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Abstract

EZH2 or EZH1 (enhancer of zeste homologue 2 or 1) is the catalytic subunit of polycomb
repressive complex 2 (PRC2) that catalyzes methylation of histone H3 lysine 27 (H3K27). PRC2
hyperactivity and/or hypertrimethylation of H3K27 are associated with numerous human cancers,
therefore inhibition of PRC2 complex has emerged as a promising therapeutic approach. Recent
studies have shown that EZH2 and EZH1 are not functionally redundant and inhibition of both
EZH2 and EZHL1 is necessary to block the progression of certain cancers such as mixed-lineage
leukemia (MLL)-rearranged leukemias. Despite the significant advances in discovery of EZH2
inhibitors, there has not been a systematic structure-activity relationship (SAR) study to
investigate the selectivity between EZH2 and EZH1 inhibition. Here, we report our SAR studies
that focus on modifications to various regions of the EZH2/1 inhibitor UNC1999 (5) to investigate
the impact of the structural changes on EZH2 and EZH1 inhibition and selectivity.
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EZH2 & EZH1
inhbitors

INTRODUCTION

EZH2 (enhancer of zeste homologue 2, also known as KMT6 (lysine methyltransferase 6) or
KMTG6A) or EZH1 (enhancer of zeste homologue 1, also known as KMTG6B) is the catalytic
subunit of polycomb repressive complex 2 (PRC2) that catalyzes methylation of histone H3
lysine 27 (H3K27).1:2 PRC2 is a crucial, highly conserved chromatin-modifying complex
that contains three core subunits: (1) EZH1 or EZH2, (2) SUZ12 (suppressor of zeste 12),
(3) EED (embryonic ectoderm development), and additional subunits such as histone and
DNA interacting proteins RbAp46/48 and AEBP2.3-> While EZH2 or EZH1 is the catalytic
subunit, their methyltransferase activity can only be activated as part of PRC2 complex via
interactions with EED and the VEFS domain of SUZ12 (SUZ12-VEFS).6-10 The
importance of these interactions is supported by the fact that the isolated SET domain of
EZH2 lacks H3K27 peptide and cofactor SAM (S-adenosyl-L-methionine) recognition and
it is inactive.11.12 These interactions have also been clearly demonstrated by the recent
crystal structures of the PRC2 complex from a thermophilic fungus, Chaetomium
hermophilum (C,13 and inhibitor-bound American chameleon (Anolis carolinensis (Ac))/
human PRC2 complex4 as well as human PRC2 in complex with the H3K27M mutant
peptide.1®

The trimethylation of H3K27 (H3K27me3) catalyzed by PRC2 is a transcriptionally
repressive epigenetic mark that regulates gene expression, differentiation, and development.3
PRC2 hyperactivity and/or hypertrimethylation of H3K27 have been associated with a
number of human cancers6:17 such as breast,18:19 prostate,29 lymphoma,?1:22 myeloma,23
and leukemia.2* Gain-of-function point mutations at tyrosine 641 in the C-terminal SET
domain of EZH2 have been identified and are observed in 7% of follicular lymphomas and
22% of germinal center B-cell (GCB) and diffuse large B-cell lymphomas (DLBCLs).22 It is
not yet determined whether EZH1 is also overexpressed in B-cell malignancies. It has also
been demonstrated that EZH2 and EZH1 compensate for one another, and both of them are
critical for sustaining aggressive ML L-rearranged leukemias by enforcing cell proliferation
and suppressing cell differentiation programs.2>-27
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EZH2 and EZH1 are highly homologous with 76% overall sequence identity and 96%
sequence identity in their catalytic SET domains.28 However, EZH2 and EZH1 have
different expression patterns. While EZH1 is ubiquitously expressed and present in both
dividing and differentiated cells, EZH2 is only expressed in actively dividing cells.29-31
EZH1 containing PRC2 complex (PRC2-EZH1) functions directly in chromatin
compaction, while EZH2 containing PRC2 complex (PRC2-EZH2) does not.2? Given these
differences, it was proposed that PRC2 complexes differ in their differentiation roles.29:32
Therefore, depending upon the cellular context, the loss of either EZH2 or EZH1 catalytic
activity or the inactivation of their methyltransferase activity together might be needed to
block the proliferation of tumor cells. For example, inhibition of EZH2 alone is sufficient to
exert robust antiproliferative activity in DLBCLs.33:34 On the other hand, inhibition of both
EZH2 and EZH1 is needed to block the progression of ML L-rearranged leukemias in cell-
based and animal models.2’

Numerous highly potent and selective small-molecule inhibitors of PRC2 have recently been
discovered. Most of these inhibitors contain a common pyridonemethyl-amide core
constituting a highly optimized moiety for binding to EZH2 and EZH1 in a cofactor-
competitive manner (Figure 1). Some of these small molecules also feature an indazole ring
attached to pyridonemethyl-amide core where the others contain an indole or aniline ring.
The first two published EZH2 inhibitors are EPZ005687 (1)33 and GSK126 (2),34 which are
highly selective for EZH2 over a range of other methyltransferases (50 and 150-fold
selective for EZH2 over EZH1, respectively). GSK343 (3) and EI1 (4)% are also selective
toward EZH2 over EZH1 (60- and 140-fold, respectively). UNC1999 (5) was the first
reported orally bioavailable inhibitor of EZH2 and EZH1 and is a potent dual inhibitor of
both enzymes with around 5-fold selectivity for EZH2 over EZH1.36 EPZ-6438 (6),37 an
EZH2 inhibitor (35-fold selective over EZH1), as well as compound 2 are being evaluated in
the clinic for the treatment of advanced solid tumors or B-cell lymphomas.38-41 A new
chemotype represented by inhibitor 7, which contains a 4-amino-2,2",6,6’-
tetramethylpiperidine core, was discovered.42 However, the inhibitors featuring this new
core have not demonstrated good pharmacokinetic (PK) properties and any in vivo activity.43
Replacing the core with dimethylpyridone and subsequent SAR studies resulted in the
discovery of CPI-360 (8), which was 100-fold selective for EZH2 over EZH1.4344 Recently,
CPI-1205, an analogue of 8 has entered phase 1 clinical trials for evaluation in patients with
B-cell lymphomas.*> EPZ011989 (9), a potent and orally bioavailable EZH2 inhibitor, was
obtained by replacing one of the phenyl rings with acetylene and modifying the pyran
substituent of compound 6.6 Again, on the basis of 6, ZLD1039 (10), which is 12-fold
selective for EZH2 over EZH1, has been discovered.#”48 Most recently, compound 11, a
potent EZH2 inhibitor, was cocrystallized with the active Acdhuman PRC2 complex.14

Although there have been very significant advances in discovery of EZH2 inhibitors as we
discussed above, a systematic structure—activity relationship (SAR) study to investigate
EZH2 and EZH1 selectivity has not been reported. Herein, we report our SAR studies that
focus on modifications to several regions of our inhibitor 5 and investigate the impact of
structural changes on EZH2 and EZH1 potency and selectivity. We describe the design,
synthesis, and biochemical evaluation of novel compounds against both PRC2-EZH2 and
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PRC2-EZH1 and discuss structural features that lead to selectivity between EZH2 and
EZH1.

RESULTS AND DISCUSSION

We investigated the following three regions of the chemical series represented by compound
5: (1) the crucial pyridonemethyl-amide core (Figure 2, red box), mainly focusing on the
substitutions at positions 4, 5, and 6 of the pyridone ring (2-pyridone numbering); (2) the
indazole moiety (Figure 2, orange box), including changes in connectivity of this ring to the
pyridonemethyl-amide core and 3-pyridine moiety, as well as the replacement ring systems
and various alkyl substituents on the indazole N-1 (indazole numbering); and (3) the
pyridine-2-yl-piperazine substituent at the 6-position of the indazole ring (Figure 2, blue
box), including different ring systems and substitutions at this position.

We previously reported 5 (Figure 1) as a very potent and selective pyridone containing dual
inhibitor of EZH2 and EZH1 (ICsq < 10 nM and 69 + 14 nM, respectively).36 The recently
published cocrystal structure of inhibitor 11 in complex with the Achuman PRC2 (PDB:
51J7) has clearly demonstrated the significance of the pyridonemethyl-amide core in binding
to EZH2.14 We docked inhibitor 5 into the human PRC2 crystal structure (PDB: 5SHYN)®
based on the binding mode of inhibitor 11 in complex with the Adhuman PRC2.14 The
docked structure of compound 5 (Figure 3A,B) displays that the pyridonemethyl-amide core
is anchored via hydrogen-bond interactions with backbone oxygen and nitrogen atoms of
W624 and makes van der Waals contacts with N688, F665, and R685. In addition, the
carbonyl oxygen of the amide makes a hydrogen-bond with the backbone NH of Y111 of the
activation loop. The indazole moiety interacts with the I-SET helix of EZH2 and 1109, M110
with van der Waals contacts. The pyridine moiety interacts with Y111 (activation loop) and
Y661 (I-SET of EZH2) via r—r stacking while the piperazinium is involved in an ionic
interaction with D237 (Figure 3A,B). W624 is part of the conserved GXG motif of the SET
domain and this region is occupied by the homocysteine moiety of the cofactor product SAH
(S-adenosyl-L-homocysteine) in the absence of a ligand. The inhibitor and SAH partly share
this binding site, resulting in cofactor-competitive inhibition (Figure 3C). In addition, Y111
from the activation loop and Y661 from the I-SET region are in contact with each other and
create an unanticipated groove where the activation loop forms the lid of this pocket.14 The
pyridine2-yl-piperazine tail of compound 5 interacts with this closed pocket to create further
contacts with the complex (Figure 3D).

As described above, we focused on three regions of inhibitor 5 for SAR investigation. The
general syntheses of key intermediates and derivatives of 5 are shown in Scheme 1. The
pyridone-methylamine derivatives (15) were prepared by reacting corresponding a,5
unsaturated ketones (12) with the cyanoacetamide 13 in the presence of a base followed by
air oxidation to give corresponding nitriles (14), which were then reduced to obtain the
desired amines (15) (Scheme 1A). The commercially available indazole 16 reacted with
alkyl bromides to give a mixture of N-1 and N-2 substituted indazoles that were separated
via column chromatography (Scheme 1B). The desired alkylated indazoles (17) were then
hydrolyzed to yield 6-bromo-indazole-4-carboxylates (18). Suzuki coupling of 17 with the
boronic acid 20, which was prepared from the bromide 19 (Scheme 1C), and subsequent
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hydrolysis resulted in carboxylic acid intermediates 21, which were further converted to the
desired derivatives (23) by amide coupling reactions with pyridone-methylamine derivatives
(15) (Scheme 1D). Alternatively, amide coupling between 15 and 18 gave intermediates 22,
which were subjected to Suzuki coupling with the boronic acid 20 to yield the desired
derivatives (23) (Scheme 1E).

