 (m, 1H), 4.78 (s, 2H), 3.91 (s, 3H). *C NMR (50 MHz, DMSO) 6 164.3, 159.3 (d, J =
250.5 Hz), 138.4 (d, J = 2.5 Hz), 132.8 (d, J = 9.3 Hz), 126.8 (d, J = 3.1 Hz), 120.6 (d, J = 16.2
Hz), 116.5 (d, J=22.0 Hz), 52.8, 30.3 (d, /= 2.6 Hz).

Methyl 2-((1,3-dioxoisoindolin-2-yl)methyl)-6-fluorobenzoate (S13)

To begin, 580 mg (2.36 mmol) S12 and 458 mg (2.47 mmol) potassium phthalimide were
suspended in 5 mL of DMF and stirred at ambient temperature for 48 h. Thereupon, the solvent
was removed in vacuo and the residue was precipitated in n-hexane and filtered. The residue was
redissolved in EtOAc and brine was added. Layers were separated, and the aqueous phase was
extracted several times with EtOAc. The combined organic layers were dried over Na>SQg, filtered
and solvents were removed in vacuo to yield 72% (530 mg, 1.66 mmol) of a crude product as
yellow solid that was used without further purification in the next step. 'H NMR (200 MHz,
DMSO) & 7.94 — 7.80 (m, 4H), 7.57 — 7.44 (m, 1H), 7.34 — 7.15 (m, 2H), 4.88 (s, 2H), 3.86 (s, 3H).
BC NMR (50 MHz, DMSO) § 167.5, 164.7, 159.2 (d, J = 249.6 Hz), 136.8 (d, /= 1.9 Hz), 134.6,
132.6 (d,/J=9.2 Hz), 131.5,124.1 (d, J=3.0 Hz), 123.3,119.9 (d, /= 16.5 Hz), 115.2 (d, J = 21.7
Hz), 52.8, 38.5 (d, J = 2.4 Hz). TLC-MS (ESI+): calcd. m/z 313.08 for C17H12FNOs, found 336.1
[M+Na]*.

Methyl 2-fluoro-6-((1-oxoisoindolin-2-yl)methyl)benzoate (S14)

To begin, 210 mg (0.67 mmol) S13 was suspended in 3 mL acetic acid and 3 mL concentrated
hydrochloric acid and warmed up to 40 °C. 397 mg (3.35 mmol) of tin powder was added portion
wise over 4 h under stirring at 40 °C until complete conversion via TLC was indicated. The reaction
mixture was cooled down to ambient temperature and the aqueous layer was extracted several times
with DCM. The combined organic layers were dried over Na>SOs, solvents were removed in vacuo
and the residue was purified via flash chromatography (SiO»; n-hexane/EtOAc 60:40). The product
was obtained as colorless oil in 95% yield (190 mg, 0.63 mmol). 'H NMR (200 MHz, CDCls) &
7.92 — 7.84 (m, 1H), 7.60 — 7.44 (m, 2H), 7.43 — 7.31 (m, 2H), 7.21 — 7.14 (m, 1H), 7.11 — 7.00
(m, 1H), 4.90 (s, 2H), 4.29 (s, 2H), 3.93 (s, 3H). *C NMR (50 MHz, CDCl3) & 168.8, 165.7, 160.3
(d,J=252.9 Hz), 141.5,138.1 (d,J=1.9 Hz), 132.4 (d,J= 1.7 Hz), 132.2, 131.7, 128.2, 125.0 (d,
J=3.3Hz), 124.1, 123.0, 121.2 (d, J = 16.0 Hz), 115.5 (d, J = 22.0 Hz), 52.9, 49.9,43.7 (d, J =
2.4 Hz). TLC-MS (ESI+): calcd. m/z 299.10 for C17H14FNO3, found 322.3 [M+Na]*.

2-Fluoro-6-((1-oxoisoindolin-2-yl)methyl)benzoic acid (S15)

To begin, 180 mg (0.60 mmol) of S14 was dissolved in 3 mL THF and 6 mL of an aqueous 3 N
NaOH solution was added. The reaction mixture was stirred for 15 h at 50 °C. After cooling down
to ambient temperature, EtOAc was added and the layers were separated. The aqueous layer was
acidified with 1 N HCI precipitating a white solid, which was collected by filtration, washed with
small amounts of an iced aqueous 0.1 N HCI and dried in the oven. The product was obtained as
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white solid in 73% (125 mg, 0.44 mmol) yield. '"H NMR (200 MHz, DMSO) & 13.71 (s, 1H), 7.82
—7.38 (m, 5H), 7.34—7.18 (m, 1H), 7.16 — 6.99 (m, 1H), 4.82 (s, 2H), 4.36 (s, 2H). TLC-MS (ESI-
): caled. m/z 285.08 for C16H12FNO3, found 284.3 [M-H]".

Methyl 3-hydroxy-2-methylbenzoate (S16)

To begin, 3.80 g (25.0 mmol) 3-hydroxy-2-methylbenzoic acid was dissolved in 50 mL of MeOH
and few drops of conc. H2SO4 were added. The reaction mixture was refluxed for 48 h until
complete conversion. After cooling to ambient temperature, the solvent was evaporated, saturated
aqueous NaHCO3 was added, and the aqueous layer was extracted several times with EtOAc. The
combined organic layers were dried over Na;SOs, filtered and volatiles were removed in vacuo.
The product was obtained as amorphic solid in 93% (3.84 g, 23.1 mmol) yield. "H NMR (200 MHz,
CDCl3) 6 7.41 (d, J="7.7 Hz, 1H), 7.10 (t,J = 7.7 Hz, 1H), 6.94 (d, /= 7.8 Hz, 1H), 5.48 (bs, 1H),
3.90 (s, 3H), 2.45 (s, 3H). 1*C NMR (50 MHz, CDCl3) & 168.9, 154.6, 131.9, 126.3, 125.7, 122.7,
118.6,52.2,12.7.

Methyl 3-acetoxy-2-methylbenzoate (S17)

To begin, 3.84 g (23.1 mmol) S16 was dissolved in 45 mL dry THF. 9.66 mL (69.3 mmol) TEA,
2.40 mL (25.4 mmol) acetic anhydride and 282 mg (2.31 mmol) 4-dimethylaminopyridine were
added. The mixture was stirred overnight at ambient temperature. Brine was added and the aqueous
layer was extracted several times with EtOAc. Combined organic layers were dried over Na;SOs,
filtered and solvents were removed in vacuo. The product was obtained in 93% (4.48 g, 21.5 mmol)
yield as colorless oil. 'H NMR (200 MHz, CDCl3)  7.77 (dd, J= 7.6, 1.6 Hz, 1H), 7.25 (t,J="7.8
Hz, 1H), 7.17 (dd, J= 8.0, 1.6 Hz, 1H), 3.89 (s, 3H), 2.39 (s, 3H), 2.34 (s, 3H). 3C NMR (50 MHz,
CDCl3) 6 169.2,167.7, 149.9, 132.3, 131.9, 128.3, 126.3, 125.9, 52.2, 20.9, 13.5. TLC-MS (ESI+):
caled. m/z 208.07 for C11H1204, found 231.3 [M+Na]".

Methyl 3-acetoxy-2-(bromomethyl)benzoate (S18)

To begin, 3.45 g (16.6 mmol) S17 was dissolved in 16 mL of CCl4 and the temperature was set to
refluxing conditions. 3.00 g (16.9 mmol) N-bromosuccinimide and 272 mg (1.66 mmol) of AIBN
were added in one portion and the mixture was stirred overnight under refluxing conditions. After
cooling down to ambient temperature, the solvent was removed in vacuo and the residue was
precipitated in n-hexane and collected by filtration. The crude product was obtained in quantitative
yield (4.85 g 16.6 mmol) as pale brown solid. 'H NMR (400 MHz, DMSO) 6 7.77 (dd, J=7.8, 1.3
Hz, 1H), 7.53 (t,J= 8.0 Hz, 1H), 7.45 (dd, J= 8.2, 1.3 Hz, 1H), 4.91 (s, 2H), 3.88 (s, 3H), 2.37 (s,
3H). 13C NMR (101 MHz, DMSO) 8 168.6, 166.1, 149.5, 130.7, 130.4, 129.5, 128.0, 127.5, 52.5,
24.3,20.7. TLC-MS (ESI+): calcd. m/z 285.98 for C11H11BrO4, found 309.5/311.4 [M+Na]".

Methyl 3-acetoxy-2-((1,3-dioxoisoindolin-2-yl)methyl)benzoate (S19)

To begin, 4.05 g (14.1 mmol) S18 and 2.61 g (14.1 mmol) potassium phthalimide were suspended
in 17 mL of DMF and stirred at ambient temperature for 48 h. Iced water was added to the mixture
under precipitation of a white solid, which was collected by filtration and dried in the oven. The
crude product was obtained as white solid in 94% (4.68 g, 13.3 mmol) yield. '"H NMR (400 MHz,
DMSO) & 7.85 - 7.78 (m, 4H), 7.66 (dd, /= 7.8, 1.2 Hz, 1H), 7.47 (t,J=7.9 Hz, 1H), 7.32 (dd, J
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=8.1, 1.1 Hz, 1H), 5.11 (s, 2H), 3.88 (s, 3H), 2.25 (s, 3H). 3C NMR (101 MHz, DMSO) & 169.7,
167.8, 167.7, 150.5, 135.0, 134.4, 131.8, 129.5, 128.3, 127.5, 127.0, 123.5, 53.0, 33.3, 21.4.

3-Hydroxy-2-((1-oxoisoindolin-2-yl)methyl)benzoic acid (S20)

To begin, 4.13 g (11.7 mmol) S19 was suspended in 25 mL acetic acid and 25 mL concentrated
hydrochloric acid and warmed up to 80 °C. 5.55 g (46.8 mmol) of tin powder was added in one
portion and the mixture was stirred overnight at 80 °C. The reaction mixture was cooled down to
ambient temperature, whereupon the addition of cold 0.1 N HCI precipitated a white solid, which
was collected by filtration, washed with aq. 0.1 N HCL. and dried in the oven. The product was
obtained as white solid in 73% (2.41 g, 8.51 mmol) yield. 'H NMR (400 MHz, DMSO) & 13.03 (s,
1H), 10.03 (s, 1H), 7.67 (d, J= 7.5 Hz, 1H), 7.56 — 7.50 (m, 2H), 7.48 — 7.43 (m, 1H), 7.29 — 7.23
(m, 2H), 7.07 — 7.01 (m, 1H), 4.97 (s, 2H), 4.24 (s, 2H). 13C NMR (101 MHz, DMSO) & 169.5,
167.9, 157.2, 142.4, 134.7, 132.7, 131.6, 129.3, 128.2, 123.9, 123.0, 122.4, 120.9, 119.2, 49.9,
38.2. TLC-MS (ESI-): caled. m/z 283.08 for CisH13NOj4, found 282.4 [M-H]".