Because the pyridone moiety forms critical interactions with the PRC2 complex, we first
explored the substitutions at the 4, 5, and 6 positions (2-pyridone numbering) of the
pyridone ring and synthesized the new derivatives outlined in Table 1. Because most of the
known inhibitors in Figure 1 possess 4,6-alkyl substitution, we started with 4,6-dimethyl
pyridone and we kept the 6-methyl substituent constant, as we altered the substituent at the
4-position (compounds 24-29, Table 1). 4,6-Dimethyl (24) and 4-ethyl-6-methyl (25)
substituted compounds inhibited EZH2 with an 1Cgq of 12 + 2 nM. While 24 did not display
appreciable inhibitory activity against EZH1 (1C5q > 2500 nM), 25 inhibited it with an 1Csg
of 810 + 70 nM with more than 3-fold increase in potency from 24. Our inhibitor 5, which
contains 4-propyl-6-methyl substitution, inhibited EZH2 with an 1Cs of less than 10 nM, it
was also potent against EZH1 (1C5q = 69 + 14 nM) with 5-8-fold selectivity favoring EZH2.
As the hydrophobic interactions increased with the longer chain alkyl group at 4-position,
the potency for EZH2 remained high around 10 nM while potency for EZH1 increased
around 50-fold from methyl to propyl group. Further elongation of the carbon chain (7
butyl, 26) or branched alkyl groups such as iso-propyl (27), cyclopentane (28), and iso-butyl
(29) groups at this position were also tolerated: EZH1 potency varied between 86 to 320 nM
while EZH2 potency remained below 10 nM. These results have indicated that the 4-position
of the pyridone ring can accommodate a longer or larger hydrophobic group, which is most
likely involved with van der Waals contacts with R685, F686, and F665 (Figure 4A).
Interestingly, changes at this position had more pronounced effects on EZH1 potency. It
should be noted that most of these compounds have 1Csg values below the measurable limit
of our assay conditions for EZH2. With these results in hand, we then kept the 4-methy!l
substitution constant and modified the substituent at 6-position (compounds 30-33). While
6-ethyl (30) and 6-sec-butyl (31) substituents were tolerated by EZH2 albeit with reduced
potency (ICsq of 73 + 15 and 32 £ 9 nM, respectively), these two compounds did not exhibit
appreciable inhibitory activity against EZH1 (Table 1). On the other hand, 6-fert-butyl (32)
and 6-phenyl (33) substituents resulted in a complete loss of potency for both enzymes. Our
docking model (Figure 4) suggests that there is enough space for a primary or secondary
alkyl group, but a bulkier and less flexible substituent (e.g., #-Bu or Ph) creates steric clash
with the protein and abolishes the EZH2 inhibitory activity (Figure 4B). Overall,
modifications at this position decreased EZH1 inhibitory activity. Removal of both
substitutions (34, Table 1) from the pyridone ring resulted in >500-fold loss of potency.
Comparison of the potency of compounds 24 and 34 clearly shows the significance of these
pyridone substituents on inhibitory activity. A previous study on the effects of methyl groups
in ligand—protein binding suggested that a methyl group positioned in a hydrophobic
environment instead of a hydrogen may result in a 10-fold increase in potency.49 However,
to observe an effect beyond that, the methyl group should also prompt a more favorable
conformational change.4® A possible structural explanation for the pronounced effects of an
alkyl substituent at the 4-and 6-positons of the pyridone ring on EZH2 inhibition is that the
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addition of more van der Waals contacts leads to positioning the pyridonemethyl-amide core
in an optimal geometry for the hydrogen bond interactions with W624 and Y111 (Figure
3A), which in turn lowers enthalpic contribution to the free energy of binding. These
observations are also in line with the literature precedent, showing the effects of 4, 6-methyl
groups for EZH2 inhibition.>% Adding a substituent at the 5-position of the pyridone ring
largely diminishes the inhibitor activity of the compounds for both EZH2 and EZH1
(compounds 35-37, Table 1). As it can be seen from our docking model (Figure 4B),
substitution at the 5-position will clash with R685 backbone and F665. The side chain of
F665 interacts with the pyridone moiety through hydrophobic contacts and altering the
cofactor binding site such as to obstruct the methionine moiety of the cofactor to be
anchored at that location (see Supporting Information, Figure S1). The sterically less
demanding and relatively more strained cyclopentyl ring (38), however, retains some
potency toward EZH2 but not EZH1 with ICsq of 32 £ 7 and >2500 nM, respectively. We
have also investigated other modifications to the pyridone ring (Table 2). The 4-hydroxyl
group (39) replacing the 4-propyl group (5) resulted in a total loss of potency for both
enzymes, most likely because the favorable hydrophobic interactions are abolished. The 2-
methyl-pyrimidine-4-one (40), pyrimidine-4-one (41), and 6-methyl-pyrimidine-2,4-dione
(42) groups completely abrogated inhibitory activity against EZH2 and EZH1. Similarly,
replacing the pyridone ring with the 4-amino-2,2",6,6”-tetramethylpiperidine group (43,
Table 2) led to a complete loss of potency for EZH2 and EZH1.

Next, we turned our attention to the indazole ring of 5 and investigated various bicycles and
connectivities to the pyridonemethyl-amide moiety and the pyridine-piperazine tail as well
as various substituents at the N-1 (indazole numbering) of the indazole ring (Table 3).
Moving the ~Pr group from N-1 to N-2 of the indazole (44) decreased the potency of the
inhibitor more than 30-fold for both enzymes. Varying the connectivity of the indazole ring
to the amide group from the 4-position to the 3-position (45) obliterated the inhibitory
activity. In addition, simultaneously moving the pyridine-2-yl-piperazine tail connection
from the 6- to the 5-position and the amide group from the 4-position to the 3-position (46)
led to a complete loss of potency. Switching the amide and pyridine-tail connection (47)
reduced the potency for EZH2 (ICsg = 540 + 91 nM) and abolished all EZH1 inhibition.
Imidazo[1,2-4]pyridine compounds (48 and 49) did not display any inhibitory activity for
EZH2 or EZH1, and pyrazolo[1,5-a]pyridine derivative (50) was inactive as well. With these
results in hand, we chose to use the indazole ring system with the 4-amide and 6-pyridine
connection for the rest of our SAR studies.

Next, we probed the role of the substituent at the indazole N-1 (Table 4). While isopropyl
(5), thutyl (51), 3-pentyl (52), cyclopentyl (53), and cyclohexyl (54) substituted inhibitors
were very potent (ICsqg < 10 nM) for EZH2, they also had consistent potency for EZH1
(between 69 and 127 nM). The smaller methyl (55) and larger cycloheptyl (56) derivatives
were 10-20-fold less potent for EZH2 and did not have appreciable inhibitory activity
against EZH1. Compounds 57-61 displayed decreased potency with increasing size of the
substituent (from cyclobutyl to cyclohexyl (57-59) and to phenyl (60) and a branched large
alkyl (61)) for EZH2, and they were inactive against EZH1. Changing the cyclohexyl group
(54) to the cyclohexylmethyl group (59) and further to the cyclohexylethyl group (62) led to
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a significant drop in potency. Similarly, replacing the cyclopentyl group (53) to the
cyclopentylmethyl group (58) resulted in a > 15-fold potency loss. Overall, a-branched
groups at this position displayed the best potency, and structural modifications at this
position affected EZH1 inhibition to a greater extent than that of EZH2. Interestingly, the
hexanol group (63) exhibited high potency for both EZH2 and EZH1 (IC5¢ = 25 £ 5 nM and
ICs50 = 394 + 55 nM, respectively). Compound 63 might adopt two different conformations
to interact with the PRC2 complex according to our docking poses. In the first pose, the
indazole moiety rotates 180° as compared to compound 5 (Figure 5A) and the hexanol group
interacts through hydrogen bonds with Y658 and R679. The second pose suggests that the
hexanol group is outside the catalytic binding site and interacts with K211 of EED (Figure
5B). In both poses, the hexanol tail is implicated in additional hydrogen bonds that enhance
potency for EZH2.

We have also investigated the pyridine-2-yl-piperizine tail of compound 5 that is substituted
at 6-position of the indazole ring (Table 5). We believe that this part of compound 5 interacts
with the closed pocket formed by the activation loop of EZH2 (Figure 3D). We made
modifications including the replacement of the pyridine ring as well as truncation of this tail.
Compounds 64 and 65 that replace the isopropyl group on the piperazine outer nitrogen with
an ethyl group and hydrogen did not affect the potency for either of the proteins. We then
shortened the tail by removing the piperazine ring all together and replaced the pyridine
group with the phenyl group (66, Table 5). Compounds 67-68 contain different phenyl
substitutions (para-fluoro (67) and para-trifluoromethyl (68)). While these compounds
maintained relatively good potency for EZH2, they did not display appreciable inhibitory
activity against EZH1 (IC5 > 1250 nM). 2-Pyridine (69) and para-substituted pyridine
derivatives (para-fluoro (70) and para-trifluoromethyl (71)) displayed a similar trend as the
larger substituents led to the loss of EZH1 potency while maintaining the relatively good
potency for EZH2. We also explored various nitrogen containing rings such as piperidine
(72), piperazine (73), and homopiperazine (74), which are directly attached to the 6-position
of the indazole ring. Again, the EZH2 potencies of the piperidine and piperazine analogues
were high (ICsp =11+ 1 and 17 + 3 nM, respectively). On the other hand, their EZH1
potencies dropped more than 10-fold (IC5g = 613 + 29 and 880 = 173 nM, respectively). The
homopiperazine (74) and piperidine-4-amino (75) derivatives exhibited similar behavior.
Interestingly, the 6-bromo analogue (76), which is the intermediate used for the synthesis of
aforementioned compounds, showed good potency with only 3—4-fold drop in potency (ICsq
= 35 £ 8 nM) for EZH2. However, this compound did not display appreciable inhibitory
activity against EZH1 (ICsp > 5000 nM). Our in silico studies suggest that compound 76 can
adopt two different bound conformations in the PRC2-EZH2 complex. In the first
conformation (Figure 6A), the bromo group is an acceptor of hydrogen bond from C663°152
and the benzene ring of the indazole stacks with Y111 of the activation loop. In the second
conformation (Figure 6B), a 180° rotation around the benzamide bond places both indazole
rings to stack with Y111. Overall, these results emphasized that modifications to this tail are
particularly important to EZH1 inhibition. The truncation of the tail does not significantly
affect EZH2 potency but all truncated compounds suffered a drastic reduction in EZH1
potency.
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CONCLUSION

In this study, we explored three main regions of our EZH2/1 inhibitor 5 in a systematic
manner to identify moieties that affect EZH2 and EZH1 selectivity. We first investigated the
core pyridone ring, namely the substitutions at positions 4, 5, and 6 of this ring. The potency
difference between compounds 24 and 34, caused by the removal of the two methyl groups
at the 4 and 6 positions, clearly showed the importance of the methyl groups for inhibiting
these two enzymes, especially EZH2. Interestingly, further changes from the methyl
substitution (24) to the propyl substitution (5) at the 4-position of the pyridone ring affected
the EZH1 potency to a greater extent than EZH2. These results underscore the importance of
the subtle structural modifications in ligand structure. While the 6-methyl group is essential
for potency, further modifications at this position did not improve the potency for either
enzyme. In addition, structural alterations at the 5-position were not promising for
improving the inhibitory activity as shown by our experimental results and supported by our
docking studies. We next focused on the indazole ring after establishing that this ring was
the best among the heterocyclic rings we explored and examined the effects of various
substituents at the N-1 position of this ring system. We found that structural modifications at
this position also had stronger effects on EZH1 potency than EZH2 potency. In general,
these derivatives displayed high potency for EZH2. Furthermore, we probed the pyridinyl-
piperazine tail of the inhibitor scaffold. This pendant tail group occupies the ligand binding
site partially formed by the activation loop and is probably the most diverged moiety among
the reported pyridonemethyl-amide based inhibitors. Therefore, on the basis of our results,
one may speculate that this region can perhaps be exploited further to achieve better EZH1
potency and possibly selectivity.

The cocrystal structure of PRC2 in complex with inhibitor 11 has established that the
pyridone core mimics the amino acid moiety of the cofactor SAM rather than the adenine
moiety and the inhibitor binding site overlaps only partially with the cofactor binding site.1*
Thus, earlier EZH2 homology models predicting that the inhibitor binding site completely
overlaps with the cofactor binding site were incorrect. Because the binding pocket of EZH2
is nearly identical to that of EZH1, in the absence of structural data for EZH1, it is very
difficult to predict the structural basis for the observed SAR differences for these two
catalytic subunits. Any structural information on the PRC2-EZH1 complex would be
extremely useful for developing EZH1 selective chemical tools.

In summary, our systematic SAR studies identified multiple structural features that affect
EZH2 and EZH1 potency and selectivity. Taking advantage of the structural insight revealed
by the recently published cocrystal structure of PRC2-EZH2 in complex with a pyridone-
based inhibitor, we have conducted in silico analyses of our EZH2 SAR results and provided
structural explanation for key SAR findings. We anticipate that this work will facilitate
further development of EZH2 and/or EZH1 selective inhibitors and chemical tools.
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EXPERIMENTAL SECTION

Chemistry: General Procedures

HPLC spectra for all compounds were acquired using an Agilent 1200 series system with
DAD detector. Chromatography was performed on a 2.1 mm x 150 mm Zorbax 300SB-C18
5 pm column with water containing 0.1% formic acid as solvent A and acetonitrile
containing 0.1% formic acid as solvent B at a flow rate of 0.4 mL/min. The gradient
program was as follows: 1% B (0-1 min), 1-99% B (1-4 min), and 99% B (4-8 min). High-
resolution mass spectra (HRMS) data were acquired in positive ion mode using an Agilent
G1969A API-TOF with an electrospray ionization (ESI) source. Nuclear magnetic
resonance (NMR) spectra were acquired on a Bruker DRX-600 spectrometer with 600 MHz
for proton (*H NMR) and 150 MHz for carbon (:3C NMR); chemical shifts are reported in
(6). Data are reported as follows: chemical shifts (&), multiplicity (br = broad, s = singlet, d
= doublet, t = triplet, g = quartet, m = multiplet); coupling constant(s) (J) in Hz; integration.
Unless otherwise noted, NMR data were collected at 25 °C. Flash column chromatography
was performed using a TeledynelSCO Rf+ system. Preparative HPLC was performed on
Agilent Prep 1200 series with UV detector set to 254 nm. Samples were injected onto a
Phenomenex Luna 75 mm x 30 mm, 5 mm, Cyg column at room temperature. The flow rate
was 40 mL/min. A linear gradient was used with 10% (or 50%) of MeOH (A) in H,O (with
0.1% TFA) (B) to 100% of MeOH (A). All final compounds had >95% purity by either UV
absorbance at 254 nm during tandem liquid chromatography/mass spectrometry (LCMS) or
by the HPLC methods described above.

General Procedure A: Synthesis of Compounds 24-38 (Table 1) and 39-43 (Table 2)

The crude 3-(aminomethyl)-pyridin-2(1H)-one analogues (15) (0.1 mmol), 1-isopropyl-6-(6-
(4-isopropylpiperazin-1-yl)pyridin-3-yl)-1 H-indazole-4-carboxylic acid (21) (0.05-0.08
mmol), NMM (0.15 mmol), HOAt (0.1 mmol), and EDCI (0.1 mmol) were dissolved in
DMSO (2 mL). The contents were stirred at room temperature overnight, monitored by
LC/MS, and the crude product was then purified by HPLC to yield the desired compound
(24, 26, 32, 33, 34, 39, 40, 41, 42, 43) as solid, or crude 3-(aminomethyl)pyridin-2(1A+)-one
analogues (15) (0.055 mmol), TBTU (0.075 mmol), and 1-isopropyl-6-(6-(4-
isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-carboxylic acid (21) (0.05 mmol) were
dissolved in DMF (2 mL) prior to the addition of DIPEA (20 £L). The contents were stirred
at room temperature overnight, monitored by LC/MS, and the crude product was purified by
HPLC to yield the desired compound (25, 27, 28, 29, 30, 31, 35, 36, 37, 38) as solid.

N-((4,6-Dimethyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-1-iso-propyl-6-(6-(4-
isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-carboxamide (24)—Yield 4.6
mg (16%). 'H NMR (600 MHz, methanol-a;) 68.53 (s, 1H), 8.38 (s, 1H), 8.25 (d, 1H, J=
9.1 Hz), 7.99 (s, 1H), 7.78 (s, 1H), 7.21 (d, 1H, J= 9.1 Hz), 6.24 (s, 1H), 5.09 (td, 1H, J=
6.6 Hz, J= 13.2 Hz), 4.58 (s, 2H), 4.56 (br s, 4H), 3.63 (td, 1H, J= 6.6 Hz, J= 13.2 Hz),
3.47 (brs, 4H), 2.45 (s, 3H), 2.28 (s, 3H), 1.57 (d, 6H, J= 6.6 Hz), 1.43 (d, 6H, J= 6.6 Hz).
HRMS (m/2) for C31H4oN70,* [M + H]™: calculated 542.3238, found 542.3247.
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N-((4-Ethyl-6-methyl-2-o0x0-1,2-dihydropyridin-3-yl)methyl)-1-isopropyl-6-(6-(4-
isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-carboxamide (25)—Yield 9.4
mg (22%). *H NMR (600 MHz, methanol-a;) §8.59 (d, 1H, J= 2.4 Hz), 8.39 (d, 1H, J= 6.2
Hz), 8.14 (dd, 1H, J=2.5 Hz, /= 8.9 Hz), 7.98 (s, 1H), 7.79 (dd, 1H, /=11 Hz, J=3.8
Hz), 7.11 (d, 1H, J= 8.9 Hz), 6.22 (s, 1H), 5.13-5.09 (m, 1H), 4.62 (s, 2H), 4.61 (br s, 4H),
3.66-3.61 (m, 5H), 2.82 (q, 2H, J= 7.6 Hz), 2.30 (s, 3H), 1.59 (d, 6H, J= 6.6 Hz), 1.45 (d,
6H, J=6.7 Hz), 1.26 (t, 3H, J= 7.7 Hz). HRMS (m/2) for C3oH4oN705* [M + H]*:
calculated 556.3395, found 556.3394.

N-((4-Butyl-6-methyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-1-isopropyl-6-(6-(4-
isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-carboxamide (26)—Yield 52
mg (81%). 1H NMR (600 MHz, methanol-dj) 68.57 (d, 1H, J = 2.4 Hz), 8.36 (s, 1H), 8.03
(dd, 1H, J= 2.6 Hz, J= 8.8 Hz), 7.93 (s, 1H), 7.77 (d, 1H, J= 1.1 Hz), 6.99 (d, 1H, J= 8.9
Hz), 6.15 (s, 1H), 5.12-5.07 (m, 1H), 4.60 (s, 2H), 3.77 (br s, 4H), 3.21-3.17 (m, 1H), 3.08
(brs, 4H), 2.75 (t, 2H, J= 7.8 Hz), 2.26 (s, 3H), 1.59-1.55 (m, 2H), 1.57 (d, 6H, J= 6.6 Hz),
1.46-1.40 (m, 2H), 1.28 (d, 6H, J= 6.6 Hz), 0.92 (t, 3H, J= 7.4 Hz). HRMS (m/2) for
C34Ha6N70,* [M + H]™: calculated 584.3708, found 584.3710.

1-1sopropyl-N-((4-isopropyl-6-methyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-6-
(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-1H-inda-zole-4-carboxamide (27)—
Yield 28.5 mg (55%). 1H NMR (400 MHz, chloroform-a) 612.60 (s, 1H), 8.48 (d, 1H, J=
2.3 Hz), 8.38 (s, 1H), 7.89 (t, 1H, J=5.7 Hz), 7.76 (dd, 1H, J= 2.5 Hz, J= 8.8 Hz), 7.70 (d,
1H, J= 0.9 Hz), 7.57 (s, 1H), 6.69 (d, 1H, J= 8.9 Hz), 6.04 (s, 1H), 4.90-4.83 (m, 1H), 4.71
(d, 2H, J=5.8 Hz), 3.59 (t, 4H, J= 5.0 Hz), 3.57-3.50 (m, 1H), 2.75-2.69 (m, 1H), 2.63 (t,
4H, J=5.0 Hz), 2.19 (s, 3H), 1.58 (d, 6H, J= 6.6 Hz), 1.21 (d, 6H, /= 6.8 Hz), 1.08 (d, 6H,
J=6.6 Hz). HRMS (/1/2) for C33H44N705" [M + H]*: calculated 570.3551, found
570.3557.

N-((4-Cyclopentyl-6-methyl-2-oxo-1,2-dihydropyridin-3-yl)-methyl)-1-
isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-
carboxamide (28)—Yield 26.0 mg (56%). 1H NMR (600 MHz, chloroform-d) &§12.37 (s,
1H), 8.44 (d, 1H, J= 1.3 Hz), 8.41 (s, 1H), 8.02 (s, 1H), 7.75 (d, 1H, J=7.2 Hz), 7.66 (s,
1H), 7.57 (s, 1H), 6.59 (d, 1H, J= 8.7 Hz), 6.06 (s, 1H), 4.91-4.86 (m, 1H), 4.72 (d, 2H, J=
4.8 Hz), 3.87 (br s, 4H), 3.59-3.50 (m, 1H), 3.45-3.44 (m, 1H), 3.09 (br s, 4H), 2.23 (s, 3H),
2.08-2.06 (m, 2H), 1.83-1.76 (m, 4H), 1.59 (d, 6H, J= 6.6 Hz), 1.56-1.53 (m, 2H), 1.34 (d,
6H, J= 6.4 Hz). HRMS (/m/2) for C35H46N70,* [M + H]™: calculated 596.3708, found
596.3713.

N-((4-1sobutyl-6-methyl-2-oxo0-1,2-dihydropyridin-3-yl)methyl)-1-isopropyl-6-(6-
(4-isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-carboxamide (29)—Yield
30.4 mg (62%). 1H NMR (600 MHz, chloroform-d) 612.97 (s, 1H), 8.50 (d, 1H, J= 1.5
Hz), 8.40 (s, 1H), 8.06 (t, 1H, J=5.0 Hz), 7.78 (dd, 1H, J=2.0 Hz, /= 8.7 Hz), 7.74 (s,
1H), 7.60 (s, 1H), 6.69 (d, 1H, J=8.8 Hz), 5.92 (s, 1H), 4.91-4.86 (m, 1H), 4.68 (d, 2H, J=
5.4 Hz), 3.61 (br s, 4H), 2.77-2.74 (m, 1H), 2.66 (br s, 4H), 2.63 (d, 2H, J= 7.2 Hz), 2.17 (s,
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3H), 1.93-1.88 (m, 1H), 1.60 (d, 6H, J= 6.5 Hz), 1.11 (d, 6H, J= 6.4 Hz), 0.99 (d, 6H, J=
6.4 Hz). HRMS (/712) for C34H46N70,* [M + H]*: calculated 584.3708, found 584.3713.