3-Acetoxy-2-((1-oxoisoindolin-2-yl)methyl)benzoic acid (S21)

To begin, 2.18 g (7.70 mmol) S20 was dissolved in 10 mL dry THF. 3.22 mL (23.1 mmol) TEA,
0.76 mL (8.09 mmol) acetic anhydride and 94 mg (0.77 mmol) 4-dimethylaminopyridine were
added. The mixture was stirred overnight at ambient temperature until complete conversion. Iced
aqueous 0.1 N HCI was added under precipitation of a white solid, which was collected by filtration
and dried in the oven. The product was obtained as white solid in 96% (2.40 g, 7.38 mmol) yield.
'"H NMR (400 MHz, DMSO) 6 13.47 (s, 1H), 7.76 (dd, J = 7.8, 1.2 Hz, 1H), 7.70 (d, J = 7.5 Hz,
1H), 7.57 — 7.44 (m, 4H), 7.33 (dd, J = 8.0, 1.1 Hz, 1H), 5.00 (s, 2H), 4.12 (s, 2H), 2.20 (s, 3H).
3C NMR (101 MHz, DMSO) & 169.3, 168.2, 166.8, 150.4, 141.7, 134.2, 131.9, 131.3, 129.1,
128.7, 127.8, 127.5, 126.7, 123.4, 122.7, 48.6, 37.0, 20.8. TLC-MS (ESI+): caled. m/z 325.10 for
CisHi5NOs, found 348.6 [M+Na]*.

1-(4-Bromophenyl)piperazine (S22)

(Adapted from procedures described by Cong Liu J.; et al)>* To begin, 1.60 g (9.86 mmol)
of phenylpiperazine was dissolved in 10 mL of DMSO and 10 mL of aqueous HBr (~48%) solution
was added. The mixture was stirred for 2 h at 60 °C. The reaction mixture was cooled down to 0
°C and neutralized by the addition of an aqueous 3 N NaOH solution under precipitation of a solid,
which was collected by filtration, washed with cold, aqueous 0.1 N NaOH solution and dried in the
oven to yield 87% (2.08 g, 8.61 mmol) of the crude product, which was used without further
purification in the next step. 'H NMR (200 MHz, DMSO) § 7.31 (d, J = 6.9 Hz, 2H), 6.85 (d, J =
6.7 Hz, 2H), 3.09 — 2.70 (m, 9H). 3*C NMR (50 MHz, DMSO) 8 150.8, 131.4, 117.1, 109.7, 49.0,
45.5.

tert-Butyl 4-(4-bromophenyl)piperazine-1-carboxylate (S23)

To begin, 2.00 g (8.29 mmol) of S22 was dissolved in DCM and 2.30 mL (16.6 mmol) of TEA was
added. 1.90 g (8.71 mmol) of di-tert-butyl dicarbonate was added and the mixture was stirred
overnight at ambient temperature. The solvent was removed in vacuo and the addition of n-hexane
and diethylether precipitated a white solid, which was collected by filtration and dried in the oven.
The crude product was obtained in 88% (2.50 g, 7.32 mmol) yield and was used without further
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purification in the next step. '"H NMR (400 MHz, DMSO) § 7.35 (d, J = 8.8 Hz, 2H), 6.90 (d, J =
8.9 Hz, 2H), 3.49 — 3.40 (m, 4H), 3.12 — 3.04 (m, 4H), 1.41 (s, 9H). '*C NMR (101 MHz, DMSO)
0 153.8,150.0, 131.5, 117.8, 110.4, 79.0, 47.9, 42.9, 28.0.

4-(2-(Methylthio)-4-(3-nitrophenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-5-
yDpyridin-2-amine (S24)

To begin, 2.75 g (550 mmol) of N-(4-(2-(methylthio)-4-(3-nitrophenyl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazol-5-yl)pyridin-2-yl)acetamide®? was dissolved in 55
mL of MeOH and 5 ml aqueous 3 N NaOH solution was added. The reaction mixture was stirred
at 60 °C for 3 h. After cooling down to ambient temperature, solvents were removed in vacuo. The
oily residue was dissolved in small amounts of MeOH and the slow addition of iced water
precipitated a yellowish solid, which was collected by filtration and dried in the oven to obtain the
product in quantitative yield (2.60 g, 5.50 mmol). 'H NMR (400 MHz, CDCl3) 6 8.51 (t, J=1.9
Hz, 1H), 8.13 — 8.10 (m, 1H), 8.02 (ddd, J = 8.2, 2.2, 0.9 Hz, 1H), 7.71 — 7.68 (m, 1H), 7.35 (t, J
= 8.0 Hz, 1H), 6.64 (dd, /= 5.3, 1.3 Hz, 1H), 6.56 — 6.54 (m, 1H), 5.13 (s, 2H), 4.70 (s, 2H), 3.58
—3.54 (m, 2H), 2.74 (s, 3H), 0.94 — 0.89 (m, 2H), -0.01 (s, 9H). *C NMR (101 MHz, CDCl3) &
159.2, 149.2, 148.7, 146.4, 139.6, 137.2, 135.8, 132.8, 129.6, 129.2, 122.1, 121.7, 115.4, 109.7,
73.1, 66.9, 18.1, 16.2, -1.3. TLC-MS (ESI+): caled m/z 457.16 for C21H27Ns03SSi, found 458.2
[M+H]".

tert-Butyl 4-(4-((4-(2-(methylthio)-4-(3-nitrophenyl)-1-((2-(trimethylsilyl)ethoxy) methyl)-
1H-imidazol-5-yl)pyridin-2-yl)amino)phenyl)piperazine-1-carboxylate (S25)

To begin, 1.00 g (2.19 mmol) of S24, 783 mg (2.29 mmol) of S23, and 2.49 g (7.65 mmol) Cs>2CO3
in 15 mL of a mixture of 1,4-dioxane/t-BuOH (4 + 1) was degassed three times by evacuating and
backfilling with argon under stirring. To the mixture was added 99 mg of BrettPhos Pd G3 (5
mol%), and another three cycles of evacuation and argon backfilling were carried out. The solution
was stirred under reflux for 3 h. After cooling to ambient temperature, Celite was added to the
mixture, and solvents were removed in vacuo. Purification via flash chromatography (SiOz; n-
hexane/EtOAc/MeOH 55:40:5) yielded 86% (1.35 g, 2.19 mmol) of a yellow solid. '"H NMR (400
MHz, DMSO) 6 8.90 (s, 1H), 8.33 (s, IH), 8.25-8.21 (m, 1H), 8.07 (dd, /= 8.1, 1.8 Hz, 1H), 7.80
(d,J=7.9 Hz, 1H), 7.59 (t,J= 8.0 Hz, 1H), 7.42 (d, J= 8.9 Hz, 2H), 6.87 (d, /= 8.9 Hz, 2H), 6.74
—6.69 (m, 2H), 5.15 (s, 2H), 3.48 — 3.39 (m, 6H), 3.03 — 2.95 (m, 4H), 2.70 (s, 3H), 1.42 (s, 9H),
0.82 — 0.75 (m, 2H), -0.08 (s, 9H). *C NMR (101 MHz, DMSO) & 156.9, 153.8, 148.7, 148.0,
145.9, 145.5, 137.9, 135.5, 135.4, 133.8, 132.3, 130.1, 129.7, 121.4, 120.5, 120.2, 116.9, 114.3,
110.5, 78.9, 72.7, 65.8, 49.3, 28.1, 24.9, 17.2, 15.4, -1.5. TLC-MS (ESI+): calcd. m/z 717.31 for
C36H47N705SSi, found 740.5 [M+Na]*.

tert-Butyl 4-(4-((4-(4-(3-aminophenyl)-2-(methylthio)-1-((2-(trimethylsilyl) ethoxy)methyl)-
1H-imidazol-5-yl)pyridin-2-yl)amino)phenyl)piperazine-1-carboxylate (S26)

1.30 g (1.81 mmol) of S25, 506 mg (9.05 mmol) iron powder, and 969 mg (18.1 mmol) ammonium
chloride were suspended in a mixture of THF/MeOH/H,0O (5:2:1, 18 mL). The mixture was
vigorously stirred at 50 °C for 1 h. Then, 1 mL of 0.1 N aqueous HCI was added, and the mixture
was stirred for another 1 h at 50 °C. Thereupon, the reaction mixture was cooled to ambient
temperature and filtered through a pad of Celite. To the filtrate, 0.1 N aqueous NaOH was added,
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and the aqueous layer was extracted several times with EtOAc. The organic layer was dried over
NaxSOq, filtered and concentrated in vacuo. Purification via flash chromatography (SiO2; n-
hexane/EtOAc/MeOH 40:55:5) yielded 84% (1.05 g, 1.53 mmol) of a yellow-brownish solid. 'H
NMR (400 MHz, DMSO) 6 8.81 (s, 1H), 8.17 —8.13 (m, 1H), 7.41 — 7.36 (m, 2H), 6.90 — 6.83 (m,
4H), 6.68 — 6.65 (m, 2H), 6.52 — 6.41 (m, 2H), 5.15 — 5.01 (m, 4H), 3.46 — 3.43 (m, 4H), 3.41 —
3.37 (m, 2H), 3.00 — 2.96 (m, 4H), 2.64 — 2.62 (m, 3H), 1.42 (s, 9H), 0.80 — 0.75 (m, 2H), -0.08 —
-0.10 (m, 9H). 3C NMR (101 MHz, DMSO) & 156.6, 153.8, 148.6, 148.1, 145.7, 144.1, 139.1,
138.8, 134.3, 134.0, 128.6, 127.9, 119.9, 116.9, 114.8, 114.6, 112.71, 112.66, 110.7, 78.9, 72.5,
65.6, 49.4, 28.1, 17.2, 15.6, -1.5. TLC-MS (ESI+): calcd. m/z 687.34 for C3sH49N703SSi, found
688.6 [M+H]".

4-Bromo-5-chloropyridin-2-amine (S27)

(Adapted from Xie, Dongsheng; et al)>* To begin, 2.20 g (12.7 mmol) of 4-bromopyridin-2-amine
was suspended in 40 mL of ACN and the suspension was cooled down to -30 °C. 1.72 g (12.8
mmol) N-chlorosuccinimide dissolved via ultrasonication in 20 mL of ACN was added dropwise
and the mixture was stirred overnight at ambient temperature. The solvent was removed in vacuo
and the residue was dissolved in MeOH. The addition of cold, aqueous 1 N NaOH solution
precipitated a brown solid, which was collected by filtration, washed with water and dried in the
oven. The crude product was obtained in 97% yield (2.55 g, 12.3 mmol) and used without further
purification in the next step. '"H NMR (400 MHz, DMSO) 8 8.00 (s, 1H), 6.81 (s, 1H), 6.42 (s, 2H).
BC NMR (101 MHz, DMSO) 8 159.2, 147.3,131.4, 117.2, 111.4.