N-((6-Ethyl-4-methyl-2-oxo0-1,2-dihydropyridin-3-yl)methyl)-1-isopropyl-6-(6-(4-
isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-carboxamide (30)—Yield
20.3 mg (61%). IH NMR (600 MHz, methanol-dj) §8.55 (d, 1H, J= 2.4 Hz), 8.38 (s, 1H),
8.00 (dd, 1H, J= 2.5 Hz, /=8.8 Hz), 7.92 (s, 1H), 7.78 (d, 1H, /= 0.8 Hz), 6.97 (d, 1H, J=
8.9 Hz), 6.18 (s, 1H), 5.10-5.06 (m, 1H), 4.60 (s, 2H), 3.80 (br s, 4H), 3.16 (br s, 4H), 2.55
(9, 2H, J=7.6 Hz), 2.45 (s, 3H), 1.57 (d, 6H, /= 6.6 Hz), 1.33 (d, 6H, /= 6.5 Hz), 1.24 (t,
3H, J=7.6 Hz). HRMS (m/2) for C3oH4oN70,* [M + H]™: calculated 556.3395, found
556.3408.

N-((6-(sec-Butyl)-4-methyl-2-oxo-1,2-dihydropyridin-3-yl)-methyl)-1-
isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-
carboxamide (31)—Yield 24.5 mg (63%). 1H NMR (600 MHz, chloroform-d) §11.99 (s,
1H), 8.49 (s, 1H), 8.41 (s, 1H), 7.83 (s, 1H), 7.78 (dd, 1H, J = 1.7 Hz, J=8.6 Hz), 7.71 (s,
1H), 7.60 (s, 1H), 6.69 (d, 1H, J= 8.7 Hz), 5.93 (s, 1H), 4.91-4.87 (m, 1H), 4.67 (d, 2H, J=
5.6 Hz), 3.66 (br s, 4H), 2.82 (br s, 1H), 2.71 (br s, 4H), 2.49-2.45 (m, 4H), 1.65-1.60 (m,
1H), 1.60 (d, 6H, J= 6.6 Hz), 1.52-1.45 (m, 1H), 1.17-1.14 (m, 9H), 0.73 (t, 3H, J=7.3
Hz). HRMS (m/2) for C34H46N70, [M + H]*: calculated 584.3708, found 584.3713.

N-((6-(tert-Butyl)-4-methyl-2-ox0-1,2-dihydropyridin-3-yl)-methyl)-1-
isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-
carboxamide (32)—Yield 14 mg (81%). 'H NMR (600 MHz, methanol-dj) & 8.56 (s,
1H), 8.39 (s, 1H), 8.24 (d, 1H, J=8.9 Hz), 7.99 (s, 1H), 7.79 (s, 1H), 7.21 (d, 1H, /=8.9
Hz), 6.29 (s, 1H), 5.12-5.06 (m, 1H), 4.59 (s, 2H), 3.56 (br s, 4H), 3.66-3.60 (m, 5H), 2.48
(s, 3H), 1.57 (d, 6H, J= 6.5 Hz), 1.43 (d, 6H, J= 6.5 Hz), 1.32 (s, 9H). HRMS (/m/2) for
C34H46N702" [M + H]™: calculated 584.3708, found 584.3710.

1-1sopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((4-methyl-2-ox0-6-
phenyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-4-carboxamide (33)—Yield
15 mg (71%). 1H NMR (600 MHz, methanol-dj) 68.57 (d, 1H, J= 2.4 Hz), 8.40 (s, 1H),
8.21 (dd, 1H, J=2.4 Hz, J=9.0 Hz), 7.98 (s, 1H), 7.81 (d, 1H, /= 1.0 Hz), 7.67-7.66 (m,
2H), 7.51-7.48 (m, 3H), 7.17 (d, 1H, J= 9.0 Hz), 6.61 (s, 1H), 5.12-5.07 (m, 1H), 4.65 (s,
2H), 4.56 (br s, 4H), 3.64-3.59 (m, 5H), 2.55 (s, 3H), 1.57 (d, 6H, J=6.6 Hz), 1.42 (d, 6H, J
= 6.7 Hz). HRMS (m1/2) for C3gH4oN70,* [M + H]*: calculated 604.3395, found 604.3399.

1-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((2-oxo-1,2-
dihydropyridin-3-yl)methyl)-1H-indazole-4-carboxamide (34)—Yield: 16 mg
(65%). 1H NMR (600 MHz, methanol-dj) 68.56 (d, 1H, J= 2.3 Hz), 8.39 (s, 1H), 8.23 (dd,
1H, J=2.4 Hz, J=9.0 Hz), 8.00 (s, 1H), 7.84 (d, 1H, /= 1.1 Hz), 7.64 (d, 1H, J= 5.8 Hz),
7.40 (dd, 1H, J=1.8 Hz, /= 6.5 Hz), 7.20 (d, 1H, J= 9.1 Hz), 6.41 (t, 1H, J= 6.7 Hz), 5.10
(td, 1H, J=6.6 Hz, J=13.3 Hz), 4.60 (br s, 4H), 4.51 (s, 2H), 3.42 (br s, 4H), 3.63 (td, 1H, J
= 6.6 Hz, J=13.3 Hz), 1.57 (d, 6H, /= 6.6 Hz), 1.43 (d, 6H, J= 6.7 Hz). HRMS (m2) for
CogH36N70,* [M + H]™: calculated 514.2925, found 514.2927.
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N-((4-Ethyl-5-methyl-2-o0x0-1,2-dihydropyridin-3-yl)methyl)-1-isopropyl-6-(6-(4-
isopropylpiperazin-1-yl)pyridin-3-yl)-1H-indazole-4-carboxamide (35)—Yield:
32.9 mg (72%). 1H NMR (600 MHz, methanol-dj) 68.61 (d, 1H, J= 2.4 Hz), 8.40 (s, 1H),
8.19 (dd, 1H, J=2.4 Hz, J=9.2 Hz), 8.00 (s, 1H), 7.81 (s, 1H), 7.27 (s, 1H), 7.17 (d, 1H, J
= 8.8 Hz), 5.14-5.09 (m, 1H), 4.69 (s, 2H), 4.61 (br s, 4H), 3.66-3.61 (m, 5H), 2.93 (q, 2H,
J=17.7 Hz), 2.18 (s, 3H), 1.60 (d, 6H, /= 6.4 Hz), 1.45 (d, 6H, J= 6.5 Hz), 1.24 (t, 3H, J=
7.6 Hz). HRMS (ml 2) for C3oH4oN705* [M + H]™: calculated 556.3395, found 556.3403.

1-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((4,5,6-trimethyl-2-
oxo0-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-4-carboxamide (36)—Yield:
18.7 mg (56%). 'H NMR (600 MHz, methanol-a;) §8.57 (d, 1H, J= 2.4 Hz), 8.38 (s, 1H),
8.02 (dd, 1H, J= 2.5 Hz, J=8.8 Hz), 7.93 (s, 1H), 7.78 (d, 1H, /= 1.0 Hz), 6.98 (d, 1H, J=
8.8 Hz), 5.11-5.07 (m, 1H), 4.65 (s, 2H), 3.66-3.56 (m, 5H), 3.23 (br s, 4H), 2.39 (s, 3H),
2.28 (s, 3H), 2.05 (s, 3H), 1.58 (d, 6H, J= 6.6 Hz), 1.43 (d, 6H, J= 6.7 Hz). HRMS (m1/2)
for C3pH4oN705" [M + H]* calculated 556.3395, found 556.3390.

1-1sopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((1-methyl-3-
oxo0-2,3,5,6,7,8-hexahydroisoquinolin-4-yl)methyl)-1H-in-dazole-4-carboxamide
(37)—Yield: 12.8 mg (42%). 1H NMR (600 MHz, methanol-dj) 68.57 (d, 1H, J= 2.4 Hz),
8.38 (s, 1H), 8.03 (dd, 1H, J=2.5 Hz, /= 8.8 Hz), 7.93 (s, 1H), 7.78 (s, 1H), 7.00 (d, 1H, J
= 8.8 Hz), 5.11-5.06 (m, 1H), 4.61 (s, 2H), 3.88 (br s, 4H), 3.53-3.44 (m, 1H), 3.32 (br s,
4H), 2.96 (t, 2H, J=5.9 Hz), 2.50 (t, 2H, J= 5.6 Hz), 2.22 (s, 3H), 1.80-1.74 (m, 4H), 1.57
(d, 6H, J=6.6 Hz), 1.39 (d, 6H, J= 6.6 Hz). HRMS (/11/2) for C34Hs4N7;0,* [M + H]*
calculated 582.3551, found 582.3555.

1-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((1-methyl-3-
ox0-3,5,6,7-tetrahydro-2H-cyclopenta[c]pyridin-4-yl)-methyl)-1H-indazole-4-
carboxamide (38)—Yield: 11.8 mg (42%). 1H NMR (400 MHz, methanol-dj) 68.57 (s,
1H), 8.39 (s, 1H), 8.17 (dd, 1H, J= 2.5 Hz, J= 9.0 Hz), 7.99 (s, 1H), 7.81 (d, 1H, J=1.3
Hz), 7.15 (d, 1H, J= 8.0 Hz), 5.12-5.05 (m, 1H), 4.54 (s, 2H), 3.65-3.57 (m, 1H), 3.48 (br s,
8H), 3.13 (t, 2H, J= 7.6 Hz), 2.77 (t, 2H, J= 7.3 Hz), 2.28 (s, 3H), 2.16-2.08 (m, 2H), 1.58
(d, 6H, J=6.6 Hz), 1.43 (d, 6H, J= 6.7 Hz). HRMS (11/2) for C33H4,N;0,* [M + H]*
calculated 568.3395, found 568.3397.

N-((4-Hydroxy-6-methyl-2-oxo-1,2-dihydropyridin-3-yl)methyl)-1-isopropyl-6-(6-
(4-isopropylpiperazin-1-yl)pyridin-3-yl)-1H-inda-zole-4-carboxamide (39)—
Yield: 7.8 mg (39%). 1H NMR (600 MHz, methanol-aj) §8.59 (d, 1H, J= 2.1 Hz), 8.40 (s,
1H), 8.15 (dd, 1H, J= 2.3 Hz, J= 9.0 Hz), 8.00 (s, 1H), 7.85 (s, 1H), 7.13 (d, 1H, J=8.7
Hz), 6.13 (s, 1H), 5.12-5.07 (m, 1H), 4.65 (br s, 4H), 4.54 (s, 2H), 3.65-3.58 (m, 5H), 2.29
(s, 3H), 1.58 (d, 6H, J= 6.8 Hz), 1.43 (d, 6H, J= 6.7 Hz). HRMS (m/2) for C3pH3gN7O3*
[M + H]*: calculated 544.3031, found 544.3030.

1-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((2-methyl-6-oxo-1,6-
dihydropyrimidin-5-yl)methyl)-1H-indazole-4-carboxamide (40)—Yield: 12.0 mg
(63%). IH NMR (600 MHz, methanol-aj) 68.61 (s, 1H), 8.39 (s, 1H), 8.20 (d, 1H, J=10.2
Hz), 8.02 (s, 1H), 7.99 (s, 1H), 7.86 (s, 1H), 7.18 (d, 1H, J= 9.0 Hz), 5.13-5.08 (m, 1H),
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4.59 (br's, 4H), 4.45 (s, 2H), 3.66-3.58 (m, 5H), 2.55 (s, 3H), 1.58 (d, 6H, J= 6.6 Hz), 1.43
(d, 6H, J= 6.6 Hz). HRMS (m/2) for CogH37NgO, * [M + H]* calculated 529.3034, found
529.3033.