N-(4-Bromo-5-chloropyridin-2-yl)acetamide (S28)

To begin, 2.50 g (12.1 mmol) of S27 was dissolved in ACN and 1.25 mL (13.26 mmol) of acetic
anhydride and 147 mg (1.21 mmol) of 4-dimethylaminopyridine was added. The mixture was
stirred overnight at 80 °C. After the reaction mixture was cooled down to ambient temperature,
brine was added, and the aqueous layer was extracted several times with EtOAc. Combined organic
layers were dried over Na;SOs, filtered and solvents were removed in vacuo. The crude product
was purified via flash chromatography (SiO; n-hexane/EtOAc 70:30) to obtain a white solid in
30% (900 mg, 3.61 mmol) yield. '"H NMR (400 MHz, DMSO) & 10.86 (s, 1H), 8.48 (s, 2H), 2.10
(s, 3H). BC NMR (101 MHz, DMSO) 6 169.8, 151.1, 147.6, 132.8, 125.2, 117.1, 23.9.

N-(5-Chloro-4-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyridin-2-yl)acetamide (S29)

To begin, 830 mg (3.33 mmol) of S28, 845 mg (3.33 mmol) bis(pinacolato)diboron and 980 mg
(9.98 mmol) KOAc were suspended in 30 mL of 1,4-dioxane under an argon atmosphere. The
suspension was degassed with three cycles of evacuation and backfilling with argon, followed by
the addition of 122 mg (5 mol%) of Pd(dppf)Cl» and another three cycles of degassing. The reaction
mixture was heated to 100 °C and stirred overnight. Thereupon, the reaction mixture was cooled
down to ambient temperature and filtered through a pad of Celite. The filtrate was concentrated,
and the residue was precipitated in n-hexane. The crude, brown product was obtained in 60% (596
mg, 2.01 mmol) yield after filtration and used without further purification in the next step. '"H NMR
(400 MHz, DMSO) $ 10.62 (s, 1H), 8.34 (s, 1H), 8.30 (s, 1H), 2.09 (s, 3H), 1.32 (s, 12H). *C
NMR (101 MHz, DMSO) 6 169.3, 150.2, 146.8, 128.9, 119.1, 84.7, 24.5, 23.9. TLC-MS (ESI+):
calcd. m/z 296.11 for C13H;sBCIN2O3, found 319.0 [M+Na]*.
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N-(5-Chloro-4-(2-(methylthio)-4-(3-nitrophenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-
imidazol-5-yl)pyridin-2-yl)acetamide (S30)

To begin, 400 mg (0.90 mmol) of 5-bromo-2-(methylthio)-4-(3-nitrophenyl)-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazo2le*?, 400 mg (1.35 mmol) of S29 and 960 mg (3.60
mmol) of K3POys trihydrate were dissolved in 10 mL of 1,4-dioxane and 2.5 mL of demineralized
water. The solution was degassed with three cycles of evacuation and backfilling with argon. To
the solution was added 51 mg (10 mol%) of P(z-Bu); Pd G3, and another three cycles of evacuation
and argon backfilling were carried out. The reaction mixture was warmed to 45 °C and stirred
overnight. After cooling to ambient temperature, brine was added, and the aqueous layer was
extracted several times with EtOAc. The combined organic layers were dried over Na>SOs, filtered,
and evaporated to dryness. The crude product was purified via flash chromatography (SiOz; n-
hexane/EtOAc 50:50) to obtain a yellow solid in 81% (390 mg, 0.73 mmol) yield with residues of
deborylated S31 as indicated by HPLC and NMR. The impure product was used in the next step
without further purification due to simplification of the chromatographic purification after
conversion. 'H NMR (400 MHz, DMSO) & 10.92 (s, 1H), 8.62 (s, 1H), 8.26 (s, 1H), 8.25 — 8.21
(m, 1H), 8.06 (dd, J= 8.1, 1.5 Hz, 1H), 7.69 (d, J= 7.9 Hz, 1H), 7.57 (t, J = 8.0 Hz, 1H), 5.17 (d,
J=11.5Hz, 1H), 5.03 (d, J=11.5 Hz, 1H), 3.32 —3.29 (m, 2H), 2.73 (s, 3H), 2.09 (s, 3H), 0.78 —
0.71 (m, 2H), -0.10 (s, 9H). 3C NMR (101 MHz, DMSO) & 169.4, 151.4, 148.2, 148.0, 146.2,
137.9,136.3, 135.0, 131.2, 130.3, 125.46, 125.45, 121.6, 119.6, 116.3, 73.0, 65.7,24.9, 17.1, 15.3,
-1.5. TLC-MS (ESI+): caled. m/z 533.13 for C23H23CINsO4SSi, found 556.2 [M+Na]".

N-(4-(4-(3-Aminophenyl)-2-(methylthio)-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-
5-yl)-5-chloropyridin-2-yl)acetamide (S31)

To begin, 350 mg (0.66 mmol) of S30 was dissolved in MeOH, and to the solution was added 214
mg (3.28 mmol) of zinc powder. To the suspension was added 206 mg (3.28 mmol) of ammonium
formate portion wise over 15 min. After TLC indicated complete conversion, the crude mixture
was filtered over Celite and washed with MeOH. The filtrate was evaporated to dryness and the
crude product was purified via flash chromatography (SiO»; n-hexane/EtOAc 55:45) to obtain a
yellow solid in 58% yield (190 mg, 0.38 mmol). "H NMR (400 MHz, DMSO) 6 10.83 (s, 1H), 8.53
(s, IH), 8.17 (s, 1H), 6.86 — 6.78 (m, 2H), 6.39 (dd, /= 8.0, 1.1 Hz, 1H), 6.31 (d, /= 7.7 Hz, 1H),
5.12(d,J=11.4 Hz, 1H), 5.01 (s, 2H), 4.94 (d,J=11.4 Hz, 1H), 3.28 — 3.25 (m, 2H), 2.67 (s, 3H),
2.09 (s, 3H), 0.75 — 0.70 (m, 2H), -0.10 (s, 9H). 1*C NMR (101 MHz, DMSO) § 169.5, 151.1,
148.6, 147.8, 144.5, 139.4, 139.1, 133.9, 128.7, 125.9, 123.7, 116.6, 113.4, 112.9, 111.7, 72.7,
65.5,23.9,17.1,15.5, -1.5. TLC-MS (ESI+): calcd. m/z 503.16 for C23H30CINsO2SSi, found 526.3
[M+Na]*.

N-(4-methoxy-3-((4-(2-(methylthio)-4-(3-nitrophenyl)-1-((2-(trimethylsilyl) ethoxy)methyl)-
1H-imidazol-5-yl)pyridin-2-yl)amino)phenyl)propionamide (S32)

To begin, 540 mg (1.18 mmol) of S24, 396 mg (1.53 mmol) of N-(3-bromo-4-methoxyphenyl)
propionamide and 577 mg of Cs2CO3 (1.77 mmol) in 12 mL of a mixture of 1,4-dioxane/t-BuOH
(4 + 1) was degassed three times by evacuating and backfilling with argon under stirring. To the
mixture was added 53 mg of BrettPhos Pd G3 (5 mol%), and another three cycles of evacuation
and argon backfilling were carried out. The solution was stirred under reflux for 4 h. After cooling
to ambient temperature, cold demineralized water was added under precipitation of a yellow solid,
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which was collected by filtration and dried in the oven. The crude product was isolated as yellow
solid in 95% yield (715 mg, 1.13 mmol) and used without further purification in the next step with
residues of the bromo reactant. '"H NMR (400 MHz, DMSO) 8 9.68 (s, 1H), 8.36 — 8.32 (m, 1H),
8.31 —8.24 (m, 3H), 8.05 (ddd, J = 8.2, 2.3, 0.8 Hz, 1H), 7.80 (d, /= 8.0 Hz, 1H), 7.58 (t, J= 8.0
Hz, 1H), 7.32 (dd, J = 8.8, 2.5 Hz, 1H), 7.02 (s, 1H), 6.91 (d, J = 8.9 Hz, 1H), 6.76 (dd, J = 5.2,
1.1 Hz, 1H), 5.17 (s, 2H), 3.75 (s, 3H), 3.42 — 3.36 (m, 2H), 2.70 (s, 3H), 2.28 (q, /= 7.5 Hz, 2H),
1.07 (t,J = 7.6 Hz, 3H), 0.80 — 0.73 (m, 2H), -0.07 — -0.11 (m, 9H). 3C NMR (101 MHz, DMSO)
0 171.4, 156.6, 148.3, 148.0, 145.5, 145.3, 138.1, 135.5, 135.4, 132.4, 132.2, 130.0, 129.6, 129.3,
121.4,120.4, 115.2, 113.2, 112.2, 111.9, 110.9, 72.6, 65.8, 55.8, 29.4, 17.2, 15.4, 9.8, -1.5. TLC-
MS (ESI+): caled. m/z 634.24 for C31H33N6OsSSi, found 657.1 [M+Na]".

N-(3-((4-(4-(3-aminophenyl)-2-(methylthio)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
imidazol-5-yl)pyridin-2-yl)amino)-4-methoxyphenyl)propionamide (S33)

To begin, 650 mg (1.02 mmol) of S32 was dissolved in MeOH, and to the solution was added 335
mg (5.12 mmol) of zinc powder. To the suspension was added 323 mg (5.12 mmol) of ammonium
formate portion wise over 15 min. After TLC indicated complete conversion, the crude mixture
was filtered over Celite and washed with MeOH. The filtrate was concentrated and demineralized
water was added to the residue under precipitation of a yellowish solid, which was collected by
filtration and dried in the oven. The crude product was triturated with a mixture of n-
hexane/diethylether (9+1) to obtain 40% (250 mg, 0.41 mmol) of the product as yellow solid. 'H
NMR (400 MHz, DMSO) § 9.67 (s, 1H), 8.28 (d, /= 2.5 Hz, 1H), 8.20 — 8.16 (m, 2H), 7.32 (dd, J
=8.8,2.5 Hz, 1H), 6.98 (s, 1H), 6.92 — 6.89 (m, 2H), 6.86 (t, /= 7.9 Hz, 1H), 6.67 (dd, J=5.2,1.2
Hz, 1H), 6.46 — 6.43 (m, 1H), 6.41 (ddd, J = 8.0, 2.3, 0.9 Hz, 1H), 5.19 — 5.07 (m, 4H), 3.77 (s,
3H), 3.39 — 3.35 (m, 2H), 2.65 (s, 3H), 2.29 (q, J = 7.6 Hz, 2H), 1.07 (t, /= 7.5 Hz, 3H), 0.78 —
0.74 (m, 2H), -0.08 (s, 9H). 3C NMR (101 MHz, DMSO) & 171.4, 156.3, 148.4, 147.5, 145.1,
144.0, 139.1, 138.8, 134.3, 132.4, 129.5, 128.5, 127.7, 115.8, 114.7, 112.9, 112.8, 112.7, 112.2,
111.9, 110.7, 72.4, 65.6, 55.8, 29.3, 17.2, 15.6, 9.8, -1.5. TLC-MS (ESI+): calcd. m/z 604.27 for
C31H40N6O3SSi, found 627.1 [M+Na]*.