1-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-oxo-1,6-
dihydropyrimidin-5-yl)methyl)-1H-indazole-4-carboxamide (41)—Yield: 11.2 mg
(60%). 1H NMR (600 MHz, methanol-dj) 68.59 (d, 1H, J= 2.3 Hz), 8.54 (br s, 1H), 8.39 (s,
1H), 8.23 (dd, 1H, J= 2.4 Hz, J=9.0 Hz), 8.12 (br s, 1H), 8.02 (s, 1H), 7.85 (d, 1H, J=0.9
Hz), 7.21 (d, 1H, J= 9.0 Hz), 5.13-5.08 (m, 1H), 4.50 (br s, 4H), 4.48 (s, 2H) 3.65-3.60 (m,
1H), 3.50 (br s, 4H), 2.66 (s, 3H), 1.58 (d, 6H, /= 6.6 Hz), 1.43 (d, 6H, /= 6.7 Hz). HRMS
(ml 2) for CogH35NgO>* [M + H]*: calculated 515.2877, found 515.2878.

1-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2,4-
dioxo-1,2,3,4-tetrahydropyrimidin-5-yl)methyl)-1H-in-dazole-4-carboxamide
(42)—Yield: 5.9 mg (30%). 1H NMR (600 MHz, methanol-a;) §8.60 (s, 1H), 8.35 (s, 1H),
8.11 (dd, 1H, /= 1.3 Hz, /=8.9 Hz), 7.95 (s, 1H), 7.76 (s, 1H), 7.09 (d, 1H, J= 8.8 Hz),
5.11-5.06 (m, 1H), 4.60 (br s, 4H), 4.38 (s, 2H), 3.63-3.57 (m, 5H), 2.39 (s, 3H), 1.57 (d,
6H, J= 6.5 Hz), 1.43 (d, 6H, J= 6.6 Hz). HRMS (/m/2) for CogH37NgO3* [M + H]*:
calculated 545.2983, found 545.2980.

1-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-(2,2,6,6-
tetramethylpiperidin-4-yl)-1H-indazole-4-carboxamide (43)—Yield: 33.0 mg
(78%). 1H NMR (600 MHz, methanol-dj) 68.61 (d, 1H, J= 2.3 Hz), 8.38 (s, 1H), 8.32 (dd,
1H, J= 2.4 Hz, J= 9.1 Hz), 8.05 (s, 1H), 7.84 (d, 1H, J= 1.0 Hz), 7.30 (d, 1H, J= 9.1 Hz),
5.15-5.08 (m, 1H), 4.68-4.58 (m, 5H), 3.67-3.56 (m, 5H), 2.20 (dd, 2H, J= 3.6 Hz, /= 13.8
Hz), 1.76 (t, 2H, /= 13.0 Hz), 1.61 (s, 6H), 1.58 (d, 6H, J= 6.6 Hz), 1.49 (s, 6H), 1.42 (d,
6H, J= 6.7 Hz). HRMS (/m/2) for C3,H4gN70* [M + H]*: calculated 546.3915, found
546.3922.

General Procedure B: Synthesis of compounds 44-50 (Table 3) and 51-63 (Table 4), and
66, 68, 69, and 71-76 (Table 5)

The crude 3-(aminomethyl)pyridin-2(1A)-one analogues (15) (0.1 mmol), 6-bromo-1-
alkyl-1AH-indazole-4-carboxylic acid (18) (0.05-0.08 mmol), NMM (0.15 mmol), HOAt (11
mg, 0.10 mmol), and EDCI (0.10 mmol) were dissolved in DMSO (2 mL). The contents
were stirred at room temperature overnight, monitored by LC/MS, quenched with water, and
the desired product (22) was separated out and filtered to get the compound (22) as solid.
Then compound (22) (0.10 mmol, 1.0 equiv), (6-(4-isopropylpiperazin-1-yl)pyridin-3-
yl)boronic acid (20) (0.12 mmol, 1.2 equiv), and potassium acetate (0.30 mmol, 3.0 equiv)
were mixed with 1,4-dioxane (50 mL) and water (10 mL) in a flask. To this mixture, 1,1"-
bis(diphenylphosphino)ferrocene-palladium(ll)dichloride dichloro-methane complex (10-20
wt %) was added under argon atmosphere at room temperature. The mixture was heated to
80 °C for overnight and cooled to room temperature. The crude product was then purified by
flash column chromatography (gradient from 100% hexane to 100% ethyl acetate, then from
100% ethyl acetate to 10% methanol) to yield the desired compound (44-63, 66, 68, 69, 71,
72). For the synthesis of compounds 7375, intermediate 22 (Scheme 1) (0.10 mmol, 1.0
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equiv), corresponding amines (0.15 mmol, 1.5 equiv), #BuONa (0.15 mmol, 1.5 equiv), and
BINAP (0.02 mmol, 0.2 equiv) were mixed with 1,4-dioxane (50 mL) in a flask. To this
mixture, Pd,(dba)z (0.01 mmol, 0.1 equiv) was added under argon atmosphere at room
temperature. The mixture was heated to 80 °C for overnight and cooled to room temperature.
The crude product was then purified by flash column chromatography (gradient from 100%
hexane to 100% ethyl acetate, then from 100% ethyl acetate to 10% methanol) or purified by
HPLC to yield the desired product (73, 74, and 75). Synthesis and full characterization of
compounds 5, 64, 65, 67, and 70 have been previously published.36

2-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-oxo-4-
propyl-1,2-dihydropyridin-3-yl)methyl)-2H-inda-zole-4-carboxamide (44)—Yield:
4.6 mg (7%). 'H NMR (600 MHz, methanol-dj) §8.60 (s, 1H), 8.56 (s, 1H), 8.09 (dd, 1H, J
=1.5Hz, J=8.9 Hz), 7.93 (s, 1H), 7.79 (s, 1H), 7.10 (d, 1H, J=9.0 HZz), 6.17 (s, 1H), 4.93-
4.89 (m, 1H), 4.60 (br s, 4H), 4.59 (s, 2H), 3.64-3.57 (m, 5H), 2.75 (t, 2H, J= 7.8 Hz), 2.26
(s, 3H), 1.67 (d, 6H, J= 6.7 Hz), 1.66-1.61 (m, 2H), 1.42 (d, 6H, J= 6.6 Hz), 1.02 (t, 3H, J
= 7.3 Hz). HRMS (/m/2) for Ca3H44N70,* [M + H]*: calculated 570.3551, found 570.3542.

1-Isopropyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-oxo-4-
propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-3-carboxamide (45)—Yield:
50 mg (86%). 1H NMR (600 MHz, methanol-dj) 68.45 (d, 1H, J= 2.1 Hz), 7.92 (dd, 1H, J
=2.2Hz, J=8.7Hz), 7.83 (d, 1H, J= 8.7 Hz), 7.80 (s, 1H), 7.42 (d, 1H, J= 8.2 Hz), 6.96
(d, 1H, J=8.8 Hz), 6.14 (s, 1H), 5.59-5.53 (m, 1H), 4.59 (s, 2H), 3.72 (br s, 4H), 3.11-3.06
(m, 1H), 2.98 (br s, 4H), 2.74 (t, 2H, J=7.8 Hz), 2.26 (s, 3H), 1.68-1.60 (m, 2H), 1.61 (d,
6H, J=6.6 Hz), 1.24 (d, 6H, J= 6.5 Hz), 1.03 (t, 3H, J= 7.3 Hz). HRMS (m/2) for
C33H44N70,* [M + H]™: calculated 570.3551, found 570.3553.

1-Isopropyl-5-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-ox0-4-
propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-3-carboxamide (46)—Yield:
58 mg (64%). 1H NMR (600 MHz, methanol-aj) §8.55 (d, 1H, J= 2.4 Hz), 8.00-7.98 (m,
2H), 7.74 (d, 1H, J= 9.0 Hz), 7.60 (dd, 1H, J = 1.5 Hz, J= 9.0 Hz), 6.98 (d, 1H, J= 8.8 Hz),
6.13 (s, 1H), 5.62-5.56 (m, 1H), 4.59 (s, 2H), 3.75 (br s, 4H), 3.22-3.18 (m, 1H), 3.09 (t,
4H, J= 4.8 Hz), 2.74 (t, 2H, J= 7.8 Hz), 2.26 (s, 3H), 1.68-1.61 (m, 2H), 1.61 (d, 6H, J=
6.6 Hz), 1.29 (d, 6H, J= 6.7 Hz), 1.02 (t, 3H, J= 7.3 Hz). HRMS (m/2) for C33H44N70,*
[M + H]*: calculated 570.3551, found 570.3554.

1-Isopropyl-4-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-ox0-4-
propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-6-carboxamide (47)—Yield:
71 mg (79%). 1H NMR (600 MHz, methanol-dj) 68.50 (d, 1H, J= 2.3 Hz), 8.16 (s, 1H),
8.04 (s, 1H), 7.97 (dd, 1H, J=2.5Hz, /= 8.8 Hz), 7.61 (d, 1H, /= 1.1 Hz), 6.99 (d, 1H, J=
8.9 Hz), 6.14 (s, 1H), 5.07-5.03 (m, 1H), 4.57 (s, 2H), 3.67 (br s, 4H), 2.86-2.81 (m, 1H),
2.78 (t, 4H, J= 4.5 Hz), 2.72 (t, 2H, J= 8.1 Hz), 2.26 (s, 3H), 1.66-1.60 (m, 2H), 1.58 (d,
6H, J=6.7 Hz), 1.17 (d, 6H, J= 6.5 Hz), 1.00 (t, 3H, J= 7.3 Hz). HRMS (m/2) for
Ca3H4sN70,* [M + H]™: calculated 570.3551, found 570.3555.

3-(6-(4-Isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-ox0-4-propyl-1,2-
dihydropyridin-3-yl)methyl)imidazo[1,2-a]pyridine-8-carboxamide (48)—Yield:
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42 mg (40%). 1H NMR (600 MHz, methanol-dj) §8.72 (d, 1H, J= 6.8 Hz), 8.47 (s, 1H),
8.37 (d, 1H, J= 7.3 Hz), 8.08 (s, 1H), 7.94 (d, 1H, J= 9.8 Hz), 7.49 (t, 1H, J= 7.0 HZ), 7.16
(d, 1H, J=8.9 Hz), 6.17 (s, 1H), 4.74-4.72 (d, 2H, J=12.0 Hz), 4.61 (s, 2H), 3.65-3.59 (m,
2H), 3.31-3.20 (m, 4H), 2.72 (t, 2H, J = 7.8 Hz), 2.27 (s, 3H), 1.67-1.61 (m, 2H), 1.43 (d,
6H, J= 6.6 Hz), 1.01 (t, 3H, J= 7.3 Hz). HRMS (/m/2) for C3gH3gN7;O05" [M + H]*:
calculated 528.3081, found 528.3079.

7-(6-(4-Isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-ox0-4-propyl-1,2-
dihydropyridin-3-yl)methyl)pyrazolo[1,5-a]pyridine-3-carboxamide (49)—Yield:
50 mg (48%). 1H NMR (600 MHz, methanol-dj) 68.63 (s, 1H), 8.40 (s, 1H), 8.22 (d, 1H, J
= 8.8 Hz), 8.14 (d, 1H, J=8.9 Hz), 7.50 (t, 1H, J= 7.8 HZz), 7.09 (d, 1H, J=6.7 HZz), 6.94 (d,
1H, J=9.0 Hz), 6.14 (s, 1H), 4.53 (s, 2H), 3.69 (br s, 4H), 2.80-2.66 (m, 7H), 2.26 (s, 3H),
1.65-1.58 (m, 2H), 1.14 (d, 6H, J= 6.3 Hz), 0.99 (t, 3H, J= 7.3 Hz). HRMS (m/2) for
C3oH3gN70,* [M + H]™: calculated 528.3081, found 528.3082.

7-(6-(4-Isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-ox0-4-propyl-1,2-
dihydropyridin-3-yl)methyl)imidazo[1,2-a]pyridine-2-carboxamide (50)—Yield:
53 mg (50%). *H NMR (600 MHz, methanol-dj) §8.78 (d, 1H, J= 7.0 Hz), 8.69 (d, 1H, J=
1.8 Hz), 8.56 (s, 1H), 8.15 (dd, 1H, J= 2.1 Hz, J= 8.9 Hz), 7.98 (s, 1H), 7.79 (d, 1H, J= 7.0
Hz), 7.11 (d, 1H, J= 9.0 Hz), 6.19 (s, 1H), 4.70 (br s, 4H), 4.56 (s, 2H), 3.64-3.58 (m, 5H),
2.67 (m, 2H), 2.28 (s, 3H), 1.63 (m, 2H), 1.42 (d, 6H, J= 6.6 Hz), 1.00 (t, 3H, J=7.3 Hz).
HRMS (m/z) for C3gH3gN70,* [M + H]™: calculated 528.3081, found 528.3088.

1-(tert-Butyl)-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-oxo0-4-
propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-4-carboxamide (51)—Yield:
25 mg (83%). H NMR (600 MHz, methanol-dj) 68.50 (d, 1H, J= 2.5 Hz), 8.28 (s, 1H),
8.03 (s, 1H), 7.98 (dd, 1H, J= 2.6 Hz, J= 8.8 Hz), 7.72 (d, 1H, J= 1.1 Hz), 6.98 (d, 1H, J=
8.9 Hz), 6.15 (s, 1H), 4.59 (s, 2H), 3.71 (br s, 4H), 3.02-2.98 (m, 1H), 2.92 (br s, 4H), 2.75—
2.73 (m, 2H), 2.26 (s, 3H), 1.81 (s, 9H), 1.68-1.61 (m, 2H), 1.22 (d, 6H, J= 6.5 Hz), 1.02 (t,
3H, J=7.4 Hz). HRMS (m/2) for C34H4gN70,* [M + H]™: calculated 584.3708, found
584.37009.

6-(6-(4-1sopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-oxo-4-propyl-1,2-
dihydropyridin-3-yl)methyl)-1-(pentan-3-yl)-1H-inda-zole-4-carboxamide (52)—
Yield: 40 mg (61%). 1H NMR (600 MHz, methanol-a;) 68.56 (d, 1H, /= 1.8 Hz), 8.41 (s,
1H), 8.03 (dd, 1H, J= 2.3 Hz, J=8.8 Hz), 7.94 (s, 1H), 7.76 (s, 1H), 7.00 (d, 1H, /= 8.8
Hz), 6.15 (s, 1H), 4.60 (s, 2H), 4.59-4.55 (m, 1H), 3.81 (br s, 4H), 3.17 (br s, 4H), 2.74 (t,
2H, J=7.8 Hz), 2.26 (s, 3H), 2.11-2.03 (m, 2H), 1.98-1.91 (m, 3H), 1.67-1.61 (m, 2H),
1.32 (d, 6H, J= 6.6 Hz), 1.02 (t, 3H, J= 7.3 Hz), 0.70 (t, 6H, J= 7.3 Hz). HRMS (m/2) for
C35HagN70,* [M + H]™: calculated 598.3864, found 598.3868.

1-Cyclopentyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-
oxo0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-4-carboxamide (53)
—Yield: 78 mg (62%). 'H NMR (600 MHz, methanol-dj) §8.49 (s, 1H), 8.33 (s, 1H), 7.94
(d, 1H, J=8.7 Hz), 7.89 (s, 1H), 7.75 (s, 1H), 6.87 (d, 1H, /= 8.7 Hz), 6.12 (s, 1H), 5.24—
5.20 (m, 1H), 4.58 (s, 2H), 3.59 (br s, 4H), 2.76-2.70 (m, 7H), 2.24 (s, 3H), 2.21-2.18 (m,
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2H), 2.12-2.08 (m, 2H), 1.98-1.94 (m, 2H), 1.79-1.75 (m, 2H), 1.65-1.61 (m, 2H), 1.13 (d,
6H, J=6.1 Hz), 1.00 (t, 3H, J= 7.1 Hz). HRMS (/2) for C35H4N705™ [M + H]*:
calculated 596.3708, found 596.3711.

1-Cyclohexyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-oxo-4-
propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-4-carboxamide (54)—Yield:
10 mg (16%). 1H NMR (600 MHz, methanol-dj) §8.52 (d, 1H, J= 2.4 Hz), 8.34 (s, 1H),
7.99 (dd, 1H, J=2.6 Hz, /=89 Hz), 7.91 (s, 1H), 7.75 (d, 1H, J= 1.2 Hz), 6.92 (d, 1H, J=
8.9 Hz), 6.14 (s, 1H), 4.70-4.64 (m, 1H), 4.59 (s, 2H), 3.61 (t, 4H, J= 4.5 Hz), 2.78-2.70
(m, 7H), 2.25 (s, 3H), 2.03-1.92 (m, 6H), 1.80-1.77 (m, 1H), 1.67-1.56 (m, 4H), 1.40-1.32
(m, 1H), 1.14 (d, 6H, J= 6.5 Hz), 1.01 (t, 3H, J= 7.4 Hz). HRMS (/m/2) for C3gH4gN705"
[M + H]*: calculated 610.3864, found 610.3865.

6-(6-(4-1sopropylpiperazin-1-yl)pyridin-3-yl)-1-methyl-N-((6-methyl-2-oxo-4-
propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-4-carboxamide (55)—Yield:
50 mg (77%). 1H NMR (600 MHz, methanol-dj) 68.55 (d, 1H, J= 2.1 Hz), 8.31 (s, 1H),
7.99 (dd, 1H, J= 2.3 Hz, /= 8.8 Hz), 7.86 (s, 1H), 7.76 (s, 1H), 6.95 (d, 1H, J= 8.8 Hz),
6.14 (s, 1H), 4.58 (s, 2H), 4.11 (s, 3H), 3.81 (br s, 4H), 3.36-3.34 (m, 1H), 3.20 (br s, 4H),
2.73 (t, 2H, J= 7.8 Hz), 2.25 (s, 3H), 1.66-1.60 (m, 2H), 1.34 (d, 6H, /= 6.4 Hz), 1.01 (t,
3H, J=7.3 Hz). HRMS (m/2) for C31H4oN70,* [M + H]™: calculated 542.3238, found
542.3246.

1-Cycloheptyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyI-2-
oxo0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-4-carboxamide (56)
—Yield: 53 mg (84%). IH NMR (600 MHz, methanol-dj) §8.56 (s, 1H), 8.34 (s, 1H), 8.02
(dd, 1H, J=2.3 Hz, J=8.8 Hz), 7.90 (s, 1H), 7.75 (s, 1H), 6.97 (d, 1H, J= 8.8 Hz), 6.14 (s,
1H), 4.91-4.89 (m, 1H), 4.59 (s, 2H), 3.79 (br s, 4H), 3.28-3.24 (m, 1H), 3.13 (br s, 4H),
2.73 (t, 2H, J= 7.8 Hz), 2.25 (s, 3H), 2.20-2.15 (m, 2H), 2.08-2.06 (m, 2H), 1.89-1.87 (m,
2H), 1.77-1.61 (m, 8H), 1.30 (d, 6H, J= 6.6 Hz), 1.01 (t, 3H, J= 7.3 Hz). HRMS (/) for
C37H50N70,* [M + H]™: calculated 624.4021, found 624.4027.

1-(Cyclobutylmethyl)-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-
methyl-2-oxo-4-propyl-1,2-dihydropyridin-3-yl)methyl)-1H-indazole-4-
carboxamide (57)—Yield: 60 mg (86%). 1H NMR (600 MHz, methanol-dj) §8.52 (s,
1H), 8.32 (s, 1H), 7.99 (d, 1H, J=8.2 Hz), 7.91 (s, 1H), 7.76 (s, 1H), 6.94 (d, 1H, /=8.7
Hz), 6.14 (s, 1H), 4.59 (s, 2H), 4.50 (d, 2H, J= 3.3 Hz), 3.64 (br s, 4H), 2.96-2.88 (m, 1H),
2.83-2.80 (m, 1H), 2.76-2.72 (m, 6H), 2.25 (s, 3H), 2.00-1.88 (m, 6H), 1.66-1.62 (m, 2H),
1.16 (d, 6H, J=6.1 Hz), 1.01 (t, 3H, J= 7.1 Hz). HRMS (m/2) for C35H4gN705" [M + H]*:
calculated 596.3708, found 596.3716.

1-(Cyclopentylmethyl)-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-
methyl-2-oxo-4-propyl-1,2-dihydropyridin-3-yl)methyl)-1H-indazole-4-
carboxamide (58)—Yield: 54 mg (85%). 'H NMR (600 MHz, methanol-a;) 8.54 (d,
1H, J=2.2 Hz), 8.34 (s, 1H), 8.00 (dd, 1H, J= 2.4 Hz, J= 8.8 Hz), 7.89 (s, 1H), 7.76 (s,
1H), 6.98 (d, 1H, J=8.8 Hz), 6.13 (s, 1H), 4.59 (s, 2H), 4.40 (d, 2H, J= 7.4 Hz), 3.83 (br s,
4H), 3.40-3.36 (M, 1H), 3.22 (t, 4H, J= 4.5 Hz), 2.72 (t, 2H, J= 7.8 Hz), 2.56-2.51 (m,
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1H), 2.25 (s, 3H), 1.70-1.50 (m, 8H), 1.34 (d, 8H, J= 6.6 Hz), 1.00 (t, 3H, J= 7.3 Hz).
HRMS (m/2) for CagHagN70,* [M + H]™: calculated 610.3864, found 610.3870.

1-(Cyclohexylmethyl)-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-
methyl-2-oxo-4-propyl-1,2-dihydropyridin-3-yl)methyl)-1H-indazole-4-
carboxamide (59)—Yield: 97 mg (76%). 1H NMR (600 MHz, methanol-dj) §8.48 (d,
1H, J=1.3 Hz), 8.34 (s, 1H), 7.92 (d, 1H, J= 6.9 Hz), 7.83 (s, 1H), 7.75 (s, 1H), 6.85 (d,
1H, J=8.8 Hz), 6.10 (s, 1H), 4.58 (s, 2H), 4.28 (d, 2H, J=7.0 Hz), 3.59 (br s, 4H), 2.81-
2.72 (m, 1H), 2.72-2.68 (m, 6H), 2.23 (s, 3H), 1.99-1.95 (m, 1H), 1.68-1.51 (m, 8H) 1.19-
1.15 (m, 2H), 1.13 (d, 6H, J= 6.4 Hz), 1.08-1.03 (m, 2H), 1.00 (t, 3H, /= 7.3 Hz). HRMS
(ml2) for C37H5oN70,* [M + H]*: calculated 624.4021, found 624.4028.