tert-Butyl (3-(2-ethyl-5-(2-(phenylamino)pyridin-4-yl)-1-((2-(trimethylsilyl) ethoxy)methyl)-
1H-imidazol-4-yl)phenyl)carbamate (S34)

To begin, 350 mg (0.69 mmol) of tert-butyl (3-(5-(2-aminopyridin-4-yl)-2-ethyl-1-((2-
(trimethylsilyl)ethoxy)methyl)-1H-imidazol-4-yl)phenyl)carbamate®*, 162 mg (1.03 mmol) of
bromobenzene, and 336 mg of Cs>2CO3 (1.03 mmol) in 7 mL of a mixture of 1,4-dioxane/r~-BuOH
(4 + 1) was degassed three times by evacuating and backfilling with argon under stirring. The
mixture was added 31 mg of BrettPhos Pd G3 (5 mol%), and another three cycles of evacuation
and argon backfilling were carried out. The solution was stirred under reflux for 5 h. After cooling
to ambient temperature, Celite was added to the mixture, and solvents were removed in vacuo.
Purification via flash chromatography (SiOz; n-hexane/EtOAc 40:60) yielded 87% (350 mg, 0.60
mmol) of a yellow solid. 'H NMR (400 MHz, DMSO) & 9.28 (s, 1H), 9.06 (s, 1H), 8.23 (d,J=5.2
Hz, 1H), 7.75 - 7.72 (m, 1H), 7.61 — 7.59 (m, 1H), 7.59 — 7.57 (m, 1H), 7.29 — 7.25 (m, 1H), 7.24
—7.20 (m, 2H), 7.10 (t, /= 7.9 Hz, 1H), 6.93 — 6.90 (m, 1H), 6.89 — 6.85 (m, 1H), 6.74 (s, 1H),
6.73 - 6.70 (m, 1H), 5.14 (s, 2H), 3.35 - 3.31 (m, 2H), 2.80 (q, /= 7.5 Hz, 2H), 1.43 (s, 9H), 1.32
(t,J=17.5Hz,3H),0.78 — 0.73 (m, 2H), -0.10 (s, 9H). 3*C NMR (101 MHz, DMSO) 8 156.3, 152.7,
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150.4, 148.0, 141.4, 139.5, 139.4, 136.3, 134.8, 128.6, 128.2, 126.4, 120.64, 120.59, 118.1, 117.0,
116.5, 115.5, 111.9, 78.8, 71.7, 65.1, 28.1, 19.8, 17.2, 12.1, -1.5. TLC-MS (ESI+): calcd. m/z
585.31 for C33H43N503Si, found 608.3 [M + Na]*.

4-(4-(3-Aminophenyl)-2-ethyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-5-yl)-/V-
phenylpyridin-2-amine (S35)

320 mg (0.55 mmol) of S1 was dissolved in 18 mL of a mixture of TFA/DCM 10% v/v. The
solution was stirred for 24 h at ambient temperature. The reaction mixture was concentrated in
vacuo and to the residue was added a saturated aqueous NaHCOj3 solution, whereupon the aqueous
layer was extracted several times with EtOAc. The combined organic layers were dried over
NaxSOq, filtered, and the solvents removed in vacuo. The crude product was purified via flash
chromatography (SiO2; n-hexane/EtOAc/MeOH 30:65:5) to give the product as light yellow solid
in 57% yield (150 mg, 0.31 mmol). 'H NMR (400 MHz, DMSO) & 9.07 (s, 1H), 8.23 (d, J = 5.1
Hz, 1H), 7.60 (s, 1H), 7.58 (s, 1H), 7.25 — 7.20 (m, 2H), 6.90 — 6.87 (m, 2H), 6.86 — 6.82 (m, 1H),
6.76 (s, 1H), 6.74 — 6.70 (m, 1H), 6.45 — 6.41 (m, 1H), 6.41 — 6.36 (m, 1H), 5.12 (s, 2H), 4.99 (s,
2H), 3.34 - 3.32 (m, 2H), 2.78 (q, J = 7.5 Hz, 2H), 1.31 (t, J= 7.5 Hz, 3H), 0.78 — 0.72 (m, 2H), -
0.10 (s, 9H). BCNMR (101 MHz, DMSO) 8 156.2, 150.1, 148.6, 147.9, 141.4, 139.8, 137.0, 134.9,
128.6, 128.4, 125.9, 120.6, 118.1, 115.6, 114.7, 112.7, 112.3, 111.9, 71.7, 65.1, 19.8, 17.2, 12.1, -
1.5. TLC-MS (ESI+): caled. m/z 485.26 for C2sH3sNsOSi, found 508.2 [M + Na]".

N-(4-(4-(3-Aminophenyl)-2-(methylthio)-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-
S-yl)pyridin-2-yl)acetamide (S36)

Prepared as previously described.?

4-(2-(Methylthio)-4-(3-nitrophenyl)-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-5-yl)-
N-phenylpyridin-2-amine (S37)

To begin, 410 mg (0.90 mmol) of S24, 155 mg (0.99 mmol) of bromobenzene, and 1022 mg of
Cs2CO3 (3.14 mmol) in 18 mL of a mixture of 1,4-dioxane/--BuOH (4 + 1) was degassed three
times by evacuating and backfilling with argon under stirring. To the mixture was added 20 mg of
BrettPhos Pd G3 (2.5 mol%), and another three cycles of evacuation and argon backfilling were
carried out. The solution was stirred under reflux for 5 h. After cooling to ambient temperature,
Celite was added to the mixture, and solvents were removed in vacuo. Purification via flash
chromatography (SiO»; n-hexane/EtOAc 30:70) afforded 94% (450 mg, 0.84 mmol) of a yellow
solid. 'H NMR (400 MHz, DMSO) § 9.14 (s, 1H), 8.37 — 8.33 (m, 1H), 8.31 (d, J = 5.6 Hz, 1H),
8.07 (ddd, J=28.3,2.4,0.9 Hz, 1H), 7.83 - 7.79 (m, 1H), 7.64 — 7.57 (m, 3H), 7.27 — 7.22 (m, 2H),
6.90 (t,J=7.3 Hz, 1H), 6.84 — 6.79 (m, 2H), 5.17 (s, 2H), 3.45 — 3.39 (m, 2H), 2.71 (s, 3H), 0.81
—0.76 (m, 2H), -0.08 (s, 9H). *C NMR (101 MHz, DMSO) & 156.5, 148.6, 148.0, 145.6, 141.2,
138.1, 135.6, 135.3, 132.3, 130.1, 129.5, 128.6, 121.4, 120.9, 120.5, 118.3, 115.1, 111.5, 72.7,
65.8,17.2,15.4,-1.5. TLC-MS (ESI+): caled. m/z 533.19 for C27H31N503SS1, found 534.2 [M+H]".

4-(4-(3-Aminophenyl)-2-(methylthio)-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-5-
yl)-N-phenylpyridin-2-amine (S38)

To begin, 450 mg (0.84 mmol) of S37 was dissolved in MeOH, and to the solution was added 276
mg (4.22 mmol) of zinc powder. To the suspension was added 266 mg (4.22 mmol) of ammonium
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formate portion wise over 15 min. After TLC indicated complete conversion, the crude mixture
was filtered over Celite and washed with MeOH. The filtrate was evaporated to dryness and the
crude product was purified via flash chromatography (SiO.; n-hexane/(EtOAc/MeOH 5%) 65:35)
to obtain a yellow solid in 72% yield (305 mg, 0.61 mmol). 'H NMR (400 MHz, DMSO) § 9.07
(s, 1H), 8.23 (d, J = 5.8 Hz, 1H), 7.58 (d, J = 7.7 Hz, 2H), 7.25 — 7.20 (m, 2H), 6.91 — 6.84 (m,
3H), 6.79 — 6.74 (m, 2H), 6.48 — 6.39 (m, 2H), 5.14 (s, 2H), 5.03 (s, 2H), 3.42 —3.37 (m, 2H), 2.65
(s, 3H), 0.80 — 0.75 (m, 2H), -0.09 (s, 9H). 3C NMR (101 MHz, DMSO) & 156.2, 148.6, 148.0,
144.2, 141.4, 139.07, 139.05, 134.2, 128.6, 128.5, 127.7, 120.6, 118.1, 115.4, 114.8, 112.69,
112.67, 111.6, 72.5, 65.6, 17.2, 15.6, -1.5. TLC-MS (ESI+): calcd. m/z 503.22 for C27H33N50SSi,
found 526.1 [M+Na]".

N-(3-((4-(4-(3-Aminophenyl)-2-(methylthio)-1-((2-(trimethylsilyl)ethoxy)methyl)-1H-
imidazol-5-yl)pyridin-2-yl)amino)-4-methoxyphenyl)acrylamide (S39)

Prepared as previously described.?

N-(4-(4-(3-Aminophenyl)-2-ethyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-5-
yDpyridin-2-yl)acetamide (S40)

Prepared as previously described. 3

N-(3-((4-(4-(3-Aminophenyl)-2-ethyl-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-5-
yDpyridin-2-yl)amino)-4-methoxyphenyl)acrylamide (S41)

Prepared as previously described.>*

tert-Butyl 4-(4-((4-(4-(3-(3-acetoxy-2-((1-oxoisoindolin-2-yl)methyl)benzamido) phenyl)-2-
(methylthio)-1-((2-(trimethylsilyl)ethoxy)methyl)-1 H-imidazol-5-yl)pyridin-2-
y)amino)phenyl)piperazine-1-carboxylate (S42)

To begin, 850 mg (1.24 mmol) S26 and 563 mg (1.73 mmol) S21 were suspended in 15 mL toluene
and the mixture was cooled down to -5 °C. To the mixture was added 379 mg (1.98 mmol) EDC-
HCI and the mixture was slowly warmed up to ambient temperature and stirred overnight. The
solvent was removed in vacuo and EtOAc was added to the residue. The organic phase was washed
with saturated, aqueous NH4Cl and then dried over Na;SOs. After evaporation of the solvent the
crude product was purified via flash chromatography (SiO», n-hexane/EtOAc 20:80) to obtain a
yellow solid in 73% yield (900 mg, 0.90 mmol). 'H NMR (400 MHz, DMSO) § 10.63 (s, 1H), 8.80
(s, 1H), 8.16 (d, J = 5.2 Hz, 1H), 8.01 — 7.98 (m, 1H), 7.67 (d, J = 7.5 Hz, 1H), 7.64 — 7.60 (m,
1H), 7.56 — 7.49 (m, 2H), 7.49 — 7.42 (m, 3H), 7.35 (d, J=9.0 Hz, 2H), 7.28 — 7.21 (m, 2H), 7.08
(d, J=7.8 Hz, 1H), 6.81 (d, J=9.0 Hz, 2H), 6.71 (dd, /= 5.2, 1.1 Hz, 1H), 6.68 (s, 1H), 5.15 (s,
2H), 4.75 (s, 2H), 4.17 (s, 2H), 3.45 — 3.38 (m, 6H), 2.98 — 2.93 (m, 4H), 2.66 (s, 3H), 2.20 (s, 3H),
1.41 (s, 9H), 0.80 — 0.76 (m, 2H), -0.09 (s, 9H). 1*C NMR (101 MHz, DMSO) & 169.2, 166.8,
166.4, 156.8, 153.8, 150.0, 148.3, 145.7, 144.6, 141.7, 139.7, 139.0, 138.4, 137.9, 134.2, 133.9,
131.9, 131.3, 129.1, 128.6, 128.5, 127.7, 126.7, 125.3, 124.8, 123.3, 122.7, 122.4, 119.9, 118.71,
118.65, 116.9, 114.4, 110.6, 78.9, 72.6, 65.7, 49.3, 49.0, 48.6, 37.7, 28.1, 20.8, 17.2, 15.6, -1.5.
TLC-MS (ESI+): calcd. m/z 994.42 for CssHs2N3O7SSi, found 1017.4 [M+Na]*.