1-Benzyl-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyl-2-ox0-4-
propyl-1,2-dihydropyridin-3-yl)methyl)-1H-inda-zole-4-carboxamide (60)—Yield:
68 mg (77%). 1H NMR (600 MHz, methanol-a;) §8.42 (s, 1H), 8.39 (s, 1H), 7.88 (d, 1H, J
=7.2Hz), 7.81 (s, 1H), 7.76 (s, 1H), 7.29-7.20 (m, 5H), 6.86 (d, 1H, /= 8.8 Hz), 6.13 (s,
1H), 5.70 (s, 2H), 4.58 (s, 2H), 3.58 (br s, 4H), 2.75-2.66 (m, 7H), 2.24 (s, 3H), 1.66-1.60
(m, 2H), 1.13 (d, 6H, J= 6.4 Hz), 1.01 (t, 3H, J= 7.3 Hz). HRMS (m/2) for C37H44N;0,*
[M + H]*: calculated 618.3551, found 618.3550.

1-(2-Ethylhexyl)-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyI-2-
oxo-4-propyl-1,2-dihydropyridin-3-yl)methyl)-1H-in-dazole-4-carboxamide (61)
—Yield: 53 mg (85%). IH NMR (600 MHz, methanol-dj) §8.55 (d, 1H, J= 1.9 Hz), 8.35
(s, 1H), 8.01 (dd, 1H, J= 2.2 Hz, J= 8.8 Hz), 7.86 (s, 1H), 7.77 (s, 1H), 6.99 (d, 1H, /= 8.8
Hz), 6.14 (s, 1H), 4.59 (s, 2H), 4.38 (d, 2H, J= 6.9 Hz), 3.81 (br s, 4H), 3.30-3.28 (m, 1H),
3.16 (brs, 4H), 2.73 (t, 2H, J= 7.8 Hz), 2.26 (s, 3H), 2.06-2.03 (m, 1H), 1.70-1.61 (m, 2H),
1.32-1.20 (m, 14H), 1.01 (t, 3H, /=7.3 Hz), 0.91 (t, 3H, J=7.4 Hz), 0.83 (t, 3H, /= 6.9
Hz). HRMS (m/2) for C3gH54N;05* [M + H]*: calculated 640.4334, found 640.4336.

1-(2-Cyclohexylethyl)-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-
methyl-2-oxo-4-propyl-1,2-dihydropyridin-3-yl)methyl)-1H-indazole-4-
carboxamide (62)—Yield: 53 mg (85%). 1H NMR (600 MHz, methanol-d;) 68.53 (d,
1H, J= 2.3 Hz), 8.34 (s, 1H), 7.98 (dd, 1H, J= 2.4 Hz, J= 8.8 HZz), 7.85 (s, 1H), 7.76 (s,
1H), 6.95 (d, 1H, J= 8.8 Hz), 6.13 (s, 1H), 4.58 (s, 2H), 4.49 (t, 2H, J= 7.1 Hz), 3.79 (s,
4H), 3.30-3.26 (m, 1H), 3.14 (t, 4H, J=4.7 Hz), 2.72 (t, 2H, J=7.8 Hz), 2.25 (s, 3H), 1.79—
1.74 (m, 4H), 1.68-1.60 (m, 5H), 1.30 (d, 6H, /= 6.6 Hz), 1.20-1.12 (m, 4H), 1.00 (t, 3H, J
= 7.3 Hz), 1.00-0.93 (m, 2H). HRMS (/77/2) for C3gHs5oN;05™ [M + H]*: calculated
638.4177, found 638.4177.

1-(6-Hydroxyhexyl)-6-(6-(4-isopropylpiperazin-1-yl)pyridin-3-yl)-N-((6-methyI-2-
oxo0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-1H-in-dazole-4-carboxamide (63)
—IH NMR (400 MHz, methanol-dj) 58.48 (d, 1H, J= 2.0 Hz), 8.32 (s, 1H), 7.94 (dd, 1H, J
= 2.3 Hz, J=8.9 Hz), 7.84 (s, 1H), 7.74 (s, 1H), 6.88 (d, 1H, J= 8.9 Hz), 6.10 (s, 1H), 4.57
(s, 2H), 4.46 (t, 2H, J= 6.8 Hz), 3.59 (t, 4H, J= 4.8 Hz), 3.46 (1, 2H, J= 6.4 Hz), 2.80-2.71
(m, 7H), 2.23 (s, 3H), 1.94-1.87 (m, 2H), 1.66-1.51 (m, 2H), 1.49-1.42 (m, 2H), 1.39-1.25
(m, 4H), 1.12 (d, 6H, J= 6.5 Hz), 0.99 (t, 3H, J= 7.3 Hz). MS (m/2) [M + H]*: 628.2.
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1-Isopropyl-N-((6-methyl-2-ox0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-6-
phenyl-1H-indazole-4-carboxamide (66)—Yield: 37 mg (75%). 1H NMR (400 MHz,
chloroform-d) 68.42 (s, 1H), 7.83 (s, 1H), 7.75 (s, 1H), 7.68 (s, 1H), 7.64 (d, 2H, J=8.0
Hz), 7.43 (t, 2H, /= 6.0 Hz), 7.36 (t, 1H, /= 6.0 Hz), 6.07 (s, 1H), 4.94-4.87 (m, 1H), 4.68
(d, 2H, J=4.0 Hz), 2.78 (t, 2H, J= 8.0 Hz), 2.20 (s, 3H), 1.68-1.61 (m, 2H), 1.60 (d, 6H, J
=6.0 Hz), 1.03 (t, 3H, J=6.0 Hz). MS (m/2) [M + H]*: 443.2.

1-Isopropyl-N-((6-methyl-2-ox0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-6-(4-
(trifluoromethyl)phenyl)-1H-indazole-4-carboxa-mide (68)—Yield: 10 mg

(18%). IH NMR (400 MHz, chloroform-a) §8.42 (s, 1H), 7.74 (m, 7H), 6.14 (s, 1H), 4.94—
4.90 (m, 1H), 4.69 (d, 2H, J= 4.0 Hz), 2.81 (t, 2H, J= 8.0 Hz), 2.26 (s, 3H), 1.69-1.62 (m,
2H), 1.61 (d, 6H, J= 4.0 Hz), 1.03 (t, 3H, J= 6.0 Hz). MS (m/2) [M + H]*: 511.2.

1-1sopropyl-N-((6-methyl-2-oxo-4-propyl-1,2-dihydropyridin-3-yl)methyl)-6-
(pyridin-2-yl)-1H-indazole-4-carboxamide (69)—Yield: 20 mg (63%). 1H NMR (400
MHz, chloroform-d) §8.94 (d, 1H, J=4.9 Hz), 8.46 (s, 1H), 8.31 (s, 1H), 8.12 (t, 1H, J=
7.3 Hz), 8.02 (d, 1H, J= 8.0 Hz), 7.97 (s, 1H), 7.59-7.56 (m, 2H), 6.48 (s, 1H), 5.04-4.97
(m, 1H), 4.70 (d, 2H, J=5.5 Hz), 2.92 (t, 2H, J= 8.0 HZz), 2.44 (s, 3H), 1.73-1.64 (m, 2H),
1.62 (d, 6H, J=6.7 Hz), 1.05 (t, 3H, J=7.3 Hz). MS (m/2) [M + H]*: 444.3.

1-Isopropyl-N-((6-methyl-2-ox0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-6-(5-
(trifluoromethyl)pyridin-2-yl)-1H-indazole-4-carbox-amide (71)—Yield: 38 mg
(67%). 'H NMR (400 MHz, chloroform-d) 6 13.02 (s, 1H), 8.92 (s, 1H), 8.46 (s, 1H), 8.36
(s, 1H), 8.17 (s, 1H), 7.99 (m, 3H), 6.03 (s, 1H), 5.03-4.96 (m, 1H), 4.69 (d, 2H, J= 4.0 Hz),
2.75 (t, 2H, J= 8.0 Hz), 2.22 (s, 3H), 1.64-1.60 (m, 2H), 1.61 (d, 6H, /= 8.0 Hz), 1.02 (t,
3H, J=6.0 Hz). MS (/m/2) [M + H]*: 512.3.

1-Isopropyl-N-((6-methyl-2-ox0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-6-
(piperidin-4-yl)-1H-indazole-4-carboxamide (72)—To a solution of 1-isopropyl- /-
((6-methyl-2-oxo-4-propyl-1,2-dihydropyr-idin-3-yl)methyl)-6-(1,2,3,6-tetrahydropyridin-4-
yl)-1H-indazole-4-carboxamide in methanol (30 mL) was added Raney Ni (20 mg) under
nitrogen atmosphere. The contents were purged and kept under H, overnight. The reaction
was monitored by LC/MS. After completion, the mixture was concentrated in vacuo and
then purifed by HPLC to yield the title compound (3 mg, 12%) as solid. *H NMR (600
MHz, methanol-dj) 68.29 (s, 1H), 7.63 (s, 1H), 7.46 (s, 1H), 6.16 (s, 1H), 5.02-4.97 (m,
1H), 458 (s, 2H), 3.54 (d, 2H, J=12.7 Hz), 3.18 (dt, 2H, J= 2.3 Hz, /= 12.8 Hz), 3.14-
3.09 (m, 1H), 2.75 (t, 2H, J=7.8 Hz), 2.26 (s, 3H), 2.17 (d, 2H, J= 14.2 Hz), 2.04-1.96 (m,
2H), 1.67-1.61 (m, 2H), 1.55 (d, 6H, J= 6.6 Hz), 1.02 (t, 3H, J= 7.3 Hz). HRMS (/) for
CoeH3N50,* [M + H]™: calculated 450.2864, found 450.2868.

1-Isopropyl-N-((6-methyl-2-ox0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-6-
(piperazin-1-yl)-1H-indazole-4-carboxamide (73)—Yield: 12.8 mg (15%). 1H NMR
(600 MHz, methanol-dj) §8.21 (s, 1H), 7.36 (d, 1H, J= 1.6 Hz), 7.17 (s, 1H), 6.18 (s, 1H),
4.97-4.90 (m, 1H), 4.56 (s, 2H), 3.53 (t, 4H, J=5.1 Hz), 3.41 (t, 4H, /= 4.8 Hz), 2.73 (t,
2H, J=6.0 Hz), 2.27 (s, 3H), 1.66-1.60 (m, 2H), 1.52 (d, 6H, J= 6.6 Hz), 1.01 (t, 3H, J=
7.3 Hz). HRMS (m/2) for Co5H35NgO,* [M + H]*: calculated 451.2816, found 451.2826.
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6-(1,4-Diazepan-1-yl)-1-isopropyl-N-((6-methyl-2-oxo-4-propyl-1,2-
dihydropyridin-3-yl)methyl)-1H-indazole-4-carboxamide (74)—Yield: 17.7 mg
(20%). 1H NMR (600 MHz, methanol-dj) 68.14 (s, 1H), 7.19 (d, 1H, J= 1.7 Hz), 6.90 (s,
1H), 6.22 (s, 1H), 4.95-4.89 (m, 1H), 4.57 (s, 2H), 3.91 (t, 2H, J=5.4 Hz), 3.71 (t, 2H, J=
6.1 Hz), 3.46 (t, 2H, J=5.1 Hz), 3.31-3.29 (m, 2H), 2.75 (t, 2H, J= 7.8 Hz), 2.28 (s, 3H),
2.27-2.23 (m, 2H), 1.67-1.60 (m, 2H), 1.50 (d, 6H, J= 6.6 Hz), 1.02 (t, 3H, J=7.3 Hz).
HRMS (m/2) for CogH37NgO>* [M + H]™: calculated 465.2973, found 465.2974.