N-(3-(5-(2-Acetamidopyridin-4-yl)-2-(methylthio)-1 H-imidazol-4-yl)phenyl)benzamide (1)
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Prepared as previously described. 3

N-(3-(5-(2-Acetamidopyridin-4-yl)-2-(methylthio)-1H-imidazol-4-yl)phenyl)-3-
hydroxybenzamide (2)

To begin, 60 mg (0.13 mmol) of S36, 35 mg (0.19 mmol) of 3-acetoxybenzoic acid, and 82 mg
(0.25 mmol) of TBTU were dissolved in 2 mL of DMF, and to the mixture was added 53 pL (0.38
mmol) of TEA. The reaction mixture was stirred overnight at ambient temperature. After addition
of brine, the aqueous layer was extracted with DCM, the combined organic layers were dried over
NaxSOq, filtered and volatiles were removed in vacuo. The crude product was purified via flash
chromatography (SiO2; DCM/MeOH 90:10) (identification of the intermediate via TLC-MS
(ESI+): caled. m/z 631.23 for C32H37N505SSi, found 654.1 [M+Na]"). The intermediate was then
dissolved in a 33% TFA/DCM mixture. After stirring overnight at room temperature, a saturated
aqueous NaHCOj solution was added to the mixture, and the aqueous layer was extracted with
EtOAc. Combined organic layers were dried over Na;SOs, and solvents were removed in vacuo
(identification of the intermediate via TLC-MS (ESI+): calcd. m/z 501.15 for C26H23N504S, found
524.3 [M+Na]") The intermediate was dissolved in MeOH, a saturated aqueous NaHCOj3 solution
was added and the mixture was stirred for 1 h. The aqueous layer was extracted with DCM. The
combined organic layers were dried over Na;SO4, and solvents were removed in vacuo. The residue
was purified via flash chromatography (SiO2; DCM/MeOH 90:10) to obtain the product in 42%
yield (27 mg, 0.05 mmol) of a white solid. '"H NMR (400 MHz, DMSO) & 12.81 — 12.63 (m, 1H),
10.50 — 10.30 (m, 1H), 10.27 — 10.12 (m, 1H), 9.80 — 9.68 (m, 1H), 8.39 — 8.05 (m, 2H), 8.00 —
7.89 (m, 1H), 7.86 — 7.74 (m, 1H), 7.44 — 7.32 (m, 2H), 7.32 — 7.23 (m, 2H), 7.15 (d, /= 7.2 Hz,
1H), 7.08 — 7.01 (m, 1H), 6.97 (d, J = 7.3 Hz, 1H), 2.63 (s, 3H), 2.10 — 2.00 (m, 3H). 1*C NMR
(101 MHz, DMSO) 6 168.9, 165.7, 157.4, 152.4, 147.5, 143.7, 142.1, 139.6, 136.3, 134.3, 131.1,
130.6, 129.4, 129.1, 123.8, 120.1, 120.0, 118.6, 118.2, 116.4, 114.5, 110.5, 23.9, 15.1. HRMS
(ESI): exact mass calcd. for C24H21N503S [M+H]": 460.14379. Found: 460.14445.

General procedures for synthesis of bivalent EGFR inhibitors:

An amine, a carboxylic acid, and an appropriate coupling reagent (TBTU, EDC-HCI) were
dissolved in DMF or toluene (0.05 M) and TEA or DIPEA was added to the solution in the stated
amounts. The reaction mixture was stirred overnight at ambient temperatures. After addition of
brine, the aqueous layer was extracted three times with EtOAc, the combined organic layers were
dried over NaxSOs, filtered and volatiles were removed in vacuo. The crude product was purified
via gradient silica flash chromatography. The Intermediate was identified via TLC-MS and was
then dissolved in 2-5 mL of a mixture of TFA in DCM (20-33% v/v). The mixture was stirred at
ambient temperature overnight. After complete consumption of the starting material and
identification of the intermediate via TLC-MS, the volatiles were removed by rotary evaporation
and the oily residue was resuspended in (A) EtOAc, a saturated aqueous NaHCOs3 solution was
added, and the aqueous layer was extracted several times with EtOAc. The combined organic layers
were dried over NaxSOg, filtered and the solvents removed by rotary evaporation. The crude
product was purified via flash chromatography. (B) Compounds with phenol acetyl ester protection
group: the residue was dissolved in 2-5 mL of MeOH, few drops of an aqueous 0.1 N NaOH were
added, and the residue was stirred for 2-5 h at ambient temperature. After the complete
consumption of starting material was indicated by HPLC, the aqueous layer was neutralized by the
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addition of saturated aqueous NH4Cl solution, and the aqueous layer was extracted several times
with EtOAc. Organic layers were dried over NaxSOg, filtered and solvents were removed in vacuo.
The crude product was purified via flash chromatography.

Starting materials, mobile phases for chromatographic purification, analytics for characterization
and deviations from above-mentioned procedures are given in detail in the following for the tested
compounds of this study.

N-(3-(5-(2-Acetamidopyridin-4-yl)-2-(methylthio)-1 H-imidazol-4-yl)phenyl)-2-((1-
oxoisoindolin-2-yl)methyl)benzamide (3)

Prepared as previously described.?

N-(3-(5-(2-Acetamidopyridin-4-yl)-2-(methylthio)-1H-imidazol-4-yl)phenyl)-2-((1,3-
dioxoisoindolin-2-yl)methyl)benzamide (4)

The title compound was synthesized according to general procedure A) from 135 mg (0.29 mmol)
S36, 121 mg (0.43 mmol) of 2-((1,3-dioxoisoindolin-2-yl)methyl)benzoic acid,*?> 138 mg (0.43
mmol) TBTU and 120 pl (0.86 mmol) TEA dissolved in DMF. Purification via flash
chromatography (SiO2; n-hexane/EtOAc 15:85) [identification of intermediate via TLC-MS
(ESI+): caled. m/z 732.26 for C3oH40NeOsSSi Found 755.6 [M+Na]*]. The intermediate was
dissolved in a 33% TFA/DCM mixture and purification of the product via flash chromatography
(S102; DCM/MeOH 90:10) afforded 64% (112 mg, 0.19 mmol) of an off-white solid. As mixture
of tautomers: 'H NMR (200 MHz, DMSO) § 12.92 — 12.55 (m, 1H), 10.67 — 10.27 (m, 2H), 8.43
—8.05 (m, 2H), 8.01 — 7.70 (m, 6H), 7.56 (s, 1H), 7.48 — 7.14 (m, 5H), 7.12 — 7.00 (m, 1H), 4.98
(s, 2H), 2.63 (s, 3H), 2.04 (s, 3H). HRMS (ESI): exact mass calcd for C33sH26sN¢O4S [M+H]":
603.18090. Found: 603.18165.

2-((2-((3-(5-(2-Acetamidopyridin-4-yl)-2-(methylthio)-1H-imidazol-4-
yDphenyl)carbamoyl)benzyl)carbamoyl)benzoic acid (5)

To begin, 40 mg (0.06 mmol) of 4 was dissolved in 1.3 mL MeOH, 1.3 mL of a saturated aqueous
NaHCO; solution was added and the mixture was stirred for 5 h at ambient temperature.
Demineralized water was added, and the pH was adjusted to 4-5 with diluted aqueous HCI. The
aqueous layer was extracted multiple times with EtOAc. Combined organic layers were dried over
NaySOq, filtered and volatiles were removed in vacuo. DCM was added to the residue and the
mixture was filtered through a syringe filter. Removal of the solvent in vacuo afforded the product
in 85% (35 mg, 0.056 mmol) yield as yellow solid. 'H NMR (200 MHz, DMSO) & 12.81 (s, 1H),
10.71-10.26 (m, 2H), 8.97 (s, 1H), 8.40 — 8.09 (m, 2H), 7.99 — 7.73 (m, 3H), 7.66 — 7.59 (m, 1H),
7.57 —7.43 (m, SH), 7.43 — 7.28 (m, 2H), 7.20 — 7.04 (m, 2H), 4.66 — 4.50 (m, 2H), 2.62 (s, 3H),
2.10 — 1.97 (m, 3H). With missing signal of carboxylic acid. HRMS (ESI): exact mass calcd for
C33H28N6OsS [M+H]": 621.19147. Found: 621.19205.

N-(3-(5-(2-Acetamidopyridin-4-yl)-2-(methylthio)-1 H-imidazol-4-yl)phenyl)-2-fluoro-6-((1-
oxoisoindolin-2-yl)methyl)benzamide (6)

To begin, 30 mg (0.11 mmol) S15 was dissolved in 3.5 mL THF and 3 drops DMF was added. 14
ul (0.16 mmol) oxalyl chloride was added drop wise under gas formation and the mixture was
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stirred for 0.5 h at ambient temperature, whereupon the excess of oxalyl chloride was removed in
vacuo. 50 mg (0.11 mmol) S36 was dissolved in 3.5 mL THF, 45 pul (0.32 mmol) TEA was added
and the mixture was cooled down to 0 °C. The beforehand prepared acid chloride dissolved in 3.5
mL THF was slowly added, whereupon the mixture was warmed up to ambient temperature and
stirred for 0.5 h. Volatiles were removed in vacuo and the crude product was purified via flash
chromatography (SiO2; DCM/MeOH 90:10). [Identification of intermediate via TLC-MS (ESI+):
calcd. m/z 736.27 for C390H41FNsO4SSi Found 760.4 [M+Na]*]. The intermediate was dissolved in
a 33% TFA/DCM mixture and purification of the product via flash chromatography (SiO2; n-
hexane/EtOAc/MeOH 30:60:10) afforded 25% (16 mg, 0.03 mmol) of an off-white solid (in 94.6%
HPLC purity). As mixture of tautomers: 'H NMR (400 MHz, DMSO) § 12.82 — 12.66 (m, 1H),
10.60 — 10.30 (m, 2H), 8.39 — 8.08 (m, 2H), 7.97 — 7.84 (m, 1H), 7.78 — 7.67 (m, 1H), 7.63 — 7.54
(m, 2H), 7.51 — 7.33 (m, 4H), 7.31 = 7.27 (m, 1H), 7.26 — 7.21 (m, 1H), 7.17 (d, /= 7.7 Hz, 1H),
7.10 — 7.02 (m, 1H), 4.85 (s, 2H), 4.43 (s, 2H), 2.63 (s, 3H), 2.08 — 1.99 (m, 3H). HRMS (ESI):
exact mass calcd for C33H27FNsO3S [M+Na]™: 629.17460. Found: 629.17416.