1-Isopropyl-N-((6-methyl-2-ox0-4-propyl-1,2-dihydropyridin-3-yl)methyl)-6-
(piperidin-4-ylamino)-1H-indazole-4-carboxamide (75)—Yield: 3.7 mg (4.5%). 1H
NMR (600 MHz, methanol-dj) 68.07 (s, 1H), 6.98 (s, 1H), 6.75 (s, 1H), 6.20 (s, 1H), 4.92
4.84 (m, 1H), 4.56 (s, 2H), 3.78-3.74 (m, 1H), 3.48-3.44 (m, 2H), 3.23-3.17 (m, 2H), 2.74
(t, 2H, J= 7.8 Hz), 2.30-2.25 (m, 5H), 1.76-1.55 (m, 4H), 1.50 (d, 6H, /= 6.6 Hz), 1.02 (t,
3H, J=7.3 Hz). HRMS (m/2) for CogH37NgO>* [M + H]™: calculated 465.2973, found
465.2978.

6-Bromo-1-isopropyl-N-((6-methyl-2-ox0-4-propyl-1,2-dihydro-pyridin-3-
yl)methyl)-1H-indazole-4-carboxamide (76)—Yield: 380 mg (96%). *H NMR (600
MHz, methanol-dj) §8.34 (s, 1H), 8.03 (s, 1H), 7.63 (d, 1H, J= 1.4 Hz), 6.14 (s, 1H), 4.98-
4.94 (m, 1H), 4.55 (s, 2H), 2.72 (t, 2H, J= 7.4 Hz), 2.26 (s, 3H), 1.66-1.60 (m, 2H), 1.53 (d,
6H, J=6.6 Hz), 1.01 (t, 3H, J= 7.4 Hz). HRMS (m1/2) for C31Hy6BrN,O5* [M + H]*:
calculated 445.1234 and 447.1213 found 445.1237 and 447.1219.

Biochemical Assays

Methyltransferase activity assays for EZH2 trimeric complex (EZH2:EED:SUZ12) and
EZH1 pentameric complex (EZH1:EED:SUZ12:RBBP4:AEBP2) were performed by
monitoring the incorporation of tritium-labeled methyl group to lysine 27 of H3 (21-44)
peptide using the Scintillation Proximity Assay (SPA). The enzymatic reactions were
performed at 23 °C with 1 h incubation of 10 zL of reaction mixture in 20 mM Tris-HCI, pH
8,5 mM DTT, and 0.01% Triton X-100 containing 2 and 4 M of 3H-SAM (catalogue no.
NET155 V250UC; PerkinElmer; www.perkinelmer.com) for reactions including EZH2 and
EZH1 complexes, respectively, and 1 4M of biotinylated H3 (21-44). In all assays, 20 nM
EZH2 complex or 10 nM EZH1complex was used. Compounds were titrated from 0.3 nM to
5 uM. To stop the reactions, 10 gL of 7.5 M guanidine hydrochloride was added, followed
by 50 i of buffer (20 mM Tris, pH 8.0), mixed, and transferred to a 384-well streptavidin
coated flash plate (catalogue no. SMP410A001PK, PerkinElmer, http://
www.perkinelmer.ca). After mixing, the mixtures in flash-plate were incubated for 2 h and
the CPM counts were measured using Topcount plate reader (PerkinElmer,
www.perkinelmer.com). The CPM counts in the absence of compound for each data set were
defined as 100% activity. In the absence of the enzyme, the CPM counts in each data set
were defined as background (0%). All enzymatic reactions were performed in triplicate and
ICsq values were determined by fitting the data to the Four Parameter Logistic equation
using GraphPad Prism 7 software.
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Structure of PRC2-EZH2 Complex

The complex structure of the human PRC2-EZH2 (PDB: 5HYN) was used for molecular
docking. The coordinates of the I-SET helix (1646 to N668) of this structure were modified
according to the I-SET helix of the complex PRC2-AcEZH2 (PDB: 5137, cocrystallized with
a pyridone inhibitor) in order to take into account the induced fit effect by the inhibitor on
the positioning of this helix. Both crystal structures were prepared using the structure
preparation tool available in Schrédinger 2015-3 (Schrddinger Release 2015-3: Maestro,
version 10.3, Schradinger, LLC, New York, NY, 201.) with hydrogen optimization and
default settings following their download from the PDB.

Molecular Docking

Prior to docking, all compounds were ionized using the fixpka program of OpenEye
QUACPAC 1.5.0 (OpenEye Scientific Software, Santa Fe, NM, http://www.eyesopen.com.).
Their three-dimensional structures were generated using LigPrep (Schrédinger Release
2015-3: LigPrep, version 3.5, Schrodinger, LLC, New York, NY, 201.) with OPLS_2005
force field. The softwares PLANTS®3 and Glide* were used to dock the inhibitors to the
modified structure of 5SHYN (modified I-SET helix). The PDB structure 5137 was
superimposed with the modified 5SHYN structure, and the centroid of “/nhibitor 17 (5137)
was defined as a center of the binding site for PLANTS docking. The binding site radius was
setto 12 A, and hydrogen bond constraints were set on backbone oxygen and nitrogen atoms
of W624 and the nitrogen atom of backbone Y111 in order to place the pyridonemethyl-
amide in the proper region. Similarly, the centroid of “/nhibitor 1”was defined as a center of
the Glide receptor grid. The pyridonemethyl-amide scaffold was constrained with a
tolerance of 0.6 A, and the Glide standard precision (SP) mode with its default parameters
was set. A maximum number of 10 different poses per docking software was used for each
ligand. A Tanimoto coefficient was applied to compute the similarity of the interaction
fingerprints®® generated for each pose with the reference “/nhibitor 1”. For each ligand, we
kept the pose that exhibits the most similar interactions (highest Tanimoto coefficient) as
“Inhibitor 17, Each kept complex was refined using Prime by selecting OPLS_3 as force
field, VSGB as solvation mode, and atoms within 5 A of any heavy ligand atoms were
optimized using the local optimization protocol.>*

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

The research described here was supported by the grant R0O1GM103893 (to J.J.) from the U.S. National Institutes of
Health. The Structural Genomics Consortium (SGC) is a registered charity (no. 1097737) that receives funds from
AbbVie, Bayer Pharma AG, Boehringer Ingelheim, Canada Foundation for Innovation, Eshelman Institute for
Innovation, Genome Canada, Innovative Medicines Initiative (EU/EFPIA) [ULTRA-DD grant no. 115766], Janssen,
Merck & Co., Novartis Pharma AG, Ontario Ministry of Economic Development and Innovation, Pfizer, Sao Paulo
Research Foundation-FAPESP, Takeda, and the Wellcome Trust. X.Y. and A.M. were supported by a postdoctoral
fellowship from the SGC. K.D.K. was supported by a predoctoral fellowship from the Medicinal Chemistry
Division of the American Chemical Society. This work was supported in part through the computational resources
provided by Scientific Computing at the Icahn School of Medicine at Mount Sinai. We thank OpenEye Scientific
Software for providing us with a free academic license.

J Med Chem. Author manuscript; available in PMC 2017 August 25.


http://www.eyesopen.com

1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Yang et al.

Page 21

ABBREVIATIONS USED

EZH2
KMT6
EZH1
PRC2
EED
suz12
RbAp46
RbAp48
AEBP2

H3K27

enhancer of zeste 2 polycomb repressive complex 2 subunit
lysine methyltransferase 6

enhancer of zeste homologue 1

polycomb repressive complex 2

embryonic ectoderm development

suppressor of zeste 12

retinoblastoma binding protein 7

retinoblastoma binding protein 4

adipocyte enhancer-binding protein 2

histone 3, lysine 27

PRC2-EZH1EZH1 containing PRC2 complex

PRC2-EZH2EZH2 containing PRC2 complex

SAM
H3K27me3

SET

GCB
DLBCLs
MLL
SAR

PK

PDB

ICsgp
nM
Ph

t-Bu

S5-5”-adenosyl-L-methionine
trimethylation of H3K27

Su(var.)3-9 (the suppressor of position-effect variegation 3-9), en(zeste) (an
enhancer of the eye color mutant zeste), and trithorax (the homeotic gene
regulator)

germinal center B-cell

diffuse large B-cell lymphomas

mixed lineage leukemia

structure-activity relationship
pharmaco-kinetic

Protein Data Bank
S-5”-adenosyl-L-homocysteine
half-minimal (50%) inhibitory concentration
nanomolar

phenyl

tertiary butyl
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Figure 3.
Docked pose of compound 5 in the human PRC2 structure. (A) Docked pose of compound 5

(pink). (B) A 2D representation of molecular interactions between compound 5 and the
residues of the binding site. (C) Superimposition of compound 5 and SAH (aligned from
PDB entry 5SHYN). The pyridone moiety of compound 5 mimics the homocysteine moiety
of SAH (green). (D) Binding site of PRC2 complex where compound 5 binds through a
groove formed by the SET domain and the activation loop of EZH2 (aqua) and the EED
complex (gray).
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Figure 4.
Proposed binding site in the SET domain of EZH2. (A) Close view on the pyridone moiety

of compound 5 from its docked pose in human PRC2 complex. Substitution at 4-position of
the pyridone ring allows the compound to make more van der Waals contacts with F665,
R685 and F686. (B) Close view on the pyridone moiety of compound 31 from its docked
pose in human PRC2 complex. White surface, EZH2 binding pocket; purple, van der Waals
surface of the ligand.
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Figureb.
Two possible docking poses for compound 63. (A) The indazole moiety rotates 180° in

relation to compound 5, and the hexanol interacts through hydrogen bonds with Y658 and
R679. (B) The hexanol group is outside the catalytic binding site and interacts with K211 of
EED.
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Figure®6.
Two possible docking poses for compound 76. (A) The bromo group is an acceptor of

hydrogen bond from C663 and the benzene ring of the indazole stacks with Y111 of the
activation loop. (B) A 180° rotation around the benzamide bond leads to both indazole rings
stacking with Y111.
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Table 1

In Vitro Potencies of Newly Synthesized Pyridone Derivatives for EZH2 and EZH1
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Table 2

In Vitro Potencies of Newly Synthesized Inhibitors with Modified Pyridone Core
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Table 3

In Vitro Potencies of Newly Synthesized Inhibitors with Modified Indazole Motif
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In Vitro Potencies of Newly Synthesized Inhibitors with Indazole N-1 Modifications
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Table 5

In Vitro Potencies of Newly Synthesized Inhibitors with Modifications to the Pyridine-2-yl-piperizine Tail
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