N-(3-(5-(2-Acetamidopyridin-4-yl)-2-(methylthio)-1H-imidazol-4-yl)phenyl)-3-hydroxy-2-
((1-oxoisoindolin-2-yl)methyl)benzamide (7)

The title compound was synthesized according to general procedure B) from 53 mg (0.11 mmol)
S36, 40 mg (0.12 mmol) S21, 47 mg (0.15 mmol) TBTU and 47 pl (0.32 mmol) TEA in DMF.
Purification via flash chromatography (SiO2, n-hexane/EtOAc/MeOH 10:85:5). [Identification of
intermediate via TLC-MS (ESI+): caled. m/z 776.28 for C41H44NsO6SSi Found 799.9 [M+Na]*].
The intermediate was dissolved in a 33% TFA/DCM mixture [Identification of intermediate via
TLC-MS (ESI+): caled. m/z 646.20 for C3sH3oNsOsS Found 669.7 [M+Na]'], followed by
deprotection under basic conditions and purification via flash chromatography (SiO2, n-
hexane/EtOAc/MeOH 10:85:5) afforded 77% (50 mg, 0.08 mmol) of a yellow solid. As mixture
of tautomers: '"H NMR (200 MHz, DMSO) & 12.84 — 12.64 (m, 1H), 10.85 — 10.55 (m, 1H), 10.50
—10.25 (m, 1H), 10.15—-9.92 (m, 1H), 8.39 — 8.04 (m, 2H), 7.90 — 7.66 (m, 2H), 7.65 — 7.50 (m,
3H), 7.48 —7.22 (m, 3H), 7.20 — 7.02 (m, 2H), 7.02 — 6.89 (m, 2H), 4.77 (s, 2H), 4.38 (s, 2H), 2.69
—2.58 (m, 3H), 2.03 (s, 3H). HRMS (ESI): exact mass calcd for C33H2sN6O4S [M+H]": 605.19655.
Found: 605.19597.

N-(3-(5-(2-Acetamido-5-chloropyridin-4-yl)-2-(methylthio)-1H-imidazol-4-yl)phenyl)-3-
hydroxy-2-((1-oxoisoindolin-2-yl)methyl)benzamide (8)

The title compound was synthesized according to general procedure B) from 170 mg (0.34 mmol)
S31, 143 mg (0.44 mmol) S21, 97 mg (0.51 mmol) EDC-HCI in toluene at 0 °C starting
temperature. Flash chromatography (SiO», n-hexane/EtOAc 20:80). [Identification of intermediate
via TLC-MS (ESI+): caled. m/z 810.24 for C41H43CINsOsSSi Found 833.0 [M+Na]"]. Deprotection
in a 33% TFA/DCM mixture [Identification of intermediate via HRMS (ESI): exact mass calcd for
C35H29CINgOsS [M+Na]*: 703.15009. Found: 703.15078] and flash chromatographic purification
(S102, n-hexane/(EtOAc/MeOH 5) 10:90), followed by deprotection under basic conditions and
isolation of the product via extraction with EtOAc to obtain the product in 12% yield (25 mg, 0.04
mmol) as white solid. As mixture of tautomers: 'H NMR (400 MHz, DMSO) & 13.03 — 12.47 (m,
1H), 10.60 (s, 2H), 10.08 (s, 1H), 8.46 — 8.10 (m, 2H), 7.93 — 7.61 (m, 2H), 7.58 — 7.40 (m, 4H),
7.29 —7.22 (m, 2H), 7.15 (s, 1H), 7.01 — 6.92 (m, 2H), 4.72 (s, 2H), 4.36 (s, 2H), 2.61 (s, 3H), 2.05

51

https://doi.org/10.26434/chemrxiv-2023-zzfc3 ORCID: https://orcid.org/0000-0002-0722-5160 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-zzfc3
https://orcid.org/0000-0002-0722-5160
https://creativecommons.org/licenses/by-nc-nd/4.0/

(s, 3H). HRMS (ESI): exact mass calcd for C33H27CINsO4S [M+Na]": 661.13952. Found:
661.14065.

N-(3-(5-(2-Acetamidopyridin-4-yl)-2-ethyl-1H-imidazol-4-yl)phenyl)-3-hydroxy-2-((1-
oxoisoindolin-2-yl)methyl)benzamide (9)

The title compound was synthesized according to general procedure B) from 80 mg (0.18 mmol)
S40, 69 mg (0.21 mmol) S21, 51 mg (0.27 mmol) EDC-HCl in toluene at 0 °C starting temperature.
Flash chromatography (SiO2, n-hexane/EtOAc 5:95). [Identification of intermediate via TLC-MS
(ESI+): caled. m/z 758.32 for CsHasNsOeSi, found 780.9 [M+Na]"]. Deprotection in a 25%
TFA/DCM mixture [Identification of intermediate via TLC-MS (ESI+): calcd. m/z 628.24 for
C36H32N6Os, found 651.7 [M+Na]] and flash chromatographic purification (SiO2, EtOAc/IPA
90:10), followed by deprotection under basic conditions afforded an off-white solid in 26% yield
(27 mg, 0.05 mmol). '"H NMR (400 MHz, DMSO) & 12.55 (br s, 1H), 10.69 (s, 1H), 10.34 (s, 1H),
10.05 (s, 1H), 8.31 (s, 1H), 8.09 (d, J=5.0 Hz, 1H), 7.85 (s, 1H), 7.72 (d, J= 8.0 Hz, 1H), 7.61 (d,
J=17.5Hz, 1H), 7.58 — 7.50 (m, 2H), 7.47 — 7.40 (m, 1H), 7.35 (t,J=7.8 Hz, 1H), 7.27 (t,J=7.8
Hz, 1H), 7.15 (d, J= 7.6 Hz, 1H), 7.06 (d, /= 4.8 Hz, 1H), 7.02 — 6.93 (m, 2H), 4.76 (s, 2H), 4.38
(s, 2H), 2.72 (q, J = 7.5 Hz, 2H), 2.04 (s, 3H), 1.28 (t, /= 7.6 Hz, 3H). HRMS (ESI): exact mass
calcd for C34H30NgO4 [M+H]": 587.24013. Found: 587.23726.

N-(3-(5-(2-Acetamidopyridin-4-yl)-2-ethoxy-1H-imidazol-4-yl)phenyl)-3-hydroxy-2-((1-
oxoisoindolin-2-yl)methyl)benzamide (10)

The title compound was synthesized according to general procedure B) from 90 mg (0.19 mmol)
S7, 75 mg (0.23 mmol) S21, 55 mg (0.29 mmol) EDC-HCI in toluene at 0 °C starting temperature.
Flash chromatography (SiO2, n-hexane/EtOAc 5:95). [Identification of intermediate via TLC-MS
(ESI+): caled. m/z 774.32 for CsxHasNeO7Si Found 796.9 [M+Na]*]. Deprotection in a 25%
TFA/DCM mixture [Identification of intermediate via TLC-MS (ESI+): calcd. m/z 644.24 for
C36H32N6Os Found 666.7 [M+Na]*] and flash chromatographic purification (SiO2, EtOAc/IPA
10%), followed by deprotection under basic conditions. The product was precipitated in cold
demineralized water and filtration afforded the product in 45% yield (55 mg, 0.09 mmol) as off-
white solid. As mixture of tautomers: '"H NMR (400 MHz, DMSO) & 11.95 (s, 1H), 10.67 (s, 1H),
10.32 (s, 1H), 10.03 (s, 1H), 8.36 — 8.17 (m, 1H), 8.05 (s, 1H), 7.92 — 7.80 (m, 1H), 7.72 (d, J =
6.6 Hz, 1H), 7.61 (d, /= 7.3 Hz, 1H), 7.58 — 7.50 (m, 2H), 7.47 — 7.41 (m, 1H), 7.35 (s, 1H), 7.27
(t,J=7.8 Hz, 1H), 7.14 (d, J= 7.0 Hz, 1H), 7.06 (s, 1H), 7.02 — 6.94 (m, 2H), 4.76 (s, 2H), 4.47 —
4.33 (m, 4H), 2.03 (s, 3H), 1.36 (t,J= 6.9 Hz, 3H). HRMS (ESI): exact mass calcd for C34H30NsOs
[M+H]": 603.23504. Found: 603.23308.

3-Hydroxy-N-(3-(2-(methylthio)-5-(2-(phenylamino)pyridin-4-yl)-1 H-imidazol-4-yl)phenyl)-
2-((1-oxoisoindolin-2-yl)methyl)benzamide (11)

The title compound was synthesized according to general procedure B) from 100 mg (0.20 mmol)
S38, 65 mg (0.22 mmol) S21, 57 mg (0.30 mmol) EDC-HCI in toluene at 0 °C starting
temperature. Flash chromatography (SiO», n-hexane/EtOAc 30:70). [Identification of intermediate
via TLC-MS (ESI+): caled. m/z 810.30 for C4sHasNsOsSSi Found 833.2 [M+Na]"]. Deprotection
in a 25% TFA/DCM mixture [Identification of intermediate via TLC-MS (ESI+): calcd. m/z 680.22
for C39H3:2N¢O4S Found 703.3 [M+Na]'] and flash chromatographic purification (SiOa,
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DCM/MeOH 8%), followed by deprotection under basic conditions and purification via flash
chromatography (SiO», n-hexane/(EtOAc/MeOH 5%) 40:60) to obtain the product in 30% yield
(40 mg, 0.06 mmol) as off-white solid. '"H NMR (400 MHz, DMSO) § 12.75 (s, 1H), 10.72 (s, 1H),
10.05 (s, 1H), 9.14 (s, 1H), 8.00 (s, 1H), 7.87 (s, 1H), 7.76 (d, J=5.9 Hz, 1H), 7.60 (d, /= 6.8 Hz,
1H), 7.56 — 7.33 (m, 6H), 7.29 — 7.15 (m, 4H), 7.12 — 7.02 (m, 1H), 6.97 (t, /= 7.5 Hz, 2H), 6.91
— 6.85 (m, 1H), 6.85 — 6.76 (m, 1H), 4.76 (s, 2H), 4.36 (s, 2H), 2.62 (s, 3H). HRMS (ESI): exact
mass calcd for C37H30N6O3S [M+H]": 639.21729. Found: 639.22006.

N-(3-(2-Ethyl-5-(2-(phenylamino)pyridin-4-yl)-1H-imidazol-4-yl)phenyl)-3-hydroxy-2-((1-
oxoisoindolin-2-yl)methyl)benzamide (12)

The title compound was synthesized according to general procedure B) from 70 mg (0.14 mmol)
S35, 50 mg (0.17 mmol) S21, 41 mg (0.22 mmol) EDC-HCl in toluene at 0 °C starting temperature.
Flash chromatography (SiO2, n-hexane/EtOAc 10:90). [Identification of intermediate via TLC-MS
(ESI+): caled. m/z 792.35 for CssHasNeOsSi Found 815.2 [M+Na]*]. Deprotection in a 33%
TFA/DCM mixture [Identification of intermediate via TLC-MS (ESI+): calcd. m/z 662.26 for
C40H34N6Os Found 685.1 [M+Na]], followed by deprotection under basic conditions and
purification via flash chromatography (SiO2, n-hexane/EtOAc/MeOH 5:85:10) to obtain the
product in 23% yield (21 mg, 0.03 mmol) as off-white solid. As mixture of tautomers: '"H NMR
(400 MHz, DMSO) 6 12.21 (s, 1H), 10.76 — 10.61 (m, 1H), 10.07 — 9.98 (m, 1H), 9.02 — 8.92 (m,
1H), 8.10 — 7.84 (m, 2H), 7.77 — 7.66 (m, 1H), 7.61 (d, J= 6.9 Hz, 1H), 7.58 — 7.48 (m, 4H), 7.48
—7.35 (m, 2H), 7.28 — 7.24 (m, 1H), 7.23 — 7.12 (m, 4H), 6.96 (d, /= 7.4 Hz, 2H), 6.88 — 6.77 (m,
2H), 4.76 (s, 2H), 4.35 (s, 2H), 2.73 — 2.65 (m, 2H), 1.28 (t, /= 7.5 Hz, 3H). HRMS (ESI): exact
mass caled for C3sH32N6O3 [M+H]": 621.26087. Found: 621.26382.

N-(3-(2-Ethoxy-5-(2-(phenylamino)pyridin-4-yl)-1H-imidazol-4-yl)phenyl)-3-hydroxy-2-((1-
oxoisoindolin-2-yl)methyl)benzamide (13)

The title compound was synthesized according to general procedure B) from 105 mg (0.21 mmol)
S10, 72 mg (0.24 mmol) S21, 60 mg (0.31 mmol) EDC-HCl in toluene at 0 °C starting temperature.
Flash chromatography (SiO», n-hexane/EtOAc 20:80). [Identification of intermediate via TLC-MS
(ESI+): caled. m/z 808.34 for CisHasNsOeSi, found 831.2 [M+Na]"]. Deprotection in a 25%
TFA/DCM mixture [Identification of intermediate via TLC-MS (ESI+): calcd. m/z 678.26 for
C40H34N6Os, found 701.2 [M+Na]'] and flash chromatographic purification (SiO2, n-
hexane/EtOAc/IPA 15:75:10), followed by deprotection under basic conditions and purification
via flash chromatography (SiO>, DCM/MeOH 90:10) to obtain the product in 52% yield (45 mg,
0.11 mmol) as off-white solid. As mixture of tautomers: '"H NMR (400 MHz, DMSO) & 11.88 (s,
1H), 10.76 — 10.63 (m, 1H), 10.07 — 9.98 (m, 1H), 9.00 — 8.89 (m, 1H), 8.06 — 7.92 (m, 1H), 7.89
—7.81 (m, 1H), 7.77 - 7.69 (m, 1H), 7.63 — 7.60 (m, 1H), 7.58 — 7.53 (m, 2H), 7.53 — 7.47 (m, 2H),
7.46 —7.41 (m, 1H), 7.41 — 7.34 (m, 1H), 7.30 — 7.20 (m, 2H), 7.19 — 7.15 (m, 2H), 7.13 — 7.08
(m, 1H), 7.00 — 6.91 (m, 2H), 6.85 — 6.78 (m, 1H), 6.78 — 6.69 (m, 1H), 4.81 —4.70 (m, 2H), 4.44
—4.31 (m, 4H), 1.41 — 1.33 (m, 3H). HRMS (ESI): exact mass calcd for C3sH3:N¢O4 [M+H]":
637.25578. Found: 637.25215.

3-Hydroxy-N-(3-(2-(methylthio)-5-(2-((4-(piperazin-1-yl)phenyl)amino)pyridin-4-yl)-1H-
imidazol-4-yl)phenyl)-2-((1-oxoisoindolin-2-yl)methyl)benzamide (14)

53

https://doi.org/10.26434/chemrxiv-2023-zzfc3 ORCID: https://orcid.org/0000-0002-0722-5160 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0


https://doi.org/10.26434/chemrxiv-2023-zzfc3
https://orcid.org/0000-0002-0722-5160
https://creativecommons.org/licenses/by-nc-nd/4.0/

To begin, 85 mg (0.09 mmol) S42 was dissolved 33% TFA/DCM mixture and stirred overnight at
ambient temperature. After complete consumption of the starting material was indicated by TLC,
solvents were removed in vacuo and the residue was dissolved in MeOH. Small amounts of a
saturated, aqueous NaHCO;3 solution were added and the mixture was stirred at ambient
temperature for 0.5 h. The aqueous layer was extracted several times with EtOAc, and the
combined organic layers were dried over Na;SO4. After evaporation of the solvents, the crude
product was purified via flash chromatography (SiO2, EtOAc/MeOH 20:80). The obtained solid
was dissolved in EtOAc, filtered and the organic solvent was removed in vacuo to obtain an off-
white solid in 58% yield (36 mg, 0.05 mmol). As mixture of tautomers: 'H NMR (400 MHz,
DMSO) 6 12.70 (brs, 1H), 10.75 (s, 1H), 10.37 (br s, 1H), 8.65 (s, 1H), 7.94 (s, 1H), 7.84 (s, 1H),
7.79 (d, J=7.9 Hz, 1H), 7.61 (d, J= 7.5 Hz, 1H), 7.56 — 7.49 (m, 2H), 7.45 — 7.40 (m, 1H), 7.39
—7.33 (m, 1H), 7.29 (d, J= 8.7 Hz, 2H), 7.24 (t, J=7.9 Hz, 1H), 7.15 (d, J= 7.5 Hz, 1H), 7.03 (d,
J=8.0 Hz, 1H), 6.98 — 6.85 (m, 2H), 6.79 — 6.70 (m, 3H), 4.75 (s, 2H), 4.35 (s, 2H), 2.95 — 2.88
(m, 4H), 2.84 —2.75 (m, 4H), 2.60 (s, 3H). With missing signal of piperazine ‘N-H’. HRMS (ESI):
exact mass calcd for C41H3sNgO3S [M+H]": 723.28604. Found: 723.29059.

N-(3-(5-(2-((5-Acrylamido-2-methoxyphenyl)amino)pyridin-4-yl)-2-(methylthio)-1H-
imidazol-4-yl)phenyl)-2-((1-oxoisoindolin-2-yl)methyl)benzamide (15)

The title compound was synthesized according to general procedure A) from 60 mg (0.10 mmol)
$39, 31 mg (0.11 mmol) 2-((1-oxoisoindolin-2-yl)methyl)benzoic acid*? 29 mg (0.15 mmol) EDC-
HCl in toluene at 0 °C starting temperature. Flash chromatography (SiO», n-hexane/EtOAc 20:80).
[Identification of intermediate via TLC-MS (ESI+): caled. m/z 851.33 for C47H49N705SSi Found
874.3 [M+Na]"]. Deprotection in a 25% TFA/DCM mixture and flash chromatographic
purification (RP-18, H;O/ACN 90:10->35:65) to obtain the product in 25% yield (18 mg, 0.025
mmol) as off-white solid. As mixture of tautomers: '"H NMR (400 MHz, DMSO) § 12.88 — 12.55
(m, 1H), 10.65 — 10.50 (m, 1H), 10.06 — 9.89 (m, 1H), 8.41 — 8.31 (m, 1H), 8.11 — 8.04 (m, 1H),
8.00 — 7.93 (m, 1H), 7.88 — 7.66 (m, 3H), 7.58 — 7.51 (m, J = 6.7 Hz, 3H), 7.49 — 7.44 (m, 2H),
7.43 —7.34 (m, 3H), 7.31 — 7.09 (m, 3H), 6.96 — 6.86 (m, 1H), 6.79 — 6.68 (m, 1H), 6.45 (dd, J =
16.4, 10.4 Hz, 1H), 6.20 (d, /= 17.2 Hz, 1H), 5.68 (d, J = 8.7 Hz, 1H), 4.88 (s, 2H), 4.38 (s, 2H),
3.76 (s, 3H), 2.63 (s, 3H). HRMS (ESI): exact mass calcd for C41H3sN704S [M+H]": 722.2544.
Found: 722.24945.

N-(3-(5-(2-((5-Acrylamido-2-methoxyphenyl)amino)pyridin-4-yl)-2-(methylthio)-1H-
imidazol-4-yl)phenyl)-3-hydroxy-2-((1-oxoisoindolin-2-yl)methyl)benzamide (16)

The title compound was synthesized according to general procedure B) from 80 mg (0.13 mmol)
S39, 46 mg (0.15 mmol) S21, and 38 mg (0.20 mmol) EDC-HCI in toluene at 0°C starting
temperature. Flash chromatographic purification (SiO, n-hexane/EtOAc 25:75). [Identification of
intermediate via TLC-MS (ESI+): caled. m/z 909.33 for C49HsiN707SSi Found 932.5 [M+Na]'].
Basic deprotection in 3 mL of MeOH and few drops of 0.1 N aqueous NaOH at ambient
temperature over 5 h until complete conversion was indicated via HPLC [Identification of
intermediate via TLC-MS (ESI+): caled. m/z 867.32 for C47H49N706SSi Found 890.1 [M+Na]*].
Neutralization with saturated aqueous NH4Cl solution and extraction of the aqueous layer with
EtOAc. The combined organic layers were dried over Na>SOs, filtered and solvents were removed
in vacuo. The residue was dissolved in a 25% mixture of TFA/DCM and the mixture was stirred at
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ambient temperature until complete conversion was indicated via HPLC. The mixture was
concentrated in vacuo and the pH of the mixture was adjusted to 7 with saturated aqueous NaHCO3
solution under precipitation of a white solid, which was collected by filtration and washed with
demineralized water to obtain the product in 39% yield (32 mg, 0.05 mmol) as a white solid. As
mixture of tautomers: '"H NMR (400 MHz, DMSO) & 12.79 — 12.62 (m, 1H), 10.74 — 10.60 (m,
1H), 10.06 (s, 1H), 10.00 (s, 1H), 8.36 — 8.22 (m, 1H), 8.12 — 7.91 (m, 2H), 7.82 (s, 1H), 7.76 —
7.67 (m, 1H), 7.59 (d, J= 6.7 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.45 — 7.37 (m, 2H), 7.35 — 7.30 (m,
1H), 7.28 — 7.24 (m, 1H), 7.21 — 7.09 (m, 2H), 7.06 — 6.99 (m, 1H), 6.98 — 6.92 (m, 2H), 6.81 —
6.69 (m, 1H), 6.45 (dd, J=16.9, 10.2 Hz, 1H), 6.21 (dd, J=16.8, 1.3 Hz, 1H), 5.69 (dd, J=10.1,
1.5 Hz, 1H), 4.77 (s, 2H), 4.35 (s, 2H), 3.75 (s, 3H), 2.62 (s, 3H). HRMS (ESI): exact mass calcd
for C41H3sN705S [M+H]": 738.24932. Found: 738.25099.

N-(3-(5-(2-((5-Acrylamido-2-methoxyphenyl)amino)pyridin-4-yl)-2-(methylthio)-1H-
imidazol-4-yl)phenyl)-2-fluoro-6-((1-oxoisoindolin-2-yl)methyl)benzamide (17)

The title compound was synthesized according to general procedure A) from 60 mg (0.10 mmol)
S39, 33 mg (0.11 mmol) S15, 29 mg (0.15 mmol) EDC-HCl in toluene at 0 °C starting temperature.
Flash chromatography (SiO», n-hexane/EtOAc 20:80). [Identification of intermediate via TLC-MS
(ESI+): caled. m/z 869.32 for C47H4sFN705SSi Found 892.2 [M+Na]*]. Deprotection in a 25%
TFA/DCM mixture and flash chromatographic purification (RP-18, H2O/ACN 90:10->35:65) to
obtain the product in 50% yield (37 mg, 0.05 mmol) as off-white solid. As mixture of tautomers:
'"H NMR (400 MHz, DMSO) 8 12.69 (s, 1H), 10.84 — 10.72 (m, 1H), 9.95 (s, 1H), 8.35 (s, 1H),
8.07 (s, 1H), 8.00 — 7.90 (m, 1H), 7.80 — 7.69 (m, 1H), 7.69 — 7.59 (m, 2H), 7.58 — 7.52 (m, 2H),
7.52 =747 (m, 1H), 7.47 — 7.39 (m, 3H), 7.35 - 7.29 (m, 1H), 7.27 (d, /= 8.7 Hz, 1H), 7.19 (d, J
=7.1 Hz, 1H), 7.12 (d, J= 7.5 Hz, 1H), 6.90 (d, J = 8.8 Hz, 1H), 6.72 (dd, J = 5.4, 1.1 Hz, 1H),
6.45 (dd, /=16.9, 10.1 Hz, 1H), 6.21 (dd, J=16.9, 1.3 Hz, 1H), 5.69 (dd, J=10.1, 1.5 Hz, 1H),
4.79 (s, 2H), 4.38 (s, 2H), 3.76 (s, 3H), 2.63 (s, 3H). HRMS (ESI): exact mass calcd for
C41H34FN704S [M+H]": 740.24498. Found: 740.24148.

N-(3-(5-(2-((5-Acrylamido-2-methoxyphenyl)amino)pyridin-4-yl)-2-(methylthio)-1H-
imidazol-4-yl)phenyl)-6-fluoro-3-hydroxy-2-((1-oxoisoindolin-2-yl)methyl)benzamide (18)

The title compound was synthesized according to general procedure A) from 60 mg (0.10 mmol)
S39, 54 mg (0.13 mmol) 3-((fert-butyldimethylsilyl)oxy)-6-fluoro-2-((1-oxoisoindolin-2-
yl)methyl)benzoic acid*?, 29 mg (0.15 mmol) EDC-HCI in 2 mL toluene at 0 °C starting
temperature. Flash chromatography (SiO», n-hexane/EtOAc 15:85). [Identification of intermediate
via TLC-MS (ESI+): caled. m/z 999.40 for CssHe2FN706SSi> Found 1022.5 [M+Na]'].
Deprotection in a 25% TFA/DCM mixture at ambient temperature overnight and removal of the
solvents in vacuo. Addition of an aqueous 25% sulfuric acid solution and vigorous stirring of the
mixture for 0.5 h at ambient temperature, followed by neutralization with saturated aqueous
NaHCOs; and extraction of the aqueous layer with EtOAc. The combined organic layers were dried
over NaxSOy, filtered and the solvents were removed in vacuo. The crude product was purified via
flash chromatography (RP-18, HO/ACN 90:10->35:65) to obtain the product in 57% yield (43
mg, 0.06 mmol) as off-white solid. As mixture of tautomers: 'H NMR (400 MHz, DMSO) & 13.08
(s, 1H), 10.78 (s, 1H), 10.20 (s, 1H), 10.18 — 9.97 (m, 2H), 7.83 — 7.75 (m, 3H), 7.60 — 7.57 (m,
1H), 7.56 (s, 1H), 7.54 — 7.48 (m, 3H), 7.40 — 7.33 (m, 3H), 7.21 — 7.13 (m, 3H), 7.00 — 6.94 (m,
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2H), 6.42 (dd, J=16.9, 10.1 Hz, 1H), 6.24 (dd, J=16.7, 1.1 Hz, 1H), 5.75 (dd, J=10.2, 1.3 Hz,
1H), 4.72 (s, 2H), 4.31 (s, 2H), 3.74 (s, 3H), 2.65 (s, 3H). HRMS (ESI): exact mass calcd for
C41H34FN70sS [M+H]*: 756.23989. Found: 756.23682.

N-(3-(5-(2-((5-Acrylamido-2-methoxyphenyl)amino)pyridin-4-yl)-2-ethyl-1 H-imidazol-4-
yD)phenyl)-3-hydroxy-2-((1-oxoisoindolin-2-yl)methyl)benzamide (19)

The title compound was synthesized according to general procedure B) from 50 mg (0.09 mmol)
S41, 36 mg (0.11 mmol) S21, 25 mg (0.13 mmol) EDC-HCl in toluene at 0 °C starting temperature.
[Identification of intermediate via TLC-MS (ESI+): caled. m/z 891.38 for CsoHs3N707Si Found
915.1 [M+Na]]. Deprotection in 3 mL of MeOH and few drops of 0.1 N aqueous NaOH at ambient
temperature over 5 h until complete conversion was indicated via HPLC [Identification of
intermediate via TLC-MS (ESI+): calcd. m/z 849.37 for C4sHs1N706Si Found 872.7 [M+Na]'].
Neutralization with saturated aqueous NH4Cl solution and extraction of the aqueous layer with
EtOAc. The combined organic layers were dried over Na>SOq, filtered and solvents were removed
in vacuo. The residue was dissolved in a 25% mixture of TFA/DCM and the mixture was stirred at
ambient temperature until complete conversion. After evaporation of solvents, the residue was
neutralized with saturated aqueous NHCO3 solution, and the aqueous layer was extracted with
EtOAc. Organic layers were dried over Na>SQy, filtered and solvents were removed in vacuo. The
crude product was purified via flash chromatography (SiO», n-hexane/ [EtOAc/IPA 10%] 40:60 to
0:100) to obtain 23% (14 mg, 0.02 mmol) yield of an off-white solid. 'H NMR (400 MHz, DMSO)
0 12.38 (s, 1H), 10.66 (s, 1H), 10.03 (s, 1H), 9.96 (s, 1H), 8.32 (s, 1H), 8.10 (s, 1H), 7.97 (d, J =
5.2 Hz, 1H), 7.87 (s, 1H), 7.68 (d, J= 7.9 Hz, 1H), 7.60 (d, J = 7.4 Hz, 1H), 7.54 — 7.49 (m, 2H),
7.45 —17.42 (m, 1H), 7.42 - 7.39 (m, 1H), 7.33 (t, /= 7.5 Hz, 1H), 7.27 (t,J=7.8 Hz, 2H), 7.16 (d,
J=17.6 Hz, 1H), 7.00 — 6.95 (m, 2H), 6.92 (d, J = 8.8 Hz, 1H), 6.75 (dd, J = 5.6, 0.8 Hz, 1H), 6.45
(dd, /=16.9, 10.2 Hz, 1H), 6.21 (dd, /= 17.0, 1.9 Hz, 1H), 5.69 (dd, J=10.2, 2.0 Hz, 1H), 4.77
(s, 2H), 4.36 (s, 2H), 3.76 (s, 3H), 2.71 (q, J = 7.6 Hz, 2H), 1.28 (t, J= 7.6 Hz, 3H). HRMS (ESI):
exact mass calcd for C42H37N70s [M+H]": 720.29289. Found: 720.29501.

3-Hydroxy-N-(3-(5-(2-((2-methoxy-5-propionamidophenyl)amino)pyridin-4-yl)-2-
(methylthio)-1H-imidazol-4-yl)phenyl)-2-((1-oxoisoindolin-2-yl)methyl)benzamide (20)

The title compound was synthesized according to general procedure B) from 50 mg (0.08 mmol)
S35, 28 mg (0.10 mmol) S21, 24 mg (0.12 mmol) EDC-HCI in 3 mL toluene at 0 °C starting
temperature. Flash chromatography (SiO», n-hexane/EtOAc 35:65). [Identification of intermediate
via TLC-MS (ESI+): caled. m/z 911.35 for C49Hs3N707SSi Found 934.2 [M+Na]"]. Deprotection
in a 33% TFA/DCM mixture [Identification of intermediate via TLC-MS (ESI+): calcd. m/z 781.27
for C43H30N706S Found 804.0 [M+Na]*] followed by deprotection under basic conditions and
purification via flash chromatography (RP-18, H;O/ACN 90:10->35:65) to obtain the product in
33% yield (20 mg, 0.03 mmol) as off-white solid. '"H NMR (400 MHz, DMSO) & 12.64 (s, 1H),
10.67 (s, 1H), 10.11 (s, 1H), 9.64 (s, 1H), 8.22 (d, J = 2.3 Hz, 1H), 7.99 (s, 1H), 7.98 — 7.79 (m,
2H), 7.71 = 7.64 (m, 1H), 7.60 (d, J = 7.5 Hz, 1H), 7.55 — 7.48 (m, 2H), 7.46 — 7.22 (m, 5H), 7.15
(d, J=17.7 Hz, 1H), 6.96 (d, J = 7.8 Hz, 2H), 6.87 (d, J = 8.8 Hz, 1H), 6.71 (dd, J = 5.4, 0.8 Hz,
1H), 4.76 (s, 2H), 4.36 (s, 2H), 3.74 (s, 3H), 2.62 (s, 3H), 2.28 (q, /= 7.5 Hz, 2H), 1.06 (t,J = 7.6
Hz, 3H). HRMS (ESI): exact mass calcd for C41H37N70sS [M+H]": 740.26497. Found: 740.2627.
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